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Preface 

Although integrated farming has ajlonq history in Southeast Asia, production methods have
 
not been well documented. The methods and potential benefits of combining livestock and fish
 
culture operations need to he better defined before large-scale development efforts are mounted to
populari:-e this form of agriculture and often, available production methods need to be refined and 
adapted to the prevailing economic circumstances. With these points in mind, IClARM and the
Freshwater Aquaculture Center (FAC) of th, Central Luzon State University (CLSU) began a 
cooperative research project in 1978 with the Ultimate objective of desig~iinq a tchnology for inte
cqrated farming appropriate to rural deve!opment in the Philippines.

A special 2-hectare facility vas constructed at the FAC during 1978 and u series of experiments 
was conducted over the following three years, terminating at the end of 1981. The pioject was 
supported hy CLSU, ICLARM and the Rockefelle, Foundation. 

relininary results have beein reported pre, :ously in this series (ICLARM Technical Report, 2).
T' iresent r;?port !nrcompasse2 all thc project results and ircludes a la, ge amount of raw anu 
sL.nmarized data collected over the 3-year experimental period. Some additional papers dealing with 
specific aspects hdve dilso resulted from the project. A list is provided in Appendix E of all project
related papers 

As documer ted in iLis final report, the project went a long way towards packaging an inte
grated-farn ng technology although, as the authors point out, some complex problems remain, the 
solutions to which remain elusive. It ishoped that the encouraging results of this initial research 
effort will be of value to policymakers, pianners, agriculturists and aquaculturists and that it will
provide a stimulus for further documentation and research on other, s;milar traditional aquaculture 
systems. 

CATALINO R. DE LA CRUZ 

Director 
FAC, CLSU 

RICHARD A. NEAL 

Director General 
ICLARM 
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Abstract 

The International Center for Living Aquatic Resources Management and Central Luzon State University
Integrated Animal-Fish Farming Project spanned four years, 1978 to 1981 at Nueva Ecija, Philippines. Eighteen 
major experiments were conducted with pig-fish, duck-fish, and chicken-fish systems. The livestock were grown in 
houses on the pond dikes and their manure was 2added daily to ponds that were 400 or 1,000 m in size. Most of the 
experiments were factorial designs with livestock numbes and fish stocking densities as the main variables. The fish 
were a polyculture of Nile tilapia (Oreochromis niloticus) and Cyprinus carpio with predators, Channa striata or 
Clarias batrachus, used in certain experiments to control tilapia recruitment. 

Mean net fish yields greater than 15 kg/ha/day of market-size tilapia and 4 kg/ha/day of carp were attained 
with manure loads of approximately 100 kg dry matter/ha/day with pig manure and with chicken manure. Higher 
manure loads reduced yields. Duck-ilsn experiments had lower yields than those of pig- or chicken-fish experiments.

In addition to fish growth ano yields, water chemistry, plankton populations, and livestock and fish parasites 
were monitored. On average, dissolved oxygen wa- above 200% saturation in the afternoon and dropped below 
1 rmg/I in the early morning in systems receiving high manure loads. Total ammonia sometimes exceeded 2 mg/I in 
chirken-fi~h experiments. The plankton populations were highlv variable even between ponds treated identically. 
No parasites zoonotic to men were found in the livestock or the fish. 

Preliminary economic anilyses showed that livestock-fish systems can be highly profitable and can contribute 
to increasing rural incomes in addition to utilizing protein in feed stocks more efficiently than livestock systems 
alone. 

1. Introduction 

An animal-fish system is simply a fishpond into which animal manures are regularly added. 
This addition of manures is usually frequent, often dai!y. In most systems, an effort ismade to 
build the livestock units as close as possible to the fishponds to minimize the costs of transporting
the manure. The manure can be consumed directly by the fish but its main benefit is to supply
nutrients for phytoplankton and to act as a substrate for heterotrophs Ibacteria and meiofauna 
which are eaten by the fish (Schroeder 1980)]. These systems have long been used in temperate
climates, particularly China, but tneir use in the tropics is not as well developed (Wohlfarth and 
Schroeder 1979; Pullin and Shehadeh 1980). 
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In January 1978, the Internationai Center for Living Aquatic Resources Management (ICLARM)entered into a cooperative agreement with Central Luzon State University (CLSU), Muioz, NuevaEcija, Philippines to establish an Integrated Animal-Fish Farming Project at CLSU's Freshwater 
Aquaculture Center (FAC). The purpose of the Project was to systematically develop and documentintegrated animal-fish systems under tropical conditions. The initial experiments concentrated ondeveloping gui(elines for mnanure loading rates which would maximize fish production withoutunreasonable risk of fish <ill. Pigs andJ (Imt .s were selected as the manure sources because theavailable literature was most extensive for animal-fish systems nsin -lese animals. Later, clhickenswere substituted for the (ucks When Wi)WUhherus Of druck marketing arose. In these initial exnperimentstwo densities of a I)olYcHIture of Nile tila h/omi,.ri/,ia( ,)rc i ,s1),ac the naik, cultured crop;
Cy/p.rinis , as a bottom stirrer to prev I we;id Irowth; andIhe predator, (h.lia (()pliA e'/ha/us)
striuta were coml)arud.

After the initial texperinent;s were comI)leted, t h asic syslenis were modified by changing thelength of the culture periods, predator levels, stocking rates al(I species comrposition. Water chemis
try, plankton and economics of tI e systems were also studieI. 

Two very extensive talumIlations of both raw data arid su mnarius are i)Usented ir) AppendicesB and C, which we hope will be tise fulI to persons stuidying the dynamics of (:etritus usage in fishponds and will lead to a better understanding of these highly proluctive systems. 

2. Experimental Design 

When the Project was established, the primary interests were the aquacultural aspects of thesystems. The livestock portion was considered a rnecessary evi; by the Project biologists (primarily
aquaculturists) which was needed to supply a regular source of manure. 
Given this bias, and theextensive literatUre available on pig, chickn and cluck rearing, it was decideo to use acceptedPhilippine design and management practices for the livestock units without modification (PCARR1976a, 1976b, 1977). This strategy would allow more rapid dissemination and adoption of Projectdeveloped technologies because new livestock-culture practices would not be involved.
The Project area was approximately 2 ha and irncluded twelve 0.1-ha earthen ponds, twelve
0.04-ha earthen ponds, four brood ponds and six animal houses located on the pond dikes (Fig.
2.1). The ponds had average depths of 0.1-0.9 m. 
The pig houses were constructed with concreteslab floors, concrete hollow-block pen walls, and galvanized iron roofs. Each pig house was subdivided into pens and each pen was connected via a concrete channel and plastic pipe to a single
pond. The poultry houses were similar to the pig houses but the walls were 
made of wire to increaseventilation. Shutters were lowered over the walls during storms or cold weather. When dUcks werebeing grown, the poultry houses were divided into pens with a walkway for the ducks from eachpen to a pond. When the Project shifted to chicken raising, the partitions were removed and broiler 

cages were placed in the poultry houses. 
The Project facilities were clesigne.i so that the pig and duck manure flowed directly into theponds during the daily pen washing. Chicken manure was removed from the collecting trays threetimes a week and duroped into the ponds.Also, the ducks defecated directly into the ponds duringtheir foraging. The amount olmanure was "egulated by control!ing the number and size of tile 

animals. 
The duration of e;xperiments was based on animal growth ates. Pigs and Peking ducks takeabout six months to reach market size, while chickens require 45.49 (lays. Tilapia attain the marketsize of 60 g inCentral Luzon (Guerrero and Guerrero 1975) in 90 days or less based oil expectedgrowth rates of 1-2 g1/day. Thus, two independent fish cycles are possible within one pig or Cluckproduction period, while two chicken cycles correspond to one fish prodluction cycle.
Fig. 2.2A depicts the in:tial pig and cluck experiments of the Project. The animals grew steadilyuntil harvest at clay 180 while the fish were harvested at day 90, the pond was restocked and the 
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second fish harvest was at day 180. During the first 90 days the manure output was lower than the 
second 90 days and thus the fish yields tended to be lower during the first cycle. Fig. 2.2B shows twochicken cycles with one fish cycle. It was apparept that the drastic drop in manure output at day 45 
would probably restrict fish growth so an alternative chicken management cycle was used (Fig.
2.2C). In this system, one third of the flock was sold and replaced with chicks at regular intervals
throughout the whole fish cycle. This lessened the magnitude of the fluctuations in manure output 
(see Chapter 3). 

Below are brief descriptions of the experiments conducted during the Project. In general,
factorial designs were used and results analyzed using analysis of variance and/or regression tech
niques. Detailed description of the experimental niethods are presented in the appropriate places in 
the following chapters and/or Appendix A. Similarly, detailed stocking and harvest summaries 
are contained in Appendix B. Treatments were always duplicated or triplicated (see results in 
following chapters and appendices). 

EXPERIMENT 1.FIRST 90-DAY PIG-FISH YIELD TRIALS,
 
AUGUST TO NOVEMBER 1978
 

Inorganic fertilizer or manure from 40 and 60 pigs/ha was added to 1,000-m2 ponds for 90 
days. Inorganic fertilize, was added at the recommended rate of 50 kg of 16-20-0 (N-P-K) biweekly
(PCARR 1976c). Pig size initially averaged ahout 19 kg and reached 55 kg at the completion of the 
experiment. Fish stocking densities of 10,000 and 20,000 fish/ha were used. Eighty-five percent of 
the fish were Orcochrumi. nioticuw, 14% were 'vprinuscurpio, and 1%was Chafina striata. The
 
ratios of this polyculture system were used as a standard in all other experiments (except where
 
otherwise stated).
 

EXPERIMENT 2.SECOND 90-DAY PIG-FISH YIELD TRIALS,
 
DECEMBER 1978 TO MARCH 1979
 

After completion of Experiment 1, the ponds were refilled and stocked. The pigs used in

Experiment 1 were then grown to market size (approximately 100 kg). Fish stocking densities were
 
the same as Experiment 1. There was considerable turnover in Project personnel during this experi
ment and the data collection was incomplete. 

EXPERIMENT 3. THIRD 90-DAY PIG-FISH YIELD TRIALS,
 
JUNE TO SEPTEMBER 1979
 

This experiment was the same as Experiment 1except that the number of pigs was increased 
to 80 and 100 pigs/ha. Pig size averaged 11 kg initially .ndradc.:-erl approximately 40 kg at the end. 
EXPERIMENT 4. FO1IRTH 90-DAY PIG-FISH YIELD TRIALS, 
OCTOBER 1979 TO JANUARY 1980 

The pigs from Experiment 3 were grown to markelable size after the ponds had been refilled
and stocked. As recruitment control had been incomplete in Experiments 1 to 3, Channastriato 
levels were increased to 300 fish/ha. 

EXPERIMENT 5.SIX-MONTH PIG FISH YIELD TRIALS, 
FF8RUAR'! TO AUGUST 1980 

Although the previous paired 90.day pig-fish experiments (1 to 4) had produced market-size 
fish, a single 6-month cycle wai tested because only one-half the number of fingerlings was required
and the higher average fish hiomass could possibly utilize the food resources more efficiently.
Manure from 100 pigs/ha was added to 1,000-m2 ponds stocked with approximately 10,000 and 
20,000 fish/ha for 6 months. Chtnna s/iatu were stocked into 50% of the ponds. In the other 
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ponds, recruitment control was attempted by selective harvest of fingerlings. During biweekly
growth sampling, the fingerlings captured were removed while the iritial stock was returned to the 
ponds. 

EXPERIMENT 6. I.)AND 1 10 PIGS/HA '(IFli.) I-IALS,
 
JANUARY TO MAHCH 19)
 

During the 90-day yield trials (Ex-)eriments 1 to 4), the manure loading rate at which fish 
growth would decrease and/or fish kills occur was not reached. However, the recommended maxi
muinL animal density in th pit houses was reached in Experiment 4. Therefore, to simulate higher 
manure loading levels, it was decided to ha LfI manure from a nearby piggery and load it into 400-m2 

ponds at the rates equivalent to 120 and 140 pigs/ha from the 2nd 90 day pig-growth period: a 
very high loading level. Proximate amnly';es of the ran tire from the chosen piggery were comparable 
to analyses from the Project p igs. Measure;d mari re oIi tput during Experiment 4 was multiplied by
the a~propriate factor to compute the daily rmanure loading. Fish were stocked at only 20,090/ha
because the previous experiments showed that 10,000 fish/ha was less profitable than 20,000 
fish/ha. The latter density wps thereafter used as the standard stocking rate. After four sampling
periods which showed the fish to be growing slower than in Experiment 4, this experiment was 
terminated on clay 58. In addition to the slower growth, the severe logistical prob!ems encountered
 
in obtaining and hauling a consistent supply of manure from a piggery which was not under Project
 
control, led to this early termination. 

EXPERIMENT 7. ZERO TREATMENT I, 
AUGUST TO NOVEMBER 1980 

This expei iment was to provide the data needed to determine the Y-intercept of graphs relating
nutrient input to fish yield: i.e., a control to determine the natural productivity of the ponds
without fertilization/manuring. Fish were stocked at 20,000 fish/ha and no nutrients were added to 
the pond. Unfortunately, one week before scheduled harvest, a severe typhoon flooded the research 
ponds. Therefore, only the growth data collected during the experiment are available and not the 
final yields. 

EXPERIMENT 8. FIRST DUCK-FISH YIELD TRIALS, 
SEPTEMBER TO DECEMBER 1978 

Manure from 1,000 and 1,500 Peking ducks/ha was added to 400-m 2 ponds, until October 25,
1978 at which time a typhoon caused heavy duck mortality. The remaining ducks were distributed 
such that rates of 750 and 1,250/ha were maintained until the end of the experiment. Stocking 
densities were 10,000 ano 20,000 fish/ha. 

EXPERIMENT 9. SECOND DUCK-FISH YIELD TRIALS, 
JANUARY TO APRIL 1979 

After refilling and restocking ihe ponds, the ducks used in Experiment 8 were grown for an 
additional 3.5 months and the manure added to the ponds. Duck densities were 750 and 1,250/ha. 
Fish stocking rates were 10,000 and 20,000/ha. After this experiment, the Project encountered 
considerable difficulties in marketing the ducks locally (Peking ducks are eiaten primarily by the 
Chinese comniurnity in the Philippines which is concentrated in Manila). It was decided to discon
tinue the duck fish experi ments in favor of chicken fbroiler)-fish experiments. 

EXPERIMENT 10. FfOIL. 1,1-i INTEGRATION 
MARCH TO JUNE 1930 

All the manure from 1,000, 3,000 or 5,000 broilers/ha was added to 400-M 2 ponds thrice 
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weekly. The broiler flocks were composed of three size groups (see Chapter 3). The fish stocking
level was approximately 20,000 fish/ha. 

EXPERIMENT 11. BROILER-FISH INTEGRATION II, 
NOVEMBER 1980 TO FEBRUARY 1981 

The manure from 250, 500, 750 or 1,000 broilers/ha was added to 400-M2 ponds. Twenty

thousand fish/ha were stocked.
 

EXPERIMENT 12. BROILFR FISH INTFGRATION III, 
APRIL TO JULY 1981 

The manure from 7,500 or 10,000 broilers/ha was added to 400-M2 ponds for apploximately
4 weeks. The size of the flock then decreased to zero within a month because chicks were unavail
able for replacement of marketed birds. The experiment was continued to determine the residual 
effect of manure added during the initial weeks. 

EXPERIMENT 13. POLYCULTUIRE WITH A FIL FER FEEDER (CHANOS CHArIOS), 

JANUARY TO APRIL 1981 
During the earlier experiments, high concentrations of both phyto- and zooplankton were


measured. In an attempt to use the plankton 
more efficiently, milkfish (Chanos chwos) were addedto the system. The basic 20,000 fish/ha stocking rate was supplemented with milkfish at the rates of
750, 1,500, and 2,250/ha. The manure loading rate was 100 pigs/ha. Pig size was approximately

62 kg initially and increased to 100 kg. In both this experiment and Experiment 15, much of the
 
data were lost when a record book which had been placed on a pig pan wall was eaten by the pigs.
 

EXPERIMENT 14. RECRUITMENT CONTROL I, 
NOVEMBER 1980 TO APRIL 1981 

The typhoon which disrupted Experiment 7 also flooded a newly-stocked pig-fish experiment.
The pigs increased in weight to about 27 kg during the renovation period. As the pigs would reach 
market size in only 5 months, it was decided that postfingerling tilapia and carp should be stocked 
so that this experiment could be compared to the 6-month pig-fish cycles. In the first 6-month
pig-fish experiment (Experiment 5), both the predation system and the selective harvest of finger
lings proved to be somewhat ineffective during the later parts of the experiment. Therefore, another
predator, C/arila' ha rucl/.., was added and the selective harvest procedures were modified in this
experiment. Also, the basic stocking density was increased to 30,000 fish/ha (28,500 tilapia, 1,500
carp). This increase was an attempt to produce higher yields and to produce a smaller tilapia than
the 200-g fish produced in Experiment 5. Large tilapia had proved difficult to market locally. 

EXPERIMENT 15. OREOCHROMIS NILOTICUS FRY PRODUCTION, 

DECEMBER 1980 TO JANUARY 1981 
This short experiment was condticted ;n the interim between pond renovation after the Octo

ber 1980 typhoon and the start of Experiment 13. The 1,000-M2 ponds were stocked with 200,
400, 600, 800, and 1,000 kq/ha of tilapia breeders. Manure from 100 pigs/ha (initial weight 35 kg,
final weight 62 kq) was added to the ponds. The purpose of this experiment was to determine the
potential of manured pond ior fry and fingerling production in the absence of predators. 

EXPERIMENT 1(./L RO- [RiTM I i I , 
JULY TO OCTOBER 1981 

This experiment was a repeat of Experiment 7 which was disrupted by a typhoon. 
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EXPERIMENT 17. OXYGEN-DYNAMICS IN BROILER-FISH INTEGRATION, 
JANUARY TO FEBRUARY 1981 

In an effort to obtain a better understanding of oxygen dynamics in chicken-fish systems
(Experiment 10), the experiment was repeated and dissolved oxygen (DO) profiles were constructed 
once a week for each 8 ponds. These 24-hour profiles were based on hourly DO readings taken at 
four locations at 10-cm depth intervals, frorn the surface to the bottom. This experiment lasted one 
month. 

EXPERIMENT 18. BROILER-FIS1i INTF(;RAiION IV, 
SEPTEMBER TO DECEMBER 1981 

This was a second altempt to add manure from 7,500 or 10,000 chickens/ha to 400-M2 

ponds. 
In addition to the fish, water quality parameters, including dissolved oxygen, nitrates, ammo

nia, phosphates, alkalinity, conductivity, p-i and Secchi disk visibility were routinely measured 
during the experiments. Also, plankton samples were collected, identified, and plankton concentra
tions computed. 

3. Animal Husbandry and Manure Output 

PIGS 

Large white-Landrace hybrid weanlings were purchased from commercial sources and trans
ported to the Project site. hiitial weight varied from an average of 11.9-19 kg. The animals were fed 
a commercial starter ration while less than an average weight of 17 kg, then a grower ration to 60 
kg, and a finisher ration to market-size (80-105 kg). Feed compositions are listed in Table 3.1. The 
feeding rate was adjusted such that the pigs would consume all of the ration in two 1-hour feeding
sessions per (lay. This represe.ited about 3.5-7 body weight/day. Additionally, when the pigs
reached a weight of approximately 25 kg the commercial rations were supplemented with fresh-cut 
paragrass (Brc/huri muti{u) at the rte of !; body weight/day. Sometimes fresh ipil-ipil (Leucuena 
sI).) leaves were substituted for the grass. 

Animals were vaccinated against hog cholera and dewormed regularly. In case of disease, the
sick animals were injected with broad-spectrum antibiotics and antibiotics added to the feed. In case 
of severe illness, the sick animals were isolated and returned to their growing pens only when the 
disease was under control. Animals infected with scabies were swabbed with used crankcase or gear 
oil. 

Table 3.1. (iuar1r ted ,r 'y i piq feeds from feed baq labels. 

cornponle nt 1Percent composition2 

Starter ration Grower ration Finisher ration 

Crude Protin N LT) 18 16 13
Crude Fat (N LT) 4 4 4
Crude F-Iher (NMT) 8 10 
Ash (NMT) 

3 
8 8 3 

Moistue-! (NMT) 13 13 13 

NLFr 't t h;dniNMT noi inore than. These fe. ds are also supplemented with vitamins and minerals. 
2Perent of (try iiiitter (except for i moisture). 

Note. R:, of fe '-,i sIn ., mtt m ex(elrie l the Ilu lljnufCturer', specificatiorn for crude protein, 100% samples for fat, 0% for 
ash, 100 for i ,'i r fhipl. 
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The growth rates exhibited by the pigs were highly variable (Fig. 3.1). Even though the pigs
used in Experiments 1 and 2 were initially 60% larger than the pigs in Experiments 3 and 4, the 
latter pigs attained the same final weight ii a comparable period of time. The slower growth rates
exhibited in tile early experiments might well be the result of "runts" being included in the experi
mental animal population. Even though healthy-looking weanlings were selected by Project person
nel for purchase, the w2anling producers are known to include older "runts" in groups of young
weanlings. In later experiments, whole litters from small farms were purchased to minimize this 
problem. 

a(A 

- 80 -,../,. 

-2

' ( ) = estimated value 

2o._____. Experiment ,} 
o-.----o Experiment 2fsame piPS 

w-----x Experiment 4 same pigs 
i
,----- Experinent 5 

25 50 75 100 125 150 75 200 

Fish Culture Period (Do ys)
Fig. 3.1. Average pig weights during pig-fish experiments. For details of numbered experimen*.s, refer to the text. 

Feed-conversion ratios (FCR) averaged 4.23 for Experiment 3 and 5.51 for Experiment 4 (a
weighted average of 5.08). In Experiments 5 and 14, the FCR decreased to 4.52 and 4.30, respec
tively. This was possibly a result of the change in weanling purchase policies. 

Manure output was determined weekly during Experiments 3 and 4 by closing the outlet from 
the rpens to the ponds for a 24-hour period and collecting all of the manure (mixed with urine) 
voided during the period. Manure output (as a percentage of total live weight (TLW)) appeared 
to be a function of b~othl animal size andJ feed type (Fig. 3.2). A logarithmic relationship descrihes 
the relationship of animal size to manure output when a grower ration is fed while a linear relation
ship is more appropriate when finisher ration isused. The correlation coefficients f3r these two 
relationships are highly significant (n, 0.01 ). No relationship between animal size and manure 
output was io(dic-ated (with a linear equation, R 0.17) with starter ration. Therefore, the mean 
manure output with starter of 5.1% TLW per day was use.d in our analyses. Fig. 3.3 shows the 
relationship of animal size/manure output. 
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Fig. 3.4. Average duck weights during duck-fish integratej culture experiments. Arrow indicates occurrence of typhoon which 
reduced duck densities. Details in text. 

Proximate analyses of thoroughly-mixed composite samples were made weekly. Moisturecontent averaged 77% for manure from pigs fed starter ration, 73.6% for orower ration-fed animals,and 68.7% for finisher-fed animals. Although the difference between values for grower and finisher
fed animals was highly significant (F = 31.89 with df = 165), the grower ration was fed during therainy season while the finisher ration was used during the dry season. Therefore the average moisture content of 70.1% is probably a good overall estimate. Nitrogen composed an average of 1.9% of
the total solids (TTS) and did not vary significantly during the experiment. Percentage of ashincreased from 6.99% TTS with starter-fed pigs to 7.74% TTS with grower-fed pigs and 12.44% TTSfor finisher-fed pigs. The difference between the last two values is highly significant (F = 8.01 withdf = 146). Lipid levels (ether extract) were significantly higher for animals fed starter ration than
for animals fed the other rations (7.8% TTS vs. 15.7-18.2% TTS). The 24-hour BOD averaged 12 mg
0 2 /g fresh manure and the fiber content was 21.2% TTS. All c r these values correspond closely topublished values for pig manures (Azevedo and Stout 1974; Taiganides 1977). 

DUCKS 
Day-old Peking ducklings, obtained from a commercial producer, were confined to the duckhouses for one month and thereafter allowed access to the ponds (and dikes in Experiment 8)during the day. A broer-starter ration was fed for the first two weeks after which a broiler-finisher 

ration was fed until harvest. Feeding was ad/libitum. The growth rate of the ducks is shown in 
Fig. 3.4. 

No reliable duck manure data were collected during the two duck-fish experiments. At a laterdate, manure w;s collected from a flock of native laying-ducks which were being fed a mixture of 



pig feed and rough rice (in addition to their foraging in a fishpond) to obtain approximate data.Manure output was 11% TLW per day, containing 69% moisture, 1.47% TTS nitrogen, and 20% TTS 
fiber. 

CHICKENS 
Day-old broiler chicks were purchased from commercial suppliers and raised in three-tiered 

cages using recommended Philippine practices (PCARR 1976a). The chicks were held at densities of 
up to 30 chicks/m 2 . After two weeks, the birds were transferred to "grow-out" cages. The maxi
mum density in the "grow-out" cages was approximately 11 birds/m 2, The birds were fed a commercial starter ration (21% crude protein, 4% crude fat, 8% crude fiber, and 8% ash) ad libit:.n, until
market size. Market size of 1.1-1.4 kg was attained in about 49 days with an average FCR of 2.57. 
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o 
.o
K 0 /

/ 
0 150 e 
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T s nea n eq al e 

5 10 15 20 25 30 35 40 45 50 
Chicken Culture Period (Days) 

chcsEhs LtcigadFig. 3.5. Fresh avsigmanure aoutput oea intrvlsoftwfrom even-aged broiler or the wekchickens used in integrated thogouhchicken-fish 
culture experiments.

The chicken flock was managed such that there were always three sizes of birds present.
This was done by marketing one-third of the flock and replacing them with an equal number of 
chicks. This stocking and harvesting was done at intervals of two or three weeks throughout the 
experiments. These uneven cycles were caused by chicks being available only on Saturdays while 
the culture period was seven (2 + 2 + 3) weeks. 

Manure from one age group of chickens was collected daily for a complete culture period of 49days. Fig. 3.5 shows the relationship of chicken age to fresh manure output. A simple linear orcurvilinear equation could not satisfactorily explain the observed relationship so 5-day moving
averages were used in our analyses. Pi oximate analyses of manure were made throughout the cultureperiod. Percent dry matter appears to be a function of daily manure output. The probable reason
for this is that small amounts of feces can dry more quickly than the larger lumps. Dry matter
varied from 35.0% to 79.4% of fresh manure weight. The following equation shows ibis relationship: 

Y = 87.7857 - 11.931 (In X) 
R = 0.967 (3.1) 
n= 6 

where Y = percent dry matter, X = manure output per 1,000 birds of a given age per day, R = relation coefficient and n = 
cor

number of samples. The correlation coefficient is significant at the 0.01level. Nitrogen varied from 3.2 to 5% TTS with a weighted average (based on relative amounts of
manure) of 3.5% TTS. Lipids averaged 10.97c TTS, ash was 9.8% FTS, and fiber was 18.2% TTS. 
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Using the relationship presented in Equation 3.1, the 5-day moving averages shown in Fig. 3.5,and the daily number of birds in each size (age) group, we computed the chicken manure output(dry matter basis) during the fish culture cycles (Fig. 3.6). The uneven cycles are readily apparent.
Manure output varied from 11 to 31 kg dry matter/day for 1,000 birds of mixed sizes. If the same
number of birds was raised on an even-age basis, manure output would vary from 1 to 45 kg dry
matter/day. It must be stressed that the total output of manure is the same for even-aged rearing
and for the "2 to 3 week" replacement cycle. 

0
 
0

•2 515
 
a)

CD 

202 
 0 4 0 60 7 0 9 0
 

C, 

0 ----- J 
10 20 30 40 50 60 70 80 90 100 

Experimental Period (Days) 
Fig. 3.6. Daily manure output (dry matter) for a flock of 1,000 mixed-size broiler chickens used in 
integrated chicken-fish culture experiments. 

MANURE OUTPUT AND COMPOSITION 
After a thorough review of the manure output and proximate analysis data and a review ofpublished values, the set of values which were used in further analyses was selected (Table 3.2).

Whenever possible, values frcm the Project were used. 
The daily manure output of the pigs varied according to' ration and animal size and the relationships illustrated in Fig. 3.2 were used in later analyses. The total solids, nitrogen, and crude fibervalues used were from Project data. The phosphate, potash, and BOD 5 values were extracted from

Taiganides (1977) as these parameters were not measured on the Project. The measured nitrogen
content was lower than Taiganides' table values (%TTS basis) but the measured total solids were 
greater. If expressed on a total liveweight basis, the measured nitrogen value and Taiganides' ',alue 

Table 3.2. Summary of selected manure output and proximate analysis values which were used in analyses in following chapters. 

Parameter Pig Duck Chicken 

Daily manure output' 35-11.5% TLW 11.7% TLW 24 106 kg/1,000 birdsTotal solids (TTS) 29.9% 43.0% 35.0 - 79.4%Nitrogen (N) 1.9% TTS 2.3% TTS 3.5% TTSPhosphate 0.017%TLW 3.3% TTS 4.6% TTSPotash (K 2 0) 0.010% TLW 1.4% TTS 2.1% TTS
Crude fiber 21.2% TTS 20.0% TTS 18.5% TTSBOD 5 0.22% TLW 9.2% TTS 21.4% TTS 

TLW = total live weight. 
1 
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were comparable (0.026 to 0.051% TLW and 0.039% TLW, respectively).

Data from Woynarovich (1979) were the main source of information on Peking ducks. Using


his duck growth data from a 7-week period and the stated manure output of 6 kg per duck, adaily 
manure output of 11 .7%TLW was computed. Dry matter, nitrogen, phosphate, and potash values 
also came from Woynarovich (1979). Crude fiber values were Project data on laying ducks while the 
BOD 5 was based on data in Loehr and Schulte (1971). 

The manure output of chickens was afunction of size and the relationships iii Figs. 3.4 and 3.5 
were used for later analyses. Dry matter varied according to the amount of manure excreted (Equa
tion 3.1). Nitrogen and crude fiber values were Project data while phosphate, potash and BOD 5 
values were from Taiganides (1977). 

SUMMARY 
Table 3.3 presents a summary of experimncnts and ponds grouped according to average daily
 

manure input computed from the preceding relationships. It must be emphasized that all the wastes
 
from the animals were placed in the ponds. If only solid riatter (i.e., feces without urine) were used,
 
results would have been different.
 

Table 3.3. Average daily manure input during the experiments. 

Manure load
 
(kg dry matter
 

Animal type per ha/day) Experiment no. (pond no.)
 

Pig 	 31 -- 40 1 (2, 3, 6, 9) ;3(2,4,6,8)
 
41 -- 50 1 (10); 2 (2,3,5,6,9,11); 3 (1,3,9)
 
51 -- 60 1(4,7,12) ;3 (5,7, 10, 11)
 
61- 70 2(1,4,7,8,10,12);3(12)
 
81 - 90 4(2,4,6,8,9,11)
 

101 -- 110 4(1,3,5,7, 10, 12) 
131 - 140 6(13,14,20) 
151 - 160 6(19) 

Duck 	 51 - 60 8 (13, 15, 16, 18, 20, 23) 
76 - 85 8(14,17,19,21,22,24);9(13,15,16,18,20,23) 

131 - 140 9(14,17,19,21,22,24) 

Chicken 5 11 (14,21) 
10 11 (17,19) 
15 11 (15,22) 
20 10 (15, 19,22) ;11 (13, 20) 
61 10 (16, 21,23) 
97 12 (14,21) 

101 10 (13, 14, 20) 
131 12 (15,20) 
151 18 (18,22) 
202 18 (16, 17) 

Inorganic fertilizer 1 (1,5, 8, 11) 

11(2) indicates experiment I, pond 2. 

4. Fish Yields 

The net yields from the animal-fish systems were examined separately and an attempt was then 
made to relate the systems to each other. In the analyses, data from any pond in which less than 
50% of the tilapia survived were rejected. This was necessary because, during the early experiments, 
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ponds were some times stocked before the poison' used inpond preparation was completely dis
sipated The data are presented in App),prdix B.
 

CONTROL 

xpimelet 

nutrients wei( thi t(il,h 


E,-purireii I16 an(d piar t Of ,L[ I were the, control experiments. In Exper'rie t 16, no 
l -,il; (i.e;., plondMs which ad b(en preViouSly u Sed for animal-fih
 

experiments). IllI periinrl 
 1, inortlalic feetili/er was added It recolnnlended ;ates 1o new ponds.
Experiment i was a "coltrill" inlti sense;( thlat use of iiii)raiic fertilizfr is tzir dard practice. The 
yields w:fe, as c.;pected, low (-abllu 11.1 ).There appeared to h. a tesidtiial effect from previous 
experimunts i)Ex perimenr 16 as the total let syields were et:livalent to tlllose aLtained with irorclan
ic fertilizers if' iic(,,vpornis. This residual effect c(uld laVe bu(r1 (atCiedl
by an icrease illnuLrinc-it
 
loads in the se(l innnits, ali/or ithe presence of a lhal cl!; il pol(ls wh i hat ee) l)topletely
(:enno 

dried. 

Tabie 4.1. Mean net fish yields ii oln on Ilo (iek. 

Mean net yield 

(kg/ha/day) 
Stocking Culture
 

Experiment rate 2 
period


1 

no. (fish/ha) (days) Tilapia Carp Total 3 

1 10,000 96 3.5 1.6 6.4 
1 20,000 106 2.3 0.7 3.3 

16 20,000 90 6.1 0.6 6.7 

Inorganic fertilier.wi; useid in f-xperiment 1 with nuw ponds. In Experiment 16, no nutrients were added, hut old ponds were 
used.

2 
Approximately 5'r'tikpia, 14, ca...1-,Ch'nm a strtiat.
 
Includes Chana striata and 0 
 mltuticus f lq!rlirily;. 

PIG-FISH SYSTEMS 

The primary variables which were matipulated dluring the pig-fish experiments were manure 
load, stockinq density, and length of the CLIlture period. As mentioned, there appeared to be a 
residual effect inpolds which had been previously Used. The manure loads in Experiments 1, 2 and 
3 overlapped ani a plot of the yields from these experimetits illustrates the higher yield in old 
ponds (Fig. 4.1 ).'Ie residutial e'ffect (;oflfLlse(( the aaillyses ai(l [_Xperinillil Iwas lot itlclude(d in 
fUrther ailalysi,; in is <;(!;ol. 

The; il f; SIy'lil si al ly lia, tw( 90-4lay fisli ('JuIn re (cy(lesirl(cIcll pi pirnt Iclolu cycle. 
The fian fish ,lields tiai tisinl this aoriiiig ieitt (If ctilture cyc'les an ;hown i- able 1.2. Two 
fisti u1(I avi ltiiaiire IP iai I raiiiltes were used. Sticki ig20,000 fishi'a i)n ( astocking rbtl; 
 1 li(:edi
higlir,'ielI of tlipu Itcii 10,000 fsb/ha illithoin the averagec si/c if fish was sialhci witli 210,000 
fish/ha ( Oyl!p lix k').\ nf re(det ilh l !)reltaiilt/iflfl n)fyieIds ;Ittaill;(d with 20,000 fisll,/ha i!;s;lwi
 
inlFiuis. 4.2 !l .1 lifmtlia.pia ill (:,al), fn'S!e(:tiv!ly. r( tilaiuia yiclkeh hi(hly varlialeh at low 
fna illfre 1oh,(!,. h,e ir sK tI;tiet, ,tV llei(( l vl niu loads l ! i 1iil:re:as llid fitlaility ilp)earei to 
decreas. AI vet v (h1 iiull ( I ilu(h,I t;rvtey (dhlee al to (leer ;!ia (Ivail iit, Lt il (:rease, 
THe; rellliishilj twienul iatln hie desrili d 
olas preseflt(i with tihe (a.a ill Fig. 4.2. 

Ioadlilllft yield (:..l tilentatii:ally b, the parah

rl;u,,i[ll (O:!y!ri, 111emiii hoeinsid i ,wiIS tildld it claillally ri;lledpinds at 0.15 1111/i to ilradilate any stratV fish. 
i),,in elollti riirui i (illwwee1, k(lijiiiir i en) v l hatllr lillniiccon s)
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Table 4.2. Mean fish yields (net) in pig-fish rystems during short (58 to 104 day) culture periods. 

Mean ntet yield 
(kg/ha/day)

ManureStocking 

rate 1 
 load 

Tilapia(fish/ha) (kg dry matter/ha/day) Tilapia Carp recruits Total 2 

10.000 31 40 ,.2 1.0 5.9 15.4 
41 - 50 11.5 3.3 1.5 16.3 
51 -60 8.8 1.5 7.2 17.861 - 70 14.9 3.9 0 18.981 -- 90 10.7 2.7 0 13.6

101 -- 110 11.3 3.3 0 14.8 

20,000 31 40 13.1 1.7 2.1 17.3 
41 50 14.0 1.4 0.1 15.751 60 13.6 2.3 7.1 233 
61 70 16.2 3.1 0.3 19.981 90 154 3.7 0.1 19.4

101 110 19.2 4.5 0.3 24.2131 140 16.2 4.4 0.2 21.1
151 160 13.3 3.9 0.2 17.6 

2Approximately 85% tilapia, 14% cari), and the remainder Channa striata.
 
Also includes Channastriata.
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Fig. 4.1. Residual effects of pond-manuring illustrated by differences in net fish yields from 'old' (X)
and 'new' (0) ponds used in integrated pig-fish culture experiments. 

The carp data were much more difficult to analyze because stocking ra.tes and size at stockingvaried due to fingerling shortages. Preliminary indications were that a multiple regression equation,including initial size and number in addition to manure loads, may provide acceptable estimates of 
carp yields. This equation will require further refinement. 

An alt,_rnative to two 90-day fish culture cycles in each pig production cycle was one 180-dayfish culture cycle. This alternative cut fingerling costs, labor and water requirements. Also, it washoped that the higher average biomass would lead to more efficient utilization of the available food resources and produce larger fish. A major constraint to the longer cycle was the probability of 
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Fig. 4.2. Net yield of tilapia (Oreochromins niloticus) stocked at 17,000/ha in pir-manured
ponds during short growout experiments (58-107 days). 
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Fig. 4.3. Net yield of commo n (rl) (f' pribus ';arpio/ stocked at 1,180 to 2,300/h,. with tilapia
in pig-manuru:d ponds dUrinj short tjrowo)uJt 1!xperhri(?111S (58-lu7 days). 

overpopulation with subsequent stunting by the tilapia. Two recruitment control mechanisms were 
tried. The first was based on the predator levels which were refined in Experiments 4 and 6 (see
below); the second entailed partial harvest of recruits during the biweekly growth sampling. Stocking
levels of fish were 10,000, 20,000 and 30,000 fish/ha. 

The results are summarized in Table 4.3. Concern about potential overpopulation by tilapia
was valid. It was only at a stocking density of 31,300 fish/ha, incljuing predators, that recruitment 
was checked. However, if the recruits were included very high net yields of 33.5 kg'ha/day (12,228
kg/ha/annum) we-, uttained at 20,000 fish/ha withc it predators.

To compa,. ie single 180-day cycle with the t\ to 90-day cycles, the yields for each 90-day
period were added together. For manure, an average I ad during the first 90-day cycle o 51-60 
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Table 4.3. Net fish yields attained in ponds receiving pig manue for 155 to 185 days. Average manure load was 80 to 90 kg dry 
matter/ha/day. Data from Exneriments 5 and 14. 

Mean net yield 

(kg/ha/day) 
Stocking
 

Recruitment rate Tilapia 
control (fish/ha) Tilapia Carp recruits Total 1 

Partial harvest 10,000 8.4 2.3 18.2 28.8 
20,000 13.0 2.1 18.4 33.5 
30,000 15.5 2.0 10.1 27.9 

Predator 10,300 11.1 2.4 10.1 23.9 
20,400 15.6 3.0 11.5 30.6 
31,300 19.1 1.6 1.3 23.0 

1Also includes Channa striata. 

Table 4.4. Net fish yield using two 90-day fish culture cycles with pig manure loads equivalent to those used in single 180-day cycles.
 
Data from Table 4.2.
 

Mean net yield
 
(kg/ha/day)
 

Stocking Manure
 
rate load 
 Tilapia


(fish/ha) (kg cry matter/ha/day) Tilapia Carp 
 recruits Total 1 

10,000 51 60 8.8 1.5 7.2 17.8 
101 -- 110 11.3 3.3 0 14.8 

X= 76 - 85 10.1 2.4 3.6 16.3 

20,000 51 - 60 13.6 2.3 7.1 23.3 
101 - 110 19.2 4.5 0.3 24.2 

X 76 -. 85 16.4 3.4 3.7 23.8 

IAlso includes Channa striata. 

kg/h,/day and during the second 90-day cycle of 101-110 kg/ha/, lay was used. The net ,elds for 
two 90-day cycles at these manure loads are shown irl Table 4.4. At stocking densities of 10,000
arid 20,000 fish/ha, there was no significant difference in the yields of market-size fish between a 
single 180-day cycle and two 90-day cycles. However, the 180-day cycle provided a large supply of 
recruits in addition to the potential benefits listed earlier. Also, the highest yields of market-size fish 
were obtained with 30,000 fish/ha and a 180-day cycle. Although a stocking rate of 30,000 fish/ha 
was not used in two 90-day cycles, it isdoubtful that market-size fi:h could be attained in the first 
90-day cycle at this density. 

The systems above were based on growing a group of weanlings to market size. If a relatively 
even supply of manure was available, (e.g., when several size groups are grown simultaneously),
loading the ponds at an average rate of 101-110 kg/ha/day for the whole culture period(s) would 
probably have maximized yields. 
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DUCK-FISH SYSTEMS
 
In experiments 8 and 9, dLcks were used as 
the manure source. Experiment 8 was conductedin newly constructed ponds ani Experifueut 9 used the same ponds after the completion of Experiment 8. Net yields dr shown in T,ble 4.5 ,n(I Fig. 4.4. New ponds gave lower yields than "old"ponds and steckin g of 20.0)0 lit/ha (;rduced more fish than 10,000 fish/ha. Also, increasing the average manure !0al If nl 8" o 136 kg (fry matter/ha/day h ad no significant effect on yield. Ir thissituation of raither lini O(I I a, the most than cat 1)e .said is that a mean duck Manture input of 82 kgdry matter/ha/ lay will yikit( t ivejajqe of 11.9 and 15 kg/ha/day at stocking r:ites of 10,000 anI 

20,000 fish/llil, respectiv('ly. 

Ci lCIF N-FI511 SYS-/- MS 

The fish yields in experinnerits that used chicken manure as the nutrient source are sHiiiuuarizedinTable 4.6 and Figis. 4.5 and 4.6. These yields followed the pattern showa hy the pig- fish (ata ofhighly variahle reslt ia. lowI nrre levels. As thlie nan ure load increased, the yield increased andvariability appeared to decrease. With fuirther increasing manure loads, yields decreased. Tilapia 

Table 4.5. Mean fish viehds from ponds rec,,hying (hWIk T~MLjrn. 

Mean net yiel 
(kg/ihaday)St OCK fl f 

rate Manure load(fish/ha) (mean, kg dry matter/ha/day) Tilapia Carp Total1 

Experimant 8 

10,000 55 3.7 1.9 7.5 
80 4.8 1.7 6.9 

20,000 54 4.4 2.2 6.6 
85 
 6.5 2.9 9.5 

Experiment 9 

10,000 82 8.6 2.8 11.9 
136 8.2 2.5 11.4 

20,000 81 12.9 1.9 15.0 
136 11.4 2.5 14.2 

1Also includes 0. n/Iloticus recruits and Channa striata. 

yields were maximized with a manure input of approximately 100-110 kg dry matter/ha/day, equivalent to 5,000 to 5,500 chickens/ha. Carp yields were maximized at 50-60 kg dry matter/ha/dayindicating that carp were less tolerant than the tilapia to conditions at higher loadings.manure 

The yields attained from Experiment 12, in which the ihlk of the manure 
was added early inthe expurimeii , were the sam as Yields at iaiued in x)erimen s with more ''even" manure delivery.

This phenomefn on rfteirs ftirther investigailion. 

N, PtOSPI 1A IF, 1,t)[ AN )I 1HIen IN I IMF MANriOL
 
Nitrogeti, phtxl)hat . [01)D, iiillI 
 filbr content vatlues for each manure type were calculatedand yield was then ijlott(,(j as;a finrctiorl of each of these components (Figs. 4.7-4.10). The N and 

http:4.7-4.10
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Table 4.6. Mean fish yield fron ponds receiving chicken manure. 

Mean net yield 
(kg/ha/day)

Manure load Number of Tilapia
(kgdry rnjtter/ha/day) chickens1 

Tilapia Carp recruits Total 2 

5 250 8.5 2.1 0 10.8
10 500 8.5 2.7 0 11.4
15 750 6.3 2.5 0.4 9.3
20 1,000 11.1 3.5 3.5 18.2
61 3,000 14.8 5.2 0.5 20.6
97 7,500 0 16.8 2.4 0 19.2

101 5,000 16.4 3.0 8.8 28.7
131 10,000-'0 14.8 2.4 0 17.2
151 7,500 12.8 0.43 0 13.2 
202 10,000 11.8 0.33 0 12.1 

1Number/ha, 7,500 -'0 and 10,000 -10 llect easing to zero) occurrvd in xlxerlnent 12.
2 

Also includes Channa striata. 
3 

Carp recovery rate was very low, 20 to 22%. 
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Fig. 4.4. Net yield of tilpia(Ors;och roli, ni/tu iru) sitck clat 8,500 (0) and 17,000/ha 
(X in duck-inanur ed ponds. 

phosphate values were used because they are major nutrients for the phytoplankton. BOD 5 was 
selected as a general indicator of potential bacterial production and fiber was included as an indi
cator of bacterial substrate. The variability of these parameters was very great at lower manure loads 
and decreased sornewhat as manure loads and yields increased. The data suggested that phosphate
and BOD,,may be more "important" than the N or fiber in determining tilapia yield but further 
analysis will h-we to be conlucted to refine the relationships. 

MILKFISH 

In an effort to utilize more effectively the very dense plankton populations, particularly at 
higher manure loads, it was decided to stock another plankton feeder into the ponds. The silver 
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Fig. 4.6. Net yield of common carp (Ci'prinus carpio froin chicken-r;Mnured ponds containing 
tilania. 'X' points represent decreasinq manure load due to unavailabil;lty of chickens (Experiment 
12) not used in regression. 

carp, Hypophthaltnic/hthys ino/itrix, was considered, but it was almost unknown and probably
unmarketable in the Philippines, so the more familiar milkfish, Chanoschanos, was used. However, 
survival rates for the milktish were very low. 

PREDATION 

The initial pig-fish experiments included the predator, Channa striatu, to control tilapia recruit
merit. It was stocked at the rate of 1% of the total fish number. It was found that a total fish 
density of 10,000/ha produced an average yield of recruits of 661 kg/ha while only 211 kg/ha were 
produced at a stocking dcnsity of 20,000 fish/ha. This indicated that a simple ratio of predators to 
prey "parents" was not effective in predicting or controlling recruitment. The predator level was 
then increased to 300 predators/ha regardless of the stocking density of other fish (Experiment 4).
Recruitment was controlled at this predator level. An analysis of predator-prey relationships,
comparing these data with other publ;:;hed work, has been prepared (Hopkins et al. 1982). We also 
used Clul-ius butrachusas a predator with limited success (Exueriment 14). 
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Fig. 4.7. Relationship between net yield of marketable tilapia (Oreochroinis niloticus) stocked at 20,000/ha and nitrogen input from 
manure of pigs (X), chickens (0) and clucks (A) (culture periods, 58-107 days). 
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FINGERLING PRODUCTION 

Recruits produced during yield experiments were usually used to restock new experiments.
 
Experiment 15 was an 
attempt to determine the potential for fingerling production in integrated 
livestock-fish systems (Table 4.7). Survival rates at high broodfish stocking densities were unex
plainably low and many small fry and fingerlings escaped through the drains. However, based on the 
average of results from Ponds 3 an.d 8, an integrated livestock-fish system could produce at least 
125,000 two-gram fingerlings per ha per 50-day cycle (2,500/ha/day). As expected, higher densities 
of broodstock yielded smaller fing]erlings probably because of competition/predation among the frl 
themselves and between the fry and the brocdfish. 

Tsible 1.7.Tilapia iingerl n o ({l1'tion hIm nI); tceivinql piqg ry wastes at the rate o; 100 pigs/ha during approximately 50 days. 

Br'odslock veiI! Fingerlings harvestedhigh 
Stocking l larvest Mean wt Total wt Estimated 

Pond (kg) (kg) Wg (kg) number 

3 200 262 2.5 409 173,000
8 400 580 1.66 137 83,000
6 600 700 0.86 33 38,000
1 800 328 0.47 140 298,000
2 1,000 -112 1.1 56 50,000 

ZtAt stocking, allfish were at least 45 to 50g; some were 150 to 200 1.
 
Sniall fry and fingerl -rls escap)e(d thlough the droins except in pono no. 1 in which attempts were made to catch the small fish. 

5. Fish Survival and Growth 

The two major determinants of fish yield are survival and growth. In an aquaculture system
with relatively short culture periods, most fish mortality can be attributed to stocking stress, sinc;, 
most dead fish are seen shortly after stocking. MoFtality will be minimal if high quality fingerlings 
are carefully stocked into well prepared ponds. 

Fish growth during an aqrjaculture experiment is nsually analyzed with a simple plot of length 
or weight at time (Fig. 5.1). if the initial sizes ate the same and the number of treatments is small, 
some conclusions can be made. tHowever, when the number of treatments increases or initial sizes 
vary as in all these experiments, the utility of this simple plot diminishes. A frequently utilized 
alternative expresses average growth during the culture period on a gram/day basis. Tables 5.1 and 
5.2 present summaries of fish growth in the present experiments using this method. Additional data 
are contained in Appendix B. As expected, lower stocking densities gave higher growth rates. Slow 
growth was observed at low manure loads, and growth rate increased a, manure loads increased 
until, at ver 'high manure loads, growth decreased. 

The problem with using mean growth over the whole period is that fish growth is highly
dependent upon the size of the fish. In absolute terms, 10-g fish grow nuch slower than 100-g fish, 
although relative growth is faster for the smaller fish. In order to include fish size in growth analyses,
growth was analyzed usin; a nodification of a method by Pauly and Ingles (1981). 

Pauly and Ingles' me thod is hased on a multiple regression of the form' 

G a 1 b1 X 1 f I2X)2X2 F ... n (5.1) 

where G -- average daily growth in length during the sampling period, X1 -- mean fish length during 
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the sampling period, and variables X 2 - Xn are factors which affect growth, while the a and b1
bn are coefficients from the regression equation. As shown in Pauly and Ingles (1981), 
 the parameters L.o and K of the von Bertalanffy Growth Formula (VBG F) of the form L, = Lo, (1-e- K (t-to))can be estimated from this regression by equations analogous to those of Gulland and Holt (1959) 
i.e., 

K = -b 1 (5.2) 

and 

L. = (a + b 2 X2 +. bnXn)/ -b 1 (5.3) 

where L. is asymptotic length and K is the growth coefficient. 
Ponds were seined at approximately 2-3 week intervals during the experiments. The capturedfish were individually measured and weighed in bulk. The length data from these samples and somelengths at harvest are presented in Appendix C along with data on m.9nure inputs and environmentalparameters during the sample period. Some preliminary analyses of growth using these data weremade. Nine independent variables were selected for inclusion in the analyses (Table 5.3). Thesevariables were evaluated in step-wise regressions using the Statistical Package for Social Sciences(Nie et al. 1975). Mean length was included in all regressions while the other variables were includedin the final regression only if the F-value from their contribution to the coefficient of multipledetermination was greater than 3. Tables 5.4 and 5.5 present the regressions for fish growth inponds receiving pig and chicken manure, respectively. The models were used directly to estimate

fish growth (G) over short periods by substituting the following term for mean length: 

X (Li+ (T/2) G) (5.4) 

where X1 - mean length, Li= initial length, T = number of days in the period and G = average
growth (increment) per day. 
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Fig. 5.1. 
 Examples of typical tilapia growth from the integiated pig-fish culture experiments (Experiment 4).
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Table 5.1. Mean tilapia stocking and harvest weights and growth in integrated pig-fish systems. 

Culture 

period 1 

Stocking 
rate 2 

(fish/ha) 
Manure load 

(kg dry matter/ha/day) 

Mean 
stocking 
weight 

(g) 

Mean 
harvest 
weight 

(g) 

Mean 
growth 

rate 
(g/day) 

Short 10,000 31 - 40 5 81 0.77 
41 50 3 152 1.62 
51 -- 60 4 99 0.94 
61 -- 70 3 160 1.75 
81 90 4 138 1.44 

101 -- 110 4 141 1.45 

20,000 31 - 40 4 62 0.60 
Al 50 3 89 0.91 
51 - 60 3 69 0.68 
61 -- 70 4 111 1.1.F 

-

81 - 90 4 105 1.05 
101 - 110 4 112 1.16 
131 - 140 8 72 1.09 
151 - 160 13 60 0.81 

Long 1,000 85 -- 95 3 237 1.27 

20,000 85 -- 95 3 188 1.03 

30,000 80 - 82 26 178 0.94 

1Short= 58 to 104 days, long 155 to 185 days. 
2 

Approximately 85% tilapia, 14% carp and the remainder Channa striata and/or Clarias batrachu. 

Table 5.2. Mean tilapia stocking and harvest weights and growth in integrated poultry-fish systems. Culture period was 89 to 106 days. 

Mean Mean Mean
Stocking 

1 
stocking harvest growthPoultry rate Manure load weight weight rate 

type (fish/ha) (kg dry matter/ha/day) (g) (g) (g/day) 

Ducks 10,000 51 - 60 2 69 0.65 
76 -- 85 2 95 0.90 

131 - 141 2 110 1.08 

20,000 51 - 60 2 48 0.45 
76 - 85 2 79 0.78 

131 - 141 2 87 0.85 

Chickens2 20,000 5 9 84 0.74 
10 10 79 0.70 
15 10 77 0.67 
20 6 97 0.98 
61 2 137 1.49 

101 3 106 1.10 
151 9 81 0.84 
202 10 80 0.83 

1 
Approximately 85% tilapia, 14% carp, and the remainder Channa striata.
2
 
Experiment 12 not included. 
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Table 5.3. Variables used in growth analyses. 

Variable 
Units 

Dependent variable 

Average growth rate cm/day 

Independent variables 

Mean length 
cm 

In (tilapia density) In (number/ha)
In (average tilapia weight)a In (g)In (avg. manure input during sampln period) In (kg/ha/day)
In (residual manure)b In (kg/ha/day)In (recruits) 

In (kg/ha)
In (carp biomass) In (kg/ha)Pond size 2 m 
Pond agec
 

aEstimated 
by using mean length and the length-weight relationship presented in Appendix F. As weights were not normallydistributed, some bias may result from this method.
bManure added in the last 45 days but not including manurecNew = 0, old = 1. 

added during the sample period itself. 

Table 5.4. Stepwise regression analysis of fish growth using pig-fish data in Appendix C. 

I. Independent variables included in equation 

b Multiple SimpleVariable (coefficients) R R F value 

Mean length -. 00802 .51846 -. 51846Pond age 21.496
.06797 
 .58394 
 .10202 
 32.411
In (tilapia density) -. 02565 .60189 -. 10046In (recruits) 9.355 -. 00540 .61053 -. 43694 11.937In (manure residual) -. 01369 .62028In (daily manure input) -. 49387 12.883.02530 .62969 -. 21827 8.297Constant .35749 

II. Analysis of variance 

Degrees of Sum of Mean 
freedom squares square F value
 

Regression 
 6 1.22994 .20499 46.648Residual 426 1.87201 .00439 

Equation 5.1 was then rearranged to: 

G + [(T/2)blG ] a + b1 Li + b2X2 + ... bnXn (5.5) 
For longer periods, it was necessary to estimate the VBGF parameters and use the VBGF to estimate length at time. The value of K for the pig-fish data was 2.93 on ayearly basis while for thechicken-fish data, K (per year) was 4.06. L., varied according to the values of the other parameters.These equations did not co itain any variables which would cause the downturn in growth observedat high manure levels because, due to cross-correlations, we were unable to enter variables whichcould cause the downturn. However, this methodology shows considerable promise as ameans topredict growth under varying conditions and to identify factors which have asignificant effect ongrowth (or are closely correlated to factors w~iich affect growth). 
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Table 5.5. Stepwise regression analysis of fish growth using chicken-fish data in Appendix C. 

I. Independent variables included in equation 

Variable 
b 

(coefficients) 
Multiple 

R 
Simple 

R F value 

Mean length 
In (daily manure input) 
In (recruits) 
In (tilapia density) 

-. 01112 
.02229 

-. 01185 
-. 05504 

.55246 

.63149 

.64981 

.69458 

-. 55246 
.35704 

-. 24278 
-. 32788 

21.171 
14.367 
11.798 
11.747 

Constant .69907 

II. Analysis of variance 

Degrees of Sum of Mean 
freedom squares square F value 

Regression 
Residual 

4 
101 

.41019 
.44005 

.10255 

.00436 
23.537 

6. Water and Soil Chemistry 

In order to simplify analyses of the role of water quality, only data from 90-day experiments 
were considered. More detailed data can be found in Appendix C. The most important water quality
parameters were temperature, dissolved oxygen (DO), ammonia and pH. Additionally, alkalinity,
conductivity, nitrate, nitrite and phosphate were determined. 

The Project pond-water supply came from the 8,420-ha Pantabangan Reservoir, about 30 km
from the Project, via open irrigation canals. There was little control over the quality of the incoming 
water other than closing the inlet gates if the presence of toxic substances was suspected. Unfortu
nately, when canal water levels were low, people would occasionally use pesticides to catch fish 
in the canals. We usually placed test fish into the canal before allowing water to enter the 
Project site. 

Table 6.1 presents the concentrations of five parameters measured at the'start of several
experiments. The large variability may be the result of runoff from cultivated areas. The initial 
alkalinity values were all considerably higher than the 20 mg/I considered necessary for substantial 
phytoplankton produr.tion (Boyd 1979). 

The concentrations of the five parameters at the end of the 90-day experiments are presented
in Table 6.2. As expected, increasing manure loads increased the alkalinity, conductivity and 
phosphate. These increases were most apparent in the ponds receivi-ig pig manure (Fig. 6.1). No 
correlations between manure levels and nitrate or nitrite concentrations were apparent. 

AMMONIA AND pH 

Table 6.3 presents the ranges and means of NH3 - NH4 + concentrations and pH at mid
morning. As the pH tended to remain in the 7 to 8 range, the ionized form, NH4 , predominated.
This form is considered to be less toxic (in the short term) than the unionized form, NH 3. The
chicken-fish experiments showed the highest NH3 - NH4+ levels. The maximum value in Table 
6.3 is2.4 mg/l. In Experiment 12 which was not included in Table 6.3 because manure loading was 
stopped before the end of the experiment, levels in excess of 6 mg/I were measured within two 
weeks of maximum manure loading (200 kg dry matter/ha/day). At high pH, the percentage of
unionized NH3 increased so toxicity increased. Also, low DO increased ammonia toxicity. Fortu
nately, low dissolved oxyseil levels occurred in the early morning when the pH was lower. As the
day progressed, photosynthesis increased oxygen levels and caused shifts in the alkalinity system so 
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Table 6.1. Water quality parameters measuied at the start of experimental periods. 

Parameter Mean 
Standard 
deviation Range 

Number 
experiments 

sampled 

Alkalinity 1 

Conductivity 2 

Nitrate1 

Nitrite1 
Phosphate1 

1
mg/l.

2 
Umho/cm. 

97 
231 

0.10 
0.14 
0.21 

42 
-1 
0.03 
0.27 
0.26 

41 

0.03 
<0.01 
< 0.01 

-

-

-

-

155 

0.10 
0.55 
0.61 

7 

3 
4 
6 

Table 6.2. Mean water quality parameters measured at the end of 90-day experiments. 

Animal type 
Manure load 

(kg dry matter/ha/day) 
Alkalinity 

(mg/I CaCO 3) 
Nitrate 
(rag/I) 

Nitrite 
(mg/I) 

Phosphate 
(mg/I) 

Conductivity 
(jmho/cm) 

Pig 31 

41 
51 

61 
81 
91 

101 

-
--

-

--

--

-
-

10 

50 
60 

70 
90 

100 
110 

121 

124 
125 

148 
154 
196 
183 

0.14 
0.03 
0.04 

0.05 
0.11 
0.08 
0.1i 

0.01 
0.01 
0.01 

0.01 
0.01 
0.01 
0.02 

0.13 
0.14 
0.06 

0.40 
0.55 
0.81 
0.68 

264 

245 
276 

250 
346 
410 
389 

Duck 81 
131 

-
-

90 
1410 

146 
159 

0.06 
0.09 

Chicken 5 
10 
15 
20 
60 

101 

-
-
-
-
-
-

6 
11 
16 
21 
61 

103 

160 
174 
137 

0.10 
0.09 
0.13 
0.13 
0.06 
0.11 

0.01 
0.01 
0.02 
0.01 
0.03 
0.01 

0.11 
0.04 
0.04 

the oH rose. An example of pH increases during the day is shown in Fig. 6.2. A shift of 1.6 pHunits as shown in the figure could possibly change enough NH 4 
+ to NH3 to cause mortality. This issuspected to be the cause of poor carp survival at high chicken-manure levels. 

DISSOLVED OXYGEN
 
Diksolved oxygen (DO) 
 was probably the single most important water quality parameter andthe most difficult parameter to measure and describe adequately. The DO usually varied from tiletop to the bottom of the pond. Also, it fluctuated diurnally and the amplitude of the fluctuationstended to increase as the manure loads inci ased. It was only in later experiments, starting withExperiments 5 arid 6, that a chart recorder and automatic stirrer for the oxygen probe became 

available. We were then able to monitor diurnal DO fluctuation. 
Initially, we measu~ retd DO at dawrn or shortly thereafter at a point 30-cn deep which wesubjectively decided to be tepreserltative of the whole pond. In Experiment 17, DO depth profiles

were constructed it 10cm intervals at 4 locations in each pond. One of the 4 locations includedthe regiular sampling station. With these profiles, it was possible to check the ac'curacy of the regular 
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Table 6.3. Range and mean of early morning ammonia-ammonium concentrations and pH in ponds receiving animal manures during
the experimental periods. 

Animal type 
Manure input

(kg dry matter/ha/day) 

NH 3 - NH 4 + 

(mg/I) 

Range Mean 

pH 

Range Mean 

Pig 

Duck 

Chicken 

31 
41 
51 
61 
81 
91 

101 
131 
151 

81 

131 

5 
10 
15 
20 
60 

101 

-
-
-
-
-

-
-

-

-

-
-
-
-
-
-

40 
50 
60 
70 
90 

100 
110 
140 
160 

90 

140 

6 
11 
16 
21 
61 

103 

Zr-7-

0 
0 
0 
0 
0 
0 
0 
0 
0 

0.112 

0.115 

0.023 
0.029 
0.013 
0.012 
0.010 
0.019 

- 0.225 
- 0.500 
- 0.215 
- 0.585 
- 0.80 
- 0.270 
- 0.86 
- 0.265 
- 0.465 

- 0.545 
- 0.651 

- 0.50 
- 0.640 
- 0.500 
- 0.660 
- 2.380 
- 2.400 

0.063 
0.153 
0.060 
0.214 
0.121 
0.122 
0.13' 
0.096 
0.110 

0.238 

0.256 

0.209 
0.223 
0.200 
0.138 
0.151 
0.143 

6.8 -
6.6 -
6.7 -
6.8 -
7.0 -
7.2 -
7.2 -
6.9 -
7.3 --

6.4 

6.7 -

7.0-
6.9 -
6.8 -
6.8 -
6.8 -
7.3 -

8.2 
9.6 
8.8 
8.4 
9.0 
8.7 
9.0 
8.6 
8.4 

8.8 

9.0 

8.0 
8.1 
8.1 
9.1 
9.1 
8.9 

7.6 
8.1 
7.6 
7.6 
8.0 
8.0 
7.9 
7.7 
7.8 

7.7 

7.7 

7.6 
7.4 
7.4 
7.5 
7.8 
7.8 

08 

o 

400 'Lo? o0 o to 60 '( o l- -
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Fig. 6.1. The effects of pig manure loading levels on pond water final alkalinity, phosphate content and 
conductivity. 
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Fig. 6.2. Fluctudlions in pH over the period 0800-1600U hours in two U.0f4-1w ponds receiving manure from the equivalent of
 
140 pigs/ha. (For details see Experiment 6).
 

sampling station in approximating the average DO in the whole pond. Fig. 6.3 shows the equation
for the linear correlation of the DO values obtained at the regular sampling station and an average
DO value computed from the depth profiles. Stratified samples were taken from the available datain an effort to have 20 observations in each DO interval of 1 mg/I. The frequency distribution is
also shown in Fig. 6.3. It was found that the regular sampling station yielded reliable estimates of average DO as evidenced by the very high correlation coeffic:;nt (R) of 0.9786. The accuracy was very good in the range of 4 to 8 mg/I but the regular sampling station tended to overestimate the 
DO at very low levels and underestimate at high levels. 

The simplest way to determine the effect of manure inputs on the DO was to correlate averageearly norning DO over the whole experimental period with average daily manure input over the 
same period. Figs. 6.4-6.6 show this relationship for pig-fish, duck-fish and chicken-fish systems,respectively. At higher manure loads, average early morning DO was usually less than 1 mg/I and 
averages of less than 0.4 mg/I were encountered. Although predictive equations, such as those
developed by Boyd et al. (1978), could be developed using our data, the very high observed variabil
ity would reduce their utility.

As fish yields at the highest manure loads were reduced and DO was very low at these loads,we hypothesize that DO was limiting but we did not have equipment for supplemental aeration to 
test the hypothesis. 

Early morning dissolved oxygen concentrations are usually used as an indicator of oxygenavailability in pond systems. Although such values indicate how low the DO fell, they do notindicate the length of the low DO period. Fig. 6.7 illustrates this "problem" with early morning DO
in our experiments. Using overnight chart recordings of DO, it was possible to plot the number of
hours DO was below arbitrary limits (0.5 mg/I in part A and 3 mrj/I in B) and early morning DO.With an early morning DO of 0.1 mg/I the length of time DO was below 0.5 mg/I varied from about 
1.5 to 8.76 hours. A fish under condition:; of 0.5 mg/I DO for 8.75 hours will certainly be under 
nore stress than one under those conditions for only 1.5 hours. Given the limitations of early
morning DO, a more appropriate indicator for oxygen stress appeared to be an average nighttime
DO or number of hours DO was below a critical value. To obtain these values required oxygen
meters and recorders for each pon $being monitored or research assistants who work all-night. We
tried both options with only limited success because of logistics, lack of electricity and fatigue. 
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Table 6.4. Mean maximum dissolved oxygen measured during mid- to late afternoon in integrated livestock-fish ponds. 

Livestock Manure loada Number of Mean dissolved oxygentype (kg dry matter/ha/day) samples (mg/I) 

Pigs 61 ,-"0 
 1 15.0 
71 - 80 4 15.9 
81 - 90 3 16.4 
91 - 100 3 15.3 

101 - 110 10 16.7 

Chickens 11 - 30 4 13.1 
51 - 70 5 15.8 
71 - 90 1 14.4 
91 - 110 1 16.8 

111 -- 130 2 17.0 
aManure applied on preceding (lay. 

Table 6.5. Organic matter in pond soils. 

Sample pH %Ash %Organic matter 

A 1 6.94 89.8 10.2 
B2 
 - 89.6 10.4 
C3--
 95.7 4.3 

1A: at start of experiments. 
2B: after the completion of Experiment 1 using pig manure. 
3 C: after the completion of Experiment 12 using chicken manure. 

Maximum DO was determined during Experiments 4, 5 and 10 using a chart recorder and 
oxygen meter. The results are presented in Table 6.4. Mean maximum DO was above 20G% satura
tion while concentrations above 20 mrq/l were occasionally encountered. 

Manure build-up, except fot a rtIound of fibrous material about 5-10 m in diameter and 10-cm
deep directly under the mnanure delivery pipes, was negligible. Soil samples were analyzed for
organic matter on three occasions (Table 6,5). No increases were noted. This lack of manure build-
LIp iS in contrast to integjrated livestock-fish systems in China where build-ups do occur. Probably
the year-rot nd high lemperatures at the research site, which are conducive to bacterial decomposition
and rapid turnover of all except the fibrous matter, are the cause. 

The pondl-bottort respiration was measured six times in pig-fish ponds receiving manure at a
loading rate of 100 pigs/ha. The respiration ranged from 21 to 80 mg 02 /m 2/hr with a mean of 49 
mg 0 2 /m 2 /hr (standard deviation 21.3 mq 0 2 /m 2 /hr). 

7. Plankton 

Plankton samplinq and identification were carried out in some experiments. Attempts were
made to collect samples weekly or hi weekly. Additional samples were collected during unusual 
events, suct as a very dettse plankton bloom. A total of 143 plankton samples was collected as 
shown it Tale!1 of Appendix G. 

The plan,:tom wme identified to qIenera whenever lpossil)le anti unit counts were made (see
Appendix A for furtler telaih;). To Itman ify the dliversity, a Shannon-Weaver index and an evennr'ss 
index were cojrn1 tilt I for tle zooldank ton andI phytoplankton data separately. The equation for the 
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Fig. 6.7. Relationships between lowest early morning dissolved oxygen and the number of hours for which dissolved oxygen was 
below arbitrary levels in manured ponds. (For details, see text). 

Shannon-Weaver index (H) is: 

H = -(n/N) In (n/N)
 
where n = number of units in each genus/group and N = total number of units (Odum 1971).
 

The evenness index (e) is: 

e = H/In S 

where S isthe number of species. These indices are constructed such that the higher the value, the 
more diverse the plankton population.

In Tables 2-17 of Appendix G are presented data on phytoplankton and zooplankton density, 
occurrence and dominance by genera/group, and diversity for both pig-fish and chicken-fish systems. 
The following characteristics were observed: 

1) Major differcnce; wcru foun1d b:to.,en ponds treated identically; species composition and
densities could change in only a few days. To identify trends, we grouped data by treatments, weekly
for chicken-fish systems and bi-weekly for pig-fish systems. 

2) No relationship between increasing pig manure load and plankton densities was apparent
(Appendix G, Tables 2 and 5). However, there was a very distinct trend that, at fairly constant 
manure loads, plankton densities decreased as the experiments progressed. Perhaps the increasing
biomass of fish cropping the plankton populations was responsible.

3) The most common and dominant phytoplankton genera in pig-fish systems were: Chloro
phyta-Pediasilrum,Scenedesmus, Coelastrun, and Ch/orel/a; Cyanophyta-Microcystis, Lyngbya,
and Oscilatoria; Chrysophyta end Euglenophyta-Euglena, Phacus and Trachelomonas (Appendix
G, Table 3). The most common and dominant zooplankton genera were: Rotifera-Brachionus,
Trichocerca, /11sp/wwihnu, Fi/inia and Phlodinu;Cladocera--Moina and Diaphanosona; Copepoda-
Cyclops, unidentified copepodites, nauplii, and harpacticoids (Appendix G, Table 6).

4) No trends of the diversity and evenness indices were apparent in the pig-fish data (Appendix
G, Tables 4 and 7) or chicken-fish data (Appendix G, Tables 12 and 17).

5) There appeared to be a positive correlation between chicken-manure load and plankton
density (Appendix G, Tables 8 and 13). The trend was particularly obvious when Experiment 11 
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(manure loads 5 to 20 kg/ha/day) was separated from Experiments 10 and 12. Experiments 10 and 12 
were conducted during the dry season while Experiment 11 was conducted during the rainy season. 

6) The most common and dominant phytoplankton genera inchicken-fish ponds were essen
tially the same as found in pig-fish ponds except for these few additions: Closteriurn, Cosmarium 
and Merisrnopedia (Appendix G, Tables 7.9 to 7.11). The only major difference in the zooplankton
populations was that Philodiina was not found in chicken-fish ponds (,/pendix G, Tables 7.14 to 
7.16). 

In addition to collecting plankton samples, we regularly determined primary productivity using 
the light-dark bottle method. Figures 7.1 and 7.2 show the relationship between primary produc
tivity and pig manure and chicken manure input, respectively. The data used were from Appendix 
C. A slight positive correlation seemed to exist but the variance was very high. 
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Fig. 7.1. Relationship between primary productivity and pig manure load in pig-fish integrated culture experiments. 

8. Parasites 

Whenever untreated manures are used to feed and fertilize fishponds, the possibilities of 
parasites and disease must be considered, including the health of the fish under the stressful condi
tions of such ponds. Although adetailed experimental approach is needed to define accurately the 
possible public health risks of animal-fish systems, the lack of supporting infrastructure at CLSU 
precluded this approach in the present research. However, the animals and fish were monitored 
regularly for parasites. 
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Fig. 7.2. Relationship between primary productivity and chicken manure load in chicken-fish integrated culture experiments. 

Samples of animal fecal material and fish were collected routinely during !)ig-fish Experiments:3, 4, 5, 6, 13 and 14 and chicken-fish Experiment 10. The feces wt re examined directly and after
corTcentration by flotation and sedimentation techniques. The fish samples were subjected to
thorough post-mortems and careful attention was focused on finding parasites which are zoonoticto humans. Also, atter Experiment 4, two pigs were slaughtered and partially dissected. Attention 
was given to finding the cysts of parasites in the muscles as well as gastrointestinal parasites.

Direct examination of manure consisted of placing a small amount of freshly voided fecalmaterial on a slide with a few drops of saline qolution. The mixture was spread over the slide and a cover slip put in place. The sample was examined microscopically under low and high power and
parasites were identified (Soulsby 1968) and abundance noted.

The flotation and sedimentation techniques used were from Coles ( 980). In the sediment
ation method, a sample of feces was diluted with water, allowed to settle, and the sediments examined. In the flotation method, a fecal sample was added to a supersaturated sugar solution and the 
material trapped in the surface layer was examined. 

Fish were examined individually by taking samples from gills, skin scrapings, fins, muscles, thewhole gastrointestinal tract and its contents, and the body cavity. Initially, the fish were examinedexternally and then the opercula were removed. A portion of the gills was cut from the gill archesand the filaments were separated. Samples of the filaments were placed in a petri dish and flooded
with a physiological saline solution. The filaments were examined using a stereoscopic microscope.
Whenever a parasite Nas found, it was separated from the gill filament, transferred to a slide andexamined by comnound microscope. In the case of rnonogenetic trematodes, careful attention wasgiven to avoid damaging the anchors and hooklets a- they are very important in identification. 
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I Skin scrapings, fins and muscle were cut/excised from the fish and directly examined using acompound microscope. Muscle samples were obtained from the dorsal third of the body near thebackbone and were teased apart before examination. The gastrointestinal tract was separated intoits componentb. The intestines were cut open lengthwise while the other organs were teased apart.

Examination was made using a stereoscopic microscope. 

RESULTS 
Although the livestock were monitored for parasites during seven experiments, it was onlyduring Experiment 3 that parasites were found. Shortly after the pigs had arrived on the Project, 19of 108 pigs were found to have light to moderate (1-5 parasites per microscope field under a low power objective) infestations of Balantidium, a protozoan parasite. The animals responded well to

the broad-spectrum antibiotic; the parasite was eradicated. No other parasites were found in the
animals or their manures. It must be stressed, however, that all of the Project animals underwent
regular treatments with broad-spectrum anthelminthics and that the animals were confined with
little chance for infection. These conditions often do not exist on small farms.

The fish parasite densities are presented in Table 8.1. It is interesting to note that only three genera of parasites were found. The monogenetic trematode, Cich/idogyrus, was found in thetilapia. The occurrence of this parasite in Philippine tilapia was previously noted by Duncan (1973).
The carps were',lso found to have a monogenetic trematode tentatively identified to be Dactylogyrus. ihe sna.ehead had a nematode believed to be a Carnal/anus species, A few milkfish, Chanos
chanos, and cafish, Clariasbatrachus, were also examined during Experiments 13 and 14 but no
 
parasites were visible.
 

The data in Table 8.1 show the species preferenc -, of tric three parasites. The monogenetic
atrematode infestations of tilapia were probably insign i cant but the trematode densitie in the carpbecame relatively high in three of the experiments. It i assumed that the nematodes were adversely

Saffecting growth of the Channa strlata but these fish w( "e being used for recruitment control of
 
tilapia so slower growth would be of no consequence. No trends between parasite density and
manure load were discernible.
 

9. Preliminary Economics 

w The basic methodologies used in economic analyses of these Integrated livestock-fish systems
 
were:
 

1. To determine the relationship between fish yield and manure load. This relationship is4i called a production function. 1/
2. To calculate the capital cost and operating cost for several pond sizes, using accepted


design parameters (see Table 9.1 for example).

3. To determine the relationship between pond size and capital cost and operating cost for 

excavatedponds and levee ponds with either gravity or pumped water systems, using regression teche (Tete2)rmne the combination of pond size and manure load which maximizes operating 

profit from the fishpond, using an iterative (trial and error) computational method. Although less
elegant than using the concepts of marginal revenue and marginal cost, this trial and error nethod
 
was easily performed 
on a programmable calculator (Hewlett-Packard model P-41c). This method

had five steps. First, agiven pond size and number of livestock were selected. Second, the livestock
number was converted to manure load and was entered Into the production function equation to
 

Scompute esti matad net fish yields. Third, the Initial fish weights were added to the riet fish yields
and the totals were multiplied by the fish prices (P8.10*/kg for tilapla, and P5/kg for carp) to
 

P7,40 $1.00 (1879). 
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Table 8.1. Fish parasite densities in five pig-fish experiments .nd one chicken-fish experiment (Experiment 14). 

Experiment number 3 and 4 5 6 10 14 

OREOCHROMIS .VIL 0 TICUS 

Number of fish examined 180 453 80 109 70 
Percent infected 0 48 19 26 7 

Cichlidogyrus densitya 

cMode 00-1 1-2 00-1 00-1 
Maximum 2 1-2 3-4 0-1 

CYPRINUS CARPIO 

Number of fish examined 90 134 34 49 30 
Percent in fected 78 88 100 8 10 

Dactylogyrus density' 

Mode - 00-1 - 000-1 1 
Mean 7  5  -
Maximum 15 2-3 >8 0-3 1 

CHANNA STRIATA 

Numbr of fish examined 42 8 0 0 5 
Percent infected 57 100  - 80 

Nematode densityb 

Mature 
Mean 4 d4 - -4 
Maximum 6 6  - 8 

Immature
 
Mean 
 1 1 - -
Maximum 2 2 -

aIndividual parasites per gill filament.
 
bNumber of parasites per fish; probably Carnallanussp.
 

CWith this density rating system, the numoer of parasites per gill filament ranges bet, eon the two numbers given. For example,
0-3 indicates that the number of parasites varies from 0 to 3. r filament. The 00 rating indicates most gill filaments have no para
sites wnile a 000 indicates that almost all the gill filaments are free of parasites.

dAlthough no immature forms were noted, the mature female nenmatodes wrre gravid with large numbers of encapsulated embry-
Dnic forms. 

compute total revenue. Fourth, the pond size was entered into the cost function equation to 
estimate operating cost. The value of the manure was then added to the operating cost. Fifth,
operating cost was subtracted from total revenue to arrive at operating profit. This 5-step procedure 
was repeated with other numbers of livestock until the maximum operating profit for the given
pond size was determined. Also, by holding the number of livestock constant while varying the 
pond size, it was possible to determine the maximum profit with a given number of livestock. 

5. To compute the animal density (or manure load) which would maximize internal rate of 
return (IRR) into perpetuity from the fishpond using an iterative routine based on the following 
simplified formula: 

IRR TR - TOC 
FCC + AWC 
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Table 9.1. Capital and operating costs in Philippine pesos for an eight-month production cycle of a 10,000-m2 

excavated fishpondreceiving piggery wastes. P7.40 $1.00. Extracted from Hopkins et al. (1981). 

Capital costs 

a) Land clearing at P3,000/ha 
3,000.00b) Dikes 

38,360.00c) Drain pipe 
2,600.00 

d) Water inlet structure 150.00 
v) Storage building 

150.00 
f) Engineering fee, 6% of a) to e)
q) Pump 2,840.00 

9,350.00h) Buckets 
3,920.00 

i) Seine 
j) Wheelbarrow 2,772.00 

200.00 

66,392.00 

Operating costs 

k) Land rent 
I) Irrigation fee at P390/ha/yr 1,104.00 

260.00m) Fingerlings at P0.15 each, 3-5 g each 

n) Labor 
 6,000.00 

555.00 
o) Poison 

21.00p) Fuel 
q) Maintenance 3,670.00 

2,107.00r Equipment depreciation 
2,565.00 

16,282.00 

Talie 9.2. Equations for the computation of total capital cost (TCC) and total operating cost (TOC)in Philippine pesos for an8-month production cycle for various pond sizes. P7.40 = USS1.00. Extracted from Hopkins et al. (1981). 

Applicable pond sizePond type 2)  EquationWater system (nt
 number Equation 1 

Excavated Gravity 100 7,575 1 In TCC = 4.4102 -0.7163 In X 
7,576 
100 

1,501 

- 50,000 
- 1,500 

- 50,000 

2 
3 

4 
In 

TCC = 28497 + 2.7657 
TOC= 2.7471 + 0.6952 
TOC= 989 4 1.0145 

X 
InX 

X 
Excavated Pump 500 - 8,750 5 In TCC = 6.3324 4 0.5167 In X 

8,751 - 50,000 6 TCC = 28908 + 3.6938 X 
500 

1,201 
- 1,200 
- F0,000 

7 
8 

In TOC = 3.277/ + 0.6866 
TOC= 1680 + 1.4592 

In X 
X 

Levee Gravity 100 - 1,525 9 In TCC = 5.4568 F 0.6497 In X 
1,526 -- 50,000 10 In TCC = 6.2819 f 0.5371 InX 
100 

2,601 
2,60o 

50,000 
11 

12 
In TOC 

TOC 
3.0293 0.6856 In X 
1899 4 1.013 X 

Levee Pump 500 - 8,725 13 In TCC 6.9539 + 0.4793 In X 
8,726 - 50,000 
500 -- 1,450 

1,451 50,000 

14 

15 

16 

In 
TCC 49213 4 3.6533 
TOC- 3.7882 + 0.6315 
TOC: 2255 4 1.4679 

X 
Ir'C 

X 

1X size of pond in m 2 ,r >0.99. 

http:16,282.00
http:2,565.00
http:2,107.00
http:3,670.00
http:6,000.00
http:1,104.00
http:66,392.00
http:2,772.00
http:3,920.00
http:9,350.00
http:2,840.00
http:2,600.00
http:38,360.00
http:3,000.00
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where TR - total revenue, TOC = total operating cost, TCC 7 total capital costs, and AWC an estimate of average working capital. IRR is determined for the length of the culture period and
should be corrected to an annual basis. This formula was suffirient for our purposes because thedepreciation and maintenance costs ir,cluded in TOC were sufficient to maintain the condition of 
the fish culture facilities indefinitely. 

6. To prepare budgets for representative livestock operations and compare profit and IRR for 
these operations. 

7. To integrate a fish culture operation with the livestock operation based on the optimumcriteria already established; to prepare a budget for the whole integrated operation and determine 
profit and IRR. 

We also conducted taste tests to determine the palatability of fish raised on an integrated farm
and evaluated integrated farming systerns in terms of their efficiency of resource utilization, particu
larly nitrogen (protein) pathways.

It must be emphasized that all the analyses presented below were on Philippine systems and

refer to prevailing costs at the time of the study. Integrated farming-system economics are highly
location-specific and the compar;sons made here, particularly the ranking of profitability of duck
fish, pig-fish and chicken-fish systems, should not be taken as general rules. 

PIG-FISH SYSTEMS 
We have produced preliminary economic analyses of pig-fish systems (Hopkins et al. 1981;


Sevilleja 1982) which present the optimum 
 numbers of pigs and pond sizes which maximize

operating profit and IRR from the fish operation; and hypothetical case studies of fishponds

integrated with three different types of piggeries-h ackyard, growing-operation only, and a com
bi led breeding and growing operation, respectively. A summary of the conclusions of those papers
 
follows:
 

1. Farmers with a large amount of manure available and a limited area for ponds can maxi
mize operating profit and IRR when manure is applied at the rate equivalent to 100 pigs/ha. Any

excess manure should be disposed of in other ways.


2. When the number of pigs, rather than pond area is limited, manure should be used moreefficiently. Operating profit is maximized at 53 pigs/ha for ponds with gravity water systems and 67
pigs/ha f3r ponds with pumped water systems. IRR is maximized at 80 ± 10 pigs/ha.

3. The magnitudes of the operating profit and IRR are highly sensitive to the scale of theoperation (Fig. 9.1). Because of e;nomies of scale, operating profit and IRR increase as pond size
 
increases up to about 3 ha after which they stabilize.
 

4. A backyard piggery is profitable, I RR = 22%, if labor costs are excluded. This is a reasonable assumption for family labor since the labor tasks are of short duration. A small combined breed
ing and growing operation yields about 19% IRR, but a growing operation only isa losing venture. 

5. Integrating fish culture with the piggeries increases return on investment substantially forall three piggery operations (Table 9.3). Perhaps more important than the effect on IRR is the 
increase on income, particularly for the backyard farm. 

DUCK-FISH SYSTEMS 
Most duck rearing in the Philippines is done on small farms to supplement family income(BAEcon 1976). The ducks are usually growni for their eggs which are made into delicacies.a

There are two duck-rearing methods adopted by farmers, pasture method and confinement method.
In the pasture method, ducks are allowed to graze in newly harvested rice fields. When a field has 

a"Balut"--fertilized eggs which are allowed to develop almost to hatching before boiling; "itlog na pula"-hard-boiled salted eggs 
colored red and "penoy"-hard-ioiled eggs. 
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Table 9.3. Annual costs and returns in I'hilippine pesos of three types of integrated pig-fish farming systems, Nueva Ecila, Philippines,
1980 (P7.60 USSI .00). From Sevillija 1982) with' slight ntodifications. 1 

I. Piggery 

Capital costs 
Operating costs 

Total returns 

Net income 

Avg. working capital 
IRR (%) 

II. Fishpond 

Capital costs 
Operating costs 
Total returns 

Net income 

Avg. working capital 
IRR (% 

Ill. Integrated 

Capital costs 
Operating costs 
Total returns 
Net income 
Avg. working capital 

IRR (%) 

Growing 2 

62,000 
158,300 

134,080 

(24,220) 

52,769 

-

47,802 

18,923 
44,730 

25,807 

3,155 
50.6 

109,802 

177,223 

78,810 
1,587 

55,924 

1. 

Period was changed to annual basis from 8-to 10-month cycles in Sevilleja (1982). 
included in computation of IRR. Capital costs were reestimated. 

Breeding 
Backyard3 

and growinp4 

2,282 
5,077 

6,060 

983 

2,113 

22.4 

5,403 

1,649 
4,788 

3,139 

344 
54.6 

7,685 
6,726 

10,848 
4,122 

2,457 

40.6 

95,000 
170,570 

189,651 

19,081 

7,107 

18.7 

52,791 
25,329 
68,904 

43,575 

4,222 
76.4 

147,791 

195,899 

258,555 
62,656 

11,329 
3-4 

Average working capital was estimated and 

280 pigs and 1-ha pond. 6 pigs and 0,12-ha pond 4162 pigs of varying sizes and 1.3-a pond. 

60 Excavaled,graviy 
60 

0 

a) 

0 

0
 

30 ...
...... - . . . .... .....30 

5,000 10,000 15,000 20,000 25,000 30,000 35,000 

Pond Size (M 2 
) 

Fig. 9.1. Internal rate of return (IRR) into perpetuity as a function of pond size for four pond
type/water-system combinations receiving manure frum 80 pigs/ha. 
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been completely grazen, the ducks are moved to other fields. When pasture is unavailable, the ducks are enclosed and fed amaintenanc die of rice supplemented with feed concentrates. In the confinement method, d ucks a,o kept in canes or pens throughout their ife. They are usually fed rice and
snails. This nietho(r :s :ioin omnly practiced in areas where [he ,mai feed components, especially
snails, are rm.adly availdhle. \t; nily Ihe,!cunfineument lethod is anienab. to inte!gration with fish 
Culture, we conSide i only that rHth()d.

Integrating fish eultore, with duck.s reredi i) :onfienenwllt unn he ea'.i!y (lone by luilding a
fishpond adjacenl to thdukt huse. The dthoks are allowed 'toO- [t)ori( to forage. Any
 
manure 
in the dock houise is collected an tt:ro',vn in the poim!.


Basic AaI and infnitatio 
 n diuck rearirnj were hased oni !\siinoioni 119Y9) w;tlr costs andvalues updated to 1980 prices. 1i average farm which raised dnl!s in curifirement hal 517 ,lucks
totalling 770 ,g.Stck cmnpri;, cv r 90of the initial capital cortm iale!.. 41. (Nos arml returns 
are [)rese te d i l 11e (,-.5 

),1FIit1tDa iIy fresh manor in(; 7 1k.Uef docksd was e.isti onted toIre 9 1kgq or I 1I ,of total
live weight. Thi, was eijuivahent to 39 kgq dIry ,iatter per day (s:e Chater 3). The liited yield datafrcni the Project's (111(1. fish expmri ners did riot allow the coinprulatioi ol a production function
relating yields t) irput aring. Therelfore, l u ,)xinruum m t yield of 12.9 ki/day of Tilapia and 1.9k,{idkay of Carp iut!air el with "?kigMy dm1-f. runMr't/'A,y wa: itsel S Oil]a " (':oIr"en dd
 
manure IC,(ljv, 
 late. 19ing his i rat .a 1,1600rv oa; itneIj WNccorrmrOdate the
 
daily (t riarr1iat niT,,.
 

A slllhty hi t
sunjon 
 I,'j '6 j10 i a-x vamen oMl slnn a mrivilv wate system is presernte(d

in Table 9.1. IHM (of thin. lish ti ,rati-m is inhi less tluin Ith I I of 
ir dick operalion. Therefore,
if itis possilie to expan the duck operations, tlt farurer shotld irvesl irr tIre e !)alnsioni of the

duck opeation instead of iritgratinll with lish cultire. if howcv.r, the durick egg market will not

allow futher cxparrtiu i or if the farme wishes to rei(uce risk hy diversification, the fish operation
is a good iwvstnietr because its I, . is cinsiderauly hiher tha the cuirent return on 
 certificate ofdeposit (15'). The IRF for an integrated cluck fish Gneration is abiout '40' per arininr (Table 9.71.


Our ainalyses (lid i(t considler the potential for reduced feelirig costs Iby allowing the ducks to
forage ott the !ld becaise we 
did not have enough data to estimate the savings. Again, the change
in ilhmm from mmtelr;alion is proh,,bly of rmrore sigrnificarce than I R3 maximization for farmers. 

CHICKLN[ I, t :;Y I tzrv ; 
The analyses of chicken fish systenis were restricted to integrating fish Ciultu re with cage
wa. - ' U , O'lu M ieji re ;roru(inres uised
pmv on the Project. 11owiwv r, the nmethocdologies 

used in the analyses can he easily adapted for a layer operation.
Chicken manure (,,n he readily sold iii the Philipline:; as fert ilizer tor fishp onds or agricultural

cro)s. Thuis, i: (iontrastwith pig and duck nanuret, it wie, essential to .is;ii; a (cost to chicken manureused iin the fish culture componernt oif ar, intaglrateI cliicken fish farm. Irrefore, tiaxiini/ing fish 
outplt will rit always rl, xirnaize profit,. 

Th clhickert farnr; were classified inloto vw (:atleie( ies. tlis; far iurs havinlg larget rinhers ofchickens -l i ,nly a sril anr fto [IKi i; .i i l,;use frrloi witl liritil(i riwunr of i:hickems relative 
to the potertial ponid -,'e. Iri0i iit j o:,Jr, wi ir l lilt, le- ( dil.i uai i(hili relloading
rate) w hiidlr w ould rrrao irmiz . iitii[mifii r h i< ;i fo I /,', ; Ivl., ' Ii tl t!;'(m ui cleg ry,
we corrimil, t' l t 'i ', ,','ii ', vinl, owi r Jtir f!(t i"I lift fm ;I ,ivt'n firnlrher if 
clhiic- e , /A 1mir Iw,',,i lliily of lirailIii s i w.11!m l iI,,4in, 


Iheriorili, ( :llrisllo wiii:h Woilhl ioliimia''ir ')iirmi 
 i/r (rt.lwi ha ik , )(i (i af.ishown il Il .5. I iI() ,i ; wl I! .It. mlii i l Ifl ye'lmleit In '..illi)1, ,; ir I ()fllt l un.idel 
aroriund 4,400 'nI to of ;)1( IH[ll iagvcri imoel seew rit! !al( 
loadirlIi loiii 
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Table 9.4. Average capital investment of backyard duck egg 
production mo od in Nueva Ecija, 1980. (Confinement method 
517 birds) 

Item Cost 

(P) 

Stock 10,340 
Building/laying house 409 
Water trough 63 
Feed 	 trough 80 
Trays 9 
Lighting facilities 54 
Screen/fence 136 

Total 11,091 

Table 9.5. 	 Annual costs and returns of onfinernent rearing of 4 7Table 9.6. Annual summary budget for a , 60-m2 excavated fish. 
517 ducks in Nueva Ecija, 19H0 pond stocked with 20,000 fish/ha. Water flow is by gravity and 

nutrient source is 39 kj dry duck manure/day. 

Item Cost Item Amount 
(P1) (P)
 

1. Operating costs 	 1Capital cost 35,448.00 

Operating cost 2 
8,727.00 

Variable costs 

Total revenue 20,435.00
Labor 4,257 
Feeds: Tilapia3 

17,793.00 
Palay (unmilled rice) 27,080 Carp 4 

2,642.00 
Concentrate 152 
Sn~ails 24,709 	 Net income 11,708.00 

Stock replacement 1,500 
Mortality 1,414 Average operating capital 1,455.00 
Drugs 24 
Electricity 122 IRR %) 31.7 
Repairs and mndintonance 31 
Interest on loans 642 	 1Based on equation in Table 9.2. 

2Based on equation in Table 9.2 corr,,cted to an annual basis.
Fixed ci)sts 3 

Assumes 5-g initial weight, 17,000 tilapia/ha, 3 stockings 
per annum, -et yield of 12.9 kg/ha/day and 270 culture (lays,

Pent (land) 281 mortality is minimal, price = P10/kg. 
Depreciation 4183 A, sumes 5-q initial weight, 2,800 carp/ha, 3 stockings per
Land tax 7 	 annum, net yield of 1.9 kg/ha/day and 270 culture days, mortality 

is minimal, price - P5/kg. 
Total costs 60,402 

II. Returns 
Table 9.7. Annual summary budget for a duck-fish farm with 517 

Egg sales 

Stock sales 
65,968 

463 
ducks and a 4,760-m 2 

---.. 
fishpond, 

..-------
Nueva Ecija, Philippines, 

------. 

1,,30. 

Others1 
3,919 Arnourt (P) 

Total returns 70,350 Ititrn Ducks 
Component 

fishponi Ihntegrated 

IIl. Net r.tuJrns 9,948 

Avg working capital 2 
6,00() 

Capital costs 

Operating costs 

11,091 

60,402 

35,4481 

H,721 

46,539 

69,129 

IV. IRP 1%) tt 2 
Total returns 
Net income 

70,350 
9,948 

2),435 
11,70l 

90,785 
. 1,656 

Include e(!jqs 
2 
Estimatel it 

art stock consumed at hotie and 
about 10 percent of total costs. 

-
given awiy, 

Av. working r:al)rtIl 
MR M 

. 

6,000 
511.2 

1,455 
31.7 

7,455 
40.1 

http:1,455.00
http:11,708.00
http:2,642.00
http:17,793.00
http:20,435.00
http:8,727.00
http:35,448.00
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Table 9.8. Nurtiber of chickens and chicken density which maximnizC gross profit from a given size fishpond. 

Given Chicken Operating
pond size Number of density profit IRR 12
(mf) chickens (no./ha pond) (P) (%) 

500 225 4,500 774 8.8750 325 4,333 1,519 15.41,000 450 4,500 2,331 19.31,500 650 4,333 4,074 25.22,500 1,125 4,500 7,966 34.25,000 2,200 4,400 17,661 46.07,500 3,325 4,433 27,360 53.210,000 4,400 4,400 37,051 62.620,000 8,900 4,500 75,842 84.630,000 13,500 4,500 114,618 95.540,000 17,800 4,450 153,415 101.9 

1Per annum, stockin( denrsity 20,000 fish per ha, 3.5 crops per year. 

Table 9.9. Pond size and (;hickom density required to maxintize internal rate of return (IRR) for ponds receiving manure from a givenl
nrUif|r of cfhickens. 

Given 
 Chicken Operating
number of Pond size density profit IR R1chickens (m2 ) (no./ha pond) (/arnnum) (%) 

100 40,000 250
 
500 40,000 " 250
 
750 
 40,000 - 250 -.
900 30,000 300 41,080 34.41,000 17,500 570 29,173 35.73,000 14,000 2,140 42,944

5,000 19,000 
60.3 

2,630 64,076 74.27,500 25,000 3,000 88,788 84.810,000 30,000 3,000 110,142 91.9 

Per ,i irn, stioi:kin dermtV 2()O00J fisth iF h.,3.5 (:riuIn+rY ,r. 

Whet the IIt Ilher of 11 ic k ens was limited, the densities which maximized I RR increase(d as
pond size irncr. ,;e t(Talhle 9.9) With a low ttimber of chickens, our matherrmatical model -selected" 
values below 25() clhic:Ifl;/hla ;I;optilltiil. Htowe ver, we have not tested levels lower than 250 
chickens/h a and thewr wal c;ti;ie(hfalle, variability at Ile;e low loadinq rates. It issti.gested that 
rates less thrn 500 i:fiih.kit,lj i ritotldihe i s(i. Yields are 1ol predictable at lower loa(linq rates.toft 

The relati rihii.; it) 1 ille' 9j" ind 9.9 at, difficuilt to vi!;tlalize frorn the tal)es alone. Three
examples are provided. It Fi(-. for9.2 we fi;t ilotted thei chicken(r density which maximizes ItR-
(iver) rltlwts(;, of t the(t :'.rv(). We theft overhtyet a line at 4,400 chicken /ha which was tie 
density whi:lh tlaxirni/rli [1tfot a (vtVf itla sie. ttigher;r terisitie. rerltit:etl yield;.
 

If !h';itle,te lt miirll d;hjitaI :si:) 
 Itl at he I;e;s 'dl hi's availadlil: a (.hick:rinti ,'I 
dlt t(d 4,400 it i)f Iii, t'Jiviji!Ihf chtitcl, ett: (mnitint) itld ;I fioill ;il(e whichjf wolilnl(li~'thIll 
"Jiv ' i(hl 'Iy (!ti lhi v15,
Iiiw t c1 . t ' ())rdiriljIttat )rl()f,vwil.Iu l111(l 111(1 cIhicl,.it. 
w ouhl Yt, lil a i) tt,itf/ wvt;llicll hit';lw .i'tlth , :tul 'Ii iuil tIll- lii+Ilhr ;(,tir l till Ow1111 Ulf . 
available lI latI fItaItn{ to fI rlilXHI II(.i/ePIli,; 


I ,A l,rmft lijIjH()0 i Iten'; tid 0. I,,, of Ilunl ,vailali! fotr a fishiptd. As the maximu;+
pr)fit at d IIMlH foir 0.) ha pori +ir!,ittaitwrl with 4,400 chjckit.ts/li (tipper line, Fig. 9.2), lie 

http:cIhicl,.it
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Fig. 9.2. Chicken d(;nsiti,:s which maximile internal rate of return (IRR) from the fishpond. 

should add the manure from 2,200 chickens to the pond and sell the rest of the manure.
2. A farmer has 3,000 chickens and 5 ha of land available for ponds. Since the number ofchickens available is limited, the lower curve in Fig. 9.2 shouid be followed. To maximize IRR forthe 3,000 chickens, a deisity of 2,140 chickens/ha should be used. Therefore, the farmer should use 

a 14,000-m2 pond. 
3. A fdrrTi-r has 2,000 chickens and 6,000 in2 available for pond. At 4,400 chickens/ha, hewould need 2,640 chickens. On the other hand, using the curve for a limited number of chickens, heshould use a pofnd of 1.4 ha. He has neither 2,640 chickens nor 1.4 ha. In this situation, the farmer 

would maximize his IRR using all of his available land and manure.
In the above analyses, we were concrned with integrating a fish-culture operation with anexisting chicken farm. Therefore, only the IRR for the fish-culture operation was computed. Whenstarting an integrated chicken-fish farm (i.e., a farm in which the chicken operation does not yetexist), the I R R on the investment for the whole integrated chicken-fish farm needs to be maximized.

The capital investment and a simple cost and return analysis for a 1,000-chicken broileroperation are shown in Tables 9.10 and 9.11, respectively. Estimated I RR was relatively low,
13.3/ per annum. 

The iterative program which computed operative profit and IR R for the fish operation wasmodified to include the costs and returns of the chicken operation (based on a per chick basis) inorder to coriiptIow the operating profit and IR R for the whole integrated chicken-fish farm operation.
When building a new integrate(l chicken-fish farm, the suitate' area for fishponds will probably bethe main limnitig factor. The numbers of chickens required to maximize IRR of the integrated
ch cken fish operation for give; sizes of ponI have been cornpute(i (Table 9.12). As pond sizeircnases, the manure loading rate shouild decrevase, rho reason for this is that the fkh operation is more pro fi tahe at larle pon d sizes than the chicken operation. Therefore, the manme loading ratc 
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should be minimized at large pond sizes in order to minimize "losses" from the chickens and to 
maximize IRR. 

If the number of chickens isthe limiting factor, the analyses indicate that larger ponds have 
higher IRR. However, as pond sizes above two to three ha are difficult to manage, we do not 

Table 9.10. Capital investment for a 1,000 caged-chicken broiler 
farm in CLSU, Muiloz, Nueva Ecija, Philippines, 1981. 

Item Amount (P) 

Building1 	
12,370.00 

Chicken cages2 	
15,560.00 

Total 27,930.00 

1Assumes ratio of buildiny floor area to area withir 3-tiered 
cage is 0.69 and the cost/m of floor area equals P250. Seven 
years useful life. 

2 
3-tiered cages complete with lights, feeders, and water troughs. 

Assumes 1/3 of flock is chicks. Densities are 30 chicks/rn2 
and 11 

larger birds/m 2 
within the cage; cost/m 2 

insidd cage - P217. 
Five years useful life. 

Table 9.11. Cost and return analysis for a 1,000 caged-chicken broiler farm in CLSU, MuF'oz, Nueva Ecija, Philippines, 1981. 

Amount (P) 

Fixed cost 

Cage depreciation 3,112.00 
Building depreciation 1,767.00 4,879.00 

1
Variable cost 

Chicks, 7,000 at P3.35 each 23,450.00
 
Feeds 2 


48,510.00
 
Labor 3 


2,170.00
 
Drugs and mudicine 
 4,550.00
 
Electricity 4 


1,890.00
 
Delivery cost 5 


910.00 
Miscellaneous 6 

350.00 81,830.00 

Total cost 
86,709.00 

Revenues 

C1'ickens 7 
90,580.00 

Chicken manure and fend sacks8 
639.00 91,210.00 

Net income 
4,501.00 

IRR (%) 
13.3 

Assumes 7 crops per year. 
2 Aver;age feod conversion 2.57: 1 ; are size ol harvested birds = 1.15 kg; average size of mortalities 0.57 kg; cost of fern! 

P2. 	f6/kq; I UF$ Pit, 
-P2 .6/hmu. 
4w tt/r i k 24 hrs/lay for 15 days, 0.75/kw.
 
!;l ela ,r onrrI hiiul at P,0/300 (:li(kers in 10 kin raidius.
 
f;I 
 h(Inc ,lentI it( Iolis, ircoid hooks, booiols, etc.
 
7fKi|vst sil' 1I! kqj, 90% suunvival. Price --P1 2,50/k 1 .
 li'hiln rn iinow pri: e P3/50 kq 
 e,a:kwith i 60% ctry mattetr, 0.0205 kg dry inotter/day/lblrd; sock price - Pl/bag. 

http:4,501.00
http:91,210.00
http:90,580.00
http:86,709.00
http:81,830.00
http:1,890.00
http:4,550.00
http:2,170.00
http:48,510.00
http:23,450.00
http:4,879.00
http:1,767.00
http:3,112.00
http:27,930.00
http:15,560.00
http:12,370.00
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Table 9.12. Number of chickens (chicken density) which maximize IRR for the integrated chicken-fish system given pond size. 1 

ChickenPond size Number of density Net IRR(m2 ) chickens (no./ha) income (%) 

500 225 4,500 1,782 11.9750 325 4,333 2,974 14.21,000 425 4,250 4,230 15.91,500 600 4,000 6,728 18.42,500 800 3,200 11,077 21.95,000 1,400 2,800 22,243 25.97,500 1,900 2,533 32,392 27.910,000 2,500 2,500 43,444 30.120,000 3,750 1,875 75,253 34.6
30,000 5,000 1,667 106,20340,000 6,000 1,500 

36.6 
133,707 37.7 

1Assumes 3.5 nireLty-(ay fish culture cycles per y ear and 7 forty nine-day chicken cycles per year. 

recommend ponds larger than these sizes. Also, a minimum manure loading rate of 250 to 500
 
chickens/ha of pond is recommended (see above).
 

PIGS, DUCKS OR CHICKENS? 

The following comparison from project results and related analyses is not to be taken as adefinitive ranking of integrated farming systems. It merely illustrates the options under Philippine
conditions at the time of the Project.

The most obvious way to compare the different livestock-fish systems isto compare maximumI R Rs. However, since maximum I R Rs of the integrated systems were computed only for chicken-fish 
systems, our tentative conclusions were based on relative magnitude of the IRRs of the separate
livestock and fish-culture components.

Duck raising is more profitable than abackyard piggery or a combined breeding and growing
pig farm. Both pig operations are more profitable than a broiler chicken operation. The maximum
fish yields attained with the different systems are not greatly different. Therefore, using maximum
IRR as the criteria, duck-fish systems would rank first followed by pig-fish systems and lastly
chicken-fish systems. However, duck raising issite-specific requiring a large market in which to sell 
the relatively high-priced duck eggs. 

A major concern when trying to develop a "new" agrico.ltural or aquacultural method into aviable industry is the capital intensity of the method. This isparticularly important if the method is 
to have any effect on small-scale farms. All of our analyses indicate that a pond must be at least
1,000 m2 to 1,500 m2 in size in order to be profitable. Example budgets for livestock-fish systems
with asmall pond, 1,200 m2 , were computed (Table 9.13). Animal levels were selected to yield at
least 15% IRR per annum (or the single "recommended" 
 level in case of the ducks). The investment 
costs (capital + working capital) vary from about P17,200 to P23,100. These costs could be reduced 
considerably if free labor was provided. 

TASTE TESTS 

Two laste-test experiments were conducted, one for fish raised in pig-fish ponds and the otherin duck-fish pon(Js. Fish grown in ponds fertilized with inorganic fertilizer were used as the controls. 
Fish from the experimental ponds were randomly selected and harvested. The fish were

prepared by removing the gills, internal organs, scales and fins. The cleaned fish were cooked by
steaminqJ. One fish from each treatment (manure level or inorqanic fertilizer) was placed in each
platter. The fish were co(led so the taste panel could not identify them. 
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Table 9.13. Budgets for integrated livestock-fish systems with 1,200-in 2 ponds. Animal numbers selected to yield at least 15% IRR 
per annum. 

Amount (P)
Item Pig-fish 1 Duck-fish 1 Chicken-fish2 

Number of animals 6 130 275 

Capital cost 

Livestock component 2,282 2,796 7,673
Fish component 3 

13,211 13,211 13,211 

Total 15,493 16,007 20,884 

Operating cost (per annum) 

Livestock component 5,2504 15,227 23,845
Fish corriponent 3 

3,234 3,234 3,880 

Total 8,484 18,461 27,725 

Average working capital 5 

Livestock component 2,200 1,512 1,703
Fish component 539 539 554 

Total 2,739 2,051 2,257 

6
 
Revenues
 

Livestock component 6,060 17,735 25,083
Fish component 5,286 5,152 6,175 

Total 11,346 22,887 31,258 

Net income 2,862 5,073 3,533 

IRR 1%) 16 28 15 

13 ninety-day fish cycles per annum. 
23.5 ninety-day fish cycles per annum. 

Based on Table 9.2.
 
4Labor costs included.

5 A crude estimate based on operating cost and length of culture cycles.
6 Tilapia at P10/kg; carp at P5/kg.
 

Each taste panel was composed of six persons selected to include males and females, laborers 
and scientists and different cultures (Malay and Caucasian). The panelists were asked to evaluate the 
taste of the fish on the basis of the following scores: 

10 - Excellent 5 - Slightly fair 
9 - Very good 4 - Slightly poor 
8 - Good 3 - Poor 
7 - Slightly good 2 - Very poor 
6 - Fair 1 - Extremely poor

The results are shown in Tables 9.14 and 9.15. In both tests, fish reared in manured ponds
received higher ratings than those reared in ponds receiving inorganic fertilizer. Further, high 
manure levels gave higher ratings than lower manure levels. This palatability of fish grown in manured 
ponds is furthersupported by ourobservations made during tie sale of fish produced on the Project.
Buyers would line up on our pond dikes to buy the fish as the fish were harvested. The buyers were 
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Table 9.14. Taste tests of Nile tilapia reared in ponds fertilized Table 9.15. Taste tests of Nile tilapia reared in ponds fertilizedwith inorganic fertilizer and pig mafnure, with inorganic fertilizer and (luck manure. 

Score 

Score
 

Manure input Manure inputInorganic fertilizer (pigs/ha) Inorganic fertilizer (ducks/ha)Panelist input (16-20-0) 40 60 Panelist input (16-20-0) 750 1,250 

1 8 5 7 1 5 9 92 6 3 8 2 6 6 103 10 
 9 9 3 7 9 104 4 10 10 4 6 9 95 8 7 9 5 6 8 76 3 9 6 6 6 8 8 

Total 39 43 49 Total 36 43 53 

Table 9.16. Crude protein input and output for 6-month period in an integrated pig-fish farm with 10 pigs and a 1,000-m2 
pond

stocked with 20,000 fish/h. 

Amount Percent dry Percent Crude proteinIten 1k matter nitrogena (kg) 

Inputs 

Starter ration 228 90 3.51 45Grower ration 1,914 90 2 14 231Finisher ration 2,193 90 2.08 257 

Total .iput 
E33 

Outputs (net) 

Pigs (whole) 912
 
carcass 


6 8 4 b 
5 0 .7 c 

4 .4 2C 93 

Tilapia (whole)d 338
 
carcass 


2 8 7e 7 7 .4f 
1 2 .3f 50 

Carl) (whole) 63
 
carcass 


5 4 e 75.69 11.89 10 

Total output 

153
 

Dry matter basis.
 
Average dressou! percentage 75 (Lawrie 1979).


CBased on )Pul ald S0uthg1ate (1978).

Includes small tilapia (recruits). 
Tluhy are eaten in the Philippines,

fEstimated averalte dress(ut (Ijt, gJills and scale removed) of 85%. 
Winfrve and Stickeny ( 198 1)lSidwel let al. 11914). 

well aware of the nutrient sotrc(, for the ponds. It is often suggested to hold the fish grown in manure ponds overnight or fora few days in "clean" water to allow them to "clean" themselves out.The Project initially did this hut stopped when the buyers wanted to take the fish directly from thepond. Immediate sale inin l izeld hoth labor and weight loss during holding (10 to 15% in 14 hours).
The fish should he removed from the pond alive and rinsed before sale. The only complaints received
about had tasting fish occurred when the fish had died in the pond mud during harvest or were 
inadeguately rinsed before sale. 
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PROTEIN UTILIZATION 

In the literature of scarcity, the incongruity of feeding large amounts ci protein feed stocks to
livestock instead of to humans appears frequently. The fact that most people prefer eating meat to 
eating feed stocks is often overlooked. Integrating fish culture with livestock rearing would blunt 
some of the criticisms by producing more palatable proiein from the sanie arnount of feed stocks. 
Table 9.16 presents a crude protein bud(et for a pig-fish sysrem based on Experiments 3 and 4.
 
The protein efficiency of the pig operation was onily 
 (1ttm atin1g fish C(tJhuMe with the pig
 
operation increased protein efficiency to 29';.
 

I 3. Summary 

During the four-year research of the CLSLU/ICLARM Integrated Animal-Fish Farming Project,
18 major experimen ts were conducted which showed the potential for producing high yields of
tilapia and carp while (iisnosinig of livestock manures. A brief surmnnary of the findings follows: 

1. Manure oul)tIt by f)igS was a function of both arnimal size and ration typ,. The manure 
1sti(ma te(l byoutput con CibJ two e(luatotiOs: 

Grower ration Y 23.554 1 4.20214 ,il, X) 
Finisher ration Y 8.452 0.04957 X
 

where Y (!aily ftesh rnn re ou t[)tT as percentage of ;g weight and X 
 pig weight in kilograms.
Different ouputpu"lvels would be expected if different feed brands o,- cornI)ositions are Used. 

2. At vry low InMMre loads, fish yields tended to he low. As manurle loads increase(I, average
fish yield Increased but variability was also high. As tliht loads inocreased further, average fish yield
increased towards a maximu to but variability dlecreased. If rannure load increased still higher,
 
average yield tihen decreased and variability iticreased. A probable explanation is that at very low
 
manure levels, rntrierts are 
 limited and only a small response is possible. When the amount of

nutrients incrteased, productivity increased atll natural variability of these systems allowed both
 
high and low yields to he attained. At still higher I1an i re Ioads, there were so many nutrients 
available that hi gh ,,,ids were al rMosI always attained. The inaxi mum yield was probably dependent 
on the innate gro vth capability of the fish, not external factors. In our system stocked with 20,000
fish/ha, yields of i 5 20 kg/hai/day of marketable tilapia and 5-8 kg/ha/day of carp were achieved.
 
At very high manIirc loads, growth decreased, probably dUe to low dissolved oxygen.


3. A new 1)01r(1 gave lower yields than older ponds. A residual effect from manuriri( nay
have existed, ur porids previously manured may have already contained bacteria aid plankton
species whicl grew well under coii(itions erncounlered in iarured ponds. 

4. Increasilg the fish stockitqo dehnisity from 10,000 to 20,000 alld therl to :30,000 fish/ha 
385' tilapi;, 15"; carp) increased fish yields.

5. Allowinq tilapia recruitment to occtur inicreased yield snbstantially Iy ilcreasing the 
number of fish. If ithe recrits could be utilized (e.g., for restocking, ainal feed, or sale if the 
market accflts 'anall fish), avrage total yields in excess of 28 I:'g./ha/dnay could be at tainerl (10,200 
kg/ha/annm). 

6. Max itn thj ;Ittaitiimd wit IJen Iltd pig tatut tO5 wi:te siroilar. Mannre loads at. 
maxirrit yie'hl w)Iri: t )r :)iately 100 [,( (Ity natter ha/day for t)1h chtickes a1ndJ pigs. At low 
manure loads, chicket inat)))re was ,ff,t , tiv tlhttt i ) ratl . iWlW'; with d latintir weresomewhat lower. 

recrt iti . itII 't ((: ItI: Jll ;I t vo i, lI :fi-;Ill . 

v-0 ,,8. At le r:t IV. , litrjtlo; ,il 1 tti,, l itr lt iwl 1v from)i l'; tM ivilMl
prirgery waste .. 

9. Growth l i1 ivi lal lilt was, lat) .t0)(:.ilI a!iII growth raItes above,iy lwcr d nl iits. M 
1.5 g/da' /fi';h wentr at ii : . 
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10. Multivariate equations based on a modification of the "Gulland and Holt Plot" of the form 

b = a+ b1 X 1 + b 2 X2 + ...bn Xn 

where b = average daily growth during period, X 1 - average 'ish length during period and X 2 -+X n
 
are factors which affect growth, appeared to have good potential in predicting growth. 

11. !ncreasing manure loads increased alkalinity, conductivity and phosphate concentrations 
in the ponds. Total ammonia concentrations greater than 2 mg/I were occasionally measured at high 
manure loads. However, the relatively high alkalinity > 100 mg/I CaCO 3 , kept the mean pH at 8.1 
or below, so most of the ammonia stayed in the less toxic, ionized, NH 4 + form. 

12. Early morning dissolved oxygen was inversely related to manure load with concentrations 
below 1 mg/I routinely measured at high manure loads. Mean mid-afternoon DO was above 200% 
saturation at high manure loads. 

13, From overnight oxygen monitoring, it was shown that early morning DO inadequately 
dcscribed the oxygen regime in the ponds because it showed only how low the DO dropped, not for 
how long it was low. 

14. Heavy build-up of organic matter in the fishponds (lid not occur, indicating that the
 
manure decomposition was almost complete.
 

15. Major differences in plankton species composition and abundance were found even 
between ponds treated identically. Also composition and abundance often changed within a few
 
days.
 

16. No relationship between increasing pig manure load and plankton densities was apparent.
 
However, increasing chicken manure loads appeared to increase plankton density.
 

17. The most common phtoplankters in pig-fish ponds were Pediustrum, Scelnedcesmus,
 
Coelustrum, Chlorel'/, AIicroc 'sti/, Lym,'hvu, OsJ/iltori, Euqlena, Phacus and Troc, 
 'ofnonas, 
The most common .ooplankters were UCloruis, TricIhoccrca, ASp)HCIwn, Ft--iliti,PIi/odina, 
Alointa, Diuphlwtos ma and various copepods. Chicken-fish ponds had essentially the same plankters
with addition of C/o;h'ritu, Costlluritltn and ,lh'risropediu.Philodiinawas not found in the chicken
fish ponds. 

18. No parasites zoonotic to livstock or hunans were found during regular examination of 
fish grown in Project ponds. However, the livestock were also kept "parasite-free", a condition which 
cannot be expected on many small farms. Only three fish parasites were encountered: Cichlidogyrus
in the tilapia; /u tyloq)rus in the carp, and a nematode (probably Culln/uIanis sp.) in Ch1,ina 
striulu, 

19. The farmer with a large number of livestock will maximize his operating profit and internal 
rate of return from ponds with 100 pigs/ha or 4,400 chickens/ha of pond. When the number of 
livestock is limited, operating profit and internal rate of return are maximized at lower animal 
densities. 

20. Both operatin, profit arid internal rate of return are highly dependent on pond size. Ponds 
2
much below 1,000 rn are not profitable while returns in excess of 70% and 90% per annum are 

possible with large pig-fish ponds and chicken-ish ponds, respectively. 
21. The integration of fish culture with pig or poultry rearing significantly increased the 

opo-riting profit and I R R over that 1,ossible with the livestock operation alone. The fish cownonent 
of a duck-fish farm was less profitable (I RR liAsis) than the duck component but the contribution 
to net income was very important. 

22. Taste tests and observations made (Jring sales of Project fish showed that fish grown in 
mant red pon(s were preferred to those (grown in ponds fertilizedl with inorganic fertilizer. 

23. 1 he integration of fidh cu Ittire with pig rearing increased the cr: ide protein efficiency 
(crude protein oit put/crude protein inpnt) froinm 1 7 to 29"(. 

There are still many areas neeling further clar ification. The inain areas are: 
1. I-Iow rmich of the fish yield can be attribtu I to feeding on phytoplankton; how much is 
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from direct feeding on the manure; and how much is from feeding on detritivores (bacteria, worms, 
etc.)? 

2. What causes the downturn in growth and yields at high manure levels? If the cause is low 
dissolved oxygen, will supplementa, aeration increase yields?

3. If the livestock are grown under less hygienic conditions than those used on the Project,
will parasites zoonotic to humans be transmitted to the fish'? What are the risks of bacterial and viral 
infections in eating fish from integrated farms? 

4. Is it possible to model reliably the very complex processes in ponds receiving livestock
 
wastes and pradict yields under varying environmental conditions?
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The CLSU/ICLARM Integrated Farming
 
Project in Pictures
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1. Experimental ponds (foreground) at the Freshwater 
Aquaculture Center of the Central Luzon State Univer
sity. Animal houses can be seen on the dikes. 
2. Pig houses were constructed on the dikes between 
ponds. Each pond received the waste from one pig pen. 
3. Weanling pigs, 10-15 kg each, were raised accord;ng t. 
to recommended Philippine practices and fed a commer 
cial ration -t 3-5% body weight/day. 
4. Pens were washed daily with water pumped from the 
ponds, such that untreated manure flowed directly into 
the ponds. 
5. The tilapia (Oreochromis niloticus) reached market 
size, less than 60 g, in 90 clays in these experiments. 
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6. Fish were oreasL red reuarly and monitored for 
fpdrasite5. 
7. Ex per imental livestock were kept "parasite free". 
8. Or'ochrofrnis //loticts I male (upp)u) and female(lo w ')j cor i erl 8 5(.',,of fislhsto cked in each pond. 

Cormlno carlp (C I'Vwi",S C-l)Io) comprised 14% of 
tl-.fish stocked . 
10. Snrakhe or IuJ(fl ish (Chwrna striata) n d(fL11)the 

ni, 1 o f fish stock ed in niost ex perimen ts. 
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11. Fish were harvested by seining and then draining 
the ponds. 
12. Laboratory at the Freshwater Aquaculture Centi,6,4; 
Central Luzon State University. Water quality para-
meters were monitored regularly. 
13. Poultry houses were constructed on pond dikes. 
14. Peking ducks were grown for 180 days (two fish- .j 
production cycles). They were given access to the ponds 
during daytime. 
15. Chickens were raised in cages. Mixed-sized flocks 
were used, with the largest third of the flock harvested 
and replaced by chicks every two to three weeks. 

, 
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16-17. For economic analysis, a period of two months 
was added to the production cycle to acco,'nt for time 
spent in harvesting and pond maintenance. 
18. Yields equivalent to nearly 7 t/ha/yr of market
sized tilapia were obtained with predator recruitment 
control. 

., 

, * 
.. ,-" 

: 

' 
. 

19. When no predlatory snakehead were included in 
experimental stocking, yields were higher-equivalent 
to over 10 t/ha/yr-due to spawning and recruitment 
during the cycle. tatefhgwin manured 
20. A tating panel found that the fish grown in manured 
ponds were preferable to those grown in ponds usinn 
inorganic fertilizer. 
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-. 
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Appendix A 

Analytical Methods and Equipment Used 

WATER ANALYSIS
 

Alkalinity (total) -
 Mixed bromo-cresol green-methyl red indicator method (APHA:AWWA:WPCF 1971, pp. 54-55) 
using 0.02N HC1. 

Ammonia-Amninonitim ---Orion model 95010 ammonia electrode used with Orion Model 407A specific ion meter. 
Conductivity -Hach rnodel 16300 portable conductivity meter. 
Nitrate - Phenoidisul forric acid methodl (APIA:AWWA:WPCF 197 1, pp. 234-237) using a Bausch antd Lomb 

Spectrunic 21 spectrol)hotorneter.
 
Nitrite -- Sulfuric acid method (A PHA:AWWA:WPCF 1971, 
 pp. 240-243) using a Bausch and Lomb Spectronic 21 

spectrophotonetet. 
Orthophosphate ---Ascorbic acid inethod (Lind 1979, pp. 64-65) using Spectronic 21 spectrophotometer.
 
pH -- Orion model 91-02 combination ptil electrode with Orion model 407A specific ion meter.
 
Oxygen (dissolved) 
 Polar ographic sensors with Clark-type rrembranes with built-in thermistors for temperature 

measLurement and compellsation. For measurements at one point in tirme, Yellow Springs Instrurnents (YS0I
model 5739 dissolved oxygen probe with YSI model 54A oxygen meter at approximately 30 cm below water 
surface. For continuous Mneasurements, a YSI model 5795A suhmersihle stirrer and a chart recorder were used 
in combination with the ,)robe and meter. If oxygen concentrations approached or exceeded 20 mag/I, water 
samples were collected and DO determined usinq the standard Winkler method (APHA:AWWA:WPCF 1971, 
)1p.477-478 w/o azide). The probe acciiacies wete req ularly checked using the Winkler method and astandard 
calorimeter thermometer.
 

Temperattre 
 Early morninj water ternleture was nrrasured using the thermistor in the YSI model 5739 dissolved 
oxygerr prohle with a YSI rt)orel 54A oxygerr ureter at a depth of 30 cur. Maximum and minimum water 
teril)er,llure were rreaslriwd using i Tyler rnairMnurr atd rirlinnm registeire ,hermometer.
 

Visibility -- 20 c:m ilia etiwt Secchi disk.
 

PLAN KTON 
A ':om ite samrple totalling approxinrately 30 I was collected from several points in the pond using buckets. 

A 4- to 10-I stlrsar:-pht ml l:,inirltered throwih a N,. 150 mesh (106 in) sieve.The filtrate was then filtered
 
again through 
a No. 400 (38 p ri) sieve. The residues were washed from the sieves into separate bottles and 10%
 
formalin added to the hottles 
 Sample volunre was meastirer and a 1-nil subsanrple was placed in a Sedgewick-Rafter
cll which was (:aliIahtd osirnj a stage; micrometer and Pxamnirre(d at 100x (1Ox object and 1Ox ocular) using a
 
Whipplh! disk. Plankton were i(entified using 'rescott (1970), Pantastico (197/), Edmondson (1959), 
 Mamaril
 
(1978). Field cotrts were nate using plankton units.
 

Primary )rouLCtivily was rrrasrired using the light-dark bottle method. Bottle 
were placed vertically at 1-11
 
crr depth, 13-23 r:rur, 26-36 cm, 4050 crrm. Thre hottles were placed in the water at 1100 hours and removed at 1300
 
hours. Oxygen corrcelttitiurrS were hetermninred rsing a YSI model 5720 BOD bottle probe and 
a YSI model 54A
 
oxygei meter. If DO exceedledl 20 rig/I, the Winkler method was used.
 

FEEDS, MANURES AND SOILS 

Ash - Over dried iariple it 550 C for at least 4 hours,
 
Fiber (Crude) Diflrgition with rrilr 
 acid and alk,fline solutions in a Labconco crude fiber condenser (AOAC 1970, 

pIr. 129-131). 
Lipids [)irer:t ether r-xtranctio using Lab-linte soxhlet-type extraction rack (AOAC 1970 p. 128). 
Nitrogen -- Kj eldahl methord (AOAC 1970, p. 123). 
O lganici allft Dry mailer irirw, Ilr.
 
Pl:)sphorr w; I(rot-.l) o NII rsi
Nefrtr i ,!FI Sit le Ilp h rnrtns as nnSwingle (1969). 
W~Mer Ovwn Iryini oh n;l'f it 105 'C hr 24 hlrnirs(rn,mes,and oils) or 6 honrs (feelds). 
All he alraly/o (e!o ept witel) werr: rl lefhwithl roxinialely 2 grtarrtriplicatedr samiples (rarely duplicated only). 
Oxyenl dwranrd (Biohrmrnici:l) 24 horir HOD) rising distilled water emnriched with a prhrosphate buffer, magnesium 

r:ah:icirrsulphi t hrlrrih, ard fotric chlrid. DO was MEnIasirl sirlnl a YSI ro(hl 5720 BO bottle probe and 
YSI rrodl 54A oxylen rireti. BOD hottles were inclbated at room terrperalure. 
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WEATHER
 

Evaporation (total) - Measured daily 0800 with an evaporation pan (mm).

Humidity (relative) Dry and wet bulb thermometer at 0800 and 1400 hoUrs (%).
Radiation Daily 0800 using roof-mounte(l l.arnhda 
 Institmernt Corp. model 1I-200S pyranometer, sensor and LI 

500/ 2 0 0[11 integratot (larmleys).
 
Rainfall 
 Dily 0800 to 0800 using a Star a,1rid rain gjajigi and fain record ,r (nim).

Tempeatur, (air) Maxinlrrllriinrlitr reqistering thermoneter 
 it 0800 ad 1700 hours (CC).

Wind (s)ed iend dileictiol) 
 Willd Vwe 1it0.1 iml:iliOVe (groilld Min 'irUlative wind dial (kni/day).


The w e dj frn tlne CLSOiJPAGASA A(tromat
atxno r Station wlhich k Jlpproximately 1 km from the
 
Project pond ,,
 

FISH SAMPLING 

,
Fhe firh vw'rt, s,imlfl,rd , ',I kmq,' it, ,i l lyllthrin ghoimt tll( 'xlxiernimental l-eiiods, lrid at harvest. Randomsartleh!,; ii 50 100 ( moif ind C!..:,lmo v r,takti at stn)mkm m. The total lr'rith aid weight of each fish
deter mined. All i th(f 

were 
w Clni.,wJ stixtta ,ne:kil wker f11rmerd Additiomally hnull< wights and coi;rrts were made for

each Speciehs. 

wasSamplirig tondlf'nirine gnnowth Va;suMsally cooidlu:teJ hiwekly. Porinls were sUind and, as a general rule,
iure( uatdat lea;t 40 50)f t1 "'cI tilalfia Oll of the Cuptureld cart andrl Cfratnu striatr, wvereWeighed and measured. 

Fls li'vest 'was nfiecte'd Iy first lowering the water level, seinint to i iove rmost of the large fish, arid drain
i0g the ;)old umluletely ill oier to colle~ct the retirinil fish. The tilhpua were sorted into "original stock" andrecruit',. l3ulk wveihts of both tilipi i arlo))ilitj t)i s, l)the liuu.striat, were taken. -fihe larger fish were individuallycounted whih a ':ntsariphe mfthe i ruruit, ,.V,wie aolhdoitle. Aplproximately 5-10% samples of each species
were indiviuially wifietd aindi usin.red,. All sampnling d(fiing later nnxlierimftents measLIred only total lengths of
sampled fish u)ei;jii
enith weight riclatiorlhips allowed estimation of ir ividual weights. 



Appendix B
 

Fish Stocking and Harvest Summaries
 

The table on the following pages contains the stoclkifi anid harvest data for every completed experiment. Also 
included is a surnorary of the nutrient inputs and the mor impoprtart water quality data. The following is a listing 
and explanation of eri:h :rtegrory in th-, ta rle tI try ill rllerhestes indicates rt estimate. 

Category Expl aa tion 

Experintt Number (Exp. No.) - See chapter 2 for ,experiment des'I;ptions
 

Pond Nurtder (Pond No.) - Pords 1-12 are 1,00 0m whIe Ponds 13-24 are 400 m2
 

Arirnal Type - Pig, chicken, duck, IF (inor(ganic fertilizer) or none
 
Da'ys -- Length of culture period in days. It date!, are (lesired, the start of the first 

sampling per iod (Appendix C) uisially corresiponds to stocking and the end of 
the last period t(r harvest. 

DO -- Average early rlfrring dissolved oxygen (mg/I) 

Temperature (Temp.) - Average early morning ,vater ternperature ('C) 

N.']i --+ The rurmbher tok:ked (:/ha) 

W. -- Avera,! weiglt it stock.Liro (q) 

W- Totrl lijmn ,!;,s't(ckied (I.qFr/r,)) 

N, -- The nurrblt h,u w'te-d I ./ha) 

% S - Percrnt ,rvivl 

W h -- Total Wornn,:s hirvt-led lkq/ha) 
Wil - Average weight at1wrvest (g) 

Y - Net yierld (k(ciho) 

Y/d - Daily net yieldl (kg/ha/day) 

Rs Recruits capta red and rerIoved during sampling (kg/ha) 
, tRh -- Recruits captured a harvest (kg/ha)
 

. R Total recrtaits (k/I/ha). In [xperirnent 2, ro data regarding fingerlings were con-

tained in the records so zero was entered into this table. 
Manure -- Cumulative total of mantre added to ponrd(uring exlperiment (kgdry matter/ha). 

This can be converted to nitrcigen, phosphate, potash, fiber, or biochemical 
oxygen dernand by multiplying by the appropriate constant (Table 3.2). The 
nutrient inlput Irvel for irimcganic fertilizer were 0.53 kg N/day and 0.67 kg 
P04 /d ay. 
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S :"1 I"F 9 7 5.4 27.11 8500 5SO 5 "8180I 	 96 478 52 378 3.9F 96 54 27.1 8500 7.5 5 7160 84 323 45 t 99 99 1400 19.7 27.5 154 > 100 23929 3.1 - 101 101 1400 47 0.8 1360 07 113 1655 43 
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0 	 28D0 26 3570 >100 627 19 

1400 4.1 5.7 13R0 99 141 102 
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:; . 2 5 Pig 90 3.9 24Z3 8500 3.6 30 6627 78 1123 610 12.1 - 0 820 23.0 19.0 - -. 318 - °,::;,:,".. 2 85 DO98 5,4 24.1 4.0 78B1 PIgPig 4.0 2.1 85008500 33784 6630 84 1031218 184 9b 13.1 0 ,20,0 20.0" 	 7.5 7160 too 105 1181 30.1 - 0 10002 9 Pig 90 3,B 24,2 8500 38 30 7793 - 101 491 	 1400 .7 .8 180-. - 505 *- ,92 1127 145 1097 "12.2 - 0 0 100 	 97 107315320.0 20.0 - 24+
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Appendix C 

Fish Growth and Water Quality Summary 

This table presents the mean initial and ending fish lengths during each sampling period. Also included are 
mean values of the manure inputs, water quality rarameters and weather observations. The table was computed 
using hand calculators ad reviewed several tirnes but probably there are still errors, hopefully minor, within it. 

The following is a listing and explanation of each category in the table: 

EXPERIMENT CODE 

POND NUMBER 


DATE 1 


DATE 2 


LENGTH 1 (L1) 


LENGTH 2 (L2) 


TILAPIA NO. 


RECRUITS 

CARP BIOMASS 

LIVESTOCK TYPE 

NO. OF ANIMALS 

ANIMAL BIOMASS 

DRY MATTER 

MEAN AM TEMP. 

BRIGHT SUNLIGHT 

MEAN LIGHT 

RAINFALL 

WIND 

MEAN AMDO 

AMDO Li 

- See Chapter 2 for experiment descriptions
 
2
- Ponds 1-12 are 1,000 m2 while ponds 13-24 are 400 m

- Starting date of the sampling period (month/day/year)
 

- Ending date of sampling period
 

- Average total length at start of period (cm)
 

- Average total length at the end of period (cm)
 

- The numbei of tilapia (initial stock) harvested..This isconsidered to be a better
 
estimate of the number o' tilapia present than the number stocked because most 
mortalities appeared to occur early in an experiment (no./ha). 

- A rough estimate of the biomass of tilapia recruits based on linear interpolations 
between 0 kg/ha of recruits at the start of the sampling period during which 
reproduction was first noted (or day 35 if data were incomplete) and the bio
mass of recruits at harvest. If recruits were removed from the ponds (and thus 
are not included in the biomass at harvest), the weight removed was added to 
the corresponding period (kg/ha). 

- A rough estimate of carp biomass during the period computed by linear inter
polation between the initial biomass at the start of the experi ent and biomass
 
at harvest (kg/ha).
 

- Pig, chicken (chick), durk 
IF (inorganic fartilizer), or none 

- Average number of animals present (#/ha). 

- Average daily biomass (kg/ha). 

- Average manure load (kg dry mitter/ha/day). This value can be expressed in
 
terms of nitrogen, phosphate, potash, fiber, or biochemical oxygen demand by
 
multiplying by the appropriate conversion factors (Table 3.2). The nutrient
 
input levels for inorganic fertilizer were 0.53 kg N/day and 0.67 kg P04 /day.
 

- Mean early morning water temperature °C. If water temperature data were unavail
able, it was estimated using the following equation: 

Y = -1.6675 + 1.055 X 

where Y = early morning water temperature and X = the mean of the maximum 
and minimum air temperature read at 0800 of the preceding day, sample sizc 
(n) = 47 and the correlation coefficient (R) = 0.796. 

- Average number of minutes of bright sunlight per day (minutes/day). 

- Average daily light (langleys/day). 

- Average daily rainfall (mm/day). 

- Average daily run of the wind (kin/day). 

- Mean early morning dissolved oxygen (mg/Il 

- Percentage of days in which early morning dissolved oxygen was below 1 mg/I. 
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AMDO LO.5 - Percentage of days in which early morning dissolved oxygen was below 0.5 ma/l. 
NH3 - NH 4 - Average ammonia-ammonium concentration (mg/I). 

PRIMARY PROD. Average primary productivity (mg C/m 2 /hr). 

SECCHI DISK - Secchi disk visibility (cm). 



64 " Fish Stocking and Harvest Summaries 
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13.8 15.7 
15.7 17.5 
17.5 18.0 
18.0 19.2 

15160 
. 15160 
15160 
15160 

14470 
.14470 

14470 

14470 
14.470 
14470 

8000 
d000 
8000 
8000 
8000 
8000 

U 
L 
U 
U 

Ci 
0 
1 

4 
68 

10 

L 
i 

0 
0 
0 
U 

131 
I17 
199 
23 

Z7 
64 
97 

129 

196 

17 
42 
64 
6 

106 
131 

PIG 
PI( 
P.c 
I 

PIG 
PIG 
PIG 

PIG 
PIG 

PIG 
Pic 
PIC 
PIG 
PIG 
PIG 

80 
30 
90 
80 

so8 
80 
80 

80
80 
80 

100 
100' 
100 
'100 

100 
100 

6 277t 
(06 
749;. 
8136 

523( 
571 

t 

6492 

72 
780 

58"8 
6711r 
761r 
85Aw 

.93 717 
10260 

L 
L6 
5 
63 

L2 
4 

L6 

b 
61 

113 
103, 

168 

103 
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MEAN AM 
TEMP 

BRIGHT 
SUNLIGHT 

MEAN 
LIGHT 

RAINFALL WIND AEAN 
AMDO 

DAYS 
ANDO 

A"DO 
L 1 

AMDO 
L 0.5 

N" 3-NH4 PPIPARY 
PROD 

SCCH! 
DiSk 

2 .7 
?8.4 

558.0 
474.0 

1 
451 

,8. 
. 

7.5 
6.5 

7?.6 2.3 1 
12.21.!0 

p 
100 33 

0 
0 

.036 

.072 
511, 7,.1 

. 
27.u 315.0 39 ' 10.1 1.10 100 33 0 .C55 27.( 

?7.5 

26.9 
?6.0 
25.2 
22.7 
22.9 
24.3 
27.8 
26.5 
26.9 
25.5 

23.1 
23.3 
24.1 

311.C 

429.1) 
411.0 
578.0 

351.0 
429.0 
431.0 
578.0 

405.u 

373.r 
339.1 
375.1 
387.9 
341.7 

405.0 
373.6 
339,1 
375.1 

387.'; 
341.? 

5.1 

1.1 
4.0 
1.8 
.C 
.5 
.0 

2.4 
1.1 
4.0 
1.8 

.0 

.5 

.0 

9i.S 

101.9 
117.4 
140.2 
156.6 
143.0 
133.6 
96.7 
92.3 
101.9 
117.4 

140.2 
156.6 
143.0 

.!6 

.44 

.39 

.46 

.73 

.72 

.60 
.72 
1.02 
1.25 
1.25 

2.77 
2.18 
1.85 

in 

100 
Ion 
100 
100 
100 
100 
100 
100 
100 
14 

17 
25 
5n 

100 

100 
10 

100 
67 
75 

100 
100 
57 
43 
43 

0 
0 
0 

67 

71 
71 
71 
33 

C 
C 
0 

14 
14 
0 

c 
0 
0 

.071 

.133 

.147 

.103 

.168 

.C74 

.C28 

.185 

.087 

.136 

.085 

.135 

.C50 

.023 

55U 

b23 

3R7 

761 

22.9 

2 .7 
19.7 
15.F 
11.7 
13.7 
15.8 
34.1 
32.1 
30.0 
20.1 

16.2 
17.0 
15,6 

27.1 
26.7 
26.3 
24.3 
22.5 
?3.6 

446.0 
306.0 
54?.) 
5P2.0 

415.7 
311.6 
41C.1 
381.5 
35 .2 
3?1.9 

2.8 
1.4 
3.7 
2.1 
.0 
.3 

275.1 
96.4 
99.4 
117.6 
155.e 
19C.2 

.27 

.49 

.29 
.38 
.38 
.97 

0 
100 
100 
10() 
ion 
100 

0 
100 
100 
100 
100 
10 

100 
71 
100 
83 

Inc 
33 

.075 

.082 
C95 

.C88 
.111 
.C23 

440 

5P6 

27.9 
26.0 
20.6 
18.9 
12.4 
11.5 

27.5 
27.1 
26.4 
24.4 
22.5 
23.6 

532.0 
3 6.0 
545.0 
5F2. 

452. 
311.. 
410.1 
3 1.5 
S'5, 
32 .f 

2.1 
2.8 
1.4 
3.7 
.0 
.4 

133.3 
96.4 
99.4 
117.6 
155.8 
14o.2 

.42 

.20 

.24 

.29 

.33 

.31 

100 
100 
100 
100 
100 
100 

100 
100 
100 
100 
100 
100 

83 
icc 
100 
100 
1o0 
100 

.089 

.108 

.100 

.C86 

.110 

.C30 

564 

710 

26.3 
21.5 
20.4 
16.0 
15.2 
15.9 

27.3 
26.6 
26.? 
24.5 
22.6 
23.6 

532.0 
306.0 
545.0 
532.. 

4'. 
.11.-
41 .I 

3, 
I.V 

2.1 
2.8 
1.4 
3.7 
.0 
.4 

133.8 
96.4 
99.4 
117.6 
155.8 
134.0 

.28 

.56 

.27 

.40 
1.25 
.6L 

i00 
100 
100 
100 
100 
100 

100 
100 
100 
100 
60 
100 

ice 

100 
07 
0 

17 

.C72 

.277 

.458 

.C89 

.110 

.027 

4P9 

480 

19.7 
20.0 
26.3 
22.8 
19.0 
25.6 

27.e 
25.5 
26.4 
24.3 

351.0 
429.0 
431.0 
573.0 

4 j5. 
3' .t 
179.1 
75.1 

5.1 
1.1 
4.0 
1.8 

92.3 
101.9 
117.4 
14C.2 

.53 
1.00 
.41 
.32 

100 
100 
100 
100 

100 
57 

100 
100 

67 
29 
71 
67 

.034 

.237 

.217 

.074 

513 
16.8 
26.1 
22.5 
18.8 

22.. 
22.6 
23.9 

507. 
341 .7 

.0 

.5 

.0 

156.6 
143.0 
147.4 

1.85 
2.70 
1.10 

100 
25 

100 

100 
0 

50 

17 
c 
c 

.103 

.046 

.COO 

453 14.3 
14.0 
13.7 

27.5 
26.7 
26.6 
25.2 
22.9 
23.1 
24.1 

3 5 
1.0 

47? .0 
471.0 
57o.0 

4r5. 
373.c 
339.1 
375.1 
3'7. 

41.7 

3.i 
1.1 
4.0 
1.8 
.0 
.5 
.0 

95.2 
92.3 

101.9 
117.4 
14C,2 
156.6 
143.0 

.33 

.41 

.34 
.61 
.58 
.65 
.55 

100 
100 
100 
100 
100 
I00 
i0 

'00 
.0 
100 
100 

67 
75 

100 

83 
71 
86 
50 
33 
25 
50 

.328 

.278 

.283 

.228 

.117 

.038 
.020 

577 

477 

28.8 
26.5 
27.5 
24.2 
17.8 
14.4 
12.2 

27.3 
25.c 
26.1 
24.1 
'2.2 
Z3.5 

3 1. G 
42 .0 
4'0.. 
5'.i 

15 
311.c 

5'.5 
3 ,1. 
35 .. 
?1.9 

2. 
1.4 
3.7 
.I 
., 

.3 

275.1 
96.4 
99.4 

117.6 
155.i 
19).7 

.63 
1.20 

.73 

.85 
.81 
1.01 

100 
100 
100 
100 
100 
1UU 

83 
67 
71 
67 
60 

23 

33 
17 
43 
33 

0 
c 

.287 

.173 
.123 
.071 
.110 
.U27 

505 

361 

28.2 
27.3 
25.1 
17.9 
14.7 
16.6 

27.1 
26.1 
'6.1 
23.9 

1.9 
23.2 

'.2 
3r6.0 
5145.0 
5-2.0 

457.5 
311. 
410.1 

1. 5 
31.1 
3-1,3 

2.1 
2. 
1.4 
3.? 

.0 

.4 

133.8 
96.4 
99.4 

117.6 
155.8 
21U .0 

.05 

.23 

.42 
.32 
•1 
.25 

100 
1U0 
i00 
100 
100 
IjO 

a3 
100 
J0 
100 
100 
100 

67 
86 
57 

3 
100 
100 

.323 
.121 
.113 
.C77 
.084 
.015 

7;6 

656 

27.5 
31.1 
24.2 
16.5 
11.8 
11.4 

26.9 
26.4 
26.1 
23.9 
22.1 
22.9 

5K.C 
!" .) 
545.0 
532.0 

'450. 
311.c 
410.1 
381.5 
358.2 
321.9 

Z .J 
2.6 
1.4 
3.7 
.0 
.4 

133.8 
96.4 

117.6 
155.8 
210.0 
144.5 

.29 

.66 

.36 
.42 
.43 
.50 

100 
Jun 
100 
100 
i0n 
100 

10 
100 
100 
100 
100 
100 

I0C 
57 
6 
67 
6C 
33 

.150 

.151 

.171 

.063 

.C80 

.020 

765 

644 

29.0 
31.1 
26.9 
16.4 
13.5 
14.6 
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 hATTER
 

1 4 101270 1030794 5.0103079 111379 3.7 
8.7 7150 L 16 PIG13.1 7150 50 516C LI
L) L 39 PIG11 111374 112779 80 6032 65.2
13.1 .15.7 7150
U4 11 112779 121179 15.7 

U 60 PIG 80 676t
16.8 7150 b6
04 
 11 121179 122279 16.8 0 80 PIG 80 748418.0 7150 L6U 98 PIG1 , 122279 01479 1 .0 20.1 7150 L 80 812F& 3123 81
 

12 101279 
 103079 
 5.1 
 9.5 17170

'12 103079 U 28 PIG 100
111379 6090
9.5 99
12.7 17170
4 0
12 111379 112779 12.7 14.9 

64 PIG 100 669F 13
17170
4 12 112779 95 PIG
121i79 14.9 
5 100 7550 106
16.5 17170
04 12 ?3 126 PIG
121179 122279 16.5 100 8355 . 108'16.9 17170


U4 39 154 PIG 10012 9760
122279 011579 . 10716.9 
 17.8 17170 
 62 193 PIG 
 100 10255 IL5
 

u5 01 022480 031180 5.1 9.9 14860 
 C 3705 01 5 PIG 100031180 032580 1845 (,29.9 11.9 PIG 2190 .0014860 605 u01 032560 040380 U 67 
05J4 . 01 040880 042280 

11.9 13.6 14860 U 134 
PIG 
PIG 

10 2190 6 
13.6 16.0 100 2456. 14860 74L 191 PIG15 01 042280 050780 100 2790 8016.0 16.305 01. 14860 
 U 231050780 052080 16.3 17.2 14860 

PIG 100 3050 84i05 01 052080 060380 17.2. 
0. 278 PIG 100 .3425.18.6 14860 69
5:: 01 0 324 PIG060380 061780 18.6 100 405518.9 14860 105 371 . 

97 
.01 061780u 0 0701800010 PiG 100 . 4695-..18.9 19.3 14860 427 19 PIG 104419 PIG0 '100 54105410 110'10
071680 
 19.3 
 20.7 14860; 
 617
05 01 071680 072980 '46C PIC
20.7 100
19.8 14860 808 6295 103
US 515 PIG
02 022480 031180 100 7120 105
5.3 10.8 6520 
 L 2z PIG 100 1770 6105 02 031180 
 . 032580u5 10.8 13.2 6520
02 032580 040880 -45
13.2 14.9 6520. 43. 

PIG 100 2045 6666 PIG 
 100
U502 040880 042280 14.9 2365 73 
02 16.7 6520 32805 
 042280 050780 16.7 17.6 

87 PIG 100 2675 78
6520
u5 648 109
02 050780 052080 17.6 PIG 100 2925 62
18.1 6520 
 925 131 PIG 
 100 3405 
 8
 

25 
105 18.5 0100 1204 151 100 


. 02 05208 . 060380 18.1Uz 060380 061780 18.5 PIG 4050 97
 . 19.4. 6520 .
02 1.u
061780 .070180 173 PIG
'is 19.4 19.6 6520 100 4650 103
02 070180 071680 1847 194 
 PIG
19.6 19.8 62 100 54 109
21 216 PiG 100
05": 5387 100
.02 071680 072980 
 19.8 20.4
Us 6520 2439 23703 0.2480 031180 PIG 100 71006.0 105
8.2 14010 . 0 25 PIG 100 185 
 63
05 0 3 031180 . 032580i 032580 8.2 11.8 14010040880 11.8 0 51 PIGJ5 03 040880 13.6 14010 u 100 211 68042280 13.6 76 PIG 10014.5 14010 244 7410P
"5S0 100 21
420 570 1. 
 145 14010 b 107j 5 
.'i.U 03. 5080 052080 14.59 16.8 14010 IPIC 100 301! 6303 052080 060380 10 153 PIG 10i310L16.8 .17.2 14010 
 542 177
L5 PIG .U3 060380 061780 100 3925 95
17.2 
 17.6 14010
J 5 92103 061780 070180 17.6 

2G2 PIG 100 467 1 ,405 18.2 1401003" 070180 .071681 . 18.2 
132 22F. PIG . 100 549U3 18.3 14010 183b - 110


.071680 072980 . 
254 PIG 100 626 18.9 : 14010 " 1L01
2141 271) PI( 
 100 694C 
 104 

0S~4 . 022460J5 04 03.1180) 5.703110 03258 9.8 133909.8 11.8 13390 L 
1 2r, " PIC 100 1785 t,1PIC 100 2020

U 0 080 12580 13.3 13390 U E4 
6 

1.8 
 PIC 100'5u4 245 7204080 0422
5 04' 142280 3 13.3 14.7 13390050780 14.7 U113 PIG5 Q04 050780 052080 15.8 13390 L 1'7 Pj~ l26610 F ,15.8 17.6 1,3390 12 1 27CLis U4 172 PI
)52080 06080 0 3245
17.6 18.3 L7
U5 04 13390 487
060380 061780 18.3 200 PIG 10
u 04 061780 070180 

18.4 13390 779 229 PIG 1047 
,
u10C 

05 
18.4 l19.3 13390 1077 : 44 : 11 

70180 071680 19.3 
258 PIG 100 511r" 

04 
.04 19.5 13390 149c, 2E 

-1.
 
071680 PIG
0780
.5 19.5 100 601'
20.3 13390 
 1702 . 317 

l 7
 
5K uS5 022460
05 03118003118)32580 5.9
9.8 11.39.8 14050.9, 14050" U300350.: 6F"PG 1I 10100 85605 032580 040880 25011.3 
 13.1 14050 
 102 PIG
5 05 040880 042280 100 2360 72 13.1 15.8 140
055 042280 050780 0 13615.8 17.3 PIG 100 270Cj 05 050780 '052080 17.3 

1405so.. 171 PIG 100 7 F' 
18.2 14050 2950 2
06080'05 05280 227 205 P
:Y0 18.2 19.2 " 14050 6Th 

100 . 25 " 
. 3 tj 3EU.. 060380 
 061780 19.2 20.3 14050 1167 

PIC, ' 10 3 - 9- PIG. i7n 

u05 05 061780 070180
070180 071680 20.3 20.600-1 20.6 20.7 14050 1554 36614050 2111 PIC 100341 534r
072921.2 PIc 100 619! 1L9

14050 1
2468 
 375 PIC 100 e6 F64
05 022480, 03180 

1 
6.1 10.8 749J
0U5, U6 48031280 032580 10.8 P G1 01
1PiG 5


o5 06 032580 04980 10 178012.9 15.2 
 7490 

100 18C
.E3 PIG t)), 

'2, 1- ".'i' , 1, 15. 90, 111 
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MEN %A 
TrP 

C01GHT 
SUNLIGHT 

EAN 
LIGHT 

RAINFALL WI ND MEAN 
AMDO 

uAYS 
AMDO 

AMOG 
L 1 

A'IDO 
L 0.5 

hH3-NH4 PRI tARY 
PROL 

SCCHI 
DISK 

26.2 
25.9 
23.8 
21.8 
23.2 

3 4.0 
546.0 
583.0 

335.2 
358.7 
392.5 
349. C 

1.7 
3.3 
1.8 

.5 

.0 

15.9 
114.5 
157.9 
170.4 
136.8 

.26 

.22 

.47 

.31 
1.49 

100 
100 
lO 
100 
33 

100 
10 

100 
100 

0 

10c 
100 
67 

100 
C 

.359 

.283 

.C47 

.066 

.028 

7.9 

4?0 

26.6 
23.6 
23.1 
17.7 
17.3 

27.5 
26.3 
26.1 
23.9 
23.1 
22.0 

517.0 
304.0 
546.0 
5R3.0 

429.4 
335.2 
358.7 
392.5 
549.) 

.4 

1.7 
3.3 
1.8 
.5 
.0 

91.9 
105.9 
114.5 
157.9 
170.4 
144.4 

I10 
.59 
.69 
.80 
.52 
.51 

100 
100 
100 
100 
1o0 
100 

33 
86 
71 
77 
100 
100 

17 
57 
2E 
17 
40 
67 

.157 

.152 

.145 

.C52 

.C75 

.220 

615 

364 

28.5 
24.3 
26.9 
17.6 
18.2 
16.7 

25.9 
24.4 
24.7 
27.4 
28.2 
28.3 
23.2 
28.1 
28.3 
28.3 
22.9 
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451. 
448.. 
344. 
401. 
721 

257.0 
400.3 
343.0 

.1 

.5 

.7 

.7 

.0 
5.1 
12.8 

.1 
12.1 
21.1 
13.7 

115.1 
165.7 
?12.0 
133.0 
131 .6 
143.0 
107.7 
138.5 
99.9 
71.9 
116.9 

4.50 
3.90 
.80 
.70 
.92 

1.72 
2.90 
2.40 
1.20 
1.12 
1.70 

n 
17 

i00 
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67 
17 
17 
83 
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6n 
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0 

83 
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50 
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0 
0 
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33 
4p 

C 
0 
0 

17 
17 
0 
C 
0 

17 
0 
0 

.110 

.130 

.C90 

.C60 

.C70 

.133 

.510 

.260 

.150 

.330 

.424 

3n0 
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16.1 
12.9 
15.7 
17.7 
22.6 
17.7 
19.8 
22.1 
31.7 
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?8.5 
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28.3 
22.8 
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.7 
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12.8 
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115.1 
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99.9 
71.9 
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33 
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0 
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60 
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0 
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C 
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C 

.080 
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.033 
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.050 
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.C53 

.162 
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18.5 
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22.6 

26.1 
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2.50 
1.20 
.90 
1.14 
1.62 
1.00 
1.30 

.io 

.60 

. ' 

.9u 

31 
i00 
i00 
1IUn 
67 
100 

8' 

I0 
10 
1uO 

100 

0 
33 
67 
17 
17 
83 
17 
6!3 

3 
o 

C 
17 

C 
C 
c 
C 

33 
5C 
67 
8c 

.096 

.110 

.071 

.C20 

.(60 

.C43 
Z50 
.C90 
.032 
.150 
.160 

320 

41L 
628 

3 

22.4 
16.6 
1 .1 
1F.4 
13 .c 
17.7 
16. 
13.3 
14.2 

15.8 

215. 
24.6 
25.J 
27.5
I¢.2 

494,
448.r 
344.u 
4!'I.*l 

. 

.1 

.5 

.7 

115 . 
167.? 

012.2 
153.j 
121 . 

1.?u 
.?u 
.32 

50 
ln 
100 
1on 

'60 

33 
e3 

3 
100 
1G0{0 

C 
C 
L 

5C 
63 

.160 

.150 
IC4 

.C20 
,C61 

747 

bn5 

20.9 
16.1 
12.1 
19.6 

27. 
8.2

23. 3 
2 . 

2.1 
27.6 

5 5 
345, 

2 5 
7.u 

O0.u 
343._ 

5.2 
12.9 

. 
1.1 

21.1 
13. 

143.) 
1 )7.7 

9v.; 

71.9 
) 

.43 

.] 

* 

.51 
., 

!1' 
1.'I1cr 
10P 

10n 

1 n0 

100 

10 
50 

100 
83 

100 

67 
17 
53SC 
50 
5C 

6(, 

.,41 

.130 
.173 
.160 
.580 
.170 

71E 
10.0 

9.P 
10.9 
23.4 
22.0 
17.F 

5 
2 4 , -
24.1 

4 
9 1 .j 
4 7 . u 

3n3.'j 

.1 

.7 

2.5 
4 .4?7 
JS.6 

Q.4L 

'.30 

3 1 
5 ( 
37 

17 
C 

: 
1 7 
c 

C 60 
.4 0 0 
,C70 

4 7 3 
545 

1 6 .7 
9.5 
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EXPRNNT 

CODE~ 
POND NO DATEI DATE2 i L2 TILAPIA 

NO 
RECRUITS CARP 

BIOMASS 
LIVESTOCK 

TYPE 
NO OF 

'AN IMALS 
ANIM'L 

( 10MISS 
DRY 

FATTER' 

5 
u5 
05 
%5 
v5 
Us 

U0 
06 
06 
06 
06 
06 

U40980 
042380 
050780 
052180 
060380 
061780 

04238) 
050780 
052180 
060380 
061780 
070280 

15.2 
16.3 
17.3 
18.2 
18.7 
19.1 

16.3 
17.3 
18.2 
18.7 
19.1 
20.2 

7490 
7490 
7490 
7490 
7490 
7490 

U 
0 
U 
0 
0 

181 

152 
185 
219 
252 
2U1. 
.19 

PIG 
PIG 
PIG 
PIG 
PIG 
PiC 

10C 
100 
100 
100 
100 
100 

24.50 
2715 
306f 
3645 
4285 
4850 

74 
79 
L4 
92 
10Q 
U5i 

u 
U5 

06 
06 

070280 
071780 

071780 
073080 

20.2 
22.5 

22.5 
22.6 

7490 
7490 

554 
864 

355 
389 

PIG 
PIG 

100 
100 

57eU 
6660 

113 
103 

fl 

; 

05 
i5 
us 
05 
' 

J5 
v 5 
u5 
j5 

1,,5 

S5 

05 
5 

'J5 
US 
5. 

US 
. : 
u5 

S 

07 
07 
07 
07 
07 
07 
07 
07 
07 
U',07 
07 

08 

08 
08' 
08 
08 
08 
08 
05O 
08 
08: 
08 

022480 
0312a0 
032680 
040980 
342380 
050880 
052180 
060480 
070280 
071780 
071780 

022480 

031180 
032580 
040980 
042380 
(50880 
052180 
060480 
061880 

"070280 
071780 

031280 
032680 
040980 
042380 
050880 
0521,80 
060480 
061880 
071280 
071780 
073080 

031180 

032580 
040980 
042380 
050380 
052180 
0604.80 
061880 
070281 
071780 
0730b0 

6.0 
9.8 
12.2 
14.2 
16.5 
18.0 
19.4. 
19.5 
20.3 
20.4 
21.4 

5.7 

11.2 
12.0 
13.5 
15.2 

16.6 
17.4 
18.2 
19.2 
19.5 
20.0 

. 

9.8 
12.2 
14.2 
16.5 
18.0 
19.4 
19.5 
20.3 
20.4 
21.4 
21.9 

11.2 

12.0 
13.5 
15.2 
16.6 

17.4 
18.2 
19.2 
19.5 
20.0 
20.7 

7740 
7740 
7740 
7740 
7740 
7740 
7740 
7740 
7740 
7740 
7740 

7620 

7620 
7620 
7620 
7620 

7620 
7620 
7620 
7620 
7620 
7620 

u 
L 
0 
U 

233 
574 
917 

1329 
1660 
2071 
2420 

U 

b 
U' 
U 
6 
U 
U 

95 
31ct 
579 
704 

19 
50 
79 

107 
137 
166 
193 
222 
250 
280 
309 

19 

49 
7f 
107 
137 

166 
194 
223 
252 
282 
311 

PIG 
PIG 
PIG 
PIG 
PIG 
PIG 
PIG 
PIC 
PIG 
PIG 
PIG 

PIG 

PIG 
PIG 
PIG 
PIG 

PIC 
PIG 
PIC 
PIG 
PiG 
PIG 

' 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

100 

100 
100 
100 
100 

100 
100 
100 
100 
100 
100 

172C 
2025 
2335 
2755 
3030 

3390 
3995 
4630 
5200 
6105 
7110 

1890 

2065 
237r 
2840 
308r 

3325 
3920 "5 
4665 
5490 
6140 
6890 

-

26 
t)6 
72 
79 !; 
83 

89 
96 

103 
108 
99 

105 

63 

67 
93 
L1 
b 4 
E9 

1L4 
110: 
99 

104 

5 
u5, 

0J5 
U5 
13 
J. 

5 
'09 

Us 

09 
09 

09 
" 9 

09 
09. 
09 

059. 
09 

S09 

022480 
(131180 

032580 
0 08a0880 
042280 
050880. 
U52080 
060380 

061881)
070280 

071760 

031180 
032580 

040880 
042280 
050880 
052080 
060383 
061880 

070280 
071780 

073080 

5.9 
10.3 

12.8 
14.7 
16P9 
18.1 
19.7 
21.4 

22.7 
23.3 

24.0 

. 

10.3 
12.8 

14.7 
16.9 
18.1 
19.7 
21.4 
22.7 

23.3 
24.0 

24.1 

7630 
7630 

7630 
7630 

7630 
7630 
7630 

7630 
7630 

7630 

u 
L 
U 
U 

U 
L 

226 

6174 
1223 

1541 

37 
77 

116 
155 
191 

230 
266 
306 

346 
387 

4k5 

' 
" 

PIG 
PIG 

PIG 
PIG 

C7630PIG 

Pic 
PIG 
PIG 

PIG 
PIG . 

PIG . 

100 
100 

100 
100 
100 

100 
100 
100 

100 
100 
100 

168C 
1820 

2195 
2565 
279C . 

3130 
3750 
4415 

5100)
5970 
6710 

. 
L6 
62 

69 
76 
LU 

65 
53 

101 

107 
113 
103 

J5 
10 
1). 

%'1002460 
'331180 

0311b] 
032580 

' 4.7 
9.1 

9.1 
11.7 

13910 
13910 

0' 
Q 

3f 
75' 

PIG 
PIG 

. 100 
100 

1740 
'1905 27

27 
'5 
:5 
35 

5' 
J5 
'J5 ' 

J5 '. 
:5 

i5 

10 
10 
10 

10' 
10 
10 
.10 
10 
10 

012580 
040860 
042230 

050880 
052080 
960480 
)61e80 
070180 

' 

040380 
04228 
050580 

052080 
06U43-3 
W06136 

07018 j 
071680 

,16t007e9d3'. 

11.7 
14.5 
16.7 

.17.1 
. 18.4 

19.3 
20.3 
20.5 
21 .1 

-14.5 
16.7 
17.1 
18.4' 
19.3 
20.3 
20.5 
21.1 
21.2 

.13910 
13910 
13910 
13n10 
13910 
13910 
13910 
13910 
13910 

31 
217 
438 
0 

631 
1078 
1285 
1557 
174.1 

' 

.-. 

111 
147 
186 
221 
256 
293 
328 
364 
4 0 

PIC 
PIG 
PIG 
PIG 
PIG 
PIG 
PIG 
PIG 
PIG 

' 

. 

100 
100 
100 
100 
100 
100 
100 
100 
100 

.2240 
2615 
2875 
329C 
3790 
4535 
5620 
6370 
6830 

70 
81 
L 
86 
94 

102. 
il 
101 
104 

5 
'5 

05 . 
05 

5 
Us 

" 
11 
11 
11 
11 

11 

11 

11 
11 

022480 
13 12 0n 

= 0 2680 
O 9 f 

0 
. 07 0 ' 
J52180 

U60480 

'03124) 
'26 )

09 
0434) ' 

54236005u6)
0521s')
060L80 

061H . 
07280 

5.4 
10.1 

=1 12.2 

14.5 

15.1 
. 15,9 

17.0 

18.5 
-61880186 

' 

10.1 
12.2 
14.5 
15.1 . 

15.9
17.0, 
18.5 

18.6 
19.5 

13250 
13250 
13250 

13250 

13250 
13250 
13250 

13250 
1350 

" 

. 

U.. 
U ' 
U .' 

L ' 
0 . 

1I14 

40 .76, 

' 99 
1 .1 

180 

'22C 
261 
301 

341382 

P 
PI C 
PIG 
PIG 

PIG 
PIG 
PIG 

PIGPIC 

' 

' 

' 

100 
100 
100 
100 

100 
100 
100 

100100 . 

194C 
2185 
2530 
2900 

312, 
3450 
397! 

464!5460 

64 

75 
2 

103110 
5 
5 

11 
11 

07020o 07170 
071760 07300 

19.5. 
19.9 

19.9.? 
'20.5 

13250 
13250 : 

1117 
"1357 

Q3 
461 

PIG 
PIG 

100 
100 

630V 
697F 

101 

5 

us 

Us' ' 

05; 

12 
12 

12le 
12 
1-

12 

12 

0124 
'31280 

)326800060, 
42331 

05088l 

0521 0 

0604 3' 

031123 -
032680 

04193904 58J-
0 0 

05080 
052 c) 

0GelU46 

061380 

5".7 
10.9 

13.6 
15. 
16.7 

-517.5 
19.3 

20.0 

.-

10.9 
13.6 

15.8.' 
16.7 

17.5 
19.3 

20.0 

20.2 

i?4b074703 
7470 

7470 
7470 

7470 
7470 

7470 

7470 

. 

. 5 

U 
129 
406 
70 o 
963 

115 

4 
129 
173 
220 
26 5 

' 08 

353 

r 

PIG1 
PIG 

PIGP110 
PIG 
PIG 
P C 

PIG 

PIG1 

. 
100. 

100. 
100 
100 
100 

100 

2330 

23563 
2990 
324' 
3675 

4 0 

72 

777 
U3 
7 , 

92 

.-. 00 10-9
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MEAN AM 
TEMP 

BRIGHT 
SUNLIGHT 

MEAN 
LIGHT 

RAINFALL WINO MEAN 
ANDO 

SAYl 
AMDO 

ARqbO 
L 1 

AMRO 
L 0.5 

NH 3-NH4 PRIMARY 
PROD 

SCCHI 
DISK 

27,'U 
Z7.6 

7 .3 
28. 1 

555.0
326.0 

428.0 
729.J 

336.J 

.7 

.0 

. 

1
10.5 

133.5 
133.5 
14b5 

138.5
116.6 

1.70 
1.60 
2.10 
2.31 
1.52
.60 

83 
100 
1? 
33 
83

100 

0 
C 

17 
C 
0

100 

0 
0 

0 
C
33 

.024 

.070 

.044 

.e96 

.094

.C47 

2Q4 
499 
466 

614 

9.4 
11.6 
14.4 
13.8 
16.4 
2.4 

27.8 
!27.6 

364.0 
382.0 

21 .3 
13.3 

71.o 
115.2 

.82 
1.90 

10o 
60 

67 
2 , 

17 
C 

.184 

.120 597 
21.8 
21.2 

25.7 
24.4 
24.3 
27.5 
128.1 
28.2 
28.4 
28.2 
28.5 
23.2 
27.6 

437.0 
560.0 
3.0 

491.0 
4 4 4 .u 
330.0 
42b.0 
729.0 

336.0 
364.0 
395.0 

.1 
1.2 
.0 
.7 
.2 

5.7 
13.1 

.1 
11.8 
21.3 
13.8 

122.5 
153.3 
195.8 
133.5 
129.7 
143.0 
114.3 
134.6 
126.0 
71.0 

115.2 

2.60 
1.70 
3.02 
1.30 
7.11 
2.11 
2.01 
1.30 
.92 
U10 

2.21 

17 
67 
0 

100 
50 
31 
50 

100 
1On 
83 
60 

17 
17 
0 

17 
0 
0 
0 

17 
33 
67 
0 

17 
0 
0 

0 
C 
C. 

17 
33 
C 

,C60 
.493 
081 
C.064 

..b60 

.070 

.140 

.090 

.045 
1.070 
.403 

517 

26.4 
22.0 
21.3 
20.1 
20.8 
23.9 
21 .3 
18.2 
24.1 
21.0 " 

25.9 
24 
24.5 
27.0 
27.9 
28.1 
28.2 
27.8 
28.2 
27.9 
27.3 

437.0 
56 j. 
338.0 

494.0 
448.0 
335. 
,?8.u 
??9, 

336.0 
364.6 
395.u 

.1 

.5 

.7 

.7 

.2 
5.7 

13.1 
.1 

11.8 
21.3 
13.8 

115.5 
167.7 
205.8 
133.5 
129.7 
143.0 
114.3 
134.6 
126.0 
71.0 

115.2 

2.04 
1.30 
1.10 
1.20 
1.00 
.80 

1.70 
1.40 
.90 
.90 

1.42 

67 
83 
50 

100 
100 
1On 
83 
83 

100 
ion 
80 

17 
33 
C 

17 
50 
67 
0 

33 
50 
50 
60 

I 
6 

C 
33 
17 
C 
C 

17 
5C 
C 

.059 

.052 
c,080 
.65 
C060 
,f43 
,.03 
,C82 
.C,44 
.leo 
.168 

57 , 

17.9 
12, 
13.4 
15.5 
17.7 
19.5 
15.0 
15.3 
17.2 
22.2 

'6.d 
24.3 
24.5 
27.3 
27.8 
A7.8 
28.0 
278 
27.8 

•27.9 
i27.6 

552.0 
338.0 

494., 
48., 
344.0 
4,01.0 
716.L 

335.0 
364 .0 
382.0 

. 

.1 

.5 

.7 

.7 

.2 
5.3 

13.8 
1 

11.8 
21.3 
13.8 

115.5 
167.7, 
212.0 
133.0 
129.0 
147.0 
107.7 
138.0 
126.0 
71.4 
115.2 

1.90 
1.50 
P.30 
1.20 
1.00 
1.70 
2.00 
1.30 
.30 
.40 
.40 

6' 
8! 
33 
83 

10 
67 
67 
67 
100 
100 
100 

33 
c 
0 

33 
67 
C 
C 

3. 
100 
100 
10C 

C 
3 

: 
C 
C 

17 
83 
67 
6C 

.82 

.170 

.C72 
44 

.C63 

.C50 

.110 

.080 

.C61 

.270 

.8 0 

9 5 

5Q9 
C73 

1? 
15 .i 
1 e. 
1!F.7 
14.6 
16.C 
13.2 
12.7 
14. C 
23.0 

25.5 
29.2 

495.0 
448.C 

.1 

.5 
115.5 
167.7 

2.10
1.70 

50
5 -t123 170 ci C61 22.0 

24.5 
27.1 
27.9 
27 
28.3 
27.9 
"2.1 
28.0 

27.7 

437.0 
560.0 
138.0. 

.44.0 
401. 
717.0 

257.0 
4.00.0 
3356.u 

.7 

. 

.2 
5.3 
11.9 

.1 
11.2 
21.1 
13.1 

212.0 
133.0 
129.0 
147.0 
113.) 
126.0 
126.9 
71.9 

116.9 

2.70 
1.10 
1.30 
1.40 
1.60 
1.10 
1.00 
1.70 
1.90 

17 
8. 
100 
87 
b3 

1or 
100 
Sn 
40 

0 
67 
33 
33 
33 
50 
50 
13 
C 

0 

1 
C 
c 

17 
U 

17 

.100 
r.050 
.130 
.150 
.190 
.070 
.043 
.162 
- ZO0 

74b 

5?7 

20L 
316 

17.7 
15.0 
15.3 
14.6 
17.3 
19.2 
20. 
27.1 
19.1 

Z5.3 

24.1 
2 
[ 27. 

27.6 . 
2 '8.0 
' -28.1437.0 

S7.4 560.0 
28.A 333.0 

"82.1 . 

'27. 5 

493.0 
444.0 
299.0 
428.0 
795.0 

335.0 
364.0 
395.0 

-

; 

1.4 
1.2 

. .0 
.7 
.0 

5.5 
13.1. 

.1 
11.8 
21.3, 
13." 

119.6 
177.5 
195.7 
133.5 
132.4 
139.7 
114.0 

134.6 
126.0 
710u 
115.2 . 

2.00 
1.30 
1.20 
1.00 
1.60 
1.20 
1.90 

1.00 
.80 
70 

.70 

50 
83 
83 
83 
67 

100 
50 

100 
100 

'100 
100 

. 

17 
33 
33 
50 
17 
33 
17 
33 
83 
67 
60 

0 
17 
17 
33 
0 
0 
0 
0 

17 
se 
60 

. .063 
.340 
.060 
.050 
.050 
.050 
.212 

".00 
.040 
140 

_213 

. 

657 

864 

36L . 

15B.1I 
14.4 
12.7 
13.7 
13.8 
15.0 

14.0 
16o6 
19.6 

s.1 

25.6 

2. 0 

28.0 
26.1 
28.2 
27.7 

-,25.3 

2 

437.0 
56).01 

: 
492.u 
444.0 
4.99U.0 

795.0 
. 

" .1 
1.2 
.0 
.7 
.2 

5.7 
131 

125.6 
177.5 
95.7 

133. 
129.7 
143.0 
114.0 
134 .6 

2.00 
.80 

1.40 
1.00 
1.70 
1.90 
2.20 
1.40 

50 
I00 
83 
83 
83 
5n 
33 

ionl. 

17 
67 
17 
SO 

c 
00 
0 

0 

0 
0 
0 

17 
0 

c 

.C60 

.120 

.083 

.C-60 

.059 

.050 

.180 

.070 . 

681 
03 
494 

16.1 
15.6 
15.5 
17.0 
14.5 
14.3 
2.4 



76 Fish Growth and Water Quality SummarytXPRMNT POND NO 
 DATEI DATE2 
 Li 
 L2 TILAPIA RECRUITS CARP 
 L VESTOCK 
 NO OF ANIMAL DRY
.CODE 


is 

U5 

12 

12 

12 

061800 

370230 

V71760 

0ru289 

071780 

073080 

20.2 

20.3 

21.0 

20.3 

21.0 

21.6 

NO 

7470 

7470 

7470 

146L 

187 

2018b 

B OMxoASS 

393 

.444 

489 

TYPg 

PIG 

PIG 

PIG 

ANIMALS 

10 

100 

10 

BIOMASS MATTE 

56c', 112 

6505 1G 
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U6 

U6 
-6 
06 

U6 
06
U6 
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13 
13 

14 
14 
14 

19 
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19 
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'21580 
022980 
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021580' 
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0215d0,
0229 6n, 

02 1560 
022980 
031480 

021580 
022980 
031480 

0.21580 
02298,1031480 

8.? 
10.5 
12.9 

9.7 
11.3 
12.5 

12.6 
13.814.7 

10.5 
12.9 
14.1 

11.3 
12.5 
13.9 

13.8 
14.716.9 

14150 
14150 
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13575 
13575 

14075 
1407514075 
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L 
4 

U 
0 
2 

0 
U6 

.459 
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'47 
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54.0 
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PIG . 
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PIG 
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PIGPIG 
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140 
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140. 
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1140! 
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9258 
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86b0 
998211256 

1 
I46 
129. 

114 
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1 8 
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,6 
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. 6 

20 

20 
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02158 
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12.7 
14.9 
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U 
U 

519 
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37 
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17 
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U 

0 
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r 

C 

0 

0 

. 
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' 14. 110278 - 1111.78 12.3 12.8 
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MEAN AM 
TEMP 

28.1 
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27.3 
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EXPRNT POND No ATEI DATEZ Li L2 TILAPIA RECkUITS CAP LIVLSTOC. No o F 	 A'NX L DRYNOD:. BIOMASS TYPE ANIMALS DIOMtSS MATTE 
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59 DUCK 1500 105 .6675 	 -L' 97 
 DUCK 1500 
 1540 • 77;
U8 22 
 101378. 11 278 8.8 
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78 
an 

22 
0 

40 

14 
l7 
22 
e7 

c 

0 
C 
0 

9 
111 

C 

.130 

.!t0 
240 

.140 
,160260 

,700 

23.6 

24.7 

!4. 

!5.3 
!6.3 

599.9 
54.3.4 
544.3 
561.4 

.3 

.0 

.0 

.64.0 

141. 

139.5 
132.3 
104.2 

3.00 

2.50 
2.40 
.70 

0 

11 
100 

0 
0 

80 
0 

0 

0 

27 

,'20 

.300 
.280 

19.8 

14.0 
'5.0 
'6.3 
6.5 

599. 
78.4 

544.3 
561.4 

.3 

.0 

.0 

.0 

141.2 
139.5 
132.3 
104.2 

2.60 
2.10 
2.30 
1.00 

0 
33 
44 
80 

0 
0 
0 

40 

c 

0 
C 

.220 
..250 

,280 

16.5 

4.u 
5.0 
6.0 

6.1 

599.9 

57.4 
544.3 

553.0 

.3 

.0 

.0 

.0 

141.2 

139.5 
132.3 
105.4 

2.70 

1.50 
.60 

24 

67 
100 
00 

0 
0 

100 
170 

0 

22 
2053 

.170 

Z.290 
.350 

19.2 

3.5 
5.0 
6.5 

59.9 
541.4 
54)3 

.3 

.0 

.0 

141.2 
139.5 
132.3 

2.30 
1.20 
1.00 

2" 
100 
100 

c 
3 
44 

C 

c 

.200 

.180 

.5., 

21.r 
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7 OEXPRANTPOND NO 

CODE 
DATE DAE? LI L2 . TILAPIA 

NO 
RECRUITS CARP 

B10 .4S 
LIVESTOCK 
TYPE 

NO OF 
ANIMALS 

ANIMAL DRY 
BIOMASS MATTER 

9 

UIA 

J9 
-7 

*9 

1J, 
J9 
L)9 

22 

23 
23 
23 
23 

Z4 
24 
24 
24 

' 

030579 

)12279 
020279 
021679 
030579 

0122 9 
020279 
021679 
030579 

041079 

02U279 
021679 
03 579 
041179 

0?0279 
J21679, 
030579 
041179 

13.1 

6.7 
5.5 
11.7 
12.1 

7.2 
9.' 
118 

13.2 

15.7 

8.5 
11.7 
12.1 
17.1 

9.6 
-11.8 
13.2 
16.9 

14475 

13350 
13350 
13350 
13350 

11450 
11450 
11450 
11450 

U 
U 
U 
U 

0 
6 
0 
c 

4UG2 

215 
251 
293 
366 

... 
211 
236 
280 

DUCK 

DUCK 
DUCK 
DUCK 
DUCK 

DUCK 
DUCK 
DUCK 
DUCK 

1250 

750 
750 
750 
750 

1250 
1250 
1250 
1250 

2F31 

1485 
1609 
1643 
170! 

24175 
2681 
273f 
283P 

142 

75 
1 
b3+ 
66 

15 
135" 
138:" 
143 

U9 
J"7' 

09 

10 
10 
11 
1 
1yl 

14, 

17 
.') 

10 
f!" 

t-
1) 
10 
i10 
10, 

1. 
10 
10 
10 

10 

. 

-

13 
1313 

13 

13 
13 
13 
13 
13 

13 

14 
14 
14 
14 
14 
14 

15 
15 
15 
15 
15 
15 

16 
16 
16 
16 
16 
16 

012279 
J22P:021679 

030579 

03248)
041580 
J429o 
J5138n 
05276n 

. 10r 

132461 
041560 
042980 
051380 
052780 
'361080 

03268n 
041550 
042980 
051380 
052780 
061080 

032680....... 
041580 
042960 
05513P0 

-U527afl 
561080 

0 J2 
0167;0 3057 9 

04187) 

04158%)
042960 
05138-) 
0527o0 
061080 

. (6Z7B 

041580 
042980 
051383 
052760 
0610,3)
062763 

041580 
0429801 
05.1380 
052780 
061080 
06780 

042980 
-051380 

052760 
061080 
r10668, 

7 75 92 
92 1.11.0 14.7 

14.7 18.6 

5.5 10.5
10.5 12.6 
12.6 15.4 
15.4 15.8 
15.8 17.1 
17.1 *17.4 

5.9 9.9 
9.9 11.6 

11-o6 13.4 
13.4: 14.4 
14.4' 16.6
16.6 16.8 

6.3 8.1 
8.1 12.1 
12.1 12.9 
12.9 14.5 
14.5 16.4 
16.4 17.3 

.015807 8.2 
8.2 11 .4 
11.4 13.8 
13.8 14.4 
14.4 16.5 
16.5 17.5 

67 
68756875 

6875 

5040 
5040 
5040 
5040 
5040, 

5040 

6350 
6350 

26350 

6350 -
6350 
6350 

4780 
4780 
4780 
4780 
4780 
4780 : 

. 4310 
4310.. 

"4310 
:4310 . 
4310 
4310 

1 

17 

0
U 

107 
295 
4A3 
691 

U 
0 

119 
326 
534 
764 

0 
0 

5 
185 
314 
458 

0 
0 
5 

16 
27 
39 

6 
2197279 

396 

- 25
62 
92 

121 
150 
162 

39 
99 

146 
193 
240 
292 

27 
70 

105 
140 
175 
214 

44 
114 
172 
230 
269 
351 

. ,. 

UK 
DUCKDUC 

DUCK 

CHIC
CHIC 
CHIC 

. CHIC 
CHIC 
CHIC 

CHIC 
CHIC 
CHIC 
CHIC 
CHIC 
CHIC 

CHIC 
CHIC 
CHIC 
CHIC 
CHIC 
CHIC 

CHIC 
CHIC 
CHIC-
CHIC 
CHIC 
CHIC 

70 
75075"64 

750 

5000
5000 
5000 

5000 
5000 
5000 

5000 
5000 
5000 
5000 
5000 
5000 

1000 
-1000 

1000 
1000. 
1000 
1000 

3o00 
.3000 
3000 
3000 

. 3000 
3001 

.. 

" 

1 i7 
1609 

1729 

. 

-

71 

67 

10O 
9, 

89 
115 
11 

10 

94 

11569 
101 

21' 
2 
19:; 
18 
23 
20 

o 
5'' 

56 
5.1 

1') 19 032780 041580 5.3 12.4 5880 
11 041580 042960 12 .4 13.4 588010 19 042980. 051380 .13.4 15.8. 5880 

19 9 5.-51380 052780 156.8 16.8 588019 052780 061080 16.8 17.5 5880,019 061080 062580 17.5 17.7 5880 

10 20 032780 041580 5.2 10.8 64500 20 041580 042980 10.8 14.1 645010 20 04'80 051360 14.1 14.6 64501 -20 051380 052780 14.6 15.6 645010 20 0527eO 061080 15.6 16.2 6450
10 20 061050 062580 16.2 17.1 6450 
10 21 032880 041580 3.6 9.5' 4150'1021 041580 042980 9.5 ' 12.2 '41501921 0429803 .051380 ,12.2 14.4 415010 21 ,051380 05278o 14.4 1t6.3 415010 21 .052780, 061080 16.3 ,18.0 415010 21 061080 '062580 18.0 18.9 4150 

4. ":' ' 

10' 22 '032780 04158 44 88 4200,~.,10 22 -041580 '042980 8.8 12.3 4200'22 ,042981, 051380 ' 12.3 ' 14.0 4200 :""~4'I~.' ,22$. 051380', 052780 14'.0 '16.1 20
1022,~.57 0 61080 16.1 '' 17.6 -4200'.10 224 06108.0 062680 'K17.6' 17.8' .4200 

""-'10 ~ 23 0,32780 .,041580', 4.7 .. ,10.6 3750 
2304 58 .. 42 80 10.6 ' 16.4 i 37501"'C 23 u '2980 051380' '16.4 16.9 37501023 051380 052780 -16.9 17.4 3750t''1023 052780 .061080 'l17.4 20.4 37501023 061080: 062680 20.4 20.7 3750 

. 

.U 

" 

. 

-

, 

-

0 

U'7o 

288 
5 
720 

G 

.71 
270469 

675 

44 

0 
0 
5 

22 
39 
56 

0 
0 -

3 
1 

22 
32 

C 
U 
3 
10f 
18 , 
26 

7; , . CHIC 

199 - c306 CHICCHIC 

412 CHIC519 CHIC 
628 CHIC 

36. CHIC 
96 - CHIC 

147. CHIC 
198 CHIC,248e CHIC 
301 CHIC 

.'.H. 

54 CHIC 
143 CHIC 
219 'CHIC, 1 I
290 'Ch IC 1/
366 CH IC 
444. CH IC 

' 
32 CHIC

-4 CHIC 
12'iE CHIC.7-, "''HC 

'216 '1 CHIC'' 
263' CHIC 

2' HC 
134- CHIC 
204 CHIC 
2,75 IC 
345 CHIC 
420 CHIC 

.1000 

1000'L1000 

1000 
,1000 

1000 

5000 
5000 
5000 
5000b95U00 

5000 

3000 
3000 
3000 
3000 

'3000 
3000 

1000 
'10002 

1000
.10; 
1000 
1000 

30 
3000 
3000 
30 
3000 
3000 

19 

28 

1. 
169j 

115. 
10: 

4... 

65 ' 

53" 
69 
6 

.44 

91 
i' 

6 
56 

6 
U1' 
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MzAN 

TEMP 

I:- LRIGHT 

SUNLIGHT 

MEAN 

LIGHT 

RAINFALL WIND PEAN 

ADO 

DAYS 

AMDO 

AMDO 

L 1 
A"00 

L 0.5 

NH3-NH4 PRP'ARY 

P0 
SCCHI 

Disk 

26.3 5 5.0 . l0i. 1.40 1,1 

24.J 
243 

59 .9 

574.4 
.3 
.0 

141. 
139.5 

4.20 
2.80 

f 
0 

0 
0 

0 
C 

.150 

.370 2J7 
?6. 

26.4 
5.' 

2 L? 

26.0 

?6.3 

544.3 

65.6 
v . 1 

57 , . 

544.3 

65.6 

.U 

.0 

.3 

.) 

.f 

.0 

132.3 

106 
141.2 

139.5 

132.3 

196.8 

2.40 

.00 
3.2U 

1.70 

2.40 

2.10 

11 

7 
n 

56 

33 

60 

0 

0 

0 

0 

0 

C 

C 
LL 

C 

0 

0 

.580 

.165 

.700 

.620 

2n.Z 

23.8 
?4.6 

26.3 

26.3 

539.9 

571.4 

514.3 

0-9.5 

.3 

.0 

.0 

.0 

141.2 

139.5 

132.3 

111.7 

2.40 

2.40 

1.30 

.80 

5 

33 

100 

1U0 

C 

0 

22 

67 

C 

C 

c 

2C 

.170 

.360 

.50 

20.3 

25.2 
27.5 
27.6 
27.5 

? .3 
2. Y 

307.3 
581.u 
632.6 

.3 

.0 

.0 
5.6 

2.2 
4.0 

183.1 
132.0 
164.1 
123.5 

124.2 
145.0 

1.60 
.50 
.30 

1.30 

.QU 

.60 

60 
100 
10 
83 

10n 
100 

50 
100 
100 
5P 

67 
83 

5c 
67 
To 
3! 

17 
17 

.C78 
*C59 
.(74 
.C 58 

.110 

.137 

4R2 

669 

30.0 
21.3 
14.C 
24.9 

21.5 
15.5 

26.7 

27.5 

27.5 

27.5 

2. 1 

?7. 

307.3 

581.0 
632.6 

.3 

.0 

.0 

5.6 

2.2 

4.0 

183.1 

132. 0 
164.1 

123.5 

124.2 

1145.0 

1.50 

.5C 

.40 

.50 

.70 

.72 

60 

100 
i0 

100 

100 

10U 

50 

100 
100 

100 

83 

83 

3C 

50 
83 

67 

17 

0 

.C74 

.C52 

.C64 

1.220 

.128 

.172 

909 

35.0 

21.7 
12.3 

22.1 

21.7 

15.4 
5.e 

'7. 

27"4 

317.7 
581.2 

67.3632.0 

.0 

.0j 

.0 
5.6 

195.7 
1 
32.U 

164.1 
123.5 

1.00 

2.00 

.3o 
1.40 

In 

5n 

Ion 
67 

0 
50 

100 
5o 

0 

33 

10C 
33 

.L78 

.C36 

.C80 

.C97 

519 27.9 

20.9 

12.9 
21.0 

?*2.2 
4.0 

124.2 
145.0 

1.10 
.4 

87 
83 

67 
67 

33 
0 

.C76 

.C66 
472 26.0 

16.7 

. 
2?.? 
?7.4 

28..) 

317.7 
I 

'2 .6 

.u 

.0 

.0 
5.6 

2 .2 
49.4. 

195.7 
132.) 
164.1 
123.5 

124 .2 
145. j 

1,.2 
.KL 
.2u 

1. C 

1.92 
1.43 

60 
100 
100 

6' 

.57 
1~fo r, 

60 
100 
67 
17 

33 
c 

4C 
33 
17 
C 

C 
c6 

077 
.C32 
.C63 
.128 

.(78 

469 
44.C 
40.3 
28.2 
20.9 

24.8 
18.3 

8.3 

27.7 
. 

?8.o 

316.2 
SPl~u 
632.6 

. 

.6 

.0 

5.6 
.2 

4.u 

177.7 
132.0 
164.1 

1?3.5 
1 4.3 
145. j 

1.1 
.10 

j 

1.2j 
1.7 
.65 

80 
10n 
10n 

83 
67 
10n 

6c 
100 
I0C 

31 
17 
83 

4C 
e3 

IC 

L 

33 

.071 

.C37 

.C59 

.134 

.086 

.078 

521 
1107 

28.4 
26.8 
20.2 

23.0 
26.C 
19.8 

25.6 

* 1 

26.1 

2 .5 

29.5 

316.2 

5R . 

032.0 

.0 

.0 

.0 
5.6 

2.2 

177.7 

132.0 

164.1 
13.5 

124.2 

1.10 

.&3 

.?u 
1.0 

1. 31 

Sr 
10r 

lu', 

67 

70 

3 

100 

33 

50 

4U 

8C 

10(' 

17 

17 

.086 

,035 

.C58 

.073 

.108 

945 

P4 

24.5 

27.3 

20.6 

20.8 

23.5 
4.0 145.0 .79 100 83 17 .[78 18.4 

5.5 

7 
7. 
7.3 

314.4 

.5 1I.) 

612.6 

.0 

.0 

.) 
5.6 

4 .0 

4.. 

176.1 

132. 

164.1 
123.5 

124. 

145.j 

1.50 

.40 

.70 
1.4U 

.73 

.70 

86 

100 

83 
83 

10 

100 

40 

loo 

83 
67 

83 

83 

30 

67 

50 
50 

33 

17 

.8 1 

.021 

.054 
1.14 

.202 

.303 

475 

26.4 

17.5 

15.1 
26.C 

16.4 

15.0 
5.6 

28.j 
77.o 

27.4 
28.4.2 

28.1 

316. -
581.. 
632.6 

.3 

.G 
.0 

5.6 

4.0 

177.7 
132.C 
164.1 

123.5 

124.e 

145.0 

4.50 
2.60 
2.20 

1.83 
1.2b 

1.01 

I 
33 
5p50 

67 

83 

81 

0 
0 

17 

50 

67 

C 
c 
0 

C 

33 

33 

,C65 
.022 
53 

.162 

.c80 

.71 

53.2 
33.8 
13.9 

19.0 

24.1 

21.5 
35.4 
2P.u 
'7.4 

7.4 

316.2 

581.0 
632.6 

.u 

.0 
.f 

5.6 

1/ .? 
132.) 
164.1 

12 .5 

4.40 

.50 

.30 

.5o 

10r 
100 

10r 

c, 

83 
100 

83 

V 
5 

100 

17 

-.135 
.20 
,C50 

.133 

6f 55.6 
33.5 
21.6 

20.7 
7.; 
27.9 

2.2 
4.0 

124.2 
145.0 

.76 

.62 
100 
1U0 

6P 
83 

33 
33 

.76 

.070 
4 4 28.4 

19.6 



82 Fish Growth and Water Quality Summary 

-XPAMNT. PONO Nu 
CODe 

DATE1 DATL2 L1 L2 TILAPIA 
NO 

RECkU1TS CAN V 
OIONASS 

LIVESTOCK 
TYPE 

NO. OF 
ANIMALS 

ANIMPL 
UIOMISS 

DRY 
?ATTE 

11 
11 
11 
11 
11 

1o3 
13 
13 
13 
13 
t13 

111080 
120180 
121580 
122980 
011281 
012980 

12160 
121580 
122980 
011261 
014981 
021880 

'.. 

? 

11.8 
12.8 
13.7 
14.7 
15.4 

11.8 
12.8 
13.7 
14.7 
15.4 

7350 
7350 
7350 
7350 
7350 
73150 

U 
U 
U 
U 

0 

42 
83 
116 
148 
195 
228 

CHIC 
CHIC 
CHIC 
CHIC 
CHIC 
CHIC 

1000 
1000 
1000 
1000 
1000 
1000 

L0 
22 
19 
17 
L3 
19 

11 
11 
11 
11 
11 
I11 

1' 
14 
14 
14 
14 
14 

111080 
120180 
121580 
122980 
011281 
012901 

120180 
121580 
122960 
011281 
012981 
o21881 

11.6 
12.2 
13.7 
14.3 
14.! 

11.6 
12.2 
13.7 
14.3 
14.5 

13875 
13875 
13875 
13875 
13875 
13875 

U 
L 
L 
Li 
U 
U 

Z6 
55 
79 

102 
128 
159 

CHIC 
CHIC 
CHIC 
CHIC 
CHIC 
CHIC 

250 
250 
250 
250 
250 
250 

5 
6 
5 
4 
61 
5 

i11 
11 
I1 
11l 
11 

s1 

15 
15 
15 
15 
15 

111080 

01980 
121580 
122980 
211281 
)112981 

1ji3 

12158'1 
122983 
011261 
012981 
021861 

11.7 
12.7 
13.5 
14.4 
14.7 

11.7 

12.7 
13.5 
14.4 
14.7 

12575 

12575 
1575 
12575 
11575 
12575 

L 
U 
& 

25 
44 
6b 

37 

78 
111 
144 
180 
225 

CHIC 

CHIC 
CHIC 
CHIC 
CHIC 
CHIC 

750 
750 
750 
750 
750 
750 

15 
1 
14' 
13 
17 
15' 

11 
11 
11 
11 
1 
11 

17 
17 
17 
17 
17 
17 

. 

111060 
120180 
121580 
122980 
11261 

012981 

120180 
121580 
122980 
011281 
012981 
,02181 

11.1 
12.5 
12 .8 
14.0 
15.2 

11.1 
12.5 
12.8 
14.0 
15.2 

11750 
11750 
11750 
11750 
11750 
11750 

U 
U 
L 
0 
U 
U 

40 
77 
10 
138 
171 
211 

CHIC 
CHIC 
CHIC 
CHIC 
CHIC 
CHIC 

500 
500 
500 
500 
500 
500 

10 
11 

-10 
9, 

12 
10 

1 
11 

1119 

1 

1.19 
1911 

19 

19 

111080 
120180 
121580 
1298n0 
J01128 1 
012781 

1201Z0 
121560 
122980 
011281
012961 
02191 

11.5 
12.6 
14.1
15 .1 
15.5 

11.5 
12.6 
14.1 
15.1 
15.5 

13500 
13500 
13500 
13500 
13500 

13500 

0 
U 
0 
U 
0) 

L 

50 
106 
150 
194 
243 
300 

CHIC 
CHIC 
CHIC 
CHIC 
CHIC 
CHIC 

500 
500 
500 
00 
500 

500 

10 
11 
10 
9 
1 
10 

1j 
11 
11 

2.20 
S20 
1j 

22 
21 

111080 
120180 
121560 
12290. 
11261 

0129t1 

1 11 
121580 
1249d0 
( 11 81 
01981 K 
02181 

10.1 
11.7 
11 .8 
12.5 
14.0 

10.1 
11.7 
11.8 
12.5 
14.0 

13475 
13475 
13475 
13475 
13475 
13475 

U7 
L 
19 
5c' 
P7 

145 

35 
67 
9r 

120 
149 
182 

CHIC 
CHIC 
CHIC 
CHIC 
CHIC 
LHIC 

1000 
1000 
1000 
1000 
1000 
100 

.
20 
22; 
19 
117 
23 
9 

Ii 
A1 
11 
11 
11 

21 
21 
21 
21 
21 
2II1 

111078 
120180 
121580 
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Appendix F 

Fish Lenrfth-Weight Relationships 

Oreochromis no ticus 

Sample range 4.3-22.0 cm, 0.8-210.8 g 
Sample size 611 

2 16
Equation W 0.0118 L3. 

Where W = weighi in grams and L = total length in centimeters 

Correlation Coefficieit (R) = 0.9861 

Channastriata 

Sample range 3.2-43 cm, 0.4-660 g 
Sample size 244 

= 858
 Equation W 0.0 145 L2. 

Correlation Coefficient (R) = 0.9924 
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Appendix G 

Tabulatnd Data on Pond Plankton 

Table 1. Details of planiton samp'es. 

Experiment Animal Number of 
number type samples 

5 Pigs 34 
10 Chickens 31 
11 Chickens 17 
12 Chickens 33 
14 Pigs 28 

Table 2. Phytoplankton density in pig-fish ponds. 

Density (no/I x 103) 
Manure load Euglenophytes/ 

Date (kg/ha/day) Chlorophytes Cyanophytes Chrysophytes Total 

Experiment 5 (1980) 

3/13-3/26 67 2.0 29.6 56.6 88.1 
3/27-4/09 72 8.2 88.5 2.1 98.8 
4/10-4/23 78 3.2 26.2 5.2 34.6 
4/24-5/08 82 1.4 53.1 3.6 58.1 
5/09-5/21 88 3.9 34.8 26.0 64.8 
6/05-6/18 102 9.5 10.7 15.9 36.1 
7/18-7/30 104 0.2 7.4 1.0 8.7 

Experiment 14 (1981) 

1/31-2/13 83 174.2 247.2 3.5 425.0 
2/14-3/02 86 205.2 101.4 20.1 326.7 
3/03-3/13 86 60.9 170.6 5.6 237.2 
3/14-3/27 86 21.0 123.8 17.8 162.6 
3/28-4/10 84 6.7 55.0 6.3 319.0 

Table 3. Percentage of biweekly sampling periods in which listed phytoplankton genera occurred, were the most dominant within 
their taxonomic group, and most dominant overall. 

Experiment 5 Exper;,nent 14 
Group Overall Group Overall 

Genera Occurrence dominance dominance Occurrence dominance dominance 

Chlorophytes 

Pediastrum 86 43 83 33 
Scenedesmus 29 67
 
Coolastrum 86 14 
 67 20 20 
Cosmarium 43 29 3,
 
Closterium 43 14 33
 
Chloralla 29 
 50 33 20 
Volvox 29 33 
Chlorococcus 14 67
 
Ulothrix 14 
 20
 
Microspora 14
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Table 3. (continued) Percentaqe of biweekly anpio(; periodis in which listed phytoplankton genera occurred, were the most domina 
within their taxonomic group, ind most dominant overall. 

Expinriment 5 Experiment 14 
G(oup Overall GrouLp Overall 

Gei Irt )cci rreice (do inice (nOcT)i nal(rce Occirrence dominance dominance 

Sphaerocystis 83 
Actinastrutr 33 
Selenastrum 33 
Tetraedron 20 
Micratinium 20 
Trochisia 20 
Golenkinia 33 
Chroococcus 
 20
 

Cyanophytes 

Microcystis 100 43 29 100 33 20 
Lyngbya 71 14 83 50 50
 
Osci/latoria 86 29 29 33
 
Murismopedia 14 
 33
 
Gloethece 29
 
Antweaena 29 14
 
Spirulina 29
 
Synechocystis 
 50 
Gomphosphaeria 20 20 
Anacystis 50 
Synedra 20 

Chrysophytes and EuqIenophytes 

Euclana 86 71 29 100 83 
Phacus 86 29 14 100 20
 
1'rache/omnonas 14 
 67
 
Diatoms 
 20 

Table 4. Phytoplankton species diversity in pig-fish ponds. 

Shannon-Weaver 
Manure load Diversity index a 

Evenness indexb 
Date (kg/ha/day) (H) (e) 

Experiment 5 (1989) 

3/13-3/26 67 0.84 0.47
 
3/27-4/09 
 72 0.57 0.49
 
4/10-4/23 78 
 1.12 0.71
 
4/24- 5/08 
 82 0.71 0.53
 
5/09--5/21 
 88 0.83 0.59
 
6/05-6/18 102 
 1.08 0.60
 
7/18 7/30 
 104 0.65 0.47 

Experiment 11 (1981) 

1/31- 2/13 83 1.21 0.60
 
2/14- 3/02 
 86 1.23 0.54 
3/03 - 3/13 86 1.34 0.68
 
3/14--3/27 
 86 1.55 0.61 
3/28--4/10 84 0.93 0.52 

H (ri/N In (n/N) where n number of units of each genus/group and N = total number of units (Odum 1971).
 
b H =
 e - -- S- where S the number of species. 
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Table 5. Zooplankton density in pig-fish ponds. 

Density (no./I x 103) 
Manure load


Date (kg/ha/day) Rotifera 
 Cladocera Cop poda Total 

Experiment 5 (1980)
 

3/13-3/26 
 67 8.4 0 2.1 10.53/27-4/09 72 1.5 1.0 
 7.2 9.74/10-4/24 78 5.42 0.2 24.0 29.64/25--5/07 82 2.9 0.33 8.1 11.35/08-5/21 88 10.6 0.13 1.1 11.85/22 6/04 25.6 0 0 25.66/05 6/18 102 3.7 0 8.0 11.77/17-7/30 104 2.0 0 0.23 2.23 

Experiment 14 (1981) 

1/31-2/13 83 27.0 3.8 4.4 35.22/14-3/02 86 36.3 4.6 13.4 54.33/03-3/13 86 27.4 0 16.2 43.63/14-3/27 86 19.2 0.7 4.03/28-4/10 24.0 
84 4.2 2.0 10.2 16.4 

Table 6. Percentag, of biweekly sampling periods in which listed zooplankton genera occurred, were the most dom'inant within
their taxonomic group, and most dominant overall. 

Experiment 5 Experiment 14 
Group Overall Group OverallGenera Occurrnce dominance dominance Occurrence dominance dominance 

Rotifera
 

Brachionus 87.5 37.5 
 25.) 83 
Tricihccerca 75.0 37.5 

33 
12.0 83


Asplanchna 62.5 33 17 17

Filinia 
 62.5 12.5 67
 
Philodina 
 25.0 12.5 12.0 67 17
 
Lecano 
 12.5 33
 
Tetramastix 25
 
Keratella 12.5 
 50 33 
 33

Polyarthra 

67
 
Cephalobdella 

33

Gastropus 

50

Testudinella 

20
 

Cladocera 

Moina 50.0 57.1 83 100 17
Diaphanosoma 25.0 28.6 33
 
Bosmina 
 12.5 14.3 20
 

Copepoda
 

Cyclops 12.5 83
 
Copepodites 87.5 28.6 50

Nauplii 87.5 

83
 
71.4 
 100 100 33
 

Harpacticoids 50.0 
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Table 7. Zooplankton species diversity in pig-fish ponds. 

Shannon-Weaver 
Manure load Diversity indexa Evenness indexb 

Date (kg/ha/day) (H) (e) 

Experiment 5 (1980)
 

3/13-3/26 
 67 1.12 0.91
3/27-4/09 72 0.97 0.594/10-4/24 78 0.66 0.55
4/25-5/07 82 3.90 0.68
5/08-5/21 88 0.99 0.80 
5/22-6/04 0.94 0.85
6/05-6/18 102 0.87 0.80
7/17-7/30 104 0.33 0.48 

Experiment 14 (1981)
 

1/31-2/13 
 83 1.32 0.75
2/13-3/02 86 1.40 0.71
3/03-3/13 86 1.47 0.80
3/14-3/27 86 0.98 0.68 
3/28-4/10 84 1.30 0.76 

a= -(n/N) In (n/N) where n number of units of each genus/group and N = total number of units (Odum 1971).
 

b H
 = e -- f where S the number of species. 

Table 8. Mean weekly phytoplankton abundance in chicken-fish ponds. 

Density (no./I x 103)
Manure load Euglenophytes &
(kg/ha/day) Chlorophytes Cyanophytes Chrysophytes Total 

5 19.6 45.2 40.4 105.2
10 9.1 8.5 4.8 22.4 

95.815 39.7 163.0 298.5
20al 77.7 15.3 54.1 147.1 
20b2 

5.8 12.2 18.4 36.4
61 27.7 11.9 20.3 5).9

101 42.5 39.1 61.7 143.4
151 355.5 75.8 27.4 458.7
202 200.1 297.5 24.2 521.8 

1 - Experiment 11; 2 Experiment 10. 

Table q. Percent of weekly sampling periods in which listed phytoplankton genera occurred in chicken-fish ponds. 

Mean manure load (kg dry matter/ha/day)
Genera 5 10 15 20a 20b 61 101 151 202 

Chlorophytes 

Pediastrum 100 100 50 100 87.5 85.7 10075 100
Scenedesmus 100 100 100 62.5 42.8 71.4 77.7
Closterium 100 50 14.2 66.6Cosmarium 25 100 50 100 75 28.5 100 33.3
Coelastrum 25 25 42.8 50 100 77.7Chlorella 50 25 25 42.8 50 42.8 55.5 
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Table 9 (continued). Percent ot weekly sampling periods in which listed phytoplankton genera occurred in chicken-fish ponds. 

Mean manure load (kg dry matter/ha/day)
Genera 5 10 15 20a 20b 61 101 151 202 

Selenastrum 25 50 14.8 
Kirchniriella 25 50 
Trochisia 25 14.2 33.3Sphaerocystis 

25 42.8 25 85.7 66.6Ankbitrodesmuv 25 50 11.1Vo/vox 
28.5 25 42.8

Golenkinia 
14.2

Actinastrum 
57.1 44.4Chroococcus 

12.5 14.2 25 42.8 33.3Aphanocapsa 
42.8 11.1Anacystik 
28.5 33.3Micratinium 

33.3Teraedron 
14.2Oocystis 
28.5 11.1Eudorina 

33.3Pachycladon 
14.2 11.1 

Gloeocyst is 11.1 

Cyanophytes 

L yngbva 100 50 100 37.5 71.4 25 71.4 100Microcystis 75 25 25 37.5 57.1 100 87.5 66.6Oscillatorka 25 37.5 28.5 75 87.5 22.2Merismopedia 75 25 28.5 14.2 11.,Synechocystis 
37.5 28.5

Spirulina 
25 28.5 

Gloecapsa 25 

Euglenophytes i,nd Chrysophytes 

Euglena 100 75 100
100 100 100 75 42.8 100Phacus 50 75 25 87.5 71.4 75 57.1 77.7Trachelononas 25 25 100 50 25 28.5 25 42.8 44.4Navicula 25 25 5025 12.5 14.2 25 11.1
Pinnularia 25 50 12.5 

Table 10. Percent of weekly sampling periods in which listed phytoplankton genera were the most dominant within each taxonomic 
Jroup in chicken-fish ponds. 

Mean manure load (kg dry matter/ha/day)
Genera 5 10 15 20a 20b 61 101 151 202 

Chlorophytes 

Pediasrrum 25 50 50 37.5 42.8 100
Cosmarium 25 50 100 25 50Chlorella 25 12.5 50
Scenedesmus 25 25 25
Coelastrum 

28.5 25 50 
Trocnisia 25
 
Golenkinia 

28.5
Sphaerocystis 

25 

Cyanophytes 

Microcystis 5075 50 43.1 100 40Lyngbya 
 25 100 50 100 25 
 28.5 60
OscilItoria 
25 14.2 100 

Merism opedia 
14.2 

Euglenophytes and Chrysophytes 

Euglena 
 75 75 
 100 100 87.5 57.1 100 50 75Phacus 
 25 
 12.5 28.5 50 25

Trachelomonas 25 14.2 
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Table 11. Percent of weekly sampling periods in which listed phytoplunkton genera were the most dominant in chicken-fish ponds. 

Mean manure load (kr dry matter/ha/day)
Genera 5 10 15 20a 20b 101 202
61 1bl 


Chlorophytes 

Pediastrum 0 12.5 20 40 
Cosmariun 25 100 
Scenedesmus 25 
Coelastrum 33.3 50 
Colenkinia 20 
Chlorella 

50 

Cyanophytes 

Microcystis 25 12.5 20 20
Lyngbya 12.5 40
Oscillatoria 12.5 33.3 
Merismopedia 25 

Euglenophytes and Chrysophytes 

Euglena 50 25 75 50 40 33.3 

Table 12. Phytoplankton diversity in chicken-fish ponds. Table 13. Mean weekly zooplankton abundance in chicken-fish 
ponds. 

Shannon-Weaver 
Manure load Diversity indexa Evenness indexb Densitv (no./I x 103)

(kg/ha/day) 
 () (a) Manure load 

(kg/ha/day) Rotifera Cladocera Copepoda Total 

5 1.52 0.79 
10 1.32 0.78 5 2.9 1.2 8.3 12.4
15 1.13 0.64 10 1.3 1.1 6.7 9.1
20a1 

091 0.60 15 2.7 1.5 12.9 17.1
20b2 

1.10 0.62 20a1 1.8 1.9 2.5 6.261 1.10 0.70 20b2 1.8 O.,_ 5.6 7.9
101 0.84 0.50 61 7.1 0.1 3.0 10.2
151 1.30 0.60 101 5.0 0.8 3.1 8.9
202 1.07 0.54 151 36.0 12.7 4.9 53.6 

202 26.5 2.9 12.5 52.0aH = -. (n/N) In (n/N) where n number of ,mits in eachgenus/group and N - total number of units (Odum 1971). 1 = Experiment 11; 2 Experiment 10.
 
b H
 = - where S the number c species.
 

1 Experiment 11 = xpneriment 10.
 

Table 1V. Percent of weekly sampling periods in which listed zooplankton genera occurred in chicken-fish ponds. 

Mean manure load (kg dry matter/ha/day)
Genera 5 10 15" 20a 20b 61 101 151 202 

Rotifera 

Brachionus 100 16.6 50 100 100 100 70 100
Trichocerca 37.5 33.3 100 50 58.3 50 33 
Asplanchna 25 30 25 30
Filinia 12.5 17 25 
 40 43.7
Lecane 

10 18.7 
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Table 14 (continued). Percent of weekly sampling periods in which listed zooplankton genera occurred in chicken-fish ponds. 

Genera 5 10 15" 
Mean manure load (kg dry matter/ha/day) 

20a 20) 61 101 151 202 

Polyarthra 
Gastropt, 
Keratel'a 
Testudineha 
Cephalodella 

Asplanchnapus 12.5 

33.3 100 
20 
20 
10 
30 
30 

62.5 
43.7 

6.3 
43.7 

6.3 

Cladoce ra 

Moina 
Bosmrina 
Diaphanosorna 

Unidentified 

12.5 
12.5 
25 

12.5 

16.6 
16.6 
16.6 

33.3 

100 

100 

50 

50 

33.3 
25 
17 

17 17 100 100 
6.3 
6.3 

Copepoda 

Nauplii 
Copepodites 
Cyclops 

Cyclopidae 
Harpacticoids 

62.5 
62.5 
12.5 

37.E 

100 
66.6 
100 

16.6 

100 
100 
100 

100 
25 
25 

25 

100 
67 
17 

25 

100 
67 

83.3 
17 
50 

17 

50 
30 
60 

70 
70 
81.2 

*Based on 1 sample only. 

Table 15. Percent of weekly sampling periods in which listed zooplankton genera were the most dominant within each taxonomic 
group in chicken-fish ponds. 

Mean manure load (kg dry natter/ha/day)
Genera 5 10 15 'Oa 201) 61 101 151 202 

Rotifera 

Brachionus 75 25 100 62.5 50 67 100 75
Trichocerca 100 37.5 33 33
Asplanchna 25 17
Gastropus 75 25 

Cladocera 

Moina 25 75 50 75 100 100 100 100
Bosmina 50 100 50 25 
Diaphanosorna 50 25 

Copepoda 

Nauplii 100 100 100 87.5 75 67 67 75Copepodites 25 12.5 25 33 25Cyclops 75 
33
 



96 

Table 16. Percent of weekly sampling periods in which listed zooplankton genera were the most dominant in chicken-fish ponds. 

Mean manure load (kg dry matter/ha/day)Genera 5 
 10 15 20a 20b 61 101 
 151 202
 

Rotifera 

Brachionus 25 
 11.1 42.8 67 50 
 75
Trichocerca 33 28.6 33
 
Gastropus 50
 

,ladocera 

Moina 14.2 50
 

Copepoda
 

Nauplii 75 50 75 
 100 55.5 14.2 25

Copepodites 25
 

Table 17. Mean zooplankton diversity in chicken-fish ponds. 

Shannon-Veaver 
Manure load Diversity indexa Evenness indexb 
(kg/ha/day) (R) (e) 

5 1.09 0.87 
10 1.16 1.10 
15 1.10 0.70 
20a 1.71 0.92 
20b 0.97 0.76 
61 0.80 0.72 

101 0.80 0.71 
151 1.51 0.79 
202 1.28 0.75 

aH = -E(n/N) In (n/N) where n number of units in each 
genus/group and N = total number of units (Odum 1971). 

be = =where S the number of species.
 
1 = Experiment 11; 2 =Experiment 10.
 


