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A serics of experimenis was conductod in 1/200-2c¢re pondg in
1972 and 1973 to cvaluate the vcfl'cct of waler circulation-acration and (il-
tration on waler quality and cotfish production.  Circulaiion-seyralion hy
paddle wheel, and by venturi pump through underwaler and overheod
gravel fiters woere tested,

The 1972 sevies was designed to dotermine the standing crop
that cach systen could support,  The paddlce wheel and overhead filier
systems utilized wnete settlemoent ponds while (he underwater [ilter  did
not. Wuter hyacimbs swere grown in cach to remove noirients,  Joach

system was stocked with 100 Ibs/pond in three rveplications.

iv



The paddle wheel system had the greatest survival and maintained
adequate water quality. Ilighest standing crop was attained in the under-
water filler system. This sytem had watler quality comparable to  {he
paddlc wheel system. The greatest standing crop produced in the over-
head filler system was 131 Ibs wilh anoaverage of G4.4 lbs in three re-
plications. Mortalily was attributed to D.O. depletion and high CO,.

The 1973 scrics was designed Lo produce harvvestable size of figh
from fingerlings over a six-month growing scason.  Lach gystem was
stocked with 200 or 400 fingerlings per replication.

The greatest net production of fish in {he paddie wheel system
was 38.8 lbs in 157 days.  The underwaoter filter produced move fish g
maintained the boest water quadity.  Figh production was lowest in the
overhead filter system.  Jixtensive and chronic mortalitics in he systemns

were significantly correlated with Jow D.O., high I\'H(}, NO,,, and CO,,.
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I. INTRODUCTION

Considerable interest has been shown during recent years in the
intensive culture.of fiskes and other aquatic animals using o closed svstem.

It was demonstrated in the cull‘m'o of calfish in ponds that production is limited
to approximately 1.5 tons per acre per year. DBy cffceting a water civeulation,
with air released near the bottom of ponds, approximately 2.5 tons pev acre
have been produced.  Experimentally, Greene (L969) peoduced up (o 149, 300
Ibs per acre of channcl catfish in 0. 005-acre concrele ponds by civeulsting
waler through pravel biofilters in a closed systern,  In addition to hipghcr
productlion, intensive calfish culture in a closcd system has ather attuoacetive
aspects,  Ieeding and harvesting operations can be simplificd and more coaily
mechanized. The fish are more ohservable for disecase control mnd growth
rate measurements.

Closed gystem culture has os its objective maximam cconor feql fish
production in a given volume of water. 'T'his in achiceved by stocking fish at a
high rate which are entively dependent on feeds rather than natucal foods. The
system works as long as the water cquality is maintained within the Livaiis
necessary for the nermal and healthy prowth of fish. The cost of oparoing
the woter cireulation and aeration cquipment is a major consideration in the

commercial production of channel catfish.


http:culture.of

~e

With high standing crop und heavy feeding, the water quality deteriorales
rapidly with oxygen deplction and production of ohjcclionzble chemical substances
such as carbon dioxide, nitrogenous compounds and other organic wastes.

High concentrations of these substances cause fish mortality and abnormal

or stunted growth. Oxygen depletion results from the respiration of fislh,
plankton, and the oxidation of organic wasles. Ovganic wastes such as excess
feed, feeal matter and dead algac demand oxygen during microbial decomposi-
tion and hy-products of microbial respiration, cuvbon dioxide, and anumoniao
are produced in gignificant amounts, The [ish also produce carbon dioxide
and ammonia., These compounds envich the waler, cncowraging phytoplankton
growth which is not desivable in o closed sysiem due o high oxyoen recuirve-
ment al nicht, Furthermore, when poor quality of woter prevails, lish ave
under siress and epizootics of purasites and digcoses are Hiely,

The deterioration of water quality can be minimized with the usce of
appropriate devices for acration and {iltvation. The nerating devices replenish
oxygen, while the filtration process celeans the water by the removil of sus-
pended solids and metabolic wastes and by fueilitating its stabilization through
the action of microorpanisms.  Spotte (1970) gave thrce (ypes of [iltration uscd
in closcd svastem culturing: biological, mechanicul, and chemical filteation.

Of these, biologicu) is the most impovtant.  Combinations of my two or all of
these are common in othier systems roquiring o high degree of wni.unr puritica--

tion.



Data on the feasibilily of intensive catfish culture in a closed system
are limited to experimental models. Research findings indicate that some
techniques have some potential in increasing fish production.  Ifurther
explorations, modifications, and combinations of the promising methods will
eventually lead to more profitable and simple closed sysiem culturing.

The objcetive of this rescarch was to investigale the performance of
biological {iltration, mechanical circulation-aeration, and the combination
of hoth, coupled wiih waste disposal systems, Evaluation was based on the
resulling water quality, mortality and growth of the fi=h population.

Catlish were chosen because of their high ceonomic value not only in (o

Uniled States and Asian countries, but in other parts of the world as weil.
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II. REVIEW OF LITERATURE

Acration and civculation of water.

Some of the rescarch on the mechanical acration and circulation of
waler in lakes and reservoirs deall with the prevention of oxygen depletion and
improvement ol waler quality. NMerna (1965) and IMlick (15658) used aeration
technique in the prevention of winterkill of fish. Buring the winter season,
lakes in some places ave covered with thick snow or ice which provenis et
penetration for effective photosynthesis.  Oxygen depletion oceurs, resultig
in winterkill of fish. During suinmer months, thermal sivatilication usinlly
exists in lakes and reservoirs.  Thermal stratification usually reselts in
deterioration of drinking water quality, uncven diswilution of fons, macrebic
and corrosive condilions, increased evaporalion rate and olther undesirable
properties within the lake (Iast, 1966).  Some investicators (Fast, 1266 and
19685 Wirth and Dunst, 1967; and ITrwin, et al., 1967), made studics on
artificial desivatification of rescervoirvs tivoush water civeulation and aeration
during the summer scuson, and on yeservoirs having apring and autnmm over-
turns which sulfered peviodic stratification (Bryan, 1865). Practically, all
of the above mrntioned investivators clained succonsful vesulls in improvipe
the quality of water, living envirenment of aquatic argunisnis md increasing
fish production as a whole as a resull of cireulotion and aeration techniques.

4
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Mechanical methods of tevation and vater civeulution.  The two

principal means of producing vater curient and {urbulence causing mixing
arc accomplished by introducing air at or nour the holtom of water body and
lifting the boltom waler to the surface through mechanical means.  For large
lakes and reservoirs with stratification, air compreszsors and aero-hydraunlic
guns arc more usclul than wa'er pomps.  The Tatter are slow, inellicient, and
costly (Iast, 1966). On the other hand, in small and shadlow Inkes, belier
results ave obtained using centviluoal pumps to cirenlaie the water (hau air
compressors (Merna, 1965; Flick, 1963; and Hooper, of al., 1952). In an
experimental fish pond situation, Jeffrey (1968 and Loyacano (L970) used a
rotary-pozitive blowers to deliver air throush plastic pipes to carthen ponds.
M:‘ul‘ck el al. (1971) vzed a small compressor with aic bheing supplicd throns
a network of space perfovated tubes or pipes installed fa pavaldle! and conneci -
ed perpendicularly from the Iavger main line. A closed sysiem experimaent
was done by Busch, el al. (19738) and Pavaputanon (1972) using small capa-

cily pumps to circutine water passing over dilferent ireatments, namely:

splash bhouvds, bioliltevs, throwsh sprinkiing. and by civ-injeation ventud

as a means of acration. These pond experimante all indicaed iohily sioni-
ficant differences in terms of Hele production.  In two different pouds, Joffrey
(1969) and Loyacano (1970) increaced white catfish production frow 2, 620 ihs/
acre Lo 2,710 1he/acre and from 2,012 hs/aeee Lo 1, 000 he/aere, vespectively

with the use of acration. Mavek, ci al. (1971) repovted aninerease of 120

to 540 per cent above the maximid standard yield with veration.  The moean
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total production for the five aerating treatments ranged from 5,753 to 6, 827
Ibs per acre against no acration of 1,260 Ihs per acre in the experiment done

by Busch, ct al. (1973} and Pawaputunon (1972).

Biolorical puvilication and filiration. Since 1967, experimoents in
53 L b

purilying pond water by means of living animals, plants and biofilivation
have heen conducted at the Fisheries ltescarch Unil, Auburn University.

Goldfish, Carassius avralus and ‘Tilapia avvea, hoth Tilter feeders, were
b e e e S e ) ]

used in removing orpanic matter (anonymous, 1965), Nesults of studics
(amonymous, 1968 and Smith, 1970) done in conerete and carthon ponds
showed a higher production of fish in mixed cultuye of Tilapia wed chane!
catfish thun o monoculture production of channel calfish.  Smith (1970) fouid
that chmel cafish production could e raived from 3, 689 1ha/ncre Lo 4, 720
Ihs/acre by adding Tilania to the pond:,

The Asian clam, Corbicula manilensis (Philippi), found to be highly

restsionl (o low oxymen coneentration was used as o Lilter feeder of the deinviing
and organisms (Greene, 1969).  Channel catlish and Covbhiculn wore stockod
in plastic pools with mud bottoms. The elams initially cleancd Gie waler voery
well but roofed vegelation grew excessively.  Clams Later dicd because of
unusually high '{('n".pc\,mh.n'(_z which ronched 9591 op creater for two to thres
weelks.

According to Boyd  (1970), water iyacinhe ave anidogl plant for vemoval
of nutrients frora enviched waters.  Jiyacinths Moat on (he walor suvfaes and

arc able to remove nutvients divecily from the walor, thus, competing divectly



with phytoplankton for nutrients. McVea, ot al. (1973) found that water
hyacinths removed 239 pounds N and 32 pounds P per nere flrom the waier
over a five-month period. Phytoplankton population decrensed with ineren sing
amounts of hyacinihs, causing a d(.rcrc;uso(l fish production.

A number of studies was conducted on water cireulation and bioliltra-
tions. Greene (1969) siudied various arrangement s of [lters, namelv: clevatoed,
rock and gravel filters, submerged oravel and gravel-chaceoal filtovs, and
submergaed sand filter. The clevated filter indiented hotter [ish prroduction
than the submerged filter. IPurther, gravel of 0.5 to 1 inch size usoed o
filter gave the best vesulls.

Spotte J970) recommended that gravel for biologiceal filters he 2 i 5
mm (0. 08 (o 0.20 inchy in size, with rregular and angular surface. e added
that surfuce area of the fiiter hod is more importunt than the volume of waiew
because most of the biolopical activity in the filter bed is concontralcd in the
upper lavevs, It was shown in a marine syetem that the population of ammaoria
and nitrite oxidizers was reduced by 90 per cent from the top poriio of the
filter to a depth of 5 em (2 inches).

Green, et by (1955) removed 49 (o 96 per cont of ovganie mailes and
40 per cont of ammonia at 20 and 36°C by (rickling witer Sirough a biofilter
using stainless steel sereens in place of cravel,

Feoding, pond cnvrving capueity and vator guelity,

According to shell (1966), the refationship heiween vate of feedine and

HR

cate of conversion is important in fish eulture. 17 fish are fod at Ltoo Lich a



rate, much of the food is wasted and cven though growth may be cexcellent,
the cost of production is excessive. Fu'r!her, wicaten feed decaving in water
may build up faster than they can be reduced, thus, cssentially leading Lo
oxygen deplelion or other problems causing detrimental effect to fish growth
(Shell,” 1966 and Allen, 1971).

Gray (1269) mentioned that feeding should be reduced when there is a
"heavy phytoplankton bloom™ which frequenily leads to low oxyeren levels ox {o
an oxygen depletion which will cause a fish kill, Boyd (1973) demonstrated
that the rates of oxygen consumption by Hving plankionic communitios ranged
from 0.60 (o 8,30 mg/1/24 hy at 30°C. The average was 3,24 nwe/1/24 by,
Consumption of oxygen increased markedly with teraperature bebween 15 and
350(.

Andrews, ot al. (1971) found (hat inefficient sood conversion and
decreased average weight per fish did not oceur as a resull of higher density
(crowding cllect) as Jong as adequate waler Guadity was mainteined.  The Fish
Farming Experimental Station af Statteart, Arkansas (1973) veported ihad net
production was hichest al densitios hetween 360 and 575 1‘i:’.;]‘:,/’11::". As slocking
densily increascd, the average size, feed conversion cliicieney wnd survival
all decreased.  Schimittou (1969) stared it the "space fmetor” often exhibitod
when crowding anfmals in o confined environment is movo o redloction of wasie

disposal than that of confinement.

Hazawa (1973) stated that he ey ing capacity ol a fislopond or a fish

farm is prineipally conivolled by the amount of discolvesd Osveen. i the
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"critical level for normal life" of the fish is known, an estimate of the carryine
capacily can be determined for a given rate of oxysen supply . Similarly, 3Tayo
(1971) stated that to increase the capacity of waler for fish, it is ncceszavy
only to add oxygen except that the ability of water to raisc fish is limited by

its ability to carry away metabolic by-products. Allen (L971) showed that
without agitation, onc~half pound average weight of catfish steciied al the rate
of 3.2 lbs:/i‘l,g, reduced the oxygen level from 7.5 g/l at (he inlel to 2.8 nyr /1
at the outlet.  With the aid of agitation, the same fish reduced the lovel of
oxygen to only 5.6 mg/1 at the outlet.

Tackett (1970) stated that chemical renctions occurring in ponds causcd
oxygen depletion, since the requivements of figh are simall compared to the
demand for oxyeen by plankton, bacteria, and moetabolic products of thase aid
of the fish themselves.  Murphy and Lipper (1976) revealed that the duily
production of biochemical oxyaen demand (5.0O.D.) by channel catfish is
0.0049 1L/ of live weight. Compavable fipures for chickens, swine, and
beel ealtle qre 0.0003, 0,00332, and 0. 001 02, vesnectdvely.. A hicher vilue
for catfish was obtained al ihe Figh Frming Peperinental Stadon, Sladteart,
Arkansns (1973), the maximum D, O, D, added {o the covizonment being 1 hg/
100 kg of fish/day (0,07 1b/1 ¢f live weiohy,

According to King (1073), nitrogen avpenvs firsl in reciveulatine
systems as anmonia, the major metabolic wasto of couadic aninmaols, Anunonin
is extremely toxic to fish, and salmoaid fiches ave sonsitive to conconteations

as low as 0,006 ppm.  In the presence of oxygen, and baclerin called nitrifiors,
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ammonia is converted to nitrile and finally to the relatively non-toxic nitraie.
Smith (1929), as referred to by Spotie (1970), found that in freshwotor fishes
he studied, ammonia accounted for 80 per cent of the total nitrouwen ¢xereted,
with nrca composing most of the remainder, Piper and Larmoyoeux (19873)
observed thal the growth rate of rainbow (rout was significantly reduced whelre
oxyrea was below 5 me/l and ammonia was gireater than 0.5 ppm. Mxamination
ol Dlocd and kidney ilms showed an increasge in number of fimmature 11RO with
suces csive water reuse. Spolie (L970) stated that dissolved oxveen and pll
arc the two most important fuetors alfeeting wmmonia toxicity. 7he latter
is important beeanse only the un-jonized form of minmmonia (N1L) appears to
be poisonous to aquatic mimals,  lonized ammonia (:\'1!11'5' ) is wnable to pass

the tissue barricrs and thus enlor an s

p)

guatic animal from the externa? moedium,
The concentration of un-ionized ammaia on civher side ol o tissue borrier ot
a given momeoent depends upon the pli of the watoer. Usuatly, a gradient exists
al these places where the pll of ihe exteacelulay fluid (vater) and the intea-
cellular fluid (hloody are not in couilibrium.  When e pliof either ftuid
changes, thove is o shill in the concentration of un-ionized amimonia on hoth
sides of the haviicr,

Purrows (196-1), as cited by Spotte (1970), cxposel salmon fincerlines
to water of pll 7.8 in which the ammoeninm hydroxide ]ue'.'ul‘:; wore 0.5, 0.5,
and 0.7 ppm. The fish showed definite sizns of hyperplasia, o cinlhing of
theiv gil! filaments within 4 weehs. The (ish did not recover aften l.):;ix*,;f;"

traneferred to new water. When the experiment was repeated witk im aov
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{ingerlings, they recovered after 3 wecks in new water. 1t is signilicant that
the caleulated concentrations of un-ionized ammonia at the given levels of
ammonium hydroxide were only 0.006 and 0.008 at 0.3 ppm NI1,O6, ¢.010
and 0.012 at 0.5 ppm, and 0.014 and 0.018 at 0.7 ppm. These values indieate
that un-ionized ammonia, cven in minute concentration, is damaging to the
gill epithelium of fishes.  Burrows also noted @ reduction in the growth rate
and stamina of salmon exposced to long-ferm, intermitient sublethal tevels of
ammonia. He suggested that exposurc Lo ammonia in quuntities sufficient Lo
cause gill hyperplasia was the precursor of hacterial ¢ill discase.

According to Piper and Larmoycux (1973), Lloyd and Orr (1969)
reported a diuretic response by rainbow trout (o cublothal concenirations of
ammonia. ‘They svggested that exposure to ammonia ineranges the permen-
bility of Iish to waler, and because there is Hitle change in body weieht, the
fish responded by increased urine excretion.

Piper and Larmoyeux (1973) observed a congestion in the kidney
glomeruli from (ish where ammonia levels were velatively high.  I'he hema-
tologrical changes found in the Tish were indicated o be probably duc 1o Tesponse
to hypoxia.

swingle (1961) sugeested that the pit of pond water may be an indicator
of the type of water, its suitalility Tor fish culture, ils coNicity Lo figh, jua
potentiad productivity, its response to iy, and its sesponse to fertilization.

Waters ranging from pll 6.5 (0 9.0 before doyhreak ave most suitabie for pond

fish culturce.



o1z

Spolte (1970) stated that the pressure of frce COg may depress the
aflinity of fish blood for oxygen. Its effect may be significani in crowdaod
systems with low oxygen tensions and weak buffering capacitics. 1o cited
Basu (1959) and Saunders (1962) who both found that oxygen consutaption
declined with an increase in carbon dioxide. The rate was lnear lunetion
with the lTegparvithm of oxyzen uptake and increasing carbon dioxide.

Boyd (1972) found that the sources of COy for nuisance blooms of algac
in ponds weve bacterial yespiration, decomposition of organic matter in pond
waler and the carbonate-bicarbonate equilibvium systen. Kstimates of COs9
production from decay of dissolved oreanic matler in six pond widers. ranzed
from 0.32 to 3,55 ma/l per 24 hr.

Olson, ¢f al. (1973) 1:(‘,)(‘;1'1(:('1 that at Alehesay-Willinms Creck Nationn!
Fish Hatchery, when turbidity excecds 70 VU, the fish fecding aetivity drops

sharply. When water is turbid, the conversion ratio increases to 2. 5 or mornc.
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[, 1972 EXPERINERNT

MATERIALS AND MIETIIODS

Introduction

. §
The 1972 experiment was initiated « o0 V) a wator civeulating -

acrating device called paddle wheel, 2) a m(u_m'ijc»:d design of undevvater
gravel [ilter with venturi acration, and 3) the e¢levated gravel filter equipped
with pumps for water cireulation and acration. It was infended to compaee
their perfirmance in terms of fish production and eifcet on wafoer guality undoer
a closed system intensively stocked with vavious sizes i muanberes of white
calfish.  Waler hyacinths were grown in the ponds to vomove disselved nuirionis.
The experiment  was conducted Lrom August 25, 1972 (o November 1,

1972,

Experimential desion ond treatments

Twenty -fowr conerete ponds each with an srea of 1/2060 sere ond filled
with water to 2.5 fU depth were used for the clocod system experimoent.  Tioal-
moents were applicd without randomization since the ponds were urriicem and
environmmental varviations were neglinible, Fhe following Tive (rentments wora
replicated three times:

1. Water cireuladon and sevation by maans of an exidation diteh roloy
(hereinafter, called a paddic wheel), with water hyacinths for nutricat vemovai.

13
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2. Underwater gravel Tiller with venturi acveation, with waley hyacinths,
3. Underwater gravel fiiter with venturi soralion. without  water
hyacinths.
4. Water circulaticn throuzh an overhend gravel filler, with water
hyacinths.
0. Control circulation, with wuater hyacinthe.

Oxidition dileh rolor (Paddle wheed)., The paddale wheel was operated

s

intermittently by 1/4 hp motor to reciveulate the walop, owas in operation 15
minutes and al rest for 45 minutes  cnch hour during the day. At nichl,  ope-

ration was continuous. 1t was installed v one side  of the pond stoeciced  with

b

fish, An adjoinine pond was vsed ag o waote settement Loging The paddle whoo]

was instaiied to thal ihe hlades touched the witer surefoee Lo o depil of 2l
inches.  As the wheel rololed water v noved ol fho rote of dpproxiniely
500 gpm and particles of water were splashed into the aiv. A portion of {he
water splashing [rom the Llades was Uirows into (he cejoining waste sctilemoent
pond by micane of aoamall gulter, Walor Drom {he cottlonient pond Howed huel
by gravity to the pond where the paddie vwhosl was ineinlicd (] rough oo connaete
ing Z-inch dimmeler PVE pipe. Waler nyeeihdha for comosiae dissolved po-
brients were growe 2 one end of the wislc sclticnent pond covering ohout 10
per cent of the pond area, The 10 per cont aren coverige of tho nlnd waos moain-

Lained throuchout the experimoent by thinniny oul esecen viovc il ive oy,
9 . . e i

Underwaker vreavel fHere with veniugi cevalion, Thin wan divided iuto

two treatments, One treatment had water byacinthe growing ot the ol of the



pond arca, The other treatment had no water hyacinths but instead, @ bhoard
covering about 10 per cent of the pond was provided al (he end of the pond
as shelter for the fish.  Neither treatment had o adjoining pond for waste
scltlements.

The gravel filter was made of a layer of 0.25 to 1 inch gravel gpread
cvenly over the pond bollom except for a small avea providad for the pump
compartment. The (hickness of the gravel layer was about 7 to § inches.
Underneath the layer were five lines of tile drains, 12 inches long x < inches
Inside diameler. The pump compartment was sepacated at the end of the pond
by a board 9 ft wide x 3 [t high. The tile drains were extended into the com-
partments,  The subnicrsible pumps which were vun by o 1/8 hp moter had
a flow xate of 20 gpm. The discharee pine of Gie jump made of DVO naiervial
was cquipped with on ovifice to provide o ventuvi effoct whicl induced 2iv inlo
the flow through tubes extending above the waler surface. 'The mixture of aiv
and wilcr was discharged below the water suvince. ‘Thug, the discharge ping
passad through the divider board into the pond.

Water ciraudution and aeration was nccomplished by continuouns opera-
tion of the pump,  As it discharged ddr-waler mixivre into (he figh pond, the
water Mowed back fo the sump theoush the tile draing by eravity,

Qverbeod cravel filter, This wag made of gravel filled hoxes 8 It x
5 It x A [t ek loeated an the end of the adjoining sollloment hasin pond:,

The size of gravel ranged from 0.5 to 3 inehes.  Continvous water circulntion

was accomplishad by a G-gpm pump run by o 1T/4 hp motor, The serecned



Lo
intake pipe of the pump drew water from the pond holtom where the fish were
stocked. The discharge pipe sprayed water on top of the gravel filter and the
water trickled by gravity Lo the sctllement pond and returncd o the lish pond
through a conneceting pipe. However, the flow of water over the filier wie not
the total flow rate. Instead of allowing the whole rate of fJow Lo pass over the
filter, a flow divider was installed sevoss the pinge lne and a Jarge portion of
the dischorge was divecelly sprayed to the ajy by pevlorated PVC pipes. This
water fell buelcon the pond with figh,  Water hyacinths were also grown in the

cttlement busin pond.

Control cireulation. This operated mnch the smne way as the overhead
filter, excepl that there was no intermeaediate gravel filter, Wator was aleo
cireulates oy o G-gpm cap: 1cn(v pump eun continaadd by by a 1/ hp motor, A
small portion of the flow was diveetly dischavoed on e waste solileraent Vi
where water hyacinths grew,  The large portion was sprinkled over the water
surface of the fish pond.

The experimental pond Tavout and Lreutiment disteibulions ore shown in
Figure 1. The schematie ditgrom of the trealments is i) usbialod in 17 NGRS
Water supply.

The waier used in the experiment cone from the deep weils of the
experimaent station. The water Tevel of the ponds was meintained ot apnroxi-
mately 2.5 [t depth. There was, however, o slichi variation in the voluime of

water due to vainfall, evaporation @l pond leaks, Tooszes due Lo cvaporefion

and Jeakage were compensated by adaing water whenever neeessuey.,
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ILxperimental fcehniques

Stacking of fish. White catlish, et luvus catus (Linnacus)  were

stocked at the rate of 100 s por replication v 20, 000 he/ucre. n terms

. . . o
of volume of wotep oceupied by fish, this wag approximately 0,184 1L/1°
for the paddje wheel treatment,,  overhead fifter treatment ang control cir-
calation treatment, Since the volume of watee in the underwiiop [ilter (reat-
ments wis, redueod congiderably by the thickness of the gravel layer inside

. L a
the pond, the stocking densiiy heeame an roximately 0, 9959 I/ (without
¢ Y i )

allowance for gravel particles pore spaces) for the smme weight stocked.,
The number of figh stocked wag not recovded. The stock wag compased
of sives ranginge {rom fingerting (o harvestable wive.

Feeding.  Lqgual care S given to (he lish in eneh treatmoent, T'hey
were fed seven days o wook late i the afterioon with fouting polleted Puarinu
Trout Chow. The pate of feeding was 3 por cent of the stocking woisht, ep

[ &3 i [ l
pond which wag 100 Ihs. Due to ihe shopt duvaiion of (o experisent,  un--
known number of stoek, und Lo avoid furiheyr stressine the fish as g resull,

of hand}ine

4y ho intermedinte weioht samphing wos made,
Movtality, Mortality wag vecorded daily and dead oy moribund
[ish were examined in the Taboratory, phe mortality record was used RES

a basis in (he proporiional reduction of the amownt of feed iy pondg sul-

fering mortality,
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Water analysis

The water quality variables considered weoyre dissolved oxygen, fempe-
rature, oxygen consumption by the planklonic community, carbon dioxide, pif,
total alkalinity, total hardness, caleium, and Scechi disk readings.  Unfor-
tunately, Jaboratory treatment for determining concentrations of nitrogenous
compounds were not available.

The time, frequency, and methods of anclyses were as follows:

1. The measurement of dissolved oxyeen and waler temperature were
taken near the bottom of the ponds.  Readings with a YST Madel 51 Oxygen meter
werce Laken twice daily: once in the morning before sunrise and once in the altep-
noon al sundown.

2. Oxygen consumpiion by the planktonic cojumunity was determined
weekly using the dark boitle mcthod of Boyd (LG73). water smaples were talon
on sunny davs in the morning at dpproximately mid-depth. Durk bottles wore
incubated in the ponds until carly afternoon, itial holtles were imwmecediaioly
titrated with Phenylarsene Oxide (PAO) Tor dissolved oxygen in the labosatory,
Titration of the dark boliles was made immedisicly after (he incubaiion poeriod,
The difference hetween the dizgolved oxyeen content of (he iniiind and dark
bottles wits the oxyiron censtmption by plaghiton Tor speciliod Tength of timoe,
Tilration wis done neine stondard Winkder method s doseribod by Swinerlo
1969).

3. The concentration of carbon dioxide wan determined once cach weel

(American Public Healtl Association, 1971). The witer siomples Tor cavhon
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dioxide determination were siphoned beyond mid-depth of the ponds into B, 0,0,
bottles and allowed to overflow for 80  scconds, Tirae of sampling was hefore
sunrise,

4. pH readings were ohtained weekly af the zame (ime wilh corhon
dioxide determination, Iixcess water sample from the carbon dioxide analysis
was also used for pii measurements with o Corning Model 7 i lh(.‘i,ttl_‘-.

5. Total hardness and caleiim hardnens woepe delermined by the 1BDTA
titration method g deseribed hy the American pPublic 1en )iy Asgocinlion (1 L)
Total alkalinily was titrated with 0, 02N HyB0, using: metha ] oranze as the
indicator. Water Simples were taken in the curly morning of mid-depth of
the pond.

G. Sccehi dish readings were taken weekly duving the seeond Batl? of the
experimoent,

ITarvest ing

The experiment wag terminated when the temperature dropped so tow

that the fish stopped Teedine, Al ponds were drained and all [ish recovered

were counted and weished,
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RIESULTS AND D ISCUSSION

Mortality

Immecediately afies: stocking, some pondg in hoth tp calments with undey-
water gravel filters had extensive mortality,  The fish continued to die in
large numbers until September 12, 1972, Ay s time the weighi of accumnlafeod
dead in pondds AT, AS and A9 veached 59, 70, ang 77 per-cenl of the sloekod
weight, respectively. Fighiteen days afiep stocking, the movtalily weicht For
the rest of the treatments in any replicate varied from 3 io 10 per cont,

Al of he fish were removed from the two l.Hl(l(?L‘\‘.’(li(,‘].‘ filter treatmend s
and restocked oy september 13, 1970, Alter stocking, the same pultern of
mortality took place as heiopo i poudys AT and Ay, One week aftoy restociingg
the mortality for these (wo ponds was 0 apd 78 Peicent of the stneked wedh,
respectively.  Pond AS hud approximately 10 per cont mortality at that Lime,
while the rest of (he veplicates for the {wo treatments had Jogs than 2 por cond,
After September Jy o nrorve mortality was ohserved thal could he included in
the pattern,

Fish samnles wero hroaght to (he lulm:u(:,m;,' for purasite ane discaace
eximnination,  Rosulle of e examinttion revealed (it Emadersic sinount of
_Ci]_pi(l(»«:]i::_(t_l_ﬂ_:-:un the oills and o tmoderid e mnount of '(—‘:Iﬁij_]_‘(?;fﬂ!_)(;!«i.:_l‘_ on the slin,

The parosite load Wik nol suificient {o cice the yangaive morinlity of the Fivh,
Water quality tests for dizgn, ed oxyeen, pll and citrhon dioside covecnlraijop

were within permissihio Thnite fop fin survival,
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In the course of the experiment; one causc of major fish kills wus
oxygon depletion and was probably associaled with high carbon dioxide concen-
trations.  Oxygen depletion ocenrred on September 17, 18, 21, 26, 27, and
29, in ponds A22, AlG, A22, Al4, A18, and AL, respectively, Dissolved
oxygen droppad hetween 0.9 ind 1.8 me/1in these ponds.  Carbon dioxide
concentraticns  varicd from 14.2 (o0 25. 0 ppm (Table 50, Appendix). The
weights and nunthers of fish killed arc presented in Table 1,

Pond ATL had mortality because Hydrodictyen, o filamentous aloae,
clogged (he prmp suclion strainer., Other cawsies of explaimable maos{ality
were due Lo elocivie power faflure, small fish cloguing intake pipoes,

clogacd walter mefer with detritus,  mallunctioning of e punp and paddlc

5

wheel motors, hrealing of pacdle wheel chiaing, and overioading cleetrieal
line with the use of clneureney pumps,

The extensive fish mortality in 224 which berin on the sixih
week (Table 1) carnot ba associated with dissolved oxyeen becauss valuas
were high when mortality occnrred (Tabie 2y, However, the watee quality
had greotly detovioratad,  In (his pond, an obnoxious odov wou defeot-
able.  The wiler color was brown mul pardenlale wmaiter was ciren-
lating with the water.  Numerans Inrge bulbles formed on e voter
surinen durving serotion. 1l provable water quality paraimefor (hat
caused the mortaliny wore ot Lnown,  The cihiof newly dend and vearinang

fish were brown in color, The blood that exudad 1o the fish
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also had this color. Laboratory findings for parasites and discases indicatodd
moderate infection with Lernea, Bactericlogical exmwmination was negative,
Upon draining, two [lish were recovered alive,

Water quality

Dissolved oxypen. The weekly average and minirmum-muximum of the

morning and aflernoon digsolved oxygen veadings for cach treatment ape jrite-
sented in‘Table 2. From the minbmum-maximum values in the table and
Figurces & and 34, it is evident that oxyeren Jevel deelined with time for ol
treatments. 'The control civealation treabmoent was the first to show declining
oxygen level during the secomd week of the experiment.  i'he condition coidinned
to deteriovate os aoreault of increasing hiochemicnl axyeen demand (15,0,1,)
until the fifth week {Table 2 and Figure 8). During this span of time, fish
mortality due to oxvgen depletion occuvred. lemergeney piinps holped to aite-
viate this condition.

The overhead gravel filier treatment had insuflicient aciration during
the fourth weelk of the expeviment and 2 figh kil took nloce hechure of thisg
condilion,

Water guality was better in the undevwalier gravel filter treniments (hay
the overhead filter and control civeulalion tresinents, Mowever, with the
lapse of time, the onyveen Tevel in the former trealinents also dionped Tow Froi
the fourth (o sizih veel (Table 2). During the sisth week, dizaolved ONYICH
dropped to 1.8 /1 in the paddle wheel trestinent.  On Soeplember 20, 1072,

the condition wags corrected by advancing the startine time for overpright
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operation of the paddle wheoel from the origing] selling of 6:30 A (o 4.0 AL
Aller the adjustment of (he time, digsolved asyuen level hecen hizh.  Dissolved
oxygen level generally bocame hizher for an frealments auring the month of
Oclober. This wns caused, al Joast i part, by the deercasne iy number of fish
in pondsg suffering hiogh moriality, supplemeninyy pumps woere in operation,
and further, the men, temperature decreased, thus, inereasing (he solubiligy
of oxypen in waler For all vrearmmonge.

The principal vogaon, for the murkod difference in dissolved oxywen
level amongr (he lro:ntnugn.!s was allvibuted 1o (ho capaeily of the wator cireu-
Iating and acvating units wsed fop cach treatment.  The slenificant effeet of thy
capacitics of e aerabiteronits was demonsiegy o) vith the Tnpe ol timao, Aoy
of morning dicsolvo ONVEen during the Jourth o sixth week of (he CNPOrimet
dvopped (o 5. O, 2.7, 1.6, ana 1.9 mz /1, for the naddie whogl reatment, undore-
waler gravel [ilfop reatments, overhead Glter treatment ang conteol civeulalion
treatment,, respectively (Fable 9y,

The alternaon cisaolverd oxygen vidues (Table 2y for ihe overhead INIRA
and contro) cireulation (p,. ments vevenlod (the inadequacy of these vater cipe
culation ang aerating dovieos, Whon il G2 pumps wore in opetriation, the
waler hecame srtoraied wiigy sy indicating iling o sonifieant mmonpg of
issolved OXYEEn cime Mo Photosynihosis by pivioplankion. Thie exeosg

issolvad OXYiren connol bhe removed by eiiaiion. Hovever) with the Installrdion

f Lthe emergeney pumpy of G0~ pim capacilios, 1o suporasalvended condilion
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occasionally appeared (IMigure 3a). This inc'ii‘cntcs hat oxygen produced ly
photosynthetic activity is dissipated (o {he atmosphoere by the agitulion,

The eflicacy of the equipment was determinad by o five~day dissolved oNy -~
gCN mes . woement inside the pump sump of the gravel [ilier and the povtion of {lie
pond where the fish Tived during the month of Seplembes (Tahlo 26, Appendixg.
There wag approximately 2.5 mg /1 difference of dissolvad VIV coneentrsiiong
in the carly mocning between (hese two compartments, which wopre sSeparated by
a divider bourd., This indicates that during the time of measuremest, the fish
and other organismsy steadily demanded abou( 2. 5 mg /1 dizsolved onyeen,

:ﬂ’;ll‘_}.l‘.”_"l,’.‘.l'_'i’; Graphe of temperature readings 2 e presentod in Ficueo,
4 and da. The chunee of tempevature witly Lime was oviden.

Duncan's nesw multiple range test was applicd (o Cotnpare teealine
means. Comparizon of neays appearing in Tables are i lowes cane Toflers.
Means follewed by the same letter are not significantl different o the § por
cent level,

C(nnp:u"if:(m of treatment meang (Table 3y at the 5 Ber ceni lovel con--
firmed that there W5 N0 sienilicant temperaiare differonce among (e Lwo
underwater filier (req ments and the contyo) civeulation froatment, The threg
formoer treabments wero sionilicant]y different from (he ovechead [l ev (roni.-
ment ond the paddioe wiee! traatnen . Purthor, ihove waoe Ldilierence helwes,
the paddle wheel retmienl and the overhead s (vontmaent Thos,  (he
paddle wheel hag (he loveost water lempevaiuve, followed by the overhead

filter, and the other throeo trentment s had (ho highest viduog.
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During daytime, il the air temperature is graater thay wabop femng-
rature, water absorbs heal from (he almesphere due o tomperaio e e,
Conversely, temperature inversion at nighl produces cooler aibiong oire thon
the pond watee. The paddle whaoel Operated interitiently duving daytine sl
continuous at nivht time. Therefore, heal dissipation of the valor 18 more
signilicant al night than (the heat abzorption during (he day.  Waicr soitaiion
by the paddlc wheel was much stronger than the rest of the (rentner is, i"he
continuous agitation by the rolating paddie blades was seemingiy offesti e i
dissipating the beat af night. In overhend filicr treatment the sprinkling and
triekling Mow tlrouch the filfer hastencd and gave more time [or the heat fo
dissipute.

With 1rerovd (o ihe weekly tempeiature range (Tablo 24, Appendix)
or fluctuation duving the day for cach (veatinent, an wialysis of varisnee
showed no significant difference amons the (realmeants, 1 sumrast s thal
during (he day the vate of hoa ahsorption Ly the weter for o1l of (he ireal-
ments was (he same. This, waler coolisy alt nishi by the treatinon, madan
the diilerence.

Dissolved onveron o sumplion v planlaonic Cantaey ity

s e 4 s e s A S e -

The ineubation time fop the davle botile iy (e doelerminalion of disaolyved

OXYpen consrphon by plaslion ranned Lrom 6.0 1o 206 hourn, Ko provigion

was made to ¢uelude the organic maller Cuving veast remaen o Therciors,

the values presented included the oxyeen demand of e orsunie watter oas

planktonic conmmunity, but will be referred to s planfaon coarsumplion.
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Graphical comparisons of the treatment s with respect (o time are
shown in Figure 5. The (reatment mmeans shown in Table 4, reveslod (hat
the underwater lilter with water hyacinths had the least amoun( of planl:ton
consumption of oxysren. This was followed by the ilter withou water hya-
cinth treatment, paddle wheel (v alment, overhead filter trealtment, and
the highest consumption was recordod [rom (ha confrol lc:'rc:ulution treatment.,
The mean values ranged from 0. 146 (o 0,531 me /1 e On g 2 -he basis
these vidues were 3,504 (o 12, 516 me /1, Comparizon ameng mean values
showed that the threo freatments namely: cont rol civeulation, overhead {iler

and paddle wheel, did not ditfer from cach othor o the b per cont level, e
) ]

sy

former three tregment < hanvover, wore sioniffeanthy dit‘eront from tha fitie
) ’ B .

with water hvneinths,  The respanee to filier withng ooy hracinths
treatment woos e 5 e N L TARE LTI TNPE I

ment. Iurther, ncither of the undeorwaieor filier treatments shoveed mwarked
difference from cach other,

5

The values of planlion Ceitsmption ol ovveen appresinmed

]
-
ool
—
Y

. Lo St e . . e . . - . 1 N
reported by Focd ctevoy, g e value of TU0 mes T pes 20el v
. . . J [ « Y JOAN - . (S
excecded, hevvover, Thiv soes ha e io shizhorplenttiog laorl oot 20 D,

cffect of organic muaitor i he agiiated pond water.
Filiaentous aleoe srew in the two undeventor filier treatmenls, Wo

altempt was mode 1o ovoid o e Do tha determinnlion of (he OGN0 consonalion,

Ibwas probalde it cithar ol op Lo quantit: of alac wns ablo o eniey

into the dark hotile which could be » souree ol variation in the Wit emenl .
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¢ Puddle whoel

(A}

O — — — .0 Underwalor Fileer (with Lvaeitiing
O —— A& Vpdopwntor filter (no Lyacinths)
0 . (A)\'(.‘]'Jilf'ﬂ'\l Vilice

O e e e O Conlrol circevlsiion

SIS B i S PO NPT B A s, YUY JUU r——
. . ’
/1 a/u Lo/ 10/ 10/

Doa ¢ , 1 g v v

Figura 5. Disuolvad ONVen consumaprion by plankionje communit
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To some degree, the effcet of water hyacinths in reducing dissolved
nutrients was demonstrated by the fact thut the gravel filter with waler hya-
cinths treatment wus signilicantly different rom the paddle wheel treatment
with respecet o consumption ol oxygen by planklon. On the other hind,  Lhe
paddle wheel treatment and the filtey without water hyscinths trentment did
not differ when cousumplion ol oxygen by plankion was compared,

Depth of visibility

The depth of vigibility ol the pond waters was determined using a Sceehi
disk., The readines obtained during the month of Qctober are shown in Tuhle
9. A graphic compurison of (hege freabmentsis presented in Pigave 6,

The undervaoter filter treatment o had the clearest wator. Linco
they wers shallow, the Secchi disk could SULE Be seen to the botiom,  Phore
were Lwo ponds, however, one oy ciuch trealment, that wore not oy clear sy
the other ponds in the treatment, Following the underwider filtey Lreatments
in water clarity wios the paddle wheel treatment, then the overkead filter vrent.-
ment, and the control civeulation Lreatment,

Comparicon among means showed Ul the four treatments. hoth undey -
waler filters, padadde whee] and the overhicad Filter were hetter than (he control,
The four treatments did not differ from coch otherv inwoter clirivy. "I'he dig-
tinel difference hetweon (e underwater Giter trealonente gl (e ffter two
treatments wos not shown by the Scechi disl beeause of the Hinited Gepth of

the ponds.,
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Figare 6, Socehi disk resdings for e CTCron iveatmonts,



N
=

pIL

The pll values during the expe rimental period varvied from 6.1 to 9, ¢
(Table 29, Appendix). Generally, however, the pif values did not fluctuute
(FFigure 7).,

Treatment means vanged from 7.9 to 7.7 (Cable 6y, The overhead
filler treatment hud H.w highest vadue, Tollowed hy the paddle wlicel Creatment,
control civeulation trentment, underwater (Her withou! watep hyioeinthg and
[ilter with water hyacinths treatments.  Thoe vadues oblained were within the
desivable range of 6.5 Lo 9.0 for Tish culiare o given by Swingle (1561).

Compurison of treabiment means indiested signilicant difference in pli
at the 5 per cont jovel awnong Greatments, The pil values Tor the undernvate
filter with water byvacinths was ditferent From the pIt readines of all trenimen s
excepl the Tilter sithoat water hyvacinths,  Undorwator filier without sater hysge
cinths treatment hod o Jower pit than the paddle wheel treatment ard overlicad
filler treatment bt was not different from the plof the control civeulation
breatment, The pil of the control civenlulion broatmeni was nob the sanee ag
the pIt of the paddle wheel and overhoad ey treabments, There was no Higr-
nificant difference hetween the paddle wheel and overhend [iiter Nl values,

Carbon dioxide

Individual vojues for carbon dioxide (COW concontention: wore T
(I'able 30, Appendix). values for cach sampling date varied oy Lyreat-

ments (Figure ©).
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TABLE 6

TREATMENT MEANS OF EARLY MORNING pH

Carddle Underwater Underwater  Overbead
Replicalion whecl filler (with  filtee (no lilter Control
hyacinths) hyacinthz)

1 7.6 7.1 7.3 7.6

2 7.6 7.3 7.3 7.6

Mean 7.6 7.2 7.3 7.7

Maian comparison i ¢ he K]

-~
[N
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Trealment means ranged from 12.6 to 21.4 ppm (Fabic 7). 'The paddic
wheel treatment had the lowest coneentration. In the ascenudinge order, it was
followed by the overhead filter (reatment, underwater fiiter with waler hya~
cinthsg treatment, filter without watoer hyacinths Oreatment, and the control
circulation (reatment.

Comparison of means at 5 per cent level indieated no siunificant dil-
ference among the first four (reatments, but they are all significantly lower
than the control civeulation in carbon dioxide concontration. The higl: level
of carbon dioxide in the conirol civenlation wis probably dus to the decompos;-
tion of wastes, wncalen foeds, and respivation.  These data indicate thal the
contral civealation had the least effective aeration wnad it wis probable ihad
more wasted feed aecumulated and decomposod in (s treatmont, When the
fish were under strers, foeding decelinad.,

Without agitation, the ponds of the paddle wheel (reatment would pro--
bably have had a higher rate of carbon dioxide production, & {o a sienificant
amount of carhon dioxide from fish respivation wnd doecomponition of waslod
feed {rom nellicient conversion (‘Fable 1), The poddie wheel was able to
move a lurge volume of water and earbon dioside concentvations were the
lowest in these (reoatments.,

Coneentraticnn of carbon dioxide in ponds with paddle whcels woe. o
comparable to those in ponds with graved [lters, This was peobably un effnet

of the biologieal activily of the gravel [iltor and ¢fficiont conversion of fead.,
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e — Paddle whoeel
O— e e Uniderywea:or fiites (vith ‘l!:‘.'i\('iil.;‘:.‘})
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Figure 8. Carbon dioxide concentration e different irentnonts
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TABLE 7

TREATMENT MEANS OI' CARBON DIOXIDE CONCENTRATION, ppim

C T Underwater Underwalor  Overhend Control
Replication Paddle wheel  [ilter (with  [ilter (no filter circulation
hyvacinth) Lyacinth)
1 50T 15.0 20.5 15,4 22.9

2 9.1 1G6.4 15.0 15.6 2G.4

3 15.0 14.6 13.6 12.0 - 21,0

no
et

Meon 12.06 15,8 15.7% 14,3

Mean Comparison a a a B h




47

Two replications of the underwater filter without water hyacinihs  had
good  yield (A8 and Al0). Onc pond (AS) had consistently hich carbon
dioxide conceniration as comparced Lo the other (A10), 'J‘l?i:ﬁ dii’l'm:cﬁ(:(: Cuni
be attributed (o the difference in number and weight of Tich in the pondy. Dend
A€ produced s34 fish weighing 153.5 1bs, Pond A10 bad 278 fissh woelighins
138.7 Ihs.

The overhead lilter (reaiment suffered (rom extensive mortatily
except in one replication (Table 11). In this replication, a hichcer Jevel of
carbon dioxide could bo expected ag compared with the other Gwo replicates
within the treatment, due to the highor dongity of fizh, Tho refatively low
arbon dioxide was due to the efficacy of tha filter providine more tinse for
the cavbon dioxide (o escape (o (he abmosphere as the waier flows fhrove b
the filter.

Without oxygen depletion, no fish kill was associated with hich cearbon
dioxidz concentrations. On the ofthor nand, these hich concenlrations had
probably affccted the vespivation of Tish in ponds which sufiered low digsslved
oxygen most ol the time.  Buasu (1059}, i1 ay experiment using fouy spocies
of fish, namely: speckled trout, hrown hullhend, carp and goldfish found
seneral teend of yeduction in the netjve melabolie rate :1:‘:; the oxyeen concen-
tritions in the medinm decerenced with ap imerensing carbon d'axide conemne
tration.  Spotte (L970), sinted that the pravence of froe carhon dioside may
depress the allinity of fish hlood for oxygen easpecially  in erovidad SYSioTes

with low oxyeoen tensions.
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Total allkalinily

There was a wide range of values oblained during the measurement
period varying from 10 Lo 172 ma/l as CaCO5 (Table 8). There was a marked
distinction belween the valucs of ponds with good fish survival and those which

suffered heavy fish moxtality. Pond having harvestod weiehls of 100 1hs o

greater had mean total alkalinily values holween 54 (o 164 ma/l as CaCOy.

Ponds with high fish mortality and harvestod weights ol 54 1bs o1 less, had
values ranging from 22 (o 99 mg/l as CaCOq. Elevated alkalinity in ponds
with high densities of fishwas probably related o the reaction of abundant cap—
bon dioxide with the caleium silicate of (he pond surfacesto form hicarhonale.

'he mean alkalinity values for cach replication and (reatmaeni are
presented in Table 8. No diflference among (he (reatment meang was found
significant.

Ingeneral, the range of values oblained fox (he total alkalinity was
withiu the desivablo limit of 20 (o 150 mu/l as CaCOy (Boyd, personal com-~
munication, 1974) for good planlton arowth.

Hardaess and caleium concent raliong

Tofal and ealcium havdness concentrations in the walter rangedwrom
33 L0 122 ma/1 and Srom 22 to 86 mg/l, respectively (Pablea 9 and 10y, The
Lwo minimum and maximum limits oceinried in two ponds, ALL and A23-24, (ha
had aigh fish mox{ality. Toweyer, pond A28-24 had lie largast mortality

during the cighth week or (wo \vooks before the experiment endzd, while A1l

had a kill on (he thivd week afler gtoeking.
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TABLE 8

TOTAL ALKALINITY, mg/l AS CaCOs IFOR EACH TOND

Treatiment Poad DA 1w e Replication  Trestmon
No.  10/11 L0/19 10/26 Ao Aean

Paddle Wheol Al=-2 115,06 115.4 80.0 103
A 116.8 139.06 125.0 187 151
A5-06 160. 2 172.0 161.0 1G4

Underwator AT 57.4 ¢3.0 41.0 54
filter (wilh A9 155.0 170.0 143.0 1.0 s
hyacinthe) All 50.5 32,0 .0 32

Underwater AS 170.0 154.0 125.0 142
lilter  (ho Al0 111.8 110.0 05.0 HB) 86
hyacinths) Al2 6.2 17.5 10.0 22

Overhead AlD=14 89.6 87.0 105.0 Q4.
filtey ALG-16 110.0 95.0 G20 09 04
AXT-18 93.9 02,0 84.0 90 '

Conirol Al9=-20 129.5 185.0 9G. 0 120
Circuiation A21-22 0 151.,8 156,41 151,98 1o 11y
A20-0d 165.0 50.0 57.0 90




Values for caleium hardness were alimost as great as valuzs For (olal
harvdaess indicating that most of the havdacss was caleivmn hardness, Non-
sigmificant difference was found amone treatment means with regard to total
and caleium harvdaness.

Prodoction, suevival, _and_conversion

The havvested weight aid obzerved Lotal mortality data from cach
veplication of the treatments ave prosonied Su Table a1, Appendix. Dug to
excessive moriatity in sceveral 1‘(:1)1ig::1£i<;11:€: of different trentmonts,  cach
replication was examinad.

Cross mid nel yvields ave preseated in Table 11, The formuls for the
grossyicld was apptiod to the underwater fGler freatmonts thatl were stoaknd
with s (Felde 300 Appendix). For e romaining treatinents, the paddle
wheelo overiea d Ster, snd contreol civeulation, whore tah had oo addod
to compoensate haeir acceumulal ed mor tality  during thay tioe of resiac King, a
madhcation of the compuiation hecome peecasary. Using the Torianta as
before, the value oYainad for cach roaplicate in correct od Sosubtineling fhe
amoant of wedded veein it ot the Yime o restociing.

The net vield vnder e conditions of the experimaent canmot he
cllective mense in the onalysis. 10 did not considor mortality which was
imporvtani indoer the circwmstances oo 0 Pt of produetion.,

Paddio vhoo T his Dreatment Tind the most unilosm produciion and hast
survival (Table 120 The paddlie whenl wis superior In acrating and civeulsing

» . v o
|

the water and this trealment exirhites ihe fow et wator femperatiuce,



TADLE 9

TOTAL HARDNESS, mg/l AS CaCOy FOR FACI POND

Treatment Pond LR S N Replication Tresanont
No.  10/2 0 10/11 10/19 10/ Meun Aaogm
Paddle wheel A1-2 7S 50 88 70 79

NUEY! 66 72 GO 69 (]
AL-0 o 80 92 06 88

I a)

[_

Underwiler AT 82 76 G7 GO 71
fillev (with AD 109 112 110 110 112 73
]1}'3(‘.in[]1.~_;) Al Do 33 20 20 ob

Underwater AS 104 109 107 103 107
filtor (na AlQ 90 G8 66 h 78
hyacinthg) AlL2 55 49 50 GG 53

Overhead ALS-14 1y 74 GY 85 71
filter ALH-16 68 7 51 Th 75 74
AL7--18 %8 82 80 69 77

Control ATD-=20 94 a5 100 114 100
circulation ADLene uy a1 91 89 445 g0
A23-24 76 a7 116 10 103

O e i - penbe ot .- o = e (e g mreme. fomt
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TABLE 10

CALCIUM CONCENTRATION, mg/l AS CaCO4

FOW BACIH POND

Treatment Popd _D A T 17, 1 97 2 Replication Treaimeoent
No, 10/11 10/19 10/26_ Mewp Meon
Paddle wheel Al=2 70 GS 52 G
A3-4 H8 G2 58 Ho 62.7
Ab-G 68 G2 68 GG
Undetvwater AT o6 ol 20 39
filter (with A9 80 G GO G5 42,7
hyacinths) All 24 22 18 21
Undevwater AS 83 G4 GG 6
filter (o AlO G2 38 D2 14 2.7
hyacinths) Al2 34 44 30 30
Overhead ALB-14 50 4 64 h3
{ilteyr AlG=16 70 64 61 G'f 62,7
AlT=1G 63 G2 ) G0
Control A10-20 78 84 82 gl
civeulation ARE0D 85 80 £ an 52,0
2524 T8 52 86 b2




Underwaler gravel fillers. ‘I'he best individual performance fox a pond

was a veplication of the underwater filter wilh water hyacinths which yielded
170 1bs at harvest with a survival of 97.3 per cent. Howoever, the growing
peried for the Lwo underwater filters was only 49 days as compared (o 68 of
the other treatments (Table 11)., In texms of supporting fish growth, another
veplication in the same {reatment performed well unlil the pump strainer was
clogped with [ilamentous algae that resulted in pump failure.

Two replications (A8 and A10) of the filler withoul waler hyacinths
had survival of 90.0 and 90.3 per cent, respectively.

I'here was no signilicant difference between (he two undexwater [iiter
treatments with vegard Lo the walev quality paramelers or production values.

The water hyacinths in one treatment had negligible eflect, thevelore,

(he two filters can he [(realed as a sinele (veatment.  Eliminatine
(] £

the replication in the two trealments that had high moutality, the three 1ro-
miining replicalions ave comparable (o thie paddle wheel. ‘ilhe harvested

{

weight for (he three ponds vavied from 138.7 to 170,53 1hs. ‘The nel conversion

was 1.46 Lo 2.66 (Table 11) as ccm‘qu.'n'c:d Lo 3,15 (o 4,66 of the paddle whaeel.
An additional asset of the underwater {ilfeys was the clear water and the least
growlh of phiytoplankion. One of the main problems was (he growth of fila~-
menfous algae such as lvdrodiciyon and Rilhophiora which hocame a problon
in waler cirvculation and limited the available space for the fish.

The poor conversion in the paddle wheel (reatment and occasional

mechanical trouble of the machilie were major problems. dhe inefficient
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TABLE 12

FISII MORTALITY AND SURVIVAL

E -
—
Pond Fatimated No. of Per cont Per cent
Treatment no. of obsorved

L No. __stoched fish mortalitv = mortality  survival
Paddle Al-2 201 9 3. 7.0
vheel AS-1 264 1 0,4 0949, ¢

AbH~( 245 2.4 8.1 91.9
Underwiater A 320 104 IS G7.5
filter (with AD R 9 2.7 97.5
hyacinthg) All Ry 284 75.4 26.0
Underwaler AB 371 37 10.0 90,0

ilter (no
wyacinthe)

verhead
i

lter

pontyol
irculation

AlD
Al2

NG04
AL5-10
ALT=18

AT9=20
AR e

A23-24

A A it 4" e P el 3§ A Ao s am e e ® T

D08
2068

0re
RS

316
44
281
a1

257

30
217

29
139
328

18
50

210

 1'rom the dale of restocking, September 13, 197

760

(s

90,3
19,0
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conversion indicated that some [actors in the cnvironment were not conducive

for fish growth. Considering that feeding rate was not adjusted during (he

entire experimental period, their feeding elficiency should have been hioh,

due to lesser food given in comparison to their increasing welg e and hichey

demand for food. |l was also noted (that some igh i the paddle wheel (ronf-

ment died at harvest (Fable 1),

Overhead gravel filtcr,

This treatment had one replication (A13--14)

%]

(hnt had a harvestod weight of 1541 1hy and survival ol 89,6 por ¢

ent, The net con-

version of 3.95 was in (hoe range of the paddle whool (reatment. Watep AL

cinths orew Vigorously in all lrentments, exeopt thoso grown in the wasio gofe
|

lement hasin of (hn OV ey

ad filter treatment, I'he water hyvaeintha in o hnre

reatment s had thick arowth that thinning was o ab Teast twice, Ao Pl s

¥ the overhead lilioy GeMon were siunied in grovthe s vrobable that he

| . I . . . . . N vy .
Iter is cifective in retainiy the organic wastos: from the flowing water.

Q"J}‘..’-'_QLSi‘L‘,E.‘_'.I_".‘-.’..i,.".’3.,-_, This treatmont grve e poorest vonnliy dmon

e live treatments, One veplication prodized 3 b ieveetiod wolshi of 125 1

d sovvival of 93,6 percente The Fish saevival in (s Do s due (o (e

pplemantary PUmD it venluri segom stalled indenendont of Che trent-

b as oviginally desioned.,  Noi conversion ol 5, G waoe voery ineiiciont,

Al dvaininy time 1he wiater in the contpo!l cireuleton st the paddle

eel treatmenis had (he worst orior dae (o e deconmosing vustes, e

sser exienl, the overhead filtor v er had some foul odop qe welle Thig

S an indication of ineaflieient waste dispogsal,



v,

MATIERIALS AND M

)
Introduction
~—Lelction

The planaing of acltivitios

CxXperiment, tmprovemoents v

that hindereg the offe

ctive perlormance of o

The small ¢ bIE

dnacity pumps tha Were aomajoy

sufficient dissolved OGNyen to some Lreatments Were

|
! .
Also, more allention wiy

locuscd on (lc.-i,cj‘r‘.)ininp; Lhe

ther than ¢ cansed by oxygen depletion,

The Lreatment s that were congide:

tudied furthey and treatment s (hat o
|

VO poor renul

73 experiment wag desionnd (g verify pagt resuliy,

r further improvements,

It wag delermine in 1979 that some treatmoenty

'Ling a standing erop of 170 1he

reomposed of g owige v

hbers in 44 days, The

cked Tish 1o fin;g'('rli:v.;;':‘

Suceceding

o munketable Siro

2 fixed the number of milorm give lish,

92

s for 1975 considered yes

ere introduced i aljoe

ved Lo have polentia

ancl to cupl

SHIY covisioned {o rai

in o monihsa.

1973 EXPERIM 1 NT

"HODS

ults from the previouy

viale some of {he problems

ach treatinent,

Himiting faclor in sunply

i
chianeed (4 Lirger ones,

ciause of fish reoctality

vitliie wore

{s were Hacarded, The

ore methods
were capeble of sup-

ol ¢ingg

HIN|
Lo im(-n::i\'cl_v

The stocking



58 .

The experiment began on June 9, 1973 and was terminated. Oefobore
21, 1973,
ﬁI;S:\'_p_qumcnt:iI (f(-_:::ﬁii_"{‘ilﬁilq_{']_u:ﬁ{ym

Twenty one concrete ponds each having an area of 1/200 acre were
used in this study.  The ponds were filled to a depth of approximately: 2.5 (¢,
The treatments wepe distributoed i g completely randomized Fashion anmong
the ponds, Ilowever, priop consideration was given to the pairing ol the ponds
to suil the needs of the treatments, some trealments required single ponds °
while others requived dual ponds, The pond layout and {yeatment allocations
are shown in Figiee 8, The control treatment was not used sinee it was
shown in the Previous experiment (hat an untreated contro] cannot produce
large numbers of fiah ina closed system,

As a resull of (he execllent performince of the paddle wheel, two {reaf-
ments were established using this device, Similarly, the underwaler gravel
(ilter was usced at two stocking rates. Olterbine submaersiblo puUmps with
1genturi aeralion weve used in al Lreatments, cxeept the paddle wheel i peat-
nents. Watey hyacinths woro ol used in any of Lhe reatments, Instead, a

oard placed at the end of the ponds covering about 10 per cent of the pond
trea provided shelfer for (e figh in all treatments.

The [ollowing five treatments wore replicated thyee Limes:

1. Undevwale) stavel filter, singlo pond with ventuyi acratlion, stocked

ith 400 fish.




2. Underwuter gravel filler, single pond with venturi aeration, stocl:ed

with 200 [ish.

3. Water circulation with paddle wheel, dual ponds, stocked with 400

{ish.

4. Waler circalation with paddle wheel, single pond, stocled with

100 figh.

0. Waler cireulation throvgh an overhend filter, dual pond, stoclicd

vith 400 [igh,

The same design of underwater gravel filter as used in 3972 wis uged

n the study. The submersiblo pups, driven by 1/2 hp motors, had & Inrger

low rate than prmps used in 1972, The ful} pote ol How wag ugsed

Vol

in ¢heu-

ating and acrating the water through the underwnier Jilter, The only difterence

etween brealments 1 oapd 2w the slocking rate.

The paddle wheel treatinents 3 and 4 diifcred only by way of the waste

o).

Iettlcm(ent hasin provided for trectment. s

A minor maditication wis made in the overhead filler ag compured Lo

pe 1972 experiment.  n (he PO experimaent, approximately 70 apn flow

while the remainder AUREE

Ias dischareed on fop of the Tilic civeulated o

enturi-acrated within {he pro‘ivetion pond,
] .

ATl freatments wopo cauaipped with elock timors which weie sef fov

’“101‘ S ominules on od S ninutes off (8:00 AR fo 2:00 13y o contirucun
|

eration (8:00 Pt (o ¢

SO0 AN Adjustment of {his schedule was neceded iy

me ponds duving ihe conpse of the experiment,
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Water supply

— —

The same source of water as used in the preceding yoar was

used for the experimoit. Whanever necessary, waler was added o Uin ponds

to compensate for cvaporation and leakage in order to maintain the depth at

approximately 2.5 foct,
Lxperimental techniques

Stocking of fish. Channcl calfish, deialurus punetigus (Ralincsaue)

fingerlines 4 (o G inches lons wore stocked in tha ponds. The pumbar of fish
o o ¥

per pond was fixed, One wndevveater liltey treatment was stocked with 200

catlish, with the vest of the Leeatments stocked 400 ench, The weirhits of tha

fish stocked per pond were faivly uniform {l'able 49, Appondix). Tha Finrer-

lings came from » Commaon fish population.

Feeding. The fish were fed seven duys a weok during the late aflep-

hoon with floaline pellet o Purina I'roul Chow. The rale of foad i variod

rom 5 Lo 8 per cont of (hio Dody welght of stoched lish.  From Jane 11 i July

}3, 1973, the fish veseived 3 paiteent feedine: rate; July Lito Awsust 1

] “

t

i, ey
:

er cenl; and Augost L4 untj] the end of the erperiment 3 e

conle Fooding

as adjusted weekly asing (he mweiliod dereribed by Swino {257y, oual

mounts of feed were yriven (o ol freatments al (he Boriuning of tha caperinend,

aring tha comvsse of {he esperinent, Jt v allowed to vary dependie. on (e

rowth rate and conversion ag weiermined by weight sonpling, ke [stor

‘owing fish received more feed  than  the slower ones. This vag e

Vit not Lo s (e vapid e rawth of (e fiah which ennle Posaible ha dae


http:inlclh:!.lo

G2
[to a favorabic environment provided by 11i10 lreatment.  The maximuwm Hecumu-
lated amount of feed wiven for a growing period of 101 deys was 195.6 hs or
38,720 Ibs/acre. The maximum daily ration given for one weol veached 4,7
Ibs or 940 Ihs/acre. Iced rationing was made diflicult duc to day to dey mor-
ality,

Fish S”"",D_Li_"';‘-'{_v_"}_l_’i]_iﬂ"(ﬂwﬂ_\ﬂ.ﬁ The growth rate of Tigh wis measured by
scining fish at monthly intervals and weighing them, Fifty per cent or more
of the [ish population were weighed cach time,  Phe (juh W :mci.lwssi'f..(-d wiih
quinaldine while hanrlling to avoil stress, The fish were connted and weiphad in
mass as quickly as possible, From the sampled weisht, an eslimate of the feed

conversion for cach (reniment wiw oblained and used in feeding computationg

Wy

________ s
In addition to dizsolvel oxyvien, temperature, OXVEen consumption by
planktonic commuanity, carbon dioxide, pl, total alkalinity, total hardness, the
pond waters were analyzed for turbidity, anmonia and pitrite coneentintions,
The time, frequency, and method of analyais werve as [ullows
Lo Turbidity wag expressod in termes of daelson Tuebhidity Unit (T,
h‘hc turhidimcter vsed in the Jaboratory was Hech, Riodel RGO, Water samples
vere tiken (rom the middle depth of pond, Determinations were inade fovrice i

nonth,

2. Ammonia (1115) concentiration wis defermiined ol bisweekly inforvals

y distillation and spectrophotomeler methods e described by Swingle (1469),
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More determinations were made in ponds having mortality that was not caused
by oxygen depletion.,

3. Nilrile (NOy) concentration was measured as freguently as ammonia
by the sulfanilic acid method (Swingle, 1969).  The watcy sample was lillered
through 2 10 u millipove filter facilitated by using a suction mechaninm., Nitvite -
and ammonia concenlralions were analyzed at (he same thne immedintely alter
taking water somples carly in the morning. Analysis wag usudlly finiched
within cight hours.

Draining

some ponds were deained carlicr thay olhers because of heavy mor-
tality leaving Lut few fish in the pond. Further, the underwalor pravel fijler
stocked with 400 fich reached o poinb where it could not conduct waler into
the pump sump o et e (he pumping vate. An o resuls, oxyoen coneenfra-
don declined as shown in Figures 10 and 102, These ponds were draied
on Septembeir 19, 19735, T'he renining ponds with more jish wore arained

(X1

on Oclober 21, 1074,

The vecovered fich were counted and woighed,  These data are recorded

in Table 42, Appendix,
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RIESUTTS AND DISC1HS ¢ IN
Mouxtality

Irregulay mortalities occurped inall but one treatment (Table 13),

Mortality wag highly correlated yith dissolved OAYECN, ammonia q)y carhon

dioxidoe, The cerrelalion coollicion s LSS 0GR () DT o, Ly e

ectively. Nifyite Was ,':i;','ilii'f(.':ml.l_\' corveiatod il mortality in (ho Paaclidles

vheel with dyal pond treatient with o caellicient ol 0, g8, T B e ot

nortality in the underwatey fjltay Lreatment with 200 [ish wag not corvelated

ith any of (he water quality pParimeleps.

Arepression anitlysis of mortality as dependent rariable against

idependent variables, niimely: (rcatments, Lime, intevacetion hetween tino

id teeatments dissolved osygen and lemperature showed a highly significant

*lationship. A 70 per cent explained variation wwas atlributed (o (hese vaviahles,

The undevwator filter with 400 lish had a major fish Kill i one T

tion altey 86 feeding days,  ish iy the two remabing veplicatione Sullered

average mortality of 5, Pe cent,

I'ish of a1] replicationg of (Lo underwater: filfor treatynent with 200 [igh

vived 131 feeding dayn. Thepe wis an averiee novtality of 5 oy cent,

I'he paddle wiido) With dual ol breabiment, had complete figh kili in

replication due (o Oxygen depletion dus

ng the late allernooyy, I'his was

ociated with an merensige amimonia concentrafio. Adenzo aloal bloom

developed in this replication ancl sudden phytoplankion dic-off resuliod 11







GG

High B.O.D. The aclion of {he paddle wheel, apparently, wag not sulficient

0 meet oxyeoen demand of decomposition,  The paddle wheel was col (o uperate

ntermitlently during the day and conlinuously at nizht, $:00 PM (o §:00 AN,

aring the day, it was in operation for 15 minates oul of cach hour, A loneer

eriod of rest was fixed during fe

ading tite. The low oxygen reading wag

Vel

tken ehout teeding time. he Limer selting was chuaneed 1o thid the paddic

heel ran 50 minntes oul of caelihour during the iy,

Chronic juortalilics oceurrod i adl replications of the paddle whee) with

ingle pond treaiment, Mortalition hogon during

Ul

the fiith weol of the experiment

d continucd theorsh the thivtoenth waeek,

Most of the Tish in harl prddle wheel breatment s developed a hlood

mdition similar (o (hat vwhich oceurved in 19720 Phis condition may have

e cansed by anynonin mad nilyie, Meither of these treatnient s had filteo-

on devices oy removing wosles, he dual pond of the paddle wheel did not
|
|

netion adequately jn (he chapreaty of removig crpanic waries,

The fish in the ovephend FHEer Drestment oreve woll in two replicationy

Ll the cleventi weels, e Ficho i the thieg replication survived until to

ellth week,  Several deed fedivere gucked into (T pramps which decereasod

Pwater flow, The P continuad Lo oran until the Folloviine worning bt

low vates woey o very e and most of e fish in al peplication: dicd, e

wiality was alteibuicd 1o (e imeressed annmonia and oxyoen depletion,
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Water (ﬂ,“}li’;bl

Dissolved axyeen (0.0.). Al of the treatmonts received adeguate

acration mont of the time. The weekly avervages of the disgolved OXyeen arc
presented in Table 32, Appendix, The winimum and maximuwn values foy the
week are aizo indicalod, A graph of diseolved axygen versus time is shown
in Figures 10 and 10a,

Irrespecetive of treabinents, (he correlation enalysis showed that djg-
solved oxygen was negatively correluted wilh martality, mamonia, carbon
dioxide and temperature, 'he corresponding correlation cocelficients were
-0. G4, -0.40, =056, wel -0.27, respectively, These cocllicients show {hay
a decrease in dicsolved eayreh concentration is associnted wilh an Merense
inmovtality, ammoning em bon dioxide, i bemperaivre or vice vorsn,

Fish I'illo aegocicied with oxyeen depletion vve indicatod in footnates of
Table 32, Appendix, Ihe dizzolved oxyeen levels auring the thme of mortalitico.
were Jow excopt in o Ringie casce which oceurrod on Seplermber Th] 1950 whe o
diszolved oxygon wae 5, 2 Al pond A SH-86 af the thae of wiesruromont,
Water analysis for amionin o cnon Gloxide i iy pend ivdicated el
concentrations of 4, 56 aul 20 PR respectively (Polies 57 and 5o, Appendix,

I general, the cveradl menns of dissolved oxyeen in enel frentmoent
werce high and seeied clore (o eneh obires (Pable ci). Phe news canecd o

G.210 7.3 500/l The voaderwalop Fiter with 200 fish teeatie Bk the ivhesnd,

value foliowed by (e prcdlevheel with single pond frestyaent | overhead filber
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treatment, underwatey filler with 400 Tigh :abment and puaddie wheel with

dual pond treatment,

Analysis of variance fop dissolved oxygon showed high significant dif.

ference among the treatments at 1 per cent level, Comparison among menng

at the 5 per cent lovel (Table 14) showed that dissolved oxygen in lhe undep-

water filter with 200 fich treatment and (e paddie wheo) with single pond Grest.-

ment wag not signilicantly differont, These two treatment s woere diflerent

from the other threo treatments. The overncad il Lreatment joean Shovied

narked diffevence from the oflior four Lreatments,  No dictinet disTeyrenes SIS

(St

otea between th underwater filier with 4o Fish treaiment and (he paddd]e

Wheel with duag pond freaiment,

Probably, the Hicher Jevel of dicuoived oxyren in Leealinenls with

mderwater [ilter with 260 Fiedi oo the pachifo wheel with sigle pand was due

0 the lower density of stocted [ish and the lesser volume of water,

The ponds

Pf the paddle wheel with single pond treatment were stocked withy 260 finh of

ulfeeed Meom extona

he berinnine bhut these fish o wilitions o e and chronde
| ts (]

nortalit: (Iahle 15). Fuvther, this breatment had e Towest water cemperaiaro

e

iroughoul (JUivuvey 1] ey, Chig, selubility of ORVPCh W fheecned,
O (&) . O

The statisticol dirreronee i treatment meons Beay ol e Daportand,

1e to the lact that hioh oxvie levels wope madntiined iy o)) rontimenty

‘\
=

he high dissolved oxvgen level sugecsts that (he capucity of the aceation

its was adequale in all treatiments,
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The decline of oxyeen concentration in the underwater filtey treatment
as shown in I'igures 10 and 10a was cauged by ohstruction of the lilter by

filamentous algne and organie material,

Temperature, The avers ge weelly morning and aflernoon temperatures

are presented in Table 39, Appendix, The temperature varialion among the

replications within cach treulment was small. “The computed treetnent means

A

of temperature are shown in Table 15, Deerease of temperatore with time

was evident in Fioures 11 and ITa. The signilicont corvelation coclficiont

elween Livne aned temperaluee was -0, 6o,

Analyeis of vicsiunce foy witter fempar ature rovesled o high sionilicant

lifference (1 por cont Jevel among the tealmenis, Compirison of meany

Falile 15) indicatod (hat (e e undeprvntor ey Lreatmente and the ovep-

1ead filler treainient wepe ned different from eoeh ofher, Waiep Loraporefoyrar

f the former three treatinents vere markedly diffevent from that of (e paddlce

vheel treatiment s, Fuvther, @ significon difference bheiween the water e -

eratires of the fwe podd)e wheol treatments was Fowl whoen their meony

'ere compared,

Groupinge the treatmoents, the Bichont watey terporature vialues were

ceorded in the ponds with (e e srave! filoms. fotforred by (he ponds i

1e paddle wheel with gual porireatment, and (he Jovent vichue i the ponds

r paddle wheel with single pond freatment. Phese rosulin corroborated

e data of 1972 experiment, Although no distinet difference bBetween tho
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underwater and overhead filter treatments was found in the present experiment,
the ranking of values was in agreement with the previous experiment,

Rigsolved oxyien conzumption by planktonic community. The oxygen

conswumption by plankton as measured by the davk BLotile teehuique is presentod
in Table 54, Appeudis.  The incubation time of the durk hol e ranged from
G Lo 7 hours.

Oxypen consumption versus time Tor cach ireatment i shown graphically
in Figure 12, Ranking of treatmeni meang (Pable 1oy JJC\"(.‘i'l]t':;I that the
highest consumption of axyuen by plnikton was mensured in the
paddle wheel with dud pond trentiment, Tollowed by the overhond
filter treatwmont, paddio vhieo) with sinele pond Lresbment, mviorwater filtop
With 00 izl Greatamont s (e wndervater Filer vitly i Ch Cropiment, Com-
parison of troatinent wone did ol Chaw iy signiiicant diffore e Srnong the
treatments exeepl that of (he underwator filter with 206 figh,

The values olbtnine: in e previons oxperimend Closoely aovced wilth the
present expeviment, Mooy vithues of the provious coperiment ranacd oo
0.146 tor 0, 5% e/ o 5500 (o P208S16 e /100 e Ravkine of vidues

in cach treatyent snonns vareed with the tramd obtained in ihe LO72 experiimen:

Ly

Turhidity. The velues of wilep burbidity th 00U Tor coel, replicadion
e shown in ‘i'able ol Appendis, The chenge of tebidily with time in varions
reatments is presentod in Piptre 10,

The analysis of varinnee for Lurbidiiy showed a significint dilference

mong the treatmenis (I'able 1) at the 5 per coit level, Comparison of
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trealment means revealed that, except the underwater filter with 200 figh
treatment, no distinet difference was demonstrated among the four treat-
ments, Likewise, the three gravel filter treatments did not show any dif-
ference among cach othey.

pIl. There was a decrease in pIl with time (Figure 14). The signili-
cant correlation coellicient hetween time and pPI, regandless of trealment wasn
=0.46. The decrease of pIl with thne was due (o an ineretse in carbon dioxide
concentration,

Values for all ponds recovded durving the entire growing sciason varied
from 6.2 to 9.6 which was pract ically the same as the 1972 experiment (Lable
36, Appendix).

Analysis of variance for pll showed highly significant difference at 1 por
cent Jevel among the treatments.  Comparison of mous (Pable U8) at 5 per cont
level indicated (hat the paddle wheel with single pond treatment wis not dif-
ferent [vomn the paddle wheel with dual pond and overvhead filter Lroanbmonts.
The overhead filter treatment was not different from either the paddle whoel
with dual pond o underwater filter wilh 200 figh treatment,  Ihe undecwaton:
filter with 400 fish was found (o he sighilicantly dilferent from the ofler (real--
ments in terms of pll, The differences in the P values amone [reatment
means were small and would not affeet fich production.

ammonia (NJIy) concentrationg in {he indivi-

dual replications of all {ventiments ranged from 0, 04 to 17, 60 ppin (Fable 87,

B Lkl o
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.

Appendix). The average of the three replications of each treatment with min-
imum and maximum values is presented in Table 19,

Ammonia was highly correlated with mortality and digsolved oxygen.
Corresponding coclficients were 0,57 and -0, 46, vespectively. Wilh regard
to the correlation hetween carbon dioxide and ammonia concentration, the
coclficient of 0. 55 was significant at a level of 5,11 per cent.

The figh mortality that occurred in ponds A7T7-78 and A5 was probhably
due to ammonin i.:r.\'i‘cii.,\' as one cause, The level of ammonia in the former
pond increascd from 0.43 to 4, 84 ppm. ‘Lhe high 1, Q. 1. of the decaying algae
which produced ammonia, caused the digsolved oxygren level to dreop to 1.7
mg/l in the late afternoon. Thig low dissolved oxysen concentralion plus a
high level of anmonia vesulted in the death of all the figh. On August 10, theoe
days befove the kill, the digsolved oxygen was high 5.9 and 7.5 mip/l, in miorn-
ing and aftcrnoon, respectively, ‘Lhe [ollowing day, the dissolved oxyacr
level dropped o 4.1 mg/l in the afternoon and finally down to 1. 7 e/l in the

next day. In A0S, the level of ammonia increased from 0,43 to 1. 70 ppm

-t

the fishimortality wag 74 pop cent, Digsolved oxypen level duzing (he pre-
ceding day was 5.2 g/l in‘the morning and decreased to 4, 6 me/lucthe alte
noon.. Under norinal conditions, alteimoon oxyaen level i usuall higher thon
morning value,

A compurizan of treatment means (Lible 20) showed thatthe only sip-

nificant difference in anmonia concentralion exists betweon the paddic whoe!
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TABLE 20

NT AND REPLICATION MEANS OF AMMONI/

—

Replication




87 ‘
with dual pond and the underwater filter with 200 fish treatments,  Ammonia
concentrations in all of the remaining trealments were pon-signilicunt.

Nitritc. Values of nitrite (NOy) concentrations varied greatly amony
treatment replicalions (Pable 38, Appendix). The replicietion means in cach
determination arce given in T'able 21, with the wninimuwm and maximuam values
in parenthesen,  The highest mean value of niteite concentration war recorded
in the paddie wheel with single pond freatment and folowed by the paddie wheel
with dual ponel, overhead filtey, underwater filter with 200 fizh, and muder-
water filler with 200 lish treatinents,

Analvsis of varianee showed significant difference among the freat-
mentg at the § per cent level,  Comparison of means (Table 23) indgicaded that
holh puddle wheel treaiinents cud overhend filter breatinent were not differait.
3oth underwanter ity frerbmoents were distivelly differant from e two paddic
wheel treatments but not from the overhead filter treatuent.

The generad  correlation anulysin showod that ammonii was bivhly cor-
related with meriality hol vol with nitvite,  Nitrite and dissolved oxyygen con-
coentration were siviificontly correlated with fshy mortality of paddie wheed with
dual pond trestment. The covvesponding correlation coofficients were 0, 68
and -0, 63, 1'(-51‘;)<-(s:.iw.-L\'.

Gome exomnples of Fehmortality with 2 brief description of the potl
conditions and volaer of manacnit, nitrite, dissolved vrveen amd corbon dionide

arc presented in Table 25,
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TADLE 23

FISII MORTALITY AS RELATED 10/ NITROGENOUS COMPOUNDS,
CARBON DIONIDE AND DISSOLVED OXYGEN [

Trealment Pond No. Mortalite Dite Pond conditlon !

Uiricrwater AN 9/1/13 Water Lturbid, 40105 afternnoon D, O, ,

flilter; oingle 4.6 1z /1 before moartalitys unonten

pord (100 tish) feeda observed 2 doya Lelore death;
CO,, 14 ppm: NOy, 0,140 ppm, Nily, ?
1.79 ppm. Condition doteriorated
passibly duc to algol dedth; mortality,
T4 e cont,

Paddle whicel ATT-78 8/12/73 Water turbid, 52 37TU: large hubbles |

dual puird on surfaca; alternoon D, 0., 1.7 e/l

(100 fish) algal death: uncaten fueds obeerved
Auvgust 0; WO, 2,000 prim; B R B |
peim; CO,, 0 !:J||ll1; moriality 100 per
cent,

At4-75 8/28/73 Uneaten feeds observed Aupust 26: [
D.O., 5.9 m/l; NQq, 1,850 ppi;
Nllg, 0.63 ppiii COg, H ppm; mor- !
tality, G4 pereont, '

A21-95 92/7/71% Unenten fecds abizeryed on September
SiDLO, 4,8 e/l NUa, 0,250 ppm;
]:H;{. 2. 20 phm; ('l'P-_u 14 ppm. Soapie i
temben 7, 1,0., 8. % mir/l; NOa. 0.470 '
PP NHa, 1002 ppm; tu--:l:-.ut_v", 45
per (_L'[Ii..

slngle pond ny/ly on duly 81, N3, 0,65 ppm; COn, |
(100 fizh) G pping August 7, NOp, 7.0 ppmi: chio-
nle wmortality, &8 per cont.

Deddle wlhicel ALY 7/23-8/3/73  Uneaten foods chservids 1D, G, , 7.5

ADl 8/15-9/21/73 Uneaten fveds observed; accumulated
mortality began September 13: D, O,
3,310 8.0 mesl, 0 On Stember 11,
NU:_,. 0. T80 pomy .‘-‘HH. e D0 P
(.'Uz. L ppm,

Qverhicwd filter - AY0-R0 LAV Uneaten fecds ohserval Sepoember 5:
dunl pond 1,0, Tatfore desth, 6.5 e/l on Sepi-
(100 (izly) taambor 5, KOy, 0,00 1y
g COL, 18 pinig on il 7
KU, 0,600 Pontiidsite 1L Bd nnm,
Initial mortality, sucked by pumnn
which hamperal acvation; oxygen
depletion Lo 0.5 nyr/l e ravated

moitallis up ta 85 por cont,

MNEG-81 ‘.‘/7 T3 N, 0O, bfora I:l'\llﬂ“'._\', .4 ||'.::/|: on
Septemier o, Nl’!.__.. 0,05 ppm s Ny,
2000 Py CO2, 8 ppngg b Beitein-
L2 7, NO,,, 0,67 P NI, 2L 82 ppn.
Sarae pattern of mo Lty nn ATE-80

sty Lo S e cent morkality,

ABG-86 0 /15718 DO, Lelove martality, Jf, 6 1'.},-_,*"::
KO0 020 pm s Ny, 4,46 YHITTH
COz, 20 ppngs initiat morlality ol
scuved, Soplember 14, Snmie
pattern of wortality 65 AT0-50
and Asi=4s yaortallty 85 per cent,

L e =
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Carbon dioxide, ‘L'he carbon dioxide (CO2) concentralions for all

treatment replications vavied from 0 to 23 ppm (‘Lable 39, Appendix), 1'he
values were generally Jower than the values obtained in the 1972 experiment.
During the course of the experiment, only three values exceeded 15 ppm. The
mean for cach yeplication ranged from 3.7 Lo 0.6 ppm (Fable 24).  Carhon
dioxide concentration in eich frealment versus tine showed a gignificant in-
crease (lfisure 15).

Comparison ol means (Lable 24) indicated that four trecaiments welre
non-significant with regand to carbon dioxide concentration, The underwatcr
filter with 200 Lish (realment was significantiy ditferent [rom all treatments
except the paddle wheel with gingle pond.

Caxbon dioside concenfration was signilicantly covelated with mor-
tality witl: @ correlation coatlicient of 0. 47,

Total alkalinify,  The values ol alkalinily for each treatment veplica-

Ltion showed aawide yange of values gimilay Lo the results of 14872 experiment

(Pable 40, Appendix). ‘Phe values vavied f'vom 21, 6 to 176, 0 me/l as (OHIGIONY

The yange obtained in the previous experiment wag 10, 0 to 172, 0 me/l ag

CacQq. An increasing trend with timenwag obscrved (Figure 16).

Total harduees. ‘Lolal hardnegs values obiained were gimilay to Cthe

1972 experiment (Pahle 4t Appendix).  An inereasing frend of havdness with

time wag evident ([figuie 17).
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O e e oy Underwater filter, single pond (400 fish)
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o Unilepwater filter, single pond (400 fisi)
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Yields, conversion, and survival

Some or all replications in cach frcatment Lad to be discontinued affey
105 days beeanse of slress factor.  Jight replications of the five treatments
were continued for 137 days or unlil water temperatures dropped so Tow thal
the fish did not respond to daily fecding, Treatment yields  cannol he coim--
pared becauze of irregular n‘xm.‘i’n]it_\" that occurraed in all bhul one treatment.
Phe potenfizxd productivily of cach treaiment can best be scen by eximining
the resully [rom individval replication vwithin brechiments (Table 25),

Undervater {ilter with 100 Tich, "T'wo replications of this treatment

produced an ayverage standing erop of 79,8 Tha of Lish (71,2 Lo $5.4) ot the

end of 99 feeding daye, ‘The average neb gadn was 65,85 iha with a net conver-
sion vatio of 1:2.8, The avevnge suvvival in these (wo veplications was 94,4
pexr cent.,

Undervcter Titfer with 200 fish, An average of 05 per cent of the fisy

in all three veplications ol thig Greabiment survived 151 Teeding duys, The
average standing crop wag 8106 Ths (06,7 to 103, 7), with a net productivity
of 78.5 s, ‘Phe net conversion ratio was 1:2.2,

The two underwator filter treatments were identical except for the

number of fish stocked, The standing erop produced s mueh Jower than thot

of the previvus vemr, Tu the previous year, oo standics crop o ol 170 1,

°n

and a net gaio of 70 s wes attained, Do the preseot cxperiment) fhe underunioy
filter perfovmed well for more than hadl of ihe expociimental peviod, During

thiz period, the water reoined cleor, duc to the eveeliont performonee oi he
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TABLE 25

INDIVIDUAL POND YIELDS, FEED CONSUMPTION, CCNVERSION, AND SURVIVAL

Fieed Convers rm Conversion Grow'wr-H Obsexrved
(Nes\= period davs Survival. %

e L

[#7)

105 91.0
93 19.0
105 97.8
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filters, As the dissolved nutrient increased, dense growth of filamentous
algac developed. ‘These algac and other organic 1'n:(‘l.crinl eventually clogged
the filtering action of the gravel.

This sylem has an excellent polentiality for producing large guantilies
of fish in a closed system. Iowever, it will be necessuxy to devise some
means of removing the dissolved nulrients from the waler and conlrolling the
filamentous aluae and solid wagles seltling on the bottom for the underwater
filter system Lo perform efficiently. This could be accomplished through the
addition of a specics which would [eed on algae and organic detrifus.

Paddle wheel with dunl pond (400 figh). his treatment did nol yicld
a gignificanl weight of [ish in any of the thiee replicalions, During the first
seven weeks ol the experiment, this trealznent gave the best pexfovimance with
regard Lo weight eaing and [eed conversions ng delermined {xom ganipling.

The total productivily in ponds A74=15, AT7=78, A94~95 hased upon
the weight of the obaecved mortalily and the weight of [igh recovered npon
draining was 59.8, 89,4, and 68,0 1bs, respectively. The groaa gnin in the

same order was 48.5, 28,2 and 56.8 Ihs., In this case, the total productivity

is dependent upon the time atb which moxtality occurzced. J'or esample, the

replication producing only 89,4 118 had a complete kill during the eighth weels

of the experiment. At this time, 408 fish weivhing 39.4 lhs wene 2ecovaeraed.
1 i ] (s

The average weighl of these figh wag 0,09 1h. This weiohl companes favorahly




29
with the average weight of fisn in other freatments at thig time. The replica-
tion producing 59. 8 Ihs suffered a mortalily of approximately 50 per cent of
the population during the tenth week of the experiment, The remaining replica-
tion had a mortality of 84 per cent during the eleventh weel: of the experiment.
Upon draining, the pereentage suryival in the fwo remaining replications was
1.3 and 29,5, vespectively.

daddle wheel with gingle pond (100 figh), This was the least suecessiul

21

treatment in terma of productivity, No replication had a gignificant weight of
fish upon draining, When the weight of the obgerved mortalily was added Lo
the weight of fish recovered upon draining, the total productivity wes 83, 0,
79,8, and 47.7 1hs, weapeetively for ponds A82, A8S, and A0l ‘The gross
gain was 23.0, 68,06, and 86. 9 1bs, AL draining time, supvivalwas «f, 0, 53,5,
and 33. 0 per cent, respectively,

Overhead lilier, dual pond (400 figh). No replication in {his treatment

produced a significant weight of fish upon draining due to mortalities duving

the eleventh and twellth week, Survival at draining time ranecd from 0.6 1o

Ly

2.8 per cent for the three replications,  Wien the weight of obscnrved movtali

was added to the weight recovered upon deainivg, the total productivity was

]

76,6, 110.0, and 98.1 1bs, regpeetively for ponds A'Y9-80, A83-84, and ASH=5C.

The gross gain was 66,9, 990 8, and 87, 7 1h4, respectively. Undew these
considevationg, the mverace productivity wag 94, 0 Tha and the averoge @ross

gain was 84.8 1bs.




V. SUMMARY

The clfects of watler circulation and acration on water guality and

production of catfish in 1/200-acre ponds were studied in a series of expe~

riments conduclted in 1972 and 1978, The treatments tested weres:

1. Water civculation and aeration by means of an oxidation dilch rofor
(paddle wheel).

2. Waler circulation and aeration by underwater gravel filters with
venluri acration.

3. Walcr civeulaticn and uevation threugh an overhead gravel filter.

The 1972 series was desioned Lo delermine the standing crop thal each
system was capable of supporting, A control circulalion Lreatment was tested
along with the given treatmonts. ‘The paddle wheel, overhead gravel filter,
and conlrol cirewlation treatments utilized waste setilement ponds while the
underwater gravel {ilters did not. Waten hyacinths were grown in all (reat:
ments exceopt inone of the undenwater gravel filier (realments.  Iach (reat:
ment was stocked with 10001hs of fish per pond in (hrce veplications. sl in
the paddle wheel, overhead gravel [ilter, and contyel cirveulation treatnients
had a 68-day giowing period while the undenwater gravel filters had 49 days.
The fish wexre fed seven doys a week with Rurina Tzont Chow ab the rate of

3 per cent of gtocked weight.
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The objective of the 1973 scries was to produce harvestable fish from
fingerlings over a six-month growing season. The treatments of the 1972
sceries which showed salisfactory performance were considered forv further
study. The control cirewlation treatment was eliminated.  Iach treatment
in the 1973 scries was stocked with either 200 or 400 fingevlings per replica-
tion. The [ish were [ed seven days a week from 5 (o 3 per cent of (he body
weight,

The ellects of water circulation and acration with regard to mortality,
water quality, and fish production are summarizod as follows:

1. Moxtality

Ixtensive Tish mortalitics occurred in some replications of all tront-
ments except the poddle wheael freatmoent during the 1972 corjes, Moxtadity
was caused by oxyviven depletion associated vith high coneentration of cavbon
dioxide,

During the 12738 series, extensive mostalitios occurraod in all wepli-
cations of the paddie wheel and overhead iy treatmoents and alzo in some
replications of the wndevwateor gravel filen treat monts, Moctalitios woere
significantly correinted with Jow dissolved onyeen, hish ainmonia, envhon
dioxide, and to some cxion(, nitvite concentrarions,

2. Waler cunlity
“. Dissolved oxyvpen, Duvine the 1978 serics, the poddale vihaal treg e

ment and the underwater gravel filter treatmoent gave acenuate acration. The
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size of the acrating unil became a limiting factor for the overhead filtor zmQ
control circulation (reatments resulling in inadeguate acration, Duringe the
1972 series, acration in all trealments was adegquate,

b, Temperature, During both years, waler tempaerature wag signi-
ficantly Jower in the paddle wheel treatmants, folloved hy the overhead filter,
with the underwatov ilter treatments having the hichest value,

¢. Dissolved oxygen consumption Ly 1.11:11‘)!:1}::1)'_(: community.  Duxing both
yeurs, the underwaler [lter (reatments had the Jeast consmmnption of onygun
by plankion. No eionificant dilfevence was found hetwaeen the prddle wheel and
overhead [ilter treabmoents, Values in all treatments ranzed from 3.0 to 12, 8
my: /]/ A-he and from 7.0 to 12,0 mey /1240 Quring the 1972 sud 1975 axju-
riments, respoctively.,

d. Cleoress of water, Duving hoth vearvs, the vnderwator ftes (rent-
ments had the clearest water, No significant difference was neted helween the
paddio winel ind ovorbiced Mlier teeatmond:,

c. Pl Values doucing both yeors for o treatmesite vavied from 6.1
to 0.6 The nemerieal diifovences in piomaans amons e (rentments wora
small mnd did not alfect fich preduciion,

[ Avimonio, Valued vanvad from 6,04 to 2. G0 ppm, Covralation
analysis indicated thee wamonin was associcted wilth nmortaiity,  Sonilican
difference was found amoue (reatinent s,

o Mitrite. Concenteadonss vavied feom 0,000 (o 7,500 o, Slegis-

ficant difference exizted among Grentmends sed auelysis chowed (hal nilrite
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allected mortality. Chronic mortalitics were attributed to both nitrite and
ammonia,

h. Carbon dioxide. Concentrationg rangzed from 6.0 o 29,0 and froim
0.0 to 23.0 ppm for the 1972 and 1973 experimoents, vespeelively.  Iigh
concentrations of cavbon dioride weve associnted with mor(ajitics in both
xpeviments,  Sienilicant differonce existod smona trealment:,

I, Totul alkalinity. Values ranged fvom 10,0 (o 172, 0 and from 21,6
to 178, 0 me/1 us CaCOy for the two experimoents,  No sfonificant difference
was observed among treabients in either serics.

jo Potul end caleion havdness,  Values eaceed from 25 (o 116 and
from 83 (o 1472 me /1 as CaC' Oy Tur totad hordness b (he (wo cxpociiuinls,
No signilicant difference was found amess (veatments for cither sevies,  Vidnes
for calcium bhavdness rovced from 18 to 66 me /1 us CalOaq, No signiticint
difference was found wmnane (roatments.
3. Production, surevival, :nd conversion

The paadle wheel treatment shoved the mosi conaiolont yvield and
greatest swrvival in the 1072 expertimont. The starding erop altoined vaeiod
from 150,72 (o 144,49 HWis with aonet gain of 50,2 (0 44,91

,

yield vas produced duriie the foltowing veay beerian of Tow survival of 0 Lo

"o

S Ny e 'S , T R TN A AU S, et )
ol b por conte Vel conopniatwan ineftieient dusin

crop of 170 1hs and o net goiin of 70 e in one cepdicndion duvire (b fhvst

year. Replications which produced signilicont yvieXd had beiter fead eonvarson
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than the paddle wheel (reatments,  Duving (he sceond year, the average
standing crop in two rveplications of the underwater pravel filter treatment
with 400 fish was 79.8 Jbs (74,2 Lo 85.4) with a nat suin of 65,4 Tos, The
net conversion ratiowas 1:2, 8 and the average suevival was 9404 per cont,
The treatment with 200 [ish produccd an averaso standing erop of 84,5 s
(6G.7 to 101, 7y with a vat yield ol 76,5 1bs, The average survival was 95
per cent and (he net convevsion ratio was 12,2,

The overhead pravel {liee Dreatiment afteined a standing erop of L
Ibs and a net gain of 344 Ihs in one replication dwving (he fivst year, ‘The
gurvival was 89,0 per eont. Fecd converaion waa 13,00, Daving the cccond

vear, moviality in oIl vepiications ocenered o fow wenlit hofore the axnerimoent

ended and suvvival varied from 0,80 to 2,0 per ¢l
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TABLE 206

OF PRISSOLVED CXYGEN CONCENTRATION IN FISH POXND AND
'L‘".FP SGM®P OF L":DTT{\\A ER FILTER
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TABLI 28

1/
MEAN TEMPERATURE RANGEY °C FOR EACU RIEPTICATION

Undepwater Underwaelor Overhond Control
Replicalion  Duddle wheol o filier (with  filter (no filioy cireuladion
hyaeinth) hyacinth)

3 1.9 2.1 2.4 2.5 2.5
Toial 5.6 5.0 0.5 G.3 G. 3

Mean 1,87 1.67 1.83 2.1 2.1

Mean Comparison a a a a a

1/
Fluetuation of temperature is the difference hoetween morning and aller-
noon readings,
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TABLLE 81

STOCKING, MORTALITY AND DARVESTED WIITE
CATIISH, JCTATURUS CATUL (LINNARTS)
IN VAROUS TREAT M IS

Pond Stocked Nestocked Obmnevad Harvested
Treatment waleht  or added maoetaline 0 entlish
No. e voie it “') WL, o, AE

Paddle AT-2 100 8.1% 3 I8 220 1.8
wheel Adeed 100 4,45 no N ft‘x.‘J 2el IO
6,061

T, hu 235 130z

[on]
<

Ab-G 100

Undenwaler A 100 100,00 104 41,10 210 100, 1
filter (\'\'u A0 100 160, 00 Y 1,10 901 170, 0
]nY" vivd 13) All 100 160, 00 GOl 114,99 103 I

Undevw ater 56 100G 160, 00 37 10,76 an 16800
{iltor (o ATO 100 100, ¢o S0 £.9h 2 L.
hyaeinths) ALY 100 166, 00 N .00 51 :
Overhead Ald-14 100 .65 G2 28,43 216 RS
filter ALLK-1G 100 4,84 16 0h, 08 it 541
AL =15 100 G. Gl N8 100,00 16 5.1

Contral A16-20 100 3.006 59 iz 2ne 1261
civenlalion Aol 100 9,71 99 Ju.58 20 107,45
p

Al 100 .02 245 12,60 12 e

¥ AL welshis Inopoandi.

7y

£ The hottom biciitiees were complotely restocked on Soptombe 15, 1972 due
to hioh mortadity of vnknowi eause,

it wore addod o componnute morielity b other peads ol tho fime of ves

aloeching,
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TAEBLE 38

NITRITE CONCENTRATION, pom FOR EACIH POND
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CARBON DIOXIDE CONCENTRATIONS, ppm FOR EACH POND
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