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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 @2 of gillnet. We fished gilinets with surface areas

(height x width) of 25m?, 18.25m2 and 250.8m2. 1In order to compare the
catches in each of these nets we estimated what the catch from anyone ot
these gears would be if the actual area of the net was 100 m2, for exaaple a
net 40 m long and 2.5 m in height. To make this couversion of weight or
numbers of fish actually caught in a particular net to one with 100 m2

surface area we used the following fcramula.

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 Diractor of Aquaculture. The purpose of the
trip was to evaluate fishery potential in existing small irrigation and
hydroelectirc reservoirs and formulate recoruiendations for research and
managexzent of small reservoir fisheries.

Efraim Rodriguez, Rigoberto Gonzales and Cevero from the National Direction
of Aquaculture and the author worked together during most of thes data collection
and initial analysis. Dr. Richard Pretto and eavironmentally concerned residents
of Volcan, Chiriqui, participated in data collaction of Volcan Chiza.

In the province of Veraguas we studied four cf an estimated 30 small
irrigation reservoirs which avarage larger than 5 hectares in suriacs area.

Such aquatic resourcess should bz capable of yieldinz at least 30 kz/ha/yr of

Zizh and with wmininal mana
parts of Panama also have small lmpoundments, such as cne l0U ha avdroalectric
reservoir at La Yeguada and the natural lake, Volcan Chica in Chiriqui, both of
which were also studied during the present investigatior period.

By fishing variable mesh gillnets and Eeach seines and measuring pertinent
physical-chemical parameters, we were able to estimate which ficn specles were
present, how their populations were structured and which exotic Fish species
should do well if introduced. & 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 recommendations. Six raservoirs have been selacted
for investigation and management and once a successful management program has
been developed fto. the studied reservoirs, the methcods will be estended Lo all
small reservoirs in Panama whkre fish culture would be appropriate.

2.0 Materials and Methods

At each of six reservoirs we set four gillmats overnight (two extra
ilinets wera fished at one lake, La Yecuada) and fished two types of seines at
) =) J
least three times each.

2.1 Sampling Zquipmant

Gillnets
l. Monofiiament nylon 150 feet long by 8 feet deep divided into six

panels each 25 f{eat long; Each panel is a different strecchad mesh
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( 40y, 37 (.52m), 5" (L32mm7). This is a siawing gilinet, i.z.

it fishes Irom the pond bottom up 8 faer ia thz watar zolum. The
surface and bo0t:oa llnes contaln cores oI Zoaa and lead
respactively, which eliminate probiems assoclated with extarnal
bouys and lecads when satting

2. Multifilazent nylon, 50 meters jong 9 2.5 metars deep divided inco

fivz panels, each 10 metars lonz. Zach pancl is of diffarars
stretchad mesh size and matarial <izmeter (2" (L, 32mm), 3" (.40=m),
4" (.40mm), 5" (.52mm), 5" (.52mam).] The nettinz is mounced on a

top avlon twine with no {leats and thera is no
net must D2 pullad taught from zach end to suspend it in the water

column.,



3. Monofilament wnylon, 300 feet long dy 9 feet deep, three (3) inch
stretched mesh. The surface line contains plastic floats aad the
bottom line contains lead weights. The net fishes up from the
bottom of the water columm.

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

Beach seines

1. Multifilament nylon, 15' x 4' x 1/8" mesh (Ace stvle) minnow seine
with floats and leads.on the upp2r and lowar lines respectively.

2. Multifilament nylom, 453' x 6' x 1/2" square mesh with a &' xz %' «x
6' bag. Ttloats and leads are attached to surface and bottom lines.

Water qualitv analysis

Kit [model AL-2
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We used a Hach Water Ecology Test

importa~t parameters for production and wellbein:

1

includa alkalinity, carbon dioxide, dissolved oxyzen, hardness aad
H. additicnal water guallty sampling =quismen:s used include a

? M J v <} 1 s

dissolved gas sampler (Hach wmodel 1962), centigrade thermcmetzr and

Lake suriace area information was availadle from the Diractina of
Aquaculture filss. A standard form for recording date was designed and modified

to improve its applicability and all data were rzcorded on these forms. A
sanple form 15 presented as appendix 1.

2.2 Sampling
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Gillnets wera set from the bank or from partially inund

depth was alwavs less than 7 metars and
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locations. Gilinels were se: between 3:00 cnd 5:00 pm and Zished Zuring the

followinz

Z @aoraiag

zach mesh size in 2ach net and by spacies for each centimeter grouo. Fish were
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measured to the nearast centimeter using a specially constructed fish-measuring
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board. Small fish were weighed on a 400 gram x 2 gram pan balance. Larger
were weighed on a 20 pound x 1 ounce spring balance and weights were later
converted to metric units. Each fish taken from the nets was dissected to
determine stomach contents and stage oI sexual development.

Beach seines were fished in an arc from the bank. Seining areas were
selected where the depth was shallow enough to ensure that the leadline always
drug the bottom to prevent escapement of fish. Seilnlng sites were also limited
to areas without large rocks, stumps or excessive macrophvtes which would
interfere with seining. aptured fish were separated by species, sorted by
centimeter group, counted and recorded. Weights wars recorded from scine

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

1Y)

condition factors.
Water samples for dissclved oxygen, CO,, pH, hardness, alkalinivy and
p Pl b T ) ) J

teaperature ware taken from on2 meter depth with a dissolved Zas wata

(41

Temperature was also measured at the water surfac2. A Sacchi disc was lowered
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into the water uatil it dlssappaarad,

averzge depth batwean thesa two points 13 the

discussion of the need to record the above wvariables in pond analysis is given
in appendix 2.

3.0 Results and managzement recommendations
2

We evaluated fish populations in six ponds and laxes, four of which ware
watar storaga ponds Ior irrigation of the sugar cane plantations

"Santa Rosa', in the province of Veraguas; all within 13-20 xm of

A fifth system was a hydroelectric power reservoir and the sixcn was 2
small natural springZiead lake. The period of this project was late into the dry

sedason, so the manmade lakes had been drawa down, well below maximum anormal



height and surface area. There had been no significanc inflow of wacer 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 days 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 &l

1. La Orange, Santa Rosa Sugar Plantation, March 8-9, 1982
Physical and chenmical conditions
Surface area when full = 250 ha., presently abou:t 100 ha
Water quality sampled at 8:30 am at one =meter depth
pH = 7.5, Alkalinity = 48 mg/L, Hardness 5! mg/L.

Dissolved oxygen = 7 mz/L, Cop = 10 mg/L., Surface water temperaturs =

27°C. Secchi Disc visibilirtw 100 ca, watzr color = green. No fisn
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Seven specias of navive fish wara canturad in =uparimont ts.
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were Pez Perro, Torilto, Curimata, Aguja, Chupapiedra, Chogorro and Barbudo.
Common and scientific names are presented in zppendix 3. Of these only the
Torito was sufficizntly abundant for a potential fishery. An estimated 8.3 kr
of Torito would be caught in 100 m? (40 m x 2.5 m) of 2 inch s:retched mesh
monofilament gillnet. However only 1.35 kg of risn (455 Torito) was =stirated

o) - . o
for a [00m<c of 2" stretched mesh multifilarment

gillnet catcnn, Unizgs the
gonofilament gillnet is really 10 times more efficiant for Torito -han is che

multifilament net, then we may expect cunsiderable variation in ths cateh t

I
Il
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of Torito in La Orange. These fish wera narginally narvestable, having an

~
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average welzh% and lengtn of 73 zrams and 18 em resonetivaele.
2 o e



Many small fish were capturaed ia the 13' long seine. These were mostly
algae and macrophyte feeding Astvaunax and 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, P2z Perrc and Azuja. The
latter two species are piscivorous and are probably the main predators cn small
littoral fishes such as were captured in tha 13' seins. We were unable to catch
sufficient shrimp with seine or castnet to indicate that an economically
exploitable population existed. Possibly baited traps would successfullv catch
shrimp. Of the seine catch only Pez Perro and Toritc grow to harvestable sizes,

The fish biorass of La Orange is largelvy of unharvestable size fish.

Possibly a harvest of 50 kg/ha/yr of Torito and Pez Perro could b2 sxpected but

the average catch rate would be low and the fish would b2 only =a
enough for harvest. With management, this lake should praduca ar least 100

1s5a.
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s0d

3.11 Management recommandations for La Orange

>
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Wl 52215 aver T eNhance dne fLsin ;.O.A.ml.f'.l.tj sucn thas wmost fisa are oo

specias which grow to harvestabla size, to sasurs tha® =os:t of tha availabla
food sources are utilized and that most of the fisn fa22d low on the focd 2hais
thus increasing the efiiciency of fish production. 3roodstock of manv tropical
freshwater food fish species are available at the Divisa agquaculature station in
Panama and these will form the initial seed for the pond stocking progranm.

Several of these species should be stocked in La Zrange and :their contribution

to the community production of pond fish is discussed below.

—
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Tilapia niloxica is an aggressive, highly compezicive African Cichlid.

feeds on phyteplankton and to a lesser extant cn detritus and macrophyres. It

grows quickly to harvestable size and is generallw accepted in fish markets. T.



nilotica was accidently introduced into Lake Victoria, Africa and purnosfuly
into several Brazilian reservoirs. In both areas it has become a dominant
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 Drange rasarvoir to utilize
P ni g

periphyton on submerged trees, phytoplankton and benthic detritus. Introduce

adults since the Pez Perro and Aguja would probably eliminace introduced Tilapia

fingerlings 5 adults per hectare should be stocked at the baginning of the rainy
(rising water) season. They should spawn immediately and the younz should have
a good chance of survival as they disperse over newly inundated lands. Native
predatory fish should prevent overpeopulation and stunting of Tilapia.

The abundance of "Sardines'" in the 13' seinz catch irdicates that increased

predation iy warrentad. Sargento is a zood food and sport fish and an efficient

pradator. Its zudition to the La Crange f{ish community weuld further assure
that the Tilszisz population would not stunt. Calv adults or larze fingerlings
(lzrze fingarlings mm 1s total length) should be
stozwat, aAavailasil LTI faziary possidl
Sargentocsuld b2 collected Zreom i Mata da San Trancisen “3oe rzzarcoir =3

telow) Zor stockin

-~
5.

nilotica and Sargsnto will not be nacessary as these spacies will resroduce

adequately with pond.

The large seasonally inundatad, vegestatad plain of La Crange should osrovide
excallent forage for the Common Carp which should be stock=d af adbeuc 30 ner
hectare of large fingerlings. This species may or may not form naturally

substaining populations. Thus repeated annual stocking wmay bSe necessary.
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Marginal submersed vegetation would provide good forage for Crass Carp.
Assuming that less than 5% of La Orange contains such forage, and that 100 Grass
Carp/ha will control vegetation then stock (.05) (200 ha) (100 carp/ha) = 1000
grass carp as large fingerlings

Israeli stocking rates for Silver Carp in reservoirs of mederate
productivity is 400/ha. 400 x 200 ha (as an annual average) = 80000 Silver Carp.
To insure that Silver Carp do not suffer from intraspzacific competition I
would suggest an initial stocking rate of 50/ha or 10000 large fingerlings.
Israeli stocking rates for Bighead carp are 15/ha; again we should sctart with a
lower rate possibly 5/Ha. 1If future sampling indicates excesilent physical

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



Initial stocking pregram for La Orange based on 200 HA average

surface area

Species | Quantity When Size
Tilapia nilotica 1000 beginning of rains Adulcs

Sargento 250 mid dry season Adults

Common Carp 10000 beginning of rains large fingerlings
*Grass Carp 1000 beginning of rains large fingarlings
*Silver Carp 10000 early dry season large fingerlings
*Bighead Carp 1Q00 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 sctocking rate

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

Biomass of fish in unfartilized ponds orchavly will be batween 50-200
P I N
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specles to utilize available foods. 1f too many fish are stocked, competition

for food wiil b2 exczssive and poor growtn will resulc. 15 faw or 20 iatroducad
£ish entar thz axparimental catch in the following on2 ©H twn vears then {ha

2r2hlams should Se considerad.
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l. Insufficient food supply and fish died of starvation.
2. Pradators are consuming introduced fish. 1I this 1s determined than

larger fish must be 1ntroduced.

[N
[}
=

3. Pasticides carried in by raians Zrom the watershed are Rilling che £
or thelr food organisas.

*These species will not spawn in ponds and repeatad annual or diannua
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will be necessary. The frequeuncy of stocking depends on th2 rate o
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by harvest and natural mortalicy.



4. Fish escape downstream with excessiv

heavy rains.

a3

heaviest rains, water on the spillway will always be <

will prevent escape of most harvestable sized fish.

overflow of the spill

Solution: widen the spillway such that even with

way during
the
4" deep. This
Necessary width of

spillway depends on watershed area, rainfall intemsity,

solls, etc.

Water quality wvariables, especially dis

®vzen,

iy

rermiabilicy of
reach lethal

as water coverturns during

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

much organic matter 1s washed into

dissolved oxygen demand.

handling stress.

Silver Carp are especially sensitive to handl

1
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Fish may die immediarely or soon after

pond,

introductian to the pond due to

should only be transported early in the morning when

coolest, Other precautions such 2as not fanding
prior to handling and adding salt at one to fiv
water to minlimize lon inbalance sheuld Se cen

OT no tempararura

dif

ace water, but this pessidilicy

o

JadJu L

temparature change 1is very stressful to Iish,
3.13 Survev pericdicity
This report contains information on the catch rate
in various experimental nets. A second such surveyv shc
the time of stocking to verifv the Information of rhe f
four surveys wil! occur annually; 15%, =zid 4drv sezson
beginniag of raias, 374 mid-rainy (hizh watar) season;

raiay season.

t
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lng and
temperature 1is
for several hours
e2NC Lo transport
hers will

rancag harwaeon hatcpers and

Jgnliced zs

paclies compositio

done delicsre or at
roew.  Prefarably
somplacedy; 20€

t the end of the

xely 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. Howewer, it is best to wair until the

fish community develops and sample with multimesh experimental gillnets before

making this recommendation.



Gillnet cateh summaries from La Oranpe at the Santa Rosa Sugar Plantation

atretched Net Average total leagth
Net mesh area i# ol b4 wt P4 welght *#Est. in *WC(kg) Est and standard
peaies material {inches) m? individ. i (kg) wt (grams) 1002 in 1007 error (cms)
Multiwmesh flagnaet
orito Mulcitfilament " 25 3 50 214 46 71 12 .856 16.7+0.88
arimato g " " 3 50 .248 54 83 12 1992 17.3+0.33
6 462 24 1.848
" 3 25 =NO CATCil- ‘
gu ja " 4 " 1 100 .095 100 95 4 0.380 17
" 5 " =NO CATCH- : :
' 6 " =NO CATCH-
Multimesh gillnet
orito Monol i lament 1 /2 18.58 1 50 L0240 .55 24 5.4 6.129 13
hogorro " . " 1 50 .020 .45 24 5.4 0.108 9
2 044 10.8 0.237
orito " 2 " 21 oo 1.535 100 73 113 8.261 18.0+0.23 cm
" 3 " =NO CATCH-
. 4 " -NO CATCH-
Y 5 "' -NO CATCH-
" 0 M -HO CATCH- ‘




ez Purro monofilament 3 250.8 8 80 3.511 87 439 3.2 1.400 33.4+0.56

hupapiedra " " " 1 10 0.13¢ 3 130 0.4 0.052 24

srbudo " " " 1 10 0.400 10 400 0.4 0.159 31
10 4.041 4.0 1.611

aupapiedro monof it lament 5 250.8 l 100 0.568 100 0.568 0.4 0.226 38

rased on the surface area of cach net, we estimated the nuuwber and weight of fish that would have been caught in a

. _ 9 . - .
spothetical net of 100 m= (40w long x 2.5m deep, for example) so that catch rates could easily be compared between nets. The
mversion formula 1is

rimated = (X) 100m2 where x equals the number of fish or weight
arca of actual ncet in m? of tish actually caupht.
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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, dapth of sample was one mecter.

pH = 7.5, Alkalinity = 27 mg/L, Hardness = 21 uag/L.
Dissolved oxygen = 7 mg/L, COp = 5 mg/L, surface water temperature = 28°C.

Secchi disc visibility =110 cm, watar color = green.

Previously Introduced fish:

spacizs yvear quantitv size
Grass carp 1980 83 4.5 inches
Silver carp 1980 1066 3 inches
3.21 Results and Racozmendations for La Macta d2 Saaciago

Only two spacies were caught in exparimantal

=1

;ilinets, Pez Pzrro, & predator

and Chogorro an insectivorous cichlid. The deasicy of Pez Perro is only marginal

to support filsning as our best astimatad catch ratz was 1.9 kg per. 100 m

~ - [ B « 1 - [ -’ et e my m . ~ e - ma v e s - .

statched mesn gillnet. Sevaral smail scecles wars cauzht in seines; :the

] T jod 14 ° ;. - (S [SICT RO & s e . - B s Sy~

lasactivorous Ro20nidas,hardivorous Astvanan suborrizus and AL coerulszoountatus
) - s )

detritus feeding Curizata magzdalenae and a planktiverous poecilid. Toung Chogorro

and Pez Parro ware also inthe seine catches. We caught none of the introducad
carps.

A fringe of submersed wvegetation, possibly Ceratopnvllum, Hvdrilla or Chara

extended out several meters from shore. As the water level recaeded, the axposed

2tazion.,  The

shore was covered with a carpet at daad decocmposing veg

relatively transparent water may de a rasult of macropnyic vegstazion successiully

competing with phvtoplankton for limited availabla nutrients.



An obvious candidate for stocking in the pond is Grass Carp. However, 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 possible, the
spillway should be widened or on additional spillway constructed and larszer
fingerling Grass Carp should be stocked at a rate of 100 per hectare.

Tilapia nilotica should be stocked as they would probably competa well with
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other herbivovous and omnivovous species and improve the community for food

sul® in abundant
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production. Adult Tilapia stocked at 5-10 par hect
young Tilapia appearing in the 153' seine catches within 4 months. Scma 3 inch to 3
inch long Tilapia i.e, 10-40 intermediate sized Tilapia should be captursd in the

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

stretched mesh gillnets if predation by Hoplias is adequate to praveni excaessive

Tilapia survival.

If populations grow well, the majority of tha catch will be of Tilaria with
lesser catches of Grass Carp. 3" and 4" stratchad mesh zillnets will probably ba
the bast gzear for narvest., 155 «g/iha'/wr, 20 an aversce of 1 Recnaraes wyals

B

be 2 reasonable barvest after the naw community i3 estadlished, The
average 20 kg/week which should provide a welcomez supplament to the food of
sugarcane worxers.

Silver and Bighead Carp require plankton producrion whizh Tay or may not de
adequate in this pond., If the spillway problem iz solved znd Jrass Carp are

successful, then Silver and Bighead Carp could be stockzd at the same densicy

P

[\
wn

recommended for La Orange, 1e 50/ha and 5/ha, rescectivelw.



Gilluet carciv data tUrom La Mata Jde Santiago

. Nee Average Total length
Net e sih arca it of 4 Wi p4 welght *iEst . in *Wt(kg) Est and standard
cies material (inches) md individ, o (kp) wt (grams) 1002 in 1002 error (CMS)
Multimesh Gillner
Ferro wonofilament 1 1/2 18.25 1 15 040 38 49 5.4 0.215 16
1O o " " " 3 15 2065 62 21.7 16.1 0.350 10.3+0.33
4 105 21.5 0.565
Perro " 2 " 3 75 .326 98 109 lo.1 1.755 23.3+0.67
Horro " " " 1 25 .008 2 8 5.4 0.043 8
4 .334 21.5 1.798
Perro v 3 v 1 100 .350 100 350 5.4 1.884 33
" 4 S - NG CATCH -
" ) ___'L‘_ - NO CNTCH -
" 6 . = NO CATGH -
Single mesh giltlnet
e Perro wonolilament 3 250.8 1oy L4170 100 417 0.4 0.166 36
T Stnple mesh pgillnet
2 Poerro monof i lament Y '50.8 R e L L3500 100 380 0.4 0.152 33
the maltititament flagnet was not [ished
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3.3 Reservolir ¢

La Mata de San Francisco - Victoria Sugar Plantation

March 10-11,

Surface avea full =
quality sanmpling time 9:00 AM,
Alkalinity = 14 mg/L, Hardness =
< 5 mg/L, water temperature at surface
Secchi disc visibility = _38 cm.

be colloidal clay cturbidity.

Previouslv introduced fish

sreciss year
Sargento ?
Tilapia sp. ?
Silver Carp 1980
Grass Carp 1930

3.31

11 ha., surface area at present about 7 ha.
depth of sample one meter.

7 mg/L.

1982
Water
pH =

Dissolved oxygen = 7 mg/L, COn =

= 23°C, at one meter = 26.3°C,

Water color is grey-white and appears to

quantity size
? ?
? ?

£00 3"

41 4

Results and Recommendations for La Mata de San Francisco
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Curimata, Torito, Sardine, Sarzento, P2z Perro and Tilapia 5D

Tilapia and Sardine are probably importan: prav specizs and
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Torito stomachs often contain shrimp remains.

. . . . ) , . .
The largast estimated catches would occur in :00m=- of 4" moncfilament (9.3

kg) and 2" omultifilament (9.5 kg) stratched

catch, bv weight, from these two nets is of

Sargento appears
fish In the catch ware twe

other introdu-s-d

probably 1. mossambica.

DB R N v -1 (A
mesh gillnets. Nearly the

incroduction. The only

of uncertain speces,
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A combination of very efficient pradation by Cichla and Hoplias and of
low primary production due to clay turbidity has resulted in a predator
dominated fish community. Clay turbidity also inhibits macrophytic growth, thus
minimizing hiding areas for prey. We seined ll times with thz 15' seine and 7

times with the 45'

seine and only two fish, both juvenile Cichla of 8 and 14 c¢m
were captured.

An ephemeral river enters this pond, bringing colloidal clav, thus clay
rezoval, which is expensive, would bring only short-lived results, as new watar
enters the pond. The only possible solution to the turbidirv prohlzm would ba
to enhance the vegetative cover on the erroding watershkad.

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

fishing would continue to produce well. Annual harvest of predatccos can not be

expected to be mors than 15-20% of the possible harvest of Fishes from all

trepic levels. 1f the lake averages near 10 ha of water 2, then annual
Cichla narvest shouid not exceed 150-200 kg. 1 catch valuas averazad 5 Lg/lUUw:
net of 4' stretched mesh gillnet (about half of our zateh ratz) than 50-30 net
nights/vear would catch th- harvestadls surplus.  That would 52 ome a0 sec
cvery 7-9 davs, 4n adaptive forage Iish such as T. nllistics mignt foram s
population in this lake even though its prefered food, phrtoplanktcn 1s minimal.

. R
atlon was radul

o

P

3
iy
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If such occurred, and simultanzously the Cichla zipu
fishing, then productive predator and prev ﬁopula:ions could resuls and an
increased harvest expected.

Clay turbidity and the resultant inhidbition of macrophriss and plankcon,

make tnils pond unsuitable for Grass, Silver and 312 aruts. Common Carp,

vecause of their digging habit would only increase the curbidizy problen,

(@)



Suggested Fish Stocking:

species size quanticy when
Tilapia nilotica adults 200 Beginning of rains

L

Simultaneously, weekly fishing with about 100m% 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 sp in 5" mesh, since we caught nc smaller Tilapia in
gillnets or seines, the Tilapia population is probably dying out. T. nilotica

should be more successful in colonizing this pond.



Yxperimental Gillnet data

La Mata de San Francisco - Victoria Sugar Plantation
Mean
stretched Net Averagoe ) total length
Net mesh area # or % wt % welght *FEst.ia "We(kg) Est and standard
ipecies miaterial (inches) m? indiv.. t (kg) wt (graws) 1002 in 1002 error (CMS)
Multimesh Flagnet
yarento mulcifilawent 2 25 3 50 2,106 88.2 700 12 8.400 37.2+1.86
‘urimato " " " 2 25 0.058 2.4 29 8 0.232 17
forito " Y " 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 5 - NO cATCH - )
" 5 " - NO caren -
. " 0 " —- NO CATCH -
Mul*timesh Gillaot
fac.ana monofilament 1 1/2 18.25 1 12.5 .080 19 80 5.4 0.431 42
‘urimato " " " 5 62.5 .266 65 53 26.9 1.432 15.4+0.51
“orito " " " H 2.5 049 12 49 5.4 0.264 5
varding ' " " 1 125 .016 4 16 5.4 6.086 11
5 AN 43.1 2.213
mrimato " 2 " 6 o0 469 64 78 32.3 2.52¢4 16.7+0.33
Sorito " 4 44 262 30 66 21.5 1.410 16.8+0.48
- 731 53.8 3.934 -
" 3 E - NOCATCH -
aroento " 4 ] e 100 1.829 100 610 16.1 9.844 35.0+0.89
" 5 T N0 CATOl -
B e " - NO CATCH -
" Siugle mesh gilluct
sarpento monoi 1 lament 3 250.8 7 8 2.441 85 349 2.8 0.973 29.3+0.89
‘o Perro " " " i 11 0.3%5 13 365 0.4 0.146 34
Sorito " " " 1 11 0.063 2 63 0.4 0.026 17
L o 9 2.859 3.6 1.145
© Siagle wesh ogilinee -
“ilapia monof Llament 5 256.8 2 100 2.441 100 1220 0.8 0.973 37.5+1.5
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3.4 Reservolr #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 mg/L.

i

Water *temperature at surr.ce = 28°C, at one meter depth 26°C, Secchi disc

visibility = 95 cm, water color = green.

Praviously Intrcduced Fish

specles vear guan:itv size
ettt e . SO,

Grass Carp 1980 41 4 inches

Silver Carp 1980 400 3 inches

’

3.41 Pesuits and Recozmmendations for La Rava dz Santa Marila
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Curizac .natzd o tha amperlzmenial cafin. noa 20 wmesn Curimata avecazed 174D

ca and %1 _.ams (0.2 pounds), a size considerad harvestadlz by the invescigzators.
The 2" wmesh monofilament zillnet caught Curizmata at a rats of 188 fish (17.23

Xz) per 100m? of net:inz. KHowever the aultifilamant aylen 2" mesh caught
Curizmaza at a low rate, i.a., 4 fish (0.40 kz) pser 106z2 of nettinz. These two

catches may tndicate the large variation in catch £o expect batwa=n net s2ts aad

Ln part the ralative efficiancy of monofilament and mulziiiilamant avlon.

The food source for Curimata is generallv bacteria and decav
matter in bottom muds. There is probably an abundance of dead organisms

e

(plankton, etc.) in tropical pond =wnud, thus the Curimata population mav be large.



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 50-10C kg/Ha/y~ar, 450-900 kg could be harvested “rom
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, 17.228 kz = 4.3

kg per set.
450-900/kg/yr + 4.3 kg/set = i05—210 net sets which would be needad o harvest
the available surplus on a yearly basis. One 40m x 2.5nm Sr two 20m w 2.3m 2"
mesh (fine filament, monofilament) nets would suitably harvest the Curimaza in
the lake. The nets should be fished 2-4 times per weak 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 gillnets are sexuallv mature so the problem
of recruitment overharvest should not occur.
(2) The color of the lake (green) and the (fair--ood) densitr af phrtoslznkzan

(secchi disc visability = 95cm) indicatas that there is food for plank:tivorsus

fish such as Silver Carp and Iilapia niiotica. alcthough Siiver Cavp did not

succeed in this lake from the 1930 introduction they should be tried again at
a lower density and larger size than beforzs to minimize intraspecific
competition for food and predation by Pez Parro. Try introd:cing 20 Silvar Carp

per hectare at 5" length (as comparad to &44/Ha at 3" in 1320).

Tilapia nilotica should form a nopulaticn once tha intrcduced acdults have

spawned. The unknown density and voracity of Paz Parro or other norzdators leavae
- &

uncaertaln the possidility for quick extinction of introduced Tilania Iingarlings.
Assuming that indigenous predatcrs can conzrel amzass Tilazia rasrodezunisn, 5-10
adult Tilapia nilotica should be stocued per hectars. Three months after

introduction, abundant Tilapia frv should 52 pras-nt in the 15' seins catches.

.

lnets should reveal the

i
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p—

Soon aftarward the 45' seine and tha 2" mesh



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 Astyanax and a few of
the insectivorous Roebuides (sardines). No young of exploitable specias were
represented.

Suggested Fish Stocking

species when quantity size
Tilapia nilotica b2zinning of rains 43 adults
Silver Carp Dy season 180 large fingerlings

3.42 Length-weight relationship and physical conditions of the pradacors,
24 28 P pas £

Pez Parro and Sargento in the studisd reservol
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The four canefiald rasarvoirs which we evaluace
predator, Pez Parro. We constructed a length- weight relationship for this
specles from thes combined data in the experimantal catch {figurz 1). Most of

data caze from La Orangs and La Mata de Santia

2 that most of the Pez Perro caught in La Orange had observed welgihts zreatar

chan welonls predioued (7 T 7 ITNALTAE LF o oTrus par Pen
Parro from La Mata 42 Santiazn, thera 15 =movrs availlable pra

in the former reserveir than in the latter and tna: :the iatroduction of zn
additional predator, Sargento would have the best :hance of successfully
colonizing La Orange.

The only Pez Perro captured in La Maca d= San francisco had a low weight as
would be expected do to the large peulation of a competing predator, Sar
and to the lack of available prav as indicated by he selne catches.

A length-weight relationship was calculated from a sample of 12 Sargeato
caught in La Mata de San Francisco, where all the fish appearved very thin. This
figure should be used to compare future phrsical condition of Sargento ia this

reservoir 1f a forage base of Tilapia nilotica is iniciated.




Two Sargento from La Teguada (Reservoir #5, below) were weizhed, measurel
and located on figure 3. La Yeguada has a good forage base of cicalids for

Sargento of the size captured and this is raflected in the increased walzhe

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



Experimental Gillnet Data
Raya Jdo Santa Maria

Cerca al Pueblo "La Guaca"

Mean
stretched Nt Average total length
Net mesh area # ol 4 wt 4 welght *#Est. in *WC(kg) Est and standard
ipecies material (inches) m2 individ, i (kg) wt (grams) 1002 in 1002 error (CMS)
Multimesh flagnet
des Perro Multtttlament v 25 1 50 L0118 54 1138 4 472 12
urimata " " " 1 S0 100 46 100 4 400 18
T .218 '8 872
vez Perro L 3 " 1 50 426 66 e 4 1.704 33
] 50 2224 34 224 4 .896
2 .650 , 8 2.600
T " 4 - N0 At -
T e 5 - NO CATCH -
T 0 6 "o ONO CATCH -
T . MUl tmest wil lnet .
urimata wono! 1 lament 1 1/ 18.25 oY 100 1.552 100 62 135 8.353 14.3+0.38
Griwata 0 T Ty T T T 145 100 3.201 100 91 188 17.228 17.5+0.16
T ) o - 3_”—__—--“_"'“— NO CATCH ~
[ T N o Wz OGN -
R A Rt e e
E e L —_“-—(‘) T T T NO CATOH -
T T T T T T i lemesh il e T
mwonol 1 ament 3 o 250, b_;_[.’ﬂ_k__}l(ll -

Stoglemesh gilinet
monot 1t lament 5 250.8 - _HO CATCH -
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FIGURE 1. LENGTH-WEIGHT RELATIONSHIP FORr PEZ FPERRO. UATA ARE
COMBINED FROM FOUR SUGARCANE PLANTATION RESERVOLRS-
MOST FISH CAME FROM LA URAMGE.
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3.5 Reservoir i#5

La Yeguada - An I.R.H.E. Hydroelectric reservoir
Elevation 600 wneters, March 15-16
Surface area full = 100 ha, presently about 60-70 Ha. Water quality
sampling time 7:30 AM, depth of sample = one meter. pii = 7, Alkalinity =
14 mg/L, Hardness = 7 mg/L. Dissolved oxygen = 8 mg/L., Cop = 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 Quantityv Size
Cozmon 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 Results and Reccmzandations for La Yezuada

Three species were captured in experimental zillnecs

introduced. Zxtra nets of largz mesh, 3" and 5", were rished to imorsve zhae
chance of catching specimens of all introducad snzzias, owavar, snlv Tilzoig
==l

nilotica, Common Carp and 3argento were caugnt. The Tilania population ancears
, ; B

to be large, to the point that growth is inhibited. Harvestadla size Tilasia

(about 20 cm, 160 grams) are abundant but thers was no avidence tha- Tilap

rae
&)

continued to grew after reaching this size (figure 4). Vary fow sexuslly maturs

QG

Tilapia females were in our sample, indicating that repreduction way be
suppressed by excessive population density. Large numbars of iatermediate

Tilapia and Aequidens were captured in the 45' seine and no Tilap!

)

1/2") were captured in the 153' seina. The latter situation further supports the

hypothesis that reproduction of Tilapia is being suppressed.
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The large number of intermediate sized (2" to 5") Cichlids in the 45' scine
catch (54 per haul) indicates that there is insufficient predation of fry 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

1
-
ws
e
=

excellent condition as would be expeacted with such an abundance of forage
(figure 3). However the dynamic interrelationship between Tilapia and Sargento

seems to be restricted. Over abundant intermediate Tilapia and Aeccuidens

probably prey on Sargento eggs, and fry and compete with Sargzento fry and small
fingerling for zooplankton and insects. Thus there are iasufficient young
sargento to eat the excess Tilapia fry. Poor growth and inhiditesd reproduction
of Tilapia result; it is a deteriorating cycle.

Also, there appezrs to be very little (possibly none) zillaet fishing, thus

adult Tilapia are not being thinned to allow space and food for growth of =he

o

abundant intermediate sized Tilapia. By thianing adul:

Lotoere s ro ot el

survive grow bettar and their improved shysical cond!

reproduction, providing food for juvenils Sarzento. Also when Tilania arz
»

thinned they will rezrain from 22 and Irv eating, thus 2he communicy will

become mcra dvunamic, more productive and result ia better fishing., & managaed

year around gilluet fishery for Tilapia shouid 22 initiated to &
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improved fish community structure and ¢ynamics. Better zrowth and physical
condition of Tilapia will result. In the future, after implemenzation of

management recommendations, a quantitative comparison cf ral
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centimeter group of Tilapia can be done based on the 1932 len
relationsnips (figure 6).

#e captured eleven Common Carp in La 7aguada; average welght was near 1.7
®g and the largaest carp weighed near 5 «g. These fish were captured in 3"

stretched mesh monofilament zillmets. Yo small Carp were caught, indicating

N



Tilapia nifolica
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Lilapia nilolica from

L3 ‘feguada Reservoir
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that predation or unsuccessful reproduction is preventing natural recruitment of
Common Carp. The environment appears suitable for Carp reproduction, especilally
when wet season rains flood the upper terrace which is covered with vegetation,
Common Carp do grow well in La Yeguada, and if ratural reproduction or
recruitment is not dependable, then an annual stocking program of lar
fingerlings should be plauned.

No Silver Carp were caught in our set of exparimental nets(see table below)
and it iLs not known what has happened to this population which produced some
harvest in the first year after stocking (as reported bv Chanz in a Direction of

Aquaculture report). It is doubtful that a reservoir of this cesigned Ior

u,
e
3
v

nydro-electric power production, would lose all of the Silver Carp from spillway
or power generation discharge. Relative to Israeli raservoir water, La Yaguada

contains adequate phytoplankton for Silver Carp growth, based on its Sacchi Disc
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transparency cf 53 ca.  Also the 1000 stocked Siivar Carp arz a The

density used dyv the Israelis thus, survival should nave 522; 21hanced.

Stretchad zesh aresa of netsfm-)
L 1/2 i3
2 L4
3 502
4 44
5 ' 502
6 44

Mesh sizes and area of netting of expzrimental gillnets fished over-

r

night at La Taguada March 15-1§, 1982,



Silver Carp should be stocked again, with reduced numders, but at a larger
size; possibly 5000 (60-80/ha) large fingerlings should be stocked. Secasonal
sampling following introduction of these fish should reveal growth ratss of
Silver Carp and whether or not the population survives well in the lake.

The harvest composition from La Yeguada should be approximately:

807 Tilapia

15% Common Carp

5% Sargento
The lake has a surface area when full of 100 ha and possibly an avarage area of
80 ha. Under year around growing conditions we should bs able tec harvesc 1007
of the production. With a community largly dominated by herbivores we should
expect a biomass »f at least 150 Kg/Ha.

150 Kg/Ha/Yr x 30 ha = 12000 kg expected annual harvesc.

Tilapia 12000 Xg x .80 3500 Xg

Carp 12000 Xz = .15 = 1800 iz

Sargento 12000 Xz x .05 = KOO Xz

Jzing the 3" =zzh o glllnets, the avarags wa2ighz of Tilagla will be > 139
grams sinca the avaragze waizhs in thisz mash s iy incraaz .2, Iizh of thae

same length will be heavier as tne population is thinned and more focd beconmes
available per individual.

The average catch per 100m?2 gillnet will preobably be adour 4 ¥g or 25
individuals, wnearly 1007 Tilapia, probably 1-27 Sar

9600 Kg + 4 gz = 2400 Sets
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Common Carp were best caught in 5" mesh gillnets although thev may be
equally well caught in the 3" nets if smaller Carp were available. aAnnual or
bi-annual stocking of Common Carp may b2 necessary and this could result ia good
catches of Carp in 3" mesh nets. Based on our experimental data, catch per
100m2 of 5" mesh is 5.1 Kg of nearly 100% Common Carp. Thus to catch 1800 Xg of
Common Carp per year:

1800 + 5.1 Kg/net = 353 sets/vear
this assumes continued abundance of large common carp. More conservativelv we
could set one 100m? 5" net 5 days/wk for a year and catch 5.1 kg x 5 days/wk x

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

5.1 kg/set.
The catch of Sargento will come incidental to the catch of Tilapia and

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

these gears are a means of providing frequent small catches for homa

W'z

consumsption. Also this helps control intermediate sized Tilapia.

LA



Experimental Cillnet daca

La Yeguada Rescervolr

stretched Net Average

Mean

total length

Net mesh area # ot P4 wt y4 weight  ¥¢Est.in *Wr(kg) Est and standard
Species material (inches) m? indivd. il (kg)  we (grams) 1002 in 1002 error (CMS)
Multimesh Flagnet
Cilapia multiti lament 2 25 _ 69 100 2.480 100 36 276 9.92 13.3+40.11
[ilapia " 3 " 1o 100 1.387 100 139 40 5.55 19.1+1.33
" 4 "
" 5 "
1 6 1t
Multimesh Cillnet ¥
Cilapia monofLlament 1 1/2 18.25 4 100 0.158 100 17.6 48 0.85 9.8+0.22
Cilapia " 2 " 14 LOo 0.893 100 47 152 4.81 14.4+0.41
Pilapia " 3 " 1u 100 1.65 oo 165 54 8.88 19.9+1.51
[ilapia . 4 " ! 100 0.156 100 156 5 0.84 21
" 5 "=NO eATCH -
filapia 5 o ; 1 100 0.160 100 160 5 0.860 22
Sitnglemesh Giliaet
Uilapia ___wmonotilament 3 250.8 e 100 12.23 100 170 29 4.88 21.2+0.14
Stnglemesh Gillace
ftlapia monol i ament 3 250.8 G 100 14.69 95 163 36 .86 20.86+0.25
g 2 0.85 5 425 0.8 0.34 28.5+0.5
[N 15.54 3.68  6.20
o a o " Siuglemest Gilluet T
common carp wonof i lament 5 250.8 BN oo 9,676 100 2419 1.2 3.86 55+4.04




3.6 Reservoir #4

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

waters outlet. Water quality parameters were sampled at §:00 AM at one

1]
[on

meter depth. pH = 6.5, Alkaliaity = 12 mg/L, Hardness 5> mg/L. Dissolvad
oxygen = 7 mg/L, COp = 5 mg/L. Water surface tamperature = 24°C, Secchi
disc transparency > 3 meters, watar color, slightly brown (from tannins).

3.6]1 Results and Recommendations for Volcan Chica

The lake has a  30-100 ft wide band of submersed weeds, possibly

Ceratophvllun and a central open area. Total depth was not msasurzble with the

depth m2ter as weeds come within thrae metars of the surface ian the center o

1

the lake.
The shallow areas appeared to be ovzrcrowded with 3-3" long Bluegzili., We
could only zull the 23" 1onz szine a2t one place (at 1 “oan Laun 3Lt dud

220 intermediate sized 3luegill war2 caugnt in the initial! haul.
It 1s lmpossible to diractly apply the communicy ratios {(F/C, Y/C, A7) of

Swingle (1949, 1950) to a Bass-Bluegill communizv in the tropics due to longar
growing season, and in the case of Volcan Chica, marginallw low temperature Ifor
BlueGill spawniny, but continually good temparatur: for £2s3 spawnin
dowever it is obvious that thz dense populations of aguiatis wesds sravancs
adequate predation of 3luegil! by 3ass which results in slow zrowsh af vounz
Bass (not enough availabla food) and slow growth of Biluegill dus to too much

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

i.e., wt of forages fish + wt of carnivorcus fish is probably too large dua to an



over abundance at intermediate sized bluegill, the Y/C ratio l.e., the weight of
edible (for Bass < the average sized Bass) forage fish = welght of carnivorous
fish is also too large, and the Ar value i.e., the percentage of total 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 gzoes to
harvestable sized fish,

Also, aquatic weeds compete with plankton and parinhyton for available
minerals and nutrients, thus greatly reducing food for zooplangton and aquatic

iusects which are essential foods for Bluegill and voung Bass.

rt

Grass Carp snould be introduced to Volcan Chica at 100-200 ha. These fish

will live for several (> 6-8) years in the lake and may consume neariv o all the
aquatic weeds - thus indirectly reducing competition for nutrients by
phytopiankton and macrophytes and directly producing nutricnts as faces for
plankton growth., Predation will Lecome more afficient with reduced weeds, thus
Bass and Bdiueglil growth will increase. Also the Grass Carp is an excellenc
food fish which grows rapidly (> 2 Kg/year). It is difficult to catch on a
ook, and silinors “ond - iiDls vhasinesss guv Saothe Hast mathod o L
Grass Carp. The desirability of harvest will Japend on the desroe of suocess
achieved in weed raduction, the size attained by Grass Carp and especlally on
the continued availability of Grass Carp fingerlings for successive
introductions to the lake.

Bass will consume unspined fusiform zish (li%e a Grass Carp) which are up

o one half of their own length. In our fish population samples we capturad
three large 2ass of 44, 46 and 47 cm.  This slaze ciluss Ls probab iy falird
abundant in the lave and to ansure @inimen loss 20 stocked Srass Carp through

3ass predation, introduced Gi3ss Carp should be 23 ca. Grass cary ara ot

]

to spawn 1n lakes 50 no natural raproduction will occur.
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The size of Grass Carp will be more imporZant 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 near Volean 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, thevy could be seined
and taken to Volcan Chica. .

Bass-Bluegill communities in unfertilized pounds will have a carrying
capacity of about JU0 Kz/Ha. 1In a tropical environment production of fish

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

fs%)
"
(1)

with no appreciable decrease in standing crop. This requires that Iish
harvested a l'ttle at a time, i.e., about 1/12 of the annual harvest is removed
each month. The reproductive capacity and balance between pradator and prey

species can be negatively affected by intense harvest during a short time

interval.

2l82, 5235 are pradators of Bluezill, thus iz i35 riasonabls <2 as5s5u=s mea-
the bilomass of harvestable size Sluegills is at lozst S timos graater than the
biomass of harvestable size Bass and the annual harvess in Xg snould be in about
the same ratio i.e., 84 ¥g/ha Bluagill and 15 Xz/ha Bass. Zass sporc

fishermen should be encouraged to release Bass which are of a size efficient
for predation on overabundant intermediate sizzd 3lvegill, i.a2. Bass less =han
16" (40 cm) in total length. Heavy fishing of Eluegill should be enccuraged,
aven of very small bluegill 3 to 3 inches (7-12 em) ina tenzth, s those sumall
size Bluegill tend to overpopulate resulting in very slow rrowth, thas Dew large
8luegills are produced. Severely overpopulatad Biucsills will cat BHass SRS,

further increasing the 3luegill overpopulation problem by reducing the

population of small predators.



Fxperimental

Cilluet daca

Valcan Chica = ncar Volcan in Chiriqui
Mean
stretched Net Averagae total length
Not me sh area # of % wi Z weeight *FEst.in *WE(kg) Est and standard
ipecies materiat (iuches) m? indivd, {t (kg) wt (grams) 1002 in 1002 error (CMS)
Multimesh Flagaet
luepill multifilament 2 25 Loo 0.273 39 100 28 1.092 12.86+0.40
ilucgill v 3 " 100 0.362 121 160 12 1.448 19.0+0.58
slucgill ! 4 " 4 100 0.8.0 205 100 16 3.280 22.5+0.65
B 5 " - NO CATCH - -
! 6 " - No CATCi -
Multimesh Gil lnet o
monotlilament 1 1/2 18.58 - NO CATCH -
" 2 " = N CATCH -
as s ! 3 " I Lov 0.388 100 388 5.4 2.088 31
iluepill " 4 " 1 100 0.040 100 40 5.4 0.215 15
REN ' 5 " 1 100 1.674 100 1674 5.4 9.010 47
" 6 ) " ~ ) ocalten -
Singlemesh Gilluet
iluegill monof i Lawent 3 250.8 Iz 67 1.498 36 125 4.8 0.597 19.75+0.45
yam s M " " b 33 2.696 04 449 2.4 075 32.5+0.67
13 4. 194 7.2 672 -
T T Stuglemesh Gilluer
1SS wounofl1 lameat 5 250.8 2 100 2.866 100 1433 0.8 1.143 45.0+1.0




Since there is a significant interest in rod and reel fishing at Volcan
Chica, I would not recommend that gillnets be used to harvest 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 nyvlon multifilament
gillnet may be a possible way tc reduce the stunted populacion of intermediate
sized Bluegill. Ar 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 prebably the best way to harvest 3luegill. Bass will b2 best harvested
with small live fish or with artificial lures.

4.0 Discussion

- . . . .
£ farm ponds for fish productisn has boan stadied in detasil

‘‘‘‘‘
stace the 194)'s especially in the Southeascern iniced Staces. Quansitative
tntty and Jerciilzazion have Doeen doferainei whish will

consistencly praduce increasad {ish productioan., Droven fish sprciag ara stack
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at tasted rates which will maximize produccion o
standard pond construction methods are used whiczh minimize cost whils maximlizing

strength and water retention ability of the dam, pond bottom and walls. Thi

w

incudes a spillway wide enough to ensurs that deep watar (» 4") will not pass
across the spiliway during peak floods, thus 2nsuring thas few harvestable sized
fish will ascape downstreanm.

Panamanian ponds examined during the present investigation had primarv

functions of irrigation and hvdro-electric power production; devaelonment of fish

3

populations for harvest is presently only a minor considerastien. Total harvast



by draining will not be possible as this conflicts with primary fuanctions 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 beavily populated with predators ws 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 hgavily dominated by prev species then predators may
be needed to enhance growth of the prey by thinning their numbers. Fraquently
the native species do not grow to harvestable size, so we wish to displace these
with food fish. Thus we must use species which are appropriata for availahla
niches and ones which can compete well with native specizs. Wherevar possible
we wish to initiate populations of herbivorous food fish, as these ars the most
efficient converters of the pond's available food o fish “lash.

One option 1s tn use non-rapreduciag (in ponds) spezias s=azisd 3z a kaowm
rate, based on an estimate of available nutrients. ‘These g
Chinese Carps whizh Za2ed low coa the focd chain.

Partial or total poisoning of undesirable spzzies, bH2fora intreductions of
fo0d fish =av be desirable to reduce competition with native Fishes.

[f large predators naturally populate a pond, then introacuced fish mus: ba

too large to b2 preyed upon by these predators.

(3]
fo
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Introduced fish, in an environment that alrzadv contilans a Siomass n
carrying capacity have much less chance of achlaving good zrowth and survival
than do fish introduced into a pond that is rafiiling aizar bolng racently
drained and the fish removed (or a pond where all fisi have been killed by 4

toxicant such as rotenone). However draining senarally is not possible and

population ranovation with rotenone is vary expansive.



Viable methods to restructure and augmert the existiag fish communiiy.
l. Introduce adults rather than fingerlings of fish which will spawn

naturally in the pond such as the predators Sarzento (Cichla) and Cichlasoma
p 3 Lical Lich.d

(Guopoto tigre is of this genus) and the prey species, Tilapia and Cvnrinus

(Common Carp). A few adults which spawn successfully in the pond will have a
greater ability to populate a pond than many vulnarable hatchery reared
fingerlings.

2. Introduce non-reproduging pond species as largze fingerlings to reduce or
eliminate their loss to native predators. Also, fishing effort directed towards
predators should be towards large individuals to reduce their densizy.

Successful stocking rates for [sraeli reservoirs are given below and may be
considered a staring point for determining appropriate stocking rates for

Panamanian reservolirs.

Species [nitial Stockinz Rate Primary Food

. S 2 :
silvercarp 300 HA (1 fish/25z-) savceplanizton

. - . .. PR
bighead carp 15/Ha (1 [ish/667m=~) zooplankton

TN e N - - e q =D .

27355 carp SO HA (1 fish,/125-) macranhvoes
cormon car 200784 (1 fish/30n2) Zanthis inverrabracas and nolants
Tilapla nilotica (only ane iniztilai intro- algee; Jdeizizus
or Tilapia aurea duction is necessary) alzae; detritus

Reduced rates should be used iaitially to 2nsure that an adequate food

supply is availabls for the introduced Zish. 1f fish grow well and appear "fat"

2

then higher stocking rates ar2 warreated in later vears.

Wot all specles may be appropriate in.any given reszrvoir, depending on

particular pond conditions aid on the pre-existing fish community, When Silver,

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

of the fish from the prevoius stockings should be harvested.



Tilapia and the predator species of Sargento and passibly Cichlasoma should
require only one stocking as they will form naturally reproducing populations.
Common carp also spawn naturally in powls but if pradation 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 Tilapia does not occur, but

by harvestable size

rather that Tilapia assume a population structure dominat.d
fish and they successfully compete with fishes of similar niches such that T.
nilotica generally bacome the dominant fish in the communlty catch.

Panama receives heavy rains resulting in sudden large overfilows across pond
spillways. Many typically riverine species such as the Chinese Carns mayv move

downstream with flood water when possible., The best solution to this prodlem is

it will raraly

to widen the spillway such that the depth of water crossins

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

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

o]

dry seasen,to allow them time to zgrow befors the nex® ralnv 3o0ascn. A less
- -

- - - R - a JO Syt ! leeaa [ . SO
plausadle solation 13 to sareen 2 narrow soiliwav. Howaver, whezn Ilsoding
“ o - 5. [ P - T es L P P R P
CCCurs so0medne must attend fthe screeil Lo ranove Logves 2 D3 WO wWaorilag

otherwise block the free flow of water and resul:r in destruction oI the screen

(and pessibly the dam) and loss to fish.
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The purpose of developing desirable fish populacions in the canefisld con
1s to provide a protein source for the owner and workers. assuming the owner
wants harvestable [ish populations, he will cooperate with {isheries parisenael,

It is essential that we learn from pond owners when, wierse, whil quantity, and
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method of application of poisons have baen usad :a “he wa

it

polsons will include herbicides and possidbly insesticides. Xnowledga of tha

short and long term affaects of these poisons cn fish anc
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be obtained from their manufacturers. If frequent poisoning of pond water oceur
there is no justification for a fisheries development program unless alternata
weed and insect control methods can be considered.

Presently, Panama and the USAID are engaged in the development of inegrated
aquacultura systems i.e., the cvcling of scarce nutrienets, first through pigs,
cattle or poultry, second through pond raised fish and finally to garden crops.
Twenty of these integrated aquaculture "wodules' have bacn initiated at widely

separated sites in central Panama. The project goal i35 self-sufficiency at the

village level in all aspects of Tilapia nilotica production.

These aquaculture modules should generate widesprzad intersst in utilizing
freshwater fish which logically should extend to the utilizazion of ail
available including canefield irrigation ponds. Soms hacvest metacds wsed in

Bl

the modules, such as gillnetting, will be the same as needed o harvest Fish in
) 3 By

reservoirs. Additionally the modules may produce excess Tilapia fiagerlings
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which could be sold to irrigation nond swnors >r ziven o them in
o &

share of the resulting harvest. odule operators may also extend methods of
Ld
Narvest and malintenance of {ish 25010, g2ar o7 the Zansfield mond flsheries

Simultaneous devaleprment of the inteasivaly manazed modulas and the axzansively

managad fara ponds will lIncrease the probabilisy that manauement and utilization
of freshwater Iish populations will bSecome a permanant part of resource

utilization in Panama's central provinces.

4.2 Harvest Potential

Tropical freshwater systems do not necessarily support larger stocks of

J

‘ha, than do temperate svstems (Lowa McConnell, 1973)., ‘However vear
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around warm water temperature and intense solar radiation in the tropics do

incraasa the potential for production of fish, eg. %g/ha/vr.


http:widespr-.ad

Once the carrying capacity of a poud 1s reached, which In Panamas would
likely occur within 6 months to a year after stocking, cnly the removal 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 bewen removed.
Thompson (in Bennet 1970) therorized that the maximum potential anaual vield as
a percent of carrying capacity increases from higher to lowar latitude, ez. 207

2

can be removed at 45° latitude, 507 at 40°, 85% at 35°, 1207 ac 30°. Central
Panama 1s at about 9° of latitude, thus we could expzct a harvest potential of
possibly 150 or more of the pond carrying capacity.

Howevar the annual preduction of a Zass-3lucgill community in Cuban lagoon
was shown to be 70-35% at a latitude of asbout 207 (Holeik, in Lowe McConnel,
1975). Although there is not strong agreemeat befween these two studies, [
believe that the harvestable production in Panamanian ponds should be at least
100% of carrying capacity.

Carrying capacliy or standlog crop estlmates are not readily available from
tropical, unmanaged (unfertilized) ponds, but we should be able to draw

conclusions concarning probadla carrving capacity from the follawing table.

Source ponds carrving capacity (kg/ha)
Bennet, 1970  Alabama ponds 335
USA natural lakes ’ 55-170
USA artificial impoundments 225-450
Kentucky onds 225-1109
Jensen, 1973 Ll Salvador ponds 500-1300

Lowe-McConnel, Zaire ponds L00-1000



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 significans
development of agriculture or pasture in the watershed will obzain a greater
nutrient load from runoff water than will a pond in a heavily forescad
watershed. Highest production will be obtained bv the use of species with the

-

shortest food chains (plant-fgeding fishes). Excessive flow of water can lead

o

to at incast two wajor problems. (1) The plankton community which is the most
important source of primary production in a pond will bz continually f ushad out

of the pond and (2) larze volumes of water passing over th
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time iaterval will often carry out a large part of the pond fish. This latter

problenm can ba reduced if a wide enough spillway is built to ensurs that =h
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2 spillway 1s always less tham 4 inches.

.3 minazaTant rocommendatione
Qur goal for fisherties management in multiple use small impoundmancs is to
produce and harvest 1 large Dicatss ol acceptadlo size rish oon o ocontinuous

D
s

basis. This will he done bv intrnducing saveral soocizs ta atilize the vari

P

fish Iood available with 2mphasis on maximizing psroduction of fishes that ara

Recommendzd spelces include:

Tilapia nilstica - a very competitive, omnivora, highly tolaran:z of

poer wataer fuallity, emnivorsus dut prelarcing alges, 2 .acustrive ssaoias
that «will not he loast in siznifizan:t numbars ovar flacdad spillwvavs.

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

generally is the major species in the community catch.

/ /_ (f‘)
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. Common Carp - an omnivorvus benthic feeder, it way
recruit successfully in ponds.

Foar
L )

cycling of nutrients, but also increases soil turbidi
Sargento (Peacock Bass).
reproduction.

Grass Carp. An efficient forager of macrophytic vegetation.

Its digging habit while feeding

An cfficient predator of excess Tilap

reproduce and

inhances

la

species will improve water quality and growth of other fisn specles,
5. Silver Carp. Generally feeds on phytoplankton, but uses small
zooplankton and detritus. This species utilizes the opan watar
(limnetic) area of a pond.
5. Bighead carp. This species feeds wainlv on zooplankton. Like the
Silver Carp, the bighead carp occupies the spenwater area.
A seventh species, the Guapote Tigre a spaices of Cichlasema is an 2ificient
predator of Tilapia fry, howevar it is also a vary nrolife spawner. Femalas
bezin spawning a: 13 ca long, laying 1300-2000 wgz every L0-30 days.
Experiments in fertilized ponds in Colombia (Fopma 2t al. 1930 and FPhelps and

Pocma, unrudlisnedi domonstrased thal

after only a fsw months of devalopnment,

lilapia fry weuld a2scape predation. Further experimentatisn, howsver, indicated
that a dynamic comaunity could be obtained if Sargento was stocked ztong wich
the Tilapia and Cichlascma, the funtion of the Sargento be=ing to inhidic
excessive Clichlaseoma racruitment. Cicnlasoma would de very usaful in a Tilapia
growout pond that would bde drained and restocked with fingerlings every fow
Zenains, Sut as zar:s of 4 parTansent comDunisy Doam unsera 0 the narn 27z
Guapoce Tizre introduction.



Tilapia nilotica should be stocked in all the low elavation sugircane ponds.

It should produce a large standing crop of harvestable sized fish and will not
tend to escape over spillways. A few adults, 5-10/ha should 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 migrate out of a pond. A hydrologist would be abl: to
obtain an estimate of spillway width necessary for 2 ven pond to pravent
excessive dopth across a spillway. [If this problem is first solved, then
Chinese Carps could be stocked with the following precautions (1) stock lazge
fingerlings since large predators already exist in the ;onds (2) stock less

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

should Insure incr2ased survivai. I phvsical condition is vary good then a
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nigher stocwing ratz can be used in la y2ac.
Sacgento should be stocked wher2 insufficient predation is apparent. A small
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Common carp should be stocked at 30-100 large Siagerling/ha. clacugh ches

1

=ay spawn successiully, the young may suifer neariv 1007 mertalicy due to

rr,

predation, thus necessitating annual stockings.
Once populations of Tilapia and Sargento are cbservad (fish which are not

art of the original 3tocking) no more stocking Ls aszcessazy.
[=] 5 J

Grass, Silver and Bighead Carp should be stockad annually to raeplace those

removed by harvest and natural mortality.

Yanagement of ponds will mostly invoive stocking and narvasting.

Harvesting in most part will be with gillnets, although cast nets and

I

hook-and-lina fishing should be encouraged additionally, baited traps should ba

triad {or Tilaoia.
sitrdpea



Stocking rates are based on reservoir surface area. Transit survey
measurements of arca 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 plantation ponds
present the greatest challenge since previous introduction of herbivorous food

fishes to these ponds have nog resulted in populations of harvestable fish.

This observation is based on the data in this report; a second evaluation would

=
b 3

increase the data base and reliability on which conclusions are drawn.

future surveys the same sampling methods and gears snould be usad as during the

initial survey and the same analysis of data should ha done. This cunsistency

2

will enhance the utility of the data for documenting changes which cccur ia the
fish populations. These surveys should bz continuad on a scasonal (four ser
v2ar, possibly in Marcl, Jume, September and December) bosis ab times which

coincide with mid-dry season, the beginning of raiav season, ald-rainy season

and e Beinning of dre oo Tats seacdl Ui tnat o osome Tisn osiocalin
will bezin with the initiation of the 1982 riinv s2ason.,  Thus, the cansecutive

seasonal sampling will provide documentation Zor devalopment of introduced
populations. Xalative growth rate of iatroduced fish can be cbservad as tne
modal lengths of fish caught in the aultimesh gillnets increase seasonallv.
Spawning success and timing will be sean as fish fry and fin
captured in the 15' long selne. The 50' seine will catch intermediate size Fish
and indicate the intensity of predation. A rocommendod 1i:t of squipment

aecessary to carvy oul a seasonal survey of selected small lmpoundments is

clven in appanilx 3.
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Once populiations of harvestable size fish are developed, a fishery can

r—

begin, using a fishing gear recommended by the investigators. The sear wil

3
most likely be a gillnet of 3 or 4 inch stretched mesh which should cacch fish
of harvestable size, fish which have alveady passcd through much of their rapid
growth phase.

Changes 1n the aburdance and size composition of native species should also
be noted. Small herbivorous species may become less abundant as Tilapia, ecc.

begin competing with them.
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The physical condition of predators may improve after the success

establishment of a Tilapia population. This can be quantitacively zvaluaszaed By

—-

amples (new

w

comparing the average weight for a given centimetar group ia future
weight) with those from before fish stocking began (old weight) as fallows.

New welght

Relative condition = Old weight 160

Whenever possible, such weight comparisons betwaen vears should be mada during
b ] ’ =2

the same season of each year since seasona! availability of food, spawning

periodicity, etc. oftan rasult in fish having diiferenc relacive conditions

during differ=nt seasons ol the same vear,

Grass Carp function to reduca nuisance agquatils vag2tatisn as well as o

produce harvastatls food fish. Successful vaogstation control 2y Grass Carp
should be documented to determine rate of weed romoval relative to Srass Cars
stocking density. Samplaes of aquatic weeds should be identified and delineated
weeded and unwaeded areas marked with corner stakss and photographed, and <he
abundance, corndition and speacias compositisn of weads rezorfed as ezch

successive sz2ason until control is achizved. The most valid comparisior

jo]
o5
v,
{o

documentation of aquatic vegatation control hv Grass Carn would be borwaan <azrs

but within the same season.



Dissection of fish captured in seasonal samples should continue until
enough data are available to describe spawning season and size of fish at
maturity. Knowledge of these parameters provides the greatest utility for
Sargento. Since it may be possible to cverharvest Sargento if thav are
frequently captured as juvaniles.

Stomach contents of native predators and all introduced species should
continue to be examined until it is determined what food sourcaes are helng
utilized (and not utilized) and the extent of predation on introduced Fish.
Information colilected during the initial survey on stomach content and sexual
maturity are In appeadix 4.

Water quality parameters should contlnue to be monitored at ecach survev to
increase the possibility of documenting any short term deficiancy in che
environment. Also, one day after the first heavy rain of the new rainy season,
water quality parameters should be measurad. At this time turbidizv is
increasad and decaving terrestrial organic matter is carried into the reservoir.
Dissolvad ozyzen may become very low and deleterious chanzes in pii and CGo may
also nccur,

If a gillnev fishery begios at La Teguada then seasonal sampling of fish
pop:lations with the survey as described above should be ianitlated. also
an appropriate catch assessment survey should be initiated o provide estimatas
of fisning effort, catsh per unit eifort, catch, relative specias compesition
and length frequency distribution of the exploitad stocks.

Volcan Chica needs Grass Carp and time for them to ~liminate the submersed
weeds. When this occurs further management steps can be considered. This will

probably be at least two vears in the futura.
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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:
*oH ALCALINIDAD DURE ZA Oxigento Disuelto O
Area de superficie del agua Profundidad de
Temperatura del agua (superficic , 1 matro ) visibilidad _

color de
agua

Fecha cuando los peces fueron, introducidos
A. especics:
B. numero
C. tamano

NUMERO Y PESQ POR CADA ESPECIFE

intervalo | | |
por | ! |

centimetro [ No. | Kgs | No. [Kgs | No. | Ras | Mo, | Xas

1

[€h)

10

11

12

13

l4

15

16

17

"Aqua muestrada de | metro de profundidad
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43

45

L5

——tee e .

41

L3

L9

59

51

32

53

35

57
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Appendix 2

E4

We attempted to describe important physical and chemical characte

each studied pond to assist in our understanding of the £
potential.

Dissolved oxvgen (D.0.): Fish extract dissolved oxvgen from

respiration. At 27°C and at an altitude near sea level, watar is

oxygen at 7.9 mg/L. Any reduction in D.0., resulting from insuffi

photosynthesis or excessive oxidation of organic matter bv bacte

Ty

efficiency of respiration for fish. When D.0. . 4 Maz/l mast fis
[+

nH; Alkalini

increased incidence of disease. pH ,

factors are so interrelatad tha: thney will be
Alxalinity (HCO3 - and CO3=) is in equilibrium with

in water. pH is a measure of aciditvy (and basicizv) of water.

A
cations are generally in cembination with the bivalant ani

which are the hardness in water. During dayligh:

1 F

£ not all tha avalladble CO-, thus reducing aciiicy ohis ilncreast
gets very hign,i.2., » 9 it will irritate fisn and accove pid Lv Il
However, as C0; 1s reduced, CO3= increases. If the alkaliaity is

. Si this

i

w

orm compound 1L

ace

re
n

with hardness Ca*® and Mz**, CaCOj
soluable in watzr, it will precipitate out of solution, thus prav

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

. et N . . N
alkaline earth metals (X%, Na%) i.e., not with hardness iznas,then

2

w

NaCo3 icnic bonds will allow pH to rise to toxic lavals.

clun

. . N - .
ACUTS Dnofogninesls Ui

Discussion of the physical and chemical parameters measured

riscics of

1sh pruduction

water for

saturated with

rr

subscance CO,

..'.P'N ; '-..
Alxalinlzy

in

2ntin

>
s

1ned with

(g

soluable


http:insuffici.nt

Thus ample alkalinity 1s important to allow sufficient C0n tor

joo)

photosynthesis and ample hardness is important to prevent toxic levels of g
during times of excessive photosynthesis.

Both day and night bacterial oxidation and respiration create C0» which
reduces pH. However at night there is no photgsvnthatic activity to producae 0,
and utilize CO, to offset respiration. Thus, pH is lowest at dawn after the
night of uncontrolled €Oy production. Very low pi Is toxic to fish, with pH 4
being the acid lethal point. _Generally pond water quality is satisfactory LE
the water pH > 6.5 at first daylight and the water pH < 9 during the late
afternoon.

Fish can tolerate CO0y levels to 60 mg/L but may avoid them at levels as low
as 5 mg/L. Low concentrations of dissolved oxyzen usually occur stmultaneously
with hignh CO, lievels. Also, COp interferes with oxygen absarptinn, wespecially
when oxygen 1is minimal. Thus early morning is the critical time for dissclved
oxygen and CO, problems.

Alkalinity and hardness should be of similar maznitude and the alxalinity

.’

should be at lzast 12 mg/L to 20 @z/L to =nsurs azpis Cha for maximan

photosvnthesis. Also, this level of HCO3™ and €A77 facililatos rthe solution of

phosphates, which can then be used in primary proiuction.

)

tlocn.

The Secchi disc transparencwy is a measure of light pens

1

W
38
fr
i3
)

Approximately twice the depth of the Secchi disc transparency 1s the maxinum

depth that sufficient sunlight penetrates to permit net production of o vgan by

photosynthesis., [f turbidity 15 caused bv phvitcplannion, then She Llower the
transparency the deasar the ‘plankton, at least in the uppermost part of the

watar colum.

5a



Water Temperature is a measurement for comparison between ponds and
seasons: 20°C and 32°C is the range of temperatures to allow zood #ish arowzh
of war-water species as long as dissolved oxvgen is sufficient (saturation of
D.0. decreases as temperature decreases). Temperatures below 20°C will reduce
production of all warm water specias compared with waters ac higher temperature.
Some species require higher temperatures for spawning, e.z. Blue Gill (at least

in Alabama) only spawa when water temperatuara > 26°C.

water surface ar2a. This. value is directly proporticnal to production in a

an accurate

[#9
O
o)

wvater body. Estimatad nharvest and stocking rates will depenc
estimate of surface area. Maximum, minimum and avera
D2 even more zeaningiul especially in reservoirs with pradictabls seasonal draw
downs.

water Color: Water turbidity can have a positive affect on fish production
1f it is caused primarily by phytoplankton and is not 2xcessive. However if
turdildity is causad by colloidal czlay, the light penefration wiil be reduced

inhibiting primary production. Green watar color is caused b plan=ten., Whlte

or grev coionr is g=2neraily soil turdiditv. Red or Srawn zolor mav b2 planxton
or sotl turbidiss,

e



é;;g Appendix 3, List of scientific and common names of fishes

Scientifilc name

Native Species

mentioned in this report

Family

Common Name

Astvanax ruberrimus

Rceboides guatemalensis

Hoplias malabaricus

Curimata magdalenae

Trachvcoristes amblops

Aecguidens cceruleocuntatus

Characidae

Characidae
Erythrinidae
Ctenoluciidae
Curimatidae
Gyvmotiformes
(order)
Auchenipteridae
Loricariidae
Poeciliida=a

Cichlidage

Sardina comun,
common sardina

Sardina

Pez Perro

Aguja

Sardina mana

Yacana

Torito
Clupala]a
surivivous
Ccho

arro

>
2

Hvpopnthalzichthys zolitrix

Aristichthvs nobilis

(@]
re
[
b
(9]
8]
b |
)
rt
-4
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r
O
Cu
[
o
ye
4
[1%)
1—
b
1}

Cvprinidae

Cyvprinidae

Cyprinidae

Carpa Cabezona,

Bighead Carp



Cichla ocellaris

Cichlasoma managuensis

Tilapia mossambica, T. nilotica

Micropterus salmoides

Lepomis macrochirus

Cichlidae
Cichlidae
Cichlidae
Ariidae

Centrarchidae

Centrarchidae

Barbudo

Lobina,

(Large

Mojarra

azul,

, reacock

Bass,
mouth)
de agalla

Bluegill

B

d

3

S



é;ﬁf Appendix 4 Information on stomach content and size at
sexual maturity of fishes sampled during
the present survey.
Minimum Sizes at
sexual maturlity
i

Species Stomach Contents n the saample
Astyanax ruberrimus algae, some seeds
Aequidens coeruleopuncatus seeds
Roeboides guatemalensis insects, mainly diptera
Poecilidae (species?) zooplankton
Trachycoristes amblops - mostly shirmp, some insects™ F-4 3 16-!8 cnm
and fish
Curimata magdalena detritus F-5 and ¥-5
3 16-18 cm
Hoplias malabaricus fish prey size = 0.06-0.41 F=4 @ 34 cm
prad. length
Cichla ccellaris Fish  prav size = 0,15 F=4 % 35 ¢m
nrad. lenmith
Tilapia mossambica algae, detritus F-5 2 36 cm
I. nilotica algae F=4 @ 14 cn
-5 % 22 ¢m
Cyprinus carpio all stomachs empty =5 3 43 cm
M~5 3 42 cm

The above table contains data on species for which data wera available on

stomach contents and size at sexual maturity. The ratio of prev to predator

"l

langth shows what size fish a predator »{ any lan

(21
'
)
—
ey
O
i

(o g
Q
A
—
34
QA
W
J
1
J
10
(41
—
("2
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arz praved upon at smallar sizes than are narrow

fish. 3exual development stages 4-6 indicate that a fish will spawn within a

-

few months. = fa2male, M= mala=.


http:0.06-0.41

=iee attached scale of sexual development on the following page from (Rickar).






éieg Appendix § Recommended Equipment list for Small Impoundmant Management
Gillnets
(A) two, multimesh monofilament, containing eight panels of stretched mesh
sizes 1 1l/2", 2", 2 1/2", 3", 3 1/2", 4", 5", 6". Each panel is 8m x 2.5m in
area. These are sinking contalning net weight and float macerial should be

continuous lines within nylon rope.

tn

(B) two, multifilament flagnets containing seven panals .

sizes 2", 2 1/2", 3", 3 1/2", 4", 5, 6", Each panel is 3 x 2.5 @ in area. These

rn

nets are suspanded in the water columm by sulling the ends of the top line tight.
There are no floats and no bottom line.
(C) Four, single mesh monofilament, each 80m % 2 1/2m in ar=a, two cach of

3" and 5" stretched mesh. Wwaight and float material should be continuous lines

within nylon ropes. These nets will sinx.

rt
i

~
9

[§]

nt, 20-two 11

rr
(

20 anchors for gillnet supports raquira a bag of ¢
plastic bags, and 20-10" long pieces of 1,/1%8" dizmeter wira. Coamst azltar minsd

with water 1s poured into bags. A length of wire is bant and inbedded in the

camant allowing a wire loop to extand above the cevens

Quanris It nm
1 14 foot long aluminum flac-battomed "Joun 3Zoat'
4 Fiderglass paddies
100 neters 1/8" dizmeter nvlen rope
1 One 50" x 6' x 1/2" square wmesh seine with a 52'x0'xy' central bag
This net should be treated with tar aad monanted on 123ad and
float lines.
1 One 15'x4'1/8" ace mesh seine treated with tar and mounted on lead



200

Electronic depth meter.

20 cm diameter Secchi disc

Fish measuring board

Pan balance 500 gram by 2 gram increments

Spring balance 5 Xg by 10 gr. increments

Water quality kit for measuring: hardness, alkalinity, pH, COy and
dissolved oxygen

Thermometer

Hach water sampler

Three gallon plastic buckets, with sealing lids

Gallons of formaldahyde

Dissection Kits

2 liter plastic bags

High rag content paper for labeling preserved specimens
Rubber bands

Data forms to be made up and modified as needed

P [P - .o
o i L T R L R R S
L2 JACN205 0 TS al TS

3 gallon Thermos for <Zriaking water

Clipboards

Long bed 1/2 ton pickup - & wheel drive may be necessary in rainy
season

High lift pickup jack

Storage box in pickup (mounted nigh enough so the boat can slide

under the box)



