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Abstract

The ichthyofauna of the Plata River Basin (Argentina, Uruguay, Paraguay, Brazil, Bolivia}
consists mainly of illiophagous (mud-eating) and detritivorous species. The primary productivity
of phytoplankton is generally low. Regressions of ichthyomass and catch per unit effort against
total organic nitrogen, total organic carbon, and other variables indicate that much of the spatial
variability in fish abundance is explained by the content of the organic matter in the water column.
These relationships are demonstrated for the Middle Parand River and for the Salto Grande
Reservoir on the Uruguay River. More limited evidence suggests that water column organic matter
influences fish distribution elsewhere in the basin as well, and may account for the higher average
fish abundance at the mouths of tributary rivers and streams of the Parani and Uruguay rivers.
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The relatively low importance of phytoplank-
ton production in large floodplain rivers 1s well
known (Bonetto et al. 1969; Bayley 1979; Wel-
comme 1979; FAO 1980; Vanotte et al. 1980;
Wissmar et al. 1981). In such systems, seasonal
inundation generally controls the important cycle
of macrophyte production and decay (Bonetto
1975, FAQ 1980, Bayley 1981), and a large
amount of allochthonous organic matter enters
the permanent rivers as detritus each year (Wel-
comme 1979; Chapman 1981). The annual flood
cycle also controls production and other biolog-
ical features of the fish community (Bayley 1981).
Fish communities in floodplain rivers often con-
tain a high proportion of detritivorous species
(Bakare 1970; Welcomme 1979); it would be ex-
pected that, in turn, fish production in such en-
vironments would be related directly or indi-
rectly to organic richness of the substratum (FAQ
1980).

Fish production can be increased when organic
fertilizers are added to controlled systems
(Schroeder 1978; Noriega Curtis 1979). The nu-
tritional value of organic matter is increased by
microheterotrophs, both by the organisms them-
selves and by their metabolic byproducts (Wiss-
mar et al. 1981). Microheterotrophs need a bal-
ance of nutrients, which may be lacking in **black
waters™ of high humic acid content, waters that
typically have low fish production (Sioli 1975;
Welcomme 1979; Bayley 1981; Bonetto et al.
1981; Rai and Hill 1981).
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Detritus inputs to rivers are likely to accu-
mulate mainly in the more lentic channels and
backwaters and, as Welcomme (1976) summa-
rizes, average fish abundance is much greater in
such areas. Differences in average fish abundance
have been related to the degree of organic fertil-
ization in aquatic environments (Hrbacek 1969
Fox 1976; Gilmore 1978; Quirds et al. 1984),

In the Plata River Basin, which covers large
parts of Argentina, Uruguay, Paraguay, Brazil,
and Bolivia, major concentrations of fish bio-
mass are known in lagoons of the middle Parana
River floodplain (Bonetto et al. 1969; Bonetto)
et al. 1970; Bonettop et al. 1970; Cordiviola de
Yuan and Pignalberi 1981). Similar concentra-
tions occur at confluences of tributaries with the
Parana and Uruguay rivers, and of these two
rivers to form the Plata River, as well as in the
coastal zone near Buenos Aires. A large propor-
tion of these fish communities is detritivorous;
Prochilodus platensis is the most notable spectes.

In this paper, we explore the extent to which
fish distributions are associated with total or-
ganic matter in the water column in the Plata
system.

The Plata River Basin
The Plata River (Fig. 1) is formed by the con-
fluence of the Parana and Uruguay rivers, whose
drainage basins ate 2.61 x 106 km? and 0.37 x
10% km2, and whose average discharges at the
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FIGURE 1.— The Plata Basin.

confluence are 16,000 m3/s and 4,800 m3/s, re-
speclively,

The Parana is the second most important South
American river afier the Amazon. Its upper ba-
sin, located in Brazil, shows a stepped and un-
even profile; abundant falls and rapids are in-
terspersed with considerable extents of low
gradients and floodplain up to the confluence

with the Paraguay River. Its width varies from
100 to 4,000 m. Except for some tributaries start-
ing in the Andes region, the Paraguay River pre-
sents extensive floodplains with swampy mar-
ginal areas. After the confluence with the
Paraguay, the upper Parand changes its hydro-
logical and limnological characteristics to form
the middle Parana with its massive floodplain.
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As it flows southwards, its valley widens up to
create an extensive delia before flowing into the
Plata.

The sources of the Uruguay River are in south-
eastern Brazil and the upper river, with its rocky
bed, resembles the upper Parani. The Salto
Grande Dam has been built in its middle section.
South of Salto Grande, the Uruguay River wid-
ens and deepens considerably, before flowing into
the Plata without showing floodplain develop-
ment,

The Riachuelo River is a small tibutary to the
Parana River south of its confluence with the
Paraguay River (Fig. 1), and the [bera system is
a wide complex of lentic water bodies and wet-
lands in Cormientes Province {Bonetto et al. 1981).

Los Sapos and El Vado islands (Bonetto et al.
1969; Cordiviola de Yuan and Pignalberi 1981)
are located on the outflow of the Salado River
into the floodplain of the Parana River, near San-
ta Fe City (Fig. 2). Chepes Island is south of Los
Sapos and El Vado islands under the influence
of the main channel. La Palomera and Noguera
islands are in the river plain south of the conflu-
ence of the Parani and Paraguay rivers.

Methods

The area considered covers the lower part of
the Plata Basin (Fig. 1) including the Parana Riv-
er (lower, middle, upper), lower Paraguay River,
Uruguay River, and the Plata River itself. More
than 60% of the commercial fishing catch in this
area consists of Prochilodus platensis (Charac-
idae); this species and some elements of the Lor-
icaridae and Curimatidae have been grouped in
the detrilivore category for analysis.

Published abundances and biomass estima-
tions, plus personal communications, have been
taken into account as the only sources of infor-
mation, due to the low level of exploitation in
the system and the unreliability of commercial
fishing statistics.

Fish Sampling

Salto Grande Reservoir (Fig. 3) was sampled
during two periods; 1980-1981 at six stations
and 1981-1982 at five stations, each of them
representative of the reservoir’s different sub-
environments. The gear used was a flect of nine
gill nets, each net 50 m long, 185 m? in surface,
and hung by a 0.5 ratio. Stretched-mesh sizes
were 42, 50, 60, 70, 78, 105, 120, 140, and 170
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FiGURE 2.—Los Sapos and El Vado islands, middle
Parand River (adapted from Bonetto et al. 1969).

mm. The fleet was set at the surface, perpendic-
ular to the shore with the smallest mesh toward
shore, Stations were sampled on two consecutive
nights, bimonthly in 1980-1981 (Quirds et al.
1984) and trimonthly in 1981-1982. The cap-
tured fishes were identified, weighed, and mea-
sured in the field and only fish caught at night
(19000700 hours) were considered. The catch
per unit effort (CPUE) is expressed as kg/fleet-
night as an indicator of fish abundance.

Fish sampling in the Plata River, in the coastal
zone near Buenos Aires (Fig. 4), was performed
with a commercial fishing vessel and a surround
net. The catches were not weighed and only their
total volume was qualitatively estimated.

Concerning the Parana River (upper and mid-
dle), data have been derived from Bonetto et al.
(1969), Bonetto, et al. (1970), Bonetto, et al.
(1970), Bonetto et al. {1971), Cordiviola de Yuan
(1977), and Cordiviola de Yuan and Pignalberi
(1981). Data from Bonetto et al. (1978) have
been used for the subbasin of the Riachuelo Riv-
er, and from Bonetto et al. (1981) for the Ibera
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FiGURE 3. —Safto Grande Reservoir.

system (Fig. 1). For determining fish abundance
in island lagoons of the floodplain, they uscd a
depletion method with a beach seine. Bonetto et
al. (1969) presume that such depletions may be
considered exhaustive, and we consider them as
fish biomass (FB) in our analysis.

Cordiviola de Yuan and Pignalberi (1981)
present results of fishing in island lagoons in the
floodplain of the middle Parané, where latitudes
range from 31°40'S (Los Sapos, El Vado, Sirga-
derc and Los Chepes islands) to 27°28'S (No-
guera and Palomera islands). The number of fish-
ing hauls were not the same for all lagoons, so
we use ““catch per fishing haul” (CPUEh) as an
approximation to fish abundance, We omit la-
goon number 5 where too many fishing hauls
were performed. The information on capture
composition was obtained from the authors
(Cordivicla de Yuan, personal communication),

Environmental Sampling

In Salto Grande Reservoir, limnological sam-
pling occurred on the same dates of fish sam-
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FiGURE 4.— The Plata River.

pling. Atall stations, temperature, dissolved oxy-
gen, conductivity, and pH profiles were measured
with a Horiba U-7 deep sensor calibrated in situ.
Water samples were taken at three depths with
a plastic Van Dorn bottle; in the field laboratory
(Quirds and Cuch 1982), dissolved oxygen in
these samples was determined by the alkali—azide
modification of Winkler’s method (APHA et al,
1978), and conductivity, alkalinity, and total in-
organic carbon were measured by titration and
with an Orion 407 ion analyzer (Golterman et
al. 1978). Separate samples were taken at .2-m
depth to determine total concentrations of nu-
tients. Other samples were filtered through
Whatman GF/C filters and afterwards through
Millipore membrane filters (0.45-um pores) to
determine soluble compounds. The water sam-
ples for nutrient analysis were preserved with
sulfuric acid at 4°C, and the determinations were
performed within 10 days after the samples were
taken, Total phosphorus was analyzed by the as-
corbic acid method (APHA et al. 1978). Total
organic nitrogen and total and soluble chemical
oxygen demand were measured according to
Golterman et al. (1978). At one of the stations,
these determinations were made at three depths
{Quirds and Cuch, in press). Chlorophyll deter-
minations were done according to Stauffer et al.
(1979) after filtration through a Whatman GF/
C filter (Quirds and Luchini 1982),
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In the Plata River, samples were taken at
0.5-m depth at each fishing ground in the coastal
zone and along a transect from Buenos Aires to
Martin Garcia Island (Quirés and Scnone, un-
published; Fig. 4). The analytical methods were
those described above.

The chemical oxygen demand was taken as an
indicator of organic matter levels (Maciclek
1962).

Limnological data for the middle Parana River
(Bonetto et al. 1969; Cordiviola de Yuan and
Pignalberi 1981) come from surface samples tak-
en during the period of fish sampling. Analysis
generally followed APHA et al. (1976). Chioro-
phyll determinations were performed on acetone
extracts filtered through 45-pm-pore Millipore
membrane filters, and total organic matter was
measured by permanganatc oxidation. These data
are available from INALI (National Limnology
Institute, Santo Tomé, Santa Fe, Argentina). Data
for the Iberd system belong to Bonettoetal. (1981)
and Bonetto (personal communication); those
pertaining to the Uruguay River tributaries come
from Comisién Técnica Mixta de Salto Grande
(1982).

Data Analysis

Each data base was analyzed separately be-
cause of the different methods used to determine
fish abundance and levels of organic matter in
the water column.

Correlation—regression analyses were per-
formed. Dependent variables are average catch
per unit effort in each sampling period (CPUE)
for Salto Grande Reservoir (1980-1982), and fish
biomass (FB, 1969) and catch per fishing haul
(CPUEh, 1981) for the middle Parani. Indepen-
dent variables for Salto Grande Reservoir are
chemical oxygen demand in the water column
(COD) in milligrams of oxygen consumed per
litre; total organic nitrogen (TON), total phos-
phorus (TP), electrical conductivity at 20°C (K2g ),
total chlorophyll concentration (CHL), and, as
indicators of heterotrophic activity, carbon diox-
ide and dissolved oxygen concentrations at the
surface (CO3,, DO;) and at the bottom (CO2y,
DOy, ). For the middle Parana, 1969 and 1981,
they are permanganate oxidizability (OX) in mg
of oxygen consumed per litre, electrical conduc-
tivity (K), bicarbonate concentration HCOs, and
turbidity {TURB). Measurement units are; TP
and CHL, mg/m3; TON, g/m3; DO, mg/L; CO»,
milliequivalents/L; HCO3, mg/L; TURB, Jack-
son turbidity units.
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Regression and residual analysis follow Draper
and Smith (1966); significances are based on ¢-
and F-tests for simple and multiple correlation
coefficients, respectively.

Results
Salto Grande Reservoir

Salto Grande Dam was completed in July 1979
and the reservoir was at full capacity in Septem-
ber 1979. Results from the first year of sampling
(February 1980-February 1981) indicated that
fish were distributed within the reservoir ac-
cording to the organic matter content of the water
column: CPUE was significantly correlated with
COD and TON (Table 1); CPUE was also sig-
nificantly correlated with indicators of hetero-
trophic activity: positively with CO; and nega-
tively with DO. Catch was not well correlated
with Ko or TP, measures of inorganic and or-
ganic nutrients, or with total chlorophyll con-
centrations (Quirds and Cuch 1982; Quirds and
Luchini 1982; Quirds and Cuch, in press).

These relationships generally were borne out
during the second sampling period (June 1981-
February 1982), but nutrient concentrations (K g,
TP) were more important (Table 1). Lincar
regressions of CPUE versus TON and Kjp ex-
plained 96% of CPUE vanation during 1981-
1982 (log,CPUE = 1.33 + 2.0 x 10-3TON +
0.014K3q; R? = 0.96; P < 0.05).

During the first sampling period, the propor-
tion of detrtivores in the catch ({p) correlated
fairly well with total CPUE (r- = 0.56; P < 0.09)
and very well with COD (2 = 0.89; P < 0.01)
(Quirds et al. 1984). This could indicate that a
higher proporticn of detritivorous elements were
present in subenvironments having a higher con-
tent of organic matter during the first months
after the reservoir was at full capacity. This was
not repeated during the following sampling pe-
riods.

Middle Parana River

In 1969, fish biomasses (FB) in Los Sapos and
El Vado lagoons of the middle Parana River were
most closely correlated with organic matter in
the water column (OX) (Table 1). The largest
deviation from this regression occurred in the
lagoon having the lowest proportion ( fp = 0.03)
of detritivores. Turbidity, HCO3 and K were un-
related to biomass. There was not enough infor-
mation about CHL to allow a regression, but the
lagoon with the highest FB had the highest CHL,
this suggests that the relevance of CHL should
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TaBLe 1.— Regressions of catch per unit effort (CPUE), calch per fishing hau! (CPUEN), and fish biomass (FB)
against physicochemical variables for Salto Grande Reservoir on the Uruguay River and the middle Parand
River at Los Sapos Island. Range of the dependent variable and the number of measurements that enter each

regression are in parentheses.

Regression® r2 P Regression? r? P
Salte Grande 1980 Salte Grande 1981
CPUE = —126.4 +245.71TON 0.94 0.01 CPUE = — 90.9 + 193.57TON 0.73 0.10
log,CPUE = 1.51 + 3.57TON 0.94 0.01 log CPUE = 1.76 + 2.86TON 0.83 0.03
(TON: 0.63-1.04;, N = 6) (TON: 0.57-1.02; N =3)
CPUE = —36.% + 3.92C0D 0.86 0.01 CPUE = —36.3 + 5.1200D 0.94 0.01
log CPUE = 2.70 + 0.05C0D 0.83 0.01 log LPUE = 2.65 + 0.07C0D 091 0.01
(COD: 17-41; N = 6) (COD: 12-32; N=5)
CPUE =340 + 0.34Ky 0.03 0.74 CPUE = —91.9 + 203K 0.75 0.10
{Kop: 51-B7, N =6) (Kap: 37-101, ¥ = 5)
CPUE =265 + 277TCHL 0.10 0.55 CPUE =503 + 112CHL 0.02 0.81
(CHL: 3.7-13.6; N = 6) (CHL: 1.6-16.4; N = 5)
CPUE = —81.4 + 2.631F 0.25 0.32 CPUE = -516 + L.51TP 0.92 0.01
(TP, 4262, N=6) (£ 48-117, N = 5)
CPUE = —30.5 + 874.40C0%,) 0.78 0.02 CPUE = 571.8 - 674000}, 0.82 0.04
(DO B.11-6.64; N ~ 5)
log, CPUE = 2.74 + 11,68C 0 0.82 0.02 log,CPUE = 2.94 + 14.49C0yp 0.72 0.08
(COzpy: 0.06-0.17; N = 6} (Cqpy: 0.040.12; N = 5)
Middle Parand 1969 Middle Parand 1981¢
FB= 1521+ 22850X% 0.68 0.10 CPUEAR = 0.5 + 0.330X% 0.22 0.07
(0X:99-283; N=135) (OX: 7.7-2%9.6; N = 15)
FB=42%9.0 + 0.80HCO; 0.01 0.89 CPUEh = 8.3 — 0.07HCO; 0.09 0.30
(HCOz 135-210, N = 5) (HCO3: 89-827, N=15
FB=671.1 — 0.8QTURE 0.38 0.28 CPUER =129 + 0.0ITURE 0.47 0.6l
(TURRB: 15-385; N =5 (TURHE: 22-888, ¥ = 135)
FB =441.7 + 0.08K 0.01 0.89 CPUEh =52 — 0.002K 0.00 0.8%

(K:1,241-1,774, N = 53)

(K: 56.5-308; N = 15)

2 (CHL =total chlorophyll, mg/m¥
COD = chemical oxygen demand, mg O/L;
COxp) = dissolved CO; at bottom, mmol/L;
DOy = dissolved oxygen at bottom, mg/L;
HCO3 = bicarbonate, mg/L;
K>p = conductivity at 20°C, aS/cm;
b Bonetto et al. (1969).
¢ Cordiviola de Yuan and Pignalberi (1981).

be explored. Zooplankton abundance was not re-
lated to FB.

In 1981, CPUEh in the Los Sapos lagoons of
the middle Parana was correlated with OX but
not with HCOj3 or K (Table 1). The observed
correlation between CPUEh and TURB (2 =
0.47; P < 0.01) could indicatc a phcnomenon
related to catchability due to the type of gear
used, or to a relation we can not determine with
the existing information.

The lagoons at Los Sapos and El Vado islands
are influenced by the Salade River with high
levels of organic matter (OX = 15 mg Os/L) of
both natural and cultural origin (Maglianesi and
Depetris 1970; Stangenberg and Lenardon 1970),
and have the most important ichthyomass that

K = conductivity, u8/cm;
TON = total organic nitrogen, g/'m?;
X = permanganate oxidizability, mg O2/L;
TP = total phosphorus, mg/m3;
TURE = turbidity, Jackson units.

has been registered in the floodplains of the mid-
dle Parani River (Bonetto et al. 1969; Bonettos
et al. 1970; Cordiviola de Yuan and Pignalberi
1981}, In the lagoons under greater influence of
the main channel (middle Parana River: OX =
3.90 mg Oy/L), the fish abundance is reduced,
parallel to the lowering of OX and nutrient con-
centrations (Stangenberg and Maglianesi 1968a,
1968b; Bonetto and Maglianesi 1969; Bonetlo;
et al. 1970; Cordiviola de Yuan 1977; Bonetto
and Lancelle 1981). For instance, lagoons at Los
Sapos and El Vado islands showed higher CPUEh
(73% and 75% respectively) than lagoons at Los
Chepes and Sirgadero islands in the main chan-
nel, and the differences were even greater when
Los Sapos and El Vado catches were comparad
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with those from up river lagoons at La Palomera
and Noguera islands (Cordiviola de Yuan and
Pignaiberi 1981). This allows us to athrm that
the relation between fish abundance and organic
matter of the water column applies over a wider
spatial scale than that given by Los Sapos and
El Vado islands.

At Los Sapos, El Vado, and Los Chepes islands
(1981), CPUEM correlated lincarly with fp (V =
27; r=0.49; P < 0.01), Los Sapos lagoon show-
ing the highest fy registered (56% of catches with
fp > 0.90) together with the greatest CPUED and
the highest levels of OX and HCQj. Residual
analysis of regressions CPUEHR versus OX and
CPUER versus fp, for Los Sapos Island, showed
that OX underestimated CPUER athigh /p values
(Fig. 5); this may indicate a positive CPUEh de-
pendence on the latter variable, When residuals
of the regression CPUER versus fp were ana-
lyzed, the latter overestimated CPUEL at low
OX valucs; at intermediate OX values, residuals
were randomly distributed, and at high OX val-
ues, CPUE was underestimated (Fig. 5).

Plata River

There are two important areas for commercial
fishing in the Plata River (Candia and Milone,
personal communication). The first is located west
and northwest of Martin Garcia Island, where
the Parani and Uruguay rivers meet to form the
Plata. The second is located on the coastal zone
along the waterfronts of the cities of Buenos Aires
and La Plata. In the latter areas, streams con-
taining high loads of organic matter of cultural
origin flow into the Plata River, particularly in
the vicinity of Berazategui not far from the city
sewer discharge (Fig. 4). At a 1,500-m average
distance from the shore, levels of organic mat-
ter increased from the mouth of Buenos Aires
harbor (COD = 38 mgQO2/L; TP = 186 mg/m?;
TON = 0.91 g/m?) to the sewer discharge area
(COD = 80 mgOy/L; TP = 237 mg/m3; TON =
2.74 p/m3). Fish catches, mainly Prochilodus
platensis and Mugil sp., increased 10-fold along
the same transect.

Another transect was made between Riachuelo
stream mouth and Martin Garcia Island (Fig. 4).
Organic matter levels were high at the mouth of
the stream (COD = 47 mg Oy/L; TP = 220
mg/m3; TON = 2.00 g/m3 ), decreasing towards
the middle of the Plata River (COD = 33 mg
O/L; TP = 96 mg/m3; TON = 0.63 g/m?), and
increasing once more near Martin Garcia Island
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FIGURE 5.—Los Sapos Island, middle Parand River,
1981: residuals (e) of (4) the regression of caich per
Sishing haul {CPUED) versus oxidizable matter (0X)
plotted against the frequency of detritivorous fishes
ffp), and (B} of the regression of CPUEh versus f
plotted against OX,

(COD = 40 mg Ox/L; TP = 104 mg/m3; TON =
1.19 g/m3). The zones with highest values co-
incide with the commercial fishing grounds.

Other Subsystems

Bonetto et al. (1978) studied the structure of
fish communities in three lagoons in the Ria-
chuelo River basin (Fig. 1) near Corrientes city.
Because of the qualitative sampling method used,
the estimation of fish abundance is based on the
author’s judgement: Totora lagoons, “low den-
sity’’; La Brava Lagoon, “moderate abundance™;
Gonzalez Lagoon: ‘‘dense population , . . abun-
dant Prochilodus platensis and “viejas de agua™
(Loricariidae).” If we assign numbers to these
assessments—1, 2, and 3, respectively —the
regression of fish abundance versus QX gives r2 =
0.997 (P < 0.03). The correlations with other
environmental variables (Caro et al. 1979) were
considerably lower.

In their study on the Ibera system ichthyo-
fauna, Bonetto et al. (1981) described two eco-
logical regions. Migratory species of the Parani
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FIGURE 6.— Salto Grande Reservoir. Relation between
catch per unit effort (CPUES) and total organic ni-
trogen (TON{) in February 1984,

fauna, particularly Prochilodus platensis, are lim-
ited to the southwest region influenced by the
Corrientes River; fish generally are less abundant
to the northeast. The authors say this distribu-
tion is due to factors having direct effects on fish,
such as densc vegetation that inhibits fish move-
ments, increases in water acidity, and lack of
dissolved oxygen in vegetated areas, among oth-
ers. It is to be expected that the low concentra-
tions of available nutrients (conductivity, 15-50
uS/cm) will keep heterotrophic production based
on macrophyte decay low over the whole system,
even with high levels of available organic matter
(Bonetto, personal communication). It is then
valid to assume that limits to abundance and
distribution of fish could act at the level of the
fish community. The possibly lower fish pro-
duction in the northeast could be explained by
the low nutrient concentrations.

Bonetto and Drago (1968) compared the
amount of fish in the upper Parani River to that
of the axis formed by the Paraguay and middle
Parana rivers; fish abundance in the former was
only 30% of that in the latter, the Loricariidae
being poorly represented. Oxidizable matter was
positively related to the fish abundance described
(upper Parani River, OX = 2.59 mg O»/L; mid-
dle Parana River, OX = 3.90 mg O4/L; lower
Paraguay River, OX = 9.24 mg O3/L; Maglianesi
1973; Bonetto 1976; Bonetto and Lancelle 1981).
On the other hand, Bayley (1973) observed big
shoals of Prochilodus platensis, the fish with
empty stormachs but in breeding condition, in
the upper section of the Pilcomayo River, a trib-
utary {with no floodplain) of the Paraguay River;,
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he reasoned that fish migrate toward the lower
swampy areas, in the middle section of the river,
to feed.

In the riparian area of the Uruguay River, the
besi fishing grounds are found at the mouths of
tributary streams and rivers, particularly the Mo-
coreta and Mirifiay rivers. The Mocoreta River
mouth is now the arm of the Salto Grande Res-
ervoir having the most fish. At their mouths,
both rivers have the highest levels of organic
matter of all the Uruguay River tributaries south
of the Mirifiay River (Comision Técnica Mixta
de Salto Grande 1982). Such concentrations of
fish at the mouths of tributaries also have been
noted for three tributaries of the upper Parana
River, near Corpus (Castello, personal commu-
nication).

Discussion

Salto Grande Reservoir has a central zone of
great water exchange and low inorganic turbidity.
Qur 1982 data show ratios of phytoplankton gross
primary productivity to respiration in the water
column less than one. Macrophytes are unim-
portant (Quirds et al,, unpublished). On this ba-
sis, we characterize this reservoir as heterotro-
phic and suppose that a great proportion of the
energy input is channeled through the detritus
chain. Average fish abundance increases from the
middle to the end of the arms together with in-
creasesin the levels of organic matter in the water
column. The relationship between fish abun-
dance and organic matter obtained in 19801982
cannot be considered “predictive™ because five
of the six stations had statistically nondistin-
guishable CPUEs. But extensive sampling at 12
stations in February 1984 showed that TON cx-
plained 79% of the CPUE variation with more
uniform distributions of the dependent and in-
dependent variables (Fig. 6: Quirds and Delfino,
unpublished). Such sampling inciuded stations
at the ends of the lateral reservoir arms. Also,
during 1982, zooplankton abundances (number/
L) were directly related to organic matter con-
centrations in the water column,

The middle Parand seems to present similar
results. Island lagoons under greater influence of
the main river channel showed smaller ichthyo-
masses than those near the margins of the flood-
plain, where they are influenced by secondary
channels and lateral tributaries with more or-
ganic matter. In particular, the lagoons at Los
Sapos and El Vado islands, reported to have the
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highest biomasses registered in river—floodpiain
systems (Welcomme 1979), are under the direct
influence of the Salado River, which discharges
a high load of organic matter into them. Such a
scheme seems to be repeated in the coastal zones
of the Plata River.

The low average depth and the lack of per-
manent stratification in the environments con-
sidered may facilitate the resuspension of sedi-
ments by wind and wave action (Drago and
Vasallo 1980) as well as mineralization of some
organic matter within the water column. No mat-
ter where this organic matter is processed, we
consider it a fundamental element in the total
trophic structure of the system. The large pro-
portion of detritivorous elements in the ichthyo-
mass (particularly illiophagous ones} permits us
to suppose that a substantial portion of the total
organic matter is processed at the benthic detri-
tus level (Bowen 1979, 1981). Presently, we lack
the information to relate organic matter levels
in the benthos to those in the water column. The
results of Bonetto et al. (1981) in the Iberi sys-
tem, as well as research in other places {Wel-
comme 1979), indicate that the relation between
organic matter levels in the water column and
fish abundance would not be valid in environ-
ments with low nutrient concentrations,

In Salto Grande Reservoir during the first 18
months after it filled, in the middle Parana River,
and in the Plata River there seems to be a direct
relationship between the levels of organic matter
in the water column and the proportion of de-
tritivorous elements in the ichthyofauna. The re-
lationship may be indirect—for example, both
organic matter in the water and feeding oppor-
tunities for detritivorous fishes could be inde-
pendent functions of such local factors as recent
flooding of land or discharge of an organics-laden
tributary —but it may be no less reliable for that.
Our first results for Salto Grande Reservoir seem
to repeat themselves in other subsystems of the
Plata basin, particularly in the middle Parani
and the Plata rivers. The available data for the
rest of the basin are consistent with these infer-
ences although much less conclusive.
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