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Abstract

This work presents information regarding the biology and state of conservation of an endangered annual fish Hypsolebias
antenori. Fish were captured from small seasonal pools located in Northeastern Brazil. The total body length, body
mass, sex ratio, first sexual maturity were investigated. The sampled population showed sexual dimorphism. There
was a predominance of females (60%) over males (40%) with a sex ratio of 1: 1.4 and males were bigger and heavier
than the females. Amplitude of total length of males ranged from 2.6 to 7.1cm (4.1£1.15) and that of females from
2.2 to 5.4cm (3.6+0.9). Amplitude of body mass of males varied from 0.25 to 7g (1.3g+1.4) and that of females from
0.12 to 2.1g (0.7g+0.5). The total weight-length equation of males was Wt=0.0108Lt3.172 with r = 0.9826 and of
females was Wt=0.0122Lt3.0114 with r = 0.9608. Females attained first sexual maturity at 3.2 cm (£0.25) total length
and males at 3.3 cm (+0.08) total length. All temporary pools surveyed in Northeastern Brazil were in a high degree
of degradation, suffering due to anthropogenic action. Reduced rainfall resulting from global climate change prevents
the filling up of these pools, thus preventing the completion of the reproductive cycle of annual fishes. One factor
hindering development of conservation strategies is limited literature on biology and conservation status of annual
fishes. There is a need for conservation measures to protect annual fish populations, especially creation of protected
areas in the Brazilian semiarid region.
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Status de conservaciao de Hypsolebias antenori (Rivulidae)
um peixe anual amea¢ado do Nordeste brasileiro

Resumo

Este trabalho apresenta informagdes sobre a biologia e estado de conservagdo de Hypsolebias antenori, um peixe
anual ameagado. Os peixes foram capturados em pequenas pogas temporarias localizadas no Nordeste do Brasil.
O comprimento total, peso total, propor¢do sexual e a primeira maturagdo sexual foram investigados. A espécie em
estudo apresentou dimorfismo sexual bem evidente. Houve um predominio de fémeas (60%) sobre os machos (40%),
com uma razdo sexual de 1M: 1,4F. Os machos foram significativamente maiores ¢ mais pesados do que as fémeas.
A amplitude do comprimento total dos machos variou de 2,6 a 7,1 centimetros (4,1 + 1,15) e as fémeas de 2,2 a
5.4 centimetros (3,6 £ 0,9). A amplitude de peso dos machos variou de 0,25 a 7 g (1,4 £ 1,3 g), enquanto que as fémeas
de 0,12 a 2,1 g (0,5+0,7 g). A equagdo da relagdo peso total/comprimento dos machos foi Wt = 0.0108Lt>'7? com
r=0,9826 ¢ para fémeas foi Wt = 0.0122Lt**""* com r = 0,9608. As fémeas alcangaram a primeira maturagéo sexual
com 3,2 cm (£ 0,25) de comprimento total e os machos com 3,3 centimetros ( & 0,08 ) de comprimento total. Todas as
pocas temporarias amostradas neste trabalho estavam em um alto grau de degradagao, principalmente devido a agdo
antropica. Observamos que diminui¢@o das chuvas ¢ a desertificagdo decorrente das mudangas climaticas globais que
também sdo alarmantes e poderdo impedir a conclusdo do ciclo reprodutivo dos peixes anuais. As informagdes sobre a
biologia e o estado de conservagdo dos peixes anuais ainda sdo limitadas, portanto ha uma grande necessidade estudos
e de medidas de conservagdo para proteger as populacdes de peixes anuais, entre elas especialmente a criagdo de areas
prote¢do nos ambientes aquaticos efémeros do semiarido brasileiro.

Palavras-chave: peixe anual, Rivulidae, pogas temporarias, biologia, conservagao.
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Biology and conservation of an endangered annual fish

1. Introduction

The Caatinga biome of Brazil is considered to be
one of the 37 Wilderness Areas of the World, and it
plays an important role in the maintenance of regional
macro-ecological process, as well as indirectly supporting
regions with diversity and endemism in Brazil (Leite and
Machado, 2010.) Northeastern Brazil has distinctive scrub
vegetation referred to as “Caatinga”, consisting of xerophytic
low thorny bushes adapted to the semiarid climate, which
covers over 10% of the Brazilian territory. It is located
between 3°S 45°W and 17°S 35°W, extending across eight
administrative states of Brazil: Piaui, Ceara, Rio Grande
do Norte, Paraiba, Pernambuco, Alagoas, Sergipe, Bahia,
and parts of Minas Gerais (Leal et al., 2003).

The semiarid Caatinga biome of Northeastern Brazil
is characterized by short spells of rain interspersed with
frequent droughts. The hydrographic network of this region
is seasonal and modest when compared to other Brazilian
regions. The seasonality of the freshwater ecosystems is
due to recurrence of extended drought, irregular rainfall,
high temperatures and an elevated rate of water evaporation
(Chellappa et al., 2006; Chellappa et al., 2009). This
region receives almost 750 mm of annual rainfall and has
an average annual temperature of 26°C throughout most
of the region (Silva, 2004) and encompasses more than
750,000 km? in the northeast region of Brazil being the
only Brazilian biome that is situated entirely inside the
Brazilian territory (Leal et al., 2005). The fish communities
that occur in the freshwater ecosystems of the semiarid
region of Brazil, exhibit a high degree of Neotropical
native species, and are important areas for conservation
of fish species (Rosa et al., 2005; Chellappa et al., 2011;
Nascimento et al., 2011).

The family Rivulidae is one of the largest families of
freshwater fishes of the Neotropical Region. Itis a diverse
group of annual fish, most popularly known as “killifish”,
with about 350 valid species which occur from South of
Florida, in the United States, to the Northeast of Argentina
(Costa, 2011). Brazil has the greatest diversity of annual fish,
with about 200 species, of which 60% belongs to family
Rivulidae (Costa, 2008). Currently the family Rivulidae is
represented by 30 genera (Fricke and Eschmeyer, 2012).
Despite the richness of killifishes, this family is considered
the most endangered of all the groups of fish in Brazil
(Rosa and Lima, 2008).

The annual fishes complete their life cycle in temporary
pools and when the water pools dry out during the dry
season, the entire population dies from desiccation.
These temporary pools are environments that have large
fluctuations in temperature, level of dissolved oxygen
concentration and volume of water. To survive in these
extreme conditions, the fish eggs that are deposited in
the sediment of the pools go through diapause stages,
during which time the embryonic development becomes
temporarily arrested. With the onset of the next rainy
season, the eggs hatch and a new generation is formed
(Wourms, 1972; Errea and Danulat, 2001). These temporary
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environments have suffered major human impacts such as
siltation, deforestation, pollution and drainage.

There is very limited literature on the biology and
conservation status of endemic annual fish Hypsolebias
antenori (Costa, 2006). This species was first collected in
1945 in Ceara from Northeastern Brazil and was described
in the genus Simpsonichthys (Costa, 2002) and in 2006 a
new taxonomic revision of the genus found this species in
the subgenus Hypsolebias (Costa, 2006). This paper provides
information on some biological aspects of this rare annual
fish (Rivulidae), and evaluates its conservation status.

H. antenori spawns during the rainy season presenting
r reproductive strategy. The following questions were
addressed: Does sexual dimorphism exist in the males and
females? What is the biggest body size attained by males
and females of this species? What type of growth do they
show? At what size do they attain first sexual maturity?

2. Material and Methods

The capture of fish was authorized by ICMBIO-MMA
(Chico Mendes Institute for Biodiversity Conservation of the
Brazilian Ministry of Enviroment) / SISBIO (Authorization
system and biodiversity information), with the authorization
number 27451. Fish were collected in temporary pools
located in public place outside the conservation area.

Extensive fish surveys were carried out in regions
adjoining various hydrographic basins in the States of
Rio Grande do Norte and Ceard, during 2011 to 2013.
H. antenori was captured in August, 2011 and again in
May, 2013, when the temporary pools were full during the
rainy season of the region. Due to the failure of rainfall,
no temporary pools were formed during 2012, which
year had the worst extended dry season registered over
past 50 years (WMO, 2012). The temporary pools were
located between 04°57°39.8” S and 37°54°26.2” W. The
approximate diameter and depth of each pool was measured.

The climate of this region is semiarid, with an average
annual rainfall of 829.8 mm. The water temperature (°C),
concentration of dissolved oxygen (mgL™"), pH and electrical
conductivity (uSem™) of the temporary pools were registered
in situ, using specific probes of the multiparameter kit
WTW Multi 340i. The kit was calibrated before every
collection. Fish were captured utilizing small hand trawl
nets (50 x 150 cm) and sieves (60 x 60 cm) of 2 mm mesh
size. Fish specimens captured were transported to the
laboratory under oxygenation. Each fish was numbered,
measured (total length Lt+1mm), and weighed (total weight
Wt=1g). The taxonomical identification of the fish species
was verified and confirmed (Costa, 2006).

The sex ratio was established by the ratio between the
number of males and females during the study period. The
brightly colored males with well developed dorsal and anal
fins were easily separated from the females.

Body size at first gonadal maturity (L) where 50% of
the individuals exhibited maturing gonads was estimated
from the relative frequency distribution of adult males
and females, using their total length classes (mean + SD).
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Body sizes of the males and females (in total length
and body mass) were estimated from the relative frequency
distribution, using their standard length and body mass
classes (mean + SD). The length-weight relationships were
estimated using the equation Wt=a.Lt® (Froese, 2006).
The value of correlation coefficient (r) was estimated for
evaluation of empirical points adhesion for the calculated
curve.

Data were analyzed using the software Statistic 7.0 and
Excel 2010 for Windows and at a significance level of 5%.
Normality of data was checked using Kolmorogov-Smirnov
test. To verify the differences in means of standard length
and total weight between males and females, the Student
t test was used. The G test was applied in order to test the
possible differences in sex ratio established.

To compare the conservation status of H. antenori in
the semiarid region of Brazil, published scientific works
were consulted besides personal observations effected
during the three year study period.

3. Results and Discussion

The temporary pools checked during the study period
had a mean diameter of 1.55m (+£0.57), with mean depth
of 19.5cm (+13.4). In relation to the physico-chemical
parameters of the pools, the mean water temperature
was 30C° (£2.82), the mean value of the concentration
of dissolved oxygen was 4 mgL-'(+0.14), mean pH was
6.3 (£0.77) and the mean electrical conductivity was
140uScm™ (£1.41). These values are different from
those found for other aquatic environments of the region
(Chellappa et al., 2008; Nascimento et al., 2012), but are
similar to those found in temporary pools of southern Brazil
where annual fish were captured (Volcan et al., 2011).

The only annual fish captured was H. antenori (n=147).
This species exhibits sexual dimorphism, where males
show a striking bluish-green body colouration with white
dots, with a clear light pink ventral part. The fins of males
are well developed than the females. The anal fin of the
male is reddish orange with a black border and several
white spots (Figure 1a). The female has a predominantly
light grey body, and a pale belly with several black spots
(Figure 1b). Sexual dimorphism is an important characteristic
in annual fishes, which suggests that sexual selection may

play a key role in the differentiation, isolation, speciation
and evolution of this group of fish (Berois et al., 2012).

There was a predominance of females (n=87; 60%)
over the males (n=60; 40%). The sex ratio was 1M: 1.4F,
with a significant difference (G =4.02; P<0.05). Several
factors influence the determination of the sex ratio in fish,
such as, mortality, growth, behavior and environmental
variations which act differently on the sexes, altering
the sex ratio in various stages of development. The
expected sex ratio for the natural environment is generally
IM:1F (Nascimento et al., 2012; Aratjo et al., 2012). The
greater number of females in this study may be related to
the territorial behavior of males. The aggressive behaviour
between males was observed for other species of annual
fish (Arenzon et al., 1999; Shibatta, 2006), where the
male defends a territory and many females are free to visit
these territories. Polygynous species generally exhibit
territorial behaviour (Magurran and Garcia, 2000). The
environmental factors could also affect the fish sex ratio,
including hypoxia, which affects both sexual development,
differentiation and sex ratio (Shang et al., 2006; Wu,
2009). Among the environmental factors, temperature has
the most profound influence on the differentiation of sex
(Sfakianakis et al., 2012). Hypoxia and temperature are
two major environmental factors that vary and influence the
fish of temporary pools. It is very important to investigate
as to how these factors act in differentiation and sexual
development of annual fish.

Amplitude of total length of males ranged from 2.6 to
7.1cm (4.1+1.15) and that of females from 2.2 to 5.4cm
(3.6+0.9). A higher frequency of males was observed in
class of 3 to 4 cm total length. The females had a large
number of individuals in the class of 3 a 4 cm (Figure 2).
The males attained larger lengths than the females
(t test =-3.154; p=0.002).

Amplitude of body mass of males varied from 0.25 to
7g (1.3g+1.4) and that of females from 0.12 to 2.1g
(0.7g+0.5). The males had a higher frequency in the class
of 0 to 1g, and a higher frequency of females was in the
class of 0 to 1g (Figure 2). The males attained significantly
higher body weights than females (t=-3.902; p=0.001).
Larger males generally have an advantage in choosing
the female to spawn, win fights over territories and have
better quality spawning territories (Cacho et al., 20006).

Figure 1. Species of study, Hypsolebias antenori (a) Males and (b) Females.
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The total weight-length equation of males was
Wt=0.0108Lt*'"? with r = 0.9826 and of females was
Wit=0.0122Lt>1"* with r = 0.9608 (Figure 3). Females
attained first sexual maturity at 3.2 cm (+0.25) total length
and males at 3.3 cm (£0.08) total length. In the case of
H. antenori, the values of 0 for males (3.172) and females
(3.0114), suggest that males show positively allometric
growth, indicating more weight gain than increment in length
whereas females showed isometric growth, an increase in
all dimensions of the body in the same proportion. The
parameter 0 could vary for fish of different habitats, with
varying environmental conditions and different nutritional
status, sex, or the phase of growth. Thus, the ratio between
the total weight and total length can be seen as a differential
character for small taxonomic units as the morphometric
relationships (Jobling, 2008).

The estimated total body length at first gonadal maturity
(L,,) of H. antenori males was 3.3 cm (+0.08) and that
of females was 3.2 cm (+0.25) (Figure 4). H. antenori
attained first gonadal maturity at small body size due to
its short life in unpredictable environments, such as the
seasonal pools.
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3.1. Status of conservation

There are 24 species of annual fish which were registered
in the Brazilian semiarid region (Costa, 2002). They all
belong to the family Ruvulidae, with 12 species of the genus
Simpsonichthys, 11 of Cynelobias and one of Rivulus, and
all are endemic (Costa, 2002; Rosa et al., 2005).

Annual fishes are concentrated in the great diversity
of endangered fish, whose fragile habitat is a critical
factor in their conservation (Rosa and Lima, 2008; Costa,
2012). Endemic fish species suffer a high probability of
extinction because of their small size and low abundance
(Gaston, 1998). In Brazil, 134 fishes are threatened with
extinction, of which 55 are Cyprinodontiformes of the
family Rivulidae. Among these, 25 species are considered
vulnerable, 16 are endangered and 14 are critically endangered
(Agostinho et al., 2005). In the state of Rio Grande do Sul,
26 species of Rivulidae were registered, all of which are
threatened with extinction (Reis et al., 2003). The present
work considers H. antenori as an endangered annual fish
species in the Brazilian semiarid region.

Populations of H. antenori are threatened by urbanization,
agricultural and ceramic activities. The study area of this
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Figure 2. Class distribution of (a) total length (b) body mass for male and female Hypsolebias antenori.
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Figure 3. Length-Weight relationship for males and females
of Hypsolebias antenori distributed in individual empirical
points.
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Figure 4. Relative frequency of first gonadal maturation
(L,,) of (a) males and () females Hypsolebias antenori. The
inserted lines represent the estimated size range where 50%
of the fish were were mature.
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work, accounts for about 70% of all activities of ceramic
production. Environmental degradation due to clay
extraction for the production of bricks and tiles poses a big
problem. In addition, there are the negative effects caused
by erosion and consequent destruction of the soil, which
leads to loss of habitats and biodiversity, and destroys the
natural landscape (Parahyba et al., 2000; Pinheiro, 2002).
The construction of many small dams in the northeast of
Brazil poses yet another threat, since flooding several
areas including destruction of temporary pools destroys
the habitats of annual fish.

Fruit farming corresponds to the fastest growing
activity in the northeast of Brazil, highlighted by the large
agricultural production and crop diversity. There is a large
increase in the use of pesticides and agrotoxins that remain
in the environment, posing risks. The study area of this
work, the Chapada do Apodi between the state of Ceara
and Rio Grande do Norte, is a major area of horticulture.
In this region eight kinds of pesticides were found, with
high potential for contamination associated with soil, and
13 high potential pesticides for contamination by dissolving
in water (Milhome et al., 2009).

Annual fish of Brazilian semiarid region have suffered
from the change of the rainfall regime caused by global
climate change. The natural environmental phenomena
El Nino and La Nina are directly responsible for altering
the rainfall. Despite the extreme life strategy of these
fish, they do not have a large ecological plasticity of
adaptation to climate change in velocities that are occurring
(Fontana et al., 2003). The current climate models show a
20% reduction in rainfall in the semiarid region for every
decade. This factor will directly influence the annual fish,
by diminishing wetlands and preventing the continuation
of the life cycle of annual fish. Increases in temperature
and changes in rainfall, with the incidence of prolonged
drought and reduced rainfall are predicted due to the effects
of global warming on climatic conditions and their impacts
on the Brazilian semiarid region (Gitay et al., 2002). There
could also be an increase in the frequency of occurrence
of episodic heavy rainfall associated with global climate
change (Trenberth and Jones, 2007).

For the conservation of H. antenori and other species
of annual fish, management should focus primarily on
the integrity of the habitats where they are found, such
as, small temporary pools, which in most cases are not
considered a priority for conservation.

Several actions should be taken in order to preserve the
annual fish, such as banning deforestation and irrational
occupation of wetlands adjacent to watercourses of
hydrographic basins; check the indiscriminate use of
pesticides and agrochemicals, as well as the release of
industrial effluents, domestic waste into water courses;
insist on the compliance with the laws protecting the
environment, land use and construction of reservoirs on
rivers, with priority to those areas where there is presence
of annual fish. These measures are essential for the
conservation of H. antenori and other species of annual
fish of Brazilian semiarid region.
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