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211(d) Annual Report 
Date December 2, 1974 

Title: 	To Strengthen Specialized Competency in Aquaculture, Specifically 
the International Center for Aquaculture 

Grantee: International Center for Aquaculture 
Auburn University, Auburn, Alabama 

Director: Dr. E.W. Shell 

A. Statistical Summary: 

Period of Grant: June 25, 1970 to Jun 30, 1975 Amount of Grant $800, 000 
Expenditures for Report Year $188,412. 06 Accumulated $629,567.82 

Anticipated for next year $170,432.18 

B. Narative Summary: 

Grant funds were utilized to purchase 48.4. min-months of academic 
staff time, 29. 0 man-months of secretarial time, 22.4 man,-months 
of graduate research assistant time and 47. 9 man-mnonths of field labor. 
The academic staff and support personnel produced 13 major scientific 
papers. They also conducted research on seven extramural grant projects. 

Library acquisitions with grant funds included 273 books and 7 periodicals.
Seven of the grant-funded academic staff taught nine academic courses 
during the year. A total of 161 students (87 Americans and 74 foreign
students) were enrolled in these Seventeen studentscourses. (10 American 
and 7 foreign) were awarded graduate degrees during the year. Grant
funded staff served as major professors for nine of these graduates. 

Approximately 60 visitors came to the Center on business related to 
international development. The visitors from 15 different countries.came 
Special tours, demonstrations and seminars were arranged for several 
of them. A number of Peace Corps Volunteers visited the Center before 
going abroad to their assignments. 

Grant-funded staff participated in approximately 4. 5 man-months of 
international service activities over-seas during the year. They also 
provided 9.8 man-months of campus coordination and 3. 6 man-months 
of technical support for AID Mission-funded projects in Brazil, El Salvador, 
Panama and the Philippines. 

http:170,432.18
http:629,567.82


I. GCn0cLal IJ3acl-t'gotnclj 1d Purpose or the Gcantl
 

Aquactlure 
 is becoming increasingly imporltuit in de'veloping Countries 
as a ,heans of providing Increased quantities of the protein needed for more adequate 
"diets and as an important contribution to economic growth. It utilizes infertile 
lands aid runoff waters plus agricultural wastes and surpjiUSCS to intensively 
grow crops of high quality proteins in the form of fish aid other aquatic animals,. 
thus greatly increasing the ability of each CoMtry to supply the protein needed
 
by its 
own people. Aquaculture can be used to grow high qluality protein locally
 
where it is most needed, 
 thus reducing the cost of transportatioii, processing
 
and refrigeratio. 
 It also provides additional needed income and enlployinent
 

for farmers.
 

Auburn University has received worldwide recognition for its leadership
 
in warmwater fisheries generally and aquaculturc spccificall. The University
 
has committed itself to assist developing nations to increase their supplies
 
of high quality protein and improve their economic Nveil being through improved
 
methods of aquaculture. 
 No other American university presently has the cap

ability of providing this type of assistance. 

This Grant is being utilized by Auburn University to strengthen its 
research, teaching, extension and other service capabilities in aquaculture. 
As a consequence, MOVe sigiificant Contributiois will be made by the University 
in promoting aqIaeulttjCL in (lOveloping eomtries. In addition, the Grant is being 
used to develop methods and procedures for making the U'riversity's competence 
in aquaculture more readily available for those who need it. 
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II. ObjecLivus of thu (,,rant 

A. 	 l.JOcti\,es I-'staLc(
 

I'he objcl,ivUs of the program are:
 

1. 	 To a(ld to the faculty, ex-perts with competence ii- selected 
fields so 	as to provide broader teclical assistance in
aquacultUrC to devCioping nations. 

2. 	 To devlop a library containin. w\orldwide ]it'atulre ol
aquacultu re and more effective methods of dissemination of 
information on W1HcItULUe. 

3. 	To provide training and educational opportunities through
short courses, symposia, and University courses for
professional staff members of A. I. D. , other federal agenciesand 	private foundations, for 	studulits interestd in careers
in internatijonal (dCelopmIent, for Peacu Corps Volunteers 
and for forcign nationals. 

4. 	 To develop a worldwide collection of data on important food 
fishes and other aquatic organisms presently CulLured or that 
appear Suitable) for culture. 

13. leviewof Objectives
 

The four primary objectives as approved 
 in 	the Grant proposal are 

still appropriate to the goal of strengthening the International Center for 

Aquaculture at Auburn; however, as specific plhases of each objective have 

been conmpleted, or the 	relative importance of an objective has diminished 

emphases have beci re-directd to other priority areas.
 

Ohiect ive J. 
 To add to the faculty, experts with competence in 
sClected filds so as to l)rovid broader tchnical assistance in
a(uaCulturL tO (Ite'Clopling nations. 

Under Objective 1, il the first year, a core of expertisu was 

established in the various aspects of aquaculture. Since that time this 

core staff has been involved in research, training and extension in 
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aqUtculture. 'T'his Objective has been the primary one from the beginning
 

of the Grant. 
 Sicial emphasis has been given to aspects of aquaculture that 

are of greatest importane, in the solution of problems in developing countries. 
Because of funding limitation the size of the core-staff has remained relatively 

static since tile beginning of the Grant; however, numeroUs changes have been 
madc in the scientists comprising the core. Scientists brought to the campus 

as part of the core-staff have been shifted partially and then completely to other 
projects as the over-all fisheries and acquaculture program of the University
 

has developed. Also, 
 relatively few or the core-starI have been funded entirely 
from the Grant. Generally they have held joint appointments between the Grant and 
other projects. These joint appointments have resulted in a larger number of
 
scientific specialties being represented 
on the core-staff than would be possible 
otherwise. In the past fiscal year seven different scientists representing seven
 
scientific specialties related to aquacultur'e comprised the core-staff.
 

Development of a core-staff also implies on-going research, 
 training and 
extension activities on the part of those staff mnmbers. All members of the
 
core-staff took part in these activities. 
 The results of these efforts are de
tailed in the following section on "Accomplishmients". 

2. lobectivedevelop a'o library containing worldwide literatureon aquaeultuiVe andlMore effective methds of dissemination of information 
011 MiLqUicultu rC. 

lore attention has been devoted to Objective 2 this past fiscal year than 

in previous years. The University Library staff has been most helpful in 

locating materials from various international sources for addition to the 



Library, Those materials have beCn catalogued and included in the regular
 

Library holdings where they are available to all students and staff for study.
 

In addition the core-staff has located and recommended a wide variety of materials
 

to be included in the collection. Materials sent to the International Center from
 

other countries on 
an exchange basis have also been placed in the collection. 

Virtually no progress has been made in developing more effective methods 

of dissemination of information on aquaculture. It is becoming increasir.ly 

clear that this part of Objective 2 cannot be effectively accomplished without 

additional funding, staff and mechanisms for dissemination. Dissemination of 

information is ,in important aspect of international aquacultural development, 

but to accomplish it will require more emphasis and effort than is possible wider 

the present Grant. 

OIi ective a, To provide training and educational oppo'tunities 
through short courses, symposia and University courses for 
professional staff members of A.I. D. , other Federal agencies and 
private foutndations, for students interested in careers in 
international development, for Peace Corps Voluteers and for 

, -foreign i"4"rs. 

Probably more concerted effort has been devoted to this Objective than 

any of the others. Training and education have probably required more staff 

time than either research or extension. Activities related to this Objective 

are also described in another section on "Accomplishments". Developing
 

countries, through USALI) support have benefitted greatly from staff efforts
 

in this area. Approximately one-half of our entire g-'adtle training program 

involves foreign nationals who have come to 

http:increasir.ly
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Auburn to study acquaulture and lisilrics. \ith add itional fundingefforts 

related to this Objective call be increased significantly. In fture Grants more 

emphasis should be placed on training and education and especially on continuing 

education to maintain tWe level of conhptenco of trainees after they return to 

their duty s5atiols. 

()li(,1 ivo: .1I To dev',lo) a world-widC collucLion 01f data on ilipor'tantfood fishes md other aquatic organisms presciiLly culturCd or that 
appear suitablu for culture. 

This Objective has ruceived relatively little specific attention, although 

additions to the Library under Objective 2 have emphasizecd data on important 

or poLntially important food fishes. Here as in thI case (if Objectivu 2 little 

or no consideration was given to planning or implencliting a utilization mode for 

information collected. This deficiency should be corrected in futurc Grants. 
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Ill. Aecmp Iis hicn ts 

A. Persoueil on the Project 

Following is a list of pCSOIeIICI who recuived Grant funds as 

part of their sala'y 'during the report year. 

Na me IPositiii Man-Moitth;s 

Dr. E.AW. Shell Director 5.0 

Dr. D.D. Moss Assistant I)irectot 1.4 

Dr. C.1. 1uoyd Associate l'rofesso' 4. 4 

Dr. H.T. Lovell Associate Professor 3.7 

l)r .M.M. 'amatinat Associate Prdl''ssor 6 .6 

Dr. R.O. Smitherman. Associate lrofcssor 5.1 

Dr. D.R. Bayne Assistant Professov 0 .4 

Dr. W.). Davies Assistant Professor 1.5 

Dr. J L. Gaines Assistant 'rofesso' 6.6 

Ms. E.W. Scarsbrook Research Associate 12.0 

Mr. C.D. Depoisiter Technical Assistant '1.5 

Als. C.B. Sherrer Senior Clerk 5.0 

Mrs. R.I. Grant Typist A 0.9 

Ms. C.II. lawke Typist A 7.5 

Mls. E. C . TalhIy 'T'yl)ist A 8.0 

ls. 1.M. A'go Typist 6.3 

Ms. A.C. Tucker Typist 1.3 
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r .	 . .Alston (raduate lHcsUcrll As.ist 4.0 1 

Mr. R.L. Babjits Gradutate CescarLcl A:,ist. 1.0
 

Mr. M.C. Braid 
 Graduate Iesearcl Assist. 1.0 

Mr. 	 .L. Busch Graduate Rsearch Assist. 4.0
 

Mr. U. '. I1uttermope 
 Granduate RIstrcm'e Assist. 3.2
 

Mr. J.P. llawke 
 Uraduatc eescarch Assist . :.3
 

Mr. C. McVca 
 Graduate Uesearch Assist. 2.3
 

Mr. V.E. Mizainis 
 Graduate Research Assist. 0.3
 

Mr P.W. l'ersclibachcr 
 IaduaLte Itsea'cih Assist. 0.3
 
Mr. J.11. Schachte Graduate Icserch.Asgst 0.7
 

Mr. P.IV. Taylor Graduate leseuli-ch Assist. 2.0
 

Mr. J .L. Williaisoz 
 Graduate Heseci Assist. 0.3 

B. 	 lesca ci Projects
 

A majority of the pcrso1Cl fuildcd under 
the Grant participated 

in research projects during the yCar. lo lovilig is a summImary of the research 

accomplishlents. A more detailed descriptionl of tilt results of specific 

research projects is presented in Appendix 1. Research supported at 

least in part by Grant funds resulted in 13 major research publications 

during the yetr. A list or these publications is j)rosented ill Appcndix II. 

1Graduate Research Assistants are generally exlcted to spend 1/3 timeon activities related to their stipend and under normal circumstances do notcontribute more than 4.0 man-months to a project in a year. 
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Numdbhr of 
IRese:i-ch Number of 

Name 1 o.scarch IIi t r,..,ts I '(,.i u .c Publicatios -

Dr. C.E. Boyd Aquatic ecology and 
nutrient cycles in aqua
culture 4 

Dr. R.T. Lovell Fish nutrition 'and fish 
processing and technologry 7 6 

Dr. M.. l'amatnat Aquatic Vcology and 
aquaculture 3 0 

Dr. i1.0. Smithernan Aquaculture 4 0 

Dr. W.D. lDavins Fishcrics Ilanaguigent 7 3 

Dr. I.L. (;ains Fish pathology 1 0 

Mr. D.EI . Alston Culture of fish food 
organisms (with Dr. 
J.S. Dendy) 1. 0 

Mr. I..L. Busch Inducled spilwning (f fish 
(with Dr. W.L. Shelton) 1 0 

AMr. .E. IButterinoro Pon culture of" c'hainel 
Catfish (with Dr. M.M. 
1'a matmn t) I 1 

MIr. J .1. llawkc )iscases of fish in natural 
watcr (with Dr. J .A 
Plumb) 1 0 

Mr. C. McVea • Effects of water hyacinths 
of fish production (with Dr. 
C.E. Boyd) 1 0 

Mir. V.I'. IAlezainis () ndalioltl of ornnit:l nt'tlr 
ill [isi culturIe p)1lids (with 

Dr. .M\. Flninitzat) L 0 

Rosoarclh Thesis 
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l~lr . P . W. l'ersh hbetI feet of girazilil hN. 
iila.i o lOdile( iv ily 
o1' phytoplainktol (with
Dr. C... Boyd) 0 

M'. P.VW. Taylor Life histor'y of t1n ;inhoel 
parasitic 
Dr. IV.A. 

on Tihlnia 
flogejs) 

(witll 
I0 

Aidr. J.L. Williajnson lolyCuIlture (witi 
R.0. Snlitherlm(IIl) 

1)r 

C. lte: ea'ch Work by1 l0oei ( raiinate Stdetst. 

Six foreign students received graduite degrees from Auburn 

dur'inlg tie year . 1each student wias req ui (1 to subiit 11thesis or disserta-

Lion based on their original research. Although lione ol"thecse students were 

suppolrted directly on Grant funds , all of them utilized equipment and supplies 

benefited from the availability of field labor orlreceived guidance and in

formation from staff timewhich was purchased with (railt funds. Names, 

country and title uf the thesis oc dissertatiun for each student follows: 

Nalme Thesis orlIisurtatimn 

Solmi A rcu'rIt The immune respoise of ( mmei catfish to the(Thailand) fish parasito lchthYoplil lius multil'ilis (Directed 
by Dr. I. Allison). 

Arsenio Cmaeho Charac.terization of thiaillime (heiciencies in channel(Philippines) catfish fed heated mid non -heatd catfish processing 
wastes (l)irected by D'. IR.T. Lovell). 

Tawa n Chookajorn 'preiml)ouiidili t ag1'e a11d(Thailand) 'wi I of the bluegill
sull'ish in tl: p olmsed lWes:( I'o iit Iesi'\voir. 
Alabama and Georgia (lDirected by Dr. WV.IL. Shelton). 

Rlafael Guerrero The use of syntheti 11n1drogells for the I)production(Philippines) of monosex male T110hapi utUa (Directed by Dr. 
W.L. Shelton). 
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Valnida Koonsoongnoen 	 Protein Quality (if Call'i:sd I'roccssing Waste for 
(Thailand) 	 Chanmel Catfish Finig'erlings (Directed by Dr. 

R.T. LoVell). 

Jorge 	Tres-.Dick Interrnlationships Between Quantity and Quality of 
(Guatemala) PrOtein in Feds for Chamnl Catfish in Intensive 

Pond Culture (Directed by )r. R.T. Lovell). 

D. TJaching Activities 

Seven of the staff members on the Grant taught, a total of nine 

courses during the year. Seven of the t fr supervised thesis research 

projects for graduate students. A summary of cach person's teaching 

activities follows: 

No. of Graduate 
Professors Courses Taught St,-ud.e.nts Supervised 

Dr. Ii IV. Shell Seminar in iquaculture 
research techniques 4 

Dr. D.D. Moss Pond construction 0 

Dr. CB. boyd 	 Water (ulity ald apwi j 
productivity rmd 3 ut Iiw it 

cycles ill aquaculture 7 (3) 1 

Dr. iH.'. Lovell Fish nutrition 10 (10) 

Dr. M.M. Pzamatmat None 4 (2) 

Dr. R.O. Smitlherman Aquaculture 5 (3) 

Dr. \\ .D. Davies 	 Fisheries biolofgy and 
Advanced fisheries biolog'y .6 (3) 

Dr. D.I. LtayIIe None 0 

Dr. J .1L. Gaines Fish morphology 0 

1 
Number in paenthcsis indicates number of graduate students that 

were foreign nationals. 
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'ihu Dep'tnment utilized Gr'ant funds to briigthree outstanding scientists 

to campus to pr'esent seminars during the year. 'I'lese were: 

Dr. Raymond Johnson. President of the American Fisheries Society 

and Deputy Director, Division of JlhvJronaental Systems and iRsources, 

National ,"cience Foundation, Washington, 1). C 

Dr. J, l Stanley. I.S. Department of' hiteri,, Fish Farming 

Elxperimental Station, Stuttgart, Arkansas. 

)i. Robert AULt'0tSOll. Leader , MissouLi Co)ol )cratiVe FishC'ies Ullit, 

University of Missouri, Columbia, MissouLri. 

E. Interinational Servicc 	Activities 

All of the aicademic staff on the Grant participated in International 

Serlvice Activities during the year. Seven of thimi isitud other countriub 

in connection with these activities. A total of' approximately ,.5 man-months 

of time was speilt in these countries. lnformation ,f these visits are sum

marized as follows: 

Professo' 	 Activity tud )ates 

E .V. Shell 	 Participated ill TAC worlkijig; poup ol Aqua
culture, Spoleto , Italy, ,July 10 - 19, 1973. 

Particip)atkcl in Phlilil')1 i1!n,:. (0ii tcrn on Fish 
J'.States an1d reviowed progress of Fisheries 
Project in the Philippines, October 22 - November 
3, 1973.
 

D.D. 	 Iloss Planned acquaculturial rl(sarhI station ill Colombia 
at request of AID, IAy 27 - June 7, 1974. 



12
 

t. T. Lovell 	 Attended FAO Conference onlFishery Products 
in JapaIl. leviewed Jallicsc research ill fish 
nutrition, December 2 - 18, 1973. 

Provided short-term assistancc in fish nutrition 
to fisheries project in Northeast Brazil, November 
19 - November 29, 1973. 

M. M. Pamatm at l1eviewed aquacultural research in Scotland, Germany, 
Sweden and Norway, June 15 - 30, 1973. 

R.O. 	Smitherman Attended a meeting on Aquaculture sponsored by 
the American Association for the Advancement 
of Science in Mexico City, July 1 - 3, 1973. 

Surveyed potential for aquacuiLucal development 
in ha1"iti at request of AID, August 20 - 31, 1973. 

Attended symnposinm o1 1ul 0t culture held in 
Israel, May 31 - Jun 9, 1974. 

D. R. Bayne Surveyed nuisance aquatic piants in reservoir 
in Morocco at request of All), March 21 - 30, 1974. 

W. D. Davies Participated in FAO Symposium in Methodology 
for the Survey, Monitoring and Appraisal of 
Fishery lesources in Lakes and Large livers, held 
hi Scotland, April 29 - May G, 1974. 

Funds from the Grant were also used by other )cpartmntal staff for 

iternational service activities. ])r. Hlay Allison visited Thailand, October 

12 - 18, 1973, to discuss plans for holding an international aquacultural 

symposium there. Professor E. E. Prather conducted a survey of the potential 

for aquaculture in Jamaica during the period June 17 - 29, 1974. 
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F. 	 Library Acquisitions
 

During the year, 
272 	books were purchased with Grant funds. 

Emphasis In selection of titles was given to those on aquaculture, aquaculture

related subjects, and fishes found in developing countries. A total of seven 

subscriptions to scientific journals were also purchased. Grant funds are 

utilized only to pay the initial year of a subscription. After the initial year 

funds are 	used to continue the subscriptions. 
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IV. 	 ImncL ol (1imri Sup)ortccd AcliviLies in Dweveloping inst.ituLiomIl 
CapabiliLies 

Auburn has been involved i internaLional fisheries work for a number of 

years. The University realizes the potential and value of service in this area, 

however, without financial support provided by the Grant the present degree 

of involvement would not be possiblc. The Grant allowed the Department to 

maintain and in some instances to increase its international capabilities in 

inland 	fisheries and aquaculture. 

Grant funds were used to purchase the following personnel: 

P"ersonnlI CaLCgOry MI\an-Alomths 

Academic 8.4 

Secretarial 29.0 

Graduate R esearch Assistants 22..1 

Field Labor .17.9 

The personnel time purchased with Grant funds contributed significantly 

to the support of various aspects of the DeparLment's program in inland fisheries 

and aquaculture. The personnel allowed the Department to do more reseamli, 

teach additional courses, supervise and advise more graduate students and do 

a more effective job of extending the Department's special capabilities both 

within the U.S. and abroad. 

The Academic Staff with support from the laboratory techlician, secretaries, 

graduate research assistants and field labor produced 13 major research publi

cations during the year. The graduate research assistants funded from the 
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Grant ConlducteId tlsearClh as part of their dgce requitemlnts. Three of
 
those research projects were 
used as sources of data for thesis. 

Because or the availability of the staff funded from the Grant, the 
Department has been able to attract a number of research grants and contracts 
that it could not otherwise have hnmdled. In the paSt year the Granlt-ftmuded
 

Staff was 
 involved ill seven different research projects supported by other
 
than State apl)propriated University funds. 
 Several of these research projects 
will result ill information that will have direct transfrrability to developing 

countries.
 

GranL-fundled Skaff taught nine courses 
(:,6 qurter-hu)LUrs of credit)
 
during the year (see page 10).' The University paid most of th&'custa for
 
teaching the courses, 
 but because of the use of thi Grnt funds, more specialists 
were available for teaching these courses. Nine courses p)Cr 12-uonth academic 
year would be approximatuly a full-time teaching load for one professor if he 
wore supported entirely by University teaching fLds. Obviously, a single
 
individual could not adequately teach the wide variety of courses offered. 
 By 
combining teaching funds and Grant funds into joilt appointments, seven 

different teachers were available to teach the ine courses. 

Sixteen students (nine foreign) were admitted to the graduate program 
in the DeparLm n1t lUrilg the year. Gr.ant-fui'nded staff served as major pro
fessors for ten of these. IlUdii- the 110W Students admitted, 67 graduate 

students were enrolled in the progrlam at som tine dutilg the year. 
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Seventeen students received advanced degrees during the year. These 

degrees were awarded as follows: 

Degree Awarded 
Nationiality of Recipieut M.S. Ph.D. 

American 9 1 
Foreign '1 3 

13 4
 

Staff employed with Grant funds scrved as major professors for nine 

of these students. 

The academic personnel time purchased with Grant funds was an important 

factor in making it possible for the Department to cn:.;oll such a large number 

of graduate students. 

The Department offered 40 courses during the year. The distribution 

of courses and the number of students enrolled are presented in the following 

table. 

Quarter 

Summer, 1973 

No. 

Co

of 

urses 

9 

Number of Students Enrolled1 

American Foreign 

55 63 

Fall, 1973 10 91 78 

Winter, 1974 11 75 55 

Spring, 1974 
Totals 

10 
40 

55 
276 

57 
253 

1Students take more than one of the courses each quarter. 
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V. UtiliziLtiOnl of Institutional Resources in International Development 

The Dcpartmenzt and the International Center played a significant 

role in international development during the year. Staff employed with Grant 

funds participated in approximately 4. 5 man-months of international service 

activities. These activities described in detail in Section Ill D.are 

In addition to those activities already mentioned, Auburn. provided 

technical assistance in inland fisheries and aquaculture to foul' countries. 

These projects were made possible by AID Mission funded contracts. The 

countries were: Brazil (AID/csd-2270, T.O. 8), l Salvador (AID/la-688), 

Panama (AII)/la-684) and the Philippines (AID/ca-180). lResident Auburn 

staff were provided for each of those projects as follows: Brazil (2), El 

Salvador (1) , Panama (1) and the Philippines (2). 

The Department and Center provided 9. 8 man-months of campus 

coordination and 3. 6 man-months of technical backstopping for the AID

funded country projects. 

Approximately 60 visitors representing 15 countries to Auburncame 

to discuss international development during the year. A list of these visitors 

is presented in Appendix Special tours,11T. demonstrations and seminars 

were arranged for several of the visitors. 

The Department and Center are becoming increasingly involved with 

the programs of Peace Corps Volunteers. One group of Voluntecrs from 

Michigan State University spent several days at Auburn as part of their 

training program before leaving for their assignments. The staff responded 



to a number of requests for Information and advice from Volunteers in various 

developing countries. Auburn staff in El Salvador and the Philippines provided 

direct assistance and supervision for several Volunteers in those countries. 

During the year, Auburn entered into an agreement for cooperative 

research on breeding schemes for the genetic improvement of edible fish 

with the IIebrew University of Jersalem in Israel. The project is supported 

by funds from the United States - Israel Binational Science Foundation. 

hi the past most of the support for Auburn's efforts in international 

development has come from AID. In the future more of our work will probably 

be supported directly by the involved countries themselves. During the 

year the Department entered into an agreement to provide technical assis

tance and management for a 1, 000-acre fish farm in Mid-Western State in 

Nigeria, Africa. We will supervise construction of the farm, the production 

of fish and their processing and marketing. The Mid-Western State government 

in Nige-ria is providing funds for the project. After seven years, the farm will 

be operated by the State. 

Of the 17 students recei.ing advanced degrees, 8 of them are involved to 

some degree in international development. All of the foreign students returned 

to their home country to begin work in fisheries and aquaculture. One American 

student went to Australia to help develop a shrimp farm. 
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VI. 	 Other Resources for Grant-Related Activities
 

The primary purpose of the Grant is to strengthen and support the
 

International Center. 
 All funds received by the Dopartment are for the same 

purpose. Data on the sources of funds and the amount from each source are 

presented in the following table. 

Source of Funds 

Amount 

State 	of Alabama Appropriated Funds 
For teaching 


$117,907

For research 


108,550
 
Sales 	Finds
 

For sale of food fish and fingerling's 
 95,697

Federal Appropriated Funds for Research
 

USDA 	- Land-Grant College funds 67,081
Research Grants from other State Governments 
 91,097
Research Grants from Federal Agencies 
 51,899
Research Grants from Private Enterprise 
 48,851
 

$581 082
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VII. 	 Next Year's Plan of Work and Anticipated Extenditures 

We plan to devote attention to all objectives during the next year. 

More emphasis will be given to some Objectives than others. Following 

are plans for work on each: 

A. 	 Adding to the Competence of the Staff of the Center (Objective I) 

We plan to continue to add to the competence of the staff by 

bringing in new staff members when possible, by changing the composition 

of the staff somewhat, by encouraging a high level of productivity in their 

teaching and research efforts, and by up-grading their individual abilities 

through attendance at scientific meetings, seminars anld 9hort-courses. 

1. 	 Addition of New Grant-Funded Staff and Changes in 
Staffing Patterns 

The proposed staffing pattern for the coming year is 

shown below. The staffing pattern for the previous year is shown for 

comparison. 

Proposed 1973 - 1974 
Staff Category" Man-Months Man-Months 

Academic 45.0 48.4 

Secretarial 22.2 29.0 

Graduate Research Assist. 18.8 22.4 

Field and Student Labor 36.0 47.9 

As indicated in the table, levels of staffing will be similar in the 

coming year to those of the past year. Although the amount of effort will 
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remain relatively conctant, the composition of the Grant funded staff will
 

change considerably. Dr. 
Boyd 	(aquatic ecologist) who has been supported 

on Grant funds for three years will be supported entirely on other funds this
 
year. 
 Dr. 	J. L. Gaines (fish pathologist) is no longer with the University. 

Ms. 	 E.W. Scarsbrook (aquatic ecologist), Dr. It. 0. Smithorman (aquaculturist) 

and Dr. M. M. Pamatmat (aquatic ecologist) will receive less support from 

the Grant. Dr. R. Allison (aquaculturist), Dr. E. C. McCoy (aquacultural 

economist) and Mr. J.R. 	Snow (acquaculturist) will be added to the Grant staff. 

2. 	 Planned Research Projects 

Eight members of the Acaemic Sthff on the Grant wvill be 
involved in research projects during the year. Research projects for each 

staff member are as follows: 

Dr. E.W. Shell 

Factors affecting the survival and growth of the early life 

history stages of the striped bass IMorone saxatilis.
 

Dr. R. Allison
 

Intensive fish culture in recirculating systems--with J. 

Cabrero (El Salvador) 

Dr. W.D. Davies 

Management of predator-prey fish populations in small ponds. 

Dr. 	R.T. Lovoll 

a. Determination of true and apparent digestion coefficients 

in channel catfish for various classes of natural and 

modified feed materials--with M. Cruz 	(Philippines) 
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b. 	 Essentiality of vitamin C in diets for channel catfish 

cultured in ponds at different stocking rates -- with L. Chhorn 

(Cambodia) 

c. 	 Development of economical artificial feeds for aquarium 

fishes--with M. Boonyaratpalih (Thailand) 

d. 	 Consumer products from deboned flesh from tilapia, 

channel 	catfish and buffalofish--with K. Apolinario 

(Phillupines) 

e. 	 Not protein utilization (NPU) by channel catfish of animal 

protein supplements: catfish waste meal, meat and bone 

meal and caseih--with B. Sirikul (Thailand) 

Dr. E.W. McCoy 

Processing and marketing technology of channel catfish. 

Dr. M.M. Pamatmat 

a. 	 Microcalorimetry of sediments in fish ponds 

b. 	 Dchydrogenase activity as a measure of anaerobic metabolism 

in sediments 

Ms. E.M. Scarsbrook 

a. 	 Factors responsible for phytoplankton die-offs 

b. 	 Effects of nutrient additions on phytopltuikton communities 

of ponds
 

c, Effects of lime on fish production in ponds
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Dr. R. 0. Smithernian 

a. Food conversion, yields and competition of channel catfish, 

tilapia, buffalofish and Israeli carp in polyculture systems

with R. Pretto (Panama) 

b. Comparison or food conversion and yields of hybrid blue x 

channel catfish crosses with channol catfish receivilg 

supplemental feed iig 

c. Oral administration of androgens and estrogens for sex 

reversal in tilapia and channel catfish 

.R.L. Busch 

Management of the reproductive cycle in fisif fising synthetic 

hormones. 

V. E. Mezainis 

Oxidation of organic matter in the bottom sediments of aquaculture 

ponds. 

1'.W. Pershbahcr 

Effect of liming on phytoplankton production in Tilapia ponds. 
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J. L. Williamson
 

Polyculture as a means of increasing production in ponds.
 

3. 	 Teaching Activities 

Because of changes in the composition of the Academic 

Staff, they will be teaching fewer courses in the coming year. Dr. Boyd and 

Dr. Gaines taught a total of three courses which will not be taught by Grant

funded staff this year. One new course will be taught by the staff. Dr. E. C. 

McCoy %. is on a joint appointment with this Department and the Department of 

Agricultural Economics will develop and teach a course In aquacultural economics. 

This is probably the first course of its type to be taught in the V. S. 

The amount of supervision for graduate students will remain more or less 

constant. The ratio between American and international students is also expected 

to remain the same. 

4. 	 Participation in Meetings, Seminars and Shortcourses 

Dr. Shell will visit Israel during the year to discuss co

operative efforts in fish breeding res ear h. He will also visit FAO Headquarters 

in Rome to discuss Auburn's i-ternational aquacultural activities. 

Mr. J.l1. Snow will attend a Conference on Fish Farming in Europe. Other 

members of the Grant-funded staff are expected to attend the FAO Conference on 

Aquaculture in Uraguay. Dr. R.0. Smitherman will attend the meeting of the 

American Fisheries Society in Honolulu and while there he will observe the 

latest developments in Macrobrachium culture. 
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5. International Service Activities 

The Grant staff is expected to continue to participate in international 
service and education and training activities in the coming year. Fc1!owing is 
a list of the countries to be visited by the Grant staff during the coming year. 

Staff Member .Country Month 
Davies Peru September, 1974 
Pamatmat France September, 1974 
Moss Colombia October, 1974 
Davies Africa October, 1974 
Smitherman Colombia October, 1974 
Snow England December, 1974 
Smithermin Panama January, 1975 
Shell Israel January, 1975 
Lovell Brazil March, 1975 
Moss Thailand April, 1975 

Visits listLd are relatively firmly scheduled. There are several 
other trips planned tentatively. Most of the trips will provide tcchnical 
assistance to USAIDs in those countries. A few of the trips arc for the 

purpose of attending relevant international meetings oji fisheries and 

aquaculture. 
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B. Developing the Librairy (Objective 2) 

Less effort will be spent on Objective 2 this year. Most of the materials 

that pertain primarily to fisheries and aquacultures that are available have al

ready been purchased and cataloged. Important books and periodicals will be 

purchased and added to the collection. Primary emphasis will be devoted to 

materials published during the year. 

C. Provide Traiing and Education Opportunities (Objective 3) 

More emphasis will be given to Objective 3 this year. A new course 

on "Aquacultural Economics" will be developed and taught by Dr. McCoy. This 

is probably the first course of its type to be taught in this codiitry. 

The Graduate Program in Aquaculture is growing steadily. The enroll

ment is up considerably from last year. This increase in graduate enrollment 

will require additional effort on the part of the Grant staff especially in the 

suipervision of student research. 

A majority of tie increase in graduate enrollment is coming from former 

Peace Corps Volunteers who worked on fisheries projects while overso .s. Most 

of them hope to go back to some developing country to work after they complete 

their degrees here. 

It appears that we will be more involved in non-degree, practical type 

training next year. For example, there is considerablo iterest in a number of 

countries in Africa in sending students here for 3 to 6 months to obtain some 

coursework and practical training. This type of training is going to require 

that we develop a different approach to training and education than is generally 

used in Universities. I expect the Grant staff to play a leading role in developing 

new approaches to meet these needs. 
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In tile past years most of the foreign students trained have been at tile
 

MVI.S. level. 
 These graduates have returned to their respective countries
 

to work on the techmical aspects of fisheries there. 
 Now we are beginning
 

to train a few international students at the P1h.D. 
 level. These graduates 

are expected to return home to teach in the Universities aId Colleges. llope

fully, after a period of time soinc of the tmining and education responsibility
 

can be shifted to the Universities and Colleges in the developing countries.
 

We also expect to begin to develop some training and educational projects 

this year planned primarily for developing countries. We hope to arrange a
 

seminar in aquaculture in Thailand 
 late in 1975. Much Of tld planning and 

development will be done in this year and will involve several of the Grant 

staff. 

We are also planning a shortcourse in aqtaculture aid fisheries economics 

to be offered to senior fishery officers in the developing countries. To 

accommodate the large number that are expected to be interested in the 

shortcourse it may be necessary more than one.to hold Additional short

courses might be held in Asia, Africa and South America once the best format 

is developed. 

We are vitally interested in dvelol)ing some mans of providing for the 

continuing educlation of persons that are trained at the Intoi'national Center and 

that return home. These graduates represent a core of well-trained people 

scattered throughout the developing world. HIopefully we can find some moans of 

keeping their training current and of utilizing them as a vehicle in helping to pro

vide some training to fellow biologists that have not been to Auburn. 
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I would hope that this aspect of training and education will be given consider

able attention if the Grant is extended beyond July, 1975. 

D. Collection of Data of Worldwide Food Fishes (Objective 4)
 

Relatively little emphasis will be given to Objective 4 this year.
 

E. Estimated Costs of Project Activities 

Many of the activities planned for the year are inter-relatel 

consequently it is difficult to divide costs accurately. Estimates of 

costs related to research, teaching, libraries, consultation and 

publications are presented in Table 1. Best estimatcs of costs related 

to categories in the Grant document are presented in Table II. 

An estimate of costs for the coming year related to the specific 

objectives is as follows: 

Objective Cost 

Increasing the competence of the staff $159,532 

1. Core staff support $100,140 

2. Support of research projects 29,092 

3. International service activities 30,300
 

Developing the library 
 3,100 

Providing Training and Educational Opportunities 6,800 

Collecting Worldwide Data on Fishes 1,000 

$170,432 



Tab._ I 

Dlstru 211(d) Gr-no Funds and Co-tr .. tioF. = Cther. sorces 

?e' e r:?e'ic July 2, 1973 to June 30, 1974 

SS39,36.27 411,229.27 125.332.18 536,561.45 $441,082 

6,800.00 109,015.001 7,200.00 116,215.00 118,000 
Libraries 4,933.35 11,923.48 3,100.00 15,023.48 1,000 

31,610.18 67,982.18 30,300.00 98,282.18 12,000 
9-2,760.80 12,850.16 2,500.00 15,350.16 5,000 

2,443.46 16,567.73 2,000.00 18,567.73 4,000 

$1SS,412.06 $629,567.82 $170,432.1S 
 $800,000.00 
 $581,0S2
 

ires
_--e . ae--. 

http:800,000.00
http:170,432.1S
http:629,567.82
http:1SS,412.06
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'] l , II 

Uxpondituru Ruport 

(Actual and Projuctod) 

Under Institutional Grant #AiD/csd - 2780 

Ruviow Period July 1, 1973 to .une 30, 1974 

Expondituro Pr'j' od 
to Dat.0 OXpUndi tures 

( in - Itoins to I'or.I.od Undor C miulaLivu 
Conform to 1 ot. i- -- -1.U C

2 5)oviuwin Grant Docuiont) Total 

e.g. Salarios 86,665.96 282,713.57 $100,10.2 

Travel 13,420.181 24,054.57 5, )00.0) 

Equipmont 4,471.75 13,981.99 2,(00.00 

Personnel benufits 11,550.09 32,362.57 17,1 23.8(! 

Graduate Research 
Assistants 19,392.50 59,525.34 13,!60.0( 

Supplies, Library and 
Other 52,911.582 216,899.78 32,*08.1 

Total 188,412.06 629,567.82 170,132.18 

I1'his budget c itegory is itcwizel ii Appcid IV 

2 1hIis budget e Itegory is itc11 ized ih A:pwdi V 

otal 

$382,883.77
 

29,054.57
 

15,981.99
 

49,386.37
 

73,085.34 

249,607.96 

$800,000.00 

http:800,000.00
http:249,607.96
http:73,085.34
http:49,386.37
http:15,981.99
http:29,054.57
http:382,883.77
http:170,132.18
http:629,567.82
http:188,412.06
http:216,899.78
http:59,525.34
http:19,392.50
http:32,362.57
http:11,550.09
http:2,(00.00
http:13,981.99
http:4,471.75
http:24,054.57
http:282,713.57
http:86,665.96
http:I'or.I.od


Appendix I. Sunmaries of Research Projects Conducted by Grant-Funded 
Academic Staff and Graduate Rlesearch Assistant-s 

E.W. 	 Shell
 

Survival Of striped bass fry was enhanced 
 by increasing the salinity 

of the water flowing through the culture jars to 5 ppt as compared to survival 

of fry cultured in water with 1 ppt salinity. Growth was not affected by in

creasing the salinit,. Striped bass fry receiving either brine shrimp alone 

or brine shrimp plus dry feed grew at a faster rate than fry receiving only 

dry feed. 

Survival of striped bass fry in ponds was significanCly increased by
 

adding salt to raise the salinity to 1 ppt. 
 Survival of fingerlings was also
 

increased by the addition of salt to culture ponds.
 

C.E. 	 Boyd
 

Decaying aquatic plants were 
used as the only sources of nitrogen in
 

cultures of the alga Scenedesmus dimorphus. 
 Decaying phytoplankton
 

('licrocystis, Anabaena, 
 and Euglena) and a decomposing macrophyte Ealas) 

supported the best algal growth. Decomposition of two macrophytes, Typh 

and EichIrniZa, supported little algal growth, while intermediate growth of 

. im orhus was obtained in cultures with decaying Elodea and Spiro yra. 

The suitability of decaying plants as sources of nitrogen was generally 
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greater in plants with higher nitrogen contents. Insufficient nitrogcn was 

mineralized from muds to produce significant growth or S. dimorphus in 

the cultures. 

Bioassay procedures were used to test the effectiveness of muds as 

sources of phosphorus for algae. One portion of each mud was limed with 

enough Ca (011)2 to raise the p11 to 6.5. The second portion of each mud 

was not limed. Various amounts of phosphorus were applied to each limed 

and unlimed sample. The availability of phosl)horus to algac from the limed 

muds was much greater at almost all levels of added phosphorus. 

The effectiveness of four liming agcnts (calcitic limestone, dolomitic 

limestone, basic slag and calcium hydroxide) and gypsum in increasing the 

total hardness Lind total alkalinity of water and neutralizing the acidity of 

pond muds was tested in plastic pools. When added in quantities sufficient 

to satisfy the lime requirements of the muds, all four liming agents increased 

total hardness from about 12 mg/1 to around 40 or 50 rag/1. Total alkalinity 

increased from about 20 mg/i to around 50 or 60 mg/i. The initial pH of the 

muds was 5.6 and the liming agents caused values to increase by 0.9 to 1.4 

pll units. The p1l of the waters increased to above 11 for more than one week 

following application of calcium hydroxide. This p1l would be toxic to fish. 

Immediately after liming, the pH1 of the waters in pools treated with limestone 

and slag increased to slightly above 9, a pI level not harmful to pond fish. 

Applications of gypsum caused an increase in total hardness to about 300 

mg/1, had no influence on total alkalinity, and did not neutralize the acidity 

of muds. 
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Concentrations of organic inatter in bottom muds from 1,t5 ponds varied 

from 0.77 to 9.66%-. Nitrogen values for these ponds ranged from 0.08 to 

0.63%. Amounts of organic matter and nitrogen were considerably higher than 

quantities usually found in agricultural soils of Alabama. llowever, it is 

doubtful that enough organic nitrogen is present in ponds for the minerali

zation of this nitrogen to supply adequate nitrate md ammonia to allow re

duction in the nitrogen application rates for ponds. Ponds which had moderate 

or poor growth of phytoplankton contained muds which were low or very low 

in soil-test phosphorus. About 1/2 of the ponds %vithadequate phytoplankton 

blooms had muds with medium or higher levels of soil-test phosphorus, while 

the other ponds in this group tested low or very low with respect to phos

phorus. All ponds with adequate blooms received additions of phosphorus. 

The relationship between soil-test phosphorus in the muds, phosphorus ad

ditions, and adequate phytoplankton blooms suggest the need for research 

on the use of soil-test procedures to calculate the proper application rates 

for phosphorus to ponds. 

R.T. Lovell 

A pond feeding experiment was conducted with channel catfish to 

measure the effects of three levels of dietary protein each fed in an all-plant 

diet, a diet containing one-sixth fishmeal protein, or a diet containing one

third fishmeal protein on growth, uniformity of size, dressing percentage and 

body composition. The experiment was conducted in 0. 1-acre earthcn ponds 
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each stocked with 300 channel catfish using 9 formulated feeds and 3 repli

cations 	per feed. 

The results showed that at this stocking density and feeding schedule 

an all-plant feed gave satisfactory catfish production. The medium (36%) 

protein diet is perhaps the best of the all-plant diets because the yield was 

nearly 	equal to that of the high (4310) protein plant diet but the cost Per pound 

of catfish was nearer to that of the low (29%) protein diet. 

The medium (36%) protein diet containing one-sixth of the protein as 

fishmeal appeared most desirable when present cost of ingredients is considered. 

Average yield with this feed was 2,868 pounds per acre, 96% of the fish were 

of harvestable size at draining and the feed cost per pound of gain was next 

to the 	lowest for the nine experimental feeds. 

Increasing the fishmeal to the highest level, one-third of the protein, 

showed a significant response at the lowest total protein percentage (29%) 

but not at the two higher protein levels. Dressing percentage increased 

slightly as protein level in diets increased in the all-plant and high fishrneal 

feeds. There was essentially no difference in dressing percentage among 

fish fed the three low fishmeal diets. 

Body fat was not greatly affected by the level or type of protein in the 

diets. The high p-otein fishmcal diets may have produced slightly leaner fish. 

Source of energy in the diets did not affect the fat content of the fish appre

ciably. The ratio of protein to energy in the feed did not greatly affect the 

fat content of the 	fish over the range used in this study. 
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Experiments were conducted to determine the effect of forage fish us
 

a protein supplement for pond cultured channel catfish fed 
an all-plant diet
 

(36% protein). Average yield of catfish per acre was the
2,455 pounds on 


all-plant diet, 
 2,110 pounds where the fathead minnow was the forage species, 

2,810 pounds where tilapia .(aurea) was the forage species and 2,868 pounds 

where the all-plant diet was supplemented with one-sixth of the protein as 

fishmcal. The increased yields with tilapia may result from predation by 

catfish on young tilapia and improved water quality resulting from tilapia 

feeding on plankton, manure and other forms of organic matter. The fathead 

minnow was a poor forage fish for channel catfish. Threadfin shad was a 

better forage species than the fathead minnow but was not as desirable as 

tilapia. 

A swine feeding study indicated that catfish waste meal was at least 

equal to meat scrap (meat and bone) meal as a source of animal protein as 

evidenced by gains of swine on production type rations. The catfish waste 

meal did not affect flavor of the meat or carcass quality. 

Catfish waste meal is also a satisfactory source of animal protein for 

catfish feeds. When it comprises a high percentage of the feed formula it 

is equal to fish meal; however, when it supplies 12', or less protein to the 

diet it is slightly inferior to fish meal. 

The Protein E"fficiency Ratios (PER, which is a biological index of 

protein quality) of catfish waste and other protein sources determined with 

fingerling channel catfish showed the following rank in descending order 
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of protein quality: 1) marine fishimeal; 2) pasteurized catfish waste (non

dried); 3) casein; 4) catfish waste meal; 5) meat scrap (mcat and bone) 

meal. 

MAI.MP 'anmtulat 

Benthic research on sampling, anterobic metabolism, microbial bio

mass distribution, and methods of measuring thee iii culture ponds was 

started in 1973. A sediment sampler was developed. A sensitive calorimeter 

has been set up for measuring very low rates of metabolic heat release. Do

hydrogenasc activity, a measure of microbial ancarobic metabolism in pond 

muds, was found to be correlated with concentration of adenosine triphosphate 

in sediments, a measure of benthic biomass. Technical problems associated 

with measurements of both dehydrogenase activity and adenosine triphosphate 

were investigated. 

R..0. Sinuitherman 

A comparison of morphometric characteristics of channel catfish from 

seven different geographical locations was completed on fishes reared under 

the same environmental conditions at the Southeastern Fish Cultural Labor

atory (USDI) and Auburn University Fisheries Research Unit. Highly signi

ficant differences existed among strains for all measurements except caudal 

peduncle width. Strong divergence between these geographically separated 

strains of channel catfish was indicated. Two of the non-donesticatcd strains 

exhibited a large degree of variability with respect to those characteristics 

having potential use in selective breeding for commercial applications. 
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An experiment on gr wth, survival and production of five strains and 

two crosses of channel catfish, begun in 1972, was completed in 1973. 

Survival, production, average size at harvest and food conversion was best 

in the non-domesticated group from the Rio Grande River. This was followed 

by two strain crosses involving domesticated lines. Production of three do

mesticated groups apparently descended in inverse relation to the years sub

jected to inbreeding. A non-domesticated strain from the Warrior River in 

Alabama, although ranking high in survival, was the least productive of 

all lines tested. 

W.D. Davies 

Several stocking procedures designed to produce larger than average 

bluegill (greater than 0.25 Ib) in bass-bluegill ponds are presently being 

considered. Increasing predation pressures in ponds by overcrowding the 

bass can limit survival of young-of-the-year bluegill when fingerling bluegill 

are stocked at the recommended rate of 1,0U0 - I, 500 per acre. This allows 

for a maximum or near maximum rate of growth for bluegill. Optimum rates of 

harvest have not been determined; however, the overcrowded bass-bluegill 

combination presently being studied has continued to produce good fishing 

(bluegill > 0.30 Ib) wrhen the catch was limited to not more than 25 lbs of 

bass and 75 lbs of bluegill per acre per year, or approximately one-half the 

allowable harvest from "balanced" populations. 

Stocking 2 - 3 pairs of adult bluegill per acre with fingerling or adult 

bass in a recently drained or poisoned pond usually results in an overcrowded, 
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and subsequently stunted, bluegill populations. Without density dependent 

factors op :rating to suppress bluegill reproduction, more bluegill are produced 

than can possibly grow to a harvestable size; the pond is overcrowded from 

the very beginning. Stocking large nuribers of fingerling bass (300 per 

acre) does not provide sufficient predation pressure to alleviate overcrowding. 

Also it is unlikely that stocking additional fingerling bass will correct the 

situation. Past experience has shown that fingerlihgs stocked at a rate of 

400 per acre will compete with bluegill for food. 

Channel catfish are highly regarded in the Southeast. Nutritional 

requirements and feeding rates have been established'for intensive culture 

of channel catfish; however, with recent increases in costs for feed ingredients, 

some recommendations are no longer practical. This is espeically true for 

recommended protein levels and the desired proportion of protein to come 

from animal sources. One method for providing protein in intensive culture 

would be to establish minnow populations as forage. Forage populations, 

however, often disappear under predation pressure. One 5.2-acre pond 

was stocked with 2,000 channel catfish per acre and a variety of forage species 

(tilapia, threadfin shad). 

A aens,' population of threadfin shad was established by stocking shad 

at the same time as catfish. Some tilapia survived the winter of 1971 - 1972, 

but had to be restocked in 1973. Catfish used both species as food. Of the 

2,162.3 lbs per acre present at draining, 387 lbs or 17.9 per cent was shad. 

Threadfin shad are able to maintain high population numbers under catfish
 

predation.
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J.L. 	 Gaines 

Preliminar-y evaluation was made of the poteiitial of the drug clomiphene
citrate for advancing oogencsis in channel catfish. Un der laboratory conditions, 
the chemical which has boon used to ovulate goldfish In suboptimal temperature 
conditions, had no 	effect on gonadal development of the catfish. 

The job on anatomical and histological description of the channel catfish 
was continued (lIO. 	PL 88-309). Over 500 titles lave been obtained in the 
review of literature. The skin from 22 channel catfish was taken 	from different 
areas of the body and sectioned. A description of the skin was prepared. 
The blood hematocrit picture of channel catfish rcmainci" relatively unchanged 
throughout the year. A sample of 27 males had an alerage value of 40 ± 10 
and 32 females had an average value of' 21 + 10. The musculature and skeletal 

system of channel catfish were described. 

R.L. Busch 

Survival of juvenile Asiatic clams was so pool, in concrete ponds that 
the planned experiment was terminated in its early stages. Survival of adult 
clams was much better; although the presence of an unidentified snail in one 
concrete pond seemed to be related to an unusual die-off of adult clams in 
that pond. Clams did not rel)roduce in the concrete ponds. 

R. .'.Buttemore 

An experiment on intensive culture of channel catfish in combination 
with tilapia in pens was carried out to determine optimal stocking rate and to 
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study the apparent importance of natural water circulation through the pols. 

Channel catfish mortality increased with stocking rate, but the number of 

surviving fish was still higher at a stocking rate of 800 per pen than at 600 

or 400, and nct production was directly proportional to the number of survivors. 

Thero was an inverse correlation between catfish and tilapia production, but 

this apparent competitive interaction may simply be the result of more food 

being available to tilapia as catfish production descreased. 

C. McVea 

An experiment was.conducted to determinethe effect of four levels of 

water hyacinth (Eichhornia crassipes (Mart. ) Sohns) coverage on phyto

plankton, production of a filter-feeding fish, Tilapia au rca, and water 

quality. The experiment was carried out in a series of twelve earthen ponds 

approximately 0. 1 acre (0. 04 ha) in size. Four treatments consisting of four 

...vels of water hyacinths maintained at surface area percentages of 0.0, 5.0, 

10.0 and 25.0 were replicated three times. T. aurea were stocked at a rate 

of 1,000 fish per acre (2,470/ha). The ponds were fertilized at two-week 

intervals from February 5 to September 9, 1973, at an equivalent rate of 80 

pounds of 20-20-0 (N, P 2 05 , (20) per acre per application. 

Accumulated standing crops for water hyacinths maintained at surface 

area percentages of 5.0, 10.0 und 25.0 were 2,584.0, 2,243.0 and 1,971.0 

g/m 2 dry weight. 

Weekly. and biweekly sampling of phytoplankton revealed a decrease 

in average chlorophyll a concentrations from 56.46 ug/1 (0.0%coverage) to 
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14.42 ug/1 (25.01' coverage). Decc'easing concentrations of chlorophyll a 

in the presence of iicl'easing quantities of water hyacinths corresponded to 

a similar decrease in phytoplankton numbers. The phytoplankton population 

in ponds with 0.0%and 5.0%coverage was primarily composed of the Chloro

phyta, while the Chrysoj hyta was abundant in the )pesenceof increasing 

quantities of hyacinths. Calculated values for species diversity indicated a 

variety of individuals present in each treatment. 

Total fish and tadpole production was positively correlated with gross 

primary productivity and chlorophyll a concentrations, giving r values of 0.93 

and 0.86 respectively. There was a progressive decease'in average fish and 

tadpole production from 1,004.0 kg/ha (0.00 coverage) to 351.6 kg/ha (25.0% 

coverage). 
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Appendix HI. List of Publications lResulting from Research Activities 
of Grant-Funded Staff 

C.E. Boyd 

Amino acid composition of freshwater algae. Arch. llydrobiol. 72(1): 
1-9. 

Biotic interactions between different species of algae. Journal of the 
Weed Science Society of America, Vol. 21(1): 32 - 37. 

'Fhe chemical oxygen demand of waters and biological materials from 
ponds. Trans. of the American Fisheries Society, Vol. 102 (3): 606 
611. 

Summer algal communities and primary productivity in fish ponds. 
llydrobiologia, Vol. 41(3): 357 - 390. 

W.D. Davies 

Tihe effects of total dissolved solids, temperature, and )11 on the survival 
of immature striped bass: a reponse surface experiment. The Progres
sive Fish-Culturist, Vol. 35(3): 157 - 160. 

Managing small impoundments and community lakes. Proc. S.E. Assoc. 
of Game and Fish Commrs. , 27th Annual Meeting, 1973. 20 pp. 

Rates of temperature acclimation for hatchery reared striped bass fry 
and fingerlings, Morone saxitillis (Walbaum). Progressive Fish-
Culturist, Vol. 35(4). 

lt.Tr Tovell 

Absorption by channel catfish of earthy- musty flavor compounds syn
thesized by cultures of blue-green algae. Trans. of the Am. Fish. 
Soc., Vol. 102(4): 774 - 777. (with Lewis A. Sackey). 

Catfish need Vitamin C. Highlights of Agricultural Research, Vol. 20 
(2). Agricultural Expt. Station, Auburn University. 1 p. 
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Environmcnt-relted off-flavors in intelsively cultured fish. FAO 
Technical Conference on Fishery Products, F1l: F'/73/E-46. 7 pp. 

E'ssentiality of Vitamin C in feeds for intensively fed caged channel 
catfish. Journal of Nutrition, Vol. 103(1): 134 - 138. 

Put catfish offal to work for you. Fish Farming Industries, October -
November, 1973. 3 pp. 

Vitamin C . . and crooked back disease. The Catfish Farmer, Vol. 
5(3): 31- 32. 
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Appendix Ill. List of Visitors Seeking Information on International Development 

Malcohn C. Johnson, Jr. 
Delta Farm Fisheries 
P.O. Box 126 

Tillar, Arkansar 71670 July 2, 1973 

Pedro (,odoy 1. 
Incubadoras Protinal, C.A. 
Valencia, Venezuela July 18, 1973 

John Ilummon 
Agency for International Development 
Washington, D.C. July-20, 1973 

Felipe Almcda Cruz, Jr. 
P.O. Box 3418 
Manila, Philippines August 13, 1973 

Manuel F. Cruz 
P.O. Box 3,118 
Manila, Philippines August 13, 1973 

C.F. Wicdeman, Jr. 
Thomas I1. Miner and Associates, Inc. 
903 Oregon Trial 
Cincinnati, Ohio 45215 August 15, 1973 

Wiang Chuapoehuk 
College of Fisheries 
Kasetsart University 
Bangkok, Thailand August 26 - 29, 1973 

Chertchai Amaty kul 
Director Inland I.-'ishrics Division 
Department of Fishries 
Ministry of Aquaculture 
Bangkok, Thailand September 4 - 14, 1973 
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Tupan Ferreirn de Souza 
Coordenado. Gcral Do Banco Do 

Desenvolvimento Do 
Rio Grande Do Norte 
Leone State in Natal 
Brazil January 25 - 27, 1974 

Erildo Moneiro, Jr. 
Rua General Osorio, 203-59000 
Natal, Rio Grande I)o Norte 
Brazil January 25 - 27, 1974 

Mr. T.C. Niblock 
Director 
USAID /Philipl) ines 
APO San Francisco 96528 February 14 - 15, 1974 

lion. I'.K. Clark
 
Minister of Finnnce
 

Hon. B.B.E. Idigbe 
Minister of Economic Development 
and Reconstruction 

lion. B.O.W. Mafeni 
Minister of Agriculture and 
Natural 1Pesources 

C.I. 	Oshogwe 
Mid-Westc,'n Farms 
Chief E .A.A.HI.. Wepke, Fisheries Officer 

Dr. 	 I.M. Okonjo 
Secretary to the Military Governor 

0.0. 	Uzzie 
Permanent Secretary of Agriculture 
Mid-Western State, Nigeria February 20, 1974 

Joe Akintoba 
Joe Simpkins 
Roy Blanton, Sr. 
Roy Blanton, Jr. 
Tiffny Industries 
100 Progress Parkway 
Maryland lleights, Missours February 20, 1974 

Steven E. Anderson 
Fisheries/PTR 
%American Embassy 
B.P. 697 
Kinshasa, Zaire, Africa March 18 - 22, 1974 
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Peter I. Tack 
E.. Roelofs 
Micigan State University 
East Lansing, Michigan 

Hans Ackefors 
Fil. Dr, Docent 
Ilavsfiskcla bortoriet 
Institute of Marine Research 
S-45300 Lysekil 
Sweden 

Rosie Evans 
Biological Station 
University of Bergen 
Blomsterdalen, Norway 

Scrgio Fernando Gonzalez Berrido 
Director 
School of Fisheries and Food Technology 
Catholic University 
Valparaiso, Chile 

Randy Martin 
Fred Bell 
Charles Rockwood 
Kirshna Kumar 
Florida State University 
Tulahassee, Florida 

Daniel W. Bromley 
Office of Agriculture 
Agency for International Development 
Washington, D.C. 

Glenda Baxder 
Bonnie Kranzer 
Manly Johnson 
Randy Martin 
Florida State University 
Talahassee, Florida 

David Hughes 
Oklahoma State University 
Stillwater, Oklahoma 

March 20 - 21, 1974 

March 21 - 22, 1974 

March 26 - 27, 1974 

March 30, 1974 

April 18, 1974 

April 18, 1974 

May 2 - 3, 1974 

May 13 - 16, 1974 



47
 

Frederick J . Laicy 
International Training Officer 
National Oceanic and Atmosphcric Adm. 
Rockville, Maryland 20852 

Paul F. Randel
 
Animal Nutritionist
 
Agric. F,xper. Station and
 

College of Agriculture
 
Mayaguez Campus
 
University of Puerto Rico
 
Puerto Rico
 

Baudelio Gonzalez Bermudez 
CIFSA 
Rosario, Sinaba
 
Mexico 


L.A.E. Angel Brito Guthicrrcz 
Baseball No. 189 Esq. Nadadores
 
Mexico 21, D.F. 


Igmacio Salinas Arcc 
CIFSA 
Consultores
 
Peten 543, Col Narvartc
 
Mexico, D.F. 


Y.A. Tang 
Fisheries Officer 
Fisheries Resources Improvement Service 
Fisheries Department 
FAO/1leadquarters 
Rome, Italy 

Thomas R. Parks 
Food and Plant Sciences Department 
Stanford lesearch Institute 
333 Rax,enswood Avenue 
Menlow Park, California 94025 

Mitsutake Miyamura 
Japan Air Lines 
Consultant for Trade Development 
Specialist of Marine Product Industry 
929 Andrew Circle 
Panama City, Florida 32401 

Mary 20 - 23, 1974 

June 13 - 14, 1974 

June 13 - 14, 1974 

June 13 - 14, 1974 

June 14- 25, 1974 

June 25, 1974 

June 26, 1974 
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J.J. Sabaut 
Fish Nutritionist 
Centre National de Recherches Zootechniques 
Station do Recherches de Nutrition 
Domaine do vilvert 
France 

T.A. Irabagon
 
Central Luzon State University 
Neuva Ecija 
Philippines 

Kenneth Lightburn 
Aquaculture Int. 
P.O. Box 180 Plympton 
South Australia 5038 

Yolanda E. de Alelara 
Secretary - Prolram Office 
USAID/El Salvactor 

Charley Sh.iraishi 
Agricultural Programs Office 
U.S. Peace Corps 
7th Floor Cardinal Building 
tlerran Cot. F. Agoncillo Street 
Manila, Philippines 

Pinit Sihapituligitt 

Khon Khaen Fisheries Station 
Khon Khacn, Thailand 

D.K. Villaluz 
Antonio Villaluz 
Alfredo Santiago 
College of Fisheries 
Minclanno State University 
Philippines 

Paulo Fernando dc Oliveira Burgos 
Chefe Da Divisao De Recursos Pesqueiros 

Da Sudene 
Leone State in Recife 
Brazil 

September 5 - 6, 1973 

September 18, 1973 

September 20, 1973 

October 21 - 23, 1973 

October 22 - 23, 1973 

January 3 - 6, 1974 

January 25 - 28, 1974 

January 25 - 27, 1974 
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Jun Ikeda
 
President
 
Yokohama Fish Center Co., Ltd.
 
318 Okazawa-Cho Ilodogaya-Ku Yokohama
 
Japan 


June 26, 1974 

Sakae Terada 
Japan Air Lines 
Assistant Manager 
Cargo Sales Development Division 
Tokyo Building 
2-Chome, Marunouchi 
Chiyoda-Ku, Tokyo
Japan 

June 26, 1974 

Jiro Tanaka 
Aquaculture Biologist 
Chief Researcher 
Tokai Regional Fisheries Research Lab.
Nagai Yokosuka, Japan June 26, 1974 
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Appendix IV. Itemized List of Travel on Grant Funds 

DATE STAFF COUNTRY COST 

6/11-6/22/73 W.D. Davies Guatemala 
(Requested by U.S .A.I.D. M.ission to survey Lake Izabal) 

$ 609.41 

6/14/73 D.D. Moss Atlanta, Ga. 
(To attend conference with 211-d Institution Recipients) 

9.00 

6/15-9/24/73 M.M. Pamatmat 

(Travel abroad to Scotland, Germany, 
review aquacUltural research) 

Scotland, Germany, 
Sweden, Norway 

Sweden, Norway to 
1,400.01 

7/1-7/3/73 1.O. Smitherman Mexico City 
(To attend meeting sponsored by American Association 

The Advancement of Science) 
for 

353.00 

7/15-7/16/73 1).D. Moss 
(To confer with U.S.A .I.D. officials) 

Washington, D.C. 169.92 

9/3-9/15/73 Chertchai Amatyakul Ilonolulu/Auburn/ 
Honolulu 

(To consult with the Director of International Center for 
Aquaculture regarding the possibility of the Center to 
co-sponsor with Thai Fisheries Dept. an international 
Workshop on aquaculture to be held in Thailand in 1974) 

635.93 

9/6/73 Ray Allison Tifton/Quitman, 
(To escort Mr. Chertchai Amatyakul, Director of Inland 

Fisheries Division in Thailand, to view raceway culture) 

Ga. 16.15 

9/12-10/18/73 Ray Allison Philippines and 
Bangkok, TIiland 

(To conduct survey assessing aquaculture development of"Bicol 
River Development Projcct as requested by U.S.A.I.D./ 
Philippines and a brief stopover in Bangkok to consult with 
U.S.A.I.D. officials relative to new project agreement) 

201.08 
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DATE STAFF COUNTRY COST 

10/7-10/21/73 D.D. Moss $ 35.12 
(Reimbursement for incidental expenses incurred in
 

connection with travel of seminar speakers and
 
international students)
 

10/22-11/3/73 E.W.Shell Philippines 1,520.15 
(Requested by U.S.A.I.D.) 

10/28-10/30/73 l).D. Moss Providence, R.I. 238.73 
(To review the program of the International Center for 

Marine Resources Development) 

11/4-11/5/73 D.D. Moss WashingtonD.C. 172.37 
(To confer with U.S.A.I.D. officials) 

11/29-11/30/73 Raymond Johnson 138.89 
(To reimburse Dr. Raymond E. Johnson, President of 'The. 

American Fisheries Society for expenses incurred from
 
Washington, D.C. tn Auburn and return to Washington,
 
D.C. to present seminar to Fisheries Graduate Students
 
and present a conference 
on the National Science Foundation
 
Program to faculty and staff)
 

12/2-12/18/73 R .T. Lovell Tokyo, Japan 
Seattle, Washington 1,617.00

(To attend Fisheries Product Conference sponsored by FAO and 
confer with field staff and attend Fish Technolo[/'y conference 
in Seattle, Washington) 

12/12-12/14/73 Rob Busch Yazoo City, Miss. 62.50 
(To escort official visitors from Bogota, Colombia (Alfredo 

Acero and Donald R. Swift) to observe commercial fish
 
culture and fish processing)
 

1/10-1/11/74 R.T. Lovell Washington, D.C. 184.77 
(To participate in symposium and demonstration of new fish 

technology methods) 

1/11/74 Jon G. Stanley 
(To reimburse Dr. Jon G. Stanley, Fisheries Biologist 

from Stuttgart, Ark. for travel to Auburn to present 
seminar to Fisheries Graduate Students) 

118.54 

http:1,617.00
http:1,520.15
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DATE STAFF COUNTRY COST 

4/7-4/11/74 J.S. Dendy 
(To attend Second International 

Baton Rouge, 
Crayfish Symposium) 

La $ 198.80 

4/15-4/17/74 Ray Allison 
(To participate in "Symposium 

of The Gulf Coast Region") 

Baton Rouge, 
on Diseases of Aquatic 

La. 
Animals 

75.00 

4/15-5/4/74 Malcolm Johnson Various states 
(Travel expenses incurred visiting commercial fish farms, 

research laboratories, feed mills, processing plants and 
equipment dealers) 

552.00 

4/16/74 

(To confer with 

D.D. Moss 

U.S.A.I.D. officials) 

Washington, D.C. 150.02 

4/29-5/6/74 W.D. Davies Aviemore, Scotland 
(Symposium on Methodology for the Survey, Monitoring aihd 

Appraisal of Fishery Resources in Lakes and Large Rivers) 

940.61 

5/7-5/23/74 Malcolm Johnson Various states 
(Travel expenses incurred visiting commercial fish farms, 

research laboratories, feed mills, processing plants and 
equipment dealers) 

627.34 

5/13-5/15/74 David Hughes 
(Expenses for travel from Stillwater, Oklahoma to Auburn 

and return to Stillwater, Oklahoma relative to position 
as Fishculture Extension Specialist (El Salvador) and 
to consult with staff regarding Central America Fisheries) 

213.95 

5/22/74 

(To confer with 

E.W. Shell 
D.D. Moss 
E.W. McCoy 

U.S.A.I.D. officials) 
Washington, D.C. 423.81 

5/31-5/9/74 11.0. Smitherman 
Malcolm Johnson IHaifa, Israel 

(Advance per diem for travel to Ilaifa, Israel to attend 
International Symposium on Mullets and their Culture) 

448.00 

6/11-6/13/74 R.T. Lovell Boston, Mass. 
(To attend workshop on fish deboning processes) 

290.05 

$13,420.18 



53
 

DATE STAFF COUNTY COST
 

1/20-1/25/74 D.D. Moss Charleston, S.C. 230.04$ 
(To attend World Mariculture Society meeting) 

1/21-1/25/74 
 Dallas Alston Charleston, S.C. 108.48

(To'present paper at World Mariculture meeting) 

2/6-2/7/74 .D.D. Moss Washington, D.C. 176.77

(To confer with U.S.A.I.D. officials) 

2/21/74 
 E.W. Shell 
D.D. Moss Washington, D.C. 270.24
(To confer with U.S.A.I.D. officials and JohnSen Sparkman) 

2/25-2/26/74 D.D. Moss Washington, D.C. 185.02 
(To confer with U.S.A.I.D. officials 

2/27-3/l/74 
 R.O. Smitherman Ft. Valley, Ga. 56.25

(To present paper at Ft. Valley State College) 

2/27-3/1/74 
 R.O. Anderson 
201.55
 

(Reimburse for travel to Auburn from Columbia, Mo. to
 
present seminar to Fisheries Graduate students)
 

3/4-3/8/74 Pamatmat Oklahoma City,M.M. Ok. 278.76(To attend conference on the use of wastewater in the production
of food and fiber) 

3/21-3/22/74 
 M.M. Panatmat Dauphin Island, Ala. 94.08(To confer with Dr. George Crozier at Dauphin Island, Ala. Sea

Lab. and Edwin May at Ala. 
Marine Resources Laboratory) 

3/21-3/30/74 
 D.R. Bayne Washington, D.C. 
Morocco 
 309.28
(Survey aquatic plants in large reservoirs as requested by 

U.S.A.I.D./Morocco) 

3/28-3/29/'74 
 J.L. Willianson
 
Richard Pretto 
 Stuttgart, Ark. 104.06


(To obtain experimental fish for research) 

3/29/74 
 D.D. Moss Tifton, Ga. 3.50

(To observe trout raceway cultures) 
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and Other" CategoryAppendix V. Itemization of "Supplies, Library, 
from Table 1 

A mountItems 
Hourly field and student labor 17,664.40 

4,933.35Library 
and office supplies 11,581.68Expendable research 

4,.759.08Telephone and telegraph 
15.69Entertainent of guest 

190.49Freight and express charges 
26.29Electricity 

993.87Vehicle maintenance and operation 
2,760.80Printing and binding 

98.00Fees fur course attended by senior staff 

Repairs to research and office equipment. 347.64 
7,460.16Equipment rental 

Services required in support of grant 
2,004.13activities 

76.00Other general expenses 
52,911.58 

http:52,911.58
http:2,004.13
http:7,460.16
http:2,760.80
http:4,.759.08
http:11,581.68
http:4,933.35
http:17,664.40

