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Benthic macrofauna and the limnological parameters of a  
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Abstract: Aim: The present study aimed to elucidate if the water physical and 
chemical parameters from a first order stream of Biological Reserve of Saltinho from south 
Pernambuco induces in the distribution and abundance of benthic macroinvertebrates. 
Methods: Both limnological parameters (pH-value, electrical conductivity, water 
temperature, turbidity, salinity and dissolved oxygen) and structural variables of aquatic 
habitat (substrate, food availability and flow velocity) influence the macroinvertebrates 
community structure. The creek is very small, with an approximate width of 1-3 m and 
a depth of 0.5 m. It was used a Surber sampler (100 µm) in three stretch of the creek, 
each one with two sampling units (s.u.) totaling six s.u. distant 50 m, with a sampling 
effort of five minutes per s.u.. The measurer multiparameter was used in order to obtain 
the water analysis (limnological parameters). Results: From 11 taxa of macroinvertebrates 
found no significant correlation (p<0.05) was presented with pH-value, water temperature 
and salinity, but some taxa showed with electrical conductivity (EC), turbidity (TD) 
and dissolved oxygen (DO). Hemiptera abundance increases with decreasing DO; 
Ostracoda abundance increases with increasing EC and TD and the decrease in DO; 
and Trichoptera abundance increases with the decrease in EC and TD and the increase 
in DO. The stretches exhibited similarity in relation to the richness and abundance of 
macroinvertebrates and limnological parameters. The macroinvertebrates distribution 
in the stream not showed the same pattern, grouping s.u. of different stretch, because 
the habitat structural variables influenced the distribution. Conclusions: Therefore, the 
macroinvertebrates community varies according to abiotic factors in different limnological 
and structural parameters. This study is the first record of a work that associates benthic 
fauna and abiotic parameters at the Atlantic forest of Pernambuco.

Keywords: macroinvertebrates, abiotic variables, stream, Atlantic forest, benthic 
fauna.

Resumo: Objetivo: O presente trabalho teve por objetivo elucidar se as variáveis físicas 
e químicas da água, de um riacho de primeira ordem da Reserva Biológica de Saltinho 
do sul de Pernambuco atuam na distribuição e abundância dos macroinvertebrados 
bentônicos. Métodos: Sabe-se que tanto as variáveis limnológicas (pH, condutividade, 
temperatura, turbidez, salinidade e oxigênio dissolvido) quanto as variáveis estruturais do 
habitat aquático (substrato, disponibilidade de alimento e velocidade do fluxo) influenciam 
na estrutura da comunidade de macroinvertebrados. O riacho é muito pequeno com 
largura aproximada de 1-3 m e profundidade de 0,5 m. Foi utilizado um amostrador 
tipo Surber (100 µm) em três trechos do riacho, cada um com duas unidades amostrais 
(u.a.) totalizando seis u.a. distantes 50 m, com um esforço amostral de cinco minutos 
por u.a.; as variáveis da água foram coletadas com o auxílio do medidor multiparâmetro 
de qualidade da água. Resultados: Dos 11 táxons encontrados nenhum exibiu correlação 
significativa (p<0,05) com pH, temperatura e salinidade, mas alguns táxons apresentaram 
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organism occur in a particular habitat it must go 
through numerous hierarchical filters, which are 
ecological barriers to the persistence of individual, 
where the habitat and communities are diverse 
within stream patch.

So, we sought to elucidate if the physical and 
chemical parameters of the water of a first order 
stream influence the abundance and distribution 
of benthic macroinvertebrates in large group level. 
Thereby, we tested the hypothesis that aquatic 
macroinvertebrate community presents changes 
in its structure according to the abiotic variables.

2. Material and Methods

The stream Saltinho is situated into the protected 
area - Biological Reserve of Saltinho (08°44’13” and 
08°43’09”S / 35°10’11” and 35°11’02” W) localized 
in Tamandare city – Pernambuco. The watershed of 
the stream has approximately 22.634 ha and 475 ha 
in the protected area with two supply reservoirs 
for Tamandare, its source is outside the biological 
reserve area and its main flow direction is northwest-
southwest flowing into the River Mamucabas 
(Brasil, 2003).

The samples were collected during rainy season 
on May, 2013, between 9 a.m. and 4 p.m. in the 
stream Saltinho, that May to July are the rainiest 
months in this region. Sampling occurred in 
three stretches of the stream, divided into three 
blocks with 150 m (A, B and C) it was used two 
sampling units (s.u.) for each stretch distant 50 m 
from each other with a sampling effort of five 
minutes by s.u (Figure 1). Each stretch has 1 to 
3 m of width with depth about 0.5 m. The cover 
of stream is forested with native species but we 
found some exotic palm (Elaeis guineensis) and sugar 
cane (Saccharum officinarum). The substratum is 
formed mainly by sand-clay and stones. The litter 
is accumulated in some parts of stream. The creek 
exhibits high heterogeneity of microhabitats with 
chutes, waterfalls and backwater area. There are 

1. Introduction

The aquatic macroinvertebrates have great 
species diversity and several ways of life. They can 
inhabit from puddles to rivers and are associated 
with different substrates (Rosenberg and Resh, 
1993; Barbola et al., 2011). Their use in aquatic 
environmental impact assessments becomes 
frequent due to the great potential bioindicator and 
can be classified in three main groups (sensitive, 
tolerant or resistant) related to tolerance of adverse 
conditions (Goulart and Callisto, 2003; Holt 
and Miller, 2010). Therefore, they are considered 
important for the structure and functioning of 
aquatic ecosystems and their composition may 
be related to abiotic conditions influencing the 
structuring and distribution of individuals (Ribeiro 
and Uieda, 2005; Silva and Henry, 2013).

Thus, natural and anthropogenic factors or 
process generate patterns in spatial and temporal 
scales, creating a relationship with community 
structure that can be influenced by ecosystem type 
and organism group (Wu and Loucks, 1995). The 
macroinvertebrate community may differ according 
to structural variables (substrate composition, 
food availability and flow velocity) in a small scale 
or can result of water limnological differences in 
a large scale (Kikuchi and Uieda, 1998; Melo, 
2009). Moreover, abiotic variables may be divided 
in macro or meso spatial scale in which mesoscale 
can be structural and limnological with hierarchical 
relationship between these scales influencing 
organisms (Vilella et al., 2004; Kubíková et al., 
2012).

According to the River Continuum Concept, 
physical factors are necessary for understanding the 
dynamics and biological strategies of a river system, 
in which the use by group of macroinvertebrate 
functional feeding can be regulated by fluvial 
geomorphologic process (Vannote et al., 1980). 
Frissell et al. (1986) defined that in order to an 

com as outras variáveis. Hemiptera aumenta a abundância com o decréscimo de oxigênio 
dissolvido (OD); Ostracoda aumenta com o acréscimo da condutividade elétrica (CE), 
turbidez (TB) e o decréscimo do OD; e Trichoptera aumenta com a diminuição da CE 
e TB e com o aumento do OD. Cada trecho exibiu similaridade em relação à riqueza e 
abundância dos táxons e às variáveis limnológicas. A distribuição dos táxons no riacho 
não apresentou o mesmo padrão, agrupando as u.a de trechos distintos, devido às variáveis 
estruturais do habitat. Conclusões: Assim, a comunidade de macroinvertebrados variou 
de acordo com as variáveis abióticas nos diferentes parâmetros estruturais e limnológicos. 
Este estudo é o primeiro registro de um trabalho associando fauna bentônica e variáveis 
abióticas na mata atlântica em Pernambuco.

Palavras-chave: macroinvertebrados, variáveis abióticas, riacho, Mata Atlântica, 
fauna bentônica.
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in addition to verify how the s.u. is grouped from 
the macroinvertebrates richness and abundance with 
limnological parameters.

3. Results

A total of 175 individuals (N=6) were collected in 
stream Saltinho, belonging to 11 macroinvertebrates 
(Acari, Amphipoda, Chironomidae, Coleoptera, 
Ephemeroptera, Gastropoda, Hemiptera, Odonata, 
Oligochaeta, Ostracoda and Trichoptera). 
Arthropoda presented almost total individuals 
(99%) and the Insecta was the most prominent 
with six orders. Chironomidae–Diptera represented 
46% of the total abundance, followed by Ostracoda 
(18%) and Coleoptera (15%) (Table 2).

The water physical and chemical parameters 
not showed significant difference of the six units, 
because the salinity had similar values in all s.u. It 
was excluded from the linear correlation analysis 
(Table 3).

The total abundance of macroinvertebrates 
presented correlation positive (0.8119; p=0.041) 

some differences between the three blocks sampled 
in the Saltinho stream (Table 1).

For the collection of individuals we used a manual 
Surber sampler (30 cm², open mesh of 100 µm) and 
water physical and chemical parameters (pH-value, 
salinity, electrical conductivity, water temperature, 
turbidity and dissolved oxygen) were collected with 
help of the multi-parameter Hanna HI 9828. The 
individuals were identified to lowest taxonomic 
level possible using specific identification keys 
(Costa et al., 2006; Fernández and Domingues, 
2001; Mugnai et al., 2010), preserved in 70% 
alcohol and deposited in the collection of the 
Laboratory of Assessment, Recovery and Restoration 
of Aquatic Ecosystems – ARRE ÁGUA/UFPE.

For data analysis we used linear correlation 
with a significance level (p) less than 0.05 and 
hierarchical clustering of cases (complete linkage) 
by Euclidean distance, through Statistica 7.0, 
and values were standardized. These tests were 
realized to check the existence of a relationship 
between macroinvertebrates and abiotic variables, 

Table 1. Characteristics of the three blocks sampled at the Saltinho stream during the rainy season in May, 2013 at 
the Biological Reserve of Saltinho, Tamandare city – Pernambuco, Brazil. BD = Boulders; CL = Clay; PB = Pebbles; 
SN = Sand.

Blocks Substratum
Average Variation of water Average height of Average widht

depth (cm) column (cm) ravine (cm) (cm)
A CL and SN 30.83±4.95 0.91±0.58 48.60±22.21 167.16±86.40
B PB and BD 10.50±5.00 0.66±0.25 88.83±34.08 217.83±47.49
C CL and SN 23.00±5.51 0.83±0.25 124.16±15.84 220.83±63.67

Table 2. Macroinvertebrates abundance collected in six sampling units during rainy season (May, 2013) at protected 
area - Biological Reserve of Saltinho, Tamandare city – Pernambuco, Brazil.

Taxa
Sampling Units

Total
1 2 3 4 5 6

Phylum Mollusca
Class Gastropoda 1 0 0 0 0 0 1
Phylum Annelida
Class Oligochaeta 1 0 0 0 0 0 1
Phylum Arthropoda
Class Arachnida
Order Acari 6 4 1 4 3 0 18
Class Ostracoda 11 13 2 2 2 1 31
Class Malacostraca
Order Amphipoda 0 0 1 0 0 0 1
Class Insecta
Order Ephemeroptera 1 0 0 2 0 0 3
Order Odonata 1 0 0 0 3 1 5
Order Hemiptera 0 4 0 0 0 0 4
Order Coleoptera 8 1 4 3 2 7 25
Order Diptera
Family Chironomidae 3 8 20 18 12 19 80
Order Trichoptera 0 0 1 1 3 1 6
Total 32 30 29 30 25 29 175
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parameters, because the block A exhibited the 
highest values of eletrical conductivity and turbidity 
and lower dissolved oxygen values. This cluster was 
expected due to the proximity of the blocks B and 
C which are physically separated from the block A.

The cluster of s.u. from different stretch 
occurs due to structural characteristics (mesoscale 
variables) have more influence on the distribution 
and community composition than limnological 
parameters. Moreover, the macroscale variables are 
hierarchically higher than mesoscale (Vilella et al., 
2004).

The aggregated distribution of benthic 
macroinvertebrates may result in a dominance 
of some groups with a great diversity of species 
(Bicudo and Bicudo, 2007; Kumar and Khan, 
2013; Negi and Mamgain, 2013). The dominance 
pattern of macroinvertebrates found in this study 
is commonly observed in others studies, which the 
class Insecta has a higher frequency and the family 
Chironomidae with greater abundance (Giuliatti 
and Carvalho, 2009; Silva and Henry, 2013).

First order streams have a great offer of 
allochthonous material and consequently a higher 
quantity of shredders and collectors organisms 
(Vannote et al., 1980). Because this, Chironomidae 
is often dominant in samples taken in lotic or lentic 
local, due to its tolerance to adverse conditions 
such as hypoxia and its higher competitive ability 
(Carvalho and Uieda, 2004; Marques et al., 1999).

The diverse food habit of Chironomid midges 
is common to the group. They are most collector-
gatherers and predators, but we can find some large 
with shredders and scrapers habit. Chironomi and 
Tanypodini are the most frequent Chironomid 
tribes, last one are obligatory predators (Abílio et al., 
2007; Giuliatti and Carvalho, 2009; Nin et al., 
2009; Ribeiro and Uieda, 2005).

Ostracoda is a detritivore/herbivore group and 
most organisms are shredders, they are commonly 
found on the soft sediments at lentic habitats and 
they can support determined conditions, such as 

only with electrical conductivity. The taxa richness 
of all s.u. not correlated with any abiotic variables. 
In the linear correlation between macroinvertebrates 
and limnological parameters, Hemiptera, Ostracoda 
and Trichoptera were significantly correlated 
(p<0.05). Hemiptera showed negative correlation 
(–0.8378; p=0.037) with dissolved oxygen (DO) 
that increases their abundance with DO decreasing. 
While Ostracoda demonstrated positive correlation 
with electrical conductivity (EC) (0.9728; p =0.001) 
and turbidity (TD) (0.9846; p=0), increasing 
their numbers proportionately to these variables 
and disproportionately with DO, it presents a 
negative correlation (–0.9167; p=0.010). And lastly 
Trichoptera that showed opposite Ostracoda with a 
negative correlation with EC (–0.8955; p=0.016) 
and TD (–0.8163; p=0.048) and positive with DO 
(0.8124; p=0.049).

From the cluster analysis of cases (s.u.), using 
as variables the macroinvertebrates richness and 
abundance and limnological parameters, it was 
found that the s.u. of each stretch are grouped 
separately that showed the similarity expected by 
stretch (Figure 2). Performing a cut on the distance 
between 0.14 and 0.16 were separated three groups 
with the s.u. of each stretch grouping.

Sampling units are grouped differently 
independently of the stretches, when are included 
the 11 taxa separately and the limnological 
parameters (Figure 3). From the cut between 
1.2 and 1.4 were divided in two groups with the s.u. 
of block A connected and the s.u. of blocks B and 
C grouped, due to the proximity of these stretches 
in relation to stretch A.

4. Discussion

From the cluster analysis, the dendrogram seemed 
a similarity in the abundance of macroinvertebrates 
s.u. of block A and blocks B and C similar to each 
other, with the stretches of block A presenting 
higher abundances than the other blocks. It showed 
the same pattern of grouping in relation to abiotic 

Table 3. Abiotic variables values collected with measurer multi-parameter in six sampling units, it occurs during 
rainy season on the period of May, 2013 at Biological Reserve of Saltinho, Tamandare city – Pernambuco, Brazil.

Parameters
Sampling Units

1 2 3 4 5 6
pH-value 6.08 6.24 6.20 5.96 6.07 5.88
Water temperature (°C) 24.77 24.89 24.41 24.64 25.93 25.93
Electrical conductivity (µs/cm) 70 72 63 64 61 61
Turbidity (NTU) 35 36 31 32 31 30
Salinity (mg/L) 0.03 0.03 0.03 0.03 0.03 0.03
Dissolved oxygen (mg/L) 5.12 4.77 5.72 5.57 5.63 5.54
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survive in aquatic habitat, they can live in aquatic 
and semiaquatic ecosystems, including lentic and 
lotic systems (Benetti and Régil Cueto, 2004). The 
families Hydrophilidae, Dytiscidae, Noteridae, 
Gyrinidae and Elmidae are the most found in 

salinity, temperature and acidity (Gooderham and 
Tsyrlin, 2002; Iglikowska and Namiotko, 2012).

The most organisms of Coleoptera are predators 
with a wide ecological valence (Benetti and 
Hamada, 2003). Because of their adaptations to 

Figure 1. Images of the three blocks A, B and C, respectively, sampled during rainy season in May, 2013 at the stream 
Saltinho of the Biological Reserve of Saltinho, Tamandare city – Pernambuco, Brazil.

Figure 2. Dendrogram of cluster analysis based on six abiotic variables (pH-value, water temperature, electrical 
conductivity, turbidity, salinity and dissolved oxygen), macroinvertebrates abundance and richness in six sampling 
units (s.u.).
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The turbidity increases with the amount 
of dissolved solutes entered by the input of 
organic matter and allochthonous origin, exerting 
influence on the macroinvertebrate community 
(Abílio et al., 2007). The modification in abundance 
of Trichoptera and Ostracoda related to turbidity 
can be for the fact of macroinvertebrates diets be 
influenced by changes in resource availability due 
to turbidity-driven and variability in these diets 
can happen because of river turbidity (Kelly et al., 
2013).

The rate of dissolved oxygen is characterized to 
be one of the limnological parameter that presents 
higher daily fluctuations. Its concentration is 
directly related to the processes of photosynthesis 
and respiration and/or decomposition that are 
associated with the light intensity and temperature. 
Besides, this parameter influences the metabolism of 
aquatic communities such as primary productivity, 
respiration and reproduction of organisms and 
decomposition of organic matter, which can also 
be induced by macroinvertebrates (Esteves, 2011).

The concentration of dissolved oxygen have daily 
and seasonal variations with higher concentrations 
during higher light incidence (Fulan et al., 2009), 
and the samples were collected at the rainy season 
that differ of the dry season because has less 
luminosity. It is consider one of the most important 
factors in macroinvertebrates distribution, which 
in several condition of organic pollution the 
concentration of dissolved oxygen is a limiting 
factor to species survival and more determinant in 

freshwater bodies at Atlantic forest of Pernambuco 
(Cunha, in prep.).

Among the limnological parameters evaluated 
those that influenced on the distribution and 
abundance of macroinvertebrates were: electrical 
conductivity, dissolved oxygen and turbidity. 
However, only the electrical conductivity 
significantly correlated with abundance, as found 
in previous works on first order streams, indicating 
the importance of this parameter as the structuring 
of macroinvertebrates assemblages (Baptista et al., 
2001; Melo, 2009).

The electrical conductivity is connected with 
the variation of rainfall during the year. Indicating 
seasonal variations and the geological basis of 
geographical basin in which the water body is 
located, it can influence the composition and 
abundance of benthic fauna (Abílio et al., 2007). 
The lower values of electrical conductivity indicated 
that there is a lower concentration of dissolved ions 
and a smaller amount of external organic matter, 
which may be a parameter that contributes to the 
recognition of environmental impacts (Giuliatti and 
Carvalho, 2009). Also this parameter influenced the 
abundance of Ostracoda and Trichoptera, because 
EC had a role in the macroinvertebrates distribution 
(Rossaro et al., 2007). Despite the possible 
character indicative of pollution can be found 
tolerant individuals that have positive correlation 
with electrical conductivity and turbidity, such as 
ostracodes (Fulan et al., 2009).

Figure 3. Dendrogram of cluster analysis based on six abiotic variables (pH-value, water temperature, electrical 
conductivity, turbidity, salinity and dissolved oxygen) and the eleven taxa of macroinvertebrates sampled in six 
sampling units (s.u.).
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the community composition than food availability 
(Rossaro et al., 2007).

The negative linear correlation between 
Hemiptera and dissolved oxygen is explained 
because of the ability that they have to use the 
atmosphere oxygen; hence they can survive in 
bodies’ water with lower levels of oxygen (Bouchard, 
2004). The most ostracodes are found in habitats 
with low oxygen level and intermediate water 
temperatures with dissolved oxygen being one of 
the most influential parameters (Külköylüoğlu, 
2003, 2005; Fernandes Martins et al., 2010). 
While the caddisflies are sensitive organisms that 
prefer cleaner aquatic habitats with low electrical 
conductivity and turbidity, in addition to well 
oxygenated (Bispo et al., 2006). The occurrence of 
organisms of the order Trichoptera may indicate a 
low organic enrichment of associated environments 
with this fauna. Because they are sensitive insects 
to organic pollution and characteristic of meso-
oligotrophic systems, that disappear under 
increasing eutrophication (Merritt and Cummins, 
1984; Abílio et al., 2007).

Our hypothesis was accepted but limnological 
studies for tropical systems involving differentiated 
sca les  in respect  of  abiot ic  factors  and 
macroinvertebrates community are still incipient. 
Then, more works that include parameters with 
different scales are still necessary, for the purpose 
to provide better grants to assess and monitor the 
quality of aquatic ecosystems.

The most predominant groups in this study 
(Chironomidae, Ostracoda and Coleoptera) 
presented detritivore and predator habits with 
variation in the abundance because of structural 
and limnological parameters. In Pernambuco 
state we cannot find macroinvertebrates studies 
in streams with this approach. The Atlantic forest 
of Pernambuco stay covered by sugar cane and 
rests some little fragments of native forest, because 
it is important studies that provide material for 
the monitoring of these areas. This study looked 
for to show a first record of macroinvertebrates 
community and physical and chemical parameter 
of water in an area of Altantic forest of Pernambuco.
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