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Abstract 
Zooplankton were sampled quantitatively in the lower Orinoco River and three major tributaries 

(Apure, Caura, Caroni). Dominant taxa were euplanktonic, which suggests origin from standing 
waters. In the Orinoco, densities for rotifers (mean, 7.6 ind. liter -I) were greater than those for 
cladocerans (0.9 ind. liter-I) or copepods (1.2 ind. liter-‘), but cladocerans accounted for more 
than half oftotal biomass (0.5 kg C liter -I). Average tributary contributions to zooplankton transport 
in the lower Orinoco (873 kg C d-l) were proportional to their average discharges. Extensive 
fringing floodplain along the lower Orinoco contributed very little to total transport. At low water 
in the Orinoco, when there was no contact with the floodplain, the transport of copepods (mainly 
nauplii) and Bosmina increased downstream by more than could be ascribed to additions from 
the tributaries or to reproduction in transit. These zooplankton appear to originate along the river 
margin, within the channel, and arc probably significant as an energy input for food webs in the 
channel and as an inoculum to floodplain habitats at the time of inundation. 

Zooplankton are often abundant in the 
main channels of major rivers. The pro- 
cesses regulating their abundance may not 
be easily discerned, however, because of ad- 
vection. Growth and mortality processes 
that arc primary regulators of zooplankton 
populations in lakes also affect zooplankton 
as they are transported downstream by 
rivers. Superimposed are advective pro- 
cesses that control the influx of zooplankton 
to rivers from source areas and the contin- 
ual loss downstream (Rai 1974; Hynes 
1970). 

Reservoirs now occupy the main chan- 
ncls of most large rivers and often provide 
continuous supplies of zooplankton to the 
rivers downstream. The influence of reser- 
voirs on the development of zooplankton 
in rivers is well known, especially for highly 
regulated systems such as the Nile (Rzoska 
et al. 1955; Talling and Rzoska 1967; Brook 
and Rzoska 1954; Rzoska 1976) and the 
Murray (Shiel and Walker 1984; Shiel et al. 
1982). Impoundment has altered the orig- 
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inal zooplankton dynamics and has ob- 
scured the natural sources of zooplankton 
in rivers. 

Natural source areas for river zooplank- 
ton must have low flushing rates, i.e. they 
must be essentially lentic habitats. Lentic 
source areas exist along the periphery of riv- 
er channels. They may be divided into three 
categories on the basis of proximity to the 
channel: channel habitats, side-channel 
habitats, and floodplain habitats. Varia- 
tions in river level govern contact of flowing 
waters with these source arcas (Paggi and 
Paggi 1974). Channel habitats, which in- 
cludc eddies, channel pools, and river mar- 
gins, may continuously contribute zoo- 
plankton to the flowing waters, or they may 
contribute zooplankton mainly in response 
to lluctuations in river level. Spates may 
cause the elimination of plankton from 
channel habitats (des Cilleuls 1928), al- 
though smaller but repeated fluctuations in 
river level may be more significant in this 
respect (Saunders and Lewis 1988a). 

Side channels (anabranches and back- 
waters) may support plankton growth be- 
cause these habitats have little or no flow 
when river levels arc low. Seasonal rises in 
river level greatly increase flow in these hab- 
itats and thereby push resident plankton into 
the main channel (Osmera 1973; Vranov- 
sky 1974; Saunders and Lewis 19883). The 
difference between channel and sidc-chan- 
nel habitats lies in the frequency with which 

397 



398 Saunders and Llewis 

Fig. 1. Map OF the Orinoco River watershed in Venezuela and Colombia. Sampling sites 

resident plankton are likely to bc moved 
into the main channel. The frequency is 
more irregular and unpredictable for chan- 
nel habitats than for side-channel habitats. 

Undisturbed floodplain is typically sep- 
arated from the main channel by a natural 
levee. Only when river water penetrates the 
levee will the floodplain be in contact with 
flowing water. Inundation of the floodplain 
may increase zooplankton abundance in the 
main stem by flushing the standing or slowly 
flowing waters of the floodplain into the riv- 
er (Saunders and Lewis 1988a,b; Tait et al. 
1984). 

Reproduction of zooplankton in the llow- 
ing waters can increase plankton abundance 
(Talling and Rzoska 1967) but typically only 
at low flow; high current velocities appear 
to inhibit reproduction (Rzoska 1978). A 
role for resting stages deposited on the river 
bottom has also been proposed (Moghraby 
1977), but it has not been shown to be of 
significance in unregulated rivers. The role 
of the floodplain in providing zooplankton 
to the main stem of an undisturbed river 
system is inadequately understood. It is cleai 
that under some circumstances floodplain 
water bodies may strongly influence the 
composition of zooplankton in a river 
(Green 1960; Shiel and Walker 1984; Bo- 
netto 1986; Paggi and Paggi 1974). It is vir- 
tually unknown, however, how much bio- 
mass comes from floodplains or how it 
compares to the annual transport of zoo- 
plankton biomass. Recent work on phyto- 

plankton in the Orinoco River demonstrat- 
ed that only 37% of annual transport is 
derived from the floodplain (Lewis 1988); 
other biomass originates from headwaters, 
side channels, or channel habitats. This 
finding suggests that nonfloodplain habitats 
may also be important sources of zooplank- 
ton. 

For the present study, zooplankton abun- 
dances and transport in the lower Orinoco 
River and its main tributaries were quan- 
tified for 3 yr. Patterns of transport are used 
to identify mechanisms and sources regu- 
lating zooplankton abundance, and a mass- 
balance approach is used to estimate the 
yield of zooplankton biomass from the 
floodplain. Because the Orinoco River 
floodplain is relatively undisturbed by hu- 
man activity, it presents an unusual oppor- 
tunity to study the natural interaction of a 
large river and its floodplain. The lack of 
hydrologic regulation and the negligible in- 
fluence of impoundments on the Orinoco at 
prelsent are equally important. These fac- 
tors, which may have obscured the natural 
mechanisms controlling zooplankton trans- 
port in many large rivers, do not yet influ- 
ence zooplankton transport in the Orinoco. 

Site description 
The Orinoco River, which has its head- 

waters in the southernmost part of Vene- 
zuela, drains a watershed of 950,000 km2 
in Venezuela and Colombia (Fig. 1). The 
Orinoco main stem flows along the northern 
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edge of the Precambrian Guayana Shield 
and receives water from geologically and 
ecologically diverse tributary watersheds. 
Waters draining the shield, of which the 
Caura River is representative, are typically 
of very low ionic strength and are darkly 
stained by dissolved organic carbon (Lewis 
et al. 1986). To the north and west of the 
main stem lies the Llanos, much of which 
is a vast alluvial plain that supports tropical 
savanna. As is typical of the waters that 
drain the Llanos, the Apure River has its 
hcadwaters in the Andes and is high in elec- 
trolyte and suspended solids (Lewis and 
Saunders 1988; Saunders and Lewis 1988~). 

The main stem of the Orinoco is unreg- 
ulated, and the floodplain is largely undis- 
turbed by human activity. The narrow 
fringing floodplain along the main stem 
covers about 6,940 km2 below the Rio Meta 
and above the delta (Hamilton et al. un- 
publ.). The average width of the floodplain 
(both banks) is -8 km, within which there 
are 2,294 lakes that retain water throughout 
the year (mean area, 21 ha per lake at low 
water: Hamilton et al. unpubl.). 

Three major tributaries enter the lower 
Orinoco. The varied combinations of chem- 
istry, flow regime, and floodplain among 
these three tributaries provide very different 
environments for zooplankton. The Caura 
is an unregulated, blackwater river with a 
relatively small floodplain that is confined 
to an area within 100-200 km of the mouth. 
The Caroni, which is also a blackwater riv- 
er, is regulated by the only major impound- 
ment in the Orinoco watershed, the Guri 
Reservoir, and lacks a well-developed 
floodplain. The whitewater Apure River is 
unregulated and has an abundance of aquat- 
ic habitats in its floodplain. The flat terrain 
of the surrounding Llanos is subject to sheet- 
flooding of pluvial or fluvial origin (Wel- 
comme 1979). As much as 117,000 km2 of 
the surrounding Llanos may be inundated 
by a combination of rainwater and river 
water, although only a few thousand square 
kilometers is actually in direct contact with 
the river. An internal delta of 4,920 km2 
exists between the mouths of the Apure and 
Capanaparo Rivers, where high water in the 
Orinoco obstructs tributary flow (Meade et 

al. 1983). The internal delta contains 1,300 
permanent lakes. 

Methods 
Zooplankton samples were taken at four 

sites along the Orinoco main stem and from 
the mouths of three tributaries (Caura, Ca- 
roni, and Apure: Fig. 1). Samples were col- 
lected biweekly from March 1982 to March 
1984 and at 4-week intervals between March 
1984 and May 1985. The two uppermost 
sites (the mouth of the Apure and the Or- 
inoco above the Apure) were not sampled 
until March 1984. 

At each sampling site a composite sample 
(30 liter) of river water was collected by an 
electric pump with the intake suspended at 
-30% of the maximal depth at each of four 
points across the channel. A funnel was at- 
tached to the intake to minimize avoidance 
by larger crustaceans (Elster 1958). Pumps 
are the most practical collection technique 
for large rivers (Bottrell et al. 1976; Waite 
and O’Grady 1980). A 35-pm-mesh net was 
used to capture the zooplankton, which then 
were preserved with a sucrose-Formalin so- 
lution (Haney and Hall 1973). Rose bengal 
was added to each sample to make it easier 
to distinguish organisms from other sus- 
pcnded solids. 

Subsamples were counted until at least 
100 individuals of the most abundant taxon 
were recorded or until the entire sample had 
been examined. Rotifers and crustaceans 
were usually counted separately because they 
differed greatly in average numerical den- 
sity. Dead individuals (i.e. empty loricas or 
exoskeletal remains) were not counted. Bio- 
mass per individual was estimated primar- 
ily from length-mass or length-volume re- 
lationships presented by Bottrell et al. 
(1976). Lengths were measured for all com- 
mon species. Dry mass is assumed to be 
11% of body volume (Sitaramaiah 1967), 
and carbon is assumed to be 44% of dry 
mass (Sverdrup et al. 1942). In most cases, 
counts and biomass estimates were based 
on species-level identifications (see Lewis et 
al. 1989). Identification of rotifers was based 
primarily on Koste (1978); references con- 
sulted for crustaceans include Reid (1985), 
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Fig. 2. Stage height of the Orinoco River at Ciudad 
Bolivar, 1982-1985. 

Rrandorff et al. (1982), Paggi (1978), and 
Rey and Vasquez (1986). 

Daily stage height readings or discharge 
were available for the three main tributaries 
and for the Orinoco at Ciudad Bolivar for 
the period of study (Lewis 1988). Dis- 
charges at the other main stem sites were 
computed by adjusting the discharge at Ciu- 
dad Bolivar for tributary flows. 

ICesuLts 
Hydrologic regime -Major hydrologic 

features are relatively uniform among the 
three major tributaries to the lower Orinoco 
despite great variations in precipitation and 
physiography within the drainage basin 
(Lewis 1988). Peak discharge occurred al- 
most simultaneously in the main stem and 
at the mouths of the major tributaries (ex- 
cept for the Caroni, which is regulated by 
the Guri Reservoir). Although the hydro- 
graph reflects nearly continuous change in 
discharge, it is useful to distinguish four 
phases. The low-water phase, which typi- 
cally begins in January or February, is char- 
acterized by low and slowly changing dis- 
charge. In the main stem, stage height during 
this phase changes < 10 cm d-l (Fig. 2). 
Minimal flow occurs in late April or early 
May. The rising-water phase is brief and 
culminates with inundation of the flood- 
plain. Although the river remains within its 
banks during this phase, it flushes channel 
and side-channel habitats. The inundation 
phase begins as the river passes through the 
natural levee. Peak discharge typically oc- 

curs in late August or early September. In- 
undation brings the river into contact with 
the many water bodies of the floodplain. 
High flows typically reduce the residence 
times of floodplain lakes to a scale of hours 
or days (Hamilton and Lewis 1987). The 

. falling-water phase begins when the river is 
back within its banks. The floodplain con- 
tinues to drain into the river during the early 
part of this phase. 

Most of the flow (73%) reaching the mouth 
of the Orinoco is derived from parts of the 
basin above the Apure River. The Caura, 
the Caroni, and the Apure contribute 9, 11, 
and 7% of the flow (Lewis 1988). 

General patterns of abundance and trans- 
port -Planktonic genera dominated the 
zooplankton of the lower Orinoco and its 
tributaries (Table 1). Rotifers were present 
at higher densities than the other two zoo- 
plankton groups in all years at all sites. In 
the Orinoco main stem, average rotifer den- 
sities tended to decrease downstream for all 
major genera except Trichocerca, which 
contains many heleoplanktonic species. Ro- 
tifers were least abundant in the Caura and 
the Caroni Rivers and were most abundant 
in the whitewater Apure River. Cladoc- 
erans were most abundant in the main stem; 
average densities were lower in the tribu- 
taries (Table 1). There were no uniform lon- 
gitudinal trends for cladoceran densities in 
the main stem. Copepods increased in den- 
sity downstream (Table 1). Cyclopoid nau- 
plii were primarily responsible for this pat- 
tern; later developmental stages were not 
abundant. Nauplii are common elements of 
the plankton in rivers (Welcomme 1979; 
Saunders and Lewis 1988a,b). 

Riomass in the main stem was dominated 
by cladocerans, which comprised > 50% of 
total zooplankton biomass; rotifers were 
usually more abundant than copepods (Ta- 
ble 2). In the Caura and Caroni Rivers, where 
zooplankton biomass was very low, rotifers 
were typically less abundant than either 
cladocerans or copepods. In contrast, roti- 
fers comprised nearly 90% of total biomass 
in the Apure, despite small biomass per in- 
dividual. The biomass of cladocerans and 
copepods was surprisingly low in the Apure; 
it was comparable to that of the two black- 
water rivers. 
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Table 1. Average densities of the major zooplankton genera in the lower Orinoco and its tributaries. Averages 
are for 3 yr of data at all sites except Orinoco above Apure and Apurc mouth, for which only 1 yr of data was 
available. 

Main stem Tributaries 

Above Apurc Above Caura Ciudad Bolivar Barrancas Apure mouth Caura mouth Caroni mouth 

Rotifera 
Brachionus 
Filinia 
Keratella 
Lecane 
Trichocerca 
Other 
Total 

Cladocera 
Bosmina 
Bosminopsis 
Ceriodaphnia 
Diaphanosoma 
Moina 
Total* 

Copcpoda 
Cyclopoid 
Calanoid 
Total* 

1.82 1.40 0.85 0.55 16.04 0.38 0.03 
2.14 0.94 0.73 0.43 4.29 0.46 0.03 
8.17 5.32 4.95 2.12 14.34 2.04 0.07 
2.78 2.34 1.48 0.99 8.49 0.34 0.21 
5.08 1.83 3.32 2.70 7.93 0.66 0.24 
6.27 2.5 1 4.04 0.83 11.10 4.50 0.19 

26.26 14.35 15.37 7.62 62.20 8.38 0.77 

0.47 0.26 0.86 0.47 0.04 0.06 0.09 
2.58 0.78 0.69 0.11 0.04 0.88 0.09 
0.17 0.09 0.18 0.06 0.01 0.04 0.01 
0.20 0.31 0.37 0.15 0.04 0.08 0.01 
0.49 0.28 0.20 0.12 0.03 0.07 0.01 
3.97 1.73 2.32 0.92 0.21 1.18 0.22 

0.64 0.60 1.06 0.97 2.00 1.03 0.20 
0.13 0.10 0.20 0.25 0.10 0.13 0.08 
0.79 0.72 1.26 1.23 2.10 1.20 0.29 

* Other taxa present at densities 10.10 ind. liter I. 

The contributions of the tributaries to 
transport in the Orinoco were proportional 
to discharge, as shown by dischargc-weight- 
ed mean biomass, which was comparable 
at all sites (Table 2). Cladocera were dom- 
inant and usually comprised more than half 
of total annual transport. Interannual vari- 
ation in transport was low at any given site 
in the rivers; it varied by less than a factor 
of two for total biomass transport and usu- 
ally by less than a factor of three for trans- 
port of any one of the three major zooplank- 
ton groups. 

Seasonal patterns of abundance-Tern- 
poral boundaries for phases were defined by 
river stage height at Ciudad Bolivar, even 
though the timing of phases varied slightly 
at other points in the watershed. Water level 
is an effective indicator of contact between 
the river and lentic source areas (Hamilton 
and Lewis 1987; Bonetto 1986; Paggi and 
Paggi 1974). Rotifer densities in the main 
stem were inversely related to discharge (Fig. 
3); low-water densities were more than an 
order of magnitude greater than high-water 
densities. Average cladoceran and copepod 
densities in the main stem were also at least 

10 times greater during the low-water phase 
than at high water. The lowest densities were 
not consistently assignable to a specific phase 
for either the Cladocera or the Copepoda, 
although the rising-water phase was gencr- 
ally the time of lowest densities. 

Temporal density patterns in the tribu- 
taries differed from those in the Orinoco. In 
the Caura River, densities were highest dur- 
ing the inundation phase, despite high dis- 
charge. Patterns in the Caura were influ- 
enced much more than in the main stem by 
the flushing of floodplain water bodies dur- 
ing inundation (Saunders and Lewis 1988a). 
Densities in the Caroni were lowest during 
the falling-water phase and were higher and 
relatively constant at other times; patterns 
were controlled by the Guri Reservoir. In 
the Apure, rotifer and copepod densities 
were high not only during the low-water 
phase, but also during the rising-water phase. 
Cladoceran densities in the Apure were very 
low in all phases; they did not show the low- 
water maximum characteristic of the main 
stem. 

Contributions by the tributaries had rel- 
atively little effect on longitudinal patterns 
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Table 2. Annual average biomass and transport of major zooplankton groups in the lower Orinoco and its 
tributaries. (No data are available for the Orinoco above Apure or the Apure mouth in years 1 and 2.) 

_-- -P-P 
Discharge- 

Biomass (rg C liter ‘) Transport (kg C d ‘) weigh ted 
-- mean 

Rotif- Cladoc- Copcp- Rotif- Cladoc- CopeD- biomass 
era era oda Total era era oda Total (pg C liter ‘) 

Year 1 
Orinoco above Cam-a 
Orinoco at Ciudad Bolivar 
Orinoco at Barrancas 
Caura mouth 
Caroni mouth 

Year 2 
Orinoco above Caura 
Orinoco at Ciudad Bolivar 
Orinoco at Barrancas 
Caura mouth 
Caroni mouth 

Kcar 3 
Orinoco above Apure 
Orinoco above Caura 
Orinoco at Ciudad Bolivar 
Orinoco at Barrancas 
Apurc mouth 
Caura mouth 
Caroni mouth 

Average 
Orinoco above Apure* 
Orinoco above Caura 
Orinoco at Ciudad Bolivar 
Orinoco at Barrancas 
Apurc mouth* 
Caura mouth 
Caroni mouth 

0.04 0.12 0.05 0.21 119.75 374.14 148.71 642.60 0.25 
0.16 0.29 0.07 0.53 171.74 535.11 169.18 876.03 0.30 
0.04 0.22 0.18 0.45 88.35 431.77 490.05 1,010.17 0.31 
0.06 0.24 0.06 0.36 25.67 102.88 23.46 152.01 0.5 1 
0.00 0.10 0.03 0.13 1.11 77.25 7.90 86.26 0.23 

0.19 0.34 0.05 0.58 159.56 348.76 88.59 596.9 1 0.23 
0.11 0.45 0.15 0.71 171.37 660.32 347.59 1,179.28 0.40 
0.03 0.30 0.15 0.48 57.55 477.48 299.42 834.45 0.26 
0.07 0.15 0.06 0.28 17.34 53.90 16.15 87.39 0.30 
0.01 0.08 0.07 0.16 2.97 42.13 37.34 82.44 0.25 

0.24 0.59 0.08 0.91 148.69 399.39 96.7 P 644.79 0.32 
0.20 0.57 0.12 0.89 148.63 487.55 246.18 822.36 0.38 
0.19 0.85 0.17 1.20 171.46 672.66 477.97 1,322.10 0.54 
0.12 0.35 0.13 0.60 141.96 431.58 200.30 773.84 0.27 
0.85 0.06 0.08 0.98 20.66 7.97 4.75 33.37 0.21 
0.04 0.15 0.08 0.28 8.72 52.36 28.20 89.29 0.35 
0.01 0.04 0.05 0.10 4.02 17.09 37.30 58.42 0.14 

0.24 0.59 0.08 0.91 148.69 399.39 96.7 1 644.79 0.32 
0.14 0.34 0.07 0.56 142.65 403.49 161.16 707.29 0.29 
0.15 0.53 0.13 0.81 171.53 622.70 331.58 1,125.80 0.41 
0.07 0.29 0.16 0.51 95.95 446.94 329.92 872.82 0.28 
0.85 0.06 0.08 0.98 20.66 7.97 4.75 33.37 0.21 
0.06 0.18 0.07 0.31 17.24 69.7 1 22.60 109.56 0.39 
0.01 0.07 0.05 0.13 2.70 45.49 27.5 1 75.70 0.20 

* Year 3 only. 

of abundance in the main stem for most of 
the year. Except during the inundation phase 
in the Caura, densities in the two black- 
water rivers (Caura, Caroni) were less than 
those observed in the main stem and thus 
could not have increased densities within 
the study reach (Fig. 3). In the Apure the 
densities of rotifers (but not of copepods or 
cladocerans) typically exceeded those in the 
main stem, but because discharge in the 
Apure was < 10% of that in the Orinoco, 
the net effect of additions from the Apure 
was small. Without significant reproduction 
in the flowing waters, zooplankton densities 
in a water mass traveling downstream in the 
main stem would be expected to remain 
steady or to decline downstream through 
mortality, and this pattern was predomi- 
nant for the three major zooplankton groups. 

During the inundation phase, when organ- 
isms might have been washed from the 
floodplain into the channel, the average pat- 
tern was still one of downstream decline in 
the lower Orinoco. 

Seasonal and longitudinal patterns of 
transport-If biomass wcrc a conservative 
substance derived from a single, constant 
source, its abundance per unit of volume 
would vary inversely with discharge and its 
transport would be constant. Although bio- 
mass in the Orinoco was inversely related 
to discharge, transport was not constant (Fig. 
4; average for each hydrologic phase com- 
puted as in Fig. 3). In the main stem, the 
low-water phase was typically the time of 
highest transport for total zooplankton bio- 
mass. Transport was also relatively high 
during the inundation phase, when dis- 
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0.1 
Orinoco Apure Caura Caroni 

Fig. 3. Average densities during each phase for each 
group in the Orinoco at Ciudad Bolivar and in three 
tributaries. Bars indicate range of values for 3 yr cxccpt 
rising-water phase (N = 2) and the Apure (1 yr except 
for low water where N = 2). 

charge was greatest. For rotifers, peak trans- 
port occurred during low water and trans- 
port was relatively low during the three other 
phases. Cladoceran transport also reached 
a peak at low water, but transport during 
the inundation phase was almost as high. 
For the copepods, transport during the in- 
undation phase usually exceeded that of low 
water. Cladocerans and copepods thus tend- 
ed to comprise a greater proportion of total 
transport during the inundation phase than 
during the other phases (Table 3). 

The three tributaries showed superficially 
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Fig. 4. Average transport during each phase for each 
group in the Orinoco at Ciudad Bolivar and in three 
tributaries. Bars indicate range of values for each sea- 
son. Averages are based on seasonal values for 3 yr 
cxccpt rising-water phase (N = 2) and the Apurc (1 yr 
except for low water where N = 2). 

similar seasonal patterns of transport (Fig. 
4): transport was highest for all three zoo- 
plankton groups during rising water or in- 
undation. Zooplankton typically grew poor- 
ly, if at all, in the flowing waters of the Caura 
river (Saunders and Lewis 1988a). The an- 
nual pattern of transport was determined 
primarily by the flushing of plankton from 
floodplain habitats when the river rose above 
its banks. There was also evidence for the 
importance of contributions from nonflow- 
ing or slowly flowing channel habitats for 
certain taxa (e.g. Bosminopsis). Due to im- 
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Table 3. Transport of cladoceran and copepod bio- 
mass as a percent of total zooplankton transport at each 
site for each hydrologic phase. 

Hydrologic phase 

Site Low Rising 
Inun- 

dation Falling 

Orinoco above Apure 
Orinoco above Caura 
Orinoco at Ciudad 

Bolivar 
Orinoco at Barrancas 
Apure mouth 
Caura mouth 
Caroni mouth 

66 44 87 80 
65 65 88 81 

81 79 90 83 
93 82 92 90 

5 4 67 68 
46 91 85 89 
86 97 97 96 

poundment, transport in the Caroni was 
proportional to discharge for all three groups, 
reflecting the lack of seasonal diversity in 
sources. In the Apure River, significant re- 
production and growth of zooplankton 
probably occurred in the flowing waters at 
low discharge, which would explain the high 
transport at very low discharge (Saunders 
and Lewis ! 19883). Even higher transport 
rates occurred, however, when side-channel 
habitats were flushed during the rising-water 
phase. 

Discharge-weighted average biomass 
helps illustrate the relationship between 
transport and discharge. In the Orinoco main 
stem, and in the Apurc, discharge-weighted 
average biomass was less than time-weight- 
ed average biomass because biomass was 
high at low discharge (Table 2). For the 
Caura, where flushing of standing waters was 
the predominant mechanism of transport, 
the discharge-weighted biomass exceeded 
the time-weighted average biomass because 
there was a positive relationship between 
biomass and discharge. The same was true 
of the Caroni, except that the explanation 
involves export from the Guri Reservoir. 

The total biomass that entered the lower 
Orinoco, either from the upper parts of the 
basin or from the three tributaries, was not 
evenly distributed over the hydrologic phas- 
es (Table 4). More than 40% of the annual 
total entered the lower Orinoco during the 
low-water phase when the tributaries con- 
tributed virtually nothing and the river was 
receiving no water from the floodplain. In 
contrast, about half of the biomass entering 
the lower Orinoco during the rising-water 

Low 43 92 5 2 1 
Rising 16 45 31 1 23 
Inundation 27 57 4 34 5 
Falling 15 93 3 4 <I 

and inundation phases came from the trib- 
utaries. The flushing of side channels along 
the Apure during the rising-water phase and 
the flushing of water bodies on the Caura 
floodplain during the inundation phase were 
the principal mechanisms explaining these 
tributary contributions. 

Regulation of biomass transport in the Or- 
inoco main slem-The balance of growth 
and mortality in transit will affect transport. 
The proportion of individuals carrying eggs 
in a population may be taken as an indicator 
of reproductive activity, but cannot be used 
to identify where the eggs were produced 
because the eggs may be carried for up to 2 
d at ambient temperatures in the Orinoco 
(cf. Bottrell et al. 1976). Thus egg ratios set 
an upper bound on the importance of re- 
production in transit. Egg ratios for the ma- 
jor groups were low in the flowing waters of 
the main stem, even at lowest water. Ro- 
tifers carried eggs only at current velocities 
< 1.5 m s-l, and the egg ratio tended to in- 
crease with decreasing velocity below 1.5 m 
s-l. Cladocerans also carried few eggs at ve- 
locities > I .5 m s-l, but showed no inverse 
relationship of egg ratio to velocity < 1.5 m 
s-l (maximal ratio, - 1.0 egg ind: ‘). Co- 
pepod eggs appeared so rarely that repro- 
duction of this group in the flowing waters 
of the main channel seems to be insignifi- 
cant. We conclude that reproduction in 
transit was very limited and had no impor- 



Orinoco River zooplankton 405 

Table 5. Seasonal comparison of transport observed at Barrancas with that expected from the sum of transport 
observed in the Caura, Caroni, and Orinoco above the Caura. Table values arc the observed minus the expected 
expressed as a percent of the expected. (Asterisks: *-P I 0.05; **-P I 0.01.) 

Hydrologic phase 

Rotifera 
Brachionus 
Filinia 
Keratella 
Lecane 
Trichocerca 
Other Rotifera 
Total Rotifera 

Cladocera 
Bosmina 
Bosminopsis 
Ceriodaphnia 
Diaphanosoma 
Moina 
Total Cladocera 

Copcpoda 
Cyclopoid 
Calanoid 
Total Copepoda 

Total 

Low Rising Inundation Falling 

-63.3 26.7 -45.8 -63.4 
-54.5 17.6 -52.3 -59.4 
-84.2 301.2 - 100.0 -41.2 
-62.7 95.1 -22.7 -32.9 

89.7 964.5 -88.7 -43.7 
-67.8 -75.3 -38.5 -55.1 
- 60.4 24.9 -42.5 -49.0 

225.6* -58.1 - 32.9 354.1** 
-70.3 -85.9 -44.8 -86.8 

-2.4 - 100.0 - 12.6 - 100.0 
-2.4 -51.4 - 16.0 -75.9 

-25.6 -20.4 29.7 -58.4 
53.9 -56.4 -27.7 -10.1 

111.0 -15.1 -2.8 5.8 
1,410.8* 7.3 90.1 87.6 

577.4* -1.0 65.8 65.0* 
49.4 -19.2 -5.1 1.0 

tant effect on the overall abundance of river 
zooplankton. 

Significant population changes in transit 
would cause changes in transport between 
two sites along the main stem after adjust- 
ments for contributions from tributaries 
(Table 5). Sites for this comparison were 
chosen to maximize the transit distance 
while maintaining an adequate sample size. 
A t-test for paired comparisons was used 
against the null hypothesis that values ob- 
served at Barrancas were less than or equal 
to those expected. Trends for individual taxa 
were in some cases completely different than 
those for other taxa in the same group (Ta- 
ble 5). For example, transport of Bosmina 
increased significantly in the Orinoco as the 
water mass traveled downstream during 
falling and low water, but transport declined 
for all other cladoceran genera. The seasonal 
pattern for rotifers was quite different from 
that of cladocerans and copepods. The gen- 
eral pattern for major rotifer taxa was one 
of downstream decline in transport except 
during rising water. The significance of the 
seasonal patterns can be demonstrated by 
the low probability (P = 0.03) that all six 
rotifer taxa would show, by chance alone, 

the same sign for change in transport. 
Cladocerans and copepods that showed in- 
creases did so during falling and low water. 
By examining the hydrologic phases scpa- 
rately, potential source areas can be greatly 
restricted. Thus it can bc inferred that wash- 
out of side-channel habitats was an impor- 
tant mechanism of transport for rotifers and 
that contributions from channel habitats and 
perhaps floodplain drainage were more im- 
portant for cladocerans and copepods. Co- 
pepods were the main group that showed 
increases in abundance downstream. 

Contributions of the Orinoco floodplain 
would appear in Table 5 as cases where ob- 
served transport exceeded expected trans- 
port (positive values) during inundation and 
perhaps also during falling water. An im- 
portant role for the floodplain is thus not 
indicated, despite the floodplain’s consid- 
erable potential for an important contri- 
bution. Preliminary data on zooplankton in 
the floodplain can be used to produce an 
estimate of the biomass present at the time 
of inundation. Mapping of floodplain water 
bodies between the Caura and Barrancas 
shows a total surface area at low water of 
173 km2 (Hamilton et al. unpubl.). Al- 
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though the lakes vary in depth, field cxpe- 
rience suggests a mean depth of 1 m. Given 
a mean low-water biomass of 100 pg C li- 
ter-l (S. Sippel unpubl.), there would be 
- 17,000 kg C as zooplankton in the flood- 
plain between the Caura and Barrancas just 
before inundation. If all of them were flushed 
into the Orinoco during inundation, it would 
increase the total biomass transported in 
that phase by lo-20%. Dependent on the 
residence time in the floodplain during the 
inundation phase, population growth with- 
in the floodplain during high water could 
raise the contribution of the floodplain sub- 
stantially above 1 O-20%. Total transport in 
the lower Orinoco declined, however, be- 
tween the Caura and Barrancas during in- 
undation (Table 5). Compositional changes 
along the river and the increased impor- 
tance of cladocerans and copepods relative 
to rotifers during inundation suggest that 
some zooplankton were being flushed out 
of the floodplain (cf. Shiel et al. 1982; Shiel 
1985) but that loss rates were sufficiently 
high in the main channel to mask these ad- 
ditions for most taxa. 

Discussion 
Time of travel and current velocity have 

a major bearing on the biological mecha- 
nisms that regulate zooplankton abundance 
in rivers (Rzoska 1978). For example, a 
travel time of a few hours would usually 
preclude major changes in abundance 
through growth or mortality. In the lower 
Orinoco between the Caura and Barrancas, 
transit times for the water mass range .from 
2 to 10 d in midchannel. At high growth 
rates, this period is sufficient to allow major 
changes in abundance. Reproduction did not 
play an important role in the main stem of 
the Orinoco, however, as demonstrated by 
low egg ratios. It appears that current ve- 
locity, possibly combined with low food 
abundance, suppressed growth and repro- 
duction of organisms in transit. 

Given that growth in transit is negligible, 
downstream changes in transport reflect 
variations in contact with source areas and 
variations in mortality rates. A high and 
constant mortality rate would tend to cause 
the proportion of zooplankton biomass lost 

from the main stem to be positively related 
to travel time, which would cause the values 
in Table 5 to be most negative during low 
water, least negative during inundation, and 
intermediate during the other two phases. 
In fact, there is no consistent pattern in Ta- 
ble 5. This inconsistency indicates wide sea- 
sonal variations in mortality or masking of 
mortality by addition of zooplankton from 
source areas along the main stem. 

Very little is actually known about plank- 
tivores in the main stem of the Orinoco. 
Lundberg et al. (1987) documented the ex- 
istencc of planktivorous fishes in the main 
channel. Although there is little information 
concerning their abundance or migrations, 
their presence in the channel probably var- 
ies seasonally. Furthermore, predation may 
not be the only mechanism resulting in mor- 
tality. Mechanical damage may result in the 
loss of zooplankton (Hynes 1970; Talling 
and Rzoska 1967), and, in contrast to pre- 
dation mortality, it is likely to increase with 
increasing velocity. Seasonal variations in 
zooplankton mortality rates thus seem like- 
ly. 

There is considerable seasonal variation 
in the contact of the river with the lentic 
source areas. By examining seasonal pat- 
terns of transport, it has been possible to 
assess the contributions of the different 
source areas. Channel habitats, which in- 
clude eddies, channel pools, and river mar- 
gins, make contributions to transport main- 
ly during low water. Physical evidence for 
the importance of such habitats exists for 
the Caura (Saunders and Lewis 1988a), and 
the transport patterns for the Caura leave 
little doubt about the importance of channel 
habitats in that river. For the Orinoco, the 
pattern of transport at low water, when the 
river is not in contact with the floodplain 
or with side-channel habitats, strongly in- 
dicates that channel habitats are also sources 
of zooplankton for the main stem; in par- 
ticular they appear to be significant sites of 
reproduction for copepods. Physical char- 
acterization of these channel habitats on the 
main stem is not yet possible, but they are 
most likely to lie along the margin of the 
river channel. The Orinoco, unlike the 
Caura, moves too swiftly to develop slowly 
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flowing eddies and pools in the open chan- above the Apure remains unknown. Drain- 
nel. Circumstantial evidence also supports ing the western side of the Orinoco basin 
the existence of significan t river margin 
habitats in the m ain stem: Dussart (1984) 
found adult copepods along the margins of 
the Orinoco, but they were conspicuously 
absent from our samples taken away from 
the margin of the channel. During rising 
water, both the channel and side-channel 
habita ts probably contri bute zooplankton 
to the main stem, as in the Apure 
(Saunders and Lewis 1988b). 

River 

Contributions of the Orinoco floodplain 
are unexpectedly small. Given the high 
abundance of zooplankton in the floodplain 
(Gessner 1955; Twombly and Lewis 1987), 
the biomass either does not enter the river 
or is removed rapidly by mortality in tran- 
sit. Planktivorous fish inhabit the lakes of 
the Orinoco floodplain (Rodriguez pcrs. 
comm.), and there may be an influx of 
planktivorous fish from the river during in- 
undation as has been observed in the Am- 
azon (Brandorff and Andrade 1978). No 
quantitative estimate exists for the effect of 
fish on zooplankton abundance in the Ori- 
noco floodplain, however. 

The three lower tributaries of the Orinoco 
(Caura, Caroni, Apure) make significant 
contributions to the main stem only during 
rising water and inundation. The floodplain 
of the Caura, despite its relatively small size 
and the generally low productivity of black 
waters, appears to be very significant for 
transport during the inundation phase and 
may constitute 10% of annual zooplankton 
transport in the lower Orinoco main stem. 
The vast floodplain of the Apure contrib- 
utes a strikingly small amount of biomass 
to the Orinoco main stem. The Apure and 
the Caroni contribute > 50% of the biomass 
entering the lower Orinoco during the ris- 
ing-water phase, and the Caura contributes 
~30% during the inundation phase. Thus 
the unregulated tributaries (Caura, Apure) 
make their main contributions only through 
the seasonal flushing of lentic areas. During 
falling and low water, the lower tributaries 
make trivial contributions relative to the 
biomass already in the Orinoco above the 
Apure. 

The source of biomass in the Orinoco 

are several Llanos rivers that are similar in 
many respects to the Apure. The Meta, 
which enters the Orinoco about 200 km 
above the Apure, is largest. The Orinoco 
main stem between the Meta and the Apure 
has a gradient similar to or less than that of 
the lower Orinoco and may provide con- 
diti ons suitable for reproduction at low 
water. The high proportion (40%) of annual 
transport that is carried into the study reach 
at low water by the main stem suggests an 
important role for channel habitats or for 
reproduction within the upper reaches of 
the Orinoco because there are few lakes in 
the upper basin. 

The mass-balance approach has made it 
possible to evaluate the importance of dif- 
ferent sources to the transport of zooplank- 
ton biomass in the lower Orinoco River and 
to place these contributions in the context 
of annual transport. This approach shows 
that, even during inundation, the fringing 
floodplain along the lower Orinoco contrib- 
utes relatively little zooplankton bioma ss to 
the flowing waters of the main stem. The 
three major tributaries to the lower Orinoco 
make seasonal contributions primarily 
through the flushing of lentic habitats; 
an annual basis, however, their contri b: 
tions to biomass transport are proportional 
to their discharge and thus are small. A sub- 
stantial portion of zooplankton biomass in 
the lower Orinoco originates in the upper 
parts of the basin; additional biomass is de- 
rived mainly from channel habitats rather 
than floodplain. 
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