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Synopsis

Deforestation, overfishing, pollution, and construction of dams have severely impacted migratory fishes of
western Venczucela. The coporo, Prochilodus marige (Prochilodontidae), has supported the largest commer-
cial fishery among the species that have seasonal long distance migrations belween rivers of the Andcan
piedmont and the llanos floodplains. During the period July 1988 1o November 1990, coporo ecology was
studied in the Rio Bocond and the Bocond-Tueupido reservoir in estado Portuguesa. Coporo females mature
at age 2 at 23 cm SL. Relatively few coporos were captured from the reservoir and the R. Bocond upstrecam.
No coporos were encountered in the river » 3 km upstrecam from the reservoir nor in hypoxic regions of the
reservoir > 4 m deep. In the river segment immediately downstream (0-4 km) [rom the Bocond Dam, the
stock was comprised of mostly juveniles (78% < 17 ¢m SL), and this size/age structure was relatively stablc
over time, In recent years, overfishing downstream from the dam has reduced the densities and sizes of copo-
ros in the R. Bocond. The river segment 4-16 km below the dam was comprised of 78% adults. Few coporos >
3 yr and > 30 cm SL were found in the rivers, whereas none were <4 yr and < 30 cm in the reservoir. Detritus
was consumed more than algae by coporos in the reservoir and by adults relative to juveniles among river-
dwelling fish. [n both rescervoir and river fish, gonadal development was initiated during late November and
peaked during May-June. We found no evidence of successful reproduction in the reservoir, and mature adults
in the lower river segment disappeared during June, presumably having migrated to the floodplains of the low
llanos for spawning. From mid-November 1989 until March 1990, coporo ‘ribazéns’ (schools of ascending
migrants) of diminishing densities were surveyed from the R. Apure upstrecam to the R. Bocond. ‘Ribazéns’
have been eliminated or greatly diminished in ncarly 80% of the principal rivers of the Andean picdmont in
western Venezuela. Management options to assist this economically and ecologically important species are
discussed.

Introduction of South American rivers. Fishes migrate in search
of scasanal refuges, feeding habitats, and spawning
Scasonal fish migrations arc a conspicuous fcaturc arcas, but the magnitude of migrations depends up
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on the species, life-cycle interval, seasonal habitat
variation, and the geomorphoelogy and habitat het-
erogeneity of river basins. Some fishes undertake
long-distance migrations, I'or example, some of the
larpe catfishes of importance lo river fisheries un-
dertake migrations of hundreds to thousands of ki-
lometers between the presumptive spawning
grounds in the western Amazon and feeding hab-
itats near the Amazon River’s mouth in the east
(Goulding 1988, Bayley & Petrere 1989, Barthem et
al.1991). The most conspicuous ol the long-distance
migrants are the prochilodontid fishes of the genera
Prochilodus (called ‘coporo’ in northern South
Amcrica, ‘sabalo’ in the south, and ‘curimbatd” in
Brazil) and Semaprochilodus (called “bocachico’ in
Spanish and ‘jaraqui’ in Portuguese). These fishes
ar¢ abundant in the major river basins of South
America where they feed on detritus, algae, and as-
sociated microorganisms (Bowen 1983, Bowen ¢t
al. 1984). Prochilodontids are important prey for
piscivores and thus constitute an important link for
the transfer cnergy and biomass from basal produc-
tion to species higher in the food web (Jepsen et al.
1997, Wincmiller 1996b). Prochilodus feeding has
been shown to have strong dircct and indircet cf-
fects on benthic community structure and ccosys-
tem processes like sedimentation and nutricnt cy-
cling (Flccker 1992, 1996). Prochilodontids support
important commercial and subsistence fisheries
throughout South America (Bayley & Pelrere 1989,
Novoa 1989, Welcomme 1990).

The prochilodontid life cycle s complex, and the
direction and degree of longitudinal migrations va-
ries depending on species and geographic location.
Tn the western Orinoco basin of South America,
most adult Prochilodus migrate from dry-scason
habitats in tributary rivers and streams of the llanos
and Andean piedmont to their wet-scason spawn-
mg and fceding habitats in lowland channels and
floodplains of the mainstem rivers (Lilyestrom
1983). These downstream migrations, at first, con-
sist of relatively uncoordinated movements by sol-
itary fish and small aggregations, and [ish cventu-
ally congregale [or spawning in river channels and
areas ol the flooded savanma during the rising and
high flood water (latc May-June). Migrating pres-

pawning malcs and courting males cmit a low-

pitched, drumming sound that presumably attracts
ripe females. Fertilized cggs. embryos and larvae
drift with the river’s current some distance down-
strcam and cventually end up in the floodplain la
goons where juveniles teed on rich invertebrate and
algal production. During the falling-watcr period,
conspicuous targe schools of coporos with other
specics (the ‘ribazén’) migrate upstream in tribu-
tary rivers that originate in the Andes Mountains.
Much like salmon, prochilodontids can lraverse
many natural channcl barriers, such as low waler
falls and rapids. Yct, dams constructed for hydro-
electric power generation and flood control block
migration, and fish ladders appear to be largely in-
cffective (Quirds 1989, Winemiller et al. 1996).
Even low dams created for diversion of irrigation
water can impedc the upstream passage of a great
many migrants, and these that manage to scale
these dams cxpend considerable energy and risk in-
jury (Winemiller et al. 1996).

Tn western Venezuela, large-scale deforestation
has caused dewatering of river channels in the An-
dcan piedmont with negative impacts on migratory
coporo, Prochilodus mariae (Lilyestrom & Ta-
phorn 1978, Lilyestrom 1983, Winemiller et al.
1996). Dams now obstruct nine Andrean piedmont
rivers in wostern Veneczuela, and new dams arc
planned for several of the remaining unimpounded
rivers. The construction of the Bocond Dam during
the carly 1980s blocked coporo migrations in the
Rio Bocond and R. Tucupido (R. Orinoco drainage
basin). Prior to the construction of the dam, large
schools of migrating coporo were a major resource
exploited by fishers of the R. Bocond (Chapman
1980), bul in the years following dam construction,
coporo migrations declined markedly. The purpose
of our investigation was to document features of the
habitat of the R. Bacond, copore population struc-
ture, and major movements of the coporo in west-
crn Venezuela.

Study area
We studicd coporos in the R. Bocond, including the

unimpounded upper reaches in the Andean pied-
mont, the Bocond Tucupido Reservorr, the lower
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Figure §. Map showing the Rio Bocond study region and the longitudinal river gradient where the coporo ribazon was monitored in

western Venezuela.

R. Bocond frum the Bocond Damn o the R, Gua-
nare-Chorrosco, and the lower R. Guanare from
the mouth of the R. Bocond to its juncture with the
R. Portuguesa. This area covers the northwest por-
tion of Portugucsa state, the northeast portion of
Barinas state, and the southeast portion of Trujillo
state, from 9°32° N, 70°08" Wto 8°43' N, 69°43" Win
western Venezucla (Figure 1). From its source in the
Jaboén and Turnal péramos at an elevation of ap-
proximately 3430} m, the Rio Bocond runs approxi-
mately 170 km through paramo, piedmont, and lla-
nos to its juncture with the R. Guanarc at approxi-
mately 240 m elevation. Annual rainfall averages
2.1 m in the river’s drainage basin, and most of the
rain falls during the period May through August
{Figurc 2},
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Figure 2. Plot of monthly rainfall (1989) for the Rio Bocono

drainage basin in western Venczuela (data based on daily sam-

pling by the Minecsterio del Ambiente y Recursos Naturales
Renovables-Zone 8).
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Materials and methods

From November 1988 to October 1989, water qual-
ity parameters were measured monthly from sam-
ples taken from the following locations: (1) en-
trance of the river into the reservoir, (2} center of
the reservoir- surface, (3) center of reservoir-mid-
depth, (4) center of reservoir-bottom, (5) turbine
entrance-surface, (6) turbine entrance- mid-depth,
(7) wrbine entrance-bottom, (8) wrbine exit, (9)
Rio Bocond at Puente Pacz, and (10) R. Bocond at
La Veguita. Water samples were taken from the res-
crvoir from a boat with a 2.0 l Kenmerer water sam-
pler between 8:00 and 13:00 h. The following par-
ameters were cstimated at each site: temperaturc
( °C), dissolved oxygen (mg 1), phosphate (mg 1),
pH, total solids (mg I'"), and turbidity (NTU). Tem-
perature was measured in the field with a thermom-
eter. Water samples (or dissolved oxygen measure-
ments were placed in clean 500 ml glass containers,
fixed for later Winklcr titration in the laboralory,
and placed on dryice. Water samples [or other phys-
ico-chemical measurements were placed in clean
plastic 2000 ml containers on dry ice for transport to
the laboratory. No more than 6 h clapscd between
the time the [irst sample was collected at a site and
the time when the samples were processed in the
laboratory at UNELLEZ in Guanarc. Standard ti-
tration methods were used for phosphate and pH.
River gauge data were not available (0 us, huwever
monthly discharge [rom the Boconé Dam appeared
to be strongly correlated with the scasonal pattern
of rainfall.

Fish samples were collected from four zones of
the study arca on an approximate monthly schedule
during the period July 1988 — Novembcr 1989. In an
attempt 1o collect a sample that was representative
of the local population structure in light of the par-
ticular habitat conditions present, scveral different
sampling methods were used, and the results com-
parcd here. No single sampling method could have
been used at all sites, [or example, some sites had
too much flow or volume for the use ol roienonc or
a large seine net, whereas others were too deep to
usc a castnet. The first zone was thc R. Bocono
above the Bocond Rescervoir where collections
weremade with differentseines (0.2,0.5,1,and 4 em

har mesh; 2 x3-10 m) and castnets (2 m diameter: 1,
2,3, and 6 cm bar mesh). The second zone was the
Bocond Reservoir where fish were collected with
the same scines and castnets, plus with a monofil-
ament nylon gillnet (0.5 and 1 cm mesh; 2 x 50 m)
and a multifilament nylon gillnet (4 and 8 cm mesh;
2 x 50 m). Rotcnone was uscd on six occasions 1o
obtain samples from the reservoir. The third zone
was the river channel [rom just below the Bocono
Dam 10 a point 4 km downstream [rom the toww ol
La Veguita (Figure 1), and the fourth zone was the
channel from that point to the river’s juncture with
the K. GGuanare. Fish were collected from the last
two zones with seines (1. 2, 4, and 8 cm mesh; 2 x
6.7-10 m), castnets (2, 4, 6, and 8 cm mesh: 2-3 m
diameter), and a multifilament nylon gillnet (2 and
4 ¢m mesh; 2 % 50 m). Collections were made from
the shoreline in all four zones, bul a boat was also
uscd in deeper waters of the two lower zones. Dur-
ing the high watcr period, we discontinued our reg-
ular sampling effort below the fourth zone (R. Gua-
nare juncture), because fish densitics per unit area
were s0 low that sampling was inefficient (sampling
of the ribazdn during the falling water period was
the exception; see below). All coporos were imme-
diately measured and weighed in the field. Depend-
ing on the size of the catch, each specimen was dis-
sected for examination of gonad condition, scales
were removed for age analysis in the laboratory,
and the stomach was removed and preserved in
10% formalin for stomach contents analysis in the
laboratory, Twenty scales were removed from the
anterior region of the right flank just abovce the lat-
eral linc. Whenever the caich was too large to pro-
cess rapidly in the ficld, the remaining undissected
specimens were preserved n 10% formalin and re-
turned to the laboratory for later examination.
Scales were placed in 1% KOH solution for 15
days prior to cxamination under a dissecting micro-
scope. Annual growth checks (annuli) were readily
apparent on scales almost withoul exception, and,
in almost all cases, false annuli were easily distin-
guished from truc annuli based on fine-scale struc-
tural features. According to Lilyestrom (1983). an-
nuli are formed during the annual ascending migra-
tions, a period when fish cease feeding (Dahl et al.
1963} and may lose up to 15% of their body weight



(Godoy 1959). Additional annuli may bc associated
with spawning or poor feeding by individuals
trapped in isolated floodplain lagoons (Bayley
1973), but these factors probably influenced very
tew of our fishes given that none with > 3 annuli
were documented from locations downstream from
the Bocond Dam. Age and size of maturation were
estimated based on (1) sizc at age data based on
scale annuli (the mean from 20 scales for cach indi-
vidual) and (2) the minimum size of maturation
bascd on the occurrence of ripe gonads in migrating
fish during the late dry season prior to the initiation
ol wet-scason spawning. The condition index was
calculated as K = 100% W/L’ for body weight in
grams and standard length in centimeters.

For each retained specimen, a single sample of
the gut contents was removed from the thin-walled
cardiac stomach located just antcrior to the muscu-
lar pyloric stomach (Bowen 1983) and placed on a
wet-mount slide for examination under a dissecting
microscope. The percentages of algae {(diatoms and
filamentous algae) and mud (amorphous and vege-
tative detritus) was estimated for each sample.
These percentages then were averagaed across fish
grouped according to lifc-cycle interval and zone.

From 12 November 1988 until March 1989 (i.c.,
the falling water period) and in collaboration with
commercial fishermen of the region, we monitored
the annual upstream migration of coporos and
other fishes (ribazén) from the R. Apurc in the low
llanos near the town of Arichuna to the Bocond
Dam in the piedmont. The fishermen follow the an-
nual ribazon in order 1o maximize their catch, so
consequently, we were able to [ollow the upstream
migration by tracking the movements of the local
{ishcrs. We accompanied a group of commercial
fishermen along a segment of the R. Apure from
the mouth of Cafio Boqueron (at the town of Ar-
ichuna) to the mouth of the R. Portugucsa then up
the Portuguesa to the R. Guanare and up the Gua-
nare to the town of Arismendi {Figure 1). From
Arismendi, we acompanied a different group of
fishermen, some commercial and others subsist-
ence, up the R. Guanare and R. Boconé to the town
of Sun Sun. We sampled fishes ourselves in the up-
stream scgment of the R. Bocond between Sun Sun
and Puente Piez. Within each region, we monitored
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the species composition of the fishermen’s catches,
Data were summarized for the following river seg-
ments: (1) R. Apure within the reach as defined
above, (2) R. Portuguesa within the reach as de-
fined above, (3) R. Guanarc from its mouth at the
R. Portugucsa to Arismendi, (4) R. Portuguesa
from Arismendi to the mouth of the R. Bocond, (5)
R. Boconé from its mouth at the R. Guanare to Sun
Sun, (6) R. Bocond from Sun Sun to La Veguita,
and (7) R. Bocond from La Veguita to Puente Pacz.
Overall, 107 days were registered in this field sur-
vey, 26 214 {ishes were identitied from commercial
and subsistence catches, and the survey spanned
449 river km. For the most part, fishermen used
seine nets ol 5 cm mesh and castnets of 6 cm mesh.

Results
Water quality

Dissolved oxygen, suspended solids, and turbidity
varied hetween sites and seasons in the R. Boconoé
(Table 1). Dissolved oxygenranged between 4.7 and
6.8 mg 1" at the river entrance into the reservoir
(site 1) and between 3.1 and 7.0 mg 1" in the river
below the dam (sites 8, 9,10). Dissolved oxygen de-
clined markedly with depth in the reservoir’s cen-
tral region (sites 3, 4, 5) and near the dam (sites 6,7,
8). The highest DO recording for the reservoir
(6.4 mg 1) was during March at the surface {(cen-
tral) and the lowest DO (1.0 mg ") was during April
atthe bottom (central). The DO depih gradient was
less pronounced at both of the reservoir locations
during July compared with November and March
('lable 1). During the wet season, bottom DO in-
creased to 3.6 mg I where it remained except for a
decline to 1.25 mg 1" during September. Dissolved
oxygen levels were similar in the regions of the river
inflow and outflow (between ca. 5-7 mg 1), except
during the early wet season when DO was elevated
near the river entrance (6.0-6.75 mg 1") and de-
pressed at the dam outflow (3.1-4.7 mg I").

During November, suspended solids and turbid-
ity were greatest at the river entrance and near the
bottom of the reservoir near the dam (Table 1), and
the lowest values were rccorded at the surface of
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Tuble J. Comparison of water quality parameters at diflerent stations in the Rio Bocond drainage curing three seasons: falling-water season (November), dry scason (March), and

wet season (July). tr indicates < 0.0l mg 1.
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the reservoir. The same pattern was observed dur-
ing March and July, except that the river entrance
site had low suspended solids and turbidity during
March, and surface water near the dam was moder-
ately turbid (219 mg I solids, 160 NTU) during July.
March is the late dry season, and reduced runoff ac-
counts for the reduced turbidity of the river up-
stream from the dam. During other periods of the
year, the reservoir accumulates suspended solids
and reduces wurbidity of walter in the river down-
strcam,

Water temperature ranged from a low of 20.5 °C
at the river entrance during November to a high of
26 °C at the surface of the reservoir (site 2) during
July {wet season). The river downstream from the
reservoir was always warmer than the river atits en-
trancc into the reservoir (Table 1), Surface waters in
the reservoir tended to be 2-3 °C warmer than wa-
ter at mid-depth and the bottom. pH varied 0.2 to
0.4 units between siles on a given sampling date. Av-
erage pH was lowest during July (7.7) and highest
during March (8.2), and pH varied little with depth.

Spatial patierns in coporo population structure

Within the Bocond Reservoir, coporos were associ-
ated primarily with shallow ncarshore habitats with
DO >5.0mgl". Based on our seine and gillnet data
frow thie 1eservoir, 80% of the coporos were cap-
tured from shallow habitats, 20% were captured
from the area near the dam, and none were cap-
tured in gillnets set in deeper waters near the mid-
dle of the reservoir (Figure 3). About 40% of the
coporos were captured in the region of the river en-
trance, a shallow zone where many coarse suspend-
ed scdiments are deposited.

Females maturcd at annulus 2 and approximately
23 cm SL, and most males attained maturity at an-
nulus 2 and approximately 17-23 cm SL, values con-
sistent with the (indings of Lilyestrom (1983). All of
the coporos captured from the Bocond Reservoir
and the river above the rescrvoir were adults 4-8
years of age (Tahle 2), which corresponds with
spawning prior to the [inal closure of the Tucupido
Dam (1984). Coporos were not abundant in the Bo-
cond upstream from the reservoir, and all of our
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Figure 3. Percentages of coporos caught in different regions of
the Bocond Reservoir.

samples were captured within 3 km of the reservoir.
The lengths of fish from the reservoir and river up-
stream ranged from 34.2 to 44.0 cm SL with weighis
ranging from 993 to 2487 g. Fish [rom the reservoir
and river upstrcam were larger than fish from the
river downstream from the dam (Figure 4), and im-
mature fish werc captured in the downstream
reaches (Tablc 2). Immature coporos (<23 ¢cm SL)
dominated the samples from the reach just below
the dam, an arca where age 1+ [ish are blocked dur-
ing their attempts al upstream migration. No copo-
ros older than age 3 were documented in our sam-
ples [rom the downstrcam reaches of the river. The

Table 2. Number of coporo ( Prochilodus mariae) of different size
intervals caught in diffcrent zones of the Rio Bocond.

Zone Juveniles  Maluring  Adulls Total
(<17cm) (1723 cm) (=23 cm}

A, Up-river 0 0 27 27

B. Rescrvolr 0 0 132 132

C. Below dam 273 37 41 351

D. Down-river 31 27 159 217

39

Vean standard length (cm)

Lower
dam dam river

Above Reservoir Below

Figure 4. Mean standard length of coporos caught in different
vones of the Rio Bocond (bars indicate 1 standard crror). The
conversion for ST. to lotal length for the coporo is TL = 2,003 +
1.152SL with r* = 0,99 (Lilycstrom 1983).

average lengths and weights at age for these fish
were as follows: 15.9 cm SL and 116 g at annulus 1,
229 cm and 273 ¢ at annulus 2, and 27.1 cm and
395 g at annulus 3. Monthly variation in the mean
length of coporos was relatively small and revealed
no temporal trend for samples from either above or
below the dam.

Condition and reproductive state

The body weight-length relationship from a sample
ol 206 coporos pouled acioss all four survey zones
was W(e) =0.024 L (cm)* with r* =0.985. An expo-
nent of 30 implies that condition is independent of
length (LeCren 1951). Based on samples from the
lower rcaches of the R. Bocond, the average condi-
tion (K) of coporos was lowest during the wet sea-
son and greatest during the middle-dry season (Fig-
ure 5). The increase in condition during the dry sea-
son was associated with development of visceral [at
deposits, and the decline in condition during April
was associated with a reduction in visceral fat and
gonad development in adults, Most coporos of both
sexes had well developed gonads by May. Coporos
from the reservoir and river upstream always regis-
tared large condition valnes (mean K = 8.0, SE =
2.5) and containcd large deposits of visceral [at. Tm-
maturc fishes from the river downstream rarely
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Figure 5, Monthly variation in mean condition factor (K) for Rio
Boconé coporos during 19881989 (barsindicate +1 standard er-
ror}.

contained large visceral fat deposits and mcan K
was 1.95 (SE = 2.3).

Nearly all coporos achieved gonadal maturation
by June. Coporosin the reservoir achicved the same
level ol gonadal maturation during the same time
period as those from the furthest downstream re-
gion of the river (La Veguita-R. Guanare). How-
ever, successful reproduction by the reservoir fish
appears Lo be very unlikely based on the absence of
immature and young adult fish. During July 1988
and again during June 1989, onc of us (ABD) ob-
served schoots of coporos in the shallow (<3 m)
slow moving water in the region of the viver en-
trance into the reservair. The low grunting sound
characieristic of courting males was detected from
above the water’s surface. These schools did not dis-
perse even after several throws of a castnet in their
midst. The females did not emit sounds, and they
occupied areas of faster flowing water, No spawn-
ing behavior was ever observed in the reservoir, so
it is unknown whcther the apparent reproductive

tailure in the reservoir is due to failure to spawn or
mortality of carly lile intervals due to lack of suit-
able habitat.

In the river reach just downstream from the dam,
no adults with mature gonads were encountered.
The zone further downstrecam yielded fish with ma-
turing gonads beginning in Decewber and with [ul-
ly mature gonads during May and Junc (bascd on
cxamination of 87 individuals). No evidence of
spawning within this zone was obtaincd, and the
capture of adults in this reach declined abruptly
during July. These ripe adults must have migrated
downstream to spawn in river channels and flood-
plains located downstream in the drainage basin.

Dier

Overall, immature coporos consumed more algae
and less mud (fine amorphous detritus) than adult
size classes. The adults from the river upstream and
reservoir zones consumed material that was identi-
ficd as mud containing only trace amounts of dia-
toms and filamentous algac (Table 3). This appar-
ont lack of algivory was despite that attached algae
were abundant on submerged woody debris and
other substrata within these zones. In the river
reach just below the dam, juveniles consumed only
algae, large juveniles (17-23cm SL) consumed
mostly algae but also a small fraction of mud, and
adults consumed mostly algae and about 30% mud
by volume. In the river »onc furthest downstream,
juveniles consumed mostly algae plus 25% mud,
large juveniles consumed mostly mud and a small
fraction of algae, and adulls consumed only mud.
The greatest number of empty stomachs was found

Table 3. The volumetric percentage of algae and mud in diets ol coporo (Prachilodus mariae) of different size intervals caught in diffcrent

zones of the Rio Bocond.

Zone N stomachs N empty Juvenites (SL <17 cm)  Maturing {SL. 17-23 em)  Adults (SL > 23 ¢m)
with food stomachs
algac mud algae mud algac mud
AL Up-river 23 2 - - - - 0 100
BB. Rescrvoir 66 45 - - - - 0 100
C. Below dam 248 100 0 b2 12 79 21
D. Down-river 123 43 75 25 14 86 0 100




in fish [rom the reservoir and the [urthest down-
stream river reach, and almost all of these were
adults taken during the period of the ascending mi-
gration (November—February).

Composition of the ribrazdn

During the early dry scason (November-March),
the floodplains east of San Fernando de Apure
drain their waters into tributaries of the R. Apure
and R, Arauca. Cafio Boqueron is ong such tribu-
tary and its mouth at the R. Apure (near Arichuna)
served as the starting point for our study of the as-
cending fish migration (ribazon) of 1988-1989. We
began monitoring on 12 November 1988 ai Arichu-
na and terminated on 30 March 1989 about 1 km up-
strecam from Puente Paerz on the R. Bocond. Ac-
cording to some of the local fishermen, most of the
fishes of this ribazoén originate from the Apure
floodplains near Arichuna, and a minor component
comes from the floodplains lying further upstrecam
at Camaguan (lower R. Portuguesa just below La
Unidn), Chiriguare (lower R, Guanare below Aris
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mendi), and the lower R. Bocond. (ther fishermen
believe that the ribazén originating at Arichuna
progresses upriver in the main channel of the R.
Apure, and that few enter the R, Portuguesa. Ac
carding to these fishermen, most fishes of the R.
Portuguesa-Guanare-Bocond  ribazén  originate
from the Ouodplains ol Camagoan. Ribazén sam-
ples from the lower river reaches were casier to ob-
tain and contained more fishes (Tabie 4). The abun-
dance of fishes in our survey samples declined
markedly between the R. Guanare (N = 6101) and
lower R. Bocond (N = 1788).

Coporos sampled from the early ribazdn at the R.
Apure and Portuguesa averaged 30.9 cm SL, and
those from the later stages of the ribazén at the R.
Guanare and Bocon6 averaged 24 cm. Most of the
late ribazén coporos from the upstrcam reaches
werc approaching age 2 and the length at which ma-
turation occurs (23 cm SL). Several species com-
prised the ribazén, but the coporo was by far the
maost impartant (Tahle 4). The percent contribution
by the coporo to the total number of fishes sampled
ranged from 83.9 to 39.8, and declined from down-
stream Lo upstream river sepments. The anostomids

Table 4. Specics composition of the ribazon (percentage of individuals) captured by commercial lishermen in 7 reaches of the Rio

Hocnna-Rin Apure migralion route.

Common name Species Apure  Portuguesa Guanarc-l  Guanare-2 Bocond-1  Bocond-2  Bocond-3
Prochilodontidac:

Coporo Prochilodus mariae §3.94 64.54 63.96 53.84 5112 52.61 39.84
Characidae:

Palambra Bryvcon whitei .11 U7y 6.37 877 11.72

Cachama Pigractus brachypomus 0.15 1.41 1.89 0.90 2.85 1.85

Palomcta Mylossoma duriventris 8.85 14.46 13.86 21.50 9.76 8.94

Saltador Salwiinus hilarii 1.69 2.34
Anostomidae:

Mije Leporinus [riderici 542 9.18 6,17 13.34 17.45 11.13 15.63

Tusa Schizodon isognathus 4.27 332 7.00 11.30 14.67 28.91
Doradidae:

Bagre sierra Oxydoras niger 146 5.36 9.33 0.38 0.22
Pimelodidae:

Bagre dorado  Brachyplarystoma rouscanxi 0.03

Bagre hipi Gaoslina platynema 0.01

Bagre cupido  Hemisorubim platyrhynchos 0.05 0.14 (58 0.18 0.62 0.78

Bagre rayado  Pseadoplatystoma fasciatum 0.06 0.04 0.78 2.07 0.28 0.34 (.78
+ P rigrinum

Total number surveved 7642 5823 4486 6101 1788 593 128

Total kg surveyed 49 48 105 179 38 19 11
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Leporinus friderici and Schizodon isognathus were
the next most abundant species in the ribazon. Lep-
orinus, an omnivore, showed no longitudinal trend
in relative abundance, but Schiizodon, an herbivore,
tended to increase in relative abundance in up-
stream reaches. The ommivorous characid Brycon
whitei entered the ribazon in the R. Guanare and
gradually incrcased in relative abundance in up-
stream reaches. None of the catfishes in the ribazén
were abundant, and all five of the pimelodid cat-
fishes arc large piscivores that exploit coporos and
other species ol the ribazédm.

On 28 November in the R. Apurc 8 km down-
stream from San Fernando de Apure, we estimated
an approximate density of 1 040 000 individualsha™,
of which 863 200 werc coporos. These estimates are
based on an average of 29 tish m™ (24 coporos) at an
average water depth of 3 m. We obtaincd these val-
ucs from 40 successive samples from a seine net
measuring 150 x 4 m (3.5 cm mesh) that was used Lo
encirele an area between two boats. The school of
fishes from which we obtained these samples occu-
pied an arca approximately 2.5 km along the length
of the river channcl with an average width of ap
proximatcly 36 m. Based on this rough cstimate of
9.0ha occupied by thc school, we estimate
9 360 000 tolal lishes, ol whichi 7 738 800 werc copo-
ros. Using the same methodology, we estimated
360 000 fishes, of which 198 000 were coporos, in the
K. Guanare just downstream from Arismendi. This
school occupicd and area of approximately 500 m x
30 m where the depth averaged ca. 2 m. Upstream
from this location, the river channel is narrower and
some fishermen use gillnets set perpendicular to the
river channel. In responsc to the net obstructions in
these upstrcam river reaches, the ribazdn disperses
into scattered groups and individuals. From Janu-
ary 1o April, no laree fish schools were observed in
the R. Bocond. In contrast, based on 935 throws of a
2 m diamelter castnet, ().083 coporos per throw were
abtained in the R. Bocond. Based on 612 throws
with the same casinet, an average of 8.0 coporos per
throw were capturcd in the R. Apure, Portuguesa,
and Guanare during November, December, and
part of January.

Discussion

The life-cycle of the coporo is complex, yet well
suited to cxploit large-scale patterns of spatial and
temporal variation in the western llanos of Vene-
zuela, Migration is a response 1o scasonal changes
in habital availability and quality al the landscape
level. Extensive wet-scason flooding of the low lla-
nos {the floodplains of the lower R. Apurc and the
flat savannas to the south) provides a vast and rich
habitat for adult foraging and the feeding, growth,
and survival of larvae and juveniles. As coporos mi-
orate, sometimes more than 300 km, from river
channels to inundated {loodplains, their gonads ma-
ture and encrgy stored as fat is consumed (Saldafia
& Venables 1983). As the floodplains gradually dry
up during September-December, fishes must return
{o the river channels. A portion of the floodplain
fish may remain resident in lagoons until the next
annual flood, and the decision to migrate or remain
may be associated with body condition relative to
the energetic demands of migration (Saldafia &
Venables 1983). The size and density of ascending
schools (ribazéns) diminishes as the fish move up-
stream. The coporos of the ribazons appeared to ac-
tively migrate primarily during the night, yet they
remained denscly congregated with movement by
day.

The annual ecological events and major move-
ments of coporos in western Venezuela arc summa-
rized in Figure 6. This scenario is similar to that de-
scribed for Prochilodus and Semaprochilodus spe-
cies in the central Amazon (Goulding 1980, Ribeiro
1983, Vazzoler et al. 1989, Vazzoler & Amadio
1990}). Presumably, the primary function of the riba-
zon is dispersal of the regional population within
rivers and streams of the R. Apure basin of western
Venczuela. We hypothesize that this dispersal be-
havior is a density-dependent response to food and/
or space limitations in river channels during the dry
season. We did not observe feeding behavior by mi-
grating coporos of the early ribazon within the R.
Apurc and Portuguesa. but we observed feeding be-
havior by coporos after the schools had dispersed in
the R. Guanare and Bocond during the latter stages
of the 1988-1989 ribazdn. According to our findings
for the R. Bocond, it appears that most of the copo
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Feeding in lowland floodplains

Reproduction

Descending migration

Gonad maturation

Feeding in rivers of piedmont and llanos

Ascending migration
Dry season * Wel season

Nov Nec Jan Feh Mar Apr

May  Jun Jul  Aug Sep Oct

Figure 6. Summary of the annual cyele of ecological periods and movements of copores in western Venczucla,

ros that attempt lo penctrate the upper river
reaches in the piedmont are smaller individuals of
age 1-2 yr. Smaller coporos consumed greater frac-
tions of algae, therelore, smaller fish may move fur-
ther upstream in search of algal growth on hard sub-
strates. Conversely, larger coporos consumed
grcater fractions of fine detritus, and these silty de-
posits would be more abundant in lower velocity
habitats of lower river reaches.

Ribazons also could function to reduce preda-
tion. Coporos, and to a much lesser cxtent omnive-
rous and hebivorous characiforms, far outnum-
bered piscivores (principally Pseudoplatysioma
spp.) in the ribazdn. As the floodplains dry up and
fish densities increase in river channels and lagoons,
predator-prey cncounter rates increasc. Schooling
can l[unction to reduce the threat of predation mor-
tality for individuals, but migration to locations
higher in the watcrshed with less extensive flood-
plains should further reduce predation risk. Where-
as some large predators prohably migrate for some
distance in pursuit of the ribazons, others appear to
remain in the lowlands at “feeding stations’, areas
where tributaries that drain the floodplains deliver
their contents to the main river channels. The salta-
dor, Salminus hilarii, was the only piscivorous char-
acid captured with the ribazén, and this species fre-
quently migrates {ar into the piedmont in a manner
similar to the coporo. The abundance of the omniv-
orous palambra, Brycon whitel, in the ribazén in-
creased with successive upstream samples, and in-

dication that this specics docs not migrate as far into
the lowlands during the wet season as the coporo.
All coporos of the Bocond Reservoir and upper
R. Bocono were adults, but neither migration nor
evidence of successful reproduction was observed
there during onr siudy. We made 17 surveys and in-
terviewed 12 local residents along the river above
the reservoir, and no fish migration was document-
ed. Limited movement apparently occurs within the
reservoir during the dry season when courting
males were observed in the shallow upper region of
the reservoir. Coporos do not scem to use most of
the volume of the reservoir, rather they secem o be
restricted to relatively shallow areas with DO >
3.5 mgl’. Coporos of the reservoir were larger and
older (age 4-8) than those captured downriver (age
1-3). The coporos above the dam appear Lo be an
isolated stock that probably will be extirpated with-
in the next decade as the last old individuals die.
Without access 1o the floodplains of the lowlands,
the specics appears incapable of completing its life
cycle. This situation contrasts sharply with that of
the [taipi Reservoir in Brazil/Paraguay wherce sca-
sonal floodplains lic upstream from the reservoir
within the upper Rio Parand basin (Agostinho et al,
1993). Prochilodus scrofa from Itaipi migrate up-
stream Lo Lhe [loodplains for spawning and feeding,
and this bchavior probably has a genetic/evolution-
ary basis due to the unusual river hasin gecomaor-
phology in this region. A similar situation may exist
in Guri Reservoir on the R. Caroni basin in eastern
Venczucla., Prochilodus rubrotacniarns of Guri ap
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parently spawn in the [loodplains in the region
above the reservoir where the R. Caroni and Par-
guaza enter (Alvarez et al. 1986).

Regulation of a relatively stable reservoir level
has created problems for coporos downstream.
First, wet-scason flooding has been greatly reduced
in the floodplains of the lower R. Bocono, which
seem to have provided an historical spawning hab-
itat for at least a small fraction of the coporos of the
region. Second, since the initiation of electrical gen-
cration al the Bocond Dam in 1987, the modified
instrcam flow and water chemistry could disrupt co-
poro migratory behavior. Third, the dam blocks up-
stream migration so that fishes now gather below
the dam for variable periods of time and are more
vulnerable to capture by fishermen.

In recent vears, coporo ribazéns have diminished
greatly in western Venezuela. Chapman (1980) de-
scribed great numbers of migrating coporos in the
R. Bocono, as well as their great importance in the
diet ol the local people. Now only scattered schools
of immature fish and few adults ascend through this
region. According to our intervicws with local resi-
dentsalong the lower R, Docond, the coporo migra-
tions have been sporadic and very small since the
closure of the dam during the mid-1980s.

We interviewed local people and assesscd cnvi-
ronmental impacts in each of the principal Andean
piedmont rivers of the Apure basin, We asked peo-
plc living along cach niver to describe the state ot
the most recent ribazon. People in 15 areas reported
no ribazén, and people in five arcas reported very
small migrations of scattered individuals (Table 5).
Only onc river in Portuguesa State and three rivers
in Barinas State were reported to have relatively
large ribazons in recent years. All four of these riv-
ers lacked major environmental impacts, whercas
19 of the 20 rivers in which ribazons had been re-
duced or eliminated showed obvious anthropogen-
ic impacts. Nine¢ of these rivers had impoundments
that obstruct upstream migration, seven had se-
verely reduced instream {lows primarily due to
large-scale deforestation in their watersheds, and
five received major contamination trom urban and
agricultural sources.

Notwithstanding thc issuc of the obstruction to
migration pused by the dam, the R, Bocono ducs

not now have the environmental conditions re-
quired to support migratory coporo. The coporo
densities below the dam during the dry scason are
probably artificially high and [vod may be limiting
as indicated by the low condition valucs for this
stock. During the dry seasen in the area just below
the dam, we estimated a densitly ol 1506 coporos m
an area of approximately 0.05 km? (i.e., 0.03 m™).
These fish did not seem to congregate nor did they
attempt to cnter the turbines or ascend the dam
wall. We have noted the latter at other dams with
spillways {e.g., R. Guanare). Repeated failed at-
tempts to scale dams undoubtedly leads to exhaus-
tion and injury, Dissolved oxygen periodically falls
below 3.5 mg 1" in the area just below the Baconé
Dam (Table 1), and this might induce stress in copo-
ros.

Solutions that wonld allow migratory fishes to

Tauble 5. Summary of the current condition of rivers and coporo
ribazons in the Rio Apure drainage basin of western Venezuela.

River Condition Ribazdn
Estade Cojedes:
Rio Tinaquillo contaminated absent

Rio San Carlos
Rio Cojedes
Fstade Portugucsa:

reduced flow (< 1m’s7) very small
obstructed. contaminated  absent

Rio Sarare contaminated absent
Rio Acarigua reduced flow (<2 m’ s7) very small
Rio Ospino dry abscnt

reduced flow (< 1.2 m"s') absent
reduced low (<05 m’s")  very small

Rio Guache
Rio Las Marias

Ric Portugucsa normal normal
Ric Guanare obstructed absent
Ric Tucupido obstructed, dry absent
Estado Barinas:
Rfo Bocono obstrucicd abscnt
Rio Masparro obstructed absent
Rio Santo Domingo obstructed absent
Rio Paguey normal very small
Rio Canagua modcrately contaminated  abscnt
Rio Socopo normal normal
Rio Michay reduced flow very small
Kio Suripa normal normal
Rio Curbaty normal normal
Estado Tachira:
Rin Capara obstructed ahscent
Rio Doradas obstructed absent
Rio Uribante obstructed absent
Rio Torbes contaminated absent




coexigt with dams are needed, because plans for
widespread dam construction exist for most of the
major river basins of South America (Fearnside
1989, Quirds 1989, Barthem ct al. 1991). Fish pas-
sages have proved largely ineffective for Neotrop-
ical migratory fishes (Quirds 1989). Pool and weir-
type [lish ladders seem (o be effective 1o only 8-
10 m, and it is difficult to attract migratory fishes to
the entrance (Quirds 1989, personal obscervations at
the R. Guanare). Borland-type tish locks have been
installed in at least one dam in Argentina, but their
handling capacity is so low that they probably do
fittle to aid large schools of ascending fishes, and
they are only effcctive to heights of 25 m (Quirds
1989). The high handling capacity required for mi-
gratory Prochilodus would require a fish elevator,
but the potential effectiveness of this expensive
technology is unknown and debatable (Quirds
1989). Despite our current lack of information on
Neotropical fish response to fish passages, many of
the countries of South America already have laws
requiring the construction of fish passages in new
dams (Quirds 1989).

R. Smith (unpublished undergraduate thesis,
1987, UNELLEYZ, Guanarc) proposcd construc-
tion of a series of canals and ponds along the mar-
gius ol 1iver channels o create additional habitat
for coporos in impoundment tailwaters. The design
would permit migratory fishes to enter and exit the
refuge from the river and provide auxillary feeding
habitat during the dry season. During years when
population densities exceed the carrying capacity of
the refuge, a portion of the fish stocks could be har-
vested casily. Such arefuge system of carthen canals
and ponds probably would cost less and require less
maintenance than fish passage devices of question-
able utility, Toincrease refuge carrying capacity, en-
richment of algal stocks and detritus could be
achieved using standard aquaculture methods.

Another possible solution is to block access to
imponnded rivers at their mourhs, so that most of
the ascending fishes are shunted toward unim-
pounded tributaries with appropriatc habitat. In a
manner similar to that employed by llanos gillnet
fishermen, small mesh (< 4 cm) blocknets might be
positioned across the mouth of the R. Guanare so
that ascending coporos would be forced to ascend
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the R. Guanare Viejo (a south bank tributary) or
the R. Portugucsa. Unfortunately, very few unim-
pacted rivers remain in western Venezuela to re-
ccive rerouted migrants (Table 5).

In addition to dams, reduced instream flows and
pollution, overfishing poses a serious threat to co-
poro stocks in western Yenezuela. Coporo fishing
has a long tradition in the llanos, but true commer-
cial fishing began in the llanos during the 1950s.
During our survey ol the ribazdn, one of us (ABD)
interviewed fishcrmen and fish buyers, and all
stated that the fish catch was declining with each
passing vear. Fishing had been especially poor in
the upper and middle reaches of the basin during
the five years preceeding our study. As stocks de-
cline, illegal fishing methods are used increasingly.
Near the mouth of the R, Portuguesa, gillncts, in-
cluding many of illegal mesh sizes, are set perpen-
dicular to the river channcl. These nets catch some
of the ascending coporos, but probably rcroute
many more fish upstream in the R. Apure channel.
Gillnets also block the R. Guanare, especially in
places where the channelisnarrow and thereis little
access to the river by land. Clearly, more cffective
cnforcement ol fishing regulations will be required,
if coporo stocks are to remain viable in the remain-
ing unitmpacted rivers of western Venezucla.
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