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Fish metacommunity structure in Cano Maraca, an important nursery

habitat in the Western Llanos of Venezuela

Kirk O. Winemiller!, Donald C. Taphorn?, Leslie C. Kelso-Winemiller?,
Edwin O. Lopez-Delgado', Friedrich W. Keppeler' and Carmen G. Montafia*

We investigated spatial and seasonal variation of fish assemblages of Cafio Maraca, a creek in Venezuela’s Western Llanos, a
region with strong wet-dry seasonality. Fishes were surveyed over a 19-year period at three sites along the longitudinal gra-
dient: a headwater site with a narrow channel, a middle site with shallow channels traversing a seasonal wetland, and a lower
site where the channel has higher banks. Assemblage composition and presence of species with juveniles and various life
history strategies were compared during wet and dry seasons. Overall, fish species richness was lowest at the headwater site
and highest at the downstream site. During the wet season, however, species richness is greatest at the middle site, a pattern
associated with migration into the site for reproduction and use of the wetland as a nursery. During the dry season, species
richness is greater at the downstream site where habitat quality is sufficient to provide suitable habitat for many species. Fish
movements and population dynamics in Cafio Maraca respond to seasonal environmental changes, and the fish metacommu-
nity appears influenced by species sorting (habitat selection), mass effects (source-sink dynamics), patch dynamics (interspe-
cific differences in colonization and species interaction) as well as random factors (dry-season strandings).

Keywords: Dispersal, Fluvial gradient, Freshwater fish, Neotropics, Nestedness.

Investigamos la variacion espacial y temporal de los ensambles de peces en el Cafio Maraca, un arroyo localizado en los
Llanos Occidentales de Venezuela, region caracterizada por una fuerte estacionalidad himedo-seco. La ictiofauna fue evalu-
ada en intervalos durante un periodo de 19 afios, en tres sitios a lo largo del gradiente fluvial longitudinal: El primer sitio
en la cabecera con un canal estrecho e hidrologia estable, el segundo, intermedio con canales poco profundos atravesando
un humedal estacional y el ultimo en la zona baja donde el canal tiene bancos mas altos. La composicion del ensamblaje y
la presencia de especies con juveniles y diversas estrategias de historia de vida fueron comparadas durante las estaciones
humedas y secas. En general, la riqueza de especies de peces fue menor en el sitio de la cabecera y mas alta en el sitio aguas
abajo. Sin embargo, durante la época himeda, la riqueza de especies fue mayor en el sitio central, patron asociado con la re-
produccion de peces y el uso del humedal como criadero. Durante la época seca, la riqueza de especies fue mayor en la zona
baja donde la calidad del habitat es suficiente para proporcionar un habitat adecuado para muchas especies. El movimiento de
los peces y la dinamica poblacional en Caiio Maraca estan relacionadas a cambios ambientales estacionales. Adicionalmente
la metacomunidad de peces parece estar influenciada por el ordenamiento de especies (seleccion de habitat), efectos de ma-
sas (dinamica fuente-sumidero), dinamica de parches (involucrando diferencias interespecificas en la tasa de colonizacion y
capacidad competitiva) y factores aleatorios (relacionados con la duracion de la estacion seca).

Palabras clave: Anidamiento, Dispersion, Gradiente fluvial, Neotropico, Peces de agua dulce.

Introduction

Headwater streams typically make up two thirds or more
of the total channel length within a drainage network, and
small streams are important for maintenance of biodiversity
and ecosystem services at regional scales (Freeman et al.,
2007). Although understanding of stream ecology in the tro-

pics continues to lag behind knowledge from north tempera-
te regions (Winemiller et al., 2008), recent years have seen
a great increase in research on fish ecology in Neotropical
streams, especially in Brazil (e.g., Abes, Agostinho, 2001;
Casatti, 2005; Almeida, Cetra, 2016; Juen et al., 2016). Tem-
perature variation in tropical regions is minimal compared to
temperate regions, yet tropical regions often have strong se-
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asonal patterns of rainfall (wet/dry seasonality) that strongly
influence stream ecology. As for any organism, stream fishes
undergo changes in population abundance and spatial distri-
bution as a function of reproduction, mortality and disper-
sal. These processes are influenced by temporal and spatial
variation in habitat quantity and quality, disturbance regime
(e.g., flash floods, desiccation, aquatic hypoxia), primary
production, inputs of allochthonous materials, predation,
and landscape connectivity as affected by local precipitation
and hydrology.

Stream physical and biological features vary greatly de-
pending on geology, topography and climate among other
regional factors. For example, headwater streams in mou-
ntainous regions have high gradients, fast water currents,
substrates of exposed bedrock and coarse particles, series of
riffles and plunge pools, and fish species adapted to life in
fast-flowing water (Lujan, Conway, 2015). In contrast, hea-
dwater streams in flatlands have meandering channels, slow
water currents, and sandy or silty substrates. These sluggish
streams often accumulate large amounts of detritus and in
semiarid and arid climates may have reaches that periodi-
cally become dry, leaving series of isolated pools. Fish as-
semblages in low-gradient streams often support fish assem-
blages that are more taxonomically and functionally diverse
compared to those found in higher-gradient streams of the
same region (Gongalves, Braga, 2012; Wolff, Hahn, 2017).

The richness and composition of stream fish assemblages
vary in response to longitudinal gradients of stream size and
habitat conditions in a fairly predictable manner (Schlos-
ser, 1982). First-order streams in headwaters contain few
species that tend to be nested subsets of species that inha-
bit larger habitats downstream. As channel reaches further
downstream become progressively larger with greater ha-
bitat heterogeneity, fish species richness and functional di-
versity increase (Matthews, 1986; Paller, 1994; Stiarez, Pe-
trere, 2007). Nonetheless, topography and other watershed
features sometimes do not follow a gradual transition from
headwaters to higher-order stream reaches, and seasonal
variation can influence longitudinal patterns of fish assem-
blage composition. Low-gradient streams in tropical wet/dry
climates undergo particularly strong changes in hydrology
and associated environmental conditions and ecological
processes. During the wet season, tropical streams spill into
flooded savannas or forests into which fishes disperse to ex-
ploit food resources and refuges (Lowe-McConnell, 1987).
During the dry season, water recedes from floodplains and
fishes must return to wetted channels or floodplain pools
where they may become trapped as water levels continue to
fall. Predator-prey interactions intensify under conditions of
high fish density within isolated water bodies, and additio-
nal mortality is caused by bird predation and degradation of
water quality from low dissolved oxygen and high hydrogen
sulfide concentrations derived from microbial metabolism
(Winemiller, 1989b, 1990).

Here we report findings from an investigation of seaso-
nal variation in fish assemblage composition at sites along
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the longitudinal gradient of Caflo Maraca, a low-order creek
that drains flat terrain in the High Llanos of Venezuela. Cafio
Maraca and other creeks in the Western Llanos support high
fish diversity, with many species important in artisanal fishe-
ries, and understanding factors influencing spatial and tem-
poral dynamics of fish distributions is fundamental for con-
servation. We analyzed assemblage composition to evaluate
predictions about processes structuring metacommunities
(Leibold et al., 2004; Winemiller et al., 2010) as well as the
degree that local assemblages may be nested along the lon-
gitudinal gradient (i.e., revealing a pattern of successive spe-
cies addition without replacement). Because of strong seaso-
nal changes in precipitation and hydrology affecting aquatic
habitat quantity and quality in Cafio Maraca, we predicted
that fish assemblages would show large seasonal shifts in
assemblage composition as fishes disperse and encounter
different abiotic and biotic environmental conditions. We
also predicted that species richness and community compo-
sition might not reveal a strong longitudinal gradient due to
similar ranges of habitats at locations throughout the creek’s
shallow elevational gradient. Longitudinal patterns might be
especially weak during the wet season because the creek’s
middle reach has an extensive wetland that previously was
documented to be important for fish reproduction during the
wet season (Winemiller, 1989a). If sufficient numbers of spe-
cies colonize the wetland for reproduction, species richness
might be higher in middle than lower reaches. Additionally,
we examined seasonal and spatial variation in proportions of
species with alternative reproductive strategies and presence
of small juveniles as indicators of recent reproduction at the
locations. This research advances understanding of species
responses to environmental variation at the watershed scale,
which is critical for ecosystem-based management of tropi-
cal freshwater fishes (Goulding et al., 2018).

Material and Methods

Study system. Surveys were conducted at three locations
in Cafio Maraca (Fig. 1) during wet and dry seasons within
and among years from 1979 to 1997. Cafio Maraca is a low-
-gradient creek within the Rio Apure drainage in the state
of Portuguesa, Venezuela. The creek drains savannas, scrub
forest, remnant forest stands and wetlands within the Wes-
tern Llanos (“high llanos”), a flat region containing alluvium
derived from the Andes Mountains. Fertile soils make the
Western Llanos Venezuela’s most important region for agri-
culture. The region receives an average of 1,300 mm of rain-
fall per year, with about 850 mm generally falling between
June and September.

The uppermost survey location (Naciente) has a small,
well-define channel in the headwaters of Cafio Maraca. At
this location, the stream is bordered by riparian forest. To the
north, the local watershed contains sugarcane fields and ca-
nals that drain into Cafio Maraca and Cafio La Pica (headwa-
ter of Cafio Igués) at locations further downstream; to the
south the watershed is a mosaic of forest, pasture, and crops.
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Fig. 1. Map showing location of Caflo Maraca within the Orinoco River Basin in Venezuela and locations of three survey

sites (triangles).

The middle survey location (Estero) contains an inter-
connected network of channels and pools within a mostly
forested wetland complex. In the Llanos, “esteros” are sea-
sonally flooded, low-lying areas associated with low-order
creeks (cafios). During the rainy season, these habitats are
highly productive, contain extensive beds of submerged,
emergent and floating macrophytes, with Eichhornia di-
versifolia dominant, and provide important habitat for re-
production and early life stages of many llanos fishes (Ma-
go-Leccia, 1970; Taphorn, Lilyestrom, 1985; Winemiller,
1989a). During the peak months of the annual dry season
(January-early May), aquatic habitat in the estero is reduced
to a series of isolated pools, some of which are covered by a
layer of aquatic macrophytes dominated by Pistia stratiotes,
Ludwigia helminthorrhiza, Salvinia auriculata, and Salvinia
sprucei. Intervals of aquatic hypoxia may occur from late
October to early May and appear to be associated with aqua-
tic macrophyte decomposition within the drying floodplain,
pools and channels (Winemiller, 1989b).

The downstream survey site was located at a highway
bridge crossing (Puente) in a reach with a well-defined chan-
nel bordered by grasses, forbs and shrubs, and a sparse gal-
lery forest. The local watershed is dominated by savanna/
shrubland and pasture. The creek channel at Puente main-

tains water flow throughout the year. During the wet season,
patches of floating macrophytes, especially water hyacinth
(Eichhornia diversifolia), drift downstream.

On average, the survey site at Naciente has a narrower
channel and coarser substrate than the other two sites, the
Estero site has a broader channel, higher water temperature
and lower water conductivity, and the Puente site has greater
water depth (Tab. 1). The Estero site also has much more ex-
tensive aquatic vegetation than the other two sites, especially
during the wet season when aquatic habitats were dominated

Tab. 1. Mean and standard deviation (sd) of depth, width,
water temperature (Temp), pH, conductivity (Cond) and pre-
dominant substrate type at three sites along the longitudinal
gradient of Cafio Maraca.

. Depth  Width Temp Cond
Site H Substrate
m m o P (usiem)
. mean 0.8 4.0 263 6.80 292 sand
Naciente
sd 0.4 2.8 0.35 0.35 11 gravel
mean 0.8 17.1 30.5 6.50 144 clay
Estero
sd 0.4 14.7 35 055 37 silt
mean 1.6 13.7 262 650 240 clay
Puente
sd 0.4 7.1 1.3 0.50 118 silt
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by submerged, emergent and floating beds of diverse aquatic
macrophytes. At all three locations, maximum water current
velocity measured at the thalweg was nil during the dry se-
ason and moderate (0.20-0.33 m/s) during the wet season.

Field surveys. Surveys were conducted at Naciente on No-
vember 4, 1984 (dry season) and August 2, 1997 (wet sea-
son), at Estero on 9 dates in the dry season and 10 dates in
the wet season, and at Puente on 6 dates during the dry sea-
son and 5 dates during the wet season. Fishes were collected
at each site during each survey using seine nets with 3/8”
mesh, the dimensions of which varied depending on water
depth, channel width and density of aquatic macrophytes.
Seine hauls were conducted until three consecutive hauls
yielded no additional species in the sample. At Estero and
Puente, the seine also was rolled onto poles, pushed beneath
mats of floating vegetation, and then raised while envelo-
ping vegetation and fishes resident within it.

Specimens were identified to genus and species and
counted, and subsets of each collection were fixed in 15%
formalin solution, then preserved in 75% ethanol and archi-
ved in the ichthyology collection of the Museo de Ciencias
Naturales, Universidad Experimental de Los Llanos Occi-
dentales Ezequiel Zamora, Guanare, Venezuela. The presen-
ce of any small juvenile specimens indicative of recent re-
production was recorded for each collection. In 1984, fishes
were surveyed monthly at the Estero site to provide material
for detailed study of fish reproduction (Winemiller, 1989a)
and food web ecology (Winemiller, 1990) and other topics
(Winemiller, 1989b; Winemiller, Pianka, 1990).

Data analysis. Surveys were directed by either the first or
second author, but field assistants and total survey effort
varied dependent upon environmental conditions and the
criterion described above for termination. Species presence/
absence data were used for ordination and rarefaction analy-
ses. To test for differences in species richness between loca-
tions, we performed rarefaction of species incidence using
Hill numbers (Chao et al., 2014). Hill numbers are a family
of diversity indices that are parameterized by an order q. As
the order q increases, so does the sensitivity to species rela-
tive abundance (for presence-absence data, the incidence is
a measure of species abundance/dominance). Here, rarefac-
tions were performed using the first Hill number (0), which
is analogous to species richness. Short-range extrapolation
and 95% confidence intervals were calculated for each loca-
tion. To explore how seasons might affect rarefaction curves,
we conducted separate analyses for wet and dry seasons as
well as for all survey dates combined. The rarefactions using
Hill numbers were conducted in R (R Core Team, 2017)
with the package iNEXT (Hsieh et al., 2016).

Redundancy analysis (RDA) was performed to explore
the effect of location, season and their interaction (factors)
on species composition (response variable). Year of survey
was used as a conditioning variable to control for inter-an-
nual variation in assemblage composition. We chose RDA
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rather than other constrained ordination methods because:
1) RDA is suitable to analyse presence/absence data for as-
semblage composition (Legendre, Gallagher 2001), and 2)
RDA allows for control of potential confounding variables
(i.e., Year). An ANOVA-like permutation test was perfor-
med to test the statistical significance of each factor. This
test computes a Pseudo-F statistic (ratio of constrained and
unconstrained total inertia, each divided by their respective
ranks; Oksanen et al., 2017) of permuted response data (N of
permutations = 999) with the original data. More details can
be found in Legendre, Legendre (2012). Both the RDA and
permutation test were conducted using the R package Vegan
(Oksanen et al., 2017).

To identify the species most common at locations during
each season, the indicator species method proposed by Du-
fréne, Legendre (1997) was performed using species relative
abundance data. The indicator value of a species is calcula-
ted as the product of its average abundance and frequency
in each season and yields values that can range from 0 (no
value as an indicator) to 1 (perfect indicator). The significan-
ce test for this method uses the difference between the obser-
ved value and the mean of the values obtained from 1,000
randomizations. Species indicator analysis was conducted
using the package labdsv in R (Roberts, 2016).

In order to visualize patterns of species spatial distribu-
tion, including nestedness, during wet and dry seasons, spe-
cies present at each location were plotted as shaded rectan-
gles using the function imagine from the metacom package
in R (Dallas, 2018).

To test for associations between reproductive ecology
and seasonal variation in conditions at the three sites along
the longitudinal fluvial gradient, species were assigned life
history strategies based on findings of a study conducted at
the Estero site by Winemiller (1989a) and classifications
reported therein. Based on multivariate analysis of 10 life
history variables, that study revealed three endpoint strate-
gies — opportunistic (small fishes with early maturation, high
reproductive effort, and long reproductive periods), equili-
brium (small to medium-sized fishes with low fecundity,
large eggs, and well-developed parental care), and seasonal
(medium to large fishes with high fecundity, small eggs, no
parental care, and short spawning periods; this strategy was
later labeled “periodic” by Winemiller (1992) and Winemil-
ler, Rose (1992)). Species spanned a continuum of strategies
within a triangular surface defined by constraints between
size at maturation, batch fecundity and investment per of-
fspring (log[egg size + degree of parental care]), and Wi-
nemiller (1989a) assigned each species at Cafio Maraca to
one of the three life history categories based on their relative
positions along gradients for these three variables.

Results
Surveys yielded a total of 21 fish species at Naciente, 84

species at Estero, and 96 species at Puente, with characiform
fishes, especially characids, dominant at all three locations
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(S1 — available only as online supplementary file accessed
with the online version of the article at http://www.scielo.br/
ni). When all available data for each site were combined and
species richness values adjusted for survey effort via rare-
faction, species richness varied according to the longitudinal
fluvial gradient, with lowest richness at the headwater site
(Naciente) and highest richness at the site located furthest
downstream (Puente) (Fig. 2). This pattern also was obser-
ved during the dry season, although there were insufficient
samples for Naciente to perform rarefaction. During the wet
season, however, the wetland location in the middle section
(Estero) had highest species richness (Fig. 2).

RDA ordination of fish assemblage composition revea-
led separation of the three sites along gradients described
by the first two canonical axes (Fig. 3; see S2 — available
only as online supplementary file accessed with the online
version of the article at http://www.scielo.br/ni — for asso-
ciated statistics). The first two axis of the model including
location and season explained 21.8% of total variation (axis
1 = 15.9%, axis 2 = 5.9%). Whereas season was not a sig-
nificant predictor of assemblage composition (F =1.19, P =
0.23), location (F =3.97, P<0.01) and the interaction betwe-
en season and location were significant (F = 1.40, P = 0.05).
The ordination was most strongly influenced (species with
goodness of fit >0.4) by Apistogramma hoignei Meinken,
1965, Brachyhypopomus sp. (all with positive loadings on
both axis 1 and 2), Astronotus ocellatus (Agassiz, 1831),
Cichlasoma orinocense Kullander, 1983, Ctenobrycon spi-
lurus (Valenciennes, 1850), Gymnotus carapo Linnaeus,
1758, Hoplias malabaricus (Bloch, 1794), Pyrrhulina lugu-
bris Eigenmann, 1922 (positive loadings on axis 1, negative
loadings on axis 2), Farlowella sp., Moenkhausia dichroura
(Kner, 1858), Paragoniates alburnus Steindachner, 1876
(negative loadings on both axis 1 and 2). Brycon whitei
Myers, Weitzman, 1960, Hypostomus sp., and Pimelodus
blochii Valenciennes, 1840 had negative loadings on axis 1
and positive loadings on axis 2; however, goodness of fit
was low, suggesting that these species had relatively weak

influence on the ordination. Within the RDA ordination,
local species assemblages at Naciente and Puente revealed
less seasonal variation compared to the assemblage at Este-
ro; however, only two collections were made at Naciente.
Assemblage composition was strongly divergent at Estero
between dry and wet seasons, especially with regard to RDA
axis 1 (Fig. 3).
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Fig. 3. RDA ordination plot for species assemblages at three si-
tes along the longitudinal gradient of Cailo Maraca during dry
and wet seasons. Arrows indicate gradients contrasting species
with highest positive and negative loadings on each axis.
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Indicator species analysis did not reveal any species that
were indicators for the fish assemblage at Naciente. For Es-
tero, five species were statistically significant indicators for
Estero during the dry season, and a different five species
were indicators during the wet season (Tab. 2). Two siluri-
form species were significant indicators for Puente during
the dry season, and four species were indicators for Puente
during the wet season (Tab. 2).
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Fig. 2. Rarefaction curves with extrapolations for fish assemblages at two survey sites (circle- Puente, triangle- Estero) during
dry and wet seasons and all periods combined (square- Naciente) (Hill’s number order g= 0).
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Tab. 2. Summary of indicator species for sites along the
longitudinal gradient of Cafio Maraca during dry and wet
seasons. Only species with statistically significant values (p
< 0.05) are shown; indicator values range from 0 to 1, with 1
representing a perfect indicator of a site and season.

Species Site Season Indicator value
Brachyhypopomus sp. Estero Dry 0.84
Apistogramma hoignei Estero Dry 0.81
Pyrrhulina lugubris Estero Dry 0.77
Hoplosternum littorale Estero Dry 0.73
Ancistrus triradiatus Estero Dry 0.62
Roeboides dientonito Estero Wet 0.76
Knodus alpha Estero Wet 0.70
Serrasalmus irritans Estero Wet 0.70
Rachovia maculipinnis Estero Wet 0.60
Pimelodus blochii Estero Wet 0.50
Ageneiosus magoi Puente Dry 0.83
Corydoras septentrionalis Puente Dry 0.80
Hypoptopoma spectabile Puente Wet 0.92
Characidium sp. G Puente Wet 0.84
Markiana geayi Puente Wet 0.80
Cheirodontops geayi Puente Wet 0.78

Fish assemblages revealed nestedness along the longitu-
dinal fluvial gradient (Fig. 4), with the Naciente assemblage
being strongly nested within those of the other two sites. Na-
ciente had one unshared species during the dry season (Pa-
rodon apolinari Myers, 1930) and none that were not shared
with Estero during the wet season. During the dry season,
Estero and Puente samples shared 57 species, with Estero
samples having 14 additional unshared species, and Puente
samples having 27 unshared species. During the wet season,
these samples from these locations shared 57 species, but not
all were the same ones shared during the dry season. Three
species that were collected at Puente but not Estero during
the dry season [Mylossoma albiscopum (Cope, 1872), Pime-
lodus blochii, and Farlowella sp.] were collected at the latter
site during the wet season, and B. whitei was collected at Na-
ciente during the wet season. During the wet season, Estero
samples had 18 species that were not collected at Puente, and
Puente samples had 9 unshared species, only one of which
(Hemigrammus marginatus Ellis, 1911) was collected during
the dry season at Estero where it was rare.

Juvenile specimens of only a few species were collected
during the dry season at all three sites (Tab. 3). The number of
species with juvenile specimens at Naciente increased from
2 (dry) to 5 (wet), a 150% increase. At Estero the number
of species with juvenile specimens increased from 4 in the
dry season to 60 in the wet season (1,400% increase), and at
Puente the number of species with juveniles increased from 3
in the dry season to 33 in the wet season (1,000% increase).

The number of species classified as opportunistic stra-
tegists increased slightly at all three sites during the wet
season, and the number of equilibrium strategists was not
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Fig. 4. Summary of species present at Cafio Maraca survey
sites during dry and wet seasons.

different between dry and wet season samples from either
Naciente or Estero (Tab. 3). At Puente, the number of equi-
librium strategists was 35% less during the wet season com-
pared to the dry season. Greatest seasonal shifts were obser-
ved for periodic strategists. Wet season samples had 56%
and 23% fewer periodic strategists at Naciente and Puente,
respectively (Tab. 3). In contrast, wet season samples at Es-
tero had 13% more periodic strategists.

Discussion
Longitudinal gradient. Overall, the three sites reflect the

common pattern of species richness along longitudinal flu-
vial gradients, with a largely nested pattern of successively
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Tab. 3. Nnumber of species in samples from the dry and wet
seasons at three locations along the longitudinal gradient of
Cano Maraca. Numbers for juveniles are based on occur-
rence of at least one juvenile specimen of the species in col-
lective samples for a given season; total number of species
is the raw value (non-rarefied) based on presence of either
adults or juveniles in collective samples; species life history
classifications appear in Tab. S1 — available only as online
supplementary file accessed with the online version of the
article at http://www.scielo.br/ni.

Naciente Estero Puente

Dry Wet Dry Wet Dry Wet
Number of species with juveniles 2 5 4 60 3 33
Total number of species 17 10 71 78 84 66
Number of opportunistic strategists 4 2 9 10 8 10
Number of periodic strategists 9 4 45 51 56 43

Number of equilibrium strategists 4 4 17 17 20 13

fewer species at sites located further upstream. Species
richness estimates for the uppermost location, Naciente,
should be interpreted with caution given the low number of
surveys. Nonetheless, Naciente had a smaller channel and
less aquatic habitat compared to the two downstream sites,
and considering also its position in the headwaters, that site
would be expected to have lowest species richness. Only one
species (P. apolinari) was unique to the headwater stream,
Naciente. Parodon apolinari is a benthic characiform (Paro-
dontidae) that grazes on epilithic biofilm, and thus requires
habitat with rocky substrates. The substrate at Naciente had a
mixture of sand, gravel and small stones. The two downstre-
am sites had few stones, and substrates were dominated by
clay and silt. During the dry season, the water at Estero and
Puente often is turbid with suspended clay and silt, largely
a result of bioturbation by fishes crowded within shrinking
aquatic habitats within channels and floodplain pools. These
conditions further reduce the suitability for P. apolinari and
other fishes that inhabit clear streams with coarse substrates.

Whereas species richness was highest at the most downs-
tream location (Puente) when samples from all periods were
combined, this pattern did not hold for the wet season. This
finding contrasts with those from a study by Suarez, Petre-
re (2007) who found strong longitudinal patterns of species
distribution in two rivers in the Rio Parana Basin, Brazil, but
relatively low seasonal variation. Sufficient numbers of fish
species migrate into the Estero location during the wet sea-
son to elevate its species richness above that of the downs-
tream reach. We documented the greatest number of juvenile
fishes at the Estero site, and Winemiller (1989a) described
fishes with diverse life history strategies using this area for
reproduction and nursery habitat during the wet season (data
from those surveys were included in the database compiled
for this study). Juveniles of at least 78 fish species feed on
abundant microcrustaceans and other small aquatic inverte-
brates among new growth of aquatic vegetation in the floo-
ded wetland. At Puente, 18 fewer species were documented

during the wet season compared to the dry season, and some
of these species were present in Estero samples from the wet
season. The reverse trend in total species numbers is obser-
ved during the dry season, with the Puente site having more
species than the Estero site. Apparently, deeper aquatic ha-
bitats with better water quality in the more restricted chan-
nel at Puente provide dry-season refuges for many Llanos
fishes. Similarly, the headwater stream, Naciente, also had
water with good quality during the dry season, and therefo-
re provides dry-season refuge habitat for a relatively small
number of species that reside there year-round or migrate
seasonally into the site.

In reviewing human impacts to fishes of the Western
Llanos, Winemiller ef al. (1996) stressed the importance of
deep channels as dry season refuges that sustain fish stocks.
Throughout the dry season, fishes become increasingly con-
centrated within shrinking water bodies with declining wa-
ter quality. Consequently, mortality is naturally high during
this period. With the return of rains, flooding and a pulse
of aquatic primary and secondary production in expansive
wetlands scattered throughout the Western Llanos, remnant
stocks rebuild rapidly each year. The life history strategies
of species inhabiting this region are well adapted to this se-
asonal cycle of boom and bust. Small opportunistic strate-
gist, such as annual killifish (Rachovia maculipinnis (Radda,
1964)), guppies (Poecilia reticulata Peters, 1859), and small
characids (e.g., Gephyrocharax valencia Eigenmann, 1920,
Odontostilbe pulchra (Gill, 1858)) have high reproductive
effort and short generation times, traits that contribute to
a great capacity for rapid population growth (Winemiller,
1989a; Winemiller, Rose, 1992). Many of these opportu-
nistic strategists have reproductive seasons that extend well
into the dry season, and some, such as the guppy, produce
offspring throughout the year. These small fishes produce
multiple generations per year, and can colonize new flooded
habitats and rapidly increase their populations.

Sixty-five percent of the fish species captured in the
wetland (Estero) during the early wet season were periodic
strategists. Periodic strategists varied in size of maturation,
and included all of the largest species in Cailo Maraca. Pe-
riodic strategists have high batch fecundity, small eggs, no
parental care of eggs or larvae, and relatively brief, synchro-
nized spawning periods. Some periodic strategists, such as
B. whitei and P. mariae, undergo seasonal, long-distance mi-
grations that may extend from the Llanos to streams at mid-
dle elevations of the Andes Mountains. The periodic strategy
exploits relatively large-scale spatio-temporal variation in
environmental quality to enhance recruitment success (Wi-
nemiller, 1989a; Winemiller, Rose, 1992). During the early
phase of the wet season, the expansive and productive aqua-
tic habitats of newly flooded wetlands at the Estero site pro-
vide favorable conditions for survival of unprotected eggs
and larvae of periodic strategists. Recruitment success for
these species is a function of timing of spawning, the extent
and duration of nursery habitat, and connectivity of the sys-
tem within the drainage network that allows young-of-year
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fishes to escape drying wetlands and seek suitable dry-sea-
son refuges. Unlike species classified as opportunistic and
equilibrium strategists, which tended to remain at the Estero
site during both seasons, the number of periodic strategists
declined at that site during the dry season.

Equilibrium strategists comprised 20-24% of the spe-
cies at all three sites during both seasons, the only exception
being Naciente during the wet season when they comprised
40%. Cichlids and loricariid catfishes, species with large
eggs, relatively low batch fecundity and well-developed pa-
rental care, were the predominant equilibrium strategists in
Cano Maraca. Interestingly, these species comprised similar
percentages of the fish assemblages at all three locations, and
some were among the most common fishes in certain sam-
ples. In theory, the advantage of the equilibrium life history
strategy is enhancement of survival of early life stages and
recruitment in environmental settings where resource limi-
tation and/or predation have significant influences (Pianka,
1970; Winemiller, 1989a; Winemiller, Rose, 1992). Althou-
gh Cafio Maraca fishes classified as equilibrium strategists
do not possess the capacity for large pulses in recruitment
under environmental conditions favorable for early life sta-
ge survival and growth, they nonetheless should experience
less seasonal and inter-annual variation in population abun-
dance. Long-term research at Cafio Maraca that collects and
analyze long-term abundance data, standardized according
to gear type and effort, could test ideas about the relative
advantages and disadvantages of alternative life history stra-
tegies in relation to environmental variation. Unfortunately,
the current socioeconomic and political situation in Vene-
zuela poses a great challenge for field research in the Vene-
zuelan Llanos.

Metacommunity models. In Cafio Maraca, fish movements
and population dynamics respond to seasonal changes in
environmental conditions along the longitudinal fluvial gra-
dient. Results from the current study indicate that the creek’s
metacommunity structure derives from the combined in-
fluences of all four of the metacommunity models proposed
by Leibold et al. (2004). Species sorting occurs when dis-
persal dynamics involve a significant component of habitat
selection, whereby species tend to colonize and reside in the
most suitable habitat patches within the landscape mosaic.
This appears to be the case for most Cafio Maraca fishes, for
example, P. apolinari restricted to suitable habitat at Nacien-
te, periodic strategists migrating to the Estero wetland for
spawning, and fishes migrating out of the wetland to seek
dry season refuges, especially within deeper channel rea-
ches, such as Puente, located downstream.

The mass effects model invokes source-sink metapopula-
tion dynamics, with areas of favorable habitat exporting sur-
plus individuals to areas with habitat unsuitable to sustain a
local population subunit. At certain scales of space and time,
this model also applies to the fish metacommunity of Cafio
Maraca. For example, the Estero wetland undoubtedly ex-
ports recruits to other locations within the drainage network,
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yet also sustains resident fishes. In addition to these resident
fishes (e.g., most cichlids and loricariids, the killifish R. ma-
culipinnis, and other small opportunistic strategists), several
species entered the wetland to spawn during the wet season.
This latter group is comprised mostly of periodic strategists,
including headstanders (Leporinus friderici (Bloch, 1794),
Schizodon scotorhabdotus Sidlauskas, Garavello, Jellen,
2007), piranhas (Pygocentrus cariba (Humboldt, 1821), Ser-
rasalmus spp.), weakly electric gymnotiforms (e.g., Adon-
tosternarchus devenanzii Mago-Leccia, Lundberg, Baskin,
1985, Rhamphichthys pantherinus Castelnau, 1855), and
catfishes (e.g., Ageneiosus magoi Castillo, Brull G., 1989).
Other species were captured at the Estero site in large num-
bers, but no small juveniles were ever captured; these spe-
cies apparently migrate into the site only to exploit food
resources. For example, the coporo (Prochilodus mariae Ei-
genmann, 1922) is a migratory prochilodontid that was com-
mon in at the Estero site during the wet season and well into
the dry season, and most of these individuals were subadults
that apparently migrated upstream from floodplains located
further downstream within the Rio Guanare-Orinoco Basin
(Barbarino-Duque et al., 1998).

The patch dynamics model also could be invoked to ex-
plain fish metacommunity structure and dynamics at Caflo
Maraca. Patch dynamics occur when local habitat disturban-
ces and recovery influence the colonization and coexistence
by species with different life history strategies and compe-
titive abilities. The model predicts that opportunistic spe-
cies (r-strategists sensu Pianka, 1970) should colonize and
dominate habitat patches during initial stages following a
significant disturbance, but with habitat succession and the
arrival of more species, more competitive species become
predominant to the exclusion of opportunistic species that
are superior colonizers but fare poorly in habitats saturated
with species from the regional pool. In a dynamic landsca-
pe containing a habitat mosaic, there always will be habitat
patches and local species assemblages at various stages of
succession, with the overall effect of enhancing metacommu-
nity diversity. The level of diversity depends on the relative
scales and rates of disturbance, habitat recovery, dispersal,
and competitive exclusion. Seasonal changes of Cafio Ma-
raca, particularly in the middle and lower reaches, include
major habitat disturbances (e.g., desiccation, hypoxia) that
reduce fish diversity at the patch scale. Seasonal movements
in response to changing conditions clearly influence fish
distributions and local species assemblages along the entire
longitudinal gradient of the creek, and fish assemblages pro-
bably conform to the patch-dynamics model whereby local
assemblages contain species with certain ecological attribu-
tes depending on the time elapsed since the last disturbance
and connectivity within the landscape mosaic. In an experi-
mental study of fish assemblages inhabiting habitat patches in
a Neotropical blackwater river, Arrington ef al. (2005) found
random patterns of species association during early stages of
patch colonization, and increasingly non-random patterns of
co-occurrence as species accumulated on patches with time.
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Whereas, patterns of presence or absence of many spe-
cies likely conform to one or more of the three metacommu-
nity models as described above, many species occurrences
at a given location during a given period are probably ran-
dom. Some captured specimens likely were vagrants that
were passing through the habitat while seeking more sui-
table areas for feeding or spawning. Some examples of li-
kely vagrants, species with a single collection record at the
Estero site, include Acestrorhynchus microlepis (Jardine,
1841), Colossoma macropomum (Cuvier, 1816), Piaractus
brachypomus (Cuvier, 1818), B. whitei, Astyanax integer
Myers, 1930, Callichthys callichthys (Linnaeus, 1758), and
Crenicichla geayi Pellegrin, 1903. Similarly, species at the
other locations also were likely vagrants (e.g., long-distance
migratory species, B. whitei and Salminus hilarii Valencien-
nes, 1850). In addition, the stranding and subsequent morta-
lity of fishes in shallow water bodies during the dry season
likely involves a random component.

In a review of tropical stream fish ecology, Winemiller et
al. (2010) reported that most studies interpreted findings in
the context of species sorting and mass-effects models. Our
findings suggest that all four metacommunity models descri-
be aspects of the fish assemblage of Cafio Maraca. Similarly,
Jackson et al. (2013) concluded that patch dynamics, spe-
cies sorting and mass effects models all were consistent with
patterns of fish assemblage structure in naturally colonized
lagoons in the Oueme River floodplains in West Africa.

Earlier studies showing spatial variation along longitudi-
nal gradients of tropical rivers (e.g., Angermeier, Karr, 1983;
Ibarra, Stewart, 1989; Winemiller, Leslie, 1992, Mazzoni,
Lobon-Cervia, 2000) predated development of metacommu-
nity theory and usually interpreted patterns in the context of
species sorting. Nonetheless, these earlier studies generally
were interpreted from Gleasonian (species respond to envi-
ronmental gradients independently) or Clementsian (species
are distributed along environmental gradients as clusters of
coexisting species) perspectives (Winemiller et al., 2010).
More recently, Almeida, Cetra (2016) inferred Gleasonian
patterns of fish assemblage structure in relation to longitudi-
nal stream gradients within the upper Paranapanema River
Basin in the Atlantic Forest region of Brazil. Assemblage
structure varied continuously over space, which the authors
interpreted as a reflection of partial overlap in species dis-
tributions based on tolerances to conditions along environ-
mental gradients.

We found a weak pattern of nestedness (reflecting a
sequence of species addition) in Caflo Maraca, which was
stronger for the upper reach and complicated by seasonal
variation in the lower reach. However, our sites were too
few to make definitive conclusions about nested assemblage
composition. In a study of fish assemblages from dozens of
temporary floodplain ponds along the courses of small stre-
ams in the Amazon forest, Couto et al. (2018) found a pat-
tern of species addition in the downstream direction. They
attributed this nested pattern to differences among pools
of potential colonists within adjacent stream channels and

increasing lateral connectivity of aquatic habitats along the
longitudinal gradient. Species tolerant of stagnant waters
and capable of dispersing across shallow habitats occurred
in ponds throughout the entire gradient. The lateral dimen-
sion of fluvial connectivity is significant for streams of the
Western Llanos, because sheet flooding of flat terrain during
the wet season provides numerous dispersal routes betwe-
en drainages, including Cafio Maraca, Cafio Delgadito and
Cano La Ceiba (Fig. 1).

Improved understanding spatial distributions of species
and metacommunity dynamics of Llanos fishes is important
for biodiversity conservation and fisheries management.
Winemiller ef al. (1996) emphasized the importance of lon-
gitudinal connectivity for fish access to dry-season refuges
located in downstream. Barriers to longitudinal migration
include dams and gillnets that span the entire channel width,
as well as water diversions that dewater channel segments
during the dry season. In addition, pollution from sugar cane
processing plants and municipal waste poses a severe threat
when pulses of degraded water, including water that is seve-
rely oxygen depleted, pass downstream to affect habitats that
serve as dry-season refuges (Winemiller et al. 1996). The
diverse fish fauna of the Western Llanos supports important
artisanal fisheries, both subsistence (exploiting species such
as A. magoi, Caquetaia kraussii (Steindachner, 1878), and B.
whitei) and commercial (the coporo, P. mariae, being most
important). Given the great diversity of the regional fish
fauna and the productivity of its aquatic ecosystems, there
also is great potential for development of fisheries for the
ornamental fish trade. In addition, the region’s fishes are the
major food resource for wetland avifaunas and herpetofau-
nas that are among the most diverse on Earth. Findings from
the current study reinforce the idea that seasonal patterns of
connectivity within the fluvial landscape of the Western Lla-
nos enable fish stocks to realize their potential demographic
resilience.
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