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Abstract Little effort has been devoted to charac-

terizing the resting egg banks in tropical lakes. In this

study, we evaluated the structure of egg banks across

26 Brazilian lakes located in four geographical

regions. We also evaluated cross-taxon concordance

in species richness and community similarity between

dormant rotifers and dormant cladocerans, and

searched for concordant patterns between dormant

and active communities. We observed 88 taxa among

all the hatchlings that belonged mainly to rotifers and

cladocerans. Lakes located in the same geographical

region displayed more similar dormant communities.

Overall, no concordance was observed between

dormant rotifers and dormant cladocerans. Concor-

dance in community similarity was observed between

dormant and active organisms but only for rotifers and

the entire zooplankton community. Resting egg banks

were not associated to a set of environmental

variables. Our results demonstrate the occurrence of

resting egg banks in several tropical lakes. Due to the

weak concordant patterns, rotifers or cladocerans

found in egg banks should be used cautiously as a

surrogate of the other group in zooplankton surveys.

Finally, the lack of strong concordance between the

active and dormant stages of cladocerans suggests that

some species may not receive appropriate cues to

induce diapause.
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Introduction

Lake zooplankton is commonly observed in two

distinct life stages. Active stages colonize the open

water and predominate under favorable conditions for

their survival and reproduction. On the other hand,

under harsh environmental conditions, a dormant

stage is produced by active organisms (Gyllstrom &

Hansson, 2004 and references therein; Alekseev et al.,

2007). In lakes and other aquatic systems, diapause

prevails over other dormancy strategies and results in

the production of a resting egg. Diapause is recognized

for several rotifers, branchiopods, calanoid copepods,

and ostracods (May, 1986; Destasio, 1989; Waterkeyn

et al., 2009), while quiescence is observed in bdelloid

rotifers and cyclopoid copepods (Ricci, 2001; Frisch,

2002).

Organisms rely on environmental cues to initiate

and terminate diapause at the appropriate times.

However, not all resting eggs receive the necessary

hatching cues in the next growing season and thus

accumulate in the sediment (Destasio, 1989). Resting

eggs accumulated in the sediment combine to form a

persistent resting egg bank where they can remain

viable for several years, decades, and even centuries

(Hairston et al., 1995; Hairston, 1996). Resting egg

banks have myriad ecological and evolutionary con-

sequences for zooplankton, including temporal dis-

persal, maintenance of genetic diversity, and easier

dispersal to and colonization of new habitats (Bilton

et al., 2001; Brendonck & De Meester, 2003;

Gyllstrom & Hansson, 2004).

The resting egg bank provides an alternative

technique to assess local zooplankton diversity

(May, 1986). Depending on lake features, sampling

the resting egg bank instead of the open water

community is easier, cheaper and faster (Duggan

et al., 2002; Vandekerkhove et al., 2005b; Garcia-

Roger et al., 2008) while still providing feasible data

on zooplankton composition. Indeed, some studies

have compared the community composition and

species richness of rotifers or cladocerans obtained

by sampling both the open water and the resting egg

bank (Vandekerkhove et al., 2005b; Vandekerkhove

et al., 2005c; Garcia-Roger et al., 2008). Overall, the

aforementioned studies demonstrated a great overlap

in the species list obtained by the two methods, but

some species were found exclusively using only one of

the two approaches.

Despite inhabiting the same environment, dormant

rotifers and dormant cladocerans have never been

considered together in the same study when evaluating

additional, more recently developed community patterns

such as cross-taxon concordance. Cross-taxon concor-

dance refers to the strength and significance of correlation

in assemblage-level biodiversity measures between

taxonomic groups across a set of sites (Heino, 2010).

This concept has been particularly used in conservation

approaches aiming to find high biodiversity spots by

sampling a few communities (Lopes et al., 2011;

Fattorini et al., 2012; Tisseuil et al., 2013). In resting

egg banks, cross-taxon concordance would imply that

species richness and community composition are similar

in a set of sites for both dormant rotifers and dormant

cladocerans. If complete surveys of dormant rotifers and

cladocerans can be obtained using resting egg banks, then

finding cross-taxon concordance patterns in species

richness and community similarity could make one

group a surrogate for another (Heino, 2010).

In addition, because most zooplankton might occur

in the open water and in the sediment (resting eggs)

compartments, concordance between active and dor-

mant stages might exist, indicating that species

richness and community composition are similar in a

set of sites for both dormant and active organisms. This

type of concordance could be expected because active

and dormant communities have reciprocal influences

on each other (Hairston et al., 2000; Gyllstrom &

Hansson, 2004). Finding similar community patterns

between dormant and active zooplankton would also

allow for a more appropriate use of the resting egg

bank as a surrogate for the identification of highly

diverse zooplankton communities.

Brazil has different types of aquatic systems,

ranging from coastal wetlands to river floodplains,

periodically flooded forests and savannas (Junk et al.,

2014). In this study, we evaluated the dormant and the

open water zooplankton communities of 26 Brazilian

lakes located in four geographical regions, encom-

passing coastal lakes, floodplain lakes, and upland

lakes. We determined the abundance (number of

hatchlings), composition and species richness of

resting egg banks, and the composition and species

richness of active communities. More importantly,

because diapause is commonly adopted by many

zooplankters, we expected that the species richness

and community similarity of dormant rotifers and
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dormant cladocerans would be concordant. In addi-

tion, due to the previously established similarities

between resting egg banks and open water communi-

ties (Vandekerkhove et al., 2005c; Garcia-Roger et al.,

2008), we predicted that the species richness and

community similarity between dormant and active

organisms would also be concordant. Finally, we

assessed the role of some environmental variables on

the composition of resting egg banks. Using this

approach, we may better evaluate the role of resting

egg banks in assessing zooplankton diversity.

Methods

Sampled lakes

We sampled 26 lakes from four geographical regions

in Brazil to evaluate the abundance (number of

hatchlings), species richness and composition of

resting egg banks. Six upland lakes were sampled in

Serra dos Carajás (Amazon region, northern Brazil).

Nine floodplain lakes and six floodplain lakes were

sampled in the Trombetas River (Amazon River basin,

northern Brazil) and at the upper Paraná River (Paraná

River basin, southern Brazil), respectively. Finally,

five coastal lakes were sampled in southeast Brazil.

The prevailing limnological features and zooplankton

communities in lakes from the four geographical

regions are described elsewhere for the Amazonian

upland lakes (Lopes et al., 2011), Trombetas River

floodplain lakes (Bozelli, 1992; Thomaz et al., 2007),

upper Paraná River floodplain lakes (Simões et al.,

2013), and coastal lakes (Santangelo et al., 2007;

Caliman et al., 2010).

Resting egg bank sampling and hatching procedure

Sediment sampling was carried out at the 26 lakes in

December 2007 or September 2008 (upper Paraná

River). We adopted a single-survey (snapshot) ap-

proach to test our hypothesis for two main reasons.

First, the season when resting eggs are produced most

intensively in the tropics remains unknown. In addi-

tion, a fraction of the resting eggs produced do not

hatch in the next growing season (Destasio, 1990) and

thus accumulate in the sediment.

Sediment was sampled in three random stations at

each lake with an 8-cm diameter sediment corer. Only

the top 3 cm, i.e., the active egg bank, was retained

(Caceres & Hairston, 1998). Sediment at the sampling

sites was predominantly silt and clay, and the oxygen

concentration at the time of sampling was above

3 mg l-1 at all sampled lakes. Sediment samples were

stored in individual plastic bags and maintained under

room temperature and dark conditions for 2 months

before use. Sediment samples were kept wet for two

main reasons. First, most of the systems we sampled

never dry up completely. This is observed for coastal

lakes and floodplain lakes. Additionally, there is

evidence that drying up the sediments of permanent

lakes reduces the hatching rate of zooplankton (San-

tangelo et al., 2011a).

For hatching experiments, a 100 g sample of wet

sediment from each of the three stations within a lake

was mixed to create a single (300 g weight) sediment

sample. From this mixed sample, 100 g of wet

sediment was used to isolate the resting eggs. Resting

eggs were isolated using the sugar flotation method

(Onbe, 1978; Vandekerkhove et al., 2004). The

sediment/sugar mixture was centrifuged in 50 ml

tubes for 3 min at 3000 rpm. After centrifugation, all

supernatant was filtered through a 20-lm mesh size

net and washed with distilled water to remove the

sugar. For each lake, all supernatants where resting

eggs accumulate after centrifugation were incubated

in small flasks with 250 ml of an artificial media

(Tollrian, 1993). Flasks were kept under 24 �C in a

12:12 h light:dark cycle for 20 days.

Hatching was determined every other day. For

hatchling quantification, all the water content in a flask

was filtered in a 20-lm mesh size net, and the retained

material was observed under a stereomicroscope in

Petri dishes (Santangelo et al., 2011a, 2014). Active

zooplankton organisms were removed, quantified and

identified to the lowest taxonomic unit (Koste, 1978;

Elmoor-Loureiro, 1997). The remaining material was

returned to the original flasks. Calanoid nauplii were

considered as different species within each geo-

graphical region due to the limited latitudinal distri-

bution of Calanoid in Brazil (Matsumura-Tundisi,

1986).

Open water zooplankton and limnological

variables sampling and analyses

The open water zooplankton of 25 lakes was sampled

using a 50-lm mesh plankton net in 2007 (or in 2008
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for the upper Paraná River lakes) to compare it to the

dormant community. Sampling was carried out at one

station in two distinct phases: summer and winter for

coastal and upland lakes; and low- and high-water

phases for floodplain lakes. This approach aimed to

encompass the highest variability in zooplankton

communities.

Samples were preserved in 4 % formalin solution.

In the laboratory, samples were scanned to look for all

species in open chambers under a stereomicroscope.

Species richness and composition were determined.

Data obtained from the two samples of the active

community in each lake were merged into a single

dataset for each sampled lake. Calanoid copepods

were counted as a single species in each lake because

we were not able to identify hatched nauplii from the

resting egg banks at the species level. Usually, no

more than two Calanoid species are found in the

samples from the studied lakes. Cyclopoid copepods

were not considered, as they are not able to produce

resting eggs (Dussart & Defaye, 2001). One lake from

the Trombetas River could not be sampled for the

active community.

Additionally to zooplankton sampling, water from

each lake was analyzed for total phosphorus, total

nitrogen and chlorophyll a content. In the field, depth,

Secchi depth, temperature, dissolved oxygen satura-

tion, and conductivity were also measured. Details of

the methods employed for the determination of these

environmental variables are indicated in Lopes et al.

(2014). Additionally, lakes were analyzed for their

area, hydrological isolation and permanency. Three

lakes from the Trombetas River could not be sampled

for the environmental variables.

Statistical analyses

Firstly, the relationship between environmental vari-

ables from all lake systems was identified by means of

multivariate principal component analysis (PCA).

This approach aimed to find groups of lakes with

similar environmental features that could help to

explain patterns of community concordance. PCA

analysis was performed with PC-ORDTM 5.0 software

(McCune & Mefford, 1999). All data, except pH, was

log10(x ? 1) transformed before analysis. Hydro-

logical isolation and permanency were used as dummy

variables with two levels (connected vs. isolated;

temporary 9 permanent lake systems).

Hatching results were initially compared for hatch-

ling abundance and species richness. Because PCA

analysis grouped most lakes belonging to a given

geographical area, we used the origin region of the

lakes as the grouping variable and abundance and

species richness as the response variables. Abundance

was compared with one-way ANOVA in GraphPad

Prism 5.0 software using log10-transformed data to

meet the assumptions of normal distribution and

homogeneity of variances. Species richness was

compared with individual-based rarefaction curves

using 95 % confidence intervals plotted as error bars

to infer significant differences among regions (Gotelli

& Colwell, 2001) using the program Estimates 8.0

(Colwell, 2005). Rarefaction curves calculate the

expected number of species in a random subsample

of individuals and compare it to the number of species

observed in the less-sampled areas. Because few

hatchlings were observed in the upper Paraná River

and coastal lakes, a comparison of species richness

was performed only between the Amazonian upland

(Carajás) lakes and the Trombetas River lakes.

Community structure hatching from the resting egg

banks was compared with multivariate analysis per-

formed with PC-ORDTM 5.0 software. Multi-response

permutation procedures (MRPP) was applied to deter-

mine differences in community structure among dif-

ferent geographical regions. MRPP analysis provides a

descriptor (statistic A) of within-group homogeneity

compared to the random expectation (McCune &

Mefford, 1999). More specifically, when all items are

identical within groups, then A = 1, the highest

possible value for A. If heterogeneity within groups

equals expectation by chance, thenA = 0. On the other

hand, if there is less agreement within groups than

expected by chance, then A\ 0. A corrected a was

used, according to Bonferroni’s procedure for multiple

comparisons (corrected a = 0.05/6 = 0.008). In ad-

dition, non-metric multidimensional scaling (NMDS)

based on a Bray–Curtis similarity matrix was used to

display community data.

Mainly, we evaluated concordance patterns in

species richness and community similarity between

(1) dormant rotifers and dormant cladocerans and (2)

dormant and active organisms (for rotifers only, for

cladocerans only and for the entire community). These

analyses were performed for all 26 sampled lakes

combined and for each individual geographical

dataset. Concordance patterns in species richness
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were tested with Spearman’s correlation using Graph-

Pad Prism 5.0. Concordance in community similarity

between dormant rotifers and dormant cladocerans

was tested with Mantel tests using both Bray–Curtis

(based on log-transformed abundance data) and Jac-

card indexes. Community similarity concordance

between dormant and active stages was tested using

only the Jaccard index. These are the basic approaches

used to test for cross-taxon concordance (Heino,

2010).

Finally, in order to evaluate and compare the

associations between environmental variables and

geographical distances on the composition of dormant

and active zooplankton communities, Mantel tests

were performed between the zooplankton (for rotifers

only, for cladocerans only and for the entire commu-

nity) and the environmental data, and between the

zooplankton and the geographical position of lakes.

Environmental and geographical matrices were con-

structed using Euclidean distances. Before these

calculations, environmental variables were standard-

ized to a mean of zero and unit variance. The

significance of the relationship between two similarity

matrices or between environmental and geographical

matrices were based on a permutation test with 9999

runs using PC-ORDTM 5.0 software. Results were

considered significant when P\ 0.05.

Results

Environmental variables

The lakes belonging to different geographic regions

varied in some environmental variables (Table 1) and

the PCA analysis indicated what variables were more

important for differentiating and grouping the lakes.

The first two components of PCA analysis explained

31.2 and 28.3 % of data variation, respectively.

Component 1 was correlated negatively with area,

depth and permanence but positively with total

nitrogen. Component 2 was correlated negatively with

total phosphorus and chlorophyll a content but

positively with conductivity (see the Online Resource

1 for the results of PCA analysis). Overall, the PCA

analysis grouped the lakes belonging to the same

geographical region. Lakes belonging to the Trombe-

tas river were correlated negatively to Component 1,

while Carajás lakes were correlated positively to

Component 1. On the other hand, coastal lakes were

correlated positively to component 2. Paraná lakes did

not display strong correlations to any axes.

Abundance, species richness, and composition

of the resting egg banks

During the experiment, 1525 individuals from 88 taxa

hatched from the resting egg banks. Both the abun-

dance and species richness displayed a high variability

in the resting egg bank within and among geo-

graphical regions (Fig. 1). The abundance of hatch-

lings ranged from 1 to 294 (median = 30) in 100 g of

wet sediment, and the differences were marginally

significant among regions (ANOVA, P = 0.06,

df = 3, F = 2.88). The species richness ranged from

1 to 18 (median = 7). The rarefaction curves revealed

no differences in the species richness between the

Amazonian upland (Carajás) and Trombetas flood-

plain lakes (Fig. 2).

The hatchlings were identified as rotifers, clado-

cerans, calanoid copepods, ostracods, and anostracans

(see the Online Resource 2 for a list of the observed

dormant and active species). Cyclopoid copepods

were not observed in the sediment of any lake. Rotifers

were the most diverse group (62 species), followed by

cladocerans (23 species). Rotifers and cladocerans

also displayed a greater relative contribution to the

species richness and abundance in the four geo-

graphical regions, except in Carajás where copepods

were more abundant than cladocerans (Fig. 3). The

most abundant and species-rich rotifer families were

Brachionidae, Lecanidae, and Trichocercidae. For

cladocerans, Chydoridae, and Sididae were the most

common families. Calanoid nauplii and ostracods

were restricted to Amazonian upland and coastal

lakes. Anostracans were observed exclusively in

Amazonian upland lakes (Fig. 3). Rotifers and clado-

cerans were observed in all geographical regions, but

eventually rotifers or cladocerans were absent from

individual lakes of a given geographical region.

The community structure (based on hatchlings) in

the resting egg banks differed significantly between

the four regions analyzed (MRPP analysis, A value

varied from 0.17 to 0.28, P\ 0.008 for all combina-

tions). This difference in species composition was also

revealed by the NMDS ordination (Fig. 4).
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Concordance patterns between resting egg banks

of rotifers and cladocerans

When all the lakes were considered together, species

richness in the resting egg bank was concordant

between rotifers and cladocerans (rSpearman = 0.41,

P = 0.03, n = 26) (Table 2), i.e., the resting egg

banks with more rotifer species also exhibited more

cladoceran species. However, distance matrices of

dormant rotifers and dormant cladocerans were only

marginally correlated to each other irrespective of the

index used and displayed low correlation coefficients

(rMantel for Bray–Curtis index = 0.17, P = 0.06;

rMantel for Jaccard index = 0.18, P = 0.06) (Table 2).

When the geographical datasets were individually

analyzed, species richness in the resting egg banks and

distance matrices of dormant rotifers and dormant

cladocerans were not concordant in any region

(Table 2).

Table 1 Mean values (± SD) of some environmental variables in lakes of the four geographical regions where resting eggs were

sampled

Carajás (n = 6) Trombetas (n = 6) Coastal lakes (n = 5) Paraná (n = 6)

Depth (m) 3.1 ± 6.3 6.7 ± 1.6 2.3 ± 1.2 2.2 ± 0.8

Secchi depth (m) 0.8 ± 1.0 1.2 ± 0.3 0.8 ± 0.4 0.5 ± 0.2

Temperature (�C) 28.7 ± 4.0 29.7 ± 0.7 25.6 ± 1.2 24.3 ± 0.9

Dissolved oxygen (% saturation) 66.8 ± 30.5 77.1 ± 4.5 83.2 ± 12.8 69.9 ± 15.1

pH 5.2 ± 0.6 5.9 ± 0.4 6.4 ± 1.2 6.5 ± 0.5

Conductivity (lS/cm) 20.9 ± 21.9 14.7 ± 2.5 8419.7 ± 10,158.4 43.2 ± 9.7

Total phosphorus (lmol l-1) 1.7 ± 0.9 2.1 ± 0.4 0.2 ± 0.4 2.6 ± 1.4

Total nitrogen (lmol l-1) 63.9 ± 34.7 6.6 ± 0.9 15.7 ± 33.1 50.5 ± 17.7

Chlorophyll a content (lg l-1) 11.0 ± 8.7 17.7 ± 3.0 2.5 ± 1.2 8.1 ± 7.0

Area (km2) 0.13 ± 0.1 8.29 ± 8.3 1.47 ± 1.8 0.38 ± 0.5

Connectivity No Yes No Yes

Permanence Most not Yes Yes Yes

Except for area, connectivity and permanence, environmental variables were sampled twice a year

Fig. 1 Box and Whisker plots of the (a) abundance and

(b) species richness of resting egg banks from four geographical

regions in Brazil. The box plots show the medians, 25 and 75

percentiles, minimum and maximum values

Fig. 2 Individual-based rarefaction curves for the hatchling

community from four geographical regions in Brazil. Error

values denote for the 95 % confidence interval
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Concordance patterns between dormant and active

communities

When all the lakes were considered together, the species

richness of dormant and active communities were not

concordant between rotifers (rSpearman = 0.17,

P = 0.40), cladocerans (r Spearman = 0.23, P = 0.25) or

all taxonomic groups together (rSpearman = 0.35,

P = 0.08) (Table 3). The correlations of active and

dormant zooplankton matrices of similarity (based on

Jaccard index) showed significant positive correlations

for rotifers (rMantel = 0.44, P\0.001) and for all

taxonomic groups together (rMantel = 0.53, P\0.0001)

(Table 4), i.e., more similar lakes regarding active

communities were also more similar regarding dormant

communities. A non-significant correlation was found for

cladocerans (rMantel = 0.17, P = 0.15).

Fig. 3 Percentage

contribution of hatchlings to

(a) abundance and

(b) species richness in the

resting egg bank from four

geographical regions in

Brazil

Fig. 4 Non-metric multidimensional scaling (NMDS) ordina-

tion of hatchlings’ structure from four geographical regions in

Brazil. Stress = 0.18
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When geographical datasets were individually ana-

lyzed, the upper Paraná River lakes displayed a negative

correlation between the dormant and active species

richness of rotifers (-0.90, P\ 0.05) (Table 3). The

distance matrices of dormant and active stages were

only marginally correlated to each other in the Amazo-

nian upland lakes (Carajás), between rotifers (rMantel for

Jaccard index = 0.60, P = 0.07) and between clado-

cerans (rMantel for Jaccard index = 0.70, P = 0.06)

(Table 4).

Relationship between zooplankton

and environmental and geographical matrices

When all the lakes were considered together, the

distance matrices of dormant communities and geo-

graphical position were correlated for rotifers (rMantel =

0.29, P\0.001), cladocerans (rMantel = 0.18,

P\0.015) and all taxonomic groups together (rMan-

tel = 0.45,P\0.001). However, dormant communities

were not correlated to the environmental matrix. When

geographical datasets were individually analyzed, no

significant correlations were observed either to the

geographic or to the environmental matrices (P[0.05

for all cases) (see the Online Resource 3 for a detail of

the correlation coefficients).

Regarding the open water zooplankton communities,

when all the lakes were considered together, the distance

matrices of communities were correlated to both the

environmental and geographic distance matrices. The

correlation of zooplankton and geographic distance

matrices was significant for rotifers (rMantel = 0.45,

P\0.001), cladocerans (rMantel = 0.22, P = 0.002),

and all taxonomic groups together (rMantel = 0.43,

P\0.001). The correlation of zooplankton and envi-

ronmental matrices was also significant for rotifers

(rMantel = 0.33,P\0.001), cladocerans (rMantel = 0.31,

P = 0.028), and all taxonomic groups together (rMantel =

0.34, P = 0.004). When geographical datasets were

individually analyzed, only coastal lakes displayed

significant correlations, between zooplankton and geo-

graphic distance matrices for rotifers (rMantel = 0.28,

Table 2 Comparison of rotifers and cladocerans in the resting egg bank, within each geographical region and among all lakes

Carajás (n = 6) Trombetas (n = 9) Coastal lakes

(n = 5)

Paraná (n = 6) All lakes

(n = 26)

Species richness

(Spearman’s correlation)

0.38 (P = 0.50) 0.25 (P = 0.52) 0.29 (P = 0.68) -0.04 (P = 0.91) 0.41 (P = 0.03)

Qualitative matrices/

Jaccard Index

(Mantel’s correlation)

-0.04 (P = 0.54) 0.12 (P = 0.27) * -0.31 (P = 0.67) 0.18 (P = 0.06)

Quantitative matrices/

Bray-Curtis Index

(Mantel’s correlation)

-0.11 (P = 0.46) 0.17 (P = 0.20) * -0.30 (P = 0.66) 0.17 (P = 0.06)

Spearman’s correlation coefficient (rSpearman) was used to analyze concordance in species richness. Mantel correlation coefficients

(r) was used to compare zooplankton matrices (of rotifers and cladocerans) using either qualitative (Jaccard index) or quantitative

data (Bray–Curtis index). Spearman’s and Mantel’s (r) in bold depict significant values (P\ 0.05). n = number of lakes

* Cladocerans hatched only in two coastal lakes, impairing correlations

Table 3 Spearman’s correlation coefficients (rSpearman) between dormant and active species richness of rotifers, cladocerans and the

entire zooplankton community

Carajás (n = 6) Trombetas (n = 8*) Coastal lakes (n = 5) Paraná (n = 6) All lakes (n = 25*)

Rotifers 0.32 (P = 0.56) 0.13 (P = 0.75) -0.82 (P = 0.13) 20.90 (P = 0.03) 0.17 (P = 0.40)

Cladocerans 0.49 (P = 0.36) 0.30 (P = 0.46) 0.34 (P = 0.52) -0.56 (P = 0.24) 0.23 (P = 0.25)

All zooplankton 0.70 (P = 0.14) 0.27 (P = 0.50) -0.20 (P = 0.78) -0.56 (P = 0.24) 0.35 (P = 0.08)

Analyses were carried out within each geographical region and among all lakes

Spearman’s r in bold depict significant values (P\ 0.05). n = number of lakes

* Active zooplankton was not sampled in one lake from Trombetas river

190 Hydrobiologia (2015) 758:183–195

123



P = 0.04) and all taxonomic groups together (rMantel =

0.56, P\0.001) (see the Online Resource 3 for a detail

of the correlation coefficients).

Discussion

Structure of the resting egg bank

Our results demonstrated that the resting egg banks of

zooplankton are widespread in variable tropical

aquatic systems, but their abundance and composition

is highly uneven among and within a geographical

region. Such variability might reflect different pro-

duction rates, long-term viability and hatching pat-

terns of the resting eggs that are related to either

regional (e.g., hydrology, climate, and degree of

isolation) or local factors (e.g., abiotic factors and

biotic interactions). Indeed, the production of resting

eggs is highly dependent on the fluctuations of

environmental factors (Alekseev et al., 2007), in

addition to the ability of active organisms to detect and

properly react to environmental cues (Caceres, 1998;

Caceres & Tessier, 2004). Moreover, hatching cues

vary between and within species and populations,

which might also contribute to distinct hatchling

communities (Vandekerkhove et al., 2005a).

The absence of strong differences in the abundance

of hatchlings among different regions might reflect the

high variability observed among lakes within the same

region, in addition to the possible aforementioned

different cues indicating the production and termina-

tion of diapause. However, despite the high variability

among lakes, some general patterns emerged. Overall,

rotifers were the most abundant and species-rich group

in the resting egg bank, a pattern that corroborates

earlier studies from other freshwater systems (Maia-

Barbosa et al., 2003; Ning & Nielsen, 2011; Santan-

gelo et al., 2011b). The prevalence of rotifers among

hatchlings might reflect their numerical dominance in

the open water communities of the studied lakes (e.g.,

Bozelli, 1994; Santangelo et al., 2007) and high

species richness (Segers, 2008). In addition, perhaps

owing to their smaller body size, rotifers have higher

rates of production of resting eggs (Gyllstrom &

Hansson, 2004). Indeed, despite the possible research

and publication bias, it has been demonstrated that

both biotic and abiotic cues may induce diapause in

rotifers. On the other hand, cladocerans and copepods

produce resting eggs at a lower rate and may require

more specific cues to initiate diapause (Gyllstrom &

Hansson, 2004 and references therein).

The low number of hatchlings in the Paraná and

coastal lakes impaired the appropriate comparison of

species richness among all geographical regions, but

the species richness of Amazonian upland lakes and

Trombetas floodplain lakes did not differ. This

similarity in species richness in the resting egg banks

could be a consequence of the widespread diapause

strategy evolved in most freshwater invertebrates, such

as zooplankton (Caceres, 1997). In addition, lakes

within a geographical region were more similar than

lakes belonging to different regions. The short distance

between isolated lakes within a geographical region

and the hydrological connectivity among floodplain

lakes might explain this pattern. Dispersal is facilitated

under small distances (Havel & Shurin, 2004), and

resting eggs are recognized as an important mechanism

of dispersal for zooplankton (Bilton et al., 2001).

Moreover, species turnover rates are usually shorter

among closer sites (Soininen et al., 2007), implying

that more distant lakes (i.e., those belonging to

different geographical regions) are potentially less

similar when compared to nearby lakes. Finally, lakes

Table 4 Mantel correlation coefficients (r) based on Jaccard index for comparisons between dormant and active zooplankton

matrices of rotifers, cladocerans and the entire zooplankton community

Carajás (n = 6) Trombetas (n = 8*) Coastal lakes (n = 5) Paraná (n = 6) All lakes (n = 25*)

Rotifers 0.60 (P = 0.07) -0.07 (P = 0.82) -0.15 (P = 0.74) 0.15 (P = 0.67) 0.44 (P = 0.0001)

Cladocerans 0.70 (P = 0.06) 0.18 (P = 0.40) ** -0.36 (P = 0.41) 0.17 (P = 0.15)

All zooplankton 0.36 (P = 0.18) 0.13 (P = 0.68) -0.08 (p = 0.78) -0.05 (P = 0.82) 0.53 (P = 0.0001)

Mantel’s r in bold depict significant values (P\ 0.05). n = number of lakes

* Active zooplankton was not sampled in one lake from Trombetas river

** Cladocerans hatched only in two coastal lakes, impairing correlations

Hydrobiologia (2015) 758:183–195 191

123



in the same geographical region are likely subjected to

the action of similar local and regional factors,

implying that more similar communities might

develop.

The hatching cues most likely differed among the

lakes and the populations analyzed in this study, and

our hatching conditions may not have encompassed all

the cues necessary to stimulate hatching. Indeed,

different combinations of hatching cues might pro-

duce distinct hatchling communities (Vandekerkhove

et al., 2005a; Garcia-Roger et al., 2008). However, the

hatching procedure used here was successfully applied

in a tropical coastal lake (Santangelo et al., 2011a,

2014). Thus, we believe our hatching experiment

produced reliable results.

Concordance patterns between the resting egg

banks of rotifers and cladocerans

Several reasons are highlighted to explain the concor-

dance among different taxonomic groups of aquatic

organisms. These reasons include similar responses to

the same environmental gradient(s); responses to

different but correlated environmental gradients; and

the biotic interactions between them (Heino, 2010).

When considering active freshwater zooplankton

(rotifers, cladocerans, and copepods), a similar re-

sponse to limnological features has been noted to

explain the concordance among the aforementioned

taxonomic groups in Brazilian reservoirs (Bini et al.,

2008). Strong biotic interactions are expected between

phyto- and zoo-plankton or between fish and zoo-

plankton (Padial et al., 2012), but they are not expected

among organisms within the zooplankton community.

For resting egg banks, we found concordant

patterns in species richness and community similarity

between the rotifers and cladocerans across all the

sampled lakes. These concordant patterns imply that

both taxonomic groups received the necessary cues for

the induction of diapause, but different species and

taxonomic groups (rotifers and cladocerans) might

differ in the required cues to initiate diapause (Gyll-

strom & Hansson, 2004). However, due to the low

correlation coefficients (B0.41) and the lack of

correlation at individual geographical regions, ro-

tifers, or cladocerans found in the resting egg banks

should be used cautiously as a surrogate of the other

group in zooplankton assays. Further studies are

necessary to assess the generality of this finding.

Concordance patterns between dormant and active

communities

Because resting egg banks usually mirror the active

community of a given lake relatively well (Duggan

et al., 2002; Vandekerkhove et al., 2005c), we

expected to find high concordance patterns in the

community similarity of active and dormant commu-

nities. This expectation was corroborated only when

rotifers and all taxonomic groups were analyzed

across all lakes. Two main reasons might be respon-

sible for explaining the concordance between dormant

and active stages. First, the composition of the resting

egg bank largely depends on the composition of the

active community (May, 1986; Vandekerkhove et al.,

2005c). In addition, extinctions at the water column

might be quickly compensated by the emergence of

resting eggs, which in turn would increase the

similarity between dormant and active communities.

Exceptions to this pattern, such as that observed for

cladocerans, could be found in lakes where dispersal is

bringing new species (in a dormant stage) but the

dormant disperser remains dormant. Two additional

plausible explanations for the lack of concordance

among cladocerans are the lower rates of production of

resting eggs when compared to rotifers (Gyllstrom &

Hansson, 2004) or even the absence of cues inducing

diapause.

Among individual geographic datasets, only Car-

ajás upland lakes (marginally) displayed concordance,

both for rotifers and cladocerans. Among the regions

analyzed in this study, Carajás is the only region

whose lakes are prone to desiccation (Lopes et al.,

2011). The predictable behavior of desiccation in lakes

makes dormancy more common among zooplankton

(Walsh, 2013) and could explain the strongest con-

cordance observed at the Carajás region. Among the

geographical regions analyzed, the resting egg bank is

possibly more important for the recovery of active

communities in those upland lakes.

Relationship between zooplankton

and environmental and geographical matrices

Clear associations were observed between zooplank-

ton and the environmental variables, but only for the

active stages. This finding indicates that different

factors explain the composition of dormant and active

communities. The main reasons explaining this pattern
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are the high variability in the structure of resting egg

banks observed in this study and possibly the way

resting egg banks are formed, by the combination of

processes that add to or remove eggs from the

sediment over time (Destasio, 1989). Resting eggs

may be continuously added to the sediment, as

different species react in distinct ways to changes in

water quality, implying that no singular set of

limnological conditions might predict the composition

of resting egg banks. Significant associations between

active zooplankton and environmental variables are

commonly observed (e.g. Bini et al., 2008). Active

zooplankton, owing to the short life cycle, may

respond quickly to changes in water quality.

Finally, when all lakes were evaluated together,

both dormant and active zooplankters were sig-

nificantly associated to the geographical matrices.

This finding suggests that closer communities are

more similar to each other, probably because dormant

and active communities influence each other (May,

1986; Vandekerkhove et al., 2005c), and closer

communities usually share similar species.

Conclusions

In conclusion, our data demonstrate a high variability

in the abundance, species richness and composition of

resting egg banks in tropical lakes, both within and

among geographical regions. The structure of resting

egg banks was not associated to the environmental

variables. Overall, the species richness and commu-

nity similarity were not concordant between dormant

rotifers and dormant cladocerans, suggesting that one

taxonomic group may not be used as a surrogate of the

other. In addition, even when active and dormant

communities were compared, the species richness and

community similarity were not necessarily concordant

for all the individual or combined taxonomic groups.

Stronger concordance among active and dormant

organisms might be expected in lakes that clearly

select for diapause, such as ephemeral lakes (Walsh,

2013).
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