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Abstract: Amazonian fish assemblages are typically high in species diversity and trophic complexity. Stable
isotopes are valuable tools to describe the trophic structure of such assemblages, providing useful information
for conservation and ecological management. This study aimed at estimating the relative contribution of the dif-
ferent basal carbon sources to the diet of primary consumer fishes (herbivores and detritivores), and determining
the trophic position (TP) of the dominant fishes from each trophic guild (herbivores, detritivores, invertivores
and piscivores). For this purpose we analyzed stable isotope ratios of carbon (8'3C) and nitrogen (5'°N) in
potential food sources, and muscle tissue of fishes in five oxbow lakes located in the floodplain of River Ichilo,
Bolivia. Terrestrial plants and C; aquatic macrophytes were the major carbon source contributing to the diet of
herbivorous fishes, whereas particulate organic matter (POM) contributed more to the diet of detritivore fishes.
In general, C, aquatic macrophytes contributed little to the diet of herbivores and detritivores. However, we
found a relatively high contribution of C, macrophytes (28 %) to the diet of the herbivores Mylossoma duri-
ventre and Schizodon fasciatus. We found a good agreement between our estimated TP values and the trophic
group assigned based on diet composition from literature. The herbivore M. duriventre was at the bottom of the
food web, being the baseline organism (TP = 2). The remaining primary consumers (herbivores and algivore/
detritivores) exhibited relatively high TP values (2.3-2.9), probably due to their opportunistic feeding behavior.
Omnivore/invertivore species studied displayed TP values near the 3.0 value expected for secondary consumers.
Piscivore fishes were at the top TP, with TP values varying from 3.3 (Serrasalmus spilopleura and Serrasalmus
rhombeus) to 3.8 (Pseudoplatystoma fasciatum). The fact that detritivore fishes, the most abundant food source
for piscivores, occupy relatively high TPs determines that food chains in these particular Amazonian floodplains
are longer than previously thought. Rev. Biol. Trop. 66(3): 1258-1271. Epub 2018 September 01.
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Food web studies are fundamental for
ecological research. Description of food web
structure provides information on carbon and
nutrients flux, connectivity and food chain
length (Abrantes, Barnett, & Bouillon, 2014).
This information is extremely useful for con-
servation and ecological management, as indi-
cators of productivity (Thébault & Loreau,
2003), ecosystem perturbation (Cucherous-
set, Bouletreau, Martino, Roussel, & Santoul,
2012; McMeans, Rooney, Arts, & Fisk, 2013;
Busst & Britton, 2017), and contaminant bio-
magnification (Pouilly et al., 2013; Marshall ,
Forsberg, & Peleja, 2016).
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Amazonian fish assemblages present high
taxonomic diversity and trophic complexity
(Jepsen & Winemiller, 2002), comprising sev-
eral trophic guilds from primary consumers
to carnivore species. The trophic structure of
such assemblages is better described assign-
ing organisms a continuous measure of trophic
position (Vander-Zanden & Rasmussen, 1999).
Quantitative gut content data of fish stomachs
can provide detailed information on fish diets
but are difficult to collect. Moreover, they
represent only recently ingested food, contain
a fraction of unidentifiable biomass and may
include a fraction that is not digestible (Gu,
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Schelske, & Hoyer, 1997; Manetta, Benedito-
Cecilio, & Martinelli, 2003). Stable carbon and
nitrogen isotope ratios (3'3C and §'°N, respec-
tively) integrate temporal and spatial variation
in feeding and reflect the materials that have
been actually incorporated into animal tissue
(Fry, 20006). Thus, stable isotopes of carbon and
nitrogen have been extensively used to identify
carbon sources and assess trophic structure
in freshwater food webs during the last two
decades (Post, 2002; Herwig, Soluk, Dettmers,
& Wahl, 2004; Coat, Monti, Bouchon, & Lep-
oint, 2009; Abrantes et al., 2014).

Pioneer works of Hamilton, Lewis Jr., and
Sippel (1992) and Forsberg, Martinelli, Victoria,
and Bonassi (1993) in neotropical freshwaters
utilized stable isotope data for identifying the
autotrophic carbon sources for aquatic animals
in the Orinoco River and Amazon River basins,
respectively. Since then, food web structure of
aquatic ecosystems in the Parana (Wantzen, de
Arruda-Machado, Voss, Boriss, & Junk, 2002;
Manetta et al., 2003; Lopes, Benedito, & Mar-
tinelli, 2009; de Carvalho, de Castro, Callisto,
Moreira, & Pompeu, 2017), Orinoco (Lewis
Jr., Hamilton, Rodriguez, Saunders III, & Lasi,
2001; Jepsen & Winemiller, 2002) and Amazon
basins (Leite, Aratjo-Lima, Victoria, & Marti-
nelli, 2002; Pouilly et al., 2013; Mortillaro et
al., 2015) have been studied using '3C and °N
stable isotopes.

Nevertheless, the knowledge on food web
structure of neotropical floodplains is frag-
mented and little attention has been paid to
study the upper Amazon basin. Due to their
proximity to headwaters of the Andes Moun-
tain Range, rivers on the Southwestern side of
the Amazon basin feature a polymodal hydro-
logical cycle, with numerous peaks caused by
local precipitation and extremely short flooding
periods compared to those from the central
and lower Amazon (Rejas, 2004; Maldonado,
Goitia, & Rejas, 2005). Since the flood pulse
is the driving force responsible for the produc-
tivity and interactions in floodplain systems
(Junk, Bayley, & Sparks, 1989), carbon sources
for fishes on the lower trophic level may

differ, as well as trophic position of fishes from
different guilds.

Therefore, the study aimed at: 1) estimat-
ing the relative contribution of the different
basal carbon sources to the diet of primary
consumer fish species, and 2) determining the
trophic position of the dominant fishes from
each guild (herbivores, detritivores, inverti-
vores and piscivores).

MATERIALS AND METHODS

We collected samples from five oxbow
lakes located in the floodplain of River Ichilo,
Bolivia (between 16°16°12” - 16°49°48” S &
64°37°48” - 64°48°00” W; 170 - 200 m.a.s.1.;
Fig. 1). The climate in the region is tropical,
with mean annual temperatures exceeding 25
°C and annual average precipitations between
2000 and 2500 mm. Ichilo is a white water
river, characterized by high loads of suspended
sediments and low transparence (Sioli, 1984).
It presents a polymodal hydrological cycle,
with numerous peaks caused by local pre-
cipitation (Rejas, Muylaert, & De Meester,
2005). Floodplain lakes of white-water rivers
or “varzea lakes” are abundant in the floodplain
of river Ichilo, and are linked to the main chan-
nel of the river during the annual high water
period. Lakes were selected based on acces-
sibility, since they are very similar in terms of
morphology, physical and chemical character-
istics, and fish species composition (Carvajal
& Maldonado, 2005).

These lakes are surrounded by a dense
rainforest that supplies large amounts of alloch-
thonous organic matter. Aquatic macrophytes
are present in all sampled lakes, covering at
most 20 % of the surface. The C, West Indian
marsh grass (Hymenachne amplexicaulis) is the
dominant species (70-80 %), with the remain-
ing coverage consisting of variable proportions
of the C,-grass Water paspalum (Paspalum
repens) and C, macrophytes: Water hyacinth
(Eichhornia crassipes), Water lettuce (Pistia
stratioides), Polygonum sp. and Cyperus sp.

We took samples and collected fishes dur-
ing the low water season (August-October) in
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Fig. 1. The study sites, showing Bolivia in South America and the study area in Bolivia. Sampled lakes are marked in black.

2001, 2002, 2011 and 2012. At this period of
the year, the lakes have been isolated from the
river for at least four months, preventing us
from sampling recently arrived migrants. We
captured fishes with gillnets having knot-to-
knot distances of 10, 20, 30, 40 and 60 mm.
Muscle tissue was taken from the dorsal part
of each fish. Large species (Pseudoplatys-
toma fasciatum, Pseudoplatystoma tigrinum
and Colossoma macropomum) were sampled
in situ from individuals captured by profes-
sional fishermen. Only adult individuals were
sampled to obtain an isotopic signature that is
representative of their diet over long periods of
time (Post, 2002).

We sampled basal carbon sources: C; and
C, aquatic macrophytes (all taxa mentioned
above), terrestrial plants from the surrounding
rainforest (Ficus, Inga, Spondias, and several

other arboreal taxa), leaf litter from the bot-
tom of the lake, and particulate organic mat-
ter (POM) as a surrogate for phytoplankton.
All plant material was rinsed with deionised
water. POM samples were collected integrat-
ing water from the upper 1.5 m of the water
column, screened through 20-pm mesh, and
filtered onto precombusted glassfibre What-
man GF/F filters. All samples were placed in
crio-vials, stored frozen and transported to the
laboratory. Samples were thawed, dehydrated
and grounded to a fine powder. Approximately
1 mg of dry sample material was packed into
tin capsules. Measurements of 6'3C and 6'°N
were performed at the Laboratory of Analytical
and Environmental Chemistry (VUB, Belgium;
samples collected in 2001 and 2002) and at the
UC Davis Stable Isotope Facility laboratory
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(University of California, Davis, USA; samples
collected in 2011 and 2012).

Stable isotope ratios are reported in parts
per thousand (%o) relative to international stan-
dards: Pee Dee belemnite (PDB) for carbon
and atmospheric N for nitrogen. Isotope ratios
are defined as:

8"N or 8"°C = (M—IJMO}
s tan dard
Where R = BN/"N or 3C/'2C (Jepsen & Win-
emiller, 2002).

For all carbon sources, and fish species
with at least three samples for each sampling
campaign (Potamorhina altamazonica, Prochi-
lodus nigricans and Pygocentrus nattereri), we
tested for differences in the dual isotopic signal
of 8'3C and 8'°N between sampling campaigns
(2001/2002 and 2011/2012) with a K-nearest
neighbor randomization test (Rosing, Ben-
David, & Barry, 1998). We found no significant
differences; therefore, data from both sampling
campaigns were pooled together. Mixing mod-
els require that all sources are significantly
different in bivariate space; we employed a
K-nearest neighbor randomization test (Rosing
et al., 1998). Groups that did not show signifi-
cant differences were combined (Matsubayashi
et al., 2015).

We estimated the relative contribution
of each basal carbon source to the isotopic
signal of primary consumer fish species (her-
bivores and detritivores; see species guilds in
Table 1) applying a Bayesian mixing model
(SIAR R-package) (Parnell, Inger, Bearhop,
& Jackson, 2010). Mean isotope fractionation
values were set to 1.3 (SD = 0.3) %o and 2.8
(SD = 0.4) %o for §'3C and 8'°N, respec-
tively (McCutchan Jr., Lewis Jr., Kendall, &
McGrath, 2003).

We used 8'°N to estimate consumer trophic
position (Minagawa & Wada, 1984). Relative
individual trophic position (TP) was calculated
by the formula:

TP = A+ (81N, -8"°N,, )/ A

base

Where A is the trophic position of the
organism used to estimate 8N, . and A is
the N isotopic fractionation in %o that occurs
between each trophic level. The isotopic frac-
tionation value A was set to 2.8 %o (McCutchan
Jr. et al., 2003). 815Nbase was estimated using
mean 3N of Mylossoma duriventre, the her-
bivore species with the most depleted isotopic
8!5N signal, which then was set to 2.

RESULTS

Isotopic ratios of basal carbon sources:
All basal carbon sources differed significant-
ly in their (dual) isotopic signal (k-nearest
neighbor randomization test, p-values < 0.005)
except for terrestrial plants and leaf litter (P =
0.15), which were pooled together for poste-
rior analyses. C, aquatic macrophytes were the
least '*C-depleted sources, with a mean value
0f -12.6 = 0.4 %o (mean + SD). C, macrophytes
and terrestrial vegetation were considerably
more '3C-depleted, with mean values (+ SD) of
-28.3 £ 1.5 %o and -31.6 = 1.1 %o, respectively.
POM had the most depleted §'3C value: -37.1
x1.1 %o). Mean §'’N-value in terrestrial veg-
etation (+2.3 £ 1.6 %o) was considerably lower
than in C, (+6.0 + 2.9 %o) and C, (+6.0 + 2.4
%o) aquatic macrophytes. Mean §'°N value of
POM was +4.1 + 2.7 (Table 1).

Isotopic ratios of fishes: Mean §'3C-
values of fishes varied between -36.8 = 2.2 %o
(Moenkhausia dichroura) and -24.9 £ 2.7 %o
(M. duriventre). The range of §'3C signatures
of fish overlapped with the signatures of basal
carbon sources, except for C, aquatic mac-
rophytes that were '*C-enriched compared to
fish. Mean &'N-values varied between 6.0 +
1.3 %o (M. duriventre) and 11.1 £ 0.4 %o (P,
fasciatum). All fish species had higher aver-
age 8'N-values than the basal carbon sources,
except for M. duriventre that had an average
8!°N-value as low as the most '"N-enriched
carbon sources (C; and C, aquatic macro-
phytes). Herbivores were the least '’N-enriched
fish species, whereas piscivores were the most
I5N-enriched fish species (Table 1, Fig. 2).
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Relative contribution of basal carbon
sources to primary consumer fishes: Terres-
trial plants and aquatic macrophytes were the
major carbon source contributing to the diet
of herbivore fishes, whereas POM contributed
more to the diet of detritivore fishes (Table 2).
All carbon sources contributed similarly to the
diet of the herbivores P. nigricans and C. mac-
ropomum (around 30 %) except for C, macro-
phytes, which contributed only 7 % and 15 %,
respectively. In contrast, we found a relatively
high contribution of C, macrophytes for the
herbivores M. duriventre and Schizodon fas-
ciatus; 28 % in both cases), with similar con-
tributions from the remaining carbon sources.

8"™N (%o)
4l
<
o

POM

0 T T T T

Relative contribution of carbon sources for the
herbivore Leporinus friderici was similar to
that for the detritivores, with 46 % contribu-
tion of POM and 27 % of C, aquatic macro-
phytes. POM contributed nearly 50 % of the
carbon for the detritivores P. altamazonica and
Hypoptopoma  joberti, with C; macrophytes
being the second contributor (32 % and 21 %,
respectively). Although POM contributed less
for the detritivore Psectrogaster rutiloides (31
%), it remained a major C source, followed by
terrestrial plants (30 %).

Trophic position: Trophic position is
shown on Table 2. Herbivore fishes showed

0 P nigricans
O C. macropomum
v L. friderici
A M. duriventre
O S. fasciatus
8 P.altamazonica
T O H. cf. joberti
v P rutiloides
A B T angulatus
© P.compresa
V M. dichroura
@ H. malabaricus
9 m S, spilopleura
CM * S rhombeus
4" ¥ P tigrinum
* P, fasciatum
A R, affinis
@ P nattereri

-40 -35 -30 -25
8"3C (%o)

-20 -15 -10

Fig. 2. Values of §*C and §'N for fishes (small symbols) and mean values (+SD) for basal carbon sources (large symbols)
in the floodplain of River Ichilo, Bolivia. POM= particulate organic matter, TV= terrestrial vegetation, C,M= C, aquatic
macrophytes, C,M= C, aquatic macrophytes. Clear symbols represent herbivore species, gray symbols represent detritivore
species, black/gray symbols represent invertivore species and black symbols represent piscivore species.
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TABLE 2
C-sources relative contributions (mean % + SD, estimated by SIAR mixing model)
to primary consumer fish species (herbivores and detritivores)

. C, macrophytes C, macrophytes POM Terrestrial plants
Fish/C-source
Mean SD Mean SD Mean SD Mean SD
Herbivores
Prochilodus nigricans 33 10 7 5 36 10 24 10
Colossoma macropomum 28 12 15 9 29 12 28 12
Leporinus friderici 27 13 7 7 46 14 20 13
Mylossoma duriventre 19 12 28 8 20 11 33 14
Schizodon fasciatus 24 12 28 6 20 10 28 11
Detritivores
Potamorhina altamazonica 32 12 7 6 46 15 15 10
Hypoptopoma cf. jobertii 21 14 9 10 50 21 19 13
Psectrogaster rutiloides 23 13 16 12 31 15 30 13

the lowest TP-values, varying between 2.0 (M.
duriventre) and 2.9 (L. friderici). Detritivores
and invertivores showed intermediate TP-val-
ues. Detritivores ranged from 2.3 (P, rutiloides)
to 2.8 (P. altamazonica), whereas invertivores
varied from 2.7 (Poptella compresa) to 3.0 (M.
dichroura). Piscivore fishes showed the highest
TP-values, varying between 3.3 (Serrasalmus
spilopleura and Serrasalmus rhombeus) and
3.8 (P. fasciatum). Among piscivores, Roeboi-
des affinis, P. tigrinum, and P. nattereri showed
intermediate TP values.

DISCUSSION

Our data on the basal carbon sources fol-
low the general pattern found in previous stud-
ies in neotropical aquatic ecosystems. These
studies show that 8'°C values of C, aquatic
macrophytes are the most enriched carbon
source (around -13 %o), phytoplankton (mostly
measured as POM) is the most depleted car-
bon source (-33 %o or lower), and terrestrial
plant leaves and C, aquatic macrophytes show
intermediate §'3C values, varying between -25
%o and -30 %o. This pattern was first reported
by Araujo-Lima, Forsberg, Victoria, and Marti-
nelli (1986) and has been consistently repeated
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in subsequent studies (Forsberg et al., 1993;
Manetta et al., 2003; Mortillaro et al., 2015).
Nevertheless, it is not unusual that the isotopic
signal of POM overlaps with that of C, aquatic
macrophytes and terrestrial plants (Wantzen et
al., 2002; Pouilly et al., 2013). Variability in
85N for basal resources in neotropical wet-
lands is high (Lopes et al., 2009), and no clear
pattern for this variability has been found,
which enhances the relevance of determining
an appropriate baseline for the environment
studied, before estimating the trophic positions
of the species of the fish assemblage (Vander-
Zanden & Rasmussen, 1999; Post, 2002).
Among primary consumer fishes, we
observed a large contribution of POM-derived
carbon to the diet of the herbivores P. nigri-
cans and L. friderici. Although P. nigricans
feeds on mud and scrapping algae from trunks,
items in the stomach content of both species
are similar: algae, plant parts, and occasion-
ally arthropods and small fish (Ayala, Zam-
brana, & Maldonado, 2000; Pouilly, Yunoki,
Rosales, & Torres, 2004; Sarmiento et al.,
2014). POM and C; macrophytes are the main
carbon sources for these species in the flood-
plain of river Ichilo. Such proportion of carbon
derived from POM, resembles the findings of
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Mortillaro et al. (2015) for L. friderici in the
Amazon floodplain.

As one could expect for herbivore species
feeding mainly on fruits, fresh leaves and seeds
of vascular plants (Ayala et al., 2000; De Méro-
na & Rankin-de-Mérona, 2004; Pouilly et al.,
2004; Sarmiento et al., 2014), C. macropomum,
M. duriventre and S. fasciatus showed lower
contributions of POM compared to the herbi-
vores P. nigricans and L. friderici, and detriti-
vore fishes. C. macropomum obtained similar
proportions of carbon from POM, C, aquatic
macrophytes and terrestrial plants, with very
low contribution of C, aquatic macrophytes. In
contrast with all other basal C consumers, M.
duriventre and S. fasciatus did use high pro-
portions of C, aquatic macrophytes (28 %). In
spite of their high contribution to total primary
production (Junk & Piedade, 1993), it is well
known that C, aquatic macrophytes contribute
little carbon to the fish assemblages in tropical
floodplains (Hamilton et al., 1992; Forsberg
et al., 1993; Manetta et al., 2003; Jackson,
Adite, Roach, & Winemiller, 2013; Mortillaro
et al., 2015) probably due to their low digest-
ibility (Mortillaro et al., 2015). Nevertheless,
several studies report a few taxa from each
fish assemblage using relatively high propor-
tions of C from C,- grasses, species from the
genera Mylossoma and Schizodon frequently
belong to such group (Forsberg et al., 1993;
Benedito-Cecilio, Araujo-Lima, Forsberg, Bit-
tencourt, & Martinelli, 2000; Leite et al., 2002;
Manetta et al., 2003; Mortillaro et al., 2015)
suggesting that their digestive systems are
adapted to assimilate C,-C. M. duriventre and
S. fasciatus are not abundant in the floodplain
lakes of River Ichilo (less than 2 % of the bio-
mass) (Rejas & Maldonado, 2000) but they are
frequently present all across the Bolivian part
of the Amazon basin (Sarmiento et al., 2014).

Detritivore species showed the most
13C-depleted signature. Our results showed
strong contributions of carbon from POM to
the detritivores P. altamazonica, H. joberti and
P, rutiloides. These fishes feed on a mixture of
mud, decomposing plant materials (detritus)
and organic matter deposited from the water

column (including algae) (Goulding, Carvalho,
& Ferreira, 1988; Ayala et al., 2000; Pouilly et
al., 2004). Sedimented POM is therefore con-
sumed from this mixture. Our data agree with
Mortillaro et al. (2015) who found high contri-
butions of POM to the diet of the detritivores
Pterygoplichthys multiradiatus (Hancock,
1828) and Semaprochilodus insignis (Jardine,
1841). Based on fatty acids analyses, these
authors concluded that microalgae are their
main carbon source, selectively assimilated
from detritus. The relatively low contribution
of terrestrial plants and aquatic macrophytes to
these species indicates that leaf litter is poorly
assimilated. The high contribution of POM to
detritivore fishes is worth being highlighted,
since this guild is frequently the most abundant
in Amazonian lakes (Siqueira-Souza & Frei-
tas, 2004; Freitas, Siqueira-Souza, Guimaraes,
Santos, & Santos, 2010). Two species of this
group (P. altamazonica and P. rutiloides) rep-
resented nearly 80 % of the biomass of the fish
assemblage of one of the lakes studied (Rejas
& Maldonado, 2000).

Some individuals of detritivore fish spe-
cies had more negative §'3C values than POM,
the most 13C depleted basal carbon source (Fig.
2). Extremely depleted '3C signal of detritivore
fishes seems to occur widely in neotropical
floodplains (Wantzen et al., 2002; Pouilly et
al., 2013; Mortillaro et al., 2015; Azevedo-
Silva et al., 2016). In our study, it is pos-
sible that the phytoplankton signal is actually
more ’C depleted than POM, since POM not
only includes phytoplankton, but also material
derived from terrestrial vegetation and aquatic
macrophytes. The more depleted '*C signal in
detritivore fish may be explained by a selec-
tive assimilation of phytoplanktonic carbon.
An alternative, but non-exclusive explanation
is that detritivores derive a portion of its car-
bon from Methane-oxidizing bacteria (MOB).
Methane produced by bacteria in anoxic sedi-
ments has very negative 8'3C values (-80 to
-52 %o0) (Wantzen et al., 2002; Jones & Grey,
2004; Deines, Grey, Richnow, & Eller, 2007).
Sanseverino, Bastviken, Sundh, Pickova, and
Enrich-Prast (2012) found specific fatty acids
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synthesized by MOB in fish tissues, with
organisms containing higher amounts of fatty
acids from MOB showing lower §'3C values.
This demonstrates that biogenic '*C-depleted
carbon can be transferred in the food web up to
fish via MOB.

We did not estimate the contribution of
food sources for invertivore and piscivore fish
species, since both food classes (invertebrates
and fish) are composed of organisms with broad
feeding habits, and it is not possible to assign
an isotopic signal as a homogeneous unit. Only
in the case of the invertivore M. dichroura,
we can draw some conclusions from our data
because it shows a strongly '3C depleted signal.
As discussed above, this signal indicates that
a large amount of its carbon is derived from
phytoplankton and/or MOB. This conclusion is
supported by the fact that this species feeds on
invertebrates and zooplankton (Pouilly et al.,
2004; Rejas, Villarpando, & Carvajal, 2005) .
Zooplankton is known to feed mainly on phy-
toplankton, which typically has a very negative
13C signal (Araujo-Lima et al., 1986; Forsberg
et al., 1993; Manetta et al., 2003). However,
methanotrophic bacteria may also contribute a
large proportion (up to 45 %) of the carbon to
zooplankton (Sanseverino et al., 2012). Inver-
tebrates, on the other hand, vary widely in their
isotopic signal, but it is rather common to find
Ephemeroptera, Odonata (Molina et al., 2011)
and Diptera (Rejas, 2004; Deines et al., 2007
with 13C signals that are more depleted than the
most depleted basal carbon source, probably
due to the consumption of MOB.

Trophic position has become a relevant
metric to evaluate community structure and
dynamics (Post, 2002) and ecosystem degrada-
tion (Pauly & Watson, 2005; Carvalho, Castro,
Callisto, Moreira, & Pompeu, 2015; McCallum
etal., 2017). The use of the stable isotope '°N is
considered the most rigorous method of deter-
mining trophic position (Carscallen, Vanden-
berg, Lawson, Martinez, & Romanuk, 2012),
because it offers an especially strong signal for
the mean effective trophic level of individuals
(Michener & Kaufman, 2007). However, sub-
stantial variations in trophic enrichment factors

(TEFs) among consumers and food sources
may occur (McCutchan Jr. et al., 2003). Thus,
care must be taken to choose the appropriate
TEF. We used a fractionation value of 2.8 %o,
which was obtained independently by Jepsen
and Winemiller (2002) as refinement for tropi-
cal fishes; and by McCutchan Jr. et al. (2003)
for muscle tissue samples without treatment for
lipid removal.

In general, we found good concordance
between TP and trophic guild assigned based
on diet composition from literature. Herbivore
and algivore/detritivore species displayed TP
values higher than 2.0 that correspond to pri-
mary consumers (Vander-Zanden, Cabana, &
Rasmusen, 1997). Herbivores were at the bot-
tom TP, with M. duriventre being the baseline
organism; therefore being assigned a TP of 2.0.
P, nigricans and C. macropomum exhibited TPs
near 2.5, the value assigned by Vander-Zanden
et al. (1997) to omnivore species. Moreover, L.
friderici showed a TP of a secondary consumer.
Among Algivore/detritivore fishes, P. rutiloi-
des showed the lowest TP value (2.3) compared
to P. altamazonica (2.8) and H. joberti (2.9).
The relatively high TP of most herbivore and
algivore/detritivore species is not surprising,
since, in spite of being classified as primary
consumers, it is well known that these fishes
include terrestrial and aquatic arthropods and
even occasionally fish in their diet (Pouilly
et al., 2004; Sarmiento et al., 2014). Their TP
probably varies with food source availability,
as these species are opportunistic, being able to
adapt their feeding behavior during food short-
ages by increasing animal food consumption
(Mortillaro et al. 2015).

Our results differ from those from Jepsen
and Winemiller (2002) who reported extremely
low TPs for primary consumers: on average
0.4-0.7 for herbivores and 0.7-1.5 for detriti-
vores. However, this seems to be an artifact of
using a baseline with §'°N values higher than
those of primary consumers. Nevertheless,
our results agree with Jepsen and Winemiller
(2002) in the trend of higher TPs for algivore/
detritivore species than for herbivore species.
Estimations of the TP of algivore/detritivore
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species in the Iténez (Pouilly et al., 2013) and
Purizinha basin (Azevedo-Silva et al., 2016)
are also above 2.0, but tend to be lower than
our estimations. In the former case, this can
be explained because the authors used the
detritivore Curimatella cf. alburna (Miller &
Troschel, 1844) as baseline, using an herbivore
may have resulted in higher TP values. In the
latter case, slightly lower estimations are due
to the use of a larger TEF (3.4 %o), resulting in
lower TP values.

The omnivore/invertivore species studied
here, display TPs near the 3.0 value expected
for secondary consumers (Vander-Zanden et
al.,, 1997) except for Triportheus angulatus
which displays a lower TP (2.5), probably
reflecting less frequent use of invertebrates by
this species. TPs found for these species fall
within the range of variation reported in similar
environments (Pouilly et al., 2013; Azevedo-
Silva et al., 2016).

Several studies on neotropical fish assem-
blages concluded that food webs are short,
with piscivore fishes occupying low trophic
positions, at or just above TP 3.0 (Lewis Jr.
et al., 2001; Jepsen & Winemiller, 2002; Lay-
man, Winemiller, Arrington, & Jepsen, 2005;
Pouilly et al., 2013; Azevedo-Silva et al.,
2016). According to Lewis Jr. et al. (2001) food
webs in these systems are compressed because
fish production of the highest trophic level
is supported by the lowest trophic level. The
wide variations in primary consumer’s body
size, morphology, habitat affinity, and behavior
allow predators to exploit prey at energetically
optimal sizes (Layman et al., 2005). However,
closer examination of these studies led us to
the conclusion that food chain length may have
been underestimated. Lewis Jr. et al. (2001) for
example, reported more than 40 % of the fish
species in the floodplain of the Orinoco River
occupying a TP between 3.0 and 3.5, and nearly
5 % of the species occupying a TP between 3.5
and 4.0. Similarly, Layman et al. (2005) found
maximum TPs around 3.7 in a tributary of
River Orinoco. Jepsen and Winemiller (2002)
who studied four rivers with different water
types in Venezuela, found a maximum TP of

2.9 (average 2.1), however, they used a rather
high 8N as baseline. If we assign M. duri-
ventre the TP of a primary consumer (2.0) and
use it as baseline, we get an average TP of 3.8
for the piscivores, with the maximum TP being
around 4.6. Pouilly et al. (2013) found maxi-
mum TPs between 2.41 and 2.99 for piscivore
species in the basin of river Iténez (Bolivia),
but they used the detritivore/algivore C. cf.
alburna as baseline. Based on our results, we
estimate that using an herbivore as baseline
would result in an increase of at least 0.5 in the
TPs of piscivore species, which would leave
us with a food chain of 2.9-3.5 TPs. Azevedo-
Silva et al. (2016) estimated TPs of 3.2 for the
piscivores Plagioscion sqamosissimus (Heckel,
1840) and Hoplias malabaricus using a TEF of
3.4 %o. With the corrected TEF used here (2.8
%o0) TP’s would increase up to 3.6.

Piscivore fishes were at the top TPs. Two
species of piranhas (S. spilopleura and S.
rhombeus) showed relatively low TP values,
similar to those suggested for secondary con-
sumers. Conversely, H. malabaricus (3.7) and
P fasciatum (3.8) displayed high TP values,
close to 4.0, the value assigned to tertiary con-
sumers. These data indicate that the fish assem-
blage from the floodplain of river Ichilo is part
of a relatively long food chain. It is possible
that the particular characteristics of river-flood-
plain systems located in the upper-Amazon
basin (nutrient-rich white waters, short flood
pulse, and long isolation time of the floodplain
lakes from the main channel of the river) result
in longer food chains. Both, the resource avail-
ability and the disturbance hypothesis (Warfe et
al., 2013) support this.

Our data suggest that food chains in these
particular Amazonian floodplains are longer
than previously thought. Because of their high
diversity and abundance, detritivore fishes are
the most important food source for piscivore
fishes. Thus, detritivore fishes play an impor-
tant role in energy flux and material cycling
in these food webs, supporting diversity and
biomass of higher trophic levels. The fact that
detritivores occupy higher TPs than expected
for primary consumers, results in relatively
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long food chains. Determining the relative
contribution of the main carbon sources (phy-
toplankton and/or MOB) and understanding
the pathways in which energy flows from these
sources towards detritivore fish, is therefore, a
major challenge for future studies on food web
ecology of tropical river-floodplain systems.
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RESUMEN

Estructura tréfica de un ensamblaje de peces en
la cuenca alto-Amazoénica, Bolivia. Los ensamblajes de
peces amazonicos presentan alta diversidad y complejidad
trofica. La descripcion de su estructura trofica proporciona
informacion util para su manejo. Con el fin de estimar la
contribucion de las fuentes basicas de carbono en la dieta
de los consumidores primarios, y determinar la posicion
trofica (PT) de las especies dominantes de peces de cada
gremio, analizamos isotopos estables de carbono (3'3C) y
nitrégeno (8'°N) en las fuentes de carbono y en miisculo de
peces, de la llanura de inundacion del rio Ichilo. Las plantas
terrestres y las macrofitas C, fueron las mayores fuentes de
carbono en la dieta de los peces herbivoros, mientras que
la materia organica particulada contribuy6é mas a la dieta de
los detritivoros. Las macréfitas C, contribuyeron poco a la
dieta de herbivoros y detritivoros, excepto para Mylossoma
duriventre y Schizodon fasciatus, en las que encontramos
una contribucion relativamente alta (28 %). Encontramos
una buena relacion entre los valores estimados de PT y el
gremio trofico asignado en la literatura. El herbivoro M.
duriventre estuvo en la base de la red trofica (PT = 2). Los
restantes consumidores primarios mostraron valores de PT
relativamente altos (2.3 - 2.9), probablemente debido a sus
habitos alimenticios oportunistas. Las especies omnivoras/
invertivoras mostraron valores cercanos a 3. Los peces pis-
civoros estuvieron en la cima de la red trofica, con PT que
variaron entre 3.3 (Serrasalmus spilopleura y Serrasalmus

rhombeus) y 3.8 (Pseudoplatystoma fasciatum). Estos
datos sugieren que las cadenas troficas en llanuras de inun-
dacion amazonicas, son mas largas de lo que se suponia.

Palabras clave: isotopos estables; posicion trofica; gre-
mios troficos; fuentes de carbono; cadena trofica.
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