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ABSTRACT

Temporary pools are freshwater bodies of significant interest due to their high
species diversity, and the colonization and extinction processes observed at
temporal scales. The aim of the present study was to perform a short-term
ecological comparison in a group of shallow temporary pools in northern
Chilean Patagonia in two periods, August and September 2018. The results
revealed marked differences in terms of species richness in the study pools
at different conductivities and chlorophyll a concentrations. The dominant
species was the calanoid copepod Boeckella gracilis Daday, 1902, while the
presence of the rare Anostracan Branchinecta rocaensis Cohen, 1982 was
reported in conditions of low chlorophyll a and low conductivity. The
community was studied using co-occurrence null models that revealed the
absence of structured patterns in species associations, and the presence of
niche overlap, with many repeated species that have a similar ecological
niche. The present results are identical with observations from temporary
pools in southern Chilean Patagonia.
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INTRODUCTION

Temporary pools are interesting ecosystems due
to their high species richness (Spencer et al., 1999;
Schwartz and Jenkins, 2000), and to the population
mechanismsinvolved in these ecosystems, specifically
local colonization and extinction processes (Eitam et
al.,2004a; 2004b). This is because the reproduction of
the species that inhabit the pools is based on dormant
eggs that lie latent during the dry period (Takhur
and Pardhi, 2018; Serra et al., 2019). Associated
with these reproductive behaviors is the added
complexity of metapopulation and metacommunity
dynamics, since each pool is an independent unit
with individual exchange due to migration, extinction
and colonization processes (Rojas-Castro and Araya-
Cris6stomo, 2019), and simultaneous genetic selection
of individuals (Norambuena et al., 2019).

Temporary pools are associated mainly with
regular seasonal events, for example, some originate
from rainy periods in flood zones close to rivers, or
flood zones in lowland sites after rain, or even due
to snow melt. When pools are present, they have
high alpha diversity because many of the species
that inhabit them produce diapause eggs, with high
dispersion and colonization abilities (Schwartz and
Jenkins, 2000; Alekseev, 2007a; 2007b; Alekseev et
al.,2007; Meland et al., 2019; Raza and Sharip, 2019;
Sun et al., 2019). These ecosystems are important
for the study of conservation procedures (Eitam et
al., 2004a; 2004b) because interactions occur with
associated fauna, for example aquatic birds that use
the pools for nesting and feeding, and the presence
of these birds enhances the dispersion capacity of
dormant eggs (Green et al., 2005).

In Chile, the presence of temporary pools in
Patagonia (38-53°S) is reported mainly during the
southern late winter or early spring, specifically
August to September. Pools studied on the southern
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Patagonian plains (46-53°S) originate from snow
melt (De los Rios-Escalante et al., 2018); however,
in the mountainous zones of northern Patagonia
(38°S; De los Rios and Roa, 2010), or in coastal
zones at the same latitude, they are due to winter
rains (De los Rios-Escalante and Carrefio, 2018).
The aim of the present study was to carry out the first
short-term comparisons of richness, abundance and
species composition among crustaceans, using null
models (species co-occurrence and niche overlap), in
northern Patagonian coastal temporary pools during
two different periods.

MATERIAL AND METHODS

Study site

The study site is an area called Puaucho dunes,
located on the sandy coast of the Araucania Region,
northern Chilean Patagonia (38°S). The site has
numerous temporary shallow pools present between
early June and late September, approximately during
the rainy period; they are absent (due to the absence
of rain) during the rest of the year (De los Rios-
Escalante, 2018; Fig. 1). The site was visited in the
middle of August and middle of September. Water
temperature, conductivity and total dissolved solids
were measured in situ using a Hanna sensor HI98130;
chlorophyll a was measured in the laboratory using
acetone pigment extraction (Strickland and Parsons,
1972), and zooplankton was collected by filtering a
volume of 10 L with a screen of 100 pym mesh size. The
samples were fully screened to avoid underestimating
species richness and abundance (Soto and De los Rios,
2006; De los Rios-Escalante, 2018). The specimens
collected were fixed in absolute ethanol (70 %),
identified according to specialized literature (Araya
and Zuniga, 1985; Reid, 1985; Bayly, 1992; Gonzalez,
2003) and quantified in the laboratory.
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Figure 1. Aerial photograph of study site. A: Winter (August,
2018); B: Summer ( January, 2018).

Data analysis

As a first step, a niche overlap analysis was
performed using an individual matrix in which
rows and columns represented species and pools,
respectively. This matrix was used to testif the niche
overlap differed significantly from the corresponding
value under the null hypothesis (random assemblage).
These analyses were applied to the data and were
based on the Pianka index (Gotelli and Ellison, 2013).
This model shows the probability of niche sharing
compared to the niche overlap of a theoretically
simulated community (Gotelli and Ellison, 2013). The
niche amplitude can either be retained or reshuffled;
when it is retained it preserves the specialization
of each species, whereas when it is reshuffled, it
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covers a wide utilization gradient of specialization.
Furthermore, zero occurrence in the observed matrix
can be maintained or omitted. In the present study, we
used the RA3 algorithm (Gotelli and Ellison, 2013;
Carvajal-Quintero et al., 2015), which retains the
amplitude and reshuffles the zero conditions (Gotelli
and Ellison, 2013). This null model analysis was
carried out using the R software (R Development
Core Team, 2009) and the EcosimR package (Gotelli
and Ellison, 2013; Carvajal-Quintero et al., 2015).

As a second step, a species presence/absence
matrix was constructed, with the species in rows
and the pools in columns. From this matrix we
calculated a Checkerboard score (“C-score”), which
is a quantitative index of occurrence that measures the
extent to which species co-occur less frequently than
expected by chance (Gotelli, 2000). A community
is structured by competition when the C-score is
significantly larger than expected by chance (Gotelli,
2000; Tondoh, 2006; Tiho and Josens, 2007). Lastly,
we compared the co-occurrence patterns with null
expectations via simulation. Gotelliand Ellison (2013)
suggest using the statistical null model Fixed-Fixed,
as in this model, the row and column sums of the
matrix are preserved. Thus, each random community
contains the same number of species as the original
community (fixed column), and each species occurs
with the same frequency asin the original community
(fixed row). The null model analyses were likewise
performed using the R software (R Development Core
Team, 2009) and the EcosimR package (Gotelli and
Ellison, 2013; Carvajal-Quintero et al., 2015).

As athird step, aredundancy analysis was applied
to the study variables — conductivity, total dissolved
solids, chlorophyll a concentration, water temperature,
and species abundance of zooplankton - in order
to determine the importance of these variables
for classifying the study pools. This analysis was
performed using the R software (R Development
Core Team, 2009). A matrix correlation analysis was
carried out to determine the associations between the
study variables, using parametric Pearson correlation
coefficient, after verification of normality and
homoscedasticity conditions. The software packages
used were Hmisc R (Harrell, 2016), ade4 (Dray et al.,
2020) and Vegan (Oksanen et al., 2019).
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ResuLts

The studysite included five pools during the August
sampling and ten pools in September; this variation
was due to the late occurrence of the rainy season. The
samples presented low conductivity, total dissolved
solids (TDS) and chlorophyll a concentrations, and
arelatively low number of species (2—5) with marked
dominance of the calanoid copepod Boeckella gracilis
(Daday, 1902), and ostracods of the genus Cypris O.F.
Miiller, 1776 (Tab. 1); perhaps the most remarkable
feature was the presence of the anostracan Branchinecta
rocaensis Cohen, 1982, in one pool (Tab. 1).

The results of the null model analysis revealed that
there was no niche sharing between the species, and
consequently no interspecific competition (Observed
index = 0.190; Mean index = 0.136; Variance of
simulated index = 0.001; P= 0.101); meanwhile the
null model species association revealed that the species
associations were random (Observed index = 3.607;
Mean index = 3.311; Variance of simulated index =

0.032; P=0.057), due to the presence of many repeated
species in many pools.

The correlation matrix shows direct significant
association of TDS with conductivity, TDS with Bo.
gracilis, TDS with Ceriodaphnia dubia Richard, 1894,
conductivity with Bo. gracilis, conductivity with C.
dubia, pH with Daphnia O.F. Miiller, 1785 and pH
with Br. rocaensis and significant inverse associations
were found for chlorophyll a with pH, and Simocephalus
Schoedler, 1858 with Daphnia sp. (Tab. 2). The
redundancy analysis results revealed that the main
contributor variables for axis 1 were total dissolved
solids, conductivity, and Bo. gracilis, whereas the main
contributor variables for axis 2 were temperature and
chlorophyll a, Bo. gracilis and Cypris sp. (Tab. 3).

The redundancy analysis results revealed that
pools 1;2; 3; 4; 8; 10; 13; 14; 15 contained low abiotic
and biotic levels, whereas pool 5 had high pH and
abundance of Cypris sp., and pools 7 and 12 had high
abundance of Bo. gracilis and high conductivity and
TDS values (Fig. 2).

Table 1. Date of sampling, temperature, total dissolved solids (TDS), conductivity, crustacean species abundances (ind./L) for

study pools.
Site P1 P2 P3 P4 PS5 P6 P7 P8 P9 PO P11 P12 P13 Pl4 PIS
Sampling date Aug-18 Aug-18 Aug-18 Aug-18 Aug-18 Oct-18 Oct-18 Oct-18 Oct-18 Oct-18 Oct-18 Oct-18 Oct-18 Oct-18 Oct-18
Temperature °C) 170 135 130 154 134 146 153 135 137 131 138 131 200 181 173
TDS (mg/L) 005 011 011 009 008 018 025 018 014 010 011 015 014 008 020
Ccrfl;d“““”ty S/ 013 023 023 017 017 035 050 036 028 019 023 030 026 017 040
pH 9.00 647 711 725 780 807 797 758 779 757 725 673 696 664  7.88
(Cp};;)ligphyu ! 43 149 55 88 46 381 385 373 704 707 720 414 412 707 410
Branchinecta
rocaensis 001 000 000 000 000 000 000 000 000 000 000 000 000 000 000
Cohen, 1982
Daphnia O.F. 025 000 000 000 000 000 000 000 000 000 000 000 000 000 000
Miiller, 1785
Ceriodaphnia dubia o 00 500 000 000 001 2956 3867 001 889 000 022 001 222 044 067
Richard, 1894
Simocephalus 000 000 000 000 000 000 000 000 000 000 011 000 01l 000 0.1
Schoedler, 1858
8 »

oeckella gracilis 001 025 000 7.50 2500 29.56 32867 444 2667 000 356 19556 3.89 078 1533
(Daday 1902)
Mesocyclops
araucanus 000 001 001 00l 500 000 644 000 001 000 000 000 011 011 000
Loffler, 1962
Cypris O.F.

! 000 001 100 7.50 16500 0.00 644 444 889 033 133 1222 533 178 4536

Miiller, 1776
Hyalella costera
Gonzdlez and 000 000 00l 000 00l 000 644 011 1778 001 022 1222 256 033 001
Watling, 2001
Taxa number 3 3 2 4 S 2 S 4 S 2 4 4 6 S S
Nauplius, 29: €2021020 4
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Table 2. Correlation matrix for variables considered in the present study, P values in parentheses (P values lower than 0.05 denotes significant correlation).

Sp.number H. costera Cypris M. araucanus  Bo. gracilis Simocephalus C. dubia Daphnia Br. rocaensis Chlorophyll a pH Conductivity TDS
Temperature -0.13 0.13 -0.20 -0.08 -0.33 -0.12 -0.23 -0.05 -0.05 0.51 0.00 -0.05 -0.06
peratu (0.64) (0.64) (0.46) (0.77) (0.23) (0.65) (0.40) (0.86) (0.86) (0.86) (0.06) (0.98) (0.84)
DS 0.23 0.29 0.38 0.14 0.63 0.18 0.68 -0.42 -0.42 0.21 0.10 0.99
(0.40) (0.30) (0.15) (0.61) (0.01) (0.51) (<0.01) (0.11) (0.11) (0.11) (0.44) (0.01)
Conductivit 0.22 0.28 0.39 0.16 0.65 0.16 0.69 -0.37 -0.37 0.19 0.13
onductivity (0.42) (0.30) (0.14) (0.56) (<0.01) (0.56) (<0.01) (0.18) (0.18) (0.18) (0.50)
- -0.13 -0.04 0.15 -0.23 0.06 -0.08 0.35 0.64 0.64 -0.19
P (0.65) (0.89) (0.58) (0.39) (0.82) (0.76) (0.20) (0.01) (<0.01) (<0.01)
Chloronhvll 0.21 0.35 0.04 -0.17 0.04 0.29 0.09 -0.36 -0.36
orophyta (0.44) (0.19) (0.89) (0.54) (0.89) (0.29) (0.74) (0.18) (0.18)
B ) -0.20 -0.14 -0.10 -0.11 -0.13 -0.13 -0.12 1.00
T rocaensis (0.47) (0.63) (0.73) (0.70) (0.65) (0.63) (0.65) (<0.01)
Dahuia -0.20 -0.14 -0.10 -0.11 -0.13 -0.13 -0.12
P (0.47) (0.63) (0.73) (0.73) (0.70) (0.65) (0.63)
C. dubia 0.00 0.22 -0.08 -0.17 0.66 -0.19
‘ (0.99) (0.43) (0.78) (0.78) (0.53) (<0.01)
S ol 0.43 -0.16 0.50 0.23 -0.20
imocephatus (0.10) (0.55) (0.06) (0.06) (0.41)
B i 0.23 0.47 -0.05 -0.16
0. gractis (0.40) (0.07) (0.86) (0.86)
" -0.01 -0.19 0.59
- araucanus (0.95) (0.50) (0.02)
Copri 0.24 -0.15
Ypris (0.39) (0.60)
H. costera (gii)

Nauplius, 29: 2021020 5
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Figure 2. Redundancy analysis results for data obtained in the
present study.

Discussion

The results denoted the low number of species in
the study pools (two to six species). This is similar
to observations of shallow temporary pools in central
Patagonia caused by snow melting during late winter
and early spring, i.e., between August and October (De
los Rios et al., 2018). Although the classic literature on
temporary pools denotes high numbers of crustacean
species, up to seven or eight species, this richness is
based on northern hemisphere references (Spencer
et al., 1999; Schwartz and Jenkins, 2000; Meland et
al., 2019; Razak and Sharip, 2019; Sun et al., 2019).
In spite of these differences, the literature about
southern Patagonian inland waters revealed that the
number of crustacean zooplankton species is higher
in shallow temporary and permanent pools than in
lakes (Soto et al., 1994; Menu-Marque et al., 2000).

Nauplius, 29: €2021020

Table 3. Redundancy analysis for variables considered in the
present study.

Environmental variables

RDA1 RDA2
Temperature -0.1375 0.5674
TDS 0.9406 0.1433
Conductivity 0.9675 0.1136
pH 0.0896 -0.3431
Chlorophyll a 0.0862 0.8203

Biotic variables

RDA1 RDA2
Branchinectidae
Branchinecta sp. -0.0001 -0.0001
Daphniidae
Daphnia sp. -0.0039 -0.0031
Ceriodaphnia dubia 1.1449 -0.0128
Simocephalus sp. 0.0006 0.0043
Centropagidae
Boeckella gracilis 11.9842 -0.3998
Cyclopidae
Mesocyclops araucanus 0.1498 -0.0095
Cyprididae
Cypris sp. -1.4882 -3.2085
Hyalellidae
Hyalella costera 0.2767 0.1780

These species numbers observed in shallow temporary
pools in southern Patagonian are similar to the results
of observations on sub-Antarctic islands (Diaz et al.,
2019).

The presence of the calanoid Bo. gracilis agrees with
the classic literature on South American inland waters
which report the dominance of the genus Boeckella
Guerne and Richard, 1889, because this species is
more tolerant of oligotrophy and high conductivity
in the water than are cladocerans (Soto and De los
Rios, 2006; De los Rios-Escalante, 2010). Although
the conductivity values were low in comparison to
the high conductivity in southern Patagonian pools,
which can reach 4,000-30,000 mS/cm (Soto et al.,
1994; Soto and De los Rios, 2006), in the present site
— just as in southern Patagonian pools — a direct
association was found between conductivity and
calanoid abundance (Soto and De los Rios, 2006).
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In northern Chile, although the mineral content of
inland waters is markedly high, a direct association
can be found between calanoid copepods and salinities
lower than 90 g/L; indeed, this taxon is the exclusive
component at salinities between 5-90 g/L (De los
Rios-Escalante, 2010).

The presence of a representative of the genus
Branchinecta is an interesting finding, as records of
this group in Chile are scarce, mainly in central and
southern Patagonian temporary pools (De los Rios-
Escalante, 2010; De los Rios et al., 2018; Rogers et
al., 2020). The record of this species at the study
site was an important finding for its zoogeography
in Chile. It was reported under conditions of low
chlorophyll a and conductivity, similar to the records
for central and southern Patagonia (De los Rios et al.,
2018). The presence of this genus in temporary pools
would be an important key component, as it is not
only detritivorous but also a potential predator on
small-bodied zooplankton, mainly small copepods
(Horviéth et al., 2013; Lukic et al., 2018). In southern
Patagonia and the sub-Antarctic islands, members of
the genus Branchinecta Verril, 1869 would be mainly
detritivorous (Paggi, 1996; Hawes, 2008; Pociecha,
and Dumont 2008).

On the basis of evidence from the northern
hemisphere, temporary pools have metapopulation
and metacommunity structure and functioning due to
continuouslocal extinction and colonization processes,
and migration brought about by agents such as
migratory water birds that carry dormant eggs (Green
et al., 2005; Ripley and Simovich, 2008; Horvarth et
al., 2013). Calanoid copepods and anostracans also
play akeyrole in these environments (Horvarth et al.,
2013). This information would probably be similar
to observations for southern Patagonian temporary
pools that are feeding and nesting areas for aquatic
birds, with an impact on the zooplankton community
(De los Rios-Escalante, 2010).

In conclusion, the pools evaluated in the present
study would indicate that — in spite of the low species
numbers — these temporary pools present similarities
to their northern hemisphere counterparts, specifically
in the key role of anostracans and copepods, and
probably in their metapopulation and metacommunity
functioning. More detailed ecological studies would be

Nauplius, 29: €2021020

necessary to understand the structure and functioning
of these ecosystems.

ACKNOWLEDGEMENTS

The present study was financed by project
MECESUP UCT 0804, Department of Biological
and Chemical Sciences, and Technical Faculty of
the Catholic University of Temuco. The authors
express their gratitude to M.L,, and S.M.A., for their
valuable comments and suggestions to improve
the manuscript, and to D. Christopher Rogers for
Branchinecta specimen identification.

REFERENCES

Alekseev, V.R. 2007a. Diapause in crustaceans: peculiarities of
induction. p. 29-63. In: V.R. Alekseev; B.T. Stasio and J.J.
Gilbert (eds), Diapause in Aquatic Invertebrates: Theory
and Human Use. Dordtrech, Springer. (Serie Monographiae
Biologicae, 84)

Alekseev, V.R. 2007b. A brief perspective on molecular
mechanisms of diapause in aquatic invertebrates. p. 115-118.
In: V.R. Alekseev; BT. Stasio and J.J. Gilbert (eds), Diapause
in Aquatic Invertebrates: Theory and Human Use. Dordtrech,
Springer. (Serie Monographiae Biologicae, 84)

Alekseev, V.R.; Ravera, O. and De Stasio, B.T. 2007. Introduction
to diapause. p. 3-10. In: V.R. Alekseev; B.T. Stasio and J.J.
Gilbert (eds), Diapause in Aquatic Invertebrates: Theory
and Human Use. Dordtrech, Springer. (Serie Monographiae
Biologicae, 84)

Araya, ].M. and Zuniga L.R. 1985. Manual taxonémico del
zooplancton lacustre de Chile. Boletin Informativo Limnoldgico,
Chile, 8: 1-110.

Bayly, I.LA.E. 1992. Fusion of the genera Boeckella and
Pseudoboeckella and a revision of their species from South
America and subantarctic islands. Revista Chilena de Historia
Natural, 65: 17-63.

Carvajal-Quintero, J.D.; Escobar, E.; Alvarado, F,; Villa-Navarro,
F.A; Jaramillo-Villa, U. and Maldonado-Ocampo, J.A. 2018.
Variation in freshwater fish assemblages along a regional
elevation gradient in the northern Andes, Colombia. Ecology
and Evolution, 5: 2608-2620.

Cohen, R.G. 1982. Notas sobre anostracos neotropicales
(Crustacea). I1. Branchinecta rocaensis sp. nov. Physis (B),
40: 1-13.

Daday, E.V. 1902. Mikroskopische Siisswasserthiere aus

Patagonien, gesammelt von Dr. Filippo Silvestri. Természtrajzi
Fiizetek, 25: 201-310.

De los Rios-Escalante, P. 2010. Crustacean zooplankton
communities in Chilean inland waters. Crustaceana
Monographs, 12: 1-109.

Delos Rios, P.and Roa, G.2010. Crustacean species assemblages
in mountain shallow ponds: Parque Caii (38°S Chile).
Zoologia, Curitiba, 27: 81-86.



http://www.editoraletra1.com.br

Delos Rios-Escalante et al.

Crustaceans in temporary pools (Puaucho, Chile)

Delos Rios, P. and Carrefio, E. 2018. First report of Branchinecta
(Anostraca) in seasonal coastal pools in the Araucania Region
(Puaucho, 39°S, Chile). Crustaceana, 91: 1219-1230.

De los Rios, P.; Figueroa-Munoz, G. and Parra-Coloma, L.
2018. Null models for explaining inland water crustacean
zooplankton communities in Chile. Animal Biology, 68:
161-172.

Diaz, A.; Maturana, C.S.; Boyero, L.; Escalante, PD.L.R.; Tonin,
A.M. and Correa-Araneda, F. 2019. Spatial distribution of
freshwater crustaceans in Antarctic and Subantarctic lakes.
Scientific Reports, 9: 1-8.

Dray, S.; Dufour, A-B. and Thioulouse, J. 2020. Package “ade4”.
Available from: https://cran.r-project.org/web/packages/
ade4/ade4.pdf. Accessed on 15 July 2019.

Eitam, A.; Norena, C. and Blaustein, L., 2004a. Microturbellarian
species richness and community similarity among temporary
pools: relationships with habitats properties. Biodiversity and
Conservation, 13: 2107-2117.

Eitam, A.; Blaustein, L.; Van Damme, K.; Dumont, H.J. and
Martens, K. 2004b. Crustacean species richness in temporary
pools: relationships with habitat traits. Hydrobiologia, 525:
125-130.

Gonzilez, E.R.2003. The freshwater amphipods Hyalella Smith,
1874 in Chile (Crustacea. Amphipoda). Revista Chilena de
Historia Natural, 76: 623-637.

Gonzalez, E.R. and Watling L. 2001. Three new species of Hyalella
from Chile. Hydrobiologia, 464: 175-199.

Gotelli, N.J. 2000. Null model analysis of species co-occurrence
patterns. Ecology, 81: 2606-2621.

Gotelli, N.J. and Ellison, A.M. 2013. EcoSimR 1.00. Available
from: http://www.uvm.edu/~ngotelli/EcoSim/EcoSim.
html. Accessed on 21 November 2019.

Green, A.J,; Sanchez, M.I; Amat, F; Figuerola, J.; Hontoria, F;
Ruiz, O. and Hortas, F. 200S. Dispersal of invasive and native

brine shrimps Artemia (Anostraca) via waterbirds. Limnolology
and Oceanography, 50: 737-742.
Harrell, E.E. 2016. Package “Hmisc”. Available from: https://

cran.r-project.org/web/packages/Hmisc/Hmisc.pdf.
Accessed on 1 December 2019.

Hawes, T.C. 2008. Feeding behaviour in the Antarctic fairy shrimp
Branchinecta gaini. Polar Biology, 31: 1287-1289.

Horvith, Z.; Vad, C.F.; Voros, L. and Boros, E. 2013. The keystone
role of anostracans and copepods in European soda pans
during the spring migration of waterbirds. Freshwater Biology,
58:430-440.

Loffler, H. 1962. Ziir Systematik und Okologie der chilenischen
Stisswasserentomostraken. Beitrage zur Neotropische Fauna,
2:145-222.

Lukic, D.; Horvath, Z.; Vad, C.F. and Ptacnik, R. 2018. Food
spectrum of Branchinecta orientalis — are anostracans
omnivorous top consumers of plankton in temporary waters.
Journal of Plankton Research, 40: 436-44S.

Meland, S.; Gomes, T.; Petersen, K.; Hall, J.; Lund, E.; Kringstad,
A.and Grung, M. 2019. Road related pollutants induced DNA
damage in dragonfly nymphs (Odonata, Anisoptera) living
in highway sedimentation ponds. Scientific Reports, 9: 1-15.

Nauplius, 29: €2021020

Menu-Marque, S.; Morrone, J.J. and Locascio de Mitrovich, C.
2000. Distributional patterns of the South American species
of Boeckella (Copepoda, Centropagidae): a track analysis.
Journal of Crustacean Biology, 20: 262-272.

Norambuena, J.; Farias, J. and De los Rios, P. 2019. The water
flea Daphnia pulex (Cladocera, Daphniidae), a possible
model organism to evaluate aspects of freshwater ecosystems.
Crustaceana, 92: 1415-1426.

Oksanen, J.; Blanchet, EG.; Friendly, M.; Kindt, R.; Legendre,
P.; McGlinn, D.; O’Hara, R.B.; Simpson, G.L.; Solymos, P;
Stevens, M.H.H.; Szoecs, E. and Wagner, H. 2019. Package
“Vegan”. Accessible from: https://cran.r-project.org/web/
packages/vegan/vegan.pdf. Accessed on 15 July 2019.

Paggi, ].C. 2006. Feeding ecology of Branchinecta gaini (Crustacea:
Anostraca) in ponds of South Shetland Islands, Antarctica.
Polar Biology, 16: 13-18.

Pociecha, A. and Dumont, H.J. 2008 Life cycle of Boeckella poppei
Mrézek and Branchinecta gaini Daday (King George Island,
South Shetlands). Polar Biology, 31: 245-248.

R Development Core Team, 2009. R: Alanguage and environment
for statistical computing. R Foundation for Statistical
Computing, Vienna.

Razak, S.B. and Sharip, Z. 2019. Spatio-temporal variation
of zooplankton community structure in tropical urban
waterbodies along trophic and urban gradients. Ecological
Process, 8: 1-12.

Reid, J. 1985. Chave de identificagdo e lista de referéncias
bibliogréficas para as espécies continentais sulamericanas
de vida livre da ordem Cyclopoida (Crustacea, Copepoda).
Boletim de Zoologia, Universidade de Sdo Paulo, 9: 17-143.

Richard, J. 1894. Entomostracés recueillis par M.E., Modigliani
dans le lac Toba (Sumatra). Annali del Museo civico di storia
naturale di Genova,14: 565-578.

Ripley, B.J. and Simovich, M.A. 2008. Species richness on island
in time: variation in ephemeral pond crustacean communities
in relation to habitat duration and size. Hydrobiologia, 617:
181-196.

Rogers, D.C.; Severo-Neto, F.; Vieira Volcan, M.; De los Rios, P.;
Epele, L.B.; Ferreira, A.O. and Rabet, N. 2020. Comments
and records on the large branchiopod Crustacea (Anostraca,
Notostraca, Laevicaudata, Spinicaudata, Cyclestherida) of the
Neotropical and Antarctic bioregions. Studies on Neotropical
Fauna and Environment, 1-25.

Rojas-Castro, H. and Araya-Criséstomo, S. 2019. Medidas de
conservacion ex situ: un enfoque metapoblacional a partir
del modelo cldsico de Levins. Gayana, 83: 46-56.

Schwartz, S.S. and Jenkins, D.G. 2000. Temporary aquatic habitats:
constraints and opportunities. Aquatic Ecology, 34: 3-8.
Serra, M.; Garcia-Réger, E.M.; Ortells, R. and Carmona, M.J.
2019. Cyclically parthenogenetic rotifers and the theories of
population and evolutionary ecology. Limnetica, 38: 67-93.

Soto, D.; Campos, H.; Steffen, W.; Parra, O. and Zuniga, L. 1994.
The Torres del Paine lake district (Chilean Patagonia): a
case of potentially N-limited lakes and ponds. Archiv fur
Hydrobiologie, 99: 181-197.

Soto, D. and De los Rios, P. 2006. Influence of trophic status
and conductivity as regulators of daphnids dominance and



http://www.editoraletra1.com.br
https://cran.r-project.org/web/packages/ade4/ade4.pdf
https://cran.r-project.org/web/packages/ade4/ade4.pdf
http://www.uvm.edu/~ngotelli/EcoSim/EcoSim.html
http://www.uvm.edu/~ngotelli/EcoSim/EcoSim.html
https://cran.r-project.org/web/packages/Hmisc/Hmisc.pdf
https://cran.r-project.org/web/packages/Hmisc/Hmisc.pdf
https://cran.r-project.org/web/packages/vegan/vegan.pdf
https://cran.r-project.org/web/packages/vegan/vegan.pdf

Delos Rios-Escalante et al.

Crustaceans in temporary pools (Puaucho, Chile)

zooplankton assemblages in lakes and ponds of Torres del
Paine National Park. Biologia, Bratislava, 61: 541-546.
Spencer, M.; Blaustein, L.; Schwartz, S.S. and Cohen, J.E. 1999.
Species richness and the proportion of predatory animal
species in temporary freshwater pools: relationships with
habitat size and permanence. Ecological Letters, 2: 157-166.

Strickland, J.D. and Parsons, R. 1972. A practical handbook of
seawater analysis. Fisheries Review Board Canadian Bulletin,
167: 1-310.

Sun, Z.; Sokolova, E.; Brittain, J.E.; Saltveit, S.J.; Rauch, S. and
Meland, S.2019. Impact of environmental factors on aquatic

Nauplius, 29: €2021020

biodiversity in roadside stormwater ponds. Scientific Reports,
9:1-13.

Takhur, P.S. and Pardhi, B.N. 2018. Significant study of dispersal by
freshwater living with reference to ecological and evolutionary

behaviour. Journal of Pharmacology and Phytochemistry, 8:
2107-2111.

Tiho, S. and Josens, G. 2007. Co-occurrence of earthworms in
urban surroundings: a null model analysis of community
structure. European Journal of Soil Biology, 43: 84-90.

Tondoh, J.E. 2006. Seasonal changes in earthworm diversity and

community structure in central Céte d’Ivoire. European Journal
of Soil Biology, 42 (Supplement 1): s334-s340.



http://www.editoraletra1.com.br

	_Hlk64295573
	B036

