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WATER QUALITY FOR POND 
A QUACULTURE 

Claude E. Boyd 
Department of Fisheries and A ll ied Aquacultures 

A uburn Universi ty, Alabama 36849 USA 

ATER QUA LlTY incl udes all ph ys ical, chemica l, and biologica l 

fac tors tha t influe nce the benefi ia l use of water. Where aquacul

ture is concerned, an y characteristic o f wc1 ter that a ffects the sur

v ival, reproduct ion , growth, or management of fish or other aquat

ic c reatures in any way is a wa te r quality va riable. There a re many water quality vari

ables in pond aquac ult:ure, but only a few of these no rmall y play an impo rtam ro le. 

These are the va riabl es th at aquaculturi sts should a ttempt to contro l by management 

techniques. A ll other things being equal, a pond with "good" wa te r qua li ty wi.ll pro

duce more and h ealth ie r aqua ti c creatures than a pond with "poor" water q uahty. A 

knowledge of wale r qua lity prin c iples will he lp th e: aquacultur ist in determining the 

potentia l o ( a body of wace r fo r aquacul ture, imrroving environmental conditio ns in 

ponds, avoid ing stress-related d i ea e and pa rasite problems, and ult i1n ate ly pmduc in g 

aquatic c reatures more effic iently. 

Scientific pap r, and books o n water quality dynami c and management in 

ponds are q uite technical and deta iled . Therefore, Boyd and Lichtkopper ( 6) prepared 

a simp le and concise manual o f the majo r aspects of p ,nd water quality and its man

agement fo r prac tica l aquac ulturists. Tha t pub lica t ion was popu lar, but it is now out 

of pr int. This manual is a rev i ion of the rn :-.inua l by Boyd and Lichtkopp le r. lt cover. 

tbe major water quality var iables, includ ing s::i linity, pH and a lka li nity, d isso lved oxy

gen , plankton , nutr ient , and tox ic metabolite-. It: explains how these variab les re la r:e 

co t:he use of fe rtili zers and feeds to increase prod uction in ponds. lt also di cusses i-he 

im provement of wate r qua lity th.rough mechan ical ae rati on and ocher met.hods. Thi s 

manua l expl a ins only the usual re lationships be tween wate r quality va ri ables an d 

aquacultural production and provides some common manag ment methods. A ll 

aspec t: of pond wate r quality and its management canno t be covered in a small man

ual or in a -irnp list ic way. Those wami ng a more complete account of wa te r quality 

may consult Boyd (2) or Boyd and Tucker (7) . 
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1-\LrrY PR EL E 
D VARIABLE 
T EMPERATUR E 

l eci , gr w best t t mpe ratures 

(Cel iu ). Wate r t ""mp ratur s are in 

W a rn,\va L r 

I e tween 25° a nd 

thi. rang yea r-r und a t I w a ltitud in the tropics, I ut 

wat r t mpera tur are mo low i.n winte r: in t mp ra te 

regi ns for rap id growth of warmwate r a 1uacul ture pecies 

a nd th e ir food organ i ms. F r thi rea n, managem nr pro

ceclur . uch a fe d ing a nd fertili zing are hah cl or redu ed 

in wi nter in temp ra te limate". 

Ti mp rature ha a I ran unc I effect n he mical 

nd bio logical pr c::s e ·. In gen ral, ra te o f he mical and 

Air 

Wi nd 

,--
Epilimnion 
~ 

Thermocline 

20 25 30 35 
\ V; 1tcr 1emper.iture 
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Fig11re I . Thermal stratifi a tion in a relaii~1e/y deep pond. 

6a.m. 
During the day air warm s and sufacc 
water warms faster than deeper water 

bi logical reacti n loubl tor eve r 1 10°C increa e in te rn

pe ratur . T his mean t.hat aqua ti c o rgan i. ms will use twi ce a 

much d is o lved x g n a t J O a a t 2 ° , and ch emi a l 

react io n wi ll progre twice as fa t at 30° a, a t 20° . 

There ~ re , d is o lved >cygen requ irements of aquat i crea

tures a re m re ritica l in warm water than in co le r water. 

C hemi al tr a tmen of p nd a l o are affec t d by te mpera

tur . In warm wate r, fert il izer diss Ive fa te r, herbi c ide ac t 

qui ker, ror. non e degrad e fa ter, and the rate of oxygen 

con umptio n by decay ing rganic matte r i greate r. 

ln pond , h a t ncer at the urfa e and urfa e 

wat r heat fa te r th an de per water . B cau e th e den icy f 
wa er (we ight I e r unit volum · ) d c rea es with in.creasing 

temperature above 4 , surfac wate r may b ome so warm 

and light tbat they do n t rni.x with the ool r, h eavie r 

0 

3 

4 

3 p.m. 

water of de per layers. Th s parat:io n f 

pond water- in m di, tin t warm and co I 

laye r i ca ll d ch rmal tra tifica t io n . The 

upp r, warm layer i ca ll ed the epilimnion 

and the I wer, coole r layer i kno wn a the 

h ypo li mnio n . The laye r of rapid ly ch ang ing 

te m perature betw en the epilimnion and 

the hypo lirnn io n is termed the therm cline. 

The t mpc:raturc:: profile fo r a th er

mally tra tifie l pond is ho wn in figure ] . In 

1: mp rate regio n , large pon ls may tratify 

in th spr ing a nd re ma in tr::i tified un ti l fa ll. 

ln ma ll , sh a llo w po nds in t mpe ra t 

regions and in tro pical a nd , t rat ifica tio n 

o (ten exhi l its a dail y patte rn. uring th 

day, the urfa e water warm a nd f, rm a di -

t inct laye r. At night the urfa e wa ter co I 

th sam temperature as the lo wer wa te r 

and the two laye r mix ( fi gure 2) . An x ten

Air 
During late r afternoon and night air cool 

and surface water cools until pond des tratifes 

ive d iscu io n o n th rmal trntific::i tio n 

may be found in. any wndarcl tex t o n lim 

no logy. 0 ------'------------------. _....,,_..,,._,,__ __ _ 

Wate r 
__§_ 0.5 
...c ... 
a.. O LO 

Water temperature (°C) 

Figme _. Daily 1/iemwl rrati[icaiion and destracification in. a ha.I/ow aq11.aculr.ure 
pond. 
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In o me clima te , pond urfa e 

wa te r may reach t mp ratur f 35° r 

mo re. Tbi is above the pr: imum tem pera

ture f, r most warmwa t r peci.es, bu t th e 

reatu re.s may eek haven fro m the high 

t mi erature in deeper wa ter . F i h an I rus

rncean h ave poor to le ra nce t su Iden 

-han g in tempe r tur . ne hould n t 

r move th m fr m water f o ne t mpe rat.ure 

nd udclen ly thru t th m in to a wa ter f 
appr iably higher o r lower t mpera ture. 
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O fre n a sudden ch ange in temperature of as li ttl e a 3° or 

4°C wi ll stress o r even ki ll aq ua tic creatures. The e ffect is 

u ua lly worse wh en mov ing crea tures fro m coole r to warmer 

wate r. Because te mperature increa,e with decreas ing alt i

tude, one must allow for te mperature adJu tment when mov

ing aquat ic c reatures from high a ltitud e to low a lt itude 

wa t:e rs. Aquacu lture sp c ie readil y to lerate gradual changes 

complex o rgani c compounds. Planrs make complex ca rbohy

d rates (star h , ce llulose, ere.), prote ins, fa ts, v ita mins, a nd 

oche r compounds fro m the ugars formed in phorosyn ch es is. 

Plane a lso make th e ir t iss11 - from these compounds and use 

ph otosy nthe t ica lly de rived sugar as an en e rgy ource. 

C reatures ca nno t produce orga nic ma tter. They must teed 

d irectly on p lan ts o r on othe r creatures chat hav fed on 

in tempera ture. Fo r example , one ,u ld raise the water rem- plants. A ll energy, nutrien ts, and srruc tural mat ri a ls needed 

peracure everal degrees over a few hours without harming 

aquatic crea ture , but if they are sudden ly removed fro m cool 

wate r and p la eel in water that is several degrees warmer they 

might d ie. 

PHOTOSYNTHE IS AND RESPIRATLON 

ln ponds, plants a re the pri mary source of o rganic 

matte r tha t ultimate ly find its way into aq uatic animal flesh. 

Plants have the ab ility to use ca rbon diox ide (COz), wacer 

(l-l2 ) , mineral nutrients, and unlight to produce o rgani c 

matter in the fo nn of im ple suga r ( 6H l206), and oxygen 

(02) is fo rmed as a by- producr. In ch is process, termed pho

to ynthes is, ino rgani carbon in carbon diox ide is chemical

ly reduced to o rganic carbon in sugar. Light en ergy (sunligh t ) 

is transformed to ch mica! ene rgy of sugar. T he summary 

reaction fo r photosynthes is is: 

Ligh t Ene rgy + 6 0 2 + 6H 2O ~ 61-1 120 6 + 602. 

Th e simple suga r mo lecul es produced by green 

plants th rougl, photo yn thes is re pr sent nearly a ll of the 

energy ava ilab le to living thing . Bo rh pl ants and c reature. 

depe nd upon photosynthetica ll y produced energy. The sim

ple ugar mo lecul es also a re the building blocks fo r mo re 

by c reature come o riginally fro m plants. 

R espiration i a second bas ic process in aquaculture. 

In resp irat ion , o rganic matter is com bin ed wi th oxygen (ox i

d ized) with the re lca e o f wate r, carbon di oxide, and ene rgy. 

P lant and animal ce lls have the ability to capture ome of the 

en ergy released through oxida tio n and to use it to do bio log

ica l work. The rest is lo t as hea t. From an eco logica l sta nd 

po int, respiration is the rever e of pho tosynth es is: 

C6 H l2O6 + 602 ➔ 6CO2 + 61-1 20 ) + h ea t energy. 

In photosynthes is, ca rbon dioxide is reduced to 

orga ni ca rbon with th capture of en ergy and the relc:a e of 

oxygen , while in resp iration , o rganic ca rbon is ox idized to 

ca rbon d iox ide with Ll1e re lease of energy and th e uptake of 

oxygen. Biochemically, pho tosynd1es is an d resp irat ion are 

quite di tinct processes, but fo r ecological purpo es, photo

sy n thes is and r sp ira tion may be t:hought of as rever ible 

react ions. W hen photosynthes i is progress ing faste r th an 

resp irat ion , xygen will accumu late and carbon dioxide will 

declin · . This is the usua l ituation in a pond during day li6ht. 

A t nigh t, pho tosynthes is stops bu t respirat ion must continue 

day and n ight. T hus, at: nigh t oxygen decline and ca rbon 

d ioxide increases. 

The food cha in o r food web in an aquacul 

T ABLE 1. T YPICAL Co CENTRATIONS OF ELEMENTS IN 
ture pond (figure J) init iates with plan ts. ln 

ponds the most cl 0 sira ble pkm ts are ph yto

plankton. Thes · o rganisms are m icroscop ic 

a lgae that a re suspended in the wate r. A lg;:ie 

o ften arc green in color, but some may be 
blu -g reen , ye ll ow, red, black, o r bro,vn . 

W hen pond water conta ins enough algae to 

be disco lo red, it is sa id to conta i.n a "phyto

plankton bloo m '' or, mo re gene ra lly, a 

"plankton bloom." A lgae c m grow on the 

pond I o l tom wh ere there i suffic ient: ligh t 

fo r pho to~ yncb e is . The ph ytop la n kton 

(a lgae) may be fed upon by microscop ic c rea

tures c:i ll ed zooplankton. o llective ly phyto

plankton and zooplankco n are ca lled plank

r:o n. Th e plankLon di e a nd fragmen t to fo rrn 
dead o rga ni c matre r (de tr itus) whi ch is food 

Po D W AT ER AND Pi lYTOPLANKTON l 

Ele ment Wa ter Phytop lankton Concen trat io n 
(ppm) (ppm we t: weigh t) fac tor 

arbon 1() 9,500 950 
N itrogen 0. 1 1,600 16,000 
Phosphorus .005 l65 T' ,000 
S ul fur 7 -__ J 125 50 
C hloride s. 25 5 
Ca lcium 10.0 100 10 
Magnes iu m 2.0 50 7 -_J 

Porass ium 1.0 150 150 
Sod ium 3.0 1,050 350 
Iron 0. l 30 300 
Ma ngane e 0.05 15 JOO 
Zinc 0.005 u s 250 
Copper 0.005 30 600 
Boro n 002 0.7 35 

oncentration foc[o rs were obta ined by d ividing concentrat ions i.n phytoplank 
ton by concen trations in water. 

WATER Q UAUTY f OR Po 
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Ph ytoplankto n -~ 

,.......;;=----~ I In. ec ts 1-----------► I Tila1 ia I 
------ -~-~ 

hrimp I 

1---------'►-~ 
.__ ________ __, .... , -P-11-e-te_c_l f_e_e_d-;_------a►-• 

Food hain s in ocean Catfi. h 
Trou t 
hrimp 

.___A_g_' r_iL_·t_il_tu_r_a_l _c_ro_p_s _ _..---------11►.-~ 

Fig1ffe 3. The food webs in aq11arnlcure /)ond . 

~ r b teri , funcr i, and variou crea ture . Detritll t::ttle t 

cbc p nd bot. tom; rhi em i. hes Ll1 - s ii with organ ic 1 act r. 

The p nd 6 u om su port a community of ba teria, fungi, 

algae, nd mall reatures th t i alle l the bemh s. Aquat i 

in e t are abun ! nr in pond. and ~ eel n plankton , ben

rbo~, r deLriw . ln the h llow area of I ond with clear 

war r, larger aq uar i plants ( macr ph yt s) may gro1 . 

A 1uati macrophyt a l o may grow whil float:ing n th 

p nd urfa . Few fi h or other crea ure (eed dire tly on 

m;:i r phytes and th eir brg structur obsr rucr the wat r; 

therefore, macrophyte are normally uncle irab l in aqua ul

ture I ond . Dep · nding up n tbe pec ie aquaculture crea

tures ca t pl ankc n, bench , detritus, quatic insect , small 

ti h and en ta eans, r some .ombinati n of the e food 

organi. ms. me s1 ec ie" of fish even at rnacr pl yce , and 

l ecie u b a the grass carp an be used for on Lr lli ng 

macro1 byt s in pond . 

In rder to increa produ t ion in pond , it: i nece -

ary t in r ase tbe am.aunt of fi od. Thi an b cl ne by 

impro ·ino onditions for production of phyt J lankton 

which, in cum, will i.n r a, che proclu tion f other natu ral 

f, od orga n i m~. ua ll y, il i · onl ne a ry t: ad ! to pond 

c rtain in rgani nutr ients in d1 form of m:mure or cherni -

al fert ili ze r to in .rea phytoplankrnn growrh. 0 ( cour e, in 

4 

a 1uacultur , manufactured f, eel i, common ly acid cl top ncl~ 

which h or1.-circui ts the f cl h in. Additi n ( manufa -

turecl ~ eel ll ow more production than can be achieved in 

f rti lizecl p nd , bur fe d ing oes not change the ependenc 

f aquaculture on plant . Aquaculture feed are made from 

1 lane l rod ucts or from animal pr du c· which were deri ved 

from planc-ba eel food w b. 
Ph ytoplankto n is extreme ly im portan t in th 

dynamic of d i lve I oxygen concentrati n in pond . A 

ph •top lan k: ton growth is en han cl by nun iem from fe rtil 

iz rs and fe els, wide . wi ng in di o lved xygen oncen tra

t i n in water occur I etween n ight and day. Exces iv ph -

t plankton I looms m, y lead to an xygen d I leci n and 

ociated tres r morta lity of aqua t ic rea tur at n ighL 

and oxygen super~a turat ion of _urfa war.er during day

time. Wat r qua li ty in p ncl i t a I rge d gr e domina t d 

by ph cop lankcon abund ance and r.he ba !an b tween 

I. h co ymhe is and re I iraci n . 

UB TA ES 1 WATER 

Inorganic Substances 

Di olved in rgani sub tan e in war r incl ud 

almo t every el ment in 1.h earth 's crust and atmo~pher . 

even ion ( id iu m, p Jtas ium, alci urn, magn ium, chlo-

QUACULTURE 



ride, sulfate, and bica rbo nate) no rmally 

contribute 95% or more of the weight of the 

dissolved ions in water. O ther ion- (fo r 

exa mple, phosph ate, a rn rnonium, and 

nitrate ) are xtre mely important bio logi

ca ll y in sp ite of th eir re lat ive ly low con

centrati ons . 

T A BLE 2. ACCEPTABLE C ONCE TR.ATlON R ANGE' FOR O1S 0 LVED 

lNORGANIC BSTANCES IN A QUACULTURE Po. D W ATER 

A larg number of ino rga nic el -

ments are required for plant growth. Most 

spec ies require a t leas t the follow ing: car

bo n , hydrogen, oxygen, n itrogen, sulfur, 

phosphorus, chlo ride, boron, molybdenum, 

ca lcium, magnesium, , odium, po tass ium, 

zinc, copper. iro n , and manganese. Diatoms 

(specie. o f a lgae) al o req uire il icon . 

Aquatic plants make oxygen in photosyn

thes is, and they ob tain h ydrogen from 

wa ter. Carbon diox ide enters wat r fro m the 

air and fro m re pirat ion by bacter ial decom

pos it io n of organic matte r and o tl1 er living 

plants and rea tur:es in the water. The o ther 

element enter ponds from the water supply, 

from dissolu t ion of minerals in the pond 

bottom, or in add itions of fer tili ze r and feed. 

Of course, some algae and bacte ri a a re ab le 

to fi x nitrogen. That is, they can takt: mole

cular nitrogen (N2) , wh ich en ter. water 

fro m the air, and convert this nitrogen to 

orga nic nitrogen in plan t tissue. 

Nitrogen and phosphorus a re more 

li kely to limit phytop lankton growth than 

oth er nu trients. Typi.ca l concentrations of 

plant nutri.em s in pond water and in phyto

plankton bio ma s are shown in table I. 
Concentration factor indicate how much 

each element i acc umulated by ph yto-

Element 

Oxygen 

Hydrogen 

N itrogen 

Su lfur 

Carbon 

Calc iu m 

Magnes ium 

Sodium 

Poca- iurn 

Bica rbonate 

Carbonat 

Chloride 

Phnsphorus 

ili con 

lron1 

Manganese1 

plankton above its concentration in po nd Copper1 

wat:e r. L ss ni trogen and phosph orus i 

fo und in pond wate r re lative to ph yto- Boron 1 

pla nkton needs than fo r other e lements. M lybdenum 1 

Form in water 

fo lecular oxygen (0 2) 

H-'- [- log(l-1 L) = pH] 

Molecular niuogen (N 7 ) 

Ammonium (N I-14 +) -
Ammonia (NH3) 

litrate (NO3- ) 
N iuite (NO2- ) 

Su !fate ( 0 / - ) 

Hydrogen sulfide (I--1 2 

arbon diox ide (CO2) 

Ca lc ium ion ( a2+) 

Magnes ium ion (Mg2+) 

Poca sium ion (K -'-) 

Bicarbonate ion ( H C. 3 - ) 

Carbonate ion (CO32- ) 

hloride ion (CJ- ) 

Phosphate ion 
0-1 Po/-), H2 Po-1-l 
Si licate (H2 -,iO3, H ' i0 3 - ) 

Ferrous iron ( Fe2+) 
Ferri c iron (Fe3+) 
Total iron · 

Des ired concentration 

5 - 15 mg/liter 

pl--l 7 - 9 

Sarurai:ion or less 
0.2 - 2 mg/liter 
< 0.1 mg/I icer 
0.2 - 10 mg/li ter 
< 0.3 rn g/lirer 

5 - 100 mg/liter (fresh.water ) 
< 3,000 mg/liter (bracki shwacer) 
Nor detectable 

l - 10 rng/1 i ter 

5 - 100 mg/l iter (freshwater) 
< 500 mg/li te r (brack1shwacer) 

5 - 100 mg/li i:er (freshwater) 
< 1,500 mg/liter (bracki sh water) 

2 - 100 mg/li ter (fresh water) 
< Ll ,00 mg/liter (brackish111 c1 t r) 

1 - 10 mg/liter (freshwater) 
< 400 mg/li ter ( brac kishwater) 

20 - 30 mg/liter (spo rtfish and 
most ponds with feed in g) 

50 - JOO mg/liter ( tilap ia and 
crustacean ponds) 

0 - 20 mg/liter 

l - l O mg/liter (freshwaLer) 
< 20,000 mg/liter (lxackishwater) 

0.005 - 0.2 mg/liter 

2 - 20 mg/I iter 

0 mg/liter 
Trace 
0.05 - .5 mg/lite r 

Manganese ion (Mn 2 ") 0 mg/l iter 
Manga nese diox ide (MnO7 ) Trace 
Torn ! manganese - 0.05 - 0.2 mg/li ter 

Zinc ion (Zn2+) < .01 mg/li ter 
Tow ! zinc 0.0 ] - 0.05 mg/liter 

Copper ion ( C u2.,. ) 
Total copper 

Borate (H3BO3, H28O3- ) 

Molybd:m (M oO3 ) 

< 0.005 111 g/ li tcr 
0 005 - 0.0 L mg/I iLer 

0.05 - I mg/li ter 

Trace 

H ence, fe rtilizers are added to ponds to 

uppl ment the natura l shortage of n1tro

gL:n and ph pbo rus. Bracki hwater ponds 

ali nity Sum of all ions 50 - 2,000 mg/ liter (freshwater 

onta in great:e r concentracions of sulfate, 

chloride, ca lcium, magnesium, potass ium, 

and boron tb an reported in tab le 1 fo r fresh-

2,000 - 35,000 mg/li te r (brackish
water) 

1Tl:F desi rable ranges fo r these substanc s are poorl y underscood. The va lues !is -
eel as the deS ired conceni:rat ion are actuall y the usua l concentrations of rh e e six 
trace metals in surface waters of ponds. 

water ponds. However, con entrations of other nu trients a re 

simil ar betwee n freshwater and bra kish water ponds, and 

n itrogen and phosphorus also a re key nuu iem s in fe rt ili za

t ion of bradcishwater po nds. 

WATER Qu LITY FOR P 1D AQUACULTUl~E 
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Afrer nitrogen ::i n I phosphorn. , -arb n i. th· next Ponds are mo r pr !univ wh n rn rbi lit by plankto1. 

IT!0SL common el men.r l L limit produ tivity in aqua · tiltur 

ponds. The availa bil it y f ea rl on i p~ rt icu larl y low in 

ac id ic water. nncl in w:1te r, of hi gh pH. App li cation f 
a1:, ri cultural lim ston(• a r - u ed ro 1H::u1.ra!ize rr idity anJ 

1.: nhanc · a lbli n iry and c rbon ava il ab il iry in ac icl i pon L. 

The onl e nomica l wa · of impro,·in g carbon ava il ability 

in high I H wat ·r i to acid o ronni m u · r the t decornpo t 

to r le,1 t arbon di x id . L w • ncc ntrat ion · of Lrace mec

:i ls are c ldom limit ing rn ph yto1 lankton growth in p nd ·, 

but exec ivc on cnrrat ions in polluted ,,·a cer .suppli ca n 

I e L xic. 

Aquat i crcmurc n eed adequate concentrat i n f 

ion to ac isfy th ir ism Li e needs a· will be di cu. sed lacer, 

but they do not ha,·e tri t. req uir mcnts f: r indiv idua l ion . 

1--1 igh c mcenrra ri on. f heavy mern l an b tox ic to aqua ti 

re tu r . The ·once nrn:i tion 01 di· o k ·d oxyoen in th 

war r i a ri ti ·a l fa tor in th e. rcprodu rion growth, ur

vival, and di ea e col-ranee f aq ua ul ture reatu res. Th 

fo rm. f rbe variou inorgan i sub tan e and th .ir de i.r -d 

ran es are [ ro ,·i led in ta ble 2. 
In cddit i n r the d iss lvecl inoroan i ·ub ranee 

p . nd wat.er may con tai_n , uspencled in. rgan ic so il part id •. 

The e I rti ·le usual ly nrer ponds in the wate r upp ly 

( run ff i oft n turbid), or th ) a re usp ncl d in war r by 
' 

wave act ion or water cu rrent ca u ed by mec hani al ae ra-

tion or wind. The larger pa rti l · wil l tde co the pond 

bo t m, bur orne of th rn < li er particle may remain su -

pended for I ng peri ds and cau 1.urbid i c . Turl id icy by 

~oi l part i le is un le&i rable when it r trict.s light pen c:ra 

t ion int th wat.er to le th n 2 to 25 ent im cer . 

O r ank Sub tances 

A wide rang 01 rga n ic sub rnn s o cur in p nd 

wat r. is olved Om[ ou nd include ugar , ta rch~, arnin 

acid , p lyp pr ides , pr tein faery a id , tan n in , humi 

ac id , vii:a min , el . Large I artic le o( de ay ino or an ic 

inaner \,a ll d cl tritus a lso are plen t iful.. Of c urse th e 

I lankcon and bacter i a lso contribute to the orga ni load in 

wat r. li is not o n eni nt to analyze for ·p cifi organ i 

ompou1 d . Usua ll , 1.h LOta l we ioh 1. of roani matter or 

the tota l w ight f particu l-ce rganic matter in wa ter i 

dd rmined. I e irable range for rga n ic matt r co1 centra

rion are n t kn wn , but pond w t r usua lly onra in le 

than ,..0 mi ll igram p r liLer of oroa n.i rnauer. 

roa nic ub ·ra n s in water, parricu l rl y p lan kt n, 

·au tu rbidi ty. Tu ri id ity cou·ed by lankLOn i le~irabl 

whil _ tmbid iry caus d by su pen led lay parr icl ·· i · not. 

restrict vi ib il ity in war r to 20 ta 4 centimeter· . A 1. thi 

leve l of plankton abundan , natural food is adl..'.quat , di -
o l\'ed xyg1:: n f 1r a 1ua ti creature 1s usu::il ly a, a il ab le, and 

Ii gh L does n L pen trace to rhe I nd bocrom to enc u ra6e 

growth f roo ted aq ua ric m.-cr ph y1.es . Floatin g aquar i 

macroph yt , u h a. wat r h ya inch (EH1hornia era ipes), 

wate r lettuce (Pi ria trmiodes) duckweed (Lenma ~p.), e1.c ., 

cann r b c ntr lie 11 y turbidi r 1• 

SALL ITY A o T OTAL D1 ' S L\ ED Souo 

T h rot I c,m ntrarion of all d isso lved i ns i. 

·a lin icy. In fre hwa1.er, nlinity u ual ly is exp res ed in mi l

ligram. per li rer. In humi d ar as , in land water usuall y on

ta in 50 to 250 mi ll igram p r liLcr a lini ty. F r refe rence, 

water wirh inor th an 50 milli•)ram per liter sa lin ity usu

all y i n t uitable for d mcs ti pur os , and ] ,00 mil 

ligram, per liter a linity wil l impart a alcy ta te. ln arid 

reg i . n. and ev ·· n during tb cir , ea on in certa in hum id 

area , in Ian I war · r an bee me ui te sa line. Fo r exa mple, 

in land pond. in ar id regi n ucb as \X/e te rn Au Lrali a r 

1.he \\' e r m ni eel "' ra t often ha v a a liniry of 3, 10 t 
0 l mi ll igram per lirer. t--fo, t fre ·h " ·acer (i h c n do we ll 

in water Wlth • a linity up to 2,000 mil ligram pe r li r r; 

m sp ie col rat. a mu ch higher a linity. 

ln bracki hwater pon .Is, rh e alini cy va rie with rl1 e 

·al ini cy of the urce wate r. cean water u ually has abou1 

5 00 milligram. 1.e r lil r a linit.y, but water of e tuari 

may be im il ar r (re hwa ter in the r iny sea on and hav 

mu · h higher rilinit i1 the d ry ~ ason. ome tstu rie, with 

limi1.ed c nn cions to th · s a have a sal inity gr acer than 

cea n water in 1.he d ry eas in be aus ion are concentrat

ed throuoh eva1 ra tion. alini cy dec rea e \\'ith di tance 

upsu-eam from Lh e mouth of es tuarie , and sa linit ; ma l 

·trati fied with d ·pth i_n e tua rie . 

Normally, th e alini ty of I racki hwaccr is repon e 

in part per thousand in cead of milli grams J er liter. O n 

pan per thou and 1, 0 m illi gra ms per liter. 

Brackish wat r I ec ie c n w lerate wide flu tu a Lion in 

alinity. Marine hrim p, uch a Perwei,£5 vannamei and P. 
mon don, ca n be ultured u ces ful ly in c as alp nd over 

1.he alinicy range f net 4l part per thousa nd. How ve r, 

mo c hr imp farmers J ref r a a lin iry f _ t 25 part. per 

1.hou and rn their pond . Annual va ri ati, n in a linity fa 
hr im 1 p n l in Ecuad r i. pr vid cl in figu re 4. N rice Lhat 

alinicy i l 0 1rly rela t: d t: rairtfo ll. 

LTURE 
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per liter (2) . H owe\·er, ponds with a tota l 

a lka lin ity above 20 rnilligrams per liter can 

produce an abundance of fish and other 

aquatic reatures . IF the alkalinity is be low 

20 milligrams per liter, limin g is n ce-sary 

T he tota l co nce ntrat ion of a ll 

cl i va lent cat ions in wate r expressed in 

terms of milligrams per l. iter of calc ium ca r

bonate is the coral h.arclnes . (Diva lent 

ca tions are positively charged ions witb a 

valence of 2.) Calcium and magn.esium are 

the dom inant d iva lent cat ions in nearly all 

pond water . As a general ru le, h.ardnes , 

like alka lin ity, is derived from the di sso lu

tion of limestone. When limestone dis

solve , it gives equa l amount of hardn ess 

and alka linity. [ n mos t waters , tota l hard -

ness and meal alka linity concentrations arc 

Fiame 4. Relationshi(J between rainfall. and salinity in shrim.p ponds near appro ximate ly eq ual. Howeve r, so me 

Guayaq11il, Ewador. n otab le exce pt ions a re found . ln a rid 

T he tota l concentration of all dissolved substances 

in water is the torn ! dis olved so lids. U sually, co ncencrations 

of salioicy aod total di ssolved olids are sim il ar. 

TOTAl, A LKA LIN ITY Ar D T OTAL H ARDNESS 

The toral concentrat ion f bases in water expressed 

io milligrams per !teer of equi va lent ca lcium arbonate 

( aCO3) is the IJ cal alka lin ity. Bases in water include 

hyd roxide, ammoni a, borate, phosph::ite, s ilicate, bicarbon

ate, and carbonate, but in most pond waters, bica rbonate 

and carbonate are found in grea ter concentrat ion than 

other bases. 

Th t 1ml alkalirn ty in water is deriv cl main ly from 

th e dissolut ion. of limes tone in so ils, 

reg io ns, carbonate tend co precipitat:e o ut 

as sa lin ity i.ncreases and this cau, s alkalin ity to be lower 

than hard ne . In highly ac idic water , hardness is often 

higher than alkalioity because bica rbonate i neutra lized by 

the ac idity but the hardnes ions remain. ln some coastal 

areas , well ·waters may have alka linity mucl1.1 higher than 

the harclnes because oF the exchange of sodium fo r calc i

um in a 1uifers. We ll wate rs of this type are said to be natu

ra ll y softened . When such water are used to fill ponds, 

photosynth es is may cause high pH. Some exa mp les of rota! 

alka linity, tota l hardn e s, and pH in pond water from di f

ferent climatic and geo logic regions are provid ed in table 3. 
Tbe des irable range for Loral hardn ess is the arne as for 
torn l alkalinity. 

che concentratio n of to tal alka lin ity i~ 

determ ined pr imar i I y by so il charncteris

t ics . For examp le, ponds in areas with 

sJndy . o ils often have a cora l alka li n ity 

be low 20 mil ligrams per lite r, whi le ponds 

in a reas witb calcareous so ils may have a 

tota l a lkalinity above 1.00 mi ll igrams per 

liter. Other fa rors being equa l, tota l 

alka linity will be h igher in ponds in arid 

reg ions than in ponds of humid areas. 

T ABLE J. T OTAL V A LUES FOR T OTAL ALKA LINITY, T OT1\ L H ARD ESS, 

A ·o PH [N W ATERS OF Po DS LOCATED AT SITES OF DIFFERENT T YPES 

Tota l alkali nicy Tota l ha rdiness pH 
Pond sicuation mg/liter) (mg/liter) Morning Afternoon 

Th e na tural fe rtility of po nd 

water inc reases with inc reas ing rota ! 

alka lini t:y up co at lea t: 15 mil li grams 

Hurnid reg ion, ac idi c so il 

Hum,cl region, ca lcareous so il 

A rid reg ion 

Fill ed by wate r from w II 
wich nacurally sofrenecl warcr 

Brackish water 

5 - 15 

75 - 250 

150 - JOO 

l00- 500 

75 - 125 

WATER QUALITY FOR Po D AQUACULTURE 

7 

5 - 0 6.5 - 7.5 8.5 - 9.5 

75 - 250 7.5 - 0 8.0 - 9 0 

200 - 700 7.5 - 8.5 " .5 - 9.5 

5 - 20 8.0 - 8.5 9.0- 11.0 

1 ,000 - 6,000 7.5 - 8.0 .5 - 9. 



AClDITY 

' arb n di x icle i· acidi c, hur n nn all y it cannor 
dc1 re: the pl I of war r bel w 4.5. War r that hav a 
I \\' t:: r J H co ntc:i in i:1 -trong minera l cid- usu~ill ' sulfur ic 
ac id. _~uch water are n L albl ine, 1 d th y ar unfit fo r 
c:iq uaculrure. 

The mineral ac idiry o( wat r is a mea, ur - f the 

r ca l a ids in water expre . eel in term. o ( mil ligram per 
liter o · equi v lenr alci1 1m ea rl onare. You can t:hink of 
miner;:d ac idity a· n ga tive a lk linity, beca u, e iL r pre m 
th e amount f alcium arbon:n e that woul I have t be 
added r wat r co r i e th pH L, the poinr thaL addi tion of 
m re al ium arl nate w uld au. e lkalin iry. 

BL0 HEMI AL AN D CHEMl AL OXYGE D EMAND 

The rnte f xygen con: ump1.ion by th e pl ankton 
and ba t ri a in a uample of pond water i m1.:, _ ured LO dcte r

m ine th e bi-1 hemic I oxygen d mancl . A arn 1 le of ral\' 
\I' ter or lil ut cl waler is incuba eel in the dark fo r five cl ys 

at 20° , . T he I - of d issolved oxygen (rom the war r during 

th incubaLi n peri d i the bi chemica l x gen emand 
(B D) . Aqua ulcu re pond typica lly ha\·e BOD value of 

fi ve w 2 milli gram per liter. The h igher the B D, the 

gr acer the ~cgree of · nri hmeni: of p 

Fig1 tre 5. A Se hi dis I<. 

8 

ic matter. A lthough B D fre n ha been mea ured in pond 

water , ti ' des irable rang I n t we ll defin ed. xyoe n 

depl tion i a danger in Jon -I without mtchanical ;:i rarion 
when B [ excec l 20 mil Ii ram, per liLer. 

·1, mica I oxygen demand i me ured Ly c nw·rt

ing ~il l o( rh e or ani matter in a wace r . ampl - co carb n 

dio ' i le and warcr by ox ida ti n wich pola ium lichr ,mate 

and ulfur ic ac id . The amount ol poca ium clichr mat ·on-

umed in th e oxidati on is m asure I and the oxygen e-qu i" -
lem of th di chromate is the ch mica l ox ,gen d1.:man I 

(COD). F r ex::11nple, i · a ampl e has a COD of 50 mil

ligram per liter, 50 milligram per liter of oxyg n w uld I 

nece, ary LO ox idize c mpletely rhe oroanic matter. Th 

0[ i an index of th organic enrichm rn f pond water. 
The COD f pond warers may range fr m le _ than 10 t 

more than 20 milligram per liter. Th u ual range i. 40 t 

'O milligram per liter. 

The BO and _,OD are n c us d much in .:.i quacul

wre pond management, but they ar common I used in e ti 

maLing rh , crength of p llutants in fflu t: nts. B au of th 

recent con em ver the influ n e of pond fflu ent on 

wai:er I odi e int wh i h rh ,y are re lea cl, environmental 

management i xpe r I co become a major i ue in aqua-

ulrnre. Thu , th aquaculturi l hould be f miliar with 

BOD and D. 

SECCH l D1 K V1 lBTUTY 

The ecchi di k i a _Q- encimeter liameter di k 

paint cl with alremme black and white quadrant (figure 5) . 

lt L weigh t cl under the bocc rn and au a heel t r.he enter 

it upper urfa with a calibrated line. The d pch at 

which the di -k ju c di a1 pear from view is the e chi disk 

vi ibility. viou I ', care mu t be taken to scan lardi ze the 

proc dure f; r rea ling the ecchi disk. l n many water , th er 

i a close orrelation between ~ecchi disk vi ibilit y and 

plankton al undan ·e. A plank ton cl miry increa e- , vi ib ili 

ty de rea e . How \·er if wat r contain much turbidity from 

uspended lay particl e rd ritu , the Se chi di k vi ibility 

will not be ~ugoe rive f ph ycoplankwn abundanc . The 

enera l relation hi p between ecchi di k visib il ity and th 

condition f the plankton i· pr ,vided in cable 4. 

CHLOROPHYLL A AND P RlMARY PRODU TLVIT'l 

lL i [ o ii le t measure th chlor ph yll a ncen-

LraLi n and use it as an index of ti e abunclan e of ph yto

plankr n. ln g ncral. _ r.he h lor phyll a c ncenrration 

increa es, J hytopl nkt n al undan incr ase . Producti ve 



aquaculture ponds ofte n have ch loro

phyll a concentrations of 50 ro 200 
micrograms per liter (0.05 to 0.2 mil 

li grams pe r liter) . 

T ABLE 4. R ELATIONSHfP BETWEEN SECCHI DISK VJSll.l lLITIE AND 

CONDlTIO S OF PHYTOPLANKTON BLOOMS 

Primary productivity i an est i

mate of the amoun t of orga nic rnatrer 

fixed by phocosynrb es is. Tn ponds , phy-

top lankton usuall y is the larges t produc-

Secchi d isk read ing 
(cm) 

Less Ehan 20 cm 

. 20-30 cm er of organ ic matter. Rares of pr im ary 
30-45 cm 

productivi ty usually are exp ressed in 45_60 cm 

grams of carbon fi xed pe r square meter Mme d1 an 60 cm 
per clay. A lrl1ough the aquaculture liter-

a ture is rep lete with refe rences to 

ch lorophyll a and primary producti vity, it i se ldom feas ible 

to measure the ·e two varial les in pract ical aqua ·ul ture. The 

ecchi disk v isib ili ty is a simpler method fo r assessing plank-

ton abundance. 

SUSPENDED Sm.m s, TURBlD lTY, AND COLOR 

Tbe term turbid indica tes that water con ta in s sus

pe nded material which interferes with the passage of light. 

In aquacul tu re ponds, turbidity which res ult frorn plank

conic organi _ ms i a desi rab le trait, whereas turbidity caused 

by suspended clay particles is un des irab l . Ev n with the 

later c ndit ion , the clay pa rtic le are seldo m abundant 

enough in wate r co di rectly harm aquat ic rea tu res. If the 

pond receive ru noff that carri es heavy loads of silt and clay, 

the silt se ttles over the pond bottom and ' mothers fish eggs 

and benthic orga nisms. The fin er cby part icles wh ich 

remain in. suspension restrict ligh t penetration and li mit the 

growth of plants. A persi -cent c lay turb idity that res tr icts 

visibil ity in tO the water to 30 centimeter · or less may pre

vent deve lopment of plankto n. blooms. Method fo r con

rro lling clay turbidity will be discussed later. 

'ome po nds receive large inpu t of vegern ti ve mat

ter from their waters heds. Ex tracts from 1:h i plan t mate ria l 

(hu mates) often im pmt co lor to th e watt: r. Co lor from veg

etat ive extracts often appears a· a dark sta in, giving 1:he 

water th e appea rance of tea or weak coffee. Pond wate rs 

with high concen tra tion of hurnates are typ ica lly qu ite 

ac idic and have al w total a lkali nity. A lthough co lor doe 

not adversely affect aq uat ic crea tures directl y, it re t ri ces 

li oht penetration and reduces plant growth . Agricultural 

ltrnesi:one app I ica ti ons have bc:e n used to successfu II y 

remove hurnat from natu ral waters. 

In add ition to color, the water may have scum , 

foam, bubble , and other mate ri a l on th e surface. Scu ms 

oft:en result from fl oat ing ::i lgae or poll en. foam usua ll y 

Commen ts 

Po nd too turbid . If pond is turbid wirh ph ytoplankton. ther 
will be problems wim low disso lved oxygen concencrat iom. 
When turbid ity is from sus pended sod par tic les, producc ivi ty 
wi ll be low 
Turb idity becoming xcess ive 
IF turbi d ity is from phytoplankton, pond is in good cond ition 
Phytop lankton becoming scarce 
Water is too clear. Inadequate prod uctivity and dange r of 
aq uatic weed problems 

re ults from prote in in rl1e water, and bubbles result from 

-lisso lved oxygen supersa tu ra tion or re lease of methane, ca r

bon dioxide, and other gas from decompo it ion of orga.rnc 

matter. 

The suspended solids that impart turbid icy to water 

are meas ured by we ighing the amount of mate rial retained 

when pond water is passed through a fin e fil te r. Su pended 

so lid concen tra t ions often range from 10 to 50 milligrams 

per liter, but hi gher concentrations may occur in very turbid 

ponds. The turbidit~' is estimated from the amount ot Li ghr 

that is adsorbed by a water sa mp l . Instrum ents call ed neph

elorneter or turb icl imeters are used to make turbidity mea

surements. Turbidity often ranges from LO to 50 neph

elometer turb idi ty unit in ponds. Prac tica l aquaculturi sts 

eldom measu re su I ended ·olicls or turbid ity; they rely upon 

ecchi disk vis ibility to eva luate tu rbid ity of pond wate r. 

It is not unusual fo r aquaculturi~ts tO obse rve ond 

r cord the olor of we tcr. Color results from suspended and 
dis, olved substa nces, and when color is changing, ,va ter 

qua lity cond iti ons and especia ll y ph ytop lankton communi

t ies also are changing. Some fa rmers h a,·e observed thei r 

ponds enough to pred ic t rhE suitability of their water fo r fi sh 

culture from ecchi disk vis ibi lity, co l r, and appcaranc -. 

PH 

The pl-I i defined a the nega tive logarithm of the 

hydrogen ion ( H +) concenr.ration: 

pH = - log ll-1 +]. 
More simply, pH ind icates l1ow ac idic or basic awarer is. For 

practica l pu1·poscs, water with a pH of 7 is consid ered nei

th er a idi c n r basic; 1t is said r be neutra l. Water with a 

pl:-1 below 7, is ac id ic. Water wirh a pH above 7 is consid

ered basic. The pl-! sca le extend from O to 14; the more th e 

pH diffe r from 7, the more ac idi c or bas ic a wale r. 

WATER Qu UTY FOR PONO AQUACULTU l~E 
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4-5 
5-6 
6-

9-11 
ll 

oim 
No re1 rod ucci on 

low growth 

Be c gr wth 
l w growth 

Alkaline deach poinc 

The pH o( most. 

fr hwacer r ond i 

between 6 and 9, 
and within a given 

1 nd , there oft n is 

a dai ly fluctuation 

in pH f one or tw 

uni ts. Bra ki. hwat:er 

ponds usua lly have 

pl-I va lue of t 9 
and daily pl, fluccuati ns u uall y are less than in fr sh water 

pond . Da il flu cuati n in pH results fr m chang s in the 

ra te of phoc ynthe i by phytoplankton and ocher aquat ic 

planes in res[ onse to the d ily ph. toperi d. rbon di xide 

is a idic hown in th e fo llowing equat. i n: 

C 2 + H2 = H 0 3 - + H . 
lf carbon diox ide c neentrat i n increa es h dr gen 

ion n enuarion increase and I H clccrea es. onv r ely, if 
ca rb n diox id c ncentrati n decrea es, h ydr gen ion on

e ncraci n fa ll and pH ri e . Thu , ,\·h n ph~ roplank ton 
rem ve earb n di xide fr m the wat r durino day light the 

H of wat r in rease . Ar night, no carbon diox id 

rem ved from th water I y phytoplankt n, but all pond 

organ i m rel ease arb n di x id in respirati n. A carbon 
diox ide ;:i cumu lat s in the water at night the pl-I fa lls. The 

dai ly cy le in pH i illu traced in figure 6. The da il y flu tua

tion in pH i not a lway as great a h wn in chi fi 0 ure, but 

wicl pH flu cuacion can result wh n phytoplankton are 

abundant. P nds with mod rate r h ight t:a l alkali nity u u

a ll y have hi h r pH va lue in th ear ly morning than pond 
with low toto l alka lin ity How ver, wh n phytoplanhon 

re abundan t, mu h high r afterno n pH values occur in 

9.0 
... 

, , 
:c 

, 
a. 

8.0 

-- Low alkalinity 

- - - Moderc1te alk alinity 

6 p.m. Midnight 6 a.m. 

Time of day 

Figure 6. Daily flu wacion in pl-I in fish w Lture ponds. 

ponds with low alka linit , than in pond with greater alk -

linity. Thi results b ca u, e of the uf~ ring apac ity affo rd 

ed by the high r alka linity 

Th direct influ nee f pH on pond fi h an I cru -
ta ea n is presented in tab le 5. Th re are, ho w ver, excep

t ion t th se effect . F r examp le, me A mazon River 

fi h li ve an I reproduce in wa te r f pH 4.0 to 4.5. ln ur

fa e wate r , bri f o urr nee of pH abov 9 wh ich are 

comm n in aquacultur ponds, normally do not harm 

aquacultur p ie . 

Where the pH of pond w ce r i, to low, lime may 

be app lied to im1 r ve pH . L w pH is more comm n than 

hi gh pH. This i fo rtunate, f r chere i no real ly r li ab le 
proce lure fo r r duc ing high pH . ua ll y, ac idi ty problem 

in pond- do not re ult from d ir c t eff ct of I w pH on 

growth, rep roduction, o r urvi va l but from th ef~ cc f 

low alka linity and acidi c muds on pl ankton and benth ic 

pr du cion 3). The eff cts, f course, are refl e ted in low 
pr du t ion of k h and o th r cultur pecie . ln ome 

c a cal area , s ii conta in from 1 t 5 1/o · ulfur in th form 

of iron pyrite. uc.h o il ar ca lled p renti aL aci d ulfare 

~oi l . If pond ar bui lt in su h material and pyriti c o il i 

exposed to the a ir in I vee or wate r bed, oxidation of 

pyrite an r ult in the fo rmation of sulfuri ac id. This acid 

can lea h into I ond, and cau·e an extremely low pH. lron 

py rite ften i ociated \\'ith coal dcpos iL, and dr inage 
fro m al min also may conta in ulfuri a ·id fr m x ida

t i n f I yrit:e and have a very low pH. 

DlSS0LVED O XYGEN 

Di so lved oxygen i th e mo t criti a l w ter quali ty 

variab l in qua ulture. Aquaculturist need to thoroughl y 

under tand fact rs affecti ng the concentration of di o lv d 
oxyoe n in ncl wat: r. They al o hould I e aw re f the 

i.nfluen e of low dis lved oxygen ·on ntr tion on aqua
culcur pe- ic . 

Solubility 

Tb acmo phere onta ins 20.95 % oxygen. At stan

dard atmospheri pre- ure (760 mill imeter of mer ury), 

th pr ·sur of xyg n in air i 159.2 mil limet r (760 X 
0.2095) . Th pr ure of oxyg n in ai r drive oxygen int 

w ter unti l the pre ure f oxygen in wa ter i equal to the 

pre sur of xygen in air. W hen th e pre sure of xygen in 

w ter and ai r i equal , n t movement of oxygen from a ir t 

water a e , and di o lv d ox gen i aid t bear eq uilib

rium or aturati n. 

Th solu biliti es f di olv cl 1xygen a t acu rar i n 

fo r tandard atmo pher ic pre ure and diffi rent tempera-
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1. 25 
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- .93 
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7.65 
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7.26 
7.14 
7. 2 
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.28 
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15 
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l 2. 1 
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I J .5 
11.27 
l I . 0 
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10.4 
10.25 
1 1.02 
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9.59 
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9. l 
9.00 

-+ 
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I 
.. 15 

8.00 
7. 5 
-. 7 l e 
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7.44 
7_,., I 
7.1 
7.06 
6.94 
6. "3 
6.72 
6.6 1 
6 ... 1 
6.4 
6. 1 
6. _l 

w,--·s ar ' prov id d in tal I 6. i:i that rh cone ' ntration 

f di , olv d oxyoen ar atura ti n declines ma rk dl y , 

wa te r tentperacu re tncr ses . T he one nrrat ion ol di -
·ilve I l . ygen l :uurati n al o lee. line · with in rea ing 

alinity, bu t ch is 1.Jfccc i nol gr .a l ver rhe sa lini ty ran ge 

f-r fr ,. hw Ler aq uaculture . At hi li a linity, waler hold, 

c n~id · rably les d i-·olv I oxyg n tlY n at I_ w ~alinicy. Th 

ncem nnion ( d issolve: I oxyge n at smu rn t ion cl -crea e. 

with cl r a ing barome tr ic (;J tmosphe ri ) p r ure. 

\ a riat i n in ba r m tri I re ure ;J. t a giv n localit ma ' be 

Sa lini ty (ppr) 

20 _5 

J 2.74 
12. -+ 
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9.21 
9.0] 

7.2 

l l.90 
11 .5 
11 .2 
11.0 
10.73 
I .-+ 7 
10.22 
9.9, 
9,r 
9.5] 
9. 2 
9.L 

1.3 
8.2 l 
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7. 
7. 75 

.39 
6._9 

' IC 

.l l 
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J ,l J 
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5.7-+ 
_), ) 

5.50 
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. J 

8.65 

7.52 
7.J 
7.25 
7 1.2 
6.99 
6. 7 
6. 75 
6. 4 
6.53 

.42 
6. 2 
6.L 
,. L2 
6.03 
5.94 
.. 5 
5.76 
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".59 
- .51 
5.44 
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l 1.11 

7.0-+ 
.. I 

5.7 ' 
5.6Y 
5.6 I. .... , 
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5.-+S 
5.3 7 
5. C 
5 __ _ 

ign r d, 111 1. var iat i n in b, ro meu-i pres ur rc ·ulting 

fro m levaticn must b taken in to ace unt \1·hen d::m1 fr 111 

tabl is u ·ed . 

If th pre~, ur ~ a t a particula r ice i· kn wn-c1· n ii 

the levaci o1 Jf lh ice L no t kn wn-th correcti n of 

data in tabl 6 may made wirh the cquaci-,n : 

wh re DOc = c 11TCCL cl !is h ·cd oxygen c 11 · cnu-a ti ,n a l 
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saruraL ion (m_g/ liter) 

I 1 = c n -en traLi n ar ·arurarion fr 1m rnbl e 6 
Bf' = loca l lx.ir m rric pr ~sure. 

Where lxirom tric J.r . !-Ure i · unknown, the approx
imac hange in pressure with increasing clev:::i ti n is as f 1-
1-l\v~: L 10 6L "\ meters - 4% de rea e in barom me pr :,.. ur · 
per JLO meter ; 60L t , 1,507 meter - , '¾ decre c in baro
rne1:ri( pre ur per 3 0 meter. ; 1,500 t.0 3,000 meter. -
2.5°0 decreas in bar metric pre sure per 300 meter . For 

x::i mpl · , sup1 e th , elevati n aL a I md urfoce is 50 
meter· and th water rc rn perat ,re i 0° . The ::ipprox imme 
barom ~cri c i.:re. ure will be: 

[ 25 Ill X 0.0, ] 
76 mm - 76 ----- = 74 1 mm. 

311 

At 30 · :ml 760 mi ll im eter b r me1ri pre sure, the d is-

o lved ,. xyg n concentrar ion al ·atu rat i n i 7.54 rnil ligrn m 

perlit r(r.abl ). Th ac tual c ncentrar ion ord i . . lved xy-

gen at atur:::iti n for rh pond urface is: 

D [ 74] ] = 7.54 76 = 7.35 mg/I. 

Pre sur at , poinL in water i. influen ced b I the 

dcprh f th I int ben nth rhc wate r ~urfacc. T he weight 

(pre .. ure) o( w~1re r ab ve the poi nt i;:- call d the hydro t cic 

pres ur , and 1.he ro ta! pressure at the p int i. h)1dr srn ti c 

pres ·ur I lu, I arom Ti pressure. The s lul il ity f d i ] cl 
ox gen ar aturation ::it the p int i a funCLi on f LOta l re -

sure. Thu , the olubi liry of d i , olved 1xygen ar aturat i n 

i.ncrea c with inert a. ino water depth. The apJ rox im Le 

increa. e in pr ·, sure with in r ·as ing d·1 th i. 7'.42 milli 

liters ( mer ury per m.:;tcr. Th u , if th bar metr ic pre sure 

i 76 mi ll imet rs and d pth i~ ne merer, the t ca l pre. sur 

is 7 0 + 73.42 = 33 .42 n1illimercr . Aquacul ture pond ' arc 

shallo\ and th effect f depth n the .ol ubility ( Ii ·o lved 

oxyg n at aturation normall y i. i0 nored. 

Plant grow ing i.n pond waler J rocluc oxygen in 

phoLO ymhe i., and dur ing day ligh t, pbnt ma y produce 

oxyg n so fosL thar di.solved xygen conccnrration in 

wa L r rise ab \ c sa tu rati n. Water nca in ing more di -

olved oxygen than ·xpec 1.e I ~ r rJ1 e xi t in g I arom tric 

pre sur and w ter tem p ratu re is said t be sup rsaw raLe l 

with di olved x.ygen. Wat:er aLo may -onca in le di -

oh cd oxyg n rhan ~x1 cted ai: sJ turn rion ( r I rc vail ing 

co n liLiori . Re pira ti n l y or<,a ni ~ms in ponds may au .. e 

li ~s h- d oxy 'n leve l ro dec line; di . lved oxygen. typ i

ally d Cl ine I elow ·a[urac ion a[ nighL. 

\ hen ,,. ter i. be.low sa tu rar i n wich -[i _ oh· cl 

'IY1 TH Q UALITY F 

xygen, th ·re is a n · t mov1..: inent )( 1 xygc. n molecules fr m 

air to wat r. At aruration wirh di .. lved oxvgen, th · mm1-

b r of oxy n molecules le;:iv ing the wai:er qua!. th num

bt r en te ri n '; there i:' no ner movc rn en t L f ox 1gcn mole

cu les . ct mo,·c m nr of ox ·gen m lecule~ from warcr to a ir 

· ·curs when warer is · uper atura t d with di s olved I xyge n. 

Th lar0 er the difC rence h L,,·een rhe pres. ure of ox ·gen in 

war r and ir, th e great r is the n t ex h n ge ( xygen 

111 lecule . . 
T he degre o ( . atura[i on of water with dis 1h-ed 

xygen frequentl y i exp r s eel ,is l erce nr age sa turation . 

The equa ti n for t imat ing percentage ~aturaLi on i : 

1/c, ..... ·a [Urarion = ----- -------- x 100. 
tu ra tion 

F r exr.11nplc, if the barom .tri c pr s. ure is 7 0 mill imeter,, 

rh -· waler r Ill( er. tu r is _0°C, and the di $Olved xygen 

cun enrr;:irion is I I. mil li gr'1ms per Ii cer, the J ercenrage sar

urntion is ( Ll.0 + 9.08) x 100 == l_ I. I %. 

Effec ts o n CuJture Species 

The influe nce of dis~oh-ecl xyge n once nLra[ion 

1 n pond nquacul ture , 1 ·ies i· . umm ::i ri :ecl in table 7. 
- nc n tratio ns ( di. Sl lved oxyl:>c n an fo ll O [ w thar 

e r :n ure. in r on I lie. Howe \·er, ad,·er, e effect · r low 

di ·so lved xygen more fce n are ex pr ·· eel as r du eel 

or wt f-t and greatt:r . uscepL il il it L d isease. In pond. wirh 

chronica ll y lo \\' di ss lved xy 0 en oncentra t ion , crea

tures wil l ea t les - nd they will n t onv rt food t fl.e h 

a. , ffici enrl)' a in J one! with normal di o lved xygen 

· ncentrar ions. 

Lins super aturaLi n also an be harmful to ulture 

pec ie . 1a bu bble Lrauma re. ult from I ubble f gases 

~ rming in the 11 d. T hi may re ul t when creature in i-

.:oncentracion 

L rhan 1 or 2 mg/liLer 

2-5 mg/liter 

5 mg/Ii rer- at.uraci 11 

Above sarurnrion 

ULT URE 

PECIES 

L thal if exp sure b L more Lhan 
a~ w hour 
Gr wrh will be low if exposure to 

low d1 solved oxygen i continuou 
Be L c nditi n fo r go d growth 
~an be harm ·ul if uper citurar cl 
c ,nd irions xi t throughout ond 
volume. orrn lly, Lh r is no 
pr blem 



ti a ll y in gas-s upersatura ted water are suddenly ex posed t:o 

wa te r of much lo we r gas concentrati on. The blood was 

supersatu ra ted with gas under supersa turated concl it io ns, 

but at a lower con cen t ra tion of di sso lved gas , the supersat

ura ting gases in the blood fo rm bubbles. The e I ubb les 

have adverse effects on variou , organs and ph ys io log ica l 

processes . The mos t common ca uses of gas supersa turati on 

a re entra irnnent of a ir by wa ter falling ov .r high dams, air 

en trainment d1 rough leaks on sucr i n sides o f pumps, and 

sudden transfer of creatures fr m cool wa te r to warm r 

wai:er. Phocosynthe is can cause supersa turat io n of po nd 

surface water with dis o lved oxygen, but thi is usua ll y no t 

ha rmfu l to pond species . They ca n move to greater depths 

wh ere d isso lved oxygen conce ntratio ns a re lower and the 

disso lved oxygen concen tration at atu ra ti on is greater. 

(one w l.5 rne te rs) fo r aquaculture whe re climat i condition 

an I wa ter uppl y permits. O f course, in areas wi th a long dry 

season , it may be im[Jo sib le to maint:iin adequate wa ter 

depth in h a llow ponds. 

Concentration of dissolved oxygen exhibit a da il y 

eye.le . The lowes t concentratio ns of dissolved oxygen occur 

about dawn. During daylig h t , phoi:osynthes is cause- d is

solved oxygen concentrations to irrcrease, and maximum dis

solved oxyoen concentra tions are reached in t:he aft m o n. 

During the night, photosynthesis ceases but continuing use 

f oxygen by pond organisms causes dissolved oxygen con 

centrat ions tO dee.line. The daily cycle in dissolved oxygen is 

mos t prono unced in ponds wi th heavy ph ytoplankron 

blooms (figure 8 ). The influence of the da ily eye.l e of dis

solved oxygen on growth of aquaculture species is poorly 

understood, but most wo rkers fee l that good growth can be 

Plankton and Dissolved Oxygen achieved as long as th e dissolved oxyoen concentration does 

Light pass ing through pond wate r is quenched ra pid- no t fa ll be low 25 or 30% of sa tu ra tion during the night and 

ly, and the rate of quenching inc reases a the amount of par- does not rema in at this low level fo r more than one or two 

ticulate matte r (turbi d ity) in the wate r inc reases. As a result, hours. 

photosynth es is occurs most rapidl y in t: he surface layer o f C loudy wea th er can influence disso lved oxygen 

water, and dis olved oxygen concem ration, decline with 

depth. Plankton blooms reduce lig ht penetration , and th e 

amount of light ava il ab le fo r photosyn thes is at a given depth 

i proportional to the amount of plankton. In ponds with a 

lo t of p lank ton , dis ·olved oxygen concentratio ns may fa ll to 

m i.11 igrams per liter a t: depths of l.5 or two me te rs (figure 

7) . Because of ti-tis, it is be c co u. e relat iv ely sha llow po nd 

0 

0.5 

°E t.o 
...c 
0. 
<lJ l.5 

Cl 

2.0 

2.5 
0 4 

• Heavy plankto n bl oom 

0 Moderate plankton bloom 

6. Light plankton bloom 

8 12 16 20 24 
Dissolved oxygen (mg/L) 

concentrat ions as illustrated in figure 9. This re ults because 

cloudy weath er reduce the ra te of pho to ynth.es i th ro ugh 

light limitatio n , but it has little or n.o e ffect on res[Jira t ion. 

The inf·luence of c loudy weather i· mo re pronounced in a 

pond with a h eavy ph ytoplankton bl o m than in a pond 

wi th less phytoplankto n. 

ln summary, a fert ili za ti o n o r feeding rates a re 

20 
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Figure 7. Influence of cle/)th on Jissolvecl oxygen co11cemrations in Figure 8. Effect of time of clay and planlaon clensiL)' on concen-

poncls with differe nr amo11rns of ~1/cml<r.011 . trncions of dissolved oxyge1i in .rnrface uimer. 
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incr ased in aquaculrnre I o nd , ph 1 rop lankton abunclan e 

increase . . Th is permi[s grea t r a 1uaculLUra l p roduction , but 

ir al u · cl iss Ive I ox~•g n con ·entrati on to flu tuate 

wide ly b rw en ch y 0 111d n i ~h t and L cl er a e will, leprh . 

If lert ili :ati n r f ·ding ra t ·. are t o high ph ytopl:mkLo n 

I I om · wil l b·com · , d nse th aL grc wth f culture spe i 

wi ll dec li ne o r th e culrnrc speci s wi ll die b au e · f I w 

disso lve I oxyg n con c:r1trati n . Th aq uacultu risr mu L 

adj tu Lhe i rt i I i:atinn r feeding rat s s char Lb ere i bod, 

adequa t plank.ton zinc! di ssolved oxyg n i' r g cl pr duc 

tion of fi h o r "1 the r p .ci · . Be au. o ( diffe r nc tn 

re pon of indi ,·idual pond to fer,i li z tio n and feed ing, it 

i not po ible t rccomrn .nd a inglc, maximum afe ( r i l 

i:er r .eel ap1 Li ac ion ra te an I s ·h edule suitable for 11 

Time of day J nd . Ir i es en ti :::il tha t the p nd manage r bsc:rv ea ·h 
[ nd carefully nd adju r fe rtil i: r and feel ar plicati n to 

f'iL p nd condition . 
Fignr 9. Ejfeci of loudy wemlier on Jissol~Jed OX)'gen c ncen- Ph ,wp lan kLOn in pnnd may uddenl y di and 

cracions in a />on I. dccomp e cau ing a dis o lved xygen dep le Llon ( ). A n 

exampl of a phyt pbnkton d i -off i . hown in figure 10, 

and the int1 uen e f the die-off n di lved xygen co n
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Figure I . lianges in ph ,wplanlaon abu.ndan e before, during, 

md f ter am s i1;e phywplank1 n lie- {f ma pone!. 
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. ntra i ns is illu trar ' cl in figur 11. The diss lved oxygen 

n trati ns d .i l no t rerurn to normal unti l a new phyLo

pl nkt n bl om was establi. heel . M st ph rnp lankton cli e

o f(" inv Iv · spec ie:" of blu -gree n a lga . During ca lm 

w ath er, blu - reen a lga often form scums at I and sur

f ce . lmen sunlighL may result in sudden d atb of algae 

in thi s s um. Blue-gr n lga have hi gh c nc ntrati ns f 
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Fi ure I I. Dis olved oxygen concernratiort5 befor , during. and 

afcer a massive phytaplankt n die-off in a pond. 
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Fi&,.rilre 12. Ef(ec t of feed ing rate on dissol1Jed oxygen concentrc1-

tion.s en dawn and on Secchi dis!< visibilities in ponds. 

nitrogen in the ir t:issue , so th ey decompose rapid ly. 

Mats of fi lamentous algae wh ich develop on pond 

bottoms may, under ce rtain condit ion , fl oa t t the urface of 

a po nd and d ie . This phenomenon a lso can deplete di so lved 

oxygen. 

Bottom Sediment and Dissolved Oxygen 

A lthough plankton abund ance usuall y is the domi

nant facto r in d isso lved oxygen dynami cs in aq uaculture 

pond , the bottom sediments aL o consume dis o lved oxygen . 

Bottom edim nts, especia ll y in o ld ponds where large 

amount of o rga nica lly-enriched ed irnent have accumulat

ed, may exert larg oxygen cl rn :mds. There has be n I ittle 

re earch on di s o lved oxyge n consumpt io rr ra tes by pond 

so il , but the re is ev idence that respiration by tbe benthic 

comrnunicy can ca ·ily re move two to three m ill igram per 

lite r of disso lved oxygen from the pond water in 24 ho urs. 

Feeding and Dissolved Oxygen 

Ph ytop lankron abundance is comro lled by nutri ent 

11pp ly, and di ssolved oxygen concenn-ations are regulated to 

a la rge extent by ph yt: 1plank ton abundance. Feed applied fo r 

aquaculture spe ies re ults in po llution of pond waters by 

o rgan ic and ino rgan ic metabolic wastes. U nea ten feed also 

cl ecompo e, , releas in g nutrie nts intO th e wate r. 

onsequendy, phytoplankton abundance and prob lems wit:h 

lmv d issolved oxygen increase as a funct ion of increas ing 

feeding rate (figure 12) These data suggest hat feeding ra tes 

above 4 or 50 kilogra ms pe r hec tare per clay wil l resul t in 

unaccep tably low disso lved oxygen . Highe r feedrng rates may 

be used in pond if mechani cal aeration is a[J plied. Til apia 

are more tolerant to low di so lv cl oxygen than most o her 

aquac ulture species, and somewhat higher feeding rates a re 

possib le without mechanical ae rat ion. 

The feed convers ion ratio is determined as tbe quan

tity of feed app lied d ivided by the ne t pr cluct ion (creatu res 

harvested minus initi al srncking we ight). F r example, sup

pose that a one-hectare pond had a n et product ion of 5,000 
kilograms of fish and 9,000 kilograms of feed had been 

ap pli ed . The feed conve r ion rauo is: 

9,000 kg feed = l.. S0. 
5,000 kg fish 

/\ . low feed conversio n ratio indicates grea ter effic iency th an 

a high va lue does. With good management practices, feed 

con ver ion ratios of 1.5 to 2.0 may be achi eved with most 

pecies of fish and crustaceans. 

ommerc ial aquaculture feeds do not usually con

ta in more than 5 o r 10% mo isture , but mos t aquatic rea

tures are about 75 % wate r. Dry matter feed corwers ion ratios 

are much large r than the feed con version ratios compu ted by 

di viding li ve n et producti on we igh t in.to amount of feed . In 

channel catfi sh cult:ure , 1,800 kilogra ms f feed' migh t pro

duce a net of 1.,000 kilograms of live fish. The feed i about 

92% lry matter, so the input of dry matter is 1,656 kilograms. 

The fish are about 2 -% dry matter, so they conta in abo ut 

250 kil ograms of d ry matte r. T he dry mar.ter feed con ve rsion 

ratio i 6.62. Thu , 5.62 kilograms of dry weight equivalent 

of rnetabolic wa tes and uneacen Cced rea -h. the pond during 

the produc tion of 1,000 kilograms of live fi sh. This dry m;:ir

ter conta ins nutrients that a re re leased ro the pond water by 

fish resp iration and excre tion and by mic robia l decompo, i

r1on of unea ten feed and fi sh fee.es . These nutrien ts stimu late 

phytoplankton productivity, and add it ional organic matt.er is 

fo rm ed within the pond cosystern by a lgae. Thu ·, as feed ing 

ra tes increas , the load of wa-ce and nucrienrs co the pond 

water inc reases. In o ther words, the po nd becomes mo re 

eutroph.i c o r po ll uted as feeding ra tes increase. lf feed ing 

rates become roo high , fish wil l be tressed by impa ired wa re r 

qua lity. The first water cpta lity prob lem to deve lop u~ua lly is 

low dis olved oxygen concentration in the early morning. 

This problem ca n be solv d by mechanica l ae ra t io n, but it 

feed ing rates a re increased enough, ornmo nia concenrratio ns 
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may bee m high enough to ca use taxi icy. A lrh ugh thi 

ex. rnple L for hann I catfi h, the princi1 le illu tratecl 

apply equa ll well to oth -r pon I culture pecic, _ 

ne of the effecr, of overfeed ing in fi h an I crus

race~m pcm Is is ,- in r ase th feed onver i n rario. A 

feeding rate increa. e , cli .-solved xyg n onccmrati n dm

ing rhe night decli ne_ C hr nica ll y low d i solv cl oxyg n con

cenm-1tion have :111 adver·e effect n the apperic and 

m caboli. rn offi h ::mcl crusra ea n , and feed conversi n val 

ue tend to increas elm. ti c'ill) if feeding ra te. , re in rea ed 

to a level wh ere di . o lv cl oxyg n conccntrati ns fo ll below 

rw or thre mill ii> ram p r li ter each night. 

NlTRO E 

Th niu · gen ycl e i presenred in fi gur ' 13. 
itr gen rn enter p ncl from the atrno. pber · in m lecu-

lar ~ rm (N 2), and ome m lecular n itr gen cn n be fix ed it 

organic comp un I by I lue-green alga and bacte ria. Ra in 

fa lling im ponds onrni ns nitrate, and vari us ~ rms of 

nitrogen may en ter pon I ,-ia the warer uppl . lnorganic 

ni tr gen may be added in fe rtili:er and >rga ni nitr gen in 

m:mur or { cl _ In rhe pond, nitrooen unde rgo man tran -

form ation cJ-uough biolo0 ical a ri vity. Thes 'K tiviti , will 

Plant Uptake 

A ll plants ca n u e nitrate an ammonium nitr gen, 

and a. rnenLion cl 8bove, blu e-gr en al ::ie can fix elementa l 

n itr ,en . Phyropl nkton an ab. orb large amouncs of ammo

nium, arid they ar a dominant focwr c ntr ll in.g th on

cen1 ration f ammonia nitrogen in pond water . ln th planr, 

the nitrogen is re luced ro am monia nnd ombine I with 

o rg nic arbon ro f rm am ino ac id _ Tl e amino a id are 

then oml inecl LO ( rm I rOlein. Plants may b c nsurnecl by 

creature and they rnay di and bl:comc detritu . 

U e by Creatures 

n:::a ture ea t pbnt , d trit.u , ther cre;irur , or 

som combination of the. e. C rea rures nt:ed th ir nitrogen in 

th f rm of amir10 ~teids ( prorein. Wh n aq uatic er ::i ture 

take in foo I, part f the orga ni c n itrogen in the h od i. 1m

ilated and nverced to animal I rotein _ The remainder i. 

expel led as rga ni ni trog n in fe c. o r xc reted a. ammoni a. 

Wh n aq uat:ic crea ture are harve, Led, the nitr gen that they 

conrain i remov cl from rhe pond . 

r (detritus or mall -

be d i cu sed below. ly I y creatu re . mo t dead orga n ic matter 

become sub trate (food) 

for mi robi a l orga nism 

(bac teri a, a cinomycetes , 

:md fungi)_ F ctor ffect

ing th e rat of orga nic 

matter decomposiciL n ar 

temp rarure, pH, xygen 

ava ilability, and the nature 
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Figur 13. N itrngen cycle a in fish pond. 
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f th org ni m, rter. 

M icroorga n i ms apab le 

of d grad ing orga ni c 

matter are pr ent in all 

pond , and Lheir bun 

dance wil l in rea e when 

roa n i 

increa · ed . 
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about 4 ° , and \\'ithin 

this t rnperature range , a 

l O ir crea e 111 t mpera

rure will cau e the r::ite of 
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double. Degradat io n o f o rga nic matte r proceeds most 

rapid ly at pH 7 to . T herefo re, in ac idic ponds, orgaru 

matte r tends to accumu late un less lime is app lied to 

i.r:np rove pH. O rga nic matter t har ha a high concentra ti on 

of nitrogen re la ti ve to its concentra tio n. of carbon ( low 

C/N ratio ) wil l decom pose faste r th an a mater ia l with a 

h igh C/N rat io . Addit ionally, more nitroge n w ill be 

re leased to the en vironm ent as a mmon ia by microorga n 

ism o f decay wh en a substance with a low C/N rc1 ti o 

decom poses . if a C1 o rga nic mater ia l i ve ry low in nitrogen , 

the re will noc be enough n itrogen in it to effec t complete 

decorn pos i.t io n by mi croorganisms. In chi , vent, bacteria 

and other microorgan ism o f decay will remove nitrate and 

ammonia from pond wate r for use in. decompositio n of 

o rga nic matter. R e moval of nitrogen from the environ

ment by m icroo rganisms deg rading nitrogen -de fi cient: 

o rgani c matte r is ca lled immobilizatio n of nitrogen.. 

Nitrification 

T he ammoni a re leased to the pond water by lecom

pos ition may be used aga in by plan ts, or it may be nicrifi ecl to 

ni trate by chemoa utrophic bac teria . Oxidat ion of ammoni 

um to ni trite by bacteria f the genus Nitrosomonas is the first 

step in nitrificat ion: 

NH4 + ll /2 0 2 ~ N02- + 2H+ + H20 . 
In the ·econd step, nitri te is ox id ized to niua te by ba ce ri c1 of 

the ge nu Nir.robact:er: 

Oz- + 1/z 2 ➔ 03. 
These bacteria use r.he energy re leased in th.e ox ida tion of 

ammon ium and nitrite to red uce carbon dioxide to orga ni c 

carbon. [n oth r ,.vorcl s, these organisms can produce organ

ic matter by non-photosy nthet ic pa thway. O f course, the 

amount of organic rnaLter produced by ni t ri ficat ion in po nds 

is minute compared rn the arnount produc cl by photosyn

thesis. Nitrifi cat io n is important in reduc ing d1e concent ra

t ion of ammon ia in pond waters, and thi is benefic ia l to 

aquaculture because ammonia is poten tia ll y tox ic. However, 

nitrification a lso has adverse effec ts on water qua li ty. It is a 

ignificant source of ac id ity in ponds beca u e hyd rogen ions 

(H +) a re re l asecl, and it exerts an oxygen clem:md be ause 

oxygen is required to oxidize ammo nia. 

Denitrification 

ln the abse nce of oxygen, man y microorgan isms can 

use n itra te or 01.he r ox idi :ed nitrog n com pounds as source · 

of oxygen and as e lectron and hydrogen ac eptors in respira

tion. Thus, organic matte r clecu11posirion can continue m 

the abs nee of d issolved oxygen. T h is hererotro phi c process 

is termed clen itrification because gaseou forms of ni trogen 

are released as metabolite and los t from the pond. For exa m

ple, ni traLe ca n be reduced to nitrite, nitr ite can then be 

reduced to n itrou ox ide, and, fina ll y, nitrous oxide can be 

reduced c ni trogen gas. Physi logica lly, the pro ess can best 

b defined as ni.trate respirat ion. Denitrifi cation occ urs in 

pond o ils where d isso lved oxygen concentrations are low. 

Denitrificat ion is the major loss o f nitrogen from ponds, and 

the summary eq uat ion is : 

6N03 + 5CH30H ~ SC02 + 3N2 + 7H20 + 60H- . 
In the above sum mary equat ion fo r denitrification, methanol 

h.as been used as an organic carbon sour e. Of course, many 

other organic carbon compounds can be used by denitri fy ing 

bac teria. 

Ammonia Volatilization 

Some ammonia is los t from po nd water directl y ro 

d,e air when the pressure of ammoni a gas i11 water exceed 

the pressure of ammonia in the a ir. Th is process i mo, t: 

important at pH 9 and above. The importance of ammo n ia 

vo latili zatio n in the nitrogen ba lance of ponds i poorl y 

unde rstood, bur it is not thought ro be a significa nt facto r in 

mos t ponds because pH is not great enough to fovor rap id 

loss of ammonia to the a ir. 

Summary 

Because of the high rate of int rnal nitrogen recy

cling in pond ecosystems and the fixa tion of nitrogen by 

blue-green algae and bacte ri a, it usually is nor necessa ry ro 

app ly large amounts of nitrogen to ponds in fert ili ze rs. In 

ponds, large amoun ts of n itrocren enter ponds in feeds, and 

ubscanti al quantities of am mon ia ente r wate r in meta bo lic 

wastes of t:h culture species and fro m decompos it:ion of 

unea ten feed and feces. Therefore, a major concern in in te n

, ive aquacu lture is the accumu lat il) n of excess ive concentra

t ions of am monia in pond water. 

PHOSPHORUS 

A m bient pb osphoru co ncentrations in pond water 

arc usua lly quite low. Pho phoru is introduced in ro ponds in 

fertdizers to stimulate phytoplankton blo ms, enhance the 

abundance of natura l food o rga nisms, and prom te greate r 

aquacu ltura l production . ln p nds with feed ing, a port io n of 

the feed phosphorus is not a sim ilacecl by chc culcurc spec ies 

and enters ponds to s1:imubte ph ytop lankt011 productivity. 
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Fate of Phosphorus in Pllnds 

The pho phorus cycle in a pon::I i. illu. rra ted in fi g

ur 14. When ph spha1c is ad led in 8 chemi ca l fe rt ili ze r, a 
hioh conccntrati l1n of pho phatc " ·ill rcm:.i 1n in th water 

fo r nl y :1 few h urs or cl ays. H wev,: r, the c mce ntr:3tion 

wi ll quickly dec line to Lhe prc-trc~.1tmcm le,· I. '01111: pho. 

ph · ru. los from Lhe wa1 r may be an ributed to upt,. kc. by 

plant, and bac t •ria. Heavy h ·topbnkton bloom ca n 

ah rb brge am· un t L ( ph -I horu . . 1vluch phosphoru 

will, however be ads rbcd by the p nd s ii. Even that 

ph sphorus in iri all y al orbed y the phyt plankton wi ll 

even tua ll y I e minera li :ed from rga n ic marrer an l enter 

th 1: p . nd ~o il. 

Th. am unt f pho. 1 h ru ·nterin pon I. from 

naLural • ur e", includin rel a c from rhe . ii, is 11 ua ll y 

r::11.her mall even in hieh ly pro lucri ve pond . Ph . phoru" 

11h . phaLc fi rst r ~1cts with aluminum, I ut th exi<:L nee ( 

iron phosphate in mud . ugge. r. t.ha t me alumin um pho. -

ph;.ire i rran ~ 1rmecl ro iron pho. phate . Wh n mud 

be me anaerobi ·, iron phos1 hares Ii . oh-e :-md anaerobic 

water at Lh e p1 n l bortorn m:.i y be high in pho. 1 hate. 

evt:: rthcl . , wh n the \\ ater ecomc. ae rob ic aga in , iron 

ph I hate rcpr ··ci1 itat:e . . A pond iii pJ-1 in crca. c , th , 

conccnrraci n of aluminum ion decrease :-o that le phos

phate pr~ ipitate ::is alu minum [J ho, ph::iLc. omcwherc 

bctw en pH 6 and 7, th e pre ipitati n of a lu minum phos

phate cea. e to be 1.he cl 1minan1 fact r remo,· ing ph , phar · 

from the wa ler. . pond oil increa e in pH, the oncen

traLi n of ca lcium increa cs and I ho I horns rcc ipitnres ::is 

ca l ' iurn plio phatc. Ove r rime, ca lcium pho I hc1te i, trans

formed ro highl y in. lu blt> minera l apa Lit (rock pho -

ph.arcl. Where pH and .alc ium concentrati n arc: high , 

Pond 

~ Detritus 

mu t be app li ed in fc rLili:c:rs 

ro mai nta in pr ducLivity. 

Ph phoru in manur 

re le3scd when manur 1, 

de raded I y I ::icce ria. The 

amoun f I hosph ru. bar
, esr d in aqua ti creature. 

usuall y re1 re~ent. less Lhan 

on -Lhird ( th pho. phoru 

add ed tO pond, . everrh ·less, 

animal Ii ma harv , ced 

fr m pond . i rhe greate r loss 

of pho ph rus (r rn an a ua 

cu I ru re eco y rem. 1'1ost 

added phc phoru remain in 

the: pond . in luble phos

ph t comp und in the oil. 

lnpu t 
Soluble Loss 

► 
Runoff 
Inflow 
Atmosphere 
Plant dchr.i s 
Animal act ivity 
Fer ti li:ation 
Fish feeds 

Outflow 
Animal activity 
F ish harvest 

I P ermanent loss 

' to sediment 
activ ity 

n~ rruna 1.ely, ch · o il ph -
Figw e 14 . The phosphorus cycle in a fish pone/. ph ru is not highl y aYail al le J' 

r.o n n -ro ted pla n t. in t h.e 

pond . 

R eactio ns with Muds 

In rgani phosph. ru, in ~o il or mud ccur as cal 

cium , iron , and aluminum I ho phace . In ac id ic oil , alu 

minum ion oc ur at fa irly high cone nLraci n and react 

wirh phosphate t fo rm highl y inso luble aluminum I ho -

phate ::ice rd ing L the gen ral r ac ti n : 

A1 3+ + H~P 1- = A IP04 + 2H 
At t:liesame pH, 1h rea r everal order of magnitud more 

alu min um j-,n than ferri iron in ae rol ic mud . Th refore 

W TE l 

apatire may preci1 iLate direc tly from 1.h \\'ater. Mud al o 

con1.ain organ ic phosph ru . fvl i robial dee mpo iti n o 

orga nic matter wi ll relea e phosphate which wi ll participaL 

in reaction with iron, aluminum , and alciurn. 

Ph ytoplanhon an qui ckl y ab rb I h. phate from 

the water, o a larg prop rrion f the phosph ru ap1 Ii d to 

a p nd may enter phytoplankton ells and pr mO[e gr wrh. 

Ph ytoplankt n ell may be con urned by aquaric er arure , 

buL most di and t:tle L tht' 6 ttom. tudie hav hown 

cha about 70% of the ph ph ru add d to p nd_ in fertil

izers r feed ev ncuall y finds it way into Ll, t' rnu I. Poncl 

botrom oil I ho pliorus i in equ ili brium with [ ho ph ru in 



pond wat rs, but in sp ite of r:his, the pho~ph on1 concentra

t io ns in water ::i re lo w. Thu, , pond sed im ent tends to be a 

sink rath er than a source for pl osphorus (1 3) 

Summary 

Ph osphate must be suppl ied at frequent intervals to 

fe n ilized ponds in order to main ta in a des irab le a bundance 

of phytoplanhon . ln ponds with Feeding, deco mpo it ion of 

POND SOIL 

Soils play several imporcam roles in aquaculture 

ponds. T he bottom so ils and earth -fi ll embankments of 

ponds serve as the bas in. in which pond water stands. Bottom 

o ils tore and release both nutrien ts and o rgani c matter, and 

they provide a medium fo r growth of benthic c reatures and 

p lan.ts and a sociated bacteria. These organ ism may prov ide 

food for other organ isms/fis h , and they also recycle nutri em s 

and degrade organ ic matter. Some cul cure species feed on the 

pond bo ttom, and some build nes ts and lay eggs o n the b t

tom. 

Po nd o ils a re de rived from te rres tria l so ils. 

However, condition in pond bottoms are different from 

cond itions in surface , 1.e rrest:ri a l so ils. O rga n ic matte r added 

to or produced in po nds, su pended so li.ds entering ponds in 

runoff, and pa rticles re-suspended from th pond bottom by 

water currents are conxinuall y depo iced o n. the pond bo ttom 

to fo rm a laye r f edirn nt . Dissolved oxygen concentration 

are usua ll y low in po re water of bottom sedimen t, and organ 

ic matter decompos ition progre se ' at a s lower ra te than in 

te rrestria l so il. A lso , carbonates, fe rric hydrox ide, and phos

phate comm on ly pr c ip itate fro m pond water in to sed iment. 

Pond bo ttoms tend to be the final recipient of re- iducs of 

substan e that are added to o r produced in the pond . A 

leta iled discuss io n of pond soils ca n be found in Boyd (3) . 

TEXTURE 

Tbe tex ture of a so il r fers t:o th e p ro po rt ion of grav

e l, sand, sil t, and clay pa rticles in the so il. Particle siz analy

is o f an ag riculrural so il provides the percen tages of sa nd , 

sil t, a nd clay from wh ich a o il tex ture nc me-for example, 

sandy loa m, c layey loa m, e tc-may be ass igned with th.e a id 

uneaten feed a nd fee s o nr i.nuo usly upplies ph ospho rus to 

the wat:er. Uptake by the "Oil is a des irable phe nomenon in 

ponds with feeding because it contro ls the phospho rus con 

cent ration in water and is a majo r facto r in the preve ntio n 

o( excess ive phytop lankton abundance . O f course, if feed 

ing races a re Ii igb enough, res idual phospho rns concentra

tions in wa te r may beco me great enough to cause troub le

some phyrop lankcon blooms in spite o f so i.I uptake . 

of a sod tri angle (sec any genera l so il text). [n studies of pond 

so il , however, the ag ricu ltura l so il class ifica ti on scheme has 

little value. O n the other h and, it is good to know how much 

lay is i.n a pond so il, Fo r the clay is the react ive fraction . o il 

also conta ins organic matter, and organic ma tLer, like clay, i 

highl y react ive. 

There is a common miscon ceptio n th at pond so iL 

should have a high clay content to prevent seepage. Soils for 

mak ing pond botto m ::i ncl levees should conrain some clay, 

but LO to 20% clay content usually is enough prov ided tb e 

so il conta ins part i l ·s of severa l size fractions. Soil contain 

ing 25 % or more of clay particles o ften are very sti cky and 

difficul t to spread and to corn pacL during c~nstructio n. 

Levees made fro m such mater ia ls ma y have a tendency to 

slip. A lso, drying and other treatments of heavy clay b t tom 

soils between crops often a re diffi ult. 

CATlON EXCHANGE 

Co llo idal particle o f o rga ni c matter and clay mi11 e r

als in pond so il have negat ive charges and attrac t swarm ' of 

ca t ions (posit ive ly-charged ions) . An equilib rium ex ists 

be tween con centra tions o f ca rions in wate r surroundin0 so il 

partic le and amounts of cat ions adsorbed o n so il particles 

(figure 15). Lf a la rge amount of potass ium ion is added to the 

water of the equilibr iu m sy tern illustrated in figure l5 , the 

increased potass ium ion concentra Lion in th e water will d is

rupt the equ il ibrium . [n o rder to re-esrab lish equ ilibriu m 

conditiOLr , potass ium to n will replace some of the io ns 

adsorbed on the so il particle , and th concentra tions f a ll 

ions in th e water will in cre::ise . 

Cat ions on ~o i 1 ~o llo ids and in surround mg water a re 

known as exchangeable cac ions and the sites of adsorpt io n 

on collo ids are ca ll ed exchange sites. Some cat ions a re h e ld 

mo re t ightl y than others to collo ids . ln general, rhe order o[ 
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Ca2+ Mo2+ 
b 

AP+ Al3+ r---------
I 

Mud Ca2+ 

Colloid I(+ Na+ 
I 

•---- ---- -I 

I(+ NH4+ 

AP+ Ca2+ 

Figure 15 . Exchange of m e ions becu1ee11 ·oil panic/ ~ and •wa~r. 

attracci ,n berw en ca tions and c 11 id!:> incrc:a~ '. with 

inc r a. in g ,·a len of the ca ti ,n . T hal i~, aluminum i n (+J 

va l nee ) i he ld I ightcr th an c I · ium i n ( +2 v:1lenc ) , and 
ca l ium it. n is atLracr cl ma r ~n on ly than pOLa. · ium ion 

( + 1 valence ). 

Th qu, n tity if ca tion:, wh ich an b ad o rl ed on 

s ils isca lledd1 ·at ion exchangecapa ity ( E '). T h CE 
1n asurcd in milliequi\'alerns f cation per JO gr ms dry 

- ii (meq/ l00 g). le:1 rl y1 the lnrger th e CE of a o il , th 

gr Ler i the al ilic · of Lhc o il to ex hange and h Id ion . 

The E o ( pon I muds rc1 nge fr 111 le than 1 rn eq/1 00 g t 

rn r th an J 00 m q/100 g. T hl CE incr a, as th per-

cen rage f cl ay, rganic matter, or bo h incr a e. 111 typ -. 

of clays have grea ter excharwe car ac iti rh an thers. 

Bocrorn s ii wir.h E · \'a lues ( 10 t: 40 meq/100 g ·em 1 

be b t fi r aquaculture. T he E is a n tural I roperty of o il 

chm c::mn t n rma lly I altere I by I one! rreacment . . 

A CIDITY 

The cati n ads rbed n exchange ire in ils arc 

ac idic alumi num ion , ~-rr ic ion, and hy lrog -·n ion ) or bas i 

(ca lc ium i n ma ne ium ion , J ca ium ion, sod ium ion, 

an ammon ium ion ). The fra t ion f the r ca l exch ang 

ca.p city occupie I by ac id ic i n, i ca ll d the base un atu ra

ti ,n . In m . t so iL, Lher wi ll b ma ll mount · f hy lrogen 

ion r fe rri io n. on exc hange . it es. T h pr imary ac id ic ion 

a luminu m ion. 

The ac id ic reac1ion of alu minu m may be vi. ua li:cd 

a- f !lo" ·-: 

A l-Soil = Al3+ + " H, = A l (O H )3 +Jll +_ 

W TER °') UALITY F 

0 

Pore 

AP+ Ca2+ Mg2+ 

NH4+ Na+ K+ 

Water 

A the ba. e un. aru raci n f a s ii i increa e , the am unt _ ( 

alum inum i Jn , , ·ai lablc to react with wa L r and fo rm 

hydrogen in in · rease .. T herefore , .oil pl-I d crca with 

in rcas ing Las - un sa tu ra ri on . 

T he way in wh ich lim neutra lize a idity in mu I 

i ill ustrar cl in figure 1 ). Th · ca lc iu m ca rbona te reacL 

wi h hycl r ·gen ion: and neutrali:e them. Thi lo\\' n: rhe 

con nc racion of h ydr g n ion in lucion and more a lu 

m inum ion are rdea eel from the o il. A luminum ion 

rel a ed from the .-o il ar repla cl by a l ium ion, r ulting 

from th e neurra liw t ion of l1y lrogen i ns I y calc iu m ca r

bona te . T he en I re ult ar as fi ll ow : a lum inum i 

r m ved from 1.he so il and pre i1 icated a alumin um 

hydroxide; calci um re1 lace th aluminum on the o il ; Lh -

ba e unsa tu racion of the so il d rea e ; th [ 1-1 of the so il 

m rea e . 

Ponds rnet im are on eructed in area, o n c 

cov red by brack.i hwater t ida l wamp and marshe . \ 1 hen 

river with a hea vy sed im ent load empt ied int the s a. sed

iment wa dcpo iced n ar the h.o re . After th depo it roe 

abcve mea n low water leve l, vegerat i n I ecame -s rnb

li h d. A depo iLion continued , the ast lowly ac ·retcd. 

and a wamp fo res t de\'\::I ped . In th S\\'amp fo r t, u e 

ro r_ trap1 d organic an l inorga ni c d bri , and dee rnpo i

t ion f den e ma .es of rga n i d br i resu lted in an rob i · 

cond ition . A result, , ulfur-reclu ing ba teria beca me 

abundam , and sulfi de produc -d by rhc bacteri a acCll mulaL

ed in por space in sed iment a hydrog n ulficl or com-

1 ined with iron l fo rm precipitaLe. f iron ulfi de . . Iron 

su lfi de unclerwe111 further ch rni ca l r ac t ion to (orrn ir n 

d i ulfide chat c ry ca lli:ed to fo rm ir n pyrit ·. 



Al Mud Af3+ + 3H 2 0 

11/2 Ca 2+ + 11/2 CO2 + 11/2 H20 

Pignre 16. Neucrnlization of soil acid,iy by calcium carbonate . 

As long as edimencs containing pyri tes are ub

mergecl and anaerob i.c, th ey re ma in r clucecl and ch ange li t

tle. However, if they me dra ined and exposed to rhe a i.r, 

ox id at ion re ul t:s, and ul.furic cic id is fo rmed. The summa ry 

reaction fo r sulfuric ac id format ion fro m iron pyrite is: 

FeS2 + 3.75 0 2 + 3.5 H20 -') Fe (O H)3 + 2SO/- + 4H+. 
The ferr ic hydroxide cry. tall izes as a redd ish brown rnater

ia l in the sed iment. After drainin o, a edim n t containin g 

pyr ite i ca ll cl a potentia l acid- ulfa te so il or a "car's clay." 

When aerobic, ac id-su lfate o il wi ll have a pH. 

below 4.0. The I. H of ac id-s ulfa te so il s ofte n will decrease 

as much. as three units upon drying. Fie ld identiftcat ion of 

ac id-sulfate soi ls can ometimes be made I y rbe mell of 

hydrogen su lfid from d istu rbed so il , but t:he [ os itive test i 

ro measure pH before and afte r drying. 

ln ponds, the prob lem wit h ac id -su lfa re so il s usual

ly or iginates on tl:ie levees. Pond bottom are usua lly flood

ed and anaerobic, so sulfuric ac id does not form . 1--[owever, 

levees d ry and sulfuri c ac id formed during d ry per iods enrers 

pond- in runoff after rams. Acidity on levees can b con

tro lled by liming a nd e rnb lishin g good cov r with an. ac id 

res istant species of gras . Fortunate ly, ac id-sul fate o ils a re 

e ldom a problem in fres hwater ponds. 

OH.GAN1C M ATTER AND OXIDATlON;REDUCTL0N 

rgan ic matter accumu lates at the so il wa ter in.ter

face, and rn.icrobial ac t iv ity is very inte nse in this surface 

laye r. Becau e wate r d es not move fr ely with in sedim ent, 

m icrob ia l act iv ity qu ickly reduces the oxygen concentra

tion in the wate r within the sed im ent (pore water). 

U sually, aerobic conditions (presence of oxygen) will only 

occur in the upper few mi ll imeters of sed iment. As th e oxy

gen concentrat ion drops , the ox idation- red uction potent ia l 

fa ll and va riou co mpounds are red uced. A substan ce i 

sa id ro l e reduced when one or more of the fo l lowing 

even ts o cur: ir ga in elec trons, it ga ins hydrogen, it lo es 

oxygen, or it becomes more e lectronegaLi ve. Some typical 

reduct ion that: occur in pond rnucl include the fo llowing: 

o3- to N0 2-

0 1- to NH" - _) 

N02-ro N2 

NH3 to N 2 
Fe3+ rn F Z+ 

1[114+ to tvln2+ 

SO42- t:O H2S 
CO2 to CH4 (methane) . 

Under cena in conditions these reductions may occu r spo n

tanc0tdy in the absence o f oxygen, bur they usually a re 

med ia ted by microorganisms. Under anaerobi c conditio ns, 

tbe electrons and hydrogen ion, fo rmed as microorgan isms 

degr3de o rganic matter and c mnot be reac ted with oxygen. 

T herefore, the elect:rons and h yd rogen ion are di posed of 

by reac tion with oxidized inorga n ic substar1ces . Of course, 

i[l the pro ess the inorganic substance becomes reduced . 

The degrada ti on of o rgan ic mat ter in the mud 

causes the low cl issol vecl oxygen co ndit ion, and the contin 

ued degradation of the organic matter resul ts i[l t he reduc

t: ion of th e inorgani c . ubstances. T hus, o rganic matter is 

the source o f the reduci ng power that often leads to h igh 

cone n trat ions of nitrite , ammonia, ferrous iron (Fe2+), 
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di\·:ilenr mat gan . e it n, hyd n ocn . ulfiJe, and methn nt in 

pond m11ds. The b cnce if oxvgen in ,1.:diment may ·I w 

down the rat · of c rga nic matter de · mp ~iti · n, bur it doe 

no t ha ir dee rnp ·i iti n. In focr, :rnaen.1 ic c. ndit:i on. ar 

no rm::il in pond . ediment , ::ind aq uacu lcur pond o ils cl 
nor normall y accumulate large amount of rga nic matter 

un l s. inµut of rgani c m3t:t r nre excess ive. For example, 

in pon L wirh lnrge inpur of manure , bou m mi l ma 

::iccumulate brge a rn unts of rga n ic m Lter. e,· rrh le , 

if rgani c mr-mer in uts ro pond b uom. arc o orea t that 

aJr bic on li ti n annot be main wined at the oil-wat r 

int rfac , culture reaturc. may be expo ed to reduced nnd 

potentin lly tox ic sub can e . 

The iron re::i rion in war r pr ,·iclc a mean, o( 

dererminino if the surface lay r of mud i. nna ·rol i . Jn 

th absence f oxygen, ferri iron (f-e3 ) i converted to fer

rou iron (F 2+ ). Ferr us ir n is black or cl ark. gray in c lor. 

Th -refore, when the surfa of the mud i I lack, nna r 1b ic 

condit io n ex ist. Whc:n the urfoce is br wn or rhe n:itural 

so il col r, it sugg ·scs that oxy •en i pre. enc. f our. c, if 

you brea k through th ::ierobic . urfoce layer ( a mud , deer -

e r layer wi ll be anaerobi ::md bla k. lr is highl y le. irablc 

to 11aintain d is. lved oxygen in the upper laye r of . ecli 

mrnt. Fi Ii~ d rgani rn hat live in mud re 1u ir ox rgen, 

3nd rhe I res n e of oxygen in the mud pre,· nt: ft rm::ition 

of n xi u r du ed ul ranees. 

There is con iclerable inter st in the amount of 

organic matL r in pond e limenr. How ve r, eva luati n o( 

data on rga nic matt r c Jn entrati n in pond oil i diffi

culr. B au - orga nic macrcr ect le, nt the I on m and i 

th en de ompos d and gradua l] , mix ed with dee1 er I-ye r 

by ph ica l and i l gica l pr ces:--e , Ll,e o rganic matter 

con enrrarion qu ick! · de rea \\"ith sedi ment de1 th. The 

upper, fl JCculcnt by rt f recentl y-cl po. iced edirnent ma 

have an orga ni c nrenr o( 50% or great r, but th organi 

con tent f th e ent ir upp r on ro tw cm layer eldom will 

exceed 10% xcept wh re pond ar built on il - wit·h high 

one ntracion. ( r nati ve rganic matt r ( rga nic o ils) . 

When o rganic maner dee mpo .. es, the mo t readily decom

po al le mate ria l i dcorad1.:d fir t nd the mor re i tam 

mc1 teria l ::iccumul ares. Therefore, mu h of the rgani · 

re. iduc in p Jn I oi l con. ist of maceri::il resi. tam r.o le ·ay. 

The pr bkm ( ex - ivc oxygen demand in bt. rmm di 

m nt i. related to rhe r;:itc f in put f fre h, bbil or>ani c 

matt r raLl,er than rn the amuint f re. ist::1m, re idu :.i l 

ur0 an i maLter Lhat ha · a cu,nulaLed ,·er Lime. At I rese nt, 

we do not ha\·· rel iable methods for readil y di Linguishing 

I Lween ti s t\\' type. of rgan i m:-ictcr. 

P OND SOlL ANO AQUA LTURAL PROD CTIO 1 

A lthough re lat ive! , lied i knO\rn ab UL relati n

ships I etween I o rcom ·o il pre perti ·' and th pr duct ion f 
a ua ·1iltur sp-cit:s, one tudy . ugge red o il pr perr i 

have an imrorcant role in pr ducrion ( ee cable L ). ln pite 

of th corr laLi ns b tween o il properri es and fi h produc

tion, goo I I ro lucti n of fi h cannot be su tain cl witbout 

a1 plic rion- of manures, fc rrili:crs, fe d .. or om combina

Li n f the. e. 

T ABI.E . THE EFFECT OF BOTTOM ~OIL 

PROPERTIES N FISH I RODUC'TION t ,I 

Variabl 

H 

Available pl ospl ru 

rgani n itrogen 

rgan tc earl.ion 

le than 5.5 
5. - 6.5 
6.5 - 7.5 
7.5 - .5 
le than pm 

3-6 1pm 
m· re than 6 ppm 
le than 25 ppm 
2· - 5"'\ ppm 

more than 75 ppm 

I than .5 ~o 
0.5 - 1.5 % 
J .5 - 2.5 % 

1 Adapted rom Ban rj a ( I ) . 
2 l\ 1anure were being add d to d1ese pond . 

Fish Produ t1on 

low 
average 

ptimum 
average 
low 

average 
pi:irnum 

low 
average 
OpLimum 
lw 
verage 
ptimum 

declining 



WATER QUALITY MANAGEJvlENT 

f ERTIUZA TlON 

Chemical Fertilizers 

Inorganic fert ili ze rs are substa nces which conta in 

ni troge n, ph ospho rus, and pota sium e ither a lo ne o r in com

binatio n. Examples o f com mo n fertilize r compounds a re list

ed in table 9. Whe n two o r more of the e materi a ls are blend 

ed , the resul t ing m ixture is ca lled a mixed fe rtilize r. Fert i.li ze rs 

are class ified by p lant nutrient content:; niuogen is expressed 

as N, pho phorus as P2O 5, and pota s ium as K2O. N itrogen 

is p resent in fe rtili zers as n.irra te (NO3- ), ammonium 

(NH4 "- ), o r urea [(NH2)2CO]; phosphorus is pre ent as phos

pha te (H2PO/-); porn s ium occuL as potass ium ion (K+). 

Use o f N, P2O5, and K2O is tradi t io nal instead of desc ripti ve; 

chat i fertili zers do no t comain N, P2O5, or K2O as such . 

A mixed fert ilize r with a grad of 5-20-5 contains 

5% N, 20% P2O5, and 5% K2O . (This fe rt ili z r i not nec

e sar ily the best fo r ponds, and it is being u eel s imply fo r 

illustratio n .) A JOO- kilogra m quanti ty of mixed 5-20-5 fe r
til izer can b made of urea , superphosphat:e (TSP) , and 

paras ium chlo ride (KCl) . In 100 ki logram of 5-20-5 , th.ere 

w ill be 5 kg N, 20 kg P2O5, and 5 kg K2O. Necessary 

amounts of fe rtilize r com.pounds are: 

5 kg -;- 0.45 kg N/kg urea 

20 kg PzO5-;- 0.46 kg Pz 5/kg T S P 

5 kg K2O -;- 0.60 kg K2O/kg K ~l 

Total fe rt il izer compounds 

Fille r (agricultura l lim e to ne ) 

Total 

l 1.1 kg urea 

43.5 kg T S P 

8.3 kg KCI 

62.9 kg 

37 .l kg 
100.0 kg 

Fertil ize r com pound must be chlurecl to 100 kilograms with 

fill e r so tha t the mixed ferrili ze r will h ave the proper 

P2O 5-K2O perce n tages . A mate rial like agri cultura l li me

sto ne is added to the m ixt:u re o f fe i:ti lizer compounds to 

dilute a fe rt: ilizer. In the example a bove, 37.l ki logra ms of 

ag ri c ul tural limesto ne would be added as fil le r. 

\Vhe n gran ular fert il ize rs are broadcas t ove r pond 

surfaces, they ettl e t rh e bottom befo re di ssolving com

p letely. Phospha te in fertilize r e rr.l ing to th e b n m is 

adso rbed str ngly by m ud, and n1 uch o f it n ver r~a h es rhe 

wate r. Liquid fertdize rs are m uch more effici en t tha n granu

la r fe rti lizers, because they will not se tt:l to the bo ttom . A 

good liq uid fertil ize r fo r use in ponds is a mmonium po lyp hos

ph ate (] 0-34-0 to 13 -3 7-0) . but orhe r liquid fe rtilize rs are 

equa lly sui ta ble . l f a liq uid fertilize r can no t be purchased 

locally, a useful a lte rnati ve is ro d isso lve a granular fertilizer 

in a conta i.ner o f wate r. Liqu id fe rtilizer sho uld be dilu ted 

with wate r and plas hed over pond urfoces. Never pour liq

uid fertilizer direcd y in to pond water, because they are heav

ier th an water and will settle m the bo tto m. Recentl y, fin e ly 

pu lverized, insta ntly so luble fertil izers h ave been used as an 

a lte rnative to liqu id fertilizer. This finely pu lverized materi a l 

can be broadcast over pond surfaces, and because o f its fine 

ra rticle size, it will d isso lve complete ly with ut se ttli ng to 

the botto m. 

Contro l led-re lea~e fe rtili ze rs are made by coating 

fe rt ilizer particles with a po lym e r sh.e ll. W ate r enter~ the 

she ll a nd disso lves the fert il i:er, and th e nutrients gradu 

a lly seep o u t of th e sh el l. These fertil izers are used rnost ly 

fo r h ort i ulture ap pl ica tio n s, but the re is ev idence that 

they can be used in aq uaculture. The o nly problem is rhat 

they are expe ns ive as compared to o the r fe rti lizers used in 

aquacu lture. 

An a I terna ti ve mea ns of ap r l ying granular fert il ize r 

to prevent it fro m concact:ing the sod is to po ur it o n an 

unde rwater p la tform so Lhat water currents move the nutri 

ents through ut the pond afte r h ey dissolve . Some m anagers 

a lso put fertiliz r in po ro us bags and suspend th ese bags in 

pond so that nutrients are rel eased into the wate r as fe nili z

e r disso lve . Either proced ure prevents fen ilizer granule 

fro m dis o lv ing while in contact wir.h po nd botto m so ils. 

Nevenht:les , regardless o f the tyi,e o f fe rtili zer u6ed o r the 

technique used fo r app lying it, th e fert ilizer nurri e nts will no t 

remain in the pond wa te r. A po rtio n o f the nutrien ts will be 

absorbed by plants and enter the culture species v ra the fo cl 
c ha in. However, most o f the p lan.ts wi ll d ie and become 

o rganic matter in pond s cl irnent and the ir n utrients will be 

T t\BLE 9. A PPROX! !ATE GRADES OF 

COMMO COMME.RCJAL f ERTIUZERS 

S ubsta nce Percemage 

p K2C 

U rea 45 Cl 0 
Calcium nitrate 15 
Sod i.u rn n itrnte 16 0 0 
Ammon ium nitrare 3.3 0 
A mmonrum sulfate 21 0 0 
Superphosphare 0 16 0 
Trip le superphosphare 0 46 0 
Mo noammonium phosphate 11 -+ 0 
Diammorrium phosphate l8 4 0 
Amrnonium po lyphosphate L0- 13 34-37 0 
Muria te of potash 0 0 60 

WATEJ( QTJAU TY FOR POND AQOACUI..TLJRE 

23 



recycled. The majo rity of the phosphorus ::idd ed in fert ili z r 

wi ll be adso rbed by sediment and so rne of the fe rtilizer niuo

gen will be clenitrified. ! utrients a lso will be conta ined in 

wnrer lost fro rn J"'Onds by seepage, overflow, an I dra ining and 

in harvested fish or ocher aquatic crea rures. 

E:--:tensive research h as bee n conducted on freshwa

te r po nd fert ilization. Applica t ion ra t:es usua ll y consist of 

cwo to -•igh.c k ilogrn ms per hecta re o f P20 5 a lo ne, or appli 

cations o f two to e ight kil ograms I er hec ta re o f both N and 

P20 5. ne of the bes t fert ili za t ion progra ms fo r fresh wa ter 

po nds consists of peri odic appli ca tio ns of e ight to 16 li t:ers 

per hecra re of a 10-34-0 liquid fe rtilizer. Th.is dosage rare 

amounts to fo ur to e ight k ilogra ms per hec tare of P 20 5 and 

o ne to two kil ogra ms pe r h ectare of N. A good granul ar fer

til izatio n progra m i IO to 20 kiloorn ms pe r he tare per 

app lica tion of d ic1mmoniu m phospha te (l -48-0). Fert ili ze r 

app li ca t ions norma ll y are made a t cw - to fo ur-week in ter

va ls. Tl,rough the proper use of che mi ca l fe rtili zer , aqua

cultura l prod uct ion ca n be inc rea. ecl two rn 10 t imes above 

that poss ibl e in unfert ili zed pond s. Care must be taken not 

to app ly excessive amount:s of chemi c.a l fe rt ili zer fo r the 

iro n compound . Litde is k.J1 own about th e benefit · of trace 

nutri en t fert ili zat io n o th e r than iron. 

Ma n y time , (e rt ili : e rs a re used in combin atio n 

with feeds ar th e beg innin g o f I rocl u t ion cycl es . When 

ponds a re in iti a ll y fill ed with wate r, the re i littl e p lank

ton and ben t ho", and sma ll fish o r c rustacea ns tocked 

in to such po nd s a nn ot ut il i: e th e feed effic ientl y. 

Therefore , fe rtili ze r ca n be used to initi a te rb e pl a nkton 

b loom and st imul a te be nth os to prov id e su pp lementa l, 

n c1 tura l food o rga ni sms. Turb idity by th e p lan kton a lso 

ckcourages unde rwa te r weeds . Fe rtili za t io n sho uld beg in 

o ne o r two weeks befo re ~rocking fi h o r c rustacea ns to 

produ ce green wa ter. After a few weeks, fe rtili zat io n may 

be top ped beca use nutri ents fro m feed wi ll mainta in th e 

p lan kton bloo m. 

Organic Fertilizers 

Anima l manures can be used as fert il ize rs. However, 

these materi als have several disadvani:ages c mpared to 

chem ica l fertil izers. They are of in.consistenr quali ty, the ir 

nutrient conten t is low, they must be app lied in large 

resultin g overabundance of phytoplankton can ause an amount , an oxygen cl mancl re ults from the ir u c, they may 

oxygen depletion . 

L:es research has been don e on fe rrili za t io n o f 

br::ickish wate r pon ls, but ni trogen appears to be more 

impo rt nt in bra kishwater rh an in fresh wate r. Therefore , 

fert ili zers fo r brackishwater should conta in more ni trogen 

than tho e for fre h wate r. U sing mo re nitrogen. does no t 

mean that phospboru is less impo rtant in brack ishwater 

than in freshwa te r. A good fertilizer fo r brack i hwate r 

ponds migh t con ta in a 2:1 ratio of N :P. A 20-20-0 fertilizer 

h a roughl y rhis N :P ra ti o. Fertili ze rs hould be app lied a t 

~0 co 40 kilograms per hecta re per applica ti on at two- to 

fo ur-we k inte rva ls (4). 
Some sh rimp farm ers li ke a high propo rtion of 

diatoms i.n th e ph ytop lank ton community. Research has 

sho1vn th at a 20: 1 ratio of :P can enh ance th e pr port ion 

o f diatoms in the ph ytoplank ton. Nitrate eems to ncour

age di a to ms more than am monium, and sod ium niuate fe r

t il izer at. ] 0 to 20 kilograms per hecta re per app licat ion ca n 

be ffec tive in encou raging cliacoms. If wate rs have silicate 

concen.t:rations below one mg/li te r a silicon ( i) , app lica

tion- of sodium ilicate at 50 to 100 kil ogra ms per hecta re 

a l o can bo lste r the proporrion of di arnms. 

'- 01ne ev iden ce hows tha t iron add itio ns to po nds, 

and e pecia ll y to brackishware r ponds, can st im ulate ph y

roplan kton . C h e lated iron would be t he best source o f iron 

in a fe rtili ze r, beca use it woul I be mo re so luble than simple 

conta in antibiot ics, t:hey often have high concentrations of 

heavy mera l , they encourage the growth of unwanted fila

mento us a lgae, they are un pleasa m to hand le , and some con-

umers might be o ffende l by proclu ts fro m a manure-ba ed 

production sys tem. In rural area wb ere peop le ca rmot: afford 

ch emica l fe rtili zers, animal manures are often the only fertil 

ize rs available. H owever, where h emical fertili zers can be 

afforded , they are mu ch uper io r to animal manures. 

Applica rion rate fo r manures often are as high as 250 to 500 
kilogram per h ecta re per week. 

P ond Preparation 

O rganic ferti lize rs se rve as food for zoop lankton, and 

in some t ype of aquacultu re, use of o rgan ic fe rtilizers in pond 

prepa ration i d esirable to encourage the rap id deve lopment 

of zooplankton blooms to serve as food for yOLmg fi sh o r crus

taceans. Plant or animal mea ls are bette r o rganic fertilize r 

than an imal manures. U uall y, app li ations of 25 to 50 kilo

gram pe r hectare of plant meals-for exa mple, soybean mea l, 

a lfalfa leaf meal, cotton. eed meal, rice bran, etc ., or fH1 

mea l-at four- o r five-day imervals can qui ckl y es tablish a 

zooplankton bloom. U uall y, meal a re applied in conjunc

t io n with chern ical fe rtili zers. 
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LIMLNG 

Liming materials are used rn n eut ral ize acidity and 

inc rease pH of ac idic so ils a nd wate rs. The three most com 

mon liming material are agri cu ltural lime-rnn e (p ul veri zed 

calcium ca rbonace or do lom ite), hyclrat:ecl lim e (ca lcium 

h yd rox ide) , and quick lime (calcium oxide ). The two 

sources of ac idi ty in n atural water are trong ac ids, usua ll y 

sulfuric acid , and carbon diox ide . Water with pH below 4.5 
contains strong ac id , while at high e r pH va lues , ac id ity 

resul ts fr rn carbo n diox ide . Liming ma te ri a ls reac t with 

hyd roge n ion and carbon diox ide as fo llows: 

Reac tion with h.ydrogen ion 

CaC 3 + 2H+ = Ca2+ + H20 + CO2 

Ca(OH)2 + 2H = Ca2+ + 2H20 

CaO + 2H+ = Ca2+ + H20 

Reactio n wirh carbon diox id e 

CaC03 + CO2 + H20 = 2HC03 -

Ca(0H)2 + 2C02 = Ca2+ + 2HC03-

a 

A ll three liming materials have th e 3me reacti.o n in water. 

However, ca lcium ox ide and calciun:1 h ydroxide can cause 

pl-I to inc rease co a leve l tox i to fi h o r o the r aquat ic 

o roa ni sms. Bo th materia ls are hazardous to huma ns beca use 

of the ir causti , pr pe rt ies. Thus, ag ricu lrnra l li meston e, 

wh ic h is n e ith e r h aza rdou to aquat ic o rganisms o r 

humans, is the be t li mit\:, mate ria l for aquaculture . 

Liming is benefi c ia l in ponds with pH less than 6 
or in po nds with l 1w mea l alkal ini ty. In mos t types of 

aqu acu ltur , at tal a lka linity of 20 m illigram .- pe r liter is 

adequa te , but in til ap ia, ch annel catfish , o r c rustacea n 

p,nds, a tota l a lk a lin ity of 50 mi ll igrams pe r lite r o r mo re 

is des irable . Liming ma te rials a re n o t fe rtilize rs, bu t th ey 

wi II impro ve the re, ponse to fert il tz:1t io n. in ac id ic, low 

a lka linity po nds. The effec ts o f liming on wa te r q ua li ty are 

as fo ll ows: 

• Lncrease pH of so il. 

• Inc rease a lkalinity and h a rdn ess of water. 

• Floccula te uspended so il particl e . 

• Increase the buff r ing capacity of th e wa te r. 

• In rease th e ava ilab ility o f carbo n fo r 

photosy nthes is. 

• Enh a nce bac teria l ac ti viry in so il. 

• Inc rease availc. b i! ity of [Jhosphorus. 

Act ing in comb inari o n wirh fe rcili z::it ion , these improve

ments in wate r qua li ty can lead to greater production of 

cu lture species. f course, if ponds are n o t ac id ic , liming 

wi ll 1:1o t be benefic ial. 

Pil la i a nd Boyd (15) present a fa irly sim ple labo ra 

tory procedu[e for determinin g t he lime requ ire men t. of 

pond soils. This procedure wi ll wo rk o n all so ils excep t 

ac id -s ul fa te so ils. Boyd ( 2) prov ides a lime requ i rem e n t 

proc edure fo r ac id-su lfate so il . \Vhen the lime requirement 

canno t be measured, app lying 1,000 kilograms 1_Jer hectare 

of ag ricultural limestone is recommend cl. If th. water is 

sti ll ac idi c after two o r three weeks, add itio nal increments 

of 1,000 kilograms pe r hecta re of agricultura l I irneston e 

shou ld be applied unt il the des ir ·cl effec t is ach ieved . Some 

auth ors recommend app ly ing small a mou nts o f liming 

mater ia ls (100 to 200 k dograms pe r h ec tare ). S uch sma ll 

applica Lio ns are un li ke ly to inc rea pH r a lka lin ity much. 

\Vb.e n lime is ap plied i:o ponds, it h ould be spread 

un ifo rm ly over th e entire bo ttom of an e mpty po nd or over 

the e nt ire urface of a full pond. O ne good appl ica tio n o f 

lim e usually will suffice fo r three to five years. 

L iming is used exten sively in bra kis h wate r ponds, 

blll most o t chese waters a lready h ave 60 to 120 milligrams 

per li t.e r o f to tal a lkalinity. Liming mate ri als will no rm a ll y 

no t di sso lve in suc h wa te rs, so adding che m to the wacer is 

pro bab ly not useful. Of course, applicat ion. of agricultura l 

lim e. tone to tl1e bottoms of empty brackish w3tc r po nd~ 

between rops i a good way to mainta in so il pH. Usu~dl y, 

L,000 kilogram. per hectare of lim es to ne is ad equme lo r 

pond bono rn treatments. 

WATEl~ QUALITY FOl~ Po t O .AQU CULTURE 

25 



To:-nc METAI30LITE 

As a re ult of m~ca b lie activity l y rgaru, m in 

p nd · carb ,n d iox ide, ammoni:::i, nitrite, and hydrLgcn sul

(ide nietime· may reach hann1ul concentrati n:. 

arbon Dioxide 

High nccntrati n of arbon di xide can b roler-
nred by aquaculLUral . pe ics, although fi h ar kn \vn r 

avoid earl on diuxicl concentra tion a 10\v , fi,· mil

ligrarns p r lit r. fo t aqu::icultural specie will urv i,·e in 

water. onta ining u1 Lo 60 mi lligrams per liter or arb n 

d iox i I , prO\·icl I di lvecl ox 1g n c ncentrat ion are high. 

\X/hen dis lvecl xygc n con entrnt ion, arc: I w, he pr sen 

of appreci ble carbon d iox ide hin I-rs u1 take of xygen. 

Un(orcuncr ly, :Hbon diox ide c ncentrat i n n rm ul ly arc 

h igh wh n li ss Ive I xygcn ncemrati n arc: low. Thi 

re. ult becnu e c rl on dioxide i, releo eel in resp irati n an I 
utili :: d in I hot ymhe i . . Di lved oxycr n c ncenrrat ion 

decli nes when photosynrhe is is nor pr ,c ed ing a rapid ly a 

re. pirat ion; rhu· , carbon dioxi le accumulates I eca u,e it i. 

n c rcrnove I for u e in ph cosynthesis . 

Be a use of the necess ity of light for ph rosyn1.hes i. , 

ca rbon di ' x id e concentration.:- in rea e at nigh t and 

I cre::i~e during Lh da y. High con entration o( ccrbon d iox

i le al o occu r in pond. during loudy weath rand fo l.I wing 

die-off of phytoplankton r filament us algae. 

Remov ing ca rbon dioxi I fr mp nd water. is ·I

d m pra rical. I owe,·er remo\'ing arl n di xidc: roni 

t · nk or m her comainer in which aquat ic creatur s ar 

r ared or h Id is ften nee , ary. I emoval m y b effe led by 

::ippl •ing · lcium h yd roxide f a(OH)zl r calcium ox ide 

( a ). The retica lly, 0. 4 milligrams per lii:er of lcium 

hydr xide hould rem vc one milli gram p r liter arbon 

iox idc,andC.64mi!lioram perl irerof a l ium xide , houll 

r mov one milligram per li ter f carbon di x ide. Becallse f 
die I \\' ~o lu bility of a!cium ox ide and alc ium hydrox id , 

L.5 t 1:wo times the the retical qu miry shoul.d be applied to 

focilitare rapid r mov • l of c rbon diox ide. 

Ammonia 

A mmoni ::i rea he pond water a~ a by-product f 
metal olism by creature~ and by dee mpo irion of rganic 

matter by b .teri a. ln wa ter, amm nia nitro 0 en ur~ in two 

f rm , un -i nize I amrnoni. (NH3) and amm onium ion 

(N H4 , in a pH and temp r:mJl't dep ndent equil ibrium: 

NH1 + H20 = NH4 + H-. 

ATER Q UALITY F 

As pH ri. -s, un-ion1:ed amm ni ;:1 increa c, rela1 i,·e to 

amm nium ion. Water remperntu re abo c u e c n increa, e 

in Lhc pror ortion of un-i on ized arnm n.ia, but the effect. o( 

11.:mp ratu r i I s than that of pl-l A nalyt ical procedures f r 

mrn ni a nitrogen mea ur b th un-ioni:.td n:I i niz. cl 
ammonia, Perccncag ot un-i ni ze I nmrn nia at differ nL 

tempcratur and pH v::ilue arc o ailnbl ( 2) . 

Tl , tox i ity f ammoni a to fi sh and ocher quati 

creature i. atuil me I prin1aJi!y t ch ~ un-ionizecl f rm. /\ 

amm nia nc ntrati n~ in water incrca e, · mmonia excr -

cion by aquatic organi ms d i mini hes, and level f arnmoni 

in blo d and oth r ti . uc increase. Th result is an e l ~vation 

in bl cl pH an I acl v·-r e effect_ n n:yrn -cata l '3 d rea -

1.i ns rind 111 eml rane . tabi lity. Am m( n ia incr ase xygen 

c nsumpti ,n by t i sue· damage gilL and redu · the ab ili

ty of I lood co tr nsp 1T oxygen. Di a. e usccptibilit al o 

incre::i, es in org::i ni sm exp eel r sul -lethal concentrat·i n, 

of ammonia. 

The t le rancc of aquari c or anisms r , ammon ia 

q:1r ic witl1 pc i . , ph ys i I gical con liti n, an I en viron 

mental facto r . Leth al con encrai: iorL t warrnwatc r fish 

nd ·ru ta ;:ur fo r hort -term expo ure (24 t ( 6 hour. ) 

;.ire be t.ween 0.4 and rwo mi lligram: I. er li t r of un -i nize I 
::i mm onia . Percentage of un -ion i:.ed amm nia at 2 1 'an I 
d iffer nt pH values and c ncenr rati ns of t0ta l amm ni a 

nit roge n nece sar co give 0 .4 milligr::im per liter un-ion-

ized ammonia under che e ncl ition re I res r1.ted in tab l 

10.Ar apH of? co ,amm nia 1ncentraLi nupt (, ur r 

fi, e mil! igr~m p r liter w uld nm po ea toxicity problem 

in ponds. 1-1 w"ve r, al a pH of .5 t 9.5, G ur c fiv mil 

ligram per liter f ammonia might ause cox 1 1ty event. 

F ncls eldom conta in rn r . than fou r or ix mi lligrams per 

liter ( coral amm ni a nitrogen. O bviously, ammoni a toxi

c ity wil I be a greater prob I m at high H than at. Im,· r pH . 

Ammon ia ncentrali ns in ponds ar diffi ult t"O eva luate. 

T ABLE JO. PH Vt\LU · , PERCE, T OF N-IONIZED AMMONIA, 

AND C ONCE TRATIO i or T OTAL AMMONIA NEEDED TO 

Gi E .4 11LLICR/IMS PER LITT:R u ·ION IZ[O AMMO 11A 

pH 

7. 
7.5 

.0 

.5 
9.0 
9.5 
10.l 

n-ioni ied 
ammon ia 

~& 
.70 

2.22 
6. -s 
1 .4 
41.2" 
6 .2 I 

7.~2 

Con entration f wea l 
ammonia nitrogen 

mg/liter 

57 14 
l , .0~ 
6.11 
:u-

_97 
0.59 

.46 



Beca use o f the da ily y le in pH, un -ioni zed ammo n ia con 

emrat ions change continuously. Am moni a toxic iLy in 

aquatic cremures usua ll y L expre sed by reduced growth 

rate instead o( mo rta lity. 

High ammonia concentra tions are mos t commo n in 

ponds with hi gh feed ing rates. Excess ive use of urea o r 

ammonium-based fertilize rs uch as ammonium sulfate a lso 

can lead to taxi concentrations o f ammonia. The only fea

sible means of reduc ing ammonia conce ntration i water 

exchange . C la im about the e ffecti veness of zeo lite and 

bact ri al amendme nts fo r remov ing ammonia in po nd 

nvironments appea r fa lse. 

N itri te 

N itrite may accumulate to concencrat ions of one to 

lO milligrams i:ier li t:er o r more in wate r of aquaculture pond 

under certain conditi ns. When nitrite is absorbed by fish , it 

reacts with hemog lobin to form methemoglobin. In this 

reaction, the iron in hemogl bin is oxidized from fe rrou to 

i rric rate. The resulting methemoglo bin is not capable of 

combining with oxygen. For this reason, nitrite tox icity 

re u lts in a reduct ion of the ac tivity of hemoglobin or in a 

functi o nal an emia. Thus, nitrite tox ic ity i ca lled me themo

glob in em ia. Blood conta ining significant amount of methe

moglob in i brown, so the commo n term for nitrite po ison 

ing i "brown blood disease.'' Crustacea ns conta in hemo

cyanin, a compound with copper in tead of iron found in 

hemoglobin. Reaction f nitrite with hernocyanin a re poor

ly unde rstood, but ni trite can be toxic ta c ru taceans. 

The rne themoglob in concentrat ion in channel cat

fish cultured in pon I varie from 5 to 90% of the Lo ta l 

hemoglobin. A slight brown co lor i, apparent when methe

moglo bin reaches 25 o r 30% and a choco late-brown co lor is 

obv iou at concentrations of SO'Yo o r more. 

Some spec ies o( fi sh are ab le to reduce methemoglo

bin back to hemoglobin through the acti on of methemoglo

bin r ductase . Wh en nitrite concentrat ions in th e wa te r 

de line o r wh en fish are transferred to water wirh low nitrite 

concemraLi.on , they recover from nitrite tox ic ity. A lrhough 

methemoglobin levels quickly decline, a evere anemia m::iy 

develo i:i beca use of a decrease in hemoglobin concentration. 

omplete re overy from n itrite in roxi.cation ma y take two or 

three weeks. N itrite expo ure may predispose fish to I acLer i

a l i_nfecr: io n. 

Determination of the h igb st pe rmiss ib l nit rite 

concentrat ion fo r pond waters is clifficulL, beca use the cox ic

ity of nirr ite is closely re la ted to di sso lved o xygen concentra

ti on and sev ra l oLher Factor . I !owever, pond managers 

sho uld be concerned when nitrite concentratio ns exceed 10 

mi ll igrarn per li ter as nitrite about 0.3 milligram i:ier li ter a 

NOr ). 
The implest prc.cedure fo r counteracting nitr ite 

tox ic ity in fi sh is to treat water with sodium chloride o r cal

c ium ch lo ride to reduce th e molar rat io of nitrite to ch lo

ride. Recem research suggests that a nitrite:chlo ride ratio of 

l:6 wa necessa ry to prevent a ll e ffects of high nitrite co n

centration on channe l c3 tfish. oc ice that nitrite is rei:iort

ed h e re on an N 2 rather than NOz-N ba i, . Most water 

quality kits mea ure NOz- ra the r than NO2. The chloride 

app lication rate neces ary to provide this ratio may be ca l

cu lated as fo llow, : 

C h lor ide (mg/1) = 6 (mg/I of nitirite - mg/I of ch lo ride) . 

Common sa lt ( a I), which conta ins about 60% chloride, 

is the usua l source of ch lo ride fo r i:iond trea tment. Water 

exchange o r replacem ent a lso can b effective in reduc ing 

nitrite concentration. 

H yd rogen Sulfide 

Under anaer bi c cond itions, certa in hererotrophic 

bacteria can use sulfate and othe r oxidi:ed su lfur compounds 

as termina l e lectron accept rs in metabolism and excrete sul 

fide as illustrated below: 

so/- + SH += 2- + 4H2O. 

S ulfide is an io nizat ion produc t of hydrogen ulficl e and i:ia r

ticipates in the following equilil ri a: 

H2 ~ = l:...l - + H + 

H S- = 2- + H+. 

The pH regulates 1.he d i tribu1. io n f to tal sul fid amono it 

for ms (H2S, 1-L - , and 52- ). U n -ionized h ydrogen sulfide 

(1-12S ) is toxic to aquatic o rganisms; the ionic fo rms have no 

appreciab le toxic it:y. Analyti ca l procedures measure to ta l 

sulfid e. Th e percentages o f un-ioni zed h ydrogen sulfid e at 

different pH value a r 28°C a rc presented in tab le 11. The 

perce ntage o f h ydrogen sulfide decreases a, the pH increas

es. A wate r conta ining 0 .0 1 m illigra ms per lite r tota l sulfide 

would have ::i n h ydrogen ulficle concentr8t ion of 0.009 m il 

ligrams per li te r at pH 6 (0.0 l. x 0.903 = 0 .009 ); the sa me 

to ta l ulfide concent:ratio n at pH 8.5 would con ta in on ly 

0 0003 mi ll igrams per lite r h ydrog n su lfide (0.01 x 0.029 = 
0.0003). T he percentages of un -io nized sulfide a t pH 6 and 

pH 8 .5 a re 90.3 % and 2.9% , respec tive ly. T h se percentages 

a re the sources of the mu ltip lie rs used in th e exa mple above 

ta con vert: tota l sulfide to un-ionized sulfide. 
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c~ lutEt--~E OF 

/\. ·IONlZED 1-l YDROGE 

°LJLFI DE AT Dl ffERENT 
Pl-I \ ALU c; l 

pH Hydrogen ~ulfid e 

5.0 
-_.5 
6. l 
6.5 

,o 

7. 4 , __ 

7.5 22.7 

1 Te m1 era tu re i 

~oncent r tion, ( 0.0 I 
to 0. 5 milligram per li ter L ( 

hy lrogen . ulficl e may be lerh:JI 

to aquari org:111 ism-. Any 

cl e1ccca ble con enm:ir i n ( 

h lrooen ·ulfide i c n. i ler d 

u11de irab le. Th pre. nee ( 

hydrogen sulfid may b recog

ni zed without wmer :rnaly is, 

fo r the "rotter'l-lgg" . me !! f 
hy lrogcn sulfide i dctc table 

at \' ry I w con -en! rati0n. 

lf water · m ains hydro-

gen . ulfi le, water ex hange 

\\·ill redu e it- onccntration. 

Apr licat i · n of lime to rais · th pH of the wat r \\'ill r -duce 

the proportion the rocal . ulfi cl that i. ompri ed f 
hy lrogen ulfid 

M ECHA ICAL AERATIO 

Acrarors are Ill chanic I de i c • chat incr a. · the 
rate at whi ch oxygen enc r \\·ar r. Ther are two ba ic cc-h
ni I I s for aerating pond water: (1) wat r i sp l hed inco th 

air r (2) bu bbl of air are re l a ed imo r.h water. Hen c 

we have ''. plasher" nd "bu bb l r'' aerat rs. 

Ru bbler c1erator. include d iffu ed-a ir y t ·m. and 
pr peller-l.l. pirat r I ump~. ln diffu ed-a ir sy. Lem an a ir 

blow r i rn ployed to d li ver air through an a ir line and d, 
a ir i rclea.ed thr ugh air diffu ·r lo , ted on I he p nd 6 r

tom or -u. I end "d in the wat r (figur 2l ). The prope ller
ai; irat0r-pump a rator ha a high velo icy, un asecl impeller 

at the end ( a holl ow sh::i ft and hou ing (figur 22 ). In ope r-

Types of lasher aerar r in lude v rr.i ca l pum p, Figure 17 . errical pllmp aerawr. 
pump- prayer, an l pad dl e wh eel aer:it rs. A vcrt ic::i l pump 

aer tor c n i t fa m tor with an im pel ler (pr1,;peller) 

ar:ca heel L it. haft. The motor i su pended I low a fl.oat 
wi1h a c nter op ning · ncl the impell r jets water imo the 

a ir (figure 17). A pump- f rayer aera tor empl ys a ce n trifu

ga I pum1 to pray waL r t high veloci t I through h le in a 
m ni fo ld and int th. ai r. Th i type of ae rat r is n tu ed 

wicl ly. 

paddl wh ee l ae rator pla he. water into th a ir a 
the p dd le wheel r cares (figure l 8 ). The mall , e lectri pad 

dle wheel aeraLOr in fi oure 1 i the "Taiwan- tyle" ae rat r 

ofr n use I in A-ian aq ua ultur . Much larger and m re effr

ci nt eleccri pad le wh I aerat r ar u ed in cb ann I at

fi sh fa rming in rhe Uni t d tat (figure 19). Traoor-pow
ered, padd le whe I aerat r (figure 2 ) can b used L sup

pl mem mailer a rator duri ng ,· low di oh·ecl oxyg n c ri se 

or in pon I wit.hour electrical ·r\'ice . [ addl wheel aeraror 
are proba ly used more widely in pond aqua -ulture than all 

och r type f aern r r c mbin d. Figure I _ "Taiwan-st •le " /eccric / cul.di 1 heel a rawr. 
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Figure 19. Paddle iuheel aerator of the type used in channel cat
fish fanning in the United Staces. 

Figure 2 . Trczcwr-/Jowered paddle wheel aerucor. 

a tion , a ir flows down the shaft by the venturi prin ip le an d 

is re lea ed into the wate r in fin e bubbles. 

Boyd and A hmad (5 ) eva lu ated more than 30 aer

ators fo r aq uaculture . The oxygen tran fer effi c ienc ies of 

aerarn rs 1n kilogra ms o f oxyg n t ransfe rred [)e r 

(Air blower 

Figure 21 . Diffused-air aera Lion system. 

ki lowa tt·h 1ur o f power 

app lied to ae raco r shafts 

for th e bas ic types of aer

awrs is urnma rized in 

table 12. 
Probably the 

mos t common use of ae r

a tion is to prevent stress 

a11d mortality i.n aquatic 

c reatures wh en occa

s io n a I oxyge n deple

tions occur. This type of 

T BLE l 2. OXYGEN T RANSFER 

EFFIClENClES OF B.'\SIC T YPES OF 

AERATORS 

Type of 
a raror 

Paddle wh eel 
Prope lle r-
aspira tor pum ps 

Ver rical pumps 
Pump sprayers 
Diffused air 

sys tem 

Average oxygen 
rransfer effi ciency 

(kg O2/kw·hr) 

2. U 

158 
l.28 
1.28 

0.97 

aeration is commonly call ed emergency a ra ti.on and LS a 

proven management too l. Fish fa rme rs mor1itor dissolved 

oxygen concen trations and pond cond itior1s. When they 

expect the dissolved oxygen concemration to fa ll be low two 

o r three milligrams per liter, aeratio n is in ici.ated and contin

ued unt il the re i no longer cla nger of a dissolved oxygen 

depletion. Emergency aeration is seldo m necessary on mo re 

than a few nights per year, and then it norma ll y is needed 

only between midnight and dawn, during prolonged periods 

of cloudy weathe r, or afte r plankton die-offs. 

Ae ra tion may be app lied on a cont inuou bas is to 

increase prod uctio n. Up to 25,000 to 30,000 ki lograms per 

hecta re pe r year of fish and 10,000 to 12,000 kilograms per 

hec tare of hrirnp have been prod uc cl with heavy ae ra t. i.o n . 

ln order o have , uch_ high product ion , considerable water 

( 10 to 30% of pond volume p r day ) must be flushed through 

ponds co remove ammonia and o th er tox ic metabo l ices. 

A beer.er way to use aerat ion is to stock ponds a t a 

modes t rate and ae rate every night from rn id night until dawn 

to assure that cl issol ved oxygen concenr ra don al way a rc 

opt imum. For exam ple, in an experim en t conducted at 

Au bum Unive rsity ( 12), channel ca r.(ish ponds were stocked 

at 10,000 finge rl ings per hectare and fed to a ma.,,.: imum daily 

ra te of 53 .2 kilograms per hecta re . Three pon ls were ae ra ted 

si.x ho1K per nigh t f'rorn 30 tv lay to 12 October a t a moclesc 

Figure 22. Propeller-aspirator-f)L( mp 

aerucor. 
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rate. Thrc · I 1nds c:r\'ccl ::i. un - c..:rar .I c ntr .1I . hut cmcr
genc · a rati n w:.L occasiona l! 1 a1 plied in the p nd . . 
Oi. svl\' ed oxygen concenrration. w re ;tl way. above fo ur 

mill i" rams per lit · r in acrar ·d one! , bur dis ok cl oxyg n 
oncentrarion Ix- low 1wo milli rams per liter ofLcn were 

rec rded in u1 -ae rate I pond . Ha1Y ' t \\·e ighL of fish ave r
" ge I 4. 10 kil grams p r he tare in aera t d p nd. and 3,660 
ki l grams per hect .. re in w1-aer red I ond . . Th same qunn
rit , f fc d wn. applied to all ponds. Feed conversii n \·a lue 
wer 1.32 and l. r in ~,erar I an I un -aerated 1n ncl , rcs1 ec
ri,·ely. Pr duction Iara wer expanded ro larg r p n ls or a 

I udgcr ::ina ly. i .. NeL returns ro !::i nd , manaoemt:n t. and equi
ry c,. pirn l wer alrnosl rwice as gr at for ae rated ponds a fo r 
un-ce: rated ponds. 

The xpcriment wa repealed in 19 7 with imilar 
resul rs. Producrion in ae rated pon ls was 4.475 kilogram. per 
h crn re :.i compar d t 3,55 1 kil gram. p r h ·ccar in cu1-
trol I ond . Feed conver.ion va lue: wcr · l. ~ and .04 in aer
mcd ncl 11n -ae r:1ted p ncls, respccci,·cl y. The · fi.ndings ~ug
ge r Lhat nightly .. erari n f pond, stock cl and feel t n od-

ratc rates may b rnorc pr fitab le than, rati n f h avily 

scocked nd f d p nd . 

\ 1/ATER Cmc LAT!O 

Aquacu lturist. agree that wat r c irculmion in p nds 

is benefi ial. Wate r cir ulat i n prevent thermal and chem

ical tratificati n. Water cir ubtion make th enti re p nd 

volume habit ble b ' fi h and cru taceans and min imize the 

problem f di oh-ed oxyg n dcpl Lion at t.he mud-waler 

in t rface. Aeration of I on I water ca uses wat · r c ir ula ti n, 

and prop lier-aspirator-pump aerator. and padd le whee l er

ator. are m r efficient than oth r type in cir ·ulaL in° I nd 

wat r. H wev r, there are dcv i for circulating p ncl water 

and blending surfo e and lK ttom waLcrs tbac are le expen

. ivc co pu rcha e and o crate than convemional aerator . 
f\n air-li ft pump (figure _J) i. a g od water circula

n r (14) . T he pump i, con rruc cl of a I ngtb of PVC pipe 

and a P\ lb w. A ir from an ai r bl wer i rel ased through 

9 hose adaptor into the rvc pipe. If desire I, n air dif

fuser that rek a e mall r bubble of ai r can be plac d in d1 
I ip . Th ri ing air bubbles lift wat r thr ugh the pipe and 

di charge it at th pond urface. A pump hold r i au ached 

I et1\'C:en d1e anchor I o t and the I ump. Thi. holder ontain, 

a fl tativn dev ice nd il permil che pum p to pivo t. Ballast 

mu t be I rov ided at th bort. m i th pump, Wa er circul a

tion requi re L o many air-l ift pump LO induce \\·acer ircu-

lati ln in larg ponds, lar e, h ri: nta l. ax ial-fl ow pump 

hav been u gestc:d fo r cir ulat ing pond wa ter. The e pump, 

\X. TER QUALITY F 

0 

' Support 

~------- Pivot point 

------- Airlin~ 

Pump holder 

Floa t 
'1, • ... . 
t~ 
'bo 
00 
o.o 
io• 

Pivot poi nt 

Fig1Lre 23 . A ir-lifi p1m1p. 
con i t of , larg impel! r mount d in a as ino ab ut 1. -
meter in lengt.h and ne mel r in diam ter. The im p li er i 

turned ct no more than IOl r volu tion pr minute and a 

large v !um of water ca n be d ire red para ll el to th - pond 

bonom at low,. I ciry (J 1) . 

Ml C ELLA EOU TREATME T , 

l n add iti on to th e mo r c tnm on p ncl treat

m nc fo r improv ing water qua li ty th at h av be ·n di -

cu ed aboYe, man · other meth d are u ed. me f 

Lhe e proced ur s a re eff ti v und er -ert in ondition, , 

while th rs pr bab ly have li n le va lue. ,A.. few of th e e 

trea tm ent will be di cu sec!. 

Probiotics 
Live bacce ri I inocu la and nzyrn prc.::para t. i n 

ar rnark t cl I y many vendor fo r enh an ci ng water 
qu li t y, r d u ing th in id en e ( di ea · , and imp rov-



ing productio n in po nds. The idea is th a t pond ecosys

te ms are defic ie nt in ce rta ir1 bac te ria a nd adding sp -

ific spec ies o r stra ins of bac ter ia will enh a ri ce the 

microb ia l co mmunity and improve co ndit io ns for pro

duct io n. l.n spite o f the la rge numbe r of c la ims and re -

t imo ni a ls abo ut these prod uc ts a nd fe w pub lish ed 

reports sh o win g ma ll benefits , it is not known wh e n 

and h ow to use probio tics in aq uac u lture. No prove n 

wa y is kno wn for determ ining in advance if appl ica tio n 

of prob io tics will be h lpfu l in a g iv en pond. Po nd 

ma nage rs . h ou ld be skeptica l. abo ut the clai m mad by 

ve nd o rs o f p rob i tic . 

Potassium Permanganate 

This co mpound can be usefu l at co nce ntrations 

of abo ut two mi II i.grams pe r lite r for u-ea ting certain 

bacte r ia l d iseases of fis h and c ru stacean . The organi c 

ubs tan ces in pond wate r react quick ly to deactiv a te the 

perma nganate ion. To achieve an effect ive concen t ra

tion of two mill igra ms pe r liter may req uire that t wo o r 

mo re tim es as mu ch po tass ium p rman ga nate be app lied 

to the wa te r. The lowest co ncentra tion of porns iu m 

pe rmanganate n eces. ar , to impa rt a fa in t purp le co lor 

ro th e wat r tha t wil l persist for 15 o r 20 rninu tes ca n be 

taken as t he potassium pe rma nganate de ma nd. This 

po tas ium perma ngan a te demand plu two milli grams 

pe r lite r should be used as che crea cm en t ra t . Excess ive 

con ce ntrat io n of pota sium pe rmanganate can cause 

tox ic ity. 

The re are c la ims that: potass ium pe rmangan a te 

will increase d isso lved oxygen concentrations and ca use 

o ch e r improve men ts in water qua lity. Re-search has no t 

prov id ed proof of these cla im s. 

F locculents 
Turb idity lro m suspend ed clay particle ca n pe r

s ist in so me ponds even afte r th e so urce o ( t urbid it y has 
been e liminated . Fl occ ulents ca n. be u ed to c lear the 
wa ter of th e e pa rticles . The mos t co mm o n. fl cc ulent 

a re a lumin um sul fate (alum) an d calcium sulfate (gyl_J-
um). A lum is n orm a lly effect: ive a t con entrati on of 25 

to 40 milligrams per lite r. A lum forms sulfuric ac id in 
water and ca n cause the pH to d ro p be low 5 if used in 

co ncentration that are mo re than tw ice the tota l a lka
linity concentratio n . A lum should be used w ith ext reme 
ca ut ion if th e app lica tion ra te is a great as the to ta l 

alka linit y concentrat ion . G ypsum must be applied at 200 

to 400 milli grams per lite r to e ffec t turbid ity re mova l. 

Exact dose rates for a lum or gypsum can be de te rmin ed 
fro m do e- respo nse tri a ls in beake r o f wate r. To app ly, 
gypsum ho ulcl be br adcas t uni fo rml y over pond sur-

face . A lum shou ld be d isso lved in wat:e1 and spra yed 
ove r pond surfa ces . Care musL be exerc ised with a lum 

because its so luti on s are extremely ac idic. 

Some r:im es , turbidity remova l ca n be effected by 

appl ying agri cultural lim es tone over pond urfaces at 

1,000 to 2 ,000 kilograms pe r h ecta re. This trea tment is 

usefu l where waters a re of low alkalinity and n eed lim 

ing, becau e eve n if the treatment does not re move the 

turbidity, it will have beneficial effects o n pH and a lka

linity. la nure a nd hay a lso h ave bee n used to remove 

turb id ity, but applicatio ns of 2,000 to 4,000 kilog rams 

per hecta re ofte n are required . 

Disinfection 

Wate rs ca n be tr ea ted with t.ox i.n s ro kill 

pathoge ns an d wild organisms before po nds a re stocked. 

The tox in must be o ne th at q uic kly degrades and do s 
no t leave tox ic res id ues . Th e mos t po pula r trea tm ents 

are ca l ium ox ide (burnt li me ), ca lcium h yd roxid e 

(hydrated lime ), a nd calcium hypochlo ri te (HTH). le 
u ua lly is necessa ry to app ly abo ut 1,000 to 2,000 kilo 

gram, per hectare o f lim e o r J O milhgrams pe r I ite r ( 

HTH. These substa nces will degrad e within on e o r two 

weeks and th e c ulture spec ies can be stocked. f n cro1 i
ca l na tio ns, teaseed ca ke and och e r seed cakes h ave 

been used for eradicating wild fish. fro m ponds be fo re 

scoc kinb- ln th e Un ited States, rote non e is a popu la r 

substa nce fo r killing unwanted fi sh in po nds. Rote no n e 

no rmal ly is used a r about 0 .05 to 0.1 milligra m pe r liter 

of acr i ve ingreclien t . 

C hl o rinat ion of pond wate rs with smal l doses of 

a lciurn or sodium h ypochl ri te (O. l to 0.2 milli grams 

per lit r) h a been reco mmend e I as a way of ki lli ng bac

te ria , thi nn in g phy toplank ton b loo ms, and ge nera lly 

improvin g water qua lity. Exper ime nts h ave fo il ed to 

de monstrate any pos itive ben efit s of c hlo rinat io n , and 

excess ive doses o f chlo rin e to pond wa ter co uld lta rm o r 

k ill the c ulture spec ies . 

Lime (calc ium ox icl o r calc ium h ydr xide) at 

1,000 to 2,000 ki log rams pe r hecrare may be sprea d we r 

po nd bottoms to rai e the p H and destroy pa th ogen s. 

T hi trea tmen t wo rk · bes t if a fi ve to 10 ce nt im e ter laye r 

of wa ter is add ed to the pon d after liming. 

Pond Bottom Treatments 

Wh en ponds are drained between crop , bottoms 

can be dried to improve contact with rhe air and enhance 

ox idation of organic matter and other reduc cl substances by 
ch mica! and microbial pro esses. D rying th . oil removes 

water from th e pore paces within d so il so that air can 
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enLc r. The s ii ~ils-i crnck , (1 1" ' \'id ing n lcl it ic nal spo ' L'. for 

::i ir t 1 enter. ir con L8 in. much mor :,; ioen rh an war -r. o 

con lition, C r oxidati n :m cl cl ompo ·irion ar mu h b t

te r in a d ry o il than in a w' t one. Ap1. li c :tti n of 1.000 to 

2, 10 kilogra ms per hcctme of agricultural limcston , 1 o 

sti mu lat, rgan ic n1 atter de· mposi ri · n by ba .1 eri:J if I I nd 

soil pH i bel 1w 7. Ti 11 i ng of ,o i I • lso can enhance dee mpo

si I ion Lhrough impro,·ing aernt ion and enhanci ng rhe xy

gen upply (or I acter io. 

AQUATIC PLANT C ONTROL 

A, mention I earl ier, one eff-ctive technique of 

con tr ]li ng rn ny sp cic. of m-crophytcs is t11 rl ugh fe rtili za

t ion r pro lu pl ankton tu rl idiry :rnd had Ll1 nd 

bouom. T h i, reclrniqu e i c pec ially I owerfu! if p ncl s 

are c nsi:ru c ted so chot no areas re hnllowe r rhan 

abo ut 60 en ti mer rs. Gr:Js. co q ( white a mur) •;it 

rre 111 n .lous quu nriri . o f aciu::it ic v ge taL i n an d I ro

v ide n bio log ic:J l m •th od f r cont ro l lin o macro pli yres . 

When toc k cl at 6 to 80 per he ta re ra ca rp will 

co n tro l mo. r , pec ic. of 111 acropl1yrc th at :rnn or be 

conrr di ed I y p lankr n tu rbid ity. r~L ca rp a re even 

eff ct ive in onrro lling ma r I hyr in po nd s th t arc 

no t turb icj wirh plankron. ln ma ll I o nds, macrop hytes 

may I co n1-r lied by cutt:in o or by dragg ing them ut 

wit h a rake or se in e. 

H rbi id es are l o u. ed in fi. h cu lture to o n

tr l macroph ytes. Th e manu factur r lrib l gives the 

rar and method [ appli a ri on ( r a he rl icide. The 

la bel p rov ide infl rmal i n o n a (ery pre au1 i ns. 

U suall y, ch o ne ntra rions f aqu at ic h erl ic icle u. eel 

to k i II rnacr phyce- are safe to fi h and th e r aqua t ic 

c rea rure . Ccc y of macr phyre kill ed by herbic ides 

ca n , u, e a ck o k ed oxyg n dep le Lio n . If p nds h ave 

ex.ten ive a reas of macrophyt: , on e-f ur th to o ne- fifth 

o f rh po nd area sh u ld be trea ted ar one- to two-w ek 

im rva l- t red uce th e chance f di ~ lvecl ox yoen 

depl ti o n. Th major limirac io n of herb ic i k for c n 

noll ing ma r ph 1te i th a i: n e th e co n · ntrarion of a 

h e rl i i le d line r a no n-tox ic I vel, rn roph yte 

wi ll regrow. Thus, r · pea ted appl i a t io ns of I erbi i Jes 

a re r q uired to con tro l ma r phyte , often t cons idcr

ab l expen . 

A lg ic id es ar metim s us :l to on tr l ph1,ro-

plankt n in p nds. pper ulfa te, t: he mo t: widely u ed 

• lgi · ide , wi ll b ll 111 0 L. p c i of ph yropla nkt 11 at c n 

cenuat ion of 0.1 l L .5 mil lig ram p r lir r in Wd · J .. 
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wirh a t ta l a lka lin ity below 40 or 5 milli gra ms pe r 

li1er. In \.1•cn er wirh a Ii ,her a lka lin ir , op per . ul far 

-on ccnrr, i: ion o LO m illi gram per li1c r r more ma y 6 ° 
required LO kd l 1~hytopl.:inkton . A o mtn n I r edur 

fo r deLc rmining 1 be coppe r ul(a te do i to a1 I I , ir at 

.Ol rime th e r m l a lk a lin ity n centr ion. oppcr 

"td fare mav be a1 p lied by d is. o l\'ing i1 in waler, n I di -

tr ibut ing ir o er Lh e p ncl . urfoc . A lt ·rn ::ici , · ly, oppe r 

~ulfate rysta L may be pl::.ic I in ::.i bur l p bag and the 

l .. o towed beh ind a I oa t until rh e c ppe r su lf re d i -

' Ives . Burlap I · g. of c ppe r ~ulfute may be po itio ned 

in pond · o t ha t he c hem ica l radua lly di 0 o lvc and 

mi xes wir h the wate r . .::o pper ulfote may a lso b u ed t 

1. reat scums o f ph ytop la nkr n whi h drift LO th e leeward 

si le of I ond .. 

Ph ytoplankton ki ll ed by opper u lfat d eca m

p e ra1 idl y and ma , re ult in lo"· d i. o k ed xyoe n 

11 enrr ti o ns. pp r ulfare h, no a1 preciab l resid -

ua l Lox ic iry and I h ywpl nnhon gro wth will resume oo n 

afte r tr ::l[Jncnt . Fish an I o dP r ultu r . pec ie a re us

ceJ 1. ib le r cop1 er ulfatc, and in waters wi th n al ka

li n ity Jes tha n _ mil Ii ra m, p r lit r, rrea nn nt 1\ itb 

O. r to }. , mill igrams l e r lite r f coppe r su lfa te may 

r sult in m real ity o ( ull'ure c rea tures. 

-~ ·ntb eL ic lgi c id e. , ~uch as I iuron ('' -0. 4 
cl i -hlo r I hc:nyl)- 1, 1-cl imethyl urea) a nd sima: ine (2 -

hl oro -4 , 6-bi ( thy lam in o)-tr i zine) re ometirn e~ 

u·c] to ki ll phyL pla nkL,. n . Th a lgicide. are .xtrr me

ly tox ic to algae, have a lo ng re ·iclua l a t i n , L1Ci a r ~ 

n ot toxi to fi h ar con e ntra ti n, u ed to ki ll phyto

plankton . A with pper sulfate , xr n i,·e m rta lir y o f 

phytop lankton f 111 'lwin g a1 pl i a ri on f ) nth t ic algi-

· i I may r u lt in depl ti on of di olved oxyge n . om 

aq uc1cu l1 u rists hav a t te mpted t ''thin" phyLOp lankton 

bloom I y ma ll, pe riocli app lic ti o m of nthe1ic a lgi-

id LO p nd r eiv in o heav y ar p li ·a rion. f feed. 

H ,~ eve r, th is pr ::.i rice r ult in pro l n ed pe ri cl f 
low di lved x 'ge n con encratio n a nd , educed 

yi- lcl s. A l o th two p r ·v iously memi onecl symhe u 

a lg i id are noL current ly labe led fo r lgicicle u e in 

f od fi sh ncl in the United t re . 

H EAVY M ET L 

Fairly high con n tration f b avy mernl hav 
I 1::en report cl in poll uted water in many nation . Thu-, 
tl r is inr re t in the L xi iry of h avy m Lal t fi h and 
l Lh r aqu cultural p c ie . The coxt ity o( heavy m Lal t a 
va riety of pecie r freshwar r and marine c reaLur , mo~tly 



Meta l 

Cadmium 

Chromium 

Copper 

Lead 

Mercury 

Zinc 

TABLE 13. T XICITY OF H EAVY IETALS OF 

FRESHWATER AND i'vl ARI E CREATURES 1 

Range of 96- hr 
afe level r commended 
by U.S. En vironmental 

LCSO (µg/1) 
Protection Ao-ency (po/I) 

80-420 10 

2,000-20,000 100 

300- 1,000 25 

1,000-40,000 100 

10-40 0.10 

1,000-10,000 100 

1 lnformation obta ined from various pub! icacions. 

fi h, were obta ined fro m various pub lications a nd are pre

sented in table U. The safe leve ls recommended by che 

U.S. En vi ronmenta l Protec tio n Agen cy are conserva ti ve 

es timates, which a re LO to 100 t imes lowe r than the lowest 

con centrations which h ave bee n repo rted to h arm o rgan 

isms in lab ratory tox ic ity tests . 

The usual procedure fo r heavy me tal ana lys is (atom

ic abso rp t io n spec tro ph otometry) measures the total con -

ernrati n o f a particular meta l. \Vaters in ponds contain 

su pe nd ed clay part:icles a nd o rganic ma t te r. H eavy metal 

are adso rbed onto clay part ic les and chelated by o rgani c 

mat ter. So me o f the heavy meta ls a lso fo rm complexes with 

oxides, hydrox ides, and carbo na tes in wate r. The tox ic ity o f 

heavy meta l is re la ted primaril y to th e' disso lved, ionic 

form of che metal, for exa mpl e, u2 or Zn2+, ra th e r th an 

to adsorbed, c h e la ted o r co mplexed fo rms. H en ce, only a 

ma ll percentage of the heavy me ta ls in most wacers is in 

io ni c for m. 

PESTICIDES 

A numbe r o f pestic ides are used o n agricultu ral 

c ro ps a nd pes tic ide ca n e nte r po nds and stream i.n runo ff 

a nd aeri a l drift . C hi rin a ted h ydroca rbon insec i:i c icles h a ve 

the g reates t pote nti al fo r h ar ming fi h, bur ma n y 

orga nochlo rine, a rba mate, a nd o the r ch e mi ca l com 

po u1cds used for pes t contro l are tox ic co aquatic o rgani ms. 

The re are so ma n y pest ic ides that it is n t fea ible to make 

a li st of toxic1t ie fo r indiv idua l compounds, but some o f 

tb e most toxic compounds have 96 -h.o ur LC50 con centra

t io ns of 0 .25 milligram per lite r o r less . The recomme nded 

, afe leve l fo r a pes ti c id e in water is u ua ll y 20 to 100 times 

less th.an th e 96-h.o ur LC50. 

Apparemly, th e u, e of pest icide with lo ng re icl ua l 

lives is declining in mos t nations, a nd ma n y pesti c ides th.a t 

a re used today degrade to no n- wx ic form within a few 

cl ays . H o we ver, pesr. icicles are pote nti a ll y h a rm fu l until they 

ar degraded . Aquaculture proj ects sh o uld be locacecl in 

place tha t a re not like ly to be contamin ated with pes ti 

cides . Pe tic ides sprayed on to fields may drift ove r cons id 

erab le area a nd rea b ponds o r wa ter supply ca na ls. Key 

factors fo r protecting po n ls from pesticide are as follow : 

put po nds a conside rable distance fro m pes tic ide -treated 

fie lds; plant trees o r o the r high-grow ing vege tat ive cover 

be tween ponds and pestic ide- treated fi e lds to in tercept a ir

bo rne drift of pesti c ides; construct topogra phi c barrie rs 

(ditc h.es o r terraces ) to prevent runo ff From fie lds fro m 

enter ing ponds; a nd use proper me thod ro apply pesticides 

to fields. The di sposa l o f pesticides and pesticide con ta in rs 

sho uld be do n e in such a way that pesti c ides do n ot conta

m i.na te waterways. 

CALCULATIONS F OR TREATMENTS 

Concentratio ns fo r ch em ica l t reatmem s o f ponds 

a re g iven in milligrams pe r li te r so aquacu ltur ists must ca l

cul ate h ow much o f a ch emica l to add co a pond co give th e 

des ired concen.trat:i n. . To calculate the a mount o f a che m

ical needed, the vo lume f th e pond must be known . 

Assuming the surface a rea o f a pond is kno wn , the simplest 

techniq ue for obtaining th e average depth is to travel over 

th e po nd surface in a boat making a large S- h aped pa ttern 

and caking 20 to JO o und in gs with a ca librated rod o r 

sounding li ne. The ave rage of a ll soundings is taken as the 

ave rage depth. 

O nce t:be vo lume of a po nd is kn.own , it is a simple 

ma tter to calculate treatment ra tes . Fo r ca l ulat io n o f 

pond trea tments, o ne must rea lize tha t o ne gra m per cubic 

mete r is equiva le n t to o ne mi ll ig ra m pe r lile r. The fo ll o w

in g exa mp les illustrate b ow to calculate amounts of che m

icals to add co ponds. 

Example . A pond h as a surfa area of 0 .26 

h ec ta re and an ave rage depth of 1.15 m eters. How muc h 

filter a lum (100% pure) must be applied to th e po ud co 

g ive an alum concen trat io n of 25 milligrams pe r lite r? 

(l) in e 0 .26 h ectare = 2 ,600 square me ters , th e 

pond vo lume is: 

2,600 m2 x l.] 5 rn = 2,990 m3. 

(2) Each c ubi c mete r will require 25 grams of a lum fo r 

a con centra tio n o f 25 mil ligra ms per lite r, o t he a mount 

o f a lu rn need -cl fo r the e ntire pond is: 

2 ,990 m3 x. 25 gra rns/m3 = 74 ,750 gra m 

(3) A trea tml:'nt: of 74,750 grams equa ls 74.75 kil o

grams. 
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Example. The a,·e rage depth of a p nd i!-- 0.5 7 
meler and che surface a r a is 0.01 hecr re. H w much agri

cul rural gyi . urn ( '0% I ure) must b ai pli ed to pr duce a 

gyp um c ncentration cif ·o milligram. per lite r. 

( 1) ~ i1re 0.0 I hccr~1re = I 00 square merers, the pon I 
, ·olume i. : 

J 00 n.2 x 0.57 rn = 57 m3. 

2) E ch cubic m 1er will requir 5C gram. of g 'P urn 

fo r a conccntrat:i n of 50 mill igram p r liter, but the ag ri 

cul tura l gyp. urn i nl l % pure. T herefore, we may cal-

cubre th onccnrrat ion of gyp urn a · (ollow : 

5 gram 7 0. 0 = 62 .5 grnm . . 
Th amount of ag ri cultural g •p. um n eded fo r the entire 

pond will I e: 

· 7 m3 x 62.5 grams/m3 = ,562 gra m or .).56 kg. 

Example. A p nd with a vo l111ne o( 1,0 0 ubi 

meter. mu t be t r aced with a herbic i le. Th herbicide i. a 

liquid with 75 % act ive in,;: redi enr and a den icy f 1.05 
gran per millil it r (1.0- kil or ms per li ter). How much of 

the liqui I herbi ide mu r be ap1 li ed t the J nd LO give a 

C n . ncrati n or ne mill ig ram per lil r of a ti,·e inored i

enL? 

( l ) T l!e amount of the a Live ingr diem r gi,·e a con

cenrr:.1 tion f one milligram per liter i : 

1,0 rn3 x 1 gram = 1,l Ogram. = 1.0 kg. 
( 2) Th herbicide h a. an a · ri ve ingred ient on, nt o ( 

75 ~' , ,o th weigh,- of herbicide con ca inin ) 10 kil grams 

act ive ingr · lient i·: 

1. ko + .75 = 1.33 kg . 

(.) ) Th den i ty of th e her! ic ide is I . 5 kilograms per 

liter, o rh ,·olu me of the herbicide weioh ing 1.3 kilo

grams i : 

1.33 k 7 1.05 kg/li1 er = 1. 27 lit r-. 

Thu. , l .27 lit rs f the liqu id her! ic idc woulcl give a con

cen1.rari on 1J one milligram p -r liter ( th act iv · ingredi -

0nt when :::i ppli d to th e I ond . 

h mi caL whi -h are applied to pond come in a 

var ier ( ormularkn , inc luclin6 cry ra l , . olution , wct

tal le powder. , mulsi iable ncentrate·· , and 0 ranu le . 

Research station and large a p1 aculture fa rms can affo[d 

rather elal rate eq uipment f r applyin g cl emic L. Fo r 

exa m1 le. ·hcmi ·a l may be di olved in a ra nk of wa ter or 

om other ·olvc nt an I ·pray cl o,·er the . urfa \\'id1 " 

pow r spraye r. Liquid ma be d i per eel uniformly from n 

boat-mount ed ran k thr ugh boom con i ting of a pi t e 

wi1.h a cri e. of small di ameter hole in it under. i le. /\ 

,·a lve reg1ilace- th rate at whi ch rhe lution i. fed by graY

ity in1 0 th e water, or a pump may 6- used ro effec t mor ' 

uni~ rm nd fo r fu l re l a e. D ispen er fo r granul e or 

powders may con i to( h ppe r~ witb ::icl justable di I ensing 

h I in the I onorn . A n auger i employed LO pre\' Ill clog

ging of h le . Fina ll y, ch mica ! m y b r lea ed int the 

wa h f an utbo rd mo r pr p lier tO effect mixin th 

bo t mo\'e over the p n J surfo e. 

When the own r of . nc or evera l pond musr 

::i ply ch em ica ls, ir i u. ua ll y not pra t ica l c pmcha e or 

con rru t an elal rate d i pen r. The chemical can be di -

solv cl or mixed in a large on miner of water and appli cl to 

i:h e pond urface. The ch mica ] may be appli ·d with a pre, -

uri:ed ga r lcn pra er, r the oluti on or mixture ma)' be 

spla hed with a di pper v r th pond surface . The ch mica l 

h uld be di pen. cl a' un iforml y a p ible. , ranul c ma 

be broadca r by han_d r with a sn1< ll " ycl ne" ·eder. 

Cr ca l~ may be placed in a burl ap bag and r.h bao towed 

beh ind a b 1a t until th ey have i olved. O nly a li ttl e inge

nuit i n ded to dev I pa m thod f r applyi n° hemi

ca l L a p nd once the tr atm nt rate ha be I estab li hed. 
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X7ATEk i-\lYSIS 

W ater an ::i lys i is a h igh ly specia li zed field a nd rned, 

ods fo r measu ring rhe concem ratio n of almost a n y poss ible 

cons t ituent of water a re avail able. Tl:lese methods mc1y be 

fo und in several standard wate r ana ly is manua ls. The mo t 

wide ly used o f these manua ls is the "S ta nd ard Method for 

the Examina tio n of \Varer and W as tewate r" ( 10). To make 

water ana lyses acco rding to standard procedure , a wate r 

ana lys is la bo ratory and a we ll-tra ined ana ly t a re essential. ln 

practical aquaculture, o nly a few ware r quality data a re need 

ed in making wate r quality man ageme nt decisions. These 

no rmally inc lude pH, cota l alka linity, co ra l hardness , d is

so lved ox ygen , a rbon. d io x ide, and pl an kton abundance. 

W ater ana lys i kits th a t tes t these variables a re ava ilable a t a 

modest cos t . The ki ts prov ide suffi .ien ly c1ccurare data on 

w h.ich to base management dec isions. A Sec.c hi d isk, which 

may be construc ted from comm on items o r p ure. b ased fo r 3 

sma ll cost, may b used to es tima te p lankton a bundance. 

SAMPLING WATER 

W ate r sa mples fo r di so lved oxygen or c::i rbon diox

ide an a lyses must be co llected o that they do no t come in 

con t::ict with th e a rn1osph e re. Tf a samp le is super a tu ratecl 

with disso lved gases, the gases are lost to the a tmospher . A 

number o f sa mple rs are availab le fo r o llecting water fo r dis

so lved gas an alyses, but the I ast expen ive types may be 

obta in ed fro m th.e ma nu fac turers o f water a na lys is ki ts . 

Sam ples fo r to ta l a lka lin ity, tota l ha rdness , o r pH may come 

in contact with the a i.r witl,out introduc tio n o f appreciab le 

e rr r in. measure rneni:. amp les o f surface wate r may be 

ecurecl by simply imme r ing an o pe n-moui:hecl bottle a nd 

a l lowin g it to ftll. Sampler may a l o be constru reel for 

o bta inin 0 water fro m grea ter de pths. Fo r exa mple, a t:Op

perccl bottle may be at:t:achecl to a wooden st ick and lowe red 

to the des ired depth. T h swppe r ma y then be Jerked o ut 

w ith a n act.ached cord so that th e bottle may fill. O n ce the 

wa ter sample has been. co llected, it sho uld be an alyzed as 

s on a. poss ible to p revent changes in concent:ra t ions o f rhe 

const iruen ts of interest. 

\\1ATER ANALYSIS Kns 

The largest ::ind best known manu fac ture r o f wa ter 

ana lys is kits i probab ly th.e Hac h m p,m y o f Ames, lowa, 

and Love land , Colo rado. However, kirs of comparable qu al

ity may be o bta ined fro m o th er compan ie , so th e use o f the 

Hach wa te r a na lys is ki c in the ill us tratio n is by no mea n 

an endorsement o t H ach Compan y p roducts. The direct io ns 

in :my water ana lys is kit sho uld be fo llo wed carefull y and a ll 

ope rations cond ucted with a~ much precision as poss ib le. 

S light erro rs in measuring the volumes o f sample or titra ting 

agem s wi ll be greatly magnified in the fin al re~ults. For mea

suring tota l h ardness o r to ta l ::i lka linity o n samples with low 

concentra tio ns (below 20 o r J O mil ligra m per lite r) of these 

con stituents, the vo lum es o f sampl e and reaoents sho uld be 

increas cl by five cim es to get: re li able resu lts . Measure me nts 

o[ pH with water analysis kits are 0.5 to 1.0 pH units high e r 

than the correct va lues o btair eel w ith ;:i pH me te r. T he 

reagents in wate r analys is kits dete ri o rate w ith t ime and 

sh o uld be replaced every six to 12 months. ln pite of th e 

limitat ion.s of water ana lys is kits, they are often the o nly 

method ava il ab le fo r wa te r a na lys is in ti h culture, and with 

reason abl e ca re th e k its will prov icl · usefu l data . In tab le 14, 
compa risons a re made between darn o btained on the sa mples 

by a H ach Mode l A L-36B water analy is ki t and by standa rd 

laboratory procedures. 

M re ad vanced , and expens ive, water a na ly is ki ts 

a re ava ila ble . These kits have t:he ca pac ity fo r measmin g 

disso lved gases , pl-I , a mm o n ia, nitrace , nitrite, phos 

ph a te, su lfa te, c hlo ride, conduc ri v i ty, a nd sevt'. ra I o the r 

wa te r q ua lity var iable . The m o re ela bo ra te kits a re suit

ab le for aqu acu lture ma n age ment a n d fo r , o m e type f 
re ea rc h in aquac ulture. 

T ABLE 14. COMPARISOt OF DETERMINATIONS MADE 0 

W ATER AMPLES BY ST.<\NDARD ivlETHODS AND A 

1-1 .-\CH WATER A /\LYSIS KIT ( M ODEL AL-36B) 

Pro edu re Sample 

f\ B C D 

Total alka li nity (mg/liter) 
tandard method L 1.0 3 l .8 49.6 ll9.7 

Hach kit L5 .6 33.7 49.4 11 6.J 

Total hardness (mg/liter) 
ta nclard method 7.7 27 1 5.3 .4 107.5 

Hach ki t 11.l 32.7 55 .7 I 10.4 

Carbon dioxide (mg/liter) 
Standard method l. 2 4.3 10.9 18.0 
Hach kir 50 5. 10.0 15.0 

Dissolved oxygen (mg/liter) 
tancla rd meth cl ll 2 7 -t .L '.6 

Hach kit 2.0 2.8 4 0 .0 

pH 
Standard method 4.5 5.5 7. ~ l .8 
Hach ki.t 5.0 6.1 9.0 97 

WATER QUALITY FOR POND AQUi',CULTU l~E 

5 



SECCHl D ISK V l SIBlLITY 

A Secc h i di sk is 20 centim ters in diamt:' te r, paint

ed with black and wh ile 1uaclranrs, and a ttach ed to a ca li

brated line (figu re 5) . The d isk is we ighted on tl1 e und er

s ide with a lead pbte so t hat it will s ink read il y. Secch i 

di sk may be purcha ed fro rn scientific supply houses or 

con struc ted from shee t meta l, plex iglass, o r masonite. A 

fl at pa in t shou ld be used ro prevent glare. A uitabl e a lter

n :1tive to atrnching th e d i k to a ca librated lin e is to an ach 

it from its center to a verti ca l meter stic k. ecch i d isk v isi

bi liti es se ldom exceed 40 or 50 centimeters in prod uctive 

aq wicu ltur sys tems, o measu rements will se ldo m be lim it

ed beca use of the lengrh of th e meter stick. 

ecch i disk visibi li ty is not 8 su itab le e timaLe of 

plank ton un less plankton is the primary source of wrbid ity. 

An experienced observer can readil y distinguish between 

p lankton turbidity zind other fo rms of tu rbidity. H owever, rhe 

n ovi e must remember chat plankton bloom are not a lway" 

green. Plankton b looms rnay also impa rt ye llow, red, brown , 

or black colo ra tion to water. Usually plank ton organisms are 

la rge enough that the ir parti cula te nature is o bviou~ if water 

and its contents arc viewed aga inst a white background. 

To o btain the Secch i disk visibili ty, lower the d isk 

in to the water until it ju t disappea r and record the depth. 

Lower th e disk a little more zind then ra ise it unti l it jusr 

reappea rs and record the depth. In making these meas ure

m en ts, v iew the d isk frorn directl y above. The average of 

th e two depth readings is th.e Secchi disk v is ibility. 

Conditi o ns fo r taking Secch_i d isk m ezi surements sho uld be 

stand ar lized. A good practi ce i. to make measurements on 

calrn days be tween 9 a . rn. and 3 p.m. lf po. sible , make read 

ings wh en the , un is not behind c louds. Make measure

ments on the lee (downwind) ide of the boa t or pie r with 

th e sun behind you. Eve n when conditions a re carefully 

stand ardized, ccchi d i k visibiliti es obtained a t th e a me 

time by diffe rent o bservers fo r th e same body of wate r will 

vary slightl y. Fu rthermore, tb e same observer may obtain 

slightly diffe rent readings if the d isk is viewed in the same 

pond at diffe ren t t:ime o f the day. Jn practice th ese slight 

var icJ ti o ns are not criti a l. In the absence of a Secchi di k, 

any whi te object or even the palm of your hand can be used 

to j uclge turbidity m po nd wate rs. 
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