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ABSTRACT

Hydrology, water chemistry and sediment dynamics of fluvial ecosystems of Venezuela: A systematic review.
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Venezuela has a vast and diverse network of rivers and streams that provide essential water resources and ecosystem
services, supporting a high biodiversity. This review aims to consolidate knowledge on the abiotic characteristics,
hydrology, water chemistry, and sediments of these fluvial ecosystems from 1993 to date, while highlighting key research
areas. Over the past three decades, advancements have been made in understanding the physical and chemical properties
of these environments. A systematic literature review identified 209 relevant publications, averaging 34 studies every five
years. Most studies have focused on the Orinoco River Basin, covering 655 000 km? of Venezuela's land area. Consequently,
the distribution of research sites was uneven, with 59% of studies concentrated in the Orinoco basin, followed by 14% in
the Caribbean versant, and 11% in the Lake Maracaibo basin. Other basins, such as Paria-San Juan and Casiquiare-Negro,
were notably underrepresented. The results revealed that 46% of the studies examined aspects of river hydrochemistry,
30% focused on hydrology, and 24% addressed sediments. The studies emphasized the importance of understanding
hydrological dynamics, particularly in forecasting discharge and water levels in watersheds with large hydroelectric
dams. While the database of fluvial ecosystems has increased, it is essential to continue these data collections in order to
anticipate responses from human activities and climate change. Although the Orinoco, Caribbean, Lake Valencia, and Lake
Maracaibo basins have received considerable attention, much of the knowledge is outdated. Additionally, the watersheds of
Paria-San Juan, Casiquiare-Negro, and Cuyuni-Essequibo require urgent research due to recent environmental degradation.

KEY WORDS: water chemistry; fluvial physical characterization; tropical rivers; Orinoco; flood pulse; bibliometric analysis

RESUMEN

Hidrologia, quimica de agua y dinamica de sedimentos en los sistemas fluviales de Venezuela: una revision sistemdtica.

Venezuela cuenta con una vasta y diversa red de rios y arroyos que brindan recursos hidricos esenciales y servicios ecosisté-
micos, que combinados sustentan una alta biodiversidad. Esta revision tiene como objetivo consolidar el conocimiento sobre
las caracteristicas abioticas (hidrologia, quimica del agua y sedimentos) de estos ecosistemas fluviales desde 1993 hasta el
presente, al tiempo que destaca las areas de investigacion clave. La mayoria de los estudios se han centrado en la cuenca
del rio Orinoco, que abarca 655 000 km? de la superficie terrestre de Venezuela. Durante las ultimas tres décadas, se han
logrado avances en la comprension de las propiedades fisicas y quimicas de estos ambientes. Una revision sistematica de la
literatura identifico 209 publicaciones relevantes, con un promedio de 34 estudios cada cinco afios. Sin embargo, la distri-
bucion de los sitios de investigacion fue desigual: el 59% de los estudios se concentraron en la cuenca del Orinoco, seguido
del 14% en la vertiente del Caribe y el 11% en la cuenca del lago de Maracaibo. Otras cuencas, como Paria-San Juan y
Casiquiare-Negro, estuvieron notablemente subrepresentadas. La investigacion revelo que el 46% de los estudios examina-
ron aspectos de la hidroquimica de rios, el 30% se concentro en la hidrologia y el 24% abordo el tema de sedimentos. Los
estudios enfatizaron la importancia de comprender la dinamica hidrologica, particularmente en la prevision de descargas
v niveles de agua en cuencas hidrogrdficas con grandes represas hidroeléctricas. Si bien la base de datos de ecosistemas
fluviales ha aumentado, es esencial continuar con la recopilacion de estos datos para anticipar las respuestas a las activida-
des humanas y al cambio climatico. Aunque las cuencas del Orinoco, el Caribe, el lago de Valencia y el lago de Maracaibo
han recibido atencion, gran parte del conocimiento esta desactualizado. Ademas, las cuencas hidrogrdficas de Paria-San
Juan, Casiquiare-Negro y Cuyuni-Esequibo requieren investigacion urgente debido a la reciente degradacion ambiental.

PALABRAS CLAVE: caracterizacion fisica fluvial; rios tropicales; Orinoco, pulso de inundacion, andlisis bibliométrico.
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INTRODUCTION

Hydrological aspects, water chemistry, and sedi-
ments are crucial components of aquatic habitats,
significantly influencing biotic communities and
overall ecosystem functioning (Allan et al., 2021;
Hildrew & Giller, 2023). Hydrology determines
the flow patterns, water levels, and seasonal var-
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iations that shape the physical environment of
aquatic ecosystems, affecting the distribution and
abundance of many species. Water chemistry, in-
cluding parameters such as pH, nutrient levels,
and dissolved oxygen, plays a vital role in sup-
porting aquatic life, influencing processes like
photosynthesis, respiration, and nutrient cycling.
Sediments serve as both a habitat for benthic or-
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ganisms and a reservoir for nutrients and con-
taminants, impacting food webs and ecosystem
health. In addition, abiotic components of fluvial
ecosystems are fundamental in providing impor-
tant, valuable services to human communities,
including water and energy provision, transporta-
tion and recreation, among others (Ferreira et al.,
2023, Petsch et al., 2023).

The physiography of Venezuela with its heter-
ogeneous orography (Andes, Guiana Shield and
coastal ranges) and climate (Paredes-Trejo et al.,
2020) has defined the country's watersheds with
more than 1100 streams and rivers, transporting
more than 37 600 m3/s of water across a diversity
of ecosystems (Figs.la-h) (Rengél-Avilés, 2018,
Rodriguez-Olarte et al., 2019). In addition, this
physiographic and climatic diversity also drive
distinctive abiotic and biotic characteristics in
streams and rivers associated to ten ecoregions
(Abell et al., 2008) (Fig. 2a), that encompass sev-
en watersheds: Orinoco, Casiquiare-Negro, Cu-
yuni-Essequibo, Paria-San Juan, Lake Valencia,
Lake Maracaibo, and Caribbean drainages (Fig.
2b).

The Orinoco is the largest watershed collect-
ing 85% of the runoff and dividing the country
in two regions. In the region located north of the
Orinoco (Fig. 2c¢), rivers and streams experience
substantial anthropogenic impacts because this
territory contains most of the country's population
(75 %) (Siso-Quintero, 2012). It is also the region
in which most of the research on fluvial ecosys-
tems has been conducted (Cressa et al., 1993).
The region South of the Orinoco River contains
the watersheds of its main tributaries, one of
which hosts the largest hydroelectric dam of the
country (the Guri Dam) (Rodriguez-Olarte et al.,
2025). In this region, the recent development of
the “Orinoco River mining arc” has promoted
high rates of deforestation (Fig. 2d) (Hansen et
al., 2013, Torremorell et al., 2021).

Studies on hydrology, water chemistry, and
sediment dynamics of rivers and streams in Ven-
ezuela began in the mid-19th century initially
driven by engineering projects related to urban
development, hydroelectricity, flow regulation,
and flood control, and later as part of ecological
research and environmental impact assessments
(Cressa et al., 1993, Silva Ledén, 2000). Over

time, research has moved from being primarily
descriptive to progressively incorporating func-
tional aspects of ecosystems (Segnini et al., 2024,
Rodriguez-Olarte et al., 2025). In the last 50
years, more interest and resources were allocated
to the training of scientific personnel and studies
on hydrology, water geochemistry, and fluvial
geosciences flourished with the highest number
of researchers in the mid-1970s and 1980s (De
La Vega & Vargas, 2014). This resulted in many
universities having departments devoted to aquat-
ic sciences with the consequent development of
graduate studies in hydrology, geosciences, and
aquatic ecology. These highly specialised person-
nel, supported with modern facilities, promoted
strong and diverse international collaborations
that resulted in research projects and the pursuit
of postgraduate studies, for Venezuelan facul-
ty and students, in the US, Canada, and Europe
(University of Waterloo, Texas A&M University,
University of Colorado, Colorado State Univer-
sity, University of Georgia, Oakland University,
University of the Basque Country-Spain, Univer-
sity of Michigan, Universidad of Coimbra-Portu-
gal, among others).

For this publication, several Venezuelan re-
searchers belonging to universities, research
centres and institutes set out to compile limno-
logical information referring to fluvial physical
and chemical attributes published in the last three
decades, with the purpose to provide an update of
the review published more than three decades ago
(Cressa et al., 1993) and to complement a recent
publication focused on the biotic components of
streams and rivers of Venezuela (Segnini et al.,
2024). In this study, we intend to review, summa-
rize and analyse the scientific work that has been
done since 1993 to identify research gaps for fu-
ture projects and programs. Our overall objective
is to develop a systematic review to establish the
state of the art in these abiotic aspects of fluvial
environments in Venezuela covering the period
1993-2024. Specifically, we aim to: a) Analyse
the compiled information, b) Identify informa-
tion gaps and limitations for the development of
the research area, and c¢) Suggest new routes and
future projects and programs that address under-
developed research topics and strengthen and up-
date existing areas.
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Figure 1. Rivers and streams of Venezuela. a) Headwaters of Sai Sai stream, a tributary of Chama River at 3500 m asl (Maracaibo
ecoregion), b) Capaz River (Maracaibo ecoregion), ¢) Camuri River at basal flows (Caribbean drainages ecoregion), d) Caiio Negro
on Marahuaka Massif (Orinoco Guiana Shield ecoregion), ¢) Negro River (Rio Negro ecoregion), f) Morichal Largo River (Ori-
noco Delta and coastal drainages ecoregion), (g) Cinaruco River (Orinoco Llanos ecoregion), h) Orinoco River (Orinoco Llanos
ecoregion). Pictures taken by S. Segnini (1a), J.E. Rincon (1b), C. Cressa (1¢), M.M. Castillo (1d), J. Paolini (1e), L. Sanchez (1f,
h), and J.V. Montoya (1g). Rios y arroyos de Venezuela. a) Cabeceras del arroyo Sai Sai, afluente del rio Chama a 3500 m s. n. m.
(ecorregion de Maracaibo), b) Rio Capaz (ecorregion de Maracaibo), ¢) Rio Camuri en caudal basal (ecorregion de los drenajes del
Caribe), d) Cario Negro en el Macizo de Marahuaka (ecorregion del escudo Guayanés del Orinoco), e) Rio Negro (ecorregion del
Rio Negro), f) Rio Morichal Largo (ecorregion del Delta del Orinoco y drenajes costeros), g) Rio Cinaruco (ecorregion de los llanos
del Orinoco), h) Rio Orinoco (ecorregion de los llanos del Orinoco). Fotografias tomadas por S. Segnini (1a), J.E. Rincon (1b), C.
Cressa (Ic), M.M. Castillo (1d), J. Paolini (1e), L. Sanchez (1f, h), y J.V. Montoya (1g).
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METHODS

We conducted a systematic bibliographic search
from 1993 to 2024 in the Web of Science database
(WoS). Also, as a complement, we extensively re-
viewed publications in national and international
journals compiled previously by the authors (per-
sonal databases, “registers”) about subjects re-
lated to hydrology, water chemistry composition
and sediment dynamics of fluvial systems in Ven-
ezuela. Particular attention was paid to ensuring
that no duplicate documents from this set over-
lapped with those retrieved via the WoS search.
To do this we followed the PRISMA statement
(Preferred Reporting Items for Systematic Re-
views and Meta-Analyses) (Liberati et al., 2009)
as shown in Fig. 3.

Literature searches were conducted in the

a Freshwater Ecoregions ]

122H

WoS on 03 Jul 2024. We used the following terms
and operators in this string: (hydrolog* OR phys-
icochem* OR hydrochem* OR “water chemis-
try” OR "water quality" OR water OR sediment*)
AND (river OR stream OR creek OR fluvial)
AND (Venezuela) NOT (marine OR seawater OR
coastal). The main searching terms were searched
in the document title, abstract, topic, and key-
words fields.

From the total list of records generated in
the database searches, duplicates were identified
through the title and authors fields and removed
manually. First, any duplicates within the WoS
search were discarded. Then, we ensured no
overlap existed between publications sourced
from the coauthors’ personal databases and the
document list retrieved via the WoS search. In the
screening step we identified records eligible to be
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Figure 2. Freshwater ecoregions (Abell et al., 2008): 1) Maracaibo, 2) South America Caribbean Drainages-Trinidad, 3) Orinoco
High Andes, 4) Orinoco Piedmont, 5) Orinoco Llanos, 6) Orinoco Guiana Shield, 7) Orinoco Delta and Coastal Drainages, 8) Es-
sequibo, 9) Rio Negro, 10) Amazonas Guiana Shield. b) Hydrographic basins (modified from IGVSB, 2025): 1) Lake Maracaibo,
2) Caribbean versant, 3) Lake Valencia, 4) Paria-San Juan, 5) Orinoco, 6) Casiquiare-Negro, 7) Cuyuni-Essequibo. ¢) Population
density in Venezuela (IGVSB, 2025). d) Accumulated Global Deforestation (2000-2022) (Hansen et al., 2013). a) Ecorregiones de
agua dulce (Abell et al., 2008): 1) Maracaibo, 2) Drenajes del Caribe Sudamericano-Trinidad, 3) Altos Andes del Orinoco, 4) Piede-
monte del Orinoco, 5) Llanos del Orinoco, 6) Escudo Guayanés del Orinoco, 7) Delta del Orinoco y drenajes costeros, 8) Esequibo,
9) Rio Negro, 10) Escudo guayanés amazonico. (b) Cuencas hidrogrdficas (modificado de IGVSB, 2025): 1) Lago de Maracaibo, 2)
Vertiente del Caribe, 3) Lago de Valencia, 4) Paria-San Juan, 5) Orinoco, 6) Casiquiare-Negro, 7) Cuyuni-Esequibo. ¢) Densidad de
poblacion en Venezuela (IGVSB, 2025). d) Deforestacion acumulada (2000-2022) en Venezuela (Hansen et al., 2013).
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Figure 3. Flow of information through the different phases of the systematic review (PRISMA diagram) on hydrology, water che-
mistry and sediment dynamics of fluvial systems in Venezuela using the Web of Science database and authors’ personal databases.
Flujo de informacion a través de las diferentes fases de la revision sistematica (diagrama PRISMA) sobre hidrologia, hidroquimica y
dindmica de sedimentos de los sistemas fluviales en Venezuela utilizando la base de datos Web of Science y bases de datos personales

de los autores.

included based on the title and abstract of docu-
ments, leaving out technical reports and grey lit-
erature. Eligibility criteria consisted of a stepwise
process starting by identifying that hydrology,
water chemistry and/or sediments were addressed
as the main subjects of the study. A second inclu-
sion criterion was that the study was conducted
in lotic freshwater systems, excluding marine and
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coastal environments. Finally, the third criterion
was that the study was conducted in Venezuela.
After each step, papers not meeting a criterion
were removed.

We included all peer-reviewed papers meeting
the eligibility criteria, whether original research
or reviews, and regardless of language (English or
Spanish). The total number of identified records
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through database searching and via the author's
databases, as well as the resulting numbers after
the entire eligibility process are presented in Fig.
3. From the list of records retained after the se-
lection process, a thorough screening of the main
text of each study was conducted to classify all
records in three different categories: hydrology,
water chemistry, and sediments. When a record
could be assigned to several of those categories,
the most relevant category was selected. Also,
each record was assigned to one (or several) of
the seven main hydrographic basins of Venezuela
shown in Fig. 2b.

Although some papers were not strictly hy-
drological, they were considered eligible because
hydrological factors such as water level chang-
es and water discharge were measured and were
considered the main variable in explaining some
ecological or limnological processes. The same
applies for those studies selected in the category
of water chemistry and sediment dynamics. Stud-
ies dealing exclusively with engineering process-
es related with water quality such as those involv-
ing water treatment plants were not included. All
publications obtained from Web of Science search
and from the personal records were compiled
and included as a supplementary file (available
at https://www.limnetica.com/en/limnetica). All
records retrieved in this systematic review were
used to quantitatively summarize the information,
yet not all of them were cited in the main narra-
tive of this work due to space limitations, and to
avoid redundancy. Only a representative selection
of them was used to elaborate on the most rele-
vant aspects of the main subjects of this study.

RESULTS AND DISCUSSION
Bibliometric analysis

Our literature search from 1993 to 2024 yielded
209 relevant publications, with numbers rang-
ing between 26 and 54 publications (34.5 = 10.7,
mean + 1SD) per five-year period (Fig. 4a).
Production presented few fluctuations between
1993 and 2022, except for a marked increase in
1998-2002, when 54 publications in 5 years were
achieved (Fig. 4a, b). The results indicated that
153 publications (73.2%) had the first author or

corresponding author affiliated with a Venezuelan
institution, while only 56 publications (26.8%)
were affiliated with foreign institutions, particu-
larly from the USA and France (Fig. 4c). Univer-
sities accounted for a major portion (68.6%) of the
publications produced by Venezuelan institutions
between 1993 and 2024 (Fig. 4d). Among them,
the Universidad Central de Venezuela (UCV) led
with 30 publications, followed by the Universi-
dad de Los Andes (ULA) with 13, and the Uni-
versidad del Zulia (LUZ) with 11. The rest of
the university institutions produced a third of the
total number of publications (51). Moreover, the
Instituto Venezolano de Investigaciones Cientifi-
cas (IVIC) and Fundaciéon La Salle de Ciencias
Naturales (FLASA) contributed 19 (12.4%) and
12 (7.8%) publications, respectively, during the
same period. Finally, government agencies and
private consulting firms produced 15 and 2 publi-
cations, respectively.

The distribution of study sites across the dif-
ferent river basins in Venezuela was uneven, with
the Orinoco basin (n=124, 59.3%) the most rep-
resented, followed by Caribbean basin (n=30,
14.4%) and Lake Maracaibo basin (n=22, 10.5%)
(Fig. 4e). The remaining basins were underrep-
resented, particularly the Paria-San Juan (n=3;
1.5%) and Casiquiare-Negro (n=2; 1.0%) (Fig.
4e). The publications in the Orinoco basin showed
a high percentage of first or correspondence au-
thors affiliated to Venezuelan institutions (79) but
also foreign institutions contributed with a high
number (45) of publications in this basin. In con-
trast, no publications with the first or correspond-
ing author affiliated to foreign institutions were
recorded for the Lake Maracaibo, Lake Valencia,
and Paria-San Juan basins. On the other hand, the
2 publications conducted exclusively in the Ca-
siquiare-Negro basin were led by authors from
foreign institutions. Most of the published studies
(n=96, 45.9%) focused on water chemistry, while
fewer studies addressed hydrology (n=62, 29.7%)
or sediments (n=51, 24.4%) (Fig. 4f).

Hydrology
Hydrological studies of rivers in Venezuela have
focused mainly on the large rivers of the Orino-

co watershed, likely due to its basin extension
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abreviaturas se describen en el texto principal.
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occupying 71.5% of Venezuelan territory (Silva
Leén, 2005), and that the Orinoco River itself
ranks third largest in the world in terms of mean
annual water discharge (~ 38 000 m*/s) (Lewis et
al., 1995) and about tenth largest in sediment dis-
charge (~ 150 x 10° tons per year) (Meade, 1994).

The hydrological regime of large rivers in
Venezuela is largely influenced by the climatic
dynamics imposed by the annual latitudinal mi-
gration of the Intertropical Convergence Zone
(ITCZ), which dictates the strong seasonality of
dry and wet seasons in the region (Latrubesse et
al., 2005, Syvitski et al., 2014). The Orinoco Riv-
er and its large tributaries exhibit a single annual
flood pulse, with low interannual variability (Fig.
5a). This pattern is directly tied to the ITCZ’s
northward passage, reaching its northernmost
position (~10°N) around July. This brings heavy,
sustained rainfall to the Orinoco Basin, result-
ing in a distinct wet season from April to Octo-
ber, with peak flow around June-August. Then,
between November and March, the ITCZ shifts
southward (~5°S), leaving the Orinoco Basin
under the influence of drier easterly trade winds.
(Latrubesse et al., 2005). This annual monomodal
flood pulse hydrology not only shapes ecological
processes, which sustain the Orinoco’s riparian
wetlands, supporting biodiversity (e.g., migratory
fish spawning) and ecological processes (Mon-
toya et al., 2006, 2011, Winemiller et al., 2014,
Machado-Allison, 2021), but also human liveli-
hoods by synchronising agriculture, fisheries, and
transportation (Rodriguez et al., 2007, Montoya
etal., 2011, 2017).

Climate change-induced shifts in ITCZ dy-
namics (e.g., intensified rainfall or altered migra-
tion timing) could disrupt the annual hydrological
regime, with cascading impacts on the region’s
water resources (Hamilton, 2010; Paredes-Trejo
et al.,, 2023). Anomalous ITCZ positions (e.g.,
stalled northward shifts during La Nifia years)
can prolong wet seasons, causing severe flooding
(Espinoza et al., 2011). Conversely, the ITCZ’s
southward shifts during El Nifio years can extend
the dry season, causing severe energy and water
shortages in a country whose energy matrix (elec-
tricity) depends more than 65% on hydroelectrici-
ty (Paredes-Trejo et al., 2023). These hydrological
anomalies are clearly depicted in the Caura River

hydrograph (Fig. 5a) as represented by years with
large departures from the mean discharge during
the wet and dry seasons, respectively.

While ITCZ acts as the metronome of the Ori-
noco’s large rivers hydrology, dictating its dis-
tinct wet-dry seasonality, not all large rivers in
Venezuela show this very distinctive monomodal
hydrological regime. Some present bimodal re-
gimes, such as the Catatumbo River in the Lake
Maracaibo basin, which follows a bimodal pre-
cipitation regime with two maxima, the highest
between September and November, and a second-
ary peak between April and May (Segnini-Flores
et al., 2025).

On the other hand, low to medium order
streams and creeks experience a greater varia-
bility in their hydrological patterns, reflecting a
much larger influence of local winds and storms,
orography and land use changes in their smaller
watersheds (Gordon et al., 2004, Syvitski et al.,
2014). The Guasare River watershed, draining to
the Lake Maracaibo basin, exemplifies the typ-
ical hydrology of Venezuelan small streams in
the semiarid and arid regions (Fig. 5b). Further-
more, its location in the semiarid of northwestern
Venezuela, in a highly anthropogenically altered
region due to deforestation, the heavy extraction
of water, and coal mining (Rincén, 1994, Rincén
& Cressa, 2000), heightens the flashy nature of
its flow variability. Its flashiness also reflects
the impact of individual rainstorms, producing
flash floods, which are a signature of this kind
of stream (Cressa & Senior, 1987, Gordon et al.,
2004, Syvitski et al., 2014).

Studies on hydrological dynamics in fluvial
systems of Venezuela include the description and
modelling of the hydrology of rivers and streams,
as well as that from the floodplain of large riv-
ers. Hydrological studies in which discharge and/
or water level of rivers are forecasted in water-
sheds where large hydroelectric dams are located
were key to the monitoring of rivers and reser-
voirs. The Caroni River watershed in Venezuelan
Guiana Shield is one of the most monitored sys-
tems in the country since it is the source of more
than 70% of the electricity produced in Venezuela
(Hastenrath et al., 1999). Prediction models of
the minimum discharges during the dry season
(critical periods) were developed by Hastenrath
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et al. (1999), based on relatively extended time
series and were instrumental for the functioning
and management of the electricity company fore-
seeing the production, supply and distribution of
electricity in Venezuela.

To the best of our knowledge, there are not any
further published studies updating those models
within the last 20 years at least, even consider-
ing that the dry spells during 2009-2010 in the
country (El Nifio years) were harsh (but see Pare-
des-Trejo et al., 2020). Nevertheless, Méndez et
al. (2017) forecasted the future scenarios in dif-
ferent rivers of the country including the most
optimistic (RCP 2.6) and most pessimistic (RCP
8.5) greenhouse gas concentration pathways for
the years 2050 and 2070. Their study showed cli-
mate-change-driven discharge decreases for the
Apure and Caura (Orinoco) and Maticora and
Neveri (Caribbean versant), with the exception of
the Negro River (Amazon) which increased.

Building upon the findings of Méndez et al.
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(2017), Paredes-Trejo et al. (2018) investigated
the response of Venezuelan river systems to me-
teorological droughts, with a particular focus on
their hydrological resilience, defined as the rate
at which rivers recover following drought events.
Their analysis revealed that basins exhibiting
greater resilience were typically associated with
extensive drainage networks, dense-canopy veg-
etation, humid climatic conditions, and limited
exposure to meteorological droughts, as exempli-
fied by the Casiquiare-Negro and Orinoco basins.
In contrast, basins located in the Caribbean ver-
sant and the Lake Maracaibo region demonstrated
markedly lower levels of hydrological resilience.
These basins have less dense canopy vegetation,
smaller watersheds, and are located in drier cli-
matic regimes.

As part of the large watersheds of the Orino-
co River in Venezuela, the plains in the central
and western region of the country contain a large
floodplain system (Hamilton et al., 2002, Mon-
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Figure 5. Hydrographs of a) Caura River at Maripa (Orinoco River Basin) and b) Guasare River at El Carbon (Lake Maracaibo Basin)
showing their annual hydrological regime. Daily discharges (Q, m*/s) per year are plotted as grey lines. Discharge mean and 95% CI
are shown in black bold continuous and dotted lines, respectively. Data from 1968 to 2005 in a, and from 1964 to 1998 in b. Data from
INAMEH, Venezuela. Hidrogramas de a) Rio Caura en Maripa (Cuenca del Rio Orinoco) y b) Rio Guasare en El Carbon (Cuenca
del Lago de Maracaibo) que muestran su régimen hidrolégico anual. Los caudales diarios (Q, m’/s) por afio se representan como
lineas grises. El caudal medio y el IC del 95% se muestran en lineas negras continuas y punteadas, respectivamente. Datos de 1968

a2005ena,yde 1964 a 1998 en b. Datos de INAMEH, Venezuela.
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toya et al., 2011). A comparative approach was
used by Hamilton et al. (2002, 2004) to study the
Orinoco Llanos floodplains with the Llanos of
Moxos in Bolivia (Mamoré River, Amazon Ba-
sin), and with the Central Amazon floodplains in
Brazil. In those studies, using satellite imagery
and data from historic time series, they described
the hydrological spatial and temporal extents
of the flooding through the plains. Their results
showed more consistent annual monomodal
flooding and drainage but with higher variability
in the maximum extent of inundation for the Ori-
noco Llanos, which can reach 107 530 km?, be-
coming within the highest fluvial flood extensions
in South America. The mean annual inundation
area was 34 700 km? Also, using remote sens-
ing Smith et al. (2006) provided digital elevation
models (DEM) for a modified flooding plains in
the western llanos of Venezuela. That area, called
“moddulos de Mantecal” is an area that is flood
controlled and retains water during the dry sea-
son.

Hydrological research conducted in other river
basins apart from the Orinoco have paying special
attention to the intersection between hydrology,
hydrogeomorphology, natural risks assessment
and mitigation, and engineering for the monitor-
ing and protection of fluvial systems prone to ex-
treme floods, landslides, and debris flows events
(e.g., Coelho & Cartaya, 2022, Lopez et al., 2001,
2010, Navas, 2011). Most of those studies were
conducted in relatively small watersheds of the
Caribbean versant, in which mountain streams
draining the central Cordillera de la Costa range
usually have a very steep slope, narrow coastal
plains, and alluvial fans that experienced extreme
floods and debris flows events (Larsen et al.,
2001, Larsen & Wieczorek, 2006, Lopez, 2011).

Of special interest in this area of research
was the tremendous precipitation records during
December 14-16, 1999 in the montane streams
draining to the Caribbean versant in the La Guaira
State (formerly Vargas State) that ended in cat-
astrophic floods and debris flows, categorising
the La Guaira floods as one of the worst natural
disasters in the Americas with an uncertain death
toll that varied between 15 000 to 35 000 peo-
ple (Lépez et al., 2001, Humphries et al., 2024).

Studies dealing with causes and consequences of
those events, as well as a summary of the miti-
gation measures implemented after the flooding
events were presented by Lopez (2011).

We identified that studies on the hydrological
dynamics of streams and rivers, including an eco-
logical perspective, have been done in all regions
of the country. Data on hydrology are essential
for ecological studies in fluvial systems, as many
investigations in rivers and streams incorporate at
least flow measurements and basic modelling of
river flows and hydrological regimes. This abiotic
data depicts an essential physical context, helping
to explain the dynamics of aquatic populations,
communities, and ecosystems (e.g., Castillo et al.,
2004, Allan et al., 2006, Mendoza et al., 2018).

Comprehensive integration of hydrological
sciences with ecology are well represented in, for
instance, Rosales et al. (2002, 2008) and Warne et
al. (2002), whose results on ecosystem dynamics
and integrity, from large river lowland floodplains
and the Orinoco Delta, are rooted in the field of
ecohydrology. Those studies examined patterns
and processes at the aquatic ecosystem and com-
munity levels through the physical template
associated with the conservative annual mono-
modal hydrological regime of the Orinoco River
basin. Ecohydrological approaches incorporating
landscape features of watersheds have also been
explored, focusing on land use and/or climate
change effects on water chemistry (e.g., Castillo,
2010), and environmental flows (e.g., Sanchez et
al., 2021).

Water chemistry

Research on water chemistry of Venezuelan rivers
has indicated that studies conducted in the Orino-
co River, its floodplain, and main tributaries com-
prise a slightly higher percentage (51.6%) than
those in lower order streams (48.4%). On the oth-
er hand, hydrological seasonality studies, based
on the chemical properties of nutrients and organ-
ic carbon, conducted during the 1990s and ear-
ly 2000, showed a higher bias since 72.1% were
made in the Orinoco River and only 27.6% in the
others watersheds, resulting in a great breach of
information.

Limnetica, 46(1): 00-00 (2027)



Rincén et al.

Seasonal changes in organic carbon and or-
ganic nitrogen particles in the Lower Orinoco
were described by Paolini (1995). The author in-
dicated that particulate organic carbon (POC) and
particulate nitrogen (PN) fluctuate with water dis-
charge, with higher values during the rising limb
than during the falling limb (ranging between
0.84 and 9.06% for POC and 0.08 and 1.45% for
PN).

The relationship between floodplains and the
Orinoco floods was illustrated by Vegas-Vilarra-
bia & Herrera (1993a, b). They describe how the
Orinoco floods affect the hydrochemistry of the
overflowing and stagnant waters of the Mapire
River since the floods of the Orinoco, act like a
dam for the Mapire River causing the system to
become a standing lake, with thermal and chem-
ical stratification, which reverses to a flowing
system during the dry season. Lewis et al. (2000)
indicate that the Orinoco floodplain (15-year
studies) shows that the apparent complexity in
this ecosystem, such as geomorphological and
hydrological factors that affect biochemical and
biotic processes, can be resolved through chains
of cause and effect that are pervasive and predict-
able over the system as a whole (deterministic
effects).

Battin (1998) reported high concentrations of
dissolved organic carbon (DOC; 4.50 to 20.39 mg
C/1) in the Surumoni, a tributary of the Upper Ori-
noco, and in the main channel of this river (4.48
to 16.89 mg C/l), documenting a strong effect
of the connectivity with the floodplain on DOC
composition. In clear and black water rivers of
the middle Orinoco basin, nutrients and DOC ex-
hibited distinct seasonal patterns, related to inputs
from terrestrial sources and the influence of the
floodplain (Castillo, 2000, Castillo et al., 2004).
Water chemistry including anions, cations, DOC
and the relationship between dissolved and sus-
pended load was studied by Tosiani et al. (2004)
in the Cuyuni River and several of its tributaries.
Laraque et al. (2019) working at the Casiquiare
River, a channel that connects the Orinoco with
the Amazon, reported the flux of total suspended
sediment at the interaction zone between the Ori-
noco, Guainia and Negro Rivers (79.69 kg/s, 0.51
kg/s and 44.90 kg/s, respectively) as well as at the
Casiquiare mouth (48.94 kg/s).
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More recently, studies on the main tributaries
of the Orinoco River have focused on aquatic ge-
ochemistry and pollutants. In the Orinoco, Caura
and Apure Rivers, the concentrations of Ca, Na
and Mg decrease during the rainy season due to
the dilution effect. Contrary to this, K increases in
the Orinoco due to the contribution of tributaries
that flow through feldspathic terrain of the Guia-
na Shield. In the Apure River, the increase in K is
a consequence of clay leachates and decompos-
ing plant material coming from the floodplains
(Mora et al., 2009, 2010a, b). A different pattern
is shown by streams that flow through a terres-
trial-aquatic ecotone known as morichal in the
eastern savannas. In these streams, nutrients, cat-
ions and trace elements increase during the rainy
season, unlike what is observed in the Orinoco.
This indicates that inputs of elements from soil
and rock weathering along with rainfall enriched
with marine salts can outweigh the dilution effect
caused by increased flow during the rainy season
(Mora et al., 2008). In these rivers, P and nitrate
concentrations are low (total P, between 9.45 and
21.73 pg/l; nitrates, between 0.01 and 0.22 mg/1),
although total N can reach higher values (0.43 to
0.58 mg/l) suggesting that most nitrogen is in or-
ganic form. In addition, benthic chlorophyll con-
centration showed high variation (from 2.25 to
10.58 mg/m?) (Castillo et al., 2012). Due to these
conditions, Castillo et al. (2012) found that Mor-
ichal streams are vulnerable to human pressures
such as the conversion of savanna vegetation into
agriculture and urban areas. These changes can
increase conductivity and nutrient concentrations,
resulting in higher chlorophyll levels.

In the Cataniapo River, a tributary of the mid-
dle Orinoco, Astiz (2012) documented high con-
centrations of Pb, Ni, and Hg in the water, likely
related to fuel spills and mining activities. In riv-
ers of the Apure basin draining the Andes, Allan
et al. (2006) observed greater concentrations of
nitrogen (NO,, NH,) and phosphorus in rivers
that showed higher water yield and forest cover
in the upper part of their catchments. The studied
rivers showed low N:P ratios suggesting nitrogen
limitation. In Rio Las Marias, also located in this
region, Solomon et al. (2009) reported that actual
and potential denitrification rates ranged from 0
to 160 and from 0 to 740 ug NO,N m™ h™', re-
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spectively and indicated that substrate texture and
anthropic sedimentation are the factors influenc-
ing denitrification rates.

In rivers draining the Guiana Shield, Yamash-
ita et al. (2010) documented the influence of ter-
restrial and microbial sources on DOC concentra-
tions and the influence of geology and vegetation
cover on the spatial variation of DOC charac-
teristics. Lopez et al. (2012) determined that the
transport of organic carbon from the Orinoco
River to the eastern Caribbean, responds more to
the seasonality of the flow than to changes in the
concentration of organic carbon in the river. Like-
wise, Laraque et al. (2013b) found that seasonal
variations in fluxes of dissolved solids and DOC
are controlled by variations in discharge.

Studies on particulate and dissolved organic
matter have also been conducted in rivers drain-
ing the Andes and piedmont (Allan et al., 2006,
Segnini & Chacén, 2017, Rincén et al., 2018), the
Llanos (Roelke et al., 2006), the central-Caribbe-
an drainages (Mendoza et al., 2018), and in small
intermittent streams in the northwestern region of
the country (Rincon, 2009). In this region, average
benthic organic matter (72.04 g/m?; 129.1-27.2 g/
m?) in depositional habitats was estimated show-
ing seasonal variation (Pirela & Rincon, 2012).
Seasonal variations in the sources of dissolved or-
ganic matter (DOM) in the Cinaruco River (Ori-
noco Llanos) were investigated by Roelke et al.
(2006). Using excitation—emission fluorescence
spectroscopy and DOM absorption spectra, the
authors found that during the low-water period,
the DOM signatures in river water closely resem-
bled those of leaf leachates and lagoon water. In
contrast, during the falling-water season, DOM
in the river exhibited distinct spectral characteris-
tics, differing from both leaf and lagoon sources.
This shift was interpreted as evidence of an addi-
tional DOM source during this period, likely orig-
inating from the drainage of inundated savannas
within the river’s floodplain.

Outside of the Orinoco Basin, in the central,
north and western regions of Venezuela, several
studies have been carried out on the hydrochem-
istry of lotic environments. Coal mining in the
Guasare River basin affected water quality, in-
creasing dissolved solids, sediments, some metals
and sulphate concentrations in rivers and streams

(Rincon, 1994). The Chama and Catatumbo Riv-
ers transport a large amount of total P (4.26 and
18.87 t/d, respectively) and total N (9.65 and
53.45 t/d, respectively) to Lake Maracaibo, most-
ly from urban and agricultural sources, contrib-
uting to its eutrophication and pollution (Rivas
et al., 2005, Chacon & Segnini, 2007, Segnini &
Chacédn, 2017, Rincén et al., 2018). Similarly, but
in the Caribbean versant, the impact of the land-
scape on the nutrient concentration of the Guare
River, a tributary of the Tuy River, in the central
Caribbean region was documented by Castillo
(2010). The author showed a variation of nitrate
between 8 to 880 pug/l, with higher values associ-
ated with cropland having a large proportion of
the catchment (14-45%). Also, in rivers draining
the Caribbean versant, water quality was deter-
mined during the rainy season in the Tuy, Capa-
ya, and Curiepe Rivers at sampling sites near the
coast (Herrera & Bone, 2011). Comparatively, the
Tuy River had the highest impact on the coastal
zone in terms of discharge (246.39 m?/s), nutrient
fluxes (659.61 + 503.27 g/s total nitrogen; 52 +
53.09 g/s total phosphorus), and sediment trans-
port (9320.84 + 9728.15 g/s).

Sediment dynamics

As with water chemistry and hydrology, most
studies on sediment dynamics have been conduct-
ed in the Orinoco River basin. This river has an
annual sediment load of 150 x 10° tons, and the
concentration of total suspended sediments (TSS)
shows a bimodal response to the seasonal varia-
tion in discharge (Meade, 1994). The TSS shows
a first peak after the onset of the rains, and a sec-
ond, more moderate peak, during the descending
stage of the annual flood (Paolini, 1995, Mora et
al., 2009, Laraque et al., 2013b). The first peak re-
sults from the mobilisation of sediments from the
river and transported by runoff. The second peak
occurs when sediments deposited near the trib-
utary mouth due to backwater during maximum
flow return to the main channel (Meade, 1994,
Paolini, 1995, Mora et al., 2009, Laraque et al.,
2013b). Fluxes of total suspended solids estimat-
ed by Laraque et al. (2013a) were 20% lower than
previously reported (Lewis & Saunders, 1989,
Paolini et al., 1987), likely explained by differ-
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ences in sampling and calculation methods and
the construction of dams in Andean tributaries.

Lately, remote sensing images have been used
to estimate suspended sediment concentrations
and loads of the Orinoco, showing that in com-
bination with field measurements, they can facili-
tate the monitoring of sediment dynamics in large
rivers (Yépez et al., 2018b, Gallay et al., 2019).
For the Casiquiare channel in the Upper Orinoco,
Laraque et al. (2019) estimated sediment fluxes
(31.66 kg/s) and constructed a budget at the bi-
furcation with the Orinoco and confluence with
the Guainia.

Gualtieri et al. (2022) presented a detailed in-
vestigation into total suspended solids (TSS) and
surface sediment loads in the lower Orinoco River
at Ciudad Bolivar during the period 2012-2017.
Their findings revealed TSS concentrations rang-
ing from 12 to 277 mg/l and sedimentary fluxes
between 68 and 113 million tons annually. The
data indicated a bimodal sediment regime charac-
terized by two distinct peaks surrounding the riv-
er’s maximum discharge event. The study further
examined the interactions among hydrodynamic
conditions, sediment transport mechanisms, and
morphodynamic processes. Analysis of bed shear
stress distribution provided insights into predom-
inant transport modalities and the upper grain-
size limits of suspended sediments. Under mod-
erate to high flow conditions, fine sand was the
dominant fraction, while very fine sand prevailed
during periods of low discharge.

Additionally, Rodriguez et al. (2019) in the
lower Orinoco floodplain observed that sedimen-
tation rates during flood events exhibited sub-
stantial spatial variation. These rates ranged from
areas with no sediment deposition to sites with
extremely high accumulation reaching 225.46
kg m? yr'. Notably, banks and levees tended to
receive significantly more sediment, averaging
39.6 kg m? yr''. In contrast, regions farther from
the main water channels, such as floodplains and
backswamps, accumulated less sediment, with
mean rates around 17.7 kg m? yr'. This pattern
highlights how proximity to water flow greatly
influences sediment distribution during flooding
events. Significant differences in sedimentation
rates were observed in two major vegetation
types: dense herbaceous and shrubby vegetation
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(42.2 kg m? yr') and flooded forest (12.7 kg m?2 yr").

Furthermore, Rodriguez et al. (2019) pointed
out that overbank sedimentation is influenced by
a dynamic interplay between hydrosedimentary
forces and vegetation dynamics, which together
shape the formation of fluvial landforms. A key
finding from the study highlights the role of the
El Nifio Southern Oscillation (ENSO) cycle, spe-
cifically the shift between El Nifio and La Nifia
in controlling sediment supply and deposition
across floodplains. Interestingly, in whitewater
rivers, where suspended sediment is plentiful, the
most critical factor affecting sedimentation was
not the sediment concentration itself, but rather
hydrological connectivity, the degree to which
water moves between the river and the floodplain.

Other studies have focused on sedimentation
patterns and characterization of sediments in the
Orinoco River and its tributaries. Dezzeo et al.
(2000) estimated sediment deposition rates dur-
ing a flood event in the Mapire and Caura forested
floodplains and analysed the mineral and nutrient
compositions of the deposited sediments. They
found a wide range of deposition rates, from 0.07
to 73.60 kg/m?, influenced by factors like sedi-
ment mobilization, geomorphic environments,
and upstream erosion. The mineralogical compo-
sition of the sediments reflected intense weather-
ing processes in the river catchments. The chem-
ical composition of the sediments also varied due
to differences in mineral composition and particle
size distribution. Guzman et al. (2021) character-
ised the sediment deposits and transport and dep-
osition mechanisms in the anastomosed channels
of the middle Apure River. The authors found a
predominance of fine to medium silt (71%) in
relation to the clay (18%) and sand (11%). This
variation is mainly associated with the existence
of controls of lithological origin. This study re-
veals that sorting and transport of sediment in the
anastomosis system of the study area is mainly
influenced by the morphodinamics changes in the
position of bars and islands. The concentrations
of elements associated with sediments have also
been investigated in the Orinoco floodplains and
tributaries. In the Caura, major, minor and trace
elements in sediments are lower than the Apure
values, due to its low pH and the presence of ka-
olinite and gibbsite with poor cation exchange ca-
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pacity (Mora et al., 2013). In contrast, the Apure
and Orinoco Rivers show higher elemental con-
centrations, attributed to Fe-oxyhydroxides and
clays from intermediate weathering that can ad-
sorb these elements. Downstream in the Orino-
co, increasing fine sediment deposition from the
Apure River correlates with elevated element lev-
els. Near the Matanzas industrial zone, unusually
high Fe, Zn, Cr, and Pb levels suggest contam-
ination from industrial wastewater and mining
activities.

Furthermore, Narayan et al. (2020) reported
greater concentrations of heavy metals in sedi-
ments through the year in floodplains lakes of the
Orinoco under the influence of industrial and ur-
ban effluents. In this study sediments of the most
impacted lagoon showed higher concentrations of
Al, Pb, Cu, and Cr than sediments of the less-pol-
luted and the unpolluted lagoons during all the
hydrological stages. Other studies related to
sediment transport and deposition have focused
on the formation of sand waves and bars in the
Lower Orinoco (Yepez et al., 2018a), long-term
changes in the Apure River channel (Guzman et
al., 2013) and sediment dynamics in the Orino-
co Delta, including the effects of flow regulation
(Echezuria et al., 2002, Warne et al., 2002).

In the Tuy River and its tributaries, in
north-central Venezuela, the influence of human
activities on chemical characteristics of sediment
humic and fulvic acids was studied by Garcia et
al. (1994). This study highlights that human ac-
tivities significantly impact the elemental makeup
and chemical structure of humic substances. Ad-
ditionally, vegetation type and seasonal rainfall
contribute to variations in the chemical structure
of humic and fulvic acids, indicating that climat-
ic conditions influence their chemical charac-
teristics and, to a lesser degree, their elemental
composition. Similarly, Mogollén et al. (1995)
investigated the influence of lithology on metal
concentrations in stream bed sediments. They
concluded that human activities in the basin are
contributing to Pb and Zn enrichments up to 4
times in the main channel sediments of the Tuy
River system.

Romero-Gonzalez et al. (2001) and Ledo et al.
(2004) characterized the speciation of phosphorus
and metals in sediments of the Catatumbo Riv-

er, highlighting their environmental implications
for Lake Maracaibo. Total phosphorus (Total P)
concentrations ranged from 121 to 581 pg/g DW,
with inorganic forms (~64%) predominating over
organic forms (~36%). The dominant species was
calcium-bound phosphorus, primarily as apatite.
A significant portion of Total P originated from
the Colombian sector of the watershed, attribut-
ed to intensive agricultural and mining activities.
Given that the Catatumbo River supplies ~70% of
the sediment load to Lake Maracaibo, a eutrophic
system with an anoxic hypolimnion, conditions
are favourable for phosphorus remobilization.
This process may release inorganic P, increasing
its bioavailability to aquatic organisms such as
macrophytes, algae, and cyanobacteria, thereby
exacerbating eutrophication. Ledo et al. (2004)
also quantified mean metal concentrations at the
river outlet, following the sequence: Fe (0.802) >
Al (0.563) > Mg (0.070) > Ca (0.018) > Mn (6.9
x 107*) mmol/g dry sediment. These findings sug-
gest that metals from both natural weathering and
anthropogenic inputs are ultimately accumulated
in the estuarine sediments of Lake Maracaibo.
The analysis of the information presented on
the interaction between water flow and transport
of solid material shows that these processes, be-
ing associated with climatic seasonality, partici-
pate in the control of the structure and functioning
of riverine ecosystems. This knowledge is essen-
tial for understanding the functioning of rivers
and streams, and thus improving their use, man-
agement and conservation. Likewise, this knowl-
edge leads to detection of information gaps that
need to be addressed and resolved, to contribute
to resolving the main threats to the hydrological
and sedimentary processes of rivers in Venezuela.

FINAL REMARKS

Our review indicates that research conducted
since 1993 has primarily concentrated on the Ori-
noco River, Lake Maracaibo, and the Caribbean
basins (Fig. 4e); however, recent data on hydrol-
ogy, water chemistry, and sediment transport for
the main rivers are relatively scarce (Rodriguez-
Olarte et al., 2025, Segnini-Flores et al., 2025).
Although there are recent estimates of nutrient
fluxes for the Orinoco (Mora et al., 2020, Gualtie-
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ri et al., 2022), updated knowledge on hydrology
and water chemistry is necessary for rivers drain-
ing the Guiana Shield, which have been signifi-
cantly affected by mining activity in the “Orinoco
mining arc” over the last two decades (Lozada,
2019, Stachowicz et al., 2023). Additionally, we
found that the Paria-San Juan and Casiquiare-Ne-
gro basins are poorly studied (Fig. 4e). The low
number of publications on these river basins is
likely due to their remote locations. Oil spills and
illegal gold mining are degrading these river eco-
systems, and the extent of the damage remains
unknown (SOS Orinoco, 2019, ACFIMAN,
2022). Overall, Venezuela's watersheds have
experienced significant changes in land use and
pollutant loading that can affect water quality,
not only in rivers but also in coastal and ocean-
ic ecosystems (Rodriguez-Olarte et al., 2019). In
addition, complementary research on ecological
processes, such as carbon and nutrient cycling as
well as community dynamics and interactions, in
streams and rivers needs to be addressed.

Understanding of hydrological alterations and
extreme events resulting from climate and land
use changes are needed for larger rivers of the
Orinoco basin and for smaller basins of the north-
ern coastal region, where a significant portion of
the Venezuelan population resides and major dis-
asters have occurred in the last decades (Lopez et
al., 2001, Lopez, 2011). An important limitation
for the development of hydrological studies is the
inadequate and limited availability of continuous
data records from hydrological and meteorolog-
ical stations. This situation requires an increase
and modernization of infrastructure and equip-
ment to enable long-term monitoring across the
hydrographic network. We urge the identification
of fragile fluvial ecosystems (e.g., morichales)
that should be prioritised for research based on
the threats they may face in the near future.

The greatest development in all areas of sci-
ence and technology in Venezuela occurred be-
tween 1958 and 1998 (Requena, 2022). During
this period, Venezuela transitioned from having
a few scientific laboratories in the main cities to
hundreds distributed across the country, equipped
with well-trained scientists (Requena, 2021).
Furthermore, Requena (2022) also document-
ed a steady increase in publications from 1960
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to 2008. Although this was the general trend for
the scientific community, our analysis shows that
the number of publications on hydrology, water
chemistry and sediments (Fig. 4a, b) remained al-
most steady from 1993 to 2022, with an increase
during the period 1998-2002 (doubling that of the
previous period). However, the number of publi-
cations included in the WoS showed a tendency
to decline continuously after 2008-2012 (Fig. 4b),
likely due to reduced funding and migration of
freshwater scientists.

Despite the challenging context reflected in
indicators of scientific productivity and capacity
building related to hydrology, water chemistry,
and sediment dynamics of Venezuelan rivers,
there have been notable positive developments
that have sustained, and projected into the fu-
ture, research activity in this field. Collaborations
with international scientific networks such as
IBEPECOR (Torremorell et al., 2021), CELL-
DEX (Tiegs et al., 2019), and DecoDiv (Boyero
et al., 2015) have contributed to maintaining and
even enhancing the scientific output and impact
of Venezuelan researchers and institutions. Ad-
ditionally, recent research agendas and funding
calls focused on the environment and climate
change, promoted by the Ministerio del Poder
Popular para Ciencia y Tecnologia (MINCyT),
have stimulated new initiatives in research and
education on these research fields. However, the
strengthening of those strategies in the national
science policy in combination with incentives for
researchers returning to the country, training of
new specialised personnel and the involvement
of institutions and researchers within internation-
al networks are urgently needed for the recovery
and eventual improvement of scientific capacities
in stream and river sciences in Venezuela.

CONCLUSIONS

a) Our comprehensive review of literature from
1993 to 2024 reveals a consistent research
output on Venezuelan rivers, with a total of
209 publications and a notable surge during
1998-2002. The majority of studies (73.2%)
were led by authors affiliated with Vene-
zuelan institutions, particularly universities,
with the Universidad Central de Venezuela
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(UCV), Universidad de Los Andes (ULA)
and Universidad del Zulia (LUZ) being the
most prolific contributors. Foreign institu-
tions, primarily from the USA and France,
accounted for 26.8% of the publications, with
their involvement concentrated in the Ori-
noco basin. Geographically, research efforts
were unevenly distributed, with the Orinoco
basin dominating (59.3%) and other basins
such as Lake Maracaibo, Lake Valencia, and
Cuyuni-Essequibo receiving somewhat low-
er attention. The Casiquiare-Negro basin was
exclusively studied by foreign institutions,
highlighting a gap in national research cover-
age.

b) Thematically, studies focused predominantly
on water chemistry (45.9%), with fewer ad-
dressing hydrology (29.7%) and sediment dy-
namics (24.4%). Our results suggest a strong
national academic presence in freshwater re-
search, yet also point to significant geographic
and disciplinary imbalances. Addressing these
gaps through targeted research (e.g., climate
change, hydrologic risk assessment) and en-
hanced international collaboration could foster
a more comprehensive understanding of Vene-
zuela’s diverse aquatic ecosystems.

c) Even though research was geographically
not homogeneous around the country, some
watersheds were intensely covered and some
seasonal patterns in hydrology as well as in
chemistry were well described. However, it is
important to note that many of the ecosystems
studied require new studies to describe their
current conditions in order to quantify and
assess the changes that ecosystems have been
over all these years, particularly regarding
an increase in anthropogenic intervention. In
particular, there is a need to describe their hy-
drologic, chemical and sediment dynamics to
assess the plausible impact of climate change.
Obviously, this will require an update of the
infrastructure and methods where internation-
al collaboration will be a plus. Furthermore,
long-term research studies are needed, particu-
larly in highly variable and unpredictable eco-
systems to assess their dynamics.

Our systematic review indicates that while
there is noteworthy basic documentation on Ven-

ezuelan rivers, there is an urgent need to update
baseline information on abiotic characteristics of
fluvial ecosystems, including low order streams
and rivers. This will increase knowledge and bet-
ter understanding of the functioning of tropical
streams and rivers and contribute to their conser-
vation and to face the climate changes on these
ecosystems.
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