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Fish Community Patterns of Lagoons and Associated Tributaries 
in the Ecuadorian Amazon 

We analyzed fish distribution patterns of 10 lagoons and six of their tributaries 
between 200 m and 295 m altitude along two parallel headwater tributaries of 
the upper Amazon, within the Napo River basin of eastern Ecuador. Multivariate 
methods of Detrended Correspondence Analysis (DCA) and Two-Way Indicator 
Species Analysis (TWINSPAN) revealed community patterns that corresponded 
primarily to altitude and secondarily to habitat. We identified two altitudinal 
regions, the lowland between 200 m and 220 m and the piedmont between 235 
m and 295 m. We recognized four community types associated with lowland 
lagoon, lowland tributary, piedmont lagoon, and piedmont tributary habitats. 
Tributary faunas were more closely associated with lagoon faunas within the 
same region, than with tributary faunas of differing regions. Lagoons and as- 
sociated tributaries had high species diversity and evenness. Lowland sites showed 
higher species richness and had more characteristic species than piedmont sites, 
resulting in a pattern of species addition and species replacement along the 
altitudinal gradient. Decreased species richness in higher altitudes, coupled with 
unchanging diversity and evenness, is similar to published findings for riverine 
sandy beach assemblages of the Napo River basin. Faunal turnover between 
lowland and piedmont regions was greater for tributaries than for lagoons. 
Faunal turnover between tributary and lagoon habitats was greater in the lowland 
region than in the piedmont region. In contrast to observations for riverine 
sandy beach assemblages of the Napo basin and floodplain lagoons of the Orinoco 
River basin, separation of lagoon communities based on water type (clearwater 
vs blackwater) was not well supported. Comparisons among lagoon, tributary, 
and riverine sandy beach communities of the N a p  River basin and Rio Negro 
(Brazil) communities revealed low similarity. Comparison of numerically dom- 
inant characiforms of the Napo, Negro, and Apure River (Venezuela) drainages 
revealed few shared species but approximately 50% shared genera. 

Analizamos patrones de distribucion de peces en 10 lagunas y 6 tributarios de 
estas lagunas entre 200 m y 295 m de altitud a lo largo de dos tributarios paralelos 
del Alto Amazonas en la cuenca del rio Napo al Este del Ecuador. Metodos 
multivariados de "Detrended Correspondence Analysis (DCA)" y "Two-Way 
Indicator Species Analysis (TWINSPAN)" revelaron patrones comunitarios re- 
lacionados primariamente con altitud y secundariamente con habitat. Identifi- 
camos dos regiones altitudinales, las tierras bajas a 200 m y 220 my el piedemonte 
a 235 m y 295 m. Reconocemos cuatro tipos de comunidades asociadas con 
lagunas de tierras bajas, tributarios de tierras bajas, lagunas de piedemonte y 
tributarios de piedemonte. Las faunas de 10s tributarios tienen asociaciones mas 
estrechas con las faunas de las lagunas en la misma region altitudinal que con 
las faunas de tributarios en diferente region. Las lagunas y sus tributarios tienen 
alta diversidad e igualdad especifica. Los sitios en tierras bajas tienen riqueza 
especifica mas alta y tienen mas especies caracteristicas que 10s sitios en el pie- 
demonte, resultando en un patron de adicion y remplazo de especies a lo largo 
de la gradiente altitudinal. Reducida riqueza especifica a mayores alturas acom- 
pafiada con inalterada diversidad e igualdad fue similar a 10s hallazgos publi- 
cados acerca de 10s ensamblajes de playas arenosas de la cuenca del rio N a p .  
Remplazo faunistico entre tierras bajas y piedemonte fue mayor en 10s tributarios 
que en las lagunas. Remplazo faunistico entre 10s habitates de tributarios y de 
lagunas fue mayor en tierras bajas que en el piedemonte. Nuestros datos no 
soportaron bien la separacion de comunidades lacustres basadas en tip0 de agua 
(agua clara o agua negra), en contraste con observaciones de ensamblajes de las 
playas arenosas riverinas y las lagunas del rio Orinoco. Comparaciones entre 
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comunidades de lagunas, tributarios y playas arenosas riverinas en las cuencas 
del rio Napo y rio Negro (Brasil) revelaron pocas similaridades. Comparacion 
de Characiformes que son dominantes numericos en las cuencas del Napo, Negro 
y Apure (Venezuela) revelo pocas especies compartidas, pero aproximademente 
50%de generos compartidos. 

ECOLOGICAL studies focusing on patterns 
of biodiversity are a vital foundation for 

natural resource management and conservation 
in tropical regions. Until now, management and 
conservation in many parts of the tropics have 
been based on terrestrial plants and animals be- 
cause baseline data on aqiatic systems are scarce 
(Stewart et al., 1987). Studies documenting dis- 
tributional patterns (e.g., Pearson, 1924; Eigen- 
mann and Allen, 1942; Ortega and Vari, 1986) 
and ecological patterns (e.g. ,-~achado-~ll ison,  
1987; Goulding et al., 1988; Winemiller, 1989) 
within major river drainages contribute to fu- 
ture management plans by providing a basis for 
identifying distinct aquatic habitats and associ- 
ated faunas that might constitute management 
units. Within the 'ape basin of eastern Ecua- 
dor, over 470 species of fishes have been re- 
ported (Stewart et al., 1987), and further study 
has increased that number to over 500. Ecu- 
ador's Amazon region is characterized by "ex- 
ceptionally high levels of endemism" within 
tropical South America (Prance, 1982). 

This study examines the fish communities of 
the Ecuadorian Amazon on a regional scale 
spanning an area of approximately 20,000 km2. 
T o  date, no vublished studies have compared . .  
lagoon community patterns within the Amazon 
basin. Preserved fishes that form the basis for 
this study were collected for the Field Museum 
of Natural History, Chicago, Illinois, during 
1981 and 1983 expeditions to the eastern re- 
gion, the Oriente of Ecuador (Stewart et al., 
1987). This singular collection (over 120,000 
specimens representing over 500 species) pro- 
vides a good opportunity for describing fish dis- 
tributional Datterns within l a ~ o o n  habitats. The  n 

objectives of this study are to identify, describe, 
and compare communities of fishes in lagoons 
and associated tributaries; characterize under- 
lying patterns of community structure; and eval- 
uate the higher taxonomic level of genus as an 
alternative to the species level for assessing di- 
versity patterns (Schluter and Ricklefs, 1993; 
Williams and Gaston, 1994). 

The  study lagoons are located in the western 
Amazon River basin in the Napo Province of 
eastern Ecuador (Fig. 1). This region sustains a 

moist tropical forest with a mean annual pre- 
ci~itation from 3000-4000 mm and mean an- 
nual temperature greater than 23 C with a 10 
C daily fluctuation (Hicks et al., 1990). Precip- 
itation near the equator follows an annual bi- 
modal seasonality with rainy seasons in March 
and Sept. Saul (1975) reported a primary rainy 
season of heavy precipitation between March 
and June, a secbndary iainy period in Oct. and 
Nov., and a dry season between Dec. and Ian.  

The  steep relief of the western slope of the 
Andes limits the area for lagoon formation, and 
therefore, most lagoons occur from the western 
edge of the piedmont (between 235 m and 295 
m in altitude) and eastward where there is very 
little elevational grade. Core samples from the 
piedmont lagoons of Lago Agrio, Afianguco- 
cha, and Limoncocha suggest that these lagoons 
have been isolated from river flow through for 
the past 800 years (Colinvaux et al., 1985). These 
lagoons are presently fed by small streams and 
have outflows that connect to the main rivers. 
No comparable studies of sedimentary history 
have been done on the lowland lagoons studied 
here; however, during the wet season, these la- 
goons flood laterally expanding out into the for- 
est and incorporating tributaries and outflows. 

Fig. 1. Study sites in Napo River basin of eastern 
Ecuador. Site numbers correspond to the following 
localities: (1) Lago Agrio; (2) Lago Agrio, Tributary 
I; (3) Lago Agrio, Tributary 11; (4) Mandurococha; 
(5) Limoncocha; (6) Limoncocha, Tributary; (7) Ah- 
angucocha; (8) Grande de  Cuyabeno; (9) Grande de 
Cuyabeno, Tributary; (10) Aucacocha I; (1 1) Auca- 
cocha 11; (12) Canangueno; (13) Zancudococha I; (14) 
Zancudococha 11; (1 5)Lagartacocha; (1 6) Jatuncocha; 
(17) Jatuncocha, Tributary I; and (1 8) Jatuncocha, 
Tributary 11. 



GALACATOS E T  AL.-NAP0 BASIN LAGOON FISH COMMUNITIES 877 

Amazonian waters are characterized by col- 
or-whitewater, clearwater, and blackwater. 
Whitewater systems have a muddy color caused 
by drainage which carries heavy sediment loads 
from eroding uplands like the Andes. Clear- 
water svstems drain Amazonian lowlands within 
the high terra firme forest and carry light sed- 
iment loads (Sioli, 1984). Blackwater systems 
are found in close proximity to clearwater sys- 
tems but have a dark color associated with hu- 
mic acids because, in many cases, they originate 
in lowland swamps and flooded forests. Black- 
water is formed when the rate of carbon fixation 
(photosynthesis) and partial decay (oxidation) to 
soluble organic acids exceeds the rate of com- 
plete decay to carbon dioxide (Goulding et al., 
1988). 

Blackwaters have been described as svstems 
of low productivity and low faunal diversity rel- 
ative to whitewater systems (Lowe-McConnell, 
1987). However, recent studies (Goulding et al., 
1988; Hendersonand Walker, 1990; Ibarra and 
Stewart, 1989) have found blackwater to con- 
tain high fish diversity. Allochthonous food 
sources and seasonal flooding of the forest pro- 
vide food resources within blackwater habitats 
(Goulding et al., 1988). 

Sampling.-Sampling and habitat observations 
were conducted from Sept. through Nov. 198 1 
and from Sept. through Dec. 1983 (Stewart et 
al., 1987). Lagoons were sampled using a variety 
of gears including rotenone, seine nets, gill nets, 
hook and line, and fine-mesh dipnets. Tributary 
sites were sampled by blocking off approxi- 
mately 20-80 m with bag seines and then ap- 
plying rotenone; typically the downstream seine 
was near the stream mouth. A primary objective 
of the 1981 and 1983 field expeditions was to 
survey the ichthyofauna of the Napo River ba- 
sin within as many habitats as possible. There- 
fore, most study sites were sampled only once, 
but this study includes four sites where two rep- 
licate samples were taken in close proximity to 
each other-the tributaries of Jatuncocha and 
Lago Agrio and the lagoons Aucacocha and 
Zancudococha. 

Except for some large individuals that were 
preserved as dried skeletons, all specimens were 
preserved in formalin (1 0- 12%) and later trans- 
ferred to ethanol (75%) for permanent museum 
storage. Specimens were deposited in the Field 
Museum of Natural History, (FMNH), Chicago, 
Illinois, and the Museo de la Escuela Polit6cnica 
Nacional, (MEPN), Quito. Specimens were sort- 
ed to species level, but many of the fishes cor- 

res~onded to new distribution records or were 
undescribed taxa that were designated with the 
generic name and a letter (e.g., Otocinclus sp. A). 
Additional visits to the FMNH allowed identi- 
fication of several species in light of recently 
published generic revisions and species descrip- 
tions. Field notes and published data (Stewart 
et al., 1987) were reviewed to select studv sites 
with intensive collecting efforts using multiple 
gears. A subset of 10 lagoons and six tributaries 
was selected for this analysis (Table 1; Appen-
dix). Field numbers for these sites are given in " 
the Appendix and correspond to locality data 
in Stewart et al. (1987). Sampling efforts were 
not standardized, with area sampled and sam- 
pling effort differing among sites. However, the 
use of rotenone enabled high catches within 
both lagoon and tributary habitats, especially 
for the small characiform fishes that are nu- 
merically dominant in these communities. Ro- 
tenone was used to sample all six tributaries and 
all lagoons except Lago Agrio, a drinking water 
source for the area, where seine nets and gill 
nets were employed. Because sampling efforts 
were not standardized, species richness com-
parisons were conducted with normalized data 
using the rarefaction method (Simberloff, 1972). 
Normalization of species richness is essential in 
comparative studies with inconsistent sampling 
(Magurran, 1988; Schluter and Ricklefs, 1993). 
Diversity was measured with Simpson's index 
which allows comparison between communities 
with different sample sizes (Rotenberry, 1978). 

The  10 lagoons chosen for the analysis (Table 
1) varied in altitude, water quality, and sur-
rounding habitat. Lago Agrio, Grande de Cuy- 
abeno, Aucacocha, and Canangueno are clear- 
water lagoons of the Aguarico River drainage. 
Grande de Cuyabeno, Aucacocha and Canan- 
gueno are in the Cuyabeno subsystem. Zancu- 
dococha and Lagartococha are blackwater la- 
goons of the lower Aguarico River drainage. 
Mandurococha, of the Napo River drainage, 
and Jatuncocha, of the lower Napo River drain- 
age, are blackwater lagoons. Limoncocha and 
Afiangucocha are turbid lagoons within the 
Napo River drainage. Six tributaries were cho- 
sen for the analysis, including the western and 
northern inflows of Lago Agrio and an inflow 
to Limoncocha. The  tributary of Grande de 
Cuyabeno was a tributary to the Cuyabeno Riv- 
er, 3 km upriver from the lagoon. The  two 
tributary sites for Jatuncocha were located 1 km 
and 2 km upriver from the lagoon and were 
tributaries of Jatuncocha River. 

Analysis of community patterns.-A sites-by-spe-
cies abundance matrix was analyzed using the 



TABLE1. ENVIRONMENTAL CHARACTERISTICS SITESIN LAGOONS ECUADOR.AND ECOLOGICAL OF COLLECTION OF EASTERN In most cases, sampling extended 
from the shoreline or fringing vegetation to the depth indicated. Sampling length for tributaries refers to linear distance. 

Site 

Piedmont Region 

1. Lago Agrio 
2. Lago Agrio, Tributary I 
3. Lago Agrio, Tributary I1 
4. Mandurococha 
5. Limoncocha 
6. Limoncocha Tributary 
7. Aiiangucocha 

Lowland Region 

8. Grande de Cuyabeno 
9. Grande de Cuyabeno, Tributary 

10. Aucacocha I 
1 1. Aucacocha I1 
12. Canangueno 
13. Zancudococha I 
14. Zancudococha I1 
15. Lagartacocha 
16. Jatuncocha 
17. Jatuncocha, Tributary I 
18. Jatuncocha, Tributary I1 

Site 
description Shoreline 

clearwater forest 
clearwater swamp forest 
clearwater forest 
blackwater forest 
turbid forest 
clearwater forest 
dark swamp forest 

clearwater swamp forest 
clearwater swamp forest 
clearwater swamp forest 
clearwater swamp forest 
clearwater swamp forest 
blackwater forest 
blackwater forest 
blackwater swamp forest 
blackwater swamp forest 
blackwater swamp forest 
blackwater swamp forest 

Sampling method 

Sample Sample 
Altitude depth length

(m) (m) (m) 
Temp.

(c) 
Sam ling 

montkyear 

12m seine, gill nets 
rotenone 
frame net, 4m seine 
rotenone 
rotenone 
rotenone 
rotenone, frame net, hook and line 

rotenone, 12m seine, trawl, hook and line 
rotenone 
rotenone 
12m seine 
rotenone 
rotenone, 4m seine, gillnets 
rotenone, 4m seine, gillnets 
rotenone 
rotenone, 4m seine, hook and line 
rotenone 
rotenone 
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multivariate techniques of ordination (Detrend- 
ed Correspondence Analysis, DCA) and hier- 
archical classification (Two-way Indicator Spe- 
cies Analysis, TWINSPAN). DCA is an indirect 
gradient ordination method in which environ- 
mental gradients are inferred from the species 
composition data. DCA was developed as a mod- 
ification of Correspondence Analysis (CA) and 
did not produce the "arch effect" of CA and 
Principal Components Analysis (PCA) (Hill and 
Gauch, 1980). The  "arch effect" is a spurious 
second axis. a curvilinear function of the first 
axis, which can obscure a gradient or indicate 
one that does not exist (Gauch, 1982; Digby and 
Kempton, 1987). DCA reduces this curviline- 
arity; however, DCA may not show an arch even 
if an arch exists. Although some authors have 
discouraged using DCA (e.g., Wartenberg et al., 
1987; van Groenewoud, 1992), the advantages 
of simultaneous ordering of sites and species 
and better ordering of long gradients than PCA 
make DCA a useful and widely used ordination 
technique (Digby and Kempton, 1987; Peet et 
al., 1988; Palmer, 1993). In addition, the DCA 
axis units and standard deviations (SD) repre- 
sent species turnover along a gradient (Gauch, 
1982). For example, half turnover of species 
occurs at approximately 1 SD, and a full turn- 
over of species occurs in 4 SD. 

Species abundances were standardized by a 
log,,(n + 1) transformation, and all species that 
occurred as single specimens at only one loca- 
tion were removed. This standardization re-
duced the influence of both very abundant and 
very rare species. The use of DCA and TWIN- 
SPAN facilitated comparisons among lagoons, 
tributaries and published results for riverine 
sandy beach community patterns (Ibarra and 
Stewart. 1989). 

~lassificatioh techniques describe the struc- 
ture and relationship of groups of similar en- 
tities. For example, in a sites-by-species matrix, 
similar sites are placed together in groups, and 
similar groups are placed together, progres- 
sively incorporating all groups into a branched 
hierarchy. TWINSPAN is based on reciprocal 
averaging, and its advantages include classifi- 
cation of both samples and species, an arranged 
matrix and indicator species (Gauch, 1982). 
Jackknifing was employed to test the consisten- 
cy of the TWINSPAN results. The jackknifing 
procedure involved the sequential deletion of a 
site from TWINSPAN classifications and the 
calculation of percent persistence of clusters 
present at each node of the original dendro- 
gram. Percent persistence of clusters from the 
jackknifing procedure may also be defined as 
degree of consistency of the community groups. 

Estimationof diversity patterns.-Simpson's index 
of diversitv was used to measure alpha diversity. 
Simpson's index is an arithmetic mean of pro- 
portional abundances (Hill, 1973) which sums 
the probability that two randomly chosen in- 
dividuals are conspecific with respect to each 
species in the sample (Kikkawa and Anderson, 
1986). Equitability was calculated as the pro- 
portional abundance of each species to the total 
site diversity (Hill, 1973). Because richness ex- 
pressed as a.simple count of the number of spe- 
cies at each site may be strongly influenced by 
the number of individuals collected, we em-
ployed the rarefaction method (Simberloff, 
1972). Rarefaction normalizes species counts 
down to the smallest sample size of all study 
sites. Alpha diversity, species evenness, and 
richness were calculated as follows: 

Simpson's Diversity = N, = 1/ (p:), 

Evenness = N,/Nl. 

N, = exp( :-2 pilogepi1 
where p, is the proportional abundance of the 
ih species in a sample, and exp is the base of 
natural logarithms (Hill, 1973). 

Species Richness = E(S,) 

where E(S,) is the expected number of species 
in a sample of (n) individuals selected at random 
from a collection containing (N) individuals, (S) 
species, and (N,) individuals of the ich species 
(Hurlbert, 197 1). Employing the above for- 
mulas provides a basis for comparison of lagoon, 
tributary, and riverine sandy beach communi- 
ties (Ibarra and Stewart, 1989). Faunal turn- 
over, the extent of species replacement along 
environmental gradients (Whittaker, 1972), was 
calculated using percent similarity: 

Percent Similarity = 200 Z min ("Z--' . -IY Z )  
where Z is the total number of individuals in 
both sites, and Xj and Yj are the number of 
individuals of species j in samples X and Y. Per-
cent similarities were calculated for lagoon and 
tributary habitats separately. 

Sorensen's Coefficient of Community (CC) 
(Magurran, 1988) was used for comparisons be- 
tween lagoon, tributary, and sandy beach com- 
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Fig. 2. Detrended Correspondence Analysis (DCA) 
ordination of fish communities in the Napo River 
basin. The first DCA axis representing the altitudinal 
gradient had an Eigenvalue of 0.58 whereas the sec- 
ond DCA axis had an Eigenvalue of 0.32. (Numbers 
in the graph are site numbers, Fig. 1.) 

munities (Ibarra and Stewart, 1989) of the Napo 
River basin as well as with communities of the 
Rio Negro in Brazil (Goulding et al., 1988) and 
Apure River in Venezuela (Taphorn, 1992). 

2(no. of shared species) 
CC = 

no. of spp. for community 1 
+ no. of spp. for community 2 

Sorensen's similaritv coefficient measures the 
number of shared species and is a qualitative 
index measuring beta diversity (Magurran, 
1988). Therefore, communities that are iden- 
tical will have a CC equal to 1. 

Community patterns.-A total of 223 species 
within 123 genera was collected, of which 14% 
or 3 1 species were single individuals occurring 
at one site (Appendix). Results from the mul- 
tivariate analyses and hierarchical classification 
demonstrate community patterns that corre-
sponded with altitude and habitat. DCA ordi- 
nation (Fig. 2) revealed two primary clusters 
corresponding to the piedmont region, 235- 
295 m elevation, and the lowland region, 200- 
220 m. Ordination also revealed two subgroups 
within each lowland and piedmont cluster that 
corresponded to lagoon and tributary habitats. 
Tributary samples for the lowland lagoons 
Grande de Cuyabeno and Jatuncocha grouped 

LAG0 AGRIO, TR I(21 
LAG0 AGRIO. TR 11 (3)  
LIMONCOCHA,TR (61 
LAO0 AGRIO(I1 
MANDUROCOCHA (41 

61% 	 LFONCOCHA (51 
AVANGUCOCHA (7)r"c GR. CLWABENO. TR (9)  
JATUNCOCHA.TR 1(17) 

1 1 IATCWCOCHA. TR. I1 (18) 

lw% 	 AIJCACWHA IW 
AUCACOCHA 11(1 11 
CANANGLNO (121 

LAGARTACOCHA 115) 
JATUNCOCHA (16) 

. . . . 
2.5 	 2.0 1.5 1.0 0.5 0.0 


AVERAGE EUCLIDEAN DISTANCE 


Fig. 3. Classification of study sites into community 
types based on Two-Way Indicator Species Analysis 
(TWINSPAN). TWINSPAN dendrogram scaled by 
the average Euclidean distance in SD from DCA or- 
dination. (Numbers in parentheses are site numbers, 
Fig. 1.) 

together at extreme low values on DCA axis 1 
and the piedmont tributaries for lagoons Lago 
Agrio and Limoncocha clustered at the oppo- 
site end of the axis. T h e  DCA axis 2 separated 
the piedmont tributary and lagoon habitats but 
not the lowland tributary and lagoon habitats. 
DCA axis 3 did not produce an easily inter- 
preted pattern. 

T h e  classification of community types by 
TWINSPAN (Fig. 3; Appendix) revealed pat- 
terns similar to the DCA ordination-a ~ r i m a r v  

i 

dichotomy between lowland and piedmont 
regions and a secondary dichotomy between 
habitat type, tributary, and lagoon. Four com- 
munity types were present: (1) the lowland trib- 
utary group; (2) the lowland lagoon group; (3) 
the piedmont tributary group; and (4) the pied- 
mont lagoon group. Within the lowland lagoon 
group, two subgroups were present-the clear-
water lagoons of the ~ u y a b e n o  system (Auca- 
cocha, Canangueno, and Grande de  Cuyabeno) 
and the blackwater lagoons of the ~ ~ u a i i c o  Riv-
er (Lagartococha and Zancudococha). T h e  in- 
version at the piedmont lagoon node reflects a 
lower faunal similarity within the piedmont la- 
goon subgroup than within the undivided pied- 
mont group. Inversions commonly occut be- 
cause TWINSPAN scales data subgroups sep- 
arately and reflect the multidimensionality of 
data sets (Gauch and Whittaker, 198 1; Gauch, 
1982). 

Jackknifing analysis showed a high degree of 
consistency for the community groups with 
100% consistency of the piedmont and lowland 
altitudinal groupings. Within the altitudinal 
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Fig. 4. Species richness and expected number of 
species using rarefaction method of Simberloff (1 972). 
Expected number of species was calculated using the 
smallest sample size (1 37 individuals). Number in pa- 
renthesis is total individuals collected at each site, and 
site numbers correspond to those in Figure 1 .  

groups, lowland tributaries, piedmont tributar- 
ies, and lowland lagoons had 72% consistency 
of community groupings whereas the piedmont 
lagoons had 6 1 %. The separation of clear- and 
blackwater lowland lagoon subgroups was also 
suggested by a 61% integrity from the jack- 
knifing procedure. 

In addition, jackknifing results allowed ex- 
amination of consistency of sampling pairs for 
the tributaries to Jatuncocha and Lago Agrio 
and within lagoons Aucacocha and Zancudo- 
cocha. Consistency for sampling pairs for Ja- 
tuncocha and Lago Agrio tributaries and La- 
goon Zancudococha was 100%. The 75% con- 
sistency of the Lagoon Aucacocha sample pair 
can beexplained b; the first ~ucacochasam~le  
being taken at the outflow of the lagoon and 
not entirely within the lagoon proper as was the 
case with the second Aucacocha sample. 

Characterization of community types.-Lowland 
sites had a greater species richness than pied- 
mont sites, even with rarefaction down to the 
smallest sample size (Fig. 4), although species 
diversity and evenness were similar (Fig. 5). For 
example, a species-rich site such as the first Ja- 
tuncocha Tributary sample, with 20,037 indi- 
viduals and 72 species, was predicted to have 
only 20 species at the smallest sample size (1 37 
individuals). 

Overall a total of 35 families was collected, 
but more families were found in the lowland 
sites. Lowland tributaries had 25 and lowland 

Fig. 5. Simpson's diversity and evenness for trib- 
utary and lagoon study sites; site numbers correspond 
to those in Figure 1 .  

taries had 18 and piedmont lagoons 17 families. 
Characidae was the dominant familv of all four 
community types based on percent abundance 
calculated either as percent total individuals or 
percent total species per community type (Table 
2). Curimatids and cichlids composed the sec- 
ond or third most dominant families, depending 
on whether percent abundance was calculated 
from total individuals or total s~ecies. Collec- 
tion of field data did not include measurement 
of body mass; however, it is probable that the 
larger bodied curimatid and cichlid fishes would 
dominate biomass estimates for these lagoons. 

Community types were further characterized 
by the taxa that strongly influenced the TWIN- 
SPAN (Table 3; Appendix). Ubiquitous species 
such as Hemigrammus cf. lunatus, H. ocellqer, 
Gymnocorymbus thayeri, Aquidens tetramerus, and 
Crenicichla proteus, were excluded from Table 3 
because they did not contribute to the differ- 
entiation of community types. The TWIN- 
SPAN rankings of species per site demonstrated 
shifts in the dominant species along the altitu- 
dinal gradient. In addition, some species over- 
lapped among geographic regions and among 
habitats. Lowland tributaries were character- 
ized by Gasteropelecus sternicla, Carnegiella stri- 
gata, Hemigrammus microstomus, and H. bellotti. 
The species Apistogramma cruzi, Amblydoras han- 
cockii, Curimatopsis macrolepis, and Cyphocharax 
spiluropsis were common in both lowland trib- 
utaries and lowland lagoons. Lowland lagoons 
were characterized by seven species-Heros ap- 
pendiculatus, Satanoperca jurupari, Chiloduspunc- 
tutus, Hemigrammus cupreus, Megalamphodus 
sweglesi, Hyphessobrycon copelandi, and Moenkhau- 

lagoons 28 families, whereas piedmont tribu- sia dichroura. 
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TABLE2. ABUNDANCE THREE FAMILIES COMMUNITYPERCENT OF THE MOST DOMINANT WITHIN GROUPS 
DEFINED ANALYSES.BY MULTIVARIATE Percent abundances were calculated using total individuals and total 

number of species collected in community types. 

Characidae 

Community type R indiv. W species 

Lowland Tributaries 74.4 42.9 
Lowland Lagoons 59.8 42.8 
Piedmont Tributaries 55.4 44.8 
Piedmont Lagoons 68.3 46.8 

Lowland lagoon subgroups, the clearwater 
Cuyabeno and the blackwater Aguarico la-
goons, were not characterized by TWINSPAN 
high ranking species. However, Megalamphodus 
sweglesi and Hjphessobrjcon copelandi were dom- 
inant in the Cuyabeno lagoons and the tributary 
to lagoon Grande de Cuyabeno. Moenkhausia 
dichroura was characteristic of the lowland 
Aguarico and Napo River lagoons but was not 
found in any of the Cuyabeno system lagoons 
or tributaries. Other differentiating species 
within the Cuyabeno lagoons such as Apisto-
gramma cruri and Characidium boehlkei, and Hem-
igrammus microstomus were absent or rare from 
Lagartococha and Zancudococha. 

Compared to the large number of species that 
characterized lowland lagoons, few species 
characterized piedmont lagoons. Odontostilbe sp. 
A, Leporinus cf. granti, Steindachnerina guentheri, 
Ctenobrycon hauxwellianus, Aequidens tetramerus, 
and Crenicichla proteus characterized both pied- 
mont lagoons and tributaries. Tjttocharax sp. B 
and Gjmnotus carapo characterized piedmont 
tributaries. 

Faunal turnover.-Species turnover was inter- 
preted by several methods. First, the length of 
the first axis of the DCA ordination which rep- 
resents the longest environmental gradient also 
estimates faunal turnover. Second, the TWIN- 
SPAN dendrogram was scaled according to the 
mean standard deviations of the first DCA axis, 
estimating faunal turnover within and among 
community types. Finally, turnover rates were 
directly calculated as percent similarity among 
sites and community types. 

The  3.3 SD of first DCA axis (Fig. 2) repre- 
sents approximately a 90% faunal turnover 
among all the study sites. The  scaled TWIN- 
SPAN dendrogram (Fig. 3) revealed 50% faunal 
turnover among sites within each primary group 
(lowland and piedmont groupings) and an over- 
all 79% turnover among all community types. 

The  lowest percent similarity occurred be- 
tween lowland and piedmont lagoon sites within 

Curimatidae Cichlidae 

W indiv. 7% species 7% indiv. B species 

12.2 
17.7 
3.6 

14.6 

6.3 
11.0 

1.7 
11.3 

2.6 
12.5 
22.4 
11.4 

11.6 
9.7 

12.1 
8.1 

both Aguarico and Napo river drainages. 
Aguarico River lagoons Grande de Cuyabeno 
and Lago Agrio had a 3.5% faunal similarity 
and Napo River lagoons Jatuncocha and Aii- 
angucocha had 5.2% faunal similarity. Percent 
similarity between lowland and piedmont trib- 
utaries was also low, 0.4-1.1% for the lagoon 
tributaries of Lago Agrio and Grande de Cuy- 
abeno, and percent similarity was 1.2-3.3% for 
the lagoon tributaries of Jatuncocha and Li- 
moncocha. 

Degree of faunal overlap (Table 3; Appendix) 
was further examined as the degree of faunal 
similarity among all four community types. Fau- 
nal similarity between lagoon and tributary hab- 
itats was greater within the piedmont region 
than the lowland region. The  piedmont tribu- 
taries and lagoons had a 30.2% faunal similarity, 
whereas the lowland tributaries and lagoons had 
21.8% similarity. Within habitat types, lagoons 
had greater faunal similarity than tributaries. 
Piedmont and lowland lagoons had 23.5% sim- 
ilarity, whereas piedmont and lowland tributar- 
ies had only 5.95% similarity. 

Generic analysis.-The generic level DCA or- 
dination and TWINSPAN dendrogram pro- 
duced the same groups as did the species level 
analysis. However, the generic analysis revealed 
less separation among community groups and 
lower faunal turnover. In the DCA ordination, 
the first axis was only 2.7 SD, representing only 
an 83% faunal turnover compared to the 90% 
faunal turnover for the species level analyses. 
Few genera characterized community groups 
because most genera had widespread distribu- 
tions throughout the study area: however, broad 
generalities of generic distributions are possi- 
ble. The  percent abundance of genera changes 
from lowland to piedmont regions in a similar 
pattern as did the ranked dominant species in 
Table 3. Lowland sites had more characteristic 
genera because of the addition of genera from 
the piedmont to lowland sites. The  characid 
genera Hemzgrammus, Hj~phessobrjcon, and 



TABLE3. RANKED SPECIES AS PERCENT FOR EACH SPECIES; LESS THAN 1% ABUNDANCE.DOMINANT FROM TWINSPAN SHOWN TOTAL INDIVIDUALS * INDICATES 

Piedmont tributaries Piedmont lagoons Lowland lagoons Lowland tributaries 
Total 

Species 2 3 6 1 4 5 7 8 10 11 12 13 14 15 16 9 17 18 Indiv. 

Gosteropelecus sternicla * 87 7 4 142 
Cnrnegiella strigata * 29 61 8 426 
Hemigrammus microstomus * * * * 18 77 3 3706 
Hemigrammus bellotti * * * 3 93 3 10,465 
Apistogramma cruzi * 4 2 5 7 25 43 11 583 
Amblydoras hancockii 4 1 * * * * s o 49 14 633 
Mornkhausia sp. F 8 1 2 * 37 49 687 
Curimatopsis macrolepis 1 1 2 * * 1 1 13 77 1 1798 
Cjphocharax spiluropsis 7 4 1 1 4 * * * 19 4 35 12 2989 
Heros appendiculatus 11 * * 18 45 12 4 3 1 1 277 
Satanoperca jurupari 1 * * 14 21 2 26 33 * * 565 
Chilodus punctatus 3 1 3 4 3 * 1 7 5 2 1 1 4 1 3  223 
Hrmigrammus cupreus 1 6 6 8 2 5 * * 3 9 19 1 626 
Megalamphodus sweglesi 19 23 3 2 5 47 509 
Hjphessobrycon copelandi 53 1 22 * 1 2 1 894 
Mornkausia dichroura 5 71 1 1 20 832 
Odonstostilbe sp. A * * 1 73 21 2 * 263 
Leporinus cf. granti 3 17 31 3 9 5 * * 4 23 113 
Strindachnerina guentheri 18 3 51 * 25 * 203 
Ctenobrycon haumuellianus 4 14 14 48 13 * * * 2 2 * 995 
Gjmnotus carapo 93 3 * * 2 84 1 
Tjttocharax sp. B 24 37 38 214 

Sltes: 1. Lago Agrio; 2. Lago Agrio, Tributary I; 3. Lago Agrio, Tributary 11; 4. Mandurococha; 5. Limoncocha; 6. Limoncocha, Tributary; 7. Ariangucocha; 8. Grande de Cuyabeno; 9. Grande de Cuyabeno, 
Tributary; 10. Aucacocha 1; 11. Aucacocha 11; 12. Canangueno; 13. Zancudococha I; 14. Zancudococha 11; 15. Lagartacocha; 16. Jatuncocha; 17. Jatuncocha, Tributary I; 18. Jatuncocha, Tributary 11. 
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Moenkhausia were dominant throughout the 
lowland tributaries, lowland lagoons, and pied- 
mont tributaries. The  greatest species richness 
occurred in the characid genera Hemigrammus 
(9 spp.) and Moenkhausia (12 spp.) and the cur- 
imatid genus Cyphocharax (7 spp.; Appendix). 

Comparisons with other rommunities.-Compari- 
son of Napo basin sandy beach fishes with all 
lagoon plus tributary faunas combined revealed 
70 shared species (within 55 genera) out of 431 
species, corresponding to an intermediate So- 
rensen's Coefficient of Community, CC = 0.40. 
Sandy beaches shared a greater number of spe- 
cies with lowland tributary and lagoon com-
munities (CC = 0.22 for both) than with pied- 
mont tributary and lagoon communities (CC = 
0.16 for both). Characins dominated sandy 
beaches, lagoons, and tributary communities 
with a total of 36 shared characid species. Most 
of the shared species were numerically domi- 
nant either in the lagoons or the sandy beaches. 
For example, the genera Knodus and Creagrutus 
dominated the riverine sandy beaches (Ibarra 
and Stewart, 1989), whereas the characins '4s-
tyanax abramzs and '4, asjmmetrzcus and the lor- 
icariid Otocz?zcLussp. A were found primarily in 
lagoon tributary samples. 

Other differences between the sandy beach 
and lagoon communities were the dominance 
of siluriforms within the sandy beaches, where- 
as curimatids and cichlids dominated within la- 
goons. Only six curimatid species were collected 
in the sandy beaches; of these, Steindach?zeri?za 
guentherz and S, dobula had broad distributions 
in both white- and blackwater sandy beaches 
(Ibarra and Stewart, 1989; reported as S. ro-
bustula and nasa, respectively). 

Comparison between the Napo basin lagoon 
fauna and the Rio Negro fauna listed by Gould- 
ing et  al. (1988) revealed 82 shared genera and 
approximately 44 shared species out of 643. 
The  Napo and Negro had a generic CC = 0.55 
and a specific CC = 0.14. Results were equiva- 
lent when comparing the numerically dominant 
characiforms: generic CC = 0.57 and specific 
CC =0.15 out of 172 species. Similarity of char- 
aciforms between the Napo and the Apure Riv- 
er fauna listed by Taphorn (1992) was compa- 
rable to the Napo and Negro contrasts: 44 
shared genera and 28 shared species out of 138 
species, corresponding to a generic CC = 0.63 
and specific CC = 0.2 1. 

Although some of the shared characiform 
species such as Hoplzas malabarzcus, Pjrrhultna 
semzfasczata, Chzlodus punctatus, and lguanodectes 
sptlurus are broadly distributed throughout the 
Amazon basin, many of the shared species ap- 

pear to have patchy distributions. For example, 
Pyrrhulina semijasciata occurs predominantly in 
lowland tributaries of the Napo River but was 
also found in piedmont lagoons and lowland 
lagoons. Within the Rio Negro basin, Pyrrhulina 
semijkciata was found in flooded forest and is- 
land lake habitats. Slightly over 50% (54%) of 
the shared characiform genera of the Rio Ne- 
gro, Apure River and Napo River drainages 
occur in all three regions. Many of these shared 
genera are widely distributed (e.g., Curimata and 
Potamorhina) and speciose (e.g., Astjanax, Hem- 
igrammus, Hyphessobrjco?~, and Afoenkhausia). 

Commu?zitytypes.-Results from the multivariate 
analyses of ordination and classification suggest 
four community types defined by altitude (pied- 
mont vs lowland) and habitat (lagoon vs tribu- 
tary). Each of the four community types (low- 
land tributaries, lowland lagoons, piedmont 
tributaries, piedmont lagoons) was character- 
ized by a suite of dominant species. 

The  four community types were further sup- 
ported by the high consistency values of the 
jackknifing procedure applied to the TWIN- 
SPAN. In addition, the high consistency of the 
three sample pairs provided initial evidence that 
sampling methods were comparable between 
sites. In the fourth pair, the evidence was less 
clear. The  first ~ucacocha  sample was an out- 
flow sample and during the jackknifing analysis 
would sometimes switch to the lowland tribu- 
tary cluster. Although some variability in sam- 
pling gear existed between sites, the use of ro- 
tenone yielded consistent results for paired study 
sites. 

The  TWINSPAN further separated the low- 
land lagoon community into three subgroups: 
the clearwater Cuyabeno lagoons, the black- 
water lower Aguarico lagoons, and Laguna Ja- 
tuncocha. The  separation of Lagoon Jatunco- 
cha within the lowland lagoons was due to the 
large number of species collected and may re- 
flect, in part, the increased sampling effort for 
that site. Although the Cuyabeno clearwater 
and Aguarico blackwater lagoon subgroups had 
high persistence in the jackknifing analysis due 
to some differentiating species, the subgroups 
had approximately 50% faunal similarity. That 
level of faunal similarity is comparable to be- 
tween-site differences within our other com- 
munity groupings. Overall, clearwater and 
blackwater lowland lagoons seem to represent 
a single community type in contrast to studies 
of sandy beach assemblages of the Napo and 
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floodplain lagoons of the Orinoco River basin 
studied by Rodriquez and Lewis (1990, 1994). 

Sandy beach faunal assemblages were differ- 
entiated by water type (e.g., clear-, white-, and 
blackwater), rock substrata, and degree of slope 
(Ibarra and Stewart 1989). Orinoco floodplain 
lagoon assemblages were differentiated by wa- 
ter clarity: lagoons flooded by turbid whitewa- 
ter vs lagoons flooded by blackwater (Rodriguez 
and Lewis, 1990). Therefore, it is possible that 
the differences in water claritv between white- 
water and blackwater lagoons of the Orinoco 
were more pronounced than between clear- 
water and biackwater lowland lagoons of the 
Napo. However, Rodriquez and Lewis (1990, 
1994) did not include common small characids 
in their analysis. When the numerically domi- 
nant characids (the genera ~ e m i ~ r a m h u s ,  HJ-
phessobrjcon, and 1Moenkhausia) were removed 
from the TWINSPAN, a clear division of low- 
land clearwater and lowland blackwater lagoons 
emerged. Therefore, differences between the 
Napo and Orinoco lagoon analyses may, in part, 
be due to the many characid species found in 
both clearwater and blackwater lagoons. Dif- 
ferences in sampling and analysis methods be- 
tween this study and that of Rodriquez and Lew- 
is (1990, 1994) also make comparison of results 
difficult. 

Community patterns.-Lowland lagoons had 
greater species richness than piedmont lagoons, 
however, species diversity and evenness were 
similar between both habitat types. The  pattern 
of decreased species richness at higher altitude 
but unchanged diversity and evenness is similar 
to findings for riverine sandy beach communi- 
ties (Ibarra and Stewart, 1989). A number of 
factors may allow for higher species richness 
among the lowland habitats such as overall sur- 
face area, lagoon age, and flooding intensity. It 
is possible that the lowland lagoons experience 
greater flooding that increases their habitat area 
and diversitv. whereas environmental charac- 

8 '  

teristics of the piedmont habitats may be bar- 
riers for the dispersal of lowland species. Wi- 
nemiller (1990) attributed higher diversity in 
the Venezuelan llanos vs ~ i e d m o n t  streams to 
the greater seasonal variability and high pri- 
mary productivity during the wet season in the 
llanos. 

It is also important to discern the influence 
of local vs regional factors. For example, Jack- 
son and Harvey (1989) found that, for lakes 
within the Laurentian Great Lakes region, geo- 
logic history and thermal regimes may be im- 
portant in regional patterns of fish assemblages, 
but physical factors such as lake depth and pH 

may influence species composition within indi- 
vidual lakes. In addition, the degree to which 
species interactions influence community struc- 
ture should be investigated. As Hinch (1992) 
demonstrated for central Ontario lakes. varia- 
tion in predation pressure and food base may 
have the most influence on patterns of abun- 
dance. 

Faunal turnover.-The faunal turnover be-
tween lagoons along the altitudinal gradient was 
of comparable magnitude to that for riverine 
sandy beach faunas (Ibarra and Stewart, 1989). 

ow ever, the sandy beach study sites extended 
over approximately a 400 km gradient whereas 
the lagoon sites only extended over approxi- 
mately a 300 km gradient. The  greatest turn- 
over for the lagoons, measured from the dis- 
tance of the confluence of the Napo and Aguar- 
ico rivers, occurred between 100 km a n d  175 
km for the Napo River lagoons and between 
190 km and 250 km for the Aguarico basin 
lagoons. For the sandy beaches, the greatest 
change occurred further upriver between 250 
km and 280 km in both rivers, suggesting that 
different environmental factors mav be influ- 
encing the community structure of sandy beach 
and lagoon ichthyofaunas. 

Overall, faunal turnover among lagoon and 
tributary habitats corres~onded with differ-
ences in altitude. Faunal turnover among trib- 
utaries should be considered ~reliminarv be- 
cause only three piedmont and three lowland 
sites were analyzed. Sampling more sites along 
this gradient would improve resolution of where 
changes occur and environmental correlates of 
those changes. 

Comparisons with other communities.-The great-
est community similarity occurred between 
sandy beaches of the main rivers and lowland 
tributary communities. However, many shared 
species tended to be numerically dominant in 
only one habitat type, suggesting that, within 
the Napo basin, many species have habitat spe- 
cialization with irregular occurrences in other 
habitats. 

The  Napo and Rio Negro faunas both were 
characterized by high diversity values and large 
faunal turnover between sites. Rio Negro fish 
communities were hypothesized to be random 
and seasonal (Goulding et al., 1988). Many spe- 
cies seem to be adapted to migrating between 
a variety of habitats often with different envi- 
ronmental factors (Henderson, 1990; Lowe- 
McConnell, 1987) and dominant taxa (e.g., 
Ibarra and Stewart, 1989). Goulding et al. (1988) 
found only 34% of 450 species captured occur- 
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ring in only one habitat type, whereas 66% oc- 
curred in more than one habitat type. 

Implications for conservation, management, and re- 
search.-Even though the taxonomy and sys- 
tematics of neotropical fishes is still in flux, ini- 
tial assessment of local, regional, and continen- 
tal diversity patterns is vital for ongoing man- 
agement, conservation, and research efforts. 
Differences between the generic- and species- 
level analyses suggest that, for the purpose of 
rapid, regional comparisons, the generic level 
may be suitable. However, the species level of 
analysis is required for studies documenting fish 
diversity, distributional patterns, and for char- 
acterizing the dominant taxa. 

As with many ichthyological studies conduct- 
ed in the Amazon basin, this study and the re- 
lated sandy beach study (Ibarra and Stewart, 
1989) describe fish community structure during 
the dry season, a period of restricted habitat 
area. As tributary and lagoon water levels re- 
cede, the mobility and dispersal of fishes may 
decrease whereas competition and predation in- 
crease as habitat, food, and cover sites decrease. 
Seasonal changes in oxygen concentrations may 
also influence community composition via ef- 
fects on migration, habitat selection, and other 
behavior (Saint-Paul and Soares, 1987). 

We analyzed the distributions of species with- 
in lagoon and tributary habitats on a scale of 
20,000 km2. Community patterns similar to 
those reported here should be present along the 
Andes from Colombia and Venezuela to Bolivia 
and elsewhere around the margins of the Am- 
azon basin. We hypothesize that similar patterns 
will be found when other drainages are studied 
on a comparable scale. The  community patterns 
revealed by our multivariate analyses also need 
to be examined on finer geographic and tem- 
poral scales to identify ecological processes re- 
sponsible for those patterns. 

Future sampling should incorporate more 
replication of sampling within study sites to as- 
sist in interpretation of observed between-site 
differences. Seasonal sampling would deter-
mine not only the mobility of fish species (Hen- 
derson and Walker, 1990) but also the variation 
in community structure and its correlation with 
water level, chemistry, and flow. Information 
on life-history characteristics, ecology, and dis- 
tribution of each species is needed to under- 
stand how they have adapted to the dynamic 
flood regime and influence observed commu- 
nity patterns. In addition, attention should be 
paid to microhabitats that may serve as spawn- 
ing sites and nurseries, such as the blackwater 
litter banks (Henderson and Walker, 1990). 

Ecuador's Amazon region with its rich bio- 
diversity and Amerindian populations (between 
85,000 and 100,000) is currently experiencing 
increased environmental stresses from human 
population growth, immigration from the 
mountain and coastal regions, deforestation, and 
oil exploration (Hicks et al., 1989; Kimerling et 
al., 1993). Because these environmental stresses 
will impact both terrestrial species (e.g., Myers, 
1988) and aquatic species (Henderson, 1990) 
that feed on the seeds, fruits, and flowers of the 
rainforest (Goulding, 1980; Smith 198 l), the 
Ecuadorian Amazon deserves immediate atten- 
tion (Wilson, 1992). 

There are two faunal reserves and one na- 
tional park within the Napo River basin; how- 
ever, agricultural and industrial activities still 
affect ;he biota within these protected areas. 
Habitat degradation and oil spills associated with 
the installation of oil wells-and pipelines up- 
stream and inside the Yasuni National Park and 
the Cuyabeno Reserve have negatively impact- 
ed the local ecosystem (Kimerling et al., 1993). 
For example, within the Cuyabeno Reserve, re- 
cent changes in avifauna were documented as 
well as the relative extinction-proneness of in- 
sectivorous forest birds in areas of human pres- 
ence (Canaday, 199 1). This study has identified 
regional patterns of biodiversity that can be ap- 
d ied to management and conservation efforts. " 
Effective management and conservation of the 
N a ~ oRiver basin ichthvofauna will facilitate 
the sustainable uses of these valuable resources. 
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APPENDIX. TWINSPAN ORDERED MATRIX ABUNDANCES SITES. Numbers in parentheses are Field Museum of Natural History Site I.D. OF SPECIES PER STUDY 
Sites: 1. Lago Agrio (DJS83-84); 2. Lago Agrio, Tributary I (DJS83-83); 3. Lago Agrio, Tributary I1 (DJS83-85); 4. Mandurococha (DJS81-19); 5. Limoncocha 
(DJS81-38); 6. Limoncocha, Tributary (DJS83-39); 7. Afiangucocha (DJS81-49, -52); 8. Grande de Cu~abeno  (DJS83-21); 9. Grande de Cuyabeno, Tributary 
(DJS83-25, -26); 10. Aucacocha I (DJS83-27); 11. Aucacocha I1 (DJS83-28); 12. Canangueno (DJS83-24); 13. Zancudococha I (DJS83-59); 14. Zancudococha 
I1 (DJS83-60); 15. Lagartacocha (DJS83-62, -63); 16. Jatuncocha (DJS81-59); 17. Jatuncocha, Tributary I (DJS81-58); 18. Jatuncocha, Tributary 11 (DJS81- 

60). 

Study sites: 

Species 1 2 3 4 5 6 7 8 9 10 1 1  I2 13 I4 15 16 17 18 
- - - -  - - -  -

Myleus pacu - I - - - - - 1 5 - - - - -
Rzvulus cf. urophthalmus - - I - - - - - 1 0 - - -  - -  
Cjphocharax gouldzngz - -  - - -  - 34 - - 1 3 1 - -  
Moralesza tecttfera - - 1 - -  9 - 2 - 3 - 1 1 -
Ph~nacogaster pectznatus - -  - - 1 - 9 - 3 8 4 0 - - -  
H~mzgrammuscf. lunatus - 1 - 327 - - - 215 18 10 201 1 22 2 
Erythrznus erythrznus - -  - 1 - - - 1 6 1 - -  - -  
Pyrrhulzna semzfasczata - - 5 - -  - - 10 396 6 - -  - 4 
Cr~nzczchla anthurus - -  - I - - - - 2 6 - - -  - -  
Gasteropelecus sternzcla - -  - - -  1 - - 1 2 4 - - -  - -  
Carnegzella strzgata - 1 - - - - - -  1 2 7 - - -  - -  
Symbranchus marmoratus - - - - - - - - 2 - - -  - -  
Barzo stezndachnerz - - - - - - - - 2 - - -  - -  
Rhamphzchthys sp. - - - - - - - - 3 - - -  - -  
Parauchenzpterus cf. galpatus - - - - - - - - 3 - - -  - -  
Cyphocharax pantostzctos - - - - - - - - 4 - - -  - -  
Anczstrus sp. A - -  - - -  - - - - -  - -  - -  
Corydoras leopardus - - - - - - - - - - - - - -
Osteoglossum bzczrrhosum - - - - - - - - - - - - - -
Hopl~rythrznus unztaenzatus - - - - - - - - - - - - - - 
Gnathocharax stezndachnerz - - - - - - - - - - - - - - 
Boulengerella maculata - - - - - - - 1 - -  - -  - -  
Potamorrhaphzs guzanenszs - - - - - - - - 3 1 - -  - -  
Rhamdza sp. A - - - - - - - - - - - - - -
Corydoras trzlzneatus - - - - - - - - - - - - - -
Gymnotus coatesz - - - - - - - - 2 - - -  - -  
Cotydoras arcuatus 
Nannostomus margznatus 

-

-

-
-

-

-
-
-

-
-

-
-

-
-

- -
- 5 

-
-

- -
- -  

- - 
- -  



Study sltes: 

1 2 3 4 5 6 7 8 9 LO 1 1  12 19 14 15 16 17 18
Specles 

Astyanax anteroides 
cf. Megalamphodus 
Moenkhausia chrysargyrea 
Cjphocharax laticlavius 
Gladioglanis conquistador 
Thayeria obliqua 
Astyanax asymmetricus 
Otocinclus sp. A 
Characidium sp. C 
B ~ c o n e l l a  pallidfrons 
characin cf. Knodus 
Mrgalamphodus sp. 
Tridentopsis sp. 
Hemigrammus microstomus 
ChaetobranchusJavescens 
Hjpopygus lepturus 
Crenicara punctulatum 
Hrmigrammus unilineatus 
Hemigrammus bellotti 
Acanthodoras cataphractus 
Elachocharax pulcher 
Psrudanos himaculatus 
Lartacara jlavilabris 
Curimatella alburna 
characin cf. Moenkhausia sp. 
Trtragonopterus chalceus 
Apistogramma cruzi 
Avn blydoras hancockii 
Mornkhausia sp. F ,  lepidura 
Curimatopsis macrolepis 
Ochmacanthus sp. A 
Crrnicichla johanna 



Study sites: 


1 2 3 4 5 6 7 8 9 10 11 12 19 14 15 16 17 18
Species 

Heterocharax macrolepis 
Cyphocharax spiluropsis 
Charax gibbosus 
Hjdrolycus pectoralis 
Moenkhausia intermedia 
Pimelodella sp. F 
Lrporinus agassiri 
Cyphocharax notatus 
Acestrorhynchus heterolepis 
Triporthrus angulatus 
Anodus elongatus 
Lrporinus c f .  muyscorum 
Psrrtrogaster essequibensis 
Mornkhausia sp. A 
Pristobrycon sp. 
Potamotrygon sp. 
Rorboides c f .  thurni 
Anodus melanopogon 
Lrporinus niceforoi 
Strindachnerina dobula 
Aphyocharax sp. A 
Curimata cisandina 
Lyrengraulis batesii 
Triportheus elongatus 
Triportheus albus 
Potamorhina latior 
Acrstrorhynchus sp. 
Arapaima gigas 
Callichthys callichthys 
Mjlrus cf .  rubripinnis 
Mornkhausia sp. E 
Corydoras leucomelas 



Study sites: 

1 2 3 4 5 6 7 8 9 10 11 12 19 14 15 16 17 18Species 

Stpatogenys elegans 
Eig~nmanniacf. limbatus 
Eig~nmanniacf. virescens 
Ac~strorhynchusfalcirostris 
Scopaeocharax rhinodus 
M~tynnissp. B 
Mo~nkhausia lepidura 
Bryconops sp. C 
Tatia cf. intermedia 
Mpsonauta insignia 
Hjpsplecara temporalis 
H~migrammus cylindricus 
Curimata vittata 
Hpros appendiculatus 
Satanoperca jurupari 
Cichla monoculus 
Bryconops sp. A 
Chilodus punctatus 
Hj.ph~ssobryconcf. serpa~ 
H~migrammus cupreus 
Axplrodia stigmatias 
Hpmiodus unimaculatus 
Apistogramma sp. A 
Mo~nkhausia dichroura 
Potamotrygon motoro 
S~rrasalmussp. 
S~rrasalmuscf. rhomb~us 
Astronotus ocellatus 
Characidium boehlkei 
H~migrammus ocellqer 
Hoflias malabaricus 
Limatulichthys punctatus 
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Study sites: 

Species 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

Pirnplodella sp. A - - 2 - - 2 6 - - - - - - - - - - -
Sternopygus macrurus 
Astyanax fasciatus 
Astyanax cf.fasciatus 
Brachychalcinus nummus 
Leporinus cf.granti 
Steindachnerina guentheri 
Parodon pongoense 
Astyanax sp. - - - - - 2 - - - - - - - - - - - -

Hypostominae cf.Ancistrus - 3 1 - - - - - - - - - - - - - - -
Knodus sp. B - - 12 - - - - - - - - - - - - - - -

Hjpostomus sp. A 
Gymnotus carapo 
Astyanax abramis 
Tsttocharax sp. B 
~lrctrophoru; electricus 
Aequidens tetramerus 
Cr~niczchla proteus 

The following are rare species, single ind~viduals collected at only one site, included in all analyses except multivariate analyses of DCA ordination and TWINSPAN classification. Numbers in parentheses are 
study site locations. Laemolyla gamani  (16); Prorhilodus nigricam (7); Steindachnenna sp. C (13); Sfcindachncrina sp. D (13); Cynodon gibbus, (16); Accslroccphnlus boch1k.i (2); Aslyanax sp. A (17); Brycon mclanoplcrur (8); 
characin sfi. (17); C r e a p t u s  cf. beni (9): Crcagrufussp. C (2); Knodus beta motatanensts (2); Metynnrr sp. A. (16); Mocnkhausia mcgalops (17); Momkhnwia sp. (4); Mylossoma durivmlris (16); Scrrasalmus elongatus (13); 
Serrasalmus sp. (16); Tchagonoplcrus argenteus (15); Cenlromochlus heckelii (16); Pimelodella sp. G (2);Pimclodus cf. rig~dus(16); Corydoras ambianrs (17); Aslroblcpur sp. (2); A n m t w s  sp. B (15); Hyposfomus sp. C (13); 
Hypopornus sp. A (16); Rtuulus lrmoncochae (6); Rzuulus sp. ( 1  7): Crenicichla sedenlana (6); Semaprochilodus insignts (16). 
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