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ABSTRACT.—Streams are highly heterogeneous en-
vironments in which habitat characteristics vary
drastically over small distances, but little informa-
tion is available in this context about Neotropical
systems. In this work, we analyse the relationship
between taxonomical composition and functional or-
ganization of stream benthic communities and some
environmental variables in a single riffle of the Rı́o
Bartola, Nicaragua. Current velocity, position in the
streambed, and substratum composition evidently
influence invertebrate density and taxonomical rich-
ness. We investigate the functional organisation of
the communities, reporting that collectors are the
most represented functional feeding group, while
shredders are almost absent.

KEYWORDS.—stream invertebrates, Nicaragua, mi-
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There is a growing interest in the study
of Neotropical lotic systems, because of
their enormous ecological and economic
importance, and knowledge about the ben-
thic macroinvertebrates of Central America
is making rapid progress. After a long pe-
riod of sporadic studies, many taxonomical
works are describing the variety and rich-
ness of aquatic invertebrates in Central
America (Wills Flowers 1992; Maes 1998;
Springer 1998). In Neotropical regions, dif-
ferent aspects of stream benthos ecology
have received more attention (Jackson and
Sweeney 1995), such as structural composi-
tion (Paaby et al. 1998) and functional or-
ganization (Graça et al. 2001), drift (Pringle
and Ramı́rez 1998), allochtonous material

processing (Benstead 1996), food chain in-
teractions (Rosemond et al. 1998), second-
ary production (Ramı́rez and Pringle 1998),
and use of macroinvertebrate communities
in biological monitoring of running waters
(Fenoglio et al. 2002).

Environmental variability in time and
space shapes the distribution of organ-
isms; this variability is a basic characteris-
tic of running water systems (Poff and
Ward 1990). Stream invertebrates are gen-
erally thought to be distributed accord-
ing to environmental factors that operate
at different spatial scales (Heino et al.
2003).

Analysing the importance of spatial scale
in the organization of macroinvertebrate
communities, some authors take into ac-
count only large spatial scales, considering
stream reach as the lowest unit of replica-
tion (Cooper et al. 1998), while others give
great importance to small scale varia-
tions, analysing diversity among sam-
pling points in the same stream reach
(Downes et al. 1993). In small scale studies,
variations of chemical-physical parameters,
such as pH, temperature and water chem-
istry are of minor importance; local varia-
tions of other abiotic factors, such as cur-
rent velocity, substratum composition,
water depth, and biotic elements, such as
competition and predation, shape the dis-
tribution of invertebrates at the scale of mi-
crohabitat within a single riffle (Minshall
1984; Malmqvist and Mäki 1994; Downes
et al. 1998).

The aim of this study was to describe the
micro-distribution of stream invertebrates
in a single riffle of a tropical stream, exam-
ining the local variations of density, rich-
ness and functional composition in relation
to selected environmental characteristics,
that present great relevance at small-scale:
current velocity (v), water depth (h), dis-
tance from the nearest riverbank (d; i.e. po-
sition in the riverbed) and relative compo-
sition of the substratum.

The study was conducted near Charro
Gaitan, in a 15 m riffle of the Rı́o Bartola, a
small tributary of Rı́o San Juan, Nicaragua.
The Rı́o San Juan district, situated in the
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extreme southeast of Nicaragua, is one of
the areas of greatest ecological integrity of
Central America. Rı́o Bartola is a small
river, located in a primary forest, with no
evidence of anthropic alterations.

We collected 13 Surber samples (area
0.06 m2, mesh 250 �m) from the riffle in a
single date (4 January 2002), to minimize
temporal variation of invertebrate distribu-
tion. Samples were fixed in ethyl alcohol
(70°) and subsequently examined in the
laboratory with a stereoscopic microscope
(20/60 X). Identification of the taxa was
performed using the following texts:
Roldán (1988), Merritt and Cummins (1996)
and Wills Flowers (1992). Invertebrates
were grouped into Functional Feeding
Groups (FFG), according to Merritt and
Cummins (1996): collectors-gatherers (Cg),
filterers (F), predators (P), scrapers (Sc) and
shredders (Sh).

Water temperature was 24-26 °C. Current
velocity, water depth and distance from the
nearest bank were measured at each Surber
sample. Percentages of different substra-
tum sizes (boulders > 25 − 45 cm, cobble >
6 − 25 cm, gravel > 6 − 60 mm, sand 0.06 −
6 mm, silt < 0.06 mm) were recorded at
each point, by using a gravelometer. Cur-
rent speed was determined by using a
Eijkelkamp current-meter. Statistical analy-
sis of the relationships between inverte-
brate abundance, taxonomical richness,
biodiversity, functional composition and
the selected environmental parameters was
performed with correlation analyses
(Spearman and Pearson tests) and corre-
spondence analyses (CORANA).

We collected 342 organisms, belonging to
25 taxa (Table 1). No keys are available for
species-level identification of great part of
stream insects and invertebrates in Central
America and particularly in Nicaragua. In
our study site, aquatic insects represented
the dominant component of stream benthos
(98% of organisms). Ephemeroptera was
the most represented insect order in the
riffle, and within this group the most abun-
dant family was that of the Leptophlebi-
idae. Diptera was the second major group
of invertebrates collected in the riffle, of
which Simuliidae was the main family, fol-
lowed by Chironomidae. Trichoptera was

represented by two caseless filterer fami-
lies: Hydropsychidae (Leptonema sp.) and
Philopotamidae (Chimarra sp.). Members of
Elmidae were the dominant Coleoptera.
Odonata was represented by two families
of Zygoptera (Coenagrionidae and Platy-
stictidae) and one of Anisoptera (Libelluli-
dae).

Faunal composition of riffle riverbed was
quite similar to the one reported in studies
about Costa Rican lowland streams (Prin-
gle and Ramı́rez 1998), both for taxonomi-
cal and functional composition. However,
invertebrate densities were lower (mean:
420.92 individuals/m2 ± 223.75 SD) than

TABLE 1. List of taxa, with main Functional Feeding
Groups (FFG) (collectors-gatherers—Cg, filterers—F,
predators—P, scrapers—Sc, shredders—Sh).

Taxa FFG

Plecoptera
Perlidae Anacroneuria sp. P

Ephemeroptera
Heptageniidae Stenonema sp. Sc
Baetidae Camelobaetidius sp. Cg

Baetis sp. Cg
Leptohyphidae Leptohypes sp. Cg
Leptophlebiidae Thraulodes sp. Cg

Traverella sp. Cg
Trichoptera

Hydropsychidae Leptonema sp. F
Philopotamidae Chimarra sp. F

Coleoptera
Elmidae Cg
Haliplidae Sh

Diptera
Chironomidae Cg
Simuliidae F

Odonata
Libellulidae Macrothemis sp. P

Miathyria sp. P
Coenagrionidae Argia sp. P
Platystictidae Palaemnema sp. P

Hemiptera
Belostomatidae Abedus sp. P
Naucoridae Cryphocricos sp. P

Lepidoptera
Pyralidae Limnophila sp. Sc

Tricladida
Planariidae P

Crustacea
Pseudothelphusidae Sh
Macrobrachium sp. Sh-Cg

Annelida
Lumbriculidae Cg
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the ones reported in other studies (Pringle
and Ramı́rez 1998; Paaby et al. 1998; Boyero
and Bailey 2001). Stream invertebrate as-
semblages varied consistently within the
riffle. Both invertebrate density and taxo-
nomical richness increased with the in-
creasing of current velocity (Table 2), but
also the position in the streambed was im-
portant: communities in the lateral shallow
parts of the stream showed lowest density
and richness. Substratum percentage com-
position influenced invertebrate abundance
(N) and taxonomical richness (S), with
boulders and cobbles richer than sandy mi-
crohabitats (Fig. 1).

Analysing the functional composition of
the assemblages, we found that collector-
gatherers were the most abundant FFG
(51.5%), followed by filterers (28.9%),
predators (9.6%) and scrapers (8.8%).
Shredders were the less represented, at
only 1.2%. Current velocity affected the
relative abundance of collectors negatively
(Spearman correlation test, r= −0.707, P <
0.01) and the relative abundance of scrapers
(r= 0.789, P < 0.01) and filterers (r= 0.800,
P < 0.01) positively. Distance from the
nearest bank also affected the distribution
of FFG: scrapers were more abundant in
the central part of the river (r= 0.739, P <
0.01) and collectors in the banks (r= −0.722,
P < 0.01).

We found that the number and taxa di-
versity of stream benthos greatly varied
among different microhabitats in a single
riffle. This pattern was long known for tem-
perate regions (Mackay and Kalff 1969), but
few data are available for Neotropical en-
vironments. As previously stated, current
velocity was an important factor in shaping
benthic communities, both in structural
and functional composition: higher veloci-
ties were associated with a richer and more
abundant invertebrate assemblage. It is

likely that current is related to water oxy-
genation and also plays a key role in the
functional feeding of some groups, such as
filterers. Moreover, it is well established
that micro-flow dynamics play a key role
in the small-scale distribution of benthic
communities (Statzner and Holm 1982;
Hart et al. 1996). Considering the substra-
tum composition, our results agree with
previous findings in temperate streams:
sand was a poor substrate, probably for its
instability and also because tight packing
of sand grains reduces the trapping of or-
ganic detritus and limits the availability of
oxygen.

Macroinvertebrate shredders were near-
ly absent in our samples while collectors-
gatherers and filterers (both feeding on fine
particulate organic matter) were dominant.
This result supports an emergent hypoth-
esis about allochtonous coarse particulate
organic matter processing in tropics: in
tropical lotic systems, the lack of insect
shredders suggests that the decomposition
of plant material in fine particulate organic
matter is operated either by macrocon-
sumers, such as crustaceans and fish, or
by enhanced microbial activity (Pringle et
al. 1993; Graça et al. 2001; Dobson et al.
2002).

Understanding community structure and
function and their determinants is one of
the main objectives of ecology. In Nicara-
gua, except for some studies on aquatic

TABLE 2. Relationships between macroinvertebrate
density (N) and richness (S) and velocity (v), distance
from the nearest bank (d) and water depth (h) (Pear-
son’s correlation test).

v d h

N 0.832*** 0.562* 0.530
S 0.875*** 0.833*** 0.760**

FIG. 1. Correspondence analysis (h = height above
bed; v = current velocity; d = distance from the nearest
bank; N = invertebrate abundance; S = taxonomical
richness; H’ = Shannon-Wiener diversity; Even =
Evenness).
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insects (Maes 1998; Maes et al. 1988; Maes
and Flint 1988; Fenoglio 1999; Dominique
et al. 2001; Maes and Fenoglio 2002), ben-
thic macroinvertebrate fauna is poorly
known. Results from such studies can be
used to predict taxa distribution at local
small-scale and identify factors that can in-
fluence micro-distribution patterns in the
lotic systems of this area.
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Catálogo de los Odonata de Nicaragua. Rev. Nica.
Ent. 4:29-43.

Maes, J. M., and O. S. Flint. 1988. Catálogo de los
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