
The potential for Macrobrachium
rosenbergii culture in arid regions

Item Type text; Dissertation-Reproduction (electronic)

Authors Brooks, George Benjamin, 1955-

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 16/05/2023 14:29:54

Link to Item http://hdl.handle.net/10150/288876

http://hdl.handle.net/10150/288876


INFORMATION TO USERS 

This manuscript has been reproduced from the microfilm master. UMI 

films the text directly from the original or copy submitted. Thus, some 

thesis and dissertation copies are in typewriter face, while others may be 

from any type of computer printer. 

The quality of this reproduction is dependent upon the quality of the 

copy submitted. Broken or indistinct print, colored or poor quality 

illustrations and photographs, print bleedthrough, substandard margins, 

and improper alignment can adversely affect reproduction. 

In the unlikely event that the author did not send UMI a complete 

manuscript and there are missing pages, these will be noted. Also, if 

unauthorized copyright material had to be removed, a note will indicate 

the deletion. 

Oversize materials (e.g., maps, drawings, charts) are reproduced by 

sectioning the original, beginning at the upper left-hand comer and 

continuing from left to right in equal sections with small overlaps. Each 

original is also photographed in one exposure and is included in reduced 

form at the back of the book. 

Photographs included in the original manuscript have been reproduced 

xerographically in this copy. Higher quality 6" x 9" black and white 

photographic prints are available for any photographs or illustrations 

appearing in this copy for an additional charge. Contact UMI directly to 

order. 

UMI 
A Bell & Howell Information Company 

300 North Zed) Road, Ann Aibor MI 48106-1346 USA 
313/761-4700 800/521-0600 



THE POTENTIAL FOR MACROBRACHIUM ROSENBERGII CULTURE 

IN ARID REGIONS 

by 

George Benjamin Brooks, Jr. 

A Dissertation Submitted to the Faculty of the 

SCHOOL OF RENEWABLE NATURAL RESOURCES 

In Partial Fulfillment of the Requirements 
for the Degree of 

DOCTOR OF PHILOSOPHY 
WITH A MAJOR IN WILDLIFE AND FISHERIES SCIENCE 

In the Graduate College 

THE UNIVERSITY OF ARIZONA 

19 9 8 



DMI Number: 9901702 

UMI Microform 9901702 
Copyright 1998, by UMI Company. All rights reserved. 

This microform edition is protected against unauthorized 
copying under Title 17, United States Code. 

UMI 
300 North Zeeb Road 
Ann Arbor, MI 48103 



2 

THE UNIVERSITY OF ARIZONA ® 
GRADUATE COLLEGE 

As members of the Final Examination Committee, we certify that we have 

read the dissertation prepared by George Benjamin Brooks. Jr. 

entitled The Potential for Macrobrachium rosenbereli Culture in Arid 

Regions 

and recommend that it be accepted as fulfilling the dissertation 

requirement for the Degree of Doctor of Philosophy 

0. E 

William W. Shaw Date 

Edward P. Glenn . Date ^ 

uJ-JL:  ̂  ̂ iridi.. /^/ % 
William J. Matt^xX ~ Date I 

, ^ J \ ^ £L£_ 
Howard E. Jones V ) Date 

Final approval and acceptance of this dissertation is contingent upon 
the candidate's submission of the final copy of the dissertation to the 
Graduate College. 

I hereby certify that I have read this dissertation prepared under my 
direction and recommend that it be accepted as fulfilling the dissertation 
requirement. 

Jo 
Dissertati^ Director /7 Dat€« ( 

0. Eugene Maughan 



3 

STATEMENT BY AUTHOR 

This dissertation has been submitted in partial fulfillment 
of the requirements for an advanced degree at the University 
of Arizona and is deposited in the University Library to be 
made available to borrowers under the rules of the Library. 

Brief quotations from this dissertation are allowable 
without special permission, provided that accurate 
acknowledgement of source is made. Requests for permission 
for extended quotation from or reproduction of this 
manuscript in whole or in part may be granted by the head of 
the major department or the Dean of the Graduate College when 
in his or her judgment the proposed use of the material is in 
the interest of scholars!: 
permission must be obtair 

Sign 



4 

ACKNOWLEDGEMENTS 

Firstly, my deepest thanks and appreciation to my advisor, 
mentor and friend Dr. O. Eugene Maughan. Without his support, 
patience, encouragement and harassment, I may not have 
completed this degree. My gratitude is also extended to my 
committee, Drs. William J. Matter, William W. Shaw, Edward P. 
Glenn and my long time friend Dr. Howard Jones. Though not a 
member of my academic committee, I want to thank my friend 
and colleague Dr. Aecio D'Silva for the strength and 
inspiration he provided. 

I am deeply grateful for the assistance provided by Drs. 
Eugene Sanders and Merle Jensen. Thanks also to Carol Wakely 
and Mary Soltero for keeping me on track. Thanks to Carol Yde 
and the students of the Arizona Cooperative Fish and Wildlife 
Research Unit. More thanks to Arizona State Representative 
Art Hamilton for that push he gave when I needed it. 

My gratitude to Mr. William Steinke owner of Sweetwater 
Systems for supporting my work at his fish farm and to farm 
managers John Oliva and Jack Story for their invaluable 
technical assistance. Thanks also to my business partner Mr. 
James Hicks for his patience with my ups and downs in 
completing this task. Also thanks to Eric Swanson at the 
Arizona Department of Game and Fish for needed data and to 
Joe Janisch at Arizona Department of Game and Fish and E. Lee 
Thompson of the Gila River Indian Community for moral support 
and more. Special thanks to Craig Upstrom owner of 
Aquaculture of Texas for his greatly appreciated technical 
assistance and cooperation. Thanks also to Kenny England for 
moral support. 

My greatest thanks and gratitude go to those who sacrificed 
most to help me achieve this goal. To my wife Valerie, I love 
you and thanks for seeing me through this. To my daughters 
Haley and Hasina, you're living proof that dreams come true. 
To my father Rev. Dr. George B. Brooks, Sr., I'm just a 
living legacy to the leader of the band. To my mother Lula 
Dora Brooks, she who introduced me to aquaculture, thank you 
mama. To my Sister Susan Morris and her daughters Lulaura, 
Amber and Miracle, I love you too. 

Last but not least, my thanks to Dr. Bruce Kimball who in 
1980 told me I needed to get an advanced degree and my high 
school teacher Don Galen who taught me how to do research. 
Thanks also to my first mentors, the late Drs. Charles and 
Shirley Thomas, who were more than friends and gave me a home 
away from home when I needed one. 



DEDICATION 

I dedicate this work to my Lord and Savior Jesus Christ 

've always had a plan for me. I hope I am fulfilling it 



6 

TABLE OF CONTENTS 

LIST OF FIGURES 9 

LIST OF TABLES 11 

ABSTRACT 12 

CHAPTER 1. INTRODUCTION 14 
Integrated Aquaculture/Agriculture in Inland Arid 

Regions 18 
Study Purpose 23 
Study Methods and Objectives 24 

CHAPTER 2. PHYSICAL CONDITIONS IN THREE CENTRAL 
ARIZONA IRRIGATION SYSTEMS 2 6 

Introduction 2 6 
Environmental Recpairements 2 9 

Temperature 2 9 
Salinity 31 
Dissolved Oxygen 32 
pH 33 
Nitrogen 34 
Hardness and Alkalinity 35 
Contaminants 38 

Discussion 40 
Temperature 40 
Nitrogen 41 
Hardness, Alkalinity and pH 41 
Contaminants 43 
Proposed Culture Methodology 43 

CHAPTER 3. LARVAE CULTURE: PILOT STUDY 4 6 
Introduction 4 6 
Materials and Methods 4 7 

Incubator Design and Operation 47 
Results 56 

Growth, Maturation and Survival 56 
Water Quality: 59 
General Observations 59 

Artemla Production 59 
Algal Growth 60 
Larval Behavior, Feeding, Growth and 

Survival 60 
Discussion 61 

Water Quality 61 
System Design and Management 63 



7 

TABLE OF CONTENTS - Continued 

CHAPTER 4 . LARVAE CULTURE SCALE UP 65 
Introduction 65 
Materials and Methods 66 

Larval Development, Metamorphosis and 
Survival 71 

Water Quality 73 
Feeding and Nutrition 73 

Discussion 74 

CHAPTER 5 . OBSERVATIONS ON THE INFLUENCE OF SHADOW ON THE 
DISTRIBUTION OF MACROBRACHIUM ROSENBERGII 
IN PONDS 77 

Introduction 77 
Materials and Methods 7 9 
Results 82 

Prawn Distribution within the Raceway .... 82 
Size Distribution of Prawns within areas of 

Shadow 83 
Vertical Distribution within Shadow 85 

Discussion 86 

CHAPTER 6. LARVAL HATCH FECUNDITY 90 
Introduction 90 
Materials and Methods 91 
Results 93 
Discussion 95 

CHAPTER 7. EVALUATION OF PROTOCOL AND CONCLUSIONS ... 99 
Introduction: 99 
Methods 99 
Results 100 
Discussion 105 

APPENDICES 112 
Appendix 2.1 113 
Appendix 3.1 114 
Appendix 3.2 115 
Appendix 4.1 116 
Appendix 4.2 116 
Appendix 5.1 117 
Appendix 6.2 118 



8 

TABLE OF CONTENTS - Continued 

Appendix 6.3 118 

LITERATURE CITED 119 



LIST OF FIGURES 

Figure Page 

2.1. A map of the State of Arizona showing 
study area within Phoenix, Pinal and Tucson 
and Active Management Areas (AMAs) 27 

2.2. Average monthly pond temperatures between 
Phoenix, Tucson and Fox Butte on the Gila 
River Indian Community 30 

2.3. Average ambient pH within the three selected 
central Arizona irrigation districts in 
comparison to the maximum recommended 
acceptable pH for culture 33 

2.4. Average ambient total hardness within the 
three selected central Arizona irrigation 
districts in comparison to the maximum 
recommended level for total hardness for 
Macrohrachium rosenhergii 36 

2.5. Average ambient alkalinity within the three 
selected irrigation districts in comparison 
to the maximum recommended level of 
alkalinity for Macrobrachium rosenhergii 
culture 37 

2.6. Water use in Gallons per Minute (GPM) by the 
Maricopa Indian Cooperative Association 
(MICA) farm in 1991 projected with future 
(New MICA) winter cropping schedules and 
compared to water projected to by needed by 
the year round Pee-Posh fish farming 
experiment (Brooks 1994) 44 

3.1. Larvae incubator made from 19-liter 
(5-gallon) white plastic buckets 50 

3.2. Artemia hatchery apparatus 54 

3.3. Daily larval stage index compared to those 
of Uno and Soo (1969), WAMRL (1998), and 
D'Abramo et al. (1995) 56 



10 

LIST OF FIGURES - Continued 

3.4. Daily ammonia and nitrite levels in culture 
facilities for larval prawns 57 

3.5. Daily nitrate levels in facilities for 
larval prawns 58 

4.1 Modified apparatus used for culturing larval 
Macrobrachium 67 

4.2 Artemia hatchery apparatus 70 

4.3. Daily larval stage in this study (Spring 97), 
the 1996 pilot study (Chapter 3), and 
D'Abramo et al. (1995) 72 

5.1. Diagram of raceway showing quadrat locations. 80 

5.2. Size distribution of prawns in population 
(sample) compared with the size distribution 
of prawns residing in shadow 84 



11 

LIST OF TABLES 

Table Page 

5.1. Prawn size distribution within a random 
sample from a culture raceway in Arizona.... 81 

5.2a. Number of prawns in quadrats 1 through 12... 83 

5.2b One-way ANOVA comparing numbers of prawns 
found in light to numbers of prawns found 
in shadow 83 

5.3. Distribution of prawns within shadowed 
quadrats 84 

6.1. Percentage of immature females, berried 
females and with ripe ovaries in prawn 
samples 94 

6.2. Larval Hatch Fecundity (LHF) of M. 
rosenbergii hatched in Arizona compared 
to LHF predictions of New and Singholka 
(1982) and Malecha (1983) 94 



12 

ABSTRACT 

Recent declines in the availability of large marine shrimp 

reinvigorated the market for the freshwater prawn 

Macrobrachium rosenbergii. Simultaneously, pressures to find 

more lucrative and water efficient crops are increasing in 

arid regions. The integration of a highly valuable crop such 

as Macrobrachium with irrigated agriculture could be of 

benefit to arid land farmers. Using a specific farming region 

in Arizona as a model of arid land systems, the objectives of 

my research were to: 

1. Determine if the physical conditions for prawn culture 

occur in Arizona. 

2. Investigate the feasibility of inland larvae culture. 

3. Raise to maturity and spawn M. rosenbergii. 

4. Assess the utility of a new species evaluation protocol. 

To meet these objectives, I reviewed physical conditions in 

Central Arizona and compared them to known requirements for 

culture of M. rosenbergii, developed a model larvae culture 

method and stocked postlarvae from the larvae culture 

experiments into ponds where they could grow to maturity and 

spawn. After spawning, the larvae were collected and the 

fecundity of the adult females determined. 
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My results suggest M. rosenbergii likely can be cultured 

seasonally in ponds filled with surface water within the 

representative region. Constraints to culture include high 

source water pH, hardness, alkalinity, contaminants and low 

winter water temperatures. 

Larvae culture is possible within the representative 

region. However, successful mass culture will require 

refinement of techniques used in my study. Constraints to 

culture include high ambient pH of surface waters, periodic 

high hardness and alkalinity levels and low winter 

temperatures. Improved filtration techniques in the incubator 

and a consistent availability of Artemia for food are also 

issues of concern. 

Prawns hatched and grown in Arizona spawned readily, were 

as fecund as other cultured stocks and produced viable larvae 

up through stage 2. 

The protocol I used was appropriate for evaluating a 

species for aquaculture at a new location. 

Overall, M. rosenbergii shows potential as a candidate for 

integration with irrigated agriculture systems within arid 

farming regions . 
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CHAPTER 1. INTRODUCTION 

The United States imported over 500 million pounds of 

shrimp in 1996, accounting for nearly 1/2 of the 3.3-billion 

dollar U.S. sea food trade deficit (Webster and Tidwell 1995, 

Jory 1996) . Prior to the mid seventies, nearly all of the 

shrimp available in the U.S. were supplied by capture 

fisheries. However, increased demand for shrimp in the 

1970'5, 1980'3 and 1990's stimulated development of mass 

culture techniques for commercially valuable marine species, 

specifically Penaeus monoclone P. japonicus, P. stylirostris 

and P. vannamei and for the giant fresh water prawn 

Macrobrachium rosenhergii (Sandifer and Smith 1986, New 1990, 

Webster and Tidwell 1995, Jory 1996, Boyd and Clay 1998) . 

Marine shrimp were initially more desirable to consumers and 

more profitable for producers than prawns (Webster and 

Tidwell 1995, Jory 1996) because: 

1. Customers were more familiar with shrimp than prawns. 

2. Meat from Penaeus maintained higher quality for longer 

periods without freezing or cooking than did the meat of 

Ma crobrachium. 

3. The culture of marine shrimp larvae was simpler and took 

less time than the culture of Macrobrachium larvae. 
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4. Wild Penaeus postlarvae were readily available for 

stocking ponds. 

5. The recovery of tail meat in Penaeus was greater than in 

Macrobrachium. 

6. Sexual dimorphism was less pronounced in Penaeus than in 

Macrohrachium, thus providing a more uniform product. 

7. Marine shrimp had softer shells and were more easily 

machine processed than prawns. 

8. Penaeus could be cultured at higher densities than 

prawns. 

The high value of shrimp generated construction of hundreds 

of thousands of acres of shrimp ponds around the world 

(Aquaculture Magazine 1996, Jory 1996, Gujja and Finger-Stich 

1996, Boyd and Clay 1998). In many developing nations, shrimp 

farming provided an important export crop and income for poor 

farmers. Some corporate farms encouraged local farmers to 

sharecrop shrimp in a few of their ponds. Such arrangements 

provided large scale employment and significantly reduced 

operational costs. Serendipitously, the United States 

restricted shrimp sales from nations not using TEDS (turtle 

exclusion devises). This restriction constrained supply and 

led to increased prices and increased demand for farm raised 
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shrimp (Aquaculture Magazine 1996, Gujja and Finger-Stich 

1996, Jory 1996) . 

Initially it appeared that the cultured shrimp industry 

would expand indefinitely. However, the proliferation of 

shrimp farms in mangrove swamps and estuaries caused damage 

to coastal ecosystems (Aquaculture magazine 1996, Gujja and 

Finger-Stich 1996, Jory 1996) . A 2,000-acre intensive farm 

can produce 6 million pounds (2,727,273 kg) of shrimp 

annually, but it also produces 6 million pounds (2,727,273 

kg) of nitrogenous and organic wastes (Gujja and Finger-Stich 

1996) . To maintain water quality in ponds water is exchanged 

and frequently flushed wastes into the local environment. 

In many developing countries, there are no water treatment 

regulations for shrimp farm effluent, nor effective water 

treatment facilities. Shrimp farm construction and the 

resulting nitrogen and organic loading from farm operations 

destroyed estuaries and mangroves and the nursery area for 

many marine fish and shrimp that supported local fisheries. 

The resulting fisheries crashes economically devastated many 

rural areas (Aquaculture Magazine 1996, Gujja and Finger-

Stich 1996, Jory 1996, Boyd and Clay 1998). Recently, in an 

effort to protect its coastline, India banned shrimp farming 

in many areas. Other nations are likely to follow India's 

example for protecting their coastlines. 
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High density shrimp culture operations produce conditions 

suitable for the outbreak of virulent diseases. Using a 

number of vectors, I.H.H.N, Taura Syndrome and other diseases 

quickly spread world wide causing shrimp production to crash 

and thousands of acres of shrimp farms to be abandoned or 

converted to the culture of other species (Pruder 1994, 

Aquaculture Magazine 1996, Gujja and Finger-Stich 1996, Jory 

1996, Boyd and Clay 1998, Aquaculture News 1998b). 

Disease problems have also affected the way culture is 

practiced. For example, when disease is detected, some 

producers harvest and freeze the product quickly to prevent 

major losses. Thus contaminated shrimp are sold world wide 

thereby exacerbating disease transmission problems (Boyd and 

Clay 1998, Nunan et al. 1998). 

Farmers are adjusting to the problems. To prevent 

outbreaks, larvae are now tested for disease or Specific 

Pathogen Free or Specific Pathogen Resistant brood stock are 

used. (Lightner, Professor of Veterinary Science, University 

of Arizona, personal communication, Boyd and Clay 1998) . 

Farmers may also harvest their product early. Early harvest 

likely translates to a scarcity of large tails on the market. 

Collectively, these impacts on world shrimp culture have 

decreased the availability of large tails and likely 

increased prices. 



18 

The giant freshwater prawn M. rosenbergii might be a viable 

replacement for shrimp (Aquaculture Magazine 1996, 

Aquaculture News 1998a). However, until the recent decline in 

the availability in large shrimp tails, there was little 

demand for Macrobrachium. Currently however, prawn tails are 

being substituted for and frequently sold as black tiger 

shrimp (P. monodon) in several major supermarket chains in 

Phoenix, Arizona; San Diego, California; Topeka, Kansas and 

locations in Kentucky and Canada (G. Brooks, Personal 

Observation, Dr. James Tidwell, Kentucky State University, 

Personal Communication). Annual imports of prawn tails mostly 

from Thailand and Bangladesh, exceeded 8 million pounds (3.63 

million kg) in 1996 (Lightner, Professor of Veterinary 

Science, University of Arizona, personal communication). 

Unlike shrimp, M. rosenbergii are cultured in fresh water and 

are not as susceptible to viral diseases (Tonguthai 1997). 

Integrated Aquaculture/Agriculture in Inland Arid Regions 

The integration of aquaculture and irrigated agriculture in 

arid areas can be a successful strategy for increasing farm 

income. Water use efficiency is dramatically increased by 

dual use of this resource. Whole farm economies of scale and 

economies of scope can result in significant reductions in 
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the per-unit cost of the fish produced thereby increasing 

marketability and competitiveness. Waste water from 

aquaculture may contain elevated levels of nitrogen. 

Consequently irrigating with aquacultural waste water may 

reduce the need for additional fertilizer inputs to field 

crops. 

Similar to irrigated agriculture in other arid regions, 

irrigated farming in central Arizona could benefit from 

integration with aquaculture (Brooks and Kimball 1983, 

Fitzsimmons 1988, 1992, Budhabhatti and Maughan 1993, Brooks 

1994, D'Silva and Maughan 1994, 1995, 1996). Integration of 

aquaculture with agriculture generally entails culturing fish 

in ponds, canals, raceways or ditches using irrigation water 

before it is applied to the field crop. In Arizona, the 

acfuaculture species of choice have been Tilapia (Oreochromis 

sp.) and catfish {Ictalurus punctatus) . Traditionally, the 

production of these species have been combined with 

cultivation cotton and/or alfalfa. 

To farm tilapia throughout the year in Arizona one must 

adjust to low winter temperatures. Brooks and Kimball (1983) 

modeled how a low cost solar cover could be used to maintain 

winter water temperature at 22° C+ (73° F+) in Phoenix 

Arizona. Using narrow ponds (20' x 5' x 100'), Aquatic Fish 

Farms of Arizona did limited tests of this concept in 1984. 
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With the addition of small amounts of geothermal well water, 

they were able to maintain winter water temperatures high 

enough for year round culture of tilapia (Brooks unpublished 

data). Similar results were obtained by Sweetwater Systems 

south of Phoenix Arizona, in 1996-97 and 1997-98 (William 

Steinke, owner Sweetwater Systems, Personal Communication). 

Many farms in Arizona do not use water year round. In these 

circumstances, integrated aquaculture is only practical 

during high water use periods of agricultural crop production 

(Budhabhatti and Maughan 1S93, Brooks 1994, D'Silva and 

Maughan 1994, 1995, 1996). In the past, aquaculturists 

assumed that management practices on a farm would be modified 

to meet the needs of fish. D'Silva and Maughan (1995) 

suggested that fish farming techniques need to be modified to 

match existing agricultural practices. 

Budhabhatti and Maughan (1993) tested the feasibility of 

growing channel catfish in irrigation ditches. The 2-year 

study explored density associated growth rates in cages in 

flowing pre-irrigation water, stationary pre-irrigation water 

and stationary irrigation return water. They concluded that 

catfish culture was feasible. However, growth rates were 

reduced in flowing water systems, likely due to high rates of 

energy used to maintain position against the current. 
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D'Silva and Maughan (1995, 1996) cultured fish in ditches 

where fresh water was added to the system only when crops 

were irrigated. Their work on "pulsed flow" aquaculture 

systems suggested that irrigation ditches behaved like 

raceways during times of water flow but more like ponds 

during times of static water. Carrying capacity was 

determined by the duration of periods of no flow. 

Prawns may have potential for use in integrated culture 

operations in Arizona. However, prawns have similar 

temperature tolerances as tilapia so the same constraints 

apply (65°F to 95oF - 18oC to 35oC) (Brooks and Kimball 1983, 

Fitzsimmons 1988, 1992, Budhabhatti and Maughan 1993, Brooks 

1994, D'Silva and Maughan 1994, 1995, 1996, Wynne 1996). 

Prawn culture was attempted at Hyder Ranches near Hyder, 

Arizona in the 1980's. Prawns were stocked in six 1/2-acre 

(2,025 m2) ponds with a constant supply of geothermal water. 

Prawns were harvested every 4 months year round and shipped 

on ice to a seafood restaurant in San Diego. The project 

ended when the farm was sold (Alphonso Rodriguez, former 

manager, Hyder Ranches, Personal Communication 1996). Other 

attempts to culture prawns in Arizona have failed. Lack of 

reliable and cost effective sources of seed and limited 

understanding of the species are likely causes. 
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Despite the demonstrated feasibility of "pulsed flow" 

culture systems and related technologies such as pens in 

earthen raceways (Brooks 1992, 1994), few farms have 

integrated fish culture with agricultural crop production. 

These options may not have been applied due to the perception 

among farmers that there is little financial return for the 

effort. Recent institutional changes in the U. S. however, 

may make such thinking obsolete. 

The 1995 U.S. farm bill will gradually reduce farm 

subsidies to zero. Insect and disease problems will place 

considerable economic pressures on Arizona farmers. As a 

result, many farmers are seeking to grow new and more 

profitable crops (Dr. Larry Jech, New Crop Specialist, 

Maricopa County Cooperative Extension, Personal 

Communication; Arizona Farm Bureau News 1998, Aquaculture 

News 1998a) . Though the culture of tilapia may not generate a 

large return on investment, integration of a new high value 

crop, such as prawns, with agriculture in pulsed flow or 

related systems could be of interest to arid lands farmers 

(Aquaculture News 1998a). 

Prawn culture in most arid regions such as Arizona, would 

be a new industry. Lacroix et al. (1994) discussed the 

development of Macrobrachium rosenbergii industries in Puerto 
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Rico, French Antilles, Brazil and French Guiana. The most 

important factors for successful industry start up were: 

1. Technology Adaptation 

2. Social Context 

3. Available labor/Infrastructure 

There is no shortage of labor in Arizona and the hundreds 

of established farms may provide significant infrastructure 

for a new high value crop (irrigation canals and farm ponds). 

As discussed above, economic changes have created a social 

context in which prawn farming may be accepted. What is 

needed is data on whether the biology and the technology for 

producing M. rosenhergii can be successfully adapted to an 

arid environment. 

Study Purpose 

The purpose of this study was to develop a more definitive 

answer to whether arid regions are biologically amenable to 

prawn culture and whether the necessary aquaculture 

technology can be adapted. 
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Study Methods and Objectives 

A process was needed to evaluate the potential of M. 

rosenbergii for culture in arid regions. Benettii et al. 

(1995) used the following criteria to evaluate the 

aquaculture potential of selected species of fish in Ecuador: 

1. Is there a market for the product? 
2. Will the species reach sexual maturity in captivity and 

spawn? 
3. Can fry or larvae be reared? 
4. Can fry or larvae be weaned (to prepared feed) and nursed 

to a size suitable for stocking (juveniles)? 
5. Can the juveniles be grown out to a marketable size? 
6. Overall rating (combination of all factors) 

I modified these criteria as follows and applied them as a 

protocol to aid in the biological evaluation of the potential 

of M. rosenbergii for aquaculture in arid lands: 

1. Is there a market for the product? 

2. Do the physical conditions necessary for the culture of M. 

rosenbergii occur within the specified farming region? 

3. Can the larvae be reared? 

4. Can locally hatched prawns be grown to maturity and will 

spawning take place? 

5. Can locally hatched prawns be grown to market size? 
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6. Will prawns produced locally be marketable and profitable? 

These six steps were further refined in order to make a 

preliminary determination of M. rosenbergii's potential for 

aquaculture in arid lands. The objectives of my research 

therefore were to: 

1. Determine if the physical conditions for prawn culture 

occur in Arizona. 

2. Investigate the feasibility of inland larvae culture. 

3. Raise to maturity and spawn M. rosenbergii. 

4. Assess the utility of the new species evaluation protocol. 

The purpose of Objective 4 is to provide some insight into 

the actual usefulness of the new species evaluation protocol 

so it may be refined for future application. 



26 

CHAPTER 2. PHYSICAL CONDITIONS IN THREE CENTRAL 

ARIZONA IRRIGATION SYSTEMS 

Introduction 

There is interest in using the giant freshwater prawn (M. 

rosenbergii) as a replacement for large marine shrimp 

(Aquaculture Magazine 1996, Tidwell et al. 1998). In 1997, 

more than 8 million pounds (3.64 million kg) of prawn tails 

were imported into the United States mostly from Thailand and 

Bangladesh (Lightner, Professor Veterinary Science, 

University of Arizona, Personal Communication). Prior to that 

time there is little evidence of international demand for 

prawn tails. 

Aquaculture researchers in Arizona have advocated 

integrating aquaculture with agriculture to mitigate the high 

cost of water in arid regions. Irrigated farming in central 

Arizona is considered representative of similar areas world 

wide (Brooks and Kimball 1983, Fitzsimmons 1988, 1992, 

Budhabhatti and Maughan 1993, Brooks 1994, D'Silva and 

Maughan 1994, 1995, 1996). One central Arizona agricultural 

region that may have potential for integrated aquaculture of 

Macrohrachium receives water from the Salt River Project 

(SRP), the San Carlos Irrigation District/San Carlos Indian 



Irrigation Project (SCID/SCIIP) and the Central Arizona 

Project (CAP) (Figure 2 .1) . 

Area 

Figure 2.1. A map of the State of Arizona showing study area 
within Phoenix, Pinal and Tucson and Active Management 
Areas (AMAs). 

27 
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CAP water is diverted from the Colorado River. The Salt 

River Project supplies water to farms in the Phoenix area and 

derives its water from the Salt and Verde rivers and from the 

CAP, Water within the SCID/SCIIP system comes from the Gila 

River and the CAP. As water demand increases in the summer 

or during dry years, all systems supplement river water with 

well water. 

The subject area spans the Phoenix, Pinal and Tucson Active 

Management Areas (AMAs). Within these districts, irrigation 

is limited to surface water provided by canal districts only. 

The use of ground water is strictly limited to rectify 

historic overdrafting. 

To accurately assess the potential for prawn aquaculture 

integrated with irrigated row crop agriculture in Arizona, I 

had to understand the environmental conditions recpaired by 

prawns and determine if those conditions were present. Thus, 

my objective was to determine if the physical conditions for 

prawn culture occur in the selected geographic region in 

Arizona and identify the constraints to culture. 
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Environmental Requirements 

Temperature 

The optimal temperature for M. rosenbergii culture is 28°C 

to 30oC (82oF - 86°F) , though 26°C-31oC (79oF-88oF) is also 

acceptable. Prawns will die at temperatures below 13°C and 

above 38°C(55oF and lOQoF) (Sandifer and Smith 1985, New 1990) . 

Winter water temperatures drop below lethal levels in 

southern Arizona, but a constant supply of geothermal water 

could maintain water temperatures within the survival range 

(Brooks and Kimball 1983, Sandifer and Smith 1985, New 1990, 

Brooks 1993, 1994) . The subject area however, is within the 

AMAs, making geothermal ground water unavailable. Without it, 

the temperature of ponds or raceways used for aquaculture 

will be ambient. 

Annual ambient pond temperatures from throughout the region 

can be inferred from data from the urban fishing lakes in the 

Phoenix Metropolitan area (Phoenix AMA) (SRP/CAP); the Gila 

River Indian Community Tribal Farm's Fox Butte fish farm 

(Pinal AMA)(SCIIP/SCID-CAP) and the urban fishing lakes in 

the Tucson metropolitan area (Tucson AMA) (CAP) (U.S.G.S. 

1996, Salt River Project 1997, Sweetwater Systems 1998, Eric 
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Swanson, Director Arizona Department of Game and Fish Urban 

Fishing program. Personal Communication 1998) (Figure 2.2). 

A safe minimum temperature for prawn culture is 65oF (18oC) 

(Sandifer and Smith 1985). Prawns should only be stocked when 

temperatures are above the lethal minimum to buffer against 

unexpected cold snaps. Pond water temperatures in the Phoenix 

metropolitan area exceed the minimum safe temperature for 

prawn culture from just before the beginning of April to the 

end of October, a 240-day growing season. 
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Figure 2.2 Average monthly pond temperatures between Phoenix, Tucson 
and Fox Butte on the Gila River Indian Community 

The safe growing season for Fox Butte was recorded at 

approximately 195 days. The Fox Butte ponds on the Gila River 

Indian Community (Figure 2.2) are colder than those in 
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Phoenix. However, this difference probably has as much to do 

with management as with location. Water is generally added to 

the urban fishing lakes only to replace seepage and 

evaporation. The Fox Butte ponds receive a continual supply 

of surface (SCIIP) water. SCIIP water is currently derived 

from hypolimnetic releases from San Carlos Dam and tends to 

be colder than ambient. 

The period when water temperature exceeds 65°F (18.3°C). in 

Tucson is abbreviated compared to Phoenix but still exceeded 

225 days. Differences in temperature profiles likely result 

from Tucson's greater elevation. Despite the difference 

between locations, growing temperatures in all areas exceed 

195 days. 

Salinity 

Though Macrobrachium rosenhergii larvae can survive in 

fresh water for a maximum of 5 days. Salinities between 

10,000 ppm and 17,000 ppm (lOppt - 17ppt) must be reached for 

development to occur (Sandifer and Smith 1985, New 1990, 

D'Abramo et al. 1995) . Juvenile and adult Af. rosenbergii are 

typically found in fresh water, but they can be cultured in 

concentrations as high as 10,000 ppm. Concentrations above 
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25,000 ppm however, can cause mortality (Ling and Costello 

1979, Sandifer and Smith 1982) . 

The average salinity of the three irrigation source waters 

in the study area (Salt River Project, San Carlos Irrigation 

Project, Central Arizona Project) does not approach the 

10,000 ppm limit. Thus salinity would probably not be a 

limiting factor for Af. rosenbergii culture within the areas 

served by these irrigation systems. 

Dissolved Oxygen 

There is no indication of toxicity to prawns at high oxygen 

concentrations. There are however, lower lethal limits that 

are temperature dependent (Sandifer and Smith, 1985) . For 

example, at 23oC (73°?) prawns may survive in oxygen 

concentrations as low a 2.1 ppm. At 28°C (82°F) respiratory 

difficulties begin at 2.9 ppm, and at 33°C (91°F) difficulties 

begin at 4.7 ppm (Ling and Costello 1979, Sandifer and Smith 

1985) . 

Oxygen concentrations can be highly variable under poind 

conditions. Levels and may be affected by water chemistry, 

wind, total pond biomass and water temperature. However, 

oxygen concentrations necessary for maximum growth rates of 

prawns can be obtained through proper pond management and 
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mechanical aeration if necessary (D'Abramo et al. 1995a) . 

Unlike most water chemistry conditions and temperatures, 

oxygen content can be augmented with comparative ease. 
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Figure 2.3 Average pH within the three selected Central Arizona 
irrigation districts in comparison to the maximum 
recommended acceptable pH for culture. 

eh 

Prawns require pH between 7.0 and 8.5. Toxicity from pH is 

generally associated with ammonia or hardness/alkalinity 

levels (Cole 1983, Sandifer and Smith 1985). 
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Ambient pH in input waters across the sample area is at or 

just below the recorded tolerance level of 8.5 (Figure 2.3). 

Pond pH levels are affected by water replacement rates, the 

total biomass in the pond and feeding rates. Never-the-less, 

high ambient pH could limit successful culture at some 

locations. 

Nitrogen 

Dissolved nitrogen generally is found in four forms; N2 

(Nitrogen gas) , NH3, NH4+ (Ammonia) , NO2" (Nitrite) , NO3 

(Nitrate). Crustaceans and other aquatic organisms excrete 

ammonia. Ammonia is found as highly toxic unionized NH3 and 

the less toxic ionized form (NH4 + )  .  

The percentage of the two forms of ammonia depends on the 

pH. The higher the pH, the larger the unionized fraction. 

For M. rosenbergii larvae and juveniles, 144-hour LC50 values 

for total ammonia (NH4+ and NH3) range from 14 ppm at a pH of 

8.34 to 80 ppm at a pH of 6.83 (Sandifer and Smith 1985, 

D'Abramo et al. 1995a) . 

Dissolved ammonia is oxidized by Nitrosomonas bacteria to 

nitrite (NO2") . Nitrite is further oxidized by Nitrobacter 

bacteria to relatively non-toxic nitrate (NO3) (Cole 1988) . In 
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long term bioassays (3 to 4 week), prawns tolerated 15.4 ppm 

nitrite and 160 ppm nitrate (Sandifer and Smith 1985, Cole 

1993) . 

Bacterial mediation insures ammonia and nitrite are rarely 

seen in unpolluted surface waters or ground waters. However, 

poor agricultural and waste treatment practices have polluted 

many ground and surface water sources in Arizona with 

nitrate. Despite this, nitrate concentrations rarely exceed 

40 ppm nitrate (U.S.G.S. 1996) and are far below lethal 

levels (Figure 2.5). Therefore nitrate levels in source 

waters should not constrain the culture of prawns within this 

area. 

Hardness and Alkalinity 

Total hardness is a measure of disassociated bivalent 

cations, mostly calcium (Ca++) and magnesium (Mg++) expressed 

as milligrams of CaCOj per liter. Carbonate or temporary 

hardness measures the amount of calcium/magnesium associated 

with carbonate or bicarbonate. Permanent hardness is a 

measure of bivalent cations associated with sulfates and 

chlorides (Cole 1988) . 

The International Association of Physical Oceanography 

defines alkalinity as the "number of milliequivalents of 
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hydrogen ions neutralized by 1 liter of seawater" (Cole 

1988). Like hardness, this value is often expressed as ppm of 

CaCOs. In desert water, alkalinity generally results from 

carbonates (CO3— and HCO3") . Alkalinity also measures anions 

associated with monovalent cations which do not cause 

hardness (e.g., sodium and potassium)(Cole 1988). 
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Figure 2.4 Average ambienti total hardness within the three selected 
Central Arizona irrigation districts in comparison to the 
maximum recommended concentration for total hardness for 
Macrobrachium rosenbergii. 

Hardness in the waters of the study area vary with time of 

year and source water (Figure 2.4). However, they generally 
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do not exceed the maximum (300 ppm) recommended for prawn 

culture (Sandifer and Smith 1985, Brown et. al. 1991, 

D'Abramo et al. 1995a,b). Hardness in the SRP and SCIIP/SCID 

districts are usually below 300 ppm. However, hardness in CAP 

water exceeded this level all year except during a few winter 

months (Figure 2.4). 
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Figure 2.5 Average ambient alkalinity within the three selected Central 
Arizona irrigation districts in comparison to the maximum 
recommended level of alkalinity for Macrobrachium 
rosenbergii culture. 

Hardness in the CAP likely decreases with increased 

dilutions caused by winter runoff into the Colorado River and 

increases when well water of high hardness is added to the 

CAP to provide extra water for irrigation. Hardness in the 
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water of the SCIIP and SRP districts may also vary with 

changes in runoff, increased evaporation or augmentation with 

ground water from wells with elevated hardness levels. 

The maximum recommended alkalinity for prawn culture is 180 

ppm (Figure 2.5)(Sandifer and Smith 1985, D'abramo et al. 

1995a). Alkalinity in all source water is generally below the 

recommended maximum of 180 ppm (except in July). 

Contaminants 

The three irrigation systems are at risk of contamination 

with a wide array of chemicals. Exposures to organochlorine 

pesticides, heavy metals and polycarbonated biphenyls (PCB) 

(Appendix 2.1) are of particular concern. These compounds are 

toxic to animals and have the potential for negative effects 

on human health if a contaminated animal is eaten (King et 

al. 1997). 

Perhaps the most common source of contamination occurs 

through point and non-point input releases of agricultural 

tail water to rivers (King et al. 1997). Many agricultural 

systems drain excess water back into the source river. After 

passing through agricultural fields, the tail water may 

contain agricultural chemicals ( King et al. 1997, Salt River 

Project 1996, Villegas 1997). Therefore the actions of 
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upstream water users will effect chronic chemical levels down 

stream. There are few water users upstream of the Salt River 

Project but Colorado River and Gila River waters are used 

many times before they enter the Central Arizona Project and 

San Carlos Irrigation District canals (Smith et al. 1996, 

Villegas 1997). 

There are numerous additional sources of environmental 

contaminants beyond agricultural tail waters. Copper sulfate 

(CUSO3) and other herbicides are frecfuently used to control 

aquatic vegetation in lakes and ponds. Storm drainage from 

cities and towns may carry gasoline, oils, heavy metals, 

household chemicals, PCBs and many toxic substances into 

irrigation systems down stream. Changes in river usage 

patterns may concentrate heavy metals (King et al. 1997, 

Villegas 1997)(Appendix 2.1). In agricultural areas crop 

dusters may accidently overspray a pond or wind my cause 

spray to drift. On occasion, contaminated ground water may 

enter a system through the use of contaminated wells. 

Macrobrachium are probably sensitive to pesticides, 

herbicides and metals (copper)as are other crustaceans. 

However, there is little information to verify this 

assumption (Sandifer and Smith 1985). The possible affects of 

chronic levels of these chemicals on the growth and survival 

of prawns is unknown. In addition, there is concern about 
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whether chemicals will accumulate in prawn tissues. As 

witnessed in the Gila River between the Salt Gila confluence 

and Painted Rock Dam, chemical concentrations in aquatic 

organisms can build up to where the product my be unhealthy 

to consume (King et al. 1997) . 

Discussion 

Macrobrachium rosenbergii probably can be cultured in water 

from the SRP, CAP and or SCIIP/SCID delivery systems within 

Maricopa, Pinal and Pima counties of Arizona. However, there 

are a number of constraints. 

Temperature 

Wynn (1996) reared market-sized (45 g) prawns over a 110 

day growing season in Kentucky. The 195 to 240 day growing 

season available in Arizona should allow for rearing at least 

one full crop. In warm years, two crops might be grown or a 

single crop grown to a larger size. 
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Nitrogen 

Ambient nitrate levels in input waters in the study area 

are all far below the recorded tolerance level (160 ppm) for 

prawns. Pond nitrogen levels change as a function of water 

replacement rates, stocking density and feeding rates and are 

thus independent of geographic location. 

Hardness. Alkalinity and PH 

Within the central Arizona irrigation systems surveyed, 

hardness, alkalinity and pH levels are frequently near the 

recommended upper limits for prawn culture. High pH can 

result from a number of causes including primary production 

(e.g. phytoplankton blooms) and high alkalinity. Although the 

relationship between hardness, alkalinity and growth of 

prawns is far from clear, the literature suggests that 

hardness above 300 ppm will retard growth and possibly 

increase mortality (Sandifer and Smith 1985, Brown et al. 

1991, D'Abramo et al. 1995a,b). In waters where alkalinity 

exceed 180 ppm, a rapid rise in pH resulting from 

phytoplankton blooms may cause CaCOa to precipitate on prawns 

and inhibit molting or coat the gills and cause suffocation 

(Sandifer and Smith 1985) . 
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Though it may be impractical to reduce hardness and 

alkalinity levels in some Arizona water systems, pH however, 

may be manageable. High pH in Arizona surface waters requires 

increased vigilance in pond management. Culturists need to 

prevent phytoplankton blooms that could raise pH to harmful 

levels. Care would also have to be taken to keep ammonia 

levels as low as possible. In some circumstances floating 

plants such as water hyacinth (Eichhornia crassipes) or duck 

weed (Lemna sp) , can be used to compete with phytoplankton 

for nutrients. Grass carp could also be used to control the 

growth of submerged aquatic weeds. 

Chemicals may also be used to control pH. A fish farm in 

southern California uses a H2SO4 drip to reduce pH (William 

Engler, owner Pacific Aquafarms, Personal Communications). 

Reducing the pH decreases the toxicity of ammonia and 

increases system carrying capacity. Lowering the pH through 

an acid drip would likely reduce the possibility of prawn 

mortality due to CaCOs precipitation, but other effects of 

this process are unknown. 

Further research is necessary to elucidate the 

relationships between prawn growth and mortality rates and 

hardness, alkalinity and pH, particularly if the Central 

Arizona Project is to serve as the source water. 
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Cpntaminants 

In an integrated aquaculture/agriculture system, there is 

always the possibility of accidental application of 

agricultural chemicals to the source water. The use of 

surface water as the source only exacerbates the issue. 

Managers must be vigilant, test water frequently, build 

culture areas as far away from sources of contamination as 

possible and minimize the use of agricultural chemicals. 

Although the use of ground water as the primary water source 

in this geographic region may not be feasible, it may be 

advisable to have a backup well available. Contamination 

could preclude prawn culture. Determining the conditions 

where this scenario becomes reality must be a subject of 

continuing research. 

Proposed Culture Methodology 

The integrated aquaculture with irrigated agriculture model 

assumes most water costs will be born by a plant crop down 

stream of the culture facility (Brooks 1994, D'Silva and 

Maughan 1996). As seen in the annual water use profile for 

the Pee Posh integrated aquaculture test near Phoenix in 1991 

(Figure 2.6), water use for irrigation increases in the 
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summer and almost ceases in winter (Brooks 1994). Water use 

changes little when more winter crops are introduced (Figure 

2.6). This annual water use profile suggests an April through 

October prawn culture season would fit with existing water 

usage patterns. 
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Figure 2.6 Water use in Gallons per Minute (GPM) by the Maricopa Indian 
Cooperative Association (MICA) farm in 1991 projected with 
future (New MICA) winter cropping schedules and compared to 
water projected to be needed by the year round Pee-Posh fish 
fanning experiment (Brooks 1994) . 

D'Silva and Maughan (1996), demonstrated that most farms do 

not use water constantly even during high water use months. 

Instead water flows in "pulses" through ditches only as 

needed to irrigate fields. 

Porti et al. (1996), cultured fish in water storage 

reservoirs. The water was then drawn off as needed to 
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irrigate crops. Irrigation water could be "pulsed" through a 

prawn pond and then drained to the farm water distribution 

network to irrigate crops. 

There have been a few attempts at high density raceway and 

tank culture of Macrobrachium rosenbergii. However, the 

aggressive, territorial and cannibalistic nature of the 

species has limited the success of these efforts (Sandifer 

and Smith 1985). Today, the most cost effective method of 

prawn culture is in ponds where prawns are stocked at between 

10,000 and 20,000 per acre (24,700 to 49,400 per ha) 

depending on the economic strategy of the farm. Yields vary 

between 400 lbs per acre (450 kg/ha) and 1,500 lbs per acre 

(1,700 kg/ha) per crop season (Sandifer and Smith 1985, New 

1990, D'Abramo et al. 1995a,b, Tidwell 1998). The annual 

source water temperature profile in southern Arizona (Figure 

2.2), suggests that pond temperatures for part of a year will 

be too low for prawns. Therefore, prawn culture in Arizona 

will be seasonal, though the season may be long (April 

through October). 

The combination of farm water use patterns and the 

established technology for M. rosenbergii culture suggests 

that seasonal pond culture could be a method of choice for 

prawn aquaculture in this region of Arizona and in other arid 

areas. 
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CHAPTER 3. LARVAE CULTURE: PILOT STUDY 

Introduction 

A dependable and inexpensive supply of seed-stock is needed 

to support a Macrobrachium rosenbergii industry in Arizona 

and similar arid regions (Aquacop 1977a,b, Chaves and Ochoa 

1983, New 1990, Daniels et al. 1992, Montanez et al. 1992, 

Benetti et al. 1995, D'Abramo et al. 1995, Wynne 1996). 

However, there are few major Macrobrachium hatcheries in the 

continental U.S.and none in Arizona (Aquaculture Magazine, 

1996). Local seed sources would be optimum because a sudden 

increase in demand for postlarvae or transport problems could 

escalate prices or limit the availability of seed stock 

(Landkamer 1994, Benetti et al. 1995, Wynn 1996, Aquaculture 

News 1998b). 

Macrobrachium larvae require brackish estuarine conditions 

to develop (New 1990, Daniels et al. 1992, D'Abramo et al. 

1995). However, Arizona's farming regions are inland and do 

not have access to brackish water sources. The objective of 

my study was to identify biological constraints to the 

culture of the larvae of Macrobrachium rosenbergii larvae in 

inland arid regions. 
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Materials and Methods 

Incubator Design and Operation 

The adaptation of established culture techniques and 

technologies to local conditions is an important step when 

establishing a new Macrobrachium industry (Lacroix et al. 

1994) . Techniques for the culture of Macrobrachium larvae are 

well described (New 1990, Daniels et al. 1992, D'Abramo et 

al. 1995) . Gravid (berried) females are sequestered until 

eggs hatch. Newly hatched larvae are then separated from the 

female and moved directly into highly filtered (biological, 

sand and UV sterilization) water maintained at 10 to 15 ppt 

salinity. The larvae are sensitive to poor water quality so 

effective biofiltration is important. Some sources also 

suggest frequent water changes or UV sterilization to reduce 

the level of pathogenic bacteria (New 1990, Daniels et al. 

1992, D'Abramo et al. 1995). 

Macrobrachium rosenbergii has 11 larval stages. Prawns are 

fed live Artemia nauplii through the first five larval stages 

(instars) . In subsequent stages they are gradually weaned 

onto a prepared feed. After 16 to 30 days, larvae 

metamorphose to postlarvae (stage 12). Postlarvae can be 

stocked into ponds or reared to a larger and more viable size 



in a nursery (New 1990, D'Abramo et al. 1995, Craig Upstrom, 

owner Aquaculture of Texas, Personal Communication). 

Postlarval Macrohrachium are frequently produced in 

incubators. There are 5 fundamental components and one 

optional component of a Macrobrachium incubator. 

1. Incubator chambers hold larvae until they undergo 

metamorphosis. 

2. A clarifier removes suspended solids, normally through a 

reduction in water velocity that causes solids to settle 

out. The clarifier also can hold heaters that maintain 

temperatures between 2 6 and 32oC. 

3. A biofilter maintains low levels of ammonia and nitrite 

within the incubator. Traditionally the biofilter consists 

of a container filled with a medium that provides surface 

area for aerobic nitrifying bacteria. Biofliters are not 

necessary in costal areas where a constant supply of warm 

brackish water allows for frequent water exchanges. 

4. A circulation pump moves water to all components of the 

incubator. 
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5. A sterilizer (optional) kills bacteria in water returning 

from the biofilter to the incubation chambers. 

Sterilization reduces levels of potentially pathogenic 

bacteria thus increasing survival of larvae. Both UV and 

ozone (O3) sterilization techniques have been used 

successfully (Daniels et al. 1992, D'Abramo et al. 1995). 

In areas near a sea coast with a constant supply of warm 

salt water, sterilizers may not be necessary. 

To provide a baseline understanding of the constraints to 

inland larvae culture, I used the concepts of Daniels et al. 

(1992) and D'Abramo et al. (1995), to construct a small scale 

clear water incubator using low cost materials (Figure 3.1) . 

The four incubator chambers were made from 19-liter (5-

gallon) white plastic buckets. Water was circulated through 

the incubator by a 625-liter/hr (165-gallon/hr) submerged 

electric pump. Water drained through small mesh filter socks 

to retain Artemia nauplii and Macrobrachlum larvae in the 

container. It then returned to the sump made from a 114-liter 

(30-gallon) plastic "play pool." 
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Top View 

Side View 

Figure 3.1 Larvae incubator made from 19-liter (5-gallonl white plastic buckets, b. 

Water feed lines to culture containers, c. 625-liter/hr (165 gallon/hr) submerged 

electric water pump. Water moves from pump to each chamber and the biofilter. At 

the end of the pipes over each culture container and the biofilter is a valve (not 

shown) providing control of water flow rates. A relief valve is located on one end 

of the pumping system to prevent bacic pressure on the pump (not shown) d. 

biofilter and media, e. 114-liter (30- gallon) sump made from a "play pool", f. 

Perforated stand pipe covered with fine mesh (rayon stocking and filter cotton 

(filter sock) prefilter to retain larvae in container, g. Movable external stand 

pipe. h. water levels in culture container and sump. Note, change in location of 

external stand pipe allows for adjustment of water levels within the culture 

containers, i. Submersible 100 watt electric heaters, j. Aeration system showing 

pump, airlines, gang valves and air stones in the culture containers. 
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Biofiltration occurred at several levels. Fine particulate 

matter was trapped in filter cotton beneath the filter socks 

(Figure 3.1). The filter cotton also served as substrate for 

ammonia and nitrite oxidizing bacteria. 

A trickle filter to oxidize nitrogen compounds was made 

from styrofoam "peanuts". Macroalgae {Enteromorpha compressa; 

E. intestinalis; E. lingulata) were obtained from the 

University of Texas algae collection and seeded into the sump 

to scrub nitrate from the culture water, 5 days before larvae 

were stocked. 

Larvae were provided by four 20g, gravid female 

Macrobrachium rosenbergii obtained from Aquaculture of Texas. 

The number of larvae produced per female is directly 

proportional to size (405 to 450 larvae/g)(Malecha 1983). 

Single females were placed in 37.9-liter (10 gallon) 

aquariums. Temperatures were maintained at 27.7°C (82oF) with 

50-watt side mounted aquarium heaters. Aquariums were filled 

with tap (Salt River Project) water. 

Prawn eggs turn brown when they are ready to hatch. At that 

time, artificial sea salt (Deep Ocean Synthetic Sea Salts-

Premium Reef Formula; American Aquaculture Products, Inc) was 

added to the aquariums to bring the salinity to 5 ppt (5,000 

ppm). This level of salinity encourages hatching (Daniels et 
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al. 1992, D'Abramo et al. 1995). Salinity was measured with a 

Westover RHS-IOATC hand held refractometer. 

Hatching took place soon after sundown. Females were 

immediately removed to prevent cannibalization of larvae. As 

described by New (1992), larvae attracted to a bright light 

at a single point in the hatching tank were siphoned into a 

glass jar. Larvae were thoroughly mixed in this jar and ten 2 

to 5-ml samples taken. Prawns in each sample were counted 

under a dissecting microscope. Each sample was returned to 

the jar and larvae remixed before the next sample was taken. 

The average number of prawns per ml was determined based on 

these samples. An estimate of the total number of larvae in 

the jar was determined by measuring the amount of water in 

the jar to the nearest ml with a graduated cylinder and 

multiplying the number of mis by the average number of larvae 

per ml. This process was repeated until no prawn larvae could 

be recovered from the hatching tank. The larvae were stocked 

into the 19 liter culture containers at a rate of 50/liter. 

Salinity in the incubator was maintained at 12 ppt ± 1 ppt 

by diluting with tap (Salt River Project) water. To minimize 

the possibility of introducing copper to the system, water 

was run for 15 minutes before adding any to the incubator. 

Chlorine was removed by aeration and by allowing water to 

stand for 24 hrs. Make up water to replace evaporation was 
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run from the tap 24 hrs before introducing it to the 

incubator. Makeup water was stored in 5-gallon (18.93-1) 

plastic buckets, heated to 21.1°C (82oF) in a water bath and 

aerated to remove chlorine. 

Prawn larvae were fed newly hatched Artemia nauplii at 

regular intervals each day. Live Artemia were supplemented 

with frozen nauplii as described by Daniels et al, (1992). 

Feeding intervals were determined by collecting ten larvae 

and microscopically determining if their guts were full. If 

empty, additional nauplii were added to the culture system 

(Daniels et al. 1992) . Artemia were hatched in 12-ppt water 

within the apparatus described in Figure 3.2.(Donald Galen, 

Science Instructor, Brophy High School, Personal 

Communication) Artemia cysts were decapsulated using licjuid 

bleach (NaOCl) and white vinegar (HOAC) (Daniels et al. 

1992) . 

Many components of the artificial diet suggested for stage 

5 and above by Daniels et al. (1992) were difficult to obtain 

and prepare. A simpler diet suggested by New and Singholka 

(1982) was modified replacing the mussel component with a 

combination of frozen adult Artemia and frozen blood worms 

thawed and emulsified with a mortar and pestle. Larvae were 

fed to satiation by suspending the feed particles in the 

water column with airstones. Excess feed was either trapped 
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in the filter sock or removed with a siphon daily. 

Supplemental feeds were provided after stage 5 (Daniels et 

al. 1992). 

Figure 3.2 Artemia hatchery apparatus, a. Air pump. b. Air line. c. Hatchery Jar made 

from 1 liter plastic oottle. d. Air bubbles agitating and aerating salt water 

containing Artemia cysts, e. Glass tube extending through bottle stopper (f.) 

connecting the air line to the hatchery bottle, g. Hatchery bottle stand made 

from 1-inch (2.5 cm) pvc pipe and connectors. 

A Wardley Master Professional Water Test Lab was used to 

measure pH, ammonia, nitrite, and nitrate every other day. 

Temperature was measured with an A. W. Sperry DT-_.OOA 

electronic thermometer. 
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To expose the larval prawns to ambient sun light as 

recommended by Daniels et al.(1992), the incubator was 

located in a small unheated greenhouse. Water was maintained 

at approximately 28°C (82oF± 2) by three 100-watt submersible 

aquarium heaters. Also a 2 mil clear plastic tarp (not shown) 

was placed over the apparatus to reduce evaporative and 

radiative heat losses during cool weather. 

The water exchange rate through each chamber was 2.77 

times/ hour (700 ml/min (0.18 gal/min)). Additional aeration 

was supplied by a Rolf C. Hagen Corp. Maxima air pump feeding 

through a gang valve to airstones within each larval 

container. The water flow rate to each chamber was adjustable 

through the use of valves. A relief valve was provided to 

prevent excess back pressure on the pump (Figure 3.1). 

Four general measures of larvae development and survival 

were recorded: 

1. Time from hatch to postlarvae. 

2. Daily larval stage. Daily larval stage is a weighted 

average measuring the number of prawns residing in each 

instar. For example, if 50% of the larvae are in stage 

one and 50 % are in stage two, the daily larval stage 

would be 1.5.) 

3. % surviving to PI 
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4 . # postlarvae/Liter produced 

(New and Singholka 1982, Daniels et al. 1992) 

Results 

Growth, Maturation and Survival 

The daily larval staging in the pilot incubator compared 

closely to results detailed by Uno and Soo (1969), D'Abramo 

et al. (1995), and WAMRL 1998) (Appendices 3.1,3.2, Figure 

3.3) . 
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Figure 3.3 Daily larval stage index compared to those of Uno and Soo 
(1969), WAMRL (1998), and D'Abramo et al. (1995) 
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Except for on day 10 when there were at least 57 dead 

larvae, mortality rates were low (5 to 10/day). However, 

numbers of larvae declined faster than the observed mortality 

rates. As suggested by Aquacop (1977a), it is possible that 

dead larvae were cannibalized thus unavailable for census. 

Larval prawns also became entrapped and died in the folds of 

the filter socks. 
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Time 
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Figure 3.4 Daily ammonia and nitrite level in culture facilities for 
larval prawns.. 

Larvae progressed through the first 6 instars at a pace 

similar to that seen in previous studies (Uno and Soo 1969, 

D'Abramo et al. 1995, WAMRL 1998). However, development from 
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instars 7 through 11 was faster than that shown by WAMRL 

(1998) and Uno and Soo (1969), but almost identical to that 

reported by D'Abramo et al. (1995) (Figure 3.3). Of the 

larvae reaching stage 11, only 10 metamorphosed to 

postlarvae. However, most of these larvae were malformed, 

"feather like", and very weak. Only two survived 5 days post 

metamorphosis. The remaining larvae did not metamorphose. At 

the termination of the experiment, 533 larvae remained. 
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Figure 3.5 Daily nitrate levels in culture facilities for larval prawns. 
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Water Quality: 

The pH remained at 8.2 for the duration of the test. 

Ammonia concentrations (Figure 3.4) were below detection (0.1 

ppt) except on days 7 and 8. Nitrite concentration were first 

detectable (0.2 ppm) on day 4 but exceeded 4.0 ppm from day 

19 to the end of the study. Nitrate concentrations were first 

detectable on day 7 (10 ppm) and exceeded 140 ppm on day 11 

(Figure 3.5). 

General Observations 

Artemia Production 

Artemia nauplii are the only feed readily taken by prawn 

larvae in stages 2 through 5 (Daniels et al. 1992) . However, 

Artemia hatching rate was inconsistent in this pilot study 

likely the result of the age of the cysts and cold 

temperatures. Insufficient numbers of Artemia could have 

reduced the survival of early stage larvae. 
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Algal Growth 

Patches of algal growth were noted within 5 days of seeding 

in the incubator. Algae grew both in the sump and in the 

incubator. Clumps of Enteromorpha growing within the 

incubator trapped uneaten prepared feed, Artemia and prawn 

larvae and necessitated continual maintenance. All macroalgae 

seeded were green. However an unknown brown diatom also 

appeared and spread throughout the system. 

Larval Behavior, Feeding, Growth and Survival 

Macrohrachium larvae actively captured Artemia nauplii and 

other food particles. However, nauplii and food particles 

were also trapped by the filter sock before they could be 

eaten by larvae. Trapped food, prawn exuviae, Artemia cysts 

remaining after the decapsulation process, algae and fecal 

material frequently clogged the filter sock necessitating at 

least daily cleaning. The socks also trapped and killed prawn 

larvae perhaps attempting to feed on the trapped materials. 

All stages of larvae were attracted to the white walls of 

the incubator chambers. Attraction to the edge of the 

incubator chamber may have reduced the larvae's ability to 

obtain food. Older larvae (Stage 7+) congregated at the 
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bottom of the chambers at night. These larvae appeared to be 

feeding on detritus, uneaten feed and possibly dead and 

moribund larvae that had settled to the bottom. 

Discussion 

Larvae may be reared using locally available materials. For 

most of the culture period, larvae matured at a rate 

comparable to that found in established hatcheries. However, 

the high mortality and failure of most larvae to metamorphose 

to postlarvae indicates that there are several constraints to 

large scale larvae culture. 

Water Quality 

The rapid increase in nitrite after day 11 indicates that 

there either was not enough surface area within the biofilter 

to remove nitrite or the biofilter did not have sufficient 

bacterial populations to remove nitrite before larval prawns 

were introduced to the systems. These problems can be offset 

with a larger filter and using media with pre-established 

bacterial populations (Daniels et al. 1992, D'Abramo et al. 

1995). 
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Nitrate concentrations may have reached levels where 

toxicity was possible (Aquacop 1977b, Sandifer and Smith 

1985). Algae seeded within the system apparently did not 

assimilate nitrates fast enough to exceed nitrate production. 

The most effective means of mitigating high nitrate 

concentration are frequent changes of water. However, the 

purchase of additional synthetic sea salt resulting from the 

need to change the water more frequently could be a 

significant cost for an inland hatchery. Minimizing water 

exchange would therefore be the preferred strategy. 

With improved techniques, macroalgae could be an effective 

method for removing nitrogen thus mitigating the need for 

water exchanges. However, clumps of algae within the 

incubator trapped both feed and larvae and may have been 

partially responsible for low survival. It may be difficult 

to control algal growth considering that larvae need indirect 

sunlight to facilitate feeding. Therefore it may be advisable 

to find an alternative method to control nitrate. 

The filtration needed for the culture of Macrobrachium 

larvae is similar to that needed for advanced marine aquaria. 

In recent years, nitrate concentrations in marine aquaria 

have been controlled by using foam fractionation devices 

(protein skimmers). 
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How skimmers function to reduce nitrate is not entirely 

clear but, molecules with hydrophobic regions appear to 

"stick" to air bubbles generated within the skimmer. The 

resulting foam is then discarded. The process is reported 

(Dyer and Delbeek 1991) to remove miscellaneous toxins as 

well as proteins. It also removes phospholipids, dissolved 

and unfilterable organic debris resulting from uneaten feed, 

dead Artemia, dead larvae and prawn wastes before bacterial 

action can reduce them to nitrates and carbon. The removal of 

this "organic soup" could also reduce bacterial counts by 

removing bacterial food sources (Dyer and Delbeek 1991). 

System Design and Management 

Larvae were trapped and killed in folds in the internal 

filter socks (Figure 3.2). Secondly, pores of the filter sock 

were large enough to admit and trap artemia nauplii as well 

as prepared food particles. Decaying food trapped in the 

filter inhibited water flow through the incubator and likely 

increased the dissolved nitrogen content. 

An improved filter sock design would prevent larvae from 

becoming trapped. Use of filter material fine enough to 

prevent passage by Artemia nauplii would make more food 

accessible to larvae. A sock with smaller pores would also 
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prevent build up of decaying food but would also necessitate 

more frequent cleaning to prevent clogging. 

Larval behavior and feeding efficiencies are affected by 

light and the color of culture chambers. Dark green or black 

containers have resulted in optimal growth and survival 

(Aquacop 1977a,b, Daniels et al. 1992, Lin and Omori 1993). I 

used white incubator chambers. The color of the chamber could 

have affected the ability of the larvae to capture food. Poor 

nutrition could result in weak larvae and could affect their 

ability to metamorphose to postlarvae. The possible 

constraining factors identified in this experiment are 

investigated in more detail in Chapter 4. 
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CHAPTER 4. LARVAE CULTURE SCALE UP 

Introduction 

A dependable and inexpensive supply of seed is needed to 

support a Macrohrachium rosenhergii industry (Acjuacop 

1977a,b, Chaves and Ochoa 1983, New 1990, Daniels et al. 

1992, Montanez et al. 1992, Benetti et al. 1995, D'Abramo et 

al. 1995, Wynne 1996, Aquaculture News 1998a,b). Postlarval 

availability is low and there are only a small number of 

Macrobrachlum hatcheries in the continental U. S. (Aquaculture 

Magazine 1996). Low supply of seed could result in escalated 

prices or inconsistent availability of postlarvae (Landkamer 

1994, Benetti et al. 1995, Wynn 1996, Aquaculture News 1998a) 

and preclude development of this industry outside of 

established locations. If a prawn industry is to be developed 

in Arizona or similar inland arid areas, a local source of 

seed is necessary. My pilot study (Chapter 3) identified the 

following constraints to inland M. rosenbergii larvae 

culture: 

1. The need to improve filtration to control dissolved 

nitrogen concentrations without periodic water changes. 
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2. The need to improve the design of the incubators to 

increase survival. 

3. The need to improve the consistency of Artemia hatching. 

The objective of this study was to explore solutions to 

these constraints. 

Materials and Methods 

Four 20g, berried female M. rosenbergli were obtained from 

Aquaculture of Texas. Females were placed in two 37.85-liter 

(10-gallon) aquariums (2 each) maintained at 27.7° C (82° F) 

by 50-watt side mounted aquarium heaters. The aquariums were 

filled with tap (Salt River Project) water. 

When the eggs matured (turned brown), artificial sea salt 

(Deep Ocean Synthetic Sea Salts-Premium Reef Formula; 

American Acfuaculture Products, Inc. Los Angeles, California) 

was added to the aquariums to bring salinities to 5 ppt 

(5,000 ppm) and encourage hatching (Daniels et al. 1992, 

D'Abramo et al. 1995). 
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Side view of individual larvae 
culture container 

Top view of individual larvae 
culture container 

P 
8 

Side view of complete apparatus 

Figure 4.1 Modified apparatus used for culturing larval Macrobrachium. a. Larvae 

culture container made from 125-liter (33-gallon) green plastic trash cans. b. 

Water feed lines to culture containers, c. 620-liter/hr (163-gallon/hr) 

submerged electric water pump. Water moves from pump to each chamber and the 

biofilter. At the end of the pipes over each culture container is a valve (not 

shown) providing control of water flow rates. A relief valve on one end of the 

pumping system prevents bade pressure on the pump (not shown) d. biofilter and 

media, e. 151-liter (40-gallon) sump made from a "kiddie pool", f. Perforated 

pipes covered with fine mesh and aquarium filter floss prefilter to retain 

larvae in container, g. External water return pipe. h. water levels in culture 

container and sump. i. Submersible 100 watt electric heaters, j. Aeration 

system, k. Protein skimmer. 
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Hatching took place at night soon after sundown. Females 

were immediately removed to prevent cannibalization of 

larvae. Larvae were siphoned from the aquarium and counted 

volumetrically as described by New (1992) . 

Larvae culture was performed in a small unheated greenhouse 

so larval prawns would be exposed to ambient sun light as 

recommended by Daniels et al. (1992). I stocked 6,000 larvae 

(17.6/liter) into three individual incubator chambers 

constructed from dark green 125-liter (33-gallon) plastic 

trash cans (Figure 4.1) . Salinity was maintained at 13,000 

ppm. 

Biofiltration was multi-step. An upflow filter through pre

conditioned silica sand removed particulate matter and 

provided media for the establishment of nitrogen mineralizing 

bacteria (D'Abramo et al. 1995). A Lee's Aquarium and Pet 

Products #17105 medium counter current protein skimmer 

(Figure 4.1), was used to remove dissolved proteins, cell 

debris and other wastes (Dyer and Delbeek 1991). Filter socks 

with about 350 p. mesh were used to retain larvae and Artemia 

nauplii within incubator chambers. Water from the biofilter 

drained to a 114-liter (30-gallon) sump made from a plastic 

"play pool". Water was circulated through the incubator by a 

625-liter/hr (165-gallon/hr) submerged electric water pump 
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(Figure 4.1) . Water in each chamber was exchanged once every 

60 minutes (1.9 1/min) and was maintained at 28°C (82oF)+ 2°C. 

Each chamber was equipped with a single 100-watt submersible 

aquarium heater. Two additional 100-watt submersible heaters 

were located in the biofilter. Clear plastic paint tarps (not 

shown) were placed over the incubator to reduce evaporative 

and radiative heat losses during cool weather. 

Four general measures of larvae development and survival 

were recorded: 

1. Time from hatch to postlarvae. 

2. Daily larval stage. Daily larval stage is a weighted 

average measuring the number of prawns in each instar. 

For example, if 50% of the larvae are in stage one and 

50 % are in stage two, the daily larval stage would be 

1.5. ) 

3. % surviving to PI 

4. # postlarvae/Liter produced 

(New and Singholka 1982, Daniels et al. 1992) 

Larvae were staged weekly (New and Singholka 1982). Stage 2 

through 5 larvae were fed newly hatched Artemia nauplii. 

Stage 6 through 11 larvae were fed a combination of newly 

hatched Artemia nauplii and a prepared feed consisting of 

fish, adult Artemia and blood worms emulsified with a mortar 

and pestle. Larvae were fed twice daily. Feeding intervals 
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were determined by collecting ten larvae and microscopically 

examining their guts. If guts were empty, additional nauplii 

were added to the culture system (Daniels et al. 1992) . 

Figure 4.2 ArCemia hatchery apparatus, a. Air pump. b. Air line. c. Hatchery Jar made 

from 1 liter plastic soft drink bottle, d. Air bubbles agitating and aerating 

salt water containing ArCemia cysts, e. Glass tube extending through bottle 

stopper (f.) connecting the air line to the hatchery bottle, g. Hatchery bottle 

stand made from 1 inch (2.5cm) pvc pipe and connectors. 

Artemia were hatched in a specially designed apparatus 

(Donald Galen, Science Instructor, Brophy High School, 

Personal Communication)(Figure 4.2). Artemia cysts were 

decapsulated using a liquid bleach (NaOCl) and white vinegar 
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(HOAc) variation of the procedure described by Daniels et 

al.(1992), The Artemia hatchery was housed inside a building 

where partial temperature control was possible. 

Tap water was used to replace water that evaporated from 

the incubator. To minimize the possibility of introducing 

copper to the system, I ran tap water for 15-minutes before 

filling the apparatus. Chlorine was removed from any water to 

be added to the incubator by allowing the water to stand 

until the chlorine had dissipated (24-hours) . Water was 

stored in 5-gallon (18.9-1) plastic buckets, heated to 27.7°C 

(82° F) in a water bath and aerated to remove chlorine. A 

Wardley Master Professional Water Test Lab was used to 

measure pH, ammonia, nitrite, and nitrate every other day. 

Temperature was measured with an A. W. Sperry DT-300A 

electronic thermometer. Chambers were cleaned every other 

day. 

Results 

Larval Development, Metamorphosis and Survival 

Postlarvae were first seen 21 days after hatch and were 

harvested over days 23 to 25. About 2,080 postlarvae were 

recovered (37% survival)(6.16 /liter). In addition, 123 
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animals did not metamorphose. Larval developmental rates were 

essentially the same as in my pilot study (chapter 3), and 

the study by D'Abramo et al. (1995)(Figure 4.3, Appendices 

4.1, 4.2). Few dead or moribund larvae were recovered and 

there was little accumulated detritus. 
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Figxire 4.3 Daily larval stage in this study (Spring 97), the 1996 pilot 
study (Chapter 3), and D'Abramo et al. (1995) 

To separate postlarvae from late stage larvae, I used the 

process described by Smith and Hopkins (1977) . Most 

postlarvae were vigorous swimmers and did not display the 

weakness seen in the pilot study. Postlarvae were transferred 
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to fresh water gradually over a 30 minute period with no 

mortalities. 

Water Quality 

On day 10 a foam formed in the incubator chambers and 

biofilter. On day 17, 33% of the water was changed and the 

protein skimmer readjusted according to product instruc

tions. From day 18 through 25, foam was produced only within 

the protein skimmer. 

Ammonia and nitrite levels remained undetectable throughout 

this study. Nitrate slowly climbed from 0 to 40 ppm on day 17 

when 33% of the water was changed and NO3 concentrations 

stabilized at 20 ppm. 

Feeding and Nutrition 

Larvae fed well on Artemla nauplii. However the Artemia 

hatching apparatus did not perform consistently. Therefore 

larval prawns may have experienced periodic food shortages. 

Nighttime temperature control in the room where the Artemia 

were hatched was inconsistent. Temperatures dropped at night 

to 20° C (68° F) and possibly affected hatching rates. The 

prepared feed of emulsified blood worms and thawed adult 



74 

Artemia supplemented the diet of live nauplii from day 10 to 

day 25. 

Larvae appeared to feed best when shielded from direct 

light. Direct sunlight reflecting off the walls of the 

incubator chambers appeared to attract larvae. However when 

the light angle illuminated suspended food particles instead 

of the chamber walls, larvae were attracted to the food. 

Later stage larvae actively sought food particles far larger 

then themselves. At night animals congregated on the bottom 

of the incubator chambers. In the presence of stage 9 or 

larger larvae, food that settled to the bottom of the 

chambers disappeared at night. 

Discussion 

Larval development rates were essentially the same as in 

the 1996 pilot study. However survival rates were improved 

(35% vs 1%) . Survival in this experiment approached the 40% 

minimum survival expected for successful commercial 

operations (New 1990, D'Abramo et al. 1995) . The number of 

larvae produced (6.16 /liter) was far below the 30/liter 

reported for Hawaiian hatcheries (Malecha 1983, New 1990, 

D'Abramo et al. 1995). However the result was similar to 
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small scale laboratory studies (7.83/ liter ± 1.58) (Alam et 

al. 1995) . 

Better nutrition, improved water cpiality, a change in color 

of the incubator chambers, and increased operator skill 

likely positively affected larval survival. These factors are 

interrelated and are not easily separated. Further study of 

these factors is needed. 

My observations suggest that M. rosenbergli larvae are 

contrast feeders that are attracted to bright objects. If the 

brightest objects in the environment are the walls of the 

incubator chambers, larvae are attracted to them. However, if 

the brightest objects are particles of food, they will be 

attracted to food. Designs that illuminate food or changed 

the foods color could result in increased feeding efficiency 

or perhaps in being able to start earlier stage larvae on 

prepared feed. 

Artemia hatching was very sensitive to temperature. If the 

temperature was below 86°F (30°C) hatching was delayed or 

failed. Inefficient hatching increases costs and decreases 

larval production. A short term solution is to find a method 

to control Artemia incubator temperatures. However a 

substitute for live nauplii would improve long term 

sustainability. However, no satisfactory alternative feed 

has yet been identified for stage 2 through 5 larvae (New 
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1990, Alam et al. 1993) . Additional research is needed on 

this subject. 

The low levels of dissolved nitrogen after day 17 suggest 

that the design changes made between the pilot and the scale 

up experiment resulted in removal of nitrogen byproducts. 

Scum appeared in the system when prepared feed was added. 

Further research is needed to determine how to adjust the 

amount of prepared feed that can be suspended in the water 

column without producing undesirable byproducts and how to 

increase the amount of prepared feed that is directly 

available to larvae. 

These results strongly suggest that culture of larvae is 

possible in Arizona and similar arid regions. However, 

successful culture will require refinement of my technicjues. 

Benetti et al. (1995) suggested that successful culture must 

be able to produce postlarvae that can mature, and spawn and 

are at least as fecund as their parents. An evaluation of the 

feasibility of this process is the subject of Chapter 6. 
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CHAPTER 5.OBSERVATIONS ON THE INFLUENCE OF SHADOW ON THE 

DISTRIBUTION OF MACROBRACHIUM ROSENBERGII IN PONDS 

Introduction 

On average, farms in the continental United States 

seasonally produce between 1,010 and 1,683 kg/ha (900 to 

1,500 lbs/acre) of prawns (New 1990, D'Abramo et al. 

1995a,b). Key factor affecting production rates are the 

availability of substrate (shelter) and stocking density 

(Sandifer and Smith, 1985; New, 1990; D'Abramo et al. 

1995a,b). 

There appears to be a positive relationship between growth, 

survival, stocking density and the surface area of substrate 

within ponds (Ling 1969, Smith and Sandifer 1975, 1979, 

Sandifer and Smith 1977, 1985, Cohen et al. 1981, New 1990). 

Hypothetically, increasing substrate surface area decreases 

density, thereby decreasing competition and possibly 

increasing the amount of food available to each individual. 

Increased surface area or greater availability of shelter may 

increase survival by decreasing aggressive interactions 

between prawns (Karplus et al. 1992a). Decreasing the 

frequency of aggressive encounters may also relax the 

physiological factors that retard growth (Ra'anan and Cohen 
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1984, Mulla and Rouse 1985, Wohlfarth et al. 1985, Karplus et 

al. 1992b, Tidwell et al. 1998). 

Shadow in a pond may be perceived as shelter by M. 

rosenbergii. Karplus and Harpaz (1990) elucidated the 

relationship between prawn distribution and behavioral 

mechanisms governing it, under "field conditions". They 

recorded diurnal movement of and interactions between 27 male 

M. rosenbergii stocked in a 132-m2 pond (0.20 prawns/m2) . 

During the day, prawns restricted 90% of their movements to 

shadowed areas of the pond (10% of the available surface 

area), and changed position as the sun changed angles. 

Aggressive interactions between prawns took place in the 

mornings as prawns "jockeyed for position" within newly 

created areas of shadow. Antagonistic interactions ceased 

upon the establishment of a dominance hierarchy based on claw 

and body size. 

Karplus and Harpaz (1990) implied that, at least under 

clear water conditions, prawns restrict their activities to 

shadowed areas. It is therefore possible that competition for 

limited shelter (shadow), could have a negative effect on 

growth rates and survival in the culture situation. In 

addition, restriction of activities to areas of shadow makes 

most of the pond unavailable for foraging during the day, 

again possibly negatively affecting growth rates. 
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Karplus and Harpaz (1990) focused on the behavior of prawns 

in a "semi-natural" setting. I investigated the distribution 

of adult and juvenile prawns in relation to shadow under 

culture conditions. 

Materials and Methods 

On June 11, 1997, 2,000 Arizona spawned 0.3g juvenile 

Macrobrachium rosenhergii were stocked into a 125-foot long, 

20 foot wide, 3.5 foot deep (38.46 m x 6.15 m x 1.08 m) 

plastic lined raceway at Sweetwater Systems on the Gila River 

Indian Reservation near Phoenix, Arizona. The raceway 

contained no shelter other than areas of shadow. Water in the 

raceway had high Total Dissolved Solids (TDS) and originated 

from a low grade geothermal well (Table 5.1). Water in the 

raceway was changed weekly. 

The raceway had a direct east west alignment (Figure 5.1). 

Near noon in mid September, the entire raceway bottom was 

fully illuminated except for an area of shadow (10% of bottom 

area) approximately 2 feet (0.66 m) wide extending north from 

the south wall (Figure 5.1). Six 1 ft x 3 ft (0.31 m x 0.92 

m) quadrats were established at the 10ft (3.05 m), 30ft (9.14 

m) , 50ft (15.24 m) , 70ft (21.34 m) , 90ft (27.43 m), and 

110ft (33.53 m) intervals along the raceway. The quadrats 
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were numbered 1 through 12 beginning with the first quadrat 

on the south-east side of the raceway and ending with 12 on 

the north-east side of the raceway (Figure 5.1). 

7  8  9  1 0  1 1  1 2  

6  5  4  3  2  1  

Figure 5.1 Diagram of raceway showing quadrat locations. 

The raceway bottom was normally obscured by phytoplankton. 

However phytoplankton periodically cleared if prawns were not 

fed or if new water was continuously pumped into the raceway 

for at least the previous 24-hours. 

I established a baseline for size distribution and numbers 

of prawns within the raceway two days before making 

observations relative to use of shadow. About 90% of the 

total number of prawns in the raceway were harvested (13 kg). 

I took four random samples from the prawns captured. Prawns 

were individually weighed to the nearest 0.Ig with a Acculab 

V-333 electronic scale. 



81 

Prawns averaged 8.82g ± 4.31g (N = 135). The largest prawn 

sampled was a blue claw male (22.6g) . The smallest prawn was 

either a "runt" male or a female (3g). I classified small 

prawns as those < 5 grams, medium prawns were 5 to 13 grams 

and large prawns were > 13 grams (approximately ± one 

standard deviation from the mean). There were about 1,600 

prawns in the raceway, 81% of the number initially stocked. 

Table 5.1 Prawn size distribution within random samples in a 
culture raceway in Arizona. 

Sample Number Prawns sizes 
Small Medium Large Total 

1. 4 16 6 26 
2. 8 22 3 33 
3. 7 25 6 38 
4 . 10 25 3 38 

Total= 29 88 18 135 
Mean = 7 .25 22 4 .50 33.75 
Sd 2 .50 4 .24 1.73 5.58 

population* = 21 65 13 
* Statistical definition 

The influence of shadow on the distribution of prawns 

within the raceway was judged by visually counting the number 

of prawns within the quadrats over a 2-hour observation 

period. Significant differences between the mean number of 

prawns in the lighted and shadowed quadrats was determined by 

one-way ANOVA. 

Differences between the distribution of various sizes of 

prawns in the shadowed and lighted quadrats was determined by 
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a Chi-square (X^) test (Little and Hills 1978) . The expected 

distribution of different sized prawns was generated from the 

prawn size distribution obtained in initial samples (Table 

5.1) . 

Results 

Clear observation of prawns in the raceway was possible 

only near noon when the sun was high in the sky. During that 

period, it was possible to observe the distribution and size 

of prawns on the raceway bottom as well as those in a 

vertical plane along the quadrats. 

Prawn Distribution within the Raceway 

An average of 7 + 2.5 3 prawns were found in shaded quadrats 

1 through 6. Very few prawns were seen in unshaded quadrats 7 

through 12 (Table 5.2a) . About 875 prawns or 54% of the 

statistical population were in the areas of shadow that 

covered 10% of the bottom area. 
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Table 5.2a. Number of prawns in quadrats 1 through 12. 

Total Mean 

Prawns in Shadow 11 4 8 6 8 5 42 7.00 

Prawns in Light 0 2 0 4 0 0 1.00 

48 4.00 

Table 5.2bOne-way ANOVA comparing numbers of prawns 
found in light to numbers of prawns found in 
shadow. 

Source Degrees of Sum of Mean 
of Freedom Squares Squares Observed F Required F 
Variation df SS MS 10% 5% 1% 

Total 11 154 23.48 3.29 4.96 10.04 

Treatment 1 108 108 

Error 10 46 4.60 

There were significantly more prawns (p<0 .1) (ANOVA) in 

shadowed quadrats (Table 5. 2b) . 

Size Distribution of Prawns within areas of Shadow 

Large prawns made up about 13% (sd=±5%) of the total prawn 

population (Table 5.1) . The estimated number of large prawns 

was 211 + 81. The estimated number of large prawns within 

shadow was 333 ± 151 suggesting that up to 100% of the large 

prawns in the raceway were in shadow. Though the two 

estimates were different, they fell within 1 standard 

deviation. 
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Figure 5.2 Size distribution of prawns in population (sample) compared 
with the size distribution of the prawns residing in shadow 
(Shadow). 

Table 5.3 Distribution of Prawns within shadowed quadrats 

Quadrate Number of Prawns within Shadow 
Number Small Medium Large Total Mean Sd 

1. 4 4 3 11 3.67 0.58 
2 . 1 1 2 4 1.33 0.58 
3 . 1 2 5 8 2.67 2.08 
4. 2 2 2 6 2.00 0 
5. 4 2 2 8 2.67 1.15 
6. 2 1 2 5 1.67 0.58 

Total = 14 (8.82) 12 (27. 3) 16 (5.46) 42 14 2.00 
Mean = 2.33 2 2.67 7 
Sd = 1.37 1.10 1.21 2.53 
% 

= 
33 29 38 

Total = Actual number of prawns seen within quadrats . 
Mean = The mean number of prawns within each quadrat. 
Sd = 

Standard deviation from the mean. 
0 

= Expected numbers based on results of random samples 
% 

= 
Percent of the population (statistical definition) within 
shadow. 
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Of all prawns in shadow, 33% were small, 29% medium and 38% 

large (Table 5.3, Figure 5.2). There was a highly significant 

relationship between size and the number of prawns (p<0.001) 

within shadow (Figure 5.2, Table 5.3). There were more large 

prawns and fewer medium sized prawns in the area of shadow 

than expected (Table 5.3). 

Vertical Distribution within Shadow 

Prawn distribution within the shadow was hierarchical. 

Large prawns were always found on the bottom of the raceway, 

at or near the intersection of the raceway wall and floor. 

Medium sized prawns were generally (90%) found clinging to 

the raceway wall directly above the large prawns. No large 

prawns were observed on a vertical surface. The smallest 

prawns were on the vertical wall above the medium sized 

prawns. On only one occasion, medium and small prawns 

occupied the bottom of the raceway. Again the distribution 

was hierarchical, the largest prawns occupying space next to 

the wall, medium sized prawns closer to the edge of the 

shadow than the large prawns, and small prawns near the 

light/shadow boundary. Prawns moved slowly and, appeared to 

graze on periphyton growing on the bottom and sides of the 

raceway within areas of shadow. 
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Discussion 

Shaded areas near or on vertical substrate appeared to be 

preferred by prawns. The size distribution of prawns suggests 

that large prawns may exclude medium sized prawns from areas 

of shadow. 

Large numbers of medium sized animals could potentially 

compete with larger animals for food or space. Exclusion of 

medium sized prawns from areas with the largest concentration 

of food or the most desirable habitat would free these 

resources for larger animals; thereby increasing growth and 

survival. Small prawns could compete with large animals for 

food and space. However, small prawns probably take different 

sized food than large prawns. Excluding medium sized prawns 

might be more energy efficient than allowing them to remain, 

if food overlap was high between medium and large prawns. 

In times of plenty, competition for food between small and 

large prawns may be insignificant. In lean times however, 

small prawns could become a food source for larger animals 

(Karplus et al. 1992a,b). Attacking and eating a small prawn 

likely is of far less risk than preying on a prawn more near 

the size of the attacker. 

Competition for limited shelter (shadow) might increase the 

frequency of aggressive interactions and thereby inhibit 
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growth (Karplus et al. 1992a,b). Provision of additional 

areas of shadow might reduce the frequency of aggressive 

interactions and increase growth rates, carrying capacity, 

and yields. 

Prawn culture typically occurs in open ponds, 1.2 meters 

deep with no shelter. Submerged plants which could provide 

shading or vertical structure for prawns normally are not 

allowed to grow because plants interfere with harvesting. At 

most, there may be some overhanging and emergent vegetation 

around the perimeter of ponds (Sandifer and Smith 1985, New 

1990, D'Abramo et al. 1995a,b, Tidwell 1998). The simplest 

means to increase the amount of shadow but maintain current 

culture techniques would be to deepen ponds. The deeper the 

water, the less light reaches the pond bottom. 

M. rosenbergii are known to prefer turbid water (Sandifer 

and Smith 1985, New 1990). They also display crepuscular 

feeding activity (Peebles 1979a,b, Karplus and Harpaz 1990). 

As well as decreasing competition for preferred habitat, 

lower light intensity at the bottom of a deeper pond might 

stimulate prawns to feed actively during daytime. Under the 

conditions of this experiment, a large percentage of the 

population utilized a very small percentage (10%) of the 

available raceway (pond) bottom during the day. Increasing 
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the percentage of the bottom area used could increase 

carrying capacity and yields. 

Stratification and low bottom dissolved oxygen (D,0.) are 

problems encountered in managing deep water ponds. The deeper 

the water, the greater the possibility that wind patterns on 

a normal day could not maintain oxygen within required 

ranges. Thermal stratification could lead to anoxic 

conditions on the pond bottom, and cause mortality among 

benthic dwelling prawns (Cole 1988). Bottom aeration both 

oxygenates water at the pond bottom and mixes oxygen 

throughout the pond. However, air pumps capable of pushing 

air to the bottom of a deep pond are expensive to run and 

could increase operating costs. Increasing the depth of ponds 

or using other means to create shadow such as overhangs, 

phytoplankton blooms or floating macrophytes (water hyacinth 

or duckweed), could allow prawns to use a greater volume of a 

ponds bottom. 

Tidwell (1998) found that the pounds of prawns harvested 

was directly proportional to the amount of substrate 

(shelters and netting) that is added to a pond. Adding 20% 

additional substrate to a pond resulted in yields 20% above 

the baseline. Prawns in Tidwell's study may have been 

attracted to the shadow created by the added substrate as 

well as the physical shelter the substrate provided. 
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Classic methods of growing prawns focus more on the 

convenience of farmers than on the needs of the animal. A 

more sophisticated understanding of prawn behavior could lead 

to the development of culture methods that would more closely 

mimic optimal habitats. Providing prawns with better habitat 

would likely result in increased yields and profitability. 
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CHAPTER 6. LARVAL HATCH FECUNDITY 

Int roduct ion 

From fall 1996 through spring 1998, I studied whether the 

physical conditions for prawn culture occur within specified 

regions of Arizona and how to adapt or develop technology to 

make culture of Macrobrachium larvae possible in Arizona and 

similar arid areas. 

A dependable and inexpensive supply of seed stock would be 

needed to support a Macrobrachium rosenbergii industry in 

Arizona (Aquacop 1977a,b, Chaves and Ochoa 1983, New 1990, 

Daniels et al. 1992, Benetti et al. 1995, D'Abramo et al. 

1995, Montanez et al. 1992, Wynne 1996). There are currently 

few major Macrobrachium hatcheries in the continental U.S. 

(Ac[uaculture Magazine 1996) . Lack of available seed could 

cause shortages if there were a sudden increase in demand for 

postlarvae (Landkamer 1994, Benetti et al. 1995, Wynn 1996) . 

Therefore a local seed source must be developed if there is 

to be an Arizona prawn industry. 

An important step in developing a local seed source is the 

local spawning of brood stock (Benetti et al. 1995). An 

important measure of spawning success is fecundity. In 

Macrobrachium, fecundity is a linear function of female body 
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weight (Malecha 1983, Daniels et al. 1992) . Larval Hatch 

Fecundity (LHF) is defined as the number of larvae released 

from the egg mass following incubation (Malecha 1983). There 

are two reported values in the literature for average LHF, 

New and Singholka (1982), reported 1,000 larvae per gram of 

female prawn weight. However, Malecha (1983) reported 405 

larvae per gram. 

The purpose of my study was to determine if locally hatched 

and reared Macrobrachium postlarvae could be raised to sexual 

maturity and spawned. This study would also determine how 

fecund these prawns were in comparison to known stocks. 

Materials and methods 

On June 11, 1997, 2,000 juvenile ( 0.3 gram) Macrobrachium 

rosenbergii that had been hatched and incubated locally, were 

stocked into a 125 ft long, 20 foot wide, 3.5 foot deep 

(38.46 m X 6.15 m x 1.08 m) plastic lined raceway at 

Sweetwater Systems on the Gila River Indian Community near 

Phoenix Arizona. The raceway contained no substrate. The 

water was high in Total Dissolved Solids (TDS) (Appendix 6.1) 

and was obtained from a low grade geothermal (80oF/27oC) well. 

Water in the raceway was changed each week. 
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Prawns were fed a 32% protein floating tilapia feed daily 

at a rate of 3% of their estimated body weight. Temperature, 

ammonia, nitrite, nitrate and pH were measured weekly. 

Periodically (August 16, 1997, September 16, 1997 and March 

13, 1998), a sample of prawns was trapped to determine 

reproductive readiness of the females. Berried females were 

captured counted and returned to the raceway. In addition, 

readiness to spawn of non berried females was determined by 

the observation of ripe (orange) ovaries through the 

cephalothorax (New and Singholka 1983). Females with dark 

ready to hatch eggs captured in March 13, 19 98 were counted, 

weighed and individually isolated in 10 gallon (37 liter) 

tanks until their eggs hatched. 

Newly hatched larvae from six female prawns were tested for 

viability. Viable larvae were defined as those attracted to a 

light source. Larvae not attracted to the light were 

considered non-viable. Larvae were counted volumetrically as 

described by New (1992) (See Chapter 4). During counting, 

larvae were also examined for gross physical abnormalities 

including, aberrant body form or missing limbs. 

Larval Hatch Fecundity as defined by Malecha (1983) is the 

number of larvae hatched divided by the after hatching mass 

of the female M. rosenbergii measured in grams. The Larval 

Hatch Fecundity (LHF) value for each individual prawn was 
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determined. The LHF value for this stock of prawns was 

defined as the average of the individual LHF values from the 

reproductive females. 

One-way ANOVAs (Little and Hills 1978) were used to 

determine if there was a difference between the LHF values 

recorded for the prawns hatched in Arizona and LHF values 

reported for stocks used to support M. rosenbergil industries 

(New and Singholka 1982, Malecha 1983). 

Larvae were stocked in an incubator. Beginning at stage 2, 

larvae were fed. ad libitum newly hatched brine shrimp 

nauplii. One half hour after feeding, five samples of 10 

prawn larvae were harvested and examined under a dissecting 

microscope to determine if brine shrimp had been consumed 

(Daniels et al. 1992). 

Results 

The first berried female was captured in mid July, 1997. 

Between August 1997 and March 1998, three samples of prawns 

were examined for sexual maturity and reproductive state. 
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Table 6.1 Percentage of immature females, berried females and females 
with ripe ovaries in prawn samples. 

August 16, 1997 September 16, 1997 March 13, 1998 

% Berried 22 43 28 

% Ripe 38 39 58 

% Mature 11 11 12 

% Immature 30 7 2 

Of the sample captured in August 1997, 60% displayed either 

ripe ovaries indicating a readiness to spawn or were berried. 

In September 1997 the number berried or with ripe ovaries 

increased to 82% and to 86% in March of 1998 (Table 6.1) . 

In the final sample captured on March 13 1998, the sex 

ratio was 52:48. The average weight of berried females was 

18.51 grams ±4.03 grams. The largest gravid female was 26.8 

grams and the smallest was 13.6 grams. 

Table 6.2 Larval Hatch Fecundity (LHF) of Macrobrachium rosenbergii 
hatched in Arizona compared to LHF predictions of New and 
Singholka (1982) and Malecha (1983) 

Wt after Larvae Larvae/g Malecha New and Singholka 
Hatching Recovered Actual Predicted Predicted 

13.6g 3,291 211 405 1, 000 

22.4g 8, 600 384 405 1,000 

17 .6g 4, 434 252 405 1, 000 

11. 6q 5. 522 476 405 1,000 

17.5g 7, 496 428 405 1, 000 

21 .Oa 17.17? 827 405 

cj o
 
O
 

17.62 i 3.86 7,786 ± 5,083 430 ± 220 405 1,000 
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The average number of viable larvae per female was 430 per 

gram of body weight ± 220 gram. There was no significant 

difference between the LHF value for prawns hatched in 

Arizona and LHF value predicted by Malecha (1983) (p>0.10), 

but the results were significantly different from the LHF 

values predicted by New and Singholka (1982) (p<0.01) (Table 

6.2, Appendices 6.2, 6.3). 

Nearly 100% of the larvae from each hatch were viable, 

(i.e., moved toward light). Microscopic examination revealed 

no abnormalities. Larvae appeared healthy and swam 

vigorously. 

Upon metamorphosis to stage 2 (two days after hatch), and 

one half hour after adding brine shrimp nauplii to the tank, 

nauplii could be seen in the guts of 47 of 50 larvae (94%), 

Discussion 

The large percentage of prawns with berries or ripe ovaries 

suggests that M. rosenhergii will spawn readily under the 

test conditions (high light, no substrate and high TDS) (see 

Table 6.2). The LHF values were nearly the same as those 

reported by Malecha (1983) but significantly lower than those 

reported by New and Singholka (1982) . Stock specific genetic 

differences are one possible explanation for the differences. 
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M. rosenbergii is widely disbursed across the Indo-Pacific 

(Malecha 1983, Sandifer and Smith 1985) . Malecha (1983) 

discusses four different cultured stocks: Anuenue (Hawaii), 

Australian A, Australian B, and Palau. Each stock had a 

different larval development rate suggesting the possibility 

of genetic divergence. Given the differences in developmental 

rates, growth and food conversion rates, perhaps larval 

hatching fecundity may also differ. The literature and 

communications with prawn producers suggest the parental 

prawns used in my study probably originated with Anuenue 

stock from Hawaii, the same stock used by Malecha (Malecha 

1983, Sandifer and Smith, 1985, Craig Upstrom, owner 

Aquaculture of Texas, Personal Communication). Origination 

from the same stock could account for the similarities in 

LHF. The Anuenue stock had its genesis in Malaysia (Sandifer 

and Smith, 1985). 

A second possibility accounting for differences and 

similarities in larval development rates and LHF are regional 

culture conditions. Growth rates, survival and other 

biological factors can be affected by how the animals are 

cultured. Placing genetically similar animals under similar 

conditions will likely produce similar results. If the 

growout conditions and spawning conditions provided by 
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Malecha (1983) were similar to those in my study, then 

similar results could be expected. 

The source of the stock used by New and Singholka (1982) is 

unknown. However the work was performed in Thailand where M. 

rosenbergii is native. The high LHF value reported for this 

stock (New and Singholka 1982) suggests that it would be 

advantageous to assess the performance of additional stocks 

under Arizona conditions. 

Individual fecundity was highly variable both in my study 

and Malecha's (1983). Malecha (1983) discusses an 

approximately 10% difference in LHF between prawns spawned in 

tanks (450 larvae/g) compared to those spawned in ponds (405 

larvae/gram). He attributes this difference to epizootics 

causing greater egg mortality rate in ponds (Malecha 1983). I 

suggest variations in individual fecundity can also result 

from handling or interaction stress. Capture is stressful for 

prawns. Prawns tend to use a series of rapid tail flips to 

escape from a seine or to avoid aggressive interactions with 

other prawns. These avoidance behaviors tend to dislodge eggs 

(G. Brooks, Personal Observation). It is likely that capture 

as well as the number of intraspecies aggressive interactions 

the prawn experiences will directly affect the number of eggs 

remaining attached to the female and available for hatch. 
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The results from this study suggest that prawns hatched and 

matured in Arizona spawn readily, are as fecund as most 

stocks from previous studies (Malecha 1983), and produce 

larvae that are viable up through stage 2. Although questions 

remain concerning the long term viability of the larvae, 

these data would suggest that development of a dependable 

source of Macrobrachium larvae is possible in inland arid 

areas such as Arizona. 



99 

CHAPTER 7. EVALUATION OF PROTOCOL AND CONCLUSIONS 

Introduction: 

The evaluation of criteria and protocols can be of two main 

types: 'formative' and 'summative'. During the formative 

phase, data is collected that enables the designer to improve 

the process, to ensure it achieves its full potential. The 

summative phase tests the success of the program, 

investigating the conditions that achieve best results, and 

providing costing models of usage (Turns et al. 1995, PLUM 

and TELL, 1996). 

Methods 

My preliminary formative evaluation had the goals of 1.) 

collecting data to guide the continued refinement of the "new 

species selection protocol"; 2.) collecting data to guide 

future efforts to integrate the protocol into the decision 

making process for arid lands aquaculture. Refining the 

protocol calls for information about its functionality and 

usability. Deciding how to integrate the protocol into the 

farming decision making process requires an understanding of 

at least two issues: the role the protocol should play in the 
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process and the context in which the protocol could be 

introduced. A constraint imposed on this evaluation was that 

it was the activity of an individual instead of the more 

traditional group approach (Turns et al. 1995, PLUM and TELL, 

1996). 

Results 

The first goal of evaluating the protocol (collecting data 

to guide the continued refinement of the "new species 

selection protocol") was satisfied by the data generated by 

addressing Objectives 1, 2 and 3 of this dissertation. 

Objective one determined that environmental conditions 

suitable for the culture of Af. rosenbergii do exist within a 

certain geographical region and that seasonal culture of the 

species may be possible if the constraints of pH, hardness, 

alkalinity and contaminants are managed. Objective two 

demonstrated that inland culture of M. rosenbergii was 

possible utilizing established technologies with minor 

modifications. Objective three showed that M. rosenbergii 

spawn readily in at least one location in the test region 

and are as fecund as known stocks from other portions of the 

world. 
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The protocol I used functioned as a tool to provide 

information on the potential of M. rosenbergii for culture in 

arid lands. In this case, the data obtained justifies 

proceeding to the remaining steps of the protocol namely grow 

out and market analysis. This data also suggest the protocol 

as tested, is functional and useful. However, there are 

several refinements that I would propose: 

Environmental Review 

This step was implemented a-priori as step number 2 of the 

protocol and objective 1 of this dissertation, Benettii et 

al. (1995) assumed that the conditions suitable for the 

culture of the target species existed within the chosen 

farming region. No opportunity was provided for a review of 

local environmental conditions to identify potential 

constraints to the aquaculture of the target species. 

The results of this dissertation suggest an environmental 

review and comparison can reveal potential constraints to 

culture that could otherwise remain hidden for years but 

eventually result in significant crop loss. For example, the 

environmental review in Chapter 2., revealed that water 

hardness and alkalinity levels tend to be high and variable. 

The prawn farmer now knows this is an issue to monitored and 
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managed. The ability to develop this a-priori knowledge 

suggests the addition of the step to determine if the 

physical conditions necessary for the culture of M. 

rosenbergii occur within Arizona was prudent and should be 

retained. 

Marketability of Local Product 

The first criteria used by Benetti et al. (1995) was to 

determine if a market was present. A market is a critical 

component that is often over looked. However, I added the 

additional step 6: "demonstrate that the locally produced 

prawns are marketable and have the potential for 

profitability" a-priori. Differing from step 1, step six 

focuses on the unique characteristics of locally produced 

product in comparison to product that may be imported from 

other regions. Steps one and six work synergistically by 

providing an overview of the market for the product and 

providing insight into what culture techniques may be 

necessary to meet the market needs. For example, in Arizona 

the established market for prawn tails is filled by imported 

product. Wild caught product and the year round growing 

season in the exporting nations makes large tails 

consistently available. With a shorter growing season, it may 
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or may not be possible to produce tails as large as the 

imports in some arid regions, including Arizona. A smaller 

tail may change the market dynamics. Conversely, the need for 

a larger tail could stimulate the necessary research to 

develop this product. I also suggest this step be retained. 

Disease Risk 

I also propose the addition of a step to identify potential 

diseases. The history of marine shrimp farming shows that 

disease can progressively and unexpectedly devastate an 

industry. It would be advisable to determine if possible, 

what diseases may be present within a species and to 

understand their potential effect. 

Strategic Plan 

My final modification is the requirement for a strategic 

plan. The purpose of the strategic plan is to describe a 

realistic, achievable strategy for the aquaculture of the new 

species under review. The protocol as tested implies a 

strategic plan will be developed at the end of the process. 

However, though the protocol coherently establishes many of 
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the necessary components for such a plan, it does not require 

the development of the plan itself. 

Flexibility must be allowed in how such a protocol may be 

executed. Steps 2 through six may be interchanged as specific 

circumstance demands. However it always is advisable to first 

determine if there is a market for the product. 

The adequacy of any data set is totally dependent on the 

rigor of the procedure and the skill of the researcher. 

However, assuming these factors to be satisfactory, the 

protocol as modified should provide information necessary for 

an accurate decision of whether to culture an aquatic 

species. 

Data satisfying the needs of goal number two was provided 

by an analysis of the research results. The data suggest that 

the protocol could be used as a primary decision making tool 

before a species is introduced into a new area for 

aquaculture. The protocol forces the user to discern hidden 

constraints (hardness) and perhaps reveal cloaked 

opportunities. In that context it could be used to review the 

potential for culture and current management strategies for 

species that are already cultured within a given region. 
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Discussion 

The scope of this dissertation did not address the complete 

protocol for introducing a new culture species. However, the 

data that were gathered strongly suggest M. rosenbergii does 

have potential for culture in arid areas. Additional research 

is necessary to determine if the species is cost effective to 

produce and if the resulting product could be sold. 

Coastal farmers across several economic levels have been 

able to take advantage of the shrimp aquaculture boom (Gujja 

and Finger-Stich 1996, Boyd and Clark 1998) . However, inland 

farmers have generally been excluded from participation by 

the absence of a ready supply of seed (postlarvae), and the 

lack of suitable physical conditions and appropriate inland 

culture methods. The results of this dissertation suggest 

these exclusionary factors can be eliminated, increasing the 

potential for Macrobrachium rosenbergii to be a viable crop 

in inland regions. 

The strategic plan for integrating a prawn culture industry 

with irrigated agriculture would vary with geography and 

economics. For example, in developed nations such as the 

United States, most crops are seasonal with the greatest farm 

water use occurring in the summer months (Table 2.6). In one 

farm management model, seed production and marketing of row 
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crops are managed by someone other than the farmer. Companies 

staffed by agricultural scientists insure abundant high 

quality seed. Crops are pre-sold to processing plants or 

marketed through cooperatives. Crop financing is often 

provided by banks, cooperatives or processing plants or on 

occasion by cooperative programs with the State (Aquaculture 

News 1998a,b). Specialized crop production assistance is 

furnished by seed production and marketing organizations 

assisted by agricultural specialists from the U.S. Department 

of Agriculture Cooperative Extension Service. For the most 

part, the farmer is responsible only for crop production (Dr. 

Larry Jech, new crop specialist. University of Arizona 

Maricopa County Cooperative extension, personal 

communication). 

Separating production into several functional components 

could facilitate the development of prawn culture in inland 

areas. Production of seed would be one function (Aquaculture 

News 1998a,b). For the greatest efficiency, seed should be 

produced within a farming region to insure optimal 

performance under the conditions present within that area. 

Prawn growout would be a separate function and would be the 

responsibility of the farmer. Marketing would be the third 

function. There are several options concerning the marketing 

approach used. A live market could be developed similar to 
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existing markets for lobster (Homarus americanus) , crayfish 

[Procambarus clarkii), wild caught marine spot prawns 

(Pandalus platyceros) and M. rosenbergii in Toronto Canada 

(Seafood Leader 1998, Dr. J. Tidwell, Kentucky State 

University, Personal Communication). The premium prices paid 

for live product could allow marketing companies to develop 

processing capacities and stimulate farmers to expand prawn 

production. Increase production would lead to more efficient 

procedures and perhaps expansion into additional crop lines. 

Development and supply of feed for prawns would also be a 

separate function. Feed purchases could be cooperative 

ventures between regionally associated farms. 

A prawn culture industry could be of importance to farmers 

in the United States. In Arizona alone there are more than 

600,000 hectares (1.5 million acres) of irrigated land within 

a region warm enough to allow the culture of prawns for at 

least 6 months out of the year (Dr. L. Jech, new crop 

specialist. University of Arizona Cooperative Extension, 

personal communication. Mr. Kevin Fitzimmons, Aquaculture 

Specialist, University of Arizona Cooperative Extension, 

Personal Communication, Dr. O. Eugene Maughn, Leader 

University of Arizona Fish and Wildlife Cooperative Fisheries 

Unit, Personal Communication) . The dedication of only 5% of 

this land to prawn production (75,000 acres/30,000 ha) could 
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increase the annual continental United States shrimp (prawn) 

production by 75 million pounds (34 million kilograms) . 

Similar conditions occur in southern California, Texas, and 

New Mexico. In addition, temperature data suggest 

opportunities for inland prawn farming exist across the fish 

farming regions of the southern United States as far north as 

Kentucky (Sandifer and Smith 1985, D'Abramo et al. 1995a, 

Acfuaculture News 1996a, Wynne 1996, Aquaculture News 1998a) . 

The development of a prawn industry in inland areas of 

developing nations would be more problematic than developing 

the industry in the United States. Macrobrachium species are 

distributed world wide but, so far, only M. rosenbergii has 

demonstrated the combination of growth and physical 

characteristics necessary to make a successful aquaculture 

product (Sandifer and Smith 1985). Wild spawned postlarvae 

could be used as seed within the native range of M. 

rosenbergii. Farmers outside the native range of M. 

rosenbergii would need to develop hatcheries for producing 

seed (postlarvae) . One design for such a hatchery is provided 

by this dissertation. 

One model for developing an integrated aquaculture with 

agriculture industry in developing nations would to employ 

the polyculture of Tilapia sp. with prawns. Tilapia and 

Macrobrachium can be cultured using low input, low cost 
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feeding techniques such as pond fertilization and the use of 

alternative feeds (Hepher and Pruginin 1982, Aquaculture News 

1996b). These techniques reduce the need for expensive 

prepared feeds. Tilapia would provide an inexpensive high 

protein food source for the local human population while 

prawns would generate export dollars. The perishable nature 

of prawn meat would require the development of regional 

processing/freezing plants. The cost of these plants would 

probably recjuire outside financing. If these hurdles can be 

overcome, prawn/Tilapia farming could stimulate economic 

development as well as supplement local food reserves in 

inland arid areas of developing countries. 

Attempting to culture a species without a careful analysis 

of its potential can considerably reduce the chance for 

success. As a case in point, in the late 1970's and early 

1980's Arizona farmers recognized the potential for using 

Tilapia for food production and for the biological control of 

weeds (Barrett 1983, Fitzsimmons 1988, Brooks 1989) . The 

relatively abundant supplies of geothermal ground water that 

was already being used for irrigation seemed well suited to 

rearing Tilapia. However, no analysis was performed to 

examine all aspects of product development. 

There has been little growth in the Arizona Tilapia 

industry over the past 20 years. Currently most of the 
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Tilapia sold in Arizona is imported from foreign sources 

(Seafood Leader 1988). Arizona farms produce less than 

500,000 pounds annually, most of which is dedicated to live 

markets and for the biological control of weeds in irrigation 

systems (Fitzsimmons 1996, William Steinke owner Sweetwater 

Systems, personal communication). The likely reasons for the 

slow development of the Arizona Tilapia industry could have 

been elucidated a-priori and perhaps mitigated if an 

evaluation protocol had been followed. The following 

hypothetical scenario is used as an example: a step 1 

marketing study may have determined that tilapia was an 

acceptable perhaps even a desired product but only if 

processed into 7oz (200 g) fillets. The filet ratio for 

Tilapia is approximately 34% of whole body weight and there 

are two filets per fish (John Oliva, Manager Sweetwater 

Farms, Personal Communication). Thus a whole fish weight of 

41 oz (2.5 lbs/ 1.14kg) is required to produce two 7 oz 

filets. 

An environmental analysis (step 2) would have determined 

that within the region studied by this dissertation, the 

growing season for Tilapia would be between 6 and 9 months 

unless geothermal water is used (Chapter 2). Though it is 

possible to grow a Tilapia to 2.5 lbs, they will likely not 

reach that weight within the 6 to 9 month growing season 
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(Hepher and Pruginin 1982, D'Silva and Maughan 1995, 1996). 

With this information, the farmer could use the remaining 

steps of the protocol to determine whether it was best to 

attempt to modify farming techniques so the Tilapia could be 

overwintered and grown to the needed weight of 2.5 lbs, or to 

seek a market requiring the size of fish that can be grown in 

the available time period. 

In conclusion, the established demand for prawn tails and 

preliminary research described in this dissertation, suggest 

there is potential for Macrobrachium rosenbergii culture in 

some arid lands. Considerable research however, is necessary 

to overcome identified and potential constraints before a 

viable industry can be developed. 

The evaluation protocol as demonstrated may be a useful 

vehicle for determining the potential for culture of an 

aquatic species. A complete formative analysis by a 

controlled peer group is now necessary to provide final 

refinements to the process. This analysis must be followed by 

a summative analysis of field tests of the protocol to 

determine the best means to utilize it. 
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Appendix 2.1 

Organic 

A partial list of organic and inorganic 
compounds potentially contaminating central 
Arizona irrigation water(Salt River Project 
1996, King et al. 1997) . 

Inorganic 

Bromodichloromethane 
Benzene 
Bromoform 
Chloroethane 
Chloroform 
C-1,2-Dichloroethane 
Chloromethane 
Dibromochloromethane 
DBCP 
Dichlorodifluoromethane 
M,P-Xylenes 
Methyltert-butylether 
1,1,2-Trichloroethane 
Trichlorofluoromethane 
Tetrachloroethane 
Xylenes 
TTHM 
1,1-Dichloroethane 
1.1-Dichloromethane 
1,1,1-Trichloroethane 
1.2-Dichloroethane 
1,2-Dichlorobenzene 
1.2-Dichloropropane 
1.3-Dichlorobenzene 
1.4-Dichlorobenzene 

Silver 
Aluminum 
Arsenic 
Barium 
Cadmium 
Chromium 
Copper 
Iron 
Mercury 
Manganese 
Nickel 
Lead 
Selenium 
Zinc 
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Appendix 3.1 Daily larval stage (index) calculations. 

Day Percents Index 
0 1 1 
1 ( . 9 X 1) + ( .1 X 2) = 1.1 
2 (.6 x 2) + ( .4 X 1) = 1.6 
3 (.9 X 2) + ( .1 X 3) = 2.1 
4 (.5 X 2) + ( . 5 X 3) = 2.5 
5 ( .9 X 3) + ( .1 X 2) = 2.9 
6 (.2 X 4) + ( .8 X 3) = 3.2 
7 (.2 X 5) + ( .7 X 4) + ( . 1 X 3) = 4.1 
8 (.7 X 5) + ( . 3 X 4) = 4.7 
9 ( .8 X 5) + ( .1 X 4) + ( . 1 X 6) = 5.0 
10 ( .4 X 6) + ( . 6 X 5) = 5.4 
11 ( .2 X 7) + ( .8 X 6) = 6.2 
12 7 = 7 
13 ( .5 X 7) + ( . 5 X 8) = 7.5 
14 ( .8 X 8) + ( . 1 X 7) + ( . 1 X 6) = 7.7 
15 ( . 1 X 9) + ( .9 X 8) = 8.1 
16 ( .4 X 9) + ( . 6 X 8) = 8.4 
17 ( . 1 X 10 + ( . 8 X 9) (.1 X 8) = 9 
18 ( .3 X 10 + ( . 7 X 8) = 8.6 
19 ( .2 X 11 + ( . 6 X 10) + (.2 X 9) = 10 
20 ( .4 X 11 + ( . 5 X 10) + (.1 X 9) = 10.3 
21 ( . 6 X 11 + ( . 3 X 10) + (.1 X 9) = 10.5 
22 ( . 6 X 11 + ( .4 X 10) = 10. 6 
23 ( .7 X 11 + ( . 2 X 10) + (.1 X 9) = 10.6 
24 ( .7 X 11 + ( . 2 X 10) + ( .1 X 12) = 10.9 
25 ( .7 X 11 + (.3 X 10) = 10.7 
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Appendix 3.2 Larval stage as a function of days since hatch 
in several studies. 

Days Brooks Uno WAMRL D'Abramo et al. 
from hatch and Soo 1995 

0 1 1 1 
1 1.1 1 
2 1.6 2 2 1.5 
3 2.1 1.8 
4 2.5 3 3.2 2.2 
5 2.9 2.7 
6 3.2 3.2 
7 4 .1 4 4.4 4 
8 4.7 4.8 
9 5.0 5.4 
10 5.4 5 5.7 5.6 
11 6.2 6.4 
12 7 6.9 
13 7.5 7.2 
14 7.7 7 7.4 7.9 
15 8.1 8.3 
16 8.4 8.9 
17 9 7 7.4 9.1 
18 8.6 9.6 
19 10 9.8 
20 10.3 8 8 . 1 
21 10.5 
22 10. 6 
23 10. 6 
24 10. 9 9 00

 
00
 

25 10.7 
28 10 8 . 9 
31 11 8.9 
34 9.8 
39 11. 9 
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Appendix 4.1 Rate of larval development as a function of days 
since hatching: Spring 1997 

Day Larval state index calculation Index 
0 1 1 
1 (.7 X 1) + (.3 X 2) = 1.3 
7 (.4 X 5) + (.6 X 4) = 4.4 
14 (.3 X 7) + (.4 X 8) + ( . 3 X 9) = 8.0 
21 (.9 X 11) + (.1 X 12) = 11.10 
23 (.3 X 12) + (.6 X 11) + ( . 1 X 10) 11.20 
24 (.4 X 12) + (.6 X 11) 11.40* 
25 (.6 X 12) + (.3 X 11) + . 1 X 10) 11.50* 

* Reflects relative change in stage frequency resulting 
from all stage 12 postlarvae being harvested from the 
day before. 

Appendix 4.2 Larval development in three studies: Fall, 
1996 pilot; Spring 1997 scale up and D'Abramo 
et al.l995. 

Days Fall 1996 Spring 1997 D'Abramo et al 
from hatch 
0 1 1 
1 1.1 1.3 1 
7 4.1 4.4 4.0 
14 7.7 8.0 7.9 
21 10.5 11.10 
23 10.6 11.20 
24 10.9 11.40 
25 10.7 11.50 
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Appendix 6.1 Analysis of well water from Sweetwater Systems. 

Parameter Analysis date Result Unit 

Arsenic 2/12/97 <0.005 mg/L 
Barium 2/11/97 0.06 mg/L 
Cadmium 2/13/97 <0.005 mg/L 
Chromium 2/14/97 <0.01 mg/L 
Fluoride 2/11/97 0.7 mg/L 
Mercury 2/18/97 <0.0002 mg/L 
Nitrate + 
Nitrite-N 2/13/97 7.44 mg/L as N 
Selenium 2/12/97 <0.005 mg/L 
Alkalinity 2/18/97 182.00 mg/L as 

CaCOs 
Calcium 2/18/97 370.00 mg/L 
Chloride 2/18/97 971.00 mg/L 
Copper 2/12/97 <0.01 mg/L 
Total hardness 2/18/97 1,390.00 mg/L as 

CaC03 
Iron 2/12/97 <0.01 mg/L 
Lead 2/18/97 <0.005 mg/L 
Magnesium 2/18/97 114.00 mg/L 
Manganese 2/12/97 <0.01 mg/L 
pH 2/06/97 7 .1 
Silver 2/13/97 <0 .01 mg/L 
Sodium 2/18/97 350.00 mg/L 
Sulfate 2/14/97 725.00 mg/L 
TDS 2/10/97 3,670.00 mg/L 
Zinc 2/12/97 <0.01 mg/L 
Temp 6/11/97 79 F 

Note: The chemical content of well water normally does 
not change over time. 
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Appendix 6.2 One-way ANOVA for LHF values comparing results 
of this study to the LHF value predicted by 
Malecha (1983) 

Source Degrees of Sums of Mean 
of Freedom Squares Scjuare Observed Required F 
Variation df SS MS F 10% 5% 1% 
Total 11 243,314.67 
Treatment 1 1,825.33 1,825.33 0.08 3.29 4.96 10.04 
Error 10 241,489.34 24,148.93 

Appendix 6.3 One-way ANOVA for LHF values comparing results 
of this study to the LHF value predicted by New 
and Sinqholka (1982) 

Source 
of 
Variation 

Degrees 
Freedom 
df 

of Suras of Mean 
Scjuares Square Observed Required F 
SS MS F 10% 5% 1% 

Total 11 1,217,329.67 
Treatment 1 975,840.33 975,840.33 0.08 3.29 4.96 10 .04 
Error 10 241,489.34 24,148.93 
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