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ABSTF AC T 

In connection with an ongoing commercial aquaculture project 

in the Coachella Valley, aliforniai Aquafarms International 

Inc, conducted a twelve month prawn growou 

project. This project began in August, 1979 and involved 

the use of low temperature (85OF) geothermal waters to raise 

freshwater prawns, Macrobrachium rosenbergii (dervlan), in earth- 

en ponds. The following publication is an operations and main- 

tenance guide which may by useful for those interested in con- 

ducting similar enterprises. 

The demonstration project was part of the United States Cepart- 

ment of Energy's "Direct Utilization of Geothermal Energy Field 

Experiment Program" (Contract Number 03-79-ET-27047, PON ET-78- 

N-03-2047 ) . 
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s theore t i ca l . and  pragmatic advances a r e  made t h i s  per  

. c m  be increased. Educational i n s t i t u t i o n s  have t r e a t e d  aqua- 

cu l tu re  and f i s h e r i e s  as a s ingular  t op ic ,  but  with increased 

knowledge and development both subjec ts  have come i n t  

own. They a r e  now viewed as separate ,  comparable f i e l d s .  
, 

1.1 History of aquaculture 

In  some' p a r t s  of he world, aquaculture i s  almost as old  as 

agr icu l ture .  

China. There ey were grown i n  ponds on silkworm farms. A 

t r e a t i s e  ca l l ed  Fish Breeding dated 475 B,C. t o l d  of capt ive 

Carp were cul tured as long ago as 2698 B.C. in  

carp.' During the  Tang Dynasty (A,D, 618-904) the  Chinese 

asser ted  t h a t  a body of water i s  a three  dimensional growing 

space. 

f i e l d  and only one kind of crop is  planted,  it i s  l i k e l y  Yo 

r e s u l t  i n  wasted space. 

of d i f f e r e n t  f i s h  food organisms. Fish, s e l e c t i v e  i n  t h e i r  d i e t ,  

could be matched t o  these d i f f e r e n t  food sources s o  t h a t  a l l  d i -  

T h i s  philosophy i n f e r s  t h a t  i f  a pond i s  trea.ted as a 

A f e r t i l e  pond w i l l  produce a number 

mensions of the pond were u t i l i z e d .  
1 species  of carp (Figure 1-1) is based on t h i s  ancient.concept.  

XwaL Sin Chak Shik wr i t t en  i s  A.D. 1234, descr ibes  how carp fry 
4 were t ransported i n  bamboo baskets.  

Aquaculture a l s o  developed i n  the  ',lest. 

of 2500 2.C. suggests t h a t  

3-t. 

The Romans cu l t iva t ed  oysters, 

Their polycul ture  of severa l  

. 

Evidence i n  a tomb f r i eze  

T i l ap ia  may have been cu l t i va t ed  in 

The ancient  Greeks md F'oaians fa t tened  f i s h  i n  ponds. 
1 
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re. ' The h a b i t a t  
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Wherever c i v i l i z a t i o h  1 existed Over long perio’ds .of I t i m e . .  

aquaculture developed. As e a r l y  as 600 B.C. I nd ia  was combining 

f i s h  cu l tu re  with pond bank vegetable gardens. 

l a t i o n  w a s  es tab l i shed  which prohibi ted the  k i l l i n g  of certain 

inedib le  species  of f i sh .  

other  f i s h  during the height  of t h e i r  spawning season. 

By 246 B.C. legis- 

I t  a l s o  provided pro tec t ion  f o r  
4 

Cespite these promising beginnings, aquaculture as a f i e l d  d i d  

no t  maintain i ts  impetus. 

w i t h  a high technology backdrop. Aquaculture techniques, how- 

ever,  a r e  s t i l l  those tha t  have been prac t iced  f o r  centur ies .  

Recent demands f o r  increased pro te in  production an6 a s h i f t  in  

the eating hab i t s  of t he  American publ ic  have c rea ted  condi t ions 

conducive t o  a s t rong  f i s c a l  foundation, on which aquaculture can 

Agriculture has become agribusiness ,  

bu i ld  a v iab le  industry.  

T.2 S t a tus  of t h i s  mznual 

Aquafarms In t e rna t iona l  Incorporated (AII) was formed i n  1 3 i 5  

as a commercial ayuaculture endeavor. Located i n  thc Coachella 

‘!alley, t h e  conpanys’ o r i g i n a l  eIliphasis vias the  development 

of a v iab le  freshwater prawn (kcrobrachium rosenbe rg i i )  farm. 

Other aquaculture a.spects were i n i t i a t e d  by 411 a f t e r  the i n i t i a l  

prawn research,  development and p i l o t  p l a n t  s tage was conl2leted. 

A t o t a l  capab i l i t y  t e s t m  w a s  formed which encompasses f i e l d s  of 

biology, water chemistry, geophysics, n u t r i t i o n ,  marketjng and 

business manageinent . 
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Kany county, s ta t  d f e d e r a l  agencie 

during t h e  planning, construct ion a t i o n a l  pha 

I o f  an aquac e 'pro jept. :  Their  e r a t ion ' i nvo lves  reg-  

u l a t ion  t h r  f permits,  l i c e n s e s  a r  c b r t i f i c a t i o n s .  

many and var ied ,  rariging from environ- . 

mental assessments and impact s ta tements  t o  spec ia l  permits. 

i c  a c t i v i t i e s  (e .g . ,  construc- 

se modification, and i n s t a l l -  

o f  l oca t ion ,  Other 

c i  pgraphic areas 

y the  prospect ive aquacul 

number of permits ,  p ro j ec t  r e p o r t s ,  

I d  be required f o r  securing government approvals.  

ssess t h e  amount of time 

needed t o  meet agency requirements 



laws were adopted before aquaculture developed h t o - a  well  

recognized a c t i v i t y .  

land and water use a r e  broadly phrased, leaving room f 

adminis t ra t ive 'judgement on t h e i r  a p p l i c a b i l i t y  t o  aqua- 

cu l tu re  use. 

1.3 Agencies and a c t i v i t i e s  

The following list shows a c t i v i t i e s  i n  aquaculture f o r  which 

permits o r  approval may be required and the  agencies involved. 

Som of t h e i r  s t a t u t e s  r e l a t i n g  

1 

ACTIVITY 

S t ruc tu res  i n  coas t a l  zone 
waters 

Shoreline setback variance 

Land use 
Designation of type of use,  
zone c l a s s i f i c a t i o n  

Use permits 

Con s e r v a t  i on 

Leaning S t a t e  Lands 

Leasing Federal Lands 

tJater Use and Well D r i l l i n g  
(Spec ia l  permits a r e  required 
f o r  development and operat ion 
o f  geothermal wells.  ) 

AGEKCY OF OI?GAFIZATICN 

U.S. Dept. of Transporta 
Irarbors Eivision, U.S; Coast Guard; 
Coastal Zone Nmagement Commission, 
State of Cal i forn ia :  Ci ty  md 
County F laming  Rowds 

Coastal Zone i'hnagcment Comrnisr*.m; 
City and County Planning Boards 

County Planning Board 

County F lmning ,  Building and Safety; 
Dept. of  Health 

U 3. Eureau of Land bnagement; 
S t a t e  Dept. of  Natura l  resources 

Dept. of Ratural Fesaurces; 
Land f&nagement Zivis ion,  :;tatc 
o f  Cali .fornia 

U.S. Eureau of  ?.and T'anagement; 
U.S. Forest  Service 

Counties; Division o f _ O i l  and Cas, 
S t a t e  of  Cal i forn ia ,  The Fesources 
Xgenc y 



Water Course 120 U,S Corps of  mginee r s ;  Ca l i fo rn ia  
Dept. of Fish and G a m e ;  Counties 

Discharge Permits U.S. Corps of Engineers# U,.S. Ehvi- 
ronmental Protect ion Agency; Water 
Resources Control Board, S t a t e  of 
Cal i forn ia  

. Importation of Animal Life U.S, Department of Agriculture;  
Cal i fozbia  Dept. of Fish and Game 

Inland Waters, P r iva t e ly  Owned Cal i forn ia  Dept. of Fish  and Game 
(Commercial'Fish License o r  

I 

. .  
e r a t o r  License 1 

1.4 Effects on Aquaculture 

Bot6 Ca l i fo rn ia  and federal l a w  have defined aquaculture as 

agr icu l ture .  As such, t he  emphasis of  nany regula t ions  m d  

cons t r a in t s  has been sh i f t ed .  T h i s  shift ; ,  however, does n o t  mea; 

prospective aquacul tur i s t s ,  can be la:.: i n  t h e i r  prep,"sations f o r  

7 .  

- 

denl ing with regula tory  agepcies. Incof&plete, inaccurate  o r  

inadequate information can be c o s t l y  t o  both the  p ro jec t  and 

t he  regulatory agency. ,Time . l o s t  on reappl ica t ion ,  turndowis 

o r  submission of forms t o  inco r rec t  agencies a re  a l l  cos t ly  i n  

both time and money spent.  

insure  t h a t  t h e i r  information is complete and factual, as well as 

insur ing  t h e a t  t h e  agency contacted .is mandated t o  perform the  

des i red  function. 

1.5 Speciz.1 contact  agencies 

Prospective aquacul tur i s t s  should 

Girec t  use of  low temperature gcothernnl water f o r  aquaculture 

requires s2eciai CoordinaLion w i  th tyro state sgoncies. 

Flanning, d r i l l i n g ,  operat ion ant2 closure of geothermal wel l s  

The 

must be permitted by the %.vision of Ci? arid Cas, &par tmen t 



of Coqservation, the  Resources Agency. of California..- 

There a r e  severa l  d i s t r i c t  o f f i c e s ;  each o f f i c e  is  responsible i 

f o r  a d i f f e r e n t  geographic area o f l the  s t a t e .  

The Division of O i l  and Gas has produced two publ ica t ions  of 

spec ia l  i n t e r e s t .  Spec i f i ca l ly  c i t i n g  geothermal resource 
I 
i 

0 1  

l a w  is publicat ion number PRC02 - Cal i forn ia  , Laws f o r  Conserv- 
i a t ion  of Geothermal Reources, April  1981. Publ icat ion number 

two, PR7S - D r i l l i n g  and Operating Geothermal Wells i n '  Cal i forn ia ,  

is a general  information manual covering the  requirements f o r  ~ 

development of geothermal wells.  

through the regional  o f f i c e s  o r  through the Sacramento Head- 

Both publ ica t ions  are ava i lab le  

qua r t e r s  (1416 iiinth S t . ,  Eoom 1316-35, Sacramento, California 

9581.4). 

The following f o r m  a r e  a sariiple of those required by the  Civi- 
, sion of O i l  and Gas f o r  the  planning, development and production 



RESOURCES AGENCY OF CAUFORNIA 
OEPARTMENT OF CONSERVATION 

DlVlSlON. OF OIL AND GAS 

Notice of lnrentiori to Drill a Geothermal Resources Well . 

I I I 

Signature Date Telephone Number 

face riihts, mineral rights, and the location of the proposed well must accompany this notice. 
The appropriate drilling fee, an indemnity or cash bond, a complete drilling program, and a parcel map showing the operator's sur - 

PROP0SE.D CASING PROGRAM 

I 

All depth measurements taken from top o that i z m e t e r s  above ground. 

Intended zone s 1 of completion: , Estimated total depth: 

submit a copy of the document with this notice or 

Government Agency: Contact Person: 

Address: . Phone: ( 1 -  

Document title: S.C.H. No.: 

Submitted in compliance with Section 3724, Division 3, Chapter 4, Public Resources Code. 
OGC105 4-79DWRR2M 



ENVIRONMENTAL' INFORMA ZfON 
the G k f m h  €nw*mmta l  &kty Act (CEQA) appha to the pro/'ert dached in the hb&tion on the fmt of the notice 

if the project could have a s@ificant iwct on f ie  envhmment. To approve a project subject to CEQA, the Divsion of 0 1  
and Gas must mnsider the need for either a Notie of kemptim, a negative dmfaration, or a final ehdmmental impact report: 
If none of these documents twist3 or if an operator is e k i w  approval hr a projm involvthg six (61 or fewer exploratory wells 
(imlkfiw temperahlre &setvation wells), the operator shall mtact the Diw'sion of 011 add Gas CFQA Unit as soon as msibf'. 
?he phone number is (916) 445-9686. li5e address I% l416 Ninth $tee& Room 1316-35, k Ckfifmia 98514. 

. FOR DlVlSlON USE ONLY 

API WELL NO. 



I 

I 

Dopth I 
op of lormstldn 

..:. 

- 
Thlchers 

(meters) 

* as can be 

* - '  I I 

Fib thls recad ip dnpllcate with the rppopiate geothermal d?strict 0Ei1 
OC 

I 1 
I 



&SOURCES AGENCI OF CALIFORNIA 14 
BEPARTBENT OF CONSWVATlON 

DIVISION OF OIL AND GAS 

F m  OGGlOO drea) 
! 

A.P.I. No, 

Fie ld  

WELL SUMMARY REPORT - GEOTHERMAL 
Opcrator Well name and number 

County 

Location (property or section corner, or street center  lines) 

L 

' DATE 

Elevat ion  of p o u n d  
(meters above s e a  level) 

- .- 

STATIC TEST 
:Shut-in well  hood) Toto 
Temp *C Pnrr. bars kg/hr Temp *C 

Commenced drilling (date) T o t a l  depth . 

Completed drilling (date) 

(meters) 

STATIC TEST PRODUCTION T 
:Shut-in well  hood) Toto LOSS flow doto 
Temp *C Pnrr. bars kg/hr Temp *C 

Depth measurements taken from top ofi . I  Plugged depth 
(meters) 0 Derrick floor 0 Rotaty table 0 Kelly bushing 

Si10 of coring Top of coring Depth of shoe Weight of 
(A.P.1.) (Q) 

- 
Geologic  fotmatioa and age a t  t o t a l  depth 

Commenced producing (date) 

.J 
PERFORATED CASING (six., top, bottom, perforota 

'Ilhidz is meters &ove p o u n d  
Geologic  marker@) Depth (meters) 

mar. bors Enthalpy Orifice I-t- 

Was ana lys i s  of effluent made? 

Yes 0 N O [ Z )  

Elec t r i c  log depths  

Water kghr 

Temperature depths 

r DATA 
'Seporotor doto 

Steam k g h r  Ross. bors Temp Y 

I I I I I 

ntonols, six0  and rpocing of perforation o d  method) 



A.P,f. N 

I 

be M J i h g  md testing of the well or &ring redrfllhg, permanan'tly afterhg us ing ,  plugging, or abandanmmt, with the date8 thereof. 1 
ura to inetude such item8 as hole u f z r  (in ea& formatfar test details. rolumes of cement used (in dj, top md booltwn of plugs (in m), ped 
ation details. efdetracked junk, Sailing test8, -8hootfng a d  initial production data (in kuhr), urd =are temperahre (in %). 

In compliance with 
e comp!ete and correi 

Name 

I 

appropriate geothermal district office. 

. .  . .  
i . .  

. .  . I  
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A P I  No. 

REWORK/SUPPLEMENTARY NOTICE 
GEOTHERMAL WELL 

Submitted h cvmphnm with scctrbn m 4  DivrSion J, 5 p t e r  4 Pubk Resoums Code 

Signature Date Telephone Number 

TIW present condition of the we11 is ak fOllOws: 

1. Total depth meters. 

2. Complete casing record, including plugs: 

3. Last produced: ,19- 

The proposed work is as follows: 

File th& report in dupficate with &e apprvp&te geothennaf dstrii-t ofice. 



7. ~ ~ a p h ’ c  malkers ami depths (in meten): 

8. F m t i o n  and age at total depth: 

URCES AGENCY Of CAWORNU 

i 

I 
1 

I 
(Aodlneban . h &/k‘ &./mi&) 

,4. Re&s of initial producaion test (includes fluid anal 
(Kgfhr., gal.mn.) rate 

I 

I Bottom hole temperature: 
Maximum temperature: 

! 

1 
i 

To fulfill the abandonment requirements of the division, the bllowing work is proposed: 

1 

I 

I 
I 

I 

I 

! 

I 
1 

I 



8 T A h  OF CAUrORUlA 
DUARTUWT OF CONSLRVATlON 

DIVISION OF OIL AND GAS 
1416 NINTH STREET. ROOM 1318. SACRAMENTO 95814 
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DESIGNATION OF AGENT FOR INDIVIDUAL OR PARTNERSHIP 

In compliance with Section 3721, Division 3, Public Resources Code, notice is hereby given aad ..__"_______ 
(4 w e  

hereby certify that, ,,,,..,-,.."-- -- - a. WOl 

of state of -, haye appointed, mtborized and 

Wit-: 

Agents acceptance: 

Sec. 3721. Every owner or operator of any 
Vcll rlull designate an a t# giving hit post OGCC 

bc raved d ordas, notices# and pcessa  of thc 

pmon 10 appointing an a p t  &all, within bre 
daya after the termination of any such agency, 
notifythesu r,inwritiag,ofruchtennku 

appoint a new agent. 

rddrrar, who resides in Esta, upon whom may 

cion, md C p h  rrr discantinwd, a i  

m, a b o d ,  or any court of law. E V U ~  1 

NOTE: An operator m y  appoint himself as agent. 

Should'the OWMK 01 operator f i l i i  rhi fonn choose to appoint more than one spat, the phrase, "the State of Wiomia," should k delacd 
and the exact m a  for r b i h  the agent is to be appoinrtd should k inserted. A rpamcc form mast be 6kd for ach agent 



Ateat: 
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STATE OF CALIFORNIA BOND NO ................................... 

INDIVIDUAL GEOTHERMAL RESOURCES WELL 
INDEMNITY BOND 

(SEE INSTRUCTIONS W REVERSE SIDE FOR APPLJCABLE MOUNT) 

Know All Men by These Presents: 

WE 

That I. 

as principal. and a corporation 

organized and existing under and by virtue of the Laws of the STATE OF 
and authorized to transact surety business in the STATE O F  CALIFORNIA, as surety, are  held and firmly bound 
unto the STATE OF CALIFORNIA in the sum of ..................................... THOUSAND AND N0/100  DOLLARS 
(5 .....,O00 . 00) lawful money of the United States of America, to be paid to the said State of California. for which 
payment, well and truly to be made, we bind ourselves, o u r  heirs, executors and ~uccesso r s ,  jointly and severalty, 
firmly by these presents. 

?HE CONDITION O F  THE ABOVE OBLIGATION IS SUCH THAT, 

WHEREAS, said principal i s  about to acquire ownership or operation, drill, redrill, deepen, maintain, or abandon a 

...................... temperature 'geothermal resources well designated as ................................................................ Sec. .............. , 
(hiah 01 l o r )  

T. ............. R. .............. , ................ B. & M., and is required to file this bond in connection therewith in accordance with 
Sections 3723.5 and 3725 to 3729, inclusive. of Chapter 4 of Division 3 of the Public Resources Code of the State ' 
of California. 

NOW, THEREFORE, if said ................................................................................. ................. , 
the above bounden principal, shall well and truly comply with all the provisions of Chapter 4 (commencing with 
Section 37W) of Division 3 of the Public Resources Code and shall obey all lawful o rden  of the State Oil and Gas 
Supervisor. or his district deputy or deputies, if not appealed as provided in that chapter, or upon affirmance thereof 
by the Geothermal Resources Board. if appealed thereto, and shall  pay all charges, costs. and expenses i n a n d  
by the supervisor or h i s  district deputy or deputies in respect of such well or the property of said principal, or 
assessed against such well or the property of such principal, in pursuance of the provisions of said chapter, then 
this obligation shall  be void; othetwise, i t  shall remain in full force and effect. 

IN WITNESS WHEREOF. the seal  and signature of the said principal is hereto affixed and the corporate seal and 
a t  name of the said surety is hereto affixed and attested by i ts  duly authorized 

California. this day of , 19 . 

(SEAL OF PRINCIPAL) 

OGGl6OA (1 lI81lDWRRIPC) 

[Principal1 ............................................................................................................ 

By ........................................................................ 

[surety1 .................................................................................................................. 

By ........................................................................ 

Office of surety to which correspondence relating to this bond should be 
addressed: 

.................................................................................................................................... 

................................................................................................................................... 

' (SEE OVER) 
The premium charged for this 
bond is$ ................ per annum. 
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NOTARlZATION OF ME 

STATE OF CALIFORNIA 
COUNTY OF 

of thereto and his own name as _. . ._..._.....__ 

INSTRUCTIONS ' 
I 

1. The surely on the bon may be any surely company licensed in California. 

2. The eignafum 01 the surety mst be notarized. 

rate seal musf be af f ixed 

dividual names shall appear in fhe body of fhe  bond. with fhe recital that 
they are parfners composing n finn, and naming said firm. 

5. The name 01 the principal a s  well a s  fhe designation and number of d e  well on the bond must agree rxocily 
with fhaf down on the nofice of intenlion lo acquire o w n e r d 5  or operalion. dill.  redrill. deepen, pennaently 
alter the casing, or 

at fhe  opfion of fhe  surety i s  nof acceptable. 

id fluid produced has a femperature fhaf is no more than fhe boiling 

8. Applicable mcunf: 
Coverage lor 
Coverage lor well: 

well. .. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . $25.000 

less than 2,000 feet lotel depth ........................................*......... , ...... S 2.000 



22 BOND NO STATE OF CALIFORNIA ................................ 
BLANKET GEOTHERMAL RESOURCES WELL CASH BOND 

$100,000 CASH OR $120,000 SECURITIES 

Know All Men by These Presents: 

WE 

That I, 

as principal, present a total cash deposit of ONE HUNDRED THOUSAND AND N0/100 DOLLARS (SlOO,OOOOO) 
in the form of: 

Cashiers Check No .. ............................ in the amount of S ..................................... and/or 
Certified Check NO .............................. in the amount of S ..................................... and/or 
Certificate of Deposit No. ..................................... , in the amount of S .................................. , and/or 
Passbook Account No. .............................................................. , i n  the amount of 5 ................................. 

accompanied by a properly executed assignment form: or 

8 total deposit of ONE HUNDRED TWENTY THOUSAND AND NO/lOO DOLLARS ($120.ooO.00) i n  the fom of 
bearer bonds listed by number on the reverse s ide of this form, issued by the: 

United States Government in the amount of S ................. > ................. and/or 
State of California in the amount of S ....... ....................................... ; 

all made payable splely to the State Division of Oil and Gas. 

THE CONDITION OF THE ABOVE OBLIGATION IS SUCH THAT, 

WHEREAS, said principal is about to acquire ownership or operation, drill, redrill, deepen, maintain, or abandon 
geothermal resources wells in CALIFORNIA and is required to file this bond in connection therewith fin accordance 
with Section 3728.5, of Chapter 4 of Division 3 of the Public Resources Code of the State of California. 

NOW, THEREFORE, if said .......................................................................................................................................................... 

the above bounden principal, shall  well and truly comply with all the provisions of Chapter 4 (commencing with 
Section 3700) of Division 3 of the Public Resources Code and shall  obey all lawful orders of the State Oil and 
Gas Supervisor, or his district deputy or deputies, if not appealed as provided in that chapter, or upon affirmance 
thereof by the Geothermal Resources Board, i f  appealed thereto, and shall  pay all charges, costs. and expenses 
incurred by the supervisor or his district deputy or deputies in respect of such wells or the properties of said 
principal, or assessed against such wells or the properties of such principal, in pursuance of the provisions of 
said chapter, then this obligation shall  be void; otherwise, i t  shall  remain in full force and effect  

If the principal fails to comply with al l  of the provisions of Chapter 4 (commenang with Section 37OO),Division 3 
d the Public Resources Code and to obey all lawful orders of the State Oil and Gas Supervisor or his  deputies, 
then the supervisor may draw upon this bond to pay all costs and expenses incurred by the supervisor or his deputy 
in respect t o  such wells or properties. 

This bond shal l  be subject to all conditions set forth in Sections 3723.5 and 3725 to  3729, inclusive, P.R.C. 
IN WITNESS WHEREOF, the seal and signature of the said principal is hereto affixed. 

day of , 19 at California, this 

This is to  certify under penalty of perjury that the above cash deposit and/or bearer bond is free of all liens 
including tax liens by the U. S. Revenue Service of the State of California Franchise Tax Board, Board of 
Equalization or Department of Employment. 

[Principal1 ..... .......................................................... 

................... 

APPROVED BY .............. ........, State Oil and Gas 
Supervisor 

e.. .............................. ........... , Deputy 

DATE ....................................................... I? ............. 

oGo160D (1 1/81/DWRR/PCI (SEE OVER) 
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.NMARIZATION OF THE'PRINCIPAL: 

STATE OF CALIFORNIA 
COUNTY OF I 

On this. ................. day of .................................................................. , in the year 19 

Mae me, .............................................................................................................................. 
a Notary Public in pnd for said Cumty and State, persmelly appeared - 

.................................................................................................................................................. 
known to  me to  be the person whose name is subscribed to  the within 

Instrument as the of 

, and acknowledged to me  that he subscribed the name 

of thereto and his own name as ...................... 
................................................................................................................................ 

................................................................................................. 
Nolmtr Pvblk In and Is eaM County and Sfat. 

INSTRUCTIONS 
1. 

2. 

3. 

I f  the principal is a caporation. the corporate seal must be aflixed. 

Each phcipal must file a aeparate bond. A bond with more thin me principal is not acceptable. 

If the prhcipals are partners, their indindual names d a l l  appear in the M y  of the bond, mith the recital that 
they an partners &posing a linn, and naming said linn. 

The name 01 the principal on fhe  bond must agree exactly with that down on the notice of intention to acquire 
ownership a operatiat, drill, redrill, deepen, permanently after the casing, a abmdm. 

The signature of the principal m a t  be notan'aed. 

4. 

5. 

6. Savings .ccamt passbooks must be accompanied by M assignment lorn, ac&towledginga&!mnent of the 
ac-t to the State Division of Oil and Gas. 

BEARER BONDS 

until released. Carpons Vi11 nof be ashad at maturity md remitted to the principal. 

A 8spply of thlr fern may be ablaincd Imm the Divlaim of 011 and 0.8. 
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STATE OF CALIFORNIA BOND NO. .............................. 

INDIVIDUAL GEOTHERMAL RESOURCES WELL CASH BOND 
(SEE INSTRUCTIONS ON REVERSE SIDE FOR APPLICABLE AMOUNT) 

Know AI1 Men by These Presents: 

WE 

That I. 

as  principal. present a total-cash deposit of .............. ........................... THOUSAND AND NO/lM) DOLLARS 
(t ........... ,OOO.OO) in the form ol: 

Cashiers Check No .............. 
Certified Check No. ............. 

Passbook Account No .............................................. , in the amount of S 

, in the amount of S ..................... .. in the amount of S ..................... ............... , in the amount of t ..................................... and/or Certificate of Deposit No.. 

accompanied by a properly execu td  assignment form; or 

a total deposit of .................. THOUSAND .................. HUNDRED AND N o h 0 0  DOLLARS (S ............ 00.00) in the 
form of bearer bonds listed by number on the reverse side of this form, issued by the: 

United States Government i n  the amoun 
State of California in +e amount o f f  .. 

............. , and/or 

a l l  made payable'solely to the State Division of Oil and Gas. 

THE CONDITION OF THE ABOVE OBLIGATION IS SUCH THAT, 

WHEREAS, said principal i s  about to acquire ownership or operation, drill, redrill, deepen, maintain, or abandon a 

-temperature geothermal resources well deshgnated as .................................................................... Sec .............. , - ............. _... 
(blah or tor) 

... ....., R .................., ..................... B. & M., and is required to file this bond in'amnection therewith in 
ance with Section 3728.5, of Cha 4 of Division 3 of the Public Resources Code of the State of California. 

................ NOW, THEREFORE, if said ......................_._...........................I .............................................. I 

the above bounden principal, shall  well and truly comply with all the provisions of Chapter 4 (commencing with 
Section 3700) of Division 3 of the Public Resources Code and shall  obey all lawful orders of the State Oil and Gas 
Supervisor.or h i s  district deputy o r  deputies, if not appealed as provided in that chapter, o r  upon affirmance thereof 
by the Geothermal Resources Board, if appealed thereto, and shall  pay all charges, costs,  and expenses incurred 
by the supervisor or his district deputy or deputies in respect of such well or the property of said principal, or 
assessed against such well or the property of such principal, in pursuance of the provisions of said chapter, then 
this obligation shall be void; otherwise, i t  shall remain in full force and effect. 

If the principal fails  to comply with all  of the provisions of Chapter 4 (commencing with Section 3700). Division 3 
of the Public Resources Code and to obey all lawful orders of the State Oil and Gas Supervisor o r  his  deputies, then 
the supervisor may draw upon this bond to pay all costs  and expenses incurred by the supervisor or his deputy in 
respect to such well or property. 

This  bond shall be subject to all conditions set  forth in Sections 3723.5 and 3725 to 3729, inclusive, P.R.C. 
IN WITNESS WHEREOF, the seal and signature of the said principal is hereto affixed. 

j 

a t  California. this day of , 19 

This i s  to certify under penalty of perjury that the above cash deposit and/or bearer bond is free of all liens 
including tax liens by the U.S. Revenue Service or the State of California Franchise Tax Board, Board of Equalization 
or Department of Employment. 

(SEAL OF PRINCIPAL) 

OCGlfiOC (1 1/81/DWRR/PCI 

IPrincipal I .............................................................................................................. 

By ........................................................ .) ............ 
APPROVED BY ...................................................................... : .... , State Oil and 

Gas Supervisor 

By ........................................................ , Deputy 

DATE ...................................................... ,. 19 ......... 

(SEE OVER) 
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STATE OF CALlFORNIA 
COUNW OF 

On this ................ d a y  of in theyear 19 .... ................................... 

a Notay Public i unty and State, personally appeared 

................................. 

as the 

, and acknowledged to me that he subscribed the name 

thereto and his own name as .................... of 

...... ...... ..... 

............................................................................................ 
Note*, Pvblls In end fer ,.Id COMI)I and Slam 

INSTRUCTIONS 

1. I1 the principal i s  a 00 

2. I f  the principals are partners, their indiviial names shall appear in the bo@ ol the bond, with the recital that 

on, the corporate seal musf be aflixed. 

they 8” partners amposing a lim, and naming said firm. 

3. The ncme 01 the principal a s  well a s  the designation and number ol the well on the bondmust agree exactly 
with that down on the notice 01 intention to acquire ownership or operation, drill. redrill. deepen, permanently 
alter the casing, or a h  

4. The signature 01 &e 

5. Savings atxumt passbooku must be accompnnied by im assignment lorm acknowledging ussignment ol the ac- 
wunt lo the State Division 01 Oil and Gas. 

6. Low-temperature well is a well Imm whid, Nuid pmduced has a temperature that is no more than the boiling 

VNlTED STATES 
OR 

STATE OF CALIF. CASH OR SVREFY 7. Applicable amamfs: 
BOND BOND 

re well .......................................... $25,000 $30.000 

Cowrage ior low-temperature well: 
less than 2,000 feet total depth .......... ......................... $ 2,000 

. at feast 2,000 leet but less than 5,000 feet total depth..... $10,000 
at least 5,000 feet but less than 10,000 Ieet total depth .... $15,000 

Mti l  released. 

I A supply 01 thin lorn, may be obtained lmm h e  D i v i n i M  of 011 And Gas. 

\ 

\ 
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STATE O F  CALtFORNIA BOND NO. ............................... 

$100,000 BLANKET GEOTHERMAL RESOURCES WELL 
INDEMNITY BOND 

Know All Men by'Thcsc Presents: 

WE 

That 1, 

as principal, and a corporation 

organized and existing under and by virtue of the laws of the STATE OF .......................................................... 
and authorized to transact surety business in  the STATE OF CALIFORNIA, as surety, are  held and firmly bound 
unto the STATE OF CALIFORNIA in the sum of ONE HUNDRED THOUSAND AND NO/fOO DOLLARS(S100.000.00) 
lawful money of the United States of America, to be paid to the  said State of C a l i f o h ,  for which payment, well 
and truly to be made, we bind ourselves, our heirs, executors and successors, jointly and severally, firmly by these 
presents. 

THE CONDITION OF THE ABOVE OBLIGATION IS SUCH THAT, 

WHEREAS, said principal is about to acquire ownership o r  operation, drill, d r i l l ,  deepen, maintain, or abandon 
geothermal resources wells in CALIFORNIA and is required to fi le this bond in connection therewith in accotdance 
with Sections 3723.5 and 3725 to 3729, inclusive, of Chapter 4 of Division 3 of the Public Resources Code of the 
State of California. 

NOW, THEREFORE, if said _. .................................................................................................. 

the above bounden principal, shall well and truly comply with all the provisions of Chapter 4 (commencing with 
Section 3700) of Division 3 of the Public Resources Code and shal l  obey all lawful orders of the State Oil and Gas 
Supervisor, or his  district deputy o r  deputies, if not appealed as provided in that chapter, or upon affirmance thereof 
by the Geothermal Resources Board, if appealed thereto, and shall pay all charges, costs,  and expenses incurred 
by the supervisor o r  h i s  district deputy o r  deputies in respect pf such wells or the properties of said principal, o r  
assessed against such wells or the properties of such principal. in pursuance of the provisions of said chapter, 
then this obligation shall  be void; otherwise, i t  shall remain in full force and effect. 

IN WITNESS WHEREOF, the seal  and signature of the said principal i s  hereto affixed and the corporate seal and 
at name of the said surety is hereto affixed and attested by i t s  duly authorized 

California, this day of 19 

(SEAL OF PRINCIPAL) 

OGG160B (1 1I81IDWRRIPC) 

[principal] .............................................................................................................. 

By ...................................................................... 

[Surety1 .................................................................................................................... 

By ...................................................................... 

Office of surety to which correspondence relating to this bond should be 
addressed 

.................................................................................................................................. 

.................................................................................................................................. 

(SEE OVER) 
The premium charged for this 
bond is $ ................p e r  annum. 
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1 ~ 

NOTARIZATION OF THE1 I 
! 

. .  

te, personally appeared 

nowledged to me that he subscribed the name 

thereto and h i s  own name as  ......,........... 
, -  



The Department of Fish and Game is t he  o ther  organizat ion with 

which all p o t e n t i a l  and p rac t i c ing  aquacu l tu r i s t s  must deal  . 
This  i s  the  agency mandated by t he  s t a t e  of Ca l i fo rn ia  t o  

c e r t i f y  and r egu la t e  aquacul ture .  

A brochure, Aquaculture i n  Inland Waters of Cal i forn ia  ' ( Inland 

Fisher ies ,  Informational Lea f l e t  Number 81, o u t l i n e s  l i cens ing  

f e e s ,  r e g i s t r a t i o n  proceedures and prohib i ted  spec ies  and i s  

ava i lab le  through the  headquarters (Department of F i sh  and Game, 

the  Resources Agency, S t a t e  of Cal i forn ia ,  1416 Ninth S t . ,  

Sacramento, Cal i forn ia  95814). This  ptiblication a l s o  lists 

specific sec t ions  of  Cal i forn ia  law dealing with aquaculture 

and i ts  regulat ion.  

I 

The following form is a sample of t he  appl ica t ion  required 

by the Department of F ish  and Game for the  r e g i s t r a t i o n  of 

each locat ion.  



Name of business : 
owner's name(s): 

Address of facility 

Species to be maintained (use only approved names): 

Location of facility to be registered: 

FOR F R E S H W A T E W A C U L m .  FILL OUT THE FOLLOWING SECTION 

County: 
6 

- 
Nearest town Road or highway 

from which water is obtained, the location and type 
.of diversio 

Attach a sketch showing arrangement of ponds.and points at which inlet and outlet are 
screened. (SEE REVERSE SIDE) 
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INSTRUCTIONS FOR PREPARIUG HAPS FOR FUSWATBR AQUACULTURE, . 

1. Give location number of polnt of diversion. 
: . . 2. Show the location of the spring or etream, and give name. 

Show the point of diversion (Le., the point at which water is to be 

Show location of the main ditch or  pipeline and points where screened. 

3. 

4. 
taken from the stream or  spring). ' . .  

5. Indicate clearly the proposed 'place of use 'of the water. 
the number and location of each. (See &etch below.) ' 

For eponds, show 
. .  

(-m 
Township 258 Range 1 W  Sectioi 6 - Tow'nship Range Section 

114 i t 4  114 114 
Base and meridian. .Baseandmeridian - 

. .. . 

~ . . .  . . , 

. .  

I .  

I have read the Fish and Game Commission regulations governing registered aquaculturists and 
Sections 15000 through 15803 of the Fish and.Game Code, and w i l l  operate In conformity with 
them. 

Signed T i t l e  - Rate 
(if a company) 

NmE: There is a $50.00 registration fee for.each company registering their facilities, 
regardless of the number of locations. 
applications, and i f  a l l  applicable provisions of the Fish and Game Code and the Fish 
and Came Commission regulations have been complied with, certificate of registration. 
w i l l  be issued. . .  

On receipt of $50.00 and completed registration 

Inspected by Approved by 

Date Date 



TS2.  Na 
*%tion No Red- 

I -ATE OF CALIFORNIA 
R~SOURCES AGENCY 

NOTIFICATION OF REMOVAL OF MAERIALS AND/OR ALXRAhON 
OF WE, RIVER, OR STREAMBED BOTTOM, OR MAR6IW. 

DEPARTMENT OF FISH AND GAME 

A. APPLICANT Pursuant to Sections 1601-1808 of the California Fish and Game W e  
' 

nf 9 

NmmalAPpllant ~ 

I, 

Representing 

Hereby notify the California Department of Fish and Game of operations to be carried out by me, or the Organization I 
N- of a 0 s n ~ r :  comppnP. ctc. 

tn 
' D a r n .  Dm represent, from 

nf county, b'butary - &-?& 
Nome of StreM1. b, Q klrs NE#m.SEorm 

S e c t i o n T m m s h i p R a n g e  U.S.G.S. Map , *  
',property Owner Co. Assessor's Parcel No 3 

whose address fc 

_h responsible for operations at the site. 

' 

Named Peram to Be c;omtpeted st S i t s  Durlng Opaptionr 

He can be reached at 
B. Description of operation 1. The nature of said operattans will be as follows: 

0 Soil, sand, gravel, and/or boulder removal or displacement 0 Logging 
0 Water diversion or impoundment 0 Temporary, recreational or irrigation dam 
0 Mining-other than aggregate removal 0 Other-Describebelow 
0 Road or bridge construction 
0 Levee or channel construction 
2. Type of material removed, displaced added OSoil OSand O G m d  OBoulaers 

3. Equipment to be used in the described site 

5, Describe type and density of vegetation to be affected, and estimate area involved. 

6. What actions are proposed to p r o t 2  fish and wildlife resources and/or mitigate for project impacts? 

-- Tstphone 

Check all squares which apply. 

Volume 
. 

4. 'Use of water (Le., domestic, irrigation, gravel, washing, etc.) Quantitr 

NO CARBON NEEDED 
FC2023 (REV. ..eo) 
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2.0 Site Selection - ,  

Site selection is the first and most critical factor isl prawn 

farming and other -forms of aquacult&e. 

volves the location of suitable land, 

ties of land may be for sale, leased o r  ovmed, few aeet all the 

criteria for an aquaculture site. 

sufficient water availability,appropriate water temperatures, 

good water quality, complete protection against floodwaters, 

as well as good accessibility and drainage. 

The selecfion in- 

Although large quznti- 

A grow-out facility needs 

Soils should be those with good water holding ability. 

ponds should never be located on lands where pesticide or 

herbicides have regularly been applied to crops.' 

both pesticides and herbicides in soils can be tested f o r  by 

qualified laboratories. 

Iiowever, 

Eesiducs of 

Climatic conditions such as n e m  annual  rzinfall and tem?erzture, 

as well as minimuni and m a x i m u m  temperatures and rainfall, should 

be checked. b!eathcr charts containing this information are 

available from tile Kationzl Veather Service, Xational Oceanic 

and Atmospheric Administration (Fijure2-1) . 
data such as prevailing wind direction, seasonal occurerice of 

tornadoes or hurricmxs needs to be obtained: 

Gther climatic 
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CLIMATOLOGICAL SUMMARY FOR INDlO U. S.\.'DATE GARDEN, RIVERSIDE COUNTY 

Elevation 20' Latitude 33 43 - Longitude 116 14 , 

TEMPEFATURE (degrees F) 

PREClPlTATlON 

* fhennal Airport 

# From ear l ier  records 
are shown as monthly averages (maximum, mean 
or average, and minimum) f o r  periods up t o  
33 years. 
National Weather Service, Coachella Valley 
o f f i c e  (Mr. Carl Garceynski). 

This chart was provided by the 

W 
vl 



Flood maps, ava i lab le  f rom, the  U.S. Geological Survey o r  the 

Federal Emergency Phnagement Agency, show h i s t o r i c  flood 

heights  and da tes  against topographic contour l ines  fo r  

loca l ized  areas. Po ten t i a l  f looding s i t e s  are a l s o  indicated. 

These maps a r e  a valuable resource t o o l  when evaluat ing s i tes .  

Nater a v a i l a b s l i t y  is, of course, of primary importance i n  

s i t e  se lec t ion .  Without a s u f f i c i e n t  supply, t h e  projected 

development is impractical .  

t he  chapter on pond construct ion ( sec t ion  3.5). When adequate 

water sources are ava i l ab le ,  water q u a l i t y  is the  next  item of 

Water needs are discussed i n  

concern. Water q u a l i t y  has been covered extensively i n  the  

chapter on pond management., I<owevcr, .par t icular  a t t c n t i o n  should 

be paid t o  the sec t ion  oii bioassays. In  geperal  water q u a l i t y  

cncompasses SJiater temperature, contzminmts,  bene f i c i a l  n u t r i -  

e n t s #  s a l i n i t y ,  znd a l k a l i n i t y .  

After s u f f i c i e n t  water sources are loca ted  and t h e i r  q u a l i t y  

ascer ta ined,  the physical  and chemical c h a r a c t e r i s t i c s  o f  t he  

s o i l  are the next  i tems t o  be invest igated.  S o i l  survey maps 

a r e  ava i lab le  through e i t h e r  the  U . S .  Geological Zurvey o r  the  

U.S. Department of Agriculture a d  i ts  ;;oil Conservation Service. 
-I 
L 

These maps a r e  a e r i a l  photographs with general  s o i l  type areas 

out l ined  and indexed. These s o i l  surveys also contain descrip- 

t i v e  t e x t  which inclubes;  s o i l  descr ip t ions ,  use a d  mcrnagemenL 

information, morphologjr and s o i l  c l a s s i f i c z t i o n  data. 

areas the  Soil Conservation Service also o f f e r s  planning help 

m d  l sbora tory  t e s t i n g  services .  

In sone 

S i t e  spec i f i c  informatiol: must 
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s t i l l  be taken, as s o i l  condi t ions may vary g rea t ly  within 

these  areasr 

Physical ch i i r ac t e r i s t i c s  of s o i l s  include s o i l  s i z e  ( t e x t u r e )  

and arrangEment ( s t r u c t u r e )  of individual  s o i l  p a r t i c l e s .  

t ex tu re  descr ibes  the mixture of d i f f e r e n t  s i z e s  o f  mineral p a r t i -  

c l e s .  

gravel  and stones,  sand, sil t ,  and clay, The s i z e s  of these 

p a r t i c l e s  are as follows: - ~ 

S o i l  

Nineral p a r t i c l e s . a r e  grouped by s i z e  i n t o  four c la s ses ;  

p a r t i c l e  Class . i  ' F a r t i c l e  Size 
( inches)  ' 

0 t o  0.00008 
.00008 t o  0.002 
,002 t o  0 , O ~ O  

0.080 and l a r g e r  

S o i l  t e x t u r  describe re la -  
! 

t i v c  amounts of  sand, ,  s i l t  and Clay. Ehen the percentage of 

s o i l  i s  known, a c  l o t t e d  

u l t  is a t ex tu ra l  
. * . .  

sponding t o  its loca t ion  on the t r i ang le .  Xith experi-  

ence, the  tex ture  of a s o i l  can be f e l t  and determined f a i r l y  

accurately by rubbing moist  sail between thumb and foref inger .  

liow it ribbons o r  is pushed o u t - i n  a thin, s t r i p ;  how it hangs 

together! how s t i cky  smooth o r  g r i t t y  it i s  w i l l  give a rapid 

on-s i te  idea of s o i l   characteristic^.^ ~ IEowever, a more accurate 

ana lys i s  should be conducted. 
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Figure 2-2. S o i l  t e x t u r a l  t r i kng le .  ‘ ;;hen data poin ts  f o r  

percentage of sard,  s i l t  an3 clay are  plotted 

t h e  r e s u l t i n g  cross point l i e s  within a def  i m d  

s o i l  texture c la s s .  Tor. example, a s G i l  with 33” 

sand, 35% clay and 30.’ si1.t would be 2. clay  loa^. 
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\ 
I 

I s t r u c t u r e  i the  arrangement of combined p a r t  
I sand and silt. These aggregates a r e  he ld3oge the r  I 

- .  

~ 

clay o r  organic-matter .  

and form of these -aggregates. 

pr ismatic  o r  blocky are the  terms used t o  define 6 o i l  s t ruc tu re .  

The s t ruc tu re  of the s o i l  i s  the  s i z e  
I 

Granular, massive, p l a ty ,  and 
I 

I 
I 

1 Struc ture  is important as it I p s  determine soil porosi  

a b i l i t y  of water 'to pass thro 

can be conducted a t  the  s i t e  t o  determine the  a b i l i t y  of the  

s o i l  to..hold water, 

t h e  s o i l .  A percolat ion test 

A hole is  dug i n  the  s o i l ,  water i s , added  

, t o  a measured depth-a&.¶ the decrease in:water depth over time is 

noted, This  f igu re  w i l l  give an ind ica t ion  of the water 'holding 

capaci ty  of the  

o r  o ther  b a r r i e r  e considered i f  t h e  s o i l  

i s  very permeable (see Pond Construction 3 . 2 ) .  

Chemical, c h a r a c t e r i s t i c s  of the  s o i l  include a l k a l i n i t y ,  

s a l i n i t y  and nu t r i en t s .  These a r e  important because they may 

T h i s  is important informatio 

. _  

1 1 

i a f f e c t  pond waters through leaching. The s a l i n i t y  and a l k a l i n i t y  

may a l s o  a f f e c t  cement o r  chemical add i t ives  used t o  s e a l  ponds. 

Kunierous s o i l  sanples must be t&en in  'order to be representa- 

t i v e  of the s i t e .  Samples should n o t  be taken from small, un- 

I 

I 

I 

1 

1 -  

~ 

I usual spots6 o ld  fence rows, roadbeds, f e r t i l i z e r  bands, and 

small wet spots  should a l l  be avoided. 

be made and sample s i t e s  noted, Individual samples should be 

uniform .in s i z e *  and depth: placed i n  a ,c lean  p l a s t i c  bucket and 

A map of  t h e  a rea  should 

wel l  mixed. 

of  t h i s  mixture and be ,placed i n  a p las t ic  l i ned  s o i l  bag, which 

The sample i t s e l f  should contain about one p i n t  



has been labled. These samples can then be sent t o  a s o i l  t es t -  

. i n g  laboratory f o r  analyses. 

2.1 S i t e  Plan 

After t he  s i t e  has been se l ec t ed ,  a topographic map of  t he  a rea  

should be obtained. '  This map, which shows land e leva t ions ,  

boundaries and contours, is  a necess i ty  in d r a f t i n g  a master 

plan f o r  development. A master plan w i l l  show pond s i z e s  and 

loca t ions ,  e l e c t r i c a l  fac i l i t i es ,  wells,windbreaks, roads, drain- 

a r e  systems, and buildings.  - I t  i s  possible  t o  design the  nas t e r  

plan so development 'may be carried ou t  i n  organized phases, see- 

~ t i o n s  o r  series. 

A consul t ing engineer may be of help i n  e s t ab l i sh ing  8 master 

plan,  as topographic o r  o ther  geographic f ea tu res  nay a f f e s t  the 

f e a s i b i l i t y  of the proposed design. Once completed, the nas t e r  

plan can be used by cont rac tors  t o  e i t h e r  b id  on o r  l a y  out  the 

f a c i l i t y .  An addi t iona l  por t ion  of the master plan can include 

a f i s c a l  ana lys i s ,  which ou t l ines  cos t  breakdowns f o r  various 

phases and items of the development. 
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2.2 Special considerations 

A. It is necedsary’to locate a site in a geothermally 
active area. 

. B o  The propbsed’ site m nform to. othe parameters: appropriate climate, topography, and 
soil porosity. 

C. The site of g~ thermal 
the. desired species. 

D, e thermal water must allow 

water to all 

culture ‘of the target species. 
detrimental constituents-and must be of 
temperature .for optimizing growth. 

The use pf .warm, geothermal’waters in ‘c 
designed facilities can mitigate extrem 
effects. Therefore, ,facilities could b 
close to available markets, allowing more geographical 
freedom if all met. 

It must not contain 

E. 

other criteria are 



I 

1. 

2. 
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3 . 0  Before construction 

Pond construction should be preceded'by thorough planning. The 

same principles are followed whether the pond is a single back- 

yard pond or part of a large commercial operation. 

has chosen the general area and has established parameters with 

which a professional can develpp the best plan for the specific 

location. These parameters should be noted so that operation and 

Site planning 

maintenance personnel can refer to them when necessary for the 

day-to-day running of the facility. 

First considerations are topographic and climatic. The informa- 

tion gathered during the site planning and development phase must 

now be carefully integrated so each pond can be individually de- 

signed. Pond size, shape and orientation are dependant on species 

needs, land contour, fiscal considerations, prevailing wind di.- 

rection and strength, availability of water, mean annyal temper- 

atures (and their variation), equipment availability, soil type 

and permeability, agricultural history, possibility of flooding, 

and future expansion plans. 

Species needs are of prime importance. 

determine the conditions required for fast growth and good sur- 

vival, Prawns prefer crevices and irregularities, a water depth 

Behavioral characteristics 

that absorbs harmful light rays, a water temperature of 8S0F, 



dwelling prawns substrate i s  l e s e  important to midwater or 

I 

Fr.- however, 

~ 

, 

I 
I 
! 

~ 

I 
1 

I 
1 
1 .  

, 

I 

I 

i 
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network i s  the  essence of '  the  aquaculture f a c i l i t y .  These s t ruc -  

The s i t e  - t u r e s  should be made of compacted nonporous materials. '  

t h a t  i s  being developed i n t o  ponds i d e a l l y  w i l l  be c l a y  but  more 

l i k e l y  w i l l  be a mixture of s o i l  types. Where t h i s  i s  the case,  

as it is  a t  AIL,  each pond w i l l  r e f l e c t  i t s  s o i l  t ex tu re  class. 

The amount of c l ay  i n  the s o i l  and the  p a r t i c l e  s i z e  d i s t r i b u t i o n  

determine the water holding capacity.  

more water than coarse textured s o i l s . 2  

bank w i l l  vary from 4:l  t o  2 : l .  

gen t l e  slope than a composite s o i l  and a c l ay  subs t r a t e  can w i t h -  

' 

Fine textured s o i l s  hold 

The slope of the pond 

Sandy s o i l s  requi re  a more 

s tand the  s teeper  slope.  

3.2 Sea l ing  the pond 

Whatever type of s o i l  under l ies  a pond, proper construct ion o f  

the w a l l s  is  the  most important element t o  prevent leakage. 

Compaction of the s o i l  is important f o r  dams, levees ,  and 

throughout the  pond. 

heavy t r a c t o r  can be used t o  compress the  s o i l .  

A sheepsfoot r o l l e r  o r  the  wheels of  a 
- 

If the  s o i l  being moved i s  porous, the leaky ponds may be r e -  

pa i red  with var ious sea lan ts .  The use of s ea l an t s  e n t a i l s  con- 

s iderable  expense, s o  it i s  b e s t  t o  loca t e  ponds over s o i l  which 

i s  known t o  r e t a i n  water. One f requent ly  used method i s  t o  br ing  

i n  c lay  from another p a r t  of the  property t h a t  is being developed 

o r  from a l o c a l  source. 

the  a b i l i t y  t o  absorb l a rge  amounts of water and expands eight 

Bentonite c lay  may be purchased. I t  has 

t o  twenty times i ts  o r i g i n a l  volume. I t  i s  appl ied t o  a dry pond 



, 

I 

rate of appl-icat 

1 

I 
be sealed with a 

mixed with t hen compacted 

cations are used your Water Quality Resources Board and 

Another popular or sea l ing  ponds is  l i n i n g  them with a 

I f lkxible'  membran 

ion. The loca l  .Sei 
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a l l y .  

Regardless of what type of pond sealant system is  contemplated, 

it should be remembered t h a t '  t he  a g r i c u l t u r a l  h i s t o r y  of the 

P la s t e r ing  o r  pouring cement i n t o  forms is  a l s o  possible .  

s i t e  can influence i t s  eventual succe.ss. If it i s  suspected t h a t  

t he  land has been exposed t o  herb ic ides  o r  i n sec t i c ides ,  s o i l  

samples should be checked f o r  res idues.  

a r e  hazardous t b  prawns and f i s h . a n d  t h e i r  presence would 

omit t he  s o i l  from d i r e c t  use as pond bank o r  f i l l .  

Certain chemicals 

3 .3  Pond banks, levees  and shape 

Whether the ponds a r e  used l i ned  o r  unlined, the  levees  must be 

s turdy enough t o  withstand the pressure of  t he  w a t e r  i n  the  pond. 

To allow f o r  the  machinery used i n  pond management, t he  top of 

t he  bank should be t en  t o  twelve fee t  wide.3 The corners  of the  

levees  need t o  be broad enough f o r  the  turn ing  of pick-up t rucks  

and t r a c t o r s ,  a minimum turn ing  rad ius  of 16 feet .  

negot ia ted by t ranspor t  t rucks  should have a minimum turn ing  

r ad ius  of 40 f e e t .  

Those t o  be 

Topographic f ea tu res  of the  land  govern the  shape and s i z e  of 

ponds. The prefer red  shape is rectangular ,  even though rectan-  

gu lar  ponds may be more expensive t o  bui ld .  

mizing the  e f f e c t s  D f  wave ac t ion  on levees ,  ponds should be b u i l t  

perpendicular t o  the p reva i l i ng  wind direction. '  

are gent ly  sloped from inflow t o  outflow ends. 

i n  draining as wel l  as i n  harvesting. 

incorporate  a "harvest  basin" a t  the  deep end of the  pond (Fig.  

3-1 1. 

As a means of mini- 

Pond bottoms 

This  slope a i d s  

Some farmers p re fe r  t o  

Fefer  t o  Wble  3-1 when making decis ions pe r t a in ing  t o  





Table 3-1. Considerations 40 be weighed when deciding pond 
s i z e  and depth. 

S i ze  Advantages Disadvdtages  

Small Fas te r ,  easier, cheaper High cost/acre t o  bui ld .  
(one acre  o r  t o  harvest .  More subjec t  t o  r ap id  
l e s s  1 Rapid drainage and r e f i l l .  environmental changes. 

' Less subjec t  t o  wind caused 
erosion. 
Animals more v i s i b l e .  
Lower l o s s  p o t e n t i a l  f o r  
individual  crop lo s s .  

Large Lower construct ion c o s t  Prone t o  bank erosion 

Less.susceptable t o  rap id  
environmental changes. A n i m a l s  less v i s i b l e .  
Overfeeding less hazardous. 

- i nd iv idua l  crop l o s s .  

' per  acre .  from wave act ion.  
Slow drainage o r  r e f i l l i n g .  

Higher loss p o t e n t i a l  f o r  

Less susceptable t o  
environmental changes. p o t e n t i a l .  
L e s s  susceptable t o  
predation. Low a n i m a l  v i s i b i l i t y .  

Higher oxygen deplet ion 

Harder t o  harvest .  

Water tends t o  sk ra t i fy .  

Deep 

Shallow High oxygen exchange per  More susceptable  t o  
unit volume. environmental change. 
Ease of harvest .  More susceptable t o  
Higher a n i m a l  v i s i b i l i t y .  predat ion 
Water does no t  s t r a t i f y ,  

. : 



sed 

o r  earthmover is gen l l y  used i n  dry a reas  f o r  levee con- 

ipe  and monk i n s t a l l -  

! 

While‘ponds a re  b 

drainage and d i v  

igned and constructe-d, wat’er del ivery,  

and and.oxygen 

direct-ude- geother ould ca lcu la te  

through the cold- 

es t  weather. A c h a r t  similar t o  t he  weather cha r t  (Figure 2-1) 

may be obtained from your l o c a l  National Okeanic and Atmospheric 

Administration o r  by contact ing the National Weather Records 

Center i n  Ashev o r t h  Carolina. The need f a r  water divers ion 

o r  f lood contrb 

mined t o  be f lood prone ( see  S i t e  Planning and Development 

measures should taken a t  the  i n i t i a l  s tages  o f  construct ion 

t o  mi t iga te  the  p o t e n t i a l - e  h i s  program should be in-  

s ion plans.  Flood cont ro l  

no$ be ‘ignored f your s i t e  has  been deter- 

I .  

r a i n s  can be i n  a t e r  de l ivery  and drainage 



Pond water delivery and'drainage systems should be integral 

considerations in the pond design and layout phase. 

conditions need to be evaluated and utilized to facilitate the 

delivery and especially the draining of water. 

Topographic 

Proper facility 
1 
I 

design and layout can minimize the amount of piping required. 
i 

Tandem pond construction allows sets of ponds to share inlet and 

drain systems (Figure 3-2 ) . 

Figure 3-2. Typical pond water distribution and drainage system. 
Ponds 1,2,5 and 6 share inflow piping, as do ponds 
3,4,7 and-8. Ponds 2,3,6 and 7 share drainage 
facilities, either ditches or'pipes. 

Pumping is sometimes a necessity for water delivery. 

term usage it is both uneconomic k d  undependable. 

ing ponds, pumping: 5 s  . -  expensive and: t6tal-ly undesirable. 

age is usually accomplished through use of agricultural drop 

For long 

When drain- 

Drbin- 

boxes (sluice boxes, monks) or rotating pipes (Figure 3-31. 

Either can be screened as needed and as appropriate to animal 

size. 

- 



~~~~ 

- 
I 

I 
~’ 53 
I 

Figure 3-3. Screened overflow and monk type drains. : 

! 

boxes can can be 
concrete blocks, 

, 



Planning the  water de l ivery  system must take  i n t o  account 

{both the  t y p i c a l  o r  standard water needs, as wel l  as emergency 

s i tua t ions .  Available water q u a n t i t i e s  and pond volumes must 

be known i n  order  t o  ca l cu la t e  t h e  r a t e s  required t o  f i l l ,  

f l u sh  and dra in  the  ponds. 

obtained from your d r i l l e r  o r  your geophysicist .  

ca lcu la t ion  methods are shown i n  Figure 3-4. Idea l ly ,  the supply 

of water ava i lab le  should be 20 t o  50 gal lons  per  minute per  

surface acre .  

The i n i t i a l  cos t ,  d u r a b i l i t y  ( length  of l i f e ) ,  a u x i l i a r y  p a r t s ,  

a v a i l a b i l i t y ,  and ease of i n s t a l l a t i o n  should a l l  bear on your 

d e c i s i o n ' a s  t o  the  type o f  pipe used. 

par ison of some of these  f ac to r s .  

Well water volumes should be 

Pond volume 

Table 3-2 gives  a com- 

A I 1  has u t i l i z e d  a combination of pipe types and a u x i l i a r y  pa r t s .  

Aluminum has been used f o r  temporary, above-ground systems. 

Polyethylene has been u t i l i z e d  f o r  smaller ponds, where i t s  

maximum diameter of two inches i s  s u f f i c i e n t  f o r  use. 

a l s o  been incorporated where i ts  g rea t  f l e x i b i l i t y  i s  advanta- 

geous. S t e e l  has been used t o  a l imi ted  ex ten t  where i t s  dura- 

b i l i t y  and s t rength  outweigh i t s  cos t ,  maintenance and coupling 

d i f f i c u l t i e s .  PVC has been u t i l i z e d  where i t s  accessor ies  and 

l i g h t  weight were bene f i c i a l ,  such as i n  outflow pipe systems. 

Brass w a s  used pnly f o r  valving inflow waters. 

i ts  own i n l e t  water valve so it can be ind iv idua l ly  managed. 

I t  has 

Each pond has 





Pipe 

Table 3-2. Comparative data f o r  f i v e  types o f  ava i l ab le  piping. 

F i t t i ngs /  cos t  .* Problems * 'Advahtages 
J o t n t s  (pe r  f o o t )  

-- 
S t e e l  Welded o r  $2.45 UP ' Scal ing,  corrosion High s t rength .  

threaded schedule 40 i n  s a l i n e  waters. Long l i f e .  
High weight per  
foo t .  

SI i p/t  ens i  on 
o r  clamped 

$0.60 UP Low strength.. 
Corrosion i n  
a lka l ine  waters. 

Light weight 

PVC Glued, threaded, $0970 UP 
some pressure clamp 
f i t t i n g s  ava i l ab le  

Moderate s t rength.  . Light weight .  
Becomes b r i t t l e  ~. Does n o t  corrode. 
with continued ex-' 
posure t o  sunl ight .  

Polyethylene . Slip/ tension $0.50 f o r  Limited f i e t i n g s  Semi-f l ex ib l e  . 
o r  clamped 2 inch. d i a .  ava i lab le .  Light weight. 

Available only i n  
long r o l l s .  
Moderate t o  low 
s t rength .  

Concrete Mortared or $1.75 f o r  Very heavy per  foot .  Long l i f e .  
s l i p  f i t t e d .  5 . inch  d i a .  L i m i t e d  t o  l a rge  * High s t rength.  

s i ze s .  
B r i t t l e .  

* C o s t s  a r e  those ava i l ab le  a t  time of publ icat ion and may vary depending on 
loca t ion  and ava i l ab le  suppl ies .  
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Examine t h i s  information as t o  i ts  a p p l i c a b i l i t y  t o  the  s i t u -  

a t i o n  you wish t o  create. 

vary from place t o  place, 

rainy climate may n o t  apply t o  the  dese r t  and some practices 

t h a t  are encouraged by o the r  governments might be prohibi ted 

Farming methods and s o c i a l  mores 

Some techniques which are v a l i d  i n  a 

by the  F.D.A. ,  

Biological information must be cor re l a t ed  with economic con- 

s ide ra t ions  f o r  an accurate  p ic ture .  

period from stocking t o  harvest  w i l l  be influenced by how w e l l  

t h e  optimum temperatime f o r  growth can be maintained. 

animal's water q u a l i t y  needs he lp  determine how many t o  s tock per 

acre. The type of enclosure t o l e r a t e d  by the  anirr!sl could aeter- 

The length  of  growth 

$n 

mine t h e  type and s i z e  of pond m d  hencc the  c o s t  of pond con- 

s t ruc t ion  and harvest ing method chosen. 

and preferences kelp ac;vrcr; what kind of' food, what q u m t i t y ,  

and what kind of feed d i s t r ibu t ion .  

help the  prospective aquacul tur i s t  choose or target the "best" 

spec ies  for the s i t u a t i o n .  

N u t r i t i o m l '  requirements 

hll t h i s  (md mcre) will 

4.1 Securing t h e  stock 

To hatch o r  n o t  t o  hatch,  t h a t  is the question ..... 
Once one has chosen the  spec ies  nos t  compntiblc with pond 2 r e 8  

parameters and managenent goals, the i n i t i a l  stock must be ob- 

ta ined ,  Z i the r  the small a n i m z i l s  can be purchased or brood 

stock aquired,  for f i n g e r l i n g  production. Sotfie growers prefer 

t o  rear t h e i r  own Zingerlings/post lar-me. The procecdurcc re: 





4.2 Stocking the pond 

Several  items must be considered p r i o r  t o  s tocking your pond. 

For maximum production, feeding o r  good q u a l i t y  r a t i o n  is 

e s s e n t i a l  (see chapter 6). With supglementary feeding 

contemplated, higher stocking d e n s i t i e s  can be contemplated 1 

I 

than those occuring under' unsupplemented o r  " w i l d "  conditions.  

The following stocking d e n s i t i e s  have been used in  t h e  two 

cu l tu re  s i t ua t ions :  i 

i 

I 
I 

Culture species  -- 
Freshwater ram (Macrobrachium - rosenbergii? 1 

Catf i sh  ( I c t a lu rus  punctatus)2 

Ti lap ia3  

LargemouthZbass ( Kicropterus 
salmoides ) 

- Culture systFm 
Ex t en  s ive  Y:ild 

1 per square 
f o o t  

0 ------ 

2,GOO to 4,000 100 t o  200 
per surface ac re  per  sLirface 

acre  
c 3,500 to 7 ,500  , ------ 

per surface ac re  

var i ab1 e 50 per  surface 
acre  

The next  item t o  We considered is the proper time t o  stock grow 

out  ponds. ;?inen s tocking f i s h ,  t h e i r  s i z e  w i l l - b e  one of the 

var iab les  t o  weigh. Larger f inge r l ings  o r  juveni les  can be s t o c k ~ d  

i n  the  fa l l .  However, fall stocked f i s h  i n  large ponds often 

f a i l  t o  feed in  the  winter,  if temperatures are  exceptionally low, 

and d i e  of m l n u t r i t i o n ,  

removes one more chance of fa i lure  due t o  lack of knowledge 

In general ,  spr'ing stocking of f i s h  

* These animals are  not indigenous t o  the  United S t a t e s ,  
therefore ,  na tu ra l  pcpulation f i g u r e s  a re  not  eppi icable .  



of  winter effects on f i s h ,  4 
- _  

When stocking f ingerlings/postlarvae + remember t h a t  acclima- 

t i z i n g  them t o  new water is essen t i a l .  

temperature, a l k a l i n i t y  (pH), or dissolved oxygen are deadly 

t o  f i s h  and shrimp. 

by adding water f m the  pond t o  the  hauling container .  

d be added G 

Abrupt changes i n  

, 

Thus, accl imat izat ion i s  bes t  done slowly, 

l fa ter  

change by more than one degree every 10  minutes, nor  does the  

pH change more than one uni t  pe r  hour. 

The l a r g e r  t h e  s tocking s i z e ,  t he  f a s t e r  t h e  animal w i l l  reach 

ed ib le ,  marketable s i z e  i n  the grow-out ponds. A good r u l e  i s  

t o  stock the  largest animals you can afford.  However, the s i z e  

of t he  animals desired at  the  end of the season can a l s o  deter-  

mine the nunber of animals stocked. 

4.3  Species compatible t o  d i r e c t  use geothermal aquaculture 

Direc t  use of low temperature geothermal waters f o r  aquaculture 

has many advantages. These warm water sources mit igate  the  

majority of  e f f e c t s  of climatic va r i a t ion ,  when u t i l i z e d  in 

a well  planned f a c i l i t y .  

spec ies  and optimizes growth po ten t i a l  throughout t h e  year. 

number of  w a r m .  water species  a r e  su i t ab le  f o r  cu l tu re  under these 

conditions.  

This  allows the cu l tu re  of  w a r m  water 

A 

The following sec t ions  eontain information on the  

o s t  commonly 

I 
j 
I 

I 

! 



4.4 Freshwater prawns, Kacrobrachium rosenbergi i  (del'&) 

In na ture  these a d u l t  p r a m s  seem t o  choose freshwater but  l a r v a l  

development occurs i n  the  more sa l ine  por t ions  of r i v e r  e s tua r i e s .  

A n  egg carrying o r  "berried" female t r a v e l s  toward the  brackish 

I water. When t h e  r i p e  eggs hatch, the  la rvae  s w i m  through the  

water,.  feeding mostly on zooplankton. 

frequent,  it takes  from one month t o  s i x  weeks f o r  the larvae 

Although molting i s  

t o  mature and metamorphose i n t o  a postlarvae.  f t  is a t  t h i s  post-  
I 

i 
l a r v a l  o r  l lP.L.*'  stage t h a t  young prawns a re  f requent ly  introduced 1 

i n t o  ponds f o r  cu l ture .  These P . L . s  are produced in  hatcheries ,  

no t  co l lec ted  f r o n  r i v e r s .  In the  hatchery the best i n  na ture  is 

mimicked: food is  p l e n t i f u l ,  predators  are excluded, an6 surmer is 

e terna l .  I b t e r  can be warmed by heat exchansers, e i t h e r  geo- 

thermal, gas o r  e l e c t r i c .  

In na ture  these young p r a m s  begin migrating upstream, towards 

freshwater. Within nine months t o  one year,  some females w i l l  

re turn,  ber r ied ,  t o  the es tuary  t o  begin a new cycle. 

Row Drams Trow 

Freshwater prawns are c l a s s i f i e d  as belonging Lo t he  class 

of arthropods known as Crustacea. "Crusta" refers t o  the  crust 

o r  s h e l l  o f  the animal. As crustacems are i ave r t eb ra t e s  (mixials' 

I without backbones) t h i s  ou te r  s h e l l  o r  exoskeleton x u s t  be rmoved 

before the  a n i m a 3  can grow. This shedding process is referreu t o  

as molting. The shed exoskeleton is kovm as a mol t .  ';.'hm the 

p r a m  molts, there  is a fu1l.y developed, s o f t  d i e l 1  uriderneath. 

1 

i 



T h i s  s h e l l  is f i l l e d  with body f l u i d s  un t i l  it reaches a '' size  'I 
larger than e which was shed. - .  
After a shor t  time, t h i s  new exoskeleton hardens and the  most 6 

It female prawns molt as a preliminary t o  mating as wel l  as 

f o r  growth, 

he she l l s  should be remove 

. .  

ubtropical  o r  t r o p i c a l  i n  o r ig in ,  optinlm 

s from 82'F t o  8boi'. Stress or 

morta l i ty  occ tures  of ;?pFroximately 61°F o r  below. 5 
Fhy s i c a l  c harac t e ri  s t i c  s 

J "  . I -  

* 

Kacrobrachium belong the the class Crustacea. 

recognized as decapod crustacea by the  possession or" 1 0  (5 p a i r )  

They are also 

- waiking legs .  The claws are modifications 'of t he  first two p a i r s  

o f  legs, The l a r g e r  p a i r  of  claws, the  second pair of  legs,  i s  

used t o  capture food, for defense, and are more developed i n  

males than i n  females, 

food and a c t  as cleaning too l s .  The head o r  cephalothorax has 

two pairs of antennules and one p a i r  of  antennae, mouth p a r t s ,  

The small, first p a i r  of claws mznipulates 

, 
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t h e  pa i red  legs 

w a l l  and t h e  carapace, just above t h e  walking legs .  

constructed so t h a t  t h e  water passes  oqer them and t he  blood 

through them. 

rostrum and eyes. The g i l l s  l i e  between the  body 

G i l l s  are 

The blood extracts oxygen from t h e  water and 

r e l e a s e s  carbon dioxide i n t o  it. 

the  oxygenated.blood i s  carried by the  ar ter ies  t o  a l l  p a r t s  of 

After the  gas exchange i s  ma.de, 

the body. The g i l l s ,  therefore ,  serve as the  brea th ing  mechanism 

of  t h e  shr’imp. 

The abdomen has 5 p a i r s  of appendages ca l l ed  swimmerettes, 

These swimmerettes can a c t  f o r  e i t h e r  slow forward o r  backward 

motion. They also car ry  eggs i n  thc f ena le  and the  f irst  isair 

serve as copulzeory organs in the male. The t a i l  i r ;  fan l i k e  

snd it serves  as a powerful swimming appendage; shrimp swim 

backward when alarmed. 

ceans are complex and their  scope beyond discussion here. 

ever,  f i gu re  11-1 is a stylized drawing, showing general  body 

form, appendages and placement. 

The de-tails of  the  appendages of  crusta- 

How- 
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4.5 Crawfish (Pac i f a s t i cus  len iusculus  and Frocambarus c l a r k i )  

Both the, red swamp crayfish'(Procambarus c l a r k i )  and t he  signal 

crayf i sh  (Pac i fas t icus  len iusculus)  a r e  members of the  class 

Crustacea. Both animals a r e  omniverous and a r e  most ac t ive  at  

night .  Like a l l  decapod crustaceans,  they 'possess an exoskeleton 

covering cephalothorax, abdomen, t a i l  and the  5 p a i r s  of legs .  

Like freshwater shrimp the  first p a i r  is small and helps  manipu- 

l a t e  food. 

a cleaning tool .  

massive claws, used f o r  defense, feeding and mating. 

The breeding season begins i n  t h e  l a te  Spring extending i n t o  F a l l .  

During t h i s  time the  male depos i t s  a sperrr, packet i n t o  an externa l  

receptacle  on the  female.6 

swimmerettes a f t e r  passing them over the  sperm f o r  f e r t i l i z a t i o n .  

, 

A second fukct ion of  t h i s  p a i r  o f  legs i s  t o  a c t  as 

The second p a i r  of legs a r e  modified i n t o  

, 

The female a t t aches  her  eggs t o  t he  

The female c a r r i e s  her eggs approximately 15 days, un t i l  they 

hatch. Unlike freshwater shrimp, a l l  t h e  l a r v a l  s tages  have 

occurred w i t h i n  t h e  egg. Newly hatched c ray f i sh  are f u l l y  formed, 

with a miniature adu l t  l i k e  shape. 

c l i n g  t o  t h e i r  mother f o r  5 t o  as long as 27 days.7 

These newly hatched c m y f i s h  

They m e  

'capable of  fending f o r  themselves when they leave. 

The red swamp crayf i sh  is an extensive burrower, l ead ing  t o  

p o t e n t i a l  problems in  pond cu l ture .  

s igna l  c rayf i sh  occurs i n  Cal i forn ia i  however, t r a d i t i o n a l l y  

wild caught animals constitu;te the bulk of these animals 

brought t o  market.  

Some pond cu l tu re  f o r  

The l a r g e s t  market f o r  crawfish i s  i n  
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4.6 Fish 

The following sec t ion  covers f i sh .  

which are invertebrates, f i s h  are ve r t eb ra t e s  (animals w i t h  back- 

bones). 

cated. Although body shapes may vary widely, all f i s h  have 

skin which may o r  may not be covered by scales. 

occur i n  a va r i e ty  of shapes, s i z e s , , t e x t u r e s ,  and thicknesses.  

Unlike shrimp and c ray f i sh  

Figure 4-2 shows a s t y l i z e d  f i s h  with body p a r t s  .indi- 

These scales 

Fish mouths a l s o  appear i n  2. var i e ty  of  shapes, s i z e s  and posi-  

t i o n s  on the  head. 

hinged mouths, an example is  t h e  largemouth bass. 

mouths and t ee th  su i t ab le  for grazing vegetable matter. 

Although most f i s h  possess a well  defined eye an& ear  l i k e  o r g m  

The predatory f i s h e s  usual ly  have large o r  

HerbivGs have 

( the  o t o l i t h )  the  n a j o r  sensory organ i s  the  l a t e r a l . l i n e . 8  ?he 

f i s h  uses  t h i s  s e t  o f  s m a l l  sensory orgsuzs'to d e t e c t  prey, zvoid 

obs tac les  in t u rb id  water, de t ec t  depth, and he lp  rcaintain i ts  

balance. 

The la teral  l i n e  is usual ly  v i s i b l e  running along the  body of the 

f i s h ,  a t  a pos i t ion  s l i g h t l y  above the middle. 

from the  r e a r  of the g i l l  a r e a  t o  the end of the caudal pedm-cle. 

The g i l l s  a r e  covered by a bony o r  f l e shy  f l a F  (tile operculun;), 

Yater taken i n  a t  the mouth i m e d i a t e l y  passes over the gills mci 

This organ extend:: 

ou t  through the g i l l  openings at  the  back of the hezd. 

reaches the  stomach as the g u l l e t  is closed EO tightly no w a t e r  

can enter .  When food touches the  g u l l e t ,  however, the muscles 

r e l a x  and i t  i s  passed down the esophagus and i n t o  the stonach, 

fio water 



I 

, 
Kinimal q u a n t i t i e s  of water a re  swallowed.as t h e  g u l l e t  c loses  

very t i g h t l y  around the  fo0da9 

gi l  x t r a c t  oxyg e water and pass it on t o  

the  blood c i r c u l a t i n g  through them. 

Like those of a shrimp, t he  

1 

Th 

oxygen throughout t he  body, while having re leased  carbon dioxide 

e water through the  g i l l s .  

F o h a r d  motion o r  swimming is accomplished by f l e x i n g  t h e  caudal * 

peduncle and the re fo re  the  caudal f i n .  Eackward motion i s  

achieved by using the  pecto 

use of cau a l ,  and the  o the r  f i n s .  V a r i  

f i n s .  , S t & i l i z a t i o n  r equ i r e s  

t t e r  of, f i n  shape an 

i "he following is a list o 

f requent ly  used when disucssing f is  
I 

1 f i n s  of some f i s h .  

This f i n  arid another spec ia l ized  "whisker Like" 

s t r u c t u r e  called b s - b e l s  a re  found on ca.tfish. 

Anal f i n  - usual ly  located r igh t  behind the  anal vent. 
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double. 

l i d l e s s ,  most o f t en  t h e  eyes a r e  l a t e r a l  with 

p a r t i a l l y  independant f i e l d s  of v i s ion  and move- 

ment. 

Eye - 

G i l l s  - covered by a f l a p  called t h e  operculum. Water 

. is  taken i n  through the  mouth passed through the  

g i l l s  which remove the  oxygen and n u t i r e n t s  from 

the  water. 

t h e  body of the f i s h  through t h e  g i l l  slits. 

. 
The water is then passed outs ide of 

Lateral l i ne  - an area of s e n s i t i v i t y  t h a t  helps  the  f i s h  f e e l  

0 
pressure and temperature changes i n  the water 

around it. 

Length, stmdarl! - measurement most cormonly used by aquacul-(ur- 

ists when ca l cu la t ing  growth - s i z e  dcta. 

Length, t o t a l  o r  fork - ac tua l  t o t a l  length of  fish body, 

o r  length ko end o f  fork  i n  t a i l .  

KOUth - used f o r  food and water (see g i l l s )  intake.  

Pectoral  f i n s  - pai red  f i n s  used f o r  balance and locomotion, 

loca ted  behind the  gills. 

Pelvic  f i n s  - pai red  fins used f o r  bnlance and locomotion, 

loca ted  on the ventral surface.  Also calleci 

the vent ra l  fins. 



Dorsal Fin 

Caudal Peduncle 
Lateral Line 

2.1 P:: r *.*..S.Y....~.~,, - .-.**.*....*. .- r......, ,......... 

l o u t h  
audal  Fin 

Pec tora l  Fin 

Standard Length 

Total Length 

Figure 4-2. - Sty l i zed  f i s h  drawing, i n d i c a t i n g  pos i t i ons  and 
names of anatomical p a r t s .  After-  fieedham and 
Needham, A Guide t o  the  Study o f  Freshwater piologx. 

- 



4.7 Channel catfish ( G a l u r u s  punctatus)  

Channel c a t f i s h  ( I c t a l u r u s  punctatus)  a r e  members of t he  catf ish 

family, Ic ta lur idae .  This  f i s h  is  one of the most extensively 

cul tured species  in t h e  United S ta t e s ,  with more than  60,000 

ac res  of water in  production. The U.S.  Department of  Agriculture 

s t a t e s ,  " a f i s h  farmer must decide what type of  c a t f i s h  fzrming 

en te rp r i se  t o  e s t z b l i s h  based on t h e  desired l e v e l  of f i s h  pro- 

duction-and the  a v a i l a b i l i t y  of  c a p i t a l ,  land,  and water rcsources.  

The s i z e  of the f i s h  farming operat ion and the  farmers commituent 

t o  management w i l l  determine t h e  e f f ic ikncy  and p r o f i t a b i l i t y  of 

the enterpr i se .  

income, d ive r s i fy  an e x i s t i n g  farming osera t ion ,  o r  satisfy 

Ca&fish farming may provide a major source of 

family food and r ec rea t iona l  rLeecls". 10 . 

Physical c l iaracter i  s t i c s  

These f i s h  have deeply forked t a i l s ;  4 l onc  barbels (whisixrs:  

a r e . loca t ed  under the jaw, 2 are found above the  jaw, arid 1 

loca ted  a t  each s ide  of t he  mouth. 

the  beginning edges o f  the  pec tora l  a d  first dorsa l  f ins .  

body does no t  have s c a l e s  and the heads a r e  broad and flat. 

These f i s h  mc- orimiverous and zre mostly nocturnal ,  Catfish 

usual ly  spawn in the  spring, as water temperatwes increase. 

h x . k  spzwning occurs when water temperature is 78 F t o  82':. 

'..'ooden boxes, m i l k  cans, kegs, t i l e ,  hollow logs, and o the r  con- 

Sharp spines  are loca te6  a t  

Tiic 

0 

t a i n e r s  a re  used fur spawning sixcso 3 felilale will g r a d u d l y  Lay 

her  e n t i r e  egg supply t o  be fertilized, then Laarcied by the malc. 



I oxygenate them. 

Ca t f i sh  w i l l  grow from f inge r l ings  t o  s l i g h t l y  more than  one 

pound i n  about 200 days, when stocked i n  production ponds. 

The number and s i z e  stocked,’ per  surface ac re ,  determines the  

These eggs hatch i n  6 to 10 days. 

eventual  harvest  s i z e  .. Large f inge r l ings  (10 inches long)  

I stocked at 1,200 per  sur face’acre  w i l l  average two pounds. Yedium 

s i z e  f inge r l ings  (4  to 6 ipches)  stocked a t  1,500 per  surface acre 

w i l l  reach slightly‘rnore than one pound. Thes 81138 f i i lger l  ings  

w i l l  reach less than one pound when stocked a t  2,OO 

These growth f i g u r e s  are dependent on optimum water texperature  

and food being available during t he  g r o  

. 
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Elue catf ish ( I c t a l u r u s  furcatus:  

The recond nos t  f rcquent ly  USCG cu l tu re  spec ies  is the  blue cat- 

f ish.  . I t  is  reported t h a t  t h i s  f i s h  grows more slowly than the  

channel catf ish,  but  i ts  growth is  more uniform. One advantage 

Other catf ish species  corrimonly cu l tured  

i s  tha t  when ."dressed out" blue c a t f i s h  y i e l d  a s l i g h t l y  higher 

percentage of more usable product. Some' c u l t u r i s t s  p re fe r  blue 

c a t f i s h  as they can be r ead i ly  t r a ined  t o  surface feed and t h e i r  

temperament makes them e a s i e r  t o  seine.  However, ashigher feed 

conversion ra t io .  and 'a longer t i m e  t o  matur i ty  are some of t h i s  

spec ies  disadvantages. 3 

White catf ish ( I c t a l u r u s  ca tus)  

These f i s h  do not  grow as r ap id ly  o r  as large as channel c a t f i s h .  

T h e i r  maximum length  ranges from 10 t o  18 inches. 

exceed th ree  pounds i n  weight and because they have a r a t h e r  

They seldom 

large head, the  usable proportion of t h i s  f i s h  i s  smaller. 11 

Brown bullhead ( I c t a l u r u s  nebulosus) and black bullhead (I. melas) 

The smallest  I c t a l u r i d s  commonly used as food items a r e  the  bull, 

heads.3 

species. .  The black bullhead,' however, has aquired a recognized 

place as a stocked farm-pond species .  

large heads and t h e i r  t o t a l  body weight seldom exceeds 2 t,o 3 pounds. 

P ro f i t ab le  cu l tu re  could be d i f f i c u l t  as the  market i s  small and 

These a r e  more usual ly  a f i s h e r i e s  product than a cu l tured  

.These hardy catfish- have 

p r i c e s  paid f o r  these  products a r e  usua l ly  low. 3 

1 
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4.9 Largemouth bass (Nicropterus salmoides) 

Largemouth bass are members of t he  sunfish familg, Centrarchidae. 

These fish a re  among the  most-popular .game f i s h  in the  United 

S t a t e s  and can be found i n  almost every s t a t e .  

place i n  April o 

60's. 

diameter and 6 inches deep. 

is  induced t o  spawn, lay ing  severa l  hundred eggs a t  one time. 

These eggs are f e r t i l i z e d  by t h e  male and adhere t o  the  bottom 

of  the  nes t .  

from 5 t o  10 days, depending on water temperature. 

remain near  t he  n e s t  U r i C i l  they absorb the  yolk sack, then trsrvc.?l 

i n  schools u n t i l  they reach approximately one inch. 

The food of the yourL(; Sass i s  small crustaceans and i n s e c t  I~irvat?, 

such as anphipods a d  rnidgeslarvae. Larger f i G h  a r e  a l s o  preda- 

t o r s ,  and e a t  i n s e c t s ,  f rogs ,  c r ay f i sh ,  and o ther  f i s h .  Frovid- 

i ng  t h i s  l i v e  food is t he  principle obstacle  t o  bass cul ture .  

Spawning takes  

lay when water temperatyres a r e  in the  mid 

The male bars c leans  out  a n e s t  approximately 20 inches i n  

When the  n e s t  i s  completed a f a a l e  

The  male &pards the  n e s t  u n t i l  the  eggs hatch,  

Bass f r y  
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4.10 Other Centrarchids 

Bluegi l l  (Lepomis macrochirus), Redear sunfish (Lepomis mJcroloDhus) 

and Green sunfish (Lepomis cyanellus) 

These f i s h  are grown primarily f o r  the stocking o f  private ponds. 

They a r e  popular panfishes and 8 favorite of sport fishermen. 

There i s  l i t t l e ,  if any, market for  these f i s h  outside of  t h e  arena 

11 

o f  sportfishing and some states forbid the sale o f  Ce1;trarchids as 
food. 3 
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, ,  

,- 

Ti lap ia  are meuabers Q s m f  i s h  family, Centsarchidae-, They 
1 
1 

I are thought t o  be the  f ish which was caugh Y s a i n t  - -  Peter  and 
, I & . .  

1 ‘, 

fed  to the  t i t ~ d e s . ~  These f i s h  a r e  found extensively i n  

of the world, L .  and a r e  a major 

These f i s h  are more o r  

~ I 
Three spec ies  of  

Ca l i fo rn ia  Depar enf of F i sh  and Game, Ti lapia  z i l l i - i s  a 

p z r t i a l l y  prohi 

Bernarclino, 30s Angeles , Crange, iim Piego, Imperial and r i v e r s i d e  

count ies .  

may only be stocked i n  waters approved by the  ‘Cal i fornia  Gepart:rient 

of Fish and Game. 

Growth of t i l a p i a ,  l i k e  c a t f i s h ,  va 

spawning frequency and food-supply. 

t h a t  f i s h  of s l i g h t l y  less than two pounds have been grown i n  

one year.  4 more realistic rate of growth would be t o  cxpect 

fish of one-quarter pound af’ter one year. 

i l a p i a  a r e -  allowed t o  be cul tured by the 

ed spec ies  and may be possessed only in -zan  

Tilapia rnrmssaJnb>ica and E. honorurn as we11 2s z .  z L l g  

es with s tocking density1 

It has been reported 

Adult male T, d1l.i. d i g  out EL nest i n  pond Eio-ttoms. :‘he female 

deposits the eggs, which the male then fertilizes. - 20th sext-s then 

browi %he e m s  until they hatch, fami remain t o  p ro tec t  thc fry 



80 

t o  the n e s t  and t h i s  is a l s o  picked up by the  female, 

t i on ,  therefore ,  takes  place i n  the  females mouth and the  eggs 

hatch i n  3 t o  5 days. 

yolk sack is absorbed. 

about 15 days and will r e t r e a t  back i n t o  her  mouth i f  threatened. 

This s2ec ies  is known as a mouth brooder because of this process. 

The chief  purpose of Ih is ‘ technique  seems t o  be pro tec t ion ,  as 

f e r t i l i z e d  eggs separated from a female w i l l  hatch successfully.  

T i lap ia  have been the  subjec t  of  much experimentation on thc  

e f f e c t s  of species  c ross  breeding. 

F e r t i l i z a -  

The  l a rvae  remain in t he  mouth until the 

These la rvae  remain near  the’mother f o r  

These experiments a r e  attempt- 

be t h e  

h g  t o  c rea t e  faster growing fish. The increased growth m t c  coirld 

r e s u l t  of rryBriC vigor (he t e ros i s  J or nronose:~ cv.3.t.w-e. 



4.12 The m i  Carp (Cyprinuk carp io)  

C (Cyprinus carp io)  a -e  m f ' the  minnow family , Cyprinidae. 

p cu l tu re  go back as far as i e n t  China. This  is 

the  f i s h  which wa 

w a s  introduced *fr t he  United S t  i n  1876. The 

ed by the Greeks and the R o n a r , ~ . ~  It 

where it pre 

shallow water i n  the  spr ing  and summer. T t  

the  e a r l y  morning during -the n ight .  The 

hing as she b r  ts her  eggs. The eggs 

o plants and d After f e r t i l i z a t i o n  

e i t h e r  the adu l t s  o t  the e g  can be renoved. Another oiytion 

i G  io ~ l l ~ t i  the  eggs t o  hstch wxi t o  'eiwvo the  k m a l i  fish. 

a d u l t s  might r e s u l t  ir, some los s t  

as the a d u l t s  

t he re  is  l i t t l e  o r  no attempt t o  spaiyn in cap t iv i ty .  

o r  ver ious s ized  fish are co l l ec t ed  from ri rs and t r a i s f c r r e d  

t o  ponds for grow-oU$. 

2rLif ic ie . l  breeding program, 

strains ava i lab le .  The best  knovm are riiirror, l i n e  znd l e a t h e r  

carp. 

In  Europe , "scalelcss" vdrieties are considered a s G p c r i o r  food 

product and corrimard c? hi&her p r i c e  i n  the market plecc. .  T'ven 

these v a r i e t i e s  haste many interxuccular  bones which thc  ;mericzn 

consumer f i n d s  object ionable  a o m  work has beer. done t o  breed 

e a t  a port ion o f  t h e  eggs. In some count r ies  

Eggs ,  f r y ,  

Conversely, o ther  na t ions  have an extensive 

Thcre a r e  i! nuinber o f  diverse 

- These f i s h  are p a r t i a l l y  scaled and  cx i l i t i t  heterosis. 

. 



I 

a2 

12 carp  f o r  reduced number of intermuscular bones. 

Yields of pond cu l tured  carp  vary from area t o  area. reported 

figures are as low as 25 pounds per  acre  f o r  n a t u r a l  growth i n  

ponds ( i n  Europe) t o  as high as 4,000,000 p o k d s  per  acre f o r  
animals reared  i n  closed rec i rcu la t ing-sys tems ( i n  Japan). 3 

Fif teen hundred pounds per  acre  i s  a f requnt ly  c i t e d  harves t  

f i gu re  f o r  in tens ive  -cul ture  in  ponds with supplementary feed 
( i n  Europe, I n d i a ,  I s r a e l ,  Kigeria,  c' :<.A,,  and Yugoslavia,. \ 3  

Although carp are easy t o  cu l tu re  they are d i f f i c u l t  t o  market 

i n  t h e  United S ta t e s .  I t  is considered by Americans t o  be too 

fatty and bony. Aquaculturists t h a t  use open water sources 

sctnetimes f i n d  t h i s  f i s h  has invaded t h c  cu l tu re  f a c i l i t y ,  :"hi;. 

"tra.sh" f i s h  must be destroycd o r  it w i l l  compcte with tcrg:e"c 

species  for rood. 

prote'in is i n  s h o r t  supply arid carp is es tab l i shed  in c-ll-,aic 

In %rope o r  o ther  Fzrts. of t i e  world vi!;ci'e 

t r a d i t i o n ,  the market is more recept ive.  '!'here carp are marketed 

f resh,  f rozen,  canned o r  everA as 2 salted, d r i e d  



t o  t he  family.Cyprinidae,  

The fathead minnow feeds  on supplemental feed,  microscopic a lgae 

and o the r  plankton, Breeding males develop numerous horn l i k e  

p ro jec t ions ,  t ube rc l e s ,  on the  head. A.pad develops on h i s  back 

inmediately behind t h e  head, 

nest s i te  and f o r  car ry ing  eggs. 

side of  f l o a t i n g  objec ts .  

these  are L e r t i l i z c d  by t he  mzle, 

a n d  p laces  them i n  t he  nest, 

This  pad i s  used i n  preparing the  

Kests tire l oca t ed  on %he under- 

1, female releases a Zcw eggs  at a t i p i c ;  

The imle then p i cks  up t hc  egCs 

Kales of t h i s  spec ies  grow f a s t e r  
1 4- and larger than females. 

Golden shiners a r e  omniverous and w i l l  e a t  any plant or animal 

life sinall enough, 

food. A protozoan p a r a s i t e ,  I ' l i s tuphgG ovariae,  has plagued t h e  

indus t ry  i n  r ecen t  years.  

w i t h  increcsed age of the female. C a r e f u l  se lec t ion  and mmegarnent 

of  broodstock a r e  required. The male f e r t i l i z e s  $he female in t e rn -  

a l l y ,  F e r t i l i z e d  eggs are then broadcast  randomly. These adhesive 

eggs s t i c k  t o  ava i l ab le  sitrfzces and hatch i n  four t o  e i g h t  days 

( a t  75'1;' t o  GOOF.). I r k  

care to eggs or f r y .  

They w i l l  also readily accept a r t i f i c i a l  

Seve r i ty  o f  this i n fec t ion  is .illcreased 

The adults g i v e  n e i t h e r  pro tec t ion  nor 

The femalc grows larger and f a s t e r  than the  
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Sed sh iners  a r e  omniverousr but r ead i ly  accept a r t i f ic ia l  feed. 

Like the  fathead, t he  male developes tuberc les  on the head and 

a l s o  .the body during breeding season. 

more b r igh t ly  colored than the  female. The red  fins, orange-red 

be l ly ,  and v i o l e t  dorsal  a r eas  become even more b r igh t ly  colored 

during breeding season." 

on submerged water p lan ts .  

The male is l a r g e r  and 

These f i s h  deposi t  t h e i r  f e r t i l i z e d  eggs 
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4.14 Special c 

i geothermal waters for aquaculture 
necessitate careful matching of species requirements 
with available water quality, temperature, and quantity. 

The use of geothermalwater in cascade or downstream 
systems necessitates matching species temperature re- 

If p arvae 

B. I 
i 

i qhirements with ond temperatures. 

i 

d out on a year round . .  . .  be c 

1 
I 

1 

I 
I 
I 

I 

I 
I 

1 

I 
I 

I 

I 

I 
I 

I 

\ 

1 

4 -  
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5.0 Defini t ion 

Pond management involves t h e  day t o  day operat ion of the s i te .  

General pond and f a c i l i t y  maintenance, feeding, water q u a l i t y  

monitoring, standing crop assessmen%, and harves t ing  a r e  a l l  

involved i n  t h i s  broad top ic .  

simple, easy and uncomplicated, it is  extremely complex. 

v i a b i l i t y  of t h e  p ro jec t  is dependant on the  prof ic iency of t h e  

pond management personnel. 

5.1 The pond manager 

Although pond management sounds 

The 

I 

i 

A good pond manager is no t  only capable o f  keeping en operation 

running smoothly, from day ' to day, but  i s  always aware of  potcri 

t i a l  problems and ab le  t o  handle them when they do occur. This 

means a pond manager must be aware of  what i s  occurr ing both i n  

and around the  ponds a t  a l l  times. The pond manager must be 

s e n s i t i v e  t o  t h e  c u l t u r e  spec ies '  behavior, determining when 

t h e  anixals a r e  s t ressed .  

, 5 .2  Fond main tenace  

General pond maintenance dea l s  with establishment and perpetuat ion 

o f  a bene f i c i a l  pond envirorment. T h i s  is necessary t o  achievc 

optimum condi t ions f o r  maximum growth po ten t i a l .  

methodsused t o  insure 2 benc f i c i a l  pond environment i s  t h e  

One of the  

establishment and upkeep of windbreaks. These natural bErr ic rs ,  
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I 
"help con t ro l  s o i l  blowing, reduce the  drying e f f e c t s  of  wind 

, 
on soi plantS..;".l L regional  o f f i ces  of t he  U.S. 

S o i l  Conservation Service should be consulted regarding the in- 

i t i a l , p l a n n i n g ,  s e l e c t i o n  end developmental phases of windbreaks, 

This  government se rv ice  has t he  personnel,  f a c i l i t i e s  and experi-  

I 

i 

ce Y *  

- Kaintenance s p e c i f i c s  

Fond maintenance involves sus ta in ing  desired pond 1 

f inflow and outflow screens,  a n d  

t he  con t ro l  of undesirable p l a n t  and animal ences ( s e e  chap- 

t e r s  7 and 8) .  T which are done 

on a da i ly ,  weekly, monthly o r  0n.m "as needed" i s  I 

Dailx 

Check and adjust pond flows t o  maintain desired l eve ls .  

Check each pond f o r  s t r e s sed  aninials o r  r m r t a l i t i e s ,  determine 
czuse(s) an6 cor rec t ,  record mortal' 

Pun d a i l y  weather, water q u a l i t y  ch 

Vote changes h. pond color, 

I sec t ion  of t h i s  chapter ) .  



feed wkdghts. 

'Check feed q u a n t i t i e s  remaining, order when necessary, ' 

. -- Nonthly 

Tabulate and p l o t  c l imat ic  data:  a b i e n t  air temperature 
and r a in fa l l  data. 

Tabulate and p l o t  water q u a l i t y  information, pond temperatures 
and dissolved oxygen. I 

P l o t  population growth data. I 

As needed 

Kalse underwater v i sua l  checks on pond condition and animals. 

Arrange temporary 'water tramsf e r  . , 
Increase water flows, bounce f o r  aerat ion.  

Add, remove o r  replace screens. 

Remove unwanted vegetation on roads  and,pond banks. 

P lan t  grass. 

Harvest animals . 
Clean and r e p a i r  ne t s .  

Speak t o  v i s i t o r s .  

Try new harvest  methods. 

Record ponds harvested, condition and weight of animals. 

Exchange pumps. 

Order feed. 

Change feed size as appropriate.  

P l a n t ,  f e r t i l i z e ,  and maintzin windbreaks, 

As wells  are  dug, record ground s t r a t a  information, temperature 
data, and take samples. 



I 

I 

, 
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I - Subsampling example 

As a simplif ied example we w i l l  use a pond of one-quarter acre, 

w i t h  a population of 10,000 a n i m a l s .  

co l l ec t ed  the  minimum sample of 58 animals. 

been weighed and measured and returned t o  the  pond. 

1 

The pond manager has 

Each animal has 

Shrimp length  measurements may be taken in severa l  ways. The 

easiest is  a t o t a l  l ength  measurement, taken from the eye o r b i t  

t o  the end of t he  tai l .  

carapace, from the o r b i t  to&e back of the cephalothorax. (Figure 

Another method is t o  measure only the 

573).  Fegardless of how t h i s  measurement is taken, always use 

the  same type of measurements throughout the  grpw-out phase. 

Weight measurements may be taken ind iv idua l ly  o r  as a pooled 

sample and divided by the number of animals i n  the  sample t o  

obtain an average weight. 

F ish  are usua l ly  measured i n  one of two.ways. 

distance from the t i p  of the  f i s h ' s  head t o  t he  very end of the 

Total  l ength  is the 

t a i l .  Standard length  also begins a t  the head, but  ends a t  the 

end of the  caudal area of the  bodyr t h i s  measurement avoids i n - .  

accuracy r e s u l t i n g  from frayed o r  worn f i n s  (Figure b Z > .  Fish 

weights are e i the r  pooled or. indivii lua1. 

Establishment of growth cha r t s  can use e i t h e r  length or weight 

data. However, t he  data used t o  p l o t  a r e  averages, Feeding 

rates,  however, are based s o l e l y  on average weight data. 
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I* Tota l  length ,-b 

PiLure 5-3. Shrimp nreasurinE; diagram. This t o o l  shows points  
of measurement f o r  both t o t n l .  1eKi:tii arLd. carclpce 
len&in, 1% cz;n be used t o  actual ly 'meamre s h r h p .  
The shrinp shown in 5.19 inchez long, t o t a l  l ecg th ,  
o r  1.86 inches long, carapace length. For s iq l i -  
c i t y ,  it is pre1crable to use the ncbrsst y v a r t e r  
incl;, but always round con::i.stently. J o u i d i n g  
would make t o t a l  l ength  equal 4.23 inches znd 
carapace lcngth would Le 2.0 inches. 
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I 
l i  

I e s  of pond. management. 
I 

ctuaZ proceedure involved 

the  animals i n  each 

pond. Information on types of feed and n u t r i t i v e  data a re  t o  be 
I 

found i n  t he  chapter  on feed and n u t r i t i o n .  The following sec- 

t i o n  i s  devoted t information necessary t o  feed corr-ectly. 

The population of  a pond always contains  a few slow growing ani- 

1 mals and a similar number of rap id  o r  fast growers. 

of animals, however, approach a mean o r  moderate gyowth rate. 

This "normal PO t i o n  s i z e  d i s t r ibu t ion"  i s  demonstrated by 

the  ' t d l e d  cur  f igure  5-1. In  order t o  determine the  amount 

ne requent smal samples ( sub -  

The majority 

samples) of a n i m  pus t  be taken, 
- -  

Subsampling-is usually conducted on a weekly' o r  biweekly basis, 

using ava i lab le  harvest-methods t o  catch a representa t ive  group 



' 
The number of  a n i m a l s  t o  be sampled va r i e s  with:the t o t a l  number 

of'animals in t he  pond. To be s t a t i s t i c a l l y  accurate;  t o  provide 

a 955 probabi l i ty  t h a t  t he  sample includes representa t ives  

of a l l  s i z e  ranges found i n  the pond, t h e  following m i n i m u m  

sample s i z e s  ,are necessary: 

Total Fopulation tIinimum 
(Number of Animgls) Sample Size 

34 
44 

50 
100 
250 
500 

1,000 
1 s 500 
2,000 
4,000 
10,000 

100,000 o r  l a r g e r  

Culture animals w i l l  grow d i f f e r e n t l y  under varying cqnditions of 

water qua l i t y ,  a v a i l a b i l i t y  of na tu ra l  food, temperature, genetic 

background, and the feeding regime. Tor this reason, it i s  

necessary t o  e s t ab l i sh  a feeding cha r t  f o r  your spec i f i c  situ- 

at ion. 



5.4 Fuantity t o  be fed  

The accepted feeding, within the  aquaculture indus t ry ,  

percent t o  5 percent o 

ay. However, the  pond manager must cont inual ly  

o t a l  body weight per  

watch f o r  va r i a t ions  i n  the feeding hab i t s  o f  her/hi..: animals. 

I.ef tover  feed i i c a t e s  t h a t  a lower r a t e  S 

Certain o ther  

1, Co riot feed i n  the  r a i n ,  

. 2, Cut feeding r a t e  by 1/2 when water tcmperaturcs exceed 90 0 F. 

3 . -  Feed with caution o r  s t o p  feeding when more than 4. eon- 
secut ive days of overcast  have occurred. 
resume a f t e r  the  f i rs t  day o f  sunshine. 

s p l i t  f'eedinc between l a t e  e,venirig and e a r l y  rwriiing, 

don ' t  feed 2s wel l ,  

Teeding r ay  

4. Cvening is  the  preferred time t c j  feed.. If Cc,.:.ireci, 

5 .  I'eed i n  w a t e r s  l e  t h : a  3 f e e t  bsep.  Ceep um-tor con- 
sine less oxygen ;rnd 

6. A t  l e a s t  25,pe d area should be covtrcd 
viheri feeding. 

7; Ariimals-feed'less i n  cGol water, Ikgulate th 
of feed w i t h  temperature. 
over f e e  ding. 

If ar.iamls 60 o f f  f ee< ,  deterninc- the  cahse i r n c c d i a i e l g  . 
and correct. Eo n o t  resume feeding until hdverst cond i -  

Always check f u r  u n d e r  GY. 

been corrected. 
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5 . 5  Where t o  feed 

Presentat ion of feed near ind iv idua l  animals and i n  the  p a r t i c l e  

s ize ,  shape and t ex tu re  acceptable t o  t h e  species  being f e d t i s  

important. 

t hemfore  the  r a t i o n  should be made ava i lab le  over a wide area.  

Large animals may t r a v e l  longer dis tances ,  but  t h e  s ize  and t h e  

Small animals may n o t  t r a v e l  f a r  t o  accept food, 

number of feeding s i tes  should allow a l l  animals t o  eat. 

densi ty  needs t o  be considered as some cu l tu re  spec ies  surface feed, 

while o the r s  are bottom feeders .  

habi t  and should be f ed  a t  the  same time every day. 

F e r t i c l e  

Fish and shrimp are c rea tu res  of 
I 

Time t o  feed 

is  determined by the  peak a c t i v i t y  per iods f o r  each spec ies  (us- 

ua l ly  e a r l y  morning o r  l a t e  evening). 

The frequency of feeding va r i e s  inverse ly  .with a n i m a l  s i z e ,  Small 

animals need t o  be fed  Geveral t imes pe r  day, but t he  t o t a l  mocnt  

f e d  should n o t  exceed the  des i red  percentage pe r  day. 

of feeding is  decreased as the animals increase i n  s i ze .  

Frequency 

5 . 6  How t o  feed 

recent ly  automated feeding devices havk gained wide acceptarce. .  

These devices vary from hopper-blowers pul led and powered by a 

t r a c t o r ;  t o  s t a t iona ry  uni ts  which combine a fecd storasc 'iimk 

with an e l ec t ron ica l ly  driven auger and r o t a t i n g  disc, which 

s c a t t e r s  t he  feed a t  scheduled times. 

Autoriated feeders  are time a d  labor  saving devices. 

they cannot determine i f  the animals 2rc feeding, a d  w i l l  con-- 

t i nue  t o  add feed t o  a pond, regardless .  This may r e s u l t  i n  an 

Wowever, 



, oxygen depletion due t o  breakdown of the feed and a subsequent 

loss of  animals. ‘Unfortunately hattended feeding is  both 
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5 .7 Water quality 

Water quallty I s  a nebulous term which encompasses a wide 

range of information and criteria, 
management cannot be stressed enough, 

is an equally impartant consideration in%he planning phase, 

a thaugh the  quantity of water available may be sufficient 

for the projected development? the quali ty of watelr.nay iaahe 

the ent i re  project unfeasible. 

Its importance In  pond 

However, water quali ty 

In order t o  determine the water quality, watm samples from 

the proposed site should be subjected t o  both a chemical anaI- 
ysea and a bi'oassay. 

reputable facility, 

of the desired culture species i n  sample water and discerning 

the stress reactions which accut. The bioassay-Is, 'in ' fact, the 

most c r i t i c a l  test  t o  be performed. Regardless of how favor- 

able the chemical results, the bfoassay'fs the t e s t  which de= 

termines the v i ab i l i t y  of the project, The bioassay should, 

therefore, be conducted only 'by qua l i f i ed  personnel, whu itre 

f a m i l i a r  with the habits- and characterist ics of the ta rge t  

species. 

These t e s t s  should be conducted by a 

A bioassay requires placing known numbers 
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To the pond manager, water quality consists of all the physical 

and chemical factors which affect water and control its ability 

to sustain life. The physical characteristics include such items 

as color, density, temperature, and turbidity. The chemical fac- 

tors include alkalinity (pH), salihity, total hardness, dissolved 

oxygen ( D . O . ) ,  other dissolved gases, ammonia, nitrogen, hydrogen 

sulfide, sulphates and phosphates. Chemical factors including 

trace element and heavy metal concentrations, as well as radio- 

chemistry are also important; especially when dealing with po- 

tential direct use of deep source point geothermal waters. In 

particulat, both the radiochemistry and heavy metal analyses are 

critical from a health standpoint., 

al public health officials for further information regarding al- 

Consult with local or region- 

lowable limits. 

.8  y definitions 

The following is a list of definitions and information on water 
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W A m  DENSITP 

1. Density %s’the weight per unit volume of a substance. 

2. Density of wmter at 4% (39.5 F) is LOOO. 

3. Water colder than koCr is less dense. 

4. Water warmer than 4OC is less dense. 

5’. Temperature, pressure, dissolved substances change 
dmsi’tyr 

WaTER clJwENTs 

1. Classed ‘as horizontal, vertical, returning and density 

currents, 
Btremely’ important in aeration, distribution of plant 2. 

nutrients, etc. 

Wh!ER TEMpERdTuRE €@&ATIONS 

1. Has the highest specific heat’(axotmt of heat required 
to ratse temperature of lg. of a substance ?OC) of any 
cammonly known substance. 

2. Ghanges temperature more slowly than surrounding a5r 

or soil. 

Changes in temperature affect density of water (Mgure 3. 

WATER GTRATIFICATIOI’? 

1. Xn static waters differences tn water temperature cause ’ 

a l’ayering effbct. 
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Layering as most pronounced in summer and winter. 
hyers or mnes a m  calIed 8 

Shal lbw waters may show only thermocline character- 
isaies & 

Coolwabr tends to rewb on bottom in ‘hat . 
weather. 

W a m M s t  w&er wil2 be on bottom in freezing weather. 

Conaiderable force is r e w r e d  to displace the bottom 
layer if temperahre differences are great. 

Prolonge4l s%r&if icrrt;ion, particularly in rich waters, 
renders bottom water unsuitable for oxygen-rewring 
life 

g’tratiflcation Isbroken up mrturalIy by strongly con- 
trasting weather changes. 

In dl! ponds stratification can be altered mechanica-lIy, 

imnion (top), therm- 
cline (transition) and hypo E ion (bottom). 

LIQHT PENETRATION OF WATER 

1. Affects temperature relations, 

2, RelaAeS to oxygen production. 

3. Is influenced by turbidity of water intensity and 
duration of sunlight, amount of wind action, p1mt 
growth, etc, 

!FkBIDITY Op1 WATER 

1, Caused by suspended materials of various kinds, 

2, C a n  greatly affect Xight penetration, 

3. An inrportaht influence in heat exchange. 
4, Affects; the kind and amount of plant life in a pond, 

5. Excessive turbidity o m  have detrimental effects on 
pr OdU& iv i t y , 



&LKALINITp .OF WATER 

1, Is expre,ssed aS calcium cgqrbongte (CaQO3) equivalent 
or P H I  

. 2; Caused m a k y  by resences of carbonates (d), bl- 
carbonates (ACO$y, hydroxides ( O r )  I phospdtes (POI+=) 
and organic sub tances, 

3. Carbonates, bicarbonates, and hydroxides are most unl- 
p e r s d l y  present 

Because of chemical interrelationships only two of the 
three will  he present in measurable mounts at. a time, 

5, Total EclkaRlnity of a pwtioular water expresses the 
amount of these substances present. 

6, Best fisPi’ roductlon i s a s soc ia t ed  with a tot& Al?.kn, 
linity of hbl2Oppm,  other factors being eqw& 

t y  and methyl orang aW&tnity mean the 

t y  1% determined by t i t r a t i n g ’  a sample 
of w&er v i t h  standardized acid t o  the color change of 

. methyl mange, 

PH CW 

’ 1, An expression of the E+ and Or ions present, 

1 between 0 and 14 on the pH scale, 

increasing aciaity 
e less Ht ions in 

60 Each one unit c a g e  in pH vahe represents a ten-fold 
change i n  the B Ion  concentra4Aon. 

I 

I 
I 

I 

~ 



7., Both f ish<and -tic l i f e  are affected by pH con- 
- dit ions fFigUreg-f)b 

8 values for a given body of water rhflect-complex 
teractlon between various types of plants, amount 

of photodynthesis taking lace basic ohemical contp- 
5 En 

f the water mpp& and respiration of the 

9.. E H of a body of water can be changed chemicalIy but 
ecomes progressively more d i f f i cu l t  as the amount of 

water InvoXved increases , 
10. optimum range of pH for  fish culture i s  f a i r l y  narrow, 

from 6.5 t o  8.5, 
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BUFFER AFFECT IN W&!t%R 

I. etabil izes chsmbeal chanRes. 

Example I s  reaction between' carbon dioxide and calcium 
carbonate. 
with calcium carbonate t o  form calcium bicarbonate 
whlbh is neutral  in reaction, Rad not the reaction 
between CU2 and CaCO taken pXace, C02 a c d a t i ' o n  
w d d  have resulted hi an ihcrsa-se i n  the Ions 
which wouId hav,e Xawered H t o  a more acid level, 

being withdrawn by aatlvely growing green pXknts- 
and removal of caldum carbonate by precipitation 
retards development af highly af3raline conditions. 
Thus, pI.r changes are buffered By calcium salts, 

When carbon dioxide is- produced It reacts  

This reactran is reversib ! e when carbon 8ioxide-is  

3. Buffer effmts are the result af ionization and rei  
a c t l a  of buffer salts, formed by weak acids. 

Water supplies having pIentifiE amounts of buffer 
sd t s  are  genelralIy easier t b  manage since drast ic  
changes i n  weer qualtiy are  buffered bg these sub- 
stances, 

Not alX effects  of buffer materials are desirable 
als they may decrease e f fec t  of herbicide treatments. 

5. 
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TOTAL HARDNESS OF WATER 

1, 

2. Divided t o  temporary and permanent hardness. . 

3. 

Refers to ' t he .  presence i n  water of elements calcium, 
magnesiufa, %Pan, and aluminum, 

Temporary hardness or carbonate hardness occurs when 
these elements are combine with carbonates. 
ed these soXutions loose C02 into ctr end carbonate I s  
preaipltated, 

4.. Permanent hardness 2s thrrt orhere elements l isted a%ove , 
artit combbed with th&redicttJ.s of inorganic acids, 
U s u d l y ,  chlmides- and sulfdes are Involved, 

When boil- 

GAS RELATIONSHIPS' OF WAPEB 

Gas can dissolve in water occupying the space between 
water rnole&es. 

A condition of equilibrium ur balance tends tqbecume 
esteblished under a given set of' conditions with some 
of the gas entering the water and an equal amount : 
leaving, 

Mdre gas can be dissolved a t  low than at high teznpera- 
turee. 

Bn increase i n  dissolved solids decreases the sol'ubil- 
i t y  of gases. 

Abount of water vQor the gas contains afffdxts i ts  
SolubiI3ty fn mer. 
-face agi ta t ion or wave action increases the rate 
of change. 

DISSOL'VED G A S H  IWORTANT IN IlATER 

1, From a f i s h  culture stand a in t ,  oxygen carbon di- 
&de,. ammonia, methane Eydrogen suldde, nitrogen 
sulf'ur dioxidet and c a r k n  monoxide are considered the 
nost important , 
Amount present is expressed i n  par t s  per rnill~on(pprn), 
OT parts  of the gas per million parts w a t e r  on a weight 
basis. 

2, 



OXYGEN 

1. Main source e plant photosynthesis and diffusion 

2, 

3. 

from the atmosphere, 

The diffusion process is slow and occurs only at the 
water surf ace , 
Conditions for diffusion can'be improved by mechan- 
ical means, 

4. Phcrtosynthesis is the most important source of oxy- 
gen for static w9ters. 

5. Oxygen b v e Z  fluctuates over a 24 hour period in rela- 
tion to light conditions, 
to sunrise, 

Lowest levels occur prior 

6. Plant and animal respiratioh e sources of loss. 

7. C)lemical.oxygen demahd can be factor, in low oxy- 

8, 

9. 

gen levels, particularly 5n .bottom wa-ters. 

Extreme-Ty high levels of concentration m e  associated 
with "gas bubble" disease. 

When the combined oxygen consumed exceedb the amounts. 
entering the water for any appreciable length of time, 
levels may drop into the deficient zone. 

causing mortahty to fish. 

influence in oxygen removal under pond conditions. 

10. Amounts of CO and ammonia present influence the amount 

a1 action probably represents the greatest 

BON DIOXIDE IN WATER 

1. Eky be harmful $f dissolved mount is more than lOppn, 

2, Reserve amounts are present 
d Inorganic forms. 

3. Is essential for plant growth and is Ilmiting factor 
to .plant growth in soft, ac 



4. Sources include diff’usion from atnosphere inflowing 
ground water, decomposition of organic magter , and 
respiration of living organisms, 
ganic matter is probably the most important source in 

m e  caused by photosynthesis, precipit- 
nates, diffusion into the atnosphere, 

DecoEposition of or- 
) 

ponds, 

and chemical combination, 

Ak40rJIA IN WATER 

1, 

2, 

3. 

4. 

5, 

Is seldom present in appreciable amounts, if conditions 
are favorable for green plant grotlth. 

Under normal’conditions is rapidly converted by bacteria, 

A level of one ppm is an indication of pollution and 
2 to 3 ppm is cause for concern. 

Toxicity is graeter when oxygen levels are low. 

High levels can be reduced by flushing, dilution, 
plant uptake, and by aera%ion. 

pl’ants, inflowing water and nitrogen fixing plants, 
. 6, Sources are metabolic wastes, feed residues, decayihg 

BORON IN WATER 

1, 

2, 

3. 

Found in higher concentrations in deep source point 
geothermal water, 

C a n  inhibit plant and animal growth at higher levels, 

Regulates netabolism of carbohydrates ir, pI’ants, 

CALcIUlf IN WATER 

1. 

2. 

3. 

Found in combination with carbonates, bicarbonates, 
sulfates, chlorides, nitrates or hydroxides. 

Is the Eajor elersent in water hardness, 

Its salts generally have low solubility, 
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4, Is important as a component of the buffer system, as 
a micro-nutrient for plants and a mineral required by 
animals , 
High levels reduce availability of phosphates and iron. 
It a lso  effects the action of several herbicides. 

5. 

CmORIDES IN trqTER 

1. 

2, 

Amounts normally found are not an influencing factor, 
up to 1,000 to 1,200ppm. 
Chlorides and sulfates are major salts In ground 
waters where a noticeable brine content is presat, 

HYDROGEN SULMDE IN WATER 

1 

2, 

3. 

A poisonous gas, highly soluble in water, 
Is produced when organic ratter decays in the absence 
of oxygen. 

A level of more than O,3ppm is cause for concern. 

HYDROXIDES I r J  INTER 

1 , 
2, 

3, 
4. 

IRON IN WATER 

1, 

2, 

3, 

Are involved in water al&linity (high pH). 
Result when plants extract bound C02 from carbonates 
of calcium, sodium and rnagneslm, 

Are the active toxicant in lime sterilization, 

Begin t o  affect fish life directly at a pH of 10 to 11. 

Comon in ground water as solubIe ferrous Fe" or 
ferrous salt. 

Oxidizes to ferric Fe"* when water is aqrated. 

Ferric forn! is relatively insoluble and precipitates, 

8 



- - -  4, Iron influehces av 
ally clogs gills of fishes held in water carrying 
noticeable amounts of the ferric form, 

5 . -  14ore than 0.3ppm can be cause for concern, 

ability Qf phospiiates and mechanic- 

I.IAGrY'E3IVM I1J 

1. Has s h  role as calcium and is frequently assoc- 

2, 

3. 
4. 

iated with it in rock formations. 
Its salts are more soluble than calcium salts. 

Contributes to total hardness of water. 

Is less desirable than calcium being a factor in high 
alkaline pH developnent. 
sodium. 

< 

It is less a factor than 

5. It is an essentiai micro-nutrient for green aquatic 
plant growthe 

1. Generally assochted with iron. 

2, Has a chemical oxygen demand as monovalent Yn+. 

3. Has proven to be toxic to some' fish under certain 
conditions. 

1. As nitrogen gas 1J2 is both inert and nontoxic. 

2, Has caused gas bubble disease when prese3t in Large 
amounts in ground waters. 

3. Is unava-llable t o  plants, except for a special group 
of nitrogen fixers. 



PHOSPKATES IN WATER 

1 . ' NormalIy 'ar 
2. Are t for green plant growth. 

3. 

resent in nfnute amounts, less than 0.lppm. 

Tends to be removed by bottom muds, 

4. Usually a r e  the first plant nutrient to 'become limiting ' 
in plant growth. 

POTASSIUM I N  VATIER 

1. 

2. 

Non-toxic at- levels normally found. 

A macronutrient for green plant growth. 

3. Present to some extent i g  many soils and ground water. 

4. Not limiting to plant growth 
or nitrogen. 

1. Byproduct of radhun. 

2. 

3. 

SODIUE IN WATER 

Sometimes found in deep source point geothermal waters. 

Presence indicates potential public health concern, 

1. Highly ~~l~blefr 

2, 

3. 

b. 

Low level of toxicity to Fishes, 

Important tn the buffer system when associated .with 
carbonates and bicarbonates, 

High alkalinities are related to abundant levels of 
sodium carbonate and bicarbonate in fertile water$. 

I 
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SULFATES IN WATER' 

1, Common in water supplies in many parts of the country, 

ines with calcium, nagnesim,, iron and alum 

direct factor in the well being of fish, 

4, More than 1OOppn nay affect the durability of concrete, 

ZINC ZN WATER 
I 1, Salts of this metal are usually very soluble, 

2. 

3. 
4. 

5. 

Toxicity to fish has been reported at a level of 
0 .04~~~ in soft water. 
Fish eggs and sac fry are sensitive to low amounts. 

Calcium rcinimizes effects, while copper.synergizes 
(comp6unds or enhances) the effects. 

New galvanized pipe carrying soft or acid waters may 
pick up enough zinc to be toxic to fishes. 



5.9 Water quality monitoring 

ATthough water i s  re1 

changes can OCW. These changes may occur e i t h  

progressively over long periods. 

factors occur which can change'the ab i l f ty  of the pond t o  

support l i fe ,  The addition of animals, feed, plankton pro- 

duction or mortality, chemical additions (either accidental 

or intentional) I her c)langes ( h a ,  rain, ra@B temper- 

ature fliucuations) 'can individualIy or colLTectlvely modify 

the physical and chemical charactel" of the water t o  the point 

where It orill no longer support or will l"iZlllt the growth of 

the target species. 

A manitorlng program, using daQy data rogs, needs t o  be 

undertaken f o r  each ~cmd during the ent i re  growout/production 

phasir, 

as well as-chemical information on each pond, as well as 

climatic data, 

nine ltproblem periods" dur 

ment proceedure 

Figure5-6 represents typicirl daily logs .for one pond for  two 

separate days. 

Observation time should be consistent from day t o  day, as cer- 

t a in  physical/chemical factors vary with the time of day (dis- 

Both seasonal and diurnal 

A dai ly  log should be kept which includes physical 

Data logs, once established, can help deter- 

the ye= and d t e r n a t i v e  w e -  

e and time are chronological reference points. 

sortred oxygen. is one example). Diffkrentiation between ponds 
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Figure 5-6, Sample daily logs for one pond for two days. 

Date: 7d 9 ,  Time: 0430 
Pond: /of , 

Climatic data Ambient Tenperjture: 96=2 ' f  
Weather: 07. cove*, j/i k t  w i d  4t-p AWW d 

Intake Outlet PJ2 

NOTE - XDC is a notation for ninimun; detectable concentration, 
the'reading taken was below the tests ability. 



I f  

. .  
I 

s t  

. .  . 

$jS necessary +y if moie than one pond I s  'In productian. , 

s t  

. .  . 

$jS necessary +y if moie than one pond I s  'In productian. , 
Weather cundltlons, when coupled w&th other factors;cam ln- 

d ' f cke  potemtlal'problems. 

major paiti ts  of eonawn.- The data should be collected from set 
polhts or p o s i t i  along the pond. I n  large.pmds severax 
Iba%ions. should 

Pond data 'are,  of courIse, the 

checked.to mold !!dead spots" I n  the pond. 
ecessary when monitor- ts axe particular1 

Prob&ms involving &&ssolved oxygen usualIy a m  the  r e su l t  of 

b s  l i t t l e  rather han too much. The oxygen concentration of 

water var i e s  wtth the time of day, with t h e  lowest point occurs 
j u s t  prior t d  sunrise. A simp1 

dlcate when the oxygen'may reach c r i t i c a l r y  low levelk 
lmer). This methdd developed by Boyd, €tormire, and Johnston 

'(1978. ' Transactions of the American Fisheries m l q t y ,  107C3) t 
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animals may no t  die a t  4ppm they  a r e ,  a t  t h i s  poin t ,  subjected 

t o  stress, 

good. 

ea t ing  f o r  s e v e r a l  days or it may.be r e l a t e d  t o  disease.  

5-7 I s  an example of t h i s  nethod. 

reached after sunr i se ,  no problem should occur as n a t u r a l  photo- 

syn the t i c  processes  begin t o  produce oxygen again. 

It should be remenbered t h a t  t h i s  is  not  a foolproof  method. 

Elany f a c t u r s  can in f luence  t h e  r a t e  a t  which oxygen is. recoved 

from pond water  during t h e  night .  

good i n d i c a t o r  of p o t e n t i a l  problem.periods.  

The results of stress are variable, but  none are 

Stress may cause t h e  animals t o  *?go o f f  feed*? o r  q u i t  
i 

Flgure 

If t h e  bppm c ross  po in t  is 

. 

This cethod is, h o ~ n ~ e r ,  a 

If an oxygen shortage i s  foreseen,  s e v e r a l  t h ings  can be done 

t o  e i t h e r  avoid it o r  t o  T k i t  i ts  e f f e c t s ,  

sometines least c o s t l y  i s  t o  increase  t h e  water f low r a t e  i n t o  

the  pond, 

The e a s i e s t  and 

The increased f lowra te ,  coupled wi th  e i t h e r  bouncing 

o r  spraying t h e  incosing water and us ing  a bottom water overflow 

o u t l e t  i s  f r equen t ly  t h e  only  step necessary  t o  avoid t rouble .  

Other methods involve the  use of mechanically o r  e l e c t r i c a l l y  

powered a e r a t o r s  o r  a g i t a t o r s ,  such as t u r b i n e s  o r  paddle wheels. 

These devices  r e q u i r e  a h igh  i n i t i a l  i nves tnen t  and can he c o s t l y  

t o  operate .  The United S t a t e s  So i l  Conservation Service recom.ends 

the  a d d i t i o n  of 50 t o  100 pounds of superphosphate f e r t l i z e r  per 

sur face  a c r e  as an i m e d i a t e  so lu t ion ,  when animals show s igns  
of oxygen s t r e s s ,  2 Long term repercuss ions  and spec ie s  s ens i -  

t i v i t y  should be considered before  fol lowing t h i s  course.  



PM AM 

.- 

Figure 5-7. Oxygen predic t ion  graph for two data  se t s ,  

S a p l e  s e t  A (9ppm a t  7PM and 7.6ppm a t  10PF) 

i nd ica t e s  no oxygen problem as the c r i t i c a l  

(bpprn) is reached a f t e r  sunrlse 

p l e  s e t  B (8.5pps a t  7PX and 6.5ppm 

at lOP&f.f), hotslever, shows the  c r i t i c a l  point is 

reached at.l:30 All, i nd ica t ing  t h a t  cor rec t ive  

ac t ion  should be undertaken. 
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5.10 Other water -quality problems 

Dissolved oxygen is not the only water quality parametet whfch 

can cause problems for the pond manager, Intentional or acci- 

dental inputs of pesticides or herbicides can cause imediate 

losses of stock. 

." 

The spraying of nearby flelds with either 

product can ctiuse mortalities as a result of wind drifted 

resldue or too energetic a program of aerial or broadcast 

spraying. 
problems when allowed to enter production ponds. 

The runoff from agricultural fields can cause similar 

Improper use 

of chemicals added to the pond to contrdl weeds or insects is 

another culprit, Unfortunately, there is little or no treat- 
ment to control a die-off in water contaminated by insecticides 

or herbicides. 

effects if caught early ,enough. 

Rapid flushing of ponds can sometines lipit the 

The best sozutfon is to 

build and maintain the ponds in a Pianner which avofds the prob- 

lem of contamination from the outset. 

Intermittantly, a problem can occur due to the rapid escalation 

(bloon) of a population df a toxic'algal species. This species 

takes over the pond and causes rrortality through one of two 

Eethods. The algae rrodifies pHlevels in the pond to those 

unacceptable to the target species, 

productian of one of two kinds of toxins (poisons) by the algae 

itself, Endotoxins are those contained in the.algae itself and 

cause mortality when consuxed, Exotoxins are by-products given 

off by the algae into the iu'ater. Table 5-1 is a guide to the 

The other method is the 



121 

conditions occuring When problems fron oxygen deple- , 

tion, toxic algal blooms and pest herbicide contaminac 

t ion. 

It should be remenbereb tha t  a one-.time addition of chemicaIs 

may 'cause imxed mortali ty.  It i s  also possible for long 

~ " .  

s the result of continuous exposure 
* -  . 

( sub le tha l )  levels of chemicals or c tinuous problems 

e problem us- etion, whatever the cause. 

ually manifest thenselves as chronic low level  mortality, 
e l o s t  every day over an extended t i ne  

-"period. . 

. Mortality can*als  occur when the normal n i t r i f i ca t ion  process 

i n  the pond is disturbed, 

convertllng +mmonium to  n i t r i t e  and then t o  n i t ra te ,  

f ica t ion  is 'an aerobic process carried out by bacteria normally 

occuring i n  pond waters. 

source of nitroge plant growth. The n i t r i t e s  and annonia, 
however, are toxic to fish lf they are present i n  high concen- 

trations. 

t o  form methenoglobin. iMethemogZobin is 'a' form*of hernoglobin 

which is unable t o  carry oxygen, 

h ' i tr if ication is  the'process of 

N i t r i -  

The converted n i t ra tes  a re  

_. - _  I 

Nitr i tes  reacft; with hemoglobin, ;in vertebrates, 

Direct'toxici'ty is t he  other 

method by which both n i t r i t e  and azaonium are problems. 
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Anytime 

Table 5-1. Conditions occurring when either oxygen depletion, 
pesticides/herbicides or toxic algal blooms crea€e 
water quality problems. 

.+ 
c 

Early AN, During bright 
s before sunrise sunshine 

Conditions 

Norm1 or clear 
if herbicide 

Normal 

I. 

Time of Day 

. 
Water Color 

' *  
Grey, streaked, Dense green, 
or dark red or brown 

Foul, presence Normal: to 
of H S (rotten nusty (from 
eggs ? blue-greens) 

Water Odor 

EJormal or ab- 
sent if herbi- 
zide 

Size A n i m d  
Affected First 

PhytopIankton Dead cells 

Oxygen Level ' llariable - 
ierbicides cause 
Low 02 

-_- - 

Tar iable &ow (acid) PH 

High 

High (basic 1 

Large ' I 
I 

I 
I 
I 
Abundant 
(single species 1 

I I 

I 
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t er qual1 t y  

i n  both cost  ana ease of handling. 

cmslder both f i s c a l  and physical 

(or result) sh0uI-d be 

igg,  and the t o t a l  use 
I s  purchased. 

options available: 

l b u l b  type glass ' 

exceed €he minimum 
ad in  0,5OF incre- 

ment s. 

Temperature probes wi th  d ig i t a l  or  solid stater 
I 
~ meters. 

~ PH - Paper test strips, fo? limited or wide range. 

Test k i t s  which use a water sample plus a 
chemical add i t ive  t o  produce a coxor, whfch 
i s  compared t o  a standard or a- chart for 
r e su l t  s . i 

1 .  

I pE' electrodes with d i g i t a l  or solid s t a t e  ~ 

I meters; electroaes m u s t  be cslibrated using 
~ 5 '  tandard solhtions. 

T e s t  k i t s  (see pH) 

ube with d i g i t a l  or so l id  state meter.* 

lable which combine oxygen an& temperature, * Some meters ar 
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Turbidity - Secchi disks, either home nade or eomerc ia l ly  
available. Maximum v i s i b l e  depth is  measured. 
Placin6 your hand i n  the water is convenient 
and readi ly  available. 

Neter w i t h  sample cel1. 

Ni tr i t est 
Arrmonia 
Sulfides, Specific ion electrodes with d i g i t a l  or 
etc. 

- Test t i t s i ( s e e  pH). 

soUd s t a t e  ce te rs ,  cal lbrat ion against  standards 
is necessary. 

The necessby  monitoring equipment can be obtained from 

s c i e n t i f i c  suppxy houses or some items may be obtained through 

loca l  p e t  o r  hardware stores, and those ca r ry ing  swimming pool 

supplies.' . 



5.12 Special consi 

lfows ItQainnzerit of.optimum species 
ements if water flow rates and depths . 

are well supervised, 

and other aquatic plants, this entails the continuous 
maintenance of outflow screens. 

Because of the higher tempe 
geothermal water, it is import 
pond water dissolved oxygen le 
temperatures is less able to hold oxygen. 

Optimizing pond water temperatures through use of 
geothermal water means the animals grgw-more revmly year 
round, 
than in areas where growth is seasonal. 

rates must be adjusted more frequently. 

1 water allows Fear round growth of 'algae 

C. 

D. 
Subsampling must be carried out more frequently 

E. Based on the continuous growth rate data, feeding 

F. Based on the continuous growth rate data, harvesting 
le year round. 

e sites for raising of animals in geothermal 
water are usually outside the normal geographic and 
temperature ranges of the animals. 
unable to tolerate the extreme environmental changes 
which can occur in these locations. The water quality 
and animal behavior must be carefully monitored during 

These animals are 

ctuations to allow rapid mitigation of the 

H. As feed egrades more rapidly in warm water, continued 

tion rates. This is necessary to avoid over feedi L 

d adjustments must be made based on consump- 

e the potential for eutrophication. 
ibility of a consistent supply of warm wate 

allows targeting of plankton blooms to provide optimum 
conditions for growth of young animals. 
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6.0 Aquaculture and d i e t  

In general ,  the  e of n u t r i t i o n  and d i e t  . in  aquaculture 

was ignored until' $he 1960 ' s. 1.t t h a t  t ime, aqucculture charged 

from u t i l i z i n g  la rge  amountp of  low c o s t  labor ,  land m d  prcjciuc- 

t i on  obtained 

. The rising demand 

saLbly through consumption of na t ive  pond organisms. 

as well. as rapidJy e sca l a t ing  labor and land c o s t s  necess i ta ted  

the change. 

i c  animels obtainec! a l l  t h e i r  food froit; naturally oecurr Ir,g 

The r e s u l t  has been 2. shift f r o a  systems where aquat- 

foods i n  t he  surrounding waters, t o  s y s t s r i ! ~  which ?.m e i t i l l x  

en%i re 1 y o 1' pa r t l  a1 1 y suppl meii to d- . 
?he subjec t  of feed i s  importan-l t o  t h e  prospective a q u a x t l t u r i s t  

because it it c o c s t i t u t e s  one o f  the  pr . ic ipie  expenses of t;:c 

p ro jec t .  In order t o  keep i t s  cos t  within reasonable limits, 

it is  necessary -to u n d e r s t a d  the foliowing general  irlf'cjricatlon. 

6.1 Teed e f f i c i ency  

')!hen large culture animals m e  fed mal l  particle  feed or reeds 
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i 
4 

i of  fees are necessary t o  produce 1 pound o f  mimall. 

Another problem assoc ia ted  with supplementary feeding  i s  

eu t rophica t ion  r e s u l t i n g  from t h e  breakdown of' unconsumed feed . 

i n  ponds. This u sua l ly  r e s u l t s  i n  decreased levels o f  dissolved 

oxygen, increased growth of undesirable  phytoplankton arid an 

increase  in undesirable  waste metabolites. Ii1 order. t o  rninircize 

these negat ive  ef i 'ccts  and increase feed e f f i c i e n c y ,  most con;rr,er- 

c i a 1  f i s h  f eeds  are processed i l l to  s i zes  <m2 textures ai>proprlatc 

t o  the feeding  preferences  of -the cui t t i red spec ie s .  T h e  zddi t ic i i  

of  var ious t indcrs  allovrs feed t o  Ilisintair-, i t s  f o m  when plzced iri 

t 



TS e 6-1. Physical propereies and specifics-ions f o r  pe1,sted 
ration. 

I 

Size 
. 

Specifications 

Fry d i e t  o r  s t a r t e r  meal 

Number 2 p e l l e t  

Ember 3 p e l l e t  

Number 4 pe l l e t  

. 100% t o  pass through 595u opening 

1/8 inch diameter, l/8 inch long 

118 inch diameter, 3/8-1/2 inch long 

3/1'6 inch diameter, 1/4-1/2 inch long 

I (U.S. number 30 sieve) 

Number 5 pe l l e t  1/4 inch diameter, 1/4-1/2 inch long 

, 

Ration must b 

species. 

s t a r t e r  m e a l . 2  

can be increased. 

the animals grow. 

apted t o  both the t and size of the  culture 

Juvenile prawns and f r y  are frequently fed f r y  d i e t  or 

As the culture aniind grows, the size of the feed 

The quan t i ty  of ra t ion fed is a l s o  chznged as 

However, t h i s  subject i s  covered i n  the pond 

management chapter o f  t h i s  guide (see sections 5.4 and 5.5).  

Extrusion is the second means of feed manufacture. It too  is 

formed by combining heat, moisture ,  and pressurel Sowever, high- 

e r  levels  of these e used in extrusi.cn processing than zre used 

i n  pelleting. The ed is squeezed through die holes at the end 

of an extruder bar re l ,  under high'gressure. 

the superheated dovgh vaporizes-and causes expans'ion, resul t ing 

in  a low density pe l le t .  

P a r t  o f  the water .in 

http://extrusi.cn


Xxtruded feeds  a r e  d i f f e r e n t  from p e l l e t s  in two ways: 

1. Some extruded feeds  f l o a t .  

wi th  some cu l tu re  species.  

turist t o  observe t h e  miamls when they surface t o  feed 

and t o  note  t h e  amount o f  feed  consumed. 

This may be des i r ab le  f o r  use 

F l o a t i n g  feed, allows the cu l -  

2. Extruded p e l l e t s  are  genera l ly  more r e s i s t a n t  t o  disinte- 

gration in water. 

Extrusion processing is  also a valuable t o o l  in the  mznufacture . 

of crustacean feed. 

d i e t s  which w i l l  remain stable in water f o r  a nuch longer  time 

thtln conventional f i s h  p e l l e t s .  Frege la t in ized  s t a rches ,  a l g i n a t e s ,  

carboxymethyl ce l lu lose ,  and o ther  hydrocol loidal  E a t e r i a l s  w i . t h  

good binding p rope r t i e s  are  used in n a k h g  c r u e t  acear, feeds.  

6.3 Diets  

It is  necessary t o  supply d i e t s  formulated t o  the  s p e c i f i c  

n u t r i e n t  requirements 02 t he  c u l t u r e  species .  The optimum 

content of a d i e t  v a r i e s  wi th  both s i z e  and age of  an a n i m a l ,  

as well as t h e  average d a i l y  temperature of t he  water. Fish 

Mxstaceans are de l ibe ra t e  feeders  znd r equ i r e  

and shrimp cannot r egu la t e  t h e i r  body temperature: it f l u c t u a t e s  

with t ha t  of  the enviror,ment. 

c a l l e d  poikilotherms, o r  sonetimes "cold blooded". 

r a t e  and therefore  t h e  nu t r i t iona l  requi resents  depend on the  

temperature of  the  surrounding water. 

A n i m a l s  w i th  t h i s  s t a t e  a r e  . 

The metabolic 

3 



. .  

Animals respond to higher dietary protein percentages at 

higher temperatures. Conversely, little or no growth should 

be expected at very low temperatures. Diets with 75 percent 
animal material and 25 percent plant material have been suggested 

as a suitable d a i l  supplement. for freshwater prawns, when fed 

at a 5 percent rat 2 However the cost of such a diet precludes 

its .use for comer al production. 

The following tables are examples of practical diets. These 

diets have been used under vaying conditions of water quality 

and temperature and assorfed species. iegionai zm2 seasonal var- 

iations in the cost and availability of ingrediefits require the 

potential aquaculturist to accept a product which conforms to the 

majority of constrtuents. :,t the s z e  t i z e ,  cost as eonparsc! t o  

feed efficiency shoulC be evaluated. 1Tmes in p c e r t k e s e s  =e 

the institutions responsible for the diet formulas. 

6-2. Thirty-six percent protein diet (Stuttgzrt Zormula) 
. .  Cist Kumber 

1 2 
Ingredient 

(kg) (kgl 

60 $.protein 12.0 --- 
70$ protein --- 
Slood, meal 80$ protein 5.0 5.0 

Fish, menhaden, meal mech. ex 

Fish, herring, meal mech. extd. 
1c.o 

i?oultry,.feathers, hydrolized meal 5 . 0  5 . 0  

Soybean, seed wo hulls, meal solvent extd, 
$95 protein 20.0 2c. 0 

Cotton, seed wo httlls, meai solvent  extd., 
505 protein 1c.o ‘10.0 



Table '6-2 cont'd. 
Diet  ?:umber 

1 2 
Ingredients  ( k d  (ka) 
Corn, d i s t i l l e r s  so lubles  8.0 10.0 

Fermentation solubles ,  dehydrated 8.0 10.0 

Eice, bran with germ 25. 0 25.0 

Eice, h u l l  f i n e s  - -_ 10.0 

w i l l  pass  d U . 3 .  number 80 screen 10.0 _-- Rice mi l ldus t  o r  o the r  organic dust, ,which 

Alfalfa, meal dehydrated, 17% pro te in  3.5. 3.5 
S a l t ,  trace mineral  w i t h  iodine 1.0 1.0 

7itarnir. premix, complete 0 . 5  0 . 5  

- -  

Table 6-3 .  Thir ty-s ix  percent  p ro te in  d i e t  (AuFJurn nurrber 4) 

Ingredient  Percentage LI E i e t  

Soybeans, seeds,  meal solvent  extd.  
44% pro te in  45 
Xh e a t  grain, ground 22 

tiheat, middlings, 9.5$: f i b e r  

Fish meal, mechanically ex td . ,  
60% prote in  

Corn, d i s t i l l e r s  so lubles ,  dehydrated 

?at, a n i m a l  

Organic p e l l e t  binder 

3icalcium phosphate 

Titamin premix 

Trace mineral  premix 

10 

9 

7-5 
2 .5  

2 .5  

1.0 

0 . 5  

0 .08  



Table 6-4. Thirty-two e rcen t  p ro te in  d ie t ,  for high dens i ty  
c u l t u r e  (Sk P daway). 

i n  D i e t  Ingredient  - 
Fish, menhaden, n;ed mech, extd.. 
60% protein 10.0 

Corn, gluten, meal 4lGpro ,. 20.0 

35.0 
8.95 

Cattle, t i l l o w  2.50 

Oicalcium phosphate 3.00 

t'itamin premix 0 .25  

Sodium chlor ide  0.25 

0.05  -. 
Trace m & a l  p r e d x  

Table 6-5, Twenty-five- percent  pro tek '  drat ,  p 
(Kansas 1 

Percentage 
Ingredient  , in Diet 

Wheat, bran 40.5 

Sorghum, grain 17; 3 

Alfalfa, meal lC.O 

Fish, meal mechanically extd.  S.3 

Soybean, meal solvent  extd. 8 .5  

Corn, d i s t i l l e r s  so lubles ,  dehydra$ed 5 . 0  

Zlood, meal 1.9 

Xcalciun;  phosphate 0.57 

Salt 0*5 

6.6 . .  2eat  and bone meal 



Percentage 
Table 6-5. cont'd. 

Ingredients in Diet 

:$ethionine DL 0.cg 

Vitamin premix 0.13 

Table 6-60 Broiler starter d i e t .  This d i e t  or variations of  
it is used by many prawn cul tur is ts ,  especi l l y  
those in Hawaii, Puerto Eico, and cwerseas.$e5e6 

Ingredient 

Protein 

Fiber 

Percentage 
a in Diet 

23 

5.5  
Fat 3.0 

Ko i s tur e 

Ash 

Calcium 
- .  

Fhosphorus 

Nitrogen-free extract 

23.0 

7.0 

9 . 8  - 1.2 
0.7 - 1.1 
rc8.5 



Fish  f eeds  s tored  i n  cool 

can cause mold 

compounds), Mold i n h i b i t o r s  can be added i n  w a r m ,  humid areas .  

Some n u t r i e n t s  a r e  s e n s i t i v e  t o  oxidat ion and decompose 

over time. Anti-oxidents may be used t o  r e t a r d  t h e i r  decay, 

Vitamins, such as ascorbic  ac id ,  a r e  s e n s i t i v e  t o  hea t ,  The half 

l i f e  of t h d s  vitamin i n  pe l l e fed  feed is approximately 3 month6 

a t  79'F and 50 . to  90 percent  r e l a t i l r e  humidity. Effects of  n u t r i e n t  

breakdown w i l l  be more se r ious  for those species  rece iv ing  a l l  of  

t h e i r  n u t r i e n t s  f 

organisms. 

complete d i e t .  I 

feed, than for spec ies  with access t o  pond 

Special  care must be taken with feed intended as a 

I 



6 5 ,Special considerations 

A. Utilization of feed is hieher in warm water, Growth 
rates are more uniform &nd tena to be more rapid in 
geothe water. 

As animals grow faster in warmer water: pellet size 
and/or composition may need to be changed more often. 

Warmwater species have different feed requirements 
than cbld water species. 
may,need to be kept on hand t9 feed all culture animals. 
This i s  especially true when using geothermal water 
in downstream or calsqade aquaculture systems. 

D. Feeds mgy degrade more rapidly in warm water. Extra 
binders may be:required for feeds b e @  in geothermally 
oriented aquaculture systems. However, continual 
monitoring of feed consumption is still necessary 
to avbid overfeeding and potentia4 eutrophica+ion. 

B. 

C. 
1 

Various types of feed 

I 
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ITOK CONTNL 
. -  

+ .  ' 

e,  i n t e r a c t i o n  

where one spec ies  k i l l s  and feeds  

a second' species ,  "Competition" 

u l t s  when one of 

spec ies  s u f f e r  i n  i 
t o  obta in  food, nesting s i tes ,  

s h e l t e r ,  o r  some o the r  requirement 
J '  f o r  l i f e .  "Parasitism" is n o t  

covered in tlhs . sect ion as it 

h i c a l l y  demanstrated, 

"predators  2 1 c a p i t a l  while I 

*I1 The 

economical aquaculture 

requires  tha t  grow out  areas be 

designed t o  minimize predat ion and 



' i n s e c t s  p re sen t  t h e  g r e a t e s t  

t h r e a t .  The nymphs o f  d&sel  . 

and dragon f l i e s ,  as w e l l  as 

l a r v a l  and a d u l t  water bugs and 

water  beetles,  @re  11 found i n  

s t a t i c  waters.  T 

he nymphs ( n i a d s )  

om of a pond &ckrw~tw-c* *,dwI+ 

Wakrr L-3 CI2-4 where, with t h e i r  "cheMng" 

mouth p a r t s ,  t y prey on small 

animais. Water bugs .catch prey 

wi th  t h e i r  modified f r o n t  legs 

and k i l l  them wi th  "p i e rc ing  and 

sucking" mouth p a r t s .  The wh i r l -  

igig bee%le i s  well-prepared f o r  

i t s  predaceQus h a b i t s  because its 

eyes a r e  Oivided; t h e  upper half  

i s  f o r  s ee ing  i n  air and t h e  low- 

e r  h a l f  f o r  s ee ing  i n  water.  

Some water bugs qnd water b e e t l e s  

can s w i m ,  d ive ,  and l i f t  them- ' 

s e l v e s  from t h e  su r face  of t h e  
rc water and f l y .  
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It should b~ remembered %hat nb t  dnly &e birds d i r e c t l y  respon- 

sible f o r  cpredation.on c u l t u r e  animals, 

which can- be.  vansmitta?d t o  fish, as secondkry hostg ’: 

, .  1 -  . .  
7.2 Me%hoi?s o f ’  con t ro l  

. . .  ... . 
~ . .- _. . - -  

# L  

bene f i t s .  - Management techniques u t i l i i e d -  include removal of . 

roos t ing  o r  p o t e n t i a l ’ n e s t i n g  . s i t e s  during pond construct ion and  

development. ’ Pond,bank’ construct ion can e f f e c t i v e l y  minimize. 

feeding’ and wading areas .  Non-management con t ro l  measures in-: 

cluden-one of th ree  forms: scare  t a c t i c s ,  exclosures and depre- 

dat ion.  

- Scare t a c t i c s  a r e  a r t i f i c i a l  c r ea t ions  o r  simulation. of no i se s ,  .. 
phys ica l  dis turbances o r  condi t ions which a c t  t o  f r i g h t e n  animals 
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Depredation can a l s o  be considered,  however, most of t hese  b i rds  

are migrat ing and are p ro tec t ed  by both s t a t e  and f e d e r a l  laws. 

Local a u t h o r i t i e s  should be coqtacteq before  m y  con$rol measures 

w e  takes ,  Depredating ducks may be l e g a l l y  done dy r ing  waterfowl 

son However, 

p o s s i b i l i t i  

pe rv i s ion  of  t r a i n e d  w i l d l i f e  personnel,. 

Table 7-1 o u t l i n e s  p o t e n t i a l  avian preda tors ;  t h e i r  r a t e  o f  

zocourenqe and p o s s i b l e  methods o f  cqnt ro l .  

I 



Table 7-1. Potential avian predators, the ir  occurrance 
and methods of  control.  
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crayfish can be avoided by careful 
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Control of these p e s t s  andccompetit ive 

matter of good pond management. 

keeping very small animals with o thers  of t h e i r  own kind and 

s i ze .  

necessary breeding areas ,  keeping pond surface area t o  bottom 

area r a t i o s  a t  a-minimum and drying nursery pond a reas  between 

uses. Chemical means such as "three ga l lons  of d i e s e l  f u e l  o r  

one gal lon of d i e s e l  and one ga l lon  of crankcase o i l  pe r  

surface acreA" are suggested so lu t ions  f d r  mimow ponds but have 

n o t  beeri u t i l i z e d  at, t h i s  f a c i l i t y .  No insec t i c ide  is  known by 

us t o  be permitted,  a t  t h i s  time, by the FDA f o r  use i n  food 

spec ies  i s  l a rge ly  a 

Competition i s  avoided by 

Numbers of i n sed t s  can be reduced by eliminating un- 

. f i s h  ponds. 5 

The cu l tu re  of f i s h  and shrimp i n  open ponds o r  raceways a t t r a c t s  

a va r i e ty  of predatocs. A s  the  s i z e  of the cu l tu re  a n i m a l  i n -  

c reases  from pos t  l a rvae  through subadult s tages*  the  s i z e  and 

d i v e r s i t y  pf  t h e i r  predators  a l s o  increased. Of most c r i t i c a l  

concern are predatory b i r d s  ( diving ducks * grebes, gulls, herons 

k ingf i shers  and t e r n s )  and t h e i r  control .  As the  cu l tu re  a n i m a l  

becomes adu l t  t h e  l i s t  of predatory b i rds  expands t o  include blue 

herons and ospreys. 

B i r d  predation problems vary w i t h  individual  species ,  t h e i r  abun- 

dance, the  proximity of f a c i l i t i e s  t o  nearby nes t ing  o r  roos t ing  

s i t e s ,  the  a v a i l a b i l i t y  of a l t e r n a t i v e  feeding s i t e s ,  and o the r  

f ac to r s .  

may vary and frequent ly  a combination of methods may be required.  6 

Consequently, r e s u l t s  obtained from a s p e c i f i c  cont ro l  
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selection of source hater and/or &reenin 

source as the cul grows to adulthood, and therefore 



7.3 Special considerations t 

A. Use of geothermal water allows year round growth 
of some aquatic animals which would otherwise be 
seasonal predators or competitors. 

Year,.rowd culture is p6ssible with geothermal waters. 
The resulting constant food source can act as an en- 
ticement to both aerial and terrestrial animals. 

B. 
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ment. !hey provide shelter, 

ts, add dissolved 

izs pond banks 

and bottoms, and are food for 

' aquatic animals. e The presence uf aquatic Plants 



Mechanical control and environmental manipulation 0- 

Xechanical control ranges rom the complicated and expen- 

sive use af underwater nowers to those as easy as cutting, 

pulling or digging up a few objectionable plants along the 

edge of' a pond. 
conditions existing in a pond to those which are detricen- 

tal to the objectionable plants is sonetimes possible. 

This environmental modification can be accomplished by 

raising or lowering the water level at appropriate tines 

to fiLood or dry vegetation. It can aIso require the re- 

Modif'ying or changing the environmental 

working of existing pond banks to deepen the edges to a 

minimum'depth of 18 inches. 

Biblogical control -- The introduction of a predator 

which consumes the objectionable plant matter is the 

basis of biological control. 

many species of both fish and insects have been pro- 

clahed the ultircate biological control, most have 

created more problems than they have solved. 

the introduced species has either consumed a11 the 

beneficial plhts, avoiding the Objectionable plants,. or 

out conpeted the target species for both food and space. 

Worse still, the introduced species has, at tines, mod- 

ified the aquatic environxent of na 

point where it became unsuitable to 

Unfortmatelp, aIthough 

Frequently 

stens to the 

native spe- 

' .  



cies, The grass carp (Ctenopharyngodon idellus) has 
shown some promise as a biolagical control for  sone plant 
species, in certain situations, However, due to the 

potential danger it poses, 35 states (including California) 
have banned or strictly limited importation and stocking 
of grass carp. Local wildlife and fisheries representa- 

t i ves  should be contacted before considering any biologic 

c a l  contro1. 

Chemical control -- The use of herbicides can be both 

economical and safe. However, there a r e  several limit- 

ations which must be consideredr 

1. 

Administration (FDA) and your state for food fish 

we.  

is the chemical registered by the Food and Brug 
I 
j 

I 
I 2, w i l l  it affect the target'species in production, I 

1 
I 

Some "legal1t chenical herbicides are toxic to sone 

food fish species. 

i , 3. do you know your problen weed. Sorne herbicides 
e species specific (they work only against specific 

types of pkts), * 

4, da you know your pond volume or surface area . 

Pond Construction), so you can both obtain 

the appropriate quantity and use the correct treatr 

rnent rate, 



5. have you read the.precautions on the label. 

170 control or  inadequate control of an aquatic weed me&s 
that you selected the wrong chemical, used an inadequate 

treahent rate, chose the wrong formulation, or improperly 

applied the chemical. Excessive use of an herbicide, use 
at the'wrong tiae, or use of the wrong chemical can result 

- in a partial or total loss of all the animals in the treated 

1 

pond, 

unsuitable for any further production. 

Worse still, improper treatment can render a pond 

In'summary, aquatic weed control requires the following: 

1, 

2. 

legal method. 

3. 
be sure it is safe, legal, and effective, 

Identification of the problem weed. 

Choosing the most economical, efficient and 

If you choose a chem&cal method of control, 

4. 

5, 

Calculate pond area and volume to be treated. 

Follow label instructions and precautions. 

Aquatic vegetation control requires the identification of the 

weed in question, 

has been grouped into four different biological types, 

types refer to the'manner in which aquatic plants grow. 

To help in the identification, vegetation 

These 



I 

1 
, 

8.2 Type I algae identification 

Type 1. Algae - There are 
many forms af algae which oceur 

in fresh water. These pIants 

are responsible for  the major- 

ity af problems in private and 

commercial fish ponds. There 

are three different types of 

algae, they are: 

a) Planktonic algae - also 
called phyto plankton, These 

are microscopic, free float- 

ing plants which give a green, 

bluish-green or brown color to 

water. Ekamples include the 

folIowlng genera - Chlorella, 
ScenedesmusI 

b) Filamentous algae - these 
are lag, thin, t 
trands, filament 

ant material. They often 

form floating mats or scum, 
Examples include the follow- 

lng’genera - Spiromra, Hydro- 

dictyon, Mougeotia, Cladophora. 



c) Mzskgrass OT stonetiorts - 
these are larger, more highIy 

develcped forms of green algae. 

They are a branched dgae  re- 

sembling flowering plants. 

They have a ste9  with whorls 

of leaves or branches. The 

two nost cormon kindss are 

Chara, which f ee l s  rough and 

gritty, and Nitella, which 

i s  smooth. Bath have red 

reproductive structures 

(Oogonium) at  leaf nodes. 

- 

il h 



8.3  Type. I1 plant identification 

Type 11. Submersed p a t s  - 
These plants are usually rooted i n  

bot tom occasionally 

surface. This group . 

I includes several genera, they 

axe: 

n t a i l  or .hornwort 

(Ceratophyllm SF.), never 

Ceratophyllum grows above water, Usually 
It 

I 

I it does not have roots, i 
I appears olive-green when seen I *  

~ through the water, has elong- I 

I 
i 
I 
I - ated stems, the leaves a re  in 

whorls, and each- leaf is di- 

I vided in to  thread-like d iv is -  1 ions, with serrations (teeth) 
I along one side, The seeds 
I 

are nut l i k e  and appear, with- 

out stalks at the leaf axils, 

There are  several species of 

coontail and their forms can 

be highly variable, 



b) Parrot-feather or water x i l f o i l  

leaf 
patterns. They are roote8;with 

(lQQ?ophyllum sp,) -. These p lan ts  
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I 
I 

I 

. .  

d)  Pondweed (Potanageton sp,) 

I s  the largest group of t ru ly  

aquatic seed plants, Stem 

and Xeaf forms are variable, 

often with two kinds of leaves 

occuring on the same plant ;  

either floating and f i r m  

textured or submersed and 

membranous, Leaves may be 

mal1 and threadblike t o  large, 

oval or lance shaped. The 

leaves al ternate  on the stems, 

but may Be bunched or paired 

toward stem tips. These 

pqants are d i f f i cu l t  t o  

identify t o  species, as.prel.1 I 

as difficult  t o  control. 

e)  H s d r i l I a  - t h i s  plant has 

found i n  Coachella 

wever it has been 

found i n  the Imperial Valley, 

It is not native t o  the United 

States but now in fes t s  Eore 

than a half-million acres 
in the southern United States, 3 



7. 
actual sfze 

leaf r i b  
with spines 

& 0 leaf serrated 
\ 

XOTE : Hydrilla i s  sonotines 

confused with Elodea o r  

Egeria. ' 

160 

Hydrilla ver t ice l la ta  i s  

rooted t o  the bottom with 

long branching stems, which 

break loose and forn! large 

floating mats. Leaves are  

i n  clusters o f  three to  six 

i n  whorls, with two or three 

t iny spines along the central  

vein  on t h e  underside of the 

leaf. 

under a vide variety of con- 

ditions, and i s  the  most 

It i s  able t o  flourish 

. d i f f i c u l t  and expensive pond 

weed t o  control. 
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8.4 Type I11 plant identification 

ryPe 111, Ehersed pIants a re  

those which are rooted. on the pond 

bottom or along the shore, and 

extend above the water surface, 

There are three types which occur, 

they are: 

a) Cattails (Typha sp,) - This i s  

the largest g ~ a u p  uf wee8s con- 

sidered, in both s ize  (leaves 

reach 6 t o  8 feet ta l l )  and 

spread (one acre ttf c a t t a i l s  

may actually be only a f e w  plants), 

Cot ta i l ’ s  are often the first 

invaders i n  a new pond, and 

can appear anywhere it i s  vet. 

The flowers are i n  cyZindrica1 

spikes, wi th  the male portion 

above the female. Leaves are 

long and frattened. Catt 

spread by undergrotlnd root-stock 

or wind b0m seed, 



b) Spike rushes (EIeocharis sp.) 

are small emergent plants with 

leaves without blades. The 

leaves a r e  represented by sheaths 

at the stem bases. Stems end 

with spikelets. Seed cl’usters 

arise in clunps from mtted 

root stock. 

c )  €hitrushes CScirpus sp.),are 

&@..nal plants with slender, 

erect stems Gith sheaths at the 



8.5 Type IV plant identification 

Type ?V. Floating plants - 
Those pIants which float on the 

water's surface and are not rooted' 

in the bottom are included in 

this category. In Coachella Val -  

ley, the prime,' naturalXy uccuring 

example of this group is duckweed 

(.family Lemnaceae). In less arid 
climates, other exampl'es include 

, 

water lettuce, wat& fern, and 

water hyacinth. 

a) Duckweed (famiIy Lemnaceae) 
I 
1 

I 
I 

consist of several genera, all: 

I are amongst the smallest of 

I the water pXants. The- plants 
float, without leaves but have 

gIaboss OF flattened fronds. 

The plants may or may not have 

roots. Reproduction is mainxy. 

vegetative, by a division of the 

plant body (budding), The nost 

WaZffla a 9  

cornon genera are: (a) Lema SP., 
little duckweeds, (b) mirodela 

sp., large duclrtteed, and 

(c) Waxma sp. watermeaL 
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Special considerations 

A. Geothermal water allows year round growth of some plant 
and algae species. These can be either beneficial or 
a nuisance, depending on the species and its population 
size. Hence, management is necessary for both identi- 
ficatimn and control, if necessary. 
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I 

9.0 The area in and around ponds s u s t a i n s  its own population of 

' r e s i d e n t  and transient animal species .  These animals range i n  ' 

s i z e  from t i n y  protozoan? t o  racoons and coyotes. These c rea tu res  

I I 
~ 

wel l  e i t h e r  in  pond waters o r  i n  the  surrounding environment. 

ome spec ie s  r equ i r e  both h a b i t a t s . f o r  su rv iva l ;  aqua t i c  f o r  a 

po r t ion  of t h e i r  l i f e  cyc le  and t e r r e s t r i a l  o r  a e r i a l  f o r  anotlier 

phase, Both toads  w'd dragonf l ies  are examples of t h i s  s i t u a t i o n .  

h i s  s m t i o n  of t h e  guide has  been designeci t o  help an observer 

n t i f y  and understand t h e  animals Seen at.th'e c u l t u r e  s i t e .  

mal6 are divided i n t o  two major groups, based on s t r u c t u r a l  

fe rences ,  ve r t eb ra t e s  and i nve r t eb ra t e s ,  Yer*ebrates arc 

se animals possessing a v e r t e b r a l  colunin (backbone) o r  ari 

i n t e r n a l  body ' skeletoh.  

internal skgleton o r  backbone. 

by sepa ra t ion  of  t h e  animals i n t o  t h e i r  respec t ive  phyla. 

Inve r t eb ra t e s  a r e  those 

Further  d iv i s ion  occurs 

I 

I e grouped ipt e various phyla on thc basis of 
I ,  

ing had ti common ances tor .  1 
i 

9 b 1 Inve r t eb ra t e s  

r e  extremely d iverse  i n  size, body plwL u,ii 

?ncy are adapta t ion  t o  t h e i r  respec.tive h a b i t a t s .  

e i n  t h e i r  anatomical f ea twes ,  bu-t are 

erous than ve r t eb ra t e s  f spclrsL: 
t 

4 

I 

I 

i 

I 
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number of individuals. r e  than 90 percent of both and 

l i v i n g  and f o s s i l  animal species have been ident i f ied  as in- 

vertebrates.  

9 . 2 .  Protozoa 

These one cel led animals a re  usually seen as individuals 

only with a microscope. 

such as algae o r  bac te r ia ;  others  subs i s t  on decaying substances, 

and a few manufacture the i r  foods. 

i n t o  four groups: c i l i a t e s ;  f l a g e l l a t e s ;  s a r c o d b i a ;  and suctoria.  

,-  

Some protozoans feed on l i v e  foods 

Protozoans can be separated 
3 

The shapes of som protozoans is 

so similar t h a t  ideli t i l"ication 

might; stem confusing. 

L_ Ichthyop-thirius is  a 1a.rge c i i i c - t e  

that causes a a ~ . r ~ ~ i t & - s p o i ' a  or IC~'* 

disease i n  fish. Frorodon i s  a 



. .  

Ciliates 

~ This classification of 'protozoa is characterized by the possess- 

ion of short hair-like cilia-cqd a macro (large) and micro (small) 

nucleus? The cilia a r e  used for locomotion and/or food gathering. 
' Both Ichthyopthirius and Prorodon are examples of this group. 

! 

I 

I here are many species of the . 
I 
1 



S a r c  o dina 

T h i s  group, a l s o  known as rhizopoda, has pseudopodia o r  5 " f a1 s e - fee  t " . 
The flowing movements of t h e i r  protoplasm' a r e  both the  means o f  loco- 

motion and the  method .of cap tur ing  food. 

examples of t h i s  d iv i s ion ,  w i t h  t h e i r  " s o f t "  f ree  form shape. 

However, o the r  sarcodinians may be enclosed i n  a hardened " she l l " .  

Amoebas a r e  the  classic 
1 

Arcel la  and heliozoans a r e  examples of t he  she l l ed  tjrpe o f  f r e s h  \ 

water protozoan. 

Suc to r i a  

Yany of these  animals are p a r a s i t e s  and some cause d isease .  

l i v i n g  suc to r i ans  have sucker- l ike "arms" o r  t e n t a c l e s  f o r  grasping 

and e a t i n g  food. Young suc to r i ans  possess  c i l i a .  Adults a r e  a t t ach -  

ed t o  s u b s t r a t e  by a long s t a l k ,  which might remind the  observer  of 

t he  more advanced coe len te ra t e ,  the  Hydra. 

Free 

-3  

i 



F l a g e l l a t e s  

F l a g e l l a t a  is a class of Protozoa charac te r ized  by possession of  

one o r  more long whip l i k e  f l a g e l l a .  

animal and plant l i k e  forms. As some forms can produce t h e i r  own 

food from chlorophyl l  i n  t h e i r  bodies ,  they are claimed by botan- 

ists and zoo log i s t s  al ike 

captur ing  and eating o t h e r  organisms. 

F l a g e l l a t e s  include both 

Another group is  more-animal l i k e ,  
1 3 

occurr ing 

Volvox i s  anot  C l y  occurr ing p l ah t - l i ke  f l a g e l l a t e .  It is, 

however a colony of u n i c e l l u l a r  animals,  each w i t h  two f l a g e l l a  and 

spot. 

end forwaf-d. 

The spherical colony rolls over and over, always with 

3 

Both groups of f l a g e l l a t e  

I t h e  water appear green. he most "notori,ous" f l a g e l l a t e ,  

Gonyaulax, is one which li 

condi t ion known as " red- t id  

and i s  responsible  f o r  a , 

I (  



9 . 3  Coelentkrata 

The phylum Coelenterata includes animals whose main body cavity 

is a l s o  the digestive cavi$y and is connected to the outsiUe by 

a mouth.6 I Most Coelenterates are marine, but Hydras and a single 

species of jellyfish can be found in fre~hwater,~ Hydras, usually 

less than an inch long are the representative in the Coachella 

Valley area. 

readily observed in an aquarium. 

Although Hydras are present in ponds, they are more 

==a 

9.4 Rotifera 

Rotifers or wheel animalcules are so named in reference to the 

rotating movement of the hair-like projections (&ilia) on'the front 

of the body.' 

or flower-like attached dwellers to rounded,forms which float'near 

the surface. 
3 are bilaterally symmetrical.. 

Their shape varies from worm-like bottom dwellers 

They may live singly or in colonies. All rotifers 

I 
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I 9.5  Worms and worm-like animals 

Worms and wok-like animals belong t 

These include flatworms, earthworm t and leeches? Free 

l i v ing  flatworm, turbel lar ians ,  a re  infrequently observed. The 

small size,  less than an inch, makes t h i s  worm eas ie r  t o  observe 

3.n an aquarium si tuat ion,  

era1 unrelated groups. 

I 

I 
Keither of the other two groups ic 

I 

1 
i 

found in a natural  population a t  A . 1 . 1 . ' ~  s i t e .  Other animals t h a t  

I appear at first observation t o  be worms, a re  upon closer exmIina- I 
I t i on  found t o  be insec t  larvae. 



9.6 Arthropoda 

Th i s  l a r g e  phylum,of inve r t eb ra t e  animals has j o i  l e g s  
ch i t i nous  exoskeletons, aii'd segmented body p a r t s .  

of ar thropods a r e  
Yhree c l a s s e s  

and arachnids. 7 

Crust ace ins  

&Seed shrimp o r  os t racods  are 

usua l ly  less  thar iO.1 inches 

long. These clam-like sqav- 

engers =e common in  mats of 

a lgae ,  o t h e r  vegetation, and 
mud bottoms. 7 

PA ; la ter  f l e a s  or c la-xcrms are 

microscopic animals, arid organic 

* . . . ..:.., 
..*.. ,:. . . -. debris. 7 

*. : ; 
-, . . ' . ..a . . . "'> , . ., ... 

,. - 9  : 

Copepods are ubiquitous s m b l l ,  

c rustaceens that usually feed on 

algae, bacteria , mid urggarlic de - 
bris .  The ovigerous female is 

e a s i l y  recognized as one o r  two 

x 



o f  copepods fbund i r ' f r e s h  water 

, 

are an important part o f  the d i e t  

09 fish? However, certain spec' 
~ 

. .  

cies are f i s h  parasites,  and can 

inh ib i t  growth and productivity. . 
I Scuds or amphip usually l i v e  

to the PO bottom and avoid 
I 

l i g h t .  They scavengers on 

' plant and mim debris. These 

lattenad frorr 

side t o  s i d e ,  and grow as large 

e s  but qre ugually 
much smaller. 7 

d crayfish a n  



. 

tended i t s  range i n t o  the  va l ley ,  

1 76 

but  i s  r a r e l y  fotuld. 

Insec ta  

damsel f l i e s  i n  North America. 7 

The two groups a r e  e a s i l y  differ :  

en t i a t ed  both i n  f l i g h t  and a t  

r e s t .  Dragonflies a r e  more 

b r igh t ly  colored and l a r g e r ,  

than the damselfly . Damself l i e s  

hold t h e i r  wings upward and back- 

ward when a t  r e s t ,  while dragon- 

f l i e s  hold t h e i r  wings i n  a hor i -  
zonta l  pos i t ion .  7 

Dragonflies and damself l ies  both 

mate i n  f l i g h t  and &nd.the females 

deposi t  t h e i r  eggs i n  the  water. 
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Some species complete their life 

cycle of egg, nymph &d adult in 
s may take up - 

itself to this object and climbs . 

slowly out of th water. The out- 

er skin splits 1 

adult emerges 

' have dried it can fly away. One 

often finds these abandoned 

nymph husks while working in or 

around the ponds. 

1 



True. bugs (Hemiptera) 

The t r u e  bugs have moutb p a r t s  

designed f o r  both p i e rc ing  and 

sucking. Most aqua t i c  bugs 

use these  p a r t s  t o  f eed  on 

i n s e c t s  o r  o the r  small in- ' 

ver t eb ra t e s .  These bugs w i l l  

be seen swimming, d iv ing ,  

walking on the .wa te r ' s  sur face .  

Water boatmen (Arctocorixa 

. i n t e r r u p t a )  and backswimmers 

(Notonecta undu1ata)are among 

the  most common t r u e  bugs t h a t  

s w i m  i n  the  water.-* These bugs 

capture  a bubble 9f a i r  a t  t h e  

sur face  and hold it while s w i m -  

ming. The b i t e  of t h e  back- 

Wet  Tveadcr 
(0.5ivt.1 

swimmer i s  q u i t e  

Water t r e a d e r s  a r e  small 'true 

bugs l i v i n g  only t h e  sur face .  

They feed  on the  animals found 



Beetles (Coleoptera) 

Whirligig beetles (Dineutes americanus) are 
I pf this group. Both adults and larvae 
~ 

these predat use their short, fan shape 

for skimmipg over the supface of-the water 

Their eyes are divided into 

above and below the water. 

however, their larvae are voracious, carnivors and should be 

for diving. 

.~ 



Midge l a rvae  (Chironomus sp. 1. 

. .  The l a rvae  of t h i s  midge is pop- 

u l a r l y  known as a bloodworm. Their  

b r i g h t  r ed  co lo r  i s  due .to t he  haem- 

oglobin i n  t h e i r  blood. These l a r - .  

vae a r e  an important food source 

f o r  o the r  qquat ic  organisms. 7 

Horsefly (Tabanus sp. ) and 

dee r f ly  (Chrysopg s p . )  l a rvae  are 

aquat ic .  Thc: l a rvae  of the  horse- 

f l y  can be as long as an inch ,  but  

those of the  dee r f ly  a r e  smaller .  

Both l a rvae  Seed on worms, s n a i l s  

and o the r  animals. 7 

Mosquito larvae.  These l a rvae  

can be found hanging head down- 

wards from the  water's sur face .  

Breathing tubes  are used f o r  r e s -  

p i r a t i o n .  When the water is d i s -  

turbed,  they r e t r e a t  t o  the bottom 

u n t i l  ' lack of oxygen f o r c e s  them 

t o  come t o  the  sur face  again.  

Vegetable P a t t e r  i s  t h e i r  source 

of food.' 

po r t an t  food source f o r  o the r  a- 

q u a t i c  animals, e spec ia l ly  f i s h .  

They too provide an i m -  



Arachnida 

Among the  animals f requent ly  d sometimes on the pond 

are Arachnids. These i n s e c t  l i k e  animals have e i g h t  legs .  Spiders  

and scorpions a r e  both included, i n  t h i s  

Many kinds of* sp iders  may be found 

under rocks o r  vegetat ion near  the' 

ponds and some may be found on the  ' 

water.' 

of a sp ide r s  d i e t ,  but  occasion- 

a l l y  those sp ide r s  bu i ld ing  t h e i r  

In sec t s  make up the  b u l k  . 

ber  the  water have been known 

t o  ca tch  small f i s h  and tadpoles.  

However, some sp iders  a r e  capable 

o f  g l i d i n g  across  the  pond:s s u r -  

f ace ,  while o thers  can dive i n t o .  

t he  pond. 7 

Scorpions may be found under rocks 

and o ther  dark p laces ,  sometimes 
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9 . 7  Mollusca 

Mollusks a r e  soft-bodied animals having a s h e l l  which surraunds 

t h e i r  s o f t  p a r t s .  Examples of these  animals a r e  the  snai ls  and 

clams f r equen t ly  found in  freshwater  ponas. Less t y p i o a l  members 

of t h i s  group inclpde the  ubiquitour; l w d  slug, marine squid,  and 

octopus. These s p e c i a l  members have e i t h e r  a modified, reduced 
o r  i n t e r n a l  s h e l l .  1 

S n a i l s  (Gastropoda) 

Gastropods a r e  s i n g l e  sbellerl .  The she l l  may be rounded, f l a t t e n e d  

o r  sp i red .  The sof t ,  "body" of t he  s n a i l  can be withdrawn completely 

i n t o  the  s h e l l .  A n  pperculum o r  "door" covers  t h e  s h e l l ' s  opening 

f o r  p ro tec t ion .  

They, i n  t u r n ,  are food f o r  many o the r  animals. 

Examples of t h i s  group include t h e  rounded pond sna i l ,  t h e  f l a t t e n e d  

sp i r ed  ramshorn, and t h e  h ighly  sp i r ed  cornucopia. 

Gastropods feed mainly on plants  and dead ma te r i a l .  

Pond s n a i l s  and ramshorns l a y  t h e i r  eggs on submerged sur faces .  

These ge la t inous  masses contain many t i n y  eggs wbich develop i n t o  

miniature  a d u l t s  then hatch,  

them within a s p e c i a l  body chamber. 

hatching. 

~ 

Cornucopia a l s o  have eggs,  bu t  r e t a i n  

The young a r e  released a f t e r  



Clams (Pelecypoda) 

Animals of t h i s  group have two valves  ( s h e l l s )  which cover the  

s o f t  body. They feed  and brea th  through tube l i k e  siphons. 

One siphon br ings  i n  water and food. 

t he  g i l l s  

o t h e r  siphon. Clams are . -e&ten-by  o the r  mimals and f i s h .  

P eproduc occurs e i t h e r  when eggs. and sperm are broadcast  i n t o  . 

t h e  water,  meet and t h e  eggs a r e  f e r t i l i z e d :  o r  when sperm a r e  

siphoned i n  and f e r t i l i z e  he eggs which a r e  held i n  s p e c i a l  

brood s a c s . .  The l a rvae  a expel led and progress  through 

numerous s t ages  they " s e t t l e  out"  and mature i n t o  small 

clams. Ind iv idua l  clams a r e  both male and female but  a r e  no t  

s e l f  f e r t i l e .  

This water passes  over - 

and the  spent  water i s  pumped back out  through the  . 

I 

9 . 8  Vertebrates  

'4 e r  t e br  at  e s e animals having a backbone, Thos animals 
- 

with backbones a r e  genera l ly  l a r g e r  and b e t t e r  known. In and 

around ponds t h e r e  course,  f phibians,  r e p t i l e s ,  

b i r d s ,  and m 

9.9 P i sces  ( F i s  \ 

In pond c u l t u r e  a l l a f f s h  a r k  s e l ec t ed  and w i l d  f i s h  a r e  screened 

out  of t he  ponds. 

should be caught d i d e n t i f i e d  as soon as poss ib le .  The na tu re  

o f  t h i s  fore ign  f i s h  w i l l  determine t o  what deg ree , the  planned 

If a manager s i g h t s  an unknown spec ies  the  f i s h  
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c u l t u r e  system is  d is rupted .  I n  some cases  it w i l l  be necessary 

‘to destroy the  iqvader.  

. 9.10 Amphibia (Frogs and Toads) 

Frogs and toads  l i v e  i n  o r  near 

water. Mating occurs e i t h e r  i n  

o r  nea r  t he  water. 

nouseggs r equ i r e  a high moipture 

environment t o  develop md hatch. 

Toad eggs a r e  l a i d  i n  ge l a t inous  

s t r i n g s ,  while f r o g  eggs are 

found i n  ge la t inous  mas$es. The 

l a r v a l  s t age ,  t h e  tadpole ,  i s  en- 

The gelati-  

t i r e l y  aquat ic  with maturation 

r equ i r ing  per iods  of 2 weeks t o  

2 years.’l This maturation time 

depends on spec ie s ,  water temi 

pe ra tu re ,  and food a v a i l a b i l i t y .  

Tadpoles feed on algae, but  a d u l t s  

a r e  carn-iverous. The ca l l  of a 

f r o g  i s  a familiar sound around 

the  pond, but  it i s  sometimes 

fo rgo t t en  t h a t  toads a l s o  have a 

d i s t i n c t  c a l l .  

Two f rogs  of t he  genera Rana and 

a number of toads  of t he  genera 

- Bufo a r e  commonly found i n  the  
C a l i f o r n i a  d e s e r t  area.  9 



9 .11  P e p t i l i a  (snakes., 

Snakes and l i z a r d s  are p dese r t  t o r t o i s e  

on1 t h e o r e t i c a l  v i s i t b r  '* 

There a r e  no t r u e  water 

snakes may spend some time Pn ' the  water. 

but  caut ion s 

e r s  may 

ing  tour .  

Lizards  found in  t h i s  a r e a  a r e  harmless and have very l i t t l e  i n t e r -  

ac t ion  with PO cu l tu re .  In sec t s  and vegetat ion a r e  typ ica l  

sources o f  foo 

"rost snakes a r e  harmless 

d be exercised as b o t h  r a t t l e s n a k e s  and sidewind- 

su rp r i se  an unwit t ing pond manager out  on & early morn- 

f o r  t h i s  group. 

Rat t lesnakes ( d r o t a l u s  s p * )  a r e  among &he most famous and feared 

o f  a l l  snakes i n  North America. lo 

poisonous. 

a g a i n s t  t h e  r o o f . o f  t h e  snake ' s  mouth. Most ra t t le rs  have a 

r a t t l e  a t  the  end of  t h e i r  ta i ls .  However, cont ra ry  t o  popular 

opinion,  you canno snakes a& by the  number of r a t t l e s .  

Rat t lesnakes,  l i k e  o t h e r  snakes,  

With the  exception of t he  sidewinder (C, c e r a s t e s ) ,  o the r  snakes 

found i n  the  area a r e  n o t  pofsonous. 

Rat t lesnakes or r a t t l e r s  a r e  
I 

The poison i s  i n j e c t e d  through two fangs t h a t  f o l d  
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The d e s e r t  spiny l i z a r d  (Sceloporus magister) i s  easy t o  i d e n t i f y  

as it  is l a r g e r  than most l i z a r d s  seen in  t h i s  a r ea .  i 
Its sk in  

i s  very rough and it has a blackish c o l l a r ,  I t  is  sometimes m i s -  I 
i 

taken f o r  a t r u e  c o l l a r e d  l i z a r d  (Crotaphytus sp.) which has two 

t r ansve r se  c o l l a r  bars' 11 

11 Lizards  of the  genus Uta t a k e  t h e i r  name from the  Ute Indians. 

Th i s  very fast runner is an adept  sna tcher  of f l i e s , p g i d e r s ,  and 

scorpions.  I t  i s  one of t he  few l i z a r d s  of t h e  Cplorado Desert  

t h a t  a r e  a c t i v e  a l l  win ter ,  during the warmer p a r t s  of t h e  day. 



The d e s e r t  t o r t o i s e  i s  an infrequent  sojourner ,  whose presence is. 

harmless and inn cuous>'If one were t o  be s ighted ,  it should be 

remembered t h a t  t h i s  is one of t h e  spec ies  protected by law. 

3 . 1 2 .  Aves (B i rds )  

B i r d s  of a few g r o u p  are semiaquatic and will tend to 1ingc.r o r  

se t  up houseke Even more spec ies  w i l ;  pass 

through fpr a t e r  stay. b'ost birds will n o t  i n b e i f e r e  with 

pond a c t i v i t i e s ,  but  for the  more cormon o f  those t k t  do r e f e r  

t o  chapter  7. me b i rds  are so v i sua l  o r  verbal a pond n ; m 2 . ~ e x  

can d e t e c t  o l d  and permanerit r es idcnts .  ~ G V S Y S  of 

g a t  your ponds. 

s q u a i l  meet the  feed Ztrtck and yellow-headed b1a1.A- 

b i r d s  seem t o  supervise  pond rr,a-ic\~einitnt. 

. o f  f i e l d  guides clvailable f o r  wildlife 

se l ec t ed  i,ef erciic 





9.13 Wmmalia 

A.number'Of mammals l i v e  around 

. *  the ponds. Xuskrats ac tua l ly  l i v e  

. .  i n  the  water and have,been a prob- 

lem i n  the  Coachella Canal. I t  is 
J irk  &&b;t 

I k p s  4 ;Fornicc*s possible  t h a t  they might be found 

~ h . p o p d s  and cause dike damage. 
i 

,"ish and Game could o f f e r  assist- 

advice t o  a farmer w i t h  

oblem, Cther Rammals will I 

c.tr.*TI;\ 
3 "9- 3 lu;l US -dubmi; use the  ponds as a water source. 

Coyotes, jack rabbits, and. cotton- 

t a i l s  might be sig d .  P a t s  cmt? 

out; a t  dusk and hur:t i n sec t s  

C a  etc acaons vi si t konds 
C& 

food. They rr.ay pibey 

ed species (bre chap- 

ter 7). 
b 



9.14 Suwary 

The construction and maintenance of porids for aquaculture c rea t e s  

habitats  suitable for 'a wide variety of non-culture species.  

associated animals vary widely i n  size, 'shape, and habits. 

of these animalls are compatible with tile cultLir-e operatior,  E : I ~  

can e a s i l y  coexist with both the culture species and t h i  pord 

riianager. Cthers require either cautiobb cozx i s twce  or avtjiG- 

a x e .  

These 

Some 

?his  sect ion wi?s ipcluded it;, both mi h t r o d u o t i o r i  arld 

over-view o f  these non-culture, associsted animals. T h i s  shou ld  

be a startifig po in t  for f u t h e r  searches for i i i f o r m t i w L .  
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later.  Passive gears  a r e  those which 

s e n t e r  vo luntar i ly ,  r e -  

q u i r i n g  l i t t l e  a c t i v e  p a r t i c i p a t i o n  on 

the part of the captor .  

I Traps, trammel nets, g i l l  n e t s ,  and 



, l i f t  n e t s  a r e  a l l  ex pass ive  

systems. They r e q u i r e  the  least  un i t  

e f f o r t  i n  terms of manpower. 

t h e i r  production is va r i ab le  and can 

be spec ies  o r  s i z e  dependant. 

10.1 Traps o r  p o t s  

However, 

entPance Traps o r  p o t s ,  r ega rd le s s  cf s i z e ,  

include a chamber with an entrance t 
' modified t o  allow e n t r y  but  n o t  e x i t  

of t he  catch.  Animals a r e  a t t r a c t e d  

by e i t h e r  ba i t  o r  t he  s h e l t e r  o f f e red  
~ 

by the  t r a p s .  B a i t  i s  a substance 

which e n t i c e s  t h e  a n i m a l  i n t o  t h e  t r a p  

by i t s  'odor ' .  Various products  of 

Shaped s y n t h e t i c ,  a n i m a l  o r  vegetable  o r i g i n  

are used as ba i t .  However, before  a 

. b a i t  i s  u t i l i z e d ,  cons idera t ion  should 

be given t o  i t s  e f f e c t  on water qua l i -  

Net 

t y .  

p l i e r s  o r  homemade. The bas ic  types 

used include - igloo, box, b a r r e l  o r  

funne l ,  and h e a r t  shaped. 

Traps can be purchased from sup- 

10 .2  Trammel, gill and l i f t  n e t s  

Trammel and g i l l  n e t s  are tangle  n e t s  

They ensnare the  a n i m a l  as it a t tempts  

t o  ' s w i m '  o r  walk by. They a r e  avai l - '  



ab le  i n  var ious mesh s i z e s ,  

and widths. L i f t  n e t s  capture ani-  

mals by enclosing them as they move 

over the  n e t .  B a i t  i s  sometimes used 

t o  encourage the animals t o  congregate. 

10.3 Active methods: se ines  o r  trawls 

Several  th ings  should be remembered 

when considering ac t ive  f i sh ing  

methods ( se ines  and/or trawls). These 

methods can increase catch r a t e s  w i t h  

a higher catch per  u n i t  e f f o r t .  How- 

ever ,  they tend t o  be heavy and re- 

' qu i re  a high i n i t i a l  investment and 

constant-upkeep, In addi t ion,  a degree 

of ' t echnica l  exper t i se '  i s  required t o  

l e a r n  t h e i r  proper use. T h i s  use var- 

. * .  . i e s  f o r  d i f f e ren t  pond configurat ions,  
, ..... 

species  va r i a t ions  and siz 

tions. When contemplating any harvest 

ethod, i t s  cos t  should be considered 

aga ins t  individual  time and e f f i c i ency  

requirements. 

Seine with bag 
and wings 

a s i c a l l y ,  a seine i s  a panel o r  

e r i e s  of panels (wings) made of 

n e t t i n g  w i t h  weights on an at tached 

a 

I 
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Cross section of net a t  
point A above, showing 
bulge (soIid) or bag 
(dotted). 
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bottom l i n e  ( l e a d  l i n e )  and f l o a t s  

on the top l i n e  ( f l o a t  l i n e ) .  The 

seine is pul led  through the water, 

w i t h  t he  lead l i n e  r i d i n g  along the  

bot tom and .the f l o a t  l i n e  remaining 

a t  the  surface,  i n  a semi-circular 

pa t t e rn .  The bulge i s  t h e  n e t  is  

usua l ly  s u f f i c i e n t  t o  contain the  

catch.  Additional f ea tu re s  called 

’ 

bags can be added t o  the  se ine  and 

a c t  t o  secure t h e  catkh i n  .a small 

area.  

In order  t o  se ine  an e n t i r e  pond, 

the  length and width  of  t he  n e t  

should  be approximately 33 percent  

longer and wider than the  pond it- 

se l f .  The amount o f  f l o a t a t i o n  o r  

weight w i l l  depend on both  bottom 

composition and peraonal prefer -  

ence. 

keep the  n e t  down on hard bot toms.  

Fu?ore weight i s  required t o  

T r a w l s  a r e  s e ines  mod i f i ed  t o  be 

pul led  f rom one l i n e  o r  one point .  

The opening o r  mouth of t he  se ine  

i s  kept open through use of 
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' o t t e r  boards' o r  'doors ' :  whose 

shape, when properly r igged and 

pu l l ed  through the  water,  p u l l s  

them forward and outward. A lead 

. . --. - . .: :;. l i n e ,  f l o a t  l i n e  and bag a r e  a l s o  

. :z r . . * .... 

p a r t  of a trawl. 

Both se ines  and trawls come i n  a 

wide v a r i e t y  on s izes ,  shapes, and ' 

mater ia l s .  They can be handmade, 

purchased complete, 'or t h e  components 

purchased sepa ra t e ly  and assembled 

( see  t h e  Appendix f o r  a l i s t  of 

supp l i e r s  1 

a- 

as the designs. Cotton, nylon mono- 

f i lament ,  and woven nylon a r e  themost 

common n e t  mater ia l s .  Polypropylene 

n e t t i n g  purchased is syn the t i c  r a t h e r  

maximum l i f e  from syn the t i c  f i b e r  n e t s  

I 



Cast Net, open 
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Nylon breaks down from exposure t o  
2 sunlight twice as fast  as cot ton.  

Dips f o r  n e t s  may be purchased and 

vary i n  both conten t ,  from creosote  

base t o  p l a s t i c ,  and v i s c o s i t y ,  heavy 

versus  l i gh t .  

Cast n e t s  and d i p  nets  a r e  a l s o  

a c t i v e  methods. They gene ra l ly  

r equ i r e  a one t o  one, u se r  t o  

implement r e l a t ionsh ip .  They are 

u t i l i z e d  t o  ha rves t  small numbers o r  

subsamples of animals. 

c i r c u l a r  n e t s  designed w i t h  a weighted 

per imeter  i i n e  and a s e r i e s  of l i n e s  

r a d i a t i n g  from the  cen te r .  These 

l i i i e s  cause the n e t  t o  bag o r  purse 

C a s t  n e t s  a r e  

as i t  i s  pu l l ed  i n .  A cast n e t  i s  

thrown upward and outward s o  t h a t  it 

lands  i n  an extended c i r c l e .  Both 

pa t ience  and muscle power are requi red  

t o  master t he  proper  techniques.  Dip 

n e t s  a r e  small hand held n e t s  used 

t o  ca t ch  animals by scooping them up. 
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Net repair 
When discussiqg nets ,  keeping you equipment operating i n d  : 
in good rspEFh is very iplportanf. 

checked for signs pf wear oP &image; The major problem enT 

countesed is r ips  or tears and holes.  If left unattenqed, 

these tend t o  increase j.n s i z e  qnd cause decreased catches 

through escape. 

Nets shpu$d.be frequently 
I 
i 

~ 

i 

1 
A section on net  hending cap be found i n  

i 
1 Appendix A. 
i 
~ 

I 
I 
I 

! 
1 

I 
1 .  
i 
i 



1 

202 

10;6 Special considerations 

A. Harvest can be continuous rather than seasonal, 
qs year round growth is possible in geothermal 
aquaculture projects. Therefore, harvest equipment 
must be geared for continuous rather than seasonal 
use. r .  

Special holding or processing facilities may be re-,-:. 
quired if harvesting warm water animals during periods 
of cold weather .is contemplated. 

B. 



I 

1. 

2. 

. I  
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11.0 . In t roduct io  

After  t he  work of 

produce is successfu l  

the  product 

management t h a t  determines the  outcome of our e f f o r t s .  This  is  

probably the  leas t  understood and most i n e f f i c i e n t  a r e a  i n  aqua- 

cu l tu re .  

Time and experience can present  many answers but  t he  rcad t o  a 

successful  marketing experience can be made nore smooth with 

planning and by purchasing some experience from a knQwledgable 

marketing person. 

marketing can be p a r t  of thc  package. 

planned" the  produce might be b e s t  so ld  t o  a processor o r  whole- 

s a l e r  as marketing is  t h e i r  f i e l d  of  expe r t i s e .  

If t h e  farm was p l m e d  w i t h  a consu l t ing  f i r m ,  

If the  farm is " s e l f  

b 

11.1 Types of markets 

7'0 reach  isrgct customers, p.-ofessional mzrketing mslnagers us6 ir 

t h ree - s t ep  process  of mgrket scgrnexitaticr,. It ( a )  develops a 

desc r ip t ion  o f  t h e  t o t a l  marke t ;  (b) d iv ides  the  t o t a l  market 

i n t o  i d e n t i f i a b l e ,  reasonably homugeneocls sub-market.;; and 

( c )  develops the  most effective s t ra tegy  t o  reach var ious 
segmerits of t h e  t o t a l  xcarket. 1 

b'arkcting aquaculturc pi ciducts i s  un ique  for each farm arL sChscjm1 



I 

ar (wel l  def in  

I roduction d a t a  a r e  necessary 
~ 

I 

I 

l e conducted on a year  round 
I r seasonal  b a s i s ,  These data w i l l  als mine the  scope 
i 

of t h e  marketing prqgram. A farmer with one small pond which w i l l  

r year  w i t h ,  production of less than  100 pounds 
I 

I 

I 

e harvested once 
j 

w i l l  n o t  need -as  extensive a program as t he  farmer w i t h  a l a r g e  

cont inua l ly  produc 

o one of  t w o  a r e a s f  e i t h e r  

cess ing  p l a n t s  o r  conventional f t s h  markets. Fowever, var ious 

n channel opt ions  are open t o  the  farmer, 011 wi th  the 

u l t ima te  a i m  of reaching 811 ul t imate  consumer Di s t r ibu t ion  

I ystems range fr 

I 

~ 

1 
I JUost goods, howe wing channels:  
I 1. 

2, Producer - r e t a i l e r  - co1isumcr 

I 

i 
1 I 
I 

I 
~ 

f a c i l i t i e s  a r e  c 

, 
! 

1 

I 
I 

I 
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The retailer or wholesaler position is often assumed by a processor, 

who after taking delivery of the product aasum,es the responsibility 

for finally getting the product to the consumer. The .farmer is 

usually paid either on a flat rate basis for delivered product, 

or on the current market value for ,the product at the time of final 

sale. 

Agent/brokers are essentially saledmen who try to obtain the high- 

est possible price available from a variety of market sources. 

- 

They receive a portion of the sale price a$ a commission. 

deal'with the available product form. 

They 

Itshould be noted that the cost of delivery is usually assumed 

by the producer, unless other arrangements are made ahead of time. 

11.2 Produce form 

Animals to be sold whole, with minimal processing, command a large 

proportion of the present day aquaculture produce mkket. 

the animals sold in this manner go to one of two areas, either 

processing plants or conventional fish markets. 

cessing is being carried out 'by some growers in Hawaii. 

these animals are sola fresh and usually are dressed on order. 

Most pf 

Dn the farm pro- 

Most of 

Processing plants often flash freeze the whole prawn, tail only, 

or tail with shell removed. Fish are generally filleted, steaked, 

or dressed to order. 

according to their market specifications. Produce destined for 

conventional fish markets is usually iced, limiting shelf life 

These products are then packed and shipped 

as well as sales volume. 
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11.3 Karketing aids 

Crganizations which o f f e r  he lp  t o  f e m e r s  d e s i r i n g  specl. 

marketing a s s i s t ance  a r e  l i s t e d  below: 

ic 
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1. National h'arine F i she r i e s  Service - has a 
' 

marketing s p e c i a l i s t  ava i lab le  on a reg iona l  

b a s i s  

Small 2usiness  !!dmiriistration - both helps  

organize and o f f e r s  loan ass i s tance .  

Service Corps of Le t i red  Executives (S.C.G.F.P.) 

t h i s  'organization has members in almost a l l  f i e l d s  

of business available for guidance. 

2. 

3. 

4. r ' r ivate  consul t ing  f i r m s .  

:!dditional marketing aids include t h s  use o f  c o n c u m r  information 

d i s t r i b u t e d  by msdia  o r  on ind iv idua l  "s:am~lc:" cards .  T h l s  type 

of information usual ly  l ists  the nutritive values,  serving s i z e ,  

wad f requent ly  compares the product w i t h  other 'forms o f  proteir; .  

Fecipes a r e  sometices included as wel l  as other serv ing  suggesticns. 

r 



i 

.. 
.. 

, ,- 

.I 
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11.4 Timing your sales 

Depending on t h e  d i s t r i b u t i o n  system u t i l i z e d  and on t h e  f r e  iency 

of hgrves t ,  timing your sale6 may a f f e c t  t h e  o v e r a l l  p r o f i t a b i l i t y  

of  y w r  operat ion,  Processors may determine t h e , p e r i o d i c i t y  of 

your harves t  and.saJ.es, However, f o r  %;he smaller opera tor ,  the 

projeo ted  harves t  da te  may be t h e  s o l e  influence,  p a r t i c u l a r l y  

if weather cond i tbms  will a f f e c t  t h e  s u r v i v a b i l i t y  o f  t he  cu l tu re  

spec ie s  if held fo r - longe r  per iods.  If the c u l t u r e  spec ies  can be 

held f o r  extended per iods ,  it i s  poss ib le  t o  c a p i t a l i z e  ofi peak 

demand periods, such cis holidays o r  low competit ive product ava i l -  

a b i l i t y ,  Ehrketing s p e c i a l i s t s  cen o u t l i n e  these  period,s, qs wclL 

86 def in ing  proGuct p r i c e s  oq a seasonal  basic. 

1). .S Sunnary 

The nost important item t o  remember in marketing your product i s  

t h a t  you are s e l l i n g  cervice.  

ava i l ab le .  

i t s  unique flayor, t he  uonvenience Oi your se rv ice  and t h e  ~ h ~ l e -  

somenem of your oyerrztitjn. 

your  product your animals will be 8 success. 

regardless g f  what d$s . t r i t u l ion  chanricl you fcblov;, 

' 

Other f i c h  and o t h e r  foods &re 

To successfu l ly  sell your product you must pronote 

If you succeed i n  your  promotion of 

This cor,c;cpt applies  
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11.6 Special considerations 

A. Marketing can be carried out year round as animal 
growth and hence production levePs are continuous 

. B. As market sized animals are available continually 

- in geothermal water. 

throughout the year, marketing can be aimed toward 
peak demand periods, such as holidays. Alternatively, 
marketing can be aimed toward periods when,other 
similar products are not available. 

I 

. .  

I 
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OMNIVOROUS - 

CARNIVORE - 
HERBIYORE - 
HETEROSIS - 
(HYBRID V I G O R )  

' HYBRID VIGOR - 
VEFTEBRATES - 

INVEF TEBRATE - 

OTOLITH - 

OPEFCULUM - 

PHYTOPLANKTON - 

ZOOPLANKTON - 

APPENDIX 

GLOSSARY OF TERMS 

e a t i n g  a d i e t  of both p1ants:and animals 
( c f .  carn ivore ,  herb ivore) .  

f l e s h  e a t e r .  

p l a n t  e a t e r  ( c f .  carn ivore ,  herb ivore) .  

increased v igor  of growth, f e r t i l i t y ,  e t c . ,  
i n  a c r o s s  between two g e n e t i c a l l y  d i f f e r e n t  
l ines ,  as compared wi th  growth, 6 t c . ,  i n  e i t h e r  
of t he  p a r e n t a l  l i n e s .  

see h e t e r o s i s .  

genera l  b i o l o g i c a l  term r e f e r r i n g  t o  f i s h ,  
amphibians, r e p t i l e s ,  b i rds ,  and mammals, i . e .  
those a n i m a l s  having a s k u l l  which surrounds a 
wel l  developed b ra in  and a ske le ton  of c a r t i l a g e  
o r  bone . ( c f .  i n v e r t e b r a t e ) .  

c o l l e c t i v e  term f o r  a l l  animals which are n o t  
members of t he  v e r t e b r a t e s ,  i . e .  those lack ing  
a backbone o r  s p i n a l  column ( c f .  v e r t e b r a t e ) .  

granule  of calcium carbonate i n  v e r t e b r a t e  inner  
e a r  (e.g. f i s h ) .  Severa l  such granules  a r e  
a t tached  in  f i n e  processes  of sens i . t ive  c e l l s ,  
t h e  l a t t e r  communicating v i a  nerves  with the  . 
bra in .  The p u l l  of g r a v i t y  on the  granules  and 
the re fo re  on the  ce l l -processes  r e g i s t e r s  t he  
pos i t i on  of t he  a n i m a l  i n  r e spec t  t o  g rav i ty .  

cover of g i l l  slits of f i s h  and Amphibia. 

p l a n t s  of s e a  o r  l ake  which f l o a t  o r  d r i f t  almost 
pass ive ly .  They a r e  mostly very small. Plankton 
occurs  mainly nea r  t h e  su r face ,  where t h e  p l a n t s  
g e t  s u i t a b l e  i l lumina t ion .  I t  is  of g r e a t  eco- 
l o g i c a l  and economic importance, providing food 
f o r  f i s h  and whales ( c f .  zooplankton).  

aqua t ic  animals t h a t  d r i f t  o r  f l o a t  with cu r ren t s ,  
waves, e t c . .  They have l imi t ed  inf luence  on t h e i r  
d i r e c t i o n .  Most of these  a r e  microorganisms bu t  
they range i n  s i z e  t o  j e l l y f i s h .  
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In mending any tear. large or small. 
regardless of rlza only one rule 
applies. Locate In OM) end of ma tear 
me thrae strand knot. Trim the tag 
ends on this knot. Then trlm. all 
other knots down each side of Me 
tear to the opposite end 80 that 
m m  will be only 2 stnnd k m .  
If you have trimmed conectly you 
will UM wim a 3 SttrMd knot fit 
the finishing end. . - 

Figure A-1 .  Typical knots and needle used for net  repa i r .  
Mending ne t s  requires both patience and practice.  
Nany n e t  and twine companies include repa i r  instruct ions 
w i t h  t h e i r  catalogs. These instruct ions are  from 
catalog number 83, Memphis Net and 'Ewine C o , ,  Inc. ,  
Memphis, Tennessee. Other sources of  n e t  mending 
information include public l i b r a r i e s  and f i s h i n g  
co-,ops. 


	1-1 Ancient ese darp polyculture
	2-1 Weather data chart
	2-2 Soil texture triangle.
	Production pond c th and without

	3-2 Typical pon bution and drahage
	and monk type drains

	Pond volume DaLbulation method and example
	ra&g 'of a freshwater prawn showing
	ra&g 'of


	ish drawhg indicating positions and
	5-4 Water density and specific gravity as related to
	Sample daily logs for one pond for two days

	5-6
	5-7 Oxygen prediction graph for two data sets
	+ll-1 Consumer information cards
	Typical knots and needle used for net repair
	Conditions occurring when eitkr oxygen depzetion

	Physical properties and specifiqations fbr
	pelleted ration

	Thirty-six percent protein diet (Sfuttgarf Formula) *
	percent protein diet (Auburn number
	Thirty-two percent protein diet for hPgh density
	culture Skidaway).

	9wenty-five percent protein diet pelleted Kansas),



