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Preface

Although integrated farming has a long history in Southeast Asia, production methods have
not been well documented. The methods and potential benefits of combining livestock and fish
culture operatioins nced to be better defined before large-scale development efforts are mounted to
popularize this form of agriculture and often, available production methods need to be refined and
adapted 1o the prevailing economic circumstances. With these points in mind, ICLARM and the
Freshwater Aquaculture Center (FAC) of the Central Luzon State Univarsity (CLSU) began a
cooperative research project in 1978 with the ultimate objective of desigring a technology for inte-
qrated farming appropriate to rural development in the Philippines.

A special 2-hectare facility was 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 project was
supported by CLSU, ICILARM and the Rockefeller Foundation.

“reliminary results have been reported pre jously in this series (ICLARM Technical Reports 2).
T' resent report 2ncompasses all the project results and ircludes a targe amount of raw ana
sw.nmarized data collected over the 3-yrar experimental period. Some additional papers dealing with
specific aspects have also resulted from the project. A list is provided in Appendix E of ali project-
related papers

As documerited in this 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 is hoped that the encouraging results of this initial research
effort will be of value to policymakers, piranners, agriculturists and aquaculturists and that it will
provide a stimulus for further documentation and research on other, sumilar traditional aquaculture
systems.

CaraLino R.pE 1A Cruz
Director
FAC, CI.SU

RicHarD A. NeaL
Director General
ICLARM



Table of Contents

Abstract . ... .. .. e et

—t

w

9.

10.

Animal Husbardry and Manure Cutput ......... e i et e e e

Fish Yields .. ... . b

Water and Soil Chemistry ............ e et e et -

Plankton......... ............ Chee e et e

Appendices ’ .

Gmmoo® >

ANALYTICAL METHODS AND EQUIPMENT USED v v oo s oo eee e o
FISH STOCKING AND HARVEST SUMMARIES « . vt v e e e,
FISH GROWTH AND WATER QUALITY SUMMARY oo e oo e
PROJECT TECHNICAL PERSONNEL  © oottt et e e e e,
PROJECT PUBLICATIONS/REPORTS AS OF 31 DECEMBER 1982 ........
FISH LENGTH-WEIGHT RELATIONSHIPS ..o e e e oo e e
TABULATED DATA ONPOND PLANKTON oottt e e e e .

13

23

27

33

35

37

50

52

53

55
57
62
86
87
88
89



The ICLARM-CLSU Integrated Animal-Fish Farming Project:
Final Report

Kevin D. Hopkins
Intemnational Center for Living Aquatic Resources Management
MCC P.O. Box 1501, Makati, Metro Manila, Philippines
AND
EMMAaNUEL M. Cruz
Freshwater Aquaculture Center
Central Luzon State University
Muiioz, Nueva Ecija, Philippines

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 added daily to ponds that were 400 ar 1,000 m? in size. Most of the
experiments were factorial designs with livestock numbeis and fish stocking densities as the main variables, The fish
were a polyculture of Nile tilapia (Oreochiomis niloticus) and Cyprinus carpio with predators, Channa striata or
Clarias batrachus, used in certain experiments to control tilapia recruitment.

Mean ret 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. Duch-iisn 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 was above 200% saturation in the afternoon and dropped below
1 mg/l in the early morning in systems receiving high manure loads. Total ammonia sometimes exceeded 2 mag/l in
chirken-fish 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 analyses 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 daily. In most systems, an effort is made 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 |bacteria 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).



InJanuary 1978, the Internationai Center for Living Aquatic Resources Management (ICLARM)
entered into a cooperative agreement with Central Luzon State University (CLSU), Mufioz, Nueva
Ecija, 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 document
integrated animal-fish systems under tropical conditions. The initial experiments concentrated on
developing guidelines far manure loading rates - which would maximize fish production without
unreasonable risk of fish kill. Pigs and duc .5 were selected as the manure sources because the
available literature was most extensive for animal-fish systems using ~hese animals. Later, chickens
were substituted for the ducks when problems of duck marketing arose. In these initial experiments
two densities of a polyculture of Nile vlapia (Orcochiromis ailotic ws), ac the main cultured crop;
Cyprinus carpio, as a hottom stirrer to prevent wied growth; and the predator, Chenna (Opliicephalus)
Striata were compared,

After the initial experiments were completed, the basic systems were modified by changing the
length of the culture periods, predator levels, stocking rates and species cormposition. Water chemis-
try, plankton and economics of the systems were also studied.

Two very extensive tabulations of both raw data and summaries are presented in Appendices
B and C, which we hope will ne useful wo persons studying the dynamics of Cetritus usage in fish-
ponds and will lead to a better understanding of these highly productive systems.

2. Experimental Design

When the Project was established, the primary interests were the aquacultural aspects of the
systems. The livestock portion was considered a recessary evii by the Project biologists (primarily
aquaculturists) which was needed to supply a regular source of manure. Given this bias, and the
extensive literature available on pig, chickun and duck rearing, it was decidea to use accepted
Philippine design and management practices for the livestock units without modification (PCARR
1976a, 1976b, 1977). This strategy would allow maore rapid dissemination and adoption of Project-
developed technologies because new livestock-culture practices would not be involved.

The Project area was approximately 2 ha and included 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 0.7-0.9 m. The pig houses were constructed with concrete
slab floors, concrete hollow-block pen walls, and galvanized iron roofs. Each pig house was sub-
divided 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 ‘o increase
ventilation. Shutters were lowered over tha walls during storms or cold weather. When ducks were
being grown, the poultry houses were divided into pens with a walkway for the ducks from each
pen to a pond. When the Project shifted to chicken raising, the partitions were rerioved and broiler
cages were placed in the poultry houses.

The Project facilities were designe-s so that the pig and duck manure flowed directly into the
ponds during the daily pen washing. Chicken manure was removed from the collecting trays three
times a week and dumped into the ponds. Also, the ducks defecated directly into the ponds during
their foraging. The amount of manure was requlated by controlling the number and size of the
animals,

The duration of experiments was based on animal growth rates. Pigs and Peking ducks take
about six months to reach market size, while chickens require 45.45 days. Tilapia attain the market
size of 60 g in Central Luzon (Guerrero and Guerrero 1975) in 90 days or less based on expected
growth rates of 1-2 g/day. Thus, two independent fish cycles are possible within one pig or duck
production period, while two chicken cycles correspond to one fish production cycle,

Fig. 2.2A depicts the initial pig and duck experiments of the Project. The animals grew steadily
until harvest at day 180 while the fish were harvested at day 90, the pond was restocked and the



Fig. 2.1. Plan of the Project site at the Freshwater Aquaculture Center, Central Luzon State University,
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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 two
chicken cycles with one tish cycle. It was apparenrt 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 2ycle. 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 fertilizer was added at the recommended rate of 50 kg of 16-20-0 (N-P-K) biweekly
(PCARR 1976¢). 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 Orcochromis niloticus, 14% were “yprinus carpio, and 1% was Channa 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 incornplete.

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

This experiment was the same as Experiment 1 except that the number of pigs was increased
to 80 and 100 pigs/ha. Pig size averaged 11 kg initialiv and raacherd approximately 40 kg at the end.

EXPERIMENT 4. FOURTH 90-DAY PIG-FISH YIELD TRIALS,
OCTOBER 1979 TO JANUARY 1980

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

EXPERIMENT 5. SIX-MONTH PIG-FISH YIELD TRIALS,
FEBRUARY 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 was tested because only one-half the number of fingerlings was required
and the higher average fish biomass could possibly utilize the food resources more efficiently.
Mariure from 100 pigs/ha was added to 1,000-m? ponds stocked with approximately 10,000 and
20,000 fish/ha for 6 months. Channa striata were stocked into 50% of the ponds. In the other



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. 120 AND 110 PIGS/HA YIELY TRIALS,
JANUARY TO MARCH 1980

During the 90-day yield trials (Exoeriments 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-
mum animal density in th= pig houses was reached in Experiment 4. Therefore, to simulate higher
manure loading levels, it was decided to haul manure from a nearby piggery and load it into 400-m?
ponds at the rates equivalent to 120 and 140 pigs/ha from the 2nd 90-day pig-growth period: a
very high lcading level. Proximate analyses of the manure from the chosen piggery were comparable
to analyses from the Project pigs. Measured manure output during Experiment 4 was muitiplied by
the a~propriate factor to compute the daily rmanure loading. Fish were stocked at only 20,0200/ha
because the previous experiments showed that 10,000 fish/ha was less profitable than 20,600
fish/ha. The latter density was 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 day 58. In addition to the slower growth, the severe logistical problems encountered
in obtaining and hauling a consistent supply of manure from a piggery which was not under Project
control, led to this eariy termination.

EXPERIMENT 7. ZERO TREATMENT |,
AUGUST TO NOVEMBER 1980

This experiment 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. Tish were stocked at 20,000 fish/ha and no nutrients were added to
the pond. Unfortunately, one week beforc 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 Octuber 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 anda 20,000 fish/ha.

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

After refilling and restocking the 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 esaten primarily by the
Chinese community in the Philippines which is concentrated in Manila). It was decided to discon-
tinue the duck-fish experiments in favor of chicken {broiler)-fish experiments.

EXPERIMENT 10. BROILER FISH INTEGRATION 1.
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 fich/ha.

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

The manure from 250, 500, 750 or 1,000 broilers/ha was added to 400-m?2 ponds, Twenty
thousarid fish/ha were stocked.

EXPERIMENT 12. BROILER -FISH INTEGRATION t,
APRILL TOJULY 1981

The manure from 7,500 or 10,000 broilers/ha was added to 400-m?2 ponds for appicximately
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. POLYCULTURE WITH A FILTER FEEDER (CHANQS CH£.110S),
JANUARY TO APRIL 1981

During the ecarlier experiments, high concentrations of both phyto- and znoplankton were
measured. In an attempt to use the plank ton more efficiently, milkfish (Chanos chanos) were added
to 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 approxirmately
62 kg initially and increased to 100 kq. 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 8-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 incffective during the later parts of the experiment. Therefore, another
predator, Clurias batruciuis, 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,
DECENMBER 1980 TO JANUARY 1981

This short experiment was cenducted in the interim between pond renovation after the Octo-
ber 1980 typhcon and the start of Experiment 13. The 1,000-m? ponds were stocked with 200,
400, 600, 800, and 1,000 ky/ha of tilapia breeders. Manure from 100 pigs/ha (initial weight 35 kg,
final weight 62 kg) was added to the ponds. The purpose of this experiment was to determine the
potential of manured ponds for fry and fingerling production in the absence of predators.

EXPERIMENT 16. ZERO TREATMI M 11,
JULY TC OCTOBER 1981

This experiment was a repeat of Experiment 7 which was disrupted by a typhoon,



EXPERIMENT 17. OXYGEN-DYNAMICS IN BROILER-FISH INTEGRATION,
JANUARY TO FEBRUARY 198"

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 porids. These 24-hour profiles were based on hourly DO readings taken at
four locations at 10-cm depth intervals, from the surface to the bottom. This experiment lasted one
month.

EXPERIMENT 18. BROILER-FISH INTEGRATION IV,
SEPTEMBER TO DECEMBER 1981

This was a second attempt to add manure from 7,500 or 10,000 chickens/ha to 400-m>2
ponds.

In addition to the fisti, water quality parameters, including dissolved oxygen, nitrates, ammo-
nia, phosphates, alkalinity, conductivity, pH 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 Qutput

PIGS

Large white-Landrace hybrid weanlings were purchased from commercial sources and trans-
ported to the Project site. !nitial weight varied from an average of 11.9-12 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 ali of the ration in two 1-hour feeding
sessions per day. This represeated 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 (Brucliiuria mutica) at the rete of 17 body weight/day. Sometimes fresh ipil-ipil (Leucaena
sp.) leaves were substituted for the grase,

Animals were vaccinated against hoa 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, Guaranteed aneiysis of pig feeds from feed bag labels,

L. 2
: Percent composition
Component Starter ration Grower ration Finisher ration

Crude Protein [NLT) 18 16 13
Crude Fat (NLT) 4 4 4
Crude Fiber  {(NMT) 8 10 3
Ash (NMT) 8 8 3

Moistue (NMT) 13 13 13

NLT = notdess than, NMT -~ not rmore than, These feeds are also supplemented with vitamins and minerals.
Percent of dry matter {except for " moisture).

Note: BO% of feed samples met or exceeded the manufacturer’s specification for crude protein, 100% samples for fat, 0% for
ash, 100% for moisture, and 0% for fitier,



The growth rates exhibited by the pigs were highly variable (Fig. 3.1). Even though the pigs
used in Experiments 1 and 2 were initiaily 60% larger than the pigs in Experiments 3 and 4, the
latter pigs attained the same final weight in a comparable period of time. The slower growth rates
exhibited in tiie carly experiments might well be the result of “runts’’ being included in the experi-
mental animal populstion. Even though healthy-looking weanlings were selected by Project person-
nel for purchase, the wzanling producers are known to include older “runts’ in groups of young
weanlings. In later expariments, whole litters from small farms were purchased to minimize this
problern.
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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 pens 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 nf both animal size and feed type (Fig. 3.2). A logarithmic relationship describes
the relationship of animat size to manure output when a grower ration is fed while a linear relation-
ship is more appropriate when finisher ration is used. The correlation coefficients {or these two
relationships are highly significant (o - 0.01). No relationship between animal size and manure
output was indicated (with a linear cquation, R = 0.17) with starter ration. Therefore, the mean
manure output with starter of 5.1% TLW per day was usad in our analyses. Fig. 3.3 shows the
relationship of animal size/manure output,
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Proximate analyses of thoroughly-mixed composite samples were made weekly. Moisture
content 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 = 21.89 with df = 165), the grower ration was fed during the
rainy season while the finisher ration was used during the dry season. Therefore the average mois-
ture 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 ash
increased from 6.99% TTS with starter-fed pigs to 7.74% TTS with grower-fed pigs and 12.44% TTS
for finisher-fed pigs. The difference between the last two values is highly sianificant (F = 8.01 with
df = 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
02/9 fresh manure and the fiber content was 21.2% TTS. All ¢ © these values correspond closely to
published values for pig manures {Azevedo and Stout 1974; Taiganides 1977).

DUCKS

Day-old Peking ducklings, obtained from a commercial producer, were confined to the duck
houses for one month and thereafter allowed access to the ponds (and dikes in Experiment 8)
during the day. A bro‘ er-starter ration was fed for the first two weeks after which a broiler-finisher
ration was fed until harvest. Feeding was ad /ibitum. 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 later
date, manure wes collected from a flock of native laying-ducks which were being fed a mixture of
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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?. The birds were fed a com-
mercial starter ration (21% crude protein, 4% crude fat, 8% crude fiber, and 8% ash) ad /ibitm 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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Fig. 3.5. Fresh manure output from even-aged broiler chickens used in integrated chicken-fish
culture experiments.

The chizken 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 or Satu rdays 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 49
days. Fig. 3.5 shows the relationship of chicken age to fresh manure output. A simple linear or
curvilinear equation could not satisfactorily explain the observed relationship so 5-day moving
averages were used in our analyses. Proximate analyses of manure were made throughout the culture
period. 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 Vs relationship:

Y = 87.7857 — 11.931 {In X)
R = 0.967 (3.1)
n=20

where Y = percent dry matter, X = manure output per 1,000 birds of a given age per day, R = cor-
relation coefficient and n = number of samples. The correlation coefficient is significant at the 0.01
level. Nitrogen varied from 3.2 to 5% TTS with a weighted average (based on relative amounts of
manure) of 3.5% TTS. Lipids averaged 10.9% TTS, ash was 9.8% TTS, 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 nutput
(dry matter basis) during the fish culture cycles (Fig. 3.6). The uneven cycles are readily apparent,
Manure output varied from 11 io 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.

30t
25

20}

Chicken Manure (kg dry matter/day)

0 1 ! 1 | 1 H ] 1 t ]

10 200 30 40 50 60 70 80 90 100
Experimental Period (Days)

a flock of 1,000 mixed-size broiler chickens used in

Fig. 3.6. Daily manure output {dry matter) for
integrated chicken-fish culture experiments.

MANURE QUTPUT AND COMPOSITION

After a thorough review of the manure output and proximate analysis data and a review of
published 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 relation-
ships illustrated in Fig. 3.2 were used in later analyses. The total solids, nitrogen, and crude fiber
values used were from Project data. The phosphate, potash, and BODg 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 (% YTS 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 outpu(1 35-115% Tlw 11.7% TILW 24 - 106 kg/1,000 birds
Total solids (TTS) 29.9% 43.0% 35.0 - 794%

Nitrogen (N) 19% TTS 23% TTS 35% TTS
Phosphate 0.017% TLW 3.3% TTS 46% TTS
Potash (KQO) 0.010% TLW 1.4% TTS 21% TTS
Crude fiber 212% TTS 20.0% TTS 185% TTS
BODg 0.22% TLW 9.2% TTS 214% TTS

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

Data from Waynarovich {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, a daily
manure output of 11.7% TLW was computed. Dry matter, riitrogen, phosphate, and potash values
also came from Woynarovich (1979). Crude fiber values were Project data on laying ducks while the
BODg was based on data in Loehr and Schulte (1971).

The manure output of chickens was a function of size and the relationships in Figs. 3.4 and 3.5
were used for later analyses. Dry rnatter varied according to the amount of manure excreted iEqua-
tion 3.1). Nitrogen and crude fiber values were Project data while phosphate, potash and BOD,
values were from Taiganides (1977).

SUMMARY

Table 3.3 presents a summary of experiments 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 toad
(kg dry matter

Animal type per ha/day) Experiment no. {pond no.)1
Pig 31 - 40 1(2,3,6,9):31(2,4,6,8)
41 - 850 1(10),'2(2,3,5,6,9,11),‘3(1,3,9)
51 - 60 114,7,12) ;31(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(13,15,15,18,20,23)
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 1, 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 sometimes stocked before the poisnon® used in pond preparation was completely dis-
sipated The data are presented in Appendix B,
CONTROLS

Experiment 16 and part of Experiment | were the control experiments. In Experiment 16, no
nutrients were added to old ponds (e, ponds which had been previously used for animal-fish
experiments). In Experiment 1, inorganic fertilizer was added at recommended | ates 1o new ponds,
Experiment 1 was a “control” in the sense that use of inorganic fertilizer is standard practice. The
yields were, as expected, low (Table 4.1). There appeared 10 be a residual effect fron previous
experimuents in Experiment 16 as the total net vields were equivalent to those attained with inorgan-
ic fertilizers tn new ponds. This residual effect could have been caused by an increase in nutricnt
toads in the sediments, and/or the presence of algal cells in ponds which had been incompletely
dried.

Tabie 4.1, Mean net fish yields from control ponds,

Mean net yield

(kg/ha/day)
Stocking Culture
Experiment rate? period
no.! {fish/ha) {days) Tilapia Carp Totald
1 10,000 96 35 1.6 0.4
1 20,000 106 2.3 0.7 3.3

16 20,000 20 6.1 0.6 6.7

1Inorgcmic fertilizer was used in Experiment 1 with new ponds, In Experiment 16, no nutrients were added, but old ponds were
used.
Approximately B5% tilapia, 14% carp, 1% Chania striat.,
Includes Channa striata and Q. niloticus fingerlings.

PIG-FISH SYSTEMS

The primary variables which were manipulated during the pig-fish experiments were manure
load, stocking density, and length of the culture period. As mentioned, there appeared to be a
residual effect in ponds which had been previously used. The manure loads in Experiments 1, 2 and
3 overlapped and a plot of the vields from these experiments illustrates the higher vield in old
ponds (Fig. 4.1). The residual effect confused the analyses and Experiment 1 was not included in
further analysis in this section.

The pigfish system usually had two 90-day fish culture cycles in each pig production cycle.
The mean fish vields attamed using this arrangement of culture cycles are shown in Tuble 4.2, Two
fish stocking rates and several manure toading rates were used. Stocking 20,000 fish/ha produced a
higher yield of tilapia than 10,000 fish/ha although the average size of fish was smaller with 20,000
fish/ha (Appendix ) A mare detailed presentation of yields attained with 20,000 fish/ha is shown
in Fias, 4.2 and 4.3 Lo tilapia and carp, respectively. The tilapia yields wore highly variable at low
manure loads. As the manurs Toads increased, the average yield increased and variability appeared to
decreasce. At very high manare loads, average yvield began to decrease and variability to increase.
The relationship between manure loading and vield con be describod mathematically by the parab-
olas presented with the aata in Fig. 4.2,

Gusathion A {Bayer), an arganophosphate, was added to partially deamed ponds at 015 my/l 1o eradicate any stray fish,

Dissiation usually reqguired ane week tdepending on weather conditic ss)



Table 4.2. Mean fish yields (net) in pig-fish systems during short {58 to 104 day) culture periods.

15

Mean nct yield

{kg/ha/day)
Stocking Manure
rate! load Tilapia
(fish/ha) (kg dry matter/ha/day) Tilapia Carp recruits Total?
10.000 31 - 40 2.2 1.0 59 15.4
41 - 50 115 3.3 1.5 16.3
51 - 60 8.8 15 7.2 17.8
61 - 70 149 39 0 18.9
81 -~ an 10.7 2.7 0 13.6
101 - 110 1.3 3.3 0 148
20,000 31 40 13.1 1.7 21 17.3
41 - 50 14.0 1.4 0.1 15.7
51 -- 60 13.6 23 71 233
61 - 70 16.2 34 0.3 19.9
81 - 90 15.4 3.7 0.1 19.4
101 — 110 19.2 45 0.3 242
131 - 140 16.2 4.4 0.2 211
151 - 160 133 39 0.2 17.6
lApproximately 85% tilapia, 14% carp, and the remainder Channa striata,
Also includes Channa striata.
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Fig. 4.1, Residual effects of pond-manuring illustrated by differences in net fish yields from ‘old’ {X)}
and ‘new’ (Q) ponds used in integrated pig-fish culture experiments.

The carp data were much more difficult to analyze because stocking rates and size at stocking
varied 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 recuire further refinement.

An altzrnative to two 90-day fish culture cycles in each pig production cycle was one 180-day
fish culture cycle. This alternative cut fingerling costs, labor and water requirements. Also, it was
hoped 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. 4.3. Net yield of common carp (Cyprinus carpio) stocked at 1,180 to 2,300/ha with tilapia
in pig-manured ponds during short yrowout experiments (58-107 days),

overpopulation with subsequent stunting by the tilapia. Two recruitment coritrol 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, including predators, that recruitment
was checked. Howevar, if the recruits were included very high net yields of 33.5 kg‘ha/day (12,228
kg/ha/annum) wer gttained at 20,000 fizh/ha withc 1t predators.

To compai.. 1e single 180-day cycle with the t 10 90-day cycles, the yieids for each 90-day
period were added together. For manure, an average | »ad during the first 90-day cycle o 51-60
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Table 4.3. Net tish yields attained in ponds receiving pig manuse for 155 10 185 days. Average manure foad was 80 to 90 kg dry
matter/ha/day. Data from Experiments 5 and 14,

Mean net yield

{kg/ha/day)
Stocking
Recruitment rate Tnlap.va :
control (fish/ha) Tilapia Carp recruits Total
Partial harvest 10,000 8.4 23 18.2 23.8
20,000 13.0 2.1 18.4 335
30,000 155 20 101 279
Predzator 10,300 111 24 10.1 239
20,400 15.6 3.0 115 30.6
31,300 19.1 1.6 1.3 230

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 n=t yield

{kg/ha/day)

Stocking Manure
rate toad Tilapia .
{fish/ha) {kg cry matter/ha/day) Tilapia Carp recruits Total
10,000 51 - 60 8.8 1.5 7.2 17.8
101 - 110 1.3 3.3 0 14.8
X =76 - 85 10.1 2.4 3.6 16.3
20,000 51 — 60 13.6 2.3 7.4 23.3
101 -~ 110 19.2 45 0.3 24,2
X =7 - 85 16.4 3.4 3.7 23.8

1 . 5
Also includes Channa striata.

kg/ha/day and during the secoad 90-day cycle of 101-110 kg/ha/. 'ay was used. The net y.clds for
two 90-day cycles at these manure loads are shown in Table 4.4, At stocking densities of 10,900
and 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 cyces, 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 cbtained 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 is doubtful that market-size fizh 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. |f a relatively
even supply of manure was available, (e.q., 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, ducks were used as the manure source. Experiment 8 was conducted
in mewly constructed ponds and Experiment 9 used the same ponds after the completion of Experi-
ment 8. Net yields are shown in Table 4.5 and Fig. 4.4. New ponds gave lower vields than “old”
ponds and stecking of 20,000 fish/ha produced more fish than 10,000 fish/ha. Also, increasing the
average manure foad from 82 to 136 kg dry matter/ha/day had no significant effect on yield. In this
situation ol rather limited data, the imost than can be said is that a mean duck manure input of 82 kg
dry matter/ha/day will yield an average of 11.9 and 15 kg/ha/day at stocking rates of 10,900 and
20,000 fish/na, respectively.

CHICKEN-TFISH 5YSTEMS

Tie fish yields in experiments that used chicken manure as the nutrient source are summarized
in Table 4.6 und Figs. 4.5 and 4.6. These yields followed the pattern shown by the pig-fish data of
highly variable results at low manure levels, As the manure load increased, the yield increased and
variability appeared to decrease. With further increasing manure loads, yields decreased. Tilapia

Table 4.5, Mean fish yields from ponds receiving duck manure,

Mean net yield

(ky/ha/day)
Stocking
rate Manure load 1
{fish/ha) {mean, kg dry matter/ha/day) Tilapia Carp Totul
Experimant 8
10,000 55 3.7 19 75
80 48 1.7 6.9
20,000 54 4.4 2.2 6.6
&5 6.5 29 9.5
Experiment 9
10,000 82 8.6 28 1.9
136 8.2 25 1.4
20,000 81 129 19 15.0
136 11.4 25 14.2

1 . o R .
Also includes O. niloticus recruits and Channa striata.

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

The yields attained from Experiment 12, in which the bulk of the manure was added early in
the experiment, were the same as vields attained in experiments with more “even’ manure delivery.
This phenomenon requires further ivestigation,

N, PHOSPHATE, BODG AND TIBES TN THE MANURL

Nitrogen, phorphate, B({)DE,‘, and fiber content values for cach manure type were calculated
and yield was then plotted as a function of each of these components (Figs. 4.7-4.10). The N and
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Table 4.6. Mean fish yield from ponds receiving chicken manure.

Mean net yield

{kg/hal/day)
Manure toad Number of Tilapia
(kg dry matter/halday) chickens Tilapia Carp recruits Total?
5 250 85 2.1 0 10.8
10 500 8.5 2.7 0 11.4
15 750 6.3 25 0.4 9.3
20 1,000 111 3.5 3.5 18.2
61 3,000 14.8 5.2 0.5 20.6
97 7,500 >0 16.8 24 0 19.2
101 5,000 16.4 3.0 8.8 28.7
131 10,000 0 148 2.4 0 17.2
151 7,500 128 0.43 0 1322
202 10,000 18 0.33 0 12.1
1Numl)ur/hil, 7,500 =*0 anu 10,000 —*0 (decreasing to zero) occurred in Experiment 12,
Also includes Channa striata.
Carp recovery rate was very low, 20 to 22%,
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Fig. 4.4 Netyield of tilapia (Oreachromis nilo ticus) stocked at 8,500 {0) and 17,000/ha
(X} in duck-manured ponds.

phosphate values were used because they are major nutrients ‘or the phytoplanktor. BODg 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 {oads
and decreased somewhat as manure loads and vyields 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 have to be conducted 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 (Cyprinus carpio) from chicken-manured ponds containing
tilapia. ‘X’ points represent decreasing manure toad due to unavailability of chickens {Experiment
12) not used in regression,

carp, Hypophthalmichthys molitrix, was considered, but it was almost unknown and probably
unmarketable in the Philippines, so the more familiar milkfish, Chanos chanos, was used. However,
survival rates for the milktish were very low.

PREDATION

The initial pig-fish experiments included the predator, Channa striata, to control tilapia recruit-
ment. |t 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 density 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 ather fish (Experiment 4).
Recruitment was controlled at this predator level. An analysis of predator-prey relationships,
comparing these data with other published work, has been prepared (Hopkins et al. 1982). We also
used Clarias batrachus as a predator with limited success (Exneriment 14).
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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 and 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 fingertings probably because of competition/predation among the fry
themselves and between the fry and the brocdfish.

Table 4.7, Tilapia {lingert ng production from ponds receiving piggery wastes at the rate of 100 pigs/ha during approximately 50 days.

Broodstock wuith" Fingerlings harvcstedh
Stocking Harvest Mean wt Total wt Estimated
Pond (kg) (kq) (g} (kg) number
3 200 262 25 409 173,000
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 1,000 412 1.1 56 50,000

Tat stocking, all fish were at least 45 to 50 g; some were 150 10 200 g.
’Small fry and fingerl ags escaped through the drains except in pona no. 1 in which attempts were made to catch the small fish,

5. Fish Survival and 3rowth

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. Mortality will be minimal if high quality fingerlings
are carefully stocked into well prepared ponds.

Fish growth during an aq.aculture experiment is usually analyzed with a simple plot of length
or weight at time (Fig. 5.1). if the initial sizes are the sarne and the number of treatments s small,
some conclusions can be made. However, 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 a3 manure loads increased
until, at very high manure loads, growth decreased.

The problem with using mean growth over the whole pericd is that fish growth is highly
dependent upon the size of the fish. In absoluie terms, 10-g fish grow much 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 using a modification of a method by Pauly and Ingles (1981).

Pauly and Ingles” method is based on a multiple regression of the form:

G at b]X1 4 b7>(2 S h”Xn (5.1)

where G - average daily growth in length during the sampling period, X = mean fish length during
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the sampling period, and variables Xy = X, are factors which affect growth, while the a and by -
bn are coefficients from the regression equation. As shown in Pauly and Ingles (1981), the param-
eters L, and K of the von Bertalanffy Growth Formula (VBGF) of the form L= L (1—e— K (t=t, ))
can be estimated from this regression by equations analogous to those of Gulland and Holt (195Y)
ie.,

K= —b, (5.2)
and
L= {(a+ b2X2 + ... ann)/ —b1 (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 captured
fish were individually measured and weighed in bulk. The length data from these samples and some
lengths at harvest are presented in Aprendix C along with data on manure inputs and environmental
parameters during the sample period. Some preliminary analyses of growth using these data were
made. Nine independent variables were selected for inclusion in the analyses (Table 5.3). These
variables were evaluated in step-vise regressions using the Statistical Package for Social Sciencas
(Nie et al. 1975). Mean length was included in all regressions while the other variables were included
in the final regression only if the F-value from their contribution to the coefficient of multiple
determination was greater than 3. Tables 5.4 and 5.5 present the regressions for fish growth in
ponds receiving pig and chicken manure, respectively. The models were used directly to estimate
fish growth (G) over short periods by substituting the fol'owing term for mean length:

Xy = (L, +(T/2) G) (5.4)

whera X, == mean length, L, = initial length, T = number of days in the period and G = average
growth (increment) per day.
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Pond 2- 80 pigs/ha, 10,000 fish/ha
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Fig. 5.1, Examples of typical tilapia growth from the integrated pig-fish culture experiments {(Experiment 4),



Table 5.1, Mean titapia stocking and harvest weights and growth in integrated pig-fish systems.
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Mean Mean Mean
Stocking stocking harvest growth
Culture rate Manure load weight weight rate
period] {fish/ha) {kg dry matter/ha/day) (g) (g} {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 1.78
81 - 90 4 138 1.44
101 —- 110 4 141 1.45
20,000 31 - 40 4 62 0.60
41 -~ 80 3 89 0.91
51 — 60 3 69 0.68
61 —- 70 4 111 1.8
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 10,000 86 —~ 95 3 237 1.27
20,000 856 -~ 95 3 188 1.03
30,000 80 -~ 82 26 178 0.94

1Short = 88 to 104 days, long = 155 to 185 days.

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

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 stocking harvest growth

Poultry rate‘I Manure load weight weight rate
type {tish/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

Chickens? 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

i51 9 81 0.84

202 10 80 0.83

1/l\pproximately 85% tilapia, 14% carp, and the remainder Channa striata.

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)® In {g)

In {avg. manure input during sarnple period) In (kg/ha/day)
In {residual manure) In (kg/ha/day)
In (recruits) In {kg/ha)

In (carp biomass) In {kg/ha)
Pond size m?

Pond age® -

aEstimated by using mean length and the length-weight relationship presented in Appendix F. As weights were not normally
distributed, some bias may result from this method,
Manure added in the last 45 days but not including manure added during the sample period itself,
“New =0, 0ld = 1.

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

I, Independent variables included in equation

b Multiple Simple
Variable {coefficients) R R F value
Mean length —.00802 51846 —.51846 21.496
Pond age 06797 58394 .10202 32411
In {tilapia density) —.02565 60189 —.10046 9.355
In (recruits) —.00540 61053 —.43694 11.937
In {manure residual) —-.01369 62028 —.49387 12.883
In {daily manure input) 02530 62969 -.21827 8.297
Constant 35749
1. Analysis of variance
Degrees of Sum of Mean
freedom squares square F value
Regression 6 1.22994 20499 46.648
Residual 426 1.87201 00439

Equation 5.1 was then rearranged to:

G+[(T/2)b1G]= a+b1Li+b2X2+...ann (5.5)
For longer periods, it was necessary to estimate the VBGF parameters and use the VBGF to asti-
mate length at time. The value of K for the pig-fish data was 2.93 on a yearly basis while for the
chicken-fish data, K (per year) was 4.06. L., varied according to the values of the other parameters.
These equations did not cotain any variables whick would cause the downturn in growth abserved
at high manure levels because, due to cross-correlations, we were unable to enter variables which
could cause the downturn. However, this mettodology shows considerable promise as a means to
predict growth under varying conditions and tn identify factors which have a significant effect on
growth (or are closely correlated to factors wiiich 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

b Muitiple Simple
Variable {coefficients) R R F value
Mean length —.01112 55246 -.55246 21171
in {daily manure input) 02229 63149 35704 14.367
In (recruits) —.01185 .64981 —.24278 11.798
In {tilapia density) —.05504 .69458 -.32788 11.747
Constant 69907
. Analysis of variance
Degrees of Sum of Mean
freedom squares square F value
Regression 4 41019 .10255 23.637
Residual 101 44005 00436

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 we ter 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 'roject, 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/l considered necessary for substantial
phytoplankton produrtion (Bovd 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 receiving 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 NH., - 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, NH5. The
chicken-fish experiments showed the highest NH, - Nde levels. The maximum value in Table
6.3 is 2.4 mg/I. 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/l were measured within two
weeks of maximum manure loading (200 kg dry matter/ha/day). At high pH, the percentage of
unionized NH increased so toxicity increased, Also, low DO increased ammonia toxicity. Fortu-
nately, low dissolved oxyren levels occurred in the early morning when the pH was lower. As the
day progressed, photosynthesis increased oxygen levels and caused shifis in the alkalinity system so
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Table 6.1. Water quality parameters measused at the start of experimental periods,

Number
Standard experimerts
Parameter Mean deviation Range sampled
Alkalinity ! 97 42 41 - 1585 7
Conductivity? 231 - - 1
Nitrate! 0.10 0.03 003 - 0.10 3
Nitrite! 0.14 0.27 <001 - 0.55 4
Phosphate ! 0.21 0.26 <001 - 061 6
1mg/l.
HUmho/cm,
Table 6.2. Mean water quality parameters measured at the end of 90-day experiments,
Manure load Alkalinity Nitrate Nitrite Phosphate Conductivity
Animal type (kg dry matter/ha/day) {mg/l CaCO3) (ing/l) {mg/1) {mg/l) {umho/cm)
Pig 31 - 40 21 0.14 0.01 0.13 264
41 - 50 124 0.03 0.01 0.14 245
51 - 60 125 0.4 0.01 0.06 276
61 - 70 148 0.05 0.01 0.40 250
81 - 90 154 0.11 0.01 0.55 346
91 - 100 196 0.08 0.01 0.81 410
101 — 110 183 0.1 0.02 0.68 389
Duck 81 — a0 146 0.06
131 - 140 159 0.09
Chicken 5 — 6 0.10 0.01
10 — 1 0.09 0.01
15 — 16 0.13 0.02
20 - 21 160 0.13 0.01 0.11
60 — 61 174 0.06 0.03 0.04
101 - 103 137 0.11 0.01 0.04

the pH rose. An example of pH increases during the day is shown in Fig. 6.2. A shift of 1.6 pH
units as sinown in the figure could possibly change enough NH4+ to NH to cause mortality. This is
suspected to be the cause of poor carp survival at high chicken-manure levels.

DISSOLVED OXYGEN

Dissolved oxygen (DO) was probably the single most important water quality parameter and
the most difficult parameter to measure and describe adequately. The DO usually varied from the
top to the bottom of the pond. Also, it fluctuated diurnally and the amplitude of the fluctuations
tended to inerease as the manure loads inc sased, It was only in later experiments, starting with
Experiments 5 and 6, that a chart recorder and automatic stirrer for thie oxygen probe became
available, We were then able to monitor diurnal DO fluctuation.

Initially, we measured DO at dawn or shortly thereafter at a point 30-¢m deep which we
subjectively decided to be representative of the whole pond. In Experiment 17, DO depth profiles
were constructed at 10.cm intervals at 4 locations in each pond. One of the 4 locations included
the reqular sampling station. With these profiles, it was possible to check the accuracy of the reqular
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Table 6.3. Range and mean of early morning ammonis-ammonium concentrations and pH in ponds raceiving animal manures during

the experimental periods.

NH3 — NH4?
{mg/1) pH
Manure input
Anima' type (kg dry matter/ha/day) Range Mean Range Mean
Pig 31 40 0 - 0.225 0.063 68 - 82 176
1 50 0 — 0500 0.153 66 — 96 8.1
51 60 0 — 0.215 0.060 67 — 88 176
61 70 0 -~ 0.585 0.214 68 — 84 76
81 90 0 - 080 0.21 70 — 90 8.0
91 - 100 0 — 0.270 0.122 72 - 8.7 8.0
101 - 110 0 - 086 0.13 72 — 90 79
131 140 0 - 0.265 0.096 69 - 86 7.7
151 160 0 — 0465 0.110 73 - 84 78
Duck 81 90 0.112 — 0.545 0.238 64 - 88 7.7
131 140 9.115 —~ 0.651 0.256 67 — 90 7.7
Chicken 5 6 0.023 - 050 0.209 70 — 86 7.6
10 1 0.029 - 0.640 0.223 69 — 81 74
15 16 0.013 - 0500 0.200 68 — 81 74
20 21 0.012 - 0660 0.138 68 — 91 75
60 61 0010 -~ 2380 0.151 68 — 9.1 7.8
101 103 0.019 -~ 2.400 0.143 73 - 89 78
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Fig. 6.2. Fluctuations in pH aver the period 0800-1600 hours in two 0.04-ha 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 reguiar sampling station and an average
DO value computed from the depth profiles. Stratified samplec were taken from the available data
in an effort to have 20 observations in each DO interval of 1 mg/l. 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 coe ffic: snt (R) of 0.9786. The accuracy was
very good in the range of 4 to 8 mg/l 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 average
early n.orning 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/! and
averages of less than 0.4 mg/l 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 dissclved oxygen concentrations are usually used as an indicator of oxygen
availability in pond systems. Although such values indicate how low the DO fell, they do not
indicate 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/l in part A and 3 mq/l in B) and early morning DO.
With an early morning DO of 0.1 mg/! the length of time DO was below 0.5 mg/| varied from about
1.5 to 8.75 hours. A fish under conditions of 0.5 mg/l DO for 8.75 hours will certainly be under
more 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 cach pond being monitored or rescarch 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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Fig. 6.5. Relationship between average daily duck manure inputs and aversge vaily inuining dissolved oxygen
over 58- to 107-day culture periods in duck-fish integrated culture experiments,
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Table 6.4. Mean maximum dissolved oxygen measured during mid- to late afternoon in integrated livestock-fish ponds,

Livestock Manure foad? Number of Mean dissolved oxygen
type (kg dry matter/ha/day) samples {mg/1)
Pigs 61 - -0 1 15.0
71 — 80 4 159
81 — ¢n 3 16.4
91 - 100 3 15.3
101 - 110 10 16.7
Chickens 11 - 30 4 131
51 - 70 5 15.8
71 - 90 1 14.4
91 - 110 1 16.8
111 - 130 2 17.0

ﬂManum applied on preceding day.

Table 6.5. Organic matter in pond soils.

Sample pH % Ash % Organic matter
Al 6.94 89.8 10.2
B2 - 89.6 10.4
c3 - 95.7 43

1A: at start of experiments.
B: after the comipletion of Experiment 1 using pig manure.
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 200% satura-
tion while concentrations above 20 ma/l were occasionally encountered.

Manure build-up, except for a mound of fibrous material about 5-10 m in diameter and 10-cm
deep directly under the manure 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-
up is in contrast to integrated livestock-fish systems in China where build-ups do occur. Probably
the year-round high temperatures at the research site, which are conducive to bacterial decomposition
and rapid turnover of all except the fibrous matter, are the cause.

The pond-bottom respiration was measured six times in pig-Tish ponds receiving manure at a
loading rate of 100 pigs/ha. The respiration ranged from 21 to 80 mg 02/m2/hr with a mean of 49
mg 02/n12/hr {standard deviation 21.3 mgq Og/mz/hr).

7. Plankton

Plankton sampling and identification were carried out in some experiments. Attempts were
made 1o collect samples weekly or bi-weekly. Additional samples were collected during unusual
events, such as a very dense plankton bloom. A total of 143 plankton samples was collected as
shown in Table 1 of Appendix G.

The plankton were identified to genera whenever possible and unit counis were made (see
Appendix A for further details). To quantify the diversity, a Shannon-Weaver index and an gvenness
index were computed for the zooplankton and phytoplankton data separately. The equation for the
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Shannon-Weaver index (ﬁ) is:
H=—=2(n/N) /n (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/InS

where S is the 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 system:s.
The following characteristics were observed:

1) Major differcnices were found batween ponds treated identicaily; species composition and
densities could change in onty 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—Pediastrum, Scenedesmus, Coelastrum, and Chlorella; Cyanophyta—Microcystis, Lyngbya,
and Oscillatoria; Chrysophyta and Euglenophyta—F£uglena, Phacus and Trachelomonas (Appendix
G, Table 3). The most common and dominant zooplankton genera were: Rotifera—Brachionus,
Trichocerca, Asplanchna, Fitinia and Philodina; Cladocera--Moina and Diaphanosoma; Copepoda—
Cyclops, unidentified copepodites, nauplii, and harpacticoids (Appendix G, Table 6).

4) Mo 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 10and 12. Experiments 10and 12
were conducted during the dry season while Experiment 11 was conducted during the rainy season.

6) The most common and dominant phytoplankton genera in chicken-fish ponds were essen-
tially the same as found in pig-fish ponds except for these few additions: Closterium, Cosmarium
and Merismopedia (Appendix G, Tables 7.9 to 7.11). The only major difference in the zooplankton
populations was that Phiilodina 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 fertjlize 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 a detailed 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
reqularly for parasites,
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Samples of animal fecal material and fish were collected routinely during nig-fish Experiments
3,4,5,6, 13 and 14 and chicken-fish Experiment 10. The feces we re examined directly and after
concentration by flotation and sedimentation techniques. The fish samples were subjected to
thorough post-mortems and careful attention was focused on finding parasites which are zoonotic
to 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 fecal
material on a slide with a few drops of saline solution. 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 exam-
ined. In the flotation method, a fecal sample was added to a supersaturatec 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, the
whole gastrointestinal tract and its contents, and the body cavity. Initially, the fish were examined
externally and then the opercula were removed. A portion of the gills was cut from the gill arches
and 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 vas found, it was separated from the gill filament, transferred to a slide and
examined by comnound microscope. In the case of monogenetic trematodes, care ful attention was
given to avoid damaging the anchors and hooklets a- they are very important in identification,
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Table B.1. Fish parasite densities in five pig-fish experiments 2nd one chicken-fish experiment (Experiment 14).

Experiment number 3and 4 5 6 10 14

OREOCHROMIS JJILOTICUS

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

Cichlidogyrus densityd

Mode - 00-1¢ 1-2 00-1 00-1

Maximum - 2 1-2 34 0-1
CYPRINUS CARPIO

Number of fish examined 90 134 34 49 30

Percent infected 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

Number of fish examined 42 8 0 0 5
Percent infected 57 100 - - 80
Nematode densityb
Mature
Mean 4 4 —- - 44
Maximum 6 6 - - 8
tmmature
Mean 1 1 - - -
Maximum 2 2 - - —_

3 Individual parasites pe: gill filament,

Number of parasites per fish; probably Camaltlanus sp.

SWith this density rating system, the numoer of parasites per gill filament ranges bety ecn 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 filarnents are free of parasites.

Although no immature forms were noted, the mature female nematodes wrre gravid with large numbers of encapsulated embry-
anic 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:

TR-TOC

IRR = ~——t 2%
rCC+ 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 oxcavated fishpond
receiving piggery wastes. R7.40 = $1.00. Extracted from Hopkins et al, (1981),

Capital costs

ot Land clearing at R3,000/ha 3,000.00
b) Dikes 38,360.00
c) Drain pipe 2,600.00
d) Water inlet structure 150.00
¢} Storage building 3,200.00
f} Engineering fee, 6% of a) to e) 2,840.00
gl Pump 9,350.00
h) Buckets 3,920.00
i) Seine 2,772.00
1} Wheelbarrow 200.00

66,392.00

Operating costs

k} Land rent 1,104.00
I} Irrigation fee at R390/hafyr 260.00
m) Fingerlings at R0,15 each, 3.5 g each 6,000.00
n} Labor 555.00
o} Poison 21.00
p) Fuel 3,670.00
a) Maintenance 2,107.00
r} Equipment depreciation 2,565.00

b 16,282.00

Tabie 9.2, Equations for the computation of total capital cost (TCC) and total operating cost {TOC) in Philippine pesos for an
8-month production cycle for various pond sizes, R7.40 = US$1.00. Extracted from Hopkins et al. (1981),

Applicable pond size Equation
Pond type Water system {m<) number Equation1
Excavated Gravity 100 7575 1 In TCC=4.4102 + 0.7163 /In X
7576 - 50,000 2 TCC = 28497 + 2.7657 X
100 - 1,500 3 In TOC=2.7471 + 0.6952 /n X
1501 - 50,000 4 TOC = 989 + 1.0145 X
Excavated Pump 500 - 8,750 5 In TCC = 6.3324 + 0.5167 In X
8,751 -~ 50,000 6 TCC = 28908 + 3.6938 X
500 -- 1,200 7 In TOC=3.2777 + 0.6866 /n X
1,201 -~ £0,000 8 TOC= 1680 + 1.4592 X
Levee Gravity 100 - 1525 9 In TCC = 54568 + 0.6497 In X
1,626 -- 50,000 10 /n TCC = 6.2819 + 0.5371 /n X
100 - 2600 1" /In TOC = 3.0293 + 0.6856 iInX
2,601 - 50,000 12 TOC= 1899 + 1.013 X
Levee Pump 500 - 8,725 13 In TCC = 69539 + 0.4793 /n X
8,726 - 50,000 14 TCC = 49213 + 3.6533 X
500 - 1,450 16 /n TOC= 37882 + 0.6315 /r \{

1451 — 50,000 16 TOC= 2255 + 1.4679 X

1X =size of pond in mz, r >0.99.
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where TR = total revenue, TOC = total operating cost, TCC = total capital costs, and AWC :=

an estimate of average working capital. IRR is determined for the length of the culture perind and
should be corrected to an annual basis. This formula was suffi~iant for our purposes because the
depreciation and maintenance costs ircluded 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 |RR for
these operations.

7. Tointegrate a fish culture operation with the livestock operation based on the optimum
criteria already established; to prepare a budget for the whole integrated operation and determine
profit and |RR.

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

It must be eniphasized that all the analyses presented below were on Philippine systems and
refer to prevailing costs at the time cf the study. Integrated farming-system economics are highly
location-specific and the comparisons 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—tackyard, growing-operation only, and a com-
Ei 1ed breeding and growing operation, respectively. A summary of the conclusions of those papers
foliows:

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
fxcess manure should be disposed of in other ways.

2. When the number of pigs, rather than pond area is limited, manure should be used more
efficiently. Operating profit is maximized at 53 pigs/ha for ponds with gravity water systems and 67
pigs/ha for 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 the
operation (Fig. 9.1). Because of e :onomies of scale, operating profit and |RR increase as pond size
increases up to about 3 ha after which they stabilize,

4. A backyard piggery is profitable, IRR = 22%, if labor costs are excluded. This is a reason-
able assumption for family labor since the labor tasks are of short duration. A small combined breed-
ing and growing operation vyields about 19% IR R, but a growing operation only is a losing venture.

5. Integrating fish culture with the piggeries increases return on investment substantially for
all 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 grown for their eggs which are made into delicacies.?
There are two duck-rearing methods adopted by farmers, pasture method and confinement method.
In the pasture method, ducks are allowed to graze ir newly harvested rice fields. When a field has

3 Balut” -~ fertilized egys which are aliowed to develop almost to hatching before boiling; "'itlog na pula' —hard-boiled salted eggs
culored red and “penoy’’ —hard-boiled eqqgs.



Table 9.3. Annual costs and returns in Philippine pesos of three types ot integrated pig-fish farming systems, Nueva Ecija, Philippines,

1980 {RF7.60 = USS1.00}. From Sevilleja (1982) with slight modifications.
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Breeding
Growinq2 Backyard3 and growin,n4
l.  Piggery
Capital costs 62,000 2,282 95,000
Operating costs 158,300 5,077 170,570
Total returns 134,080 6,060 189,601
Net income (24,220) 983 19,081
Avy. working capital 52,769 2,113 7,107
IRR (%) - 224 18.7
1. Fishpond
Capital costs 47 802 5,403 52,791
Operating costs 18923 1,649 25,329
Total returns 44,720 4,788 68,904
Net income 25,807 3,139 43,575
Avg, working capital 3,155 344 4,222
IRR (%) 50.6 54.6 76.4
It.  integrated

Capital costs 109,802 7,685 147,791
Operating costs 177223 6,726 195,899
Total returns 78,810 10,848 258,555
Net income 1,587 4,122 62,656
Avg. working capital 55,924 2,457 11,329
IRR (%) 1.0 40.6 3.4

1Period was changed to annual basis from 8- to 10-month cycles in Sevilleja (1982). Average working capital was estimated and

inclyded in computation of IRR. Capital costs were reestimated.

80 pigs and 1-ha pond. 6 pigs and 0.12-ha pond. 4162 pigs of varying sizes and 1.3-ha pond.

60 - Excavaled,gravity

50 |- Levee,cravity

’g 40 |-
@ Excovated, pump
&
a /
3 30 Levee,pump
@
@
20

[o R A A S | e L 1 i
5,000 10,000 15,000 20,000 25,000 30,000 35,000
Pond Size (m?)
Fig. 9.1. Internal rate of return (1RR} into perpetuity as a function of pond size for four pond-

type/water-systern combinations receiving manure from 80 pigs/ha,
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been completely grazea, the ducks are moved to other fields. When pasture is unavailable, the ducks
are enclosed and fed a maintenance diet of rice supplemented with feed concentrates. In the confine-
ment method, ducks ace kept in cages or pens throughout their life. They are usually fed rice and
snails. This method s commonly practiced in areas where the main foed coinponents, especially
snails, are readily availsble, As only the confinement method is armenabte to integration with fish
culture, we considei only that method.

[ntegrating fish culturs with ducks reared in confinement son be eastly done by buitding a
fishpond adjccent 10 the duck house, The ducks are allowed aceess 1o the pond o forage. Any
manure in the duck house is collected and thrown in the pond,

Basic daw and information un duck rearing were based on Asuncion (1979 with costs and
values updated to 1980 prices. The averaqe farm which raised dlucks in confinement had 517 Jducks
totalling 775 xq. Stock comprised over 907 0F the initial capital costs {Table 9.4}, Costs and returns
are presented in Table 9.5,

Datly fresh manue output vom 774 ko of ducks was estimated to be 91 kgqor 11.777 of total
tive weight, Thic was equivatent to 39 ka dry matter per day (see Chapter 3). The limited vield data
from the Project’s duct. fish exporinents did not allow the computation ol a production function
relating yields 1o input loading. Therefore, the maximiunm nit yield of 12.9 kq/day of tilapia and 1.9
ry/day of carp attained with §2 ka dry duck rnanuresha/day war used as the “recommendoed”’
manure lcadimg rate. Laong ihis toading rate w4, 7607 pond was needed o accornmordate the
daily duck manure outpo,

Asummary budget o7 04 760 010 exeavatod pond using i grivity water system is presented
in Table 9.6 THE of the fish vperation is much tess than the TRR of the duck operation. Therefore,
if it is possibie to expand the duck operations, the farmer should invest in the exnansion of the
duck operation instead of integrating with fish culture. if however the duck eqgq market will not
allow fuither expansion or if the farmer wishes to reduce risk by diversification, the fish operation
is a good investment because its 18R s considerably higher than the current return on certificate of
deposit (157). The 1RR for an mtegrated duck fish ooeration is about 4075 per annwm (Table 9.7).

Our analyses did not consider the potential for reduced feeding costs by allowing the ducks to
forage on the pond because we did not have ennugh data to estimate the savings. Again, the change
inincome from integration is probably oimore significance than IRR maximization for farmers.

CHICKEN-FISH 5YSTEMS

The analyses of chicken-fish systemis were restricted to integrating fish culture with cage
snAntre TGN 10 ewing e sane proceaures used on the Project. However, the methodologics
used in the analyses can be easily adapted for a layer operation,

Chicken manure can be readily sold in the Philippines as fertilizer tor tishponds or agricultural
crops. Thus, incontrast with pigand duck manure, it was essential to assinii o cost to chiicken manure
used in the fish culture component of an itegrated chicken fish farm, Therefore, maximizing fish
output will not always maximize profit.,.

The chicken farms were classified into "wo categories: those farms having large numbuers of
chickens and only a sieall area fo, ponds; and those farms with limited nomber of chickens relative
to the potential pond <ize. Inihe T cateqger s cwe camputed the number of biids {manure loading
rate) which would masoanize operating profis and (BB Tor e ond ee In the Second categary,
we compuited the pond sieyineh wonld mas i operativepprobin and TR far o given namber of
chickors At npossionlity of lrnited capital wias not analy sed

Fhe nambers of chickons wirich would e opetatinng profbt for aiven sizes of pond gre
shown in Tabile 96 Tive manure loadmeg rites which yaetded ma<imim Gpesatiog probin Hootgated
around 4,400 chickens ha of pond 1R for o grven pond e was mesnied gt essentodby the same
loading rates



Table 9.4. Averoge capital investment of backyard duck 0gg
production ma. 1od in Nueva Ecija, 1980. {Confinement method -

517 birds)
Item Cost
{R)
Stock 10,340
Building/laying house 409
Water trough 63
Feed trough 80
Trays 9
Lighting facilities 54
Screen/fence 136
Total 11,091

Taole 3.5. Annual costs and returns of confinement rearing of

517 ducks in Nuegva Ecija, 1980.
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Table 9.6. Annual summary budget for a 4,760-m2 axcavated fish-
pond stocked with 20,000 fish/ha. Water fiow is by gravity and
nutrient source is 39 k j dry duck manure/day.

Item Cost Item Amount
(R) (R)
. Operating costs Capital cost! 35,448.00
Operating cost2 8,727.00
Variable costs
Total revenue 20,435.00
Labor 4,257
Feeds: Tilapia3 17,793.00
Palay {unmilled rice) 27,080 Carp? 2,642.00
Cencentrate 152
Srnails 24,709 Net income 11,708.00
Stock replacement 1,500
Mortality 1414 Average operating capital 1,455.00
Drugs 24
Electricity 122 IRA (%) 31.7
Repairs and ynaintanance N
Interest on loans 642 1Based on equation in Table 9.2,
“Based on equation in Table 9.2 corrected to an annual basis.
Fixed costs Assumes L-g initial weight, 17,000 tilapia/ha, 3 stockings
per annum, et yield of 12.9 kg/ha/day and 270 culture days,
Rant {land} 281 mortality is minimal, price = P10/kq.
Depreciation 183 Assumes 5-q initial weight, 2800 carp/ha, 3 stockings per
Land tax 7 annum, net yield ol 1.9 kg/ha/day and 270 culture days, mortality
ts minimal, price = PS/kg,
Total costs 60,402
1. Returns
Table 9.7. Annual summary budget for a duck-fish farm with 517
Egg sales 65,968 ducks and o 4,760~m? fishpond, Nueva FEcija, Philippines, 1£80.
Stock sates 463 T e e e .
Others! 3919 Amount (R)
Component
Total returns 70,350 Item Ducks fishpond Integrated
L. Netreturns 9.04g
Capital costs 11,091 35,448 46 539
Avg working (:u[)im|2 6,000 QOperating costs 60,402 8,727 69,129
Total returns 70,350 20,445 90,785
V. IRF (%) 589 Net income 9,948 11,708 21,656
e - Av. working capitel 6,000 1,455 7,455
1ln(:ludo tggs and stock consumed at home and given away . 317 101

“Estimated at about 10 percent of total costs.,

IR %)

by 2
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Table 9.8. Number of chickens and chicken density which maximize gross profit from a given size fishpond.

Given Chicken Operating

pond size Number of density profit IRF{‘l

(m2) chickens {no./ha pond) (R) (%)
500 225 4,500 774 88
750 325 4,333 1,519 15.4
1,000 450 4,500 2,331 19.3
1,500 650 4,333 4,074 25.2
2,500 1,125 4 500 7,966 34.2
5,000 2,200 4,400 17,661 46.0
7,500 3,325 4,433 27,360 53.2
10,000 4,400 4,400 37,051 62.6
20,000 65,900 4,500 75,842 84.6
30,000 13,500 4,500 114,618 95.5

40,000 17,800 4,450 153,415 101.9

1P0r annum, stocking density = 20,000 fish per ha, 3.5 crops per year.

Table 9.9, Pond size and chicken density required to maximize internal rate of return (IRR) for ponds receiving manure from a given

number of chickens.

Given Chicken Operating
number of Pond size density profit IRR!
chickens {m2) {no./ha pond) (R/annum) (%)
100 410,000 < 250 - -
500 40,000 < 250 - -
750 40,000 L 250 - -
900 30,000 300 41,080 344
1,000 17,500 570 29,173 35.7
3,000 14,000 2,140 42,944 60.3
5,000 19,000 2,630 64,076 74.2
7,500 25,000 3,000 88,788 848

10,000 30,000

3.000 110,142 919

Per annum, stocking density = 20,000 fish per ha, 3.5 craps per year.

When the number of ehickens was limited, the densities which maximized 1RR increased as
pond size increased (Table 9.9). With a low number of chickens, our mathematical model "“selected’’
values below 250 chickens/ha as optimum. However, we have not tested levels lower than 250
chickens/ha and there was considerable variability at these low loading rates, It is suggested that
rates less than 500 chickens/ha should not be sed. Yields are not predictable at lower loading rates,

The relationships in tables 9.8 and 9.9 are difficult to visualize from the tables alone. Three
examples are provided. In Fio, 9.2 we first plotted the chicken density which maximizes IRR for
given numbets of chickens (the cirve) . We then overlayed a line at 4,400 chickens/ha which was the
density which maximized THR for a given pond size. Higher densities reduced yields.

Hopossible, the farmer shoald operate such that he uses el his available Tand and a chicken
density of 4 400 chickens ha or all of hiy avabable chickens (manure) and o pond size which would
Cgive” adensity oo the lower curve. Sometines thee coordination of available fand and chickens
would yield a density which Hies bhetween the corve anid the Tine. The farmer should then use the
available Tand and manue to maximize his TRIL

Examples:

LA farmer has 6,000 chickens and 0.5 ha of tand availablee for a fishpond. As the maximum
profitand IRB for 4 0.5 ba pand are attained with 4,400 chickens/ha (upper line, Fig. 9.2}, he
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Fig. 9.2. Chicken densities which maximize 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 Jand available for ponds. Since the number of
chickens available is limited, the lower curve in Fig. 9.2 shouid be followed. To maximize IRR for
the 3,000 chickens, a derisity of 2,140 chickens/ha should be used. Therefore, the farmer should use
a 14,000-m2 pond,

3. A farmer has 2,000 chickens and 6,000 m? available for pond. At 4,400 chickens/ha, he
would need 2,640 chickens. On the other hand, using the curve for a limited number of chickens, he
should use a pond 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 conzerned with integrating a fish-culture operation with an
existing chicken farm. Therefore, only the IRR for the fish-culture operation was computed. When
starting an integrated chicken-fish farm (i.e., a farm in which the chicken operation does not yet
exist), the IRR 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 broiler
operation are shown in Tables 9.10 and 9.1 1, respectively. Estimated IRR was relatively low,
13.3% per annum,

The iterative program which computed operative profit and IRR for the fish operation was
modified to include the costs and returns of the chicken operation (based on a per chick basis) in
order to compute the operating profit and |RR for the whole integrated chicken-fish farm operation,
When building a new integrated chicken-fish farm, the suitaiz!e area for fishponds will probably be
the main limiting factor. The numbers of chickens required to maximize IRR of the integrated
chicken fish operation for given sizes of pond have been computed (Table 9.12). As pond size
increases, the manure loading rate should decrease. The reason for this is that the fish operation is
more profitable at large pond sizes than the chicken operation. Therefore, the manure 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 is the 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 cagedchicken broiler
farm in CLSU, Muioz, Nueva Ecija, Philippines, 1981.

Item Amount {R)
Building! 12,370.00
Chicken cuges? 15,560.00
Total 27.930.00

1Assumes ratio of building floor area to area withir 3-tisred
cage is 0.69 and the cost/m< of floor area equsls R250. Seven
years useful life,
3-tiered cages complete with lights, fesders, and water troughs.
Assumes 1/3 of flock is chicks, Densitiss are 30 chicks/m2 and 11
larger birds/m2 within the cage; cost/m2 insidd cage = R217,
Five years useful life.

Table 9.11. Cost and return analysis for a 1,000 caged-chicken broiler farm in CLSU, MuRoz, Nueva Ecija, Philippinas, 1981,

Amount (R)
Fixed cost

Caga depreciation 3,112.00
Building depreciation 1,767.00

Variable cost !

Chicks, 7,000 st B3.35 each 23,450.00
Feeds?2 48,510.00
Labor3 2,170.00
Drugs and muodicine 4,550.00
Electricity? 1,890.00
Delivery costd 910.00
Miscellaneous® 350.00
Total cost
Revenues
Chickens’ 90,580.00
Chicken manure ond feed sacksS 6317.00

Net income

IRR (%)

4,879.00

81,830.00

86,709.00

91,210.00
4501.00

13.3

1 .
Assumes 7 crops par year,

Average ferd conversion = 2.57:1; average size of harvested birds = 1.16 kg; nverage size of mortalities ~ 057 kg, cost of fend =

P).E)‘G/k,q; 1 US% P8,
“P2.63/hour.
‘;l watt/chick, 24 hrs/day for 15 days, 20.75/kw.
“Labor and fuel at P40/300 chickens in 10 km radius.
_’lnrludm electric bulbs, recond hooks, brooms, ete.
Harvest size 115 kg, 90% survival, Price = R12.50/kyg.
Chicken manure price - P3/50 kg sack with 60% dry mattar, 0.0205 kg dry matter/day /bird; sock price = P1/hng.
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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

Chicken
Pond size Number of density Net IRR
(m2) chickens {no./ha) income (%)
500 225 4,500 1,782 11.9
750 325 4,333 2974 14,2
1,000 425 4,250 4230 159
1,500 660 4,000 6,728 18.4
2,500 800 3,200 11,077 219
5,000 1,400 2,800 22,243 259
7,500 1,900 2,533 32,392 279
10,000 2,500 2500 43,444 30.1
20,000 3,750 1875 75,263 346
30,000 5,000 1,667 106,203 36.6
40,000 6,000 1,500 133,707 37.7

1/\ssurnns 3.5 ninety-day fish culture cycles per vear 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/hza 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 a
definitive ranking of integrated farming systems. It merely illustrates the options under Philippine
conditions at the time of the Project.

The nost obvious way to compare the different livestock-fish systems is to compare maximum
IRRs. However, since maximum | RRs of the integrated systems were computed only for chicken-fish
systems, our tentative conclusions were based on relative magnitude of the |RRs of the separate
livestock and fish-culture components.

Duck raising is more profitable than a backyard 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 is site-specific requiring a large market in which to sell
the relatively high-priced duck eqggs.

A major concern when trying to develop a “‘new"” agriciiltural or aquacultural method into a
viable industry is the capital intensity of the method. This is particularly 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 m? to 1,500 m? in size in order to be profitable. Example budgets for livestock-fish systems
with a small pond, 1,200 mz, 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 R23,100. These costs could be reduced
considerably if free labor was provided.

TASTE TESTS

Two taste-test experiments were conducted, one for fish raised in pig-fish ponds and the other
in duck-fish ponds. Fish grown in ponds fertilized with inarganic 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
steaming. One fish from each treatment {manure level or inorganic fertilizer) was placed in each

platter. The fish were coded so the taste panel could not identify them.
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Table 9.13. Budgets for integrated livestock-fish systems with 1,200-m2 ponds. Animal numbers selected to yield at least 15% IRR

per annum.
1 Amount (BR)
Item Pig-fish Duck-fish1 Chicken-fish2
Number of animals 6 130 275
Capital cost
Livestock component 2,282 2,796 7,673
Fish component 13,211 13,211 13,211
Total 15,493 16,007 20884
Operating ccst (per annum)
Livestock component 5,2509 15,227 23,845
Fish confponent3 3234 3,234 3,880
Total 8,484 18,461 27,725
Average working capital5
Livestock component 2200 1,512 1,703
Fish component 539 539 554
Total 2,739 2,051 2,257
Hevenues6
Livestock component 6,060 17,735 25,083
Fish component 5,286 5,152 6,175
Total 11,346 22887 31,258
Net income 2,862 5,073 3,633
IRR (%) 16 28 15
I3 ninety-day fish cycles per annum,
33.5 ninety-day fish cycles per annum.
4Based on Table 9.2,
5Labor costs included,
6/\ crude estimate based on operating cost and length of culture cycles.

Tilapia at P10/kg; carp at BS/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

9 — Very good

8 — Good

7 — Slightly good
6 — Fair

5 — Slightly fair
4 — Slightly poor

3 — Poor
2 — Very poor

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 further supported by our observations made during the 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 fertilized

with inorganic fertitizer and pig manure. with inorganic fertilizer and duck manure.
Score Score
Manure input Manure input
tnorganic fertilizer (pigs/ha) Inorganic fertilizer {ducks/ha)
Panelist input {16-20-0) 49 60 Panclist input {(16-20-0) 750 1,250
1 8 5 7 1 5 9 9
2 6 3 8 2 6 6 10
3 10 9 9 3 7 9 10
4 4 10 10 4 6 9 9
5 8 7 9 5 6 8 7
6 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/ha.

Amount Percent dry Percent Crude protein
Item {kg) matter nitrogen® {kg)
Inputs
Starter ration 228 90 3.51 45
Grower ration 1914 90 214 231
Finisher ration 2,193 90 2,08 257
Total waput £33
Outputs (net)
Pigs {whole) 912
carcass 6840 50.7¢ 4.42¢ 93
Tilapia (whole)d 338
carcass 287¢ 77.4f 12.3f 50
Carp {whole) 63
carcass 54¢ 75.69 11.89 10
Total output 153

aDry matter basis,

)szmge dressout percentage = 75 (Lawrie 1979).

Based on Paul and Southgate (1978).

‘ Includes small titapia (recruits) . They are eaten in the Philippines.
“Estimated average dressout {gut, qills and scale removed) of 85%,
Winfree and Stickney (1981)

ISidwell et al. 11974).

well aware of the nutrient source for the ponds. 11 is often suggested to hold the fish grown in
manure ponds overnight or for o few days in “clean’” water to allow them to “‘clean’’ themselves out.
The Project initially did this but stopped when the buyers wanted to take the fish directly from the
pond. Immediate sale minimized both labor and weight toss during holding (10 to 15% in 14 hours).
The fish should be removed from the pond alive and rinsed before sale. The only complaints received
about bad tasting fish occurred when the fish had died in the pond mud during harvest or were
inadequately rinsed before sale.
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PROTEIN JTILIZATION

In the literature of scarcity, the incongruity of feeding large amounts oi protein feed stocks to
livestock instead of to humans appears frequently. The fact that most people prefer eating meat to
eating feed stocks is o ften overlooked. Integrating fish culture with livestock rearing would blunt
some of the criticisms by producing more nalatable proiein from the same amount of feed stocks.
Table 9.16 presents a crude protein budget for a pig-fish system based on Experiments 3 and 4.
The protein efficiency of the pig operation was only 17% Integrating fish culere with the pig
operation increased protein efficiency to 297 .

19, Summary

During the four-year research of the CLSU/ICLARM Integrated Animal-Fish Farming Project,
18 major experiments were conducted which showed the potential for producing high yields of
tilapia and carp while disposing of livestock manures. A brief suminary of the findings follows:

1. Manure output by pigs was a function of both animal size and ration type. The manure
ourput could be estimated by two equations:

Grower ration Y 235541 420214 (i X

Finisher ration Y 8.452 0.04957 X
where Y daily fresh manure output as a percentage of pig weight and X pig weight in kilograms.
Different output levels would be expected if different feed brands o, compositions are used.

2. Atvery low manure loads, fish yields tended to be Tow. As manure loads increased, average
fish yield increased but variability was also high. As the loads increased further, average fish yield
increased towards a maximum but variahility decreased. 1f manure load increased still higher,
average yield then decreased and variability increased, A probable explanation is that at very low
manure levels, nutrieras are limited and only a small response is possible. When the amount of
nutrients increased, productivity increased and natural variability of these systems allowed both
high and low vields to be attained. At still higher manure loads, there were so many nutrients
available that high viads were almost always attained. The maximum vield 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 1% 20 kyg/ha/day of marketable tilapia and 5-8 ky/ha/day of carp were achieved.
Atvery high manure loads, growth decreased, probably due to low dissolved oxygen,

3. A new pond gave lower yields than older ponds. A residual effect from manuring may
have existed, or ponds previously manured may have already contained bacteria and plankton
species which grew well under conditions encountered in manured ponds,

4. Increasing the fish stocking density from 19,000 to 20,000 and then to 30,000 fish/ha
(= BSY tilapia, 157 carp) increased fish yields,

5. Allowing tilapia recruitment to oceur increased yield substantially by increasing the
number of fish, 1f the recruits could be utilized le.q., for restocking, animal feed, or sale if the
market accepts small fish), average total vields in oxcess of 23 kyg/ha/day could be attained (10,200
kg/ha/annam).

6. Maximum vields attained with chicken and pig manures were similar. Manure foads at
maximum vield were approsimately 100 g vy matterha/day for both chickens and pigs. At low
manure loads, chicken manvire was more offctive than prymanure. Yields with duck manure were
somewhat tower,

/o Predator prey catios s commotily aned i agquaclire were o metlective o contiofling
recruitient i stocking densiio. oo ricaily

S AU least 2500 tven ran finagerimags conde be preoduced per ha et day from ponds ieceiving
pivgery waste:,

9. Growth of individual fish was Taster o1 lowor stocking densities. Mean growth rates above
1.5 g/day /fish were attained.
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10. Multivariate equations based on a modification of the ““Gulland and Holt Plot”’ of the form
b:a+b1 X, +b2 )(2+...bn Xn

where b = average daily growth during period, X, = average fish length during period and X, > X,
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/! were occasionally measured at high
manure loads. However, the relatively high alkalinity > 100 mg/I CaCOg, kept the mean pH at 8.1
or below, so most of the ammonia stayed in the less toxic, ionized, NH4+ form.

12. Early morning dissolved oxygen was inversely related to manure load with concentrations
below 1 mg/l 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
described 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 did 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. Aiso 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 phytoplankters in pig-fish ponds were Pediastrum, Scenedesmus,
Coelastrum, Chilorella, Microcystis, | yngbya, Oscillatoria, Euglena, Phacus and Trach: 'omonas.
The most common zooplankters were Brachionius, Trichocerca, Asplanchna, Filinia, Philodina,
Moinu, Diaphanoscma and various copepods. Chicken-fish ponds had essentially the same plankters
with addition of Closterium, Cosmarium and Merismopedia. Philoding was not found in the chicken-
fish ponds.

18. No parasites zoonotic to livestoc'< or hurnans were found during reqular 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; Ductylogyrus in the carp, and a nematode (probably Carnallanus sp.) in Channa
striuta,

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 and internal rate of return are highly dependent on pond size. Ponds
much below 1,000 m? are not profitable while returns in excess of 70% and 90% per annum are
possible with large pig-fish ponds and chicken-iish ponds, respectively.

21. The integration of fish culture with pig or poultry rearing significantly increased the
operating profit and IRR over that ;.ossible with the livestock operation alone. The fish coinponent
of a duck-fish farm was less profitable (IRR hasis) than the duck component but the contribution
to net income was very important.

22, Tuaste tests and observations mace during sales of Project fish showed that fish grown in
manured ponds were preferred to those grown in ponds fertilized with inorqanic fertilizer.

23. TTheinteyration of fish culture with pig rearing increased the crude protein efficiency
{crude protein output/crude protein input) from 17 to 29°%.

There are still many arcas needing further clarification. The main areas are:
1. How much of the fish yield can be attributed to feeding on phytoplankton; how much is
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from direct feeding on the manure; and how miuch 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. I 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. lsit possible to model reliably the very complex processes in ponds receiving livestock
wastes and predict 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 according
to recommended Philippine practices and fed a commer-
cial ration at 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 days in these experiments.
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6. Fish were measured reqularly and monitored for
parasites.

7. Experimental livestock were kept “parasite free’”
8. Oreochromis niloticus [male (upper) and female
(lower] | comprised 85 of fish stocked in cach pond.,
9. Common carp (Cyprinis caupio) comprised 14% of
the fish stocked.
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10. Snakehead or mudfish (Channg striata) made up the
remaining 1% of fish stocked in niost experiments,
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16-17. For economic analysis, a period of two months
was added to the production cycle to acco'int 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 predatory snakehead were included in
experimental stocking, vyields were higher—equivalent
to over 10 t/ha/yr—due to spawning and recruitment
during the cycle.

20. A tasting panel found that the fish grown in manured
ponds were preferable to those grown in ponds usino
inorganic fertilizer,
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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-Ammonium - Orion model 95010 ammonia electrode used with Orion Model 407A specific ion meter.

Conductivity — Hach mcael 16300 portable conductivity meter.

Nitrate - Phenoidisulfonic acid method (APHA:AWWA:WPCF 1971, pp. 234-237) using a Bausch and Lomb
Spectronic 21 spectrophotometer,

Nitrite — Sulfuric acid method (APHA:AWWAWPCF 1971, pp. 240-243) using a Bausch and Lomb Spectronic 21
spectrophotometer.

Orthophosphate - Ascorbic acid method (Lind 1979, pp. 64-65) using Spectronic 21 spectrophotometer.

pH — QOrion model 91-02 combination pH electrode with Orion model 407A specific ion meter,

Oxygen (dissolved) — Polarographic sensors with Clark-type membranes with built-in thermistors for temperature
measurerment and compensation. For measurements at one point in tirne, Yellow Springs Instruments (YSI)
model 5739 dissolved oxygen probe with YSI model 54A oxygen meter at approximately 30 cm below water
surface. For continuous measurements, a YSI model 5795A submersible stirrer and a chart recorder were used
in combination with the nrobe and meter. 1f oxyqgen concentrations approached or exceeded 20 mg/l, water
samples were collected and DO determined using the standard Winkler method (APHA: AWWA:WPCFE 1971,
pp. 477-478 w/o azide). The probe accuracies were regularly checked using the Winkler method and a standard
calorimeter thermometer.

Temperature - Early morning water temperature was measur ed using the thermistor in the YSI model 5739 dissolved
oxygen probe with 4 YSE model 54A oxygen meter at a depth of 30 cm, Maximum and minimum water
temperatures were measured using a Tyler maximum and minimum registering Jermometer.

Visibility - 20 e diameter Secchi disk.

PLANKTON
A compasite sample totalling approximately 30 1 was collected from several points in the pond using buckets,

A 4- 1o 10- subsample was oo and ltered through a No. 150 mesh (106 um) sieve. The filtrate was then filtered

again through a No. 400 (38 pn) sieve. The residues were washed from the sieves into separate bottles and 10%

formalin added to the botttes Sample volume was measured and a 1-ml subsample was placed in a Sedgewick-Rafter

cell which was calibrated using a stage micrometer and examined at 100x {10x object and 10x ocular) using a

Whippte disk. Plankton were identified using Mrescott (1970), Pantastico (1977}, Edmondson (1959), Mamarii

{1978). Field counts were made using plankten units.

Primary productivity was measured using the light-dark bottle method. Bottle were placed vertically at 1-11
cmdepth, 13-23 cm, 26-36 cm, 40.50 cm. The bottles were placed in the water at 1100 hours and removed at 1300
hours. Oxygen concentrations were determined using a YSHmodel 5720 BOD bottle probe and a YSI model 54A
oxygen meter. 1 DO exceeded 20 mg/, the Winkler method was used.

FEEDS, MANURES AND SOILS

Ash - Qvercdried sample at 550 °C for at least 4 hours,

Fiber (Crude) - Dugestion with mitd acid and alkaline solutions in a Labconco crude fiber condenser (AQAC 1970,
pp. 129-131).

Lipids — Direct ether extraction using Lab-line soxhlet-type extraction rack (AOAC 1970 p. 128).

Nitrogen - Kjeldahl method (AOAC 1970, p. 123).

Organic matter -+ Dry matter minus gsh,

Phosphorus {Total)  Neatral I‘\JH‘1 F-Soluble phosphorus as in Swingle (1969).

Water - Oven diying of samiple ot 105 °C for 24 honrs {manures and <oils) or 6 hours (feeds).

Al these analyses (except waten were made with approximately 2 gram triplicated samples (rarely duplicated only).

Oxynen demand (Biochemical) - 24 hour BOD using distilled water enriched with a phosphate buffer, magnesium
sulphate, calcivm chloride and ferric chloride. DO was measured using 4 YSI model 5720 BOD hottle probe and
YS1model 54N oxygens meter. BOD bottles were incubated at room temperature.
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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 - Daly 0800 using roof-mounted Lambda Instrument Corp. model 1L1-2008 pyrancmeter, sensor and LI
500/200m integrator (langleys).

Rainfall -~ Daily 0800 to 0800 using a standard rain gauge and rain record o (mm).

Temperature (air) - Maximum-minimum reqistering thermometer at 0800 and 1700 hours (7C).

Wind (speed and direction) - Wind vane at 0.3 m above ground and cumulative wind dial (km/day).
The weather data are from the CLSU/PAGASA Agromat Station which is approximately 1 km from the

Project pond area,

FISH SAMPLING

The fish were sampled a0 stocking, requlatly throughout the experimental periods, and at harvest. Random
sampdes of 50100 0 niloticus and ¢ carpio were taken at stocking. The total fength and weight of each fish were
determined. AlL ol the Chianrmg striaty stacked wore measured Additionally bulk weights and counts were made for
each species,

Sampling to determine growth tates was usually conducted biweekly. Ponds were seined and, as a general rule,
atdeast 4050 of the coptured tilapiy and 2l of the captured carp and Channa striata wers weighed and measured.

Fish haivest was effected by first lowering the witer tevel, seining to 1 move most of the large fish, and drain-
ing the pond completely in order 1o collect the remaining fish. The tilapia were sorted into “original stock’ and
recruity. Bulkowaights of both tilapia qroups, the carp and Channa striata were taken. The larger fish were individually

counted whiie o <ubsaniple of the tecruits was weighed and counted. Approximately 5-10% samples of each species
were individually weighed and measured. All sampling during later experiments measured only total lengths of

sampled fish because length weight relationships allowed estimation of individuat weights.,



Appendix B
Fish Stocking and Harvest Summaries
The table on the following pages contains the stocking and harvest data for every completed experiment, Also
included is a summary of the nutrient inputs and the more iimportant water quality data. The following is a listing
and explanation of vach category in the table. An entry in parentheses indicates an estimate.

Category Explanation

Experiment Mumber (Exp. No.) — See chapter 2 for experiment deseriptions
I

Pond Number {Pond No.) ~ Ponds 1-12 are 1,000 m? while Ponds 13-24 are 400 m?
Animal Type — Pig, chicken, duck, F (inorganic fertilizer) or none
Days - Length of culture period in days. 1 dates are desited, the start of the first

sampling period (Appendix C) usually corresponds to stocking and the end of

the last period to harvest.

Do = Average early morning dissolved oxygen {mg/])
Temperature (Temp.) -~ Average carly morning water temperature {°C)
N, - The number stocked {#/ha)

W, - Average weight at stocking (g

Total biomass ~tocked (ikg/ha)

N, - The number harvestad (#/ha)

% S - Percent survival

Wh - Total biomass harvested (kg/ha)

Wh - Average weight at harvest (g}

Y - Netyield (ka/ha)

Y/d — Daily netyield (kg/ha/day)

R, Recruits captured and removed during sampling (kg/ha)

Rh - Recruits captured at harvest {(kg/ha)

xR ~ Total recruits {(kg/ha). In Experiment 2, no data regarding fingerlings were con-
tained in the records so 7ero was entered into this table.

Manure - Cumulative total of manure added to ponrl (iUr‘iﬂ{] experiment (kg dry matter/ha).

This can be converted to nitregen, phosphate, potash, fiber, or biochemical
oxygen demand by multiplying by the appropriate constant (Table 3.2). The
nutrient input levels for inorganic fertilizer were 0.53 kg N/day and 0.67 kg
POd/day.
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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 narameters and weather observations. The table was computed
using hand calculators and reviewed several times 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

WINC

MEAN AMDO
AMDO L1

See Chapter 2 for experiment descriptions

Ponds 1-12 are 1,000 m? 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 tortal length at the end of period {cm)

The numbei of tilapia (initial stock) harvested. This is considered 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 artilizer), or none

Average number of animals present (#/ha).
Average daily biomass (kg/ha).

Average manute load (kg dry matter/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 leveis for inorganic fertilizer were 0.53 kg N/day and 0.67 kg PO4/day.

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

= —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 size
{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/l)

Percentage of days in which early morning dissolved oxygen was below 1 mg/l.
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AMDO L0.5 — Percentage of days in which early morning dissolved oxygen was below 0.5 mafl.

NH,; —NH, — Average ammonia-ammonium concentration {mg/l).
PRIMARY PROD. — Average primary productivity {mg C/m?/hr).
SECCHI DISK — Secchi disk visibility {cm).
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Fish Growth and Water Quality Summary 67
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MEAN 'M  BRIGHT MEAN RAINFALL  wIND MEAN DAYS AMDGC ANDO NH3=Nh4  FRIP/IwY SCCHI
TENP SUNLIGHT LIGHT AMDO AMDO L1 L GaS koL L1sy
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Appendix D
Project Technical Personnel

Date

6/1981 — 12/1981

1/1978 — 12/1981

5/1979 — 12/1981

5/1979 — 5/1981

7/1978

2/1980 - 10/1980
5/1979 — 11/1979
9/1979 — 12/1981
1/1980 — 12/1981

5/1978 — 12/1981

1/1979 — 5/1979

7/1979 — 12/1981

5/1981 - 12/1981

4/1979 — 12/1981

6/1979 — 12/1981

3/1978 — 8/1978

6/1978 — 6/1979

11/1980 - 12/1981

Position

Research Assistant {Livestock)
Project Co-Leader

Assistant Chemist

Research Aide {Fish)
Consultant

Graduate Student Intern
Graduate Student Intern
Project Co-Leader

Affiliate Scientist (Economics)
Chemist

Research Assistant {Fish)
Research Assistant {Livestock)
Research Assistant {Fish)
ICLARM Aquaculture Program
Parasitologist

Consuitant

Research Assistant {Livestock)
Study leader (Economics)
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Appendix E
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Cruz, E.M. and K.D. Hopkins. 1980 Tests on the integration of pig and fish production. /n Animal Production
Systems for the Tropies. International Foundation for Science Provision Report No. 8, Stockholm, Sweden,

Cruz, E.M. and K.D. Hopkins. 1981. Utilization of untreated pig manure in freshwater fish culture. Philipp. J. Vet,
Animal Sci. 4.

Cruz, E.M. and Z.H. Shehadeh. 1980. Preliminary results of integrated pig-fish and duck-fish production tests,
p. 225-238. In R.S.V. Pullin and Z.H. Shebadeh (eds.) Integrated agriculture-aquacutture farming systems.
ICLARM Conference Proceedings 4. 258 p.

Hopkins, K.D. 1982, Outstanding yields and profits from fivestock —-tilapia integrated farming. 1ICLARM Newsletter
5(3): 13.

Hopkins, K.D. and E.M. Cruz. 1980. High vields but still questions: three years of animal-fish farming. ICLARM
Newsletter 3(4): 12-13.

Hopkins, K.D., E.M. Cruz, M.L. Hopkins and K .C, Chong. 1981. Optimum manure loading rates in tropicai fresh-
water fishponds receiving untreated piggery wastes, p. 15-29. /n The ICLARM-CLSU integrated animal-fish
farming project; poultry fish and pig-fish tiials. ICLARM Technical Reports 2. 29 p.

Hopkins, K.D., D. Pauiy, E.M. Cruz and J.H. van Weerd. 1982. An alternative to predator-prey ratios in predicting
recruitment, Meeresforsch, 29: 125-135,

Sevilleja, R.C. 1982. Economic analysis of integrated pig-fish farming operations in the Piiitippines, p. 75-81. In
Aquaculture Economics Research in Asia: proceedings of a workshop held in Singapore, 2-5 June 1981.
International Development Research Centre, Ottawa, Canada and the International Center for Living Aguatic
Resources Management, Manila, Philippines,
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Appendix F
Fish Len(th-Weight Relationships

Oreochromis niloticus

Sample range : 4.3-220cm, 0.8-210.8 g
Sample size  : 611

Equation © W=00118 L3216
Where W = weight in grams and L = total length in centimeters
Correlation Coefficient {(R) = 0.9861

Channa striata

Sample range : 3.243 cm, 0.4-66V g
Sample size : 244

Equation : W=0.0145 | 2858
Carrelation Coefficient (R) = 0.9924
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Appendix G
Tabulated Data on Pond Plankton

Table 1. Details of plankton samp'es.

Experiment Animal Number of
number type sarnples
5 Pigs 34
10 Chickens 31
1 Chickens 17
12 Chickens 33
14 Pigs 28

Table 2. Phytoplankton density in pig-fish ponds.

Density {no./t x 103}

Manure load Euglenophytes/

Date {kg/ha/day) Chlorophytes Cyanophytes Chrysophytes Totsl
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 21 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 39 348 26.0 64.8
6/05--6/18 102 95 10.7 159 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 2472 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 1238 178 162.6
3/28-4/10 84 6.7 55.0 6.3 8.0

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

Experiment 5 Experiment 14
Group Overalt Group Overall
Genera Occurrence doininance dominance Occurrence dominance dominance
Chlorophytes

Pediastrum 86 43 83 33

Scenedesmus 29 67

Coalastrum 86 14 67 20 20
Cosmarium 43 29 kW)

Closterium 43 14 33

Chlorslla 29 50 33 20
Volvox 29 33

Chlorococcus 14 67

Uloathrix 14 20

Microspora 14
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Table 3. (continued? Percentage of biweekly sampling periods in which tisted phytoplankton genera cccurred, were the most domina
within their takonomic group, and most dominant overall,

Exporiment 5 Experiment 14
Group Overall Group Qverall
Genera dccurrence dominance dominance Ocorrence daminance dominance
Sphaerocystis a3
Actinastrum 33
Selenastrum 33
Tetraedron 20
Micratinium 20
Trochisia 20
Golenkinia 33
Chroococcus 20
Cyanopliytes
Microcystis 100 43 23 100 33 20
Lyngbya 71 14 83 50 50
Oscillatoria 86 29 29 33
Merismopedia 14 33
Gloethece 29
Anabaena 29 14
Spirulina 29
Synechocystis 50
Gomphosphaeria 20 20
Anacystis 50
Synedra 20
Chrysaphytes and Euglenophytes

Euolena 86 n 28 100 83
Phacus 86 29 14 100 20
Trachelomonas 14 67
Uiatoms 20

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

Shannon-Weaver
Manure load Diversityiindex"l Evenness indext
Date {kg/ha/day) (H) le)

Experiment 5 {19872)

3/13-3/26 67 0.84 0.47
3/27-4/09 72 0.57 0.49
4/10~4/23 78 112 07
4/24-5/08 82 0.7 0.53
5/09--6/21 88 0.83 0.59
6/05-6/18 102 1.08 0.60
7/18--7/30 104 0.65 0.47
Experiment 14 (1981)

1/31--2/13 83 1.21 0.60
2/14--3/02 86 1.23 0.54
3/03-3/13 B6 1.34 0.68
3/14-3,27 86 155 0.61
3/28--4/10 84 0.93 0.52

*H - XN I (n/N) where o = number of units of each genus/group and N = tota! number of units {Odum 1971).
b H -l -
e~ s where S = the number of species.
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Density {no./t 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 10.5
3/27-4/09 72 1.5 1.0 7.2 9.7
4/10-4/24 78 5.42 0.2 240 29.6
4/25--5/07 82 29 0.33 8.1 11.3
5/08-5/21 88 10.6 0.13 1.1 11.8
5/22 6/04 25,6 0 0 25.6
6/05 35/18 102 3.7 0 8.0 11.7
7/17-7/30 104 2.0 0 0.23 2.23
Experiment 14 (1981)
1/31-2/13 83 27.0 3.8 44 35.2
2/14-3/02 86 36.3 4.6 134 54.3
3/03-3/13 86 274 o] 16.2 43.6
3/14--3/27 86 19.2 0.7 4.0 24,0
3/28-4/10 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 dorninant within
their taxonomic group, and most dominant overali.

Experiment 5

Experiment 14

Group Overall Group QOverall
Genera Occurrance dominance dominance Occurrence doniinance dominance
Rotiiera
Brachionus 875 375 25.) 83 33
Trichccerca 75.0 375 12.0 83
Asplanchna 62.5 33 17 17
Filinia 62.5 125 67
Philodina 250 125 120 67 17
Lecane 125 33
Tetramastix 25
Keratella 125 50 33 33
Polyarthra 67
Cephalobdella 33
Gastropus 50
Testudinella 20
Cladocera
Moina 50.0 57.1 83 100 17
Diaphanosoma 250 28.6 33
Bosmina 125 14.3 20
Copepoda
Cyclops 125 83
Copepodites 875 28.6 50 83
Nauplii 87.5 714 100 100 33
Harpacticoids 50.0
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Table 7. Zooplankton species diversity in pig-fish ponds.

Shannon-Weaver
Manure load Diversity index? Evennass index?
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 0.59
4/10-4/24 78 0.66 0.55
4/25-5/07 82 3.90 0.68
5/08--5/21 88 0.9¢ 0.80
5/22-6/04 0.94 0.85
6/05-6/18 102 0.87 0.80
7/17-17/30 104 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

a4 = —ﬁﬁn/N) In {n/N} where n = number of units of each genus/group and N = total number of units (Odum 1971).

be = —I—?—g- where S = the number of species.

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

Density (no./l x 103)

Manure load Euglenophytes &

(kg/ha/day} Chlorophytes Cyanophytes Chrysophytes Total
5 19.6 45.2 40.4 105.2

10 9.1 85 4.8 224

15 95.8 39.7 163.0 298.5
20a! 77.7 15.3 54.1 147.1
20b2 58 12.2 18.4 364

61 27.7 119 20.3 519

101 425 39.1 61.7 1434
151 355.5 758 27.4 458.7
202 200.1 2975 24.2 521.8

1 = Experiment 11; 2 = Experiment 10.

Table 9, 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 8756 85.7 75 100 100

Scenedesmus 100 100 100 62.5 428 71.4 77.7
Closterium 100 50 14,2 66.6
Cosmarium 25 100 50 100 75 28,5 100 33.3
Coelastrum 25 25 4z.8 50 100 77.7

Chlorella 50 25 25 42.8 50 42.8 55.5
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Table 9 {continued). Percent or weekly sampling pariods in which listed phytopiankton 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
Kirchnuriella 25 50
Trochisia 25 14.2 33.3
Sphaerocystis 25 428 25 85.7 66.9
Ankistrodesmus 25 50 1.1
Volvox 285 25 428
Golenkinia 14.2
Actinastrum 57.1 444
Chroococcus 125 14.2 25 428 33.3
Aphanocapsa 428 1.1
Anacystis 285 33.3
Micratinium 33.3
Tetraedron 14.2
Qocystis 285 1.1
Eudorina 333
Pachycladon 14,2 1.4
Gloeocystis 1.1

Cyanophytes

Lyngbva 100 50 100 375 71.4 25 714 100
Microcystis 75 25 25 375 57.1 100 87.5 66.6
Oscillatoria 25 375 285 75 875 222
Merismopedia 75 25 285 14.2 114
Synechacy stis 375 285

Spirulina 25 285

Gloecapsa 25

Euglenophytes and Chrysophytes

Euglena 100 75 100 100 100 100 75 428 100
Phacus 50 75 25 875 71.4 75 57.1 77.7
Trachelomonas 25 25 100 50 25 28.5 25 428 44 4
Navicula 25 25 25 50 125 142 25 1.1
Pinnularia 25 50 125

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

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

Chlorophytes

Pediastrum 25 50 50 37.5 428 100
Cosmarium 25 50 100 25 50

Chlarella 25 125 50
Scenedesmus 25 25 25

Coelastrum 285 25 50

Trocnisia 25

Golenkinia 285

Sphaerocystis 25

Cyanophytes

Microcystis 75 50 50 431 100 40
Lyngbya 25 100 50 100 25 285 60
Oscillatoria 25 14,2 100

Merismopedia 14,2

Euglenophytes and Chrysophytes

Euglena 75 75 100 100 875 57.1 100 50 75
Phacus 25 125 285 50 25
Trachelomonas 25 142
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Table 11, Percent of weekiy sampling periods in which listed phytoplankton genera were the most dominant in chicken-fish ponds,

Genera

5 10

Mean manure load (k¢, dry matter/ha/day)

15

20a

20b

61

101

151

202

Chlorophytes

Pediastrum
Cosmarium
Scenedesmus
Coelastrum
GColenkinia
Chlorella

Cyanophytes

Microcystis
Lyngbya
Oscillatoria
Merismopedia

Euglenophytes and Chrysophytes

Euglena

25

25

50 25

25

75

100

125

125
12,5
125

50

20

20

20

40

333

333

333

50

40

20

Table 12, Phytoplankton diversity in chicken-fish ponds.

Table 13. Mean weekly zooplankton abundance in chicken-fish

ponds.
ShannonWeaver
Manure load Diversity index? Evenness index? Densitv {no./l x 103)
(kg/ha/day) (H) {e) Manure load
JR— (kg/ha/day) Rotifera Cladocera Copepoda Tota!
5 1.52 0.79
10 1.32 0.78 5 29 1.2 8.3 12.4
15 1.13 0.64 10 1.3 1.1 6.7 9.1
20a 091 0.60 15 2.7 15 12.9 171
20b2 1.10 0.62 20a! 18 19 25 6.2
61 1.10 0.70 20b2 18 O 5.6 79
101 0.84 0.50 61 71 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 49 53.6
— 202 26.5 29 12.5 52.0
®H = ~Z(n/N) In (n/N) where n = number of units in each
genus/group and N = total number of units {Odum 1971), 1= Experiment 11; 2 = Experiment 10.
be = ﬁ;,HT where S = the number ¢ f species.
1= Experiment 11-7 = Fxperiment 10,
Table 14. Percent of weekly sampling poriods in which listed zooplankton genera occurred in chicken-fish ponds.
Mean manure load (kg dry matter/ha/day)
Genera 5 10 15°* 202 20b 61 101 151 202
Rotifera
Brachionus 100 16.6 50 100 100 100 70 100
Trichocerca 375 33.3 100 50 58.3 50 33
Asplanchna 25 30 25 30
Filinia 125 17 25 40 43.7
Lecane 10 18.7



Table 14 {continued). Percent of week!y sampling periods in which listed zooplankton genera occurred in chicken-fish ponds.
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Mean manure load (kg dry matter/ha/day)

Genera 5 10 15°* 20a 20b 61 101 151 202
Polyarthra 20 62.5
Gastropure 33.3 100 20 43,7
Keratella 10 6.3
Testudinelia 30 43.7
Cephalodella 30 6.3
Asplanchnapus 125
Cladncera
Moina 125 16.6 100 50 333 17 17 100 100
Bosmina 12.5 16.6 25 6.3
Diaphanosoma 25 16.6 100 50 17 6.3
Unidertified 125 33.3
Copepoda
Nauplii 62.5 100 100 100 100 100 83.3 50 70
Copepodites 62.5 66.6 100 25 67 67 17 30 70
Cyclops 125 100 100 25 17 50 60 81.2
Cyclopidae 37¢% 16.6 25 25
Harpacticoids 17

*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 matter/ha/day)

Genera 5 10 15 70a 20bH 61 101 151 202
Rotifera
Brachionus 75 25 100 62.5 50 67 100 75
Trichocerca 100 375 33 33
Asplanchna 25 17
Gastropus 75 25
Cladocera
Moina 25 75 50 75 100 100 100 100
Bosmina 50 100 50 25
Diaphanosoma 50 25
Copepoda
Nauplii 100 100 100 875 75 67 67 75
Copepodites 25 12.5 25 33 25

Cyclops 75 33
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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 1.1 428 67 50 75
Trichocerca 33 28.6 33
Gastropus 50

Jladocera
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.

ShannonWeaver
Manure load Diversity index? Evenness index?
{kg/ha/day) {H) {e}
5 1.09 087
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 0.7
ag - ~Z(n/N) /n (n/N) where n = number of units in each
genus/groug_and N = total number of units (Odum 1971),
be = I:S where S = the number of species.

1= Experiment 11:2 = Experiment 10,



