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Organic carbon in the Caura River, Venezuela!

Abstract—Samples were taken weekly over a
2-year period near the mouth of the Caura River,
which drains a large watershed on Precambrian
shield covered with tropical moist forest. The
concentrations of dissolved organic carbon were
essentially static despite a 10-fold seasonal change
in discharge. Particulate carbon showed an un-
expected but relatively weak inverse relationship
to discharge. Yield of total organic carbon (12.3
g C m~2 yr~') was higher than would have been
expected from the literature. Yield can be pre-
dicted accurately from discharge because of the
strong homeostasis in concentration of dissolved
organic carbon.

Information on concentrations of organic
carbon in rivers throughout the world has
become considerably richer over the last 10
years (Degens et al. 1984). Even so, detailed

! This work was supported by National Science
Foundation grant BSR 83-15410 and by the Venezue-
lan Ministerio del Ambiente y Recursos Naturales Re-
novables. J. Meyer and an anonymous reviewer com-
mented on the manuscript.

information on organic carbon in large rivers
draining tropical moist forest is still very
scarce (Schlesinger and Melack 1981). Our
2-year study of the Caura River, a tributary
of the Orinoco, provides concurrent mea-
surements of particulate organic carbon,
dissolved organic carbon, and discharge for
a large river draining undisturbed tropical
moist forest.

The Caura River watershed (47,500 km?)
is located between 4° and 8°N lat within
Venezuela. The watershed, which is vir-
tually uninhabited, occupies a portion of the
Guayana shield, a highly weathered Pre-
cambrian formation. The vegetation of the
watershed is a mixture of premontane rain-
forest (29%) with precipitation of about
6,000 mm yr~!, very humid tropical and
premontane forest (42%; 3,000 mm yr—!),
and humid tropical forest (29%; 2,200 mm
yr=!') (Ewel et al. 1976). Average runoff is
close to 2,400 mm yr—!.

We sampled the mouth of the Caura at
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biweekly intervals between May 1982 and
March 1984. On each date, we took four
velocity-integrated samples over the cross
section of the river with a sampler of the
type described by Nordin and Skinner
(1977). The samples were taken to a field
laboratory at Ciudad Bolivar on the Ori-
noco River, where they were filtered through
preweighed, combusted Whatman GF/C
glass-fiber paper (effective pore size ~0.7
um: Sheldon 1972). The concentration of
total particulate material was calculated
from the dry weight gain of the filters. Per-
centage carbon in particulate material was
determined for triplicate filter subsamples
combusted in a CHN analyzer (Carlo Erba
1106) calibrated with standard orchard
leaves (U.S. NBS) and with EDTA. A por-
tion of the filtrate was placed in an ashed
glass ampule and the ampule contents were
purged of inorganic carbon after addition of
phosphoric acid. Persulfate was added to
the samples, after which they were sealed
and autoclaved. This is considered an effi-
cient means of converting mixed organic
species to CO, (Strickland and Parsons
1972). Reagent blanks and standards were
prepared at the same time by the same
method. The CO, in the ampules was ana-
lyzed on a gas chromatograph (Hewlett-
Packard 5840A) in thermal conductivity
mode. The amount of soluble organic car-
bon was computed from the amount of CO,
in each ampule.

Daily gauge readings on the Caura River,
obtained from the Venezuelan Ministerio
del Ambiente y Recursos Naturales Reno-
vables, were calibrated against 26 separate
discharge measurements made by the Ven-
ezuelan government and the U.S. Geolog-
ical Survey. On the basis of the calibration
curve (r = 0.97), all gauge readings were
converted to discharges. The discharges were
then used in computing the total carbon
yields for each biweekly interval of the study.

Figure 1 shows the concentrations and
yields for dissolved, particulate, and total
organic carbon. Even though the Caura is a
“blackwater” river, and thus would be ex-
pected to have exceptionally high concen-
trations of dissolved organic carbon (DOC),
the mean concentration of DOC (discharge-
weighted) is only 3.99 mg liter—!. Dis-
charge-weighted particulate carbon aver-

Notes

ages 1.09 mg liter—! and thus contributes
significantly to total transport.

Total carbon transport for the Caura Riv-
eris 12.3 g C m~2 yr—!, which exceeds that
of watersheds > 500 km? listed in the review
by Schlesinger and Melack (1981). Trans-
port for the Caura River is also well above
the trend line established by Schlesinger and
Melack for the relationship between annual
discharge and carbon yield. Thus the un-
expectedly low DOC concentrations of the
Caura are more than compensated by high
runoff.

As shown by Fig. 1, the discharge of the
Caura River changes seasonally by a factor
of about 10. It is surprising, in view of these
large changes in discharge, that there is no
relationship between concentration of dis-
solved organic carbon and discharge (r =
0.04, P > 0.05). There is a notable but very
brief increase of DOC just at the beginning
of the rising water that indicates a tempo-
rary flushing phenomenon (cf. Brinson
1976), but the dissolved carbon concentra-
tions are otherwise very steady (C.V., 27%).

Particulate organic carbon shows a weak
but statistically significant relationship to
discharge. The relationship is negative rath-
er than positive, as might have been ex-
pected (r = —0.31, P = 0.04). The concen-
tration of total organic carbon, which is a
composite of the dissolved and particulate
fractions, shows very low seasonal variation
(C.V., 26%), and there is no significant re-
lationship to discharge (r = —0.12, P >
0.05).

The lack of relationship between dis-
charge and concentration of DOC ensures
that the yield of DOC from the Caura River
drainage will be almost entirely under the
control of discharge. This is illustrated by
the yield data in Fig. 1. Over 80% of the
variance in export of DOC is explained by
discharge (r = 0.91, P < 0.01). The same is
true, although not quite so emphatically, for
yield of particulate carbon (r = 0.52, P <
0.01). The concentrations of dissolved and
particulate carbon are significantly but
weakly correlated with each other (r = 0.45,
P < 0.01). Total yield of organic carbon,
which is the composite of the two concen-
trations weighted by the discharge, is very
tightly related to discharge (r = 0.92, P <
0.01).
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Because of the close relationship between
yield of total organic carbon and discharge,
it is possible to predict carbon yield quite
accurately from discharge on any given date.
A least-squares fit was done for the mea-
surements of carbon yield in relation to dis-
charge. The discharge on each date was then
used to predict carbon yield on that date,
and a smooth line was drawn through these
predicted yields as shown in Fig. 1.

When the runoff from a watershed varies
a great deal seasonally, concentrations of
dissolved substances often vary greatly as
well. Dilution is common for major inor-
ganic ions, but DOC or its components may
in some watersheds increase in concentra-
tion as discharge increases (Lewis and Grant
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Concentrations and yields of organic carbon for the Caura River, Venezuela, 1982-1984.

1979; Schlesinger and Melack 1981; Tate
and Meyer 1983). Concentration of partic-
ulate material in running waters often in-
creases in relation to discharge because of
the greater capacity of faster-flowing, more
turbulent water to offset sedimentation. In
the Caura River, failure of DOC to show
evidence of either dilution or purging over
a 10-fold range in discharge suggests that
the mature tropical forest buffers the soluble
organic carbon pool against runoff. The
mechanism by which this could occur is un-
clear, but one possiblity is that water picks
up a refractory organic load in the course
of its short passage through the upper or-
ganic soil layers and that subsequent resi-
dence time in lower, inorganic soil layers is
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not accompanied by major changes in or-
ganic carbon. The slight trend toward de-
clining concentrations of particulate carbon
with increasing discharge probably reflects
the virtual elimination of erosion in a ma-
ture tropical forest occupying flat terrain.

For the Amazon River drainage, Richey
et al. (1980) concluded that there is a sea-
sonal homeostasis in yield that can be ex-
plained by a tendency of high discharges to
be offset by lower concentrations of carbon.
This model is not applicable to the Caura
River, which shows homeostasis in concen-
trations rather than yields. However, the
Amazon, unlike the Caura, is a mixed water
whose sources derive not only from tropical
moist forest on flat terrain but also from the
Andes. Furthermore, oxidation of organic
matter in transit, a major factor over the
very long distances of the Amazon main
stemn, is much less important in the Caura
(<10% as indicated by respiration mea-
surements in situ), and the Caura, unlike
the Amazon, lacks extensive floodplain.

It is possible that seasonal constancy of
organic carbon concentrations is character-
istic of waters draining lowland tropical
areas of high rainfall and low relief, but the
evidence is still very limited. The Caroni
River, which drains a portion of the Guay-
ana shield, was sampled on seven dates by
Paolini et al. (1983), whose data show large
fluctuations in the concentration of DOC
(5-17 mg liter—!). However, impoundment
of this river upstream of the sampling point
may have affected the concentrations.
Streams draining inhabited tropical wa-
tersheds studied by Lugo and Quinones
(1983) showed little change in concentra-
tions of organic carbon with discharge. In
general, however, we cannot tell without a
broader geographic base whether constancy
of organic carbon concentrations is wide-
spread in waters draining tropical moist for-
est. If it is, phenomenological modeling of
carbon flux from mature tropical ecosys-
tems will be easier, but the important un-
derlying mechanisms that might explain
constancy are yet to be understood.
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