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Comparison of Deep-River and Adjacent Sandy-Beach Fish Assemblages
in the Napo River Basin, Eastern Ecuador

DONALD J. STEWART, MYRIAM IBARRA, AND RAMIRO BARRIGA-SALAZAR

We sampled fishes with a small trawl in the deep midchannel and with beach seines
on nearby sandy beaches at five sites along two parallel headwater tributaries of the
upper Amazon in Eastern Ecuador. We quantified ecological distance between fish as-
semblages of deep-river and beach habitats and compared assemblage composition,
species richness, and diversity. Results of detrended correspondence analyses (DCA)
and two-way indicator species analyses (TWINSPAN) clearly revealed the presence of a
striking faunal change (i.e., about 92% dissimilarity) between beach-zone and off-shore
fishes. The boundary between these assemblages occurred at about 2 m depth. Beach
samples collected as far apart as 325 km were more similar to each other than to trawl
samples taken only 10s of meters away. The beach-zone fish assemblage was strongly
dominated by small characins, whereas the deep-river habitat was dominated by catfishes
and weakly electric gymnotiforms. Apparent adaptations to deep-water habitats included
small size, flattened or elongated body, ventral mouths, reduced eyes, and sensory spe-
cializations for life in what may be a nearly light-less environment (e.g., chemo- and
electroreceptors). Visually oriented fishes and those dependent on algal or detrital foods
were mostly absent from the deep-river samples. We caught many more species along
the beaches, but after correcting for higher numbers of individuals collected in beach
habitats, species richness was not noticeably different between the two habitats. Species
diversity also averaged slightly higher for beach samples, but the difference was not
significant. We infer that the deep-river habitat was undersampled and that further effort
in the deep river would reveal the presence of many more species.

Muestreamos peces con una malla de rastra en el canal profundo del rı́o y con
redes playeras en las playas vecinas, en cinco sitios a lo largo de dos triburarios pa-
ralelos del Alto Amazonas en el Este del Ecuador. Quantificamos la distancia ecológica
entre ensamblajes de peces de las profundidades del rı́o y de los habitats de playa, y
comparamos la composición de esos ensamblajes, la riqueza de especies y la diversi-
dad. Los resultados de ‘detrended correspondence analyses (DCA)’ y ‘two-way indi-
cator species analyses (TWINSPAN)’ claramente revelaron la precencia de una mar-
kado cambio faunı́stico (i.e., cerca de 92% disimilarity) entre la zona de playa y los
peces del centro del rı́o. La barrera entre estos ensamblajes ocurrió a cerca de 2 m
de profundidad. Muestras de playa colectadas a distancias de hasta de 325 km fueron
más similares de unas a otras que a muestras de rastra tomadas a solo unas decenas
de metros de distancia. El ensamblaje de peces de playa fue markadamente dominado
por carácidos, mientras que el hábitat de aguas profundas fue dominado por bagres
y gimnotiformes débilmente eléctricos. Adaptaciones aparentes para los hábitats de
aguas profundas incluyeron tamaño pequeño, cuerpo aplastado o alargado, bocas ven-
trales, ojos reducidos, y especializaciones sensoriales para vivir el lo que problamente
es un ambiente casi completamente obscuro (e.g., quimo- y electroreceptores). Peces
visualmete orientados y aquellos que dependen de alga o detritus como alimento
estuvieron en su mayorı́a ausentes en las muestras de aguas profundas. Colectamos
más especies a lo largo de las playas, pero después de corregir por el número alto
de individuos, la riqueza especı́fica no fue notoriamente diferente entre estos dos
hábitats. El promedio da la diversidad especı́fica tambien fue un poco más alto en las
muestras de playa, pero la diferencia no fue significante. Inferimos que el hábitat de
aguas profundas no fue muestreado suficientement y que esfuezos futuros en aguas
profundas podrı́an revelar la presencia de muchas más especies.

FISH assemblages living in deep, midchannel
habitats of large tropical rivers are poorly

known. In the present context, such habitats are

defined as waters about 3 m or more in depth.
In Africa, Poll (1959) trawled over sandy-bottom
areas in Malebo Pool of the lower Zaire River
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and discovered a fish assemblage dominated by
bagrid catfishes and weakly electric mormyrids.
Roberts and Stewart (1976) explored the lower
Zaire River rapids at low water and found a
highly specialized fauna including five species
of blind fishes apparently adapted to live in in-
terstices or to burrow in the sediment. Samples
from the Zaire rapids mostly were taken among
rocks at depths less than 2 m, but those sites
were open to much deeper water and covered
by several more meters of water for all but a few
weeks each year. In South America, sampling
with trawls in deep channels of the lower Ori-
noco River revealed a diverse fish assemblage
dominated by catfishes and weakly electric
gymnotoid fishes (López-Rojas et al., 1984;
Lundberg et al., 1987, 1991). Most recently, J.
Lundberg and Brazilian colleagues have been
exploring the deeper channels of the middle
and lower Amazon basin, with trawl samples tak-
en at depths up to 50 m. Those trawl collections
have yielded some 240 species, also dominated
by catfishes and gymnotoids, and have included
blind fishes (Lundberg and Rapp Py-Daniel,
1994; Friel and Lundberg, 1996; Lundberg et
al., 1996; Cox Fernandes,1999). A common fea-
ture of all these studies on deep-river fishes is
that they report an unexpectedly diverse fauna
with many rare or new taxa (e.g., Lundberg et
al., 1996). Many of these fishes have unusual
morphological and physiological adaptations
such as reduction or loss of eyes and apparent
compensatory hypertrophy of other sensory
structures (e.g., Stewart, 1985a; Lundberg and
Rapp Py-Daniel, 1994).

Management of Amazonian fishes for sustain-
able harvest and conservation of biodiversity re-
quires knowledge of species distributions and
how they converge to form communities. The
Napo River basin is within an area of exception-
ally high diversity and endemism for many
groups of plants and animals (Prance, 1982).
Thus, it should be a priority area for conserva-
tion of Neotropical biodiversity. The Napo basin
also occupies a central position along the N–S
axis of the Andes, making it a suitable model
for community patterns and ecosytem processes
all along the Upper Amazon from Colombia to
Bolivia. More than 500 species of fish have been
reported from just the Ecuadorian portion of
that basin (Stewart et al., 1987; Ibarra and Stew-
art, 1989; Galacatos et al., 1996), and our recent
field studies have increased that number to
about 575 (Galacatos 2001; unpubl. data). This
high regional species richness of fishes may be
explained, in part, by marked habitat speciali-
zation of many of the taxa. For example, fish
assemblages associated with sandy beaches in

the Napo basin and elsewhere are dominated
by small characins (i.e., less than about 100 mm
SL; Ibarra and Stewart, 1989; Jepsen, 1997), and
lagoon assemblages are dominated by curima-
tids, cichlids, and small characins (Galacatos et
al., 1996; Silvano et al., 2000). The small char-
acins in lagoons, however, are nearly all differ-
ent species from those along the sandy beaches
of white-water rivers (Galacatos et al., 1996). In
marked contrast to those habitats, fishes sam-
pled with trawls in deeper, midriver channels
yielded many distinctive catfishes (e.g., Isbrüc-
ker and Nijssen, 1986; Stewart, 1985a,b, 1986)
and gymnotoids (e.g., Mago-Leccia et al., 1985;
Lundberg and Mago-Leccia, 1986) that appear
to be components of a highly specialized assem-
blage similar to that reported from the lower
Orinoco and middle to lower Amazon basins.
Objectives of this paper are (1) to quantify eco-
logical distance between fish assemblages of
deep-river and adjacent sandy-beach habitats in
the Napo basin; and (2) to compare assemblage
composition, species richness and diversity be-
tween those two habitats.

MATERIALS AND METHODS

Sampling.—All samples were collected in the dry
periods of September to November 1981, and
September to December 1983. The beach sam-
ples analyzed here were composites of several
seine hauls at a site near or adjacent to a deep-
water site and were part of a broader study of
beach-zone fishes (Ibarra and Stewart, 1989).
We also have included data from the beach at
Cuyabeno because that was the most compre-
hensive beach collection from the middle
reaches of the Aguarico River. We collected
samples from the offshore waters near the
beaches in depths ranging from 1.5 to about 8
m using a 4-m otter trawl with 3-mm mesh in
the wings and body. The cod end of the trawl
had a liner of nylon fly screen (1.5-mm mesh).
The trawl typically was pulled with a 12–15 m
long, flat-bottomed, metal riverboat using a rig-
ging similar to that reported by López-Rojas et
al. (1984). All tows were pulled in an upstream
direction because strong currents and abundant
snags made it dangerous to tow downstream. A
long rope with float was attached to the cod end
of the trawl to retrieve it from downstream
when it caught on the abundant woody snags.
Depth along each tow was monitored continu-
ously with a portable echosounder.

Collection sites (Fig. 1) and associated habitat
data are as follows: (1) Coca—Napo River,
about 10.7 km upstream from the bridge at
Puerto Francisco de Orellana (Coca), 0832.69S,
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Fig. 1. Location of sampling sites in the Napo Riv-
er basin of Eastern Ecuador for paired trawl and
beach seine samples. Cuyabeno site (6) was sampled
only with beach seine.

7782.99W, at 1.5–3 m depth; 21 September 1981;
(2) Añangu—Napo River near Añangu, in the
middle of the river, 4 tows at 0831.69S, 76824.09W
and 2 tows at 080.89S, 76824.09W, at 3–7 m
depth; 12 October 1981; (3) Tiputini—Tiputini
River at confluence with Napo River, 0848.99S,
75832.59W, at 3–7 m depth; 28 October 1981;
(4) Lagartococha—Aguarico River 1–2 km up-
stream from confluence with Lagartococha Riv-
er, 08389S, 758189W, at 1.5–6 m depth; 2 Novem-
ber 1983; (5) Zancudo—Aguarico River about
6 km downstream from Zancudo Military Camp,
0833S, 758 279W, at 2–7 m depth; 27 October
1983; and (6) Cuyabeno—Aguarico River near
Cuyabeno Military Camp and confluence with
Cuyabeno River, 0815.59S, 75853.59W, beach
seine only; 21–24 October 1983.

We preserved specimens in 10–12% formalin
and later transferred them to 75% ethanol. Col-
lections are deposited in the Field Museum of
Natural History, Chicago, Illinois, and Museo de
la Escuela Politécnica Nacional, Quito. We sort-
ed specimens to the species level and identified
as many taxa as possible. However, many taxa in
these collections are undescribed or belong to
genera lacking a recent revision so they are des-
ignated with a generic name and letter (e.g.,
Loricaria sp. A).

Analyses of community patterns.—Methods for
community analyses are those detailed in Ibarra
and Stewart (1989) and Galacatos et al. (1996).
A sites-by-species abundance matrix was ana-
lyzed using the multivariate techniques of ordi-
nation (detrended correspondence analysis,
DCA) and hierarchical classification (two-way
indicator species analysis, TWINSPAN; Gauch,
1982). We standardized abundances by a log10(n
1 1) transformation and applied a down-
weighting algorithm as recommended by Hill
and Gauch (1980). We used PC-ORD software
(Multivariate analysis of ecological data, vers.
2.03, McCune and Mefford, MjM Software, Gle-

neden Beach, OR, 1995, unpubl.) for DCA and
TWINSPAN. The importance of rare species was
deemphasized by removing species represented
at only one location. Calculation of between-
sample similarities in the ordination follows
Gauch (1973). A jackknifing procedure involv-
ing the sequential deletion of one site at a time
from the TWINSPAN was used to test the con-
sistency of the classification (Ibarra and Stewart,
1989). The percentage persistence of clusters
present at each node of the original dendro-
gram gives an indication of the classification ro-
bustness.

Estimation of diversity patterns.—For each site and
habitat, we evaluated species richness and diver-
sity (Ibarra and Stewart, 1989). Species richness
comparisons were done with normalized data
using rarefaction to the smallest sample (Sim-
berloff, 1972; using software of Krebs, 1989), be-
cause sampling efforts were not standardized.
We estimated diversity with the reciprocal of
Simpson’s index (Krebs, 1989). Pairwise com-
parisons of differences in richness and diversity
between the two habitats were made with rank
sum tests (i.e., Mann-Whitney U-test, exact per-
mutation test of Manly, 1991; implemented with
Statistix for windows, vers. 2.2, Analytical Soft-
ware, LaJolla, CA, 2000, unpubl.).

RESULTS

Faunal composition.—A total of 5078 specimens
were collected, 297 with the trawl and 4781 with
seines. Trawl samples yielded a total of 41 spe-
cies; from these, 20 were caught only in deep
waters, 21 were also found in the beach samples,
13 were collected only at one site, and six were
represented by a single fish (Appendix 1). The
beach samples adjacent to the deep-water col-
lection sites yielded 112 species, 90 were only
present in beach samples, 45 of those were pre-
sent at only one locality, and 26 were repre-
sented by a single specimen.

In the samples taken at depths greater than
2 m, the dominant forms were the siluriforms
with 66% of species and 64% of individuals, fol-
lowed by gymnotiforms with 21% of species and
34% of individuals; characiforms and pleuro-
nectiforms each had 6% of species and 1% of
individuals. In contrast, the most numerous fish
in the beach samples were the characiforms
with 47% of species and 81% of individuals. Si-
luriforms were 44% of species and 15% of in-
dividuals; the remaining 4% of individuals were
of the families Engraulidae, Rhamphichthyidae,
Sternopygidae, Belonidae, Aplocheilidae, Sciae-
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Fig. 2. DCA ordination of 11 samples of fishes col-
lected by trawling in midriver and by seining on ad-
jacent sandy beaches in the Napo and Aguarico River
basins. This ordination was based on a matrix of 74
species, excluding those present in only one sample
because the latter were uninformative about between-
site relationships (Appendix 1). Axis scales are in
units of average standard deviations of faunal turn-
over (Hill and Gauch, 1980). Site numbers corre-
spond to those in Figure 1.

Fig. 3. TWINSPAN dendrogram of the same 11
samples ordinated in Figure 2. The horizontal axis is
the average Euclidian distance in the DCA sample or-
dination (Gauch and Whittaker, 1981). The percent-
ages indicate persistence of a cluster after jackknifing.

nidae, Cichlidae, Achiridae, and Tetraodonti-
dae.

We observed marked contrasts in the com-
position of collections from deep water and
those from beaches. One difference was the low
number of individuals collected with the trawl.
Some of that difference could be the result of
a lower efficiency of the trawl, but it was also
apparent (from trawls taken closer to shore,
e.g., site 1 near Coca) that fish densities were
lower in deep water. The main difference, how-
ever, was the taxonomic composition of the sam-
ples (Appendix 1). The indicator species of
deep water habitats were the siluriforms—Xilip-
hius melanopterus, pimelodid sp. a, Megalonema
platycephalus and Apistoloricaria condei. The dom-
inant sandy beach species were small characins
less than about 100 mm SL (Ibarra and Stewart,
1989). Knodus victoriae septentrionale, K. cf. beta,
and Moenkhausia copei were present in all sites;
the former species comprised 36% of individu-
als caught with the seine.

Community patterns.—In the DCA analysis of 11
sites (Fig. 2), beach samples are tightly grouped
within 1.2 SD at the left end of the axis. All
beach samples except Lagartococha were more
than 92% similar among themselves. Lagarto-
cocha had 67% similarity to its nearest neigh-

bor. These samples were similar to each other
even though they were collected in sites sepa-
rated by at least 30 km and as much as 325 km
by river. Next along this gradient is the Coca
trawl sample. Most specimens of that sample
were collected in water less than 2 m deep, and
the sample was dominated by species character-
istic of sandy beaches. The positions of trawl
samples at the right side of the graph demon-
strate that they were more similar among them-
selves, regardless of the geographic location of
the site, than they are to their adjacent beach
samples. The wider distribution of deep-water
samples along 2.7 SD indicates that the trawl
cluster is less uniform than that for the beach.
The higher variability in the composition of the
trawl tows is probably the result of small sample
sizes. The length of the second axis was only 1.4
SD That axis does not seem to be associated
with environmental gradients but apparently re-
flects the effects of sample size on estimated
species composition, because the smallest beach
samples are at the extremes of the axis.

The classification of samples with TWINSPAN
produced two clusters that are about 90% dif-
ferent (Fig. 3); a Euclidean distance of 4.0
would represent 100% change (Gauch, 1982).
The jackknifing analysis revealed 92% consis-
tency of the primary dichotomy. The first clus-
ter includes the beach samples plus the shallow
Coca trawl. The second cluster groups the trawl
samples except for that from Coca. The base
level of differences between sites within each
cluster is about 1.0 SD (6 approximately 0.3),
which represents about a 50% change in com-
position. The lowest within-cluster distances
were among the beach sites (Fig. 3).
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Fig. 4. Comparison of species richness between
deep-river (grey bars) and sandy-beach (white bars)
habitats in the Napo and Aguarico River basins. Rich-
ness was expressed as total number of species collect-
ed at a site; expected number of species (striped bars)
was based on rarefaction standardization to the small-
est sample size (n 5 36 individuals). Site numbers on
the bars correspond to those in Figure 1.

Fig. 5. Comparison of Simpson’s diversity indices
between deep-river (black bars) and sandy-beach
(white bars) habitats in the Napo River basin. Site
numbers correspond to those in Figure 1.

Species richness and diversity.—The raw data for
species richness indicated significantly higher
values for the beach samples (Fig. 4; Mann-
Whitney U-test, exact permutation test, P 5
0.002). After rarefaction, species richness values
for sandy-beach assemblages and neighboring
deep-water assemblages were similar (Mann-
Whitney U-test, P 5 0.087). These results pro-
vide a clear example of the effects of sample
size, expressed as number of individuals, on es-
timates of species richness. Simpson’s diversity
averaged slightly higher near beaches than in
deep waters (Fig. 5), but that difference was not
statistically significant (Mann-Whitney U-test, p
5 0.31). At a given site on the white-water main-
stream, the specialized deep-river fishes com-
prised about 17–25% of the total species rich-
ness (i.e., of beach and deep-channel fishes
combined).

Morphological patterns.—As noted above, the ma-
jority of the deep-river fishes were weakly elec-
tric fishes and catfishes. Thus, it is clear that the
deep-river assemblage is characterized by fishes
that can find their prey using electro- or che-
moreceptors and that fishes dependent upon vi-
sion for feeding or social interactions are largely
absent. Some of the catfishes have numerous or
elaborately branched barbels, and most of them
have small eyes or, at least, eyes without a free
orbital rim. Many of the deep-river fishes that
we caught had small, strongly flattened or elon-
gate body forms, suggesting adaptations to life
in the boundary layer at the bottom or perhaps
to burrowing into the substrate. Relatively little
is known about energy sources for the deep-riv-
er fishes of the Napo, but most of the fishes

collected there have small, conical teeth and
many of them have subterminal to ventral
mouths. These features suggest a dependence
on benthic or allochthonous micro- and macro-
invertebrates, but the gymnotiod genus Rhab-
dolichops, at least, feeds on pelagic zooplankon
(Lundberg et al., 1987).

Most of the characins that were collected in
trawls were taken near beaches in water less
than about 2 m (i.e., upstream from Coca and
one of the tows near Lagartococha). Catfishes
with relatively larger eyes and free orbital rims
(e.g., Pimelodella spp.) were taken primarily in
those same shallow trawl samples and, like the
characins, were typical of the beach assemblage.
Notably absent from the deep-river were fishes
known to depend on periphyton or detritus, for
example Prochilodus, various curimatids, and
genera of the loricariid subfamily Hypostomi-
nae.

DISCUSSION

Community structure.—Community analysis re-
veals one distinct fish assemblage associated
with the shallow waters adjacent to sandy beach-
es and a second, benthic assemblage associated
with waters deeper than 2 m. The sandy-beach
community is practically unchanged along the
325 km of river studied as indicated by the high
similarity among the beach samples (Figs. 2–3).
Our deep-water samples, in contrast, are not as
homogeneous a group as shown by the separa-
tion of trawl samples along the first DCA axis.
That heterogeneity is at least in part a result of
the small sample sizes, perhaps combined with
patchy distributions. High variability among
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trawl tows is an indication of the extremely high
diversity of tropical deep waters (Lundberg et
al., 1996). Our comparison of species richness
after rarefaction suggests that the number of
species in the deep-water habitat could be com-
parable to that of the beach samples for a given
number of individuals. In other words, further
exploration of deep-river channels of the Napo
basin would probably more that double the spe-
cies richness for that habitat. Larger samples at
each site should reveal a more uniform assem-
blage among areas. Extensive sampling in la-
goon and small-stream habitats of the Napo ba-
sin over the past 20 years (e.g., Galacatos et al.,
1996; and unpubl. data) gives us added confi-
dence that what we consider deep-river fishes
are largely restricted to that habitat.

The deep-water assemblage described in this
paper was sampled in the dry season. It is pos-
sible that some upstream migrants are added to
this assemblage when many species migrate up-
stream to spawn (e.g., Winemiller and Jepsen,
1998). Also, the larvae of some migratory cat-
fishes and characoids may use the deep chan-
nels to move from spawning sites in the upper
Amazon to nursery sites farther downstream in
Perú and Brazil (e.g., Barthem et al., 1991; Bart-
hem and Goulding, 1997; Araujo-Lima and Oli-
veira, 1998). Recent sampling for pelagic larval
fishes in the mainstream of the Napo River in
Ecuador revealed the presence of abundant cat-
fishes and characins drifting downstream at
rates of over 100 km · d21 (unpubl. data).

Our perspective of the deep-river and sandy-
beach assemblages is strongly influenced by
abundances of small-sized fishes that cannot
out-swim our trawls and seines. Supplemental
sampling with hook and line and gillnets has
revealed the presence of various species of
large-sized catfishes (i.e., . 50 cm SL), espe-
cially pimelodids like Brachyplatystoma spp. and
Goslinea. Our observations indicate that many of
those big fishes avoid shallow water, so their in-
clusion in our analyses would reinforce our ba-
sic conclusions about community patterns. The
larger Neotropical rivers also may have an off-
shore pelagic assemblage, but to date, that di-
mension remains largely unstudied (except for
studies on larvae).

Species richness along a river gradient gen-
erally increases downstream because of the ad-
dition of deeper habitats (Sheldon, 1968;
Schlooser, 1987; Rahel and Hubert 1991). In
lower reaches of large rivers like the Amazon,
floodplains, flooded forests, and sharp pH gra-
dients add further complexity (Ibarra and Stew-
art, 1989; Sedell et al., 1989; Saint-Paul et al.,
2000). In smaller rivers of French Guiana, fish

species richness increased with increasing hab-
itat complexity regardless of stream size at a site
(Mérigoux et al., 1998). Increased water depth
results in greater habitat diversity in a large
white-water river like the Napo because a nearly
light-less habitat is added when turbidity and
depths are sufficient. The same applies to lakes
throughout the world that are deep enough to
stratify, but in the case of deep lakes, both light
and temperature contribute to vertical segrega-
tion of fish assemblages. In the Ecuadorian
Napo River basin, habitat partitioning at 2–3 m
depth in sandy river channels notably increases
alpha diversity of sites below 250 m altitude.
Some species of the deep-river assemblage may
occur upriver from the 250 m altitudinal con-
tour, but abundant rocks and logs makes sam-
pling them extremely difficult. López-Rojas et
al. (1986) suggested that vertical habitat parti-
tioning occurs in the main channels in the low-
er Orinoco River; however, precise depths for
transitions and supporting analyses were not
presented. An analysis of 40 species of electric
fishes taken in trawls at depths of 2–40 m in the
Brazilian Amazon revealed the presence of two
assemblages (Cox Fernandes 1999). Whitewater
habitats were dominated by apteronotids,
whereas lower reaches of black and clearwater
tributaries were dominated by sternopygids.
Cox Fernandes (1999) also noted that the ster-
nopygids tended to prefer shallower water than
the apteronotids. In the reaches of the Napo
and Aguarico Rivers that we sampled, we did
not find any sites deeper than 10 m during the
dry season. Even though we attribute commu-
nity changes to changes in water depth, depth
may be simply a correlate of the key variables
structuring river communities. Light penetra-
tion and velocity of the current may be the ul-
timate factors influencing the evolution of mor-
phologically similar assemblages adapted to the
deep waters and the rocky rapids of large rivers
(e.g., Roberts and Stewart, 1976).

Habitat partitioning of fishes (e.g., Gorman
and Karr, 1978; Watson and Balon, 1984) is ev-
ident when comparing paired samples from
beach and adjacent deep water. All beach sam-
ples were noticeably different from trawl sam-
ples. At Anangu and Zancudo, that dissimilarity
was 98%. The dissimilarity for the Coca and La-
gartococha pairs was lower, 67% and 66%, re-
spectively. In the latter two sites, at least one
trawl was pulled at depths as shallow as 1.5 m.
Moreover, near Lagartococha, the beach sam-
ples were taken after a rain event that resulted
in high water levels. Deep-water dwellers may
move near shore to avoid increased water veloc-
ities during floods (e.g., Apistoloricaria and Me-
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galonema in the Lagartococha beach sample, Ap-
pendix 1). Many of the smaller taxa in the deep
channel appear to be adapted to living in the
boundary layer or to burrowing in the surficial
sediments so, once displaced up into the water
column, they may not be able to swim against
the strong currents. On one occasion, we ob-
served a 4-m rise in water level during a 24-h
period; water level can fall almost as fast after
the flood crest passes. Thus, the boundary be-
tween beach and offshore assemblages could
move laterally, depending on slope of the bot-
tom and flow conditions of the river.

Morphological adaptations.—Adaptations to deep-
water habitats include small size, flattened or
elongated body, ventral mouths, and reduced
eyes (Roberts and Stewart, 1976; Lundberg and
Rapp Py-Daniel, 1994). Independent evolution
of these traits is taxonomically widespread and
appears in fishes living in deep-river channels
and in rocky rapids of large rivers. We have mea-
sured surface currents in the midchannel that
exceed 1 m 3 s21, but the small and flattened
fishes may be using a boundary-layer microhab-
itat near the bottom where currents would be
considerably less. Because light is extremely
faint or absent in the deep-river channels (pers.
obs. by DJS while diving), there is a strong ten-
dency for reduction of eyes. As with cave fishes,
the absence of light would lead to a relaxation
of selection pressures favoring large eyes and
associated skin pigmentation (Lundberg and
Rap Py-Daniel, 1994). Ryder and Pesendorfer
(1989) also suggested that eyes of fishes in tur-
bid rivers might be reduced as a protection
against suspended particles. Fishes that burrow
into the substrate could be subjected to addi-
tional selection pressures for reduced eyes re-
sulting from abrasion effects similar to those af-
fecting burrowing terrestrial vertebrates. Reduc-
tion of eyes is often compensated by enhance-
ment of other sensory organs that probably
replace vision for finding food. For example, Xi-
liphius spp., Ernstichthys intonsus, and Apistolori-
caria condei have numerous ventral barbels
(Stewart, 1985a; Isbrücker and Nijssen, 1986).
Bathycetopsis oliveirai has enlarged olfactory or-
gans, and some catfishes may have electrosen-
sory capabilities (Lundberg and Rap Py-Daniel,
1994). The African mormyrids and Neotropical
gymnotiforms have electric organs and surpris-
ingly convergent morphologies for feeding on
invertebrates (Winemiller and Adite, 1997).
Some fishes also might use tactile recptors or
the acoustico-lateralis system (e.g., achirids).
Catfishes and weakly electric fishes are typically
nocturnal; thus, in many cases, they may have

been pre-adapted to living at depth with little
or no light.

Conservation and management.—The extent to
which the deep-river fish community of the
Napo differs from similar assemblages farther
downstream in Perú, Brazil or elsewhere is un-
known. At least some of the species collected in
our trawl samples have been collected several
hundred kilometers downstream and even in
deep channels of the Orinoco River basin. If the
Napo assemblage is an upriver extension of a
broadly distributed deep-river assemblage, then
local disturbances will not lead to species ex-
tinctions. It is possible that some of the deep-
river fishes are restricted to the Napo basin, but
it will be many years before we completely know
the Napo basin fish fauna and full distribution
patterns of component species. Nonetheless, it
is not too early to consider conservation mea-
sures.

Our conclusion that the deep-river channels
of the Napo River basin harbor a specialized
fish assemblage that is distinct from other fish
communities in Ecuador has important impli-
cations. Several areas in the Ecuadorian Napo
have been set aside as National Parks or faunal
reserves, at least in part, to protect and con-
serve biodiversity. The deep-river channels gen-
erally have been used as boundaries to those
protected areas so the deep-river communities
may not be specifically included. This situation
closely parallels that for the lowland whitewater
assemblage of sandy-beach fishes (Ibarra and
Stewart, 1989). Generally, the large whitewater
rivers like the Napo and Aguarico extend well
upstream from the protected areas so the deep-
river habitats are vulnerable to human distur-
bances upstream. Such disturbances may in-
clude siltation related to deforestation, dam
construction, nutrient loading, oil spills, or dis-
charge of toxic chemicals (e.g., Smith, 1985; Ki-
merling et al., 1993; Allan and Flecker, 1993).
Pesticides used in intensive agricultural systems
like that for oil palm might also be a problem.
If migratory fishes of commercial importance
spawn in these river channels, then habitat deg-
radation might adversely affect future harvests
in Ecuador, Perú and Brazil (Barthem and
Goulding 1997). If many of the fishes are bur-
rowing into the substrate or otherwise in inti-
mate contact with the sediment, then their con-
servation depends, in part, on maintaining the
substrate in its natural state. For these reasons,
the Napo and other Amazonian headwater sys-
tems need to be managed as watersheds with
careful attention to downstream effects of de-
velopment activities.
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