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Progress Report on Fisheries Development in El Salvador

DAVID R. BAYNE*

INTRODUCTION

IN Fesnvany 1971, at the request of USAID Mission El
Salvador, Dr. Donovan 1. Moss, of the International Center
for Aquaculture at Auburn University, conducted a survey
of the inland fisheries of El Salvador. He was assisted hy
personnel of the Fisheries Section, Department of Forestry
and Fisheries, Ministry of Agriculture and Livestock (MAG),
Il Salvador. Purpose of the survey was to review facilities
and activities of the Fisheries Section and to determine if
sufficient potential and need existed to justity aceelerated de-
velopment of inland fisheries and, if so, to secommend a pro-
gram of inland fisheries development for El Salvador. Con-
cluding that increased fish production coulc offer an abun-
dance of relatively inexpensive, high quality animal protein to
diets known to be deficient in animal protein, Moss! recom-
mended the following:

1. Improvement and expansion o sesearch facilities at the
Fisheries Station located at Santa Cruz Porrillo so that an
effective rescarch program could be Lannched.

2, USAID Mission financial support for the purchase of
laboratory and field equipment.

3. USAID Mission support in obtaining teclmical services
from the International Center for Aquaculbire in the form of
a full-time resident fisheries advisor and short-term technical
wssistance,

Mission and USAID Washington acceptance of these rec-
ommendations resulted in Contract No. AID. 1a-688, under
whicli the aunthor was eploved as the resident fisheries ad-
visor beginning January 1, 1972, Following Washington and
on-campus orientation and Spunish language training in El
Salvador, all efforts were devoted to coordinating and ad-
vising in the development of an effective inland fisheries pro-
gram. Efforts were concentrated in the following work areas:

1. Renovation and expansion of research and supporting
facilities at the Fisheries Station, Santa Cruz Porriilo.

2. Aquacultural research.

3. Aquucu]tum] extension,

4. Investigations of the fisheries resources of major lakes
and other natural waters of El Salvador.

STATUS OF THE FISHERIES PROJECT

Administration and Personnel

Anticipating increased emphasis to inland fisheries in the
near future, the MAG administratively elevated the Fisheries
Section to full departmental status January 1, 1972, This
provided the Fisheries Department (since changed to Fish-

° Assistant Professor, Department of Fisheries and Allied Aqua-
cultures,

'Moss, D. D. 1971. Inland Fisheries Survey Report for El Sal-
vador, Project: AID/¢sd-2270. International Center for Aquacul-
ture, Auburm University, Aubum, Alabama.

eries Service) a separate operating budget and a more effi-
cient administrative alignment. At that time, there were six
host-country technical personnel, wone of whom had com-
pleted wniversity degrees, four Peace Corps Volunteer biolo-
gists, and a supporting stall of two. During 1972-73, a hi-
ologist with an M.S. degree was appointed Head of the Yish-
eries Service, five new Salvadoran technicians (four with uni-
versity degrees in biology) were hired, and two additional
supporting staff were emploved. Of the four Peace Corps
Volunteers whose normal duty tours  terminated in 1972,
three were replaced and one extended for another vear. The
new volunteers all possessed B.S. degrees in fisheries and one
had the M.S. in limnology. The VFisheries Serviee also con-
tracted the full-time services of two civil engineers, a geolo-
gist, and a topographer to direct the site selection and con-
struction of earthen ponds and related facilities both at the
Fisheries Station and for the community fish pond develop-
ment project.

Increased emphasis and support for the Fisheries Service
has led also to inereased responsibilities. In addition to inland
waters, the Service has been charged with management and
development of fisherv resources of brackish and marine
waters.

Financial Input

Financial support for the Inland Fisheries Development
Project by the Government of El Salvador (GOES) was
vastly improved during 1972 and [973. Capital improvement
funds allocated for the venovation of existing and construc-
tion of new facilities at the Santa Cruz Porrillo Fisheries Sta-
tion are summarized as follows:

. Funds hudgeted
Year by MAG

1972 (Jan.). ... ¢ 15,000"

Project use

Construction of six earthen
ponds and drilling of deep
well

1972 (Dec.) ... .. 135,000 Additional pond  construc-
tion, renovation of existing
building, and construction of
“wet lab”

1973 (Jan.) 119,000 Additional pond corstrue-

tion, construction of shop-
warchouse-feedroom com-
plex, drilling of second deep
well

Toran ... . #269,000 ($107,600)

YOne colon (¢) is equivalent to $0.40.

In addition to the capital improvement budget, the Fish-
eries Service operating budget was increased from ¢110,000
in 1972 to 227,000 for 1973. The approved budget for the
1974 fiscal year was ¢288,360. GOES has also initiated a
community fish pond development project that calls for con-
struction of 100 community owned and managed fish ponds
thronghout the countrv. The ponds are being constructed
and technical assistance provided by the Fisheries Service,



An initial budget of ¢131,250 was appropriated ior this proj-
ect in 1973 and wn additionad €162,310 has heen approved
to continue this work in 1974 A special fund of 222,000
was appropriated for the investigation and inventory of all
aquatic habitats, which was to begin in 1974

Renovation and Construction at Fisheries Station

Renovation and expansion of research and supporting fa-
cilities at the Fisheries Station at Santa Cruz Porrillo are near-
ing cmnplcti(m. Progress in this area was v\lrmnvl)‘ slow in
1972 due primarily to lack of fending. The €15,000 available
in January 1972 was expended by June 1972, and the addi-
tional 135,000 that had been appropriated was not released
until December 6, 1972, As a result, approximately 6 months’
working time was lost. Progress during 1973 has been steady
though not spectacular. The fact that only a minimum of
heavy equipment was available, and this in generallv poor
condition, delaved completion of the 33 carthen ponds under
construction.

Nineteen new 0.05-hectare carthen ponds have been com-
pleted and are in use. The remaining 14 ponds are nearing
completion. Two deep wells have been drilled to provide an
abundance of gaod quality water for these ponds, as well as
for other facilities at the Station. The first well has Leen
tested and found to vield in excess of 800 gallous per minute.
Chemical analysis and bio-assay indicated  exce lent water
quality,

Thirty concrele ponds, cach having a strface area of 20
square meters and a depth of 1 meter, were constructed and
are in use. These ponds greatly increase the number of ex-
perimental units available for research and provide area for
holding fish, which frees more carthen ponds for research.
Each pond can be filled and drained independently and s
supplied with well water.

Two new buildings, a wet laboratory and a shop-warchouse-
feedroom complex, ure virtually complete. The wet laboratory
contains small concrete holding tanks, aquaria, and facilities
to maintain and culture eggs and frv of experimental animals.
A small air-conditioned voom provides Jaboratory working
space  within the Duilding. The shop-warehouse-feedroom
building contains offices, storage space, a workshop, and a
fish feed preparation area,

Renovation of the existing office-laboratory buikling -vas
completed. Necessary structural vepairs were made, broken
windows and damaged screens replaced, offices were parti-
tioned, and the entire building was painted. Sanitary Il'.wi]i-
ties were repaired and new sewage lines laid. The chemical,
biological laboratory was completely vefurbished, insulated,
air-conditioned, and equipped. The electrical system for the
entire Station was rc-(]csigncd, w th new lines and trans-
formers provided to assure adequate electrical power to ac-
commodate the increased demand. Night lights have been
p]]'.lcod in strategic locations on the ground: to protect against
theft.

Aquacultural Research

An active program of aquacultural research has been con-
ducted at the Fisheries Station over the past 2 vears. The
program was designed to provide practical information to
Salvadoran fish growers aud to develop technology  that
would lead to inereased productions and profits,

Yield trials to compare production of two fish species
(Tilapia aurca and Tilapia mossambica) were conducted nn-
der different test conditions at the Fisheries Station. The
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former consistently produced greater vields than the Fatter
in ponds receiving organic and inorganic fertilizers. This
was attributed to the higher growth rate of T aurca females.
Growth of males of the two species was approximately equal,
and the males alwavs attained a larger size than females of
the same age. Growth of the originally stocked Tilapia in all
trinds ceased after approximately 3 months, indicating that
pond carrying capacity was being approached,

Research was begun to svstematically evaluate the enltare
potential of native species of aquatic organisms, Results
with the most popular freshwater food fish, mojarra negra
(Cichlasoma mac aeanthas), eliminated it as o possible cul-
ture species for K1 Salvador. Tn veplicated fertilized  pond
trials, the fish grew slowly, reproduced prolifically at an carly
age, and total annal production was extremely low (440
kilograms per hectare). o progress are carthen pond trials
with five other fish species, juilin (Rhamdia guatemalensis)
guipote  pando  (Cicldasoma  motaguense), tepemichin
(Agonostomus monticola), mullet (Mugil cephalus), and the
bagre (Arins guatemalensis), as well as with freshwater erus-
taceans, crab (Psendothelphusa magna), and shrimp (- Mac-
robrachivm tencllum and Macrobrachium americanumy.

Tilapia have been successTully cnltured in 0L.01-liectare fish
pens and in 1-cubic-meter fish cages. Using these techniques
permits intensive culture of fish in natural waters and in
man-nrde ponds and reservoirs that are generally considered
difficult to manage. Amnual vields in excess of 12,000 kilo-
grams per hectare in pens receiving a pelleted feed and 4,000
Kilograms per hectare in pens receiving only fertilizer were
obtained in trials at the Fisheries Station.

A pelleted supplementary feed containing coflee pulp, an
inexpensive, commonly available by-product of the coffee
industry, is being evaluated for use with 7. aurca in cages,
pens, conerete pools, and carthen ponds. The feed ingredi-
ents include:

Ingredient Percentage
.Coltee pulp .. . L 30
- Com mea! ST 24
Molasses U 20
Cottonsced meal . 14
Wheat bran 10
Bone meal 1
Urea 1

All of these ingredients are readily available and the low
cost of coflee pulp results in a total feed cost of only $1.72
(¢4.30) per 100 pounds.  Although the ration contained
only 21 per cent total protein and no animal protein, high
anmal vields (+4,025-12,504 kilograms per hectare of pen)
of T. atrea have been obtained in replicated fish pen trials,
Table 1. At - stocking vate of 400 T'. aurea per 100-square-
meter pen, feeding the supplementary vation more than
doubled production of treatments not receiving the ration.
A feed cost of $0.067 (0.17) to produce each additional
pound of fish proved to be both economical and practical,

In research to determine the most desivable fingerling
stocking rate of T. aured when cultured alone, vates of 3,000,
10,000, and 13,000 fingerlings per hectare were tested in
fertilized ponds for a -4-month period. Both total vield and
vield of marketable sized fish (14 centimeters and larger)
were used as criteria to judge which of the vates should be
recommended.  Highest average lotal produciion per vear,
3,249 kilograms per hectare, was vealized at the 15,000 rate.
The rate of 10,000 fingerlings per hectare produced only
1.943 kilograms per hiectare per vear: however, it yielded
the highest percentage of marketable sized fish (85 per cent)



Tavre 1.

Resvrs oF Feemae Trmats Conpvoren v T00-Cuome-meven Fisie Pess wirne Tilapia aured Recenvise

A 21 Pen Cesa

Prorein, Peniiren Ranos Convamninag 30 Pen Cene Correr Ponpe

Survival

et ] e Fish Repli- of
Freatment IFeed used stocked  cates stocked
o fish
No. No. Pet.
I Ch. mamne 300 3 GG
2 Pellet 300 2 56
3 Pellet 400 Ry 100
4 Pellet 600 2 100
Control None 300 2 47
Control Noue 400 1 07
X Control None GO0 1 18
' Projected yvield based on 351 growing days,
* Based on a feed cost of €430 per 100 pounds,
*Based on estimated production in control with 600 fish.
Note: Market value of fish at pond site was €040 per pond,
Tasre 2. Costs anp Rervrxs or Fisit Probverion in
Ei Sanvapon'
Cost or retumn item ) Auount
¢ S
Initial costs
Estimated cost of construction (1.3-ha, pond) 8,000.00  3,200.00
Seine net (locally made) 300.00 120.00
Containers for transporting fish 50.00 20.00
Tora. 8,.350.00  3,340.00
Fixed annual costs
Amortization of pond construction (20 years)  400.00 160.(X)
Amortization of seine nets and other
equipment (3 yvears) 70,00 28.00
ToraL 470.00 [88.00
Co: s of production
Fineihngs, 15,000 @ <0.015 2325.00 90.00
Fertilizer
Chicken manure, 13,185 1b, S(D c0.03/1b....  456.00 182,40
(Ni1,1:8G, 66 1. superphosphate 11.00 140
Labor, €2.63/dav/man
Stocking .. . . 118.00 47.20
Fertilizing 24.00 9.60
Sampling .~ . 37.00 14.80
Harvesting and marketing 108.00 43.20
Repairing of the pond . .. 168.00 67.20
ToraL .. - LI7.00 458.80
Annual gross retum
7772 1h. @ c0.40/1b, 310900 1,243.60
737 b, @ c0.20/1h. - 700 58.80
Toray .. . e i 3.256.00  1,302.40
Annval gross retum . . 3,256.00  1,302.40
Fixea annual costs ... ... . . 470.00 188.00
Annual costs of production 1,147.00 -158.80
Anvual net profit ... . 1,634.00 655.60

EouivaLeENT 10: €1,092,00 = $436.08/ha./year
_or 8177 /acre/year ) o

"Based on the production of male Tilapia and  guapote tigre
culture during 6 months in a L3-hectare pond located at the
Fisheries Station, Santa Cruz Porrillo, 1972-73.

Tanrr 3.

Av, ot Projected Aee st Fon
Duvation gawn per total fish Fod :-\\-l. ('()?ll hl)ll
of trinl  stocked  production/  conversions M(f }:li (ll ')
fish AWAYS of fed Hsh

Doys i3 Ky $ ¢

156 83 3,6(0) .25

150 124 4,025 370 02743 0.6857

160 102 9,982 2,24 00672 0.1680

160 00 12,504 R 0.0655" 0.1637

156 T 2,790

160 18 4,124

160 65 1,536

aned the largest total quantity of marketable sized fish (1,650
kilograms).

Some ponds at the Fisheries Station were managed as
commercial production units to gain insight into routine
problems and to test alternative systems of management,
snch as total harvest versus partial harvest. One large pond
was managed for commercial prodnetion to obtain informa-
tion on pl'()(lnctioll costs and returns on investment. It was
stocked per hectare with 10,000 male Tilapia and 5,000
guapote tigee, Cichlasoma managuense, and received daily
applications of chicken manure (10-20 kilograms per hece-
tare). Total anmal fish production was in excess of 3,000
kilograms per hectare, and over 1.5 tons of fish were solu to
people coming to the Fisheries Station within a 3-day period.
An economie analysis of this teal is presented in Table 2.

Oune of the most serions prolilems encountered in Tilapia
culture is overcrowding of the ropulation becanse of carly,
prolific, and frequent reproduction of these fish. A solution
to this problem has heen the stocking of a predatory fish in
combination with the Tilapia to control the number of young
surviving. The piscivorous guapote tigre, C. managuense, was
found to be excellent for this purpose. Subsequentiy, research
was done (o determine which stocking rates and ratios of
Tilapia and guapote tigre vielded the highest production and
greatest profits in fertilized as well as fertilized and fe
cathen ponds. Preliminary results indicated that, in ponds
receiving the supplementary ration with 30 per cent coffee
pulp, stocking rates of 12,000 Tilapia per hectare at a Tilapia
to tigre ratio of 4:1 were most productive, Table 3. This
stocking produced greatest total vield (3,864 kilograuns per
hectare per vear) and the highest annual vield of mi-ket-
able sized fish (3,526 kilograms per hectare).

PrELIMINARY REstLTs OoF TiaLs 1x Ponns RECEIVING FERTILIZER AND Frep Cospueted 1o DeETEMMINE MosT DESIRABLE

StTuckinG RaTes axp Stocking Ratios ron Tilapia aurea axp Guarore Ticre COMBINATIONS

Projected production per

Tilapia Tilapia:tigre . Leelare per vear Av, size “s”
Treatment stocking stocking l?:;r;'rti',?ln Replicates hectare per s l' of orig. fomd
rate/ha. ratio ! Net! Net stocked fish  conversion
o marketable!
No. Days No. K. Kg. fid
... L 6,000 4:1 150 1 2,545 2,144 121 1.8
DU U PR 9,000 4:1 150 1 3,738 3,277 138 1.9
Y TN 12,000 4:1 150 1 3,864 3,526 126 . 2.3
4. o 6,000 8:1 150 l 2,959 1,980 108 1.6
S J e 4, (K 8:1 150 ‘ 3,630 2,546 104 1.8
6 I e 12,000 S:1 150 1 3.280 2,775 02 2.4

! Projected production based on 385 growing days.
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ABOVE. The smali eatfish, Rhamdia guate-
malensis, grew well in pond trials at the
Fisheries Station and may prove valuable
in mixed cultures with Tilapia. Further re-
search is needed to develop spawning tech-
niques.

BELOW. Resemch with cubic meter cages
(shown) and 100-cubic-meter fish pens eval-
uated the feasibility of using these enclos-
ures in natural waters of El Salvador.

ABOVE. The freshwater chrimp, Macrobrachium tenellum,
grows well in ponds, but more research is needed so that it
can be successfully spawned and reared in captivity.

RIGHT. Practical and inexpensive fish smokers like this were
used in experiments aimed at finding alternative methods of
fish preservation for small producers and artisan fishermen,



ABOVE. This counting ta-
ble. constructed at the Fish-
eries Station, greatly facili-
tated the orderly collection
and processing of data from
reseirch pond sampling andd
harvesting,

ABOVE. Fisheries Service biologists collected vital fishery statisties at sites
where lake fishermen sold their cateh. Cast net fishermen of the reservoir
La Presa 5 de Noviembre were always happy to cooperate,

BELOW. Research was done to lind effective, practical, and economical

means of controlling aquatic weeds like the water hyacinth, Eichhornia
crassipes, which pose a serious problem to many lake fisheries,

-
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Another method of controlling repraduction of Tilupia i
the use of & saade hvbrid fish, Certain crosses of differet
Tilapia species viekl only male ollspring. - Not only are these
fish unable to reproduce, but faster growth of male Tilapia
compared to the female is an added advantage. The Fisheries
Station will soon acquire from Bravil stocks of Tilapia hon-
orem and Tilapia nilotica, which produce the all-male hvhrid
there. Hybrid calture will surely add o new dimension: to
{ish enlture in El Salvador.

Aquacultu-al Extension

Promotion ot fish culture throughout the country s an
essential step in the future development of an clfective mland
fisheries program, and ultinite suceess will depend on how
soon and how well this can be accomplished. Because ol this
need, considerable efforts have been spent over the past 2
vears 1o establish a fisheries extension capability within the
MAG. Progress has heen slow, however, due prinml'il_\' to
the following factors:

1. The type of fish culture heing |)mnmt(‘(l is new to El
Salvador, There is no tradition within the existing Agricul-
tural Extension Service for oflering the tvpe of techuical
assistance needed, and there had been no- training available
to extension personnel o students of agriculture.

2. Although aquaculture is similar in many ways to more
traditional forms of agriculture, the aquatic envivonment
oflers some unigue problems not encountered i terrestrial
culture,

3. The inability and unwillingness of the Agricnltural Ex-
tension Service of MAG in the early stages of the project to
aceept the responsibility for fish ¢dtural promotion and ex-
tension was a complicating factor, s was the fact that the
Fisheries Service was prohibited from providing this serviee.

A farm pond evaluation studv on the current status of fish
culture and the needs that exist was conducted to provide
information in the following areas:

1. Number, size. location, condition, and current use of
all existing farm ponds in El Salvador.

2, Fish species being used and management practices em-
ploved.

3. Major problems limiting fish production.

4. An estimate of actual annual production,

3. An estimate of potential wmual production based on
production obtained in selected farm ponds that were stocked,
managed, and harvested by biologists of the Service,

6. Processing and marketing techmiques emploved.

Results of this studv emphasized the great need for a
sound promotion and extension program. The 450 farm
ponds in the study had a combined surface area of 53 hee-
tares, vet only 10 per cent of the area veas being utilized to
produce crops of fish. The annual production from  these
witlers was estimated to e less than 700 kilograms. Own-
ers of almost half of the unused ponds expressed strong, i
terest in fish culture but lacked the knowledge of how to
pursue it. 1f promotion efforts could get only 40 hectares of
the existing 53 bronght into production, annual yield could
asily rise to 140,000 kilograms. This 20-fold increase in
praduction assumes the construction of no additional ponds
and no impr()\'('nwnts in culture lvvlmiqucs.

In addition to the farm pond evaluation study and the re-
scarch program underway at the Fisheries  Station, other
studies have sought informatior, reiated to commercial and
subsistence pond fish production.  Most fish are marketed in

a dresh state, being captared o produced close to consumer
marhets. Fortunately, El Salvador is small and densely pop-
nkated so this svstem is practical ina laege number of cases.
Aside trom trozen fish that appear exclusively in the few
supernarkets ol the country, salting and sun-drving is the
only metnod being used to process fish for deluyed sale,
Studies were conducted to determine il smoking of fish would
he practical and cecnomical in Fl Salvador, and it the prod-
act would be acceptable to consumers,  Improvised fish
smokers were demonstrated in several fish producing arcas
and attracted o great deal of attention.

Anticipating problems that might arise as a vesalt of in-
creased pond fishe production, thie Fisheries: Serviee has ini-
tiated o countrv-wide fish muoketing survey, Information is
heing gathered on:

1o Actual and potential demand for fish and fish products.

2. Sources and  quantities of fish sold  throughout the
country,

3. Seasonal fluctuations in supply and demand.

4. Geographical distribution of fish markets and products.
Problems encountered in the marketing system,

6. Price structure of the fish market and seasonal variations
in fish prices.

In addition to other valuable information, this study re-
vealed that Bl Salvador was not meeting the domestic de-
mand for fish and has been importing salted and dried fish
in corsiderable quantities from both Nicaragua and Guate-
mala,

Compiling all pertinent informatior: gathered over the past
2 vears of research and study, members of the Fisheries
Service have prepared a “Manual of Fish Culture” for El
Salvador.  Designed to provide practical and specific infor-
mation on pond culture of fishes to Salvadoran growers, the
minual contains sections on the impurtance of fish culture,
pond construction, pond management, biology ¢f culture
species, processing and marketing, and the possibilities of
forming owner cooperatives. Two nther shorter plnlsli:;niix_mc
also were prepared to assist in the extension effort.

The Agricultural Extension Service, which comprises a
Department within a completely separate division of the
MAG, has an extensive network of fieid offices throughout
the countrv. Short courses, demonstrations, and workshops
have been conducted by Fisheries Service personnel for the
henefit of the extension agents. Short courses and demonstra-
tions have also been presented to students of the National
Agricultural School where a large majority of the future ex-
tension agents study. Present plans call for similar training
to be oflered to te :hmicians of FOCCQ, one of the country’s
largest community (]v\'(*l()pm('nl organizations.

In cooperation with the U.S. Peace Corps, the Fisheries
Service assisted in the construction and management of a
demonstration fish pond on o maodel farm in the northern
sector of the countrv. In October 1973, .u|)pr(.‘xinmtv]_\f 800
farmers from surrounding arcas visited  the  demonstration
pond while atierding a field day sponsored by the Peace
Corps. Written and oral information concerning fish culture
were presented to the farm group,

The most encouraging development within the past 2 vears
concerning promotion of fish culture has been the commit-
ment by MAG to establish two fish cultural specialist posi-
tions within the Agricultural Extension Serice heginning in
1974, I addition, Fisheries Service personnel will he al-
lowed to conduct extension activities wd to provide teclni-
cal assistance direetly to pond owners who request it A
plumed training program for the new extension specialists

It



will include in-country orientation and studv, as well as ex-
posure to a suceesstul commercial, hivbid Tilapia operation
at the Cantonal Agricaltural Center, Purrialba, Costa Rica,
Lake Fisheries

Major natural and artificial lakes of ¥l Salvador have been
studied over the past 3 vears. This series of studies was
designed o provide data needed to manage cach Lake's fish-
eries so that the mavimum sustained vield of aguatic organ-
isms could be harvested by the local artisan fishermen, Stadies
carried out i 1971-72 were aimed primarilv at gathering
fisheries statistios.  In 1973, emphasis was shifted to include
studies on the limnology and fisheries biology of each area.
Both studies included the five Targest Takes of Bl Salvador:
Lake Tlopango (70 square kilometers) |, Lake Guijn (42 square
kilometers) . Lake Coatepeque (25 square kilometers), Lake

Olomega (242 square kilometers), and  the reservoir La
Presa 5 de Noviembre (20 square kilometers).  Smaller

arcas receiving attention were Lagona Verde (7.5 hectares ),
El Espino (100 heetares), Chalchuapa (5 hectares), Laguna
de Metapan (312 hectares), and Laguna de Jocotal (110
hectares).

4.

lsinanren
Lanaesr

TanLy Fstivarnen Assvan Caron,

Estimated

Lake and vear hulnluw total anmal l‘..\ln”n;nh-}l
are cateh cateh/ a7y,
Ha. K. K.
Hopungo' 1958 7.052 130,400 18.49
Hopango 1971 7,052 107,304 15.22
Olomega 1971 2,420 470,908 194,60 1
Olomega 1972 2,420 524,166 216.60
Guija 1971 2,940 259,014 88.2
Guija 1972 2,940 194,040 GG.O
Coatepeque 1971 2,500 113,517 45.4
Coatepeque 1972 2,500 199,872 79.9
5de Nov., 1972 1,600 121,872 6.2

Lin (1958).
- Group includes primarily

“Group includes Rhamdia guatemalensis, Arius guatemalensis
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The gathering, of fisheries statistios during 197172 vusually
included two, T-month visits to cach Take, one duving the dry
season and e other during the wet season. Smaller lakes

were visitesd only onee, and the duration depended on size

of the lake and complesity of the existing fishery. Major
objectives of the work svere to:

1. Estimate total harvest ol cach lake in 1972

.2 Determine average length, average weight, and per-

entage by weight of eacl species in the catel,

3. Evaluate vavious fishing teclmiques and tepes of gear
;uul determine cateh per unit effort and fish size disteibution
with the gear being ased by Tocal fishermen,

4. Gather information on fish processing and marketing
and estimate market value ol catel.

5, Lstablish o census on each like, with selected profes-
sional fishermen paid to colleet and record cateh data each
month.

Formal reports have been prepared for cach Take and se-
lected ])mlmm of the information have been published. Ta-
bles +F and 5 summarize some of the more interesting infor-
mation resulting from these studies. Fstimated annual pro-

Caren, ap Caen Controstiion ron e Fove

SaLvapon

VaLte or

o1}

Estimated vidue of cateh 5

Cauteh composition by weight

Toetal value Value/hectare

S ¢ by ¢ Per cent
38,640 86,600 5.48 13.70  cichlids (86), sardine (14F
59054 147,635 8.37 20.92  cichlids (93), catfish (3", sardine (2)
0317 250,792 41453 103.62  cichlids ¢12), sardine (41), catfish (17)
67,933 169832  28.07 7017 catfish (3, cichlids (25), sardine (20)
S5LY938 120845 17.67 .17 catfish (38, cichlids, sardine
53,083 132,707  18.06 435.15  catfish (3%), cichlids, sardine
S0.379 100,947 16.15 4037 cichlids (86), treshwater erab (13)
79531 198,827 31.82 79.55  cichlids (93), freshwater erab (6)
32457 81142 10.18 2545  catfish (32), cichlids (38)

Astyanax fasciatus and Mollienesia sphenops.,

andd Aviny taylori,

Ancest Lakks orF EL Satvapon By Yean ( NUMERALS INpIcaTE

_Sde Nov.
1924-72

()]mm L'.l

(1957-72 192

) (-un.l
i _7,,1'72

) ”()])‘lllL() o
1924 58-71-73

Cichlasoma dowii, cel,a®
Cichlasoma puttulatum, mojarra azul
Cichlasoma macracanthus, mojarra ne gra
Cichlasoma managuense, gnapote tigre!
Cichlasoma mecki, mojarra .
Cichlasoma motaguense, guapote pando
Cichlasoma nigrofasciatum, burra
Cichlasoma trimaculatur:, istatagua
Filapia mossambica, tilapia negra'
Arins guatemalensis, bagre (catfish)
Arius taglori, wicho (catfish )
Rhamdia guatemalensis, jnilin catfish
Astyanax fasciatus, sardina
Mollienesia sphenops, chimbola
Rochoides salvadoris, alima seca
Priapichthys letonal, chimbola
Thyrina guiju, monjuda
Poccilopsis salcadorus, chimbola
Profundulus guatemalensis, chimbola
Anableps dowii, cuatro ojos .
Pscudothelphusa magna, cangrejo (craby)
Agonostomus monticola, wepemechin
Centropomis sp., robalo (nook)
Macrobrachium tenellum, camarones
(shrimp)
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duction was 1109934 Kilograms and retwns to - fishermen
were CTO2A02 ($288.121). 1t s noleworthy that Lake
Olomega, the most fertile of the five, contributed almost half
of the total production. This lake had w comparatively high
anmual vield per hectare of 206 Kilograms. Only five fish
species were common o Al of the five lakes: two cichlids,
Cichlasoma nigrofasciatum and Cichlasoma managuense,
eall catfish, Rhamdia guatemalensis, a chavacid, Astyanax
fasciats, wnd the top minnow, Mollienesia sphenops. "The
piscivorous guapote tigre, €. managuense, s the only non-
native species. 1t was introduced from Nicargua in June
1958 and has since attained @ prominent place in the con-
mercial cateh of cach lake, Table 5.

Two lake survey teams began studies in 1973 to provide
more  information on the commercially important aquatic
species, to gather more detailed data on the biological and
phusical characteristies of each Luke, and to test and evaluate
new tvpes of fishing gear and capture technigues. This work
will continue through 197

Growth of noxious aquatic pl:mls in some lakes and reser-
voirs of El Salvador hampers, and in some cases completely
climinates, the fishery. The water hvacinth, Eichhornia cras-
sipes, is the most serious pest. Research trials conducted in
1972-73 revealed that the use of 2,4-1D amine at rates vary-
ing between 10 and 15 pounds per hectare was aa clfective
and cconomical means of controlling this plant.

Information vesulting fiom these studies and surveys is
l)oingﬁr used to better manage impm'tunt nquntic FeSOUICes.
Presently under consideration s the first fisheries law ever,
with jurisdiction over inland waters. Efforts are being made
to incorporate new knowledge of the fisheries of cach fuke
into this new law so that the fisherv is adequately pr()tvctod
and wiselv managed. Also as a direct outecome of the lake
studics, the Fisheries Service has begun a carefuliy planned
stocking program. Lake Olomega and  Laguna de Jocotal
were both found to have large plankton populations but lacked
tish that conld directly utilize this portion of the food cliin.
Monthly stacking of the plankton feeder, Tilapia aurca, in
both Takes duving 1973 has resulted in breeding populations
of the fish. Objective of this stocking was to increase hoth
total production and production of a more desirable com-
mercial species.

Participant Training

The Head of the Fisheries Service, Jose E. Cabrero, al-
though trained acadeniically as a biologist and with consider-
able working experience in botany and plant physiology, had
had no foamal or practical training i fisheries. It was recom-
mended that USAID El Salvador provide funds for lim to
participate in a study tour of the International Center for
Aquaculture, Auburn University, and other selected fish cul-
ture research and training facilities. This would allow Mr.
Cubrero, who has the rvesponsibility for directing and ad-
ministering the Inland Fisheries Project, to observe the va-
rious facets of an on-going aquacnltural training and testing
facility, and visit selected commercial food fish production
operations. This training was carried out during May 1973,

In June 1973, Cesar Abrego Funes began study toward «
B.S. degree in fisheries management at Auburn University.

10

Me Abrego Dad had 2 veas of study in hiology at the
University of Kl Salvador. He had served as a biologist and
as the acting Head of the Fisheries Service.

Twa additional candidates have becn selected and - ap-
proved for fishery training Auburm University, Cecilio
Carcia Ramivios, w0 will complete his B.S. degree at the
University of El Salvador in Mav 1974, will enroll the fol-
lowing month at Aubuwrn University 1o work toward an MLS.
degree in fisheries. My, Ramirios worked as a biologrist for
the Fisheries Service for over 2 vears and has been receiving
intensive English training for the past 8 months. My, Ca-
hrero, the Head of the Fisheries Service, will enroll in the
Graduate School of Auburn University in March 1974, to
study for the PhD. degree in fisheries management. At the
time of his ewrollment, My, Cabrero will have served as
Head of the Service for over a vear. He has had excellent
training in biology and is fluent in English, having received
both the B.S. and M.S. degrees at the University of New
Hampshire.  With the return of these and perhaps other
trainees, El Salvador will have the trained technical person-
nel needed to carry out an elfective and imaginative fisheries
development program.

Peace Corps Participation

The assistance of the U8, Peace Corps in providing vol-
unteer biologists to work with Salvadoran counterparts in the
Service lias been an integral part of the development project.
These volunteers bring technical knowledge, leadership abil-
itv, and initiative to the job. Theyv have contributed signifi-
cantly to the progress made over the past 2 vears, and iheir
continued participation is most Gesirable.

Short-Term Technical Assistance

A project review of the El Salvador Inland Fisherics Devel-
opment Project was conducted February 3-10, 1973, by Dr.
Moss, of the International Center for Aquaenlture, Auburn
University. Results and conclusions of this visit were re-
ported that vear.?

November 18, 1973, Dr. E. W. McCoy, an agricultural
economist with the Agricultural Experiment Station, Auburn
University, arrived o conduct a general economic analysis
of Salvadoran inland fisheries with emphasis on fish culture.
Results of this study have been published and distributed to
USAID El Salvador.®

USAID Ecuipment Grants

Laboratory and field equipment made available to the in-
land Fisheries Development Project thro .gh USAID equip-
ment grants has greatly increased the rechnical capability
and self sufficiency of the Fisheries Service. Little could have
heen accomplished without this important input.

\foss, D, D, axp D, R, Bavni, 1973, Review of El Salvador
Fisheries Project AID/la-688.  International Center for Aquacul-
ture, Auburn University, Auburn, Alabama.

A\ f¢Cov, . W. 1974, Economic Analysis of the Inland Fish-
eries Project in El Sulvador. International Center for Aquaculture,
Auburn University, Auburn, Alabama,



Fisheries Publications

Although there has been some activity in the field of in-
Land fisheries for approximately 25 vears, few technical pub-
lications were u\'uilnl)]c priov to 1971, Much of what is known
of research and evaluation conducted earlier was  passed
along by word of month. Efforts have been made to estab-
lish regular channels for publishing important research find-
ings and for distributing extension and promotion literature.
The following have been published over the past 2 vears
of the project:

Extension Literature

Senvicio Piscicora. 1973, Manual de Fiscicultura,  Di-
reccion General del Recursos Naturales Renovable, Ministerio
de Agricultura v Ganaderia,  El Salvador.

Senvicio Piscicora. 1973, Informacion  general  sobre
algunos aspectos importantes para la piscicultura salvadorena.
Direccion General de Recursos Naturales Renovables,  Min-
isterio de Agricultura v Ganaderia.  El Salvador.

Servicio Piscicora. 1973, Que es piscicultura en El Sal-
vador? Direccion General de Recursos Naturales Renovables.
Ministerio de Agricultura v Ganaderia.  El Salvador.

Research Related Literature
Sancnez v Dosixcuez, Canvos. 1972, Embriologia del
camaron del rio. Agricultura en El Salvador. 12(2):11-13.

Bowatan, Davin, 1972, Cultivo de L tilapia en agoa dulee
y salada. Agricultura en El Salvador. 12(2):24.

Gancia Razmmuos, Cromto. 19720 Investigacion sobre
algas. Agricnltura en El Salvador. 12(2):25.

Jonxsox, K., Ao Ancuaieno v M. Raameez Hhinavco. 1972,
Evaluacion de los principales lagos de 1l Salvador. Agricul-
tura en Bl Salvador, 12(2):26-32,

A

Raztos, Co Gooanp Do R Bavxe, 19730 Cultivo de
Tilapia aurca (Steindaclner) en corvales de 100 m#, alimen-
tado artificialmente con gallinaza v an alimento preparado
con 30% pnlp;l de cafe. Servicio Piscicola.  Direccion Gen-
eral de Recursos Naturales Renovables, Ministerio de Agri-
cultura y Ganaderia. El Salvador.

Bavxe, D Roaxp B C Brrrene 19730 Un metodo prac-
tico v economico para el control quinaico de jacinto de aguoa,
Eichhornia crassipes (Mart.) en El Salvador. Servicio Pisci-
cola.  Direccion General de Recursos Naturales Renovah!-,
Ministerio de Agricultura v Ganaderia, El Salvador.

Bowatax, Davin, 1973, Comparacion entre Tilapia aurca
(Steindackner) y Tilapia mossambica Peters como peces de
estangque en El Salvador. Servicio Piscicola, Direccion Gen-
cral de Recursos Naturales Renovables. Ministerio de Agri-
cultura y Ganaderia. El Salvador.
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