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Abstract: Aim: The objective of this study was to investigate the spatial and temporal variation
of microcrustacean assemblages of a reservoir in the Brazilian semiarid region. Methods: Physical
and chemical water variables and samples of microcrustaceans were collected at eight sites of the
reservoir between July 2013 and November 2014, in a total of seven campaigns. For this study, the
reservoir was categorized in two compartments: lateral and central. Results: Limnological variables
showed significant temporal variation (PERMANOVA, Pseudo-F = 19.51, p = 0.001). Higher
turbidity values and suspended solids were observed in the rainiest months, while during the dry
months, we measured higher values of transparency, dissolved oxygen, and chlorophyll-a. It was
not found significant spatial variation of limnological variables (PERMANOVA, Pseudo-F = 0.96;
p =0.394). During the study period, ten species were recorded: four Cladocera (Ceriodaphnia cornuta,
Daphnia gessneri, Diaphanosoma birgei and Diaphanosoma spinulosum) three Copepoda Calanoida
(Argyrodiaptomus azevedoi, Notodiaptomus cearensis and Notodiaptomus iheringi) and three
Copepoda Cyclopoida (Macrocyclops albidus, Thermocyclops minutus and Thermocyclops decipiens).
The microcrustacean assemblages showed significant temporal variation (PERMANOVA,
Pseudo-F = 4.34; p = 0.001) as well as significant spatial variation (PERMANOVA, Pseudo-F = 9.46;
2 =0.001). The highest values of abundance and richness were observed in the lateral compartment,
this result is mainly related to the presence of aquatic macrophytes in this region, because the
analysis of partial RDA indicated that limnological variables explained only 11% of this variation
(Pseudo-F = 2.08, p = 0.001). Conclusions: The results suggest that the seasonality of the semiarid
is an important factor in the temporal dynamics of the limnological variables, while the aquatic
macrophytes play an important role in the spatial distribution of the microcrustacean assembly.
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Resumo: Objetivo: O objetivo deste estudo foi investigar a variagio espacial e temporal da
assembleia de microcrustdceos de um reservatério no semidrido brasileiro. Métodos: As varidveis fisicas
e quimicas da dgua e amostras de microcrustdceos foram coletadas em oito locais do reservatério entre
julho de 2013 e novembro de 2014, num total de sete campanhas. Para este estudo, o reservatdrio
foi categorizado em dois compartimentos: lateral e central. Resultados: As varidveis limnoldgicas
apresentaram variagao temporal significativa (PERMANOVA, Pseudo-F = 19,51, p = 0,001). Valores
de turbidez mais altos e sélidos em suspensio foram observados nos meses mais chuvosos, enquanto
nos meses secos foram medidos os valores mais elevados de transparéncia, oxigénio dissolvido e
clorofila-a. Nao houve variagao espacial significativa das varidveis limnolégicas (PERMANOVA,
Pseudo-F = 0,96; p = 0,394). Durante o periodo de estudo, foram registradas dez espécies: quatro
Cladocera (Ceriodaphnia cornuta, Daphnia gessneri, Diaphanosoma birgei e Diaphanosoma spinulosum),
trés Copepoda Calanoida (Argyrodiaptomus azevedoi, Notodiaptomus cearensis e Notodiaptomus iheringi)
e trés Copepoda Cyclopoida (Macrocyclops albidus, Thermocyclops minutus e Thermocyclops decipiens).
A assembleia de microcrustdceos apresentou variacao temporal (PERMANOVA, Pseudo-F = 4,34;
p =0,001) e variacdo espacial significativa (PERMANOVA, Pseudo-F = 9,46; p = 0,001). Os maiores
valores de abundéncia e riqueza foram observados no compartimento lateral, este resultado pode esta
relacionado principalmente a presenca de macréfitas aqudticas nesta regido, pois, a andlise da RDA
parcial indicou que as varidveis limnolégicas explicaram apenas 11% desta variagio (Pseudo-F = 2,08; p
=0,001). Conclusées: Os resultados sugerem que a sazonalidade do semidrido ¢ um fator importante
na dindmica temporal das varidveis limnoldgicas, enquanto as macréfitas aqudticas desempenham
papel importante na distribuicao espacial da assembleia de microcrustdceos.

Palavras-chave: sazonalidade; zooplancton; limnologia; bacia do Rio de Contas; Nordeste do Brasil.

1. Introduction

In semi-arid regions, the irregularity of rainfall
and high evaporation rates cause the loss of
surface water, resulting in an intermittent hydric
landscape and thus causing problems for water
supply. Such water scarcity increases the needs
to construct more reservoirs for water storage
(Thornton & Rast, 1993). Fauna and flora in these
reservoirs are influenced mainly by aspects related
to eutrophication and productivity (nutrient,
chlorophyll-a, transparency, and electric water
conductivity) (Simées et al., 2015; Pinel-Alloul
& Mimouni, 2013; Pinto-Coelho et al., 2005),
which naturally vary depending on drainage basin
or cultural eutrophication processes. Reservoirs
are favorable environments for the development
of zooplankton (Rocha et al., 1999), because they
have different compartments. Each compartment
is subject to changes in physical and chemical water
properties, gradients of extension and depth, leading
to the emergence of new micro-habitats with a
set of characteristics responsible for variations in
density, species composition, and reproductive
rates of organisms (Baxter, 1977; Panarelli et al.,
2003; Tundisi, 2006). The presence of aquatic
macrophytes in reservoirs is another factor that
contributes to the heterogeneity of the environment,
because supports a diversified invertebrate fauna
that plays an important role in energy transfer and
nutrient cycling in aquatic food webs (Junk &
Robertson, 1997).

Acta Limnologica Brasiliensia, 2018, vol. 30, 108

These variations are the result of the responses
to the forces of climate and effects produced by the
management of water levels in the lake (Brito etal.,
2011; Perbiche-Neves & Nogueira, 2013). Thus, the
compartments in the reservoir are not static, but a
result of the combined effects of multiple gradients
and may expand and contract depending on the flow
and operation of the reservoir to form a dynamic
environment (Kimmel et al., 1990; Bonecker et al.,
2001; Nogueira, 2001). Zooplankton, for instance,
has spatial and temporal variations related to
biological, physical and chemical gradients which
are promoted not only along the longitudinal axis,
produced by transition region from river to lake
(Marzolf, 1990), but also by differences in system
morphometric of the reservoir (Espindola et al.,
2000).

The characterization of the zooplankton
community and its spatial distribution provide
important data for the study of water bodies,
allowing a wider knowledge of these environments
and therefore enabling the establishment of
adequate monitoring and management programs.
Studies have shown the influence of the spatial
partitioning of reservoirs on the zooplankton
community and could demonstrate the importance
of spatial and temporal components in these
different regions (Betsill & Van Den Avyle, 1994;
Nogueira, 2001; Bernot et al., 2004). Zooplankton
plays an important role in the energy flow between
primary producers and consumers from higher
trophic levels and is responsible for secondary
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productivity, transport, and regeneration of
nutrients. In addition, zooplankton organisms have
ashort life cycle, high reproductive rates, and rapid
development that allow immediate responses to
environmental changes (Newel & Newel, 1963).
Thus, the study of the plankton community and
a limnological analysis of the Barragem de Pedra
reservoir contribute to the knowledge of aquatic
biodiversity and can improve monitoring of policies
and environmental management throughout this
reservoir which is used for urban water supply.

In this study, we analyzed the importance of the
local limnological conditions to microcrustacean
richness, abundance, and evenness. We predict
that microcrustacean assemblages show structural
changes according to temporal and spatial
environmental variations. To test that, this study
characterized the reservoir based on physical and
chemical variables; analyzed the temporal and
spatial variation of microcrustacean assemblages,
and verified whether these variations are related to
the physical, chemical, and biological characteristics
of the water.

2. Material and Methods

This study was carried out at the Barragem
de Pedra reservoir, located in the state of Bahia
in a semiarid region in Brazil. The reservoir

(hydroelectric power plant) was constructed in
1967 in the middle-lower reaches of the Contas
River and covers an area of 101 km?, with a storage
capacity of 1,640 hm® Over the years, various
activities have been carried out in the reservoir, such
as aquaculture, irrigation, recreation, and currently
the resourcing of water for the town of Jequié City,
which had an estimated population of 161,528
(IBGE, 2016) inhabitants in 2015. The reservoir
is surrounded by vegetation types of the Caatinga;
according to the Képpen classification, the climate
is Aw with a dry season from May to October and
a rainy season from November to April.

Data were collected at eight points (Figure 1)
from July 2013 to November 2014 every two
months. Two compartments were considered: the
lateral compartment consisted of P1, P2, P4, and
P5 and the central compartment of P3, P6, P7, and
P8. The points forming the lateral compartment
were characterized by presenting macrophytes of
the genus Egeria in all campaigns and by a shallower
depth (7.3-13.4 m), while the points of the central
compartment are deepest (15.3-19.6 m) (Table 1).

A multiparameter probe (HORIBA U 52) was
used to measure temperature, pH, conductivity,
turbidity, and dissolved oxygen. Vertical profiles
were performed with measurements every 0.5 m
to a depth of 5.0 m and from there every 1 m to
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Figure 1. River basin of Rio de Contas and sampling sites in the reservoir Barragem da Pedra, Jequié, Bahia.
P1, P2, P4, and P5 are sites in the lateral compartment while P3, P6, P7, and P8 are located in the central compartment.

Table 1. Mean depth (m) (+ standard deviation) of the compartments sampled in the reservoir Barragem da Pedra

between July 2013 and November 2014.

July September January March May September November

2013 2013 2014 2014 2014 2014 2014
Central compartment 17.5+55 153+54 196+53 183+54 16.0+56 155+55 17.6+6.1
Lateral compartment 79+18 73+28 11.0+3.0 127+33 120+4.0 11.0+35 134+29
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the bottom. Water transparency was estimated
using a Secchi disk. At each point, water samples
were collected for determination of total alkalinity
(Mackereth et al., 1978), total suspended solids
(Teixeira & Kutner, 1962), and chlorophyll-a
(Golterman et al., 1978).

Samples for qualitative and quantitative
zooplankton analysis were collected using a
conical net with a mesh size of 68 pm. For both
analyzes, it was performed vertical bottom trawls
to the surface at each sampled poing the filtered
volumes ranged between 212 (minimum) and
1696 (maximum) liters. The obtained samples
were fixed in formaldehyde buffered with 4% end
concentration.

Zooplankton identification was carried out with
the aid of a stereoscopic microscope, an optical
microscope, and specialized literature (Elmoor-
Loureiro, 1997; Matsumura-Tundisi, 1986;
Reid, 1985). Juveniles of copepods (nauplii and
copepodids) were identified and counted to the level
of order. Zooplankton was counted in an acrylic
board with checkered background; counting was
accomplished by removing aliquots of 10 ml of the
homogenized sample up to at least 200 individuals
of the most abundant species, while for rare species,
organisms were quantified in their entirety.

2.1. Data analysis

The physical and chemical features were
analyzed using descriptive methods (mean,
standard deviation) to characterize the sampled
compartments. These variables were then used
in a Principal Components Analysis (PCA) for
environmental characterization of the reservoir. The
following variables were considered: temperature,
pH, dissolved oxygen, conductivity, transparency,
alkalinity, chlorophyll-a, total suspended solids,
and organic and inorganic fractions. For this
analysis, it was used a correlation matrix and the
axes were selected according to the criteria of
Broken Stick model (Legendre & Legendre, 1998).
One analysis of multivariate permutation variance
(PERMANOVA: Permutational Multivariate
Analysis of Variance procedure) was used to test the
influence of temporal and spatial variations on the
limnological variables.

It was calculated the zooplankton community
attributes richness, abundance, and evenness for
cach sampled month, taking into account the
central and lateral compartments (Krebs, 1998;
Magurran, 2013). To verify if there were statistically
significant spatial and temporal differences, these
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metrics were tested using ANOVA with repeated
measures to control temporal pseudoreplication.
Prior to analysis, data were transformed
(log x + 1) to meet the assumptions of normality
and homoscedasticity. The influence of temporal
and spatial variation on the community structure
was tested with PERMANOVA. Non-parametric
Mann-Whitney test was used to verify differences
and compare juvenile copepod abundances between
the compartments, as the assumptions of normality
and homoscedasticity were not achieved.

To check the spatial and temporal variation
of the assemblages, it was also used non-metric
multidimensional scaling (NMDS: non-metric
multidimensional scaling), adopting as measure of
dissimilarity the Bray-Curtis index. The distortion
of the resolution in a two-dimension ordination
is expressed by the value of S (called stress).
The closer to zero, the better the fit between the
original distance of the objects and the obtained
configuration (Legendre & Legendre, 1998).
For the species-environment analysis, it was ran
a Partial Redundancy Analysis (pRDA) using as
dependent variables an array of microcrustacean
species and as explanatory variables the abiotic
data (total alkalinity, chlorophyll, pH, temperature,
turbidity, and Secchi transparency). The pRDA
consists in the realization of an RDA, but removing
the effect of covariates. The selection of variables
was performed using a forward selection procedure
which performs permutations in order to select
the best model for explaining the variation in the
data. In this case, the effect was removed from the
covariate time (months) and for the variable space
(central and lateral compartment). The effect of time
was removed because it is one of the main factors
that interfere with aquatic communities in semiarid
regions. As this effect was quite pronounced in this
study, a conventional RDA would mask the spatial
effect on the community.

For all tests, the significance level was set at 0.05.
Analyses were performed in BiodiversityR packages
(Kindt & Coe, 2005) and Vegan (Oksanen et al.,
2015), using the R.2.3.0 program (R Development
Core Team, 2015).

3. Results

Accumulated precipitation was 1,119.4 mm in
2013 and 878.7 mm in 2014. During the collection
months, the largest rainfall volume (Figure 2)
was recorded in January 2014 and the lowest in
September/2014.
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In September 2013, the highest values of
dissolved oxygen and transparency were recorded,
while in September 2014, the reservoir showed
the highest chlorophyll-a values and electric
conductivity levels (Table 2). In January 2014, total
suspended solids and its fractions, turbidity, and
temperature were highest.

Limnological variables differed significantly
among the sampled months (PERMANOVA,
Pseudo-F = 19.51, p = 0.001), while there was
no significant difference between compartments
(PERMANOVA, Pseudo-F = 0.96; p = 0.394).

The first two axes of the PCA (Figure 3)
explained 69.59% of the variance of the data:
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Figure 2. Cumulative rainfall in Jequié city, and volume
in Barragem da Pedra reservoir between 2013 and 2014
years, and historical average precipitation. Source:
Precipitation - Agritempo; Volume of reservoir — Agéncia
Nacional de Aguas (ANA, 2016).
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Figure 3. Biplot of principal component analysis
(PCA) performed with the physical and chemical
variables (EC: electrical conductivity; DO: dissolved
oxygen; Turb: Turbidity; Temp: water temperature;
OSS: suspended organic solids; TSS: suspended total solids;
ISS: suspended inorganic solids; Chl a: chlorophyll-g;
TA: total alkalinity; SD: Secchi disk), obtained between
July 2013 and November 2014 of the reservoir Barragem
da Pedra, Jequié, Bahia.
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Axis 1 explained 49.08% and Axis 2 explained
20.51%. Axis 1 was negatively related with
electrical conductivity, pH, water transparency,
and dissolved oxygen and positively with turbidity,
temperature, total suspended solids, and organic and
inorganic fractions. Axis 2 was positively related to
chlorophyll-z and negatively to alkalinity. The order
of the sites sampled reflected the similarity between
the months, indicating the greater influence of
temporal variation on limnological characteristics
in relation to spatial variation.

Ten microcrustacean species was recorded
(Table 3): four cladocera and six copepoda.
Macrocyclops albidus (Jurine, 1820) occurred
only in March 2014 in lateral compartment,
Thermocyclops decipiens (Kiefer, 1929) only in July
2013 in central compartment. Ceriodaphnia cornuta
(Sars, 1886) was only found in September and
November 2014, Diaphanosoma spinulosum
(Herbst, 1967) occurred in July 2013, September
2013, and January 2014, while the occurrence
of Daphnia gessneri (Herbst, 1967) was not
recorded in November 2014. Diaphanosoma birgei
(Korineck, 1981) as well as the three species of
copepods (Calanoida) recorded in this study
occurred in all samplings. With the exception of
Macrocyclops albidus and Thermocyclops decipiens
the other species occurred in both compartments.

In the central compartment (Figure 4) the
lowest average values of species richness and
abundance were recorded (S = 4.25; 0.9 ind. L',
respectively) and the highest average value of
evenness (J = 0.81). All community metrics showed
significant differences between the compartments,
namely species richness (ANOVA repeated measures
F=7.76, p < 0.001; lateral compartment > central
compartment), abundance (ANOVA repeated
measures F =19.92, p < 0.001; lateral compartment
> central compartment) and Evenness (ANOVA
repeated measures F = 17.74, p < 0.001;
lateral compartment < central compartment).
The PERMANOVA (Table 4) performed to
verify the temporal and spatial variation of the
microcrustacean assemblage indicated that the
community differed significantly among months
(p=0.001) and between compartments (p = 0.001).
However, we did not observe a significant interaction
between months and compartments.

The results obtained by PERMANOVA were
evidenced by NMDS. In the temporal variation,
the sample units of September and July 2013
and November 2014 tended to stay in the left
region of Figure 5a, while samples from January



“erqeq ‘9mbo( ®Ipao] ep woSeireq
IT0AI9S2I 9 JO 1] ()7 T2qUIDAON] PUE ¢ [0 A[N[ u2amiaq paurerqo (quauntedwod [enuad 17y wusunredwos [e1re] :y) spijos oruedio papuadsns :ggQ ‘sprjos druediour papuadsns :ggT
‘sp1[os [e301 papuadsns :gg ], “rures|fe 18101 1y, P-[[AydoIo[yd e [qD NSIp 1y223g :(@§ WIZLx0 paajossip :Q Kpiqimi :qany, K1anonpuod [eanosp g ‘Hd omierndwn :dway,

Santos, J.S., Simées, N.R. and Sonoda, S.L.

7807689  SY0F00Z  L60F688 €CTLFOVZ8 L90F90CT  SO0FSZ0  S90F6YS 86 LFGELS  L9ZF808SZ LLOF6LL  690F659Z 09D m
N

¥80F0L'6  €20F6L1L  060F680L 98'G9F696. GLOFEET  €00FEL0  €COFVES  SLLFLOES 060F1Lg8SZ LZOFLOL  LZO0F6Y9Z o1 =
0Z9FLECL 8Z0F8LL  8Y9F60VL CHOFIEPY SEETFLIE9  GOOFVY0  9E0F8EL WK LFIYEZ 82TF29S6Z 6G0FLYL  6E0F¥EVZ DD .m.
&

09GFVy.2C 8S0FLTE  C9GFS6SZ 8LOFZOYr €80F8.8  000FO0K0  €S0FEY.  2Z0FG0GZ 68LF0L¥6Z LZOFSES8  €90Flesz 21 =
COLFOVS  €Z0FPSL  GLLFO000L SOLFEILF 9S0FLISL  900FSZ0  990FE6YV  L6OFOLYS YSTFGC8SZ YEO0FL9L  SCOFLLOZ DD .mw
B

Z8ZF008  vZ0F09L  /8CF096  OLOFELZyr L00F99L  000F0Z0  GL€F089  GOOFE6'8S 680F86GSZ €50FEL.  GZ0F9L9Z 91 =
6L€LFECBL  €FOFOSL  9LELF686L  LZLTL68E  090FLLZ  €0O0FEZ0  9L0FOEE  LELFEI6L YILFO6UGZ LZ0FZEL  0Z0FL9/C 0D o
8

€061 FEL0Z €Z1F9GZ SZOZF69ZC 80LFO00r 60LF60E  000F0Z0  EYOFGOE  OLLFOLE8  PCLFSS0SZ <CZOFEL9  O0L0FZ9/Z 91 =
ELVWFTL0S  TYFO0L  SOC6FEVSGLL 8LTFLEEE  900FEL0  000FGLO  L9OFIZE  86BLFOSEZL OVEFBOVZ CLOFIZL  LY0FEZLZ 0D §
N

LWZF6lZ  VLLFLLE  88VFIVIS  GOLTGE0r €20FEZL  O000FSL0  PEOFLLE  68CFLY60L 061LFS8OVZ 8SO0FVOL  2ZZ0F6LiZ 91 B
YEOTF OV LWOF¥L0  LE0F6L'E  SO0FECEr ¥S0FL9L  900FS90  €90FGZ8  LE0FLI6LL  8GLFESELZ 6L0FLS8  8Y0FZESZ 0D .m
N

Z80FY9C  L00F860  L80FZIE  LBOF8EEy LL0F98L  O0LOFEY0  GLLFOV6  €SLFG98L  LOLFLIGTZ 950F8E8 L€ 0F98SZ O
IL'LF66C  2€0FL80  LELFO08E  2ZZ0F08Ly  LZ0FE60  SO0FS8Y0  ¥60FPCS  00SFE9PT  90ZFOSYSZ YLOFOZL  8T0F96VZ I &
5

60'LF6YE  600F960  SOLFSKy  6LLFZOLY  LLOFOL0  600FO0K0  SLOFOLS  88VF6YLE  /8LFGLOSZ LZ0FWLL  8€0F00SZ 91 &

vI'Bw vI'Bw B "B wIBw w Wb INN worgr hd 20
SSO ssl ssl VL e yo sa oa qiny 03 dwsy

‘SO[qELIEA TESTWUAYD pue _Nuww%hﬁ@ JO uonerasp _UHN_UQNum ﬁUCN SUBIIN *C 2IqEL

Acta Limnologica Brasiliensia, 2018, vol. 30, 108



Spatial distribution and temporal variation...

[

F=7.76;p < 0.001

Species richness

5.0

45

4.0

Julits +
Sep/13 o
Jan/14
Mari14 |
May/14
Sepi1d |
Novit4 |

Abundance

F=1992;p < 0.001

WMayi14 }—é‘?é—*
sepita 4| |—omd:

Juli3
Sep/13 o
Mar/14
Novi14

08

F=17.74,p < 0.001

07

Evenness

0.6
1

05

0.4

|
DT

Julis | l
Sepi13
Jan/14 |
Mari14 - -

May/14 —
Sep/14 |
Now/14 |

Figure 4. Average richness (a), abundance (b) and evenness (c) of microcrustacean assemblage (vertical bars: standard

error) per month sampled (0 = central compartment, m = lateral compartment) of the reservoir Barragem da Pedra,

Jequié, Bahia.

<
= a
X
X
[Te} X,
o 7 x A
x & X
o A LN |
»
2 « N o
s X A N
Z o | + A
° o e tE m 4 A
A AN ) +
o Jul/2013 a ++% o
A Sep/2013 ° iy
+ Jan/2014 o® o O e
o | ® Mar/2014
S | * May/2014 +
A Sep/2014
x Nov/2014 o
T T T T T T
-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5
NMDS 1

NMDS 2

Ccon b
< |
- ]
o
0 | 9 Dbir
]
o " . o
Om
Tmin 0@ ™
Bges o ©
e Aaze u 0 o
=] L ]
.. whhe el | ° i
" g Walb Depino
o © o
© .- Ncea
* [¢]
Q@
o Central
= Marginal L]
T T T T T T T T
20 -15 10 -05 00 05 10 15
NMDS 1

Figure 5. Non-metric multidimensional scaling (NMDS) based on the temporal (a) and spatial (b) variation of the
microcrustacean assemblages structure between July 2013 and November 2014 of the reservoir Barragem da Pedra,
Jequié, Bahia. o July/2013; & September/2013; + January/2014; ® March/2014; ® May/2014; A September/2014;

X November/2014.

to September 2014 were arranged in the region
across the right side of the figure. Regarding spatial
variation, it was noted that the sampling units
belonging to the lateral compartment are more
located in the left hand side of Figure 5b while
the sample units of the central compartment are

Acta Limnologica Brasiliensia, 2018, vol. 30, 108

arranged in a reverse order, indicating a difference
in microcrustacean assembly structure between
compartments. Copepods (A. azevedoi, M. albidus,
N. cearensis, N. iheringi and T. minutus) and
cladocerans (C. cornuta and D. gessneri) were
predominant in the lateral compartment, while the
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Table 3. List of species of cladocerans and copepods occurring in the period between July 2013 and November 2014

of the reservoir Barragem da Pedra, Jequié, Bahia.

Specie

Cladocera

Copepoda Calanoida

Copepoda Cyclopoida

Daphnia gessneri Herbst, 1967
Diaphanosoma birgei Korineck, 1981
Diaphanosoma spinulosum Herbst, 1967
Ceriodaphnia cornuta Sars, 1886
Argyrodiaptomus azevedoi Wright, 1935
Notodiaptomus cearensis \Wright, 1936
Notodiaptomus iheringi Wright, 1935
Macrocyclops albidus Jurine, 1820
Thermocyclops minutus Lowndes, 1934
Thermocyclops decipiens Kiefer, 1929

Table 4. PERMANOVA of the months and compartments
sampled in relation to abundance and species composition
of microcrustaceans in the reservoir Barragem da Pedra,

Jequié.

Variable R?  Pseudo-F P
Months 0.30 4.34 0.001
Compartments 0.11 9.46 0.001
Months: compartments  0.09 1.34 0.158

copepod 1. decipiens and the cladocerans D. birgei
and D. spinulosum were most representative in the
central compartment (Figure 5b).

Partial redundancy analysis (pRDA),
removing the effect of temporal variation,
explained 11% (R* adjusted) of the spatial
variation of microcrustacean assembly (ANOVA,
Pseudo-F = 2.08; p = 0.001). The first two axes of
the analysis accounted for 16% of data variability,
10% referring to the axis 1 and 6% to the axis 2
(Figure 6). For axis 1, it was not possible to
observe a clear pattern of ordering, but in axis 2,
the multivariate gradient was characterized by
a negative correlation with temperature and a
positive correlation with chlorophyll-a, pH, and
alkalinity; these variables were more associated
with the lateral compartment. However, although
significant, the explanation for the spatial variation
of the limnological variables was very low. Thus,
it is likely that the limnological variables are not
related to the compartmentalized distribution of
microcrustaceans.

The abundance of Cyclopoida nauplii
(Mann-Whitney; w = 228; p = 0.007), nauplii
of Calanoida (Mann-Whitney; w = 239,
p =0.01), Cyclopoida copepodids (Mann-Whitney;
w = 124; p = 0.01), and Calanoida copepodids
(Mann-Whitney; w = 116, p = 0.01) differed
significantly among the sampled compartments.
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Figure 6. Ordination scatter plot (pRDA) generated
from six abiotic variables (Turb: turbidity; SD: Secchi
disk; TA: total alkalinity; Chl a: chlorophyll-g;
Temp: temperature, pH) and abundance of sampled
microcrustaceans between July 2013 and November
2014 of the reservoir Barragem da Pedra, Jequi¢, Bahia.

For all observed young forms (Figure 7), the
highest abundance values occurred in the lateral
compartment.

4, Discussion

Microcrustacean assemblages showed temporal
and spatial changes, and was associated to the
environmental variation, such as predicted in this
study. In the temporal dynamics, strong limnological
variation determined the temporal dynamics of the
assembly. In space, besides the physical and chemical
importance of waters, environmental factors, such
as environmental structural complexity, provided by
aquatic macrophytes, could be the main reason to
variation of the zooplankton assemblage.

The highest values of turbidity and suspended
material and cheir fractions were recorded in
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Figure 7. Average abundance of Calanoida copepodids (a), Cyclopoida copepodids (b), Calanoida nauplii (c) and
Cyclopoida nauplii (d) (vertical bars: standard error) per month sampled (0 = central compartment, m = lateral
compartment) of the reservoir Barragem da Pedra, Jequié, Bahia.

january/2014, when it was recorded highest
precipitation during the study (190.00 mm).
On the other hand, in the months of september
2013/2014 the precipitation volumes were lower
and the reservoir presented the highest values
of dissolved oxygen, electrical conductivity,
chlorophyll-a and transparency of water. According
to Bouvy et al. (2000), the physical and chemical
water characteristics and the longitudinal gradients
of the reservoirs, in semi-arid region, are affected
by water balance. Rainfall promotes particle
entrainment into the reservoir, increasing levels
of solids in the suspension, causing an increase in
turbidity and reduced light penetration and primary
production (Baxter, 1977), while in the drought
the evaporation promotes ions concentration.
Limnological variables differed significantly
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between the sampling months, such as recorded
in other studies performed in semiarid regions
(Leitao et al., 2006; Sousa et al., 2008; Simoes &
Sonoda, 2009).

The spatial compartmentalization of the
reservoir is a key issue from the point of view of
management and multiple uses of water resources,
as it gives subsidy to the selection of habitats more
suitable for establishment of anthropic activities.
Matsumura-Tundisi & Tundisi (2005) point out
that in studies on reservoirs, it is important to
sample in both regions as spatial heterogeneity
directly affects the abundance and richness of
zooplankton.

Highest average species richness and abundance
were recorded in the lateral compartment where it
was observed the presence of aquatic macrophyrtes.
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Studies indicate that these plants support an
abundant and diverse fauna of planktonic
invertebrates, contributing to the increase in
species richness due to the heterogeneity of habitat,
resource supply, and high variability of physical
and chemical characteristics (Van Den Brink et al.,
1994; Burdis & Hoxmeier, 2011; Colares et al.,
2013) which cause spatial differences in primary and
secondary productivity of reservoirs (Rocha et al.,
1995) and serve as a “biological filter” due to
their nutrient retention function (Nogueira &
Matsumura-Tundisi, 1996).

Moreover, although the central compartment
presented lower mean abundance and diversity,
it showed greater evenness, indicating a more
uniform distribution of the microcrustacean
assembly in this region. According to Bini et al.
(1997), the distribution of zooplankton in aquatic
ecosystems is not only influenced by the physical
and chemical variables, but by behavior patterns
and interspecific relationships are also factors that
can explain the distribution. Thus, it is probably
that the central compartments offers higher
community organization and niches overlap and
the competition can be an important interaction
for this assemblage. Several studies have shown that
the zooplankton community structure is strongly
controlled by biotic factors such as predation and
competition (Brooks & Dodson, 1965; Dodson,
1974; Neill, 1975).

According to Bonecker et al. (2001), food
availability (chlorophyll-a) is closely related to the
abundance of calanoids. This study recorded that
four species of Calanoida were most representative
in the lateral compartment. As noted in this
study, the prevalence of Calanoida juveniles in
reservoirs is common and has been reported in
other studies (Takahashi et al., 2009). According to
Espindola et al. (2000), the high production of the
early stages of copepods in reservoirs is an adaptive
strategy to compensate the high mortality before
reaching adulthood.

The structure of the microcrustacean
community (abundance, richness and evenness)
differed significantly over time and between
the compartments, while the abiotic variables
showed significant differences only between
different months. This result suggests that aquatic
macrophytes, present in the lateral compartment,
play an important role in the spatial distribution
of the microcrustacean assemblage. The aquatic
vegetation forms the structural environment
of a variety of invertebrates in many systems
(Stansfield et al., 1997; Cazzanelli et al., 2008)
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and has a significant influence on zooplankton
diversity, because exerts multiple effects on aquatic
ecosystems, such as reduction suspension sediment,
preservation of the physical stability of the coastal
zone, reduction of erosion, concentration of
nutrients and improvement of eutrophication
symptoms such as water turbidity (Horppila &
Nurminen, 2005; Estlander et al., 2009).

In natural environment, variation of the
abundances of species does not occur randomly,
but in response to interspecific interactions and
changes in environmental variables (Tilman et al.,
1998). Responses to environmental fluctuations
have been the most commonly used factor to
explain the dynamics of species variation. In the
semi-arid, such environmental variations between
dry an rainy season exceed the tolerance limit
of very organisms being a stronger drivers of
temporal turnover of assemblage. Chase (2007),
in experiments in microcosms, found that the
importance of stochastic and ecological effects
depends on the severity of the ecological filter to
which the environment is subjected. Chase (2007)
simulated the drought in lakes and found that the
severity of this biofilter increased the similarity of
the community by reducing its diversity, because
the species that survive are those that support the
most severe conditions. Therefore, even though
the diversity of species from one place can recover
after a stochastic event, the regional diversity is
compromised. Thus, the reservoir studied, which
presented a reduced number of zooplankton
species when compared to other reservoirs in the
semiarid region (Leitao et al., 2006; Sousa et al.,
2008; Almeida et al., 2009; Vieira et al., 2009;
Medeiros et al., 2011), must be carefully managed
and conservation policies to mitigate the effects of
natural and anthropogenic disturbances, reducing
the likelihood of a loss of community diversity.

In this study, the microcrustacean assembly
presented temporal and spatial variation influenced
by abiotic factors (limnological variables) and by
biotic factors (aquatic macrophytes). Thus, temporal
variation is an important effect on the dynamics of
limnological factors and determines the temporal
variation of the community, while the presence of
macrophytes plays an important role in the spatial
distribution of the microcrustacean assemblage.
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