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ABSTRACT

In connection with an ongoing commercial aquaculture project
in the Coachella Valley, California; Aquafarms International
Inc.‘conducted a twelve month prawn groWoufrdémonstration
project. This project began in August, 1979 and involved
the use of low temperature (85°F) geothermal waters to raise

freshwater prawns, Macrobrachium rosenbergii”(deMan), in earth-

en ponds. The following publication is an operations and main-
tenance guidé which may by useful for those ihferested in con-

ducting similar enterprises.

The demonstration project WasApart of the United States Depart-

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

Experiment Program" (Contract Number 03-79-ET-27047, PON ET-78-
N-03-2047). '
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I.O;’;AQuacultureg;what;is it?

Aquaculture‘isythe'husbandry‘of aquaticVorganisms;lv It is that |
branch of agriculture that deals thh an empounded‘or defined |
water space.’ ‘These ponds and facilities correspond roughly ‘
:with soil farmers fields and pastures. The crops grown might :
. be either animals or plants w1th the end products being aimed at
the food. recreation or ornamental ‘markets. These culture tech-
tniques can “be" extens;ve or intensive. Extensive culture des1gn-
ates the cultivation of large areas of water by methods involv- ,
ing the smallest possible use of labor, tools. etc.. Intensive
pertains to a method of farming whereby much capital and "labor -
‘are expended upon making a small area highly productive.v One' R
system might combine both methods; an extensive culture for early
?growth. with an intensive completion phase to ready the product

‘for market.

'Presently. aquaculture is a supplementary source of aquatlc pro-
vducts. The bulk of these goods come from the flshing industry
ln 19?5. world aquaculture production amounted to 10 percent of -

{the total ‘world fish catch. In the United States fish and shell—

fish consumption has increased but traditional fisheries resources .

are approaching nesr maximum yield levels.3 U S, aquaculture

supplies & small’ percentage of,the.fisheries productS:consumed.i;'

¥ Bibliographyflocated at the end of each‘section,




.,Ae'mheOreticel,and”pregmatic:ddvanceeiare made this perceétage
can be dncreaeed.f Educational ihetitutions:héve treated‘equah
culture and fisheries as a s1ngular topic, but w1th increased
knowledge and development both subaects have come into their

own. They are now viewed as separate, comparable flelds.,-
I.1 'Hisfory'of_aquaculture' '

In'some'parts of the world, aqdaculture is almost as old as
agriculture. Carp were cultured as long ago‘as 2698 B.C. in

;,China. There they were grown in ponds on silkworm farms.q

A
treatise called Flsh Breeding dated L75 B.C. told of captlve
carp.5 During the Tang Dynasty (A,D, 618-90L4) thefChlnese
asserted that a body of watervis,a'three dimensional growing
space. This philesophy infers that if a pond is treated as a
field and only one kind of crop is pianted, itJis likely ‘to
result in wasted spéce. A fertile pond will produce a mumber

of different fish_food organisms. Fish, selective in their diet,
could be matched to these different food sources so that all di-
mensions of the pond were utilized. Their polyculture of several
species of carp (Figure 1I-1) is based on thls an01ent concept.1

Xwai Sin Chak Shik wrltten is A.D. 1234, descrlbes how carp fry

were trancported in bamboo baskets.u

Aguaculture also developed in the ilest. Evidence in a tombfirieze
of 2500 B.C. suggests that Tilapia may have been cultivated in
Zgypt. The~ancient Creeks and Pomans_fattenedrfish in ponds.,

The Fomans cultivatedoysters.1




Figure I-1.

'Ahcieﬁt‘chihése'carpipolyéﬁltﬁre.,‘The habitat
and feeding niches of the principle carp species

. are represented. (1) Grass carp (Ctenopharyngodon

idellus) féeding on vegétation. (2)-Big head

ristichtys nobilis) feeding on zooplankton in

-.w'midwater._\(3).Silvervcarp_(Hypophthalmichtyg molitrix) -
feeding on-phytoplankton in midwater. (&) Mud carp
- (Cirrhinus molitorella) feeding on benthic animals’

V"and‘detritus. (5) Common carp (Cyprinus carpio)

feeding on benthic animals and detritus. - Black

carp (Mylopharyngodon piceus) feeding on mollusks.l




Wherever ciyilizationvexistedJ0verzlong»periods;of,timég‘:'
aquaculture developed. As early as 600 B.C. India was éombining
fish culture with pond bank vegetable gardens. By 246 B;p. legis-
lation was established which prohibited the'kiilihé:of certain
inedible species of fish. It also provided prdtectién fofr

other fish during the height of their spawning season.4

Despite théée_prdmising beginnings, aquaculture as a field did
not maintain its impetus. Agriculture has become agribﬁsiness.
with a high technology backdrop. Agquaculture teéhniques. how-
ever, are still those that have been practiced for centuries.
Recent demands for increased protein production and a shift in
the eatiﬁg habits of the American public have created conditions
conducive to a strong fiscal foundation, on which aguaculture can

build a viable industry.

1.2 Status of this menual

Aquafarms International Incorporated (AII) was formed in 1975
as a commercial zjuaculture endeavor. Located in the Coachella

Yalley, the companys' original emphasis was the development

of a viable freshwater prawn (Lacrobrachium rosenbergii) farm.

- Other aquadulture aspects were initiated by AIT after the initial
prawn research, development'and pilot plant stage was éompleted.
A total capability team was formed which encompasses fields of
biology, water chemistry, geophysics, nutrition, marketing and

business management.



””:lThis team conducted. under contract. e prawn grow—out demonstra-
tion project using low temperature. geothermal water in earthen
ponds (D 0.E. contract number 03 79-ET-270h7) During this time,

v;‘in order to more fully utilize the temperature and downstream

water resources. a number of other aquatic species were experi-
.»mentally grown.v After completion of the D. 0.E. 1nvolvement. AII
continued to add species to its research and commercial lines,
pthus enabling them to act as: consultants toa number of public
end private aquaculture projects. As this. Operations and main-,
.'ltenance hanual was compiled. information was. included which can
u'be used for in-house operation of the AII grow-out facility
as well as - serving as a preliminary guide and growing manual

{ L

:applicable to a range of facility s1zes.

P
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1.0 whatlaré'they?ff'{
Many county; state and federalfagencies must be deltkwith
during the planning. construction and operational phases

of an aquaculture project'v Their cooperation 1nvolves reg-

ulatlon through issuance ‘of . permlts. licenses or certifications.

‘Public regulations are many and varied, ranging from env1ron-

‘mental assessments and impact statements to special permits.

wlivSome regulations govern speclfic activities (e.g., construc-

i

tion. vell digging. water course modification, andyinstall-
“ation of sanitary facilities) regardless of 1ocation.p Other

| regulations govern activities within specific geographlc areas
'(e.g.. conservation districts. shoreline setback and manage-

ment areae. near shore waters. geothermal overlay zones)
1.1 Associated problems

An initial problem faced by the prospective aquaculturist is

;determlning the number of permits. proaect reports. and’ public

"hearings that could be- required for securing government approvals.
The next problem is to assess the amount of +time and expenditure

’.needed toxmeet.agency requirements.

1.2 rfeg ;latorylstatutes

*Another difficulty centers on the uncertainties of the many

'1aws and regulations relevent to aquaculture.ﬂ,hany of these




1aws were adopted before aquaculture developed into a well

recognized activity._ Some of thelr statutes relating torﬂ,

land and water use are broadly-phrased. leaving room for

administrative judgement on their applicability to aqua- .

culture use.1

1.3 Agencies and activities

The following list shows activities in aquaculture:for which

permits or approval may be required and the agencies involved.

- ACTIVITY '

Structures in coastal zone
waters

Shoreline setback variance

Land use

Designation of type of use,
zone classification

Use permits

Conservation

. Leasing State Lands

Leasing Federal Lands

Water Use and Well Drllllng
(Special permits are required
for development and operation
of geothermal wells.)

AGENCY OF OFGANIZATICN

1. S Dept. of Transportatlon.

Karbors -Division, U.S. Coast Guard;
Coastal Zone quagement Commission,
State of California; City and
County Tlannlng Foards

Coastal Zone Management Commises’on;
City and County Planning Boards

County Planning Board
County Planning, Building and Zafety:;
Dept. of Health

U 5. Burezu of Land Management;
State Dept. of Natural Fesources

Dept. of Natural ter-ource

Land - banagement Civision, utute
of California

- U.S. Rureau of Tand 'anagement;

U,.S. Forest Service

Counties; DlVlgion of 0il and Cas,

_btate of uallfornla. The Fesources

Agency .
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Water Course Mddification} ' U.S Corps of Engineers; California
S e _ - Dept. of Fish and Game; Counties

Discharge Permits ' U.S. Corps of Engineers; U.S. Envi-

-ronmental Protection Agency; Water
RFesources Control Board. State of
California '

Importation of Animal Life CULS. Department of Agriculture;
. ) o Callfornla Dept. of Fish and Game

Inland Waters. Prlvately Ovned Callfornla Dept. of FlSh end Game

(Commercial 'Fish License or
- Pond Operator Llcense)

1.4 Effects on Aquaculture .

Botﬁ'caiifdrniaAand federal law have defined aguaculture as
‘agriculture. As such, the emphasis.of many rééu;ations and
constraints hésibeeﬁ'shifted. This shift, however, does not mean
prospective aquécuiturists{can be lax in their preparaticns for
dealing with regulatory agencies. Incomplete, inaccurate or
inadequate information can be costly to both the project and-
the regulatofy agéncy. \Time lost on reapplication.rturndowns

or submission of forﬁs to incorrect agencies are all costly in
both time and money spent. -Prospecfive aquacuiturists should
insure that their’information is complete and factual, as well as
insuring theaf‘iheragency cbnfacted.is mandated to perfofm the

" desired function. ‘ ‘

:1.5 Special contébt'agencies.

Direct use of low temperature geothermal water for aquaculture
réquires speciailéoordinatlon with two state agéncies. The
plahning. driiiiﬁg. opergtion‘and closure_of‘geothermal Weils'

must be‘pefmitted by the Division of Cil and Gas, Department
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of Conservation, the Resources Agency of. California.-_ A
There are several district offices; each office 1s respon81ble

for a different geographic area of the state."
The Division of 0il and Gas has produced two publications of
speéial interest. Specifically citing geothermallresource

law is publication number PRCO2 - California Laws for Conserv-

_ation of Geothermal Reources, April 1981, Publication number

two, PR7S - Drilling and Operating#ﬁeothermal Wells in’ Callfornia.
is a general information manual covering the,requirements for -
development of geothermal wells. Both publicafions are available
through the regional offices or through ‘the Sacramento Head-
quarters (1416 Minth St., Foom 1316-35, Sacramento, California

- 9581L),

The following forms are a sample of those required by the Livi-

sion of 0il and Gas for the planning, development and production

phases of a geothermal well.




RESOURCES AGENCY OF CALIFORNIA 11

DEPARTMENT OF CONSERVATION
DIVlSION OF OIL AND GAS
‘Notice of Intention to Drill a Geothermal Resources Well
i o ¢ SUBM/ T IN DUPI.ICA TE) - :
Opemtor, PR SR oo — o .Well Designation' G
' Fod T e = County 4 — o Sec ’T..‘ TR Team.
Name rkmmm-mw:m) ' S e T StreetAdd?ess k A
TSy pe—— v ‘ : TCv : - ST Zip Code
Signature _____ v RAEL V : : S Date _ . Telephone Number

- The appropriate dnllmg fee, an mdemmty or cash bond, a complete dnlimg program, and a parcel map showmg the operator’s sur -
* face rights, mmeral nghts, and the Iocatnon of the proposed well must accompany this notice.

Location of well: meters along sectlon/ property line, and meters at right angles to
" (Cross out one) 7 (Direction) -
 said line from the _ corner of section/property______ "~ __or
Clwowanel .
' ElevatrOn of prepared srte abovelbelow sea Ievel.______rneters
Wl ﬂl!)
yes no
: Is the surface Iocatnon or intended productuve mterval wrthm 100 feet of property boundary? 0 L] N
if well is to be darectnonally dniled, show proposed coordmates (from surface Iocatnon) at total depth o L
- meters. ‘ and s e abar
»lﬂlumbnl - (Direction)
- PROPOSED CASING PROGRAM
. All depth measurements taken from top of .. i i . that is. . meters above ground.
o . : - (Dewick Floor, Rotary Table, or Kelly Bushing) . ‘
SIZEOF CASING | WEIGHT | oone ano Tvpe NEWOR  |TOP OF CASING| SIZZ OF HOLE | VOLUME OF | CEMENTING | CALCULATED FiLL

. cMan (Ko) - : ! USED | (m) (cm) CEMENT (m) |  DEPTHS BEHIND CASING
" Intended zone(s) of completion: _ ‘ . Estimated total depth : meters.

= - o . - Name, depth, and expected pressure) . . .

ENVIRONMENTAL INFORMATION
{SEF REVERSE SIDE)

lf a governmental agency has prepared an envrronmental document, please submlt a ‘copy of the document with this notice or-
supply the followmg rnformatlon ‘ :

Govemment Agency - : : : ' Contact Person:
Address: _ _ _ _ Phone: ().
" Document title: e’ ' ‘ : S.C.H. No.:

Submitted in compllance with Section 3724, Division 3, Chapter 4, Public Resources Code.
OGG105 4-79-DWRR-2M e »
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ENVIRONMENTAL INFORMATION

" The California Environmental Quality Act (CEQA) applies to the project described in the information on the front of the notice
if the project could have a significant impact on the environment.  To approve a project subject to CEQA, the Division of Ol
and Gas must consider the need for either a Notice of Exemption, a negative declaration, or a final environmental impact report.”
If none of these documents exists or if an operator is seeking approval for a project involving six (6) or fewer exploratory wells

(including temperature observation wells), the operator shall contact the Division of Ol and Gas CEQA Unit @s soon as possible.

The phone number is (916) 445-9686. me address is 1416 Ninth Stmet, l?oom 1316—35 Sacramento, Cal:lbm:a 985/4

FOR DIVISION USE ONLY

APl WELL NO.
T war . FORMS - GEP # T. ‘ R
MAP ' | anok | CARDS | FEE BOND T TR K ) EXEMPT []  NEG.DEC. [] EIR. O




 mEsoumces AGENEY OF CALIEORNIA . TR . f3 :
DEPARTMENT.OF CONSERVATION:  APLNe. - to
,mvlsloulor,vou»mnc;\_s: - ,.°_; e ';

WELL I.OG AND CORE RECORD GEOTHERMAL

{ Operator : R = Cr AR e e s Wcu name and uumber

B

Fleld »_,,H;Comu,‘ . | 8. | T. | R |BAM|

FORMATIONS PENETRATED BY 'EI..I.

.- Dapth I metera tor * | Thickness Drilled g.““,, , " Deseription .
{ Top of formation |Bottom of formation (meters) er cored - - .
g
.1!
;

In Comphance with Sectxon 3735 Chapter 4 vaxs:on 3 of the Pubhc Resources Code, the information given herewith
_ s compiete and correct go far &s can be detemmed ixom all available xecords. -
Name R . ool ] Title

Address ) = o T T oy R : ~ [ Zip Code .

Telephone Number . ~uh o) Slghature s <o, - Date _

Y

g e e e D e File this record in duplicate with the appropriate geothermal district office.
0GG101 (5~-77=GSR1=1M) "~ = - i.l“ e - m”_' ‘e : ' '




RESOURCES AGENCY OF CALIFORNIA 1118

Fm 0aa100 (1/80) OEPARTMENT OF CONSERVATION - !
DIVISION OF OIL AND GAS' .~ APL No.
‘WELL SUMMARY REPORT - GEOTHERMAL
Opegator : ‘ . ' ; Well name and number
Field . ' ‘, ) ] County . Sec. :‘l‘. R. B.&M.

_Elevation of ground
{meters above sea level)

v S e

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

Commenced drilling (date) Total depth . Plugged depth Depth measurements ukep from top of:
(meters) (meters) D Derrick floor . D Rotary table D Kelly bushing
Completed drilling (date) . _ .
Geologic formation and age at total depth Which is . meters above ground
Commenced producing (date) . . Geologic marker(s) - Depth (meters)
Junk ‘
. ) STATIC TEST : _ . PRODUCTION TEST DATA
DATE (Shut-in well head) - Totol mass flow data ] Separator data ]
Temp °C [Press. bars] kg/he Temp °C [Press. bars] Enthalpy Orifice Water kg/hr | Steam kg/hr {Press. bors] Temp®C -
CASING RECORD (present hole) -
Size of cosing [ Top of casing | Depth of shoe| Weight of New or Seamless Grade Size of hole | Volume of | Depth of cementing if
(A.P.L) {m) (m) cosing (kg) .| second hand | or lopweld | of casing drilled (cm) | cement (m3){through perforations (m)

" PERFORATED CASING (size, top, bottam, perforated intervals, size and spocing of perforation and method)

-il‘as analysis of effluent made? Electric log depths Temperature depths

Yes D NoD

In compliance with Section 3735 , Chapter 4 , Division 3 of the Public Resources Code, the information given herewith
is a complete and correct record of the present condition of the well and all work done thereon, so far as can be determined

from all available records.

Name : Title
Address ; - — [ city ' Zip Code
Telephone Number Signature - G Date

- File this report in duplicate with the appropriate geothermal district office.




' RESOURCES AGENCY OF CALIFORNIA

" Form 0GG103 (3r80) - DEPARTMENT OF CONSERVATION
S DMSION OF OlL AND GAS

e sl

5 '*vzinu‘intsTdi{Y : \GEOTHERMAL

RE
APLNoii

Operator ' L e e e e e e Well name and number
Field . - o ,County . » 1) Sec. T. R. B.&M.
N - -

It is o! the greatest lmportance to have & comptete history of Ibe well. Use this form to seport & Full account of &l important operaticna during

plugging, or abandonment, with the dates thereof. Be }

the drilling and testing of the well or during redrilling, - permanently altering casing,
sure to include such items as hole size (in ¢m), formation test details, volumes of cement used (in

m’). top and Bottom of plugs ( in m), perfo-

ration detsils, sidetracked junk, bailing tests, shooting and Initial production data (in kg/hz), and zone temperature (in °C).

. DATE

" "HISTORY

o

S

. In compliance with Section 3735 ; Chapter 4, Division 3 of the Public Resources Code, the information given herewith is -
& complete and correct record of the well and all work done thereon, so far as can be determined from all available records. .

N_amé

| Title

Address

City -

R e Zip Code

Tele{:hone- Number

Signature

Date - . R

“File this report in duplicite with the appropeiate geothermal distric@_ofﬂqg. ,
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RESOURCES AGENCY OF CALIFORNIA

Form 0OQG107 (1/80) DEPARTMENT OF CONSERVATION
' . DIVISION OF OIL AND GAS API N
] . (o]
" REWORK/SUPPLEMENTARY NOTICE
GEOTHERMAL WELL '
Submiﬂd in m)nphance with Sedion 3724, Division 3, Chapter l,v Publlc Resources Cade
Operator _ Well Designation ’
Field or GRA C County ' ' Sec. T B R. B.&M.
Name (Personmbmmmpan«-mhtwtype) ~ | Street Address
Title (Agent or officer of company) ) : | City : State ) - Zip Code
Signature ‘ Date.._. Teléphone Number

The present condition of the well is as follows:
1. * Total depth: —  meters. .

2. Complete casing record, including plugs:

3. Last produced: , 19

» (Production in kg/hr.or gal. /min.)
The proposed work is as follows:

File this report‘ in duplicate with the appropriate geothermal district office.




LT AT : RESOURCES AGENCY OF CALIFORNIA TR VA
Form 00G108 (1780) DEPARTMENT OF CONSERVATION
EAG RN ‘ DIVISION OF OIL AND GAS. N

0.

o , NOTICE OF INTENTION TO ABANDON
‘- GEOTHERMAL WELL -

Submi!led b: Camplianoe wﬂl: Secton 3724, Dmtcion kA aupter 4 I’ublic Rmurces Code

w T T WellDesignaﬁon

.FieIdIGRA‘ D T e S Joomy - s [T R [Eam

:Name(nusmmmww pnhwrlype) S . Street Address N I I FA Y .

‘Title ‘(Acworoﬁicerofwny) T |Gy . Loowelns | State oL - Zip'Code -

sgnawre___ 0 . 0 Date. . Telephone Number._

The present condition of the well is as follows: - o ' )
1. Total depth:  metes - .. | 7. Stratigraphic markers and dépths (in meters):
2. Base of freshwater aquifer- .meters : , ‘
3. ustproduced : - ,*1'9._..._""“'

(Production in lz/br., ;al /mm.) -
4. Results of lnmal production test: (includes fluid analys:s)

(Kg/hr., gal./min.). rate
(Bars, psi) pressure

.S, ‘Bottom hole temperature: *Cc. ..]. -8 Formation and age at tota! depth:

E 6. - Maximum temperature'____‘?_.‘ C, depth
"~ {meters)

: _Comptete casmg recond mcludmg plugs

To fulfill the abéﬁdonmém requiremergts of the di\)ision, the following work is proposed:

" File this Ieportfn duplicate with the appropriate geothermal distrid office. - -




Form 0GG134B (3/80) - o . R ‘ , 18
' _ STATE OF CALIFORNIA '
DEPARTMENT OF CONSERVATION

" DIVISION OF OIL AND GAS
1416 NINTH STREET, ROOM 1318. SACRAMENTO 95814

DESIGNATION OF AGENT FOR INDIVIDUAL OR PARTNERSHIP

In compliance with Section 3721, Division 3, Public Resources Code, notice is hereby given and.........c.cne...

(I, we)

- hereby certify that

(1. we)
of. : . State of . ‘ , have appointed, suthorized and
empowered ’
whose address is :
‘ : e . (Rostal Addsess) _ ' (Ciey) . (Zip Cade)
| State of California, u~..(_,__7_ agent for the State of California®
! © {my, our,

‘ ' uponwhomallorden,notieaqdpmcemmduthepmisiomofnidtctmybemeﬂ.
This notice revokes all former appointments made for said purpose.

j In Wrrness Vmunor___'.______lnve signed this certificate this day of. 19
i (I, we)

(Name and Title)

(Signature)
Witness:
(Signature)
Agents acceptance:
Accepted... .
(ignature) Sec. 3721. Every owner or operator of any
wellxballdesignztem:g:nt. giving his post office
address, who resides in this State, upon whom may

be served all orders, notices, and processes of the
supervisor, a board, or any court of law. Every
person so sppointing an agent shall, within five
.days after the termination of any such agency,
notify the supervisor, in writing, of such termina-
tion, and mﬁes:v:;tation: are discontinued, shall
appoint a new sgent.

NoTe: An operator may appoint himself as agent.

. ® Should 'the owncr or operator filing this form choose to sppoint more than one sgent, the phrase, “the State of Californis,” should be deleted
and the exact area for which the agent is to be appointed should be inserted. A scparate form must be filed for each agent.
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... STATE OF CALIFORNIA
' DEPARTMENT OF CONSERVATION

| ' DIVISION OF OIL AND GAS'
'_410 NINTH STREET. ROOM 1316. BACRAMENTO 05814

DESIGNATION OF AGENT FOR CORPORATION

In compliance with Section 3721, Division 3, Public Resources Code, notiqé is hereby ngen and we hereby

certify that

acorpontwnorgamudmdexnnngnndermdbyvmofthehmcfche

of...... ; ‘ . ‘ by cuo!utxon of its board of dn'ecum, lm appomted authorized and
cmpoweM » .
whose address is : - .

(Poural Addrem) , , (Cley) (Zip Code)

State of Cahfornu. as its agent for the State of California®

upon whom a!lordm.noncu and proeaau underthcpmmomofadmmybemed
Tlu:nonee revokeul! fonner appomtxneutsmadeformdlmrpoe. ‘ __
lN Wrnu.ss WHEREOF the corporation has caused this certificate to be signed by i its President and atzemd by its

Secretary dm. e dayof' SR l’_;—
| » President

(Name)

(Signature of President)

" Aveests -

(Signature of Seeretary)

Sec. 3721, Ew ery owner or operator of any
te an agent, giving his post office
. gddress, who resides in this State, upon whom-may
served all orders, notices, and processes of the
vmpefmor a board, or any court of law. Every
‘ : . ammmg an agent shall, within five
. . : HE EOCL | days ufter termination of any such agency,
e o SR : nonfy the m isor, in writing, of such termina-
S : . ‘ : operations are discontinued, shall -
aypomt & new agent. ; :

8‘

CORPORATE SEAL

1

'ﬂm‘ddnwnnuoﬁwﬂh;‘hkmebwutdnppdmmtbmmmt&phm.“tﬁe&nuofﬂiﬁmh“wbeM
and the exact ares for which the agent is to be appointed should be inserted. A separste form must be filed for each agent.

0GG134-A (10-76—-DWRR-1C)
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STATE OF CALIFORNIA BOND NO...

INDIVIDUAL GEOTHERMAL RESOURCES WELL
INDEMNITY BOND

{SEE INSTRUCTIONS ON REVERSE SIDE FOR APPLICABLE AMOUNT)
Know All Men by These Presents: ‘ ; '

WE

" Thatl,

as principal, and a corporation

organized and existing under and by virtue of the laws of the STATE OF

and authorized to t t busi in the STATE OF CALIFORNIA, as surety, are held and firmly bound
unto the STATE OF CALIFORNIA inthesumof . .. . ......cccocoounies vessessiness THOUSAND AND NO/100 DOLLARS
(8......,000.00) lawful money of the United States of America, to be paid to the said State of Califomia, 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 or operation, drill, redrill, deepen, maintain, or abandon a

tad

.................... - temperature geothermal well desig

BS .o ceerieieensarar s e s ssnsnsnessssenerey S€CH s
(high or low) .

T e Rt e .B.&M,, and is reqmred 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 Califoria."

NOW, THEREFORE, f 881 ......occc...coecvmomosieesossosreos s rs e ssess e e st sesesrs st es et oessioe s oo oe o e eesee e oo

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, 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; othetwise, it 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

name of the said surety is hereto affixed and attested by its duly authorized at
Califomia, this day of . , 19
[Principall
By ..

(SEAL OF PRINCIPAL)
[Surety]

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

(SEAL OF SURETY)

] The premium chargéd for this
OGG160A (11/81/DWRR/2C) (SEE OVER) . bondis$.........perannum.
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.

- NOTARIZATION OF THE SURETY: * © o

STATE OF CALIFORNIA ) .-
COUNTY OF ’ .

On this ............. 88Y OF oo e cs i the year 19 i

before me, ..

A Notary Pubhc in and for said County and State, personally nppeared

known to me to be the person whose name is subscnbed to lhe wnthm instrument
. as the : ) ’ of
, and acknowledged to me ghal he subscribed thé name

of - . _thereto and his own name as

“"Notary Public in and for seid County and State

INSTRUCTIONS - ' - = ~

1. The surety on the bonti may be any surety company licensed in Cali!om{a. ]
2, The signature of the surety must be notarized.
3. -1 the principal is a odrporalion, the corporate seal must be hllixedl

4. If the pnncxpals are parlners, their individual names shall appear in the body of the bond, mlh the recital that
they are partners composmg a fimm, and naming said firm,

5. :The name of the pnncrpal as well as the designation and number of the well on the bond must agree exactly
with that shown on the notice of intention to acquire ownership or operanon, drill, redrill, deepen. permanently
alter the casmg, or abandon.

6. A bond conlammg a cancellalion clause at the option of the surety is not acceptable.

- 7. Low-lemperalure well is a well lrom whlch fluid produced has a temperature that is no more than the boiling

point at the altitude ol occurrence.

t
'

8. /Ipplicable amount; . .
Coverage for hngh -temperature well......ccoceuee teeretrnacittnenneies vevaseisecreonens ............325 000

- Coverage for low-temperature well:

less lhan 2,000 feet total deplh eteeenvansressannnionnnie revereeaniionarieneenrsaraeeas .. $.2,000
- at least 2,000 feet but less than 5,000 feet total depth .........
. at least 5,000 feet but less than 10,000 fect total depth..........

at leasl 10 000 Ieet or greater fotal depth......... Versesesrnsasie [P civaesaneas $25,000

I wellis de‘epc‘nod to o depth requiring higher bond coverage, either
o rider specifying supplemental coverage or a new bond is required,

Al
NOTE: 'In lieu ofan mdwidﬁél indemnity bond, a person may, with the written approval of the ‘Supetvisor, file a cast

“bond or securities in the appropn:te amount as prescnbed in Sechon 3728.5, Division 3 of the Public
. Resources Code.

A supply of this lonm may be obtained from the Division of Oil and Gas.




STATE OF CALIFORNIA BOND NO.... R 22

BLANKET GEOTHERMAL RESOURCES WELL CASH BOND
$100,000 CASH OR $120,000 SECURITIES
Know All Men by These Presents:
WE
That I,

es principal, present a total cash deposxt of ONE HUNDRED THOUSAND AND NO/100 DOLLARS ($100,000.00)
in the form of:

Cashiers Check No. . , in the tof§... veey @nd/or
Certified Check No.............o..ccoorner., i the 8mount of $....oo.ooovervvorveeverrnnnnrs @nd/of
Cettificate of Deposit No. , in the t of § , and/oc
Passbook Account No. . , in the tof &
accompanied by a properly executed assignment form: or

a total deposit of ONE HUNDRED TWENTY THOUSAND AND NO/100 DOLLARS {$120,000.00) in the form of
bearer bonds listed by number on the reverse side of this form, issued by the:

United States Government in the amount of §...............5cccccieen,  @RA/OF
State of California in the tof $......s [

all made payable solely 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 absndon
geothermal resources wells in CALIFORNIA and is required to file this bond in connection therewith in 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..........ccccooovvemmeeccnrnnne ekeresarerr bt e oeas et b et o as e s e e e shan e Ra s senr 0

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, 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 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, it 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 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 to such wells or properties.

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.

at California, this day of ' , 19
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.

[Principall.....ucveveenrerrirens
By..
APPROVED BY ..., State Ojl and Gas
Supervisor
By.... .» Deputy
DATE .19

(SEAL OF PRINCIPAL)

0GG160D {11/81/DWRR/2C) (SEE OVER)
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' NOTARIZATION OF THE PRINCIPAL:

STATE OF CALIFORNIA - R
coum'v OF . Ss.

On this. day of ,inthe year 19, ,

. before me,
- ““aNotary Public in and for said County and State, personally appeared

known to me to be the person whose name iz subscribed to the within
instrument as the .of
, and acknowledged to me that hé subscribed the name

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

Notary Public in and for said County and State

_INSTRUCTIONS

1. - If the principal is a Wratim, the corporate seal must be affixed.
2. Each principal must file a separate bond. A bond with more than one principal is not acceptable.

3. .If the principals are partners, their individual names shall appear in ¢he body of the bond, with the recital that
they are partners composm‘ a lu'm, and naming said firm.

4. The name of the prmcxpa! on the bond must agree exactly with that shown on the notice of intention to acquire
' ahip or oper tion, drill, redrill, deepen, permanently alter the casing, or abandon. .

5. The sz‘nature of the principal must be notarized.

LN Savm‘s aoeotmt books must be & panied byvan assignment form acknowledging assignment of the
account to the State Divi;ion of Oil and Gas.

BEARER BONDS

United S‘tatés Government bonds BRI " " State of California bonds
- Bond No. Amount_ R Bond No. Amount
s $
Total . § Total $

Conditions for acceptanoe ‘of Bearer Bonds:
Original Bearer Bonds will be held by the State Treasurer. Coupons will remain attached to the Bonds

until released. Coupons will not be cashed at maturity and remitted to the principal.

A supply of thiz form may be qb‘!ained from the Division of Oil and Gas,
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STATE OF CALIFORNIA BOND NO. ..
INDIVIDUAL GEOTHERMAL RESOURCES WELL CASH BOND
(SEE INSTRUCTIONS ON REVERSE SIDE FOR APPLICABLE AMOUNT)
Know All Men by These Presents:
WE
That 1,

as principal, present a total_cash deposit of THOUSAND AND NO/100 DOLLARS

($....c....000.00) in the form of:

..., and/or
, and/or

.., in the amount of § ...
, in the amount of § ...

Cashiers Check No......

Certified Check No. ...

Certificate of Deposit No. , in the amount of § .,

Passbook Account No. , in the amount of§ ..
accompamed by a properly executed assxgnment form; or

a total deposit of | _............... THOUSAND .................. HUNDRED AND NO/100 DOLLARS (§....... 1 +0..00.00) in the
form of bearer bonds listed by number on the reverse side of this form, issued by the:

United States Government in the amountof § ...,
State of Califomia in the amountof § ................

..., and/or

all made payable .solely 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 a

_~temperature geothermal resources well designated 8s..........cccoovvvumrmnennicinirieieseienesnscecrnreeons S€Carr ey

T .. ,R.. - ..B. & M., and is required to file ‘this bond in connection therewith in
acoordance thh Sectmn 3728 5 of Chapter 4 of Division 3 of the Public Resources Code of the State of California.

NOW, THEREFORE, if S8Id ... iiire et vt et sest st e se st asns e s e s s st et s sm s et o essessss s 3

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, 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, it 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 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 to such well or property.

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

at Califomia, this day of , 19
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 Setvice or the State of California Franchise Tax Board, Board of Equalization
or Department of Employment.

TPHACIPALE .....oooii ettt se st res st s st s b st e se st e
APPROVED BY ...ttt ss e oo State Ol and
Gas Supervisor

PPy ——— DATE ot 3 19

0GG160C (11/81/DWRR/2C) {SEE OVER)
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NOTARIZATION OF THE PRINCIPAL:

STATE OF CALIFORNIA B s
COUNTY OF

On this., ..o @y OF oo eersarinsrsesecrenceceng ey BT thE yeaf i9

before me, ...
a Notary Public in and fot nxd County and State. personally appeared

known to me to be the person wh name is subscribed to the within instrument

as the L : of
. pnd acknowledged to me that he subscribed the name

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

““Notary Public in end for said County and State

INSTRUCTIONS -
_i. "I the pn'ncipal is a corporétion, lhe éorporale seal must be allixed.

2. If the pnnczpals are parIner.s, the:r mdzwdual names shall appear in the body of the bond, with the recual that
they are partners eomposmg a lirm, and nammg said firm,

~3. The name of the pmlc:pal as well as the designation and number of (he wéll on the bond must agree exactly

with that shown on the notice of mrermon to acquire ownership or operation, drill, tedrill, deepen, permanently
alter the casing, or abandon. . . :

4. The signature of the pn‘nci'pal must be notarized.

N

5. Savirgs account passbooks must be accompanied by an ié t form acknowledging assignment of the ac-
count o the State Division of Oil and Gas." : :

6. Low-temperature well is a well from which Huid produced has a temperature that is no more than the boiling
point at the altitude of occurrence.

) _ umITER RSTA TES
7. Applicable amounts: CASH OR SURETY STATE OF CALIF.
v ' BOND " BOND
Coverage lot h:gh-tenperature well..cvivvseene. crrenessnsarinsivasinenesnes $25,000 : -$30,000
'Coverage lor low-temperature well: . . . o »
less than 2,000 feet total depth,cuuvnievirseivesnsssssnssesnaress § 2,000 1§ 2,400
at least 2,000 feet but less than 5,000 feet - total dep!h--m $10,000 $12,000
at least 5,000 fect but less than 10,000 fect total depth..... $15,000 © 818,000

at least 10,000 feet or greater total depth................ e $25,000 $30,000

e well ls 'Jeeéahea foa dep;h ‘r.wulring‘hlghcr ‘ond eov.cmge, either
¢ vider specifying supplemental coveioge or o new -bond is ‘required. '

Ccndx tions for acceptance of Bearef Bonds:

. Original Bearer Bonds will be held by lhe State Treasuret Coupons will remain altached to the Bonds
until released. Coupons will fiot be cashed at maturity and remitted to the principal.

i

.

A supply of this fom.n may be obtained from the Division of Oil and Ges.
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STATE OF CALIFORNIA BOND NO ..

$100,000 BLANKET GEOTHERMAL RESOURCES WELL
INDEMNITY BOND

Know All Men by These Presents:
VE
That i,
as principal, and ' R ’ . .& corporation

organized and existing under and by virtue of the laws of the STATE OF ......cccccceetuuunieinancenrenesreranseerssersessanssones
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/100 DOLLARS($100,000.00)
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, our heirs, executors and successors, jointly and severally, firmly by these
presents.

THE CONDITION OF THE ABOVE OBLIGATION 1S 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 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 Califomia.

NOW, THEREFORE, if S8Id .........cccocooiverrururuuiemsisutiuis cesess o cessessse e seso 445845054544 4 580458 0 80 5 51 58 1 s o8
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 affimance 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 gf such wells or the properties of said principal, or
assessed against such wells or the properties of such principal, in pursuance of the pmvxsxons of said chapter,
then this obligation shall be void; otherwise, it 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

name of the said surety is hereto affixed and attested by its duly authorized at
Califomia, this day of 19
[PHNCIPAI] ..o et
By. ...

(SEAL OF PRINCIPAL)

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

(SEAL OF SURETY)

The premium charged for this
0GG1608 {(11/81/0WRR/2C) (SEEOVER) bond is$ ..............per annum.
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NOTARIZATION OF THE SURETY: ‘
STATE OF CALIFORNIA ~ B U ST
COUNTY OF & S : ‘ » o -
i B On tlns~dey Of i rwmrmenenad s i the yen 19 ‘.‘...‘...'..
i ’ : " before me, ... ' : '

[ Notuy Publlc in md fm smd Cmty und State, pemnaﬂy appeared D

" ‘known o nig to be the ben_on whose name is lubséﬁbgd to the within inistmmen: -
as the of .

.' ;nd ‘acimdivledgéd to me that he sx‘xbscﬁbed the name

Jof S T thereto and his own namé as ...

“Notary Public in and for said County snd State . .

©itoo oo INSTRUCTIONS <o

A The :urety on lhe bond nay be nny nvreov company hcenud in Cnhlomua.

2. The ngnatme o! the turety must be notarized.

3. ll the principal is a corp cati 2 the corp seal must be affixed.

4. Eadl pnncxpal mst I:Ie a ceparate bond A bond with more than ane principal is not acceptable. ..

S. I thep ipals -are part , their individual names shall appear in the body of the bond, wuh lhe recual that

o 4

they are partners compasmg a hrm. and naming said Imn.

6. The name of the principal on the bond must agree exactly with that shown on the notice oi intention to’acqlbn‘re
ownership ot operation, drill, vedrill, deepen, permanently alter the casing, or abandon.

7. A bond containing a caricellation clause at the option of the surety is not acceptable.

ﬁO’l‘E: In lieu of & Blanket indemnity bond, & person inay. with the written approval of the Supervisot, file a cash
bond or securities in the lppropdate amount, as prescribed in Section 3728.5, Division 3 of the Public
Resources Oode. C

A supply of this !o.tm may be obtained from the Division of bil and Gas.
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" The Department of Fish and GameAiS'the other organizatioh/ﬁith
which ali'potential and'practicing aquaculturists must deal.
This is the agency mandated by the state of California to

certify and regulate aquaculture.

5

A brochure, Aguaculture in Inland Waters of California (Inland

Fisheries, Ipformational Leaflet Number 8), outlines licensing
fees, rggistration prbceeddres and prohibited species and is
available through' the headquartets (Department of Fish and Gane,
the Resources Agency,‘State of California, 1416 Ninth St.,
Sacramento, California 95814). This publication also lists
specific sections of California law dea’ling‘with‘é;quaéu'ltﬁre

and its regulation. -

The following form is a sample of the application required °

by the Department of Fish aﬁd Game for the»fegistrafibn of

each location.
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NOTE T A separate application form must be ’ _“'.n;"‘?j”.‘g"Registtation’no.
: completed for. each location registered. ©. o Date issued
, RIRE S ©o o Issued by . -
S : - - Office
 State of Californie j, '
_ The Resources Agency :
"' DEPARIHENT OF FISH AND GAME
. APPLICATION FOR AQUACULTURE REGISTRATION SR
Pursuant to Sections 15000-15803 of the Fish and Game Code
Name of business: : : "v' : : Lot Phone ‘no. ("’) -
Owner's name(s): ‘ ' ' e ' ‘
Mailing addresss ' - - - : : e L
e ' . Street.or Py. 0. Box PR Ciey... - .- . Zip code

Address of facilitys . - E

(or plant) - . Street Lo City ) , - Z1ip code

Species to be maintained (use only approved names)

Location of facility to be registered- County.

© FOR FRESHWATER AG ACULTURE ~Fn.Lvou'rfmnjormwmc_sacnon o T
Nearest town : B , Road or highway SR e
Township : . g _Range 3 : S o Section

Name and describe fully the source from which water is" obtained and the location and type
of diversion : e

: Attach a sketch showing arrangement of ponds -and points at which inlet snd outlet are
screened.. (SEE REVERSE 'SIDE) -

FILL OUT THE FOLLOVING SECTION. ST

EQRoSALIHAIEBNA:UAGULIEBE«
Our cultivation areas are locatedpasufollows:”_(Please indicate whether State-leased or
PN '“L7’3,'/ 'V;*f ;'T‘gi“ ' '7 private) S
Bayorarvea " . Lot _numbers or descriptions Dt

General description of kind of work or business engaged 4in (please check ALL appropriate
'ﬁ.. _ X o boxes) o o :

research and development : private consumption/use fishout ponds
rearing product for sale 'i* commercial ' noncommercial (no sales)

-other °

FG 750 (10782)
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INSTRUCTIONS FOR PREPARING MAPS FOR. FRBSHWATER AQUACULTURB

1. Give location number of point of diversion. .
2. Show the location of the gpring or stream, and give name.
3. Show the point of diversion (iie., the point at which water is to be

taken from the stream or spting)

4. Show location of the main ditch or pipeline and points vhere screened,

5. Indicate clearly the proposed place of use ‘of the water. F°r@P9P48. show
(See gketch below.,) < 7T

the number and location of each.

(EXAMPLE)

Township 25N Range 1W

‘Section 6 -
e 176
Baee eod netidien,e.

(\\\"' Reruan
WATER

R

&

11184}
(118411

sed

Section 6

W

" Township Range Section

S 7/ S 1/

. Base and meridian

Sigoed

NOTE:

Inspected by

them.

I have read the Fish and Game Commission regulations governing registered aquaculturists and
Sections 15000 through 15803 of the Fish and- ‘Game Code, end will operate in conformity with

regardless of the number of locationms.

On receipt of $50.00 and completed registration

Title . . Annate .
(1if a company)
There 1s a $50.00 registration fee for each company tegistering tﬁeir facilities,

applications, and if all applicable provisions of the Fish and Game Code and the Fish
and Game Commission regulations have been complicd with, certificate of registration

will be issued.

_ Approved by

Date

Date
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THEP. No

The 4 ent has 30 days from - :
date of receipt in which to make ‘ : S
“fts recommendations. . : “KmiReation No. Received

STATE OF CAI.IFORN}A
RESOURCES AGENCY
'DEPARTMENT OF FISH AND GAME

'NOTIFICATION OF REMOVAL OF MATERIALS AND/OR ALTERATION
" OF LAKE, RIVER, OR STREAMBED BOTTOM, OR MARGIN. -
A. APPLICANT Pursuant to Sections 16011606 of the Cahforma Fish and Game Code

N

»He can be reaohed at

5. Describe type and densxty of vegetatxon to be affected, and estimate area involved.

'6 What actlons are proposed to protect ﬁsh and wildhfe resources and/ or mitigate for project impacts?

1, : of ' >
, Nmoupv!m ‘ ' R MamngMdrou
‘ Representxnu v . v
. Name of Agency, Company, etc. R
Hereby notify the Cahfomia Department of Fish and Game of operauons to be carried out by me, or the organization I
represent, from : 0 :
. » \ o
ey e T — ounty, tributary to in ﬂmm T Y,
Section ——Township_______ Range U.S.G.S. Map :
,Co Assessor’s Parcel No, — «Property Owner. ‘

whose -address is

e ey e ‘ is responsible for operations at the site.

B. Descnpﬁon of operation ‘1. The nature of said operations will be as folIows ‘
Check all squares which apply.

[0 Seil, sand, gravel, and/or boulder removal or displacement [] Loggmg

[J Wateér diversion or impoundment - [J Temporary, recreational or irrigation dam

" O Mining—other than aggregate removal Co [] Other—Describe below
‘[ Road or bridge construction ' ' '

[J Levee or channel construction

2. Type of material removed, displaced or added O3 Soil OSad O Gravel O Boulders

. Volume
3. Equipment to be used in the described site
4. Use of water (ie., domestic, irrigation, gravel, washing, etc.) Quantity_.

7. Please attach and send to the Deparlment any available project environmental documents..

8. Briefly describe proposed construction methods. Diagram or sketch below the location of your operation to clearly indicate the
stream or other water and access from named public road. Indicate locked gates with an “X”, Show existing features with a
“solid line (--—-——--—) and proposed features with a broken line (_. I X Show oompass direction. Attach larger soale

map if necessary.

NO CARBON NEEDED - Signature of Applicant - Date

F&2023 (REV. 3.80) : . . auao D9 osr
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Special considerations

'A.‘_Special permits are required for geothermal well ’

.development. ‘

“B.. Annual bonds and permits required for operation of .

geothermal wells.

CUE, ”Spe01a1>permits are required for closure of geothermal

- wells.

‘~‘D.s Annual licensing and special permits required for |

1mportation of and grow1ng of warmwater aquaoulture 8
_species. _ v ,

.31/
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2.0 Site Selection

Site selection .is the first.and most critical factor “in prawn
farming -and other .forms of aguaculiure.: The selection in-
volves the location of suitable land. Although large quanti-
ties of land may be for sale, leased or owned, few meet all the
criteria fof an aguaculture site. A grow-out facility needs
sufficient water availability.appropriate water temperatures,
good water quality, complete protection against floodwaters,

as well as good accessibility and drainage.

Soils should be those with good water holding ability. lowever,
' ponds should never be located on lands where pesticiéeuorlr
herbicides have regulérlyrbeen abplied to‘drops;i Residués'of
both’pesticidés‘ahd hérbiéideé'in soils can be tested féfrby
qualified laboratories. .

Climatic conditions such as mean annual rainfall and temperature,
as well as minimum and maximum tempefatures and rainfall, should

be checked. Wéétﬁerwchartsrcontaining this information are
available from the National Ueather Service, Nationél Cceanic
and Atmospheric Administration (Figure2-1). Other climatic
data such as prevailing wind direction, seasonal occurence of

tornadoes or hurricanes needs to be obtained.

3k




1931-i960 _

' CLIMATOLOGICAL SUMMARY FOR INDIO U. S.DATE GARDEN, RIVERSIDE COUNTY

Elevation 20

Latitqde 33 43

L_onigttude 116 14

# From earlier records

(precipitation), and other climatic data
-are shown as monthly averages (maximum, mean
" or average, and minimum) for periods up to

. 33 years.:

This chart was provided by the .-
National Weather Service, Coachella Valley
office (Mr. Carl Garczynski). :

A TEMPEFATURE (degrees F) _
No. CL SRR AP o C
Yrs. Jan Feb Mar _Apr . May June July _Aug Sept  Oct Nov JDec '_Amjggg_l_r
' Highest o 30 lon o6 liog lioa Iz lize hzz iz fi22 I3 lo9 |o6 haz .
Mean Daily Maximum 30| 70,41 74,01 80,3] 87,5] 94,0]101,5[107,2]t05,. k{102, 92.2] 80.7 | 72,5 | 89.0
Mean Dally 30, sh1|s8.1]6h.5}72,3179.1]86,4] 92.1] 90.6] 86.1) 75.5) 62.9 | 55.8 | 73.1
Mean Daily Mipimum 30| 37.8| 42.2| 48.7]1 57,0 64,21 71,3| 76,9] 75.8] 69,71 8.7 b5.1 39,0 | 67,2
Lowest 30 {13 20 |28 [33 138 V852 |59 {57 [h6 137 J23 [20 |13
, PRECIPITATION : ey '
Greatest Monthly 30 (2061 7ol el skl 78] 0ol 1.87] 2,381 8,96 1.55] 2.0k | 3.62 | .96 ]9/39)
Mean Monthly 230 | .50 b2 25 Jdod .0l 01 12 .33 i b3 .23 L3014 .68 _3.38_ ’
Least Monthly 30 0o | o 0 0 0 0 0 0 0 0 0o o lo
Greatest Dally 30 [ 1.85] 1,257 1.33] .u5] .26] 00| 1.70] 2,20]6.k5]1.13] 1.03]2.36]6.45 X9/39)
No, Davs (.01) inch 30 | 2 | % |2 | v | » fox w13 |3 {3 [ 2 13 115
Showtall ST T o T ol ool ol ol o oo o 1T [T
ﬂela;]ve Fumidltyr 34 | ho b1 136 |33 130 |27 132 136 I33 J35 |4 [&h7 [36
Cleag # 33 19 17 20 22 25 26 23 - 22 24 24 21 118 260 -
Partly Cloudy # 33 6 | & 6 1 5 | 3 5 6 k| 4 | 5 | 6 |60
Clovay 33 |6 15 |5 |3 | 3_]-1 | 3 13 2 {3 | s [ 7 |b5
' Figure 2-1. Weather data chs t. Te a | infall
% Thermal Alrport »gu : eathe ata char Temperatures, rainfall

(42
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Flood maps, available from, the U.S. Geological Survey or the
Federal Emergency Management Agency, show historic flood
heights and dates against topographic contour~lines'fof
localized areas. Potential flooding sites are also indicated.

These maps are a valuable resource tool when evaluating sites.

Water availability is, of céurse, of primary importance in

site selection. Without a sufficient supply, the projected
development is impractical. Water needs are discussed in

the chapter on pond construction (éection 3:5). When adequaté
water soﬁrces are available, water quality is the next item of
concern. Water quality has been covered extensively in the :
chapter on pond mahagement., However, particular attention should
be paid to the section on bioassays. 1In general water quality
encompasses water temperature, contaminants, beneficial nutri-

ents, salinity, and alkalinity.

After sufficient water sources are located and their quality
ascertained, the‘physical and chemical dharacteristics of the

soil are the next items to be investigated. $oil survey maps

are available through either the U.3. Geological Survey or the
U.S. Department of Agriculture and its 35oil Conservation Service.~
These maps are 2erial photographs with general soil type areas
outlined and indexed. Theée soil surveys also contain descrip-
tive text which includes; soil descriptions, use and management

- information, morphology and soil classification data. In some
areas tﬁe Soil anservation Service also offers planning»help

and laboratory testing services. £Slte specific information nmust
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- still be taken, as soil conditions may vary greatly within

these areas.

Physical_characteristios‘of soils include soil size (texture)

~ and arrangement'(structure) of iﬁdividual soilyparticles. Soil
'texture desoribes the mixturetoftdifferent sizes of mineral parti-
oles. Minerai particleS‘afe gfoupedaby size ihto four classes;
gravel and stones. sand, silt. and clay. The sizes of these

particles are as follows-

. Partiole ClasS"; L f: Particle 3ize
S R ~ (in¢hes)
. Clay 0 0 f°0 0 to 0.00008
Csilt 4 - 0.00008 to 0.002
. oviisand . 70,002 to 0,080
' Graiel/stoneé e _  ”“tx‘Q.OBQ“ and larger

Soil texture claﬂses have been further deflned to descrlbe rela-
tive amounts of sand./silt and clay.f hen the percentage of
each partlcle size in-a soil is known. these data can be plotted
on a soil texture trlangle (Flgure 2 2) The result 1sﬁe'textural
name correspondlng to its location on the triangle. Wi thiexperi-
ence, the texture of a soilAcan be_relt and determined faifly
‘eccurately by rubbing moist soil between thumb and forefinger.

Tiow 1t rlbbons or is pushed out in a thln strip; how it hang"'
‘together; how stlcky smooth or grltty 1t is will glve a rapid

on-51te 1dea of 3011 character1stics.3 However. a more accurate

analysis should be conducted.
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Figure 2-2.  Soil textural triangle. ' When data points for

percentage of sani, silt and clay are plotted
the resulting cross point lies within a defined
soil texture class. ror example{ a soil with 357

sand, 35% clay and 307 silt would be 2 clay loam.




Soil structure is the arrangement of combined partlcles of clay.
sand and silt. These aggregates are held together by elther
clay or organic matter. The structure of the soil is the size
and form of these ‘aggregates. Granular, massive, platy, and -
‘prismatic‘or.blocky‘are“the termsfused-tO'define s0il structure.
Structure is. 1mportant as it helps determine s0il porosity, the
ability of water to ‘pass. through the 5011.~-A~percolation test’
~can'be.conductedsat'theA31tewto determine the abilityrof%thei“'
'soil to-hold water. ‘A hole is dug in the s0il, water is added
_to a measured depthfahd‘the decrease in water depth over time is
~noted.” This figure will giﬁe an indication of the water~holding
capacity;of the sOil. This is‘important information.Aas lihers
or other barrler systems may need to ‘be cons1dered irf the s011

1s very permeable (see Pond Constructlon 3 2).

Chemlcal;charscterlstics of the soil 1nclude;alkalinity.‘
salinity.and nﬁtrients. “These are important because they may -
affect‘pond waterS‘through‘leaching.'*mhe‘salinity and alkaiinity

. may also affect cement or chemlcal additives used to seal ponds.

MNumerous soxl sanples must be taken in order to be representa-
tive of the site. Samples should not be taken from small, un-
usual spots; 0ld fence rowg, roacbeds, fertlllzer bands, and
small wet spots should allzbe avoided. A map of the area should
be made,ahd sample sites noted. Individual samples should be
uhiform;in‘siee«aﬁd depth; placed in a.clean plastic bucket and
‘weii mixedf ‘The sample itself ghould contain about one pint

"of.thisrmixture and.belplaced in a plastic lined soil bag, which

39




has been labled. These samples can then be sent to a soil test-
. ing laboratory for analyses. . ‘
2.1 Site Plan

After the site has been selected, a topqgraphic map of the area
_should be obtained. This map, which shows land elevations,
boundaries and contours, is a necessity in drafting a master
plan for devéldpment. A master plan will show pond sizes and
locations, - electrical facilities, wells,windbreaks, roads, drain-
are systems, and 5uildings. It is possible to design the master
‘plan so development 'may be carried-out in organized phases. sec-

"~tions or series.

A consulting engineer may be of help in establishing a master
plan, as topographic or other geographic features may affest the
feasibility of the proposed design. Once completed, the master
plan can be used by.contractors to either bid on or lay out the
facility. An additional portion of the master plan can include
a fiscal analysis, which outlines cost-breakdowhs for various

phases and items of the development.
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Special considerations

A.

Bo'

It i& necegsary to locate a s1te in a geothermally
active area. ,

The proposed 31te must conform to. other phy31ca1
parameters: -appropriate climate, topography, and
501l porosity.

The site must have sufficient quantities of geothermal
ater to allow culture of the de51red species.. :

The quallty of the geothermal water must allow
‘culture ‘of the target species. It must not contain

detrimental constituents-and must be of suff1c1ent
temperature for optimizing growth :

The use of. warm..geothermal waters in ‘correctly

" designed facilities can mitigate extreme:climatic
effects.. Therefore, -facilities could be located

close to available markets, allowing more geographlcal
freedom if all other criteria are met. -
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OND L ONSTRUCTIOVE e

3.0 Before construction

Pond construction should be preceded by thorough planning. The
same principles are followed whether the pond is a s1ngle back-
yard pond or part of a large commercial operatlon. Site planning
has chosen the general area and has established parameters with
which a pfofessienal can develop the best ﬁlan for the specific
location. These parameters should be noted so that operation and
maintenance pefsonnel 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 cdnsiderations. prevailing wind di-
rection and Strength, availability of water, mean annual temper-
atures (and their variation), equipment availability, soil type
and permeability, agricultural history, possibility of flooding,

andifuture expansion plans.

Species needs are of prime importance. Behavioral characteristics
determine the conditions required for fast growth and good sur-
vival. Prawns prefer crevices and irregularities, a water depth

that absorbs harmful light rays, a water temperature of 85°F,
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" & varied food source ahd a moderate water exchange raté. “Each ‘

‘:i~warm'Water fibh’spééies has specificirequirementSL;‘UnlikeabOttom

"dwelling prawns. pond substrate 1s less 1mportant to mldwater or

”topwater fish Temperature needs vary. ‘for example, Tllapia

k‘.barely tolerate, or begin to- die. at temperatures of 60 Fr- however,

(“1argemouth bass will grow at that temperature.l' At AII“a manage-‘

'Ef’ment plan ‘has been developed which® utlllzes species needs as a

“prerequlslte for pond deslgn and. location. Land contours should
be establlshed durlng the~topograph1c study'phasef(see'site Plan-
'niné‘and'Deveiopment)i”"This:data’muSt‘now'be'incorporateduto, |
design' a pond that'involveS‘moving‘the least amount of dirt ‘the
shortest distance, to obtain the desired effect. Before building
‘a pondhit:is‘wise_tokseek’professional advice.’suchlasfthatlwhich
can berobtained from_the;Soii donseryation’Serrice.’ | -
":'_3'1 Pond types iaj

-Dugout and levee are the “two: general types. of ponds. The:former'

is excavated ‘s0 that'the>bottom-11es’below the. surrounding ground
surface. In 1evee ponds, 3011 w1thin the pond area is pushed to
iall s1des to form dams or banks. For the flrst pond of a serles..

A,jfour banks must be constructed.‘ Addltlonal adaacent ponds can

;'mlnlmlze costs and conserve space because only three banks need
‘;to be constructed for each ad301n1ng pond These less expens1ve L
. levee ponds are generally preferable and may be dralned w1thout |
4i;pumping.;_;v;;;_ o | |

gecause;thefdams”and.leVees.are 9walls?;ofithe.ponds; thisf

{




network is the essence of the aquaculture facility. These struc-
- tures should be madé of compacted nonporous,materiéls.%, The site
“that is being developed into ponds ideally will be clay but more
likely will be a mixture of soil types. Where this is the case,
as it is at AII, each pond will reflect,itsvsoil‘texture class.
The aﬁount of clay in the;soil,and the particle size distribution
determine»thé water holding capacity.. Fine textured soils hold

- more water than coarse textured soils.2 The.sloée of the pond
bank will Qary from 4:1 to 2:1. Sandy soils require a more
gentle slope than a composite soil and a clay substratg‘can with-

' stand the steeper slope.

3;2 Sealing the pond

Whatever type of soil underlies a pond, proper construction of
the walls isrthe_most important element to prevent leakage.
Compaction of the s6il is important for dams, levees, and
thfoughout the pond. A sheepsfoot roller or the wheels of a

heavy tractor can be used to compress the soil.

If the sqillbeing moved is porous, the leaky ponds may be re-
paired with various sealants. The use of sealants entails con-
siderable expense, so it is best to locate ponds over éoil‘which
is known to refain water. One frequently used method‘ié‘to bring
in élay from ahother part of the property that is being developed
orrfrom a local sourcé. Bentonite ciéy may bé purchaéed; It has
- the ability to absorb large amounts of water and expands eight

to twenty times its original volume. It is applied to a dry pond
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']‘Bottom'at"a rate’offone“to'fhree'bounds°perVSduareiyard;1*Ai“
"laboratory 5011 analysis should ‘be made to determlne the pre01se
rate of applacat;on. _The bentonite is spread evenly. mlxed with
outhe soil.«moistened, and_compaCted;;»
'Ponds construc%edﬁonffineigralned"soils‘mlghf'be.sealedVWith'a
chemlcal addltive such as soluble salts.- Sodium'chloridé'and :
'_sodlum polyphOSphates are the most common. Tne‘sealanf”is‘first
mixed w1th‘the'soil and then compacted: rThe appllcation of any
_ chemicalgmay adversely effect the environmenf'so5before appli-.
‘catlons are used consult your Water Quallty Resources Board ~and

~+the: Env1ronmental Protectlon Agency.»:buiaar

‘Another popular method for sealing ponds is 11n1ng ‘them w1th a
flexible membrane. This membrane mlght be made of polyethylene.
vlnyl}‘or'pufyl5rubber.“ Stones must be removed or ponds must be

) cushionedvWifhya‘layer'of fine material.  Liners are . la1d 1n over-
ilappihg strips Wltﬁ”cemenfed‘or*%aped'seams.: ‘The Tining is -
.anohored by burylng the edges in a trench. To‘prOtect'against'
'punctures, approximately ten 1nches of fine s011 should be . used

.to cover the membranes

”11A durable, though costly. solutlon is cement.. After“placingibagS‘
7of cement around the ponds. the cement is tllled 1nto the 3011
*fand Water 1s used “to fac111tate compactlon. The local 8011
”’ZConservatlon Serv1ce ‘can ‘advise’ you ‘as to the amount of cement
Vneeded and any particulars that ‘would. aid 1n applicatlon in: your

“area.v Gunlte is’ sometimed used and must be applled"profess1on-'
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ally. Plastering or poﬁring cement into forms is also possible.

Régardless of what type of pond sealant system is contemplated,
it should be remembered that"the agricultural history of the

site can influence its eventual success. If it is suspected that
the land has been exposed to herbicides or insecticides, soil
samples should befchecked for residues. Certain chemicals
arerhazérdous'tb'prawns and fish and their presence would

omit the soil from direct use as pond bank or fill.

73.3 Pond banks, levees ang shape

Whether the ponds afe used lined or unlined, the levees must be
sturdy enough to withétand the pressure of the water in the pond.
To allow for the machinery used in pond management, the top of
the bank should be ten to twelve feet wide.? The corners of the
levees need.to be broad enough for the turning of pick-up trucks
and tractors, a minimum turning radius of 16 feet. Those to be
negotiated by transport trucks should have a minimum turning

radius of 40 feet.

Topographic features of the land govern the shape and size of
ponds. The preferred shape is rectangular, even though rectan-
gular ponds may be more expensive to build. As a means of mini-
mizing the effects of wave action on levees, ponds should be built
perpendicular to thé prevailing wind direc‘cion.’+ Pond bottoms

are gently sloped from inflow to outflow ends. This slope aids

. in draining as well as in harvesting. Some farmers.prefér to
iﬁcbrporate a "harvest basin" at the deep end of the pond (Fig.

3-1). Fefer to Table 3-1 when making decisions pertaining to




= : == _';;.;;'-;_____/’

49

size a'n&’dep’hth'y;‘ e

'

: O S . Water inlet
_ /— Water‘fputlet; o

t— Harvest basin -

Flgure 3 1 Productlon pond contours. w:Lth and w1thout a
-~harvest: bas1n. s 4 L :
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Table 3-1. Considerations go be weighed when deciding pond
size and depth. ' ' ‘
Size Advantages Disadvantages
Small Faster, easier, cheaper High cost/acre to build.

(one acre or
less)

to harvest.

Rapid dreinage and refill.
Less subject to wind caused
erosion.

Animals more visible.

. Lower loss potential for

individual crop loss.

More subject to rapid
environmental changes.

Lower construction cost

unit volume.

Ease of harvest.

Higher animal visibility.
Water does not stratify,

‘Large Prone to bank erosion
per acre. from wave action.
Less.susceptable to rapid Slow drainage or refilling.
environmental changes. Animals less visible.
Overfeeding less hazardous. Higher loss potential for
"individual crop loss.
Deep Less susceptable to Higher oxygen depletion
erivironmental changes. potential.
Less susceptable to . Harder to harvest.
predation.- . Low animal visibility.
Water tends to stratify.
Shallow High oxygen exchange per More susceptable to

environmental change.
More susceptable to

~ predation.
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. f3 h Equlpment needs

“irPond bulldlng equlpment should be 1eased or purchased. A bull-

,dozer or earthmover is generally used in dry areas for levee con-
'structlon.l In wet areas a dragllne can construct either 1evee or
dugout type ponds & A backhoe 1s used for plpe and monk install—
atlon or for small dugout areas.' Large pleces of equlpment

| mlght not be practlcal for a flsh farm to purchase. but a back—

hoe and/br tractor operatlonal and malntenance efflelency

X

‘;'3 5 Water dellvery and dralnage systems i
5 Whlle ponds are belng des1gned and constructed. Water ‘delivery,

f-dralnage andadlver81on should be addressed.. The prospectlve pond

’i_d&bullder should con81der the condltlons prevalllng durlng the hot-

b test'and/or drlest-part of~the year,‘when evaporatlon is greatest -
and and oxygen depletlon 1n the pond 1s most 11kely 2, Those

o culturlsts dependlng on dlrect use geothermal should calculate'
the volume of water needed to malntaln the ponds through the cold-
»est_weather. -A chart similar to the,weather chart (Figure 2-1)
may be obtained from your local National O¢eanit and Atmospheric
Administration or:by contacting the National Weather Records
Center"inrAsheville;*Norttharolina. The need for water diversién
o orAflood'control?cannot*be7ignored.’;If your sitelhaSEbeenfdeter-
mined to*be'flood?proneﬁ(see‘Site’Planning andiDeveiopment)13

measures should be taken at the. 1n1tial stages of: construction

' fto mltlgate,the potential effects. This program should be in-

corporated 1nto any future: s1te expanslon plans. Flood control o
:dralns can be 1ncorporated into pond water dellvery and dralnagev”

f-systems.
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Pond water delivery and drainage systems should be integral
con31derations in the pond de31gn and layout phase, Tepographic
condltlons need to be evaluated and utilized to fa0111tate the
delivery and espec1a11y the dralnlng of water. Proper fa0111ty
des1gn and layout can minimize the amount of plplng requlred.
Tandem pond constructlon allows sets of ponds to share 1nlet and

drain systems (Flgure 3-2).

‘,——-Inflow piping ‘Inflow piping
I , . ' . \ll I
it] s , ol
" - o 1
1l Levee o P
&) o i
" o 2 1
Pond' 5 =3t Pond 6 k== @™ k==  Pond 7 Hitpe
H . S ‘6' L)
I i

Figure 3-2. Typlcal 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 dltches or 'pipes.

Pumping is sometimes a necessity for water delivery. For long
term usage it is both uneconomic and undependable. When drain-
ing ponds, pumpihgiis.expensive and: tbtally undesirable. Drain-
age is usually accomplished through use of agricultural drop
boxes (sluice boxes, monks) or rotating pipes (Figure 3-3).
Either can be screened as needed and as appropriate to animal

size.
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Figure 3-3. Screeh¢a~6VerflOW‘andvmonk type drains. -

/ Monk -

/// ‘ - Drain pipe
- '\___ Wood or ,
‘concrete slats‘“//('
Monks, - sluice or agricultural drop boxes can can be- .-
constructed of wood, concrete, or concrete blocks,
! "~ Increasing or decreasing the width or number of slats
' , allows the water level to be ad;usted. ,
— ; j <
K Q:\k

L écr ~;, e , _f ; S\Vﬁ:f;lpe rotatlon
S eene overflow, draln pipe rotate -
v s’ at ipe elb
'to raise or :lower Water levels. Screen sfzg is vgglable




Planning the water delivery system must take into account

both the typical or.standard‘water needs,'as well as emergency
situations. Available water quantities and pond volumes must

be ‘known in order tb calculate the rates required to fill,

flﬁsh and d?ain the ponds. Well water volumes should be

oﬁtained from yoﬁr driller or your geophysicist. Pond volume
calculation methods are shown in Figure 3-4. Idéally. the supply
of water available should beizo to 50 gallons per minute per

surface acre.

The initial cost, dﬁraﬁility (length of 1life), auxiliary parts,
availabilit&, and ease of installation should all bear on your
decision 'as to the type of pipe used. Table 3-2 gives a com-

parison of some of these factors.

AII has utilized a combination of pipe types and auxiliary parts.
Aluminum has been used for temporary, above-ground systems.
Poiyethylene’has been utilized for smaller ponds, where its
maximum diameter of two inches is sufficient for use. It has
also been incorporated where its great flexibility is advanta-
geous. Steel has been used to a limited extent where its dura-
bility and strength outweigh its cost, maintenance and coupling
difficulties. PVC has been utilized where its accessories and
light weight were beneficial, such as in outflow pipe systems.
Brass was used pnly for valving infloQ waters. Each pond has

'its own inlet water valve so it can be individually managed.
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Flgure 3 -4, Pond volume calculatlon method and example.n

Remember to keep all unlts the same.f ’
;“ ‘ﬁbv‘:“‘A‘ ,‘!‘V‘ ‘ “' v‘v ‘.b - P r ,— :
B S LN ———— — : o "*-
L= 1ength of water ;_'ﬁiifz,'fnﬁ;{‘horizoﬁtalndistanee, edge of
"W = width of water AT "_:Water to base of sloped bank
" D_= depth of water. shallow end e or
Dot depth of water, deep end .~ (81°P3)(D )
St p ' b ' - therefore

Slope = N/D

“Total Pond Volume = (@) (w-N)'DS + [(z-M) (w-N) (Dg-D_)] /2

Example

biA pond is 36 feet w1de, 75 feet 1ong. 36 anhes deep at one end, 48
Ainches deep at the other and has a lepe of 31, .

‘i- .L.
W
D
D

= 75 feet . B T S

= 36 feet . N=33=9
= 36 inches = 3 feet:

4= 48 1nches =4 feet

Total Pond Volume (75- 9)(36 9)3 +[(75 9)(36 9)(4 32 /2

1

i 66-27- 3+ (66 27- 1)/2
= 5346 +891 LA
= 6237 cublc feet

i or since #3 560 cubic feet 1 acre foot
6237/34560 = 0.14 acre feet o

L}{ ¥ See the appendlx for conver31on tables.




Table 3-2. Comparative data for five types of available piping.
Pipe Fittings/ Cost -* Problems "Advantages
: Joints (per foot) . ,

Steel Welded or $2.45 up Scaling, corrosion High strength.

threaded schedule 40 in saline waters. Long life.
T o High weight per
foot. =~

Aluminum Slip/tension $0.60 up " Low stfengthu Light weight
or clamped ' ' Corrosion in : "

alkaline waters.

PVC Glued, threaded, $0.70 up Moderate strength. . Light weight.
some pressure clamp Becomes brittle ... Does not corrode.
fittings available with continued ex-' -

posure to sunlight.
Pdlyethylene - Slip/tension $0.50 for Limited fittings Semi-fiexible.
or clamped 2 inch. dia. available, Light weight.
Available only in
long rolls.
Moderate to low
strength.,
Concrete Mortared or $1.75 for Very heavy per foot. Long life.

slip fitted.

5 'inch ‘dia. .

Limited to large '’
sizes.
Brittle.

High strength.

* Costs are those available at time of publication and may vary depending on

location and available supplies.
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. 57lpp,f

'Spec1al considerationsi R

A, It is necessary to design and 1ay ‘out the. pond(s)

depth, ~size} ~shape;  and-orientation to minimize

‘v:negatlve ‘environmental effects on. the geothermal

QBQY

w,water in:the. ponds.

-Consideration‘shuumdnbe glventto installationoﬁf a
“@dual’'inlet piping system.w This would -allow mixing"

. -of geothermal and other,vcoolercuater sourtes at the
‘ inlet end: of & pond. Thls would be ‘one method to
,obtaln optimum temperatures and water flow rates.

'Careful selectlon of plping must be done to av01d

scaling @nd corrosion which can be: factors in using

1ﬂ'lower quality geothermal water.

':Cons1deratlon should be glven to construction of - e
«H;,downstream or cascade systems.  These systems allow R
- maximum use of both water snd temperature through
sequential use of geothermal water. " Water travels

~from one pond to the next in a series; each pond 1s

.: cooler than the one preceeding. S
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? TOCKING e _NDS

To make. the best ch01ce of a specles to culture. one. must assess

59

what specles needs the farm s1te can accomodate.b Por example. no .

matter how much one w1shes to grow ralnbow trout, geothermal -
,waters 1n the Coachella Valley must be greatly modlfled to

'serve the anlmals needs.;f warmwater specles would be a more

v710g1cal choices. a fiscal asvessment must be undertaken.-'ns in

:'; natural ch01ce.’ When the llst has been reduced to the best blo—'

v ]all other farming. or any other business. ultlmate ch01ces are, o

: based more on potential econonlc returns than on personal whlms.-'

'Sucessful culture 1s facllltated by learnlng as much as poss1ble

»aboutvthe‘anlmal(s)._-some brlef:background 1nformatloh;is g1Ven,s,

’<atrthe‘end_cf;this;chapter,:;A;I;I,;has}experimehtaly grown mahyvv

of these species'ih geothernal waters.;vhowever, this~portion’of‘r

' .the research was not conducted under the contracted D. O E. agree—'

.

yr:ment. As these experlments were prlvately flnanced, sone results_iﬁ

"fand 1nformation are prcprletary.; ”he species 11sted are some ex-f'”

ples of potential culture spec1es.f:”hese specles are tho e 1n d o S

ofwhlch 1nterest is most often expresscd.‘ The following should be

Ca startlng p01nt for your 1nformation search., After Tamlllar—_{ffdt"’

'flzlng yourself w1th 11fe hlstorles. state of the art grow-out

f~techn1ques need to be invest1gated.rk1lhyvg,w,iﬁ"lﬂ;
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Examine this information as to its applicability to the situ-
ation you wish to cf;ate, Farming methods and social mores
vary from place to'pléce. Some techniques which are valid in a‘
rainy climate may not apply to the desert and some praciices
fhat\are encoﬁraged by other governments might be prohibited

by the F.D.A..

Biological information must be correlated with economic con-
siderationg for an accurafe picture. The length of growth

period from stocking to harvest will be.iﬁfluenced by how well
the optimum témperature for gréwth can-be maintained. 4n
animal's water quality needs help determine how many to stock per
acréf ~The type of enclosure tolerated by the animal could deter-
mine the type and size of pond and hencc the cost of pond con-
struction and harvesting method chosen. Nuttitional’requirementé
and preferences help answer; what kind of fodd. what quahtity.
and what kind of feed distribution. All this (and mere) will
help the prospective aquaculturist choose or target the "best"

species for the situation.

k,1  Securing the stock

To hatch or not to hatch, that is the question.....

Once one has chosen the species most compatible with pond ares -
parameters and management goals, the initial stock must be ob-
tained. Either thé small animals can be purchased or brood
.stock aquired, for fingerling production. Iome growers prefer

to rear their own fingerlings/post larvze. The proceedures re-
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i
v

quire considerable experience and specialized facilities. ﬁatchf

o ing areas and nursery ‘ponds must be carefully monitored. Environ-
.“mental and feed requirements differ for: newly hatched ‘ahimals-
ﬂkthan suceeding stages.v Early life stages are highly suScept—'

:':able to both chemical and: phys1ca1 fluctuations in’ their env1ron-
ment. - Brood must be-selected. ~held in appropriate enclosures

:and fed specialized diets .to-ensure top breeding condition..

~ After spawning-the percentage of sucessfully.hatched eggs is
enhanced with use: of specialized containers and water quality
equipment. Fresh water prawn larvae require a salty env1ronment

: and are very sensitive to both chemical and physical fluctuationsT
i 1n water quality.i ‘Both fry and: larvae demand frequent nutritious
_?feedings buit nutritional criteria can. change daily. Fingerlings

and post larvae: thrive in well attended areas. The selections and

care of brood as well as detailed hatchery proceedures 1s an areavr

o all ‘to ‘itself and beyond the scope and purpose of this guide.

The beginnlngtgrowerband the more,experienced‘farmer may find
it expedient to buy the~fingerlings/postlarvae.F:“osts vary and
‘are dependant on species. ind1v1dual sizes. quantity. -and seasonal

: availability Stock should. be purchased from.a ‘reputable grower.

. 'In some cases, these suppliers will treat and deliver the stock

to the pond for an additional charge. Since: a beginning culturist
,_might not be aware of proper treatment and handling proceedures.
or not be equipped to. transport quantities of live animals, this o

service could be politlc.,




L.2  Stocking the pond

’Sevéral items must‘behconsidered prior to stocking your pond.
For maximum producfidn;"}eeding or good quality ration is
essential (see chapfer'6). With supplementary feeding |
éontemplated. higher stocking densities can be contemplated
 ’than those occufing-under unsupplemented or "wild” conditions.
The following sfocking densities have been used in the two

culture situations:
Culture system

Culture species - Extensive Wild
Freshwater prawn (Macrobrachium - 1 per square —————— ®
rosenbergii) 1 foot
Catfish (Ictalurus punctatus)? 2,000 to 4,000 100 to 200

per surface acre per surface

_ _ ‘ v -acre
Tilapia3 | | 3,500 to 7,500 —ocooo®

per surface acre
Largemouthzbaus (blcropterus variable , 50 per surface
salmoides) S acre

The next item to bg considered is the proper time to stock grow

out ponds. When stocking fish, their size will be one of the
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variables to weigh. Larger fingerlings or juveniles can be stocked

in the fall. However, fall stocked fish in large ponds often

fail to feed in the winter, if temperatureg are exceptionaily low,

and die of malnutrition. In general, spring stocking of fish

removes one more chance of failure due to lack of knowledge

‘% These animals are not indigenous to the United States,
therefore, natural pcpulation figures are not applicable.
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L

of winter effects on fish.
‘\When_stocking,fihgerlings/bostlarVae.,remember that acclima=-
’ tiz;ng,fhem to new water is:essentia1; VAbrupt‘changes"in :
temperéyure.'alkalinity”(pH); or dissolved oxygen are deadly
to fish and shrimp.. Thus, acclimatization is best done slowly,
by;adding waﬁer_frém.thé pond to the hauling container. Vater
should be addéd'siéwlyienoughkso theftémpefature does not
‘chgnge by more than one degree every 10 minﬁtes. nor does the

pH change more than one unit per hour.

The iarger‘the-stocking.size.?the«faster the animal will reach
~edible, marketable size in the grow?out ponds. A good rule is
‘to stock the largest animals you can afford. However, the size
of the animals desired at the end of the season éan also deter-

mine the number of animals stocked.
L4.3. Species compatiblefto direct use geothermal aquaculture

Direct usé of low temperature geothermal waters for,aqﬁaculture
has many advantages. These warm water sources mitigate the
majority of éffects of climatic variation, when utilized in

a well planned,fagility.; This allows the culture of warm water
speéies'and qpfimizés growth potential throughout the year. A
number bf_wérm.water species are. suitable for culturevunder these
: cbnditioﬁs.v The following sections contain infofmation oh»the_

© most commonly cultured species.
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k.4  Freshwater prawns, Macrobrachium rosenbergii (delMan)

In nature these adult prawns seem to choose freshwatef but larval
development occurs in the‘more saline porfions of river estuaries.
An egg carrying or “"berried" femalg travels toward the brackish
water. When the ripe eggs hatch, the larvae swim through the
water..feeding moéfly on zooplankton. Although moitiﬁg is
frequent, it takes from one month to sig weeks for the larvae

to mature and metamorphose into a posflarvae. It is at'this post-
larval or fP,L." stage that young prawns are frequently introduced
into ponds foriculfure. These P.L.s are produced in hatcheries,
‘not collected from rivers. ' In the hatchery the best in nature is
mimicked; food is plentiful, predators are excluded, and summer ig
eternal. Vater can be warmed by heat exchéngers. either geo-

thermal, gas or electric.

In nature these young pravmns begin migrating upstream, towards
freshwater. Within nine months to one year, somé females will

return, berried, to the estuary to'begin a new cycle.

How prawns grow.

Freshwater prawns are classified as belonging to the class

of arthropods known as Crustécea. "Crusta"” refers to the crust

or shell of the animal. As crustaceans are invertebrates (aniﬁals'
without backbbnes)'this outer shell or exoskeleton must be removed
before the animal can grow. This shedding process is referred to

as.molting. The shed exosgkeleton is known as a molt. ‘hen the

prawn molts, there is a fully developed, soft shell underneath.
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llThis shell is filled w1th body fluids untll it reaches a "s1ze"

~1arger than the carapace which was shed.

'After a short time. thls new exoskeleton hardens and the most
v1sxb1e portlon of the growth process 1s complete. Thls process

tis repeated frequently in very young prawns. Larval prawns molt

"“almost dally. postlarvae eVery second or thlrd day. larger Juve-

’ nlles several times per month, and adults monthly or blmonthly
 Adult female prawns molt as a prellminary to matlng as well as

for growth.

A farmer Wlll see these exoskeletons 1n her/hls pond from tlme to
Q\tlme.) The unknow1ng observer mlght assume that these prawns have
1;"d1ed"‘or that the shells hould be removed.”;;either is true.

"the anlmals have s1mply molted and w1ll eat the chltinous carapa .

As these prawns are(subtroplcal or troplcal in origin, coptimun
' water temperature for growth 1s from 82 F to 86° F. G5tress or

mortallty occurs at temperatures of approx;mately 610? or below.5

Phys1cal characterlstlcs

‘Hacrobrachium belong the the class Crustacea. They. are also
recognized as decapod crustacea by the possession of 10 (5 pair}-
'Walking legs. Vlhe claws are modlflcations of the first two palrs
of legs. The larger pair of claws, the second pair of legs. is
used to capture food, for defense, and are more developed in
males than in females. ‘The small, first pair of claws manipulates
onod and act as cleaning tools. The head or cephalothorax has

two pairs of antennules and one pair'of antennae; ‘mouth parts,
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' fhe paired legs, rbStrum and eyes. The gills lie between the body
wall and the cgrapace, just above the walking legs. Gills are
constructed so-thét the water passes over them and the blood

‘through them. The blood extracts oxygen from the water and
releases carbon dioxide into it. After the gas exchange is made,

- the oxygenaged.blood is cafried by thé arteries to all parts of

' the body. The giils, theréfore. serve as the breathing mechanism

of the shrimp.

The abdomen has 5 pairs of appendages called swimmerettes.

" These swimmerettes can actAfdr either slow férward or backward
motion. They also carry eggs in the female énd fhe first pair
serve as copulatory orgéns in the male. The tail is fan like
and it serves as a powerful swimming appenéage; shrimp swim
backward when alarmed. The details of the-appendages of.crusta-
ceans are complex and their scope beyond discussion here. How-
ever, figure 4-1 is a stylized drawing, showing general body

form, appéndages and placement.




Antenna\

.

Antennules

Abdomen

Figure 4-1. Styllzed drawing of a freshwater prawn, show1ng general
R body form, appendages and placement. '

49




68

" 4.5 Crawfish (pacifasticus leniusculus and Procambarus clarki)

Both the red swamp Crayfish'(Prbcambarus clarki) and the signal

crayfish (Pac;;asticus-leniusculus) are members of the ciass

Crustacea. Boﬁﬁ aniﬁalé?ére omniverous and are most active at
night. Like all decapod crustaceans, they possess an exoskeleton
covering cephalothorax, abdomen, tail and the 5 pairs of legs.
Like freshwatef‘shrimp the first pair is small and helps manipu-
late food.. A second fuhction'of this pair of iegs is to aét as

a cleaning tool. The second pair of legs are modified into

massive claws, used for defense, feeding and mating.

' The breeding season begins in the late Spring extending into Fall.

During this time the male depoéits a sperm packet into an external

6 he female attaches her eges to the

receptacle on the female.
swimmerettes after passing them over the sperm for fertilization.
The fémale carries her eggs approximately 15 days, until they
hatch. Unlike freshwater shrimé. all the larval(stages have
occurred within the egg. Newly hatched crayfish are fully formed,
with a miniature adult like shape. These newly hatched crayfish

7

cling to their mother for 5 to as long as 27 days. They are

capable of fending for themselves when they leave.

The red swamp crayfish is an extensive burrower, leading to
potential‘problems in pond culture, Somé pond culture for
sighal crayfigh occﬁrs in Céiifornia; however, traditionally
wild céught.animals constitute the bulk of these animals

brought to market. The largest market for crawfish is in




- the Southern United States. Red swamp crawfish constitute the
. majority of thisrmarketa Yariablevmarketvprices have made
‘ profitability‘irregularhy.Crawfish‘farming-is often a secondary

crop.
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ﬁ.6 Fish
The following section covers fish. Unlike shrimp and crayfish
which are invertebrates, fish are vertebrates (éniméls with back-
" bones). Figure 4-2 shows a stylizéd fish with body parts indi-
cated. Although body shapes may vary widely, all fish have

skin which'may.or.may ﬁof be éovered by scales. These scales
occur in a variety of shapes, sizes,  textures, and thicknesses.
vFish mouths also éppear in a variety of shapes, sizes and posi-
{ions on the head. The predatory fishes usually ﬁg#e large or
hinged mouths, an exémple is the largemouth baéé.' Herbivors have

mouths and teeth suitable for grazing vegetable matter.

Aithough most fish possess a well defined eje and ear like organ
~ (the otolifh) the najor sensory organ is the iateral,_iine.8 The
’ fish uses this set of small sensory organs'tovdétect prey, avoid
' obsfécles in turbid-water,.detect depth, and help maintain its

balance.

The lateral line is usually vigible running along the body of the
fish, at a positibn slightly abéve the middle. This organ extends
from the rear of the gill area to the end of the caudal pedﬁncle.
Thé gills are covéred by a bony or Fleshy flap (the operculum).
Water taken in at the mouth imnediately passes over the-gills ahd
out through the gill openihgs at the baék of the hesd. U'o water
reaches the stomach as the ghllet is closed sovtightly no water
can ehter. When food touches the gullet, however, the muscles

relax and it is passed down the esophagus and into the stomach.




‘Minimal quantities of water are swallowed as the gullet closee
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: very tlghtly around the food 9 Like those of a shrimp. the

'gills of a flSh extract oxygen from the water and pass 1t on to

* the blood circulating through them. The blood then carries the

/

oxygen throughout the body, while having released carbon dioxide
back into ‘the water through the gllls. ’ o

:Forward motlon or sw1mm1ng is accompllshed by flexing the caudal
'peduncle and’ therefore the caudal fin.” Backward motion is
B AEhiéved'byiuSihg the ﬁectdfal fins. :CStahilization'requires
use of caudal, pectoral, and the other fins. Variability is

':7w1de in- the matter of, fin- shape and size.

- The- follow1ng is a list of “terms and deflnltlons whlch are *°

frequently uscd when disucssing flsh anatomy:

AdipoSe’f;n,-'a small fleshy fin whlch 1acks”fay$.;is located

“between the‘dbfsél'énd'eaudal fins of some fish.
" _This fin and- another specialiged "whisker like"

-fstructurefcalled barbels are found on catfish,

. Anal fin -~ © usually located right behind the anal vent.

Anal vent - . ‘also called the “anus’”. In most fishes the

openings~of the~ufogenita1 ducts qre at the

~ surface, behind the anus.

" Caudal fin - the rayed part of the tail.

“Caudal_peduncle‘- the fleshy part of the tail.

borsal fin - runs along the top of the fish. Nay be single or
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Lateral line -

lidless, most often the eyes are latefa] with
partially independant fields of vision and move-
‘ment.

v¢overedvby a flap called the operculum. Water

'is taken -in through the mouth passed through the

'“,gillé which remove the oxygen and nutirents from

the water, The'water-is then passed outside of

“the body of the fish through the gill slits.

an area of sensitivity that helps the fish feel

pressure and temperature changes in the water

- around it.

Length, standard - measurement most commonly used by aquaculiur-

"ists when calculating growth - size data.

Length, total or fork - actual total length of fish body,

NMouth -

or length to end of fork in tail.

"used for food and water (see gills) intake.

Pectoral fins - paired fins used for balance and locomotion,

Pelvic fins -

located behind the gills.

paired fins used for balance and locomotion,

located on the ventral surface. Also called

the ventral fins.
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. /“Dorsal Fin f_

— Adipose Fin
Caudal Peduncle

L 4 .
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Caudal Fin

- Pelvic Fin

Standard Length

Total Length

- Figure 4-2...Stylized fish drawing, indicating positions and
names of anatomical parts. After: Needham and
- Needham, A Guide to the Study of Freshwater Biology.
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4.7 Channel catfish (Ictalurus punctatus)

Channel catfish (Ictalurus punctatus) are members of the catfish

family, Ictaluridae. This fish is one of the most extensively
cultured species in the United States, with more than 60,000

acres of water in production.'-The U,S. Department of Agriculture
states, " a fish farmer must decide what type of catfish farming
enterprise to establish based on the desired level of fish pro-
duction-and the availability of capital, land, and water resources.
The size of the fish farming operation and the,férmers commi tment
to management will détermine the efficiéhcy and profitability of
the énterprise. Catfish farming may provide a major source of
income, diveréify an existing farming operation, or satisfly

family food and recreational reeds*, 19

Physical characteristics

rThese fish have deeply forked tails; 4 long barbels (whiskers)
are.located under the jaw; 2 are found above the jaw, and 1
located at each side of the mouth. Sharp spines are located at
the beginning edges of the pectoral and first dorsal fins. The
body does'not héve scales and the heads are broad and flat.
“hese fish arc ommiverous and are mostly nocturnal. Catfish
uéual}y spawni in the spring, as wéter temperatures increase.
"eak spawning occurs when water tenmperature is 78°F 1o 82°.,
Jooden boxes, milk céns, kegé. tile, hollow logs, and other con-
vtainers are used fdr spavning sites. A female will gradually lay

her entire egg supply to be fertiliéed, then guarded by the malc.
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. The male fans the'eggs &uring-guardiﬁg td’rémoye éiltland to
~oXygenate them.. These eggs'hatéh-in 6 to 10 days.

,','.Catfish will grow from fingerlings to slightly more than one
pound in. about 200 days, When?stécked‘in produdtidn'pohds}:'
The number and size stocked, per‘éurfacefaCre. determines the
eventﬁai'harbestJSize.:"Large fingerlings (10‘incheS’1ong)

_ stocked atfl.zOolpef’surfadé’acre will average fwo‘pouﬁds. Yedium
. .gize fingerlings (&4 to 6 incheg) ét&cked'atwi.SOorper surface acre
_will reach slightly more.than one pound. These same fingerlings
‘will reach less than one pound when stocked ét;z;oob"periacre.
These growth figures are dependent on optimum water temperature

and food being available during the . grow-out-period.: .
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4.8  Other catfish species. commonly cultured

Blue catfish (Ictalurus. furcatugs)

The secondxﬁost frequently usecd culture species is the blue cat-
fish., ‘It is reported that this fish grows more siowly tﬁan the
channel catfish, but its growth is more uniform. One advantage
ié that when -"dressed out” blue catfish yield a slightly higher
percentage of more usable product. Somé‘culturists prefer blue
catfish asjthey can be readily trainedrto surface feed and their
‘temperament;makes them easier to seine. However, a‘higher feed
conversion ratio. and a longer time to maturity are some of this

3

_species disadvantages.

White catfish (Ictalurus catus)

These fish do not grow as rapidly or as large as channel catfish.
. Their maximum length ranges from 10 to 18 inches. They seldom
exceed three pounds in weight and because they have a rather

large head, the usable proportion of this fish is smaller.11

Brown bullhead (Ictalurus nebulosus) and black bullhead (I. melas)

The smallest Ictalurids commonly used as food items are the bull- -
heads.3 These are more.usually a fisheries product than a cultured
species.- The black bullhead, however, has équired a recognized
place as a stocked farm—pond species.ll-,These hardy catfish’ have
large heads and their total body weight séldom exceeds 2 to 3 pounds.
Profitable culture could be difficult as the market is small and

3

_.prices paid for these products are usually low.
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4,9 Largemouth bass (Micropterus salmoides) =~

-~ Largemouth bass are members of the sunfishffamil&;TCentrarchidae.
These fish are amqhg the most popular game fish in the United
‘States and qan_be found,inIa}mbsi.evéry stafe. - Spavming takes
place in Aprilxof;May when water temperatures are in the mid
60's.. Tpngale:bass cleansiput‘a.nést approximately 20 inches in
~ diameter and 6 inches deep. When .the nest is completed a female
is induced to spawn.‘laying several hundred eggs at one time.
These eggs are fertilized by the male and adheré to the bottom
of fhé nest. The maie guards the nest until the eggs hatch,

from 5 to 10 days, depending on water temperature. Bass fry
remain near the neét uh%il»they apsorb ihe yolk sack, then travel

in schools until they reach approximately one inch. -

The food of the young bass is small crusteceans and insect larvae,
such as amphipods and midge larvae. ILarger fish are also preda-
tors, and eat insects, frogs, crayfish, and other fish. Trovid-

ing this live food is the principle obstacle to bass culture.

Largemouth bass may grow to 5 inches the first year, 1C inches

the second, 14 inches the third, and‘16 inches the fourth. -

Spawning occurs after the second'or third year.11
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L.10 Other Centrarchids

Bluegili (ggpbmis macrochirus), Fedear sunfish (Lepomis microlophus) .

and Green sunfish (lepomis cyanellus)

Thesg fish are grown primarily for the stocking of private ponds.
Tﬁey are poﬁulai panfishés and a favorite of sport fishermen.11
There is littie. if any, market for these fish outside of the arena
of sportfishing and some states forbid the sale of Centraréhids as

food.3
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4 h.11. Tllapla V ,J' »\wu_;_r»ie :&; | L

Tilapia are members .of the sunflsh famlly, Centrarchidae. . They

are thought to ‘be the fish which was caught by Saint. Peter and

fed to the mult1tudes.3 These fish are found extensively-in

;iitroplcal and sub troplcal waters of the world, and are a:major

culture. specles outs1de the United ~States. . These fish are more or

-

_Three species of tllapla are- allowed to be cultured by the-

MCallfornla Department of Fish and Came. Tilapia :zilli is a

-partially prohibited spec1es:and~may.be possessed. only in-San

Eernardlno. Los Angeles, Crang ges San. Dlego. Imperxal and Tiverside

counties. Tilapia mossambica and 7. honorum as well‘as T. zilll
may only be stocked in waters approved by the California Lepartu:nt

of Fish and Game.w

Crowth of tilapia, like catfish, varies with stocking density,

vspawning frequency and‘fbedfsupply.r'lt haé been reported

that fish of slightly less than two pounds have been grown in

one year. A more realistic rate'of'growth would be to cxpect

fish of one-quarter pound after one year. e

Adult male T. 2illl dig out @ nest in pond bottoms. The female

,;deposlts the eggs, which the male then fer lllaCS.:.‘Cth sexes then

brood the eggs until they hatch, and remain to protect the fry .

until they can swim off by themselves.

Femzle T. moscambica lay their eggs in'a nect on the pond bottom,

them pick then up in their nuulhs, “he male discharges sperm in-




80

to the Vnes‘t‘ and this is also picked up by the female, Fertiliza-
tion, therefore, takes place in fhe femalesbmbuthﬁénd the'éggsv
hateh in 3 to 5 days. The larvae remain in the mouth until the
‘yolk sack is absorbed."Thése'iarvae remain near the mother for
about 15 days and will retreat back into her mouth if threatened.
This species is known as a mouth brooder because of this process.
‘The chief purpose of this-technique seems to' be protection, as

- fertilized eggs separated from a female will hatch successfully.
milapia ha#e'been the subject of much'experimentation on the - |
effects of spécies cross breeding. These experiments are attempt-
ing to create fasfer growing“figh. The increased growth rate could

*“be the résult of nybrid vigor (heteroslis) or mor:osex culture.




h,12 The'minﬁawﬁfaﬁily‘4”‘car§ (Cyprinus carpio)

éérﬁi(Cybiiﬁusicafpib)“afé ﬁémbefs‘bf‘thé minnow faﬁily;'Cyprinidae.

Records of carp culture go back as far as an01ent China. This is
the flsh whlch was fattened by the Greeks and the Ronans.3 -It
was 1ntroduced from Germany 1nto the Unlted btates 1n 1876. | The
 carp spread across thls country. where 1t prefers warm waters

:w1th an abundance of organlc mdtter.

Spawnlng occurs in shallowkwater in the spring ané summer. It
' takés'plécé’Béth’in'theiearly'mofning and during the night. The
‘female méyLﬁéuééén’splaéhiﬁg'as éhe broadcasts Bef'éggs. The eggs

‘ 11

are adhfqlve “and stick »o planus and debrl iﬁfter'fertilization

f elthcr th\ adults ot the egg0 can be rewoved Another option
‘ iv {0 allow the eggs to hﬂtch and to Ienovn uhe smal; fl st
""lgaving thb'cggs with the’ ddult" might result in édﬁe loséos
as the adults may'éat a portlon of - the eggs. In some:éduhtfies
tﬁéreiis little of no attempt to spawn 1n,captivity{:.ﬁggs; iry,

or verious sized fish are collectecd from rivers and transferred

to ponds for grow-out. Conversely, other nations have an extensive
’aﬁtificial breediﬁg program. There are a.ﬂumber of diverSe
:strainé available. Thée best known are mirror, 11ne and leather

T carp. 'These fish are parfially scaled and exhibit heterosis.
In Eurogpe, “scaleless” varieties are considered a‘superior‘fcod
produet and command & . higher prlce in the mark et plzce. I'ven
‘these varieties have many intermuscular bones which the imericen

consumer finds’objecticnable.BviSome work has beer. done to breed




carp for reduced number of intermuscular bones. 12

Yields of pond cultured carp vary from areavtd area. repofted
figures are as low as 25 pounds per acre for natural growth in
ponds (in Zurope) to as high as 4,000,000 poinds per acre for
- animals réared in .closed recirculating_syétems (inlJapan).3
Fifteen hundred pqunés per acre is a frequntly cited harvest

- figure for intensive culture in ponds with'supplementary feed

(in Burope, India, Israel, Nigeria, U 3.4A., andrYugosiavia).3

Although carp are easy to culture they are difficult to market
in the*United States; It is consideréd by Americans to be too
fatty and bony. Aquadulturists thaf use open water sources
scmetimes. find this fish has invaded thz culture facility, Tnis
"trash" figh must be destroycd orlit will}compcte with target
sfecies for food. InIEurope or other parts. of the world whecre
protein is in short supply and carp is_established in ethnic
tradition, the market is more receptive. There carp are marketed

3

: . ‘ e o 1
fresh, frozen, canned or even as 2 salted, dried snack.
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“here are three’ types of mlnnows commonly permltted for culture
by the Califarnia Uepartment of “1sh and Game. Fathead mlnnows

*‘(PlAphales promelas). red shlners (Notropls lutrensxs) and gold-

en shiners” (Notemigonus Q‘ysoleucas)\are all utlllzed as elther

-2 'bait solrce or as supplemental live feed. Thése minnows belong

;o

to the family.Cyprinidae.

The fathead minnow feeds on supplemental feed, microscopic algae

and other plankton., .Dreeding males develop numerous horn like
pro jections, tubercles, on the head. A pad develops on his back
lmmedlately behind the head. This pad is used in' preparing the

nest 51te and for carrylng eggs. Nests are located on the under-

"side of floating objects. A female releases a Tew egegs at a tine;

these are fertilized‘by the male. The male then picks up the egyes

and places them in the nest. MNales of this species grow faster

and larger than females.l‘

Golden shiners are omniverous and will eat any piant or animal
life small enough. They will also readily accept artificial

food. A protozoan parasite, I'listophora ovariae, has plagued the

industry in recent years. Severity of this infection is inereased

with increczcsed age of the female. Careful selection and management
of broodstock-are required. The male fertilizes the female intern-

ally, Fertilizéd eggs are then troadcast randomly. These adhesive

"éggs stick to available surfzces and hatch in four to eight days

(at ?5 to 800“) 1* The adults glve nelther protection nor

care to eggs or fzy. The female grows larger and faster than the

‘ male.
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Red shiners aré omiverous, but readily accept artificial feed.
Like the fathéad.'thé male developes tuberéieé on the head and v
also the body during breeding season. The male is larger and
more brightly colored than the fenale. The~red fins, orange-red
belly, and violet dorsal areas become even ﬁore brightiy colored
du;ing breeding season.11 These fish deposit their fertilized eggs

on submerged water plants.
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Speclal con91deratlons

“A. The utllizatlon of geothermal waters for aquaculture

necessitate careful matchlng of species requirements
with available water quallty, temperature, and quantity.

- B. The use of geothermal water in cascade or downstream

-~ systems necessitates matching species temperature re-
qulrements with progre831vely cooler pond temperatures.

el 1 post larvae or fry are available, stocklng ‘can

be carried out on a year round basis.. . .
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2 ANAGEMENT

5.0 Definition o

Pond mahagement invqlVeS'the_day tb'day operation of the site.

" General pond and facility maintenance, feeding, waterrquality
monitoring, standing cfop assessment, and harvegting are all
invol§ed in this broad tdpic}A Although pond management sounds
simple, eaéy and uncamplicateq; it is ektremely-complex. The
viability df the project is dependant on the pfoficienéy of the

'

pond management personnel.
5.1 The pond manager

A good pond manager is not only capable of keeping an operation
running smoothly, from day to day, but is always aware of poten
tialhproblems and able to handle them when they do occur. This
means a pond.manager must be aware of what is oécurring both in
and around the ponds at all times. The pond manéger must be
sensitive'to the culture species' behavior, determining when A

the animals are stressed.
5.2 TPond maintenance

General pond maintenance deals with estaplishment and perpectuation
‘of = beneficial pond environment.. This is necessary to achieve
opfimum conditiéns for maximﬁm growth potential. Cne of the
methods‘dsed to insure 2 beneficial pond environment is the

establishment and upkeep of windbreaks. These natural berriers,
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"help control soil blowing, reduce the drying‘effeefs of wind
on soil”end”biante.;{“;i' ieeei‘Or'fegionei offices of the U.S

Seil Conservation Service should be consulted regarding the in- -
itial planning, selection end developmental phases of windbreaks.

ThlS government service haﬂ the personnel fac111t1es and experi-

" ence necessary.

Maintenance spec1fics »

Pend maintenance inQolves sUS taxnlng desired pond levels and water
;flow rates. cleanlng and repalr of 1nflow and outflow screens, and
the control of unde31rable’plant enqAan;mel ;nflgeneee:(see chap; ,
ters 7 and 8). ?negfp};pwéng‘listelcontain items which are done

”dn"a daily, weekly;,monthiy_pr,onfan.fes,needed" peg@s;

Daily:
Check and adjust pond flows to maintain desired levels.

Check each ponu for stressed animals or mortalities, determine
cause(c) and correct, record mortalltles.

Run dally weather, water quality checke (see water quallty
section of this chapter).

Note changes 1n pond color.
.Cleanfoutlet?screensg replace if necessary.

" Feed, watch consumption and. moalfy feeding rate based on wezather,
seasonal variation or "slack period".

Callbrate water quallty nonltorlnb equlpment. :

'Fecord mlgratory waterfowl. .
L ;"Jeekly . ;j“‘“, r :v-«, B R 1, e . oy
Check nets for holes, repair when necessary..

- Collect pond population subsemples.'calculate data for ﬁecessary
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feed weights.

‘Check feed quantities remaining, order when necessary..

Monthly

Tabulate and plot climatic data; ambient air temperature
and rainfall data. .

Tabulate and plot water quallty information; pond temperatures
and dissolved oxygen.

Plot population growth data. o ' ,

As needed A _

.Make underwater visual checks on pond condition and animeis.
Arrange temporary water tramsfer.

Increase water flows, bounce for aeration.

Add, remove or replaee screens.

PRemove unwanted vegetation on roads and pond banks.

Plant grass.

. Harvest animals.

Clean and'repair-nets.

Speak to visitors.

Try new harvesti methods.

Record ponds harvested, condition and weight of animals.
Exchange pumps.

Order feed.

' Change feed size as appropriate.

Plant, fertilize, and maintain windbreaks.

As wells are dug, record ground strata information, temperature
data, snd tske samples.
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Flgure 5 1.»
Length or .

delght

hormal dlstrlbutlon curve for population
" lengths or weightiu indicates the mean or
_average of the entire population.. N is the
number of individuals at each 1ength or weight
and D is the length or welght value for each
s1ze~ class .

Dhlgh

1

. Figure 5-2. -

Pime ,
Pdna'populatien:browth curve. Welghts or lengths _
are averages ‘per unlt tlme. weeks or blweekly.
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~ Subsampling example

As a simplified ekample we will use a pond of one-quarter acre, .
with a population of 10,000 animals. The pond manager has
collected the minimum sample of 58 animals. Each animal has

been weighed and measured and returned to the pond.

Shrimp 1engfh'measurémenfs mey be taken in several ways. The
easiest is 2 total length measurement, taken frém the eye orbit
to the end 6f the tail. Another method is to measure only the
carapace. from therrbit to%he back of the cephalothorax. (Figure
5-3). .Regardléss of hoﬁ this measurement is taken. always use

"~ the séme type of measuréments throughout the grow-out phase.
Weight méasurements may be taken individually or as a pooled
sample énd'divided by the number of animals in the saﬁple to

obtain an average weight.

Fish are usually measured in one of two ways. Total length is the
distance from the tip of the fish's head to the very end of the
tail. Standard 1ehgth also begins at the head, but ends at the
end of the caudal aréa of the body: this measurement avoids in--
accuracy resulting from ffayed or worn fins (Tigure %#-2)., Tish
weights are either pooled or individual.

Fstablishment of growth chérts can use either length or weight

data. However, the data used to plot are averages. Feeding

rates, however, are based solely on average weight data.
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'Péolea‘weightrv;“h
Number of animals
T in pooled sample

. Total of individual weights
Total number of indiviauals

or =

Feédrnegqéd;,#,_Average'weight X Mumber of anirals

- Example: -

Feed needed

. in pond \
x 0.03 :

gPdoledwéaﬁpie'weight =2.9 pounds
Sample number of animals = 58

, 2,9
Average weight = ~——-— = 0,05 pounds prer animal

53

0.05pounds/znimal x 10,000 animals x 0.03

- 500 -x 0.03

15 pounds of.feed .
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gure 5-3.

Shrimp measuring diagram. This tool shows points
of measurement for both total. length and carapace
length. It can be used to actually measure shriup.
The shrimp shown is 5.19 ‘inches long, total length,
or 1.86 inches long, carapace length. For simpli-
city, it is preferable tu use the nearest quarter
inch, but always round consistently. Iounding
would make total length egual 5.25 inches and
carapace length would be 2.0 inches,
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L v5 3. Feeding the ponds ,’}: - - S ¥

s T

V

 vFeed1ng your ponds 1s one of the daily routlnes of pond management

' Feedlng the ponds l§ the,actual proceedure involved with distrib-

'4uting‘a,Specifichuantity of ration (feed) to the animals in. each

'pond;v Information on types of feed and nutritive date are to be

found in the chapter on feed and nutrition, The_folloWing sec-

tion is devotedltoﬁinformation necessary to feed correctly.

The population'of a pond always contains a few 'slow growing ani-
malé and a similar number of rapid or‘fast‘groWers.' The majority
of animals, however. approach a mean or moderate growth rate.

This "normal population size: distributlon" is. demonstrated by

| the Lelled curve in flgure 5-1. In order to determlne the amount:

oof feed neceﬂsary per pond. per day.\frequent ~mall qamplee (sub-

“,uanples) of anlmals mus t~bevtaken.

Subsampllng-is usually conducted on a weekly or biweekly basis,

;using available harveetsme;hodS‘torcatqh_a,representative,group

of animals. These animals are weighed and measured, then the

averages are calculated for both. These numbers represent gn

» average size for the pondfpopulation[and are used to calculate the

- quantity of feed required (sce example).

When plotted against time on a graph, these data give a visual

record of pond production (standing‘crop) or growth under your
"‘epecific‘oonditions (Figure‘5—2) Careful handling of the animals
“is necessary to allow them to be leturned to the ponds with the

least anount of streas p0931b1e.
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''The number of animals to be sampled varies with:the total number
of animals in the pond. To be statistically accurate; to provide
a 95% probability that the samplé includes represéntatiQes

of all size ranges found in the pond, the following minimum
éamﬁle sizes aré necessary: |

Total Fopulation Finimum

(Number of Animals) -~ Sample Size
50 ' 34
100 : _ Ly
. 250 ' - 52
500 ' 55
1,000 : 57
1,500 . 57
2,000 , 58 -
10,000 : 58
100,000 or large 58

Culture animals will grow differently under yarying cﬁnditions of
water quality. availability of natural food,.temperature, genetic
backgroﬁnd. and the feeding regime. For this reason, it-is
necessary tO'establish a feeding chart for your specific situ-

ation.
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5.4 Quantity to be fed

. The accepted pateﬂéiifeeding, Withip the aguaculture industry,

rié frpm 3 percent to 5 percgnt ofﬂﬁpe_;ota;,quy weight rer
hﬁon& perrday.»,preVer,fthe pond manager muét:cont;nuallyv
'wétéh.fo; fariations_in,fhe feeding habite of her/his animals,
:Lgftoyep feed indicates that a lower patg shquld‘be;used.

Certain other rules can be followed:

" -1, Do rot feed in the rain.:
2i. Cut feeding:rate by 1/2“whénkwater:temperatures'exceed 90°F.

' 3.7 Feed with caution or stop feeding when more than % con-
secutive days of overcast have occurred. [eeding may
- resume -after -the first day of sunshine, 0 - .77 =

4, Ivening is the preferred time 4c feed. ' If desired,-
eplit feeding between late e¢vening and early morning.

5. “Teed in waters less thun 3 feel deep. CDeep water con-
tains.less oxygen‘and animals don't feed as well.

6. At least 25 percent of the pond area uhoulo ‘be. covered
" vhen feeding.

7. funlmale feed less in cool water. regulate the amount
of feed with temperature. Always check for under or
over feeding. e T T )

S

. If aniamls go off fced, determinc the cause ilmmedliately
T and correct. Lo not resume feeding until adverse condi-
tione ndwe bcen correcteu. v . o

- 9., Do not fe;d at 1Lauu gb hours be;ore harves ting the animals.
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5.5 Where to feed

Presentation of feed near individual animals and in the pafticle‘
size, shape and texture acceptable to fhe species being fediis
important. Small anihals may not travel far to accept food,
therefore the.ration should be made available over a wide area.
Large énimals.mé& travel longer distances, but the size and the
number of feeding sites should allow all animals to eat. Particle
density needs to be considered as some culture species surface feed,
while othersfafe Eottom feeders. Fish and shrimp are creatures of
"habit and shbﬁid'be fed at the same time every day. Time to feed
is determined by the peak activity periods for egch species (us-

ually early morning or late evening).

The frequency of feeding varies inversely with animal size. ~Small
animals need to be fed several times per day, but the total amount
fed should not exceed the desired percentage per day. Frequency

of feeding is decreased as the animals increase in size.:
'5.6 ‘How  to feed

Fecently automated feeding devices havé gained wide acceptance..
These devices véry from hopper-blowers pulled and powered by a
tractor; to stationary units which combine a feed storage tank
with an electronically driven auger and rotating disc, which

scatters the feed at scheduled times.

Automated feeders are time znd labor saving devices. However,
'they cannot determine if the animals are feeding, and will con-

tinue to add feed to a pond, regardless. This may result in an
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. oxygen depietion due to breakdown of the feed and a subsequent
loss of animals. Unfortunately tnattended feeding is both

risky and unwise.’

Yany farmers brefer to feed mahually. Thls method malntalps

a constant check on the condltlon of both pond and aniamls.
Other farmers use a comblnation of methods, 1nclud1ng self |
“feeders. 'mhese devices hold & oupply of feed and drop it into -
. the water only after a trlgger cev1ce is "bumped by ‘the culture

animal.
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- 5.7 Water quality

:Water quality is a nebulouS'term which encompasses a wide
range of 1nformaticn and criteria. Its importance 1n,pond
management cannot begstresspd enough, However, water quality
is an equally important consideration in 'the planniﬂg phase,
Althcugh thé quantity of watef avgllable may be sufficlent
for the projected developmenty the quality of water.may maké

the entire project unfeasible,

In order to determine the water quality, water samples from

- the proposed site should be subjected to both & chemical anal-
yses and a bioassay. rThese tests should be conducted by a ,
| reputable facility. A biloassay requires placing known numbers
of the desired culture species in sémple water and discerning
the stress reactions which occur. The bioassay’is,fin”fact,-the
most critical test to be performed. Regardless of how favor-
able the chemical results, the bloasspy'is the test which de-
termines the viability of the project. The bioassay should,
therefbre, be conducted only'by qualified personnel, who are
familiar with the habits~and characteristics of the target

species.
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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 oharacteristics include such items

as color..density, temperature, and turbidity. The chemical fac-

tors include alkallnlty (pH), sallnlty, total hardness. dlssolved

oxygen (D 0 ), other dissolved gases, ammonla, nitrogen, hydrogen

‘sulflde. 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.. Consult with local or region-

al public health officials for further information regarding al-

lowable limits.

k“:;5,8_'nWater“quality,definitions

- The following is a 1ist of definitions and information on water

quality terms and their importance in pond management:1

WATER"
1. 'Is the universal solyent}
2, 'Essential to.all life, plant and animal.

3. Made of hydrogen and oxygen associated chemically in
- several ways - malnly as H2 .

4. Does not exist in pure state uﬁdervhaturalﬁoonditions.,

- 5.+ Relatively stable both chemically and physically.
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'WATER DENSITY

1.
24
3s
L,

5.

Density is the weight per unit voluma of a substance.‘
Density of water at 4°C (39.5 F) is 1,000,
Water colder than 4°C is less dense.

Water warmer than 4°C is less dense,

‘Temperature, pressﬁrei dissolved substances change

densify;

WATER CURRENTS

1.

2.,

Classed as horizontal, vertical, returning and density
currents.
Extremelynimportant in geration, distribution10£ plant-

nutrients, etc.

‘WhTER TEMPERATURE RELATIONS

.1,

2.

.‘3.

Has the highest specific heat” (amount of heat required
to raise temperature of 1g. of & substance 19C) of any
commonly known substance.

Changes-temperaturé more slowly than surrounding air
or soil,

Changes in temperature affect density of water (Figure
5-4).

WATER STRATIFICATION

1e

In static vaters differences in vater temperature cause

a layering effect.
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lnayering 1s most pronounced in summer and winter.

Layers or gones are called epilimmion (top), thermo-
cline (transition) and hypo ion (bottom).

shallow waters may show only thermocline character-
isties. -

Cool water tends to remgin on bottom in ‘hot =
weather.

Warmest water wilI be on bottom in freezing weather.
cbnsiderable force 1s required to displace the bottom

layer if temperature differences are great,.

Prolonged stratification, particularly in rich waters,
{ggders'bottom water unsuitable for oxygen-requiring
90

 Stratification 'i1s broken up naturalIy by strongly con-

trasting weather changes.
In small ponds stratification can be altered mechanically.

LIGHT PENETRATION OF WATER

1e
2,
3.

Affects temperature relations.
Relates to oxygen production,
Is influenced by turbidity of watera intensity and

duration of sunlight, amount of win action, plant
growth, ete,

TURBIDITY OF WATER

1..

2,
3
e
5e

Caused by suspermded materials of various kinds.

Can greatly affect light penetration.

~An important influence in heat exchange.,
Affects the kind and amount of plant life in a pond.

Excessive turbidity can have detrimental effects on
productivity,
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ATKALINITY OF WATER

Is expressed as calcium carbonate (Ca003) equivalent

1.
'-or pH, o o
caused mainly by resences of carbonates (CO ) bi-
. carbonates (HCO:= hydroxides (OHT), phosphétes (pou )
and organic sub§tances.
-3, Carbonates, bicarbonatea, and hydroxides are most uni-
- versally present,
Because of chemical interrelationships only tvo of the
three will he present-in measurable amounts at & time,
5. Total alkalinity of a particular water expreases the
amount of these substances present.
6. Best fish.nroduction is associated with a totai alka~
1inity“of 0@-120ppm, other factors being equal.
Total alkalinity and methyl orange alkalinity mean the
,gsame thing.ie_
~Total - alkalinity ia.determined by titrating & sample
of water with standardized acid to the color change of
s methyl orange. - -

PH or'wuea.

A expression of the H' and OH' ions present.
2.J7pﬁ?va1ues always fall between 0O and 14 on the pH scale,
3: Values on the scale express the acidity g;,alkalinity
o of k:x eolutien in terms of the number of ions present.

4, At pH 7.0, H‘"and OH' are equal and the solution is
3 neutral,.
Below pH 7.0, lower valﬁes dencte increasing ‘meidity
~~while above pH 7.0, values indicate less H* ions in
comparison to OH"ions.
6. Each one unit ¢ ange in pH value represents & ten-fold

: change in the ion concentration. ‘
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Both fish and equatic 1ife are affected by pH con-

o

ditions (Figures-5).

gg values for a'given'bodj of water reflect complex
teraction between various types of plants, amount

- of photosynthesis taking place, basic chemical comp-

. osition of the water supply and respiration of the

..

10,

life present.,

H of a body of water can be changed chemically but
ecomes progressively more difficult as the amount of
water involved increases.

" Optimum range*bf‘pﬁ~£or fish culture is fairly narrow,

from 6.5 to 8.5.

BUFFER AFFECT IN WATER

1,
-8

3.

5

Stabilizes chém&cal changes.

Example is reaction between carbon dioxide and caleium
carbonate. When carbon dioxide is produced it reacts
with calcium carbonate to form calcium bicarbonate -
which is neutrgl in reaction., EHad not the reaction
between CO, and CaC0y taken place;, €0, accunulation
would have“resulted in an increase in“the E* ions
vwhich would have Iowered pH to & more acid level,
This reaction is reversible when carbon dioxide is
being withdrswn by gctively growing green plants:

and removel of cglcium carbonate by precipitation
retards development of highly alkaline conditions.
Thus, pH changes are buffered by calcium salts,

Buffer effects are the result of ionization and re-
action of buffer salts, formed by weak acids.,

Water supplies having plentiful amounts of buffer
sglts are generally easier tb manage since drastie
cganges in water qusltily are buffered by these sub-
stances,

Not all effects of buffer materials are desirable
as they may decrease effect of herbicide treatments.




Figure 5-5.-

Relatioﬁships of pH of pond waters and their suitabiIity for
fish culture, -

A - Water toxic to pond fishes

B -~ Fish grow very sIowiy; little reproduction. Very low
- production , ‘ .

C - Desirable range for fish culture
D : Lowkproduction

A

2.0

3.0

NN SIS B T T B T S T 1 T

k0. 5.0 6.0. 7.0 8.0 9.0 10,0 11,0 12,0

0L
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TOTAL HARDNESS. OF WATER

1. Refers tdrthé.préSénce'ih water of‘elements-calcium,

magnesium, ifon, and aluminum, .
2, Divided into temporary and permanent hardness,

3. Temporary hardness or carbonate hardness occurs when
these elements are combine with carbonates. When boil-
ed these solutions loose CUp into gir and carbonate is
precipitated.,

4, Permanent hardness s that where elements listed above
- are combined with the radicals of inorganic acids,
Usually, chlorides and sulfates are involved,

GAS RELATIONSHIFS OF WATER

1. Gas can dissolve in water occupying the space between
wvater molecules, o '

2. A condition of equilibrium or balance tends to become

. estgblished under & given set of conditions with some

gf the gas entering the water and an equal amount _ -
eaving,

3. %ﬁie gas can be dissolved at low than at high tempera-

4, An increase in dissolved solids decreases the solubil-
ity of gases.

5. Amount of water vapor the gas contains affécts its
solubility in water, ‘

6., BSurface agitation or wave action increases the rate
of change.

DISSOLVED GASES IMPORTANT IN WATER

1. From & fish culture standpoint, oxygen, carbon d4i- -
' oxlde,. armonia; methane, hydrogen sulride, nitrogen
sulfur dioxide, and carbon monoxide are considered the
nost important, ' -

2; ~ Amount present is expressed in parts per million(ppm),
or parts of the gas per million parts water on a weight
basise . ‘
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1.

2.

GXYGEN
1. Main sources are plant photosynthesis and diffusion
from the atmosphere.
2, . The diffusion process is slow and oceurs only at the
.. waker ‘surface, o
‘3. COnditions for diffusion can be improved by mechan-
ical means.
IR TS Photosynthesis is the most important source of oxy-
- gen for static waters,
5, 'Qxygen level fluctuates over a 24 hour period in rela-
tion to light conditions. Lowest levels occur prior
- to sunrise. ; : S
_+ 6o Plant and animal respiration are sources of loss.
7. Chemical oxygen demand can be P factor in low oxy-
. .gen. 1evels, particularly in bottom waters, .
,‘8., Extremely high levels of concentration are associated
‘with "gas bubble" disease, :
‘9,  When the combined oxygen consumed exceeds the amounts-
"' ‘entering the water for any apprecigble length of time,
Ievels may drop into the deficient zone.
10. Amounts of CO, and ammonia present influence the amount
causing mortaiity to fish., .
‘Bacterial action probably represents the greatest

influence in oxygen removal under pond conditions,

'CARBON DIOXIDE IN WATER

May be harmful If dissolved amount is more than 10ppm.

Reserve. amounts are present as, bicarbonates, ‘carbonates,
“.and inorganic forms. =

3.

Is essential for plant. growth and is Iimiting factor
to plant growth in soft, acid waters.

109
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Sources include diffusion from atmosphere inflowing
ground water, decomposition of organic matter, and
respiration of living organisms. Decomposition of or-
ganéc matter is probably the most important source in
ponase

Losses of CO, sre caused by photosynthesis, precipit-
ation of car%onates diffusion into the atmosphere,
and chemical combination.

AVMONIA IN WATER

1.

2.

3.

L,
5e

6.

Is seldom present in appreciable amounts, if conditions

-are favorable for green plant growth,

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.

Toxiceity is graeter when oxygen levels are low,

High levels can be reduced by flushing, dilution,
plant uptake, and by aeration.

Sources are metgbolic wastes, feed residues, decaying
plants, inflowing water and nitrogen fixing plants.

BORON IN WATER

1.

2.

3.

Found in higher concentrations in deep source point

geothermal water.

Can inhibit plant and animal growth at higher levels,
Regulates metabolism of carbohydrates in plants,

CAICIUM IN WATER

1.

2,
3.

Found in combination with carbonates, bicarbonates,
sulfates, chlorides, nitrates or hydroxides,

‘Is the major element in water hardness.

Its salts generally have low solubility.
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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 also effects the action of several herbicides.

CHLORIDES IN VATER

1.

2.

Amounts normally found are not an influencing factor,

- up to 1,000 to 1 ,200ppm.:o

Chlorides and sulfates are major salts in ground

. waters where a noticeable brine content is present.

HYDROGEN SULFIDE IN WATER

1
2.

30A

- A poisonous gas, highly soluble in water.'

Is produced when organic matter decays in the absence
of oxygen., ,

A level of more than 0,3ppm is cause for concern.

HYDROXIDES IN VWATER

1.
2.

3.

L.

B
- ferrous salt.

.2.
3.

‘Are involved in water alkalinity (high pH).

Result when plants extract bound CO, from carbonates
of calcium, sodium and magnesiurm,

Are the active toxicant in lime sterillzation.

Begin to affect fish life directly at a pH of 10 to 11.

. IRON IN wArER,

Common in ground water as solubIe ferrous Fe** or

Oxidizes to ferric Fe***'when water is aerated.

Ferric form is relatively insoluble and precipitates.

111
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_Iron.influehées aVaiiability of phéspﬁafes and mechanic-
ally clogs gills of fishes held in water carrying

noticeable amounts of the ferric form,

More than 0.3ppm can be cause for concern,

MAGNESIUM IN WATER

. 1.
2.

3.
L,

s,

Has similar role ‘as calcium and is frequently assoc-

iated with it in rock,formations. ‘

Its salts aré more soiﬁble than calcium salts.
Contributes to total hardness of water.

Is less desireblé than calcium being a factor in high
gggité?e-pﬁ development.VfIt;is less a factor than.

It is an essential micro-nutrient for green aquatic

plant growth, :

MANGANESE IN WATER

1.
2.

3.

Generally associated with iron.
Has a chemical oxygen demand as monovalent Mn*,

Has proven to be toxic to some fish under certain
conditions, '

NITROGEN IN WATER

1.
2.

3.

As nitrogen gas N2 is both inert and,nontéxic.

Has caused gas bubble disease when present in large
amounts in ground waters,

Is unavailable to plants, except for a special group
of nitrogen fixers. S '
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PHOSPHATES IN2WATER ; )
'Normally are present in rinute amounts, less than 0. 1ppm.

Are a macronutrient for green plant growth.
Tends to be removed by bottom muds. o
'Usually are the first plant nutrient to become 1imiting

-in plant growth,

POIASSIUM IN. WATER

1.
2e
- 3
4h;h;

Non-toxic at levels normally found.

;A’macronutrient for creen plant grthh‘:'

Present to some extent in many soils and ground water.

Not limiting to plant growth as. often as phosphorous '

“or nitrogen.

" RADON IN WATER e

1.
“2-
3.

Byproduct of radium.
Sometimes found in deep source point geothermal waters.

Presence indicates potential public health concern.,

SODIUM IN WATER

1.
‘2.
3.

¥,

Highly soluble,
Low level of toxicity to Pishes..
Important in the buffer system when associated with

- carbonates and bicarbonates. [

High alkalinities are related to abundant levels of
sodium carbonate and bicarbonate in fertile waters.
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' SULFATES IN WATER

1.
2.

3.
,,+.

Common 1ln water s@pplies in many parts of the country.

Often ébﬁbines with calcium, magnesium, iron and alum-
inum. o

Is seldoﬁiéidiréét factor in the well being of fish.
More than 100ppm may affect the durability of concrete,

ZINC IN WATER

-
2.

Salts of this metal are usually very soluble,

Toxicity to fish has been reported at a level of
0.04ppm in soft water.

Fish eggs and sac fry are sensitive to low amounts,

Calcium minimizes effects; while copper synergizes

 (compounds or enhances) the effects.

New galvanized pipe carrying soft or acid waters may
pick up enough zinc to be toxic to fishes.
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5J9r Water'duality' monitoring

,AIthough water is relatively stable, both chemical and physical
changes can oceur, These changes may oceur either rapidly or
progressively over long periods. Both seqsenai and diurnal
factors occur which can changé the ability of the pond to
support life.' The addition of animals, feed; plankton pro;
duction or- mortality, chemical additions (either accidental
or intentional), . weather changes-(wind, rain, rapid temper-

ature fluxuations) can individuallyzor~colIectively modify‘
the physical and chemical character of fhe water_to the point
where it will no longer support or will Iimit the growth of
the t:a:vget species. | | -

A monitoring program, using daily data Icgs, needs to be
undertaken for each pond during the entire growput/production
phase., A daily log,should sé kept which includes physical .
as well es'ehemical‘information on each’pond; as well as
'climaticvdata; Data logs, once established, can help deter-v
mine "problem periods" during the year ‘and alternative manage=

nent proceedures can be planned, in advance. .

Figure 5-6 represents typical daily logs-for one pond for two

- separate days., Date 'and time are ohronOIOgicalfreference points,
Qbservation time snould bevconsistenf from day to day, as cer-
.tain physical/chemical factors vary with the time of day (dis-
solved oxygen. is one example), Differentiation between ponds
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Figure ‘5-6, Sample daily logs for cne pond for two days.

Date: TJul, 4, /762 Time: o©¢€30
Pond: ,eo :

Climatic dats i Ambient Temperatures 96-2°F
Weather: o % Clowdd cover, s/?ht winel -\'6‘-'13‘ N W :

Pond data C : o
Intake Outlet M N2

Temperature = = gz ?LS 72 XA

Dv-oo/ ‘ - . ‘.7 6.8 ‘-7 . 4-9

pH - - §.3 23 3 3

No, rmoc . moc  mpc MO -
) " ” 2Y 34

Turbidity . o229 -

zy
Comments: ,, ‘u.f[u:, pavs /#/A/: | leFT ~
lest 7[6‘7/'87

Dates Julyr0, {76% Time: 06 25

Pond: 7o _ ,
Climatic data _ Ambient temperature: ¥2.5
Weather: 80% d,“,( o ev qu.:/ rarq CdS7a, enmt Ol30 - OY3

: 4 gasty whde 30-30 rapph- ow

~ Pond data 5 o ‘
Intake - Outlet m , N2

Temperature $2.0 YY) 2.0 2.0
D.O. . 6.0 ¢-2 ¢.! ¢./
pH ¢ 3 3 %3 .3
o)) moc mo¢ mpe mpC
Turbidity 10" g " ¢

Comments: Tirs ' s 2- J 1‘7 f storm.
ﬂ' Cvt.‘l'fc; ( D.O. ” se ﬁ’v .

NOTE - ¥DC is a notation for mihimmn detectable concentration,
the reading taken was below the tests abllity,
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- s necessary‘only if more than one pond isfin productiOn;;~
ﬂegther'conditions;~when coupled with other factors;xcenvin-‘“ "
[;;dicatefpotentiulfproblens; Pond data are, of course, the ,
vmajor‘poihts:of eoncern, i The data ‘should be. collected from set
. points or positionsfalong the pond. In large ponds several .
Ibcations-should be checked, to avoid "dead spots";in the pond,
MuItiple check points are particularly necessary vhen monitor-
'dissoived oxygen. | ’ ) |

ProbIems involving dissolved oxygen usualIy are the result of .

" too little rather than too . much. The oxygen: concentration .of .
water varieS'with the time of day, with the lowest point occurs
justhprior to sunrise. 4 simple'method has been»designed to in-
dlcate when the oxygen may reach critically low levels (lppm and

17

lower), This method was’deveiopea by Boyd, Romaire,‘and Johnston

(1978. ‘Transactions of the American Fisheries Sotiety, 107(3):
’h8h+h92) in. Small experlmental ponds,

The method is based on the fact that & decIine in dissolved L
oxygen (D 0 ) in pond33 during the night, is usually a straight
}:fIihe with respect tc ‘time. The method requires measuring the
'itD O. ccncentration at dusk and plotting this point on a graph
mUA second measurement is taken 2 to 3 hours later and plotted..\
T,If a straight 1ine drawn between these points is: extended to a N
point where it crosses the hppm level; you can estimate at whatf
time during the night corrective action can be taken. Although
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animals may not die at 4ppm they are, at this point; subjected
‘to stress, The results:of,strgss are variable, but none are
good, Stress may‘éause the animals to "go off feed" or quit
eating for several days or it may be related to disease. Figure
5-7 1s an example of this method. If the Yppm cross point is
reached after sunrise, no problem should occur as natural photo-

synthetic processes begin to produce oxygen again.

It Shoﬁld be remémbered that this is not a foolproof method.
Many factors can influence the rate at which oxygén 1§'iémoved
from pond water during the night. This method is, however, a
good indicator of potential problem: periods. '

If an oxygen shortage is foreseen, several things can be done

to either avoid it or to Iimit its effects, The easiest and -
sometimes least costly is to increase the-watér flow rate into
the pond., The increased flovwrate, coupIed with either bouncing
or spraying the incdming water and using a bottom water overflow
outlet'is~fré4uently the only step necessary to avoid trduble.
Other methods involve the use of mechanically or electrically
powered aerators or agitators, such as turbines or paddle wheels.
These devices require a high initial investment and can be costly
to operate., The United States Sqil Conservation Serﬁice recommends
the addition of 50 to 100 pounds of suéerphbsphate fertlizer per
surface acre as an immediate solution, when animais show Signs

of oxygén Stressfz rLohg term repercussions and specles sensi-

tiviﬁy should be considered before following this course.
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Figure 5-7e- Oxygen prediction graph for two data sets, ..
- .. .Sample set A (9ppm at 7PM and 7.6ppm.at 10PK)
indicates no oxygen prbblem as the critical. -
- stress point (4ppm) is reached after sunrise . .
. (6MM), Sample set B (8.5ppm at 7PY and 6,5ppm
- .at 10PM), however, shows the critical point is .
_ reached at: 1:30 AM, indicating that corrective

action should be undertaken,
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5.10 - Other water.quality problems .

Dissolved oxygen islnot the only water quality parameter which
cén cause problems for the pond manager., Intentional or acci-
dental inputs of”gésticides or herbicides*can,éause irmrediate
icsses of stock.':The spraying of nearby fields with elther
product can chuse mortalities ass a result of wind drifted
residue or too energetic a program of gerial or broadcast
spraying. The runoff from agricultural fields can cause similar
problems when allowed to enter production ponds, Impfoper use
of chemicals added to the pond to control weeds or insects is
'another’culprit. ﬁnfortunately, there is little or no treat-
ment to control a die-off in water contaminated Ey insecticides
or herbicides. Rapld flushing of ponds can sometimes limit the
effects 1f caught early -enough. The besf solution is to

build and maintain the ponds in a manner which avolds the prob-

lem of contamination from the outset,

Intermittantly, a problem can occur due to the rapid escalation
(bloom) of a population of & toxic algal species, This species
takes over the pond and causes mortality through one of two
wethods, The algae modifies pH levels in the pond to those
unacceptable to the target sﬁecies,' The other method is the
production of one of two kinds of toxins (poisons) by the algae
itself. Endotoxins are those contained in the algae 1tself and
cause mortality when consured. Exotoxins are byproducts given

off by the algae into the water. Table 5-1 is a guide to the
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conditions‘occuring when problems .result from‘oxygen deple&
tion,"toxic algal blooms and pesticide or h’e‘rbicide contaminas+
tion. | |
"It should be remembered that a ene time addition of chemicals
‘imay cause immediate mortality. It is also possible for long
term problems to occur as the result of continuous exposure
Vﬁrto low (sub-lethal) levels of chemicals or continuous problems,_
. with oxygen depletion, whatever the cause, The problems us- :'
’ually manifest themselves as chronic IUW‘leVel mortality, | »‘
Vfwhere a few.animals are 1ost every day over an extended time -

’“period

i:_Mbrtality can aIso occur when the normal nitrification process
“1in-the pond is disturbed., NKitrification is the’ process of o
converting ammonium to nitrite and then to nitrate, Nitri-

-fication is: an aerobic process carried out by bacteria normally

; ;occuring in pond waters. The converted nitrates are a major '

source of nitrogen for plant growth. The nitrites and ammonia,
mhowever;\are toxic to fish if they are present in high. concen-
trations. Nitrites react with hemoglobin, in vertehrates,>

. to form methemoglobin. tmsthemoglobin 1s 'a’ form of henoglobin

: which is unable to ‘carry oxygen. Direct’ toxicity is the other

'methcd by which both nitrite and ammonium are problens,
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Table 5-1. Conditions occurring when either oxygen depletion,
pesticides/herbicides or toxic algal blooms create
water quality problems, -

- Problen .
o Pesticide or ‘Oxygen Toxic Algal
Conditions Herbicide Depletion Bloom
Contamination S NI
Anytime Early AM, During bright

Time of Day

. pbefore sunrise

sunshine

Water Color

Normal or clear
if herblcide

Grey, streaked,
or dark

. ‘ ]
Dense green,
red or browm

Normal to

Water Odor | ormal Foul, presence
of H»oS (rotten | musty (from
- eggs blue-greens)
Size Animal Small” Large Small
Affected First :
PhytopIankton |Normal or ab- Dead cells Abundant
"~ |sent if herbi- (single species)
cide
Oxygen Level Variable - Low High
herbicides cause
low 0o
pH Variable Low (acid) High (basic)
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Q'Thé eqqipment_éndAsUpplieé4pécessar§ fq: ﬁgtéf Qualityv v
monitoring vary widely in both cost ang ease of‘handling. |
The individual should consider both fiscal and physical
needs, ‘The coép.pep unit_efforf (or resﬁlf);ShquId:be'?9 ‘
»‘we;ghéd agai#éélthe ég#é;of handﬂigg; and'the tqtalluse,"

’ réquiréments,'béfpre'any‘equipmént»is‘purchased,
The following is a list Qf'soma of the options available:

Température - Simple mercury or alcohol:bﬁlb type, glass
: -~ thermometers. Range should exceed‘%he minimm
- and maximum expected and read in 0,5°F incre-

‘ments. v
Temperature probes with digital or solid state
meters,

pH = Paper test strips, for limited or wide range.

Test kits which use a water sample plus g
chemical additive to produce a color, which
is compared to a standard or a chart for
results. . -

pH electrodes with digital or solid state
.metersi electrodes must be calibrated using

1Standard squtions.

DO, - Test kits (see pH)

(dissolve:

oxygen)  D.0. probe with digital or solid state meter.*

% Scme meteré,gre,available which combine‘oxygen and temperature,
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Turbidity - Secchi disks either home made or commercially
avallable. - Maximum visible depth is measured.
Placing your hand in the water is convenient
and readily available.

. Meter with sample cell.

Nitrites, = - Test kits:(see pH).

Ammonia, -
Sulfides, =  Specific ion electrodes with digital or
ete. . solid state reters, calibration against standards

is necessary.

The necessary monitoring equipment can be obtained from
scientific supply houses or some items may be obtained'through
local pet or hardware stores, and those carrying swimming pool

suppiies."
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Special considerations

N

- I,

GeothermalcwatEr allows the attainment of. optimum species
temperature requirements if water flow rates and depths -

. are well superv1sed.

Geothermal water allows year round growth of algae

~and other aquatic plants, this entalls the continuous ,

maintenance of outflow screens.

Because of the higher temperatures assoclated w1th
geothermal water, it is important to frequently check
pond water dissolved oxygen levels. Water at higher
temperatures is less able to hold: oxygen.

Optimlzing pond water temperatures through use of
geothermal water means the animals grpw-more -evenly year
round. Subsampling must be carried out more frequently
than in ‘areas where growth is seasonal.

Based on the contlnuous growth rate data, feeding
rates must be adjusted more frequently.

Based on the continuous growth rate data, harvestlng
is possible year round.

The culture sites for raising of animals in geothermal
water are usually outside the normal geographic and
temperature ranges of the animals. These animals are
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 fluctuations to allow rapid mltlgation of the
effects.

s feed'degrades more rapidly in warm water, continued
checks and adaustments must be made based on consump-
tion rates. This is necessary to avoid over feedlng
and reduce the potential for eutrophicatlon.

.The availibility of a cons1stent supply of warm water
‘allows targeting of plankton blooms to provide optimum

condltlons for growth of young animals.
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6.0  Aquaculture and diet

l NOMWO™MD o,

In general, thé:imbdrgéﬁ;é;of nutfition and diet .in aquaculture
was ignored'untilﬂxhe 19&0;5. Atythat time, aquaculture changed
from utilizing large amounts of low cost labér.'land and prodﬁc-
tion=obtained..sofély‘fhrough consumptioh of native pond organisms.
Tﬁe rising démandffor fish as both a food and recreatidn source,

as well as rapidly escalating labor and land costs neceésitate&
the‘change. The result hés been 2 shift from systems where aquat-

ic animals obtained all their food from naturally occurring

foods in the surrounding waters, to systems which are either

entirely or partially supplementad.

The subject of feed is importani to the prospective aquaculturiat.

because it it constitutes one of the priciple expenses of tic
project. 1In order to keep its cost within reasonable limits,

it is necéssary to understand the followlng general information.

6.1 TFeed efficiency

When large éulturé'animals afe fed-. emall particle feed or feeds.
cdn%aining large.amounts of feed dust, the resultl is z low feed
conversionfefficiency. Feed conversion efficlency is expressed
as 2 ratio and is fhe welght (in pounds) of feed requirecd 1o
produée one-pound:of aniﬁal. Froducticn facili%ies are often

satisfied with a 3:1 conversion or cfficiecy ratio {3 pounds




128

of feed are necessary to produce 1 pound‘of animal).

.Anofher problem.aésqciated with supplementary feeding is
eutrophication resuiting from the breékdown of unconsumed feed

in ponds. This usually results in decreased levels of dissolved
oxygen.vinpreased growth of undesirable phytoplankton and an 
increase in undesirable waste metabolites. In order to minimize
these negétive effects and increase feed efficiency, most commer-
cial fish feeds are processed into sizes and textures appropriate
to the feeding preferences of the cultured cpecies. The addition
of various binders allows feed to maintain its form when placed in

vater.

Two method of feed production are utiiized; they are pelléting
and extruslon. Tellelting usen heal, molisture ard preosure TG

combine individual ingredients into large single units (pellets).

[

'he quality of @ pellet refers to its resisiance to crumbling
and stability in water. iiigh quality pelleted ration should
be retained on a 1,/8 inch mesh screen when immersed in weter for

10 minutes, with ao more than 10 percent of the originszl welgnt
&

~

being lost. Ilo more then 4 percent Tineps should be prevent

1lsts,  Tellet sizes vary, table 6-1 1llste rhyslcal

-

in bagged

(a7

p

A

.2 - N 3
properties and specit
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"~ Table 6-1. Phyéical properties and specifications for pelleted

ration.
size - _Specifications .
Fry diet or starter meal . 100% to pass through 595u opening
_ ‘ ’ . - (U.S. number 39 sievg)
Nﬁmbéryz peilet . 1/8 inch qiametgr. i/B/inch long
Number 3 pellet : ' 1/8 inch diéﬁetér; 3/8-1/2 inch long
Number 4 pellet 3/16 ihthdiameter; 1/4-1/2 inch long

Number 5‘peiiet S 1/4 1nch'diametér.A1/&-1/é inch long

_Pation mustfbe'adapted to both the type and size of thé culture
species. Juvenile prawns end fry are frequently fed fry diet or

2 As the culture animal grows; the size of the feed

starter meazal.
- can be increased.. The quantity of ration fed is also changed as
the animals grow. However, this subject is covered.in the pond

management chapter of this guide“(see sections 5.4 and 5.5).

Extrusion is‘the‘ second means of feed manufacture. It too is-
‘formed'byiéombining heat, moisture, and pressure. However, high-
er lévelé'of,thesefére used in extrusicn procegsing than are used
in pelleting. Thegfeed is squeezed- through die‘holes at the end-
of an extruder barrel, under high pressure. Part.of the.water in
~the superheated doﬁgh vaporizes- and causes expansion, resulting .

in a2 low density pellet.
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Extruded feeds are different from péllets in two ways=-
1. - Some extruded feéds float. This may be desirable for use
with some culture sﬁecies. Floating'feed.allows the cul-=

. -turist to observe the aniamls when they surface to feed

and to note the amount of feed consumed.

2. Extruded pellets are generally more resistant to disinte-

gration in water.

Extrusion processing is also a valuable tool in the manufacture

of crustacean feed. QCrgstaceéns ére deliberate feeders and require
diets which will remain stable in water for a much 1oﬁger time

than conventional fish pellets. TFregelatinized starches, alginates,
carboxymethyl cellulose, and other hydrocolloidal materials with

good binding properties are used in making crustacean feeds.
6.3 Diets

' It is necessary to supply diets formulated to the specific
nutrient requirements of.the culture species. The optimum
content of a diet varies with both size and age of an animal,

as well as the average daily temperature of the water. Fish

and shrimp cannot regulate their body temperature; it fluctuates
with tﬁat of the environment. "Animals with this state are

called poikilotherms, or sometimes "cold blooded". The metabolic
rate and therefore the nutritional requirements depend on the

temperature of the surrounding water.>
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Animals respond to higher dietary protein percentages at

higher temperatures. Conversely. little or no growth should

be expected ‘at very low temperatures. Dlets with 75 percent
animal material and 25 percent plant material have been suggested
as a sultable daily supplement for freshwater prawns, when fed

at a 5 percent rate.g However the cost of such a dlet precludes

its ‘use for commercial production.

~The following tables are examples of practical dlets. These "
diets have been used under varying condltlons of water quallty
jand temperature and assortedlspecle .4reglonar und SeaSOPal var-
jations in tne cost and availability of ingredients require the
potential aquaculturlst to accept a product vhlcn conforms to the
ma;orlty of oonstrtuents. -y tne sare tlme. cost as oompured to

a1

, feed efficiency should be evaluated. I'ames in ¥ theses are

arsnt

X3

the 1nst1tutlons respon51ole for the diet formulas.

Table 6 2. Thirty-six percent protein diet (Stuttgart TFormula)
: ' Ciet Number

Ingredient
1 2

(kg) o (kg)
Fish, menhaden, meal mech. extd. A . . R
60 7% protein CTTme e T 1200 _—
Fish, herring, meal mech. extd. o o ‘
70% protein : _ ST 1C.0
Blood, meal 80% protein 5.0 5.0
Poultry..feathers. hydrolized meal 5,0 5.0
°oybean. seed wo hulls, meal soclvent ex td. , : S
k97 protein 4 : 20.0° 2C.0

Cotton, seed wo hulls, meal solvent extd.,
50% protein 1C.0

-
Q
(@]
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Table 6-2 cont'd.
_ 1 Diet Mumber

Ingredients _ (ig) (ig)
Corn, distillers solubles . | 8.0 10.0
Fermentation solubles, dehydrated é.o 10.0
Rice, bran with germ ' V ' - 25.0 25.0
Rice, hull fines » -——- 10.0
Rice milldust or.other organic‘dust,wwhich - 4

will pass a U.S. number 80 screen _ 10.0 -

Alfalfa, meal dehydrated, 17% protein 3.5 3.5
Salt, trace mineral with iodine 1.0 1.0
7itamin premix, cdmﬁlete " 0.5 : 0.5

Table 6-3. Thirty-six percent protein diet (Auburn number &)

Percentzge in Ciet

Ingredient

Soybeans, seeds, meal 501vent extd.

447 protein b5
Wheat grain, gfound 22
Wheat, middlings, 9.5% fiber 10
Fish meal, mechanically extd.,

60% protein : ' ' 9
Corn, distillers solubles, dehydrated | 7.5
Fat, animal ' 2.5
Organic pellet binder 2.5
Dicalcium phosphate 1.0
Vitamin premix ' ,0.5

Trace mineral premix - 0.08
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Table . 6-4. Thirty—twokgercent protein diet, for high den51ty

culture (Skidaway).

Ingredient

' Fish, menhaden, mesl mech, extd.
~ 60% protein

Corn, - gluten. meal 41%protein Py ,

' Soybean, seed, solvent extd.. "l piptéih :“
Corn.ident. yellow. grain '

Cattle, tallow ‘

; Dicalcium phosphatelﬂ

Sodlum.chlorlde |

Vitamin premlx

Trace mineral premix
Table 6-5; ) "wenty-five perceﬂt protelr diet, pel
(Kansas).
Ingredient
Wheat, bran

| Sorghum. gfain
, Alfalfa. meal _
'Fish, meal mechanically’ extd.

Soybean, meal solvent extd.

Yeat and bone meal |
- Corn, distillers solubles. dehydrated
'Jlood. meal '
'Achalclum phosphate > 

Salt

- in Diet

' Percentagg

10.0
- 20.0
35.0
28.95

u.2;50. H

- 3;qo(”

0.25

0.25
0.05

ted

" Percentage

in Diet
40.5
175
1C.0
8.3
8.5
- 6.6
5.0
;1.9:
0.57
0.5
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Ingredients o | - in Diet
Methionine, DL | o 0.09

Vitamin premix ) o 0.13

Table 6-6. Broiler starter diet. This diet or variations of -

it is used by many prawn culturists, especiﬁl%yéu
» 1 4

those in Hawaii, Puerto Rico, and overseas.

, . . - -. Percentage

Ingredient ; ' v__in Diet
?rofein ' o _ 23 '
Fiber : , 55
Fat | " a0
Foisture | 13.0
Ash | - 7.0
Caleium o 0.8 - 1.2
Phosphorus . : SR | "O.? - 1.1
Nitrogen-free extract , Lkg.s
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6. ’4; Feed storage Lo : S . ' ’ |
 Feed; is usually purchased 1n ‘bulk quantities or by the sack ,

(usually 50 pounds) Bulk feed is normally stored inelarge bins,

' holding several tons each.r These bins ‘are generally constructed '

;to allow a vehicle to be driven underneath, for easy access Yo the

feed chute or hOpper., Regardless of the quantity of feed pur-

héchased. it needs to be properly stored.;s

Fish feeds stored in cool. dry conditions will retain full nutri=

| i,tional value. Ninety days is the maximum time recommended for

storing feed at amblent temperature.» High moisture conditions

;can cause mold growth.: Some molds produce toxins (poisonous

compounds). Mold inhibitors can be added in warm, humid areas.t

,"‘.<Sqme nutrients are sensitive to oxidation and decompose

- over time, _Antifoxidents may be used to retard their decay.

Vitamins; such as ascorbic acid, are sensitive to heat. The half

life of this vitamin in pelleted feed is approximately 3 monthe

Iet 79°F and 50 to 90 percent relative humidity. Effects of nutrient

‘breakdown will be more serious for those species receiving all of

their nutrients from feed, than for species»with access to pond

organisms. Special care must be. taken with feed intended‘as a

.
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Special considerations

Utilization of .feed is higher in warm water, - Growth
rates are more uniform and tend to be more rapld in

vgeothermal water.'

' As-anlmals grow fasgter in warmer water; pellet size

and/or‘composition may need to be changed more often.

sWarmwater species have different feed requirements

than cold water species. Various types of feed

may- need to be kept on hand to feed all culture animals.
This is especially true when using geothermal water

in downstream Qr casoade aquaculture systems. '

Feeds may degrade more rapldly in warm water. Extra
binders may be required for feeds Used in geothermally

~ oriented aquaculture systems. However,: continual

. monltorlng of feed consumption is still necessary -

to avoiad overfeed;ng and potential eutrophlcatlon.
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QND THEIR

JREDATORS, LOrPETIIORS QR

2.0 ﬂﬁéfiﬁifionsg""'

"Predation™. is the 1nteract10n :

where one spec1es kllls and feeds St
- ‘on‘a second~species, "Competitlon"
&fresults when” one of two or more

species suffer in 1ts ability -
. t:rtul -
AC‘\‘C'#"
n:’mrk (8 30...)

to obtain food, nesting sites,

shelter, br some other requirement
for 1ife.‘,“ParésitiSm" is not
covered iglyﬁis_géction as it 7
has been gr;pﬁicélly~demonstrated.,f{{ e
upredators 1ive on capltal while e e ‘,:_A; Ly

1 The

ﬂ;para81tes 11ve ‘on income."
practlceLof economical aquaculture .
‘requires that grow out areas be

designed to minimize predation and

interaction of competitive species.

7.1 Ttems of con&ern tJF“‘l o
' - ! Avc.aonc lv

Post larval shrimp and small flsh 3”?k (zo qen.)

usually .are reared by Aquafarms B
. Internatlonal Inc. (AII) in mono- .

gspe01es nursery ponds. Aquatic




3;iﬁsé¢%éepresent the greatest
‘threat. The nymphs of damsel.
'Eanﬁ"dragon_fliés.éas.wéll as’
larval and adult water bugs and
water beetles are all fouﬁd in
static waters. Tééy all are
carhivoroué;z‘ ihé;nymphs (niads)
live at thé?ﬁbtfdﬁ of a pond
where, with»fﬁéif‘fbheWing"
mouth parts; they ﬁrey on small
animéiSZ Wate? bugs'catch prey
k witﬁ théir modified front legs
and kill them with "piercing and

sucking" mouth parts.3 The whirl-

igig beetle is well-prepared for -

its predaceous habits because its 4

eyes are divideq;:tﬁe upper half
is for seeing in air and the low-
er half for seeing in water.

Some water bugs and water beetles
can swim, dive, and 1ift them- °
églveé'from thé surface of the

watef_and f1y. ¥

ko

S Bc.ckam'-\me( go‘ult

v Wo.&cv \ma C12 nu)

| Whir t;i; Lee’ue
Clinm)

Mgk-“ ‘
“Gient weter buy”
'.'.s:tk'.:;;' o back

(25mm)




asible;forkpredationuon culture animals, ‘but also’ carry parasites

”which;canwbe;transmitted to.fish; ‘as sécondary: hosts: % i 70

9'7”2* Methods of’control

o

:practlces to phy81ca1 control. The economlc cost of the varlous

ST

'technlques must be carefully calculated and welghed agalnst the

beneflts;;*Managementitechnlquesnutlllzed include removal of
roosting or potehtial%nestingfsiteS-duringipbnd~cOnstraCt16h<and

development. " Pondibank construction can effectively minimize -

feeding and wading areas. Nen-management'control measures in-I -

¢lude“one of three forms: scare tactics. exclosures and depre-

dation.

- Scare tactlcs are artlflclal creatlons or s1mulat10n of noises,

14

- It should be remembered:that noti only are birds directly respon-

) Control measures 1nclude several methods ranglng from management‘

phy51cal disturbances or conditions whlch act to frlghten animals

and cause them to avoid the area. Scare tactics 1nclude the use
of noisemakers such as electric cannons, cracker (blrd control)

shells, and alarm or distress calls. "The use of lights and/or

sprinklers are also to be considered. .

]

Exclosures are physical barriers which pfohibit access to the

feeding site. They can range from completely fencing an area

to the use of overhead lihes andeires which 1imit access to the

water.
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Depredation can also be considered, however, most of these birds
are migrating and_arefprotécted by both state and federal laws.
Local authorities should be cantacted before any control measures
are taken, Depredating ducks may be legally done during waterfowl
season. However.{ﬁﬁié;option:Shpu;d only be conéidered after all .
6éhér:pOSSibilitié§?have been explored, and ohly with,élbseyco—-_
dpérétiéh and,sppervisiohﬁéf ﬁrained wildlife‘personhel¢, :

Table 7-1 outlines potential avian predators; their rate of

_ocourence and possible methods of control.




 Table 7-1.

Potential avian predators. their occurrance
and methods of control.
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OCCURRENCE

CONTROL
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Other predators, including raccoons. e

muskrats.‘frogs and, wild flsh must

also be cons1dered. The control of -,

'w11d flsh is. fac111tated by the util—

yiizatlon of well water or the use of

“screens and/or filters for natura1‘~

or surface water sources._ Frogs can,

‘be controlled by scooplng out egg.
JJLmasses and harvesting adults.; Rac-
| coons and muskrats may be trapped
and moved;K Local humane socletles
and w1ld11fe personnel will often

i prov1de traps and as51stance. One

M(last predator should be considered,

H

'The’ spe01es.’Homo saplens, can and v

a'w111 cause s1zable losses and often .

w111fully 1nfllct damage on both
‘uculture animals and surroundlng i

V'phy81cal property. o o

-

.A Tadpoles and crayflsh must be con- d
:bs1dered as competltors. They com- ‘
‘pete for both food pellets and
‘i.avallable space. The tadpole prob-
‘1em can be avolded by removal of i
’ egg masses before they hatch.b The

crayflsh_can be-av01ded by careful

15
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Control of these pests and competitive species is largely a
matter of good pond management. Competition is avoided;by:
keeping very small animals with others of fheir oun kind'and
size.. Numbers of insects can be reduced by ellmlnatlng un-
necessary breeding areas, keeplng pond surface area to bottom
area ratiOS'at'aAminimum and drying nursery pond areas between
uses;' Chemlcal means such as "three gallons of d1esel fuel or
"kone gallon of dlesel and one gallon of crankcase 011 per
‘ surface acre" are suggested solutions for minnow ponds but have

.not been utlllzed at this fac111ty. No 1nsect1c1de is known by
~us to be permitted, at thls tlme. by the FDA for use in food

fish ponds.5

The culture of fish and shrlmp in open ponds or raceways attracts
a variety of predators. As the s1ze of the culture anlmal 1n-
creases:from post larvae through subadult stages, the s}ze’and
d1vers1ty pf their predators also 1ncreases. \Of most critical
concern are. predatory birds (d1v1ng ducks. grebes, gulls, herons,
'klngflshers and terns) and their control As the culture animal
becomes adult the list of predatory birds expands to include blue
herons‘and_ospre&s. | | |

Bird predation problems vary with individual species. their abun-
dance, the proximity of facilities to nearbybnesting or roosting
 'sites, the availability of alternative feeding sites, and other
factors. Consequently, results obtained from a specific control

Amay vary and frequently a combination of methods may be required.6




1#7

selection of source water and/or screening. However. both
"tadpoles and crayflsh rapldly turn from comfetltors to a food
source as the culture animal grows to adulthood. and therefore
' do’ not usually pose a Serlous threat. P SR

I TR ‘
1
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Special considerations = o

Use of geothermal water allows year round growth
of some aguatic animals which would otherwise be
seasonal predators or competltors.

Year:.round culture is possible with geothermal waters.
The resulting constant food source can act as an en-
ticement to both aerial and terrestrial animals.

148
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kG TATION i

i’é.o.';quafid plgnfs

 Aquatic plants fulfill several

| rérgéfih‘their aquétic environ-
' ment;_)Th§y.pro§ide shelter,
V'remqvé nut;ienté,,aﬂd d;ssolved
"ox&gen, StgﬁiIize pond banks
vgnd”bqttpm§; and‘axé‘food for

#“aguatip énimals.

-'The ‘presence of aquatic plants

can, howevep,rinhibit your use

" of theirLQQuaﬁic:énvirqh@ent.
- Since limited use of aquatic

HApléntsfis désirable ahd in some

cases necessary, you may need

;tq;éontro;,fhgg';fnthey becone

8 pgéiﬂﬁy'intérféring wi;h use
: éfia;hértgqulgr aquatic environ-

. 12
. ment.

';:3;1* <Methods offébnfrolf

*There are ‘three métnoég of con-
T trol” available to the pond man-

ager:




Mechanical control- and environmental manipulation -
echanical control ranges .from the complicated and expen-

sive use of undervater mowers to those as easy as cutting,

pulling‘or digging up a few objectionable plants along the

edge of‘a pond. Mbdifying or changing the environmental

Aconditions_existing in a pond to those which are detriren-

tal to the objectionable plants is sometimes possible,
This environmental modification can be accomplished by ‘
raising or lowering the wvater level at appropriate times

to flood or dry vegetation, It can aIso require the re-:

152

working of existing pond banks to deepen the edges to a . SN

‘minimumldepth of 18 inches.

Biological control - The introduction of -a predator
;which.consumes the objectionable plant matter is. ‘the

" basis of biological control. Unforttnately, although
‘many species of both fish and insects have ‘been pro-
claimed the ultimate biological control, most have
cregted more problems than they have solved. Frequently

lthe introduced species. has elther consumed all the

beneficial plants, avoiding the objectionable plants, or.

‘out competed the target species for both food and space.
‘Worse still, the introduced specles has, at" times, mod-
1fied the aquatic environment of natuval¢systems,to the

point where it became unsuitable to'sﬁstein netiverspe-




cles. The-grass'carp‘(ctehopharxggbdon idellus) has
shown some promise as & biolcgical control for some plant

) species, in certain situations, - waever, due to the

potential danger it poses, 35 states (including California)
have banned or strictly limited importstion and stocking

of grass carp. lLocal wildlife and :isheries represénta-

tives should be eohtacted before considering any biologile-

cal control.v

Chemicel control -- The ﬁse of herbicides can be both
economical and safe. However, there are several limit-

ations which must be considered:

1. 1is the chemical registered by the Food and Drug
Administration (FDA) and your state for food fish

use.

2. will it affect the target ‘species in production.
Some "legal" chemical herbicides are toxic to sone

food fish species,

3. do you know your problenm weed. Sorie herbicides
L are species specific (they work only against,specific
types of plants).

'.h.i do you know your pond volume or surface area
(see;Pohd Construction), so you can both obtain
- the appropriate quantity and use the correct treats

- ment rate.
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5, haVé‘you_réad thé'precaﬁtionélbn:the label,_

. Yo control or ihadequate control of an aquatic weed meéhs.
that you selectéd the wrong chemical, used an inadéquate
treatment'rate, chbse the'wrong formilation, or'impropérly

~ applied the chemical;1'_Excessive use of an herbicide, use
at'thejwrong‘time, or use of the wrong cheirical can result

-in a partial or total loss of all the énimals in the treated
pqnd. VWorse still, improper treatment can render a pond

uhsuitaﬁle for any further production.
in‘sum@afy, aquatic weed control requires the following:
1, 1Identification of the problenm weed,

2. Choosing the most ecohdmical, efficient and
legal method,

3. If you choose é chemical method of control,

be sure it is safe; legal, and effective,
, Calculate pond area and volume to be treated,

5. Follow label instructions and precautions.

Aquatic vegetation control requires the identification of the

weed in question. To help 1h thé identification, vegetation
has been groﬁpedainto four_different bioIogicg1 typeé; These

_typeS'rgfér to the'mannéf‘in Which-aQuétic plants_grow.
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8.2 Type I algae identification

Type I. Algae - There are
many‘forms of algee which oceur
in fresh water. These plants
ere responsible for the major-
ity of problems in private énd
éqmmercial 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, Examples include the
‘following genera - Chlorella,

Scenedesmus.,

, b) Filamentous algae - these
~_ are long, thin, threadlike,

kf}lﬁtrands,,fiiaments}br nets of

"blant material., They often

form floatingfmaﬁé’or scum,
Examples inclgde the fdllow-
ing genera -fépirogx;a,iﬁxg;g:
dictyon, Mougeotia, Cladophora.

i
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¢) Muskgrass or stonevorts -
these are larger, more highly
develcped forms qf green algae.
They are a branched algae re-
sembling flowering plants.
They have a sten ﬁith whorls
of leaves_or bfanches. The
two most éommon kindss are
Chara, ﬁhich‘feélé rough and
gritty, and Nitella, which

Is smooth, Both have red

Chara ’ A ' reproductive structures

(Oogonium) at leaf nodes.

Cogoniunms

Litella

Nitella

Chara '




157

8.3 Type. II plant identification
Type II.  Submersed plants -
These plants are usually rooted in
the pond bottom and b¢basipna11y
iéaéh:the"surface;v‘ihié'gfoup' '
{ncludes several genéra,‘they '

gre:

| a) Coontail or -hornwort

(Ceratophyllum sp.), never

grows above wagter, Usually
it does not have roots. It

_ appears olive-green when seen
through the water, has elong-
~ated stems, the leaves are in
whorls, and each leaf is di-
vided into thread-like divis-
ions, with serrations (teeth)
along one side, The seeds

~are nut like and appear, with-
out stalks at the lééf axilé.
There are several species of
coontall and their‘forms can
be highly variable. |
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b) Parrot-feather or water milfoil
(Mygophzilum sp.) - These plants
all have finely divided, feather
11ke or thread like leaves ar-

rangedfinralterﬁafe or whorled

‘patterns. They aré‘rQOted,'w1ﬁht'

strong stems and some have

flower spikes which protrude

above the fhe'wﬂterg'”LegyeS“

growing at the tiﬁsio? sféms
may differ in siié and shapeV

from those at the base.

c) Bushy pondweed (Najas sp.)

is a rooted, undervater plant

- with slender, branching sters.

The leaves are narrow, ribbon
like, and enlarged at. the base.
The leaves are coarseiy or
finely toothed (svined) along
the edges and occur in whorls
or alternately along the stem,
They produce single sceds in

the leaf axils,:




Potpmogeton
leaf forms
(1/72x)

~ identify to ‘species, as.well
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d) Pondweed (Potamogeton sp.)
is the largest group of truly
aquatic seed plants. Stem

and Ieaf forms are variable,

often with two»k1nds of leaves

bccuring,gn the same plants
elther floating and firm

~ textured or submersed and

membranous, Leaves may be
small and thread-like to large,

oval or lance shaped. The

. leaves alternate on the stems,

but may bBe bunched or paired
toward stem tips. These
plants are difficult to

as difficult to control.

e) Hydrilla - this plant has
not been found in Coachella
Valley,}however it has been
found in the Imperial Valley.
It is not native to the United

States but now infests rore

-than a half-million acres

in the southern Uhited States.3

1




actual size

leaf rib
with spines

serrated
- leaf

NOTE : Hydrilla is sometimes

confused with Elodea or

160

Hydrilla verticellata is v
rooted to the bottom with

longfbranching stems, whichf

break loose and form large
floating mats. Leaves are

in clusters of three td;six :
in whorls, with two or three
tiny spipes along the Centfal
vein onfthe underside'of the
leaf. It is able to flourish

‘under a wide variety of con-

ditions, and is the most

.difficult and expensiﬁe pond

veed to control.
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8.4 Type II1 plant identification

Type’III. fEhérsedﬂplgnts are
those which'are réote& on the pond

bottom or along the shore, and

‘extend above the water surface.

There-are three types which occur,

they are:

‘a) Cattails (Iypha sp.)'! - This is
the lérgest'group'of weeds con-
sidered, in both size (leaves
‘reach 6 to 8 feet tall) and
~spread (one acre of cattails
- may actuaiiy be only a few plants).
Cattails,are oftén the first
invaders in a nev pohd, and
can appear anywhere-it is wet,
The fldWers afevin‘byﬁindrical
spikes, with the male portion

above the female.aiLéaves are

' long and flattened, Cattails

L‘fspread by_yndergroﬁnd root-stock
. or wind born seed.




162

b) Spike rushes (EIeocharis sp.)
are small emergent plants with
leaves without blades. The
leaveslare ?epresentéd'ﬁy éheaths
at the stem bases, Stems end
with spikelets, Seed clusters
arise_in:clﬁmps from matted

; c) Bulruéhes.(Scirpué,sp,).afe
marginaikﬁlants with slender,
erect stems ‘!ith sheaths at the
base.,. The'stéﬁs~§re usually 2
to 3 feet tall but may be larger
(5 to 8 feet), and are triangular
td round "in cross section,.

Plants are spread by underground

rootstock or seed,

Scirpus




- Wolffia

v
©
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8.5 Type IV plant identification

Type IV{‘ hFloaﬁihg plaﬁts -

‘ Those plants 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, naturally occuring

‘'example of this group is duckweed

(family Lemmaceae), In less arid
climates, other examples include

wvater lettuce, water fern, and

water hyacinth.

a) Duckweed (family Lemnaceae)
consist of several genera, all
are amongst the smallest of
the water pIants. The plants
float, without leaves but have

' gIobdse\or flattened fronds.
The plants may or may not have
roots. Reproduction is mainly.
végetative, by a division of the
plant body (budding); The nost |
cormon genera are: (a) Lemna Sp.,
little duckweeds, (b) Spirodela -
Spey large duckweed, and

(¢) Wolffia sp., watermeal,
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8.6 Specialzconsiderations

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-

fication and control, if necessary.
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'9 0 The area in and around ponds sustains 1ts own populatlon of

’vre31ﬂent and‘transient animal species. - These animals range in.

size from tinyfprotozoéns to racoons and coyotes.v These creatures

dwell eifhe: in pond waters or in the surrounding ehvironment.

 ,fS6me sﬁécies require both habitats for survival; aguatic for a
fportion of their life cycle and - terrestrlal or aerial for another

phase. Both toads and dragonflieu are examples of thls situation.

{:This S“ctlon of. the guide has been des;gnea to help an oboervex

identlfy and underetand the animals seen at the culture 51te.

Animals are divided into two maaor groups. based on structural

differences, vertebrates and invertebrates." Vertebrates are

.:‘thOSL animals posse551ng a Vertebral column (backbone) or an

- 1nterna1 body skeletpn.~ Invertebrates are those lachlng an

internal Skeléton or backbone, Further division occurs

by separatlon of the anlmals into thelr respective phyla.
‘Animals are grouped into the various phyla on the ba is of
"‘ having had & common ancestor.1
RN Invertebrateé
The lnvertebrateb are extremely diverse in siza, bouy ;lan and
‘dev1ces for adaptatlon to their respectlve ‘habitats. “ncy are
:not only more diverse in their anatowzcal reatureb.:oac are

" much more numerous than vertebrates, both the DUHDpL of species

A
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and the number of mdlviduals.2 ‘More thén 90 percent of bdth
'11v1ng and’ fossil an1ma1 species have been 1dentif1ed as 1n-

vertebrates.

9.2. Protozoa.

These one celled animals are usually seen as iﬁdividuals

only with a microscope. Somé protozoans feed on live fodds
such as algae or bacteria; otheré subsist;dn decaying‘substances.

'énd a‘few manufacture their foods. Protozoans can be separated

into four groups: ciliates; flagellates; sarcodinia; and’suctoria.3

" The shapes of some protozoans is
‘80 similar that ideatification

“might séém_coﬁfusing.'

LI AL IN

Ichthyopthxr;us ig a large éi izte

that causes "whlie-spOu-'or Ich”

disease in fish. Prorodon is a

‘IchthyOpthirius" | _ V'much smaller free living ciliate.
(p. 100-1,000) | »Ich" is one © of the few r;otoLOanu
that cun be seen by the na eye,
but it takes the low pchr object-

ive of a microscoPé'to:see the large

‘ horse—shoe ahaped nucleu~ thet pos—

}_u

tively identifies thl‘ oraan

Trorsdon (M 30-120)
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Ciliates

This classification of brotozoa_ié characteriied‘by the possess-
~ion of shoft hair-like cilia-and a macro (large) and micro:(small)
nucleus5 The cilie are used for locomotion and/br’fopd gathering.

- Both Ichthyopthirius and.Prorodoniére,examples of this group.

There are many species of thé
very common ciliate Paramecium.

"Decayiﬁg.vggétation pro#ides'

feed for this group. . . A TR A

In turn, the parame01un are preyed
upon by the Didinium (p,80 -200)
rThese 01llatea hawe a2 "snout~ l¢h="
projedtionvat~the front 6f'théir
body. .They swin about at top sveed

%ryihg to plerce anything‘they con-

I tact. when 'this snout ccntacts a

_fﬂff ’ ﬁ;' paramec1um, it is penetrated and

swallowed boullsiz
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Sarcodina
This group, also known as rhlepoda, has pseudopodla or “false feet" 5
The flowing movements of thelr protoplasm are both the means of loco-
motion and the method .of capturlng food. Amoebas are  the classic
examples of ‘this division, Witﬁ_fheir "soft" free form shape.
However, other sarcodinians may be enclosed in a hardened "shell".

Arcella and heliozoans are examples of the shelled type. of fresh

3

water protozoan.

Y_Suctoria

Many of these animals are parasites and some cause disease. Free
living suctorians have‘suckerrlike "arms" or tentacles for grasping
énd éating food. Young suctorians possess cilia. Adults are attach-
ed to substrate”byla long stalk, which might remind the observer of

the more advanced coelenterate, the Hydra.3

PR v W W R R




:condltlon known as "red t1de"
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iFlagellates

Flagellata is a class of Protozoa characterlzed by possess1on of:

one’or more long Whlp like flagella. Flagellates include ‘both

imal and plant llke forms. As some forms can: produce thelr own

"food from: chlorophyll in their bodies, they are ‘claimed by botan-

ists 'and zoologists alike.- Another group is more-animal like,

capturing and eating other organisms'.3

Euglena is. one of the most common plant-like flagellates occurring

"in fresh waters.. It possesses a single flagella.3

pVolvoi’isﬁanotﬁer'commomlyﬂooourrimg‘plahtelike flagellate[ Itis,

however a colony of unlcellular animals, each w1th two flagella and

a ‘red eyespot. 'I‘he spherlcal colony rolls over and’ over, always with

the same end forward.3

'Both groups of flagellates can. oceur 1n sufflclent numbers to’ make

the water appear green. Perhaps the most "notorious" flagellate,

Gonxaulax. ig one whlch llves in salt‘water and is responsible for a
.2;5 i’ ‘
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9.3 Coelenferata
The phylum Coelehterete'includes animals whose main body,cavity

is also the dlgestlve cavity and is connected to the outside by .
6

a mouth. -.Most- Coelenterates are marine, but ‘Hydras and. a. single
species of jellyfish can be found in freshwater.7v Hydras, usually
less than an. inch long are- the representatlve in ~the Coachella
Valley area. - Although Hydras are present in ponds, they are more _f

readlly observed in an aquarium, . . .

9.4 Rotifere 4
Rotifers or wheel animalcules are eozéamedein‘reference to the
rotating movement of the hair-like proje¢tions’(¢ilia) on’the front
of the body.? Their shape varies from worm—like beftom dwellers
7:or flower-like attached dwellers to rounded, forms whieh float near
the surface. They may live singly or in COIOnies. All retifers

are bilaterally symmétfical.?
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9.5 Worms and worm-like animalé

FWOrms end wofmélike animals be;ong to sevefal unrelated groups.
These include fiatwbrms;/earthworm fypes. and leeche57 Free
’1iving flétworms;’turbellaiian#, are infrgquently observed. The

" small size, less than an inch, makes this worm easier to observe

in an aquarium situation. Neither of the other two groups ic
found in a natural'popu}ation‘at A.1.I.'s site. Other animals that
appear aﬁ first“observation:tg be woims.'are upon closer examina-

tion found to be inse¢t larvae.
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9.6 Arthropoda . o S

This large ﬁhyluﬁ{cf inverfebrate animals has joiﬁted iegs;
chitinous exoékéiefons, and segmented body pérts. Three classes
- of arthropods are abundant around ponds; crUétécean§; insects,
and arachnids.’ » o
Crustacéén51 '
‘Seed shrimp or ostracods are
usually less thaﬂfo.lrinches

long. These clam-like sgav-

engers are common in mats of
algae, other vegetation, and

mud bottoms.7

ilater fleaé or cladocerans are
frequently 0.0Z inches long.
This tiﬁy crustacean eats algae,
microscopic animals, and organic

7

debris.

Copepods 'are ubiquitous sméll,
crustacesns that usually feed on
algae, bacteria, and ogganic-de-
bris. The ovigerous female is

easily recognized as one or two
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egg sacks develor during the

breeding season. The majority

‘_, of copepods found in'fresh water

‘are an important part of the diet
‘  of fish?v However, certain spe~':
cles érevfiéh parasites, and cen
inhibit'gr§wth~and;préduétivity. U
S T Scudsro?‘amphiﬁoés‘ﬁsuallyjlivev
| close to the pond bbptom and avoid

1i€thA‘They afe_écavengers on

‘“,plant and animal debris.. These
crqstaééaﬁé'afé'fiatfédad from
 side to'éidé;,énd_gfow'és large
-aé O;S'iﬁChesfbdt 5rebusually

much smaller. ¢

Trayfish ahd»ffeshwatér shrimp
'are;decapbdé;}5P6k& crayfish are
‘an‘éaSt coast ﬁative»that have
)'poﬁuia%é&QWgterﬁé&s in - the

Coachella Valley area. Cray-

fish usually hide in burrows
'?6r>under'objectétdﬁring the day,
‘but are activefé?_higmt.7fThe

~small freéh;wé§§§fshrimp.

. Palamonetes paludosus has ex-

-->‘
s
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tended its range into the”valley,

but is férely found.

Insecta

There are thousands of species of

insects that spend their 1life in
and around water.’ Of the eleven
orders of true aquatic insects;

dragonfvlie“s , ‘d'amselflies , bugs, Du‘,..FIJ'

'beetles, and trueflies are the
most observable (See'chépter 7).

| There.are‘aﬁproximately four -
hundred species,of,dragon and
damsei flies in North America.7
The two groups are easily differ-
entiated both in flight‘and at |
rest. Dragonflies ére more
brightly colored and larger

than the damselfly. Damselflies.

hold théir'wihgs upward and back-

ward when at rest, While dragon-
flies hold théii;' wings in a hori- Dcmulﬂj
7 , . A

zontal position.

Dragonflies and damselflies both
mate in flight and and.thé females

deposit their eggs in the water.




Some species complete their life
:cycle of egg, nymph and adult in

. three méﬁfhs: others may teke up -
_to five jears7t6"complete this
,cycle.?\ The change from nymph

L %o ‘edult takes place on & sub--

" mersed object. The nymph attaches

itself to this object and climbs

slowly out of thevwater. The out-~

er skln sp11ts lengthwise on

"Q"the upper body surface ‘and the

adult emerges. Once its wings

‘have dried it can'fly away. One:
~ often finds these abandoned
 nymph husks while working in or

-around the ponds.

ol
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True bugs (Hemiptera) .

The true bugs have mouth parts
designed for both piercing and
sucking.7 Most aquatic bugs
use fheée parts‘fé fegd on
insects or §ther'smali in-
vertebratés. These Bﬁgs will
be sSeen swimming; diving, ‘or
walking on the water's surface.

Water boatmen (Arctocorixa

,;interruﬁfa) ana backswimmers

(Notonecta undulata)are among

the most common true bugs that

swim in the water... These bugs

capture a bubble of air at the
surface and'hold it'thie swim-
ming. The ﬁiteﬁofﬂthe back— -
swimmer is Quité §§infu1.»

Water treaders are small true
bugs living only gn'thé-surface.
They feed on the’;himals found

there.

_

i

‘ ,w«tcf chtmam

Backi@z;m‘ngr: ’

(O-s-l'n.)

. W&ttv Tfésot¢v
(0.5in.)




Beetles (Coleoptersa)

'considered 2 predator.7_
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fWhirligig beetles (Dineutes americanug) are a rebresehtative"

Cpf this'group.v Both adults'ahd’larvae'are aquatic. As adults

these predators use their short, fan shaped, middle hind legs
for skimming over the surface of “the water and for d1v1ng
Their eyes are div1ded 1nto two parts allow1ng them to see

above and below the water. 'The adults are mostly scavengers.'*

'hoWever; thelr larvae are voracious, carnivors and- -should be

' True flies (Diptera) | ‘
-VTrue flles lnclude mldges. mosqultos. horse and deer flles.,‘

7as well as the, common ‘house: fly Although most of these flles o

are aerlal in habltat as adults, the larvae of mldges. mosqultos.r
deer and horse flles are aquatlc.. These larvae prov1de an -

important food source for other aquatlc anlmals.
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Midge larvae (Chironomus sp.).

The larvae of this midge is pop-

.....

ularly knoWn as a bloodworﬁ;‘rTheif
bright redvcolor is due'fthhg haem-
oglobin in their blobd.vvihese lar- -
vae are an importaﬁt food soﬁrce
for othér aduétic organisms;7‘ v
| S — _Mosquito larvae.- These larvae
can be fouhd_hanging head down-
wards from the'watef's surface.
Breathiﬁg tubes are used for res-
pirafion. When the water is dis-
turbed, they retreat to the bottom
until lack of oxygen forces them
to come to the surface again.
Vegetable Matter is their source
of food.7 They too provide an im-

portant food source for other a-

quatic animals, especially fish.
Horsefly. (Tabanus sp.) and

deerfly (Chrysops sp.) larvae are
aquatic.' The iafvée of the horse-

fly can be as loﬁg as an inch, but |

those of the deerfly ére smaller;

Both larvae feed on worms, snails - : -

and other animals.7

favrvae (1O in.)
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Arachnida |
Among the animals fféqUenfiy"fduhd”éfbund'éhd soméfimes on fhe’pond
are'Arachnids.  These 1nsect like anlmals have elght legs. Spiders

and scorplons are both included in thls group

Many kinds of’ splders may be found
under'rocks or'vegetation near the
ponds and some may be found oﬁ the -
water.? Insects make up the bulk
“of a spidérsfdiet; but'océaéioné
allyftHOSé’spidéfs‘bdildihg-fheir

A wébﬁbbef:thefwaféf have been known
to catch small fish and tadpoles.
However, someispiders are'cabable >

.of gliding acfbsshthe-pondRS'sur:-

face, while others can dive. into:

the pond'.7

Sqorpions may be found under rocks
' }aﬁd:other dark places, sometimes
hear.ponds. Like spiders, they have
poison giands and killltheir’prey
by injectihg'venom into them. The
stlng of the scorplon lies at the
tlp of the abdomen Two poison
-g;ands 11e-1nythe swollen base.of
'ﬁhe stingervand_opeﬁ individually

near ité>fip.?'
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9.7 Mellusca ‘
Mollusks are soft-bodied animals having a shell which surrounds
their soft parts. ' Examples of these animals are the snails and
clams frequently found in freshwater ponds. Less typical members
of thls group include the ublqultous land slug, marine squid, and
‘octopus. These speclal members have either a modified, reduced
or internal shell.v1

Snails (Gastropoda) ‘

Gastrdpods are single shelled. - The shell may be rounded, flattened
of spired. The soft "body" of the snail can be withdrawn completely
into the shell. An vperculum or "doqr“acovers the shell's opening
for protection. Gastro?ods feed mainly on plants and dead material.

They, in turn, are food for many other animals.

Examples of this group include the rounded pond snail, the flattened

spired ramshorn, and the highly spired cornucopla

Pond snai}s and ramshorns lay their eggs on submerged surfaces.
These gelatinous masses contain many tiny eggs which develop into
miniature adults then hatch, Cornucopia also have eggs, but retain
them within a special body chamber. The young are released after

hatching.
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Clams (Pelecypoda)

Animals of this group have two valves (shelis) which cover tne
soft body. They feed and breath through tube like siphons}

One siphon brinés”in water and food.~-This;water.passes over -
the gills and the spent water is pumped back out through the
other 31phon. 'Ciams are“eaten‘by'other“animals and fish.
Peproductlon occurs elther when eggs and sperm are broadcast into-
the water, meet and the—eggs are fertlllzed; or when spermvare
81phoned 1n and fertlllze the eggs which are held in special
brood sacs. . The larvae are expelled and progress through

- numerous stages~unt11 they "settle out" and mature into small
*1‘ciams.7 Individual clams are both male and female but are not

self fertile..

9.8 Vertebrates ' L

Vertebrauesvare 1ose anlmals hav1ng a backoonert Thoslanimals N
. with backbones are: generally larger and better known in and _
around ponds there are. of course, flshes, amphlblans. reptlles.

blrds.eand mammals.

-9, 9 Pisces (Fish)“"ﬁe

In pond culture all fish are selected and wild flSh are screened.
out of the ponds. - If a manager s;ghtspanﬂunknown species the fish
“should be caught and identified as soon as possible. . The nature

of this foreign fish will determine to;whatﬁdegree;thexplanned_3
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culture'system is disrupted. In some cases it will be necessary

to destroy fhe invéder.
9.10  Amphibia (Frogs and Toads)

Frogs and toéds live in or near

. water. Mating 6cans either ih
. or near the water. Thergelati—
noﬁseggs require a high»moisture_
environment to develop and hatch.
Toad eggs are laid in gelatinous
striﬁgs, while frog eggs are )
found in gelatinous masses. The
larval stage, the tadpole, is en-
tirely aquatic with maturation |
requiring penidds of 2 weeks to
2 years.! This matura%ion time
dependsvon species, water tem+

perature, and food availability.

Tadpoles feed on algae, but adults

are carniverous. The call of a
frog is a familiar sound around
the pond, but it is sometimes
forgotten that toads also have a
distinct cali;

Two frogs of the genera Rana and
a number of toads of the genera
Bufo are commonly found in the

California desert area.’

LCOFI-' * ‘V.:

Esull{;e:
(322 %o 6in)
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9.11 Peptilia (Snakes. Lizards and Tort01ses)
Snakes and lizards are pond area're51dents but the desert tortoise

is only a theoret1ca1 v1sit0r‘.h'”"

There are no ‘true water snakes 1n the desert but terrestrlal
snakes may spend some time in the water. “ost snakes are harmless
but caution should be exercised as both rattlesnakes and sidewind-
ers ‘may surprlse an unwitting pond manager out on an early morn-
ing tour. - : | '
Lizards found inuthis area are harmless and have very little inter-i
action with pond culture : Insects and vegetation are typical

- sources of: food for this. group.

Rattlesnakes (Crotalus sp.) are amongithe most famous and feared

10 Rattlesnakes or rattlers are

~of all snakes in. NorthiAherica.
, poisohous. The p01son is’ 1n3ected through two fangs that fold -
agalnst the roof -of the snake s mouth. Most rattlers have a
rattle at the end of thelr tails. However, contrary to popular
oplnlon, you cannot ‘tell a snakes age by the number of rattles.
Rattlesnakes; like other snakes, eat mice, rabbits and birds.
With the}ekeeption*of‘the~sideWinder'(g{fceraStes),fother‘snakes

found in the area are nbt poisonous.
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- ‘|°P°"“‘ m—.jl"t‘ﬁl‘
(8- 12ina)

The desert spiny lizard (Sceloporus magister) is éasy to identify

-as it_is larger than most lizards seen ip this area. Its skin
is very rough and it has a blackish collar. It is sometimes mis-
taken for a true collared lizard (Crotaphytus sp.) which has two

transverse collar bars.11

Ute stansbuciana .
(‘{ o'h-)

Lizards of the genus Uta take their name from the Ute Indians. '}

This_very fast runner is an adept snatcher of flies,spiders, and
scorpions. It is one of the few lizards of the Colorado Desert

that are active all winter, during the warmer parts of the day.




" The desert tortoise is an infrequent sojourner, whose.presencé is.

‘harmless and innocuous.llIf one were to be sighted, itkshohld be

remémbered that this is one of the species protéctedhby law.

9.12. Aves (Birds)

Birds of a few groups are semiaguatic and'will tend to iinger.o: ‘

set up héQSekeeéiﬁg at your ponds.. Even more species will pase
through for a sﬁbrter’stay. Most birds will not interfere with
pond-écti#itiés. but for the more éommon of those that do refer
to chapter 7. _jome birds are so.Visuailér verbal a>pond marzger
‘can’deteq% old ffiends*and'pgrmanent residents. Coveys of
Gambei'grquail meet thé feed -truck and ycllow-headed black-
'_,birds.seem to spp@rviserpond menagement. There are a number
ofAfiéld guides;avéilable for wildlife identification (see

selected references). -

187
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fGambei’SAQuail} géphortzx gémbeiii

This quail, common +*o drier habitats,
1s usually seen in flocks, feeding on

the ground. It is similar in appear-

ance and- habits to the California

quail. The distinguishing character-

istic is the plain belly of the Gambel's
) quail and the scaled Pslly markings of
" Length: Bi/é" the California quail. , _

Yellow-headed blackbird, -
,XanthocephalusAxanthoeeghalus

Tnese birds are common in cas-
tail and tule marshes. It is

the only North American bird

that has a yellow head snd black

body. The call is g distinctive

low, hoarsge croak.lz

Tength: 81/2" . 4

{after: 2irds of ortrh America)
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Mammalia

Muskrats actually llve

“in therwateprand haye;been a prob-

It is

possible that they might be found

in ‘ponds and cause dike damage.

Fish and Game could offer assist-
ance 'or advice to a farmer with

this problém.‘ Cther mammals will

use the ponds as a water source.

Coyotes, jéck rabbits, and- cotton-

r’-ats come

out at dUbk and hunt 1nsect° 0V~

the watex. Facoonsg v151t ponds

for water and fooa. mhey may prey

“on tle cultuzed species (see chap-

ter 7)
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nen®

9.14 Summary

The consfruction'and maintenance of ponds fér aquaculture creates
‘ ﬁabitats suitable for 'a wide varieti of non-culture species. These

associéted,animals Va:y widely in size, shape, and habits. Some,
of these animals are compétible with the culture operation znd

cen easily coexist with both the culture species and the pond
manager.’ Cthers require ei{her cautious coexistance or avold-
ance. This section was included az both an introducticn and .
over-view of these noh-culture, asgociated animals. Thig should

be & siarting point for further searches for information.
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:Bpecialgconsiderations

Utilization of geothermal water allows continued
survival of some associated animals which would
othsrwige be semsonal. This survival can prov1de
knbﬁ#ihﬁﬁusﬂsuppleméntal natural food.
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10i0  General description
'Préwqjharvest equipment fanges from
simple tfapékfb'elaﬁbrate seines and
- trawls. Nanpower fequirements for
;:their usevvary as widely,wfrbm labor
intensive to'macﬁine:extensive.
Whether an éctivé (seines or trawls)
or passive.ﬁtrapsibharvest sysfem is
used:will depend on personal prefer-
- ence, business intentions, available

markets; and labor pool.1

“Active geaf must Eejmoved’orlhanipu~
lated in order t§ achieve éapture;

- This applies to towed or aragged ,
fishing gear, which will be discussed
-later. Passive gears are those which
- capture animals enter voluntarily, re- .
“quiring' little acfive pafticipation on
‘the part of the captor. |

Traps, trammel'nets;‘giil nets, and




" Heart
Shaped
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.. 1ift nets are all ex&hp#és 5f,passive

. systems. Théy‘réquiregihé'least unit

Tangle/
Trammel Net

‘effort in terms of manpower. However,

~their production is variable and can

be species or size dependant.

10.1 Traps'or pots

"Traps or pots, regardless cf size,
include a chamber with an entrance

‘modified to allow entry but not exit

of the catch. . Animals are attracted

by either bait or the shelter offered

"by the traps. Bait is a substance

which entices the animal into the trap
by its 'odor’ . Various products of
synthetic, animal or vegetable origin

are used as bait. However, before a

- bait is utilized,;considgration should

be given to its effect on water quali=
ty. Traps can be purchased from sup-
pliers or homemade. The basic types
used include - igloo, box, barrel or
funnel, and heart shaped.

10.2  Trammel, gill and 1ift nets
Trammel and gill nets are taﬁgle nets.
They ensnare the animal és it attempts

to 'swim' or walk by. They are avail-’
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‘Seine with bag
and wings
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“@blé in various mésh sizes, lengths

and widths. Lift nets capture ani-

‘mals by eﬁclosing-them as they move
~ over the net. Bait is sometimes used

to encourage the animals to congregate.

10.3  Active methodss seines or trawls

Several things should be remembered

when considering active fishing .

methods (seines and/or trawls). These
methods can increase catch rates with

a higher catch per unit effort. How-

| 1ever.,theyrtend to be heavy'and re-

. quire<a‘high'iﬁitial‘inveétment and
‘7constahtAﬁpkéep.”'In addition, a degree
of 'technical expertise' is required to

learn their proper use. This use var-

jes for different pond configurations,

species variations and size delinea-

_tions. When contemplating aﬁy harvest

A'method. its cost should be considered

against individual time and efficiency

* ‘requirements.

Basically, a seine is a panel or

gseries of panels (wings) made of

hetting with weights on an attached
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‘Bottom line (lead line) and floats

on the top line (fioat line). The
seine is pulled through the water,
with the lead liﬁefriding along the

bottom.and_the'f;¢at'1iné remaining.

"at the surface, in a semi-circular

pattern. The bulge is the net is
usually sufficient to contain the
catch. Additionalrfeatures called
bags can be added to the seiné and
act to secure the catch in a small
area.

In order to seine an entire pongd,
the length and width of the net
should be approximately 33 percent
longer and wider thén the pond it-
self. The amount of floatatibn or
weight will depend on both bottom
composition and peraonal prefer-
ence. More weight is required to

keep the net down on hard bottoms.

Trawls are seines modified to be
pulled from one line or one point.
The opening or mouth of the seine

is kept open through use of




Side View
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Top View
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‘otter boards’ or ‘'doors'; whose
shape, when properly rigged and
pulled through the water, pulls

them forward and outward. A lead

‘line, float line and bag are also

part of'a'trawl.: :

Both seines and trawls come in a

wide variety on sizes, shapes, and

'materiéls._ They can be handmade,

purchased complete, -or the components

purchased separately and assembled

 (see the Appendix for a list of

isuppliers).

10.4 Canstruction materials
Cons%rﬁctibhfmaferials vary as widely
as the ‘designs. Cotton, nylon mono-

filament, and woven nylon are themost

common net materials.,'Polypropylene

or nylon cord are the most frequently

used 1ine'matérials.' The majority of

‘netting purchased is synthetic rather °

than cotton, as cotton 'rots' with

‘both age and waterVéprsure; However,

some care is still necessary to insure

maximum life from synthetic fiber nets.
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- Nylon breaks down from exposure to

2

Dips for nets may be purchased and

vary in bdth‘céﬁpent, from creosote
base to plastic, and viscosity. heavy

versus 1ight.

Cast nets and dip nets are also

.active methods. They generally

require a one to one, user to

implement relationship. They are
utilized to harvest small numbers or
subsamples of animals. Cast nets are
circular nets designed with a weighted

perimeter line and a series of lines

‘radiating from the center. These

lines cause the net to bag or purse

- as it is pulled in. A cast net is

- thrown upward and outward so that it

lands in an extended circle. Both
patience and muscle power are required
to master the proper techniques. Dip
nets are small hand held nets used

to catch animals by scooping them up.




10,5 Net repair ,

When discussing nets, keeping yéd'equipmeﬁt;opé;gting gnd
in gqod repairAié.yery“important, Nets‘shpu;dgbé,freqﬁently
cheéked-fgr signs pf wear or damage. The major problem en-

couhtepeq is rips or tears and holes. If left unattendéd,

these tend to increase in size and cause decreased catches

'thrOugh escape. A section on net mending.ch be found in

Appendix A.
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10:6 Special considerations

A,

Harvest can be continuous rather than seasonal,.
as year round growth is possible in geothermal
aquaculture projects. Therefore, harvest equipment
must be’ geared for continuous rather than seasonal

'use .

Spec1al holding or processing facllltles may -be re— :
quired if harvestlng warm water anlmals during pErlOdS
of cold weather is contemplated. ) )
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11.0 . Introduction  .Iunrw v rhoohmmnmmenes e

After the work of.éféwiné‘éha!harveéting %hg igrm‘?eépéd;~aquatic
produée_is sucge#gfg}}y qomp}gtgdﬁxﬁhgvjqb.ié;n§§;fiéééﬁqdruhtil
) the<pfbdﬁétl§s mérkétéd.isMa;ke%iﬁé;islfﬁét*phéééiéf bUsiﬁess
management that determines the outcome of cur efforts. This is
probably.the'leastkdnderétood and most inefficient area in agua-
culture. | |

Time and experience can presént many answers but the rcad to a
successful marketing éxperience can be nmade more sﬁooth with
rlanning and by purchasing some experience from a knowledgable
marketing person. 1If the farm was planned ﬁith a consulting firm,
mérketing cén be part of.the package. If the farm ig "self
planned™ the producelmight be best sold to a processor or whole-

saler as markétiﬁg is their field of expertise.

11.1 Types of markets

To readh‘iargct customers, professional marketing managers use &
three—step process of market segmentation. It (a) develops a
description of the total markét; (b) divides the total market
into identifiable, réasonably homogeneous sub-markets: and

(¢) develops the most effective strategy to reach various

segments of the total ma‘rket.1

Farketing aquaculture products is unique for each farm and scasonsl




]‘Noct goods, however, utlllze one of the following channels
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situation. Strategies can be developed after answering numerous

'3‘questions and assembling a clear (well deflned) picture ‘of the
‘ available poss1b11ities. Potentlal production data are necessary
T to determine whether marketing will be conducted on a year round
‘or seasonal basis.ﬂ ‘These data will also help determine the scope
»of the marketing,prggram. A farmer with one small pond which will
“be’ ha‘rvested“»onc:e*per‘ year with. production of less than 100 ‘pounds

will not need ‘as exten81ve a program ‘as the farmer 'with a large

continually produclng faellity.*

 Most aquaculture produce sold goes to one of two areas; eitherl

processing plants or conventional fish markets. ~Fowever; various

| ﬁr_distribution channel options are open to -the farmer, all with the

ultimate aim of reachlng an ultimate consumer.ﬁ Distribution

systems range from the very sxmplc to the ver; complex.
.
1. Producer r—- consumer 7
;2: Producer — rcta11er~—— consumer.
3. Producer — wholesaler — retailer - consumer

L, ,Producer-agent/broker-—-wholesaler-retailer-consumer

Dlrect marketing between the producer and the consumer usually

: results 1n higher prices paid to the producer (farmer) ; However.
'fit also involves added labor for processing. dellvery and actual

sales personnel rn addition, adVert1s1ng well in advance. dlrect_

contacts, and sanltary handlinr and salec fBCllltl€° are cssent1

.and require special permlta and llcenses frcm staue and local ta

and health cuthoritles.
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The retailer or wholesaler position is often assumed by a processor{

Qho after taking deiivery of the product assumes the responéibility

for finally getting the prqduct to the consumer.. The farmer is
usually ﬁaid either on a flat réte basis f;r delivered pfoduct.

: or én the current marketrvalue for the prqduct at the time of final

"_sale.

Agent/brokers arei?ssentially salesmen who try to obtain the high-
est possible price available from a variety of market sources.
They receive a portion of the sale price as 3 commission. They

deal with the available product form.

It should be noted that the cost of delivery is usually assumed

by the producer, unless other arrangements are made shead of time.

11.2  Produce form

Animals to be sold whole, with minimal processing, command a large
proportion of the'p:esent day aquaculture produce market. Most of
the animals sold in this manner go to one of two areas, either
processing plants or conventional fish markets. On the farm pro-

cessing is being carried out by some growers in Hawaii. Most of

these animals are sold fresh and usually are dressed on order.

. Processing plants often flash freeze the Whole prawn, tail only,
or tail with shell remdyed. Fish afeAgenerally filleted, steaked,
or dressed fo order. These products are then packed and shipped
according to theif market specifications. Produce destined for
_conventional fish markets is uéually iced, limiting shelf life

as well as sales volume.
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11.3 Marketing aids ‘

Crganizations which offer heip'tovférmers désifing specifié

| mgrketihg assistance are listed below:

1., National NMarine Fisheries Service - has a

" marketing specialist availéble on a regiongl

basis.- _ |

2. Small Dusiness Adminisfration - both helps
,‘organizé'anqvbfférs:ioan assistance.

 3. Service Corps of Letired Executives (S.C.0.F.E.)

this organization has members in slmost all fields

of businessiavéilable for guidance.

4. TFrivate consulting firms.

Additional marketing'aids include the use of cén:umef'infofmation
distributed by media or on individual "sample" cards. This type

of information uéually lists -the nutritive values, éerving sgize,

and frequently,dpmpares the product with other forms of protein.
Fecipes are sometimes included as well as other serving suggestions.
This’fype of ad?ertising.,for‘that in’reaiity is what it is, is
'generally carrigdﬁogtvby the retaliler or by;fishcries/aquaculture
assocliations in aftempt to familiariie‘therpublic with the product

(Plgure 11-1).




-Figure 11-1, Consumer information cards. These are examples of
_ : consumer infdrmation prodiucts, available where

the “product is sold retail. The 3.by-5 inch card.

format is convenient for both the shopper/cook and

‘the retaier. ' :

HOW MUCH TO
PER SERVING:

- Shrimp is sold according to | *
~size or count per-pound. -k

‘Medium ...

Large ......
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BUY.

6-15 per ib. 10 COOK:~§fﬁmef.,ﬁ0 not boill;-'one pound raw

Two ‘pounds raw shrimp in- ° shrimp in onequartwater 5-8 minutes. Drain and

shell yields one

poundcooked.  chill..De-vein.before using.

DE LUXE SHRIMP SALAD
(Serves 10 - 12)

2 tbsps. unflavored gelatin 3 green pepper, finely
% cup cold water chopped
1% cups tomato soup 1 tbsp. minced ox!.ion
1 8 oz. pkg. cream cheese 1% cups cooked shrimp
1% cups mayonnaise 3 tbsps. lemon juice
1% cups celery, finely 1 tsp. salt
chopped Y tsp. pepper

Soften gelatin in cold water and dissolve in hot tomato soup. Cool.
Thoroughly combine remaining ingredients and gradually stir in gelatin
mixture. Pour into 2% quart fish mold. Chill until
firm. Unfold and serve on crisp lettuce leaves with
a French dressing. .
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11,4  Timing your sales , _ v

Depending on the distribution system utilized end on the frequency
of harvest, timing your salesvmay affect the o§éra11,ffofitability
of your operation. Processors.may‘detgrmine the periodicity of
your har&eét andnsaleé}' Howéver. for the smaller 6pérétor.‘the

" projected harveést date_méy be the sole influence. particu1ar1y

if weather conditiens_will‘affect the survivability of the culture
‘species if held forr-longer periods.‘ If the culture species can be
‘held for éxtended periods, it is possible to capitalize on peak |
demand periods, such ds holidayé or low gqmﬁétitivé product avail-
l.ability. Market;ng.sﬁecialiSts can oufline these periods, as well

as defining procduct prices on a seasonal basis.

11.5 Summary ,

The mbst’impcrtanf item to remember in mérketing your product is
that you arevselliﬁg service. Other fish and other foods are
available. To éuccessfully gell your product you must promotie

its unique flavor, the conyéniénce of your service and the whole-
'somehess of your operatién. If you succéed in your promotion of
Your product your animals-will be a succeséf ‘This concept appiies

regardleés §f what distribution: channel you follow.
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11.6 Spe01al considerations

A. Marketing can be carried out year round as animal
growth and hence production levels are continuous
. in geothermal water.

‘B. As market s1zed ‘animals are available continually
- throughout the year, marketing can be aimed toward
peak demand periods. such as holldays. “Alternatively,
marketlng can be aimed toward periods when other
- similar products are not available. .
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APPENDIX

GLOSSARY OF TERMS

OMNIVOROUS

- eating a diet of both plants: and animals
(cf. carnivore, herbivore).
CARNIVORE - Tflesh eater.
HERBIYéRE -+~ +-. plant eater (cf. carnivore, herbivore).
' HETEROSIS - increased vigor of growth, fertility, etc.,

(HYBRID VIGOR) 1in a cross between two genetically different
‘ lines, as compared with growth,:étc., in either
of the parental lines. .

HYBRID VIGOR

see heterosis.

general biological term referring to fish, ,
"amphibians, reptiles, birds, and mammals, i.e.
those animals having a skull which surrounds a
well developed brain and a skeleton of cartilage
or bone.(cf. invertebrate).

VERTEBRATES

collective term for all animals which are not
members of the vertebrates, i.e. those lacking
a backbone or spinal column (cf. vertebrate).

INVERTEBRATE

OTOLITH granule of calcium carbonate in vertebrate inner
ear (e.g. fish). Several such granules are
attached in fine processes of sgensitive cells,
the latter communicating via nerves with the
brain. The pull of gravity on the granules and
therefore on the cell-processes registers the

position of the animal in respect to gravity.

OPEFCULUM

cover of gill slits of fish and Amphibia.-

PHYTOPLANKTON- plants of sea or lake which float or drift almost
passively. They are mostly very small. Plankton
occurs mainly near the surface, where the plants
get suitable illumination. It is of great eco-
logical and economic importance, providing food
for fish and whales (cf. zooplankton).

ZOOPLANKTON - aquatic animals that drift or float with currents,
waves, etc.. They have limited influence on their
direction. Most of these are microorganisms but
they range in size to jellyfish.
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‘CONVERSION TABLES

Temperature _ :
° 5 10 15 21 22 23 24 26 27 28 29 30
OF 41 50 59 70 72 73 75 79 B1 82 84 86

Size - Area Conver81ons

1 acre-foot = 1 acre of surface area covered by one foot of water
' " 43,560 cubic feet

2,718,144 pounds of water
326, 000 gallons of water -

o

1 cubic footbr=, 7.5 gallons- _ .
=  62.4 pounds of water ‘
=  28,354.6 grams of water

1 gallon = 8.34 pounds of water
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in mending any tear, large or small,
regardiess of size ‘only one rule
applies. Locate in one end of the tear
the three strand knot. Trim the tag
. ends on this knot. Then trim. all
other knots down each side of the
tear to the opposite end so that
there will be only 2 strand knots.
: if. you have trimmed correctly you
will end with ‘a2 3 strand knot :at
the finishing end. :

LN

Figure A-1. Typical knots and needle used for net repair.
Mending nets requires both patience and practice.
Many net and twine companies include repair instructions
with their catalogs. These instructions are from
catalog number 83, Memphis Net and Twine Co., Inc.,
Memphis, Tennessee. Other sources of net mending
information include public libraries and fishing
co-0ops.
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