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ABSTRACT. Aeglids are freshwater anomurans that are endemic from southern South America. While their population
biology at the species-level is relatively well understood, intraspecific variation within populations has been poorly
investigated. Our goal was to investigate the population biology of Aegla platensis Schmitt, 1942 from the Uruguay
River Basin, and compare our data with data from other populations. We estimated biometric data, sex ratio, popula-
tion density and size-class frequencies, and frequencies of ovigerous females and juveniles, from the austral spring of
2007 until autumn 2008. Sexual dimorphism was present in adults, with males being larger than females. Furthermore,
males and females were significantly larger than previously recorded for the species. The overall sex ratio was 1.33:1
(male:female), and population density ranged from 1.8 (spring) to 3.83 ind.m2 (winter). Data from this population
differ from published information about A. platensis in almost all parameters quantified except for the reproductive
period, which happens in the coldest months, and a population structure with two distinct cohorts. Difference among
studies, however, may be in part due to methodological differences and should be further investigated in order to
determine their cause. In addition to different methodologies, they may result from ecological plasticity or from the fact
that the different populations actually correspond to more than one species.
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Aeglids are freshwater anomuran crustaceans with ben-
thonic habits, whose distribution is restricted to temperate and
subtropical regions of South America (Buckur & Bonp-Buckur
1999, Bonp-Buckur 2003). These crustaceans occur in river ba-
sins in Southern Brazil, Uruguay, Argentina, Southern Bolivia,
Paraguay and South-central Chile, with 70 species currently
described (Santos et al. 2013). Albeit ubiquitous in well-oxy-
genated running waters in these regions (DaLosto & SanTos
2011), several species have a very restricted distribution (Bonp-
Buckur et al. 2008).

Understanding the basic traits of an organism’s biology is
important because it provides basic information for a wide ar-
ray of studies. In the case of aeglids, these range from conserva-
tion efforts (PErez-Losapa et al. 2009) to the use of model species
in laboratory studies (PaLaoro et al. 2013, Siuemra et al. 2013).
There is a considerable amount of studies on the basic biology
of aeglids, such as population structure and dynamics (e.g., Bueno
& Bonp-Buckur 2000, Fransozo et al. 2003, ConeN et al. 2011,
Grasowski et al. 2013). However, previous studies on aeglids fo-
cused solely on the population dynamics of one species in a

single location (e.g., Bueno & Bonp-Buckur 2000, Fransozo et al.
2003, CoHeN et al. 2011, Grasowski et al. 2013). Ecological plas-
ticity and variation in population biology parameters have been
documented for other freshwater organisms, such as crayfish
(HonaN & MitcHELL 1995, AustiN 1998, Bratty et al. 2004, 2011),
which share ecological similarities to aeglids (Bonp-Buckur &
Buckur 1994, NystrOM 2002, AYres-Peres et al. 2011, Burress et al.
2013, CoGo & Santos 2013).

Unlike other aeglids, Aegla platensis Schmitt, 1942 has
broad distribution and relatively large populations. This species
is recorded for Paraguay, Uruguay, Argentina and Brazil, where
it occurs in the states of Rio Grande do Sul and Santa Catarina
(Bonp-Buckur 2003). The population dynamics and growth of A.
platensis have been studied for a population in the Guaiba Basin
in the state of Rio Grande do Sul (Bueno & Bonp-Buckur 2000
and Bueno et al. 2000, respectively). More recently, OLvElra &
Santos (2011) investigated the morphological sexual maturity
of another population that inhabits the Uruguay River Basin,
obtaining markedly different results from those reported by
Burno & Bonp-Buckur (2000) and Bueno et al. (2000).
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Our goal was to investigate several characteristics of the
population biology of A. platensis, such as sex ratio, population
structure, reproductive/recruitment seasons and population den-
sity. Also, we compare our results with data already available for
this species, and with information available for other aeglids.
Lastly, we discuss the variations in the population biology of
this group of crustaceans and whether or not it is productive to
compare among data obtained using different methods.

MATERIAL AND METHODS

The Lajeado Bonito stream (27°25’27”S; 53°24’39”W) is
located in the municipality of Frederico Westphalen, state of
Rio Grande do Sul. The dominant vegetation in the area is the
Atlantic Forest and the climate is subtropical. The stream is a
first order tributary of the Varzea River, in the Uruguay River
Basin. The study site is located 470 m above sea level. Even though
agricultural and livestock activities happen in the areas located
upstream of the collection sites, the studied area harbors ripar-
ian vegetation on both margins of the stream. The streambed is
composed of rocks of various sizes, sand, and bedrock.

Monthly collections of A. platensis were performed in a
160 m section of the stream from July 2007 to June 2008. This
section was divided into 16 subunits. Aeglids were captured with
traps (N = 16, one per subunit) placed before the dusk and re-
vised in the morning of the following day. In order to sample
the population more thoroughly, a 30 x 50 cm hand net with a
60 cm deep mouth and 1 mm mesh was also employed. The
sampling effort, performed by two people, lasted approximately
five minutes per subunit. Environmental variables (water tem-
perature, dissolved oxygen, pH, flow speed, stream depth, stream
width and conductivity) were measured monthly in three pre-
determined locations of the stream (Table I).

Table I. Enviromental parameters recorded for the Lajeado Bonito
stream, Uruguay Basin, Rio Grande do Sul state, Brazil.

Parameters Spring  Summer Autumn  Winter
Temperature (°C) 19.830 19.830 16.270 15.200
Dissolved oxygen (mg/L) 6.250 6.280 8.040 7.990
Flow speed (m/s) 0.420 0.340 0.620 0.240
Conductivity (n.S/cm) 68.680  88.510 71.990 76.960
pH 7.520 7.660 7.760 7.320
Stream depth (cm) 17.780 6.480 18.670 14.890
Stream width (m) 1.790 1.210 2.160 1.790
Discharge (m3/s) 0.277 0.024 0.075 0.096
Rainfall (mm/month) 246.000 97.000 198.000 147.330

After being separated from other animals captured acci-
dentally, aeglids were identified, sexed, and females were checked
for the presence of eggs. Sexing was based on morphological
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traits, such as the presence of pleopods in adult females, and
their absence in adult males. Since younger individuals have
inconspicuous pleopods, their sex was determined by observ-
ing the genital pores at the base of the third pereiopods (fe-
males) or their absence (males) (Bonp-Buckur 2003). Biometric
measurements were then taken with a digital caliper (0.01 mm
accuracy), including carapace length (CL - from the tip of the
rostrum to the posterior edge of the carapace), carapace width
(CW - taken on the height of the upper suture of the gastric
region), abdomen width (AW — measured on the second abdomi-
nal segment), length of the propodus of the left (LPL) and right
(RPL) chelipeds (measured from the posterior proximal margin
of the propodus to the tip of the fixed finger) and height of the
chelar propodus (HCP - measured perpendicularly to the
propodus length). Aeglids were classified according to their CL
following OLvelRA & SanTos (2011): males larger than 19.15 mm
were considered adults, and females larger than 16.5 mm were
determined adults. Aeglids smaller than 8 mm CL were mea-
sured with the help of a stereomicroscope taken to the field site.
In order to minimize impact on the studied population, most
animals were released back at their capture sites after data re-
cording, with the exception of a few large males from the first
collections, which were preserved as vouchers in the scientific
collection of the Nicleo de Estudos em Biodiversidade Aquatica,
Universidade Federal de Santa Maria (voucher number UFSM-C
298). To test for differences in the body measurements of males
and females, a Mann-Whitney test was used due to heterocedas-
ticity and non-normality of the data (Zar 2010). The test was
performed in two different configurations: 1) using all captured
individuals, and 2) using only adult individuals. The exception
was the AW in the all-animals sample and the CL and CW in
the adults-only, for which normality and homocedasticity could
be attained through a logl0 transformation, and for which a
Welch two-sample t-test was used.

Sex ratio (male/female) was calculated for each season
separately. A chi-square with Yates’ correction for small samples
was performed to test whether the sex ratio differed from the
expected proportion of 1:1 within each season (Zar 2010).
Additionally, data obtained from traps and from handnets were
plotted separately to check for possible influences of the sam-
pling method on the sex ratio. The chi-square test performs
poorly with small sampling numbers, which can generate spu-
rious results (CrawiLey 2012). Thus, the test was performed with
pooled data from captures using traps and hand nets because
of the low capture rates in certain seasons. The reproductive
and recruitment seasons were estimated qualitatively through
the frequency of ovigerous females and unsexed juveniles. Af-
terwards, we tested if the proportion of captures of ovigerous
females and juveniles differed from the expected equal pro-
portion of captures among the seasons using a binomial pro-
portion test (Zar 2010).

To estimate population density for each season four field
samplings (August and November 2007, February and May
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2008) were performed differently. Traps were set on a given
day and revisited the morning of the following day, as usual,
and then all captured aeglids were marked with a plastic tag
placed in their dorsal region. This tag indicated the initial cap-
ture site and month of capture. The aeglids were then released
back in the stream. The writing on the tags was made with
Nanking ink, and the tags were fixed on the aeglid’s carapace
with cianoacrilate glue. Differently from regular collections,
traps were then put back on the stream and the sampling pro-
cedure was repeated the following day. The amount of recap-
tured tagged individuals was recorded. Peterson’s estimate
(Begon 1979) was applied to estimate population size: N = r*n/m,
where: (N) estimate of the population size, (r) number of ani-
mals marked in the first day, (n) number of animals collected
in the second day, and (m) number of tagged animals recap-
tured in the second day.

All data were tested for normality and heterocedasticity
with the tests of Shapiro-Wilk and Levene, respectively. All tests
were performed in the BioEstat 5.0 software (Zar 2010, AyRres et
al. 2007), except for the Welch two-sample t-tests, which were
performed in the R environment (R Core Team 2013).

RESULTS

A total of 957 individuals were collected, of which 76
were non-sexed juveniles, 503 males (323 juveniles and 180
adults), 378 females (187 juveniles, 169 adults and 22 oviger-
ous) (Table II). The CL ranged from 6 to 31.75 mm for males
(median £ SD: 15.09 = 7.35 mm), and from 6.08 to 27.92 for
females (median + SD: 16.11 + 5.95 mm). There were signifi-
cant differences only for AW (t = 2.215, p = 0.027) between
males and females when all aeglids were considered. However,
when only adults were considered there was a significant dif-
ference between males and females in all dimensions compared
(U=3.793,9.781, 11.150, 12.452, p < 0.001; for AW, LPL, RPL
and HCP, respectively; and t =-12.226, -11.392, and p < 0.001
for CL and CW, respectively) (Table III). The frequency distri-
bution of size-classes of males and females of A. platensis for
each season presented a bimodal distribution in all seasons
(Figs 1-4).

Table Il. Number of individuals of Aegla platensis collected during
the four seasons in the Lajeado Bonito stream, Uruguay Basin, Rio
Grande do Sul state. (JM) Juvenile males, (AM) adult males, (JF)
juvenile females, (AF) adult females, (OF) ovigerous females, (NS)
non-sexed juveniles.

Seasons M AM JF AF OF NS Total
Spring 81 43 33 44 4 50 255
Summer 102 22 63 18 7 7 219
Autumn 89 51 61 68 1 13 283
Winter 51 64 30 39 10 6 200
Total 323 180 187 169 22 76 957

Table Ill. Medians of the biometric measurements (mm) of the
adult individuals of Aegla platensis captured in the Lajeado Bonito
stream, Uruguay Basin, Rio Grande do Sul state, Brazil. Different
letters in the column indicate statistically significant differences (p
< 0.05) in the Mann-Whitney (a,b) or t-tests (c,d).

CL (mm) cw AW RPL LPL ACP
(mm) (mm) (mm) (mm) (mm)
Males 24.87¢ 14.67¢ 17.67° 14.12*@ 15912 9.557
Females 21.29¢  12.55¢ 16.48> 10.28° 10.74>  6.34°
50
NUnsexed juvenile E Female juvenile B Adult male 1

O Male juvenile @ Adult female W Ovigerous
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Figures 1-4. Absolute frequencies distribution of cephalothoracic
length (CL) classes of individuals of Aegla platensis collected in the
Lajeado Bonito stream, Uruguay Basin, Rio Grande do Sul state.
Different letters indicate seasons: (1) spring; (2) summer; (3) au-
tumn and (4) winter.
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Males were more common in the spring and winter, with
no difference for the other seasons, when all captures were
considered (spring: x2= 8.605, df = 1, p = 0.003; summer: x>=
2.151,df =1, p = 0.142; autumn: x*>=0.034, df = 1, p = 0.853;
winter: x*=6.314, df =1, p = 0.012). The highest proportion of
males was 60.48%, in the spring (Fig. 5). The number of oviger-
ous females caught (22) represented 5.82% of all the females.
These were caught in all seasons, with a higher frequency in
winter and summer, and the lowest frequency in the autumn.
There was significant difference among the seasons, probably
due to the small number of ovigerous females caught in the
autumn (only 1; x2=24.735, df = 3, p < 0.001; Fig. 6). Juveniles
were caught throughout the sampling period, with a higher
frequency during the spring (x*= 63.104, df = 3, p < 0.001; Fig.
6). Density ranged from 1.80 to 3.83 ind.m?, with the highest
values in the winter (Table IV).

Table IV. Petersen’s estimate of population size of Aegla platensis
in the Lajeado Bonito stream, Uruguay Basin, Rio Grande do Sul
state, Brazil.

Marked in Captured Marked and Population Individuals/m?

Season the 1tday 2" day recaptured estimate
Winter 25 72 2 900 3.83
Spring 29 73 5 423 1.80
Summer 18 86 2 772 3.29
Autumn 23 95 4 547 2.33
1.84
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Figure 5. Relative frequency of males and females of Aegla platensis
in the four seasons during the sampling period in the Lajeado
Bonito stream, Uruguay Basin, Rio Grande do Sul state. Trap cap-
tures, handnet captures, and global (traps + handnet captures)
are plotted separately. The asterisk (*) denotes statistical differ-
ence between the number of males and females by the Chi-square
test (p < 0.05) for the global dataset. (®) Global, (O) hand net,
(V) trap.
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Figure 6. Number of ovigerous females and unsexed juveniles of
Aegla platensis in the Lajeado Bonito stream, Uruguay Basin, Rio
Grande do Sul state. Individuals were captured during four sea-
sons. Frequencies of capture were distinct from the expected
among the four seasons (Chi-square test, p < 0.05 for ovigerous
females and juveniles). (M) Ovigerous, ([J) unsexed juveniles.

DISCUSSION

In the population studied here (Uruguay River Basin,
henceforth, UB), adult males had larger body dimensions than
their female counterparts (except for AW, which is larger in
females, even considering the juveniles). These data agree with
the pattern described for most aeglids studied so far, where
there is clear sexual dimorphism, with males prevailing in the
larger size-classes (Corro et al. 2005, Trevisan & Santos 2012,
TrevisaN et al. 2012), and females possessing broader abdomens
for egg-incubation (Lorez-Greco et al. 2004). Interestingly
enough, one of the few studies that does not fit this pattern is
the other previously studied population of A. platensis in the
Guaiba Basin (henceforth, GB), where females were larger than
males (Bueno & Bonp-Buckur 2000). Since sexual dimorphism
with larger males is a characteristic of the group (Barria et al.
2014, Bonp-Buckur & Buckur 1994), a possible explanation for
these opposite results might be the sampling methods adopted
(see below for a more detailed discussion).

The maximum size of the animals also differed between
UB and GB: maximum CL for males and females were of 17.39
and 19.12 mm for GB, and of 31.75 and 27.92 mm for UB,
respectively (Bueno & Bonp-Buckur 2000, Table V). Animals from
UB were 50% larger than those registered for the GB. The dif-
ferent sampling and measuring methods adopted could account
for this. In GB, the CL measurements did not include the ros-
trum, while our data include it. However, the rostrum would
increase the CL size of the aeglids in approximately 10%, which
is certainly not enough to compensate for a size difference of
66% in relation to animals from the UB. Additionally, Bueno &
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Bonbp-Buckur (2000) only employed manual search, while we
employed a combination of traps and handnet. The use of traps
could affect the mean and maximum size of the animals cap-
tured. We found differences in the mean size of individuals
captured by traps (21.83 + 4.84 mm) and handnets (12.76 £
6.34 mm), similar to what has been found for other decapod
crustaceans. However, this was not the case for the maximum
size, since the largest aeglid caught by traps had 31.75 mm CL,
while the largest caught by hand-net had 30.65 mm CL. This
shows that despite the fact that traps tend to capture larger
individuals, handnet is still able to sample large specimens,
and is thus considered an appropriate collecting gear to esti-
mate size range. We think that it is safe to conclude that ani-
mals from the UB are considerably larger than GB.

Table V. Sampling methods and population parameters of Aegla
platensis evaluated for the populations of the Uruguay River (this
study) and Guaiba Basins (Bueno & Bonp-Buckup 2000), respectively.

Parameters Uruguay River Basin  Guaiba Basin

Sex ratio (M:F) 1.33:1 1.08:1

Population density (ind/m?) 1.8-3.83 8.7-19

Sexual dimorphism Present, males larger Present, females
larger

Size of the largest male (mm)  31.75 17.39

Size of the largest female (mm) 27.92 19.12

Population structure Bimodal Bimodal

Reproductive period Year-round, peak in

coldest months

Year-round, peak
in coldest months

Sampling technique Handnet + traps Handnet

The sex ratio also differed between GB and UB. In GB, it
did not differ significantly from 1:1, while the opposite was
found in UB, where it differed from the 1:1 expected propor-
tion in the spring and winter, with an overall sex ratio of 1.33:1.
Both results fit the pattern recorded for aeglids, in which the
sex ratio ranges from 1:1 to values skewed towards males (Table
VI). Once again, the effect of the sampling method makes it
difficult to distinguish between actual differences between the
species/populations, and the effects of the different sampling
methods chosen by each author. The tendency to capture more
large adult males using traps had already been demonstrated
in crayfish surveys (Bearty et al. 2004, 2011), and it is relatively
safe to infer that the same is true for aeglids (Bueno et al. 2007,
Troposio & Masunart 2009, Grasowski et al. 2013). In this study,
however, when analyzing the sex ratio of aeglids captured by
hand-net and by traps (Fig. 5), we can see that the ratio was
more skewed towards males in the hand-net captures than in
the traps. Thus, we conclude that the difference regarding the
sex ratio between GB and UB is not an effect of the methods
chosen, but that it reflects an actual difference between these
populations.

Table VI. Sex ratio and population density parameters of published
studies on Brazilian species of Aegla.

Sex ratio  Density

Species (M:F) (ind/m?) Authors
A. castro 1:1 - SwiecH-Avous & Masunari (2001)
A. castro 1.08:1 - Fransozo et al. (2003)
A. franca - 2.2-2.7 Bueno et al. (2007)
A. franciscana 1:1 - GoNcALVEs et al. (2006)
A. leptodactyla  1.19:1 - Noro & Buckup (2002)
A. longirostri 1:1 - Cotpo et al. (2005)
A. parana 2:1* - Grasowski et al. (2013)
A. paulensis 1.66:1* - CoHeN et al. (2011)
A. platensis 1.08:1 8.7-19  Bueno & Bonp-Buckup (2000)
A. platensis 1.33:1*  1.8-3.83 Current study
A. schmitti 2:1* - Teopdsio & Masunari (2009)

* Sex ratio statistically different from an 1:1 expected proportion.

Ovigerous females were captured year-round, with a peak
in the colder months (late winter and early spring). Thus, our
data agree with the pattern known for other Brazilian species
of Aegla, where the reproduction is either year-round with peaks
in the colder months (Bueno & Bonxp-Buckur 2000, Covro et al.
2005), or just concentrated in the colder months (Tropdsio &
Masunart 2009, Grasowski et al. 2013), including GB. The fre-
quency of juveniles also follows a similar pattern: juveniles
were captured year-round, being more abundant in the spring
following the peak of the reproductive season (Bueno & Bonp-
Buckur 2000) (Fig. 6). The population structure was bimodal,
with two age groups easily distinguishable in the size-class fre-
quency distribution (Figs 1-4). This is in agreement with infor-
mation for other aeglids, which also show two distinct cohorts
in the population (e.g., Buexo & Bonp-Buckur 2000, Fransozo et
al. 2003).

The density also differed markedly between localities,
being much lower in UB than in GB. In fact, the density of A.
platensis in UB was much more similar to the density of an-
other species, A. franca Schmitt, 1942, in the Barro Preto stream
(Minas Gerais state, Brazil), than to the density of its conspe-
cific in GB (Table V). Even though the capture methods used
by Bueno & Bonp-Buckur (2000) differ from ours, and may have
affected our density results, the difference between both esti-
mates is over 120%. Considering the markedly larger size of
the aeglids in UB, one can expect that their populations will
exhibit lower densities. This is even more likely if we consider
the aggressive nature of aeglids (Ayres-Peres et al. 2011, PALAORO
etal. 2013). In crayfish, spatial patterns investigated in natural
environments show that dominant animals (i.e., the largest)
are more spaced from other crayfish than smaller individuals
(Fero & Moore 2008). Although there are no such studies for
aeglids, their ecological (Burress et al. 2013) and behavioral
(Moore 2007, Avres-Peres et al. 2011) similarities with crayfish,
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along with our results, support the idea of a negative relation-
ship between body size and density in A. platensis.

In general terms, the population structure of UB agrees
with the known pattern for aeglids, presenting sexual dimor-
phism with larger males, a bimodal distribution of the size-
class frequencies, reproduction concentrated in the coldest
months of the year and release of juveniles in the following
season (RocHa et al. 2010, CoueN et al. 2011). When compared
to GB, however, some differences can be highlighted: aeglids
were much larger in UB than GB; the larger aeglids were males
in UB and females in GB; the sex ratio was skewed towards
males in UB, and similar to 1:1 in GB; and population density
values were at least two times higher in GB than in UB. Differ-
ences in these population biology characteristics can also be a
result of different environmental pressures. Bucker et al. (2008)
have shown that the spatial micro distribution of A. platensis
and A. itacolomiensis Bond-Buckup & Buckup, 1994 are corre-
lated with the availability of coarse organic matter: the distri-
bution of A. platensis was explained by the availability of twigs,
followed by fragmented leaves, while the distribution of A.
itacolomiensis was explained by fragmented leaves, followed by
twigs. However, Buexo & Bonp-Buckur (2000) do not present
any environmental variable other than temperature. Further-
more, Bucker ef al. (2008) make a much more detailed surveil-
lance of environmental variables, but do not provide any data
regarding the size, density, or other population biology pa-
rameters.

The only similarities between UB and GB were the bimo-
dal population structure and the reproduction peak on the colder
months (Table V). Nevertheless, these characteristics are shared
by most Aegla species studied so far (e.g., Fransozo et al. 2003,
GoncaLves et al. 2006, Teoposio & Masunart 2009), and thus, can-
not be considered a species-specific characteristic. Conversely,
the maximum size, sexual dimorphism, sex ratio and popula-
tion density clearly differed between the two populations. Al-
beit variation in population parameters is expected, and
sampling methods can bias the results, the differences between
UB and GB are very marked, eventually presenting differences
of over 100% in certain values. If we consider the geographical
isolation between the two river basins (Schwarzsorp 2010), along-
side the evidences for ecological differences, it becomes clear
that molecular studies might be the best choice to elucidate if
this is a case of ecological differences between populations, or if
this a case of cryptic species (MarcHIORI et al. 2014).

The variety of methods employed by researchers is by
far the greatest obstacle to reliable comparisons between popu-
lation studies on Aegla. More specifically, the choice of the
capture method (baited traps, manual search, handnet, Surber
sampler, or any combination of these) seems to bias the re-
sults. A clear example can be seen in Table VI. The four studies
of Aegla where the sex ratio differed significantly from 1:1 were
the ones that employed traps, with the three with the more
skewed sex ratios being those that relied solely on traps as the
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sampling method. This issue has already been addressed by
previous authors (e.g., Bueno et al. 2007, Grasowski et al. 2013).
Despite this, there is still no consensus among researchers on
the best methods.

In conclusion, A. platensis presented marked differences
from one population to another. These differences can be at-
tributed partially to the different sampling methods used by
different authors. These differences, along with isolation be-
tween the two river basins, suggest that molecular studies are
needed to elucidate the taxonomic status of the populations
of this species. The only similarities between the populations
were common to many Aegla species, which highlights the need
of a standardized technique to perform population studies in
these anomurans, so that more reliable and less speculative
comparisons can be made.
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