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The Distribution of Fishes and Patterns
of Biodiversity in the Caura River Basin,
Bolivar State, Venezuela

Barry Chernoff, Antonio Machado-Allison,

Philip W. Willink, Francisco Provenzano-Rizzi,
Paulo Petry, José Vicente Garcia, Guido Pereira,
Judith Rosales, Mariapia Bevilacqua and

Wilmer Diaz

Rapid Assessment Program

ABSTRACT

We test null hypotheses concerning random species distributions with respect to subregions
and macrohabitats within the Caura River Basin with data from 97 species of benthic inver-
tebrates, 399 species of riparian plants and 278 species of freshwater fishes. The analysis of
the eight subregions split evenly above and below the falls indicated that invertebrates were
randomly distributed with respect to subregion. Fishes and plants were not random, and the
subregional effect in plants was more strongly patterned than that of fishes. Furthermore,
fishes were less species rich in the Upper Caura than the Lower Caura. The converse was
observed for plants while the invertebrates were almost equally rich. Non-random macrohabi-
tat effects are found in each of the groups with certain commonalities. For example, species
of Odonata and Ephemeroptera are found in high oxygen, swift water and rapids habitats
and are associated with a large assemblage of fishes and dense stands of macrophytes, usually
Podostemonaceae. Fish assemblages demonstrate smooth transitions along several macrohabi-
tat gradients (e.g., sand to mud bottoms and shores). At least six macrohabitats are necessary
to preserve 82% of the species of fishes.

INTRODUCTION

The Caura River watershed is a relatively large pristine region and is home to thousands of
species of plants and animals. Of the aquatic and flood zone organisms surveyed during the
AquaRAP expedition to the Caura River, more than 90 species of benthic invertebrates,
399 species of plants and 278 species of fishes were collected. In addition to the quantity of
new information about species distributions, and new species occurrences, it is critical from
a conservation perspective to test hypotheses about the distributions of animals and plants
within the basin.

A pattern of heterogeneous flora and fauna distribution within the Caura River subregions
and macrohabitats would have important ramifications for conservation recommendations.
For example, if species were homogeneously distributed then a core conservation area could
be established that might effectively protect the vast majority of the species. However, as the
distribution of the species either among subregions or among macrohabitats becomes increas-
ingly distinct and patchy, then a single core area, apart from the entire region, may not provide
the desired level of protection. Chernoff and Willink (2000) and Chernoff et al. (1999, 2001a)
demonstrated how we can use information on the relative heterogeneity of distributions among
sub-regions or among macrohabitats to predict possible faunal changes in response to specific
environmental threats and that such analyses can and should be carried out within the frame-
work of a rapid assessment program.

This paper will begin with tests of two null hypotheses critical to freshwater fish conserva-
tion in the Caura River Basin as follows: that the fishes are randomly distributed among i) eight



subregions; and ii) 20 macrohabitats. We will then compare
the results from fishes to those for benthic invertebrates and
the plants.

METHODS

The collections from the Caura River were divided into two
principal regions—above (Upper Caura) and below Salto
Pard (Lower Caura). Eight geographic subregions were then
designated (Map). The four regions in the Upper Caura
are: Kakada, Erebato, Entrerios-Cejiato, and Entrerios-Salto
Pard. In the Lower Caura the four regions are: El Playén,
Nichare, Cinco Mil, and Mato.

At each collecting locality a number of ecological vari-
ables, such as bottom type, shore type, habitat type, etc.
described in Appendices 1 and 3 were recorded. We were
able to categorize each station into a principal macrohabitat
type. Twenty principal macrohabitat types were identi-
fied. There were no true lakes, water bodies with endorheic
drainage basins; instead lakes refer to lagoons with either a
small connection to a river or temporally isolated from the
river. At each locality, we evaluated whether aquatic grasses
were present, whether there was riparian forest and if there
was flooded vegetation. Flooded vegetation included mats of
vegetation that were attached to rocks in rapids (e.g., Podo-
mostemacea) or floating (e.g., Eichhornia).

In order to determine if the number of collections per
region or per macrohabitat was affecting the estimates of
species richness, we calculated a linear regression, pooled
among groups. The regression line is logically forced
through the origin (e.g., Chernoff and Willink 2000).
Because the analysis of variance (ANOVA) of the regression
was significant, testing the slope against a null hypothesis of
zero, an analysis of covariance (ANCOVA) was performed
to see if other hypothesized effects (i.e., headwaters vs.
lowlands) were significant. In ANCOVA, the qualitative
group variable (i.e., elevational group) is entered as the
independent variable, the number of species is the depen-
dent variable and the number of collections serves as the
covariate. If the F-statistic of the ANCOVA is significant,
two further tests must be carried out to determine if the
difference is attributable to mean differences of the inde-
pendent variable. The first tests the null hypothesis that
the within-group variances are equal. The second tests the
null hypothesis of homogeneity of within-group slopes. If
one fails to reject both null hypotheses, then the F-statistic
significance is attributable to the differences indicated by
the independent variable.

Chernoff et al. (1999, 2000) selected Simpson’s Index
of Similarity, S, as the most consistent with data collected
during rapid inventories or with point source data. Simpson’s
Index uses the following table format to calculate the similar-
ity between two lists or samples of species:

The Distribution of Fishes and Patterns of Biodiversity
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Sample 1
1 0
Sample 2 1 a b
0 c d

where, a is the number of positive matches or species
present in both samples, & is the number of species pres-
ent in sample 2 and absent from sample 1, cis the converse
of b, and dis the number of negative matches or species
absent from both localities. Simpson’s index of similarity, S =
al(a+b), where b < ¢, or S_= aln_where n_is the number of
species present in the smaller of two lists. The denominator
of the index eliminates interpretation of the negatives—
absent species. The 0’s in the matrices are really coding
artifacts or place holders for missing data.

In order to interpret the observed similarity of two
samples, both of which are drawn from a fixed larger
universe (e.g., the set of all species captured in the Caura),
we undertake a four-step procedure. In step 1, we calculate
S, by reducing via rarefaction the number of species in the
larger sample to equal the number of species in the smaller
sample, n . This rarefaction and calculation of S_is iterated
500 times. From the 500 simulations a mean similarity, S’ is
calculated and reported in tables of similarity. This proce-
dure is repeated to calculate an S’ for each pair of samples in
the analysis.

Interpreting the significances of the mean similarities
among the samples requires simulations across the range
of number of species found in the samples of subregions,
water classes, and macrohabitats. In step 2, we simulate 200
random pairs of samples by bootstrapping with replacement
from the set of all species captured during the expedition
with the constraint that each random sample contains a fixed
number of species for a given point in this range. For each
random pair of the 200 we calculate their Simpson’s Similar-
ity. These 200 random similarities approximate a normal
distribution from which we calculate a mean and standard
deviation due to random causes; henceforth called mean
random similarity, S* , where n refers to the number of spe-
cies present in the sample.

Random similarity distributions were generated at inter-
vals of 10 species in order to estimate $* and its standard
deviation for samples containing between 20 and 140 spe-
cies. This range of random list-sizes encompasses the actual
number of species observed in subregions and in macro-
habitats. In step 3, the means and standard deviations are
plotted against number of species present in a sample. As the
number of species present in a sample increases the observed
similarity due to random effects also increases but the vari-
ance decreases.

In step 4, we compare the observed mean similarity, S,
calculated from rarefaction (step 1) to the predicted value
of §* and its standard deviation. Using a 2-tailed paramet-
ric approach, we calculate the probability of obtaining the
observed similarity at random from the number of standard
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deviations that the observed similarity was either above or
below the mean of the bootstrap random distribution. This
probability was obtained by interpolation of the values pre-
sented in Rohlf and Sokal (1995: table A). The significance
of the probability values was adjusted with the sequential
Bonferoni technique (Rice 1989) because each sample is
involved in multiple comparisons. The sequential Bonferoni
procedure is conservative, making it harder to reject a null
hypothesis. We selected the P=0.01 level as our criterion for
rejection of a null hypothesis. The value, 0.01, was divided
by the number of off-diagonal comparisons present in the
upper or lower triangle of the matrix of observed similari-
ties. This new result is used as the criterion to evaluate the
null hypothesis that S = §* . For example, in the lower
triangle of Table 8.1 there are 28 similarities. In order to
reject the null hypothesis of this two-tailed test, S must be
more than 3.5 standard deviations above or below §*  so
that P<0.0002.

If S_is found to be significantly different from S* , then
we reject the null hypothesis and conclude that the observed
similarity is not due to random effects. However, if S_ falls
within the random effects, or if S is greater than the random
mean, we fail to reject the null hypothesis concerning the
samples—that the two samples are equal. In the former case
we conclude that the two lists are drawn homogeneously
from a larger distribution. In the latter case, we conclude
that the similarity is due to biological dependence or correla-
tion, such as nested subsets. That is, one population forms
the source population for another. If S_is significantly less
than §* , we reject the null hypotheses for equality of simi-
larity and for equality of the samples. We can then search for
biological or environmental reasons for the dissimilarities.

If we discover that similarities are not random, we can
investigate whether the pattern of species presences in
relation to environmental variables is non-random. The
measure of matrix disorder as proposed by Atmar and Pat-
terson (1993) calculates the entropy of a matrix as measured
by temperature. Temperature measures the deviation from
complete order (0°) to complete disorder (100°) in which
the cells of a matrix are analogous to the positions of gas
molecules in a rectangular container. After the container
has been maximally packed to fill the upper left corner
(by convention), the distribution of empty and filled cells
determines the degree of disorder in the species distribu-
tions and corresponds to a temperature that would produce
the degree of disorder (Atmar and Patterson 1993). To test
whether the temperature could be obtained due to random
effects, 500 Monte Carlo simulations of randomly deter-
mined matrices of the same geometry were calculated. The
significance of observed temperatures is ascertained in rela-
tion to the variance of the simulated distributions. Because
we are not using this procedure to test specifically whether a
non-random pattern can be ascribed to either nested subsets
or clinal turnover the modifications proposed by Brualdi
and Sanderson (1999) are not required. Software to calculate
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matrix disorder is available from Atmar and Patterson at the
following internet site: http://www.fieldmuseum.org
Relationships among regions and macrohabitats are sum-
marized in branching diagrams. Two types of procedures
were used both involving parsimony criteria. The first is a
minimum “evolution” network calculated from a distance
matrix as 1 minus the means of the rarefied Simpson’s Index
(=1-'§). The second method uses the presence of species
as shared characters in A Camin-Sokal Parsimony Analysis
(Sneath and Sokal 1973) does not permit reversals, hence,
shared absences are not taken as characters. Paup* 4.0b was
used for these analyses.

RESULTS

Regions

A total of 67 collecting stations were made during the
expedition resulting in the capture of 278 presumptive fish
species. A total of 31 collections within 14 georeference areas
were made above the falls and 35 collections within

17 georeference areas were made below the falls.

The apparent species richness was much greater in the
Lower Caura than the Upper Caura with 226 and 103 fish
species captured, respectively. The species richness was not
even among regions (Figure 8.1). The number of fish spe-
cies per region ranged from 26 to 120. However, we found
almost twice as many fish species per region in the lowlands
(mean = 104.8) than we found above the falls (mean = 54.5).
There is, however, a strong effect of collecting effort on the
number of species captured (Figure 8.1). The pooled regres-
sion analysis demonstrates that species richness is a signifi-
cant, linear function of the number of collections made for
each georeference area with a non-zero slope (F, = 26.2,

P<.002). The results of ANCOVA correct for the effects of

Species Richness
@
=]
L]

20 ® Above Falis
2 4 6 8 10 12 14 16 18 & BelowFals

Number of Collections

Figure 8.1. Species richness as a function of number of collections for
subregions of the Caura River taken above (circles) and below (triangles)
the Salto Para.



collecting effort and reject the null hypothesis of equality of
mean species richness above and below the falls (F, ;=45.4,
P<.002). The result reflects the differences in means because
we could not reject null hypotheses of homogeneity of
variances or of slopes (P>.24). Thus, for eight collections
per region, the predicted and 95% confidence value in the
Upper Caura is 55.4 + 21 species as compared to 104.3 = 20
species in the Lower Caura.

The disparity in fish species richness between headwaters
and lowlands (n=157) is apparent from the total list of spe-
cies (Appendix 8). As we proceed up river systems, above
large falls and into the piedmont, we expect to find fewer
species and many with more restricted ranges than spe-
cies in the unimpeded lowlands (Lowe-McConnell 1987).
Therefore, in the Upper Caura we predict that our samples
should contain: i) species with broad elevational distribu-
tions, shared both by headwater and lowland species; and ii)
species with narrower elevational preferences, not found in
the lowlands, especially those with mud bottoms. The Lower
Caura shares 52 fish species, from which we observe their
similarity, S, to be 50.5%. The Upper Caura is a higher
gradient environment, with many rocks, rapids and sandy
bottoms and narrower flooded margins (Machado et al.
2003). Of the 51 species captured only above the falls, many
are representative of more widespread taxa (e.g., Myleus
asterias, Cyphocharax ct. festivus, Gymnotus carapo, Crenicichla
alta, Plagioscion cf. auratus). However, a large number of
the species found uniquely in the upper section are charac-
teristic of the environments described. For example, those
characteristic of piedmont, rather than lowland habitats
include: Ancistrus spp., Cetopsorbamdia cf. picklei, Chaeto-
stoma vasquezi, Hartia sp., Hypostomus cf. ventromaculatus,
Rineloricaria fallax, Apareiodon sp., Leporinus arcus, L. cf.
granti, Melanocharacidium melanopteron and Guianacara sp.
In addition there were a number of species usually associ-
ated with sandy bottoms that tend not to occur in the broad
lowland, mud-bottom, flood plains of the Orinoco River:
Corydoras spp., Imparfinis sp. B., Characidium spp., Knodus
spp. and Geophagus sp.

We should also expect the true headwater species to have
relatively narrow ranges because headwater regions are
relatively isolated from one another, acting much like islands
(Lowe-McConnell 1999). Of the 39 species collected only
in the headwaters, only seven species were found to inhabit
three or more of the four regions (Table 8.1). Although a
few species appearing to have narrow or spotty distributions
are artifactual (e.g., Myleus spp., Pimelodus cf. ornatus), the
majority are not. The result is that more than 80% of the
species found only in the upper regions were captured in a
single region. Although continued sampling would undoubt-
edly increase the distribution of the collected taxa (Alroy
1992; Chernoff and Willink 2000), as well as add more fish
species to the known list, we doubt seriously whether the
majority of the species will be ubiquitously distributed. From
this we conclude that the regions above the falls contain a

The Distribution of Fishes and Patterns of Biodiversity
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combination of species with broad elevation tolerances as
well as those preferring more upland, headwater habitats.

The lowland fish fauna was very rich, containing 226 spe-
cies. The fishes were not distributed as broadly in the Lower
Caura as we would have expected (e.g., in the Pantanal;
Chernoff and Willink 2000) only 26% were collected in
three or four of the lowland regions. And only 28 species
(12.5%) were collected in each of the four lowland regions.
There were 174 fish species collected only in the lowlands.
The lowland-only fauna contained species that are dis-
tributed in the Caura River, other Guayana Shield rivers,
the Negro River (e.g., Microschemobrycon spp., Leporinus
brunneus, Ammocryptocharax elegans, Anostomus ternetzi,
Serrasalmus sp., Crenicichla cf. lenticulata, C. cf. wallacer) and
those that are typical of the main flooded areas of the lower
Orinoco River (e.g., Anchoviella spp., Pellona castelneana,
Pygocentrus cariba, Aphyocharax erythrurus, Triportheus albus,
Sorubim lima, Pimelodus blochii, Bujurquina mariae, Achirus
sp.). Thirty-seven of the lowland only species (=16.8%)
were distributed in three or four of the regions (Table 8.2)
comprising an assemblage of many ornamental or diminu-
tive species (e.g., Anostomus ternetzi, Microschemobrycon
callops, Ramirezella newbolds, Parvandellia sp., Apistogramma
cf. indirae, Paravandellia sp.). But there were also large spe-
cies (> 200 mm SL, e.g., Hydrolycus tatauaia or Hypostomus
cf. plecostomus) and a diverse set of trophic specialists, from
mud-eating and herbivorous (e.g., Curimata incompta) to
piscivorous (e.g., Serrasalmus sp.).

The pattern of similarities, S’ (Table 8.3) demonstrates
the effects of the Salto Pard on the structure of fish commu-
nities in the Caura River. Among the regions above the falls,
the coefficients are significantly different from random and
are positive. This means that the regions in the Upper Caura
are positively correlated or biologically dependent upon
each other (Chernoff et al. 1999; Chernoff and Willink
2000). Good evidence of this can be found in the number
of species shared between regions relative to those that are
found in only one region. Although the four regions above
the falls share large percentages of their species overall, the
numbers of species shared uniquely among these regions is
exceptionally low—Iess than four and modally zero. This
result indicates that species do not seem to be segregating or
partitioning the areas above the falls differentially; there is no
evidence of species turnover or transition boundaries. This
result is consistent with the regions having nested subset
relations to each other (see below).

Odur rarefaction and simulation analyses of similarities
demonstrate that out of 16 similarity coefficients for regions
separated by the Salto Pard, only a single coefficient is
significantly different from mean random similarity (Table
8.3). The species found above and below the falls come
almost entirely from the set of species that are found in five
or more of the eight regions (Table 8.4). That is, essentially
those species that are ubiquitous. In one case, the similarity
of Entrerfos-Cejiato to the Mato River is significant (P<.01)
and is negative—much lower than expected due to random
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processes. Negative relationships indicate displacement or
strong regional sorting of taxa (Chernoff et al. 1999). Indeed
the Mato River sample is the most downstream and includes
many species from the Orinoco River that penetrate only
partway up the Caura River (e.g., the piranha, Pygocentrus
cariba, the catfish, Xyliphius cf. melanopterus).

In the Lower Caura, four of the six similarity coefficients
are significantly different from random (P<.01) and are posi-
tive. The two random coefficients compare the Mato River
with the Playén and Nichare subregions. These are the two
subregions in the Lower Caura River that are most distant
from the Mato River subregion; the Cinco Mil subregion is
positively and significantly correlated with Mato River. The
significant similarity between Mato River and Cinco Mil is
due to the Orinoco River elements that largely character-
ize Mato River extending only as far upriver as the rapids at
Cinco Mil.

The overall distribution matrix is marginally significantly
different from random. The observed matrix temperature
(49.93) was 1.82 standard deviations below the mean of

500 Monte Carlo simulations (P=.03). This is entirely due
to the distribution of widely distributed taxa shared by the
lowland regions. When we analyzed the subregions in the
Upper Caura by themselves, highly significant results were
obtained. The observed matrix temperature (24.09) was
more than 3.38 standard deviations cooler than the mean of
500 Monte Carlo simulations (P<.0004). Given the data on
similarities from above, the upper subregions are consistent
with a pattern of nested subsets. The most interpretable pat-
terns within the distributional data comprise the following:
i) that there is a significant faunal turnover due to the Salto
Pard; ii) the subregions of the Upper Caura are structured as
nested subsets; and iii) in the Lower Caura there is more of a
disjunction at the lower end due to the incursion of Orinoco
River fauna. These conclusions are well summarized by the
results of the tree structure using Camin-Sokal Parsimony
(Figure 8.2). The retention index, which measures the
amount of information due to shared taxa, is 0.706. With
the exception of the Mato River being the most disparate of
the lowland group, the pattern among Cinco Mil, Nichare

Table 8.1. Species of fishes found only in the Upper Caura River above the Salto Pard.

One or Two Regions (n=39)

Acestrorhynchus cf. apurensis
Aequidens sp-
Ageneiosus sp.
Ancistrus sp. A
Ancistrus sp. B
Anostomus anostomus
Apareiodon sp.
Brachychalcinus orbicularis
Cetopsorhamdia cf. picklei
Chaerostoma vasquezi
Characidae sp. A
Characinae sp. A
Corydoras cf. osteocarus
Creagrutus sp.
Ctenobrycon spilurus?
Cyphocharax cf. festivus
Doras? sp.
Farlowella oxyrryncha
Geophagus sp-
Guianacara cf. geayi
Gymnotus carapo
Harttia sp.
Hemigrammus sp. B

Rapid Assessment Program

One or Two Regions (n=39) (continued)

Hemiodus cf. unimaculatus
Hemiodus goeldii
Hypostomus cf. ventromaculatus
Imparfinis sp. B

Jupiaba cf. zonata
Jupiaba sp. B

Knodus sp. C
Melanocharacidium melanopteron
Moenkbausia cf. grandisquamis
Moenkhausia cf. miangi
Moenkhausia sp. B

Myleus asterias

Myleus torquatus
Phenacogaster sp. B

Pimelodus cf. ornatus
Plagioscion cf. auratus
Three or More Regions (n=7)

Aphyocharax sp.

Bryconops sp. A

Corydoras boehlkei
Crenicichla saxatilis
Guianacara geayi

Knodus cf. victoriae
Rineloricaria Jallax
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Table 8.2. Fishes captured only in three or four regions of the Lower Caura River, below the Salto Paré (n=37).

Ancistrus sp. C Jupiaba pobylepis
Anostomus ternetzi Knodus sp. B
Aphyocharax alburnus Leporinus cf. maculatus
Apistogramma sp- A Microschemobrycon callops
Astyanax sp. Microschemobrycon casiquiare
Brycon pesu Microschemobrycon melanotus
Bryconamericus cf. cismontanus Moenkhausia cf. lepidura D
Characidae sp. B Moenkhausia copei
Corydoras cf. bondi Ochmacanthus alternus
Creagrutus cf. maxillaris Paravandellia sp.
Curimata incompta Pimelodella cf. cruxenti
Cyphocharax oenas Pimelodella cf. megalops
Farlowella vittata Ramirezella newboldi
Hemigrammus cf. tridens Rineloricaria sp.
Hemiodus unimaculatus Serrasalmus sp. A
Hydrolycus tatauaia Steindachnerina pupula
Hyphessobrycon minimus Tetragonopterus chalceus
Hypostomus cf. plecostomus Triportheus albus
Ancistrus sp. C Vandellia sanguinea
Anostomus ternetzi

Table 8.3. Number of species shared (upper triangle) and mean Simpson’s similarity coefficients, S's (lower triangle) among regions within Caura River.
Similarity coefficients shown in bold are significantly different from random similarity (P<0.001). The shaded cells are comparisons among regions below
the falls. Abbreviations: Ent-Cejiato—Caura River between Entrerios and the Raudal Cejiato; Ent-SP—Caura River between Entrerios and Salto Para;

Cinco Mil-Raudal Cinco Mil; Mato—Rio Mato; n—number of species; u—number of unique species; %u—percentage of unique species.

Kakada Erebato Ent-Cejiato Ent-SP Playon Nichare Cinco Mil Mato
Kakada 1 25 25 18 11 12 7 4
Erebato 50.67 1 39 36 21 22 16 9
Ent-Cejiato 32.33 49.52 1 43 27 27 21 12
Ent-SP 28.61 57.16 54.47 1 24 24 22 15
Playon 9.92 19.49 25.04 -22.18 1 66 57 38
Nichare 9.92 18.3 22.42 -19.88 54.53 1 61 45
Cinco Mil -6.91 -15.82 -20.62 -21.66 52.88 50.38 1 43
Mato -4.44 -10.27 -13.65 -17.03 35.23 37.3 42.1 1
n 27 49 79 63 108 121 102 88
u 0 1 19 6 21 27 22 30
%u 0 2.04 24.05 9.52 19.44 22.31 21.57 34.09

Aquatic Ecosystems of the Caura River Basin, Bolivar State, Venezuela
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and Playén subregions was random and, therefore, is not to
be interpreted. In the subregional group from Upper Caura
there is a principal river grouping extending from just above
the falls to Cejiato; the samples from the Erebato River

and Kakada River share sequentially fewer species with the
mainstem group. This pattern is confirmed by the results of
the principal coordinates analysis (Figure 8.3), in which the
first two principal coordinates (64% of the variance) array
the subregions congruent with their geographical relation-
ships—the groups separated by the falls, and the Mato River

is most disparate.

Table 8.4. Species of freshwater fishes commonly found in the Caura River.
Common is defined as having been captured in five or more of the eight

regions.

Aequidens cf. chimantanus
Astyanax integer
Bryconops cf. colaroja
Characidium sp. A
Cyphocharax festivus
Cyphocharax sp.

Hoplias macrophthalmus
Hypostomus sp. B

Jupiaba atypindi
Jupiaba cf. atypindi
Jupiaba cf. polylepis
Jupiaba zonata
Moenkhausia cf. lepidura A
Moenkhausia cf. lepidura B
Moenkhausia cf. lepidura C
Moenkhausia cf. lepidura E
Moenkhausia collettii
Moenkhausia grandisquamis
Moenkhausia oligolepis
Phenacogaster sp. A
Pimelodella sp. B
Pimelodella sp. C

Poptella longipinnis
Pseudocheirodon sp.
Satanoperca sp. A
Serrasalmus rhombeus
Synbranchus marmoratus
Tetragonopterus sp.

Rapid Assessment Program

Macrohabitats
The distribution of fish species was found to be non-ran-
domly distributed with respect to the sample of 20 macro-
habitats. All of the coefficients were significantly different
from random (P<.005) and the matrix was significantly
more ordered (cooler) than expected at random (P<.0001).
The non-random associations due to habitats are evident
in the Camin-Sokal Parsimony analysis (Figure 8.4). The

Kak
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— Ecgj
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Play
SMil

Mato

Figure 8.2. Camin-Sokal parsimony analysis of Simpson’s similarities
among subregions in the Caura River for fishes. Abbreviations:
Kak—Kakada River; Ereb—Erebato River; Ecej—Caura River from Entrerios
to Cejiato; Esp—Caura River from Entrerios to Salto Para; Play—El Playon;
Nich—Nichare River; 5Mil-Raudal Cinco Mil; and Mato—Mato River.
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Figure 8.3. Principal coordinates analysis of Simpson’s similarity matrix
among subregions of the Caura River. Abbreviations: Kak—Kakada River;
Ereb—Erebato River; Ent-Cej—Caura River from Entrerios to Cejiato;
Ent—SP—Caura River from Entrerios to Salto Pard; Play—El Play6n;
Nichare—Nichare River; 5Mil-Raudal Cinco Mil; and Mato—Mato River.



retention index is 0.783. In the analysis, many like habitats
are grouped together. For example, on the right hand side is
a cluster containing muddy bottoms and shore, logs, leaves
and detritus along with forested shores. A somewhat dif-
ferent community is found in big river habitats with sand,
rocks, and beaches. The upper Caura River is well charac-
terized by many island habitats that share many species in
common with the main channel.

The assemblage of species inhabiting grasses, macrophytes
and rapids is a major discovery of our expedition. In the
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Figure 8.4. Camin-Sokal Parsimony analysis of 20 macrohabitats in
the Caura River. Abbreviations: B—bottom; Flveg—floating vegetation;
Flfor—flooded forest; Cano—cafio; Isl—island; Lglv—logs and leaves;
Macr—macrophytes; MC—main channel; Rap—rapids; Ripfor—riparian
forest; Rok—rocky; San—sandy; S—shore; Trib—tributary.
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Figure 8.5. Principal coordinates analysis of Simpson’s similarity
coefficients among 20 macrohabitats in the Caura River. Abbreviations:
B—bottom; Cano—cafio; Flfor—flooded forest; Flveg—floating vegetation;
Isl-island; Lglv—logs and leaves; Macr—marophytes; Rap—rapids;
Rok—rocky; S—shore; San—sandy; Trib—tributary.

The Distribution of Fishes and Patterns of Biodiversity
in the Caura River Basin, Bolivar State, Venezuela

upper Caura River, there are many rapids or areas with swift
water over large boulders and rocks, including over the Salto
Pard. In these swift water habitats we found up to seven
species of the vascular plant family Podostemonaceae. There
were 130 species of fishes living among the macrophytes
overall, and 120 species in macrophytes and rapids.

The principal coordinates analysis (Figure 8.5) better dem-
onstrates the transitions among habitat groups. For example,
the transition between mud to sand in riverine communities
occurs in the upper left side of the graph. There is also a
smooth transition from sand bottoms and beaches through
rocky substrates to islands, and rapids with macrophytes.
From center to top right (Figure 8.5) represents a transition
among lower velocity habitats (e.g., cafios) to lakes and areas
with still waters with floating vegetation.

Given the diversity of and non-random patterning of
species among macrohabitats, we ask how many macrohabi-
tats are required to protect the majority of the species. The
accumulation curve of the percent of total species over the
number of macrohabitats is shown in Figure 8.6. The curve
was calculated from polynomial regression in which all coef-
ficients are significantly different from zero. The equation of
the regression is:

Y =50.9 + 24.2X - 9.7X% + 1.8X? - 0.2X% + .004X° + e

where Y is the cumulative percentage of species, X is the
number of macrohabitats and e is the error term. The great-
est return of cumulative percentage to the number of mac-
rohabitats is determined from the inflection point (setting
the second derivative to zero). The inflection point is 6.0,
which corresponds to 82% of the species (Figure 8.6). Thus,
if adequate protection can be given to 6 macrohabitats,
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Figure 8.6. Cumulative percentage of species plotted against the number
of macrohabitats. The actual values are shown as dots; the polynomial
regression line is shown. The arrows indicate the point of inflection for the
regression equation, indicating the maximum percentage of species that
can be preserved with the fewest macrohabitats.
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the large majority of species can be protected. This group
includes 228 species with all of the commercially important
species found in Appendix 2.1.

DISCUSSION

The distribution of fishes in the Caura River show strong
subregional and macrohabitat effects, and are largely non-
random and non-homogeneous. The subregional effects
that are non-random are due to separation by the Salto Par4.
These results accord well with our studies in the Tahua-
manu-Manuripe rivers, Bolivia, the southern Pantanal,
Brazil, and the Paraguay River in Paraguay, as well as the
studies on the Jau River, Brazil (Forsberg et al. 2001), low-

land Amazon floodplain (Cox Fernandes 1995; P. Petry, pers.

comm.) and the Napo River, Ecuador (Ibarra and Stewart
1989). These studies disagree with the general statements
of Lowe-McConnell (1987) and Goulding et al. (1988)
who claim that distributions of freshwater fishes in lowland
habitats are largely random. The non-random, non-homo-
geneous distribution have important implications for the
conservation of the ichthyofauna.

The regions in the Upper Caura have significantly fewer
species of fishes than the regions below the Salto Pard. This
is because species from the Orinoco River penetrate the
Caura River to varying degrees. The species richness of the
plants overall is greater above the river than below (291
vs 185, respectively). However, there were more vascular
aquatic macrophytes and grasses above the falls than below
(Rosales et al. 2003a). This difference in species richness
associated with elevational change in the fish and the plant
data is congruent with the results reported from the south-
ern Pantanal (Chernoff and Willink 2000). The benthic
invertebrate data (Appendix 6) do not show an appreciable
difference with 70 species in the Lower Caura and 75 spe-
cies in the Upper Caura.

The distribution of benthic invertebrate species differs
from those of the fishes in that the invertebrates do not
show a geographic pattern of similarities among the subre-
gions (Garcia and Pereira 2003). We have reanalyzed their
data to correspond to the subregions presented herein and
in the botanical analyses. The matrix correlation of subre-
gional similarities between the fish and benthic invertebrate
data sets is not significant (r = 0.32, P>.05). The results of
Camin-Sokal Parsimony analysis and principal coordinates
analysis (Figures 8.7, 8.8) show that although the below-
falls (Salto Par4) samples from El Playén and the Mato
River are outliers to the remaining subregions, Cinco Mil
and Nichare share significant numbers of species with the
above-fall subregions. This is in distinct contrast to the
fish and botanical distributions. The fishes show a strong
upstream-downstream component (Figures 8.2, 8.3) but are
not well structured above the falls. The plants, on the other
hand are well structured with regards to subregions (Rosales
et al. 2003a,b). The plants show a marked discontinuity at

Rapid Assessment Program

the falls, but subregions such as the Kakada and Erebato also
represent floral turnovers. The distribution of the fishes is
intermediate between the unstructured invertebrate data and
the well-structured plant distributions.

Macro-habitat effects are significant, non-random and
critical to properly understanding the distributions of plants,
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Figure 8.7. Principal coordinates analysis among Jaccard’s similarity
matrix for subregions of the Caura River for aquatic benthic invertbrates.
Abbreviations: Ent-Cej—Caura River from Entrerios to Cejiato; Ent-SP—
Caura River from Entrerios to Salto Para; Ereb—Erebato River; Kak—Kakada
River; Mato—Mato River; Nichare—Nichare River; Play—El Playon; SMil—
Raudal Cinco Mil.
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Figure 8.8. Majority rule consensus tree of Camin-Sokal Parsimony analysis
of subregions in the Caura River for benthic aquatic invertebrates. Ecej—
Caura River from Entrerios to Cejiato; Ereb—Erebato River; Esp—Caura
River from Entrerios to Salto Para; Kak—Kakada River; Mato—Mato River;
Nich—Nichare River; Play— EI Playon; 5Mil-Raudal Cinco Mil.



invertebrates and fishes within the Caura River watershed
(see above, Garcia and Pereira 2003; Rosales et al. 2003a.).
It is difficult to precisely compare the macrohabitats among
these groups. However, Garcia and Periera (2003) do dem-
onstrate the correlations between physicochemical character-
istics of habitats (such as dissolved oxygen) and that species
of Odonata and Ephemeroptera, which were characteristic
of swift water and rapids. The fishes are partitioning the
environment relative to bottom type, forest structure, water
current and the presence of macrophytes or other vegeta-
tion. Smooth transitions in faunal composition are evident
(Figure 8.5) based upon these variables. Interestingly, many
of the patterns of fish assemblages correspond to landscape
changes in forests. As noted by Rosales et al. (2003a), the
islands, particularly above the falls are unique habitats with
characteristic assemblages of plants. These island habitats
are unique for the fishes, as well, with rocky outcrops, lush
stands of Podostemonaceae and rapids or swift currents.
Developing any conservation strategy for the Caura
watershed must take into account both the subregional and
macrohabitat effects upon species distributions. For example,
37 out of 278 species of fishes were found in three of four
subregions, and only 28 species are found in five of the eight
subregions and regarded as common. Different subregions
and macrohabitats are critical as nursery areas or for
particular life stages. Commercially important species, such
as the palometa, Myleus rubripinnis, were found in backwater
areas. Diminution of water quality through deforestation,
runoff or pollution due to mining will kill off the aquatic
macrophytes, invertebrates and ultimately the fishes—
130 species of fishes were found closely associated with
aquatic macrophytes. The effects of the number of macro-
habitats on number of fish species (Figure 8.6) demonstrated
that if six or more macrohabitats could be preserved in
sufficient quantity, then more than 82% of the known fish
fauna of the Caura River could be saved. It is particularly
critical to incorporate the Lower Caura, especially from
Raudal Cinco Mil downstream, because of the increasing
effects of human pressures on the river.
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Aquaculture—Raising fish in enclosed areas, usually with
the intent of selling the fish.

Arboreal—Pertaining to trees.
Basin—See watershed.

Benthic—Of or pertaining to the bottom of a river, lake, or
other body of water.

Biodiversity—Description of the number of species, their
abundance, and the degree of difference among species.

Carnivorous—Organisms that feed on animals.

Cano—Tributary in which water can flow in both directions
depending on whether the water is rising, due to rain or

floods, or falling.

Cretaceous—A time period of the earth’s history extending
from about 145 million years ago to about 65 million years
ago.

Dead arm—An arm of a river extending into the forest in an
old river channel.

Endemic—Found only in a given area, and nowhere else.
Endorheic—Waters flowing into an enclosed watershed.
Erosion—The act of water washing away soil.

Floating meadows—Large aggregations of floating vegetation.
Fluvial—Pertaining to rivers or streams.
Herbivores—Organisms that feed on plants.
Heterogeneity—Degree of difference among items.
Hydrological—Pertaining to water.
Insectivores—QOrganisms that feed on insects.
Inundation—Flood.

Laguna—ILagoon.

Landscape—Pertaining to the structure of an area at a
coarser level than that of site, at least at the level of a georef-
erence area.

Lentic—Pertaining to still water, as in lakes and ponds.
See lotic.

Liana—Vine.

Glossary

Littoral—The aquatic zone extending from the beach to the
maximum depth at which light can support the growth of
plants.

Lotic—DPertaining to flowing water; as in rivers and streams.
See lentic.

Macrophyte—A non-microscopic aquatic plant.
Madrevieja—Dead arm.

Miocene—A time period of the earth’s history extending
from about 25 million years ago to about 5 million years
ago.

Omnivores—Organisms that feed on a variety of food types,
both plant and animal.

Periphyton—Algae attached to rocks, logs, and other under-
water substrates.

Physiognomy—The overall appearance or constituency of
an area.

Piscivores—Organisms that feed on fishes.

Pleistocene—A time period of the earth’s history extending
from about 2 million years ago to about 100,000 years ago.

Precambrian—A time period of the earth’s history extending
from the origin of the earth to about 580 million years ago.

Quaternary—A time period of the earth’s history extending
from about 2 million years ago to the present.

Riachuelo—Small stream, forest stream.
Rio—River.

Riparian—Found along the edge of a river. Often used in
the context of vegetation.

Savanna—Gerasslands.

Seine—A mesh net, often used to catch fish and other larger
aquatic organisms.

Siltation—The deposition of fine sediment (know as silt),
oftentimes covering existing structures.

Stagnant—-Still water (that is often foul).

Substrate—The soil found between the roots of plants or at
the bottom of lakes and rivers.

‘Watershed—A region drained by a particular river and its
associated streams. Also known as a basin.
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Tuna Medewadi, Wenesuweda

de'wo
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TAMEDO YEICHU

Tuna Medewadi na shi wejakatojo dii’se wodiwa nonoodii de’wd yeichii, Wenesuweda,
annawdone Escudo Guayanés de’wd(3°37°-7°47'N y 63°23°~65°35"W). Na ajo’jo chuuta
tumakudojunu yeichiiiidé tunakomo maja yaaws dinfiakukwaka yekenkajoétiidii (Rosales y
Huber 1996). Edo chuuta na tiiwii seneedd yeichii, tukunné’ato maja, woi aifio maja naadenha
yaawd chii’tadii 90% je medeewadi nonoodii de’'wo (Marin y Chaviel 1996). Ed6 naadii na
yaawd ye’kwana nonoodii weichii,sotto eda’chénnamo tiinwanno iyé nono de’wd naadii.
Infataje naadii tiiwii chuuta medewadi nonoodii de’ws, muuda soodii jokonno yujuudaka
tiidiijoone, tiinwanno ye’kwanaakomo kenfie.

Medewadi motaditkoomo ajo’jokoomo na yaawd Sipawo, Wiinkiiyaadi, Dedewats, Mede-
wadi maja shi womontojo dii’se, yotonno yaawd Tikededa, Jadde, Yuduwani, Sawaadu, Wanfa
maja shi weja’katoojo dii’se. Medewadi na 700 kilimetros je, neja’ka yaawd Escudo Guayanés
kaw® yeichii de’wd, 2000 metudu je dama jonno kajunfiad6dé: nija’ds’a 6nnene nono weichii
de’kiks, snnene tooja’jano jonno yujuudawd akanajaato tooja’jemjiinii dinfia tiidiijoone
dinfiaku’kwaka yeekekadiinfia. Medewadi nonoodii na yaaw® yii seeto’jiidii 45.336 Km?2 je,
20% je Wodiwa nonoodii joké yeichii, 5% je tameed66d6 wenesuweda nonoodii j6ké yeichiis
edd tuna nonoodii ajo’jo yeichii na aakdcheinfa tooje Apuude, Kadooni, Dinfiaku’jeje yeichii

(Pefia y Huber 1996).

ONNEENE MEDEWAADI NONOODU DE'WONKOMO YEICHU

Onnene Medewadi nonoodii de’w naadii ajichajeene owaansks’da na. Ooje woowanoma'jo
yeichame chuuta j6kd chuutakankomo joké maja (Rosales y Huber 1996, 1997),
na’kwakankomo jékémmaane y86je wo’duto’me’dana (Machado-Allison et al. 1999).

Medewadi nonoodii de’wd na énnene chuuta, 1180 ¢’joye chuuta yeichii edantaajo. Jajeeda
joko ajoijajo na chuuta 90% na Medewadi nonoodii omomjiinii de’wd, 10% kene yaawd
chuuta tukunnd’ato y8’jejemaja chuuta ya’wakukaajo (CVG-TECMIN 1994; Huber 1996;
Marin y Chaviel 1996; Rosales 1996; Aard et al 1997; Dezzeo y Bricefio 1997; Bevilacqua y
Ochoa 2001).

Chuutakankomo Medewaadinfiankomo tdne nato 475 je tadinfiaamo, 168 je
odookoja’komo, 13 kiitooja’komo, 23 je makasana okoyuja’komo yeichomjsks (Bevilacqua
y Ochoa 2001). Edo nadii yawd na 30% je chuutakankomo edanta’komo Wenesuweda de'wd
yeichii yotonno yaawd 51% je Guayana de’wd yeichii. Tameed66dd ye’jé ja’komo weichii
Medewaadinfia naatoodii, 5% je naato amonche’da yaatamediikomo eetd Wenesuweda de’wo
aneja nono de’wd maja yaawd (Bevilacqua y Ochoa 2000). Edé AquaRap kiintsj’a’todawd
kiineedantoicho 113 je eduwa’komo, 10 je eduwa’komo ju’jokomo weichii, médo aka naato
na’kwakankomo weichd tuna saayu’jemjiinii akankomo naato yaaw yojodiia’komo 278 je.
92 je se’jémjiiniikkomo naatodii 12 je yaawd wayakani ja’komo modédna yaawd awa’deenato
mddoswa’ks yeeja'kaajo.



Chuuta chutakankomo maja Medewaadi nonoodii de’wd
naatodii na yaawd Jaada soodii e’nei na ydskamooajd
Medewadinfia naatoodii. Jaada soodii de’wonno maadsdo
na yaawd infiankomo jooje infiawoono we yeje’da, mdds
nene’ju’jé’a yaawd chuuta ke, tiiwii na yaawd yii’seeto
88% je Guayana de’wono denha na y66t6 méds tdneejeene
na yaawd ojejene jiiti de’kokd (Berry et al. 1995; Huber
et al. 1997; Bevilacqua y Ochoa 2001). Yé8jemmaja
&’diijai weifio nadenfia yaawd chuuta, se’jémjiiniikomo
na’kwakankomo kudaada maja u’joye naatodenha Escudo
Guayanés yotonno Amazonas de’wonkomo denha tiin-
wanno, anejanaadd’ja nadenha jii'waye, dinfiakukwakaano
yotonno yanonfiano maja tiiweiye.

ONNENE SOTTO WEICHUKOMO YEICHO'KOMO MAJA

Sotto weicho’komo yeicho’komo maja Medewadin-
flankomo, na ooje 6nnene. Medewadi ii’joye ju’wayeed
maja jaada de’wd naato ye’kwaanakomo Ye’kwana Sanama
maja, tiinwanno nato yaawd y66t6dd naddato tiiwotunnoi-
chomo. Kiyeede yotonno jaduudu fiaatii’tédii, weseniinnd,
o’todi, chosjiidiidii amukudu na chadawajuichomo
yeicho’komo maja. M6d6je yaawd chédwaaddniie fianno
sotto tadawajuichomo na yaaws inchomoodii woije yanwaje
yeichii o wodije yeichii woije (Silva-Monterrey 1997).

Sotto chaadawajoichomo joké yeichii Medewaadi jii waye
na dnnene. Infia na yaawd wanna kéjeene sotto iyd yaawd
ye’kwana weichii noojodiia yaaws yadanawi weichii ako.
Modssje yaawd chadawaajuichomo nadenha yaaws iye
akotddii, natii fiaatii’todii, okiiiinii infiejenkadii, o’todi,
Waademang joks wetadawa’kajoond, yotonno yaawd
tiitkaajiidii o akaajotiidii jeifiemma.

Ye’kwanakomo najdiyaato tiimenka’da kudaka y&’jsje
yawd anejakomo na’kwakankomo totiitkomooje. Yaane
yo6je’da yaawd ye kwanakomo weichiikomo niinhe’da,
yadanawi kudaka najdiya sotto otiikkomooje tiimenka infiata-
komoodenfa: kachamas (Colossoma macropomum), kajaadu
(Phractocephalus hemiliopterus), ya’koto (Prochilodus mariae),
Akujja (Plagioscion squamossissimus), Laulaos yotonno muu-
kudi (Brachyplatystoma spp.), muudu (Piaractus brachypo-
mus), jadumeeta (Mylossoma spp.), kudidi (Pseudoplatystoma
spp.), sajuwaada (Semaprochilodus laticeps), yotonno sadidi-
nata (Pellona castelneana) (Machado-Allison et al. 1999;
Novoa 1990).

Oje kudaka nato yaawé tujunna’komo skiiniije tiidiiiiamo
(yadanawi wo) modo na yaawd tadawajuje eijaicho
tajoojodenha tiiwii yaawd ye’kwanakomo tadawajuije
tiiwatamemjiiniije eijaicho mane tiiwii yaaws. Kanno
flanno yaawd kudaka okiiniije tiidiiiiamo medewaadinfa
edanta’komo: tetras (Astyanax, Hemigramus, Hyphessobrycon,
Jupiaba, Moenkbhausia), jadumeta o silver dollars (Metyn-
nis, Myleus, Mylossoma), cichlids (Aequidens, Apistogramma,
Bujurquina, Mesonauta), Ka’shai (Pygocentrus, Serrasalmus)
y6'joje yaawd headstanders (Anostomus, Leporinus).

Tuna Medewadi, Wenesuweda de wo

Jata weicho’komoje na yaaw$ medewadinfiankomo,
dinfiaku’kwaichomo maja yaawd, adnmakudd’da
naato yaawd tiinna’kwadiikomo'kwai fionoodu de’wd
naadii maja yaawd. Iye nako’aato ye’kwanaakomo
tiiweicho’komooje, 358 je iye weichii owansks na
yaawd ye’kwanaakomo tiinaaks e yeichii (Knap-
Vispo 1998). AquaRap nedantsdiikene yaaws chuuta
tiinnadiitiato na’kwakankomo weicho’komo maja
yaawd tuna e’jichokono na yaaws énnene kudaka
wennejenkato’komooje naadiinane jadumeta (Myleus rubri-
pinnis). Enmenkaajo na yaawd akene ke’ja aneja’kwaichomo
kudaka wiita’komo medewaadi’chai ni’ya’ta yaawd
yii’seto’jiidii 75,000 tonedada métrica je Madijanfia Kai-
kadafia maja ajéiya’komo.

MEDEWAADI MAKUDONEI WEEJUDU YAAWO

Escudo Guayanés wenesuweda de’wd na tiinkone’madii
yeichame jata tii"tajotiidii tiiwennejenkato’me,

amode notojo, na’kwakano ajdichii o weseniinng infiam-
modd chii’ tammekiidii’jo’da tiidiidii nejoodiijoodii. Uudu,
widiki, Bauxita u’kadii yoojodiiajé yaaws tuna a’dudu

jad® nejodiija yaawd: 1) Chuutakankomo yotonno chuuta
wd’jajoodii ooje kadoninfia yotonno yaawd kuyuweninfia
maja (Machado-Allison et al. 2000); 2) Tuna yemmadyi,
chuuta, ose, sotto maja yaawd asoke ke; 3) Nossaje tuna
woddyemmadii tumuuke; 4) Tuna infiatadii tonhemmii’je’da
y6’diidii yaawd (Machado-Allison 1994, 1999; Miranda et
al. 1998).

Medewaadi kone’manei weejiidii na yaawd uudu, widiki
u’kadii ke, inflammadé na’kwakano ajoichii jajeda’je’da
tiiweichame, tuna infia’diidii maja yaaws. Uudu, widiki
u’kadii na oojeje tiinonfato yaawd, jadawa aké amonche’da
66j6kd yeijokd medewaadi, infia ooje uudu widikimaja
u’kadii na (Machado-Allison et al. 2000). Yotonno yaaw®,
néneadenha yaawd dmje’sato oje kudaka’je’da yeichii
eduwa medewaadi jii'waye ye kwanakomo nonoodii
de’wd ajoichii tdjemajomuje yeijokdjenfiema infiammodd
jajedaje’da tiiweichame.

Naadenha yaaw® aku’sana tii’tajootiidii Medewaadi
infia’dudu joks 75% tuna adudu jokonchédé Medewaadi
jonno Jadawa’kwaka kadoninfia tiidiijone, yotonno yaawo
Jaada infia’diidii. Mddod aku’sana tii " tajootiidii naadii
tuna medewaadi se’ko yodiidiimma jiinii na yaawd, tuna
waawiiylimiidii nichone’madenha yaaws. Sotto jata-
adiikomo, na’kwakankomo, chuuta, tunajakokonkomo
weichii naato yaawd tuwoije tuna wawiiyiimudiike. Yotonno
nadenha yaawo, Jaada jonno ju’wakaads wo 'kaaje’da
ooje’kémma no’diia wénwenaand joks wetadawa’kajoond,
o’tédii enno’janksds, tumjune’da natii faatii’tddii maja
yaawd, mododna yaawd jojejeene Muuda sodiinwawonno
jii’'wakaadd. Ed6 tadawaju naadii yaawd wowanoomand
ejaifia yaawd ajichajeene wetadawakajoono wetd nono
de’wo.
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Tuna Medewadi, Wenesuweda de 'wo

SOOMATO0JO EIJAICHO

Medewaadi nonoodii na yaaws ajo’jo chuuta ye’'ws. Chuuta
wekone’maduke jata tadawajui wennejenkadiiiike norten-
fiano wadddod Escudo Guayanés de’wd yeichii (Kadoninfa
Kuyuwininfia maja), ed6 Medewaadi na yaawd tiisomamje
yaadddo yeijoks infiatajeedd. Chuutakankomo Chuuta maja
yaawd Medewaadi de’wono naato yaawd a’ke aninfiaja eetd
wenesuweda de’wd yeichii a’ke maja yaawd Escudo Guayana
de’wd. Na yaawd tiiwii onnene ye’'wonkomo, yotonkomo
totii tiinwanno, kanno na’kwakankomo (podostemonaceae)
soodii joko yeichukomo tiinwanno yotonno chuuta yan-
tadii de’'wonomma tiiwii. Modooje yeijoks yaaws tiidiidii
eijanfia wowanomand fianno y86té jata nadiikomo, médo
yaawd Medewaadi eda’choto’me ma tuweiyemiije. Yojem-
maja yaawd na’kwakano ajochii aje’kadii tujunne nadenha
chonekadd maja yaawd iy6 yeichojo ataame’da yeichiikomo
wetd yotonkomo weichojoje

AQUARAP WUT0JOTO JUDU

Aku’sana tu’tajotiidii watannd'né joké Medewaadinfia,
tuna ad66dii medewaadi jadawa wadsds, iye akotadii,
sotto wejamiiditkomo, yotonno yaawd aneja kone’manei
weejiidii ekwojotiidii jokonchdds, kiinojodiicho
tawanojo 'na’komo wanna aninfiajankomo jadé kun-
tonto yaawd tuna enmenka tamjd’ne (AquaRap), edd
tiidii jokonchsds yaawd: 1) Ekammajotiidii jokonchods
na’kwakankomo weichiikomo yeichii’komo awiya-
koko nadii maja yaaws iyd de’wd natoodii tumjune’da
flaakudédii owajo; 2) Eneedii, na’kwakankomo eijaicha
naicho iy6 yeicho’komo choone’ma’jsks.
Kiint$j6 a’to yaawd 25 noviembre yeichii 12 diciem-
bre jona tiidiijoone 2000 wedu yeichii, médé kiinniicho
yaawd sejiyato sodii jonno matu kankoi tiidiijoone. Ashicha
enmenkadii j6kénchsds, kiing datokajotiii yaawd aadu-
wawo amojato kwaké toneemii: 1) Ka’kada; Dedewats;
3) Medewaadi dedewaté kanonno sejiyato sodii jonane;
4) Medewaadi dedewato kanonno jaada sodii jonane;
5) Jaadanwakoko; 6) Wiinkiiyade; Muuda sodiichoks; Matu
maja. Kiingtdmmenkai yaaw chuuta weichii mawoono
nakwakano maja, tuna weichii yakaano maja yaawd,
tunanwakonfio, se’jomjiiniikomo na’kwakankomo yotonno
yaawo kudaka maja. Edd tiidiiajo yaawd, kone’manei
weejiidii yeijoks, no’dua’de yaawd medewadi somato’me
wowanomatojojene eijaifia aneedawd ke wo’diitojoje.
Programa suramerica wad6dé AquaRap tiiwii na yaawd iy
nono de’wono aninfiajano akd aatantai tawanojo’na’komo
maja yaawd soomatojo e’se’totoojo edantddii joko maja
yeichii tiiwii ataame’da na’kwakankomo &se chuuta
maja yeichiikomo wetd ta’kwiti’yemjiinii kwaka naatodii
America Latina de’wd. AquaRap tadaawajui na yaawd
oneejadii iyd tuna’kwawd naatodii yeicho’komo sooma-
tojo maja, tamjo’ne fie’ku’tddukomoai, ekammajotudu
weto yawo kajichanakomowo, jajeeda chonekannamowo,

Rapid Assessment Program

eda’chddiijoko nichii’tajé aatodii wonfe , cientifico
komows, jiidata u'namowo maja edo nunhato jokono.
AquaRap na yaawd we'wa’toné jokono ne’se’ta yaawd
Coservacién Internacional yotonno Field Museum.

AquaRap aka na yaawd tiiweiye comité internacional
modd niju’jo’ ta yaawd cientificokomo eda’chs’sa’komo
akéamojato’to’kwaké nono de’wd (Blivia, Brasil, Ecuador,
Paraguya, Pert, Venezuela yotonno yaawd Estados Unidos).
Ed6 comité nadii nemmenka yaaw® jajeda tamjé’ne &’ dijai
yeichii tujunne yeichii maja yaawo enmenkadii joko yeichii.
AquaRap wiitsjstiidawd chéjaddniie ichdditkomo na
yaawd yeichii iyd nonode’wonkomo cientificokomo jads,
towanokomo ekammajé’ankddéd fianno aninfiajankomo
we’a’komojadd iyd wadadéds wowanomatojoje eijaicho
modddenha. Yooje wiitéjo ' nawd ydtunndi watamu’kajo
sotto owandkonfie né’dda yaawd jajeda (Boletin de evalu-
acién Bioldgica) Conservacién Internacional niidiidi,
iy6 chonekajo na yaawd kajichanakomo, poditikokomo,
eda’sd’cha’komo wadodonoje, tiidiijai natodii eda’chsdii
joko yeichii yotonno jiidata iydjokono tiidiidii jokonchods
yaawo.

Edd nono naadii wenesuweda de’wono chéniinhejene
owandks’dana, joduje né’diia yaawd enmenkadii iy6
tuna nonodii de’wonkomo (biodiversidad) choone’madii
owajo . Chuuta, tadinfiamo, odookoja’komo jokénifie
woowanoma’jd tiiweiye yeichame, tujunne na yaawo
ooje’kdjeene iyd nono joks choniinhejene e’se’todii wetd
yaawo.

CHOWADONNE SA'DIMINCHAJO AJ0

Chuuta weichii mawoono na’kwakaano maja
Medewaadinfia kiint$jo’a’todawd kiinajoicho yaawo

443 je tdneejomii 66niinhatojiinii yeicho’komo awoono.
Iy6 toneemii ajdiyajo aka 302 je chuuta weichii, tamed6dd
tiiwii yaawd 1180 je chétitkomo ajoijaajo owansks naadii
medewaadinfiano aka yeeja’kajo tiiwii.

Iy wowanoma'jé kiimja’kai yaawd 6nneene chuuta
weichii, tuna’janonfiano nono de’wono nunhedenfia nono
yaaw6 chuuta ewanshinii’je’da. Onnene chuutakomo
weichii tunajakoko ooje yo’kadiike tuna jedii. Oénunhe’da
ta’ne yeichii jejechd kawd nono weichiike (40-2350 m)
mdoddje yeichii mddd tameddds ni’ya’tadenha yaaws
onnene na yaawd medewaadi nonodii de’wd.

Nono akanajaato tiinnadiiato maja de’w nato yaawo
se’kd aatantawd yeichiikomo yootonkomo. Y66t6 na jooje
yaawd wasai, waju ja’komo: Euterpe precatoria, Attalea
maripa, Socratea exhorriza, Genoma baculifera, yotonno
yaawd Bactris brongniartii. Ooje’kd dnnene yeichii na
yaaw® Amazonfanfiano chutakankomo Guyananfiano maja
¢’joye’kd iydniinhato denha yeichame chuuta weichii.
Tiiwomonhato nono dedewats kwainfio na yaawd ooje na
yaawo Oenocarpus, medewadi’chai’chene yaawd, oojena
Mauritiella, m6d6 na yaaw aninfiajano tuna’kwainfio
Escudo Guayana de’wono. Onnene chuuta ejiiiidii na



yaawd yantadukomo de’wo dedewats’kwai yotonno yaawd
medewaadi’chai jaada to’na tiidiijone. Iyd yantadukomo na
yaawd chuuta tiiweiye mawoono na’kwakano maja yaaws,
anedawd ooje yaawd Podostemonaceae soodii jaksks yeichii
tliwili yaawo.

Infataje tuna weichii

43 je chdwiitu kiinatammiii tuna tdneemiije makifiaai
ii’joyeno yootonno jii’'wayeno maja yaawd. Medewaadi
ii’joye na yaawd yaad6do tiimaakudd’da, infia na yaawd
00je’kd tuna fiootadukomo yootonno yaawd tuna weichii
woije tiiwii na yaawd jii'wayeno niinhe’da, médésje yaawo
ooje infiadii’dana yaawd chuuta. Ajo’jo yeichiina yaaws
tuna medewaadi weichii ooje awansi’je’da yaka iy6 tuna
kunstommenkai ed joko yeichii: Ta’ne o tukuna’se yeichii,
tukuna’sato o ta’nato tiinado yeichii, sii’je yeichii, tumuuke
yeichii maja yotonno anejakomo maja yaawd.

Ajo’jo yeichii, iy6 tuna na yaawo tiida yeiche (4cida),
se’kd ta’nato o tukuna’sato tiinad® yeichii tiiwii na
yaawd. Yeichii mdddjena yaawd tuna konojojato weejiidii.
Edd wowanoma’jo weja’kaajé na yaawd awa’deeto
wowanoma’jé niinhe maja yeejakaajé modsje na yaawo
chii’tadii jena’do’j6 nono madono yeijoks. Oniinhe
kiinejakai yaawd u’joyaano aké jii’wayeeno, yaane, yantai
fiootaditkomo anijanads’ja yaawd.

Tumuuke yeichii j6k66d6 ja, infiataje kiineeja’kai
tamedddo ajoiyajd kiina’ja’dii. Jii'waye tumuuke’kd
kiineejakai u’joyaano e’joye’kd, tuna jedii tiikone’ma yei-
jokoojenfiemma kunnjd awd taku’ne’kd na yaaws, mods
nichamjiyakaja yaawo na’kwakankomo weicho’komo.

Se’jomijiiniliilkomo tunanwakonchomo

25 je jaatadii kiinootonejai yaawd fianno se’jomjiiniikomo
tunanwakoichomo énnene yeichiikomo. Nanno
weichiikomo kiineeja’kai yaawd wanna memuuja’komo,
mutuuja’komo, diichs, suuduja’komo, kodsdsi,
wayakanija’komo, ojemma yotonno yaawd. Kanno
wechiikomo yeichii mddé yaawd tiimakud$éjiinii nos-
sajemjiinii tuna aka yeichiikomo tiinwanno. Kiinédantsi
yaawd tameddiche tuna wadad6dd nato tiinwanno
se’jomjiiniikomo tunanwakonchomo. Oéniinhe’da 6nnene
yeichiikomo tunanwakonchomo na yaaws chii’tadii okisi-
jeno woije tumuuke tuna weichii woijemmaja jenfiemma.
Modbssje yoodantsdii yeichii tujunne na yaawd ne’kd’se
ke’ja tuna weichii chamjiyaka’joké jayeedémma, chuuta
akd’a’joks, o uudu u’kwadiije wetadawakajoné tiidiiiia’joks
aneja niita yaawd tuna aka, chamjiyakajoone yaawd fianno
tunanwakonchomo weicho ’komo.

Wayaakani ja’komo

10 je kiinddantoicho yaaws wayaakani weichukomo
enmenka’jiidii dii’t6 medewadinfia: Toniamojato je suudu
weichiikomo (Palaemonidae), toni yaaw wayaakani
weichii (Pseudothelphusidae), aduwawd yaawd way-
akanijato maja (Trichodactylidae). Medewadi ii’joye na
yaawd ooje’damma kanno weichiikomo jaatodenhamma,

Tuna Medewadi, Wenesuweda de wo

jii'waye kene yaawd ooje’ko aduwawd amojatoto kwakd.
Infiano to6tiijanfione aninfiaja a’ke tiiwil yaawd na suudu,
wayaakanija’komo "kene tiiweiye natodenha yaaw Llanonfia
yotonno yaawd Amazonanfia. Kanno weichiikomo kiins-
dantoichu yaawd yeichiitkomo m3dé Escudo de Guayana
yotonno yaawd Amazonico de’w tuna naadii’kwawonkomo
kanno. Suudu jadasideedu kiina’jaaks yaawd ojejene
yo6dantddii enmenkadaaws. Kanno natodii yaaws eduwa
ajicha nato tiinwanno moddjedenfia naato’de tiikkone’ma’da
medewaadi weichii’ké wadaadsdé.

Kudaka

65 je jaatadii kiing’diii ajoicho’komo sejiyato soodii jonno
ka’kadanfa tiidiijoone yotonno yaawd muuda soodii
jona tiidiijoone jii’waye. Tamed3dd yojodiiiia’komo
yaawd 278 je kudaka weichiikomo kiinédantsi yaawd
medewaadi’chawonkomo. Carasiformes weichiikomo
(orden) kiineeja kaicho yaaws 158 je, 74 je siluriformes,
27 je Perciformes, 9 je Gymnotiformes, 3 je Clupe-
iformes, 1 je yaawd Beloniformes, Pleuronectiformes,
Synbranchiformes. Characidae weichiikomo (familia)

113 je. Kiinddantoicho yaaws owaano de’wd yeichii
jonno 45 je Characiformes weichiikomo (orden) yoot-
onno yaawd 31 je Characidae. Anejakomo kene yaawd
Siluriformes 49 je kiina’ja’to owaano 74 je na eduuwa,
Perciformes 12 je yeichii jonno 27 je eduuwa. Tamed66d6
yoojodiiajé na yaawd eduuwa’komo ys6danta’komo
medewadi’chawonkomo 110 je. Tuweiye naato yaawo
tonddamoje tiiweiyamo Skiiniije tiilwelyamommaja.

Tunajakokono Chuuta

Medewadinfiano chuuta tunajakokono enmenka’jiidii
chuuta weichii, yootonoojiinii chuuta, iyd nunhato chuuta
weichii tuna wadad6ds, nono weichii ene’ju’nei maja yaawd
kiineejakai yaawd tujunne eda’chédii nonojoya’komo
chuuta tunajakokonkomo. Médgje yeichii edantotojo yaawd
Ingeae weichii jokd nonoweichii woijato wa’tadii titwiiiiyei-
joks. Chone’nadiyii’janojanfione na yaawd jaadanwawonno
ju’'wakadé.

Kudaka widkamodiikomo

Kudaka woskamoa komo kiinotonejai yaawd 97 je
se’jomjiiniikomo tunanwakonchomo weichii wejakajoke,
303 je tunajakokono chuuta yotonno yaawd 278 je
kudaka weichiikomo tuna ta’kwiti’yemjiinii"kwakankom
0. 8 jaatadii tdmmenkamii kiing’datokai 66niinhe jaada
de’wonno maadddé jaadanwawonno jii’'wakadd maja
modd kiinekammai yaawd: 1) se’jémjiiniikkomo nato
chéwadadédomma, y56je’da’kene yaaws kudaka chuutam-
maja yaawd yodje’da ydokamoa komo; 2) nono weichii
e’nei tdneejene kiina’jaakd yaawd chuuta joks; 3) mede-
waadi {i’joye oojejene’da kudaka weichiikomo kiineejakai
yaawd jii'wayeenoje’da, chuuta’kene yaawd yooje’da,
se’jomjiiniikomo "kene yaawd dniinhe.
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EDOOJE YEICHOJONA YAAWO EDA'CHOTOJO YOTONNO
WOWANOMATO0JOJE MAJA

Eda’chotojo eijaicho yaawd yotonno wowanomatojoje
edd yennajo joks yeeja'kajo; edd jonno y6 mennajé nadii
tujunnejeene’da na yaaws.

e Edennamjiidii tamed56d6 aku’sana tii’ tajotiidii
tiiwoije tuna medewaadi weichii wawiiyiimiidii
chamjiyakajai naadii, infia’dudu, aneja’kwaka tuna
ad66dii, tuna wiitotojo chamjiyakadii. Tuna infia’dudu
aneja’kwaka ad66diimmaja yaawd anijana do’ja tiidiijai
na yaawd tuna wawiiyiimiidii konojo joké yeichii.
Chuuta weichii yotonno yaaws y66t66do ichdditkomo
yeichiikomo maja yaawd iy6 de’wo nudbifie naatodii
naato yaawd y66t66do tuna wawiiylimiidii tiiwoije
yeichiike.

e Tiidiidii wetadawa’kajotojo kudaka wiitédiikomo
ene’mato’komo. Kudaka wiitéditkomo nomonhato
medewaadi’chaka yotonno yaaws chuuta chunnd’ajé
niidiiato yaawd tiiwe moichato’komoje. Yeicho ’komo
ekone’majaicho jaada de’wonno {i’jonaadé infiawonno
jii’'wakaado maja 6tddantdjai na yaawd o’jajo’da
yeichiikomo wetd yaawd.

e Tiidiiiidii wetadawa’kajootojo aduwaawd wedu
to’kwa’ké kudaka ajoicho’komo choonekatojo joks
jaadanwawonno yeichii. Téneena yaawd takade’da
o’tédii ye kwanakomo nonoodii de’wd yotonno yaawd
oojedeja kudaka ajochiikomo na Jaadanwawonno
jiiwakaads. Kudaka ajoichii sadd tujunnena yaawo
towad66d6 adoodii eneedii wetd yaawd &’ diijai yeichii
e’se’totoojo (8'wasa’ké ajoichii, 6'wasa’koto yaawd
jaji) modoodje yaawd ataame’da yeichii wetd kudaka
ajoichii.

e Tiidiiiidii wetadawa’kajootojo medewaadi
ene’matoojo yotonno yaawd yaimaja tiidiiiidii tuna
weichii e’ nmenkatoojo dedewat kang. lys eijaifia
yaawd cientificokomo wiitooto’komooje ajichaajene
owanomaiyeto yaawd medewaadi joko yeichii yotonno
tiddiiyeto yaawd yotunnoi jo'wadd eds chuutakano
tuna weichii. Edédje yeijoks yaaws weichojooje nadii
tiikoone’ma’dadenfia wikaaje’da ne’a choone’madii
se’kd na yaawd titkoone’majiiiinii medewaadi niinhato,
mddddje yeijoks yaawd eda’chddii tujunnena yaaws.

e Tiidiiiidii chuuta kunné’ajé eda’chotoojo. Medewaadi
na 6tdda’chéjaicho y66t6 nadii y66t8dé yeicho me.

e Tii’tajo’nd tiidiiiidii chu’nakaadii joko y66t6 naa-
todii eda’choto’menfie. Jaada de’wonno ii’jonaad6ds
yootonno inflawonno jiiwakaaddd na yaawd chuuta
yootonno kudaka maja 86niinhe’da naato. Tooni
amoojato na na’kwakankomo weicho’komo (soodii,

Rapid Assessment Program

yantaditkomo, tuna onkwe’danaadii, ojemma yaaw®)
modéskomo tujunnena yaawd 82%je na’kwakankomo
weichiikoomo eda’choto’menfie, tdnédamoje naa-
todii jadoniie’jiidiiiido tdjeemajaamommaja yaaws.
Chii’tammekiiiidii tujunnena 6’ wasa’ké eijaifiai yaawd
toda’ch66mii 80% je e’joye chuuta yootonno yaawd
chuutankomo na’kwakankomo maja weicho ’komoje
naadii medewaadinfia.

‘Woowanomatoojo tiidiiiidii tujunne na yaawo
na’kwaankomo weichojo eda’chédiijoks. Edo
6’diijaifia yaawd ye’kwanakomo nonoodii’nakai.
Ye’kwanakomo nonoodii jonno jii’'wakadsds
choone’madii m3dé yaawd tukunné’ato chuuta jata-
adii. Jii’'wayenkomo sotto naato medewaadi’kwawono
kedenfia, mddéjejene owanomake'jiiniiche naato yaawo
yootonkomo medewaadi eda’chédiiiijoks, ataame’da
y66t6dd eijaicho yeicho’komooje.

Amo’chédii yaawd kudaka aninfiajankomo
amonno’jodii. Chééwa ko naato kudaka
yeicho’komommaja yaaw medewaadinfia aninfiajano
6to6ne’ja’cha yaaws. Na’kwakankomo medewaadin-
fiankomo flannomma kanno wenesuweda de’wo
yeichii y66je yaawd toda’chdémje naato. Tiiweiye na
yaawo ekammajo’tojo aninfiajaano kudaka eneejiidii
tiinkone’ma yeichii ianno yotonkomo kudaka
yeicho’komo maja yaaws.

Jenaads ye'jiidii niinhemmaja tiidiiiidii chuuta tuna-
jakokono muuda soodiinwawonno jiiwakaadsds. Edo
yeichojo tilkoone’mana, yaatameeajé mods yoot-
onkomo (biodiversidad) yootonno yaawd yeichiikomo
maja (estructura comunitaria). Edd choone’madii
otonejajanfia yaawd ooje kudaka, suudu, wayakani maja
ataajocha yeichiike jenaadd yei’jiidii niinhe’da. Tiiweiye
na yaawd chuuta faatii’totoojo médddje ifiammaja
chuuta weichii 6”diijai na yootonno ooje’kd kudaka
eijai natoodenha yaaws.

Edéskomo iye ako’tojo tii’tajo’ né e’se’ totoojo
tiidiiiidii ataame’da yeichii weté: Ocotea cymbarum,
Vochysia venezuelana (kudiyada tiidiiemii), Acosmium
nitens, Geonoma deversa (ma amotojo) yootonno
yaawo Heteropsis flexuosa (wiiwa titka’emii, ma
amotojo maja). Médoje choneka’joks i’ya’tdjaina

w kaaje’da tadawaju weichii ataame’da medewadinfa,
modddjemmaja yaawd jata we'wa’tddii eduwa yo6to
nadii komo.
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