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Abstract: The study of population and reproductive traits provides information about the ecological structure of
natural populations. This study aimed to characterize dynamics and reproductive traits of Hyalella palmeirensis
from a natural pond from southern Brazil. The amphipods were sampled monthly (August 2012 to July 2013) by a
person with the aid of a hand net for 20 minutes. Ovigerous females and pre-copulatory pairs were individualized
in the field. A total of 12,325 individuals were sampled, being 1,421 males, 6,983 females (including 215 ovigerous
females) and 3,921 juveniles. Paired and unpaired males were significantly greater in size than females. There was
a positive correlation between body size (CL) of paired males and females. Males and females showed bimodal
distribution. Total sex ratio favored females, and these were more frequent in almost all months. Ovigerous females
and precopulatory pairs were found throughout the year, but with high frequency in winter and autumn, respectively,
characterizing a seasonal reproduction. Juveniles were sampled throughout the year, with greater intensity in
the spring. The mean fecundity was 19.6 + 4.34 eggs. No reduction in the number of eggs was observed during
embryonic development. The results observed in H. palmeirensis demonstrate that this species has a population and
reproductive dynamics very similar to other species of Hyalella already analyzed in southern Brazil. Moreover, it
can be seen that although the H. palmeirensis occurs in an environment with anthropic influence (soy cultivation,)
the population is managing to remain in the area, with reproduction and recruitment in most months of year.
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Caracteristicas populacionais e reprodutivas de um anfipodo de agua doce (Crustacea,
Peracarida, Hyalellidae) do noroeste do estado do Rio Grande do Sul, Brasil

Resumo: O estudo dos aspectos populacionais e reprodutivos providenciam informagdes sobre a estrutura ecoldgica
das populagdes naturais. Este estudo teve como objetivo caracterizar aspectos populacionais e reprodutivos de
Hyalella palmeirensis de uma lagoa do sul do Brasil. Os anfipodos foram amostrados mensalmente (agosto/2012
a julho/2013) por uma pessoa com o auxilio de pugé por 20 minutos. Fémeas ovigeras e casais em comportamento
pré-copulatorio foram individualizados no campo. Um total de 12.325 individuos foram amostrados, sendo 1.421
machos, 6.983 fémeas (incluindo 215 fémeas ovigeras) e 3.921 juvenis. Machos pareados e ndo pareados sdo
significativamente maiores em tamanho do que as fémeas. Houve uma correlagdo positiva entre o tamanho do
corpo (CC) de machos e fémeas pareados. Machos e fémeas apresentaram distribuigdo bimodal. A proporgao sexual
total favoreceu as fémeas, e estas foram mais frequentes em quase todos os meses. Fémeas ovigeras e casais em
pré-copula foram amostrados ao longo do ano, mas com elevada frequéncia no inverno e outono, respectivamente,
caracterizando uma reprodugdo sazonal. Os juvenis foram amostrados ao longo do ano, com maior intensidade
na primavera. A fecundidade média foi de 19,6 + 4,34 ovos. Nao houve redugdo no nimero de ovos durante o
desenvolvimento embrionario. Os resultados observados em H. palmeirensis demonstram que esta espécie possui
uma dindmica populacional e reprodutiva muito similar a outras espécies de Hyalella ja analisadas no sul do
Brasil. Além disto, apesar de H. palmeirensis ocorrer num ambiente com influéncia antrdpica (cultivo de soja),
sua populacao esta conseguindo se manter na area, com reprodugdo e recrutamento na maioria dos meses do ano..
Palavras-chave: fecundidade, tamanho corporeo, Hyalella palmeirensis, razdo sexual, reprodugdo, recrutamento.
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Introdution

The freshwater amphipods of the genus Hyalella, Smith, 1874
inhabit a wide variety of aquatic environments of the Americas, as
streams, lakes, rivers and some species are found in subterranean
environments (Bousfield 1996; Gonzalez & Watling, 2002; Bueno et
al. 2014; Cardoso et al. 2014; Rodrigues et al. 2017). These crustaceans
and have a great ecological importance, since they provide and facilitate
the matter and energy transfer between trophic levels, convert detritus
into the final particulate organic matter and serve as food for many
waterfowl, macroinvertebrates, fish, amphibians, birds (Swanson
1984; Wen 1992; Wellborn 2002; Wellborn & Cothran 2007). Besides,
Hyalella are crustaceans most commonly used as freshwater quality
bioindicators and test organisms in ecotoxicological studies in mainly
due to their high sensitivity to contaminants and environments impacts
(Morris et al. 2003; Wilcoxen et al. 2003; Gust 2006; Ding et al. 2011;
Lasier & Urich 2014; Javidmehr et al. 2015).

Ecological studies of the Hyalella genus in South America are
mainly focused on the abundance, body size, sex ratio, reproduction,
fecundity, recruitment and, pairing success (Lopretto 1983; Casset et
al. 2001; Poretti et al. 2003; Galassi et al. 2006; Castiglioni & Bond-
Buckup 2007, 2008a, 2008b, 2009; Castiglioni et al. 2007; Torres et al.
2015; Bastos-Pereira & Bueno 2016a, 2016b; Castiglioni et al. 2016;
Ozga & Castiglioni 2017; Ozga et al. 2018; Colla & César 2019). The
knowledge of these ecological traits of its populations are crucial for
long-term conservation plans, the evaluation of its extinction risk as
well as its potential use as bioindicators in ecotoxicological studies
(Cooper 1965; Hutchinson 1981; Muskd 1992; Castiglioni et al. 2016).

In the South America, Brazil has the greatest number of Hyalella
species described, 28 in total (Bastos-Pereira & Bueno 2013; Bueno
et al. 2014; Cardoso et al. 2014; Rodrigues et al. 2014; Streck et al.
2017; Bastos-Pereira et al. 2018; Streck-Marx & Castiglioni 2020).
According to Bueno et al. (2014), Streck et al. (2017) and Streck-Marx
& Castiglioni (2020), the state of Rio Grande do Sul (Southern Brazil)
is the region with the highest species diversity in the country, counting
12 described species. Among the species that occur in Brazil, Hyalella
palmeirensis Streck-Marx & Castiglioni, 2019 was recently described
(Streck-Marx & Castiglioni 2020), but its biology and ecology are
unknown. Thus, this study aimed to characterize the population and
reproductive traits of the freshwater amphipod H. palmeirensis from
southern Brazil, and for this the abundance, body size, frequency
distribution, body size, sexual maturity, sex ratio, reproductive period,
fecundity and recruitment were analyzed.

Material and Methods

The specimens of H. palmeirensis were sampled monthly from
August 2012 to July 2013 in a natural pond (Figure 1A) by a person with
the aid of a hand net (mesh of 250 um) for 20 minutes. The natural pond
is located in the municipality of Palmeira das Missoes (27°56°57.30”
S -53°19°35.46” W), state of Rio Grande do Sul, Brazil. The natural
pond is located in a rural property where soybeans, wheat and oats are
grown throughout the year (Figure 1B), and is surrounded by a narrow
strip of native shrubs and has macrophytes of the genus Egeria.

During the sampling period, the sediment and macrophytes were
removed of the natural pond with a hand net and placed on plastic trays for
separation of ovigerous females (females carrying eggs or juveniles inside
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Figure 1. A. Pond where specimens of Hyalella palmeirensis were sampled,
municipality of Palmeira das Missdes, state of Rio Grande do Sul, Brazil. B.
Overview of the pond, showing the crops in its surroundings. The arrow indicates
the location where H. palmeirensis were sampled.

the brood pouch) and pre-copula pairs. These amphipods were preserved
in 70% ethanol in microtubes. The sediment and macrophytes contained
in the plastic trays were placed in plastic bags, transported in a refrigerated
container and, in the laboratory, washed in a 0.177 mm mesh to obtain the
remaining organisms that were subsequently preserved in 70% ethanol.

Later, individuals were identified and grouped into four categories:
juveniles (specimens with undeveloped secondary sexual character), males
(individuals with a well-developed gnathopod 2), females (individuals
with oostegites and a small gnathopod 2), and ovigerous females (females
carrying eggs or juveniles in the brood pouch) (Borowsky 1991; Castiglioni
& Bond-Buckup 2008a; Castiglioni et al. 2016). These amphipods were
measured from the anterior margin of the rostrum until the posterior margin
of the cephalothorax (head), in lateral view (cephalothorax length, CL in
mm) using a micrometer eyepiece in a stereoscopic microscope.

The total and monthly abundances of juveniles, males, females and
ovigerous females were estimated.

The minimum, maximum and mean CL values of males and females
(including ovigerous females and non-ovigerous females) and ovigerous
females were evaluated. The mean sizes are given with their standard
deviations. The mean size was compared between sexes using the ¢
test (o = 0.05; Zar 1996). Moreover, the mean body size of paired and
unpaired males and females were compared, to assess whether pairing
success was influenced by body size (¢ test; o = 0.05; Zar 1996).

The sexual maturity of H. palmeirensis was estimated through two
methods - based on the CL of the smallest ovigerous female found in
the population and based on the CL of the smallest male and female
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found in precopulatory behavior (Borowsky 1991; Wellborn et al. 2005;
Castiglioni & Bond-Buckup 2008a; Ozga & Castiglioni 2017).

Total frequency distribution in size classes (CL) of juveniles, males
and females (including ovigerous females) was estimated. The width
of the size classes was calculated using the value of %4 of the standard
deviation from the values of cephalothorax length (Markus 1971).
Later, the normality of the frequency distributions was analyzed using
Shapiro-Wilk test (a= 0.05) (Zar 1996).

The total, monthly, seasonal, and size-class (CL) sex proportions
were expressed as the total number of males divided by the total number
of females (including the ovigerous females). The goodness of fit test
(chi-Square test -x?) with a significance level of 5% was used to verify
if the sex ratio followed the 1:1 ratio (Zar 1996).

The reproductive period was estimated by seasonal frequency of
ovigerous females and pre-copula pairs. The seasonal frequency of
ovigerous females in relation to that of adult females (females that
were as large as or larger than smallest female found in pre-copula
pairs — i.e. estimated size at sexual maturity) was calculated. Later, the
ovigerous females proportion was compared among seasons using the
multinomial proportions test (MANAP; a.=0.05) (Curi & Moraes 1981).
In addition, the relative frequency of pairs in precopulatory behavior per
season was estimated and compared using the multinomial proportion
test (MANAP; a = 0.05) (Curi & Moraes 1981).

In order to verify if males and females choose mating pairs
according to their size, the correlation between CL of paired males and
females was estimated with a Person correlation (7) (o= 0.05; Zar 1996).

Ovigerous females were individualized in field to estimate fecundity.
In the laboratory, eggs and/or juveniles were removed from the brood
pouch of each female and classified according to the stage of embryonic
development: 1) initial stage - egg completely filled with yolk, no visible
embryonic formation; 2) intermediate stage - initial decrease of yolk, start
of embryonic development; 3) final stage - yolk completely consumed by
the embryo, which is visible; the eyes are present; 4) juvenile stage - the
juveniles hatched and are visible inside the brood pouch (Subida et al.
2005; Castiglioni & Bond-Buckup 2009; Ozga & Castiglioni 2017). Later,
eggs and juveniles were counted under the stereomicroscope.

The total fecundity of H. palmeirensis was estimated (minimum,
maximum, and mean + standard deviation), as well as the numbers of
eggs and juveniles per embryonic stage. Additionally, the fecundity
index (FI) was estimated (number of eggs/cephalothorax length).
To compare fecundity between the embryonic stages and between
seasons, the analysis of variance (ANOVA) was used, followed by the
Tukey test (a = 0.05) (Zar 1996). Besides, the mean body size (CL)
of ovigerous females containing egg in each embryonic development
stage or juveniles in the brood pouch was compared by analysis of
variance (ANOVA), followed by the Tukey test (o = 0.05) (Zar 1996).
The relationship between ovigerous females CL (x) and the number of
eggs per embryonic stage and number of juveniles (y) was estimated
through a regression analysis (y = ax — b) and a Pearson correlation (7)
was calculated for each embryonic stage and for the total egg production
(considering all stages) (o = 0.05) (Zar 1996).

To estimate the recruitment period was calculated the juvenile
proportion in relation to adults for each season and we used a goodness
of fit test (chi-Square test -x*) (0=0.05) in order to verify if the proportion
follows the pattern 1:1 ratio (juveniles: adults). Besides, the seasonal
juvenile frequency was compared using the multinomial proportion
test (MANAP; o = 0.05) (Curi & Moraes 1981). For the recruitment
analysis, we considered juveniles those individuals with CL smaller
than 0.27 mm (individuals where the enlargement of the second pair
of gnathopods or oostegites could not be observed (Borowsky 1991;
Castiglioni et al. 2016) and those individuals smaller than the values
estimated at sexual maturity (see values in results).

Results

During the sampling period, 12,325 individuals were collected,
being 1,421 males, 6,983 females (including 215 ovigerous females)
and 3,921 juveniles. In the Table I are present the number of males,
females, ovigerous females and juveniles sampled by month. The
population of H. palmeirensis showed the highest abundances in
November and January. The lowest abundances were recorded in May
and June (Table 1).

Table 1. Number of specimens sampled monthly for a year, monthly sex ratio and goodness of fit analysis (y*) of Hyalella palmeirensis, Palmeira das Missdes,

state of Rio Grande do Sul, Brazil.

Males Females Ovigerous Females Pairs Juveniles Total M:F b

Aug/12 171 225 28 5 44 468 0.68: 1 15.86*
Sep/12 133 368 95 11 47 643 0.29:1 182.72*
Oct/12 28 736 27 0 221 1,012 0.04: 1 682.96*
Nov/12 415 2,695 25 0 2,934 6,069 0.15: 1 1694.74*
Dec/12 119 736 6 0 57 918 0.16: 1 450.79*
Jan/13 403 1,736 0 471 2,610 0.23: 1 830.71*
Feb/13 19 74 0 4 97 0.26: 1 32.53*
Mar/13 82 78 12 10 0 172 091: 1 0.37
Apr/13 39 24 11 8 0 74 L11:1 0.22
May/13 3 2 0 5 1.50: 1 0.20
Jun/13 2 1 13 0.20: 1 5.33*
Jul/13 7 86 4 142 244 0.07: 1 75.92%
Total 1421 6,768 215 45 3,921 12,325 0.20: 1 3681.09*

Note: The "*" indicates a significant difference in the proportion of males and females (p <0.05).
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The cephalothorax length of males ranged from 0.27 to 0.74 mm
and that of females from 0.27 to 0.72 mm. The mean CL of unpaired and
paired males and females are show in Table 2. Unpaired and paired males
were larger than their respective females (1 = 16.77 for unpaired and ¢
= 8.14 for paired; p < 0.05). The mean CL of paired males was greater
than that of unpaired males (t= 15.80; p< 0.05; Table 2). Besides, the
mean CL of paired females was greater than that of unpaired females
(t= 8.56; p <0.05; Table 2). There was a positive correlation between
body size (CL) of paired males and females (1= 0.73; p<0.05).

Table 2. Mean body size (cephalothorax length - CL in mm) of unpaired and
paired males and females of Hyalella palmeirensis, Palmeira das Missoes, state
of Rio Grande do Sul, Brazil.

Paired Unpaired
Males 0.52+0.05a 037+0.10b
Females 0.44+0.04 a 0.33+0.08b

Note: Different lowercase letters indicate significant difference in mena boby
size between males and females (p<0,05).

The size at sexual maturity estimated as the CL of the smallest
individual found in pre-copula pairs was 0.45 in males and 0.37 mm
in females. Besides, considering the size of smallest ovigerous female
sampled, the size at sexual maturity of females was 0.27 mm.

Size frequency distribution patterns were non-normal in both sexes
(p<0.05) (males W = 0.86 and females W = 0.91). Males and females
showed bimodal distribution, being divided into two groups (immatures
and adults) (Figure 2).

Figure 2 . Frequency distribution in size classes of cephalothorax length (CL
in mm) for juveniles, males and females of Hyalella palmeirensis, Palmeira das
Missdes, state of Rio Grande do Sul, Brazil.

The overall male: female sex ratio was 0.20:1 and differ significantly
from the expected 1:1 proportion (¥2 = 3681.09; p<0.05). Sex ratio
favored females in most months (p<0.05), with the exception of
March, April and May, in which there was no significant difference in
proportion (p>0.05) (Table 1). Regarding the sex ratio by size classes,
it was observed that proportions favored females in intermediate classes
and males in larger classes (p<0.05) (Figure 3).

Ovigerous females of H. palmeirensis were sampled throughout
year but was observed greater fluctuations in the abundance (Table 1).
In the analysis of the seasonal frequency of ovigerous females, it was
observed greater frequency in winter (61.4%) (Figure 4). The number of
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Figure 3. Sex ratio by size classes of cephalothorax length (CL in mm) of
Hyalella palmeirensis, Palmeira das Missdes, state of Rio Grande do Sul, Brazil.
“*» indicates significant difference in sex ratio (p<0.05).

pairs in pre-copulatory behavior was low, when compared to unpaired
males and females (Table 1). Pairs in pre-copulatory behavior were
found throughout all the year, except spring, being more frequently in
autumn (33.3%) and winter (48.9%) (Figure 4).

Figure 4. Seasonal relative frequency (%) of ovigerous females and pairs in
pre-copulatory behaviour of Hyalella palmeirensis, Palmeira das Missdes, state
of Rio Grande do Sul, Brazil. The capital letters represent to the comparison of
the frequency of ovigerous females among season and small letters correspond
to the comparisons of the frequency of precopulatory pairs. Columns with at
least one letter in common did not differ statistically (p>0.05).

The body size (CL) of ovigerous females ranged from 0.27 to 0.67
mm (mean + standard deviation — 0.48 £+ 0.06 mm). Total fecundity
varied from 10 to 28 eggs and mean fecundity was 19.6 + 4.34 eggs.
The fecundity index (number eggs/cephalothorax length) was 40.43 +
5.92 eggs. There was a positive correlation between body size (CL) of
ovigerous females and egg production (r= 0.79; p<0.05) (Figure 5).

Figure 5. Regression analysis between body size (CL) of ovigerous females
and number of eggs produced by Hyalella palmeirensis, Palmeira das Missdes,
state of Rio Grande do Sul.
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There was no significantly decrease in the number of eggs and
juveniles throughout development in H. palmeirensis (p>0.05) (Table 3).
In addition, there was no difference in mean body size between females
containing eggs at each embryonic development stage or juveniles in
the brood pouch (p>0.05; Table 3). Additionally, there was a positive
correlation between the body size (CL) of ovigerous females and the
number of eggs at each development embryonic stage, and the number
of juveniles contained in the brood pouch (p<0.05; Table 3). In the
analysis of seasonal fecundity, there was also no significant difference
in the mean eggs or juvenile’s production (p>0.05; Table 4).

Juveniles were sampled in all seasons, but the greater relative
frequency was observed in spring (72.7%; p<0.05) and lower in autumn
(0.20%; p<0.05) (Figure 6). The overall juvenile: adult ratio was 4.76:1
and differ significantly from the expected 1:1 proportion (y2 = 5257.38;
p<0.05). The ratio of juveniles was superior to the adult ratio in spring
(%2 = 5809.66; p<0.05) and summer (y2 = 931.61; p<0.05) (Figure 7).
However, adults predominated in autumn (}2 = 29.39; p<0.05) and
winter (}2 = 91.96; p<0.05) (Figure 7).

Discussion

Species of the genus Hyalella can be found mainly along the
aquatic vegetation of the banks of streams, lakes, wetlands, springs
and underground aquatic environments (Grosso & Peralta 1999;
Bueno et al. 2014). Besides, some species of Hyalella were found
associated with macrophytes, which can be used as shelter and/or
food by these amphipods (Bueno et al. 2014). In the present study,
it was observed that H. palmeirensis adheres to macrophyte roots,
with abundance peak occurring from spring to summer (October to
January), season where there also a high abundance of macrophytes.
Colla & César (2019) reported similar results in H. pampeana where
amphipods increased their numbers together with the macrophyte
development in warmers months. Aquatic vegetation cover is an
important factor influencing invertebrate community structure,
presumably because the vegetation creates structural heterogeneity
and it can provide refuges and food resources (Hargrave 1970;
Waterkeyn et al. 2008). Spring and summer temperatures are
ideal for the reproduction of the amphipods, since with the greater
food availability, they performed the molt more often, grow and
reach the sexual maturity earlier, and shortened the intervals
between ovipositions and increased reproductive rate (Cooper
1965; Kruschwitz 1978; Panov & Mcqueen 1998). In addition,
higher temperatures stimulate the production of larger broods
and eggs (Siegfried 1985) and increasing juvenile’s survival rates

Table 4. Fecundity for the season in Hyalella palmeirensis, Palmeira das Missoes,
state of Rio Grande do Sul, Brazil.

Seasons Min - max Mean + sd

Summer 12-25 18.5+427a
Autumn 12-24 183+421a
Winter 12-28 20.5+4.01a
Spring 10 - 25 18.7+4.75a

Note: Different lowercase letters indicate significant difference in mean number
of eggs (p<0,05).

Figure 6. Seasonal relative frequency (%) of juveniles of Hyalella palmeirensis,
Palmeira das Missdes, state of Rio Grande do Sul, Brazil. Columns with at least
one letter in common did not differ statistically (p>0.05).

Figure 7. Proportion of juvenile and adults of Hyalella palmeirensis, Palmeira
das Missdes, state of Rio Grande do Sul, Brazil. “*” indicates significant
difference in proportion between juveniles and adults (p<0.05).

Table 3. Number of eggs and juveniles and minimum, maximum and mean (+ SE) cephalothorax length (CL) of the females of Hyalella palmeirensis in different
stages of embryonic development and number of juveniles within the brood pouch, Palmeira das Missde, State of Rio Grande do Sul, Brazil.

CL of ovigerous females Eggs
Development stage N . . r
Min-max Mean + sd Min-max Mean + sd
Initial 53 0.35-0.67 0.48 +£0.06 a 12-28 19.4+4.75a 0.80
Intermediate 53 0.37-0.62 0.49+0.05a 12 -28 19.3+£392a 0.82
Final 20 0.47 - 0.62 0.52+0.05a 15-25 18.5+331a 0.87
Juvenile 16 0.40 - 0.52 0.51£0.04 a 14-23 183+1.30a 0.85

Note: CL= cephalothorax length; Min= minimum; Max= maximum, r = correlation coefficient. Different lowercase letters indicate significant differences in mean

body size (CL) and mean number of eggs.
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(Panov & Mcqueen 1998). This could explain the high abundances in
natural populations of Hyalella during warmer months, as it has been
reported by others authors (Casset et al. 2001; Poretti et al. 2003).

Males of H. palmeirensis reached sexual maturity at larger sizes
and are greater than females. Generally, males reach larger body size
than females in freshwater amphipods, as for examples, in H. azteca
Saussure, 1858 (Pickard & Benke 1996), H. pleocuta Gonzélez, Bond-
Buckup & Aratijo, 2006 and H. castroi Gonzélez, Bond-Buckup &
Aratijo, 2006 (Castiglioni & Bond-Buckup 2008), H. longistila Faxon,
1876 (Bastos-Pereira & Bueno 2016), H. bonariensis Bond-Buckup,
Araujo & Santos, 2008 (Castiglioni et al. 2016), H. georginae Streck
& Castiglioni, 2017 and H. gauchensis Streck & Castiglioni, 2017
(Ozga et al. 2018), and H. pampeana Cavalieri, 1968 (Colla & César
2019). Crustacean growth is similar between sexes until reproductive
maturity, and after that, males and females present different ecological
and/or reproductive demands resulting in distinct growth rates between
sexes (Low 1978). Males invest most of their energy in reproduction,
especially in searching for a female and copulation, while in female’s
energy effort is invested in gamete production and parental care (Wen
1992; Castiglioni & Bond-Buckup 2007). In addition, females usually
grow more slowly due to the prolongation of intermolt period while
producing and incubating the embryos, since they do not molt during
this period (Hartnoll 1982; Wen 1992; Cardoso & Veloso 1996). Sexual
dimorphism seems essential for crustaceans that have a precopulatory
behavior, as Hyalella species (Wen 1992; Castiglioni & Bond-Buckup
2008; Ozga & Castiglioni 2017; Castiglioni et al. 2018), because, a large
male-to-female size ratio may allow the male carry the female more
easily during this phase (Adams & Greenwood 1983; Adams et al. 1985).

The bimodal frequency distribution of H. palmeirensis was marked
by the presence of two distinct groups, juveniles and adults. This
feature may be related to the seasonal reproduction and, consequently,
to the recruitment peaks in the population. This pattern of population
frequency distribution is common in other species of Hyalella such as H.
azteca (Pickard & Benke 1996), H. pleoacuta and H. castroi (Castiglioni
& Bond-Buckup 2008a), H. bonariensis (Castiglioni et al. 2016) and H.
georginae and H. gauchensis (Ozga et al. 2018). According to Appadoo
& Myers (2004), bimodal distributions are apparently advantageous
since recruitment occurs in warmer months, when food availability is
higher, increasing the survival rate.

Females of H. palmeirensis are almost 5 times more frequent than
males in total and in most months of the year. Sexual deviations in favor
of females have already been observed in H. pleoacuta and H. castroi
(Castiglioni & Bond-Buckup 2008a), H. bonariensis (Castiglioni et al.
2016), H. longistila (Bastos-Pereira & Bueno 2016), H. georginae and
H. gauchensis (Ozga et al. 2018). Deviations in sex ratio appear to be
related to reproductive behavior of species of Hyalella, because males
spend more time exposed in the environment by choosing, holding and
carrying the female and thus the males are more susceptible to predators
(Moore 1981; Poweel & Moore 1991; Wellborn 1994; Wellborn &
Cothran 2007; Kevrekids 2005; Castiglioni & Bond-Buckup, 2008b;
Castiglioni et al., 2016). According to Wellborn (1994) deviations in sex
ratio may be due to differential predation by fish and larvae of Odonata,
which prefer to feed on larger specimens, such as males, and, therefore,
females will be more numerous in the population.

The sex ratio of H. palmeirensis favored females in intermediary
classes and males in the upper classes, which characterizes an anomalous
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sex ratio pattern (Wenner 1972). Similar results were found in other
species of Hyalella from Brazil (Castiglioni & Bond-Buckup 2008a;
Castiglioni et al. 2016; Bastos-Pereira & Bueno 2016; Ozga et al. 2018).
These results could be related to the same reasons used to explain
sexual dimorphisms in relation to body size. The predominance of
males in upper size classes which could be related to differences in
energy consumption and investment between sexes, being that female’s
amphipods expend most of their energy and time in reproduction (egg
production), while males do so in pairing (Cardoso & Veloso 1996;
Castiglioni & Bond-Buckup 2007). Besides, the females’ prolonged
parental behavior, in which they carry the offspring attached to their
bodies (Borowski 1991; Thiel 2003; Castiglioni & Bond-Buckup 2007).
Due to this behavior, females direct their energetic budget towards the
offspring care instead of molting; therefore, the molt is delayed, limiting
the females’ body size when in comparison to males (Aoki & Kikuchi
1991; Thiel 2003).

The reproduction of H. palmeirensis occurred more intensely
in the colder months of the year, and ovigerous females were more
frequent in winter and in pre-copulatory pairs in autumn and winter,
indicating a seasonal reproduction. The number of ovigerous females
has decreased dramatically in summer and pairs in spring and summer,
with this period coinciding with the soybean-growing season around
the weir. Probably the use of fertilizers and pesticides may have had
a negative effect on H. palmeirensis population, causing the mortality
of many individuals (see Table 1). It is noteworthy that amphipod
species are considered sensitive to pollutants, herbicides and heavy
metals, as shown by Kruschwitz (1978), Duan et al. (1997), and Dutra
et al. (2008, 2009, 2011). Dutra et al. (2008) observed that carbofuran
pesticide induces significant decreases in glycogen, proteins, lipids,
triglycerides, and Na+/K+ATPase, as well as a significant increase in
lipoperoxidation levels in H. pleoacuta and H. curvispina. Besides,
these authors suggested that the reproductive parameters (formation
of pre-copulatory pairs, ovigerous females and mean number of eggs)
might provide sensitive criteria for assessing ecotoxicological effects.
Results similar were observed in H. castroi that were exposed to
carbofuran at a dose of 5 or 50 microg/L for a period of 7 days (Dutra
et al. 2009). Besides, Dutra et al. (2011) observed que concentrations
of Roundup® (glyphosate formulation) induced significant decreases in
all biochemical parameters and Na+/K+ATPase activity, and significant
increase in lipoperoxidation levels in H. castroi. According to Dutra
etal. (2011), very low concentrations of Roundup® have a potentially
toxic effect in H. castroi and this can lead to significant changes in
trophic structure of limnic environments because these amphipods are
important links in food chain in these habitats. Dutra et al 2011.

The more intense reproduction in the colder months of the year
in H. palmeirensis can be explained by the fact that this time of the
year presents a greater abundance of macrophytes on the dam margin
(personal observation), and these plants can be used as shelter and
food (Castiglioni et al. 2008a; Castiglioni et al. 2016). In addition,
the most intense breeding in the colder months should probably be
to avoid competition with other spring and summer breeding aquatic
invertebrates and thus to ensure the survival of juveniles of Hyalella
species. A reproductive peak during the colder months (autumn and/or
winter) has been observed in other species of Hyalella found in Brazil
(Castiglioni & Bond -Buckup 2008; Castiglioni et al. 2016; Bastos-
Pereira & Bueno 2016; Ozga et al. 2018).
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Paired males and females were larger than unpaired. Similar
results were already recorded for H. azteca (Saussure, 1858) (Wen
1992; Wellborn et al. 2005), H. pleoacuta and H. castroi (Castiglioni
& Bond-Buckup 2008b), H. longistila Faxon, 1876 (Bastos-Pereira &
Bueno 2016), H. gauchensis and H. georginae (Ozga & Castiglioni
2017) and H. bonariensis (Castiglioni et al. 2018). Larger males may
be less likely to lose their female during the precopulatory behavior
and may be more likely to succeed in attempts to take over a guarded
female (Ward 1983; Dick & Elwood 1990).

The species H. palmeirensis exhibited significant positive assortative
mating, which was indicated by a correlation between the size of paired
males and females, with large males carrying larger females during the
precopulatory behavior, and small males carrying small females. This is
common among species of Hyalella, such as H. pleoacuta and H. castroi
(Castiglioni & Bond-Buckup 2008b), H. longistila (Bastos-Pereira &
Bueno (2016), H. gauchensis and H. georginae (Ozga & Castiglioni 2017)
and H. bonariensis (Castiglioni et al. 2018). Several hypotheses proposed
by explain the assortative pairing by size in amphipods (Birkhead &
Clarkson 1980; Ward 1984; Elwood et al. 1987; Crespi 1989; Elwood
& Dick 1990; Dick & Elwood 1996; Ward & Porter 1993; Cornet et al.
2012; Yu & Chen 2013). However, the most widely accepted is male-
male competition hypothesis (Ward 1983; Elwood et al. 1987; Castiglioni
& Bond-Buckup 2008), which can explain the results observed in H.
palmeirensis in the present study. According to the male-male competition
hypothesis the larger males are better competitors, pairing with larger and
more fecund females, because they are better able to affect a takeover, and
they are able to resist takeover attempts while in precopulatory behavior
(Ward 1983; Ward 1986).

The number of pairs in precopulatory mate-guarding behavior in the
population of H. palmeirensis was slightly low, when compared to unpaired
adults. The same was observed in Hyalella castroi and H. pleoacuta
(Castiglioni & Bond-Buckup 2008b), H. carstica (Torres et al. 2015) and
H. bonariensis (Castiglioni et al. 2018). The low occurrence of pairs in this
population can be related to the fact that the individuals stay in precopulatory
mate-guarding for a short time, approximately 3-4 days (personal
observation), since this behavior can make individuals more vulnerable
to predation (Strong 1972; Wellborn 1995; Castiglioni & Bond-Buckup
2008b). Moreover, the sampling procedures may have led to the separation
of individuals (Wellborn 1995; Castiglioni & Bond-Buckup 2008b).

In the present study, it was observed that there is no reduction in
the number of eggs during embryonic development in H. palmeirensis
probably because the number of eggs produced is relatively low and thus
there is enough space in the brood pouch for the development of all eggs
until the end of embryo incubation, with no loss of embryos. However,
there has been a reduction in egg numbers throughout embryonic
development in some species of Hyalella from Brazil (Castiglioni &
Bond-Buckup 2009; Bastos-Pereira & Bueno 2016; Ozga & Castiglioni
2017; Castiglioni et al. 2018). Usually there is an increase in embryo
volume throughout embryonic development and thus the space inside
the brood pouch decreases, leading to a premature loss of a few embryos
(Koch 1990). In addition, the reduction of eggs/juveniles may be a
consequence of the presence of parasites (Sheader 1983; Kuris 1991)
or maternal cannibalism, which may occur when food resources are
scarce (Sheader 1983; Castiglioni & Bond-Buckup 2009).

The mean fecundity of H. palmeirensis is relatively lower than
other species of Hyalella that occur in the state of Rio Grande do Sul,
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such as H. pleoacuta and H. castroi (Castiglioni & Bond-Buclup 2009),
and H. gauchensis and H. georginae (Ozga & Castiglioni 2017) and
similar to H. bonariensis (Castiglioni et al. 2018). Castiglioni et al.
(2018) observed for H. bonariensis greater fecundity compared to other
Brazilian tropical species, such as H. carstica (Torres et al. 2015) and
H. longistila (Bastos-Pereira & Bueno 2016) and one North American
species, H. azteca (Othman & Pascoe 2001; Wellborn et al. 2005).
Probably, this difference in fecundity between species of the genus
Hyalella may be associated with differences in habitats and microclimate
in which species live, a fact already verified by Poweel (1992) and
Appadoo & Myers (2004) for other amphipod species.

In the present study, it was observed that there is no difference in
H. palmeirensis fecundity throughout the seasons. On the other hand,
Ozga & Castiglioni (2017) found differences in the number of eggs
production for H. georginae with lower production in autumn and H.
gauchensis with lower egg production in spring demonstrating that for
these species the environmental conditions were related to reproduction.
Areduction in the number of eggs produced in the summer was observed
in H. pleocuta and H. castroi (Castiglioni & Bond-Buckup 2009), in H.
bonariensis (Castiglioni et al. 2018) and in H. pampeana (Colla & Cesar
2019). Reduction in the number of eggs in summer may be associated
with decreased macrophyte coverage and consequently shelter and food
during the warmer months where specimens were sampled suggesting
what may be related to a reproductive strategy of this amphipod
(Castiglioni & Bond Buckup 2009; Castiglioni et al.2018). Already
results obtained by Torres et al. (2015) for H. carstica showed that
higher egg production peaked in summer after a long drought period
suggesting that females produced more eggs at this time to recover
and recolonize the habitat. Differences in seasonal fertility fluctuations
observed in these species demonstrate that environmental conditions
can directly interfere with reproductive biology as already observed by
Maranhio et al. (2001), that cites temperatures and rainfall as factors
that may influence the reproduction of amphipods.

The positive correlation between the body size of ovigerous females
and the number of eggs in the brood pouch in H. palmeirensis is similar
to the results observed for H. azteca (Strong 1972; Othman & Pascoe
2001), H. pleoacuta e H. castroi (Castiglioni & Bond-Buckup 2007;
Castiglioni & Bond-Buckup 2009), H. carstica (Torres et al. 2015),
H. gauchensis e H. georginae (Ozga et al. 2017), H. bonariensis
(Castiglioni et al. 2018) and H. pampeana (Colla & César 2019).
According to Castiglioni & Bond-Buckup (2009), body size of females
may be related to the number of eggs produced, being that larger females
are capable of producing more embryos and carry them in the brood
pouch during the all embryonic development. Furthermore, in each
species the great variability of the body shape can be interfere in the
volume available for gonadal development and, consequently, in the
brood size (Hines 1988).

The juvenile frequency of H. palmeirensis was high in spring and
summer due to the peak of reproduction in the colder months of the year.
Similar results were observed for other species such as H. pleoacuta and
H. castroi (Castiglioni & Bond-Buckup 2008a) where juveniles were
sampled in all seasons, being higher than the proportion of adults in
most months, but showing frequency peaks in spring. Castiglioni et al.
(2018) reported that adults of H. bonariensis outnumbered juveniles in
the autumn, winter, and summer, showing only that juveniles represented
only 25% of the total population. Juvenile peaks occurred in winter and
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spring. Results observed in this study for H. palmeirensis regarding the
high frequency of juveniles compared to adults in the warmer months
of the year may be related to a reproductive strategy to ensure species
survival as seasonal changes may interfere with food availability and
possibly cause mortality (Price 1974; Smith & Fretwell 1974).

Conclusions

The results observed in H. palmeirensis demonstrate that this species
has a population and reproductive dynamics very similar to other species
of Hyalella already analyzed in southern Brazil. Moreover, it can be
seen that although the species occurs in an environment with anthropic
influence (soy cultivation), the population is managing to remain in the
area, with formation of pre-copulatory pairs and release of juveniles in
most months of year. Future studies might increase the knowledge about
the biology and the relation between population of H. palmeirensis and
their habitat, as well as their possible use as test in ecotoxicological test.

Moreover, it can be seen that although the H. palmeirensis occurs
in an environment with anthropic influence (soy cultivation,) the
population is managing to remain in the area, with reproduction and
recruitment throughout the year.
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