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Influence of urbanization on size and biomass of a small-sized
characid fish (Diapoma alburnum) in a subtropical river basin
of southern Brazil
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Abstract

The coastal lagoons of the Tramandai River basin are dynamic ecosystems characterized by high biodiversity.
They provide important ecosystem services, such as water supply for human consumption, industry, agriculture,
animal husbandry, leisure activities, tourism and fishing. Constant increases in the human population and the
use and occupation of the land around the lagoons has brought growing demands for their resources, resulting
in increased pressure that compromises these ecosystems. Understanding how biological populations respond to
these anthropogenic pressures is essential. This study examined whether the degree of urbanization around 23
lagoons in the Tramandai River basin influences the size and biomass of the characid fish species Diapoma alburnum.
Specimens were collected between 2009 and 2012 using standardized drag nets. All specimens were measured for
standard length to determine average length (size) per lagoon, while all fish collected per lagoon were weighed
together to determine average biomass per lagoon by dividing by the number of specimens. Urbanization around
the lagoons was measured using satellite images representing artificial nocturnal light as a proxy for urbanization.
Nocturnal light intensity was measured within 1 km, 3 km, and 5 km buffers around each lagoon. The resulting
urbanization index ranged 6 - 44% for the 5 km buffer, from 3 - 55% for the 3 km buffer and 1 - 65% for the 1
km buffer. Regression analyses showed a significant positive relationship with increasing urbanization around
lagoons for D. alburnum average biomass in the 3 km and 5 km buffers and for D. alburnum average length in the
3 km buffer. Although urbanization around the lagoons is not fully established, the results indicate its impact on
the size and biomass of D. alburnum.
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Resumo

As lagoas costeiras da bacia do Rio Tramandai sdo ecossistemas dindmicos que apresentam uma alta biodiversidade
e fornecem importantes servicos ecossistémicos como agua para consumo humano, para inddstrias, agricultura,
criacdo animal, dreas para lazer, turismo e pesca. Com o constante aumento populacional e o uso e ocupagdo do
solo ao entorno das lagoas, crescem as demandas por seus recursos, pressionando e comprometendo cada vez mais
esses ecossistemas. Desta forma, faz-se necessario compreender como as populagdes biol6gicas respondem a essas
pressdes antropogénicas. Esse estudo tem por objetivo avaliar se diferengas no grau de urbanizagdo ao entorno
das lagoas afetam a biomassa e comprimento de uma espécie de Characidae (Diapoma alburnum) presente em
23 lagoas da bacia do rio Tramandai. Exemplares foram coletados entre os anos de 2009 e 2012, utilizando redes
de arrasto. Para a coleta e andlise de dados foi medido o comprimento padrao dos individuos, e para biomassa
foi feita a pesagem de todos os peixes, dividido pelo nimero de individuos coletados por lagoa. Para mensurar
a urbanizagdo ao entorno das lagoas, utilizou-se imagem de satélite representando luz noturna como proxy de
urbanizagdo e extraiu-se a intensidade de luz noturna em buffers de 1 km, 3 km e 5 km ao redor de cada lagoa. O
indice de urbanizagdo variou entre 6% e 44% para o buffer de 5 km, de 3% a 55% para o buffer de 3 km e 1% a 65%
para o buffer de 1 km ao redor dessas lagoas. Os resultados de analises de regressdes mostraram que D. alburnum
apresentou relacdo significativa positiva para biomassa nos buffers de 3 km e 5 km, e uma relagdo significativa
positiva no comprimento médio para o buffer de 3 km, conforme aumenta a urbaniza¢do ao entorno das lagoas
costeiras. Evidenciamos neste estudo, que apesar da urbanizag¢do ao entorno das lagoas ainda ndo estd totalmente
consolidada, é possivel ver impactos em tamanho e biomassa em populagdes de D. alburnum, e por ser mais
tolerante a fatores de pressdo antrépica, a espécie pode ser usada como bioindicador.
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1. Introduction

Coastal lagoons are generally shallow, lentic bodies
of water distributed along the coasts of continents
where their development is due to constant interaction
with the marine and terrestrial environments. They are
representative and valuable ecosystems for humanity, as
they have high biodiversity and are used for fishing and
leisure activities and as water supply for human and other
animal consumption and agriculture (Esteves et al., 2008).
Such lagoons are also destinations of human effluent
discharges, which can compromise water quality (Merten
and Minella, 2002).

The use and occupation of environments combined
with climate change is placing freshwater ecosystems in a
biodiversity crisis, where they are under greater pressure
than any other ecosystem (Reid et al., 2019). Freshwater
biodiversity is declining at an accelerated rate, two
times faster than in terrestrial and marine environments
(Tickner et al., 2020). In the face of these abrupt changes
in biodiversity loss, it is important to conduct studies
that pay attention to freshwater ecosystems and discuss
measures that contribute to conservation and help tackle
the freshwater biodiversity crisis (Albert et al., 2021;
Ottoni et al., 2023).

As urbanization increases around lagoons, so does
anthropogenic activity and the pollution load in these
ecosystems. This, in turn, decreases microhabitat
heterogeneity on the shore and alters the amount of
aquatic macrophytes available (Bryan and Scarnecchia,
1992) and the amount and type of substrate (Jennings et al.,
1996). The availability of these elements is fundamental
for various organisms, especially fish, which use these
resources for foraging, reproduction, and shelter. It is
therefore important to monitor these environments in
relation to land use and occupation to determine the
effects of these factors.

The advance of urbanization can be measured using
geographic information systems (GIS) (Weng, 2001), as they
allow the visualization of land use, making them a highly
relevant tool for biodiversity monitoring and conservation
studies (Salem, 2003). Satellite images of artificial night
light represent one useful tool of GIS because they are
good indicators of human pressure, verifying human
occupations at different spatial scales (Guetté et al., 2018)
and working as a good proxy for urbanization, especially
for population density (Mellander et al., 2015), being able
to capture and measure artificial light emitted at night
from urban settlements connected to the electricity grid.
In addition, since more urbanized locations emit more
nighttime light than less urbanized locations, the degree
of nocturnal luminosity around water bodies can be used
to quantify the degree of urbanization.

The human population of the north coast of the state
of Rio Grande do Sul has been increasing constantly
(Moura et al., 2015; Strohaecker et al., 2006). Linked to this
is an increase in anthropogenic impacts on ecosystems,
such as the emission of effluents which, due to their
high load of organic compounds and nutrients, affect
the quality of water bodies (Merten and Minella, 2002).
Differences in the concentrations of limnological factors,
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such as phosphorus and nitrogen compounds, caused by
anthropogenic activities can decrease species richness and
contribute to accelerated growth of aquatic macrophytes
and algae (Bicudo et al., 2017), which harms the water
quality of the region’s ecosystems.

Studies of freshwater fish assemblages in regions
affected by urbanization show negative effects on the
integrity of these ecosystems. The greater the degree of
urbanization in the surroundings of aquatic ecosystems,
the lower the fish species richness and the greater the
predominance of generalist species that are tolerant of
anthropogenic impacts (Reash and Berra, 1987; Cunico et al.,
2006; Ferreira et al., 2021). Furthermore, fish species
that are more tolerant of anthropogenic impacts can
take advantage of a greater availability of food and/or
unoccupied niches, which is reflected in increased size
and weight (Morado et al., 2017).

Due to human population growth and the constant
process of urbanization (Moura et al., 2015), which put
increasing pressure on these ecosystems, combined with
a scarcity of studies on how urbanization affects fish
assemblages in aquatic coastal basins in southern Brazil, a
better understanding of how organisms respond to these
pressures is needed.

The present study aimed to assess whether the degree
of urbanization around lagoons affects the size and biomass
of fish by determining for each lagoon the average length
(size) and average biomass of the characid species Diapoma
alburnum (Hensel, 1870), a very frequent and abundant
fish in the coastal lagoons of the Tramandai River basin.
We hypothesized that D. alburnum will have greater size
and biomass in lagoons with higher urbanization since,
being an abundant species, it is likely to be more resilient
and better adapt to the effects.

2. Material and Methods

2.1. Study area

The Tramandai River basin is located on the coastal plain of
the northern coast of Rio Grande do Sul State, southern Brazil.
It has a drainage area of approximately 2,978.11 km? (Castro,
2019a) and encompasses 41 coastal lagoons with varying
degrees of connectedness (Guimardes et al., 2014) (see
Figure 1). The lagoons are rich in fish (Bertaco et al., 2016)
and aquatic macrophyte (Irgang and Gastal Junior, 1996)
species. The climate of the region is classified as humid
subtropical Cfa, characterized by hot summers and no dry
season (Hasenack and Ferraro, 1989).

The lagoons are used for rice farming, effluent emission,
public and industrial supply, fishing, and animal husbandry,
with the greatest demand for water being in the months
of November to February (Castro, 2019b). These activities
drive the local economy and are essential for the people of
the region (Dobrovolski and Laydner, 2000). Nonetheless,
these activities harm the quality of water bodies, generating
environmental and social damage. The amount of domestic
effluent discharged into the lagoons is very high, with less
than 18% of the urban settlements in the basin having
adequate sewage treatment (Castro, 2019b).
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Figure 1. Map of lagoons of the Tramandai River basin, southern
Brazil. Showing the 23 lagoons studied highlighted in dark gray.
These lagoons were analyzed for Diapoma alburnum biomass
and length data.

2.2. Fish data

The fish used in this study were sampled in a standardized
way during 22 expeditions conducted in 23 lagoons of the
Tramandai River basin between April 2009 and September
2012 (Figure 1). Specimens were sampled in each lagoon
during both warm months (October to April) and cold
months (May to September). Samplings were conducted
using standardized drag nets (10 m x 1.5 m, 15 mm mesh)
and a sampling effort of three trawls per lagoon.

The most representative species, both in frequency and
number of specimens, of the samples was determined in
the laboratory to be Diapoma alburnum. Length data were
obtained using stratified random sampling because it is
areliable and sufficient method and does not require the
measurement of all specimens in a sample (Froese, 2006).
For this, fish of a sample were separated into size groups
of small, medium, and large, from which 10 specimens
each were randomly selected. The 30 specimens were
then measured for standard length (tip of snout to the
last caudal peduncle) using a digital caliper. If a sample
contained less than 30 specimens, all specimens were
measured. The specimen standard lengths were then
averaged to obtain the average specimen length in each
lagoon. They were four scientific lots (UFRGS29781,
UFRGS29782, UFRGS29783 e UFRGS29784) from 4 different
lagoons deposited in the collection of the Department of
Zoology at Universidade Federal do Rio Grande do Sul
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(UFRGS), because the species is very abundant in the
Tramandai River basin (Malabarba et al., 2013) and has
many specimens in the collection.

Biomass data were obtained by weighing (g) all
specimens in a sample on a digital scale. The sum of the
biomass for each lagoon was then divided by the number
of specimens weighed from the respective lagoon to obtain
the average specimens biomass per lagoon.

2.3. Land cover data

A satellite image containing the annual average of artificial
nocturnal illumination for the year 2012 (National Oceanic
and Atmospheric Administration www.noaa.gov) was used
to measure the degree of urbanization around each lagoon
and to obtain an indirect measure of population density
and land use and occupation by urbanization. The image
was superimposed on a map of land cover and lagoons in
the study area obtained from Hasenack and Weber (2010)
continuous vector map of the state of Rio Grande do Sul (scale
0f 1:50,000), which shows the state’s entire water network.
This overlay was performed using the ArcGis 10.4 program
(Esri, 2014), which was also used to create coverage areas/
buffers of 1 km, 3 km and 5 km around each lagoon.

Nocturnal light was calculated for each lagoon by dividing
the sum of the light pixel values in a buffer by the number
of pixels in the same buffer. The image used discounts
the values of clouds, fires and lunar illumination in the
calculation of the annual average and shows variation in the
intensity of artificial nocturnal light, ranging from 0 to 63 for
each pixel with 63 being the maximum value of artificial
nocturnal light that the satellite captures and 0 being the
absence of light. These values were then standardized with
the pixel value of 63 being considered 100% urbanization.
The obtained light intensity values determine indirect
values for urbanization around each lagoon. This method
was also used by Guimaraes et al. (2021) to relate fish beta
diversity to the proportion of artificial nocturnal light, as it
is possible to have an accurate response to human presence
both in rural areas connected to the electricity grid and in
large urban centers around the lagoons in order to measure
how much each lagoon is impacted.

2.4. Data analysis

Average length and weight data fish per lagoon were
related to luminosity values using linear models and R
software version 4.0.2 (R Core Team, 2023). Length and
weight values for Diapoma alburnum were obtained for
each lagoon, combining all the data collected during
the sampling period. Average specimen length, average
specimen biomass and nocturnal light data for the 1 km
buffer were converted to the natural logarithmic scale,
while the nocturnal light data for the 5 km and 3 km
buffers were transformed into log(x+1). Relationships
with P<0.05 were considered significant.

3. Results

Data were collected for 7758 specimens of Diapoma
alburnum (see Table S1). Percentage of urban coverage
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varied among buffers of each lagoon and among lagoons,
ranging from 6% to 44% for 5 km buffers, 4% to 55% for
3 km buffers, and 1% to 65% for 1 km buffers (see Figure 2).

Linear models of average length and average biomass
of Diapoma alburnum per lagoon and nocturnal light
intensity in buffers around lagoons showed significant
positive relationships for average biomass and nocturnal
light intensity for the 3 km buffer (P =0.008) and average
biomass and nocturnal light intensity for the 5 km buffer
(P=0.024; Figure 3B and C). They also showed a significant
positive relationship for average length and nocturnal light
intensity for the 3 km buffer (Figure 3E).

4. Discussion

The present study used artificial nocturnal light
emission around lagoons as a proxy measure for degree of
urbanization. Although measuring water quality variables
at the sampling points at the same time that fish were
sampled would have been the ideal method for determining
the degree of eutrophication suffered by the lagoons as a
result of urbanization (and by the fish), it was not possible
due to logistical problems.

Nonetheless, several studies have already investigated
the water quality of the coastal lagoons of the Tramandai
River basin and have highlighted the impacts of
urbanization on these bodies (Pedrozo and Rocha,
2007; Bohnenberger et al., 2018; Castro and Rocha,
2016; Cabezudo et al., 2020, among others). The present
study performed Spearman correlation tests between
nocturnal light data and the limnological water data

Veados -
Suzana-
Rincao -
Ramalhete -
Prainha -

of Bohnenberger et al. (2018) and found significant
correlations between pH and the 1 km, 3 km and 5 km
buffers (P=0.01, 0.01 and 0.02 respectively). Thus, greater
urbanization may be altering the landscape around lagoons,
creating connections with saline waters (Guimaraes et al.,
2022), and consequently affecting pH.

The highest nocturnal light intensities were for Custodias
lagoon, which is closer to the municipality of Tramandai,
and Peixoto lagoon, which is closer to Osério municipality.
Osorio has a long history of discharging its untreated
domestic effluent directly into Marcelino lagoon (Pedrozo
and Rocha 2007; Castro, 2019a), which is very close to
Peixoto lagoon, so the organisms in Peixoto lagoon could
be impacted by the anthropogenic effects more severely.
The lowest nocturnal light intensities were for Manuel
Nunes and Ramalhete lagoons.

Studies have shown that species that are more tolerant
to anthropogenic impacts around water bodies may have
an advantage over less tolerant species (Reash and Berra,
1987; Cunico et al., 2006; Morado etal., 2017; Ferreira et al.,
2021). Since Diapoma alburnum was the most frequent
and abundant species in the lagoon samples of the
present study, it could be presumed to be more tolerant
to anthropogenic effects, which would favor it over less
frequent and abundant species. Nevertheless, the level of
urbanization around the lagoons does not seem severe
enough for this advantage to be stronger in D. alburnum.

The results indicated that the size and biomass of
Diapoma alburnum increased as urbanization around the
coastal lagoons increased for the 3 and 5 km buffers, but
not for the 1 km buffer. The significant result for average
length in these buffers may be due to the specific physical
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Figure 2. Average annual night light intensity in 2012 for buffers of 1 km, 3 km, and 5 km around each of the 23 studied coastal lagoons
in the Tramandai River basin, southern Brazil. Nocturnal light intensity is used as a proxy for urbanization, with higher values indicating

greater urbanization.
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Figure 3. Linear models showing the relationship between (A) average biomass of Diapoma alburnum and nocturnal light intensity in the
1 km buffer, (B) average biomass and nocturnal light intensity in the 3 km buffer, (C) average biomass and nocturnal light intensity in the
5 km buffer, (D) average length of Diapoma alburnum and nocturnal light intensity in the 1 km buffer, (E) average length and nocturnal
light intensity in the 3 km buffer, and (F) average length and nocturnal light intensity in the 5 km buffer. Significant relationships are
indicated, showing that biomass and average length increase with urbanization as measured by nocturnal light intensity. (G) Photo of

a specimen of Diapoma alburnum (UFRGS 29783), with standard length, by Tais Guimaraes.

characteristics of each location and to the arrangement
of urbanization in the landscape. The results for average
biomass showed an increase as urbanization increased
for the 3 km and 5 km buffers, probably due to the
increase in organic matter released into these water
bodies from increased surrounding anthropogenic activity.
It makes sense that primary production biomass, such as
macrophytes and phytoplankton, would increase in lagoons
with more anthropogenic activities nearby due to increased
pollutant load and connections with other water bodies
(with more nutrients). As a consequence, the biomass of
higher trophic groups would increase, ultimately leading
to an increase in fish biomass. Diapoma alburnum is found
in water bodies near the coastal region of the state of
Rio Grande do Sul and Uruguay (Malabarba et al., 2013).
It is considered an insectivorous and zooplanktivorous
species, primarily feeding on Amphipoda, Copepoda,
Collembola, and Diptera (Vilella et al., 2002). However, D.
alburnum exhibits dietary plasticity (Rodrigues and Hartz,
2001), feeding on other available food resources such as
macrophytes and Cladocera (Rodrigues and Hartz, 2001;
Hartz, 1997). Being a typical species in the littoral zone of
coastal lagoons, it can search for food items throughout

Brazilian Journal of Biology, 2024, vol. 84, e285436

the water column, foraging on invertebrates associated
with the benthos as well as those found near the roots
and leaves of macrophytes, such as Eichornia spp., which
are close to the surface (Vilella et al., 2002). Nevertheless,
the impacts of habitat fragmentation are not limited
to areas with higher levels of artificial nocturnal light;
anthropogenic disturbance can occur in regions where
there is no emission of nocturnal light (Guetté et al.,
2018). Therefore, even though D. alburnum did not show
any significant relationships with the 1 km buffer, it is
likely that the limited urbanization in these regions may
still be affecting biodiversity in some way.

Pressures on water bodies are severe (Reid et al., 2019,
Tickner et al., 2020), generating serious concern to discuss
measures to help conserve these ecosystems (Albert et al.,
2021; Ottoni et al., 2023). The positive trend of increased
size and biomass with urbanization found for Diapoma
alburnum suggests it is less sensitive and more tolerant
to organic pollution, and even experiences benefit for
length and weight. Thus, D. alburnum has the potential
to be a good bioindicator of trophic conditions for coastal
lagoons, so it could help promote the conservation of
lagoons with future work.
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5. Conclusion

Although anthropogenic impacts generated by
urbanization are known to affect entire ecosystems, the
present study showed that urbanization can have a clear
influence on the size and biomass of fish species living
in the coastal lagoons. Diapoma alburnum had a larger
size for the 3 km buffer and greater biomass for all three
buffers of lagoons with greater urban impact. This finding
may be positive for the conservation of these ecosystems.
Additionally, the 3 km buffer showed a better response of
size and biomass to urbanization, making more suitable
for environmental impact assessments of coastal lagoons.
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