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Population structure and growth

of two opulations of Aegla Schmitti
Hobbs III, 1979 (Anomura, Aeglidae) in
the eastern Parana state, Brazil

ANDRE TREVISAN, MURILO Z. MAROCHI & SETUKO MASUNARI

Abstract: The population structure and growth of two populations (Arraial and Capivari
rivers) of Aegla schmitti was evaluated. The following parameters were determined:
size, age structure, sex ratio, recruitment period, and sampling method selectivity (traps
and handnet). There was variation between males and females. The carapace length
size class distribution was unimodal in the Arraial River, and polymodal in the Capivari
River. The sampling method influenced the proportion of demographic categories.
The recruitment occurred mostly between October and December. The growth curves
for the Arraial and Capivari rivers, respectively, were Ct= 26,50[1- e -0,004(t+53,36)]
and Ct= 34,79[1- e -0,0024(t+122,34)] for males, and Ct= 23,07[1- e -0.0027(t+2318)] and
Ct= 25.52[1- e -0,0033(t+19,51)] for females. The maximum CL estimated for males and
females were 26.50 and 23.07mm for the Arraial River, and 34.79 and 25.52mm for the
Capivari River. Longevity was estimated in 2 years for females of both populations, and
2.5 and 3 years for males of the Arraial and Capivari rivers, respectively. The results
allow for the characterization of the growth patterns of A. schmitti in two hydrographic
basins, providing information for the species’ preservation and also demonstrating the
selectivity of the different sampling methods used for aeglids.

Key words: Population growth, recruitment, sex ratio, size composition, von Bertalanffy
model.

The species of the genus Aegla Leach, 1820
are the only representatives of the Infraorder

Studies concerning the dynamics and structure
of crustacean populations are important, as
they allow for an increased knowledge of the
ecological diversity of ecosystems and the
biological strategies of organisms when facing
their environments. Similarly, studies on animal
growth provide important biological information
forthe comprehension of a given group’s biology,
such as growth rates, longevity, population size-
class structure, among others (Margalef 1983,
Baptista et al. 2003, Branco & Fracasso 2004,
Masunari 2006, Trevisan & Santos 2011).

Anomura that occur exclusively in continental
waters. These crustaceans live under rocks
and leaves in the bottom of rivers, streams,
lakes and flooded caves. They are considered
key elements in the trophic chains of aquatic
ecosystems, given that they are consumed as
food by fishes, birds, frogs and caimans; while
aeglids themselves feed on decaying leaves
and immature forms of aquatic insects, being
important in the population control of these
invertebrates (Burns 1972, Arenas 1976, Magni
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& Py-Daniel 1989, Bond-Buckup & Buckup 1994,
Bueno & Bond-Buckup 2004, Santos et al. 2008).

The first studies concerning Aegla were
performed in the 1970’s and dealt basically
with issues of systematics and taxonomy, with
highlights for the inventories of Argentinian
species (Ringuelet 1949, Lopretto 1978a, b, 1979,
1980a, b) and the description of a few species
from the Rio Grande do Sul state, Southern
Brazil (Buckup & Rossi 1979). A few years later,
a taxonomic revision of the family Aeglidae was
published by Bond-Buckup & Buckup (1994),
in which 20 new species were described. From
the beginning of the 21° century onwards, the
advent of new molecular and morphological
techniques resulted in the description of more
than 20 additional new species. Currently, the
genus is comprised by 85 formally described
species, with new descriptions being expected
in the following years (Santos et al. 2017, Jara et
al. 2018, Paéz et al. 2018).

In the last decades, there is a growing
numberofpublications bringing newinformation
regarding the biology and population structure
of aeglids (Bahamonde & Lopez 1961, Lopez
1965, Rodrigues & Hebling 1978, Bueno & Bond-
Buckup 2000, Swiech-Ayoub & Masunari 2001a, b,
Noro & Buckup 2002, Fransozo et al. 2003, Colpo
et al. 2005, Goncalves et al. 2006). More recently,
new approaches have been incorporated in
the investigation of population parameters,
including population size estimation (Bueno et
al. 2007) and the genetic structure and diversity
of populations (Bartholomei-Santos et al. 2011,
Zimmermann et al. 2019). Despite this, traditional
approaches were not abandoned and may still
bring important contributions (Cohen et al. 2011,
Trevisan & Santos 2012, Marcal et al. 2018).

Similar to the case of the studies
on population dynamics and structure,
investigations in the topic of animal growth,
based in the von Bertalanffy (1938) models, have
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also received considerable attention in recent
years, with highlights to the studies performed
with Aegla platensis Schmitt, 1942 (Bueno et al.
2000), Aegla leptodactyla Buckup & Rossi, 1979
(Noro & Buckup 2003), Aegla jarai Bond-Buckup
& Buckup, 1994 (Boos Jr et al. 2006), Aegla
longirostri Bond-Buckup & Buckup, 1994 (Silva-
Castiglioni et al. 2006), Aegla itacolomiensis
Bond-Buckup & Buckup, 1994 (Silva-Goncalves
etal.2009), Aegla paulensis Schmitt, 1942 (Cohen
et al. 2011), Aegla manuinflata Bond-Buckup &
Santos, 2009 (Trevisan & Santos 2011) and Aegla
schmitti (Chiquetto-Machado et al. 2016).

In this study, we described the structure of
two populations of Aegla schmitti Hobbs 111, 1979,
including aspects of the size class distribution
frequency, sex ratio and recruitment period.
Besides this, we also determined parameters
related to population growth by using the von
Bertalanffy model (1938) and tested for sampling
bias regarding the capture methods used. From
our results and those of previously published
studies concerning Aegla species, we discussed
aspects of the life cycle, reproductive biology
and intra-/interspecific variability in aeglids.
Additionaly, the bias of each sampling method
is discussed.

MATERIALS AND METHODS

Animals were sampled monthly from March
2009 to February 2010, in two rivers belonging to
the Atlantic Basin of the Parana State: the Arraial
River, which belongs to the Coastal micro-basin
and drains into the Atlantic Ocean, in the coast
of the Parana State; and the Capivari River,
which belongs to the Ribeira do Iguape micro-
Basin, and also drains into the Atlantic Ocean,
in the coast of the Sdo Paulo State (Maack 1968,
Bigarella 1978) (Figure 1).
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Figure 1.
Geographical
location of the
Parana state and
the sampling sites
for Aegla schmitti
in the Arraial (a)
and Capivari (b)
rivers.

The temperature (°C), dissolved oxygen
(mg/L), oxygen saturation (%), water conductivity
(uS/cm) and hydrogen potential (pH) were
measured with an oxygen meter (Lutron -
DO5510) monthly from March 2009 to February
2010 in both rivers (Martinelli & Krusche
2004). The abiotic variables of each river were
compared through an ANOVA.

The samplings were made with the aid
of minnow traps baited with bovine liver, and
complemented with handnet sampling (40 x 60
cm grid, T mm mesh size). The traps remained in
the water for approximately 12 hours (from the
late afternoon to the morning of the following
day), and the sampling effort for the hand net
was of one person/20 min for each sampling
event.

The sampled aeglids were sexed through
the visualization of pleopods in females and
their absence in males, and/or by visualization
of the genital openings (in the coxa of the 3"
pereopod in females, and in the coxa of the
5" pereopod in males) (Trevisan & Santos
2011). When visualization of the pleopods was
not possible, a portable magnifying glass was
used to check the position of the genital pores.
Individuals with carapace length (CL) below 3
mm were considered as unsexed juveniles,

because neither the pleopods nor the genital
pores were developed enough to allow for
an accurate sex identification. Following this
procedure, the animals had their carapace
length (CL) measured, from the tip of the rostrum
to the posterior edge of the carapace, by using a
digital caliper (+0,01mm), after which they were
released back into their collection sites.

Sexually immature males had CL values
below 10.94 and 1114 mm, while sexually
immature females had CL values below 10.62
and 9.92 mm, for the Arraial and Capivari rivers,
respectively. The minimum mean and maximum
size of the captured animals was determined.
The median values of males and females of both
rivers were compared with a Mann-Whitney test
(Zar1996). The influence of the sampling method
(minnow traps or handnet) were tested within
each age-class, in each river, with a Student’s
t-test.

The sex ratio along the months of the year
was evaluated in three different ways: the first
considering all the sampled animals with both
sampling methods (grouped data), the second
considering only the individuals caught with
a handnet, and the third considering only the
individuals caught in traps. This procedure was
adopted to evaluate a possible sampling bias
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resulting from behavioral differences between
male and female aeglids. For this population
parameter, a Chi-square test was used, with an
expected proportion of 1:1 (Snedecor & Cochran
1967).

For the study of population structure, the
sampled population was distributed in size
classes at each 1 mm of CL (Zar 1996). For the
analyses of sex ratio within each CL size class, a
Chi-square test was used (Snedecor & Cochran
1967). The normality of each of these distribution
data was analyzed with a Shapiro-Wilk test (Zar
1996).

The recruitment period of the population
was determined according to the presence of
early-stage juveniles in each season of the
year. To test for differences in the proportion
of juveniles among the seasons, an ANOVA was
performed (Colpo et al. 2005).

The growth of males and females, measured
via their CL, was estimated separately via the
displacement of the modes obtained in the
frequency distribution histograms, along each
sampling month (Macdonald & Pitcher 1979,
Macdonald 1987). In this analysis, the animals
of the Arraial River were separated in classes at
each 1 mm of CL, and those of the Capivari River
at each 1.5 mm of CL, as per determined by one
quarter of the data’s standard deviation (Markus
1971). Animals with CL below 3 mm were summed
to both the male and female datasets for the
analysis of distribution in size class frequencies.

The modes of the CL frequency histograms
were calculated separately for each sex and
sampling site, following Spiegel (1979): MODE =
L+ [A/ A+ A]* C where: L = real inferior limit
of the modal class (the one that contains the
mode); A= excess of the modal frequency over
the immediately inferior class; A, = excess of the
modal frequency over the immediately superior
class; and C = range of the modal class interval.

GROWTH AND POPULATION STRUCTURE OF Aegla schmitti

The growth model used in this study was the
one proposed by von Bertalanffy (1938), which
corresponds to the following mathematical
equation: C,= C_[1- e "], where: C, = mean
carapace length of individuals in age t, in mm;
C,= mean maximum carapace length, in mm; k
= parameter related to the growth rate, referring
to days; e = base of the natural logarithms; t =
age of the individuals, in days; t, = parameter
related to the length of the animal at its birth.

The growth curves were linearized according
to Allen (1976) and compared using a covariance
analysis (Snedecor & Cochran 1967). In this test,
three hypotheses were evaluated: 1" hypothesis
of the homogeneity of the residual variances;
2" hypothesis of equality between the slope
and elevation of the lines of males and females;
and 3" hypothesis of equality between the line
intercepts of males and females.

All analyses were performed in BIOSTAT
(Ayres et al. 2007) with a confidence interval of
95%.

RESULTS

In general, the water temperature, oxygen
saturation and hydrogen potential was higher
in Capivari river throughout months and differ
among rivers (Table I). On the other hand, the
water conductivity was higher in Arravial river
(Table 1). The percentage of dissolved oxygen
was similar among rivers (Table I).

A total of 2959 individuals was sampled
during the twelve sampling campaigns. Being
2053 in the Arraial River (1193 males, 632 females,
209 ovigerous females and 19 unsexed juveniles)
and 906 in the Capivari River (568 males, 304
females, 12 ovigerous females and 22 unsexed
juveniles) (Table 11).

The sampling methods used in this study
showed selectivity regarding the age class
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Table I. ANOVA results and mean values for temperature, dissolved oxygen, oxygen saturation, water conductivity
and hydrogen potential (pH) comparison among Arraial and Capivari rivers.

Months River

March
April
May
June
July
August
Arraial
September
October
November
December
January
February
Mean
March
April
May
June
July
August
Capivari
September
October
November
December
January

February

Mean

SD: standard deviation.

Temperature
+SD (°C)

17.53 = 015
16.3+0.36
72+05
6.56 = 015
526 +05
8.63+0.2
11.96 + 0.11
152+ 0.36
17.06 £ 0.73
16.83 + 0.41
18.8 + 0.36
16.53 + 0.41
13.16 + 4.94
205302
1816 £ 0.83
1323+ 0.25
8.36 + 0.92
8.96 + 0.92
9.96 + 0.55
1526 £ 0.2
12.7 £ 1.53
19.56 + 0.77
2113 £ 011
20.96 £ 0M
20.03 £ 11

15.74 + 493

Dissolved
andF | oxygen
values = SD (mg/L)

73 +0.26

8.53 + 04

846 +0.2

846 +0.75

7.67 £ 0.45

61+0.79
6.46 + 0.49
6.46 + 0.32
6.06 + 0.2

6.43 + 015
0.02:

501 7.26 £ 0.95

55+02
813 +0.25
7.86 +0.15
836 +12

833 +015

813 £ 0.45
6.13 £ 0.58
6.26 + 0.75
6.8 +0.98
6.66 + 0.11

7.31+0.99

P
and F
values

0.84;
0.03

Oxygen
saturation
+SD (%)

8816 + 3.31

100.59 +
5.45

81.05+2
79.73 + 6.76
7316 + 2.61
78.35 + 392
77.27 £ 518
70.25 + 8.69
77.35 £ 4.8
7742 + 3.5
75.09 + 213
7619 + 194
79.55 +7.94
69.6 +2.29
99.47 +1.65
86.04 + 212
8099 + M
82.66 + 1.67
8119 +3
86.51 + 4.28
88.69 * 4.73
76.97 £ 6.21

81.03 £9.7

87.63 +
12.63

84.48 + 212

83.77 £ 719
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PandF
values

0.03;
4441

516

Water
conductivity
+SD (uS/cm)

85.33 +25.8
98.33 + 11.6
105.66 = 171
126.33 £ 6.02
69.33 + 1418
100.33 £16.5
80 + 20
8933 + 11
136.33 £ 5.03
94.66 + 29.3

110.66 * 14.7

104.66 * 4.72

100.08
18.79

61.33 £3.05
89 +7.81
8833 £15.5
96 + 818
55.66 + 9.29
51 +5.56
87.66 + 7.37
57 £ 435
52,66 £ 12
49.66 + 8.08
64.66 + 1.52
69.66 + 0.57

68.56 * 17.09

PandF pHt*
values = SD

5.66 +
0.47
5.64 +
0.5
54 +
012
517 +
0.09
612 +
0.33
548 +
0.24
613 +
0.38
561+
0.23
4.67 +
0.04
576 +
0.47
512 +
0.28

5.74 +
0.04
<0.00%; | 5554+
41.73 0.41
6.28 +
0.1
595+
0.09
574 +
0.31
555+
0.14
6.52
0.17
6.47 +
0.08
575+
0.25
6.61 +
0.08
6.21 +
0.18
6.49 +
0.22
6.1+
0.02
6.32 +
0.15
617 +
0.35

P
and F
values

<0.001;
37.44



ANDRE TREVISAN, MURILO Z. MAROCHI & SETUKO MASUNARI GROWTH AND POPULATION STRUCTURE OF Aegla schmitti

(juveniles and adults). In the Capivari River, the

E g a2 a 3 assesg 2
sampling methods significantly affected the ?U 2 ¥EER L RINNS 7
number of captured juveniles (p = 0.0036 df = f—% z 8
8.01). On the other hand, in the Arraial River, the = $E ~no2n~2 noon~gdlls
sampling method affected the number of adults % 53
sampled (p = 0.0021 df = 11.14). £ a . .
The males’ CL ranged between 3.66-22.55 mm §§ SS BBl |o~e el o
in the Arraial River and between 3.51-33.50 mm % “E »
in the Capivari River. For females, these values "i 3 58 n0coo @ «ooo o X
ranged between 3.61-20.77 mm in the Arraial S & 2
River, and between 3.65-23.26 mm in the Capivari § ‘,3_ "

- ~ 28 |28/ 229528 ~ooe e |3
River. The mean CL of males and females in the 50 <E -SSR ES R IR
Arraial River was of 14.29 + 291 mm and 13.03 § é »

2.45 mm, while in the Capivari River these values ‘é’qu_, ,&_% sezza 2angd B
were of 17.74 + 6.69 mm and 12.32 = 4.34 mm, Qs g
respectively. There was a statistically significant % E "
difference regarding the mean CL between s :. “—‘:§ w8 X w0 oo o olo P
males and females in each river, as well as in the E <
comparison between the two locations (p<0.05) ,‘% § u_g o e T Y
(Table 111). g% I IR el N R N
In both rivers, the sex ratio was influenced ; % "
by the sampling method. In the Arraial River, g o §§ R82B8E |vImrF b
for the combined data the sex ratio was of sy
1.53 males/females, following the expected 1:1 2 TE“ % < |
(male:female) proportion only in the months of %% ‘E‘,"% mESRIRIRIRS SR
April, June, October, November, December and qg -% -
January (p>0.05) (Figure 2a). On the other hand, §<Ez_ Eé 0% o n~lE |oooolols
in the Capivari River the sex ratio was 1.92 males/ E é =
females, following the expected proportion % s g s
only in the months of May and January (p>0.05) 2 g E?, Sw BB SRR 0
(Figure 3a). £3
When the sex ratio was analyzed using only %E € Ezpg Egpl _
data from the handnet captures, values of 112 & § g £ a g § = g _ g
and 1.03 males/females were obtained for the §’§ g — g 3
Arraial and Capivari rivers, respectively. In both E,E az: '—g g g
these cases, the sex ratio fitted the expected gg- « < S

11 (males:females) proportions in all months
(Figures 2b and 3b).

Regarding only the data from traps, the sex
ratio for the Capivari River was of 1.32 males/
females, following the expected 1:1 (male/
female) proportions in the months of April,
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June, September, November and December.
Contrastingly, for the Capivari River the sex ratio
calculated using data from traps was of 5.57
males/females, and did not fit the expected 1:1
proportion in none of the months of the year
(Figures 2c and 3c).

The frequency distribution of the CL size
classes reported different traits for the two
populations sampled. In the Arraial River, the
histogram was unimodal for both males and
females, while in the Capivari River it was
polymodal for both sexes (Figure 4).

GROWTH AND POPULATION STRUCTURE OF Aegla schmitti

The sexratiowithinthe CL classeswas similar
between the two rivers, with a predominance
of males in the large size classes, and females
in the intermediate and small classes (Fig. 4).
The results of the Chi-squared test showed a
significantly large proportion of males in all
classes above class 16 (15.014 16 mm) in the
Arrail River and class 20 (19.014 20 mm) in the
Capivari River. The females in the Arraial River
were most abundant from classes 9 (84 9 mm)
to 14 (134 14 mm) but exhibited significant
differences only for the classes 11 (10 4 11 mm)
and 14 (13 4 14 mm) (p<0.05). For the Capivari

Table Ill. Comparison of the values of the components of the von Bertalanffy growth equations in studied species
of Aegla. Ca: mean maximum carapace length; k: growth rate; to: life time (in days) of the smallest specimen

sampled; Loo: longevity.

Ca Male Female
Species Author, year Ca Males Females k to to longevit longevit
p (34 (mm) Males =@ Females @ Males | Females sevity sevity
(mm) (years) (vears)
A platensis | Buenoetal 1 ;4 1912 | 00041 | 00033 | 3913 | 5038 25¢ -
(2000)
Noro &
A. leptodactyla Buckup 19.83 18.96 0.0023 0.0024 55.5 48.6 2.5%* -
(2003)
L Boos Jr et al.
A. jarai 2511 23.56 0.0082 0.0048 29.02 46.45 2.0 2.0
(2006)
Silva-
A. longirostri Castiglioni 27.9 21.45 0.0069 0.0048 24.78 45.62 19 2.0
et al. (2006)
A Silva-
. C . Gongalves et 23.21 19.49 0.0094 0.0065 7.03 1116 22 25
itacolomiensis
al. (2009)
Trevisan
A. manuinflata & Santos 28.00 2516 0.0047 0.0051 10.63 17.65 3.0 2.5
(2011)
Chiqueto-
A. schmitti Machado et 28.35 21.69 0.0019 0.002 33.6 44,04 2.84 3.2
al. (2016)
A schmitti Current 26.50 23.07 0.004 00027 | 2318 5336 2.5 2.0
(Arraial river) study
A schmitti Current 3479 2552 | 00024 | 00033 | 12234 | 1934 3.0 20
(Capivari river) study

* Longevity data available for males only.
** Due to the fact that the growth curve is underestimated, the authors cite that the animals take two and a half years to reach
the carapace length of 18mm.
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River, even though females are more abundant
than males only in class 9 (8 4 9mm) (p<0.05),
they were numerically superior in classes 4 (3 4
4 mm)to 18 (174 18 mm) (p>0.05) (Fig. 4).

The frequency distribution in CL classes
in the sampling months shows that juvenile
individuals were sampled during all months
of the year, without any statistically significant
difference between the sampling months
(p>0.05) in both rivers (Figures S1 and S2 -
Supplementary Material). However, unsexed
juveniles (classes 2 and 3) were found only during
February-March and October-December in the
Arraial River, and during March and October-
January in the Capivari River. These months
correspond to the austral spring and summer,
seasons that come following the main spawning
season of A. schmitti, which occurs from April
to October in the Arraial River and from April
to August in the Capivari River. The following
demographic categories were found in all the
sampling months, for which the histograms
were polymodal in both rivers (Fig. 5).

For both populations sampled, it is possible
to evaluate a cohort of sexually undifferentiated
juveniles, with a highest number in October
and occurring until March. For the other CL size
classes, clearly distinguished age cohorts could
not be identified, with cohorts of individuals of
intermediate and large size classes alternating
along the months of the year.

Another inference concerning a possible
recruitment peak during spring are the modes
observed in the histograms, where in both
locations the frequency peaks of individuals
belonging to the smallest size classes (10 6) were
observed in October, November and December,
probably originating from the spawning which
occurred after the end of the mating seasons of
both populations.

The histograms of CL size classes indicated
that animals belonging to the smallest classes,

GROWTH AND POPULATION STRUCTURE OF Aegla schmitti
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Figure 2. Aegla schmitti: Sex ratio in the Arraial River. a:
Combined data. b: Animals sampled with handnets. c:
Animals sampled with traps. * = significant difference
according to the Chi-squared test.

in both rivers, have abundance peaks in October.
Thus, we chose to monitor the animals’ growth
from this month onwards, and consider these
aeglids as the first cohort in the study of modal
displacement, being placed ahead ofthe group of
large animals that were sampled in the previous
period. This procedure was based in Noro &
Buckup (2003), Silva-Castiglioni et al. (2006) and
Trevisan & Santos (2011), which demonstrated
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that this approach fits the our data, given that
the growth pattern of aeglid populations do not
exhibit significant changes between years.

In the Arraial River, the growth curves
for males and females corresponded to the
following equations, respectively: Ct = 26.50[1- e
—0.004(t+53.36)] and Ct = 23'07[1_ e -0.0027! t+2318)] (F|gu re 53
and b). For the Capivari River, the growth curve

for males was of Ct = 34.79[1- e 09%412239] while
a I Males Females
loo‘y * * * * * * * * * * *
0
90%
_80%
g 70%
§ 60%

8‘ 50%
= 40%
30%
20%
10%
0%

=

> = g » v o zZ2 U g a4
SEREEE B S NN
s =3 7825 ¢
§ " g &

b
100%
90%
80%
?70%
§ 60%
8 50%
~ 40%
30%
20%
10%

(AR & g 2 PO Z 9 5 33

EEREEERERERE

g = a g =

= A N
g g g
c* * * % * % * * 0%
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80%

g 70%
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F3EEEzEgzEfEgg
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Jeqlusldés I

= g
5

Figure 3. Aegla schmitti: Sex ratio in the Capivari River.
a: Combined data. b: Animals sampled with handnets.
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70.0033(t+19.51)]

for females it was of C t= 25.52[1- e
(Figure 5c and d).

In both sampling sites, the maximum CL
estimated by the von Bertalanffy model were
closely matched to the size of the largest males
and females captured, with values of 26.50 and
34.79 mm CL for the males, and 23.07 and 25.52
mm CL for the females of the Arraial and Capivari
rivers, respectively (Table Il1).

Different growth rates between the sexes of
both sampling sites were observed. While in the
Arraial River the males had higher growth rates
than females, the opposite was reported for
the Capivari River, where females exhibit higher
growth rates than males. When individuals of
the same sex were compared between the rivers,
growth rates were similar for females (0.0027
and 0.0033 for the Arraial and Capivari rivers),
but dissimilar between males (0.004 for the
Arraial River, and 0.0024 for the Capivari River).

Longevity was estimated in approximately
2.5 years for males of the Arraial River, 3
years for males of the Capivari River, and 2
years for females of both populations. After
the linearization of the growth curves and
comparisons of their slopes and intercepts, it
was possible to observe statistically significant
differences between the sexes and between the
sampling sites, indicating a differential growth
pattern for each group (p<0.05).

DISCUSSION

The selectivity regarding the sex and size of
captured animals with each sampling technique
(hand net and traps) observed in this study
can be associated with the different behavioral
patterns of the populations of A. schmitti. More
specifically, thisresult could be a consequence of
the CL size patterns, in which males were similar
in size to females in one location (Arraial River),
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but larger than females in another (Capivari
River). Considering that in the Capivari River the
adult males are much larger than individuals
belonging to other demographic categories, the
smaller females and juveniles may not have
entered the traps to avoid confrontations with
these large males. On the other hand, females of
the Arraial River were closely matched in size to
the males, which could mitigate this effect and
explain the high capture rate of females in this
river. In Aegla the combination of cephalothorax
length and claw height differences between
individuals are decisive to avoid agonistic

10/ I Males
[ Females

Frequency (%)

1 2 3 4 5 6 7 8 9

Il Males
[ Females

Frequency (%)

10 11
Size Class
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behavior as well as to the contest outcome.
In general, the increase of size differences
between opponents decreases the probability
of contest and increase an avoidance response
by the smaller individual, which seems to be
the case of the study (Hardy & Briffa 2013,
Palaoro et al. 2014). Given that the selectivity of
the sampling methods mentioned above was a
consequence of the distinct behavioral pattern
of two populations, subjected to different
environmental characteristics, future studies
that employ only one of these capture methods
should explore their results with caution.

12 13 14 15 16 17 18 19 20 21 22 23

1 234567 8 9 10111213141516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34

Size Class

Figure 4. Aegla schmitti. Frequency distributions regarding the carapace of males and females and sex ratio in the
size classes of the Arraial (a) and Capivari (b) rivers. The symbol * indicates statistically significant difference in
the sex ratio. Size classes (mm): (1) 04 1;(2) 1.01 2;(3) 2.01 3;(4) 3.01 4; (5) 4.01 5; (6) 5.01 6;(7) 6.01 7;
(8)7.01 8;(9)8.014 9;(10) 9.014 10;(11) 10.01 11; (12) 11.01 12; (13) 12.01 13; (14) 13.01 14; (15) 14.01 15;
(16) 15.01 16; (17) 16.01 17; (18) 17.01 18;(19) 18.01 19; (20) 19.01 20; (21) 20.01 27; (22) 21.01 22; (23) 22.01
4 23; (24) 23.01 24;(25) 24.01 25; (26) 25.01 26; (27) 26.01 27; (28) 27.01 28;(29) 28.01 29; (30) 29.01 30;
(31) 30.01 31;(32) 31.014 32;(33) 32.01 33;(34) 33.01 34.
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The larger size of males when compared to
females is also reported for other nine aeglids
species for which morphometric analyses were
performed (Lopez 1965, Rodrigues & Hebling
1978, Swiech-Ayoub & Masunari 2001b, Noro &
Buckup 2003, Colpo et al. 2005, Goncalves et al.
2006, Teodosio & Masunari 2009, Cohen et al.
20M, Trevisan & Santos 2012). The larger size of
the males can be explained by the necessity of
females to allocate energy for the production
and incubation of nutrient-rich eggs, a period
during which females of some species cannot
feed. On the other hand, males could allocate
most of their energy for somatic growth, a fact
that leads directly to them exhibiting larger body
sizes than females. For Aegla platensis Schmitti,
1942, A. castro and Aegla marginata Bond-
Buckup & Buckup, 1994, (Bueno et al. 2000),
which represent the exceptions to this rule

GROWTH AND POPULATION STRUCTURE OF Aegla schmitti

(females larger than males), behavioral factors
such as migrations, different responses to
environmental variations and/or disturbances,
and differential exploration of resources and
microhabitats could explain the size difference
between the sexes (Passano 1960, Hartnoll 1982).
This explanation can also be applied to the
conspicuous size difference between individuals
of each sex that was observed in the Capivari
River.

The sex ratio is one of the main traits of
a given population, regulating the number of
individuals and the population’s reproductive
potential. Thus, in natural populations, the sex
ratio tends to remain close to 1:1 due to the
action of natural selection (Fisher 1930, Giesel
1972). However, the sex ratio reported in this
study followed the abnormal pattern described
by Wenner (1972), with females dominating in
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Figure 5. Aegla schmitti in the Arraial River (a and b) and Capivari River (c and d). Growth curves for males (a and c)
and females (b and d) based on the von Bertalanffy (1938) model. (Ct) carapace length in a given t time; (Ca) mean
maximum carapace length (mm); (t) age, in days.

An Acad Bras Cienc (2021) 93(2) e20190750 11116



ANDRE TREVISAN, MURILO Z. MAROCHI & SETUKO MASUNARI

the intermediary CL size classes, and males
dominating the large CL size classes. This
pattern was also reported to other aeglids such
as A. castro, A. fransiscana and A. manuinflata
(Swiech-Ayoub & Masunari 2001a, Gongcalves et
al. 2006, Trevisan & Santos 2011). The presence of
this pattern may be attributed to the differential
growth of individuals of each sex, especially
after the puberty molt: males have higher
growth rates than females. Thus, males tend
to predominate in the large CL classes, while
females predominate in the intermediary ones
(Passano 1960, Hartnoll 1982, Colpo et al. 2005,
Cohen et al. 2011, Trevisan & Santos 2011).

In the Arraial river the population showed
a unimodality of the CL frequency distribution
histogram while Capivari population
polymodality. This difference demonstrates
distinct types of stability in these populations,
due bioticinteraction oranindirect consequence
of environmental factors. Migration, recruitment
pulses, mortality or behavior might explain
the unimodaly or bimodality pattern (Diaz &
Conde 1989). The Arraial population belongs
to a hydrographic basin that is restricted to
the easternmost portion of the Parana state,
geographically isolated by the Serra do Mar
mountain range, being thus less likely to be
affected by migration (Trevisan et al. 2016).
Likewise, the similarity regarding the size
composition of the sexes may have attenuated
the effects of behavioral differences, such as
sex-specific mortality rates. On the other hand,
in Capivari the population was smaller and
fragmented, and its CL frequency distribution
histogram was polymodal, a possible indicator
of stress and prevention of a full development
situation. The low percentage of ovigerous
females sampled in this site corroborates this
inference (5.36% of adult females were ovigerous,
against 29.02% in the Arraial River). Another
factor that may have contributed to this pattern

GROWTH AND POPULATION STRUCTURE OF Aegla schmitti

is the presence of pool regions, alternated with
riffles, may have interfered in the sampling
process. The presence of these pool regions
is likely associated with a reduced protection
of the water body by riparian forest, which
optimizes the leaching of dry land sediments
into the water column (Trevisan 2013).

The higher mean water temperature in
Capivari river might also contributed for the
polymodality CL frequency of distribution
histogram. Decapods show reduce metabolism
and behavior changes when facing thermal
stress, as temperature increase (Lagerspetz
& Vainio 2006, Cerezer 2017). The Capivari
population showed a lower growth rate, as
consequence reaching higher longevity and
larger sizes. This longer longevity allied with
migrations, recruitment pulses, mortality or
behavioral changes could alter CL frequency on
the population. Future studies evaluating the
effect of temperature increase on population
structure should carry out to elucidate this
question.

However, the low frequency of ovigerous
females is interpreted as a consequence
behavior associated to them, such as burying
themselves in the sediment and preferring to
inhabit the marginal areas of the stream, which
may difficult their sampling (Bahamonde &
Lopez 1961, Lopez 1965, Bueno & Bond-Buckup
2000, Teodosio & Masunari 2009), a fact that
may have occurred in the Capivari River.

In this study, even though juveniles occur
in similar numbers along the seasons of the
year, the occurrence of small-sized juveniles
from October to December indicates that the
two populations produce their first cohort in
the months that follow the spawning period.
Similarly, to the reproductive period in Aelidae
(see revision in Bueno & Shimizu 2009), the
recruitment period may vary according to the
region, ranging from a few months in species
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such as A. longirostri (Colpo et al. 2005), A.
platensis (Bueno & Bond-Buckup 2000), A. castro
(Swiech-Ayoub & Masunari 2001a, Fransozo et
al. 2003), and A. franciscana (Goncalves et al.
2006), to continuous (the entire year) as in A.
manuinflata (Trevisan & Santos 2011).

Regarding the parameters obtained with the
von Bertalanffy (1938) model, it was possible to
observe that the values of asymptotic growth
were different between the sexes of A. schmitti
in both rivers sampled, confirming the previous
records from other authors A. leptodactyla,
A. longirostri, A. jarai, A. itacolomiensis and
A. manuinflata (Noro & Buckup 2003, Silva-
Castiglioni et al. 2006, Boos Jr et al. 2006, Silva-
Goncalves et al. 2009, Trevisan & Santos 2011,
respectively).

The intra- and interspecific comparison
between the growth curves, growth rates,
maximum size and longevity of aeglids shows
distinct patterns, regardless of the sampling site
or the relationship between the sexes (Table I1).
Similar growth rates between the sexes, such as
those observed in the Capivari River, are also
reported for other species of Aeglidae. However,
the opposite pattern is also observed among
distinct populations and species of the same
family. The same variation pattern, including
cases of both similarity and dissimilarity, is
observed for longevity and growth curves (Bueno
etal.2000,Noro & Buckup 2003, Boos Jretal. 2006,
Silva-Castiglioni et al. 2006, Silva-Gongalves et
al. 2009, Trevisan & Santos 2011). This fact might
be associated with different mortality rates
arising from biological interactions, differential
mortality rates between the sexes, availability
of food resources, migrations and capacity to
endure environmental stresses, spatio-temporal
imbalances in the use of food resources, and
different behavioral patterns (Giesel 1972, Wolf
et al. 1975, Montague 1980).

GROWTH AND POPULATION STRUCTURE OF Aegla schmitti

The present study demonstrated the
selectivity regarding the size and life stage of
individuals related to the sampling techniques
used for aeglids. Besides, it was possible to
estimate the longevity, growth rate, maximum
size and structure of two populations of A
schmitti belonging to different hydrographic
basins. Thus, the data obtained allowed for the
characterization of the growth of A. schmitti,
providing useful information for this species’
conservation.
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