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Abstract
The port regions of the Amazon are subject to environmental impacts high shipping traffic. In October 2015, a cargo ship
containing 5000 oxen sank in the Port of Vila do Conde, northern Brazil, releasing large amounts of organic matter and diesel
oil into the aquatic environment.We evaluated the consequences of this shipwreck on the zooplankton community. Sampling was
carried out using a phytoplankton net (64 μm) at two locations close to the port. We calculated the frequency of occurrence,
relative abundance, and trophic state index and performed a canonical redundancy analysis of zooplankton in this area. Total
density values ranged from 371 to 8600 organisms/m3, with minimum values being recorded during the period of the shipwreck
and maximum values after the shipwreck. The areas categorized as super eutrophic had the lowest density values. The most
abundant species/groups were nauplii and copepodites of the orders Cyclopoida and Calanoida. Of the environmental variables,
only biochemical oxygen demand, chemical oxygen demand, and total dissolved solids were selected by the redundancy
canonical analysis. The environmental conditions of the region and the ongoing environmental impacts might substantially
influence the structure of the zooplankton community. The predominance of these organisms, in addition to the high densities
of nauplii and copepodites, was likely related to the large amounts of nutrients generated by the shipwreck.

Keywords Shipwreck . Zooplankton . Environmental indicators . Aquatic ecosystems . Environmental monitoring . Amazon
region

Introduction

Most of the rivers in the Amazon region are navigable via the
24,000-km network of waterway systems. Within this network,
there are small, medium, and large ports that have significant
importance for local and global economies, owing to their

involvement in the transport of agricultural, mineral, and indus-
trial materials (Hofmann 2015; Sant’anna 1998). However, these
ports also have environmental impacts that considerably change
the quality of the surface water and affect aquatic ecosystems.

The port and industrial areas in the city of Barcarena are
subject to environmental damage because of intense shipping
traffic, fuel spills, the release of chemical substances, and the
introduction of harmful organisms (Paz et al. 2011), all of which
pose risks to human health (Porto and Teixeira 2002). The Port
of Vila do Conde is considered the largest port terminal in the
Amazon. It is located in the coastal zone of the Central Amazon
basin, on the banks of the River Pará in the City of Barcarena,
Northern Brazil. In the 1980s, government incentives attracted
large companies that operate to extract and refine ores, such as
kaolinite and bauxite, to this area (Paz et al. 2011).

On average, 32 ships per month pass through this port,
transporting rawmaterial (e.g., bauxite, alumina), refinedmin-
eral cargo (e.g., aluminum ingots), other materials (e.g., fuel
oil, tar, coke, caustic soda), and general cargo (e.g., timber,
live cattle, fertilizers, containers) (Rodrigues and Szlafstein
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2013). The export of live cattle has increased significantly in
the last three decades, and a large portion of total production is
shipped through the Port of Vila do Conde.

The present study highlights the sinking of a ship that was
carrying approximately 5000 oxen in this region in October
2015 (hereafter referred to as Bthe shipwreck^). Large quanti-
ties of animal tissue and diesel oil were released into the river.
The hydrological dynamics of this region further contributed to
the spreading of these materials over a large area. The spill
reached the islands and beaches of Barcarena and other nearby
cities, causing serious environmental, social, and economic
problems. It compromised the integrity of the aquatic ecosys-
tems and damaged quality of life in the riverside populations of
the region (IEC-SEMAN 2015a).

Many biological communities were affected by this ship-
wreck, including plankton, which form the foundation of the
aquatic food chain and are highly sensitive to environmental
disturbances. The zooplankton community is an indicator of the
trophic conditions in a given area. Because zooplankton has a
short life cycle and their population dynamics are strongly related
to physical and chemical variability of the water, they quickly
reflect changes in the aquatic environment (Cairns et al. 1993).

Zooplanktonic organisms are the key links in the transfer of
energy along the food chain in aquatic environments.
Therefore, they are useful bioindicators in studies that aim to
evaluate environmental impacts and risks to human health, by
investigating their biological characteristics and contributions
in pelagic ecosystems (Pinto-Coelho et al. 2005; Silva 2011).

Knowledge about the population structure of zooplankton
and seasonal variation in zooplankton species provides relevant
information about the potential organic production of a given
area (Eskinazi-Sant’anna et al. 2013; Sampaio et al. 2002). The
composition and abundance of zooplankton species might be
influenced by a number of physical, chemical, and biological
factors, such as temperature, salinity, pH, quality and availabil-
ity of food, competition, ecology, and predators (Park and
Marshall 2000). In natural environments, these factors act si-
multaneously and might interact synergistically to modify the
structure of zooplankton communities, leading to the disappear-
ance and/or proliferation of certain species (Sládeck 1983).

The present study aimed to evaluate the immediate conse-
quences of a shipwreck in the largest port area of the Amazon
region. The shipwreck caused changes to various environmen-
tal processes, which might cause significant changes to water
quality and, consequently, the zooplankton community.

Material and methods

Study area

This study was conducted in the Amazon port region, which
encompasses the territorial areas of the city of Barcarena, State

of Pará, Brazil. The Port of Vila Conde is located on the right
margin of the Pará River and is considered the largest port
terminal in the Amazon.

According to the classification of Köppen, the climate of this
region is classified as an Am type, characterized as hot and
humid with high temperatures (annual average, 27 °C) and high
precipitation. The average precipitation exceeds 2500 mm per
year, reaching up to 400 mm per month in the rainy period and
less than 30 mm per month in the driest months.

These ecosystems are continuously impacted by the indus-
trial complex located in this region (Piratoba et al. 2017).
Agriculture, artisanal fisheries, and industry are the main ac-
tivities conducted in this region. In particular, many compa-
nies have been producing aluminum since the 1980s, with this
industry still growing due to mineral-metallurgical activities
and the port location (Paz et al. 2011). For the purposes of this
study, two sampling sites were established in the Port of Vila
do Conde: S02 (upstream point of the port) and S06 (down-
stream point of the port) (Fig. 1).

Shipwreck

On October 6, 2015, a cargo ship carrying 5000 oxen for
export sank in the Port of Vila do Conde. Large amounts of
biological material (carcasses, bones, and fluids), as well as
fuel (approximately 700,000 L of diesel oil), spilled into the
River Pará. Consequently, the islands and beaches of this re-
gion were closed for a number of weeks (IEC-SEMAM
2015a).

Sampling

Water samples were collected to analyze water quality on
October 8 and October 15, 2015. To assess the impacts of
the shipwreck on the zooplankton community, we compared
the data collected on October 8 and 15 with data collected in
September 2015. We also compared the data collected in
September 2015 (before sinking) to that collected in
November 2015, directly after the sinking. We also compared
our results with previous (unpublished data) environmental
monitoring data collected in the study region in September
and December of 2014 (IEC-SEMAM 2015b).

Samples were collected during periods of tidal flood and
ebb; however, at the time of the shipwreck, sampling was only
carried out during the ebb tide. For limnological evaluations
and the determination of the concentrations of chlorophyll-a,
we used 500-mL polypropylene bottles. Zooplankton were
sampled using plankton nets (64 μm) equipped with flowme-
ters (General Oceanics Inc., Florida, EUA) by performing
horizontal trawling below the surface of the water column
during both sampling seasons (S02 and S06). After collection,
all materials were fixed in a 4% formalin solution and placed
in 250-mL polypropylene vials.
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Physiochemical and biological analyses

Limnological variables

We measured the following physicochemical water parame-
ters: temperature (T) in °C, hydrogenionic potential (pH),
electric conductivity (EC), total dissolved solids (TDS), salin-
ity, and dissolved oxygen (DO), using a portable multiparam-
eter meter (HI9828 HANNA®). The following variables were
determined by UV-VIS spectrophotometry: turbidity (Turb.),
total suspended solids (STS), and chemical oxygen demand
(COD). To measure the biochemical oxygen demand (BOD),
samples were incubated over a period of 5 days (APHA
2005). Concentrations of the ions N-nitrite (N-NO2

−),
nitrate-nitrogen (N-NO3

−), nitrogen ammonium (N-NH4
+),

and total phosphorus (Ptotal) were measured via ion chroma-
tography (ICS DUAL 2000-DIONEX). To analyze chloro-
phyll-a, the samples were filtered through glass fiber filters
(GF-3, 47 mm, Millipore) using a vacuum pump (EMD,
Millipore). Chlorophyll-a concentrations were calculated ac-
cording to Strickland and Parsons (1972).

Trophic state index

The trophic state index (TSI) was calculated based on the
trophic state index for phosphorus—TSI (PT)—and the tro-
phic state index for chlorophyll a—TSI (CL)—modified by
Lamparelli (2004). The calculation performed generates a nu-
meric index that classifies the water as ultraoligotrophic
(TSI = 47), oligotrophic (47 < IET ≤ 52), mesotrophic (52 <

IET ≤ 59), eutrophic (59 < IET ≤ 63), supereutrophic (63 <
IET ≤ 67), or hypereutrophic (IET > 67).

Zooplankton

A qualitative zooplankton analysis was carried out on subsam-
ples in petri dishes using 4 mL water (stained with 1% rose
bengal) from each sampling station (CETESB 2000). For the
quantitative analysis, we prepared three sub-samples (3 mL
total) in a Sedgewick Rafter (1 mL) counting chamber for
observation under an inverted microscope (Axiovert A1,
Carl Zeiss). Zooplankton were identified based on the pub-
lished literature. We calculated the frequency of occurrence
(FR) of species, the total density of zooplankton organisms
(org/m3), and the relative abundance (RA) of each species.
According to the FR, the species/organisms were classified
as very frequent (present > 70% of the time), frequent
(40%), infrequent (10%), and sporadic (< 10%) (CETESB
1978).

Statistical analyses

We used a factorial ANOVA to compare environmental vari-
ables and biological parameters between stations and sam-
pling periods. Statistical significance was determined at
p < 0.05. To evaluate water quality based on the measured
variables, we used Pearson’s correlation. To evaluate the rela-
tionships between the distribution of the recorded species/
groups and environmental data, we applied a redundancy ca-
nonical analysis (RDA). Explanatory variables were selected

Fig. 1 Location and sampling
points in the Port of Vila do
Conde, State of Pará, Brazil
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using the package CANOCO 4.5 (Legendre and Birks 2012;
Legendre and Legendre 2012). Indicator species (IndVal)
were analyzed to identify the species/groups that were typical
for each sampling period. These calculations were performed
using the software package PC-Ord 6.0 (Dufrene and
Legendre 1997).

Results

Limnological variables

Table 1 shows the values of the main variables recorded dur-
ing the study period in comparison with the standards
established by the Brazilian Legislation for Fresh Water
Class 2 (CONAMA 2005). During the shipwreck, the levels
of DO, BOD, and total phosphorus exceeded threshold levels.
The following variables showed significant differences be-
tween the different sampling periods: TDS (ANOVA, F =
37.3; p < 0.05), DO (ANOVA, F = 38.4; p < 0.05), Turb
(ANOVA, F = 29.4; p < 0.05), Cla (ANOVA, F = 38.4;
p < 0.05), BOD (ANOVA, F = 12.6; p < 0.05), DQO
(ANOVA, F = 12.6; p < 0.05), NO2

− (ANOVA, F = 5.58;
p < 0.05), and NO3

− (ANOVA, F = 38.4; p < 0.05).
Based on the TSI values, we classified the surface waters

into different categories. The stations categorized as
supereutrophic (63 < TSI ≤ 67) were S2 (September 2015,
ebb tide), S6 (October 8, 2015), and S6 (December 2015;
flood tide) (Table 1 and Fig. 2).

Zooplankton

With regard to the frequency of occurrence, species/groups
were classified as less frequent (65%), frequent (7%), and very
frequent (28%).

The following species/groups were classified as very fre-
quent during all of the analyzed periods: Tintinnina sp. 1, the
nauplii of Copepoda, copepodites of Cyclopoida, Filinia
terminalis, Condonella sp. 1, and Keratella americana.
During the period immediately following the shipwreck, only
three species were very frequent: Lecane species 1,
Trichocerca sp. 1, and Keratella cochlearis. After the ship-
wreck, Filinia opoliensis, Lecane proiecta, Brachionus
caudatus, Moina minuta, and Diaphanosoma birgei were the
most frequent species (Table 2).

The total density of organisms ranged from 371 to 8600
org/m3, where minimum values were observed during the
shipwreck and maximum values after the shipwreck. The
maximum and minimum values were both recorded at site
S2 (Fig. 2). There were significant differences between the
density values and sampling periods (ANOVA, F = 38.4;
p < 0.05) and stations (ANOVA, F = 40.3; p < 0.05). The high
densities recorded at site S2 might be attributed to a greater

concentration of organisms belonging to the subclass
Copepoda (4823 org/m3) and the phylum Rotifera (2624
org/m3).

During the shipwreck, the stations categorized as
supereutrophic (S6, ebb tide, October 8 and 15) exhibited
lower density values during the entire study period than those
representing other sampling times and locations (Fig. 2). With
regard to relative abundance (RA), we only considered the
species/groups that presented values higher than 20%. The
most representative species/groups were the nauplii and
copepodites of Cyclopoida and Calanoida. When we removed
these organisms from the community, the species with higher
values of RA during the entire sampling period were K.
americana, Tintinnina sp. 1, Lecane sp. 1, F. terminalis,
Codonella sp. 1, Cyclopoida sp. 1, and K. cochlearis (Fig. 3).

Interactions between limnological variables
and zooplankton

Table 3 presents the main correlations between the limnolog-
ical variables. Of note, several of the analyzed variables are
negatively correlated.

A canonical redundancy analysis (RDA) was conducted to
investigate the responses of each species/group to the changes
in the limnological variables. Of the environmental variables,
only BOD, COD, and TDS were included in the regression
model of the RDA, as the other variables did not significantly
explain the proportion of the residual variance and were,
therefore, excluded from the analysis.

The correlation coefficients between the explanatory vari-
ables and the first two axes of the RDA are shown in Table 4.
As shown in Fig. 4, axis 1 of the ordination explained 42.4%
of the variation in the data. On this axis, the species/groups
Cyclopoida (CYO), copepodites of Cyclopoida (CPTCY),
and nauplii of Copepoda (NAU) were negatively correlated
with the variables COD and TDS and with the samples col-
lected before the shipwreck (in September 2015). In contrast,
the projection of species and samples collected during and
after the shipwreck was negatively correlated with BOD.
Axis 2 explained 9% of the variance in the data and was
positively correlated to species/groups with BOD, leading to
a partial separation of the samples collected during and after
the incidence.

Indicator species

We identified six species within the zooplankton community
as significant indicator species (IndVal; Table 5). These spe-
cies were selected using the specific characteristics of the dif-
ferent sampling periods and are detailed in this section. Group
1 contained samples collected before the shipwreck
(September 2015) and was only represented by the species
Bosminopsis deitersi (80%). Group 2 contained samples
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collected during the shipwreck and was also represented by a
single species, Trichocerca sp. 1 (100%). Group 3 contained
samples collected after the shipwreck and was represented by
L. proiecta (56%), D. birgei (54%), Tintinnina species 1
(44%), and K. americana (41%).

Influence of the shipwreck on the zooplankton
community

The community structure of zooplankton after the ship-
wreck differed to that observed in 2014 (September and
December), mainly in terms of species composition, spe-
cies richness, and the total density of organisms (Table 6).
Despite the observed reduction in the density of the sub-
class Copepoda during the shipwreck, the early stages of
nauplii and copepodites remained at high densities.
However, we observed an increase (~ 11%) in members
of the phylum Rotifera, which also contributed to the high
densities of organisms, especially the genera Keratella,
Brachionus, and Trichocerca. Finally, we observed a re-
duction of approximately 50% in plankton biomass (as

measured by chlorophyll-a concentration) during the peri-
od of the shipwreck when compared with the values regis-
tered in September and December 2014 (Table 4).

Discussion

Limnological variables

Dissolved oxygen (DO) is an important parameter in aquatic
environments which facilitates the respiration of aerobic or-
ganisms (Baird 2002). Our results indicated that DO values
were below the maximum allowed value reported by
CONAMA (2005), while BOD levels were above this thresh-
old. These findings might be related to the large input of bio-
logical material and the decomposition of oxen associated
with the shipwreck. For instance, the release of excessive or-
ganic matter into a body of water might trigger the prolifera-
tion of microorganisms, thereby increasing total respiration.
As a result, a higher quantity of oxygen is consumed, which

Table 1 Limnological variables and trophic state index (TSI) recorded before, during, and after the shipwreck in the Port of Vila do Conde (State of
Pará, Brazil)

Limnological
variables

UNID Before the shipwreck (September 2015) Shipwreck period (October 2015) After the shipwreck
(November 2015)

Reference

S2 S6 Day 08 Day 15 S2 S6

S2 S6 S2 S6
FT ET FT ET ET ET ET ET FT ET FT ET

pH – 6.9 6.9 6.7 6.7 7.5 7.2 8.1 7.6 7.8 7.5 7.9 7.7 6–9

T °C 29.7 29.2 29.2 29.0 29.9 29.7 29.6 29.3 28.8 28.6 28.8 28.7 Amb

EC mS cm−1 92.6 90.7 92.7 91.4 54.3 60.0 116.0 39.0 61.0 62.0 42.0 54.0 –

TDS mg L−1 58.1 56.1 56.8 55.2 54.3 60.0 58.0 19.0 31.0 31.0 21.0 27.0 –

Sal. – 0.04 0.04 0.03 0.04 0.02 0.02 0.05 0.02 0.03 0.03 0.02 0.02 ≤ 0.5
OD mg L−1 6.74 6.69 6.72 6.2 3.9 6.07 8.11 7.92 8.76 8.15 8.53 8.14 ≥ 5
Turb. UNT 14.72 16.13 27.11 17.07 19.00 19.00 8.50 8.50 11.50 18.00 10.50 16.50 100

STS mg L−1 6.5 9.5 8 8.5 12 13 3 4 5 9.5 5.5 9 –

Alca. mg L−1 35 36 37 37 38 44 11 16 42 37 38 42 –

DBO mg L−1 1.4 1.5 3.1 2.9 5.0 2.0 8.0 9.0 <LD 2.0 5.0 <LD ≤ 5
DQO mg L−1 70 67 69 43 10 5 18 16 <LD 8 10 <LD –

NO2
− mg L−1 0.005 0.013 0.008 0.005 0.004 0.001 0.003 0.002 0.006 0.006 0.007 0.007 1

NO3
− mg L−1 1.80 0.95 2.00 0.55 0.40 0.30 1.40 1.20 3.05 1.95 2.75 1.55 10

SO4
2− mg L−1 1 <LD 1 <LD 1 <LD 27 <LD 2 <LD <LD <LD 250

Ptotal mg L−1 0.09 0.17 0.07 0.11 0.02 1.89 0.07 0.08 0.06 0.04 0.07 0.07 0.05

NH3 mg L−1 0.375 0.250 0.220 0.210 0.170 0.310 0.160 0.060 0.090 0.110 0.055 0.220 –

Cla μg L−1 6.84 8.41 6.62 4.07 2.35 3.28 3.30 9.20 3.16 2.79 17.76 0.73 30 μg/L

TSI – Eut Super Eut Eut Meso Super Meso Eut Meso Meso Super Olig –

FT, flood tide; ET, ebb tide; LD, quantification limit; T, temperature; EC, electric conductivity; TDS, total dissolved solids; Sal., salinity; OD, dissolved
oxygen; Turb., turbidity; STS, total suspended solids; Alca., alkalinity; DBO, biochemical oxygen demand; DQO, chemical oxygen demand; Cla,
chlorophyll-a; TSI, trophic state index; Olig, oligotrophic; Meso, mesotrophic; Eut, eutrophic; Super, supereutrophic
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might lead to the death of fish and other macrobiota (Fiorucci
and Benedetti Filho 2005; Valente et al. 1997).

A high concentration of Ptotal in the study region that is
above the threshold level might be related to the decomposi-
tion of high quantities of organic matter discharged into the
environment. For instance, excess levels of P in a given body
of water might lead to algal overgrowth and cause eutrophi-
cation (Von Sperling 2005). In addition, extremely high con-
centrations of some nutrients and high values of some limno-
logical variables that are above threshold levels might be re-
lated to economic activities in the region (Paz et al. 2011).

Zooplankton

The zooplankton community was mainly represented by the
subclass Copepoda and by the phylum Rotifera throughout all
sampling periods (before, during, and after the shipwreck).
The dominance of these organisms is related to the fact that
they favor eutrophic environments and feed on bacteria and
protozoa (Souza-Pereira and Camargo 2004). The high densi-
ty of the early stages of nauplii and copepodites could be
considered an adaptive strategy to adverse conditions, as the
production of many offspring ensures that, at least, a small
portion of them reaches adulthood (Almeida et al. 2009).

Rotifers were also common in the study area, where high
frequencies of occurrence and densities were mainly observed
after the shipwreck. Therefore, these organisms might respond
quickly to environmental changes, potentially serving as indica-
tor species that are sensitive to changes in water quality

(Marneffe et al. 1998; Matsumura-Tundisi and Tundisi 2005).
Furthermore, the patterns of abundance and richness of these
species are reflected in other levels of the aquatic food chain
(Serafim-Júnior et al. 2005). According to Sládeck (1983), bac-
teria, small algae, flagellates, and detritus are themain items eaten
by rotifers. In polluted water, the particles of suspended solids
and colloids and the derivatives of the decomposition of organic
material represent rich food sources for zooplankton. Thus, the
quantity and quality of available food are important factors that
potentially limit the composition of the zooplankton community,
affecting the development and reproduction of these organisms
(Santos et al. 2006; Sipaúba-Tavares and Bachion 2002).

Our results show that the species Lecane sp. 1, Trichocerca
sp. 1, K. cochlearis, F. opoliensis, L. proiecta, B. caudatus,M.
minuta, and D. birgei were very common during and after the
shipwreck. The dominance of rotifer species, mainly belonging
to the families Brachionidae, Lecanidae, and Trichocercidae,
has also been observed in other tropical environments impacted
by human activity (Attayde and Bozelli 1998; Paggi and José
De Paggi 1990; Serafim-Júnior et al. 2003; Sousa et al. 2008).
Sendacz et al. (2006) compared zooplankton abundance and
biomass in environments with differing degrees of trophic
abundance near the city of São Paulo and found that eutrophi-
cation stimulates the dominance of rotifer species. Bërzinš and
Pejler (1989) studied 585 environments in Sweden and found
that the dominance of rotifer species is related to conductivity,
the levels of total P, and suspended solids, and that the species
K. cochlearis and Filinia longiseta were correlated with eutro-
phic environments.

Fig. 2 Total density of zooplankton (org/m3) and trophic state index (TSI) recorded before, during, and after the shipwreck at the Port of Vila do Conde,
State of Pará, Brazil
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Table 2 Classification and
frequency of occurrence (FR) of
zooplankton taxa recorded before,
during, and after the shipwreck in
the Port of Vila do Conde (State
of Pará, Brazil)

Taxa Before
(September 2015)

Shipwreck period
(October 2015)

After
(November 2015)

Phylum: Amoebozoa

Order: Arcellinida

Family: Difflugidae

Difflugia acuminata Ehrenberg, 1838 IF FR

Difflugia corona Wallich, 1864 IF

Difflugia elegans Penard, 1890 FR

Difflugia sp. 1 IF IF

Difflugia sp. 9 FR FR IF

Family: Centropyxidae

Centropyxis aculeata
(Ehrenberg, 1838) Stein, 1859

IF

Phylum: Ciliophora

Order: Choreotrichida

Suborder: Tintinnina

Tintinnina sp. 1 VF VF VF

Tintinnina sp. 8 IF

Family: Codonellidae

Codonella sp. 1 VF VF VF

Phylum: Arthropoda

Nauplii of Copepoda VF VF VF

Class: Malacostraca

Ordem: Decapoda

Protozoea FR IF

Class: Branchiopoda

Neonates of cladocera FR IF

Order: Diplostraca

Family: Chydoridae

Alonella dadayi Birge, 1910 IF

Family: Sididae

Diaphanosoma birgei Korinek, 1981 VF IF VF

Family: Moinidae

Moina minuta Hansen, 1899 VF FR VF

Family: Bosminidae

Bosminopsis deitersi Richard, 1895 FR IF

Bosmina hagmanni Stingelin, 1904 VF IF

Bosmina longirostris Müller, 1776 VF

Subclass: Copepoda

Order: Calanoida

Copepodites of Calanoida VF VF VF

Pseudodiaptomus sp. 1 IF

Order: Harpacticoida

Harpactiocoida sp. 1 IF

Order: Cyclopoida

Copepodites of Cyclopoida VF VF VF

Cyclopoida species 1 VF FR VF

Class: Arachnida

Subclass: Acari

Acari IF

Phylum: Mollusca

5744 Environ Sci Pollut Res (2019) 26:5738–5750



Costa et al. (2016a) evaluated a region close to our
study area and observed higher values of the recorded
species/organisms (149 species/organisms, compared
with 84 in the present study). However, the present

study noted a dominance of nauplii and copepodites
and Rotifera from the families Brachionidae and
Lecanidae. These results support those by other studies
conducted in the Amazon region (Bozelli 1992; Costa

Table 2 (continued)
Taxa Before

(September 2015)
Shipwreck period
(October 2015)

After
(November 2015)

Class: Gastropoda

Larvae of Polychaeta IF

Larvae of Gastropoda FR FR VF

Class: Bivalvia

Larvae of Bivalve IF IF

Phylum: Rotifera

Rotifera sp. 1 FR

Rotifera spp. IF

Order: Ploima

Family: Brachionidae

Brachionus calyciflorus Pallas, 1766 FR FR

Brachionus caudatus Barrois and Daday, 1894 VF IF VF

Brachionus falcatus Zacharias, 1898 IF

Brachionus mirus f. voigti Koste, 1972ª IF FR IF

Brachionus urceolaris Müller, 1773 VF IF

Brachionus zahniseri f. gessneri Hauer, 1956 IF FR IF

Brachionus zahniseri f. reductu Hauer, 1956 IF IF

Keratella americana Carlin, 1943 VF VF VF

Keratella cochlearis Gosse,1851 FR VF VF

Keratella lenzi Hauer, 1953 IF

Family: Lecanidae

Lecane proiecta Hauer, 1956 FR VF

Lecane sp. 1 VF

Monostyla sp. IF IF

Family: Trichocercidae

Trichocerca elongata Gosse, 1886 IF

Trichocerca pusila Jennings, 1903 FR IF

Trichocerca sp. 1 IF VF

Trichocerca similis (Wierzejski, 1893) IF IF

Trichocerca sp. FR FR

Order: Gnesiotrocha

Family: Filinidae

Filinia camasecla Myers, 1938 IF IF

Filinia opoliensis (Zacharias, 1898) FR VF

Filinia terminalis (Plate, 1886) VF VF VF

Família: Hexarthridae

Hexartha sp. FR

Order: Flosculariaceae

Family: Testudinellidae

Testudinella patina (Hermann, 1783) IF

IF, infrequent; FR, frequent; VF, very frequent
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Table 3 Correlations of Pearson values (p < 0.05) recorded between the analyzed variables during the period before, during, and after the shipwreck in
the Port of Vila do Conde (Pará, Brazil). In italic: significant correlations

pH Temp Cond. TDS Sal. OD Turb STS DBO DQO NO2

pH

Temp − 0.175]

EC − 0.406* 0.154

TDS − 0.462* 0.576 0.739

Sal. − 0.272* 0.03 0.884 0.524

OD 0.636 − 0.712* − 0.175 − 0.546 − 0.015

Turb. − 0.632* 0.079 0.161 0.359 − 0.196 − 0.568

STS − 0.469 0.104 − 0.123 0.261 − 0.291 − 0.588* 0.805

DBO 0.204 0.39 − 0.095 − 0.148 − 0.118 − 0.2 − 0.208 − 0.315

DQO − 0.572 0.419 0.614 0.445 0.606 − 0.396 − 0.016 − 0.197 0.279

NO2 − 0.307 − 0.694* 0.205 − 0.154 0.27 0.41 0.103 0 − 0.618* 0.128

NO3 0.315 − 0.6 0.07 − 0.347 0.074 0.846 − 0.281 − 0.536 − 0.232 − 0.084 0.615

SO4 0.244 0.339 0.535 0.366 0.414 0.102 − 0.138 − 0.441 0.047 0.174 − 0.173

PT − 0.47 0.288 0.135 0.446 0.214 − 0.431 − 0.059 0.114 − 0.1 0.386 − 0.026

NH3 − 0.639* 0.386 0.453 0.773 0.273 − 0.589* 0.502 0.527 − 0.494 0.363 0.128

Cla − 0.133 0.161 0.014 − 0.039 0.169 0.028 − 0.456 − 0.445 0.39 0.621 0.102

*Negative correlations

T, temperature; EC, electric conductivity; TDS, total dissolved solids; Sal., salinity;OD, dissolved oxygen; Turb., turbidity; STS, total suspended solids;
DBO, biochemical oxygen demand; DQO, chemical oxygen demand; Cla, chlorophyll-a
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et al. 2016a, b) and Brazil (Branco and Cavalcanti
1999; Branco and Senna 1996; Lucinda et al. 2004;
Matsumura-Tundisi and Tundisi 2005; Negreiros et al.
2010; Pinto-Coelho 1998; Sendacz et al. 2006).

Interactions between limnological variables
and zooplankton

Under high-nutrient scenarios, the mean size of the zooplank-
tonic organisms generally decreases, as smaller species with
simpler life cycles and more rapid rates of reproduction appear
in the community (Gliwicz 1969; Odum 1969).

Using our calculations of TSI, we classified species as
supereutrophic and eutrophic for different sampling seasons,
during and after the shipwreck, mainly at site S6, where we
also found a lower density of organisms. Of note, changes in

the trophic state of a given body of water cause profound
changes in the structure of the zooplankton community
(Matsumura-Tundisi and Tundisi 2005) and in other species
higher up in the food chain, such as plankton-eating fishes
(Neto et al. 2014). In addition, environments with high de-
grees of trophic abundance exhibit increased biomass with a
reduced number of species (Souza-Pereira and Camargo
2004). Our observations during the shipwreck supported this
phenomenon, when the total density of organisms was re-
duced. In contrast, soon after the shipwreck, we observed an
increase in the density of organisms, which might be related to
an increased level of eutrophication, as the higher trophic state
results in a greater availability of food, which, in turn, leads to
an increase in zooplankton populations (Bonecker et al. 2007;
Serafim-Júnior et al. 2010).

In the present study, the results of the RDA show that the
patterns of variation in the zooplankton community were sig-
nificantly and positively related to fluctuations in the condi-
tions of the aquatic environment in the different periods ana-
lyzed. The three limnological variables BOD, COD, and TDS
significantly explained the majority of variation in species
composition/community groups of zooplankton. Our results
showed that variation in these parameters were decisive in
structuring the zooplankton community, particularly during
the shipwreck.

The test of indicator species (IndVal) selected species ac-
cording to the different periods analyzed. The species L.
proiecta, D. birgei, Tintinnina sp. 1, and K. americana were
effective indicator species of the trophic conditions following
the shipwreck. Only Trichocerca sp. 1 was characteristic of
the period during the shipwreck and could be used as an indi-
cator of changes that took place at the time of the shipwreck.
This species is a cosmopolitan and opportunistic organism that
feeds on algae and typically occurs in changing environments
with eutrophic conditions (Shiel and Koste 1992).

Influence of the shipwreck on the zooplankton
community

Our results showed that the shipwreck profoundly influenced
the distribution and composition of the zooplankton commu-
nity. Although most species co-exist under certain environ-
mental conditions, certain organisms are limited by fluctua-
tions in physicochemical factors, such as temperature,

Table 4 Correlation of environmental and species variables in axes 1 and 2, values, and F and p resulting from the RDA during the period before,
during, and after the shipwreck in the Port of Vila do Conde (Pará, Brazil)

Variables Abbreviation Axis 1 Axis 2 p value F ratio

Chemical oxygen demand DQO 0.5689 − 0.1881 0.0039 4.66

Biochemical oxygen demand BOD − 0.1808 1.0000 0.0080 2.87

Total suspended solids TDS 1.0000 – 0.0422 2.12

Fig. 4 Canonical redundancy analysis (RDA) for the samples collected
before (●), during (■), and after (▼) the shipwreck in the Port of Vila do
Conde, State of Pará, Brazil. NAU: Nauplii, CPTCY: Copepodites
(Cyclopoida), KETA: Keratella americana, CPTCA: Copepodites
(Calanoida), TIN1: Tintinnina sp. 1, LECP: Lecane proiecta; CYO:
Cyclopoida sp., FILT: Filinia terminalis, MOIM: Moina minuta,
KETC: Keratella cochlearis, COD: Codonella sp. 1, DIAB:
Diaphanosoma birgei, DIFF: Difflugia spp., TRIC: Trichocerca sp. 1,
BRCC: Brachionus calyciflorus
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dissolved oxygen, salinity, and high concentrations of oil con-
centrations (Gannon and Stemberger 1978; Wake 2005).

We observed changes to the structure of the zooplankton
community—especially with regard to the composition, den-
sity, and abundance of the species/groups—when comparing
it against data from environmental monitoring in the region in
2014, especially with regard to the composition, density, and
abundance of the species/groups (unpublished data). This ob-
servation was mainly related to a reduction in the subclass
Copepoda in the order Cladocera, during the shipwreck.
These were probably the only organisms that remained that
had the most effective adaptive strategies to environmental
modifications (Tundisi and Matsumura-Tundisi 2008).

Changes to the structure and composition of the communi-
ty also indirectly affected the trophic level of the ecosystem.
Such changes include the appearance of new species, an in-
crease in the density of some organisms (e.g., nauplii,
copepodites), and the disappearance of more sensitive species,
all of which were observed after the shipwreck. However,
other factors might have also influenced the dynamics of the

community, such as competition with species that were better
adapted to local conditions, predation, and parasitism.
Competition for limited resources, in the case of major chang-
es to the environment, is one of the main factors determining
the diversity and species composition (Gannon and
Stemberger 1978).

The results of the present study should be treated with
caution, as they might not only be related to the impacts of
the shipwreck but could also reflect local environmental con-
ditions. For example, rainfall is a determining factor on the
variation of some limnological parameters, which are con-
stantly being modified by human activities. Furthermore, the
study region exhibits peculiar dynamics. For instance, the
River Pará, which is considered the largest river in the region,
displays the characteristics of an estuary (Gregório and
Mendes 2009). Snedaker and Getter (1985) claim that estua-
rine ecosystems have a strong natural ability to maintain and
renew balance after a disturbance, as long as they retain the
basic features of the habitat that favors the formation of this
environment. However, processes that cause noticeable
changes to the dominant patterns of an ecosystem affect the
entire structure of the system.

Conclusions

The environmental conditions of the region and ongoing en-
vironmental impacts have caused fluctuations in the structure
of the zooplankton community in the River Pará, northern
Brazil. The environment of the river is significantly impacted
by the release of effluents and waste from various sources,
particularly close to the port and industrial area. During the
study period, the zooplankton community was mainly com-
posed of organisms of the subclass Copepoda and the phylum
Rotifera. The predominance of these organisms might be re-
lated to the large quantities of nutrients generated by the ship-
wreck. During the shipwreck, the composition of organisms
declined, which might be associated with the large influx of
nutrients and/or contaminants into the aquatic system.

One indicator of negative impacts on the aquatic ecosystem is
the occurrence of many opportunistic species, which was ob-
served in the present study. The rapid changes observed in the

Table 5 Zooplankton species
with significant IndVal values
with regard to the different
periods studied: before (group 1),
during (group 2), and after (group
3) the shipwreck in the Port of
Vila do Conde (Pará, Brazil). In
italic is the maximum IndVal
value and p values ≤ 0.05

Species Code IndVal Average DP p Species association

Bosminopsis deitersi BOSMDE 80 33.0 14.5 0.0253 Group 1

Trichocerca sp. 1 TRIRA 100 31.7 13.4 0.0063 Group 2

Tintinnina sp. 1 TINSP 44 38.5 2.2 0.0055 Group 3

Lecane proiecta LECPR 56 38.2 10.3 0.0073 Group 3

Keratella americana KERAM 41 36.6 1.7 0.0136 Group 3

Diaphanosoma birgei DIABI 54 38.0 10.4 0.0188 Group 3

Table 6 Assessment of the main biological parameters of the
zooplankton community and chlorophyll-a, recorded in September to
December 2014 and October 2015, in the Port area of Vila do Conde
(State of Pará, Brazil)

September–December
2014

Shipwreck period
(October 2015)

Ameba testacea 9% 16%

Ciliophora 5% 5%

Cladocera 18% 14%

Copepod 14% 9%

Rotifera 36% 47%

Other 18% 9%

Species richness 22.25 17.44

Total density 4756 org./m3 1438 org./m3

Copepod 60% 54%

Rotifera 20% 37%

Diversity 2.91 bits/ind. 2.73 bits/ind.

Evenness 0.65 0.67

Chlorophyll-a 8.77 4.62
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zooplankton community might be related to the possible impacts
of the shipwreck and other local anthropogenic activities.
Although local hydrodynamics allows for the constant renewal
of this environment, we recommend the development of a con-
tinuous biomonitoring program using the zooplankton commu-
nity as a tool to establish core strategies for the management and
conservation of local biodiversity. This approach would result in
the development of more effective public policies to control and
mitigate anthropogenic activities in this region.
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