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SUMMARY

A. Catch assessment surveys

Based on an initial frame survey of the fishery in 1977, 1252 metric tons
of fish were captured by 211,979 canoe days of fishing effort. Eighty percent
of the catch and 40° of the fishing effort occurred during the ‘ow water season.
Average number of canoes fishing daily was slightly greater in the low water
season than during high water, 027 and 548 respectively., Catel) per unit of
effort (CFEY was 10.58 kg and 2.13 kg per canoe-dav in low and high water
seasons, respectively. Annual CPE was 5.91 kg/canoe-day.

Based on knowledge gained during the 1277 frame survev, an improved survey
was designed which reduced the number of sampling zones; and probabilities
of sampling each :zone was assigned proportional to the importance.of the :one
to the total fishery.

Tne 1978 catch assessment survey (CAS) produced the following information:

total catch = 071.4 metric tons, RSE® = 25.1%
fishing effor = 126,334 canoe-davs, RSE = 0.§%
catch per unit effort = 8.10 kg, RSE = 19.65% ‘

The high and low water catches were nearly equal, 5386 mt for high water -=nd
554 mr,for low water. However, since the iow water season i< much shorter than
the high water (151 davs and 214 days, respectively) catch per day was much

greater during low water than high water (3.5 and 2.5 mt, respectively).

*The relative standard error indicates the relative precision of the estimate.
Twenty percent or less are considered acceptable,



Welcomme (1975) proposed that catch from African rivers is a function of
e . o v a2 0UBS3: -
drainage basin area such that Catch = 0.13206 (area in kms™) . To see 1f
this formuia might be useful for South American river fisheries we compared our
catch estimate with belcomme's prodiction.  For the main channel fishery which
is the estimate used by helcomne, we found 751 mt and the cquation predicts 620 mt.
The 17.5% difference 1n estimates 1s acceptable.  Thus the Upper Meta River
appears to be expleited at a similar intensity to many other tropical rivers.

Catch per unit effort (CPE) in the arcas of commercial exploitation 1s large
enough to provide fishermen with a good 1ncore. In the upper, middle and lower
100 km sections of the Upper Meta River annual profit rfor a fishing unit
(potential income minus costs for equipment, investment and labor: averages
67,000, 14,600, and 35,500 jesas, respectivelv,  These vilues divided by 1.8
are the profits per fisherman. iowever, since nearly all fishing units [89%)
are composed of members from single houscholds, fishing unit income is nearly
equal to family income.

Profits are highest in the upper 100 k= section due to its nearness to the
marhets of Villavicencio and Bogota resulting 1n competition for fish between
many buyvers. Higher prices appear to stirnulate fishermen to use more fishing
gear. Fishermen an this upper section could catch encuph fish to cover all

expenses including latcer costs 1f the CFE were 2013 hp/cance-dayv.  Thus the

rresent CPE of 8.1 hg 1< 3.8 times greater than necessary to sustain a

subsistencte fishery
. .
Even in the niddle 100 ko section, CPE 1s 1.7 times greater than need be

to maintain a subsistence fishery. The fishery appears to be underexploited

econormically 1n the senze that more effort by more fishermen could be expended

11



and all would still make a profit. 1If the fishery is presently underexploited

biologically which we believe it is, an increase in effort will produce a

sustalnable increase in total catch.

We estimate 1217 and 1778 fishermen fish in the high and low water seasons
respectively. The large difference in numbers between scasons is probably
because many fishermen farm during the high water season. Also some fishing
canoes are taken from the water for repair during high water or are relocated
up canos where they are not visable to the survevor.

Density of fishing units is greatest along the Meta River (1.89/hn during
low water) and least along the Manacacias-Yucao tributaries (0,24, hm during low
water). Coloni:zation along the Meta River nay be limited by number of home
sites. Presently most homes are flooded at least temporarily cach vear. Houses
on stilts may be necessary. Along the Manacacias River, colonization ray be
limited by availability of land. Presently most potential hone sites are
enclosed in large cattle ranches and riverside colenization 1+« discouraged. A
poorly developed nmarketing system in the lower tributaries provided little

Incentive to increase fishing effort bevond that required for home consumption,

B. The Commercial Fishery

Sin of the 1% species of commercial food-fish rmake up SO0T of the annual
catch., These are Amarillo, Rayvado, Eabose and Valenton, all Pimelodid catfish’
and Cachama and Zherni, both Characids of the genus Colossona,

The catch is very seasonal, Ravado and Babose are dominrrt species during

the receding and low water months of November through January and the Colossorma

£pp. dominate the catch during the rising water months of Aprii and Mayv.  These
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important in the {ishery (Figure 1V, The large
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catfish, Valenton and Amarillo are important all year but the peaks of their
catches are during the rising water period.

Nineteen species are ind:vidually or small importance in the commercial catch,
Some specics do not grow iarge enough to be caught 1n most gears, some are
relatively scarce, some are generally not sold but are caten by the fishermen
and others are considered undesirable and fishermen try not to catch then.

Length freauency distributions (LFD) for cemmerically expleited food fish
have been constructed.  Their value lies in interpreting population changes

ime.

pary

which take pla:e through

Methods are propesed for interpreting changes in LFD's and cheir implication
for managenent. Separate interpretations are considered for spec1es with only
one age class represented in the catch and for species represented by several
age classes,

Detailed interpretation of LFD's are given for the six most irporiant
species in the commercial catch. These 1nclude LFD's for data accurulated over
an entire vear, separated for high and lov water seasons, and separated by sex.
Where enouph data is available, LFD's are presented rfor mature fish. These
distributions represent catch characteristics in 1977-78 and should be used for
comparison te future catch characteristics.

Sp
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U1ES CLATLCTETISINICS are presented including maximunm, minirum, and
average <ize in the catch, season of adundance. size rance by sex, stomach
$ £ ) ’

contents, length at maturity, length-weight and length-length conversion
»

ecuations and sugs or their use in management.,
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We propose that only standard length need be recorded for catch statistics
for most comrercial species since we have alequate data to establish conversion

equations tor standard length (S to eviscerated weight, €L to total length (TL)
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and SL to forhk length (FL). Thus weights can be calculated from
known lengths for analyvsis of the catch. This will save much time and reduce

costs of field equipment.

C. Fishing Gear.

Gears most commonly used in the Meta River system are setlines, gill nets
and cast uets. Setlines are of single or multiple hooks. Single hook setlines
vary in strength and ncok size depending on the target species. Gears of lesser
importance include harpoons, hind gaffs, beach seines and bow and arrow.

Foisoning and dvnamiting are rarely used in the studv area.

Drift gill netting, a very effective fishing rethod, is becoming popular
among fish buye s who travel the rivers nightly in motorized canoes. These
nets are generally fished during fish migrations.

Cast nets of small mesh are used to catch bait for setlines. lLarge mesh

cast nels are u

N

ed during the low water secason (9% of all cears) and are very
& . & P

effective for a wide variety of species accounting for 22% of the low water

I3

Tne most commonly used but least effective gear is the Cachamero setline.
Fifty-three percent of gears fished are Cachameros and they account for about

1.

9% of the total catc
The Amarillero setline accounts for 18-20% of the gears in use and for
about 30% of the total crtch. This gear is very sclective for Amarillo catfish.

Lewglines are about 10T of all gears in use and account for abous 13% of

total catcn. lLonglines and Amariileros are about 0.7 times as efficient (kg of

ot

fish caught per unit of effort) as the statlonary ¢ill net.

g1l} nets and these acceount for 20°
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Eight to rnine percent o
of the total catch. The gill net is less selective in relation to feeding habits

Vi



than hook gears and its effect is divided among many species. Thus, the
gill net is not "ruining the fishery'" as is commonly beliceved and is an
effective way to expleit a wide range of species,

Tat:les are presented showing the percent catch of each species by each
gear. The fi:zheries manager may consider modification of the gear composition
or a change 1in mesh or hooh size to effect a chan

fe 1n the catch composition.

Young of miajor commercial species, i.e., catfishes and the Coiossom

species, were not represented in the experimental multimesh monofilament
£111 net catches. We believe the juveniles do not normally inhabit the Upper
Meta River,
atch per unit effort was better in traditional multifilament ~ill nets

than monofilarent gill nets for 15 cm (6 inch) stretched mesh., Maltifilament
g1ll nets were more effective in rivers than in the clear waters of lagooans
and canos.

Thirty-six species were represented in multimesh ronefilanment grll nets
catches. Llemen of these were commercial rood fish and ten were ornamental fish.
Thus, 15 species were not exploited by the fishery. 0Of these, nine species,

Al

Pavon (Peacoct bass), Descarnador, Capitan, Cucharo, Dorada, Platanote
’ } ) ] ] ’

Dormilon, Fbavarin, Pirana are abundant and grow to 0.3 hp o targer and would

ph)

[t

o
n

be acceptable in 2 subristence fishoerv,  Saall mesh gl nets, especirally if
fished 1n lagoons woull increase the harvest of fish xnd have very little
negative effect on the species presently exploited.®

L

Most species captured in a 3 oor 4 inch mesh giil net do not grow large enough

to be caught in traditional gears. Also, most of the fish,82.95% and 64°% by

*A fishery emploving small mesh pill nets during high water would be heneficial
in the many small lagoons which deoxveenate or otherwise become toxic to fish
as they decrease an volume during the low water season,

V1l



weight, caught in the 3 and 4 inch mesh ¢ill nets respectively are piscivorous.
A significant capture of these fish could have a positive effect on fry
survival of food fish and all life pistory stages of ornamental fish,

Almost all gill nets in use on the Upper Meta River are of 20 cm (8 inch)
stretched mesh, a size which selects rer mature fish of most species.,

Experimentally, 15 cm and 20 ¢m mesh gill nets had nearly the same catch
per unit efrort (CPE) by weight. The 15 ¢m mesh caught nore, but smaller fish,
than the 20 cn mesh nets.  Twenty-five cm mesh gill nets caught much less than
the smaller meshes. Holes in the netting indicated that fish were too strong
to be retained.

Experimental lenglines captured several commercicl species, ma‘nly catfish.
Traditional <yvpe fish hooks were about three times more effective than circle
hooks according to our data.

A wooden box trap nade of slats was found effective for catching loricariids
and several cther srmall species. The catch could be used for subsistence food
or more likely as bait for setlines. Such a trap would be useful to Meta River
fishermen.

Nvlen mesh hoop trap net experiments were inconclusive. Catches were poor
before adding wings to Jirect fish into the trap.  Many Meta River fish have
teetn ani they easily rip the netting and escape from the trap. hire mesh would

be necessary for the trap to be effective,



1.0 INTRODUCTION
1.1 Background
The Upper Meta River fishery (Figure 2) was studied in several aspects,
all drrected at providing inforration for rational management of the food and
ornamental fi<h stochs This fishery is the most intensively exploited and
most likely to be exyanded within Colorbia's Orinoco system.  Methods developed

the nation's
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during the present "pilot” study are sugg
Orinocian Fisheries. Obiectives of the integrated stulies agree well with
priorities in fisheries investigations defined by INDERENA (Herazo et al, 1977)

in their five-yvear development plan.

1. Develop un efficient catch assessment survey (CAS) program-to estimate

harvest, fishing effort and eventually raximur sustainable vield and

2. Develop a set of base-line data from the cormercial catch:

a. 1

4]

agth frequency distributions

b. relative aburdance within the species compesition

¢. mininun spawning sizes and length frequency distributions of
spawning stocks

5. Evaluate fishing gears as to their catch composition and relative

efficiencies.

i

Define the socio-econonic status of fishermen and estimate the economic

value of the {fisheries resources.
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5. Define the ornamental fishery anl evaluate it in terms of species
composition in the catch, areas of exploitation, socio-economic
condition of the rishermen and trends¢ in annual catceh.

6. Recommend species from the Orinoco system for aquaculture studies.

7. Describe water quality in the study area.

The present report will cover the rfirst three topics as a unit designed to
evaluate, for management purposes, the food fish stocks?* The CAS {topic 1)
provides estimates of the amount of fishing, the average catch per unit of
fishing effort and the total catch from the fishery. .Humbcr and density of

fisherme are 21so estimated. These data show the contribution cf <he fishery

to the populace in terms of fish harvested and enployment provided.

[a

Information freom the CAS, gathered during at least two vears, at spaced

intervals of three or rore years, will be used to saticfy a surplus vield

~ 4

model as described by Ricker, sect. 13.4 (1975) and discussed by Malvestuto
et al (1378). The nmodel is designed o provide estimates of the muximum
sustainable harvest and the optimun number of fishermen (in terms of fishing

effort) that shouid exploilt the fish stocks.

Paseline carch dara (topic 2) were collected in 1977-78., Future descriptions

of the catch in terns of length fregquency distributions and relative species

composiiien can te compared to the baseline data.  Changes in size distribution

and relative abundiance can be analyzel to see if significant shifts in peyu-
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lation structure have occurred on a specie

changes, when found, can be considered in relation te minimun Spawning size

ancd trends 1n total weight of capture on an annual basis. From this, decisions
for modifying the capture can be nade.

*Topics 4 and 3 are p sented as separate reports, i.e., Upper Meta River
Fisheries Irvestigaticns, res 2 and 3.



Knowledge of fishing gear effectiveness (topic 3) allows fisheries managers
to recommend gears which select for underutilized species and against those too
heavily harvested. Also, before detrimental changes occur, projections of
species composition charzes can be made assuming changes {4 the relative
abundance of fishing gear types. These estimates can ¢id fisheries managers

in suggesting gear compositions which would best utilize the multispecies stock.

1.2 Description of the Study Area

The Upper Meta River as defined here includes the main river, (316 km) and
navigable tributaries (700 km) from the headwaters downstream to the town of
Orocure. This area was chosen from the 5000 wn of rivers in Colombia's
Orinoco system since it is the most developed and the most likely area for
rapid advances in development. This unique status is mainly due to the area's
proximity te the only large population center, Villavicencio (population
200,000) and to the road svstem from the mountain cities. Detailed descriptions
of the area are given in Guerrero (1964); Blvdenstein (1907): Sodeic and
Consuitan Itda (18743 and Ancnymous (1873). The study area is in Colonbia's
Eastern Flains, the western 100 ki of area are piedmont and the eastern 200 kms

are low land (about 200-300 m MSL) Savanna. -snnual rainfall generally comes

>,
ps

I through November followed v four months of

[

during the eight monthe o

—~a

ranges from 2Q00-4000 mm with the

e
—

little or no rainfall. Annual rainfa
amount increasing frem east to west. The Plains are consistently warm. Mean
monthiéy temperatures range frem 25 te 28°C.
The extrene difference in seasonal rainfall results in a pronounced flood
and drought cyclie with the high water season here defined as the 214-dayv period

from 10 April to @ November and the following i31-dav dry seasen from 10 November

4
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to 9 April. Sampling programs were based on this hydrological year beginning
on 10 April. There 1s of course considerable year to year variation in the
end peints of these seasons (see Appendix I for more details). At some point
during the we: season the Meta hiver will reach a level 4-5 pmeters above the
low water mininum. At this time considerable riparian habitat is flooded and
both permanent and temporary lagoons are brought in connection with the river.
It is generally assumed that here as well as other tropical flood plain
svstems (hapetski et al, 1875, Kelley, 1968) that spawning of most species
occurs near the time of rising water (April through May) and that the O-age

fish utilize the flood plain and lagoons as nursery areas {(Figure 3). At the

.,

height of the Meta River {leod season, fish are difficult to catch due to their
low densiiy and the problems of fishing i flooded ga)lery forest habitat. As
water receues, juvenlle fish must move to the river channel or to the few
permanent lagoon basins. Prey for large ish is abundant and ther feed
actively. During the low water season a large mortality on voung Tish occurs.
As the river begins to rise again adult fieh nmigrate o their Spawning areas

and the cycle is repeated. This cycle should be remembered when considering

seasonal catch per unit effort, species composition, location of rishing effort,

types of gear in use, etc.
2.0 METHODS
2.1 Catch Assessment Survevs

Daza for ectirating fishing effort (f) and catich per unit effort {CPE)
are collected duriny field surveys. The product of f and CPE is the daiiv

catch (C) of the survevad section.

.,

Fishing effort from a survey section is calculated by:
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1. Counting all can_es.
2. Calculating the fraction of canoes that are for fishing.

3. Determining the average frequency of fishing trips per canoe. For
N 3 B ¢

-

details of calculating fishing erfort sce Appendix 2. Both 2. and 3.
are obtained by interviewing riverside deellers. Effort in this report
1s expressed as cance-days where a cance 1s a fishing unit including
the fishing crew and the gear thev fish. Catch per unit effort (CPE)
i1s the average weight of cateh per canoe-dav of the sampled fishermen.
Da1ly catches used fer calculating CPE were those from the most

recent fishing trip of interviewves,

tima

In the 1677 frame =urvey, dailv T and © ¢ es In a given surveved section

0"
(a4

were expanded to segascnal estimates by multiplying the estirates by the number
of days ir the scason. Estimates for each zone in a piven secasen were alded
together for the total seasonal C and 1 cver the study area.

The 1978 CAS estimates require more calculations hut produce estinmates with
known levels of precizionin terme of relative standard errors.  fach sampling

stratum 1n tine and space (two time-strata, for high and low water and three

I
4

geographizal strata) was sampled in preportion to sampling need as determined
from data obtained in the 1977 frame survey, Malvestuto et al (1979) contains
a detatled desoription of expanding Upper Meta River CAS survey data to annual
estinates with assocliated sariances.

\rcuracy or canoe counts rade from the survey boat was checked by counting
’

cances 1n the same sections from a low flying (00-150 meters) aircraft (Appendix

3).

~1
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2.2 Sampling the Commercial Catch

ke weighed and measured fish brought to riverside collection points
(generally at Feerto Lope:s but some data are from San Miguel, Puerto Gaitan,
Cebuyaro, Las Feoas and Puerte Guaduluped.  Whep there were few f1sh we
welghed and rmeasured ecach andividusl.  When many were landed, we sutsanpled,
but always made a complete count by species. Data were used to demonstrate
the distributior by syze (length frequency distribution) in the catch of each
species and the relative abundance of each species in the catch by welpht and
by number. Also length-weight and lenpth-length conversions were nade.

“Phowerghts an this report are eviscerated weight, about 0% of total
weight. This pararmeter is used since fishermen eviscerate fish hefore selling
it and whole fish are rarely available for studv. When whole fish were
encountered, we collected data on sex, stage of maturity and stomach contents.

Lata were coidected during each CAS field trip, about once a month from

Aprit 1977 until March 1979,

-

2.5 Evaluation of Fiching Gear

[uring interviews, we determined quantity and kind of gears in use. Also
we inaulred as to the lind of {ish caught and their weight for each gear
errioyel.  From othese data we detertined the average catch by weight of each

gear and the relative species composition from cach gear.

n2 fached various gears, traditional and exctic to examine catch conpositions

in a fearch Jor efficient gears and ones which select for unexploited species,
Laperimental gears ancludes traditional rmuitifilamens nvlon oill nets of three
different nmesh sizes, multi-resh-sized monofilarent gill nets, and long lines

with both tralitionzl and circle hooks.  Some Juta are als=o available on

experimental catches with single hook setlines and traps.

o



3.0 Results and Discussion

3.1 Catch and fishing effort (Topic 1)

3.1.1 The 1977 ¥Frame Survev: Resul:- and Application to the 1978

Catchi Assessment Survev,

-
_l

ol

During the hrdrolonical vear 10 April 1977 to 9 April 1978 we sampled

fishermen to cobtain estimates of catch {c) and fishing e¢ffort (f) in the Upper

Ui

Meta River system allocating one surver trip to the high water, and one to the

low water season within cach of 10 zones (figure &) that eacempassed the study

(2]
4
3
o
"1
—
I
-
-

,

area. e estimated an annual harvest ar 100 captured bhe 211
H .

- .. . .: o PN . ~ e : g . -~ - R 3 3 SN 3
cance dave of efiore, Llpnty percent of the catch and 457 ¢f <he Sishing effort
.3 3 ey ¢ v 1 RS Iy M v .- R AR g 6 A { - o L) i
occurred during the low water Scason. daily fishing effert durins low water

was slightly greater than during hich water, (527 verses 345 {ishing canoes,
respectively) but the respective CPE was nmuch different (10.38 and 2.13 kg/canoe
av).  Annual CPE was 5,91 kg'canoe dav. (Table 1)

The frame survev provided insiphts into the distribution of fishing effort

of the Upper Meta fisherv, The main river and up

maln areas of commercial exploitation. OQuantity of gears {ished per canoe was
trealer here tnan in lewer tributary zone s, Seascenaliv, éailv { and CPE increased

during low water, dul this change was 0ot consistent throughout th

(29
t3
o]
=]
n
v
L
U

£ effort decreasing in tributaries.

I

An, understanding o7 the intemnal variation, doth geographical and seasonal,

was one objective of the frame survev. 5Hased on this knowledge an improved
survey was designed with a reduced number of sample zones (combining those with

homogeneocus characteristics) and with prodabilities for sarpling each zone in

preoporticn to the importance of the cone to the total fisherv., We defined four
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Stratum 4

Stratum=2

Stratum |
® San Miguel
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Upper Meta River Study Area
Stratum | — Main Meta River

Stratum 2 - Upper Tributaries
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Stratum 4 - Lower Northern Tributaries
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ad souath of the Meta River respectively)
and the four strata of the 1978 cateh

Asnensment s ey,

inset shows !ocation
of study greg within

l Columtia
COLUMBIA i




Table 1. Cateh and flshiing effort from the Upper Mceta River system during the
1977 hydrologleal year

HHigh Watcer Low Water
Canoves Canoes
CPhE Flshing Seasonal CPE Fishing Seasonal
in ky/ Datly Catch (k) in kg/ Daily Catch*(ky.
Zones canocv-day canoe-day
1. Meta River-dUpper 100 km 2.8U 102 611148 13.17 160 3181487
2. Meta River-Central 100 km 3.15 70 47187 5.80 90 78822
3. Meta River-fower 100 km 2.53 75 40607 22.75 81 278255
4. UPTA River 1.59 146 49678 7.67 141 13362
(und other upper tributaries)
5. VYuacao River 1.00 13 2782 4.84 17 12424
6. Manacacias Klver 1.00 31 6634 4.65 46 3229y
7. Cusiang River 1.45 80 24824 7.00 66 69762
8. Cravo Sur River 2.65 31 17580 12.80 26 50253
Y-10 Lagoons No data 0 0 No data 0 )
548 250410 kg 627 10037304 kK,
(250.4 vons) (100073, 3

tons)

*Seasonal catch is from: 214 days during high water TOTAL ARNUAL CATCH: 1253.7 metric tons
151 days during low water Total annual effort = 211949 Fishing canoe days
Annual averape catceh per unit effort = 5,91 ky/

fishing unit day.



homogeneous zones, henceforth called strata, from the original ten zones of the

1977 frame survev. These are: (1) the main Meta River; (2) the upper trivutaries:
. |3 \]

(3) the lower southern tributaries; and (4) the lower northern tributaries. See

s

Appendix 4 for strata descriptions.

3.1.2 Allocation of Sampling Effort for the 1978 Cateh Assessment Survev

"

We considered several statistics tabulated from the frame survey information

as possible important criteria in determininc the allocation of sampling effort

to individual strata. Feur of these crite-ia were selected and ecach was Ziven
equal importance in the allocazion of sampling effors.  Duantitative, then

qualitative criteria were used in the Jdetermination. Yerhiaps no two people

would interpret the daza equalliv, nor use the same swstem for allecating sampling
effort, but the sampling program for 1978 had a logical basis and has provided
more relinblé estimates of catch and fishing effort than was pessihle from the

frame survev.

3.1.3 The 1978 Catch Assessment Survev (CAS)

The 1978 CAS was statified by time into high water (Block A) and low
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and especially into
the Ieur strata defined adove in Secticn 3.1.1 (figure 5). Sampling units within
each stratum were assigned equal sampling probabilities. (See Malvestuto et al,
1979)
»
we sampled in strata 1, 2 and 3 and catch and effort statistics are pre-
sented for these three strata in table 2 (a-c). Since the Cusiana-Cravo sur

tridutaries were net <amoled during the 1978 CAS, the estimates of ¢ and

pra2sented in Table 2 must be expanded to account for the missine sribSutaries.



Table 2a. Catch and fishing effort from the highwater season of 10 April to
9 Nobember 1978.

Dailv in scrata locals
l 2 3 dailv seasonal
fishing effort
(canoe-davs) 198.8 52.6 14.0 265.% 50,796
{SE = 4,924)
(RSE = 8.7)
Catch per unit effort
(kg/canoe~-dav) 8.4(.71)*% 7.91 7.91
7.31(.24)
3.75(.0%)
Catch (kg) 1722 480 34 2261 483,982
(SE = 108,379)
» (RSE = 22.4)

*numbers in parenthieses are probabilities associated with quanticy of fishing
effort in each stratun.

SE = staadard error
RSE = Relative standard error (percent)

kkkkkkAAkX k%

fadle 25. Catchv an¢ fishing effort from the low water seascn of 10 November 1978
te 9 April 1979,

Dailwv in strata Totals
l 2 3 daily seasonal
fishing effort
(canoe-davs) : 311.0 65.7 8.0 384.7 580853
5 o= 102138)
(RSE = 17.6)
Catch per unit effort ‘ 8.14 10,39 2,12 8.38 &8.33
(xg/canoe-daw) (.70)% (.24) (.03) (52 = 31..0)
(RSE = 40.6)
’
Catchr (x3) 2531 S13 17 3ot 571,4n1
(SE = 223,290
(RSE = 44.%)

*numbers in parentheses are probabilities associated with quanticy of fishing
effort in each szratum.

= standard errer

RSL = Relatiwve standard error {percent)
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Table 2c. Catch and effort for the hydrological year 10 April 1978 to
9 April 1979.

High Water Low water Total Year

Annual fishing effort in fishing unit days

265.4 (.539)* + 384.7 (LAL)* = 3 3
Total for 365 days = 114720
SE = 11292
RSE = 9.8%
Annual catch per unit effort in kg/fishing unit day
7.91 (.59) + 8.38 (.41) = 8.1
SE = 1.59
RSE = 19.6%
Annual catch tn kg
2261.6 (.59) + 3360.7 (.41) = 2712.2
Total for 365 davs = 989960
SE = 248576
RSE = 25,12

*numbers in parenthesis are probabilities associated with the number of days
per styatunm to days in the year.



The 1977 frame survey indicated that for high water these two tributaries

contributed 125 of tcotal effort and 107 of total catch, and for low water,
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estimates of catch and eflort upward by these percentages give the total effort
and total catch fer the two seasons (table 3).
The standard errors associated with the 1578 estimeates are expanded upward

by the same percentages so that the RSE's previously given remain the same. The
- t \SD p - 2

ey

annual estimare of CPE as previously calculated will be accepted as a representative

value for the entire svstem.

3.1.4 Compatability of the Upper Meta River CAS estimate

Welcomme (13735) fcund that when the annual catch (C) in tons from various
African rivers for whic. data are available, is plotted against basin area (A)
2

8

n

c%

poe

in square xilometers, an expaonential

~

eiationship is obra

-

C=0.1132¢ A (roo= 0,99)
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Assuning tropical river svsiems in Africa and South America have manv simi-
larities, we evaluated this equation for use on the Upper Meta River. Our
annual catch for 1978 was 1071 tons of which 751 tons came from the Main River

ratum.  Weloomrmae assuzmed that "proluction” or harvest estimates frem o the African

Us

rivers were [r:°n tiaose areas "sufficiently intense to attract the attention of
fisheries administrators and bioloniszs", nrotably meaning the main river channels.
’ H .
te2 Metd River watershed upstream {rom Orocue (the Upper Meta Riwer) is

20,000 xa” (Geurrero, 1964). Thus:

C = 9.1326 (20000) = 620 zons

rn
~J
w
=

This is within 2075 of our main river estimate o tons; thus, our catch

estimate is reasonably compatable with the model.



Table 3. Estimates of total effort (E), total catch (C) and catch per unit
of effort CPE by time blocks and for the entire year. Relative

standard errors (RSE) are also given.

(RSE)

E (FEU-days)™ =

(RS

tm

)

CPE (kg/FEU/day)=

(RSE)

High Water

537,758

(22.42)

64,541

(8.7%2)

7.91

(16.23)

Low Water Annual

533,608 1,071,366
(44.4%) (25.1%)
61,793 126,334
(17.67%) (9.82)

8.38 8.10

(40.62) (19.6%)




Welcomme states tha:z the majority of river length is concentrated in the
lower order streams where sampling is seldom possible and that these streams

inevitably suppert subsistence fishine albiet at 4 low level of intenc

Ui
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Therefore, Welcomme preposed "that the estimates of production based on major
African River fisheries are low and undervalue

the importance of river fish as

a component o
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Catch frem lower order streams (fpenerally
those less than 100 xzm in length) is considered to be near 40 of the total for
the system for African rivers.

[Z the Upper Meta River main channel provided 007 of total catch and its
tridutariss 423, then the predicted total catch would be 1252 tons. This over

estizates our main river and navigable tridbutary estima
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N approximates the CAS estimates.,
The simlilarity in 2stimates deces not in itself validate our results however
it dees indicate that thev are reasonable relative to catches from several other

tropical rivers,

3.1.5 Present state of the fisherv
Catch per unit effort is proporticnal to mean stock size at the time of

fishing (Ricker, 1273). As fishins ti~rt increases stock size decreases. Thus,
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as erfoart incraases, catch Ter unltoe cecrease,

re

ort Wi
Pie;en:l?, the catch per unit effort in the areas of commercial exploitation

(Strata 1 and 2) is large enouch to provide f{ishermen with a sood inceme,

2speciallv in the urrer 109 ko of the Meta River, where the average fishing unit

(1.8 fishermen, usually members of a single familv) has a net annual profit

potential™® «f 7,000 pesos.*t This amount decreases in areas farther down river

*potential becuuse all ish are not seld: about 257 are consumed by the fishermen
families or c:aded locallw.
**41 Colezbian pesos = US 31.00 in 1978.
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where annual profits for {ishing units between the Upia and Manacacias tributaries
is 14,600 pesos and between the Manacacias tributary and the town of Orocue i3
35,990 pesos (details are inpart 2, the socio-economic report).

Profitability is greatest in the upper 100 kms mainlv becuase prices for
fish is highes: there. Increased price also stimulates fi<hermen to set out
more year per fishing unirt,

Gross inceme per fishing cance (GI) in the upper 100 km secticn was
91,273 pesos; GI - 8.1 kg/canoce-dav (the annual estimated cateh per effort)
reveals that 1 ku. of afisherman's CPE accounts for 11,268 sesos of income.,
Annual fishing unit investment in this section is 24,251 pesos. This value
divided by the income provided by one kilogram of CPE demonstrate

v

annual
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CPE of Z.15 kg would allow a fisherman to exactly recover his costs ro materials,

oininum wage (12.5 pesos per hour) and investmernis. Gaus the present CPE of 8.1 kg

Is 3.8 tizes .greater than necessary to sussain
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is properticnal to stock Size, economicallw the fizherw ArTeiars Lo he greath
undertished. If fishing effort were increased v recruitment of fishermen to
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the fisterv, dec verage inceome but centinued preofit would resulrt.
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Increased fishing ef t could also be achieved if existing {ishermen set out more

i

r
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r or could use more efficient gears.
iver section tetween the tributaries Upia and Manacacias
was lowest. GCross inceme per fishing cance was 30390 pesos and cests were 21813

resos. Censidering 3.1 kg for CPE in 1978, a CPE of 4.83 k2 would nave balanced a

»
fishiermen's expenses includine minizum wage.  Thus, even in this ar-a, 8.1 kg is

L.7 tizmes greater than necessary to sustain tie prese:
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Bas2d on the above analvsis we rocommend a 10=2u0 increase in rishing etfiore:

Afzer the fishery has stabilized at a new lewve
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data necessary

for a surplus vield model will be available. Results from the model will provide
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an estimate of state of the fisherv in relation to its biological potential.

3.1.6 The Surplus Yield Model (STM)

In section 3.2 management consideraticns are given for individual species,
based on trends obse-ved in cormmercial catch statistics. However, the question
of what is the potential yield from the Upper Meta River is best dealt with on
a community basis (Turier 1977).

Although vield models, both the surplus vield and dynamic pool tvpe were

designed for the analwvsis o

[
-
—
=

J3

le species populations, the former is also

applicable to analvses of multispecies (Gulland, 12977) fish communities, with

o

the community considered a single stock while oh dvnamic pool mode! requires

data on rates of growth and mertalitv for each species in the {ishery, the

surplus vi2ld model depends onlv on the community response to increased mortality,

l.e. its atienpt to increase bicmass by increasing srowth, survival and
reproduction,

~-~—

e model assumes that unfished populatieons are not productive and that as
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#, the re2maining stock attempts to fil! the void

repulacion is =most productive when ft has been reducced to about one-half of its

C e 3 . . .. L R . o
unilsted Cleomass. It Ifellows, that under conditions c¢f increasing £, CPE
dedr2a2s propertional to decreased steck size, but sotal catch increases in
[
. : : . . . . ~ .
PIoTSTILon o increased surplus production, antil the pepulation s wear one-half

the unfished biomass. A further reduction in biomass will result in both CPE
and tetal cateh decreasing, At this point the fisherv, by definition, is

bdlolocicalls over-rished.
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To complete an SYM on the Upper Meta River system, two sets of data on
annual effort and CPE are needed. The first set is from the 1978 catch assesment
surver i.e., 126334 cance-davs and 2.10 rng/cance-das
generated in 1984. The two sets of data must come from d4ifterent stages ol
development, i.e., different amounts of fishing effort. Also, thev should come

from ve

rs when effort has been stable <or long enough such that ewisting stock

ro

abundance is in equilibrium with the new effort epended. Three vears of stable

()
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tishing efrort is probably a minimum time interval before aniaual CPE and
eftfort should bte estimated acain on the Upper Meta svstenm because of the manvy

large specivs suseesting slow-turn-over rate.

1

Ricrer {1975) scct 13.5 describes a sizple SYM where CPE = a-bf and a and
b are unknowns. (CPE and { are as previously defined). Wwhen CPE and f are
xnown for two different levels of a fisherw, a and b can bhe solved by the method
of simul:anedus 2quatiens or bw linear resressisn of CPE en ¢, Mawi~un sustained
R
vield is equivalent te a”/4b aunag the cprimum fishina effort for this catch equals
a/2b.  Fox (1973) jproposed a more sophisticated "ewmepential surplus vield model"
which incorporates several wears of CPE and ¢ data in an attemrt to eliminate the
effect of corrensaterv lag., The medel that is ultimately utilized will depend

B - V. e iy T A e - b .o oy ergy Y N 3 . .- < e T e 1 e - by oy P .v
e tae manner 0 walch the fishery develors, We fhund no {ndicasion that an:

significans chuange In the fisherv had taken slace in the three or more vears prior

%}
9]
re,
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to 1978 and we feci that our estimate ind E represent the {ishery in

equilibrium conditien.

[
A wod rule of thumb for economic development is "if vou want to develop

an area, build a road to it'". Although there has heen a road from Villavicencio

opeX for many vears, 70 ¥moof it {3 mostlv a bed of larve

unprocessed river rock alternating with sections of dirt and sravel. Torrential
rafnfall and poor runcif, due to roadside rice fields, also contribute to the

difficulty of maintaining a dependable and econecnically sound fish transport

20
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systenm from the Meta River to Villavicencio and Bogota. In 1978, Columbia
initiated a project to pave this 70 km section. Completion of pavement is
scheduled for 1980, We assume that fishing efors will increace after completion
of the road as a response to more rapid, «conemical and dependable transportation
to marxets. In appreoxizately 1984 measure. ¢ f and CYE should represent
equilibrium conditicns, reflecting development of the Tisherwy,

It will be possible to estimite maxinum sustainable v1eld for the Upper
YMeta River fishery and the optimum effcrt needed for the harvest when the second
data set for the SYM is available. The informaticn will assist managers in

making long range devalopment decisions.

detween seasons L5 rartially due to seasonal chanzes in occuration i.e., more

farming during the hizh water season and —ore fishing during the low water season.

also it is more difficult to count fishin, cances during the high water season

when the sBoriline extends into tall sras: or forest. fhus, the best estinmate
of Iisherrmen whethor Tull or nart time in the Usner Mora svaeten is calculated

Zizhtv-nine percent of the fishing units were owned and cperated by members

n {ishine is lyas (7

7
(7]
-+
N
'
=
-

[N

invelved

7

or cne familv, Thus the numder of familie
(table 4).

Pensity of fYishing units is greatest alons the leta River and least along
the Manacacias-Yucao tributaries. The number of fishermen aleno the Meta River
=ay be limited by the availability of Yeme sites. Even at the present density,

zany homes are inundated annually to depths up te cne meter. Some fishermen



have built their homes on stilts to prevent tlood damage, but the {inconvenience
of flooding mav {nhiibit colonization on lower sround.

The Crawve Sur-Cusiana tributaries are well colonized. However, due to
thesr distance from fish markets, frequent low water periods when the river
is unnavigadble, and to the inhabitants preference to work as small-scale
cattle ranchers, people expend little effort in Zishing. The reduction in
the nuzber of canoes here from the high water to low water season mav Indicace

that fishermen leave these tributaries Sefore thuo water gets too shiallow
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Pecple livinx alonn the uprer tributaries are farmers and fishermen.

This area, like that of the Meta River, {3 an area of commer-ial {ishing.

Fisherzen density, however, is about half that of the =ain river (table 4),.

Teble 4. Fishing units and their densizv in the four geographical strata
of the Upper Meta River svstem.
Fishing Units Fishing units/km
Low Water 1377-78
Upper Yeza River 595 .
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3.2 The Commercial Fisherv (Topic 2)
The Commerzial satzh is describted in terms of (1) relative abundance in

the species composition and (2) length frequency distribution (LFD) by species.
Biological information for each major species is presented arfter the LFD

for that specics to enhance the readers aporeciation ot the cemmerciallw

harvested species.

3.2.1 Species Composition and Felative Abundance in the Commercial Catch
The Meta River food fish fisnerv can be visualized by considering the
number of species involved and their relazive abunlance by weight and numbers

(Figures 6-7). Since the fisherw changes considerably with season, it is most

fisherv, since wmonetarv and food value from rhe [isnerv are functions of weight,
Six of the 15 species in the commercial catch account for 75-2307 of the annual
harvest b= weisht, These are the Anmarille*, Ravado, 3aboso aad Valenton, all

Pizelodid catfishes and the Cachaza and Cherna, Characids of the genus Colossorma

(

ey
98
r
[
"1
1)
51

S

The Ravado and Baboso catfish are abundant mainle during the low water seasen
when thelr cezbined catch is about 40X of cemmercial harvest.,

species deminata the high water catch, their combined weight also beinz near

*Cormon and scientific names are shown in table 12.



Secanonsg

H

837
861

-

Hlgh water

-

dn

"ow wiater

ANV
02IHOVO08
YV AVd

N VA

QL3TONVYHD

NVLIdYD

YIVNIQYVS
oLINNd VYN

OHINYIBYYE
v13IW0WVd
3NDVA

VYIYNIAEND

NoL3ITVd

0so8vy

YEVNLVYS

1 V5040) vHH3IS

‘5‘/- 8 s

107

5% %

hiph

by

separat ed

1977-1978

catceh of

commere fal

t he

species {n

of cach

R BT S BRI

cont ototal welypht

IPeer

Figpure

Wl enr s

o

aned



Season

~ -
m
© ©
0o
=
[
S D
Itd o
2 2
< 2

vEVYAVd

01 1d9IL

ANdV

0JIHYY 08

OLITONVHS
VIVNIQYVS
NV1IdVD
NoL3Vd

NOIN3IVA
OHONYIgGYVYE

3INDYA

0Qvyoa

0S08VY

OHvYrvd
OLIYNI VW

VYV N VS

vi3WO0Ivd

VLIVNIAYND

T H040D VHY3IS

3Y80g OINV Y
OTNYYNY

YNQOQ VI VHYEIS

|

i
s

0QVAYY

YNY3IHO
YW YHIVY

hiph

1978 scoparated hyw

and

1977

catch of

the commereial

specles

number of each
Geasona,

by

Pooreent

v

Figare

low wiater

and



Percent

30{- BN Numbers

og | O\ Weight [ ]
NN HIGH WATER SEASON

20 Cherna

N \\ Valenton

S t. ‘ w
i g8y ks @‘ Baboso \\\ )

L AN \ x QAN U
N &w \ ‘\ N
b N Y

. N N\
Sl ol AN \\
. AN

i \\jv\\‘

':}\\\\

1O Feachrama \ :

\ .
LOW WATER SEASON N
>0 I Amarillo Q\\\\:

\\{
SN

25 - Q\\‘

Fleare R, Percent of the commerical eateh by pnumboers and welpht for the six most {mportant Species,
Thetr combined woicht iq aboat 307 of 411 (295) commeretal species.  Cachama and tChernn
are abundant daring hleh water, Babooo and Pavadoe duartne low water, while the cateh of
Valenron and Arardlle are more ovenly diatribuatod between the seanons



Valenton and Amari:lo contridute about 107 and 207, respectively, to the
commercial catch throughout the vear, with their importance being slightly
greater durirg high water seasen.

The remaining 1v species in the commercial catch each contributes threc
percent or less t. the commercial catch on an annual basis. Reasons for their
slight importance wvarey, Some species are small, thus even theugh many are

caught, their weight contribution is small. Also, most gears in the fishery

[

select feor large fish.  Small species include Curimata, Palometa, Sapuara,

6]

Sardinata, Chancreto, B~cachico and Capitan. The Dorade, Tigrito, Cajaro and
Paleten are relatively scarce in the catch. There is no past history of their
large catches, thys they probably do not suffer from overfishing, The enviren-
ment 15 prodably not amenable o large pepulation growth of these species.
Other species are relativelv common in the cazeh but are usually consumed

by fishermen rather than sold. These include th
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Still others are considered undesirable species. Fishermen would rather not

eat then and fish cuvers either will not accept then or pav only a fractien

wien nuthers are cempared rather than weleht, large species are less
impor:sant than small species. The 3abose and favado, which approach average size

in the zixed species catch, have nursvrizal relative abundances that approximate

3.2.2 Individual Specics Characteristics in the Commercinl Catch

o)
1

will exrorieonze 3 catoh assozmmant curvew Miannualle,

at least until 1983 and the commercial catch will be sampled annuallvy.,  The CAS

- -
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will produce estimates of total catch
fishery as a whole. Commercial catch
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each species' relative importance
discussion describes how to use these
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and amount of fishing
sampling will provide
population structure.
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Length Frequency Distributions (LFD) and their Interpretation,

The LFD is a graphical representation of relative abundance of size classes

of a given species in the cormerical
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As long as annual catch continues to increase during the period of increasing
effort, th. harvestable surplus in the pepulation has increased.  Once annual
catch regins to decrease, the populaticn is overfished. Commerical catch
monitering will keep fisheries mancers abreast of such DeSUTTENCeS,

There is a time lag associared with the adiurtment o Gy structure teo oa

new rate of fishing, The lap will approximate the time interval between
explitation of the parent stock and recruitment of their woung to the fishery,
Thus population changes mav occur without being immediately recegnized (Culland,
ibid). Thus, we should consider the LFD in relation to lenpth at first sroduction
We assume that not all individuals need to Spawn to maintain a healthy pepulacion,
but as a precatutiecnary measure we would like to sece at least half of the
cemnercial catch be of fish which have had the epportunity to spawn at least

once. Besides ensuring adequate reproduction, most fish in the catch would be
composed of Inlividuals which have passed the phase of life when maximum frowth
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cution is equal to or less than the pean lenpth in the somme

serve this purpose, If no res:trictive cize lirmit is cerpesed, and if the mean
length in the commerical catch continues to be less than minimum size for spawning,
the hipothesis o7 overfishing will be wverified (cr denied) by examining future

annual catches t~ see i catch for the species in question has decreased, or

increased when the stocn cemes to equilidrium with the lewel of fishirn eftore,

A decrease in effort, which would occur as g of resirictive regulations,

would cause an immediate derrease in annual catch followed by a preport ienal

»
increas« of larcer fish in the L¥D. 1f the species had been unded fished, a
decrease in recruitment would oscur, causing reduced CPE jn the vounpest harvest-
avle gize uroup taiter a tag of at least one pencration intervald, 19 the species

had been over-harvested, reduced effort would result ir temporarily reduced catch

followed by increased catch per effort and increased prominence

s L



of the yvounger fish in the commercial catch LFD.

Environmental modification and peliution may result in a decreased carrving
capacity and annual catch. Recruitment would probably be affected most which
would result indecreased representation of small fish in “he LFD.,  This would be
followed (after a lag of one generation time) bv a return to the eripginal LFD
shape but with an associated reduction in total catch.

Tne forgoing discussion describes LFDs where multiple age-classes are
exploited. Scme species, due to their uni-model LFDs, appear te be expleoited
in only a single age-zlass. CZither the gears are verwy selective for a narrow
size range (unlikelv in the multigear Upper Meta River fisherv) or smaller and

larger individuals are not present in the area where the fishery occurs. Thus
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a change in fishing efiort will not result in a shir
a multiple aze-class fishery, However, cempensatory mechanisms are still in

eifect and catch will increase in response to increased fishing effcrt unril the

re

naximum sustainablevield stock size is acileved, after whiczh an increase in
effort will affect a decreased toral catch.

aus, interpretation of population changes which occur for species exploited

in onlv a single age class is mainly dependent on recognizing valid changes in
total catch whizh are related to chanres in fishing effcre in additien, the

1 M - 5 I e ~ 2 —ae b v .. S e 5 So4 oot
single exrleited ape class =mav be entirelv ol mature {ish,

species such as the Eabcse could spend most of its 1ife in the lower Meta cor
Crincoe River and enlv ceme the the

ding pericd

follewed by spawning, 1iter which they leave the area and possiblv die before
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tuz foilowing vear's spawning season. Godoy (1967) in a study involving tagged

fish in the River Parana, found that many Characids and Pimelodids minrate
upstream to breed and downstream to feed, covering distances of 1200-1400 km.
in one vear. Bavlew (1973) found similar phenomena in the Pilcomave River of
the upper Parana, where the main feeding grounds for manv large fish appeared
to be in the swamps of the lower Charo and these fish nigrated to the Andean
reaches of the river to spawn.

As well as LFD's, other biolegical information can be used to assess the

status of the {ish steczis:

(1) Identification of mature fish

Fish were censidered mature if visual observation of the gonads indicated

that spawning would occur within 3 to 4 months, i.e., maturity stages 4, 3

, 6

and 7 of Kest=ven (Ricker 1968, page 162). These observaticons rrovided estima

"

of =zinimum spawning sizes, oy sex; thus, fish were classified as imzature or
mature and differences in size ranges of mature fish by sex were doéumen:ed.
(2) Spawning season
when most mature sized fish are found in spawning condicicon, a peak in
spawning is assumed to be at that time or soon afterwards. Spawning cften

follows a pericd of migration and/cr intensificd hese are
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izportance of a species in the catch depends largely on its competitiveness

. . PR e i
10 the J130 community.,  Noowledrooe o

se
v,

i the fcood which a species prefers allows
fisheries manascers to classifv specics as prev or predator, carnivore or

¢. This assists cecision-rmaxing abeus the relative amount of
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expleitation which should be directed towards a species and about protection of
food scurces of cemzercial species,
(4) Length and weight relationships

For most species a linear relation exists between logarithms of weight
and length (table 5). Thus, once a large number of individuals have been weighed
and measured, a weight-length relationship can be calculated. This allows a
reliable estimate of weight to be computed for a4 given fish when its length is
known. Both weighing and measuring fish i~ the field are time consuring,
keighing requires more time than measuring and is done with expensive, delicate
instruments, easilv damaged and cumberscrme to transpert in the field. Thus
utilization of the weight-length conversion can save time and money in field
operations.

The oost consistent length to record is standard length (SL) since it
does not depend on uncdazmaped caudal fin ravs, nor on unifeornm compreésing of
lebes and selecticn of lenger lobes, as pointed out bv Baleon (1974). Also,
in South America, caudal ravs are often darmared tv Pirana.

nevertheless, measurements of tatal lenpth (TL) and fork length (FL)

as well as standard length are common in fisheries literature. Thus, we

I

.
—
~

m2asured the threo tupes ¢ ngth en a large sample of fish and present equaticns

of the linear relazionships of SL to TL and SL to FL (tables 6-7). These

conversicn equations will facilitate investigators in their use of literature

invelvihig the Orinocian commercial fish species.
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Table 5.

o

PECIES

Equations predicting eviscerate
i f
length (SL) in cm for varicus comm

Anarillo Log EVWT = 3.U08S
\I‘L‘ = FAWT = 2,644
Batoso oo EWVWT o= 3,038
Blanco Pobre Log EVW0T = 2,015
bocachico Log EVWT = 2,278
Barbiancho Log EVWT = 3,005
Burra Log EVWT = 2,941
Chachanma Log EVWT = 2,521
Cajare Lop EVWT = 2,993
Curimata Log EVWIT = 3,393
Chanclerto Log £VW7 = 3,259
Cierna Log EVWT = 1.6AGS
*apurito Lopg TWVWT = 2,957
Derado Log EVWT = 3,000
Favara Log EVWT = 2,207
Falemeta Low IVWT o= 3,207
Paleten op EVWT o= 3,208
Ravado Log OWT = 2,882
ardinata Lo IW00WT = 1,793
Sierra casona  Leoo EVWT = 2,017
Sierra copera oo ENWT = 2,137
Sapuara Log EVWT = 2,142
Valenton (140227 Low P30T = 1,
(> 40cmy fon TVWT = 2,

Yamu Lo EVWT = 3,718
Yaque Leg SWWT = 3.085
¥ r i <he croefficient ¢f linea
Tha ;:ren;:h cf the relations
prororticon of the variance of
on SL.  (Reminy-on and Schork

d

o
Food

DR PEe )
[N 3

I3 WP

r
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weipnt (EVVT) in kg
cially exploited
equation}).

range

from standard
species (n =

Log SL - 4.57 0.95% 113
Log €L - 4.64 0.72 56
Log SL o= 5.0 0.€2 188
Lon SL - 4.8 0.91 129
Logp SL - 3.546 0.81 67
Log SL = 4.862 0.90 78
Log SL - 4,561 0.84 122
Log SL - 3,081 0.78 227
Log SL - 4,504 0.99 21
Low SLo- 5,159 0,77 26
Lo SL = 5,24 0. 84 28
Lop SLo- 20118 0.59 57
Log SL - 4. 74 0.83 52
Lop SLo- 5,607 0.77 27
iop SLo- 3,958 0.70 39
op SLo- 4,733 0,61 42
Log SL - 5.53.6 0.91 39
Log SL - 4,718 0.95 403
Log SL - 2,983 0.86 9
Los SL = 4,481 0.88 34
Lop 8- 3,302 0.65 30
Loe SLo- 3,087 0.69 17
W215 Lem SL-1.693 0.65 12
P27 LogSt-50 174 0.9] 13
Loa S1 - 5.8] 0.95 17
Leg SL - 4,935 0.85 60
v correlation hetween SL gnd EVWT.
nip is best indicazed v 7, the
EVWWT "explained b+ linear resression
1970) r- from 0 /1]
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Table 6. Equations predicting total length (TL) in cm from standard length (SL)
in cm for various commercially exploited species (n = numher of fish

used to determine the equation).

ro

SPECIES EQUATION T

=]

Amarillo TL = 1.104 SL + 5.680 .97 136
Apuv TL = 1.116 SL + 4.725 .93 69
Baboso TL = 1.175 SL + 3.516 .91 215
Blanco Pobre TL = 1.100 SL + 7.569 .56 160
Bocochico TL = 1.083 SL + 3,255 .92 118
Barbrancho TL o+ 1058 L+ 6,957 .95 87
Curvinacta TL = 1,127 SL 4+ 2.258 92 152
Cachama TL = 1.080 8L + &,098 . B4 370
Cajaro TL = 1.097 gL+ 3,947 .99 27
Curimata TL = 1.113 SL + 1,803 .85 26
Chancleto TL = 1.017 SL + 5,571 .94 40
Cherna TL = 1.r00 SL + 14,907 .81 126
Cormacente TL = 1.03% SL + 6,101 .94 : 75
Dorado TL = 1.173 8L + 4,223 .92 37
Favara TL = C.87 SL + 12.612 .94 24
Palemera TL = 1.034 SL <+ 5.012 .82 50
Paleten TL = 1,107 ZL + 7,845 .98 52
Ravado TL = 1,137 SL ~ 1.808 .96 486
Sardinata TLo= LLISIOSL o+ 45 .99 11
Sigrra C_genma TLo= 1,131 SL + 5,070 .92 63
Sierra Copora TL = 1.0030 5L + §.55: .90 78
Sapura TLo= L.I97 5L+ 1,282 .99 40
Valentop TL = 0,4%, SL + 27.913 .94 28
Yama TL = 1.136¢ 8L + 0,573 .93 18

Taque L = 1.1
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Table 7. Equations predicting fork lencth (FL) in cm from standard length (SL)
in c¢m for various commercially exploited species (n = number of fish

used to determine the equation).

-
SPECIES EQUATION r” n

+.

2 .99 132
.95 69
Babeso FL 218
Blanco Pobre FL = 1.040 SL + L.98% .99 160

.99 114

Amarillo FL = 1.076 SL
Apuv FL = 1.043 SL +
1.042 SL +

.30

[

to
o
1o
O
w

"

)

L= 1.012 SL +

to
o
o]

—

Bocachico

Larbiancho FL = 0.4%7 SL + 5.398 .96 88
Curvinata There i no {ork

Cachama FL = 1.003 SL + 0.0612 .89 363
Cajaro FL = 1.075 SL + 3,083 .99 18

.ye

L
Curimata L= 1,120 8L+ 0.534 ' .86 26

Chancleto FL = 1,105 SL + 0.648 .94 33
Cherna FL o= 1,070 i, + 7 _¢cap .93 124
Mapurito FL = 1,044 SL + 2,375 .97 75
Derado FL = 1,088 SL - (.59 .92 37
Pavara YL = 1,030 SL + 4,538 .95 46
Talome:za L= 1,274 SL - 1.8.3 .24 50
Fateron fL = 1,033 8.+ 4.080 .99 52
Favado FL o= 1.0-3 SL + 0.526 .99 480
Sardinata L= 1.06A7 SL + 0,773 .99 11
Sierra farcona L= 1038 JL o+ 2.A4S .92 63
Sierra (opore FL = 0,881 81 <+ 3, 83% .93 78
Sapuara L= 1.08) SL + 0.83) .99 39
Valenten FL = 1,064 SL + 0.701 .94 28
Yazue , FL = 1,104 SL + 0,529 .95 2

Yague FL = 1.037 SL + 2,094 .97 67



The feliowing sectien provides specific information concerning the six
most important species in the commercial fisherv. LFDs, biclopy, comments

related to the fishery, and management recommendations are given.
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The Yellow Cacfish - EI Bagre Amarillo



Cormon name: 3Sagre Amarillo
English name: Yellow catfish

Scientific name: ? , (fam. Pimelodidae)

Amarillo were captured from 40 cm (1.2 kg) to 150 em (71 kg) and averaped
98 cm (24.7 kg) standard length.
Conversion cquations for length and weight relationships are:
1. Loz EVWT = 3.088 Log SL - 4.87 (r~ = .96, n = 113)
2. FL = 1.1C76 SL + 2,305 (r2 = .99, n = 132)
3. TL = 1.104 SL + 3,680 (r: = .97, n = 136)
where EVWT = eviscerated weight in kgs: and S., FL and TL = standard,

fork and t1oral lencths in cm respectively,

Length frequency distribution analvses (LFD)

Annual LFD has twe prooinent modes at 65 cm (A) and 120 cm (B). The
zajority (627) are>2% oL A t-test with unequal variances shows the high water
(117 cz) and lcw water (83 cz) means te e different (P &£ .01). Smaller fish
are not evident in the high vater catch LFD. In contrast, a majoritv (3&%)
cf the low water cateh is of smailer <ize fich.

Although we have little data on length frequency differences by sex, figure 9

d and e indicate that a majoritv ¢f the sanller 7ish are males, and females probablv
grow larcer thon males thess features arve trpical o among Metas hRiver Timeloid catfiches).
we encountered onlv three ripe fish, two females (118 and 127 cms) with egps and

cne male flowing milt (128 cm). It is possible that the Ararillie does npot mature

attains lenciih greater than Y3 cms SL. Move fish should be exarmined

te clarify this. The two ripe females were captured in January and March.



Species 1: Bogre Amarillo (Genus?) Pimelodidae
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Spawning season may be during these low water months, or come during the onset

of rising water in April.

"

We believe that the Amarillo is riscivercus. The onlv full Amarillo

stemach we encountered contained fish. Fishermen generally use fish as Aparillo

bait althouph larpe earthworms are zlse used. Amarillos are generally captured
around sunken trees in deep peols, or in deep water near steep mud banks. They
are mere likelv to be captured in areas of slipche current. It is believed that
Amarilleos often feced eon subterranian ereanisos that fall iate the river as the
riverbanks cave in, a common occurrence durins rising and falling water seasons
Azmarillos are caurht with many gears. Small individuals are caught on
hooks and in nets ses mainly for Ravado and fachana. Large Amarillos are the

tarcet species for fishermen using larre hooks tied on streong set lines. Many

fow water, thev are also cdught with castnets and hand gafis; the latter rethod
rejuires that ficshercen dive arcund sunien streecs and jab a large hook into the
fish. The hock is attached to a roepe by which the Azarillo is retrieved. The
Azarillo is the target species for hand gaffing.

Comments

The Amarillo stocks in the Upper Meta River are important culturaliv as

well as economicallwv. This species is a prominen: feature in any description of

»
the Yeta River fisherv. The success of fisherv manacement in this river will,
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fishino en this species but saveral

features lead us to believe that frarilio might be one of the first to he
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norart, te roasvred bv othe success of the Armarillio fisherv, and the stock itself
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adversely affected by increased fishing effort.
1. Amarille grow very large and large fish usually have small vield

potentials due to slow growth to maturity and small numerical abundance.

2. Fishing for this species began in earnest only recently i.e., within

the last ten vears accordire teo Marce T. Romero, fish buver ia Puerte Lopexz.

)

Thus the large catches during 1977-7 mav be from a dbuild up of old f{ish and

may actueally be excessive in relation to the stocks ability to compensate bv
increased recruitment and growth.

3. The Amarille is captured in
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larte ticok ses line and diving with hand gaffs. The latter method allows the
fisherzan zc enter the ajuatic enavironnent when fish are concentrated in a few
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Wnen the drv seascn is long, the

rivers Secome wvery lew and manv large fmarilles sre removed freom the Upper Meta

<. Tnis sprecies is the most desirable to sport fishermen who come in
increasing nushers froz all parts of Columhia duri & the low water ronths. It's

interesting to speculate on their centribution te the Ararille catch. Ceonsider
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~srarilles, due to their large size, are arons the marketed rortion. Twentv percent

o7 the zemmercial cateh o= Amarille i.e., about 6,228 fieh in 1973, Frono

PR I,

- .
S P S
L TeToers

100 to 300 Azmarillos i.c., 1.3L to 4.3 of their present anaual cateh, come
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fremospart fiehing.  As the road sveters to the Plaine smprove, the impact of
N Ny g e gaen e M . H - - 1 ey ~ - H - [P . - PR

srort fisbermen Wil oundeubtedly increase ramaticaliv, Syort Jishermen are

an irportant factor in the Amarille cateh and thew Poave a vested and increasingly



vocal interest in management of the Upper Meta River fisherv.

Manapement recommendations
In consideraticn of the a®ove discussion and of the catch data presented
in figure @ we Jeel that a precautionary minimum size of capture regrulation of
95 cm SL would possibly benefit the Amarillo stocks and cause very little
inconvenience to fishermen.

Larger fich, theose>95 cm are thought to be of reproductive ape and account

for 540 of the Azarillos caupht numericaily: due to their relative large size

this group amounts te 90% of the catch by weight. Reduced fishing mortaliey

or. the smaller fish mav rezult in increasvd abundance of larper fish thus
increasing reproductive potential. The regulation would not affect effort

directed at the 1:

1

ger fish now harvested.

I~
(28]






Commen name: Valenton (Plumito - males only)
English name: Amarzon catlish

Scientific name: Brochvplatvstoma vaillantii (fam. Pimelodidae)

Conversion equations fer length and weight relationships are:

-
Log EVWT = 1.422 Log SL - 1.693 (r" = .65, n = 12)
for fish smailer than 140 cms SL.

Log EVWT

3.157 Log SL - 5.174 (r" = .91, n = 13)

cr fish equal te and larger than 140 cms SL.

l
FL = 1.064 SL + 0.701 (r~

= .99 n = 28)
R
TL = 1.099 SL + 9.920 (r™ = .99, n = 28)

where EVWT = eviccers

e

el welight in ke and SL,

FL and TL equal standard, fork and total lencihs in cms, respectively,

Length frequency distribution analveis
There aprears to be no difference in the distribution by size between

high and low water periods (9 = .05). Females grow much larger than males.

o~
-



Species 2 : Volenton (8rochyplatystema vaillontir) Pimelodidae
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Figure 10, Annual, seascnal, and cex characteristics of
lenpth frequency distributions for Valentoen.



Generally, any Valenton larger than 145 em SL is a female and they can grow to
cver 200 cm SL. This difference is so obvious to fishermen that the male and
female have different names, i.e., Valenton refers only to the female, while
males are called "Vlurito".

Four mature males were observed in April and Mav, ranging from 101 to
126 cm SL.  Oalv one mature female was examined, a 100-kp fish captured in June
1977. The ovaries were develeped but flacid indicatirg that some spawning
had alreadv taken place. We assume that spawvning begins at the onset of rising

water in Arril! and

Stomach contents
No full stomachs were observed. However, the only successful method of

catching large Valenton is with hooks baited with 0.5 - to 1-k

7
)
%
n

h, prefe.ably

alive. Ve assure the Valeaten is gernerally piscivorous.

Corments
Although this glant river catfish, rumored to reach a maximum weight of
200-250 kg. is a valuable fish, its aprearance in the commercial catch was not
cormon in 1677-

8. Tetal annual harvest of Valenton was probably less than

00 individuais frez the Urper Meta svstenm and about 4537 of these were small,

e,

=21l Valenten feonerally males) are caught incidental te the fisheries
for Ravaco, Cachama ané Baboso. Large females are rareiv caprured in any pear
except the "Valentenare"”. This gear is 2 single "share hoor”, number /0 on

SITonz reve.  Tuhe repe is anchered e 4 heavy welght at midriver in strong

currenl and at soze point along the line a large calatash fleat is attached which
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provides some movement to the bait. The calabash also allows the fishermen to

find the gear which may be moved a considerable distance if a Valenton takes the
hook. The habitat of the large Valenten, unlike that of large Amarillos, is

deep swiit water at the center of the channel. Thus, due to the adlitional cost

of a Valentenero, the Valenton's central current habitat where few other commercial
species are fished, and the small probabiliey of catching a Valenton (low CPE),

verv little eifort is directed toward this species,

Management recommendations

There are no reliable catch records from earlier vears of the Meta River
fisherv. Tishermen claim that Valenteon used to be more abundant in the catch
and that larger specimens used to be common. The Valenten mav require scveral
vears to reach sexual maturitv. Those species with the rfreatest gencration time
will be at a competitiwve disadvantage under exploitation.

However, due to the small amount of interest shewn bw {ishermen in ex-
pleiting the Valenten, it: stocks are probably in equilibrium with fishing effort
and ne drastic reductieon in abundance will occur in the near future.  Alse, it

- - LR 3 £ 1 . - - “aee o \ - ~ ey 4% ey - v 3 B B
Srmeiifias 1o the Jishery as g whoele §f standing orocp oof laree

oY)

efficient ceaverters ef energv. Large standing crep could cause reduced abundance

and catch of other species.  Therefore, no regulation is recommended at this time.
LED an® teotal cateh should be evaluated or o vearly cor tivearly basis to check
for changes in the ropulation size structure.

When recommendations are requived, a “slot limit" would be mest practical,
prohibiting the capture cf {ish between 130 and 180 cms. This would allow

continued expicitation on most males and a protected size group of mature females

which would ensure adequate reproduction,
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Common name: Bagre Ravado

English name: Tiger snhovel nose

Scientific nane:

Peeudeplatystomas fasciatum (fam. Pimelodidae)

The Ravado ranges f{rem 43 oo

U

N

(1.
69 cm

(4.7 kg) standard lengpths,

Conversion equations for length

1. Log ENWT = 2,882 Log SL - 4
D

2. FL = 1.063 8L + 0,500 (¢~ =

3. TL = 1.137 SL + 1.8¢& (r” =

where EVWT eviscerated weight

.
4

and to*ai lengths in cms.

Length frequency di

Both the high and low vater LFD’

indicating that the entire exploitable
in the Upper Mi2ta River throughout the
difference in ths %igh and low water
Ravados recrult <o the fishery i
is an c>vious differcnce in =ize ranpe
counterad liarger than &2 co SL while ¢
yisht Ravades in near-spawnin: c

LI (T

LFDs

0 kg) to 112 em (15.7 kg) and averages

and weight relationships are:

.95, n - 403)

.99, n o= Lu6)
.90 n = 486)

in kgs, SL, FL and TL = standard, fork

stribution analvses .
s are similar to that for the entire vear

£ize range i« present and vulneralle
vear. Alse, a "t" test indicated no

eC = .03).

noarrreciable numbers at 30 cm SL.  There
s Detween sexes. Males are rarely en-
erales commonly exceed 100 om SL.
cndition were examined, four females

(one 65 co* and three 100 cm size sroup {ish) and four males {35, 60, 70 and

80 cm size croups). This small sample at least indicates that the majority of

the Ravade catenr is of rmature fish. ne male wae from June, the cther seven

ripe fish were caught in April. Spawning preobably begins in April with the rising

*More mature females should

PN
2]
(o]

o~

be exanmined

befeore determinine minimun spawning



Speéies 3: Bogre Rayodo (Psevdoplotystomo foscigtum), Pimelodidae
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10 l n= 51
5 p—
High water occumulation
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Ficure 11, Annual, «<casenal, and <or oharacteristics

of

Ragre Ravadeoe.

leaxth fregueney distributions for



flood waters.

Stomach contents
Five Ravados were found with full stomachs. all containing {ish, specifically
voung Bocachice.  However, these samples were from November and December, the
months when large quantities of voung Becachico are forced te the rivers as
flood plain water diminishes thus they are casv prev. It's penerallv believed
that Ravado ig¢ piscivorous, however thew are caught as easily on hooks baited

with earthworms as wish fich,

Comments

The Ravade is captured in all gears except those using very large h- .c.

Good catches of Ravade cerme fronm longlines set in streams cennecting rivers to
‘lagecons and with castnets cver sand bars during the low water seascn. Hooks

and gillnets fished near sunken trees are also effective for catching Ravado.

*anagement reccrmendations

The majerity of the catch is of mature fish and mest of those that are

not are predadly males. Even though fish are fully recruited to the catch
at 50 cmz, 18% of the catch is of fish larper than 90 cms, most of which are

T

rature females. nus, there appears to be adagquiate survival for spawning.

v . L coe C . .
tisherden nave exvressed a desire for officia! =inimum size reculations for
ceazerical spe les, cupecially for those of importace. Thus woe recommend a rinimum
legpal =ize for carture of 30 oz SL (abous 60 o total lenptnd, o Precently this

woeuld cause no hardsnip as it weuld enly exclude 2.537 of the numerical catch

and virtually nene of the catch by wveight,
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The White Catfish - El Bapre Bahoso o Blaneo



Common name: Bagre "Baboso" or Bagre "Blanco"
English name: White catfish

Scientific name: e (fam. Pimelodidae)

“The Babeso ie similar in appearance to species of the genus
Bracrvplatvstoma, but the Baboso's wide flat barbles do not
conforn to the definitien of this genus.

Baboso are caught in a narrow size range between 55 cm (1.9 kg) and 86 cm
(7.5 kg) and average 74 cm (4.2 kg).
Conversion eguaticns for length and welght relationships are:

1. Log ©WT = 3.038 Leg SL - 5.00 (r™ = .82, n = 188)

to
~1
—
"
—
o
‘
1o
wn
-
+
ro
s
[
—_
s
]
o
v
o]
!
[S)
| ol
o
S

where EVWT = eviscerated weight in kg , and SL, FL and TL equal standard,

fcrk and teotal lengths in cnm Tespectively.

Length frequency distribution (LFD) analvses

Hign water and low water L¥Ds approach that of the vearly accumulation,

However, relativelv nmore larpge fish ( 70 cms) were caught during high water
( .01). Sample size was relatively small in the high water season as Baboso
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Species 4 : Baboso (Genus?) Pimelodidoe
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20 n =390

1

s High water occumulation
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are scarce at this time.

water seasen and the majerity of this, during the month of December.

Although the seasonal and annual L¥Ds appear unimodal, vigure |2 d and e

that the catch contains large females (66-85 cnm)

Figure 12§ further demonstrates that

the indepcndent L¥D: for mature {ish
distributions indicative of single

Thus, we nvpothesize that the

of mature fish. The Babtoso is not
in the Upper lleta svstenm for this part
Cnly cne Baboso was fownd with 4

assulie

abundance in the Upper Meta in December is to feed on

tiiese

of

fish

age classes,

expleited as

their life

flushed into the rivers as water level recedes,

are needed teo verifv this.

SCX

iboand

and smaller nales (55-75 ¢

are all of mature sizes and

appear to form ringle modal

cvcle,

it contained fish.

ienerally piccivorcus and that the reason for their great

voung Bocachice being

Management recommendations

Due to the shert season of
cvecle thet fishing zortalisy affects ¢
thev could be easily over-exploited.

however, a legcal minizunm

.
13
I

{g

elies

[

v

o restrictive measure is necessary,

size limit of 50

m could be

initiated to satisfv

PR » PP . - . .
fishermen's request for a definition of legallv exploitable fish,

U

U

'
i

).

\\' (2]

exrleoitatien and short peried during the life

About 90% of the catch apnears to occur during the low

revesl

Babosu fishery {s entirely for one age class

juveniles and mar not be present

iiowever, more stemach samples

t is thoughs vnlikely that



Pacu - La Zachama o Morocoto



Common name: Cachama, Cachama blanca, Morocoto
English name: "Pacu"

Scientific name: Ccloscoma bidens (fam. Characidae)

The Cachkama ranges from 44 cm (2.9 kg) to 66 cm (8.1 kg) and average 54 cn
(4.9 kg) standard length,
Conversion equations for length and welght relationships are:

"
1. Log EVWT = 2.521 Log SL - 3.681 (r~ = .78, n = 227)

Jn

2, FL =1.005 SL + 6.612 (¢~ = .8%, n

363)

3, TL = 1.080 SL + 8.098 (r2 370)

|
o
-~
-
o]
]

Length fre uency distribution analvses
High and low water LFDs approximate the vearly distribution but are different
( = ,01) with fish heiag senerally =maller during low water. The sizo ranie
is narrov and onlv cne mode is obvicus that being at 35 ¢m and probahly only
one age class s being exploized. However it appears that preperticnately mere

males grow to 20 - 635 ¢m than females. LFDs of mature fis] % show that the

ve
g

0
Kt
on
©
.

exploited population is ceatirels nature.
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Species 5: Cachama (Colossoma bidens) Characidoe
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Species 5: Cachama (Colossoma bidens) Characidae
Mature females

20 (Stages 4,5 and6)
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Figure 13b. Length frequency distributions of
sexually mature Cachama,



We examined 19 full Cachama stomachs and found leaves in 18 i.e., in 947,
Material considered fruit or fruit seeds including palm nuts were in 4 stemachs
(21%). Successful bait for Cachama include Grava or similar wild fruite from
flood plain trees, earthworms and fish. This diet indicates that the Cachama

is omniverous.

Comments

In the Upper Meta River, the rajoritv of Cachama are caught in April and
May as water is rising. Fish at this time are ripe and large catches are made
with drift gillnets indicating an upward migration. The migration also brings
fish to the Upper Meta in Preparation to move onte the flecod plain as it is
inundated. A rich food source of fruits, leaves and palm nuts is available on
th flood plain.

Cachama eggs are semi-bouvant and no doub: require scme degree:of turbulence
to keep thex from sinking. Thus its likelv that epzs are released into the

river current i upper areas of the svsiem,
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possibl- leaving the Upper Meta River arez before alewvins cevelep and move o
LuUTrsSery areas. we Dade several unsuccessigl jrTtemnts oo procure Cachama Iinger-

lings from ornarental {izhermen in Puerto Jaitan. apparently Jinperlings are
in this area but at verv low abundance. Biclogists in Venezuela have found

Cachama finzerlinys in the leower Orinoco and its possidle that the voung stacges
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During low water, Cachama are caught in castnets, pilinets and on hooks
as theyv concentraze in deep water pocls. Duaring hish water, hosns and oillnets

are still used. tooks are often {ishec near the surface for Cachama during this

season.
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Pacu - La Cherna o Cachara Neyra.



Common name: Cherna, Cachama Negra

English name: "Pacu'

Scientific anme: Colossoma macropomus (fam. Characidae)

Cherna ranged froo 48 c> (60 kg) to 80 cm (13.G kg) and averaéed 63 cm
(9.3 kg) standard length in the cormercial catch. A specizen of 19 kg, caught
by spert fishercen was seen by the authors.
Conversion equations fer length and weight relationships are:
1. Log EVWT = 1.698 Log SL - 2.111 (r2 = .69 n= 57)

-
2. FL 1.000 SL + 7.99 (r™ = .93, n = 124)

3. TL

’
1.006 SL + 14,907 (r~ = .81- n = 126)

Length frequency distributions (LFD)
Tne arnual LFD is unimodal. Ninetv-seven percent of the 127 Chernas
measurec were cauzht during the high water season.

Thus, high and low water comparisons

are not available.
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Species 6: Cherna (Co/ossoma macropomus) Characidae

Yearly accumuiation
> = 127
c 40|
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v 20}
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S0 55 60 65 70 75 80

cms

Fipure 14, Length frequency Jistrib:iion of Cherna in the
cormercial catch., YNost of the sample is from

Arril,



Eight mature Cherna (six males and two females) were observed. Seven
were caugit in April-Mav but one was from December. e belicve that Chernas,
although ripe during the low water season, do not spawn until the onset of
rising water in April-Mav. These data do not indicate si-e differences bv
sex but since the sample is small we are uncertain of this.

Only cne full stomach was cbserved and it contdned seeds of a hard fruitc.
Spert  fishermen catch Cherna on earthworms, chicken hearts and fish and

commercial fishermen often use VPlantain or Guav: ‘ruits as bait. Cherna is

reported to successfully feed on zooplankton when available.

Cherna is much less abundant
in the catch than the Cachama. Cherrne may be too large to be selected
by the tvpical 20 cm stretched mesh gillnet or too streng to be contained by
the net. 1t is commor that tillnets are badly damaged bv large fiéh which
usually escape afterwards.

ho restrictive measures are recommended for Cherna. Minimum legal size

of capture sheuld be 50 ¢m SL i.e., 65 co TL.



3.2.3 Lesser exploited commercial species

Nineteen specices make up about 20 percent of the commerical catch.
Species from thisgfroup are either scarce, small, not marketed, not wanted or
a combination of these factors. Tnus, individually these species contribute
very little to the tetal catcel

Summary statistics for these species as well as the six major species are
presented in table §. These include average size, mean size, size range by
sex in the commercial catch, lenpth and weight cenversieons and length frequency
statistics (mean, stancdard deviation and fample size) from veariv and secasonal
accunulations. Mean lengths by seasons
are in appendix V. TFhotographs of most species are in appendix vIi.

Specific data are not ava lable fcr the lesser exploited species. However,
some useful observaticns are piesented below.

Blance Poore and Mapurito are the most common of the lesser e}p]oited
species. Trey are caught using a variety of baits and gpears cspecially in
the widely used subsistence gear, the cachamero heer and line. During low
water the Bocachico, Curvinata and Curimata are frequently caught, mestly in
castnets and beach seines. Dorade and Valenten "Plumite" zales are never common,

but their greatest catch comes as the high water seasen begins and thev are
Considering fveding habits, the Pimeleodid catfish are generallv carnivorous

’ . ) . . :
(table 9), mostly cating fish. Taque and Mapurito stomachs contained crabs,

the latter species also ate insects and seeds.
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Table B: Deserlptive statistles fer 25 specles {n the commereial catch

standagrd Teapth (ems) FEvitieraroed welpht (kps) (females) - standard lenpth - (males)

. wlT‘-:‘—— .I;Orlr“j:T‘-lﬁf_. _ e n e ml‘-l_".‘ range n —ljl“?#ln rangge n
Amari | o (141) 1002 hy=147 20,7 (114) 9 A3-147  (9) “1 56-128  (13)
Apu (69) 597 A =70 3.2 (56) 62 55-68 (7) 583 50-66  (12)
Baboso (180) 64,2 5 5=80) 4.2 (192) 74 H6-85 (31) 63 55-75  (110)
Blanco Pebre (165) 4.7 13-81 2.0 (129) 48 35-62 (22) 41 I8-47  (10)
Bocachileo () 24 -40 0.65 (67) * Insulficient data
Barb Laneho (72) 50.5 35.0-75.0 2.1 (80) 58 51-65 (6) 42 35-62  (13)
Careinata (152) 41.3 1h-58 1.9 (122) 35 22-47 (15) 3 22-46  (15)
Coachama (437) 53.7 60-60 4.9 (227) 52 4 3-60 (42) 53 42-65  (56)
Cajaro (28) 75.7 42-100 8.6 (23) *
Curtrmata (20) 20.5 18-27 0.2 (26) *
Chaneleto 45 37.0 23-40 1.0 (40) 38 30-45 (4) 34 23-44 (13)
Cherna (127) H4 .3 48B-80) 9.3 (63) 65 58-77 (6) 62 58-59 (7)
iparito (70) 18. 0 23-51 1.1 (52) 15 23-47 (7) 35 26-43 (%)
Dorado (37) 814 ho-101 8.4 (27) xq7 84 - 100 (2) 70 79 (M
Paviara (51) 60 4 43-92 3.9 (39) 60 50-75 (7) 57 43-75 (3)
Palometa (55) 26.9 13- 732 0.76 (42) 28 27-31 (6) 26 23-30 (5)
Paleton (52) 96 2 62-141 6.3 (40) 112 90-134 (4) 81 67-105  (6)
Ricade T Gon 69.3 I1-112 4.7 (40%) 70 43-105  (289) 1 47-95 A0y
Sardinata (1) 492 J-61) L.a . . (10) 47 38-60 (5) 34 no data (1)
Sterra Caygona t6H7) 6H1.0 HO=-74 5.2 (34) 6H4 62-69 (6) 6] 57-69 ()
Sierra Copora (73) 54,9 40-78 3.1 (3) 61 50-78 (8) 5k 54=58 (4)
Sapuara (a) 350 -51 3.2 (35) * - T
Valonton (28) 1356 87-205 50.8 (26) 187 186-188  (2) 112 95-145  (7)
Yamn (21) 3.9 28-51 1.5 (18) 39 34-49 (4) 37 28-45 (2)

Yague (nh#) 51.8 -65 2.4 (60) 52 37-62 (6) 47 44-52 (3)




Table

9: Food from stomach:

Full Stomachg

3

of the 19 legsser tmportant specles of the Upper Meta River commere ‘al fishery.

In Sample Fish Crus- Detritus Insects Sceds Leaves Grass Fruit- Un-
taceansy Nut s Known

() Apty 2

3 Blaneo Pobro X

2 Bocachico X

0 _’.’.ylr‘“)[.lntfhn ?

5 Curvinata X X X

) Cajrro 7

() Curleata ?

2 ‘(—ll.\\ “leto X

3 Comagpent | X X X X

() Doyrovlo ?

2 Pavara X

4 Palometa X X X X

! Paleron X

1 Sardinata X

6 Sierra Capgona X X X

3 _f;.;‘:'_l' rﬁ.'l” ('.‘)P‘ yra

> Sapiara X b _

0 Yamu ?

3 Yeirgue X X




3.3 rishing gears. (Tepic 3)

3.3.1 Gears presently used for the capture of rood-fish.

Meta River fishermen use several tvpes of gear. This probably stems from
fishermen's varied backnrounds and to the arrav of exploited species and varietwy
of habitats in the fleood plain river svstem. Gedkr include giilnets, castnets,
several sizes ol single hook and line gears, lonslines, harpoons, hand eaffs and

beach seines. Bow and arrow and poisconing with rotenone "Barbasco” are rare in

the Upper Meta as these methods are mainly used by indigencus f{ishermen, few of

wno live in this area. ODvnamiting fish is practiced in the low water season,

jxe

nainly in small tributaries and -fually by tourists wwo are in the area only a
short while.

Gears most commonly used in the commercial {ishery are setlines, gillnets
and castnets. Set lines :an be classified as either single or multiple hook
lines. Tne fcrmer is further divided into ‘chorrosqueros' for small 0.5-2.0 ko
sized fish (Mapuritc, BlancoPobre, etc), the Cachamero for avera?cd size 3-15 kg

fish (Cachamas, Ravades, etc), the Amarillero which catches mastly Amarillo and

the Valentonero designed for Valenton. Multiple hoox lines generally have
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C llnets are of the '"shirtail' type, i.e., thev have no hottom line and

o7 Ta 0y Welpiats are oot used. Traditicnzlly sillnets hawe been fished station-
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ary, hut recently, especially amon “avel the rivers in moterized

ish buvers wi
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cances, drifs pillnet<ing has bezome roruLar. Jriftnetting intensifie: curing the
, ; '

SoEratlen seasons ol Lovemdber-lecember and April-lay

—

Laree mesh castnets are efficient gears for catching food-fish during the drv

seascn when waler s shallow and fish oare concen:tcated. (Throughout the vear
stall mesh castnets are usel for catching setline »aiz).

=ath qcear in relatien to the
standard (averaps sized) staticonary fiched fillnet, which is 20 cm stretched

mesh, 3./ meters deep and 18.5 meters long.
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Table 100 Contributlion of fishing pears to the Upper Meta River flshery during the 1978 hiph water season.

Nlllnttl‘l(f.‘ll. %oaf Z by welphe of Catch per unf* Relatlve No. of gears

fears In use total catch effort (k) cffleclency*  in the sample
Cachiamero 51 12 0.5 0.12 252
Amarillcero 18 27 3.2 0.76 848
Valentonero l - - - 4
Chorasquera 2 - 0.2 0.05 10
Long | tne 13 19 2.9 0.70 66
Gilloet 9 19 4.2 1.00 46
Castner 3 2 1.7 2.40 13
Bow and arrow 1 1 4.2 0.99 k]
Hisrpoan 2 19 19.2 4 10

* The etficiency of cach pear fn relatfon to the cateh per effort of a statioaary gillnet which was
arbitrartly asstened an ef ficieney of 1.00.

ROWe beliewe the actual cateh per unft effort for the harpoon {s much lower than our data indlcated,
and that althouph most tishermen carry a harpoon In thefr canoe while fishiing other gears, they only
report use of the harpoon when it was used successfully.



Table 11. Contribution of fishing gears to the Upper Meta Rlver fishery duriong the 1977-78 low water season.

Humerfcal 7 of Z by weipht of Catch per unle Relat lve No. of gears
pears In use  total catch cftfort (kgs) Eftfciency* In the sample
Cachamero 55 6 0.3 0.04 83
Amari{llcro 20 34 4.7 0.70 30
Valentonero 1 7 14.0%* 2.07 2
Chorrosquero - - - - -
Longl ine 7 10 3.7 0.65 il
Gillnct 8 21 7.3 1.00 12
Castnet 9 22 7.0 1.03 13
Bow and arrow - - - - -
Hand paff - - - - -
1 - - - 1

* The etflciency of each pear in relation to the eatceh per effort of a statlonary gillnet which was
arbitrartly asipned an ef flciency of 1.00.

¥ We are skeptteal about this larpe value: more samples are needed.
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Below 1 a summary of the relative quantities and efficiencies of fishing gears:

Cachamero: Abcut 53% of all gears fished are cachamercs, since they are inexpenslve

and easy to fish and maintain. Their CFr is the lowest of the commonly used gears

being about 0.4 kg per night. However since they are very numerous thev account for

127 and 6% of the tota! catch for the high and low water seascns respectively,

Amarillero: Thl: gear accounts for 18-207 of all gears in use., Catch per unit
effort (3.Z to 4.2 kg) is good, but actual frequency of catch is small since the

average sized fish per catch is about 25 kg.  About 300 of the fisherv's catch

comes from the Amarillero.

Long-line: 137 (highwater) and 77 (lewwater) of gears are long-lines, and they
account for 1% and 10. (high and low -ater) of the total catch. Although both

longlines and Azarillercs have efficiencies relative to the gillnet of about

0.7, the longline is less common.

Gillnets: B-9) of gears in use are staticnarv-set gillnets. They are about 1.4

tizes as efficient as lonclines and Amarillercs. However, since relatively few

v - ; . e e e . o

Eleohls are 1D use Inev atcownt feor onlv gbeut 200 of the tetal catch., The gillnet
. .

captures Tans s, several of which are herdbivorous and are not causht on hooks.

Thus the pillners effoct is divided among Tany species and without it scme species

would be seldem exnleited.,

Castrets: During the high water seascon castnets are not efficient (0.4) and are

[
seldoz used (37 ¢f total pears) for foasd-fien In contrast thev are common (90 of
gears In use) and contribute sipnificantly (223 of total catch) to the low water
catch A clal castner fishery for Frochilviue in fiecod water lapoons has
not develeopodin the Mota svstem. This mav be due o the abundance of larger fish

or to the abundance of pirana  and sunken trees in the lagoens which can severelw



We have very little dsta en Chorresqueres, Valentoneros, harpoons, hand gaffs,
and beach seires. This is, in some cases, related to the small amount of effort
expended using tiese gears, their short season of use, or in the case of seines,
reluctance of fishermen to admit using an illegal gear. Data on these pears
presented in tables 12 and 13 in section 3.3.1, sh culd be viewed in this light.

Most food fish spacies mav be captured in any of several gears. The pear
Tost selective, for which we have sufficient data, {s the Armarillero. 1t captures
mostly Amarille, Cajaro and Valenton with the former accounting for necarly the total
catch. Gears least selectivethroughout the vear are the cillnet and loneline. The
castnet accounts feor nearly all the cateh of Bocuchicoe and Curvinata and nearly

1007 of Apux, 707 of Pavara, 30% o

Xnowledge of the gears being used to expleit the commercial species has

several uses for the {isheries manager. It will be evident for instance that no

[N
v,

single gear is having a major effect on the fisherv. This disproves a popular

theory that the gilinet {: ruining the fisherv. Alsc, some pears select a wide

range of srecies, thus cne should be caucious ahoit prohibiting a gear such as the

gillomet or loniline 35 a nethod of reducing the cutch of one ¢r two heavily exploited
specing It would be better te restric: the sale »f the speclies as a method of

ishermen rather

»y

Sapuara, =2tc. and in this wav rresote an alternative catch to
than sizply a restriciicn of effcre.
SoT2 species such as the Amarille and Valenteon are caught dv gears designed

specifically {or these species. Thus if one wished to reduce the Amarillo catch,


http:isher.en

a prohibition of the use of this class of setline would be effective and have
virtually no direct efiect on the catch of other species. The same would be
true »f putting a ban on the use of hand gaffs,

Results in tables 12 and 13 are based on data from fishermen interviews.
For many specivs and gears little data wereavailable. The 1980 CAS will provide

additicnal data which can be used to improve the accuracy of the estimates,



Table 12, Percentage cateh for each specles accounted for by cach type of fLlshing gear, high water

scason, 1978,

>
D
o]
o 1]
Q L3 —
0 = = o
9 LY Q 1] 8
a — n [ [V o [ =4 (o]
1 — [} o LY W Q n o
o ol | — [ o4 =4 Q L
£ b b — o p W ot
3] ! Q o — ) 3| O '~
[b] £ fod (o} - 3 [o] 3¢} Q
1 T ta o 2] (Y Al 1] Pl 33
Clupaldac
Sacdinata
(Pellona flavipinanls) 100 (2) -
Characidace
Cachiiamn 26 36 37 2 (29) 9.4
((il)]n:;‘;nﬂl.i bildens)
Cherng 100 (8) 4.9
(G dossoma brach vpomus)
Palomet.: 5 29 48 10 10 {(14) 0.7
(_;'!:,'_]'(:i‘.;_(_'lll_.l duriventris)
Carib. 11 89 (45) 1.5
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Conodont {dae
Pavara 9 41 50 (7) 1.8

(Hydrolteus scomberofdes)
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Prochitodont fdae
Bocachico | 27 72 (26) 1.
(Prochi lodus ma riac)
Sapuara 88 13 (3) .5
(Sema roc iatlceps)
Doradtdac
Slerra coporo 46 23 26 5 (13)
(Oxydoras niper)
Slerra cargona(?) 68 5 27 (12)
Plmelodidace
Yalenton 100 (1)
(Brachyplivystoms vaillanetl)
Apue 80 20 (2)
(Brachyplarzstoma Juruense)
Dorado 25 48 27 (5)
(Brachzplatystom sp. 1)
Babaso 26 42 32 (2)
H
Blanca pobre 63 32 1 4 (20)
(Brochyplatvitoma sp. [T )
Mapurito 100 ()]

(Callophyias macropterus)
Stiiephlane macroptoeras
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Catarn (ml_!’_._l—l‘_fl)(—'_l'l_il.'\lllﬂ 28 72 (2) 1.5

hewtlbopterus)

Bagre Pavado 18 2 45 20 10 0 4 (64) 2C
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Cucharo 100 (1) -

(:;”r”,l,i”f ,l.il'.'—‘)

Paleton 100 (1) -

(Sorubimichthys planiceps)

Plinelolldae

Yauque 100 (6) 1

(Sciates miemoratus)

Amarfllo (7) 7 62 1 11 14 (26) 1.9

Barbtancho (7) 71 29 {3) _

Tiyrito 76 24 (4) 1.7

(L'..lil_l_(:il_ lutkenti)

Apenfosidae

Charcleto

(Apeniosus sp.)

Scianeni.gne

Curvinata or Burra 33 44 22 (3) 0.3

sample number — 302 figh

sample welpht = 1519 kg



Table 13. Percentape cateh for each species accounted for by each type of filshing gear, low water
scason, LY77-78.
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Clupeldace 100 (1) -

Sardinata
(petlona (Mavipinals)

Charactldae
Cachama 27 35 39 4) 3
(Colosioma bidens)

Cherna
(Colossoma brachvpomus)

Palometa
Melossoma dariventris)

. 100 {1)
jrana
E_-‘.z_u,r;}: silms spp.)
Cvaodontidac
Pavara 29 71 (2) 1

(Hydrollcus scomberolden)

Prochilodont {dae

Bocachico 100 (2) C
(Prochilodo. pariae )

Sapuara

(f_;_(iﬂ:li’.‘r_l)_t;f_li_lk"'_i.lg Lat teeps)

Doradidae

Sierra (‘npur'.’] 100 (1) 0
(Qdonas niger)
Sivrra fagona 100 (2) 1
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sample numboey

sample wels it

77 fish
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3.3.2 Experimental gears

During each CAS field trip we fished experimental gears. The tvpe of gears
used depended on water conditions, availability of baits and the proximity of
fishable habitat. The purposes of experimental fishing werc nanv:

1. To deterrnine if exotic pears could make useful contributions to the
existing catch or would be useful sampling gears for research
purposes. Our exotic gears included monofilament gillnets in
a wide range of mesh sizes, circle hooks, hoop nets and box
traps.

2. To determine what the species composition of the catch would be
from traditional gears. Gears being tested were multifilament

'shirt tail', gillnets, longlines, single hoox lines and beach
seines.

3. To deterzmine the size composition of the catch from larger and
smaller mesh sizes than the standard 20 cn (8 inch) stretched
mesh presently used by Meta River fisherrmen.

<. 7o exanine {frech wvhele fish, collect ovaries and stomachs for
analvses, daternine szage of sexual maturity and evaluate degree
cf parasitisz in the bodv cavity

>. To obtain specizens for zaxconomic anaivses and as a reference

cellection.

3.3.2.1 Multifilamen: cillnecs.

Gillnets used b+ Meta River fishermen are hand made from multifilament nvlon
twine. Almest 51l nets are 2U-crm stretceh mesh and are of the 'shir: tail’ tvpe,
i.e., they have no bettomline. This prevents any serious entaglements with submerged

tre2 limbs, etc.
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We fished 15-cn, 20-cm, and 25-cm mesh nets to see what changes in catch
would occur by increasing or decreasing mesh size from the standard 20-cm mesh.
Fifteen - cm and 20-cm meshes had nearlv the same catch rates, i.e., 1.10 and 0.91
kg/net respectivelv., Catch in 25-cm mesh nets was ruch less, j.e., C.11 kp/net.

Catches in rivers were better than ‘rom still water, especially for the 20-en
mesh. Possiblv there are relatively more small fish in lagoons than rivers.
Numerically CPE was better in 15-cm nets, but average size was larger in 20-cm
nets.

We found no significant difference in the 15 cnm and 20 cr mesh catches.
However, the l3-cm wesh did catch some species wnich usually do not grow large
enocugh to be caught in 20-cm meshes such as the Sapuara and Yamu. Thus, although
there is no advantage in CPE by weight, the 15-cm mesh would be a method of catching

species which unti1l now have been only marginally exploited.



Table 14. Specie’ composition and catch per unit effort in multifilament

gillnets of three different mesh sizes

(a,b, and c).

Dimensions

of the gpillnets were approximately 18.5 m x 3.7 meters, i.e.,

the average size of commercial nets.

(a) 15 cm mesh

Yanou
Pavara
Sapuara
Ravado
Cucnaro
Panaque
Curvinata

Pavon

(b) 20 cw mesh

Sardinata
Cachama
Palcmeta

Deracdo

(c) 25 em mesh

Cachara

Rivers (15 nets)

means
n  length weight
1 46 2.33
3 68 3.72
1 26 0.5¢C
3 44 1.42
fish/net = 0.53
wt/net = 1.22 kg

Rivers (26 nets)

=2ans

n length weight
1 -- 4.5
5 3.21
1 29 0.91
1 £ §.67
fish/net = 0.31

wt/net = 1.17 kg

Rivers (17 nets)

Toeans
n lengtu weight
1 Wa 2. 90
fish/net = 0 DA

wt/net = U.17 wp

Lagoons and

means

canos (13 nets)

n lenpth weight

2 56 2.82
1 41 2.33
1 -~ 0.30
2 40 ~ 0.85
fish/aet = 0.46

vt/net = C.'7 kg

Lagoons and

T2ans

caros (9 nets)

n length weight

2 27 0.72
fish/net = 0,22
vt/net = 0.16 kg




3.3.2.2 Multimesh monofilament gillnets (MMG)

Eleven commercial species appeared in the MMG catch (Table 15) i.e., Sardinata,
Palomepa. Yamu, Fayara, Sapuara, Bocachico, Sierra Copora, Sierra Cagona, Apuy,
Chancleto and Curvinata. However, this represents only 44% of the 25 species
present in the commerical catch; none of the six primary species which make up
80% of the commercial catch by weight were represented in the MMG catch (See sect.
'2.33). We fished the MMG in many habitats and during all seasons of the vear;
it's unlikely that species which are selected by pillnets as adults would be
completely resistant to capture when smail and more abundant, We believe that
many commercial species spend their juvenile lives in areas other than the Upper
Meta River system. Bayley (ibid) and Codoy, (ibid) found that many species of
South American Characids and Pimelodids wigrate great distances (600-700 km in
one direction) in river systems and spend much of their lives in lower reaches,
returning upstream mainlv'to spawn,

A total of thirty-six species were represented in MMG catches] 11 of these
are commercial species and another 11 are ornamental, Thus 14 species in the
catch are presently not exploited. Many of these are small, however, the Pavon
(Peacock Bass), Descarnador, Capitan, Cucharo, Dorada, Platanote, Dormilon,

Pavarin and Pirahna are abundant and grow to 0.5 kg or larger and would be

[aa ]

ishervy.

accepteble in a subsistence
The amount of commerical food and ornamental fish in the MMG catch is small
anc generally of species of minor importance to existing fisheries. The
[
exceptien is the Sapuara, which is eprOited both for food and ornameantal purposes,
Its catch is small in both ficheries, however. As a means of increasing the
harvest from the Upper Meta system the introduction of small mesh nets, i.e., 10-
15 cm meshes would be a possible way. A broader representation of the fish
conmunity would then be exploited which should have a stabilizing effect on the
comunity,

R



Table 15. Species composition in experimental monofilament gillnets fished
overnight in standing water (lagoons and canos) and moving water
(rivers) habitats. Mean weights, mean lengths and standard
deviations of mean lengths are also presented. Data are from 24
gillnets fished in standing water and 21 gilinets fished in
moving water. The gillnets have an area of 13.9 square meters.

a. 2" stretched mesh

numerical catch mhans standard
lagoons Rivers weight/length deviation of
Species and canos in kg. in cm. mean length

(Clupeidae)

Sardinata 1 - 1.20 42
(Characidae)

Arenca 9 4 0.10 15.1 0. 38

Cateorion 8 - 0.10 8.8 0.45

Moneda 1 - 0.05 13.0

Talceneta 1 - 0.05 23.0

Pirana 4 - 0.10 11.0
(Ervthrinidae)

Dormilon 3 - 0.15 21,0 1.41
(Ctenoluciidae)

Agujon 4 - 0.35 36.3 2.87
(Cynodontidae)

Pavara (Cvnodon) 23 5 0.20 19.2 1.47
(Prochiledontidae)

Sapuara 7 2 0.10 15.0

Bocachice 15 - 0.10 14.3 3.37
(Anostomidae) '

Lepcrino 5 - 0.20 19.5

Platanote 3 - 0.30 27.5

Botella 1 0.20 18.0
(Heniodontidae)

Tijero 1 , - 0.15 17.0
(Deradidae)

Dora 1 - 0.10 20.0
(Pineledidae)

Dorada 1 - 0.10 20.0

Cucharo 1 0.33 36,0

Nicure - 1 0.10 14,0

Platvsilurus malarmo - 1 0.10 22.0
(Ageneipsidae)

Descarnadoer - 5 0.15 22.3 5.5
(Loricariidae)

Cucha 2 - 0.10 11.5

Alcalde 13 - 0.08 24.3 1.67
(Sciaenidae)

Curvinata - 3 0.20
TOTAL 104 21
CPE (fish/net-night) 4.33 1.00

(kg/net-night) 0.67 0.15



Table 15(b). 3" stretched mesh

Species numerical catch means standard
lagoons rivers weight/length deviation of
and cancs in kg. in cm. mean length

(Clupeidae)

Sardinata 1 - 0.50 43.0
(Characidae)

Moneda 7 - 0.20 14,8 0.50

Pirana 15 - 0.19 16.3 2.67

Catoprion 1 - 0.15 14.0
(Erythrinidae)

Dormilon 4 - 0.40 28.5 1.29
(Cvnoluciidae)

Agujon 2 - 0.38 37.0 4,24
(Cvnodontidae)

Pavara (Cvnodon) 14 1 0.30 28.1 4,22

Pavarin 14 - 0.40 37.9 2,71
(Prechilodontidae)

Bocachico 2 ~ Q.25 17.5 4,95

Sapuara 8 - 0.20 19.0 1.83
(Anostomidae)

Leporino 1 - : 0.40 27.0

Platanote - 1 0.70 33.0
(Hemicdontidae)

Iijero 7 - 0.30 27.0 1.41
(Gyzmnotidae)

Cuchillo 1 - 0.20
(Pimelodidae)

Barbiancho - 1 0.58
(Ageneicsidae)

Descarnador 3 - 0.25 25.7 8.69

Chancleto 5 - 0.30 26.0 3.39
(Sciaenidae)

Curvinata 3 17 0.70 27.4 4.44
TOTAL 88 20
CPE (fish/net-night) 3.67 0.95

(Eg/net-night) 1.08 0.64



Table 15(c). 4" stretched mesh

Species numerical catch means standard
lagoons rivers weight/length deviation of
and canos in kg. in cm. mean length

(Clupeidae)

Sardinata 2 - 0.75 37.
{Characidae)

Yamu 1 - 0.50 28.

Pirana 3 - 0.35 18, 2.79
(Ctenoluciidae)

Agujon - 1 0.45 41,
(Cynodentidae)

Payarin -1 - 0.50 39.

Pavara 2 -1 0.99 41, 4.79
(Prochilodontidae)

Sapuara 1 -~ 0.40  26.
(Doradidae)

Sierra Copora 1 1 2.40 49, 12.7
(Pimelodidae)

Capitan 1 1 0.25 35, 8.49
(Ageneiosidae)

Chancleto 3 - 0.68 35, 2.65
(Loricariidae)

Cucha 1 1 0.25 27. 5.66
(Sciaenidae) ’

Curvinata 1 - 0.70 33. 2,31
(Cichlidae)

Pavon 2 - 0.70 29,
TOTAL 19 5
CPE (fish/net-night) 0.79 0.24

(kg/net-night) 0.54 0.21



Table 15(d). 5" stretched mesh

Species numerical catch means standard
lagoons  rivers weight/length deviation of
and canos in kg. in cm. mean length

(Characidae)

Palometa 2 - 0.50 24.5
Pirana 3 - 0.52 24.5 0.71

(Ctenoluciidae)

Agujon 1 .- 1.00 46.0

(Cynodontidae)

Pavara 1 - 0.7C 30.0

Pavarin . 2 - 0.45 42.5 4.95
(Prochilodontidae)

Sapuara 1 - 1.00 32.0

(Doradidae) .

Sierra Cagona 1 - g.60 72.0

(Pimelodidae)

Apuy - 1 0.75 51.0

(Ageneiosidae)

Chancleto 2 - 1.20  42.5 2.12

(Loricariidae)

Cucha 2 - 0.40 22.5
Cucha Real - 1 0.70 28.0

15 2

TOTAL

CPE (fish/ner—night) 0.63 0.10
(kg/net—night) 0.79 0.07



Table 15(e). 6" stretched mesh

Species numerical catch means standard
lagoons rivers weight/lenght deviation of
and canos in kg. in cm. mean length

(Characidae)

Palometa 2 1 0.50 24.3
(Cyvnodontidae)

Payara 1 - 1.75 51.0 7.07

Pavarin 1 - 0.53 41
(Doradidae)

Sierra Copora 3 - 2.04 49
(Loricariidae)

Cucha 1 2 0.40 24,3 3.21
TOTAL 8 3
CPE (fish/net-night) 0.33 0.14

(kg/net-night) 0.41 0.06



The decreasing number of species in the catch as mesh size increases, i,e.,
24, 18, 13, 11, and 5 species for 2, 3, 4, 5, and 6 inch meshes respectively,
indicates that most species don™t grow large enough to be caught in the present
commercial fishery which generally selects for fish larger than one kilogram,

A large percentage of the catch in small mesh nets is of piscivorous
predators, with 82%, 64%, and 36% of the catch by weight from 3", 4", and 5"
meshes respectively being piscivorous. (Tablel6),

Payara*, Payarin, Curvinata and Chancleto are the main predators in these
mesh sizes. Payarin form dense schools in the lower reaches of canos and prey
heavily on voung of the year as they move from lapoons to rivers in the latter
part of high water season. Marten (1979) has shown that reduction of predators
by harvest should be considered a potential tool in fisheries management and this
mayv be practical for the Upper Meta syvstem.

Description of the catches from 45 MMG nights fished over a two vear period
are given in table Catches are much better from lagoons and canods (standing
water environments) than from rivers and more individuals of a great varietv were
captured there. The only species which was noticably most important in river
catches was the Curvinata (Drum) in 3 inch mesh,

The pznels used in the MMG are 6 ft. deep by 25 feet long which presents an
area 20.37% that of 2 standard Meta River commercial fishing net (3.7 m by 18.5 m),
Thus if the CPUE for the MMG nets is multiplied by 4,91, an estimate of what
catches would be if the MMG nets were of equal area to traditional nets can be
ceterzined (Table 17). MMG catches are generally a little less than the catch from
comiercial gillnet (See sect. 3.3.1). We would expect catches in small mesh

nets by experienced fishermen to compare favorably with catches from tradtional gears,

*Generally not young Scombroides. but adult Cvnodon sp.
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Table 16, Percent predatoré by weight of total catch in experimental gillnets.

Mesh sizes of monofilament gillnets

2" 3" 4" 5" 6"
Sardinata 6% 1 9 — _
Pirana 2% 7 6 8 -
Dormillon 27% 4 - —_— -—
Agujeta 7 2 3 5 _—
Payara (Cynodon) 29 11 17 3 16
Payarin - 14 3 4 5
Cuchillo R 1 —— - —_—
Barbiancho - 1 - - --
Cucharo 2 - - - -
Capitan - -— 3 - -
Apuy - - - 4 —
Descarnador 4 2 - - _—
Chancleto - 4 11 12 --
Curvinata 3 36 4 - —_—
Pavon - - 8 _— -

TOTALS 55% 82% 647% 36% 21%



Table 17. Predicted weight of fish which would be caught per net night if the
monofilament panels had the same area (68.5 m2) as an average gill-
net used by Meta River fisheruen. The conversion is one commerical

net equals 4.91 experimental panels.

Mesh Size Lagoons and canos River
2" 3.29 kg 0.74 kgs
3" 5.30 kg 3.14 kgs
4" 2.65 kg 1.03 kgs’
5" 3.88 kg 0.34 kgs

6" 2.01 kg 0.29 kgs



Since monofilament gillnets are expensive, unavailable in most of Colombia,
and difficult to repair, a small mesh fishery using small diameter multifilament
nylon might be more practical.

Date in Table 14 can be considered a baseline for future comparisons to
estimate effects of fishing or of evnironmental modification. Also they should
be used for fisheries extension officers to show potential small-mesh fishermen
what catches they can expect with such gears.

3.323 Fishing hooks

During the 1978 high water season we fished 43 traditional and 27 circle
hooks on long lines and caught no fish, However, overall catch per effort for
traditional long lines (10 hooks each) including all1l977-198sets was 0.26 fish
or 0.94 kg (n = 42.7 lines); and for circle hooks 0.13 fish or 0,38 kg (n = 7.9
lines). Table 18 a and b show statistics of the catches prior to the 1978 high
water season.

Long lines baited with fish or earth worms caught a varietv of catfish
species as well as the Cachama. During the rising water season of April-May, we
vaited sowe hooks with wild fruits but caught nothing. 1In a field trip to the
Guaviare River in 1979, we were able to capture Cherna using plantain as long line
bait.

Experimental catch per unit effort by weight for long lines is similar to
that for traditicnal gillnets. Species compositions differ, however, since long
line catches are dependent on feeding habits, while selection in gillnets is not.

[ 4
Thus the Sapuara , Yamu and Panaque, which are generallv considered to be
herbivorous or detritus eaters, would not be expected in the long line catch.

A fisherman owning both long lines and gillnets can fish a wide variety of

habitats and take advantage of more conditions in the hvdrolegical cycle, as well

as the seascnal availatilitv of 'bait,
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Table 18. Experimental catches from long lines

(a)

Highwater 1977

Blancn Pobre
Cachama
Barbiancho

Bagre Ravado

Traditional hooks

292 hooks

n xsl

2 44.5
59.5

1 56

2 65

Circle hooks

xwt (kgs) No data

1.48
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Lowwater 1977-78

Azarille

Blanco Pobre

Chancleto

Fish/10 hook line = 0.24

wt/10 hook line = 0.83 kg

92 hooks
n xsl
1 85
2 39
1 45

52 hooks
vt (kg) n xsl xwt (kg)
12.25

0.99

1.55

Fish/10 hook line = 0.43

wt/10 hook line = 1.72 kg

Fish/10 hook line = 0,19

wt/10 hook line = 0.58kg



Single hook setlines include the Cachamero, Amarillero and Valentonero
(Table 19). We fished Cachameros baited with earth worms or fish; all catches
were made with earth worms. The Cachamerc is the simplest and least costly and
is commonly used for subsistence fishing.

Amarilleros and Valentoneros are expensive, require live fish or pieces of
large fish for bait and have a véry low numerical catch per unit effort, Sampling
with the larger hook gears is time consuming and is not likely to produce

meaningful information.

Table 19. Experimental catch from three types of hook and line gears.
Single hook set lines
Cachameros (13 hooks fished)

means

length (km) weight (kg)

Blanco Pobre 1 55 2.80
Nicuro 1 23 .25
Sierra Cagona 1 62 5.59

fish/hook = 0,23

wt/hook = 0,66 kg

Amarilleros (4 hooks fished)
no catch

Valentonero (1 hook fished)
no catch

3.3.2.4 Box traps
We fished a box trap (4 ft x 15 in., x 15 in.) made of wooden slats spaced
wide enough apart to allow mov:ment of water through the trap. but retain most

fish larger than 10 e¢m SL., Fish were removed dailv for 31 consecutive davs
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beginning February 1, 1978. Forty-eight fish from six fam’lies, mostly loricariids,
were captured (Table 20). Size ranged from 10 to 25-cm. Alvhough these fish are
large enough to be eaten, they are also the sizes used to bait Amarillo and
Cachamero setlines. Thus the box trap could be useful to Meta River fishermen.
3.3.2.5 Hoop-trap nets

We fished a 9~hoop, 5-foot diameter hoop trap twice in 1977 during high water
phase in the ManaccaiasRiver and the Cano Mirriba, but caught no fish, Fish had
entered the trap, but they escaped by ripping hopes in the nvlon netting. During
the falling water phase, we fished the trap in a cano near La Pollata, Our catch
"as two large Pirana and a Rayado which had been reduced to a skeleton bv Piranas.
Fish had again cut holes in the netting. We fished two traps in the Manaccaias &n
February 1978 (low water), but caught nothing.

We then builttwo 10 by.lm wings of 10-cm mesh and attached them to the trap.
We fished the trap with wings in a cano near the Manacaias River gnd captured a
Pavon of 0.6 kg and a Sapuara of 0.3 kg.

Hoop traps could be a good sampling gear if they had wings made with lead
core bottom lines and if wire mesh was used rather than nylon netting. The weights
on the wings we fished entangled badly, so that we needed about one hour to set

the trap.
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Tabtle 20. Experimental catch from a 4 foot long slat-box trap fished for 34

consecutive days during low water season, February 1 - March 5, 1978.

n mean length (cm) nunber/day

Characidae

Pirana 1 - 0.03
Anostomidae

Platanote 1 25 0.03
Pimelodidae

Nicuro 1 20 0.03
Ageneiosidae

Descarnador 4 - 0.12
Loricariidae

Cucha 40 13 1,18
Cichlicae

Bocon 1 10 0.03

TOTAL: 48 1.42 fish/day



4,0 RECOMMENDATIONS

A. Liberalize restrictions on use of fishing gears.

Presently onlyv gears using fishing hooks or cast nets with a stretched mesh
of 7 cm or larger are permitted. Besides fishing hooks, we advocate the use of:
(1) gillnetswith scretbhed mesh size 18cm. These nets should not block
more than one half of any waterway whether it be a large river or small stream;
(2) castne.s of any mesh size. Small mesh nets are used to catch bait fish
for hook and line gears; (3) The harpoon and bow and arrow should be declared legal
gears; and (4) The hand gaff, used by skin divers to capture large catfish should
also be legalized, but an analysis of its catch composition and relative ef-
ficiency in relation to other gears should bedone. The legality of the hand
gaff should then be based on the results of that analysis.

The use of the beach seine for food fish should not be permitted until its

aatch composttion itrknown and its overall effects on the catch of other gears
and on the well being of the fishery as a whole is determined. If enforcement in the
future is sufficient to eliminate illegal seining, comparisons of catch per effort
of fishing gears for the species most selected by beach seines should be made
between 1978 and the vears to come when ne seining occurs,
The reason for this and for th: proposed san:ztioning of the seine is more social
e

than biological since nearly all fishermen beli-ve that illegal beach seining is
the ca:fe of decreased catches during the low water season. This hvpothesis should
be validated or disproved and appropriate legislation for the use of beach seines
then should be based on the invertigation results. Beach seine research should

be done with the aid of experienced beach seine fishermen who would be hired on

a daily basis by INDERENA.



B. Improve the collection of commercial catch statistics.

A data sheet should accompany each fish transport permit (salvoconducto)
and transporters should be required to write the number of each species and the
total weight of all fish in the shipment. Date of transport, source area ind
shipment destination would also be recorded. The data sheet should be given to
the last rcad checkstation ("reten") before reaching the destination or to an
INDERENA office when requesting a new transport permit. Periodically an INDERENA
inspector should accompany transporters from the 'reten" to the unloading site
to check on the validity of the data presented. To assist transporters, more
liberal time limits should be put on the duration of a salvoconducto. Fish
transporters complained that since salvoconductos are only valid for thrc.e days,

many are out dated before fish are available for transport.

C. Regulation of the Commercial Catch,

The present species composition is mostly large predatory species which may
be considered inefficient converters of the basic productivity in the Meta system.
Many South American river fisheries, such as the Magdalena, are based on Prochilodus
SpPp., algae and detritous feeders. In the Meta River, the Prochilodus and various
less desirable (as food fish) herbivores are generally considered bait fish for
the catfish fishery.

However, due to the relative scarcity of suitable habitat in the Upper Meta:
svstenm fer detritavores, it is uncertain that a large reduction in predacious
fish weild result in a corresponding increase in the abundance of Bocachico and
Sapuara (family prochilodontidae). It is just as likely that the numerous small
Loricariids, Characids, and Pimelodids which feed on algae and detritus would
inherit the svstem and no great fisher; resources would remain. Another reason
for maintaining the existing catch composition (and community structure) is that

the large and varied food fish species (25 in all) as well as the varied preyv



species which evolved in the system are probably using all available food sources
and are presently providing adequate return on the fishermen's investment. Also
to be considered is the large and increasing number of Colombians who vacation

in the Eastern Plains primarily to participate in the sport fishery. They
especially would be disappointed by a marked reduction in the populations of
large catfish and characids.

In consideration of the above discussion, we propose that on the basis of
the length frequency distributions and relative species abundance as defined for
data collected during the time interval rebruary 1977 - March 1979, comparisons
be made with future catches to determine when significant deteriorations occur
in any given species. Management will be done on a species by species basis.

The following assumptions should be considered when interpreting changes in the
catch:

1) It is characteristic of a fished population that as fishing.mortality

increases the population structure attains a decreased average age (sice)

2) Total catch, although requiring an increased amount of fishing.effort, would
increase as long as the population is below its maximum sustainable vield.

Wnen a reduction in the mean length in the catch of a speciec is ubserved,
the new mean lergth should be compared to the mean length of the 1977-78 base
line data. A statistical (Student's t) test will reveal if probable that
a real difference exists or if such a reduction is tvpical considering the
variability in lengths which naturally existS in the samples.

’

If a significant difference exists, and vet the mean length is still greater
than the minimum spawning length (MSL), defined as the length at wvhich at least
50% of females are in mature sexual condition, just prior to spawvning season,
ne catch restrictions are necessary. Some reduction in average length should

indicate that an increased total catch is forthcoming.



If the average size has been reduced to a length less than the MSL,.restric—
tions may be in order to prevent overfishing. Restrictions would be better
justified if it were also known that total catch (weight) of the species was
also decreasing. Suggested management actions are: (1) Legisiate a minimum legal
length of capture (MLC) which would move the mean length of capture upward above
the minimum length at spawning (}SL): (2) The MLC'S should be published in an
INDERENA bulletin which should be adequately dispersed to fishermen and fish
traders; and (3) INDERENA inspectors should monitor the marketed catch frequently
in Villavicencio, Bogota and when possible at fish landing sites along the rivers.
Illegal-sized fish shaild be confiscated, violators summoned to court or at a
ninimum they should have to appear at an INDERENA fisheries office to discuss
the necessity of the minimum size restrictions.

Many species in the Upper Meta River catch are not encountered when immature
(for example, the Cachama, Chernz and Babosc) and it is likelv that the early
life history stages are passed in areas distant from the fisherv. In this case
the fishery exploits very few age classes and the population response to increased
harvest is nct likely to manifest itself as an increased proportion of small size
fish in the catch. Rather, an increase in total catch caused by increasing fishing
effort would persist until recruitment to harvestable size had been reduced by
insufficient reproduction. An indication that management inputs are needed w0u¥d
be rapid reduction in total catch of the species and corresponding sharp decreases
in its catch per unit effort.

’

To reduce the catch in such a case, an MLC could be legislated, possibly at
the existing mean length of capture. This would ensure that an increased percentage
of the stock was protected from fishing mortalitv.

An alternative protective measure would be to prohibit harvest of the endangered

population during a specified season. Data is available showing the seasons
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when fish are most vulnerable to capture. A closure during the vulnerable
period would effectively reduce catch.

Marketed catch can be controlled since these fiéh pass through concentration
points such as the Puerto Lopez landing, and the Villavicencio and Bogota markets.
INDERENA inspectors can easilv sample these catches to see if laws are being violated.
Fishermen compliance with minimum size or closed season regulations depends
on whether or not fish are to be marketed amdwhether the fishermen needs the fish
for home consumption. If the latter is the case an illegal fish probably would
not be released. However, if a fisherman also catches legal-sized fish and if
he believes in the basis for the law, the small fish may be released. Thus, it
is important that the fishing community be made aware of the principles on which
management decisions are made. Possibly public meetings sponsored by INDERENA
would provide fishermen the opportunity to contribute to management decisions.

1f restrictions on some species are legislated, INDERENA should .suggest
alternative species which are less exploited and tell fishermen whiéh gears

are most useful for the catch of these species.

D. Future mzuacement potential - the surplus vield model.

The CAS can in a short time (1-2 years) provide estimates of harvest and
fishing effort Yowever,it is intended to ultimately provide an estimate of
maximum sustainable vield (MSY) of the fishable stocks. To arrive at this
-estimate, and that of the corresponding optimum level of fishing effort, annual
catch ;kd fishing effort must be estimated from two distinct stages in the devel~-
opment cf a fishery. Most useful estimates of catch and effort would be from

times when the fishing effort had remained constant for at least three vears.

Stable effort intervals allow the compensatorv mechanism in popluation growth
to respond to a particular effort level and effect a stable recruitment and

catch per unit effort.



When MSY and optimum effort are estimated they can be compared to the exist-
ing harvest and fishing effort to evaluate the existing fishery.

If the fishery is underfished, increased effort can be applied byv:

(1) Permitting existing fishermen to use more effective gears such as

beach seines, improved svnthetic materials for gill nets and
possibly traps or circle hooks, or

(2) Through the news media, inform people that a respectable living can

be made by fishing and farming along the Plains rivers and that the
present density of fishermen is low in relation to that which the
system can support. Government loans for relocating and purchase
of fishing gears should be considered.

If the existing level of effort is found to be excessive, resulting in a
reduced total catch as effort increases, immigration tc the fishery should be
discouraged, and minimum and possibly maximum length limits should he set to allow
adequate spawning. Existing effort should be directed toward the léast ex-
ploited and less affected species such as (in the Meta svstem) the Doradid cat-

fishes, the Pavara and the Bocachico.

-

f fishing effc

at

t is found to be correct for achieviag MSY, irmigration to

the Zishery sheould

e8]
2]

ain de discouraged and careful monitoring should be main-
tained to ensure that all species are being expleited and that a few species
are not heing over~exploited while others are lightly fished. This would be
done thjough analyvses of length frequencies and relative abundance in species
composition.

Management of a fishery is like maintaining an automobile, it requires periodic
checks, repairs and especially tune ups, in the form of increasing or decreasing

effort through length limits, season and species regulations.



We presently believe that the Meta River fishery, although fishing has
undoubtably existed for a least the last 30 to 40 vears, is still underfished.
Our beliefs are based on the following considerations:

(1) Presently most of the important species are large and exploi ad

at mature sizes. If the community were overharvested, and large
species would be reduced in importance, as they are the most
easily overharvested, and small species would dominate the catch.

(2) Available species, which are important in the capture of other
river fisheries, such as the Bocachico and Pacora (Curvinata)
in the Magdalena River, are almost neglected in the Meta River
fisherv.

(3) Hooks and mesh sizes are very large indicating that small fish,
including many species which do not grow large enough to be
caught in the gear, are unexploited.

(4) Density of fishing units is generally less than 1 per kilométer
of river.

(5) The average fishing economic unit invests less than 4 aours per
day in fishing and maintaining gear, fishes less than 5 days per
week and uses a small amount of fishing gear, e.g. generallv less
than 10 hooks or two small gill nets per day.

(6) Out of the entire Meta River system, about 1000 km in length, only

» the upper 300-400 km are regularly fished commercially. However,
due tc the regular annual appearance of large populations of flsh
in the Upper Meta River fishery, it is likely that this area enjoys
migrations of fish produced in the lower svstem.

Since we believe that expleitation is low, (although a complete set of

data Ior the calculation of MSY and optimum effort will . :r be available for
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several years) the Meta River and probahly all Eastern Plains River fisheries
appear to be underfished and short-term management schemes based on total catch,
length frequency distributions and relative abundance of the species composition
will provide adequate information for rational management in the present and

near future.

E. Protection of the ecosystem.

We strongly warn that agricultural practices in the Eastern Plains, mainly
confined to the Piedmont, are having an increasing detrimental effect on the
fisheries resources, especially in the Upper Meta system and in the drainage
of the Ariari, a main artery of the Guaviare River. Active participation by
INDERENA should be initiated to: travel extensively and personally examine
environmental modifications such as clearing of riparian vegetation for cultivation
of rice, cotton, etc. or changing drainage patterns to construct
ditches for rice irrigation; inact strong legislation to protect ripa:ian habitat;
reforest damaged areas; pump water from natural water sources rather than making
irrigation canals. The natural drainage patterns should not be modified in any
way.

Fumigaticon practices should be coerefully scrutinized "in the field" by INDERENA
chiefs with inspecteors. Strong regulations should be enacted against careless
sprayving con windy days and at any time near streams, lagrons or their buffering’
riparian vegetation.

Joint studies by ICA and INDERENA should be carried out with the ultimate
goal of minimizing the negative effects to the environment from pesticide appli-
cation. It is likely that the results of this study would reduce farming costs
of pesticides and their aerial application. Objectives of these studies should

be to determine: (1) the minimum pesticide dosage necessaryv; (2) which of the many

available pesticides has the least ill effects, both immediate and delaved; and
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(3) methods to limit the escape of pesticides from cultivated fields to the
aquatic environment.

Colombia's river fish populations are renewable natural resources which if
exploited rationally and protected from environmental pillage will perpetually
provide cthousands of tons of high protein fish annually, income to thousands
of fishermen, and food and recreation for Colombians from all parts of the nation.

Costs of research into environmental protection and restoration should be
paid by those who are causing the damage. Legislation authorizing such paymont

would seriously inhibit further environmental degredation by others.

F. Continuing research.

(1) Follow the CAS schedule as described by Malwvestuto, el al (1979).

(2) Continue to accumulate data on the minimum spawning sizes, length
frequencies of spawning stocks, and the time and areas of spawning,

(3) Monitor, on a regular basis, the commercial catch of the mo§t intense
eastern plains fisheries to keep abreast of changes in the fishable
stocks.

(4) The economic condition of the fisheries should be assessed periodically
(evervy 3 to 5 vears).

Finally, it was our impression that there exists an abundance of laws to protect
Colombia's natural resources but that some laws are of questionable value and none
are sericusly enferced. Laws with a biclogical basis which people believe in,
would te an improvement. Also, for laws to be taken seriouslv, conscientious,
educated enforcerent officers should be supported in the field with vehicles,
boats, gasoline and travel allowances. Without enforcement, the value of studies

and resulting regulations is minimal.
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6.0 APPENDICES



6.1 Hydrological Cycle

The Plains have mean monthly temperature ranging from 25O to 28O C,
Relative humidity is in the range of 60-80%. The annual hydrological cycle,
however, is pronounced and strongly influences the activities of both fish and
fishermen. Migrations and spawning of many species occur during the rising water
phase of April and May. The long high water season provides an expanded
nutrient rich nursery area on a moderate flood plain. Receeding waters in
November-December force all fish back to the river chanuels or into the few
permanent water lagoons. Predators probably enter the Upper Meta at this time and
feed on abundant young fish. Fish concentrate in the few deep water pools
during the dry months of January through March. Young of the year are rapidly
reduced by predation as rell as by competition for limited resources.

Catch, as indicated by commercial landings at Puerto Lopez (see Figure 1),
is greatest during the rising and falling water periods April-May End November-
December, respectively, and is probably a resulc of increased activity and/or
abundance of fishable stocks in the Upper Meta system during these seasons.
During high water, catch is lowest; stocks have just passed a time of heavy
fishing mortality; volume of water has increased five to eight times, thus
decreasing the density of fish, and the flooded habitat is often forested and
therefore difficult to expluit.

During the low water months of January-March, catch is less than during the
transftion water phases on each side of it., Low water stocks are somewhat
reduced by large catches in November-December, Water is at its clearest level
of the vear (secchi disc visability 50-60 cm) and fish mav successfully avoid
gillnets. Fish mav migrate down river below the Upper Meta River study area,
Warm water, decreased prey availability, high visability and decreased water

volume may result in fish becoming semi-dormant in the few deep pools, hiding
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among numerous sunken tree trunks. Fishermen who skin dive to gy £f Amarillo
catfish duringthe low water season claim this is the case. Many fishermen blame

beachseine fishermen for the low catches in this season.

The hvdreological vear begins in April with heavy rainfall in the mountains.

The rainv season on the plain 1s less intense; it begins later, ends earlier, and
is about 60% of rainfall in the upper piedmont,

By May, the Meta is near the general high water level, Volume, however,
increases considerably until July. Apparently increases in height above about
450 cm results in an increase in flood plain area rather than water height.

Rainfall decreases in September and October; however, little decrease in

water depth occurs until mid-December when water has drained off the plain,
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6.2 Unit of Effort; the Canoe-Day

Almost all fishing is done from canoes, but all canoes are not used for
fishing. Many are used solely for transportation of people and cargo. Also, if
a fisherman owns two or more canoes, although he may alternate in his use of
each for fishing, he can only use one at a time; so, we consider that hc onlv has
one fishing canoe.

The count of canoes is the first requirement in estimating fishing effort.
Through interviews at riverside dwellerc® homes, we found what fraction of canoes
were for fishing. Then we asked how frequently they fished to find out how many
fishing cances were in use on an averag. day,

Counting canoes can be done rapidly in a river boat, and for practical pur-
poses, instantaneously from an airplane. Interviews are the time-consuming part
of surveys. Linear regressions between (1} canoe count and fishing units and
(2) canoe count and fishing units in operation per day, for 19 sets of data
provide predictive equations for preliminary estimates of fishing effort without
conducting survey interviews.

Data for regression analyses were separated for main river and tributaries
as we felt these two areas had substantially different relationships. Generally,
for main river sections, fishing units and fishing units operating dailv are 79%
and 497 of canoe counts while the same respective relations along the tributaries
are 86% and 577.

Main River sections

Y = 0.99x - 36.0; Y = fiching units (r° = .94, n = §)
Y = 0.48x + 2.15; Y = fishing units operating daily (rz = ,76, n = 8)
Tributarv sections
2
Y = 0.91x - 216; Y = fishing units (r” = .98, n = 11)
Y = 0.5% - 2.15: Y = fishing uaits operating daily (r2 = 76, n = 8)

All x's = number of canoes counted,



6.3 Canoe Counts

Canoes were counted from an airplane and also from a boat once during high
water and again during low water in HY 1977. The largest count in each section
was taken as the best estimate.

Both counts were, for practical purposes, identical. The totals for all
sets of paired data were 1168 and 1179 canoes for counts from boat and airplane,
respectively. Differences occurred in individual pairs of data and are probably
due to local movement of canoes (counts from air and water were often several
weeks apart). The results reassure us of two things. One, that counts from a
boat or airplane are equally valid, and two, that at least within a time block
(season) there is virually no change in the number of canoes found along the
Llanos rivers. These conclusions indicate that (1) very little replication in
sampling is necessary to estimate canve abundance with precision, and that (2)
canoe counts along Llanos rivers from a boat or an airplane, which:ever best fits
the requirements of the investigation, need not be validated by counting with a
second method. These findings should lead to considerable savings in research
time and funds.

There were 31% more canoes counted in the low water season than during high
water. Dugout canoes without motors are not likely to move far and it is unlikely
that canoes move in and out of the Upper Meta River system with the seasons. it
is likely that during high water, some cances are kept along ephemerol streams
and lakoons out of sight of the survevor, and like the fish in the system, are
compelled to move to the main river channel during the low water season.

Canoe counts in 1978 were made from a survev boat, Routine aerial counts

were discontinued in the Upper Meta River system.
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Canoe Counts

High Water 1977 Low water 1977-78

From From Fi.m From
Boat Airplane Boat Airplane
Rio Meta
Rio Guayuriba-Puerto Lopez 85 82 125 114
Puerto Lopez-Rio Upia 97 _70 163 124
' Subtotal 182 152 288 238
Rio Upia-Puerto Guadalupe -- 101 73 94
Puerto Guadalupe-Rio Manacacias ~ 101 124 _76
Subtotal 197 170
Rio Manacacias-San Miguel 31 27 32 34
San Miguel-San Pedro de Arimena 29 30 50 41
San Pedro de A.-Porvenir 39 26 47 51
Porvenir-Orocue _30 39 _36 _98
Subtotal
Tributaries 129 122 165 224
Rio Upia : -— 66 -— 64
Rio Yucao 11 10 - 14
Rio Manacacias 11%* 31 24 34
Rio Cusiana 98 131 -~ 108
Rio Cravo Sur 74 98 -- 82
749 . 111
Other upper navigable tributaries [100) : (114)
estimated considering fishable
kilometers of river and canoes
per kiometer in the Rio Upia.
Sums where pairs are available 494 513 674 666

Air Counts = 1.04 and 0.99 boat counts.

The linear relation between counts from an airplane (x) and counts from a
boat (Y)

(n = 18, P = . 64)

Y =56+ 0.91x

Best es%imates of total canoes 849 1225
in the study area

* this pair not used in regression since a canoe landing was not seen during
count from the boat.



6.4 Strata descriptions

Stratum 1 (the main river) includes the thfee main river zones of the frame survey.
This stratum contains é high intensity of fishing effort, a wide variety of fish-
ing gears, and a large and variable CPE. It is uniformly composed of mixed
commercial and subsistence fishermen, contains fish buyers in all seasons and has
a large annual catch per kilometer. Apart from these statistics, this stratum

is one continuous river segment uniformly affected by seasonal and daily
fluctuations in water level, turbidity, etc. Also fish migrations appear to pass
completely through the stratum.

Stratum 2 contains the six upper tributary rivers: Pajure, Metica, Guayuriba,
Humea, Upia, and Tua. These rivers, although each having unique properties of
water quality and being uniquely affected by weather, have in common a high catch
per unit of effort, commerical and subsistence fishery segments, and fish buyers
at least during the high water season in the lower segment of each:river, CPE

is relatively stable and annual catch per kilometer is relatively high for
tributary rivers. However, there are substantial differences among the six
rivers which mav warrant further division, »r deletions, in the future, The Tua,
Metica, and Pijure are relatively deep and occupy narrow mud and sand basins,

The Guayuriba, Upia and Upper Humea are wide valleyed, shallow streams with rocky
bottoms. Another factor is the extent of agricultural development in each rivér's
watershed which often modifies riparian habitat and introduces toxic chemicals

to watersheds. The Tua, is the only river which appeared to have no more than
subsistence farming activity within its watershed,

Stratuzn 3 is the lower southern tributaries, the Manacacias and Yucao Rivers,
These rivers criginate in the plains from spring-fed streams. Thev meander
considerably and their flood plains are characterized by an abundance of oxbow

lagoons. Unlike other strata, waters are acid and depth of visability is
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relatively high. Commerical fishing i1s mostly limited to the exploitation of
ornamental fish for which an extensive fishery exists, mainly in flooded back
waters and in adjacent lagoons and connecting streams. Density of riverside
homes is low and consequently very little fishing takes place for food fish. Most
ornamental fishermen have residences in Puerto Gaitan. Tishing gears include
gillnets, long lines, and single hook lines.
Stratum 4 (the Cusiana and Cravo Sur Rivers) enter the Meta River from the north
and originate in the mountains. This stratum is the most distant from markets
and is cenerally without roads, During the dry season, the rivers are not navig-
able. These factors, and the fact that most residents are employed in cattle
ranching, result in a lack of commercial fishing. All fichermen interviewed fished
with one or two single hook lines, a gear which has a relatively low catch per
unit effort,

we encountered nc fishermen in the lagoons zone adjacent to cbe rivers, and
the number of people fishing this habitat appears low in relation to the fish-
able area. Lagoons in the Meta River system are generally old river channels
which became isolated lakes as the river changed course. Food-fish fishermen
have homes aleng riverbanks. They may fish river, cano or lagoon depending on
water conditions and availability of fish. Thus, interviews at riverbank homes
provide inforration from both riverine and lagoon segments of the fishervy, For
these reasons, we have removed lagoons as a seperate stratum from the survey

schemne.
’
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6.5

Amarillo

Apuy

Baboso

Blanco

Robre

Bocachico

Curvinate

Cachara

Cayarc

Curimata

Chancleto

Cherna

Annual (An), high water (HW) and Low water (LW) des~riptive
statistics of Length frequency distributions for 25

Data is from commercial catches.
A t-test was used to evaluate differences between means of
In species where seasonal means
differ significantly, t-test comparisons between those

b seline data and future samples should use bascline data

commercial fish species.

low and high water LFDe.

which is specific for the season of the new sample.

If no

significant difference exists, use the annual statistics

in the comparison,
n

Annual (An) 141
High water (HW) 58
Low water (LW) 83

AN 69
HW 5%
LW 63
An 386 °
HW 47
LW 339
An 165
HW 61
LW 104
An 118
HW 3*
Lw 111
An 152
Hiw 46
LW 106
An 437
KW 366
LW 71
An 28
K 15
LW 13
An 26
An 45
Hw 23
LW 22
An 127
HWw 123

LW i

mean (cms)/5t, Dev,

100, 2

116.
88.

59.
60.
53,

69.
72.
68.

48,
50,
47,

24,
36.

LY
Pt

41,

6
8

7

o

O N

£ 0 8

v o W

(V8]

38.0

42,

53.
54,
51.

75.
78.
72.

W~ O

o ~1 ~g N ~

(93}

QO =

2

w to oo

17.

L '
-

w

.002
.231
.143

992

074

220

. 291
.570

894

. 321
. 136

means are different

oC = ,01

means are different
e = ,01

means are different

oC = .01

means are different

= .0l

means are different
cC = .01

means are different

ol = .01
means are different

oC= .0l

means are different

o= .01



n mean(cms)/St. Dev,

Mapurito An 76 38.9 6.554
HW 33 36,2 7.279 means are different
Ly 43 41.0 5.201 oC = .01
Dorado An 37 81.7 2,823
HW 26 82.1 7.488 no difference at
LW 11 79.6 11.638 o= .01
Pavara An 53 60.4 11,389
HW 8% 67,1
LW 45 59.2 10,390
Palometa . An 55 26,9 3,200
HW 34 26.2 3.346 means are different
LW 21 28.1 2.594 o= 01
Paleton An 52 96,2 22,524
HW 14 101.7 23.799 no difference
LW 38 94,2 22,015 o= ,01
Rayado An 507 69.3 16,122
HW 175 68,7 16.302 no difference
LW 332 69.6 16.043 of = .01
Sardinata An 11 49,2 9,261
HW 8% 51,3 7.285
LW 2% 48.5
Sierra An 63 61.0 7.848
Cagona HW 57 61.8 6.779 no difference
LW 6% 52.8 o= ,01
Sierra An 78 54,9 7.848
Coporsa HW 32 55.7 7,863 no difference
LW 46 54.3 7.871 <= ,01
Sapuara An . 40 33.0 13.169
HW 14 43,1 3,92 no difference
LW 11 41.5 6.88 o= ,01
Valenton An 28 138.6 41.327
’ HW 18 136.1 45,347 no difference
LW 10 143.0 34,724 oC= ,01
Yamu An 21 39.9 6.526
N 5% 43,8
LW 16 38.7 5.275
Yaque An 68 51,8 5.807
HW 20 50.5 6.065 no difference

LW 48 52.3 5.676 oC= .01



6.6 Photographs of 17 of the lesser exploited commercial fish species,
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El Yamu (Brycon ? ) Family Characidae




Agujon (Boulengerella lucius) Family Ctenoluciidae

La Curvinata (Plagioscion squamosissimus) Family Sciaenidac
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The upper and lower fish are Sapuara (Semaprochilodus Laticeps)
Family Prochilodontidae. The center £ish is Dormilon (Hoplias
malabaricus) Family Erythrinidae. The latter species does not
enter the commercial catch.




La Sieria Copora (Oxydoras niger) Family Doradidac
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El Cajaro (Phractocephalus hemiliopterus) Family Pimelodidae




IR

El Yaque (Sciates marmorates) Family Pimelodidae

. ¥ - "

I'l Barbiancho (Pinirampus pinirampu) Family Pimeodidae




E1l Apuy (Eﬁgﬁﬁyp]atystqmi juruense) Family Pimelodidae

(Note the long caudal filaments)

Mapurito o Camagente (C”l]iﬂﬂDTU¥*EECYQBESEEE)

Family Pimelodidace



El Tigrito (Paulicia lutkeni) Family Pimelodidae




La Palometa (Mylossoma duriventris) Family Characidae




6.7 A pictoral description of the Upper Meta River and its food~ °
fish fishery



Most Eastern Plains rivers originate in the Andes Mountains
La gran mayoria de los rios de los llanos Orientales se
Originan en la Cordillera Oriental.

LU

The Meta River during high water season at Puerto Guadalupe, near the cen-
ter of the Upper Meta River study area. River width is about 300 meters.
El rio Meta durante la epoca de aguas altas en Puerto Guadalupe. El ancho
del rio es de 300 mts aproximadamente.



The southern shore of the Meta River is generally elevated,
thus limiting flood plain formation.

La orilla sur del rio Meta presenta, generalmente, elevaciones
que limitan la formacion de inundaciones en los llanos.
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During the dry season, the aquatic system is reduced to narrow
river channels and isolated lagoons.

Durante la estacion seca, el sistema acuatico es reducido a
rios angostos, arroyos y Lagunas apartades.









Bagre Rayado is the most common fish in the Upper Meta River fishery,
and is an important part of the catch during all seasons.

El bagre rayado es el pez mas comun en la pesqueria del alto Meta, y
su captura es un renglon importante en todas las estaciones.

Fish transporters arrive at ports between 6:00 and 8:00 a.m. TFish are
rapidly sold to intermediaries who then either sell the fish to the
public, store it on ice or truck it to larger markets in Villavicencio
or Bogota.

Los tranportadores de peces llegan a los puertos entre las 6:00 y las
8:00 a.m. Los peces son vendidos rapidamente por los intermediarios,

a otros intermediarios que lo venden en los mercados de Villavicencio o
Bogota.



The municipality of Puerto Lopez has provided a large ceramic-
topped table, protected against sun and rain to facilitate

wholesale fish marketing.
El municipio de Pto Lopez esta proveido de ona mesa de baldocin,

protegida de la llovia, para facilitar la venta del pescado.
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INDERENA biologist and assistants record lengths and weights of fish
in the commercial catch at Puerto Lopez. Species composition and
length-frequency distribution are determined from these data.
Biologos del INDERENA y assistentes recolectan datos de longitud y
peso de los peces. que se venden en Puerto. Topez. La composicion de
especies, distribucion y longitud de frecuencia son determinados de
estos datos.



Fish transporters also carry people and farm
products to ports. On return trips they carry
manufactured good requested by fishermen.

These varied services increase the probability
that costs associated with operteion of a motor-
ized boat can be made.

Los transportadores de peces tambien llevan
gente y productos agricolas.



Upper Meta River food-fish are also sought after
by a growing family of sport fishermen. The
large size of many Meta River fishes make this
sport especially exciting.

En elalto Meta los peces de consumo tambien son
solicitados en la pesca deportiva. La gran
tamana de los peces hace este deporte mas
excitante.



