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I. Definition of special terms used in tne text.
 

Large fingerling. A fish at least 15 cm in total length.
 

Estimated catch in 100 m2 of gillnet. We fished gilinets with surface areas
 

(hcight x width) of 25m 2 , 18.25m 2 and 250.8m .
 2
 In order to compare the
 

catches in each of these nets we estimated what the catch from anyone of 

these gears would be if the actual area of the net was 100 m2 , for exa.aple a 

net 40 m long and 2.5 m in height. To make this conversion of weight or 

2
numbers of fish actually caught in a particular net to one with 100 m


surface area we used the following fczmula.
 

Estimate = weight (or numbers) 100 
of fish actually x actual area 

caught of experimental 
net 



Initial Evaluation of Fishery Resources
 

in Panamanian Small Impoundments
 

1.0 Introduction
 

R. J. Scully, a fisheries biologist from Auburn University's Department of 

Fisheries and Allied Aquacultures, was in the Republic of Panama March 7-20, 

1982 at the request of the National Director of Aquaculture. The purpose of the 

trip was to evaluate fishery potential in existing small irrigation and
 

hydroelectirc reservoirs and formulate recor.-endations for research and
 

management of small reservoir fisheries.
 

Efraim Rodriguez, Rigoberto Gonzales and Cevero from the National Direction 

of Aquaculture and the author worked together during most of the data collection
 

and initial analysis. Dr. Richard Pretto and environmentally concerned residents
 

of Volcan, Chiriqui, participated in data collection of Volcan Chica.
 

In the province of Veraguas we studied four cf an estimated 50 small 

irrigation reservoirs which av.arage larger than 5 hectares in surface area.
 

Such aquatic resources should be capable of vialciinz_ at least 50 -zg/hair of 

-. 1hand wit h mnian 7ana-auanti-ve ena1 trish;.13 ae '0 !. -ou5"L . O 

parts of Panama al-o haie small iMpoundmen:s, such as :ne 100 ha nydroeleccric 

reservoir at La Yeguada and the natural lake, Voican Chica in Chiriqui, both of 

which were also studied during the present investigatior period. 

By fishing variable resh gillnets and beach seines and measuring pertinent 

physical-chemical parameters, we were able to estimatc which fi.:h species -were 

present, how their populations were structured and which exotic fish species 

should do well if introduced. A plan for fish stocking and harvest could then 

be determined. 



Sampling and analysis methodology are defined within this report for a
 

continuing program to monitor the development of food fish populations. Changes 

in fish community structures and catch rates will be interpreted in light of 

ecological and population dynamics principles and this information will serve as
 

the basis for management recommendation.. Six reservoirs have been selected
 

for investigation and management and once a successful management program ha
 

been developed toL the studied reservoirs, the methods will be extend-ed to ali 

small reservoirs in Panama wh'Ure fish culture would be appropriate. 

2.0 	Materials and Methods
 

At each of six reservoirs we set four gillnets overnight (two e:.:tra
 

gillnets were fished at one lake, La Yeguada) and fished two types of seines at
 

least three times each. 

2.1 	Sampling Equipment
 

Gillnets
 

1. 	Monofilament nylon 150 feet long by 8 feet deep divided into six 

panels each 25 feet long; Each panel is a different stretched mash 

size ... .. n. ter Ti ..1 '............: .2 .- -:- . f = , 4 

•A 0--. I, 5 .52=-), 6" ( 21 z-T-. hi, :s a .nki ng giinet, 1..e. 

it fishes from the pond bottom : 8 feet :- the water colu- The 

sur-ace and bottom lines contain cores of foam and lead, 

respectively, which eliminate problems associated with external 

bou-s and lads whhen sett ing gll1nets. 

2. 	 Xutifilamen t nilon, 5n meters long by 2. 5 meter3 deep divied into 

"five aneis, each 10 me trs lo g. -ach rncl ' o- di:rer, ' 

stretched mesh size and material diameter [2" (.33r), 3' ,.!0 -m), 

4" (.40mm), 5" (.52arm), 6" (.52-mm). j The netti"g is mounted on a 

top nylon twin. w.tth no floats and there is no bolttm line. The 

net must :e pulled taught from each end to suspend it in the water 

column. 



3. Monofilament nylon, 300 feet long by 9 feet deep, three (3) inch
 

stretched mesh. The surface line contains plastic floats nad the
 

bottom line contains lead weights. The net fisnes up from the
 

bottom of the water colunm.
 

4. The same as 3 above, but with 5" mesh r.ather than 3" mesh.
 

Beach seines
 

1. Multifilament nylon, 15' x 4' x 1/8" mesh (Ace style) minnow seine
 

with floats and leads.on the upper and lower lines respectively.
 

2. Multifilament nylon, 45' x 6' x 1/2" square mesh with a 6' x 6' ­

6' bag. Floats and leads are attached to surface and bottim lines. 

Water quality analysis
 

We used a Hach Water Ecology Test Kit [model AL-363] to measure
 

importa-t parameters for production and wellbeing of fish. These
 

include alkalinity, carbon dioide, dissolved ox' .;,
hardness and 

pH. dditiona 1 -. at; ,r quality saMping Dmie: ued aiuiea 

dissolved gas sampler (Hach model 1962), centigrade thermcmeter and 

Lake surface 3r a infor-.at ion javai! 15 fr-D th Dr -:!ct 

Aquaculture files. A standard form for recording data was desizntd aind modified 

to improve its applicability and all daca were recorded on these forms. A
 

sample form is presented as appendix I.
 

2.2 Samolin2
 

Gillnets 	were set from the bank or from partially inundated :res Wa er 

.depth was alwa's. .ess than 7 meters and general 0- tan 5 mee'; :tet:
less a 

locations. Giinests were set betwe,_en 3:30 nd 5:00 pm and fished di',e. 

followin- moirning 7enera afttr 3:30 am. Catches -were recordeal ;eparately for 

each mesh size in each net and by species for each centimeter group. 3 here 

http:infor-.at
http:leads.on


measured to the nearest centimeter using a specially constructed fish-measurilig 

board. Small fish were weighed on a 400 gram x 2 gram pan balance. Larger Hish 

were weighed on a 20 pound x I ounce spring balance and weigits were later 

converted to metric units. Each fish taken from the nets was dissected to
 

determine stomach contents and stage of sexual .development.
 

Beach seines were fished in art arc from the bank. Seining areas were
 

selected whE re the depth was shallow enough to ensure that the leadline always
 

drug the bottom to prevent escapement of fish. Seining sitcs were also limited
 

to areas without large rocks, stumps or excessive macrophites which would
 

interfere with seining. aptured fish were separated by species, sorted by
 

centimeter group, counted and recorded. Weights were recorded fron seine
 

captured fish only when used for calculating length-weight relationships and
 

condition factors.
 

Water samples for dissclved oxygen, CO2 , pH, hardness, alkalinity and 

temperature were taken from one meter depth with a dissolved as ;-atr sar..er. 

Temperature was also measured at the water surface. A Secchi disc was lowered 

into the water u:ntt. t 1ssppeared, t n ra: -edn' 7V ... ",-e"1d3 

av er- deDth bt- tween thes. two po n t is s ct - . 

discussion of the need to record the above variables in pond analysis is given 

in appendix 2.
 

3.0 Results and management recommendations
 

We evaluated fish populations in six ponds and lakes, four of which ,were 

water storage ponds for irrigation of the sugar cane plantations "-ctoria and 

"Santa Rosa", in the province of Veragu-as; a!l within l3-2 n of i'. 

A fifth system was a hydroelectric power rea.ervoir and the six:th was a 

small natural springied lake. The period of this project waa late into the dry 

season, so the manmade lakes had been drawn do..n, wel below maximum normal 



height and surface area. There had been no significant inflow of water to
 

dilute and flush out previously standing water. Plankton concentration was
 

probably near maximum for 
the year and turbidity contained little or no
 

settlable material. Any turbidity at this time resulted from plankton or
 

suspended colloidal matter. Cloud cover was minimal and day:3 were generally hot
 

and dry with windy (15-30 km/hr) afternoons. Wind probably caused significant
 

mixing of the water mass although we did not verify this by recording
 

temperature and oxygen profiles.
 

3.1 Reservoir 11
 

1. La Orange, Santa Rosa Sugar Plantation, March 8-9, 1.982
 

Physical and chemical conditions
 

Surface area when full = 250 ha., presently about 100 ha
 

Water quality sampled at 8:30 am at one meter depth
 

pH = 7.5, Alkalinity = 48 mg/L, Hardness 51 mg/L.
 

=Dissolved ox.-ygen 7 mag/L, Co2 = 10 mg/L., Surface water temperature 

27'C. Sechi Disc -visibility 100 cm, wacer color ="green. o ish 

Seven srecies5:.f rive fish w.r. catured i .. nets Thesee...i-ntal gil ... 

were Pez Perro, Torito, Curimata, Aguja, Chupapiedra, Cho-orro and Barbudo. 

Common and scientific names are presented in appendix 3. Of these only the 

Torito was sufficiently abundant for a potential fishery. An estimated 8.3 k'; 

2of Torito would be caught in 100 m (40 m x 2.5 :n) of 2 inch stretched mesh 

monofilament gillnet. However only 1.85 kg of fish (ThTorito) w s 

for a 100m2 of 2" stretched mesh muLtifiIanet gii.._t catch. t'..1th 

monofilament gilinet is really 10 times more efficient for than ioriois .he 

multifilament net, then we may expect cunsiderab > variation in the ctch rae 

of Torito in La Orange. These fish were marginal l harvestable, having an 

average weight and length of 73 grams and 13 cm respectively. 



Many small fish were captured in the 15' long seine. These were r-ostly
 

algae 	and macrophyte feeding Astvanax ald to a lesser extent the insectivorous
 

Roeboides, both of which are generally less than 5 cm long and are collectively
 

called Sardines. These fish do not grow to harvestable sizes.
 

The 45' seine captured Roeboides, Torito, Shrimp, Pez Perro and Aguja. The
 

latter two species are piscivorous and are probably the main predators con small
 

littoral fishes such as were captured in the 15' seine. We were unable to catch
 

sufficient shrimp with seine or castnet to indicate that an economically
 

exploitable population existed. Possibly baited traps would successfully catch
 

shrimp. Of the seine catch only Pez Perro and Torito grow to harvestable sizes.
 

The fish bior.ass of La Orange is largely of unhIarvestable size fish. 

Possibly a harvest of 50 kg/ha/yr of Torito and Pez Perro could be expected but 

the average catch rate would be low and the fish would be only Laargrge 

enough for harvest. With management, this lake should produce at least 100 

kg/hectare of iualit- food fish. 

3.11 	 Management recommendations for La Orange 

- 401Is a .: : ,-I ance the fish zo:.unit': sch that ..st fish -e ," 

sDecies hich 7ro.4 to harvestable size, to ensr tS a t mo t C t'e . iavai11-1 

food sources are utilized and that most of the fish feed low on the o,-. cha;n 

thus increasing the efficiency of fish production. 3roodatock of many: tropical 

freshwater food fish species are available at the Divisa aquaculature station in 

Panama and these will form the initial seed for the -D-n stoc-

Several of species be in a:: Zran-these snould stocked La 	 cacir contribution 

to the cornunity production of pond fish is discussd bel,-. 

TilaDa nilotica is an aggressive, hiihlv co 7 e t _vArrican' ilid. it 

feeds on phytopjankton and to a lesser extent on detritus and macrophytes. I: 

grows quickly to harvestable size and is -eneral": accepted in fish markets. T. 



nilotica was accidently introduced into Lake Victoria, Africa and purposfuly
 

into sEveral Brazilian reservoirs. 
 In both areas it has become a dominanc 

component of the commercial catch, thus. this species is capable of making a
 

place for itself in waters already saturated by other species.
 

Tilapia nilotica should be introduced to La Orange reservoir to utilize
 

periphyton on submerged trees, phytoplankton and benthic detritus. introduce
 

adults since the Pez Perro and Aguja would probably eliminate introduced Tiiaoia
 

fingerlings 5 adults per hectare should be stocked at the beginning GL the rainy
 

(rising water) season. They should spawn immediately and the young should have
 

a good chance of survival as they disperse over newly inundated lands. Native
 

predatory fish should prevent overpopulation and stunting of Tilapia. 

The abundance of "Sardines" in the 15' seine catch indicates that increased 

predation i warrented. Sargento is a good food and sport fish and an efficient 

predator. its aaddition to the La Orange fish co=_unit-y wculd further assure 

o-u
t r - --. 1 

"­(Lrge f--
in-erin-s are here def ined as > 150 . is total Lenztn) should be 

'.  . :'Sa et oc-ald b"::cnl> ' A - La Y-:' -. - .*:-' c sb ­ca "m : ' 
. c... . . . - -,22 . 

below) for stocking. At least 50 Sargento shoul be stocked in La arange
and 

about 400, (2/ha) would be most desirable. Once establish, restockin of 7. 

nilotica and Sarzento wilL not be necessary as these species wiL. reorcduce 

adequately with pond. 

The large seasonali inundated, vegetated plain of La Crange s .oA1d .,rovide 

excellent forag e for the Common Carp which should be stock-d at Thoar SD n-r 

hectare of large fingerlings. This species may or may not form naturally 

substaining populations. Thus repeated annual stockin- a be necessar,. 



Marginal submersed vegetation woulic provide good forage for Crass Carp. 

Assuming that less than 5% of La Orange contains such forage, and that 100 Crass 

Carp/ha will control vegetation then stock (.05) k200 ha) (100 carp/ha) = 1000 

grass carp as large fingerlings
 

Israeli stocking rates for Silver Carp in reservoirs of moder-ie 

productivity is 400/ha. 400 x 200 ha (as an annual average) = 30000 Silver Carp. 

To insure that Silver Carp do not suffer from intraspecific compeDticion 1 

would suggest an initial stocking rate of 50/ha or 10000 large fingerlinrs. 

Israeli stocking rates for Bighead carp are 15/ha; again we should start with a 

lower rate possibly 5/Ha. If future samplin- indicates e.ceilent physical 

condition and growth rate, than stocking density can be increased. 



- -

Initial stocking program for La Orange based on 200 HA average
 

surface area
 

Species Quantity When Size
 

Tilapia nilotica 1000 beginning of rains Adults
 

Sargento >50 mid dry season Adults
 

Common Carp 10000 beginning of rains large fingerlings
 

*Grass Carp 1000 beginning of rains large fingerlings
 

*Silver Carp 10000 early dry season Large fingerlings
 

*Bighead Carp l000 early dry season large fingerlings
 

3.12 General considerations for stocking fish in ponds
 

Listed stocking rates are only educated guesses. Their utility should be 

determined by the physical condition and occurance of stocked fish in the 

experimental and fishermen's catch. Very fat fish indicate that a stocking rate 

can be increased and thin fish indicate that the stocking race was too high. 

Biomass of fish in unfertilized ponds prcbaly;. will be -"tween 50-20 

kioras/ha . n on basic productivit. and the a 4i ryo o:r_::e-il 

species to utilize available foods. If too many fish are stocked, competition 

for food wili be excessive and poor growth w"i-1 result. -wfew r :,o d 

fish enter the exoerriental catch in the following one ra two vers .hen Zhe 

follow'in.g pr:le.-s should be considered. 

I. Insufficient food supply and fish died of starvation.
 

2. Predators are consuming introduced'fish. if this is determined than 

larger fish must be introduced.
 

3. Pesticides carried in by rains from the watershed are killing the fish 

or their food organisms. 

*These species will not spawn in ponds and repeated annual or biannual acocking 

will be necessary. The frequency of stocking depends on the rate of depletion 

by harvest and natural mortality.
 



4. Fish escape downstream with excEssive overflow of the spillwa; darng
 

heavy rains. Solution: widen the spillway such that even wtc. the
 

heaviest rains, water on the spillway will always be < 4" deep. This
 

will prevent escape of most harvestable sized fish. Necessary width of
 

spillway depends on wate:'shed area, rainfall intensity, lpermiability of
 

soils, etc.
 

-	 ±
5. 	 Water quality variables, especially dissolv-ed ::t nch lethal 

low concentrations duzing such occurrances as water overturns during 

excessively windy days or at the initiation of the rainy season when 

much organic matter is washed into the pond, greaty increasin- the 

dissolved oxygen denand.
 

6. Fish may die Lemnediarely or soon after introduction to the pond due to 

handling stress. Silver Carp are especially sensitive to handling and 

should only be transported early in the norning when te.perature is 

coolest. Other precautions such as not fodin fis', for s,2ve3ra hours 

prior to handling and adding salt at one to fie:er cent to trannspcrt 

water to ntni::ize ton i;nolance should consi:ered. nhre ­

probably be litle or no temperature diftrrencs between htcher>" anLd 

pond surface -water, but P.his y±iv 2spcsscot *,,,JCi.:c:-aJni 

temperature change is very stressful to fish.
 

3.13 Survey periodicity
 

This report contains infor-zation on the catch rates and .pecies conposttons 

in various experiuental nets. A second such survy should done befitr or) at 

the ti-e of stocking to verify the information of tn-a frcc sur:v. :±t:7- lv 

tour Surve's. ---- occur annually; Ilt mid dr:,- season d o6), 2 

'
 beginning of 3rd rainy (high 	 at ther 3ins,,id- water) season; 4 th; the end of 

rainy season. Fish activity, distribution and density will likely differ 



between these seasons, and results of future surveys, after fish stocking or
 

other management activities, should be compared with pre-management survey data,
 

on a seasonal basis.
 

Gillnets, probably of 3" or 4" stretched mesh will be the most efficient
 

gears to exploit the new fish community. However, it is best to wair until the
 

fish community develops and sample with multimesh experimental gillnets before
 

making this recommendation.
 



Gill ntt catch Sul.uaries from l.a Oran:-e IL the Santa Ios a Sugar Plantat ion 

etorial 
N t 

ait.( 

St reLched 

mesh 

( inches) 

Net 

at'!a 

m2 
# oI' 

indivd. # 

wt 

(kg) 
Z 
wt 

Average 

weight 

(grams) 
*#Est. in 
1002 

*Wt(kg) Est 

in 1002 

total length 

and standard 
error (cms) 

Mu ItimoshI r£lignet 

ori Lo Muztifilamicuct 2" 25 3 5(0 .214 46 71 12 .856 16.7+0.88 

'ir ma " " 3 50 .248 54 83 12 .992 17.3+0.33 

6 .462 24 1.848 

3 25 -NO tATCl­

gt4 " 10 0 .095 100 95 4 0.380 17 

5 N) CATCII­

6 " -NO CATCIt-

Nut ILimesh g i I hitL 
Oti o IIonotiL lali,.xnt 1 1/2 18.58 1 50 .024 .55 24 5.4 0.1.29 13 

itt).o -0 1 50 .020 .45 24 5.4 0.108 9 

2 .044 10.8 0.237 

Lrnto1 " 21 100 1.535 100 73 113 8.261 18.0+0.23 cm 

3 -O CATCII­

4 -NO CA ICII-

S5 -t) CATICI­

6 -NO CAt'-\III­



.'z Purro ,nouofi lament 3 250.8 8 80 3.511 87 439 3.2 1.400 33.4+0.56 

iupapiedra 1 10 0.130 3 130 0.4 0.052 24 

trbtido " I I() 0.400 10 400 0.4 0.159 31 

1O 4.041 4.0 1.611 

ILup1pied ro Inoiif i lament 5 250.8 1 100 0.568 100 0.568 0.4 0.226 38 

'ased on Lhe sirace area of each net, we estimated te numbor and weight of fish that would have been caught in a 
2;pothetical. net of 100 m (40m long x 2.5nm deep, for c.xample) so that catch rates could easily be compared between nets. The 

,nvrsion forun11:1 is 

,t ~iCed = ( i02 x equal.; the titimbder of fish or weight1X0) where 

arec; of actual net in 1 2 of fish actually caught.
 

http:33.4+0.56


3.2 	Reservoir #2
 

La Mata de Santiago, Victoria Sugar Plantation
 

March 9-10, 1982
 

Surface area 16 ha full, less than 5 ha at present. Water quality sampling
 

time 8:30 am, depth of sample was one mecer.
 

=
pH 7.5, Alkalinity = 27 mg/L, Hardness = 21 iag/L.
 

Dissolved oxygen = 7 mg/L, CO9 = 5 mg/L, surface water temperature = 28°C.
 

Secchi disc visibility = "110 cm, water color = green.
 

Previously Introduced fish:
 

sDecies year quantity size
 

Grass carp 1980 83 4.5 inches
 

Silver carp 1980 1066 3 inches
 

3.21 Results and Reco~endations for La YMata de Santiaco
 

Only two species were caught in experimental gilinets, ?ez Perro, a predator 

and Chogorro an insectivorous cichlid. The dens~ir, of Pez ?ePrro is only marginal 

to support fishing as our best est=nated catch ra-te "as 1.9 .g per. M% m2 of 3 inch 

stetzhac mesh gillnet. Several sm.l scies were caucht in inea; the 

insectivorous ,oebo:"es,herb ivorous Astv: .:" and A. 

detritus feeding Curimata magdalenae and a planktivorous poecilid. Young Chogorro 

and Pez Perro -were also inthe seine catches. e caught none of the introduced 

carps. 

A fringe of submersed vegetation, possibly Ceratophvllum, :vdrilla or Chara 

extended out several meters from shore. As the water level receded, the e:*:aosea 

shore was covered with a carpet at dead decot.posin, v.ation. 

relatively transparent water may be a result of macropnhvic ve,.tacion successfully
 

competing with phytoplankton for limited available nutrients.
 



An obvious candidate for sto-king in the pond is Grass Carp. dowever, 33 were
 

stocked here two years ago, with no apparent affect on vegetation and none were 

caught in our nets. Possibly our sample was too small, but more likely, the Carp
 

left the pond over the spillway during the rainy seasons. If possble, the 

spillway should be widened or on additional spillway constructed and larger 

fingerling Grass Carp should be stocked at a rate of 100 per hectare.
 

Tilapia nilotica should be stocked as they would probably compete well with 

other herbivovous and omnivorous species and improve the community for food fish 

production. Adult Tilapia stocked at 5-10 per hectare should result in abundant
 

young Tilapia appearing in the 15' seine catches within 6 months. Some 3 inch to 5
 

inch long Tilapia i.e, 10-40 intermediate sized Tilapia should be captured in the
 

average 45' seine haul and narvestable sized Tilapia should occur in the 3" and 4"
 

stretched mesh gillnets if predation by PoDlias is adequate to prevent excessive
 

Tilapia survival.
 

If populations grow w;ell, the majorit:y o tne catch will be i. wi t"' 

lesser catches of Grass Carp. 3" and 4" stretched mesh i1lnets -ifi probab>'I be 

the best gear tsr 'a--':est. , >co,'-,r,k, >'3 : n av. .so.7mIlhc.. 

be a reasonable harvest after the no'.j coy=_r.nity i '_stsblishr d. Tise rat'h-P. c 

average 20 kg/week which should provide a welcome suppent to the food of 

sugarcane workers. 

Silver and Bighead Carp require plankton production which may or may not be 

adequate in this pond. If the spillway problem is solved and Grass Carp are 

successful, then Silver and Bighead Carp could be stocked az the same densi': as 

reco~mended for La Orang,, ie 50/ha and 5/ha, rs-- "l. 



Gil l1it C-i c dat.. fri. L.a Mata de Santiago 

.cixs 
Not 

material ( inchs) 

M t-hlcsh 

Nut 
kIICI 
2 

Gilt[lu 

Iivd . _ # 
wt 
(kg) wt 

Av rage 
wu ight 
(gram) 

#I:-st . in 
1002 

Wt(kg) Est 
in 1002 

Total length 
and standard 
error (CMS) 

lerro 

)gorro 

moiofilament I 1/2 18.25 1 

3 

15 

/5 

.040 

.065 

38 

62 

/,9 

21.7 

5.4 

16.1 

0.215 

0.350 

16 

10.3+0.33 

f4 .105 21.5 0.565 

Perro 

)gor.o 

s l'ero 

2 

"_______________4 "-

3 

1 

4 

I 

N'.) :;Cl 

75 

25 

()100 

.326 

.008 

.334 

.350 

98 

2 

100 

109 

8 

350 

16.1 

5.4 

21.5 

5.4 

1.755 

0.043 

1.798 

1.884 

23.3+0.67 

8 

33 

" 

"__ 

) 

6 "-

- N 

No 

\)i:\tlI 

t.:rI*(:l 

--

Pri- -o u no f i l mitne l " 

S i nqgIviomh 

25). 

gi line t 

1 1(i .417 100 417 0.4 0.166 36 

-z, o rnti amcnl - _ .51!.A I - 10 .f,0 10() 380 0.4 0.152 33 

Lhe ma ti i I i 1;illwiL lagnet was not fished 



3.3 Reservoir -3
 

La Mata de San Francisco - Victoria Sugar Plantation
 

March 10-11, 1982
 

=
Surface area full 11 ha., surface area at present about 7 ha. Water
 

quality sampling time 9:00 AM, depth of sample one meter. pH = 7.0, 

Alkalinity = 14 mg/L, Hardness = 7 mg/L. Dissolved oxygen 7 mg,/L, CO2 

< 5 mg/L, water temperature at surface = 28C, at one meter = 26.5°C. 

Secchi disc visibility =.38 cm. Water color is grey-white and appears to 

be colloidal clay turbidity. 

Previously introduced fish
 

srecies year quantity: size
 

Sargento ? ? ?
 

Tilapia sp. ? ?
 

Silver Carp 1980 L00 3"
 

Grass Carp 1980 41 4"
 

3.31 Results and Recommendations Lor La >.'aca de San Francisco 

Curimata, Torito, Sardine, Sarento, Pez Perro and TilaDiai s_. Curi-mr,
 

TilaDia and Sardine are probably important pre species an_ Sargenra and ?-eZ
 

Perro the major predators. Macana and Torito occupy ntermediate tr~phic levels.
 

Torito stomachs often contain shrimp remains.
 

2
The largest estimated catches would occur in 100m of 4" monofi aent (9.3 

kg) and 2" multifilament (9.5 kg) stretched mesh gi Inets. N.~rl" the e:ttre 

catch, by weight, from these two nets is of Sarzenta. 

Sargento aDpears to have been the .oc: successful inznroduction. -he only 

other introdu',d fish in the catch were two large .iilapia of uncertain speces, 

probably 1, mossambica. 



A combination of very efficient predation by Cichla and Houlias and of
 

low primary production due to clay turbi.dity has resulted in a predator
 

dominated fish community. Clay turbidity also inhibits macrophytic growth, thus
 

minimizing hiding areas for prey. We seined 11 times with the 
15' seine and 7 

times with the 45' seine and only two fish, bot-h juvenile Cichla of 8 and 14 cm 

were captured. 

An ephemeral river enters this pond, bringing colloidal clay, thus clay 

removal, which is expensive, ."ould bring only short-lived results, as neWwater 

enters the pond. The only possible solution to the turbidity problem would be 

to enhance the vegetative cover on the erroding watershe-d. 

Although our catch rate for Sargento was good, it is doubtful that regular 

fishing would continue to produce -well. Annual harvest of predatz:s can no be 

expected to be more than 15-20% of the possible harvest of fishes from a> 

tropic levels. If the lake averages near 10 h"a cf 'Water surac, n 

Cichla harvest should not exceed 150-200 kg. if catch values a'.,erae 4 kg;!00m: 

net of 4" stretched mesh gillnet (about half of our catch rate) then '0-50 net 

nights /'ear , do,.citch t -. harves table sUrplus. Tat L. ,.,Kd .< 

everv' 7-9 da.-'3. An adaptive fora = fi.h such as .. .::ics :.., fo-r.. 

population in this lake even though its prefered food, ph.topianktcn is minimal. 

If such occurred, and the 7r."u!atiic was re avsimultaneously Cichla byced 

fishing, then productive predator and prey populations cou'ld result and an 

increased harvest expected. 

Clay turbidity and the resultant inhi:ition of m.crophvtes and plan n, 

make t0 is pond unsu itable for Grass, Silv-r and 3i, :erj,.. ',aro'. C:;mon Carp, 

because of their digging habit would ont': increase thV rbbiii pr'ob!n. 



Suggested Fish Stocking:
 

species size quanticy when
 

Tilapia nilotica adults 200 Beginning of rains
 

Simultaneously, weekly fishing with about 100m 2 of 3" and 4" mesh gillnet
 

should begin to reduce the density of adult Sargento. These same nets should
 

effectively catch Tilapia nilotica, once this population develops. Although we
 

caught two large Tilapia s_ in 5" mesh, since we caught no smaller Tilapia in
 

gillnets or seines, the Tilapia population is probably dying out. T. nilotica
 

should be more successful in colonizing this pond.
 



Exl-'rie,,n,.aI Gi In.t data 

La Mata de Smai Franc isco - Victoria Sugar Plantation 

Mean 

Net 
stretched 

mesh 
Net 
area # of 

99 
% wt % 

Ave rage 
weight /lst. in *Wt(kg) Est 

total 
and 

length 
standard 

;pt!CIt.S material (inches) I- itd ivI. / (kg) wt (grams) 100- in 1002 error (CMS) 

;ar;ento utt 
111LI ~MLfh 1~ 1zgua 1t 
ifilament 

Ml~imush Flagne't
It tm1t7218 

2 25 3 50 2.100 88.2 700 12 8.400 37.2+1.86 
Iuri ato " " 2 25 0.058 2.4 29 8 0.232 17 

.oritu 2 25 0.226 9.4 113 8 0.904 19.5+1.5cm 
7 2.386 28 9.536 

" 3 1 100 .316 100 316 4 1.264 29 
4 - NO CICII -

" 5 - NO CATCII -
" 6 - NO C:V'CII -

Mnl1 imeshi Gill net 
lac1na 1onofilameit1/2 18.25 1 12.5 .080 19 80 5.4 0.431 42 
:u im:wito .... 5 62.5 .266 65 53 26.9 1.432 15.40.51 
oriL 

;aJrdiia 
.... 
... 1 

".5 
1 5 

.049 

.016 
1"2 

4 
49 
16 

5.4 
5.4 

0.264 
0.086 

15 
11 

_ .111 43.1 2.2.13 
:6r ir " 6 60 .469 64 78 32.3 2.524 16.7+0.33 

MdiL 4 4 .262 36 66 21.5 1.410 16.870.48 

" 3 " 
10 
N, C:ATCtI -

.731 53.8 3.934 

;o|, :te ) " 4 " 100 1 .829 100 610 16. 1 9.844 35.0 10.89 
______-O') CATCII -
" 6 " - N( CAICI -

Singe , esh gill net 
11uolotfIlam,.t 3 250.8 7 78 2.441 85 349 2.8 0.973 29.3+0.89 

Per ro .. II 0. 5 13 365 0.4 0.146 34 
'h itLo ... I 11 0.063 2 63 0.4 0.026 17 

9 2.859 3.6 1.145 

ilapia , uf1oila, nt 
Singl 

5 
IH,'sh gilln,.t­

250.8 2 100 2.441 100 1220 0.8 0.973 37.5+1.5 

http:Exl-'rie,,n,.aI


3.4 	Reservoir #4 

La Raya de Santa Maria - Victoria Sugar Plantation 

Near the Village 'La Guaca' 

March 12-13, 1982
 

Surface area when full = 9 Ha, present area about 7 Ha. Water quality
 

=
sampling time = 4:00 PM, depth of sample = one meter. pH 7, Alkalinity = 

14 mg/L, Hardness = 14 m ,L. 

=Water temperature at surice 28*C, at one meter depth 26'C, Secchi disc 

visibility = 95 cm, water color = green. 

Previously intrcduced Fish 

species year quantity size
 

Grass Carp 1980 41 4 inches
 

Silver Carp 1980 400 3 inches
 

3.' l Resuits and Recormendations for La Rava de Santa Maria
 

he porula.ion of 	 *arge fish is saaat or :tn-existen: in this lake, i.e., 

whad no ca::*- in the str, tched zeshes 'ff 5 and 6 inche5, -d very little in 

........... .... , a ery e 

cm and 91 ..ams (0.2 pounds), a size considered harvestable by the nvestigators. 

The 2" nesh nonofilament gillnet caught Curinata at a rate of 138 fish (17.22 

Kg) per 10Om 2 of nettin. However the ru2tifila::ont n"Icn. " mes caught 

Curimata at a yo- rate, i. e. , L fish (0.40 kg) per 10C. 2 7tinThe; e twoof 	 n. 

catches may indicate the 	 expec e..n ,large var_.apon in cach to w ne an 

in part the relative efficiency of nonofilanenL and auitifiament nyo.-

The food source for Curimata is generallv bacteria and dtca -*i.'- oJrganic . 

matter in bottom muds. There is probably :in abundance c-f dead or:ganisms 

(plankton, etc.) in tropical pond snud, thus the Curi-.aata populazion ma be large. 

i 



Due to the small adult size, the fish is probably short lived (2-3 years) and a 

relatively large harvest could be expected annually.
 

(1) At a harvest rate of 50-100 kg/Ha/year, 450-900 kg could be harvested from 

this 9 ha reservoir. 

Using a conservative average catch rate of. 1/4 our high catch rate, a 100m2 

2" stretched mesh gillnet would catch, on the average, 17.2.28 kg 4.3 
4 

kg per set. 

450-900/kg/yr t 4.3 kg/set = 105-210 net sets which would be needed to harvest
 

the available surplus 
on a yearly basis. One 40m x 2.5m or two 20n x 2.5m. 2" 

mesh (fine filament, monofilament) nets would suitably harvest the Curimaza in 

the lake. The nets should be fished 2-4 times per week and if the catch per 

unit effort drops by more than 50%, then the frequency of fishing should be 

reduced. Curimata caught in 2" mesh gilinets are sexually mature so the problem 

of recruitment overharvest should not occur. 

(2) The color of the lake (gr.n.... the df phtL 

(secchi disc visability = 95cm) indicates that there is food for plan':ivorcus 

fish such as Silver Carp and lilapia niiucica. Although SiLver Ca:p dio not 

succeed in this lake from the 1930 introduction they siould be tried again at 

a lower density and larger size than before to minimize intraspecific 

competition for food and predation by Pez Perro. Try introd :cin- 20 Silver Carp 

per hectare at 5" length (as compared to 4A/Ha at 3" in i9d0). 

•Tilapia nilotica should form a population once_ the introduced adults have 

spawned. The unknown density and voracity of P-n Per ro or oth._r preidators leave 

uncertain the possibility for quirk e:Ztinctio of intr'l,:uced .;er Lng.fns 

Assuming that indigenous predators c.n:onto e:::-s T:z:-i r:3r~n'::t;nn, 5-10 

adult Tilapia nilotica should be stocked per I ezonatos afterhectare. 

introduction, abundant Tilapia fry shnould b, pres._nt in t e 15' seine catches. 

Soon afterward the 45' seine ind the 2' mesh giln ets should reve al the 



expansion of the Tilapia population. If Tilapia do well, a 3" mesh gillnet will
 

probably be the best gear for their harvest. 

The 15 and 45 feet seines captured only herbivorous Astvanax and a few of
 

the 	insectivorous Roebuides (sardines). No young of exploitable species were
 

represented.
 

Suggested Fish Stocking
 

species when 	 quantity size
 

Tilapia nilotica beginning of rains 45 adults
 

Silver Carp Dy season 	 180 large fingerlings
 

3.42 	Length-weight relationship and physical conditions of che predators,
 

Pez Perro and Sargento in the studied reservoir.
 

The four canefield reservoirs which we evaluated all contained tb native
 

predator, Pez Perro. We constructed a length- weight relationship for this
 

species from the combined data in the experimental catch (figure I). .ost of 

the data cane from La Orange and La Maza de 'Santiao. lt can be seen in figure 

2 that most of the Pez Perro caught iri La Orange had observed weights greater 

Perro fram La Mate d. 7ntiago. This indicntee h there in "-'r, : ab e prey 

in the former reservoir than in the latter and that the introduction of an 

additional predator, Sargento would have the best chance of successfully 

colonizing La Orange.
 

The only Pez Perro captured in La Maza de San Francisco had a low weight as 

would be expected do to the large poulation o- a competing predator, Sargento
 

and 	 to the lack of available prey as bytedb' sine catcnes.indi :ha 

A length-weight relationship was calculated fret. a sa:nple of 12 Sargento 

caught in La Mata de San Francisco, where all the fish appoeared very thin. This 

figure should be ,.e I to compa re fu ture phs Lca I cond i tion of Sargento in this 

reservoLr if a forage base of Ti lapia nilot ica is initiated. 



Two Sargento from La Yeguada (Reservoir .5, below) were weighed, measurel
 

and located on figure 3. 
La Yeguada has; a good forage base of cichlids Lor" 

Sargento of the size captured and this is reflected in thi: increased weight 

relateive to Sargento of the same length from La Mata de San Francisco. 



i':xj'riInt.IL GiLln t Data 

Ray.i do Santa Maria 

Ccrca al l1ticb o "La Guaca" 

e!cics 
N/t 

mater ia I 

st rtci,,.d 

( inch :;) 

No t 

ar0a 
,11 

Ies# 
i 

l% 
vJt. I 

wt 
(kg) 

% 
wt 

Ave rag: 

weight 
(gr.,is) 

*#Est. in 
1002 

*Wt(k,) Est 
in 1002 

Meant 
total icngth 
and standard 
error (CMS) 

Icz'r ro 
:UrII.1ata 

Mu Lt ifi lament 
...... 

Mu I L i m. 
2'' 

;h f I ag),: 
25 1 

1 
50 
50 

.118 

.100 
54 
46 

118 
100 

4 
4 

.472 

.400 
12 
18 

-­ 2 .218 8 .872 
:': ['erro " 3 " 1 50 .426 66 / 6 4 1.704 33 

1 50 .224 34 224 4 .896 
.650 8 2.600 

"' 4 " - NO CATCH -
"___5 " - NO CATCI -
"6 6 " - NO CATCH -

-,-IImo , aI:nt 1 / 
IhI [ i 
2 

,c:;h i III 
18..25 

t 
100 1.552 100 62 135 8.353 14.3+0.38 

ill I w it . "- -"2-

______3 

_ "') 
" - CAI :: -

100 3.201 100 91 188 17.228 17.5+0.16 

5 ''! N,) CATlu -

iI ~ , I 
SI l 'U 

I~NO 
,locish Ift~1,.;il tz :r(h 

CA'I CH 
t-(' 

Im~z~ i! l+lm:'3 2')i1.8 - [".'( CA'I' I[ 

1 •o-) • -C TC 



400" 

LnVW=/ 3I 1 c (Lo L>q+y8C 

, 300
 

200. 

100­

'5 10 15 20 25 30 

Total Len~tA (%u$7) 

FI GURE 1 	 LENGTH-,E IGHT RELATI OtSH I P FO tR PEZ PERHO. ,,TA ARE 
COMBINED FROM FOUR SIJGARCANE PLANTATION RESERVOIRS. 
1'1OST FISH CAME FROm LA URANGE. 
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FIGURE 2. PEZ PERRO RELATIVE WEIGHTS, IE., OBSE'JED '1E1HT AS A 
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LENGTH-WEIGHT RELATIONSHIP OF ,:IJPE ), WiE 
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RELATIONSHIPS FOR EACH RESERVOIR. 
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3.5 	Reservoir #5
 

La Yeguada - An I.R.H.E. Hydroelectric reservoir
 

Elevation 600 meters, March 15-16
 

Surface area full = 100 ha, presently about 60-70 iHa. Water quality 

sampling time 7:30 Ai, depth of sample = one meter. pH = 7, Alkalinity 

14 mg/L, Hardness = 7 mg/L. Dissolved oxygen = 8 mg/L., Co2 = 10 mg/L. 

Water temperature 	 at surface 24°C, at one meter of aepth = 23'C 

Secchi Disc visability =.65 cm, water color = green. 

Previously Introduced Fish 

Species Year Ouantity Size 

Common Carp 1978 2085 5 1/2 inches
 

Tilapia nilotica 1976 200 
 7 1/2 inches
 
Silver Carp 	 1978, 1979 
 >10000 4 	inches
 

Sargento 1967 	 ?
 

3.51 7esults an. 	 e.c.mendatiois for La Yeguada 

Three species were captured in experimental gillne-s, all of .hich were 

introduced. Extra nets of large mesh, 3" and 5", rt 

chance of catching seimens intrduced spe:als. c.;e, n . :r 

niiotica, CoM-on Carp and Sargento were caught. T7he .'ilaa population a:rears 

to be large, to the point that growth is inhibited. Harvestable size liLaia
 

(about 20 cm, 160 grams) are abundant but there was no evidence tlhaTl
 

continued to grow after reaching this size (figure 4). ...few
 

Tilapia females were in our sample, indicating that reproduction :.av be 

suppressed by excessive population densi.ty. Large number:s of int.i-,at, 

Tilaoia and Aequidens were captured in the 45' seine and no Tiiap* "-- (:r< I 

1/2") were captured in the 15' seine. The latter situation further supports the 

hypothesis that reproduction of Tilatia is being suppressed. 

http:densi.ty
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The large number of intermediate sized (2" to 5") Cichlids in thie 45' seine 

catch (54 per haul) indicates that there is insufficient predation of -ir,,and 

small fingerlings (figure 5). Our nets captured only two individuals of the 

predator Sargento, species of 28 and 30 cm total length. These fish were in 

excellent condition as would be expected with such an abundance of forage fish 

(figure 3). However the dynamic interrelationship between Tilapia and Sargento 

seems to be restricted. Over abundant intermediate TilaDia and Aecu. idens 

probably prey on Sargento eggs, and fry and compete with Sar,ento fry and small 

fingerling for zooplankton and insects. Thus there are insufficient young 

sargento to eat the excess Tilapia fry. Poor growth and inhibited reproduction 

of Tilapia result; it is a deteriorating cycle. 

Also, there appears to be very little (possibly nore) gillnet fishing, thus
 

adult Tilapia are not being thinned to allow space and food for grow;th of the
 

abundant intermediate sized Tilania. By thinnin.g :adult Tila-' ia, those thaL 

survive grow better and their improved phsical c n a :- nraad 

reproduction, providing for Sar-,ento. whn .food juvenile Also . a-lo ar­

thinned they will re:ra;n from,g and Zrv 9atin', hi . :h0 cor::u:'v will" 

become mcre dynamic, moe Drerduci'.'e anl result i- 4 "i2 Ano. 

year around gilnet fishery for Tilapia slhould be iniiat id to fa iitat 

improved fish cormnunity sLructure and dynamics. Better growth and physical 

condition of Tilaoia will result. In the future, after impl.;.Crsen:atbon of 

management recommendations, a quantitative comparison of relat:v, ;eight per 

centimeter group of Tilapia can be done based on the 1982 eagi,-weigh, 

relationships (figure 6).
 

We captured eleven Common Carp in La Yaguada; average wei ht was near 1. 7 

kg and the largst carp weighed near 5 kg. These fish were captured in 5" 

stretched mesh monofiLa,ent gilNnets. No small Carp were caught, indicating 
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that predation or unsuccessful reproduction is preventing natural recruitment of
 

Common Carp. The environment appears suitable for Carp reproduction, espeoialiy 

when wet season rains flood the upper tvrrace which is covered with vegetation. 

Common Carp do grow well in La Yeguada, and if natural reproduction or
 

recruitment is not dependable, then an annual stocking program of large 

fingerlings should be planned.
 

No Silver Carp were caught in our set of experimental nets(see table below) 

and it is not known what has Irappened to this population which prodiced some 

harvest in the first year after stocking (as reported by Chan in a Direction of 

Aquaculture report). It is doubtful that a reservoir of this siZe. designed for 

hydro-electric power production, would lose all of the Silver Carp from spillwa. 

or power generation discharge. Relative to Israeli reservoir water, La Yagu1ada 

contains adequate phytoplankton for Silver Carp growth, based on its Secchi Disc 

.
transparency of 65 cm. Also the 1000 stoc e Sil. Car are, ab'u.... of :he 

density used by the :sraelis thus, survival snou .. '" bhav eehancec 

Stretched mesh area of et .. ) 

1 1/1'2 

2 4
 

3 502 

4 44
 

5 502 

6 44 

Mesh sizes and area of netting of experimental gillnets fished over­

night at La Yaguada March 15-16, 1912. 



Silver Carp should be stocked again, with reduced numbers, but at a larger
 

size; possibly 5000 (60-80/ha) large fingerlings should be stocked. Seasonal 

sampling following introduction of these fish should reveal growth rates of 

Silver Carp and whether or not the population survives well in the lake. 

The harvest composition from La Yeguada should be approximately:
 

80% Tilapia
 

15% Common Carp
 

5% Sargent-o 

The lake has a surface area when full of 100 ha and possibly an average area of 

80 ha. Under year around growing conditions we should be able to harvest 100% 

of the production. With a community largly dominated by herbivores we should 

expect a biomass ) at least 150 Kg/Ha. 

150 Kg/Ha/Yr x 80 ha = 12000 kg expected annual harvest. 

Tilapia 12000 Kg x .80 = 9600 Kg 

Carp 12000 Kg x .13 = 1300 Kg 

Sargento 12000 Kg x .05 = 600 Kg 

U3i:; Z the 3s ,szthe airInetS ::ih1',ri4?of Ti.%0 

grams since the~a',"ra~ weizht in this-j hsz - inr~: :* taoL' ., fis a a 


same length will be heavier as the population is thinned a.cd more food becoes 

available per individual. 

2The average catch per 100m gilinet will probably be about 4 Kg or 25 

individuals, nearly 100% Tilania, probably 1-2% Sarento. 

9600 Kg - 4 Kg 2400 Set:s 

If nets are set 5 davsi'week we would need 2'0, 5 da:3 k 32 "ks/yr) 9 or 

10 nets for the fishery. 

-ZE­



Common Carp were best caught in 5" mesh gillnets although they may be
 

equally well caught in the 3" nets if snaller Carp were available. Annual or
 

bi-annual stocking of Common Carp may ba necessary and this could result in good
 

catches of Carp in 3" mesh nets. Based on our experimental data, catch per
 

2
1Om of 5" mesh is 5.1 Kg of nearly 100, Common Carp. Thus to catch 1800 Kg of
 

Common Carp per year:
 

1800 t 5.1 Kg/net = 353 sets/year
 

this assumes continued abundance of large common carp. More conservatively we
 

could set 
one 100m 2 5" net 5 days/wk for a year and catch 5.1 kg x 5 daysiwk x
 

52 weeks/yr = 1326 Kg of large carp, again assuming a continued catch rate of
 

5.1 kg/set.
 

The catch of Sargento will come incidental to the catch of Til.aria and
 

Carp. Hook and line and cast net 
fishing should continue and be encouraged as 

these gears are a means of providing frequent small catches for hor,­

consumsption. Also this helps control intermediate sized Tiiapia. 



La YegiaId:a Reservoir 

Mean 

1 c ies 
NeL 

material 

st retched 
mesh 

( C1ichs) 

Nut 
area 
In-

,U 
indi Ityd. 

. wt 
(kg) 

Z 
wt 

Ave rage 
weight 
(gram;) 

*#Est. in 
1002 

*Wt(kg) Est 
in 1002 

total length 
and standard 
error (CMS) 

MiL iiuwsh Flagnot 
ri lapia ,1, itifilament 2 25 09 101) 2.480 100 36 276 9.92 13.3+0.11 

11iii" 3 " 10 100 1.387 100 139 40 5.55 19.1+1.33 
It 4 II 

II 5 II 

6 II 

t'i lap ia 1,riofilaweII L 
1-11Itil,'w 

1 1/2 
h Cilli 
18.25 

er. 
100 0.158 100 17.6 48 0.85 9.8+0.22 

riyl __2 U 2 19 10O) 0.893 100 47 102 4.81 14.4-+0.41 
Lkh1L[ , 3 "I 100 1.65 100 165 54 8.88 19.9+1.51 

p 4 " 1 100 0.156 100 156 5 0.84 21 
" 5 " -N() CATCII -

_i ,a " " 1 (h) 0.160 100 160 5 0.860 22 

1'ilapi ,_3 I I aincilt 
Sinl.1 lcMesh Cil 

250.8 
ne.t 

72 100 12.23 100 170 29 4.88 21.2+0.14 
Si 'lIl m':;Iil Cil ln,'t 

iila;i : wnti la 1c1 3 25 0.8 10) 14.69 95 163 36 5.86 20.8+0.25 
2 0.85 5 425 0.8 0.34 28.5+0.5 

9.' 15.54 3.68 6.20 
Sittgl, slk:;hGi I Iet 

AtITnclL-? ,Inofi lam,,.nl 5 250.8 1) 9.676 100 2419 1 .2 3.86 55+4. 014 



3.6 	Reservoir A6
 

Volcan Chica - a natural lake in Chiriqui at about
 

2000m elevation, March 17-18, 1982
 

The 	lake level was full at the time of sampling and surface area appeared
 

to be more than 	10 ha. Water source is in part from springs an! probably
 

very little water level fluxuation occurs. There appeared to be no surface
 

waters outlet. Water quality parameters were sampled at 9:00 .- one
%""at 

meter depth. pH = 6.5, Alkalinity = 12 rTg/L, Hardness = 6 mg/L. Dissolved 

oxygen = 7 mg/L, CO 2 = 5 mg/L. Water surface temperature --24'C, Secchi 

d;sc transparency > 3 meters, water color, slightly brown (from tannins). 

3.61 Results and 	Recommendations for Volcan Chica
 

The lake has a 50-100 ft wide band of submersed weeds, possibly
 

Ceratophvllum and a central open area. Total depth was not measurable with the
 

depth meter as weeds come within three meters of the surface in the center oF
 

the 	lake. 

The shallow areas appeared to be overcro,.ded wit 3-5" long Bluegill. We 

cot:Id onl, 12I " sei:e t. t o iong inac. o:e i . u.......... . 

220 intermediate sized Bluegill were ca,.-ht in the initial haul. 

I. is impossible to directly apply the co.zr.unitv ratios (F/c, Y/C, AT) of 

Swingle (1949, 1950) to a Bass-Bluegill corouni': in the tropics due to longer
 

growing season, and in the case of Volcan Chica, marginal!y low teperature for
 

BlueGill spawning, but continually good temperature .or zss
 

However it is obvious that the dense popuila tions of a;.:a i "'. pr.'.'enrs 

adequate predation of 3luegill by Bass which results in slo rv Z oun 

Bass (not enough available food) and slow growth of Bluegill due to too much 

intra-specific competition for limited food. Thus the Volcan Chica -/C ratio, 

i.e., ?t of forage fish t wt of carnivor-,s fish is probably too large due to an 

-7
 



over abundance at intermediate sized bluegill, the Y!C ratio i.e., the weight of 

edible (for Bass < the average sized Bass) forage fish T weight of carnivorous 

fish is also too large, and the AT value i.e. , the percentage of totalI weight of 

harvestable size fish, is too small. This indicates that the Bass and Bluegill 

populations are not very productive and not much of the production goes to
 

harvestable sized fish.
 

Also, aquatic weeds compete with plankton and periphyntn for available
 

minerals and nutrients, thus greatly reducing food for zooplankton and aquatic
 

insects which are essential foods for Bluegill and young Bass.
 

Grass Carp should be introduced to Volcan Chica at I00-200 ha. These fish
 

will live for several (> 6-8) years in the lake and may consume n.wariv all the 

aquatic weeds - thus indirectly reducing competition for nutrints by
 

phytopiankton and macrophytes and directly producing nutri..nts 
as feces for 

plankton growth. Predation will Lecome more efficient with reduced weeds, thus 

Bass and iugili growth will increase. Also th Grass Carp i.san esc. llen: 

food fish which grows rapidly (> 2 Kg/year). It is difficult to catch on a 

hook, and ji .:r;q 'i 7;.2-' . h.ho.LI best.. .. _to 


Grass Carp. Tho sirnbilit.
.. of harvest will dop"- :an the da>roe Kt succes 

achieved in weed reduction, the size attained by Grass Carp and especiall., on 

the continued ava ilabilit of Grass Carp fingerlings for successive 

introductions to the lake. 

Bass will constne unspined fusiform zish (like a Grass Carp) which are up 

o one half of their own length. In our fish population samples we captured 

three large W.s; of 40,, A6 and .7 cm. Thi size clans iK prbahl- fairly 

abundant in the lak, and to .nswre minimum logn Q: srock-d Grass Carp :hroug' 

3as s ?redat on, introduced Wiss Carp should be " 25 cm. Grass carp are not 

adapted to spawn in lakes so no natural reproduction will occur. 



The size of Grass Carp will be morei important than the number. Fewer (less 

than 100-200/Ha) Grass Carp will take longer to reduce the weed problem, however 

a large number of small < 20 cm grass carp will most likely only serve as Bass 

food.
 

Possibly, fingerling Grass Carp could be reared Volcannear in weedy 

seasonal ponds containing no predators and when pond volume is minimal, and the 

Carp have attained a size large enough to escape predation, they could be seined
 

and taken to Volcan Chica.
 

Bass-Bluegill communities in unfertilized ponds will have a carrying
 

capacity of about !00 Kg/Ha. In a tropical environment production of fish
 

biomass is rapid and about 100% of the standing crop can be harvested annually
 

with no appreciable decrease in standing crop. This requires that fish are 

harvested a little at a time, i.e., about 1/12 of the annual harvest is removed 

each month. The reproductive capacity and balance between predator and prey 

species can be negat ively affected by inrn,1se harvest during a short time 

interval.
 

Ilso, -~.~3 are predators of Bl,1egil., t"Irc: : ra'nab .. ' 

th: biomass of harves table size Bluegi2- 3 is: st least t3s great.r 7ha:the 

biomass of harvestable size Bass and the annual harvest in Kg should be in about 

the same ratio i.e., 84 Kg/ha Bluegill and 16 *g/ha Bass. Bass s:)ort 

fishermen should be encouraged to release Bass which are of a size etfficient 

for predation on overabundant intermediate siz-er 3l ,,egill, i..-2. 3asa less than 

16" (40 cm) in total length. Heavy fishing of luegi 1 should be . nccuraied 

even of very small bluegill 3 to 5 inches (7-I2 :m) in i,.th, s ths. s1all 

size Bluegill tend to overpopulate resultin, in .. l orwt s lar,.2vry th :7:w 

Bluegills are produced. Severely ovrpopulated 1 1, '. I i ea ass e...S. 

further increasing the Bluegill overpopulation prob lem o, rby uaing the 

population of small predators. 



*.\IporilxenL:I Gi LIlet data 

V,1caun Chica - ncar Volcan in Chiriqui 

strLtched Net Average 
Mean 

total length 

;pc.:Ies 
Net 

materia1 
mesh

( inches) 
a rea 
, 

L)
izdiv.I. # 

wL 
(kg) 

% 
wt 

w, t 
(graus) 

#Est.in 
1002 

Wt(kg) Est 
in 1002 

and standard 
error (CMS) 

M.~-II ~ M~ irnLih' )
Multimush 

tC 
Flaltw:t 

# in erro 

i lu egill miultifi lamo1t1 2 25 1 10t) 0.273 39 100 28 1.092 12.86+0.40 
Iluugill " 3 "3 100 0.362 121 100 12 1.448 19.0+0.58 
IuL! ilI1 4 4 10( 0.8L0 205 100 16 3.280 22.5+0.65 

5 " - NO CA I'I'!I-
6 - No) CAtCH -

Mui I imesh Gil x,1t 
lnolOlloLt .il111t11 1 1/2 18.58 - NO CATCH -

- NO CATCH -
S3 1 100 0.388 100 388 5.4 2.088 31 

lucgiil U 4 " I 100) 0.040 100 40 5.4 0.215 15 
;ass" 5 1 10t) 1.674 100 1674 5.4 9.010 47 

S6 - .) CAICIt -
S inglizeshx i hi.. 

ig i 11 tm,,tofi I.I,,it 3 250.8 1 67 1.498 36 125 4.8 0.5"97 19.75+0.45 
;. 3 1 2.696 64 449 2.4 1.075 32.5+0.67 

"1" 4.194 7.2 1.672 
SiLlglom sh Gil i.u 

,A: ; lollo fti lallat.1 r 5 250.8 100 2.866 100 1433 0.8 1.143 45.0+1.0 



Since there is a significant interest in rod and roel fising at: Volcan
 

Chica, I would not recommend that gillnets 
be used to harve-sc fish, especially 

not monofilament gillnets 
as they appear to efficiently catch Bass which we do
 

not wish to overharvest.
 

With some reservation I would suggest that, a 2" mesh nylon multifilament
 

gillnet may be a possible way to reduce 
the stunted population of intermediate 

sized Bluegill. At least in our sample, no Bass were caught in the
 

multifilament type netting.
 

Harvest 

Rod and reel fishing: Hooks baited with earthworms or insects (crickets,
 

etc) is prcbably the best way to harvest Bluegill. Bass will be best harvested 

with small live fish or with artificial lures. 

4.0 Discussion
 

4.1 Potential for fisher. management in res-r-:os
 

Management of firm ponds for fish ,prdc'i -nhacb,.2: s tu!died in detail 

since the i940's especially in the Southeastern United States. Ouan ttativ.2 

levels -of alkahiai tv ,-'., [crr-i;.:a-i.a h,;,e , ,:rti.- :;-: .: ,"2 

consistently produce increased 'fish produiction. Proven h are stocke 

at t--sted rates which will maximize production ';f harvesta le aize fish and 

standard pond construction methods are used whizh minimi:e cost while maximizing 

strength and water retention ability of the dam, pond bottom and wal's. This 

incudes a spillway wide enough to ensure that deep water (> 4") will nor pass 

across the spillway during peak floods, thus ensuring that few :arvustabl, sized 

fish w.ill escape downstream. 

Panamanian ponds examined during the present investi~ition had primary 

functions of irrigation and hydro-electric power production; devloment of fish 

populations for harvest is presently only a minor 2nsioraticn. Total harvest 



by draining will not be poss ib le as this confl icts with primary funct ions of the 

reservoirs. 

Our goal in Panama is to enhance the existing fish community with 

complementing species which would form populations of harvestable sized 

individuals. When communities are heavily populated with predators we wish to 

add prey species, and simultaneously fish the predator population, to reduce it 

and better enable the prey populations to develop. 

Where the community is heavily dominated by prey species then predators ma' 

be needed to enhance growth of the prey by thinning their numbers. Frequently' 

the native species do not grow to harvestable size, so we wish to lisplace these 

with food fish. Thus we must use species which are appropriate for "',,ailahle 

niches and ones which can compete well with native species. ,herev._r possible 

we wish to initiate populations of herbivorous food fish, ao these are the most 

efficient converters of the pond's available food to fish flesh. 

One option i.s .o use non-reproducing (in pon.!.;) specis stnAc. at a kno.m 

rate, based on an estimate of available nutrients. iese species are generally 

Chinese Carps whi:h feed lo: cn the foci chain. 

Partial or total poisoning of undesirable snezies, before intreductions of 

find fish 7ay be desirable to reduce competition with nativ.e fishes. 

If large predators naturally populate a pond, then introduced fish must be 

too large to be preyed upon by these predators. 

Introduced fish, in an environment that already contains a biomass near 

carrying capacity have much less chance of achieving good o;'rawh and survival 

than do fish introduced into a pond than is reoiilin; afwQr b.. ing recontiy 

drained and the fish removed (or a pond 'here all fis, hav. been ki lled by a 

toxicant such as rotenone). However drainin, generally is not possible and 

population renovation with rotenone is very expensive.
 



Viable methods to restructure and augment the existing. Li!h ca':nuait'. 

I. Introduce adults rather than fingerlings of fizsh will S.hich.pawn 

naturally in the pond such as tile preda!:ors Sargento (Cichla ) and Cic hl:isoma 

(Guopoto tigre is of this genus) and the prey species, Tilapia and C'.::rinus 

(Common Carp). A few adults which spawn successfully in th- pond , i hav,- a 

greater ability to populate a pond than many vulnerable hatchery reared 

fingerlings.
 

2. Introduce non-reproduqing pond species as larf,e ring,,rl inigs to reduce or 

eliminate their loss to native predators. Also, fishing effort directed towards 

predators should be towards large individuals to reduce their densit". 

Successful stocking rates for Israeli reservoirs are given bel'1 and may be 

considered a staring point for determining appropriate stoc:.ini rate:s for 

Panamanian reservoirs. 

Species Initial Stocking Rate Primary'Food 

si lvercarp !;O0 H. (I f . Ih/2) 

bighead carp 15/Ha (I fish/667- 2 ) zoopIankton 

grass carD ,iJ,t A ( i f isa I - ) .a" rs - .. -" 


conon carp 2Q0/HA (1 fiih/'50-ti ) Benth5 in'.'brtabr.ces and pl)nts
 

TilaDia ni loti a (on" one i an-ro-
n"- a , Ja Z'::3 

or Tiiapia aurea duction is necessary) algae; detritus
 

Reduced rates should be used initially to ensure that an adequate food 

supply is available for tile introduced fish. if fish grow -well and appear "fat" 

then higher stocking rates are warrented in lat-.r, ,ers. 

4h? all Species may.' be r i in anv r-ven reserv.,oir, depending )n 

particular pond conditions a;d on the pre-exiscing fish community. When Silver, 

Bighead and Grass Carp are employed thev should be restocked each year and most 

of the fish from the prevoius stocking;s should be harvested. 



Tilapia and the predator species of Sargento and possibly CichLasoma shoul1d 

require only one stocking as they will Vorm naturally reproducing popu lation;. 

Common carp also spawn naturally in ponds but if predation is heavy there will 

be no recruitment to the fishable stock. 

Experience in Brazil of introducing T. nilotica on to native fish 

communities has shown consistently that stunting of Tilaria does not occur, but 

rather that Tilapia assume a population structure dominated by harvyestable size 

fish and they successfully compete with fishes of simi.lar ni.ches such that T. 

nilotica generally become the dominant fish in the community catch. 

Panama receives heavy rains resulting in sudden large overflows across pond 

spillways. Many typically riverine species such as the Chinese carps may move 

downstream with flood water when possible. The best 'olution to this proble1m is 

to widen the spillway such that the depth of water crossingo it will rarely 

exceed 10 cm in depth. The larger the fish, the less likely that it will cross 

the spillway. Thus carp fingerlings should be stocked at the beginninug of the 

dry season, to allow them time to grow beforn the next rainy eas o. A le3 

p!ausable .oiti . is La scr:en a narrow inili',' . Ho'ever, when fi oCdin2 

occuri some)z, must attend the screen to rmuv, leaves, ==. N. 'wh' 

otherwise block the free flow of water and result in destruction of the screen 

(and possibly the dam) and loss to fish. 

The purpose of developing desirable fish populations in the carafield ponds 

is to provide a protein source for the owner and workers. Assumin; the owner 

wants harvestabl e fish populations, he will cooperate with riert, s per:sonnel. 

it is essential that we learn from pond owners winn, w rer, what a'u:t:it,', and 

method of application f poisons have been used :n the w-'. d. 

poisons will includ, herbicides and possibl 7 insecticides. Knowlde of :e 

short and long term effects of these poisons cn fish and fish food organisr:-s nan 



be obtained from their manufacturers. If frequent poison i n% ot pond Water occur 

there is no justification for a fisheries development progr'am unless alternate 

weed and insect control methods can be considered. 

Presently, Panama and the USAID ar engaged in the development of inegrared 

aquacultura systems i.e., the cycling of scarce nucrienets, fi rsu riroughL pigs, 

cattle or poultry, second through pond raised fish and finally to garde, crops. 

Twenty of these integrated aquaculture "modules" have ninitiatel ati 

separated sites in central Panama. The project goal i. self-sufficiency at the
 

village level in all aspect of TilaDia nilotica production. 

These aquaculture modules should generate widespr-.ad interest in utilizing 

freshwater fish which logically should extend to the utilization of all 

available including canefield irrigation ponds. Some harvest rm.ethcd: used in 

the modules, such as gillnetting, will be the same as needed to harvest ish in 

reservoirs. Additionally th,. modules mny produco e:*cess Ti lapia fLn, r li ngs 

which could be sold to irriga.tion nond .... r gten h in. ­

share of the resulting harvest. .Iodul.e operators may also e.tnd mthods of 

Simultaneous deve lcpmpnt of the intensiv!.. ln.nd :n-d; >; the extensivelv.- and 


ri..naged farm ponds w lll increase the proa;ioi it.' that -- ara .ent and utilization 

of freshwater fish populations will beco:.-e a permanant part or resource 

utilization in Panama's central provinces. 

4.2 Harvest Potential
 

Tropical fresihwater systems do not necessarily support larger stocks of
 

Fish, eg. k ,'hi, than do temperate systems (Lowe ..cConnell, 1975). However year
 

around warm water temperature and intense solar radiation in the tropics do
 

increase the potential for production of fish, eg. kg/ha,'yr,
 

I, ! f 

http:widespr-.ad


Once the carrying capacity of a pond is reached, which in panama would 

likely occur within 6 months to a year after stocking, only the renov.al of fish 

through natural mortality and fishing will leave food and space for expansion of 

the population and then only to an extent equal to that which has be,.n removed. 

Thompson (in Bennet 1970) therorized that the maximum potntial annual yield as 

a percent of carrying capacity increases from higher to lower latitude, eq. 20% 

can be removed at 45' latitude, 50% at 400 , 85% at 353, 120A at 30'. Central 

Panama is at about 9' of latitude, thus we could expect a harvest potential of 

possibly 150% or more of the pond carrying capacity. 

However the annual production of a Hass-Blugil l c:-unity in Cuban lagoon 

was shown to be 70-351 at a latitude of about 20" (i in Lo McConnel, 

1975). Although there is not strong agreement bnwnen these t'o studies, L 

believe that the harvestable production in Panamanian ponds should he at least 

100% of carrying capacit,. 

Carrying capacity or ntan:diag crop ctimatens are not readily available from 

tropical, unmanae (unfertilized) pond;, but we should be able to draw 

conclusions c,nc: .r'.n .robab) carryin; capacity from 'he f, I ' . ..... table. 

unfortiliz.-J 

Source vondi carr'in_ caracitv (kg/ha) 

Bennet, 1970 Alabama ponds 335 

USA natural lakes 55-170
 

USA artificial impoundments 225-450
 

Kentucky onds 225-1100
 

Jensen, 1973 El Salvador ponds 300-1300
 

Lowe-McConnel, Zaire ponds "00-4000
 



1975 Israel 90-109 

Many factors affect the carrying capacity of a pond, such as the natural 

fertility of the water, pond bottom and watershed, the species of fish in the 

pond and the rate of flow of water through the pond. Ponds with s ignifican­

development of agriculture or pasture in the wat.ershed wili obtain a greater 

nutrient load from runoff water than will a pond in a heavily foresced 

watershed. Highest production will be obtained by the us, of speces with the 

shortest food chains (plant-fqeding fishes). Exce:;s ive fLow of wa tur can lead 

to at !cast two major problems. (1) The plankton couniunty which is the most 

important source of primary production in a pond will be continually V"ush2d out 

of the pond and (2) large volumes of water passing over the spillway. in a short 

time interval will often carry out a large part of the pond fish. This latter 

problem can be reduced if a wide enough spillway is built to ensure than the 

height of water passing the spillway is alwa:s less than inches. 

Our goal for fisheries manageMent in multiple use s:nall impouncd.ments is to 

Pr-duc- Ind hl:: .', 1 l.i , ' "f a c -n s .1 coAoi,::;i.;3 :iathb2 Onaon 

basis. This will be don- by introduc iny sn.,,ri. .eci.s 'o utili, the '; rie 

fish food available with emphas is on maxminizing .riduction of fis:es that are 

pr1i-ary cansu-ers. 

Recommended speices include: 

Tilaoia ni-stica - a very competitive, omnivore, highly tolerant of 

pccr water uali:., =znivzrous but pref-ring algae, a lacut i. spezes 

that will not he lost in s ,nifictant nnbrs over f:cded spiiva':s, 

T. nilotica spawn naturally in ponds, form large populations quickly and 

generally is the major spec ies in the comnunity catch. 

. . p f Ces 



2. Common Carp - an omnivorous benthii," feeder, it may reproduce and 

recruit successfully in ponds. Its digging habit while ,_.ing inhances 

cycling of nutrients, but also increases soil turbidity. 

3. Sargento (Peacock Bass). An ,-fficient predator of excess TilaDia 

reproduction. 

4. Grass Carp. An efficient forager of macrophyric vegetation.
 

species will improve water quality and growth of other fish species.
 

5. Silver Carp. GeneralLy feeds on phytoplankton, bit uses small 

zooplankton and detritus. This species utilizes the open water
 

(limnetic) area of a pond.
 

6. Bighead carp. This species feeds mainly on zooplankton. Like the 

Silver Carp, the bighead carp occupies the opeitwacer area. 

A seventh species, the Guapote Tigre a speices of C-chiascma .s an efficient 

predator of Ti lapia fry, however it is al.so a very pro!ire spawtrer. Females 

begin spa wPnin; 13 long, la'i g 0 4 ever .-'K-0 days.at cm 1500-20C0 

Experiments in fertilized Donds in Colombia (Popma ---t 1980 and Fhelps ind 

Iftf rr onl-e f 'w 71 . ofmonhs v lor: , " d e 2-rv 1 , ; ....... .. ...
 

Tilapia fry wcu 1, escape predation. Furt"er c',: rim:+ati.sri, nidi:ated 

that a dynamic co-.unity could be obtained if Ear-entovwa. stocked :Iong "ith 

the Tia:ia and Cichlascma, the funtion of ,he Sargen,:o bei; to inhibit 

excessive chlasm recruitment. would be ;.-ry use2ul in a .I'-) 

growout rand tiat would be drained and rwiscked vith finder ings e,...yt":W 

-_ntns a-s:.ar " : -.er-.anen c un.itv a-..": :s -"a- re e 

Guapoce Tigre introduction. 



Tilapia nilotica should be stocked in all the low elevation sug'ircane ponds. 

It should produce a large standing crop of harvestable sized fish ,'11d will not 

tend to escape over spillways. A few afults, 5-10/ha shotl Id produce a 

harvestable population within a year. The large populatons of Tilapia in La 

Yeguada was reported to have been initiated by .200 adults (2/ha) even after the 

predator Sargento had already been established.
 

The Chinese Carp (Grass, Silver and Bighead) are riverive species and given 

the opportunity they will migr.ate out of a pond. A hydrologist would be able to 

obtain an estimate of spillway width necessary for a ogven pond to ptMevent 

excessive d,,pth across a spillway. If this problem is first solved, then 

Chinese Carps could be stocked with the 
following precautions (1) stock large 

fingerlings since large predators already exist in the p'onds (2) stock less 

fish/ha than were recommended for Israeli reservoirs. This latter precaution 

should insure increased survival. If physical condition is ver/ good then a 

higrsocki. rate can be used in later year. 

Sargento should be stocked where insufficient predation is apparent. A small
 

....... ' .. ... ... 
' .. .................. . , *a' -n "2 J ""
 

C-70n camo be attd 5-lO lshould stock 1r ge fi:n1;r:rz h.... 

may spawn successfully, the young may suffer nearly 1007 :70rraLiCy due to 

predation, thus necessitating annual stocking;s. 

Once populations of TilaDia and Sargento are cbserved (fish which are not 

part of the original 3tocking) no more stocking is necessary. 

Grass, Silver and Bighead Carp should be stocked annually to replace those 

removed by harvest and natural mortality.
 

Management of ponds will mostly invoive stocking and harvesting. 

Harvesting in most part will be with g-Ll nets, although cast nets and 

hook-and-line fishing should be encouraged additionally, baited traps shcud b, ­

tried for Tilanma. 



Stocking rates are based on reservoir surface area. Transit survey
 

measurements of area are 
the only reliable estimates. This information should
 

be obtained before any stocking program tegins.
 

4.4 Monitoring of fish stock development
 

We have preposed particular management practices for each of the six 

reservoirs which we evaluated (Section 2). The four sugarcane plan'ation ponds 

present the greatest challenge since previous introdnction cf herbivorous food 

fishes to these ponds have no resulted in populations of harvez; tabl, fish. 

This observation is based on th,2 data in this report; a second evaluatlion would 

increase the data base and reliability on which conclusion.; are drawn. if 

future surveys tie same sampling methods and gears should be used is during the 

initial survey and the same analysis of data should be done. This c, nsistency 

will enhance the utility of the data for docunting changes hcn occur in the 

fish populations. These surveys should be cant in',> an a seasonal four per 

,ea r, possibl' in M.Iarol,, Juno, Septembcr Lnd ... i t .wic8l 

coincide with mid-dry season, the beginning of rainy season, mid-rainy season 
[i7ni , .X" . .5,- .. . . .:iL' 

will bezin with the initiation of the 19,i2 rain. .. s)ason. t;'us , the c ns utve 

seasonal sampling will provide documentat ion far de'.'.elopment of introduced 

populations. Relative growth rate of introduced fish can be observed as the 

modal lengths of fish caught in the multimesh gilinets increase seasonally. 

Spawning success and timing will be seen as fish fry and fi17gerlings are 

captured in the 15' long seine. The 50' seine Will cat.ch atrm,,i.t,- siz,, fish 

and indicate the intensity of predation. .\ r. ,-.,,,d i i J e, 

necessary to carry out a seasonal survey of selected s-a.ll is 

ziven in appe:.i:,: 5. 
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Once populations of harvestable size fish are developed, a fishary can 

begin, using a fishing gear recommended by the investigators. The .3ar will 

most likely be a gillnet of 3 or 4 inch stretched mesh which should catch fish
 

of harvestable size, fish which have already passed throug;h much of their rapid 

growth phase.
 

Changes in the aburlance and size composition of native species should also
 

be noted. Small herbivorous species may become less abundant as 'i!apia, etc.
 

begin competing with them.
 

The physical condition of predators may improve after the successful
 

establishment of a Tilaoia population. This can be qantitativel 
 eva'uate! byv
 

comparing the average weight for a given centimeter group in future samples (new
 

weight) with those from before fish stocking began (old weight) as follows.
 

New weight
 

Relative condition = Old weight x 100
 

Whenever possible, such weight comparisons between years sio.ld be made during
 

the same season of each year since seasona! avai!Tihilitv of food, spinninc 

periodicity, etc. often result 
in fish having differenz relative conditions 

during differant ieas ons 0A the same 'var. 

Grass Carp f-nction to reduce nuisance aquatis ";ern ation as we!l as to 

produce harvestat le food fish. Successful vzegetatitona control b'y Grass Car? 

should be documented to determine rate of weed r..noval rehiative to 'rass Carp. 

stocking density. Samples of ,quatic weeds should be identified and dlinated 

weeded and unweeded areas marked with corner sta'ei and phntogriphaed, and tA 

abundance. con iien anc species ccmpositic o wend recrlec at ea 

successive season until control is achieved. The most valid comparision, as a 

documntit ion f aquatic ve gn'.t ion control b. Grass Carp would be b,'e. n years, 

but within the same season. 



Disseztion of fish captured in seasonal samples should continue until 

enough data are available to describe spawning season and size or 'ish at 

maturity. Knowledge of these parameters provides the greatest utility for 

Sargento. Since it may be possible to cverharvest Sargento if they are 

frequently captured as juveniles.
 

Stomach contents of native predators and all introduced species should
 

continue to be examined until it is determined what food sources are being
 

utilized (and not utilized) and the extent of predation on introduced fish.
 

Information collected during the initial survey on stomach content and sexual 

maturity are in appeiadix 4. 

Water quality parameters should continue to be monitored at each survey to 

increase the possibility of documenting any short term dia-ficiency in the 

environment. Also, one day after the first heavy ran of the new rainy season,
 

water quality parameters should be measured. At this ti -e turbidit is
 

increased and decaving terrestrial organic matter is carried into the reservoir. 

Dissolved oxygen may become very low and deleterious chan±s in pH anrd COo may 

alsoocu. 

If a gillneu fishery begi.s at La Yczuada then seasonal sanplir.v of fish 

pop'.lations with the survey as described above should be initiated. AIso 

an appropriate catch assessment survey should be initiated to providce estimates 

of fishing effort, cat .I per unit effort, catch, relative spacies Zomocsition 

and length freqiency distribution of the e:o-ploited stocks. 

Volcan Chica needs Grass Carp and time for them to eliminate the submersed 

weeds. When this occurs further management steps can be- zonsidered. This will 

probably be at least tw,.o years in the future 
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6.0 Appendices
 

6.1 Appendix I Sample 	data recording form
 

Sumario de poblaciones de peces
 

localidad 
 Fecha
 
HORA: 

Metodo de Colecta:

.pH AICALINIDAD DUREZA Oxigento Disuelto CO') 

Area de superficie del agua Profundidad de 
Temperatura del agua (superficic I matro_ ) visibilidad 

color de 
agua
 

Fecha cuando los peces fueron, introducidos
 
A. especics:
 

B. numero
 
C. 	tamano
 

NUMERO Y PESO POR CADA ESPECIE
 
intervalo {	 _ 

por I 
centimetro No. Kgs ,o. I Kgs No. I K.s ,'o.- Kgs I No. I Kas 

2 

3 

5 

7
 

8
 

9 

10
 

11
 

12
 

13
 

14
 

15
 

16
 

17
 
^Aqua muestrada de I metro de profundidad 



__________No_ ',-,s ""o s_____o 

292 7 - 1 

221 _ _ _ 

__ 
I5I 

_ 

I 

__I __ _-

_ 1_ _ _ 

__ 

_ _'_ 

_ __ 

_ 

I 

_ _ 

i 

29 

3) 

3 1 

. 

I I 

22 

37, 

35 

"9! 

31 

2-
140 

I 



__ _ _ _ __ _ _ _ _ 

__ _ __ _ __ _ __ _ _ _ __ _ __ 

__________________ K 1 :q K si 'Q 

11 I44 __ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ I 
4 7 

__ _ 

50_ 

_ _ I _ _ _ _ I _ _ I _ _ _ _ _ _ _ _ __ 

_ 

53 
5 1 

_ _ _ _ _ _ _ _ _ 

55 
I 

I 

57 

I f77 
I 

I 

Il 

i* 



Appendix 2 Discussion of the physical and chemical parameters measured
 

We attempted to describe important physical and chemical characteristics Uo
 

each studied pond to assist in our understanding of the fish producti'on
 

potential.
 

Dissolved oxygen (D.O.): Fish extract dissolved oxygen from water for 

respiration. At 27'C and at an altitude near sea level, Awater is saturated with 

oxygen at 7.9 mg/L. Any reduction in D.O., resulting from insuffici.nt 

photosynthesis or excessive oxidation of organic matter by bacterIa ecreases 

efficiency of respiration for fish. When D.O. Mg/I most fish can only 

maintain life and will have little or no growth. D.O. less than I '!g/L stresses 

fish, and over an extended time will result in death either directl'y or by 

increased incidence of disease. pH; Alkalinit-, Hardness anc C>9: '_hese 

factors are so interrelated that they will be iiscussed togasIher. 

Alkalinity (C0 3 - and CO3=) is in equilibrium with the a.i substance CO­

in water. PH is a measure of acidity (and bas icitv) of wartr. A.ialinit" 

cations are generally in ccmbinarion with the bi'vaL.ent anins of Ca- and H 

which are the hardness in water. Durin4 daylight h1Ir tu;t '.uh<si; uz;._- :such 

if not all tw: availa le C-,,.. re..c aci .. .
 

ge ts very high,i._., > 9 it will irritate fish an: ao.' pi .o fsh "ill die.
 

However, as CO2 is reduced, C0 3 = increases. If the alkalinity is in combination
 

++with hardness Ca and Mg CaCO 3 forms. Since this comrourd is .s:'. sightly 

soluable in water, it will precipitate out of solution, thus prevenrin a:'' 

further increase in pH (no higher than 9). If alkalinity is cobined with 

alkaline earth metals (* , Na*) i.e., not with hard:n s.i i.s,then . oluable 

;aC0 3 ionic bonds will allow pH to rise to toxis levels. 

2 

http:insuffici.nt


Thus ample alkalinity is important to allow sufficieut Cog for
 

photosynthesis and ample hardness is important to prevent toxic levels ot 
p11
 

during times of excessive photosynthesik.
 

Both day and night bacterial oxidation and respiration create CO, which
 

reduces pH. However at night there is no photqs:nthetic activity to produce 0 2
 

and utilize CO2 to offset respiration. Thus, pH is lowest at dawn Kter _h'
 

night of uncontrolled CO2 production. 
 Very low pH is toxic to fish, with pH 4
 

being the acid lethal point. Generally pond water quality is satisfactory if 

the water pH > 6.5 at first daylight and the water pH < 9 during the late 

afternoon.
 

Fish can tolerate CO, levels to 60 mg/L but may avoid them at levels as low
 

as 5 mg/L. Low concentrations of dissolved oxygen usually occur saimultaneously
 

with high CO2 levels. Also, CO 2 interferes with oxygen absorption, especially
 

when oxygen is minimal. 
 Thus early mornin4 is the critical time for dissolved
 

oxy;gen and C02 problems. 

Alkalinity and hardness 
should be of similar manituda and the alkalinity 

should be a: least 15 :./L to 20 m ,'L to .n;ur a: . C5- f:r max::i:;: 

photosynthesis. Also, this level of HCO - and C." fici lat"M; the :3ohution of 

phosphates, which can then be used in primary prsiuccion. 

The Secchi disc transoaren.-cv is a measure of light pene:raticn. 

Approximately twice the depth of the Secchi disc trar,sparencv is the :raximum 

depth that sufficient sunlight penetrates to p.r:. t not pr 'ction of oz:qan b' 

photosynthesis. If turbidity is caused by ph,'ulnk. n , ch._!, lbo'wer W!
 

transparency the denser the'plankton, at least in the uppermost part of te
 

water zolu--.
 



Water Temperature is a measurement for comparison between ponds and
 

seasons: 20C and 32'C is the range of temperatures to allo., good fitch growth
 

of war--.water species as long as dissolved oxygen is sufficient (saturation of
 

D.O. decreases as temperature decreases). Temperatures below 20'C will reduce
 

production of all warm water species compared w.ith waters ac hignher temperature. 

Some species require higher temperatures for spawning, e.g. Blue Gill (at least 

in Alabama) only spawan when wacer temperatuare - 26'C. 

Water surface area. This. value is directly proportional to productionl in a 

water body. Estimated harvest and stocking rates will depend on an accurate 

estimate of surface area. Maximum, minimum and average values over a year would 

be even more meaningful especially in reservoirs with .redictable seasonal draw 

downs. 

Water Color: Water turbidity can have a positive affect on fish production 

if it is caused primarily by phytoplankton and is not excessive. Hf-Wever if 

turbidity is caused by colloidal clay, the iht penetratioll will be reduced 

inhibiting primary production. Green water color is caused ,by plan.t,.n. White 

or gr.2. colDr is .gene-all soil turbidity ReJ or brr j:- ma' -._ n on 

or coil trb.i "t. 



G App. ndix 3. List of scientific and common names of fishes 

Scientific name 


Native Species
 

Asuvanax ruberrimus 


Rceboides guatemalensis 


Hoplias malabaricus 


Curimata mazdalenae 


Trachycoristes ambloos 


Aecuidens cceruieo~uncacus 


Cvvrinus Caria 

Hvvovhthalmizhthvs molitrix 


Aristichthys nobilis 

C on har'.-izcdon ie_aIpia 

mentioned in this report
 

Family 


Characidae 


Characidae 


Erythrinidae 


Ctenoluciidae 


Curimatidae 


Gymotiformes 


(order)
 

Auchenipteridae 


Loricariide.2 


Poeciliid e 


Cichlida,2 


CyprinidaeC, 

Cyprinidae 


Cyprinidae 

CaprinidaP 


Common Name
 

Sardina comun,
 

common sardine2 

Sardina
 

Peaz Perro
 

Aguja
 

Sardina maina
 

Macana
 

Torito
 

Clupalaja
 

puri',vus 

Ch j rro 

Carpa Plal-ada,
 

Silver Carp 

Carpa Cabezola, 

3i_4ht,!, Cd:D 

Ca-p .:-:;-ora, 

Grass Carp
 



Cichla ocellaris 

Cichlasoma managuensis 

Tilapia mossambica, T. nilotica 

Cichlidae 

Cichlidae 

Cichlidae 

Sargent-, Peacock Bass 

Guapote tigre 

Tilapia 

Ariidae Barbudo 

Micropterus salmoides Centrarchidae Lobina, Bass, 

Lepomis macrochirus Centrarchidae 

(Largemouth) 

Mojarra d2 agalla 

azul, Bluegill 



SAppendix 4 Information on stomach content and size at
 

sexual maturity of fishes sampled during
 
the present survey. 

Minimum Sizes at 
sexual rmaturity 

Species Stomach Contents in the samDle 

Astyanax ruberrimus algae, some seeds 

Aeguidens coeruleoouncatus seeds 

Roeboides guatemalensis insects, mainly diptera 

Poecilidae (species?) zooplankton 

Trachycoristes amblops mostly shirmp, some insects* F-4 3 16-18 cm 

and fish
 

Curimata magdalena detritus F-5 and M-5
 

1j16-13 cm 

Hoplias malabaricus fish prey size 0.06-0.41 F-4 @ 34 cm 

pred. length 

Cichla ocellaris Fish prey GZe = 0.6.- 35 cm 

TilaDia mossambica algae, detritus F-5 @ 36 cm
 

T. niiotica algae F-4 5 14 cm 

5 2 

Cyprinus carDio all stomachs empty= F-5 @ 45 cm 

M-5 42 cm 

The above table contains data on species for which data were available on 

stomach contents and size at sexual maturity. The ratio of Prey to predator 

length shows what size fish a predator o any length is li'ely t') pa. 

bodied, spine, fish are preyed upon at s:naller si;:as tda: i2 narrow f'suor, 

fish. Sexual development stages 4-6 indicate that a fish "wil sra,-n ',¢4thin a 

=few months. F female, M male. 

http:0.06-0.41


..
:lee attached scale of sexual developmen on the following page from (Ricker).
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Q. 	 Appendix G Recomunended Equipment list for Small Lmpou ndment Xnagavent 

Gillnets 

(A) two, multimesh monofilament, containing eight panels of stretched mesh 

sizes 1 1/2", 2", 2 1/2', 3", 3 1/2", 4", 5", 6". Each panel is Sm x 2.5m in 

area. These are sinking containing net weight .and float material should be 

continuous lines within nylon rope. 

(B) two, multifilament flagnets containing seven panels f stretched mesh 

sizes 2", 2 1/2", 3", 3 1/2", .4", 5, 6". Each panel is 5 x 2.5 m in area. These 

nets are suspended in the water column by pulling the ends of the top line tight. 

There are no floats and no bottom line. 

(C) Four, single mesh monofilament, each 80m x 2 /2m in area, two each of 

3" and 5" stretched mesh. Weight and float material should be continuous lines 

within nylon ropes. These nets will sink. 

20 anchors for gillnet supports require a bag of cement, 20-two liter 

plastic bags, and 20-10" long pieces of 1'16" ... i . t aftr: 

with water is poured into bags. A length of wire is bent and inbedded in The 

ce- ent -llowing a "wire loop to extend ,bov ta , , .: 

ouant i t: t m 

1 	 14 foot long aluminum flat-battomed "John Boat" 

4 Fiberglass paddles
 

100 meters IM" diameter nylon rope
 

1 	 One 50' x 6' x 1/2" square mesh seine with a x'x6':<' central bag 

This net should be treated with tar an! mounted on lead and 

float lines. 

One 15'x40'/8" ace mesh seine treated with tar and mounted on lead 

and float lines. 



1 Electronic depth meter.
 

1 20 cm diameter Secchi disc
 

2 Fish measuring board
 

2 Pan balance 500 gram by 2 gram increments
 

I Spring balance 5 Kg by 10 gr. increments
 

I Water quality kit for measuring: hardness, alkalinity, pH, CO2 and
 

dissolved oxygen
 

2 Thermometer
 

I Hach water sampler 

in Three gallon plastic buckets, with sealing lids
 

5 Gallons of formaldahyde
 

2 Dissection Kits
 

200 2 liter plastic bags
 

20 High rag content paper for labeling preserved specimens
 

400 Rubber bands
 

50 Data forms to be made up and modified as needed 

1 3 gallon Ther-noq for drinking water 

2 Clipboards 

I Long bed 1/2 ton pickup - 4 wheel drive may be necessary in rainy 

season 

I High lift pickup jack 

I Storage box in pickup (mounted high enough so the boat can slide 

under the box) 


