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Abstract: Aim: We evaluated zooplankton resting egg banks and active communities 
in five coastal lagoons and in five temporary pools, aiming to compare the active and 
the dormant communities in such environments. As they differ in hydroperiod, we 
expected that pools present richer resting egg banks in comparison to those found in 
lagoons. Methods: Zooplankton community was sampled twice in 2006 (lagoons) and 
in 2010 (pools) and resting egg banks were sampled once in December 2007 (lagoons) 
and in May 2010 (pools). Resting eggs were isolated from the sediment by applying 
the sugar flotation method. Results: In opposition to our expectation, species richness 
in the resting egg banks of pools did not differ from those of lagoons. Additionally, no 
difference was found between the active and the dormant zooplankton communities in 
each water body for both temporary and permanent environments. However, similarity 
between active and dormant communities was greater in permanent environments than 
it was in temporary environments. Conclusions: It seems that the diapause strategy 
observed in certain tropical zooplankton populations cannot be predicted based on the 
awareness of the environment type (permanent or temporary), since hatching cues may 
be species-specific.

Keywords: diapause, resting eggs, temporary pool, tropical zooplankton, coastal lagoon.

Resumo: Objetivo: Neste estudo avaliamos o banco de ovos de resistência e a 
comunidade ativa zooplanctônica de cinco lagoas costeiras permanentes e cinco poças 
temporárias com o intuito de comparar a comunidade ativa e dormente destes ambientes. 
Nós também supomos que, por diferirem no hidroperíodo, bancos de ovos de resistência 
de poças são mais ricos em espécies do que os de lagoas. Métodos: A comunidade 
zooplanctônica foi amostrada em duas ocasiões em 2006 nas lagoas e em 2010 nas poças e 
o banco de ovos de resistência foi amostrado em dezembro de 2007 nas lagoas e em maio 
de 2010 nas poças. Resultados: Ao contrário de nossas expectativas, a riqueza do banco 
de ovos das poças não foi diferente das lagoas. Além disso, nenhuma diferença estatística 
na composição de espécies foi encontrada entre as comunidades ativa e dormente de 
um mesmo corpo d’água, tanto para ambientes permanentes quanto para temporários. 
Contudo, houve uma maior similaridade entre as comunidades ativas e dormentes dos 
ambientes permanentes do que dos temporários. Conclusões: Nossos resultados permitem 
concluir que ambientes temporários e permanentes não diferem quanto à composição e 
riqueza de espécies de suas comunidades ativas e dormentes. Aparentemente, as estratégias 
de diapausa observadas em zooplâncton tropical não podem ser preditas apenas pelo 
tipo de ambiente (permanentes ou temporários), já que os fatores indutores de diapausa 
podem ser espécie-específicos.

Palavras-chave: diapausa, ovos de resistência, poças temporárias, zooplâncton tropical, 
lagoas costeiras.
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(Wellborn  et  al., 1996), and the production of 
dormant stages is viewed as an adaptation to deal 
with such adversity (García-Roger  et  al., 2005). 
Therefore, the zooplankton populations’ ability to 
recolonize temporary aquatic environments after 
drought events might often depend on recruiting 
organisms from dormant stages (Brock et al., 2003).

According to such aspect, studies on resting 
egg banks are useful for featuring zooplankton 
communities in extreme environments, because 
they contain interesting information files about the 
species’ composition. Moreover, comparative studies 
between temporary and permanent environments 
can expand the knowledge about such systems that 
may be highly associated to each other. Pools can 
act as a source or refuge for colonizers of permanent 
aquatic environments that undergo disturbances 
such as salinisation  -  a common issue in coastal 
lagoons (author’s unpublished data).

Studies assessing resting egg banks in 
tropical systems  -  especially focused on rivers 
and lagoons  -  have substantially increased 
(Brandão  et  al., 2012; Iglesias  et  al., 2011; 
Santangelo  et  al., 2011a, b), but smaller and 
ephemeral environments, such as pools, have been 
scarcely considered. Due to a great variability in the 
hydroperiod, to complexity in the structure and to 
the composition of aquatic macrophytes as well as 
to the absence of top predators (Collinson et al., 
1995, Scheffer et al., 2006), temporary ponds are 
propitious environments for the emergence of 
rare or endemic species (De Meester et al., 2005). 
Several studies have demonstrated how these small 
ecosystems contribute to the regional diversity 
(Oertli  et  al., 2002, Williams  et  al., 2004). The 
current study evaluated resting egg banks and 
active zooplankton communities in five coastal 
lagoons (herein named permanent environments) 
and five temporary pools (herein named temporary 
environments) in order to compare active and 
dormant communities from such environments. 
We expected temporary environments to hold richer 
resting egg banks than those found in permanent 
ones, considering that populations inhabiting 
pools are always facing more adverse periods such 
as desiccation.

2. Material and Methods

2.1. Study area

The current study was performed in five 
permanent coastal lagoons (Cabiúnas, Comprida, 
Carapebus, Garças and Imboassica) and five 
temporary pools (Pools 8, 9, 10, 11 and 12), 
located in the North of the state of Rio de Janeiro 

1. Introduction

Dormancy is one of the most conspicuous 
features among the zooplankton. The deterioration 
of environmental conditions is considered a 
decisive cue for stimulating the production of 
dormant stages (Brendonck and De Meester, 2003). 
Once produced, the resting eggs can accumulate 
and remain viable in the sediments for decades 
until the optimal conditions for hatching are 
recovered (Hairston, 1996; Caceres, 1998), allowing 
zooplankton populations to recolonize the same 
environment with hatchlings. Because not all eggs 
receive the triggers needed to hatch, the remaining 
viable eggs get stored in the sediments, so different 
generations’ overlap may occur (García-Roger et al., 
2006).

Timing is a key aspect for producing dormant 
stages, i.e. when initiating their production. The 
predictability of environmental conditions in aquatic 
systems including the length of the hydroperiod 
(e.g. permanent versus temporary environments) 
may lead the resting egg production cycle to 
meet three main specific patterns. For rotifers, for 
example, hydrologically more stable environments 
such as permanent aquatic waterbodies determine 
the polyphasic pattern prevalence. In such case, 
the resting eggs are produced systematically, but 
in low rates. In contrast to it, depending on the 
frequency of disturbances represented by desiccation 
of temporary waterbodies, the monophasic pattern 
is observed. In this pattern, a large fraction of 
the population has a single pulse for producing 
dormant stages, but a minor part of it keeps the 
parthenogenetic reproduction. Finally, as by the 
bang-bang pattern, the entire population triggers 
a massive resting eggs’ production during a single 
period, and organisms disappear from the water 
column when sudden changes occur (Ricci, 2001). 
Therefore, drastic changes in environmental 
conditions can lead to premature or late changes 
in the prevailing mode of reproduction, reducing 
the contribution of certain genotypes and affecting 
population growth rates (Schröder and Gilbert, 
2004).

In the northern region of the state of Rio de 
Janeiro - Brazil, there is a mosaic of coastal lagoons 
surrounded by several temporary pools that vary 
in their environmental conditions at both spatial 
and temporal scales. Pools and lagoons are very 
different systems regarding physical, chemical and 
ecological aspects, sustaining different zooplankton 
communities in the water column and in the 
resting egg banks. Regarding the zooplankton that 
colonizes these temporary environments, periodic 
droughts are considered a drastic disturbance 
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Table 1 for depth data). Samples were immediately 
fixed with 4% formaldehyde. Zooplankters were 
identified as the lowest possible taxonomic units, 
and were counted either in a Sedgewick-Rafter 
chamber under a microscope (rotifers, nauplii, 
and cladocerans) or in open chambers under a 
stereomicroscope (copepodites and adult copepods). 
The entire samples content was analyzed in order to 
identify rare species.

2.3. Resting egg bank

Aiming to access the resting egg banks, the 
sediment was collected once, in December 2007 (for 
permanent environments) and in May 2010 (for 
temporary environments). The sampling was carried 
out with the aim of an 8 cm diameter sediment 
corer, being the first three centimeters of sediment 
removed, since such fraction corresponds to the 
active resting egg bank (Herzig, 1985; Caceres and 
Hairston, 1998). As lagoons present a larger area 
compared to pools, sediment was collected in the 
former at three different points, creating one single 
sample per lagoon. For the pools, one single sample 
was collected from their central area. After sampling, 
the sediment was kept in a dark plastic bag and 
stored in the dark at room temperature (25-27 °C).

Resting eggs were isolated from the sediment 
soon after sampling by the sugar flotation method 
(Onbé, 1978; Vandekerkhove  et  al., 2004). 
Sediment samples (100 g and 400 g of wet sediment 
for permanent and temporary environments, 

(22° - 22° 30’ S and 41° 15’ – 42° W – Figure 1). 
Except for the Imboassica lagoon, located in the 
urban area of Macaé City, all studied environments 
are located within the boundaries of the Restinga 
de Jurubatiba National Park. These lagoons were 
formed and are maintained by a sandbar which 
dams small coastal rivers’ flow, by upwelling 
groundwater and by rainfall storage. The lagoons 
Cabiúnas, Carapebus and Imboassica are subject 
to sewage discharge and/or temporary openings 
of their sandbar (Caliman et al., 2010), whilst the 
last factor may also lead to salinity increase due to 
hydrological connection with the ocean. On the 
other hand, pools are usually freshwater systems 
formed by rainfall storage, percolating groundwater, 
or eventually lagoon overflow. Throughout the 
drought period, however, these pools can get 
completely dry. All permanent and temporary 
environments are shallow (from 0.5 to 4.0 m) and 
differ in limnological variables, especially in salinity 
(Table 1).

2.2. Zooplankton community

Samples were collected twice in each aquatic 
system, in 2006 (for permanent environments) and 
in 2010 (for temporary environments). The samples 
were collected either by filtering water (collected 
with a bucket - in the case of environments up to 
1 meter depth) through a 50 µm mesh plankton 
net or by directly taking vertical hauls with a 
50 µm plankton net (for deeper environments, see 

Figure 1. Geographical location of the five lagoons in Macaé, Rio de Janeiro (Brasil). 1- Imboassica; 2 - Cabiúnas; 
3 - Comprida; 4 - Carapebus; 5 – Garças.
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in temporary and permanent environments. The 
Simpson’s dissimilarity index is based on data 
presence or absence, but unlike the widely used 
Jaccard index, it is not affected by the samples’ 
species richness (Baselga, 2010). A paired t-test 
using values from the main coordinate of MDS 
was used in order to compare species composition 
between active and dormant communities within 
lagoons and pools.

The rarefaction curves were performed using the 
software EstimateS v. 8.2 (Colwell, 2011), whilst 
MDS was performed in R 2.15.1 (R Development 
Core Team, 2011) using the ‘vegan’ package 
(Oksanen et al., 2011). The paired t-test was carried 
out in StatisticaTM v. 7.0 (StatSoft, 2007).

3. Results

The hatching experiment provided a total of 36 
taxa, 26 of them rotifers, nine cladocerans and one 
calanoid copepod (Table  2). Among rotifers, 15 
taxa were exclusively recorded in pools, showing 
prevalence of the Lecanidae family (11 species). Five 
species of Chydoridae (Cladocera) were also found 
in pools only (Table 2).

Permanent and temporary environments varied 
in regards to the species richness in the resting egg 
bank. Species richness in pools varied from 1 up to 
18 species, while lagoons ranged from 1 up to 11 
species (Figure 2). In general, environments with 
greater species richness in the water column also 
presented greater species richness in the dormant 
form, except for “pool 12”, which presented the 
highest richness in the water column and the poorest 
resting egg bank (one species). The Carapebus 
lagoon was the only environment showing greater 
species richness in the resting egg bank than those 
found in the water column (Figure 2). However, 
rarefaction curves showed no significant differences 

respectively) were centrifuged at 2,700 rpm for 
three minutes. After centrifugation, the supernatant 
was filtered on a 20-µm size mesh net and washed 
with distilled water in order to remove the sugar. 
The concentrated material was incubated in small 
flasks containing 250 mL of an artificial medium 
(modified from Tollrian, 1993), resulting in five 
aquariums for the pools and five for the lagoons. 
The medium had pH values adjusted to 7.0 and 
salinity levels adjusted to 0.1 (freshwater) using 
a commercial sea salt (Sera Premium). Flasks 
were incubated at the temperature of 24 °C and 
photoperiod of 12:12 h light-dark.

Samples were monitored daily, for twenty days. 
The water in each flask and the particles deposited 
on the bottom of it were filtered on a 20-µm size 
mesh net and transferred to a petri dish, from 
which hatched individuals were removed, quantified 
and identified according to the lowest possible 
taxonomic category. The remaining material was put 
back in the flasks to be observed in the following 
day. Such procedure has been successfully used 
before, when resting eggs were hatched from a 
coastal lagoon (Santangelo et al., 2011b).

2.4. Statistical analysis

Rarefaction curves were used in order to 
compare species richness that would be found in a 
given number of individuals in resting egg banks of 
permanent and temporary environments. Therefore, 
we calculated the Mao Tao estimator to compare 
species richness of the ten samples based on random 
sub-sampling (999 randomizations) (Colwell, 
2011). The analysis allows comparing species 
richness among sites (or data) that differ in sample 
size and sampling effort (Gotelli and Colwell, 2001). 
The Metric Multidimensional Scaling (MDS), based 
on Simpson’s dissimilarity index, was used to display 
the active and dormant communities’ structure 

Table 1. Limnological characteristics (mean ± standard deviation) of the studied coastal lagoons and pools according to 
monthly surveys between 2002 and 2008 (Permanent; Caliman et al., 2010) and between 2010 and 2012 (Temporary).

System Hydroperiod Area (km²) Salinity Temperature (°C) Depth (m)
Imboassica Permanent 2.60 3.52 ± 4.22 25.3 ± 2.54 1.36 ± 0.44
Cabiunas Permanent 0.34 1.01 ± 1.60 25.5 ± 2.62 3.26 ± 0.78
Comprida Permanent 0.11 0.13 ± 0.06 25.4 ± 2.66 2.38 ± 0.65

Carapebus Permanent 4.11 5.31 ± 3.72 25.9 ± 2.57 3.20 ± 0.65
Garças Permanent 0.21 31.22 ± 28.75 25.2 ± 2.71 0.85 ± 0.34
Pool 08 Temporary 4,0 × 10–5 0.19 ± 0.10 26.5 ± 4.33 0.51 ± 0.17
Pool 09 Temporary 1,1 × 10–4 0.17 ± 0.11 25.1 ± 4.75 0.14 ± 0.10
Pool 10 Temporary 2,1 × 10–3 1.01 ± 1.57 26.8 ± 4.60 0.30 ± 0.15
Pool 11 Temporary 2,4 × 10–3 7.76 ± 10.60 27.7 ± 5.34 0.22 ± 0.13
Pool 12 Temporary 6,2 × 10–4 0.12 ± 0.04 24.8 ± 4.42 0.09 ± 0.16
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that different cues are necessary in order to induce 
or terminate diapause, even within the same species 
(De Meester and De Jager, 1993; Caceres and 
Tessier, 2004; Gyllström and Hansson, 2004).

Resting egg banks are recognized as presenting 
a greater number of species in comparison 
to active communities (Duggan  et  al., 2002; 
Vandekerkhove et al., 2005; Mergeay et al., 2006). 
However, the current study showed the opposite 
pattern (except for the Carapebus lagoon), no 
matter the environment type. Such pattern might 
be also associated to the necessary cues needed to 
induce or to terminate diapause. It is known that 
not all populations are subjected to the needed 
stimulus to produce resting eggs, as well not all 
eggs found in the sediment are able to perceive the 
triggers that break the dormancy (De Meester and 
De Jager, 1993).

Moreover, different conditions needed for 
hatching under laboratory conditions may lead 
to underestimations of the species richness, since 
eggs seen in the sediment were not identified 
and quantified before the experiment. However, 
several studies have demonstrated that hatching 
experiments isolating resting eggs increase hatching 
success (Vandekerkhove et al., 2004) and they are 
effective when assessing zooplankton diversity. 

between pools and lagoons in the species richness 
of dormant communities (Figure 3).

The MDS grouped active zooplankton 
communities from pools, whilst dormant 
communities were more disperse (Figure  4b). 
A different pattern was observed in permanent 
environments (Figure  4a), where both active 
and dormant communities were located close to 
each other, suggesting that dormant and active 
communities are less variable in permanent lagoons. 
Significant differences in the composition of active 
and dormant communities were not observed for 
any type of system, both temporary (t = 0.54, 
P  =  0.61) and permanent (t = 2.31, P = 0.08) 
environments.

4. Discussion

Our results demonstrated the presence of an 
active resting egg bank in all sampled permanent 
and temporary environments, but the egg banks’ 
structure was not uniform among them. In fact, a 
high variability in resting egg banks has also been 
detected in a set of 26 Brazilian lakes (authors’ 
unpublished data). Variability is likely associated 
to specific cues regarding induction of diapause 
in the field, as well as to different factors for its 
termination. Indeed, previous studies have shown 

Figure  2. Species richness of resting egg banks and active zooplankton community of permanent (Imboassica, 
Cabiúnas, Comprida, Carapebus e Garças) and temporary (Pools 8, 9, 10, 11 and 12) environments. Resting egg 
banks from permanent and temporary systems were sampled in 2007 and 2010, respectively.
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mesocosms and its exposition to natural conditions 
in the field also resulted in lower species richness 
when compared to those observed in the water 
column (authors’ unpublished data). Indeed, several 
studies have shown that resting egg banks are 
relatively impoverished at least in Brazilian inland 
aquatic systems (Crispim and Watanabe, 2001; 
Maia-Barbosa et al., 2003; Panarelli  et al., 2008; 
Santangelo et al., 2011b).

According to  our  resul t s ,  temporary 
environments did not show a higher species 
richness than those found in permanent ones, 
refuting our primary hypothesis. It remains an 
open question: what are the factors responsible 
for diapause induction in tropical systems? At the 
studied tropical environments, temperature and 
photoperiod are probably less important than 
in the temperate ones, once such factors are less 
variable in tropical regions (Crispim and Watanabe, 
2001). Seasonality in tropical aquatic environments 
is probably most closely related to rainfall and 
water level fluctuations, and this includes lentic 
environments of the Neotropical coastal plains. 
For many species, frequent flood and drought 
cycles are considered opportunities for hatching 
and producing resting eggs, especially in species 
with a very short life cycle (Waterkeyn  et  al., 
2011). In fact, resting eggs are commonly found 
in temporary environments and represent an 
important form for populations’ reestablishment 
(De Meester et al., 2002; Brock et al., 2003). The 
temporary environments covered throughout the 
current study suffer drastic water level reductions 
during the dry season, and often get completely dry. 
Water column reduction promotes high densities 
of organisms, which can induce diapause (Ricci, 
2001; Schröder, 2005) and help explaining resting 
egg banks presence in the pools.

On the other hand, it has been reported that 
long-lasting inundation or reduction of the water 
level variability result in less environmental cues that 
are needed to trigger the production of resting eggs 
emergence (Golladay  et  al., 1997; Nielsen  et  al., 
2000). It is important to note, however, that 
variations in the water level may lead to changes 
in several environmental variables that will likely 
stimulate resting eggs production in permanent 
environments. For example, changes in salinity 
might be frequent and intense in coastal lagoons 
(Esteves  et  al., 2008), possibly acting as cues to 
induce diapause, since few freshwater species are 
salt tolerant (Brock and Shiel, 1983; Sarma et al., 
2006; Toruan, 2012). In general, resting eggs 

Figure  3. Species accumulation curves (mean  ±  95% 
CI) of resting egg banks from permanent and tempo-
rary environments based on the number of hatchlings. 
Permanent and temporary systems were sampled in 2007 
and 2010, respectively.

Figure 4. MDS graphic ordination of samples regarding 
the species zooplankton composition of the permanent 
(Figure  A) and temporary environments (Figure  B). 
AC  =  active community; D  =  resting egg banks. 
Permanent and temporary environments were sampled 
in 2007 and 2010, respectively.

Hence, it is possible that resting egg banks 
from the studied lagoons and pools are indeed 
impoverished. The current results corroborate a 
mesocosm experiment performed previously in 
these pools. The incubation of sediment in 100 L 
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