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The distribution of the benthic community 
may be explained as an adjustment between 
hydrological conditions and life history of the 
populations (Statzner et al. 1997).  The distribution 
of organisms changes in relation to hydrological 
and geomorphological conditions at different 
spatial scales: drainage, reach, and habitat (Hildrew 
1996, Maddock 1999).  Information about benthic 
assemblages associated with particular habitats is 
essential in order to assess environmental changes 
and to understand ecological segregation within 
multispecies communities (Bisson et al. 1982).  
Quantification of habitat use provides a basis for 
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predicting biotic responses to changes in habitat 
availability (Hawkins et al. 1993).

The study of community size structure is 
important since organism body size constrains 
many ecological  processes that  in f luence 
community organizat ion (Schoener 1986).  
Body size influences an organism’s energetic 
requirements, its potential resource exploitation, 
and its susceptibility to predation (Schmid et al. 
2000).  Thus, the abundances and biomass values 
of differentially sized animals should reflect size-
specific allocation of total community resources 
(Peters 1983), and this allocation may vary among 
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habitats characterized by different abiotic and 
biotic constraints (White et al. 2007).

In aquatic ecology, size distribution research 
has focused on the size spectrum which is 
the concentration of individuals or biomass in 
logarithmic size classes and the variation in 
concentrations among classes (Schwinghamer 
1981, Poff et al. 1993, White et al. 2007).  
Considerable research has been carried out on 
invertebrate size structure in fluvial systems (Poff 
et al. 1993, Morin et al. 2001, Solomini et al. 2001, 
Principe and Corigliano 2006), and the distribution 
of benthic macroinvertebrates in different habitats 
has been studied in tropical systems (Ramírez 
et al. 1998, Fenoglio et al. 2004, Ramírez and 
Hernández-Cruz 2004).  In stream ecology, data 
on the size structure of macroinvertebrates are 
available for temperate streams, whereas they are 
actually lacking for tropical streams.  Virtually all 
concepts and ideas in stream ecology have been 
formulated based primarily on studies in temperate 
streams.  Consequently, tropical streams provide 
an opportunity to examine the generality of 
these concepts since the fauna in these lotic 
systems has developed under very different set of 
environmental variables (e.g., temperature, rainfall, 
photoperiod, and seasonal variation).

Physical and life history traits of species 
are reflected in their body size and may control 
species composition and relative abundances, 
thereby indirectly influencing community function 
(Robson et  a l .  2005).   Thus, knowing the 
distribution of body sizes in a community should 
provide useful information about its ecological 
properties relative to comparable communities 
elsewhere.  In this study, taxonomic and size 
structures of macroinvertebrate assemblages 
associated with different habitats of 2 tropical 
streams were analyzed.  Habitat preferences of 
macroinvertebrate taxa were evaluated, and the 
size spectrum was constructed for each habitat 
type.  Recognizing patterns in body mass structure 
can provide clues about the underlying processes 
affecting the community in streams of a tropical 
rainforest.

MATERIALS AND METHODS

This study was conducted at the La Selva 
Biological Station (10°26,N, 84°01,W), which 
is owned and operated by the Organization for 
Tropical Studies (Heredia, Costa Rica).  La Selva 
is on the Caribbean slope of Costa Rica, near 

sea level (at an elevation of 35 m).  Mean annual 
rainfall at La Selva averages 4 m, with a drier 
season from Dec. to Mar. (Sanford et al. 1994).  
Sampling took place during Mar. 2005 in 2 streams 
located in a transitional secondary forest.  The 
studied streams were of 3rd order (stream 1) and 
2nd order (stream 2) and drain into the Sarapiqui 
River, which joins the Puerto Viejo and drains into 
the San Juan River on the border between Costa 
Rica and Nicaragua.

The channel width was 3 m in stream 1 
and 2 m in stream 2.  In each stream, 4 Surber 
samples (0.09 m2, 300 μm mesh size) were taken 
from riffles and 4 from runs following a stratified 
sampling design.  According to Gordon et al. 
(1994), riffles have coarse bed materials and 
shallow fast-moving water, and the term, run, is 
given to an intermediate category between riffles 
and pools, in which the flow is less turbulent that 
in riffles but moves faster than in pools.  In the 
studied streams, runs were also characterized 
by fine substrate, mainly of fine sand, silt, and 
clay.  In riffle habitats, stones from the sampling 
area (enclosed by the frame of the sampler) were 
taken and scrubbed to remove invertebrates which 
were swept into the net by the current.  Once the 
stones had been removed, the bottom sediments 
were stirred up to a depth of about 10 cm.  In runs, 
sediments from the sampling area were disturbed 
to the same depth as that in riffles.

Conductivity, pH, and temperature were 
measured in each stream.  Current velocity, depth, 
and type of substrate were assessed in each 
habitat sampled.  The surface current velocity 
was obtained by timing a bobber (the average of 
3 times).  Average depth was calculated over 3 
measurements in each habitat with a calibrated 
st ick.  The dominant substrate types were 
assessed by visual estimation (Gordon et al. 
1994).  In the laboratory, organisms were sorted, 
identified to the lowest possible taxonomic level, 
counted, and preserved in 70% ethanol.

In this paper, the term, taxonomic richness, is 
used instead of species richness (Malmquist et al. 
2000), because not all of the identifications were 
made to the same taxonomic level.  Richness was 
measured by considering the number of different 
taxa recorded, and the Shannon diversity index 
and evenness index were calculated using natural 
logarithms.  Mann-Whitney tests were performed in 
order to compare the diversity, evenness, richness, 
and macroinvertebrate abundance between 
habitats.

A correspondence analysis of samples and 
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taxa was carried out using the statistical package, 
CANOCO (Ter Braak and Smilauer 1999).  Log 
(y+1)-transformed abundance data were used.  
Differences in the correspondence analysis scores 
among assemblages from different habitats were 
evaluated by the t-test.  The indicator value method 
(IndVal) proposed by Dufrene and Legendre (1997) 
was used to identify the characteristic taxa of riffles 
and runs.  This analysis was performed using 
PC-Ord for Windows 4.25 (McCune and Mefford 
1999).

Macroinvertebrates in all samples were 
measured to the nearest 0.5 mm in a stereo 
microscope, and their masses were determined 
from length-mass relationships (Smock 1980, 
Meyer 1989).  Order-level equations from Smock 
(1980) were used for insects, and equations 
from Meyer (1989) were used for non-insect 
invertebrates.  All individuals were sized along 
the longest dimension.  Cerci, anal gills, and 
antennae were not considered in this length 
measurement.  Differences in the length-frequency 
distribution between riffle and run assemblages 
were assessed with the Kolmogorov-Smirnov test, 
which is sensitive to differences in the general 
shapes of the distributions of 2 populations 
(Seigel and Castellan 1988).  Mann-Whitney tests 
were conducted to compare the total biomass 
between the 2 streams and habitat types.  Size 
data from all taxa were grouped into log10 size 
(mg) intervals, and biomass in these intervals was 
determined for each habitat type and for the entire 
benthic community (riffle + run) in each stream.  
Differences in biomass among the intervals were 
assessed by analysis of variance (ANOVA).

RESULTS

Habitats showed different physical attributes.  
Riffle habitats were characterized by a coarse 
substrate composed mainly of cobbles.  The 
average depth was 0.15 m, average current 
velocity was 0.6 m/s, and superficial flow was 
turbulent.  Run habitats were composed of fine 
substrate of sand, silt, and clay.  The average 
depth was 0.20 m, average current velocity was 
0.3 m/s, and superficial flow was smooth.  Water 
temperature varied around 25°C in stream 1 and 
23°C in stream 2.  Conductivity was 17.7 μS/cm in 
stream 1 and 25.2 μS/cm in stream 2; pH was 6.5 
in both streams.

 In total, 36 macroinvertebrate taxa were 
identified (Table 1).  The most common taxon was 

Diptera; Simulium sp. was the dominant taxon 
in riffles, while chironomids from the subfamilies 
Tanypodinae and Chironominae were the main 
taxa in runs.  Ephemeropterans were neither 
frequent nor abundant and were collected mainly 
in riffle habitats.  Odonata had a frequency of 
occurrence of < 10%; Gomphidae and Libellulidae 
were mainly associated with run habitats, and 
the Coenagrionidae was collected only in riffles.  
The Hydropsychidae was the most frequent 
Trichoptera (50%) and was found only in riffle 
habitats.  Elmidae larvae were the most frequent 
and abundant Coleoptera, and were found in both 
habitat types.  Non-insect taxa were not abundant 
in riffles; Tricladida and Hydrachnidia were the 
most frequent non-insect taxa in that habitat.  In 
runs, Oligochaeta was the most frequent and 
abundant non-insect taxon, followed by Bivalvia 
and Gastropoda.

Richness per sample ranged from 7 to 17.  
From a total of 36 taxa, 31 were found in riffles and 
23 in runs.  In stream 1, diversity and evenness 
did not show differences between habitats (Mann-
Whitney: diversity, W = 20, p = 0.6860; evenness, 
W = 12, p = 0.1140), and richness and total 
abundance were higher in riffle habitats (Fig. 1) 
(Mann-Whitney: richness, W = 26, p = 0.0290; 
abundance, W = 26, p = 0.0290).  In stream 2, all 
community attributes differed between riffles and 
runs (Mann-Whitney: diversity, W = 10, p = 0.0290; 
evenness, W = 10, p = 0.0290; richness, W = 26, 
p = 0.0290; abundance, W = 26, p = 0.0290).  The 
highest diversity and evenness were found in run 
habitats, whereas the highest richness and total 
abundance were in riffles (Fig. 1).

The results of the correspondence analysis 
showed tha t  67% o f  spec ies  abundance 
was accounted by the first 4 ordination axes 
(eigenvalues for axis 1: 0.372, axis 2: 0.155, axis 
3: 0.128, and axis 4: 0.070; total inertia: 1.083).  
Axis 1 showed a clear separation between riffle 
and run samples (Fig. 2).  Ordination scores of 
riffle samples significantly differed from those 
of run samples, as measured by the t-test (t = 
-3.71, p = 0.0075).  Tricladida, Hydrachnidia, 
Leptophlebiidae, Hydropsychidae, Simulium sp., 
Corynoneurini, Orthocladiinae, and Empididae 
showed significant indicator values for riffle 
habitats (Table 1) and were closely associated with 
riffle samples in the correspondence analysis (Fig. 
2).  On the other hand, Bivalvia, Tanypodinae, and 
Chironomini were the characteristic taxa from run 
habitats, since they presented significant indicator 
values (Table 1) and were clustered in relation to 
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Table 1.  List of aquatic macroinvertebrates collected from riffles and runs in 
the studied streams with corresponding indicator values (IVs) for each habitat 
type.  Monte Carlo tests were used to assess the significance of the observed 
maximum IVs for each taxon.  The highest IVs and significant p values are in 
bold

Taxa Riffle Run p value

Platyhelmithes
   Tricladida 62.5 0.0 0.032*
Mollusca
   Gastropoda 2.0 41.7 0.239 ns

   Bivalvia 0.0 62.5 0.031*
Annelida
   Oligochaeta 4.0 55.4 0.125 ns

   Hirudinea 12.5 0.0 1.000 ns

Arthropoda
   Hydrachnidia 87.5 0.0 0.005**
Crustacea
   Brachyrhyncha 12.5 0.0 1.000 ns

Insecta
Plecoptera
   Perlidae Anacroneuria sp. 37.5 0.0 0.193 ns

Ephemeroptera
   Baetidae 20.8 2.0 0.727 ns

   Caenidae Caenis sp. 6.2 6.0 1.000 ns 
   Leptohyphidae Tricorythodes sp. 44.4 1.0 0.124 ns

   Leptophlebiidae 86.4 0.0 0.005**
Odonata
   Coenagrionidae 12.5 0.0 1.000 ns

   Ghomphidae 0.0 12.5 1.000 ns

   Libellulidae 6.2 6.0 1.000 ns

   Heteroptera 12.5 0.0 1.000 ns

Trichoptera
   Hydropsychidae 100.0 0.0 0.001***
   Philopotamidae 12.5 0.0 1.000 ns

   Hydroptilidae 50.0 0.0 0.091 ns

Coleoptera
   Dytiscidae 12.5 0.0 1.000 ns

   Dryopidae 12.5 0.0 1.000 ns

   Elmidae 40.5 23.0 0.575 ns

Diptera
   Tipulidae 16.7 4.0 1.000 ns

   Simuliidae Simulium sp. 99.8 0.0 0.001***
   Ceratopogonidae Species 1 27.0 28.1 1.000 ns

        Species 2 32.5 2.0 0.457 ns

   Chironomidae
   Chironomini 21.0 79.1 0.039*
   Tanytarsini 69.2 27.0 0.137 ns

   Tanypodinae 7.0 86.7 0.013*
   Corynoneurini 97.1 1.0 0.001***
   Orthocladiini 80.9 14.0 0.007**
   Stratiomyidae 0.0 12.5 1.000 ns

   Empididae 79.0 2.0 0.018*
   Dixidae 0.0 12.5 1.000 ns

   Syrphidae 12.5 0.0 1.000 ns

   Muscidae 0.0 12.5 1.000 ns

Indicator value method; * p < 0.05; ** p < 0.01; *** p < 0.001; ns, non significant.
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run samples in the correspondence analysis (Fig. 
2).

In total, 3,656 individuals were measured.  
The length-frequency distr ibut ion in r i ff les 
differed from that in runs in both streams (Fig. 
3) (Kolmogorov-Smirnov: stream 1, D = 1.59,  
p < 0.0100; stream 2, D = 1.20, p < 0.0100).  The 
largest individuals were found in run habitats 
(Oligochaeta, Gomphidae, Libellulidae, Elmidae 
larvae, and large chironomids).  In r i ff les, 
macroinvertebrates belonging to the 1st size 
class (Hydropsychidae, Hydrachnidia, and small 
Chironomidae and Simuliidae larvae) were the 
most abundant.

Total macroinvertebrate biomass did not differ 
between streams (Mann-Whitney: W = 75, p = 
0.5050) or between riffles and runs in each stream 
(Mann-Whitney: stream 1, W = 18, p = 0.9000; 
stream 2, W = 23, p = 0.2000).  The size spectrum 
determined for the entire benthic community 
showed that total biomass was relatively equitably 
distributed among the size classes (Fig. 4), 
although a peak was suggested in medium size 
classes (ANOVA: stream 1, F = 12.75, p < 0.0001; 

Fig. 1.  Box plots for diversity, evenness, taxonomic richness, 
and total macroinvertebrate abundance in riffles and runs of the 
studied streams.
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stream 2, F = 12.50, p < 0.0001).  When the size 
spectrum was separately analyzed in each habitat, 
a peak was also suggested in riffles in medium 
size classes (ANOVA: riffle in stream 1, F = 12.24, 
p < 0.0001; run in stream 1, F = 8.13, p < 0.0004; 
riffle in stream 2, F = 27.69, p < 0.0001; run in 

stream 2, F = 8.76, p < 0.0002).
In riffle habitats, medium size classes were 

mainly comprised of Simulium sp., Chironomidae 
from the tribes Orthocladiini and Corynoneurini, 
Trichoptera, and Ephemeroptera (Fig. 5).  In runs, 
medium size classes were mainly composed of 

Fig. 4.  Biomass size spectra of macroinvertebrates collected in riffles and runs of the studied streams.  In the upper panel (A), the size 
spectra for the entire benthic community (benthic samples pooled together) are shown.  In the lower panel (B), the size spectra for riffle 
and run samples are shown separately.  Different letters indicate significant differences among classes tested by ANOVA (SNK test).  
DM, dry mass.

Fig. 3.  Length-frequency distributions of macroinvertebrates from riffles and runs of the studied streams.
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Oligochaeta, Elmidae larvae, and Tanypodinae and 
Chironomini.  The largest size classes presented 
higher biomass in runs than in riffles, and were 
comprised of Oligochaeta, Elmidae, Chironomidae 
larvae, Gomphidae and Libellulidae.

DISCUSSION

Macroinvertebrate community structure has 
been found to differ among stream habitats by 
many authors (Ramírez et al. 1998, Armitage 
and Cannan 1999, Tickner et al. 2000, Baptista 
et al. 2001, Bonada et al. 2006, Principe et al. 
2007).  Some studies reported the lowest values of 
richness and diversity in habitats characterized by 
fine substrate (Armitage and Cannan 1999, Tickner 
et al. 2000, Fenoglio et al. 2004), while the highest 
values were found in the most heterogeneous 
environments (Beisel et al. 2000, Principe and 
Corigliano 2006).  The highest richness was also 
found in the most complex habitat units in this 
study (i.e., riffles), but the highest diversity was 
registered in relatively homogeneous habitats 
(i.e., runs), due to the high evenness of the 
assemblages living in runs.  Heterogeneous 

environments potentially offer a great number of 
niches for invertebrates.  These habitat units are 
preferred by a lot of species because they offer 
refugia and adequate conditions for feeding, since 
the probability of predation decreases.  On the 
other hand, in habitats with finer substrates, the 
instability of the substrate and the low organic 
matter availability lead to a low richness (Hawkins 
1984).

Results for macroinvertebrate total abund-
ances are quite contradictory, since some authors 
have found the lowest values in riffle habitats 
(Baptista et al. 2001, Principe et al. 2007), while 
others have reported the lowest abundance for 
habitats characterized by fine substrates such 
as pools and runs (Armitage and Cannan 1999, 
Tickner et al. 2000); which is in agreement with the 
results of this study.  In tropical streams, patches 
of fine substrate can be subjected to higher 
predation by fish and shrimp (Pringle 1996), and 
it has been demonstrated that this activity results 
in low abundances of insects in these habitat 
units (Pringle and Hamazaki 1998).  Furthermore, 
chironomids were the main taxa in runs of the 
studied streams.  These taxa were reported to be 
the least affected by activities of fish and shrimp, 

Fig. 5.  Biomass size spectra considering the biomass of the main community taxocenes in each size class.  DM, dry mass.
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suggesting that their ability to build retreats and 
bury themselves provides protection against 
macroconsumers (Pringle and Hamazaki 1998, 
Rosemond et al. 1998).

Each habi tat  uni t  of  a lot ic  system is 
associated with a particular macroinvertebrate 
assemblage whose composi t ion is  mainly 
determined by substrate and flow type (Ramírez 
et al. 1998, Beisel et al. 2000, Tickner et al. 
2000).  In this study, the correspondence analysis 
clear ly separated groups of samples from 
different habitats.  This suggests that different 
stream habitats may play different roles in overall 
community dynamics (Ramírez and Pringle 1998) 
and that resources may be patchily distributed.  
The IndVal method allowed the identification of 
characteristic assemblages in each habitat type.  
All significant indicator taxa for riffles presented 
indicator values of > 60% demonstrating high 
affinities for this habitat type.  On the other hand, 
the Chironomini, Tanypodinae, and Bivalvia were 
the characteristic taxa of runs.  Species of the 
subfamily Chironominae are adapted to living in 
soft sediments and are better able to tolerate lower 
oxygen concentrations that occur in habitats with 
this type of substrate (Pinder 1995).  Some genera 
of the Tanypodinae have also been reported to 
prefer fine substrates (Fittkau and Roback 1983), 
and most freshwater Bivalvia live in sandy or silty 
substrates (Ageitos de Castellanos and Landoni 
1995).

The length-frequency distribution of riffles 
differed from that in runs.  Although larger 
organisms were found in run habitats, differences 
in total biomass between these 2 habitats were 
not observed due to the high number of small 
invertebrates colleted in riffles.  The largest 
invertebrates collected in runs were Oligochaeta, 
Gomphidae, Libellulidae, and large chironomids.  
These taxa are less affected by predation because 
they bury themselves, and they do not have to 
spend as much energy as invertebrates living in 
riffles, which have to spend more energy to avoid 
being displaced by the current and in grazing for 
resources.  Alternatively, riffles have been reported 
to be habitats for small species and nurseries for 
young life stages (Power 1987, Winfield 1990).

Before discussing biomass patterns in the 
size spectra, the potential bias that may have been 
introduced when length-mass relationships based 
on data from different sites are used must be 
taken into account.  This procedure can introduce 
some bias due to differences in the physical-
chemical environment, trophic conditions, or 

genetics (Benke et al. 1999, Gonzalez et al. 2002).  
Various authors have suggested that regressions 
developed for the same taxa but from different 
geographic regions may have different length-
mass relations, and recommended caution in their 
application (Smock 1980, Meyer 1989, Burgherr 
and Meyer 1997, González et al. 2002).  However, 
Benke et al. (1999) argued that in cases where 
different investigators developed equations for 
the same taxa in different regions, it is possible 
that investigator-related biases in weighing or 
measurement rather than geographic location 
could have been responsible for the differences.  
As I am aware of the potential bias, I made 
comparisons between habitats within the study and 
analyzed patterns with the same bias.  I discuss 
the obtained results comparing them with those 
found in similar works, although I recognize that 
different patterns may be found in tropical streams.  
Further studies in the region will produce increased 
knowledge of the patterns of size distributions 
and elucidate any differences if they exist.  The 
elaboration of regression equations for tropical 
stream invertebrates becomes essential in order to 
obtain more-accurate comparisons and decrease 
this potential source of error.

The biomass distribution of the entire benthic 
community was approximately unimodal in the 
studied streams.  In riffles, the size spectra were 
also unimodal, whereas nearly flat spectra were 
found in runs.  Benthic stream communities 
usually exhibit an irregular size spectrum (Poff 
et al. 1993, Bourassa and Morin 1995, Morin 
et al. 2001, Solomini et al. 2001), and although 
several authors have analyzed the response of 
size distribution to spatial factors, there has been 
no satisfactory theory explaining the characteristic 
shape of the size spectra that encompasses 
all habitat types (Stead et al 2005).  Moreover, 
most pattern-seeking studies have not yet been 
able to describe the general connection between 
community characteristics and patterns in body 
size in a consistent way (Robson et al., 2005).  
Body size distributions are dynamic, and are not 
characterized by 1 pattern or category (Allen et al. 
2006), therefore White et al. (2007) pointed out 
that the general variability and complexity of the 
size spectra across groups make it hard to draw 
general conclusions about these relationships.

The length-frequency distribution and the 
shape of the size spectrum differed between 
habitats, which differed in substrate and flow type.  
In addition, differences in the physical attributes 
of riffles and runs were clearly reflected in the 
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taxonomic composition of the size spectra.  Several 
authors have investigated the response of size 
distributions to variations in substratum particle 
size.  Some found a low influence of substrate 
on the shape of the size spectra (Bourassa 
and Morin 1995, Solomini et al. 2001), whereas 
others reported opposite results (Poff et al. 1993).  
Variations in shape among the size spectra may 
reflect inherent differences in evolutionary histories, 
trophic level organization, and/or environmental 
constraints on community membership (Poff et 
al. 1993).  Holling (1992) stated that a range of 
mechanisms may be responsible for the observed 
body-size distributions, with different mechanisms 
operating at different spatial and temporal scales.  
The variability in the results found in studies 
about size distribution in different geographical 
regions, ratifies the importance of considering local 
characteristics and makes so far the elaboration 
of theoretical generalizations in relation to this 
concept difficult. Patterns observed in taxonomic 
and size structures in riffles and runs may indicate 
that different intra- and interspecific relationships 
may act in each habitat as factors structuring the 
macroinvertebrate benthic community.  Therefore, 
the ecological functioning may be considered to 
differ at the habitat level in the studied tropical 
streams.
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