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Abstract The dynamics of populations of short-lived
organisms are very patchy, both in space and time. The
production of dormant propagules, however, results in an
effective increase in generation time. We hypothesize that
prolonged dormancy, together with variable regeneration
niches, result in integration of temporal variability in
community structure. In addition, in aquatic habitats,
mechanisms such as sediment focussing can contribute to
the integration of spatial variability. We tested the
hypothesis that dormant propagule banks integrate spatial
and temporal variation in active zooplankton communities.
This was done by comparing cladoceran species richness
and the community structure of hatchling assemblages
retrieved from propagule bank samples collected on a
single occasion with assemblages encountered in active
community samples covering spatial variation (littoral and
pelagic zone), diel (day and night), intra-year (May—
October) and inter-year variation (1996-2000). The egg
bank community structure differed significantly from the
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active community structure, but the dissimilarity decreased
as spatial and temporal variation was better covered by the
active community samples. Furthermore, the identification
of all fully grown hatchlings (n=214) yielded an equally
high number of species (n=22) to that occurring in all
active community samples together (a total of 1,730
individuals were analysed). We conclude that the analysis
of dormant propagules may form a cost-efficient alter-
native tool to the analysis of active community samples for
an integrated assessment of cladoceran communities.
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Introduction

Biological communities tend to be highly variable in time
and space. This is particularly the case for taxa which have
a short generation time (Pinnel-Alloul 1995; Baur et al.
1996; Vinson and Hawkins 1998). However, accumula-
tions of dormant stages (e.g. diapausing spores, seeds,
eggs and cysts) have the potential to integrate this
variation (Hairston 1996). It has been shown that dormant
propagule banks (DPBs) may be important in determining
the rate of evolutionary processes (Hairston and De Stasio
1988), and may strongly contribute to the long-term
coexistence of competing species or genotypes (storage
effect hypothesis; Chesson 1983; Ellner and Hairston
1994; Céceres 1998). In addition to these important
ecological and evolutionary implications, DPBs may also
provide important opportunities from a methodological
point of view. Firstly, DPBs contain an interesting archive
of information on the species composition and the recent
evolutionary history of the populations (Cousyn et al.
2001; Jeppesen et al. 2001; Brendonck and De Meester
2003) and on the chemical environment and trophic
structure (Anderson and Battarbee 1994; Jeppesen et al.
2001). Secondly, DPBs may also be very useful for the
characterisation of active communities (ACs), given that
they integrate temporal and spatial variation at an
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ecologically relevant scale. As such, they may provide a
more integrated picture of species composition and
richness of the community under study than an analysis
of snapshot samples of the AC (Brendonck and De
Meester 2003). The interpretation of dormant assemblages
is, however, not free of problems. Studies on terrestrial
plant communities have shown that species may strongly
differ in their seed production (Silvertown et al. 2002) and
that seed banks typically show high spatial heterogeneity
(Geertsema and Sprangers 2002; Wiles and Schweizer
2002). These characteristics may interfere with a straight-
forward interpretation of the composition of dormant
propagule assemblages. In addition, not all plant and
animal species can be correctly identified on the basis of
propagule morphology. For most taxa, hatching of
propagules is required to enable species-level identifica-
tions. Species- or even population-specific differences in
hatching requirements and hatching success may therefore
bias the structure of the hatched community.

Like plants, many freshwater organisms produce long-
lived, resistant dormant propagules. The generation time
of freshwater zooplankton is generally very short. Their
populations tend to be very dynamic and, consequently,
the seasonal (Sommer et al. 1986) and inter-annual
variation (Arnott et al. 1999; Grover 1999) in the
composition of zooplankton communities is often sub-
stantial. In addition, zooplankton populations often exhibit
diel vertical (De Meester et al. 1999) or horizontal
migration (Lauridsen and Lodge 1996; Burks et al.
2002) in response to both biotic (e.g. fish predation
pressure) and abiotic (e.g. UV radiation) factors.

Many zooplankton taxa produce dormant propagules in
order to cope with the uncertainty of their habitat. Only a
fraction of these long-lived diapausing stages hatches in
the subsequent growing season. The hatching fraction
varies between systems, depending on the predictability of
the chance for successful recruitment [bet-hedging strat-
egy: Cohen (1966); Philippi and Seger (1989)]. Sasaki and
Ellner (1995) worked out the nature of bet-hedging in
plankton with constant hatching probability of dormant
eggs. Hairston and Caceres (1996) empirically showed
that, in microcrustaceans, the duration of diapause
covaries negatively with the length of the reproductive
life stage (but see Ellner et al. 1998).

Although there is also mortality due to senescence,
predation and parasitism, as well as dispersal out of the
ecosystem (Caceres and Hairston 1998), the DPB
accumulates, and is expected to partially integrate inter-
annual variation. Spatial heterogeneity is also believed to
be reduced at the level of the habitat by sediment
focussing and sediment resuspension by wind and
bioturbation (Jeppesen et al. 2001). Even though temporal
integration does occur, it is often at a biologically relevant
scale, so that the vertical structure of a DPB still reflects
the historical changes of a given habitat at a resolution of
only a few years (e.g. Weider et al. 1997; Cousyn et al.
2001).

There is some evidence that DPBs contain a relatively
high taxon richness compared to samples from the AC in

species-poor aquatic habitats (May 1986; Havel et al.
2000; Crispim and Watanabe 2001; Duggan et al. 2002).
However, up to now no studies have systematically
assessed to what extent aquatic habitat DPBs integrate
the spatial and temporal variability of zooplankton
communities, and whether this integration is biased in
terms of species composition. In the present study, we
determine the extent to which DPBs integrate variation in
the taxon composition of the cladoceran community of a
small shallow pond over time and space. We compare
cladoceran species richness and community structure of
single-date DPB samples with different sets of samples of
the AC, that capture to a variable degree the spatial
(pelagic/littoral) and temporal (diel, seasonal and inter-
annual) variation in this community.

Materials and methods
Model system

Maten 13 (M13) is a shallow pond (average depth 1 m;
surface area 2.9 ha) situated in the nature reserve ‘De
Maten’, Genk, Belgium. De Maten comprises a system of
35 neighbouring interconnected ponds that differ strongly
from each other with respect to their ecological character-
istics and zooplankton species composition (Cottenie et al.
2001). During summer, large parts of M13 are covered by
a diverse macrophyte flora (e.g. Potamogeton sp., Polyg-
onum amphibium, Utricularia vulgaris and Chara globu-
laris var. globularis; W. Romme, personal communition).
M13 shows all the characteristics of a typical clear-water
shallow water body (Jeppesen et al. 1997; Scheffer 1998).

Collection and analysis of samples

On 10 April 2000, the DPB of M13 was sampled using a
plexi-glass sediment corer (tube of 140%5.2 cm) at four
stations in the pelagic zone and eight stations in the littoral
zone. In the littoral zone, four sediment samples were
collected from the upwind side and another four from the
downwind side of the pond. Wind may affect the
horizontal distribution of dormant propagules, as many
of them float on the surface for days or weeks after
deposition. Only the top 3 cm of each core were retained,
so that only eggs deposited in recent years were
incorporated. Sedimentation rate data obtained for a
shallow pond of the same size as M13 in Denmark
indicate that resting eggs buried 3 cm deep are
approximately 4 years old (Schroll 2002). We do not
expect much variation in dormant egg age between littoral
and corresponding pelagic sediment layers as M13 has no
steep slopes. Samples were wrapped in aluminium foil and
stored at 4°C. Samples were kept separately. After an 8-
month resting period, one 50-g subsample was taken from
each sediment sample. The dormant propagules in these
subsamples were isolated by means of the sugar centrif-
ugation technique developed by Onbé (1978) and



modified by Marcus (1990). Isolated dormant eggs were
transferred to 12 2-1 aquaria (one for each subsample),
filled with diluted ADAM medium (conductivity: 200 ps/
cm; Kluttgen et al. 1994) and placed in an incubator that
simulated summer conditions (20°C; 16 h light per day).
Over a period of 36 days, the 12 aquaria were checked
every 3 days for hatched individuals. We recovered 106
hatchlings from the downwind littoral samples of the DPB
(DPBLIT+; codes are explained in Table 1), 72 from the
upwind littoral samples (DPBLIT—) and 36 from the
pelagic samples (DPBPEL). The total DPB assemblage,
covering hatchlings from all three zones, thus contained
214 individuals (DPB).

During five consecutive years (1996-2000), the AC of
M13 was sampled once a year in July at four randomly
selected pelagic stations. During the growing season of
2000 (May—October) the zooplankton community was
monitored in more detail, involving monthly sampling at
eight randomly selected stations (four pelagic and four
littoral stations; Table 1). On 26 July 2000, the pelagic
zone was sampled during both the day and night at four
locations. In addition, on the same date, the littoral zone
was sampled at four locations during the day. On all
sampling occasions, depth-integrated samples were col-
lected using a quantitative sampling device (1996—1999:
12-1 Schindler Patalas trap, samples taken at two depths;
2000: 6-1 tube sampler, tube of 140x7.5 cm). Cladocerans
were concentrated by filtration over a 64-um mesh. With
the aim of integrating to a varying degree temporal and
spatial variation in zooplankton composition and richness,
three composite samples were created. One sample
(INTRAYEAR) integrated intra-year variation and was

Table 1 Schematic overview of all samples taken from the active
zooplankton community (AC) and from the dormant propagule bank
(DPB) of the pond M13. The braces indicate which samples were
combined to create composite samples. Numbers in brackets give
the numbers of locations sampled in the different pond zones. LIT
littoral zone, LIT+ downwind littoral zone, LIT— upwind littoral
zone, PEL pelagic zone, D daytime sample, N night-time sample

AC 2000 May D PEL (8) INTRAYEAR

AC 2000 June D PEL (8)

AC 2000 July D PEL (8)

AC 2000 August D PEL (8)

AC 2000 September D PEL (8)

AC 2000 October D PEL (8)

AC 1996 July D PEL (4)

AC 1997 July D PEL (4)

AC 1998 July D PEL (4)

AC 1999 July D PEL (4)

AC 2000 July D PEL (4) INTERYEAR

AC 2000 July N PEL (4) —NIGHTPEL

AC 2000 July D PEL (4) —DAYPEL

AC 2000 July D LIT (4) —DAYLIT INTEGRATED
DPB 2000 April D PEL (4) —DPBPEL DPB
DPB 2000 April D LIT+ (4) »DPBLIT+

DPB 2000 April D LIT- (4) —»DPBLIT-
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created by pooling standardised fractions of the six
monthly samples from the year 2000. Another composite
sample (INTERYEAR) integrated inter-annual variation
and was created by pooling standardised fractions of the
July samples from the years 1996-2000. Finally, a
composite sample was created by combining standardised
subsamples of all samples taken from the AC (INTE-
GRATED). In these three composite samples, all original
samples were represented by fractions corresponding to
equal volumes of pond water.

For all samples from the AC (DAYPEL, NIGHTPEL,
DAYLIT and composite samples), at least 220 cladoceran
individuals were identified. This number exceeded the
total number of hatchlings obtained and identified from the
DPB samples (214 individuals). DPB hatchlings and AC
individuals were identified to species level using FloBner’s
(2000) identification key.

Statistical analysis

A one-way ANOVA was applied to test for differences
between pond zones (e.g. upwind littoral, downwind
littoral and pelagic) with respect to the number of hatched
zooplankton individuals (following logarithmic transfor-
mation) in the DPB samples. Numbers of hatchlings were
logarithmically transformed prior to analysis to obtain a
normal distribution (Kolmogorov Smirnov test). The
assumption of homogeneity of variances was checked
using the Bartlett’s test.

The composition of the hatchling assemblages obtained
from samples collected in different zones (DPBLIT—,
DPBLIT+ and DPBPEL) was compared at the genus level.
This allowed all hatchlings to be included (some hatch-
lings died before identification to species level could be
made) and thus increased the statistical power of the
analyses. From the hatchling assemblage data (percentage
composition of genera, square-root transformed), Bray-
Curtis (BC) similarity coefficients were calculated for all
pairwise combinations of sediment samples. The resulting
similarity matrix was used to perform a one-way analysis
of similarities (ANOSIM), testing for differences in
taxonomic composition between hatchling assemblages.
Analyses of similarity percentages (SIMPER) detected the
genera that contributed most to the observed differences
between assemblages.

The community composition of the AC assemblages
could not be analysed statistically using ANOSIM as there
were no replicate samples available. Instead, we used a
loglinear analysis to test for differences in taxonomic
composition between the total hatchling assemblage and
AC samples. Two assemblages were considered taxono-
mically different if inclusion of the interaction effect
between the factors ‘assemblage’ (two levels: DPB and
AC) and ‘genus’ (14 levels) resulted in a significant
improvement in fit of the model explaining the number of
hatchlings per genus in assemblages. Loglinear analysis
was not applied to test for differences in community



112

structure between different sets of AC samples, given the
lack of independence between them.

Given that our DPB samples were taken before the AC
samples were collected in 2000, our data cannot be used to
assess to what extent community composition in the DPB
reflects that of the AC of recent years, unless one assumes
that the seasonal abundance of zooplankton taxa in 2000
reflects that of previous years.

Species richness was compared between samples and
combinations of samples after rarefaction to 200 indivi-
duals (H200). Error bars for species accumulation curves
were obtained using resampling software (EstimateS:
Colwell 1997).

Bray-Curtis similarity index calculations, ANOSIM and
SIMPER analyses were done using the computer program
Primer 5.2.2 (Clarke and Warwick 1994). Parametric
statistics were computed in Statistica 6.0 (Statsoft 2003)

Results

The number of individuals that hatched after incubation
tended to be higher in the sediment samples from the
littoral zone than in those from the pelagic zone. On
average, 3.7 times more cladocerans hatched from sedi-
ment samples from the downwind littoral zone than from
sediment samples from the pelagic zone (Fig. 1; ANOVA:
F:6.8, P<002, Scheffé pOSt-hOC: PDPBPEL, DPBLIT+<0-02)-
The number of hatchlings retrieved from samples taken in
the upwind littoral zone tended to be intermediate (Scheffé
post-hoc: PppprLit-, ppPEL<0.05; PppBLIT-DPBLIT+>0.05).

The upwind and downwind littoral sediments gave rise
to relatively similar hatchling assemblages (ANOSIM:
R=0.13, P>0.05; Fig. 1). ANOSIM analysis contrasting
the eight littoral hatchling assemblages with the four
pelagic hatchling assemblages indicated a different taxo-
nomic composition of the DPB in the littoral and the

pelagic zones (ANOSIM: R=0.45, P<0.008). The dissim-
ilarity between hatchling assemblages from littoral and
pelagic sediments was mainly due to differences in the
relative abundance of Daphnia, Chydorus/Alonella, Acro-
perus and Bosmina (contribution to total between zone
dissimilarity as determined by SIMPER analysis: 14.9,
14.8, 10.7 and 10.4%, respectively). Pelagic genera, like
Daphnia and Bosmina, hatched in higher proportions from
pelagic sediments, whereas macrophyte-associated genera,
like Acroperus and Chydorus/Alonella, were better
represented in hatchling assemblages recovered from
littoral sediments (Fig. 1). Identification of all individuals
hatched from the DPBPEL samples (#=36) yielded fewer
species than identification of an equal number of
individuals retrieved from littoral DPB samples
(H36ppprir = 13.3 sp. > H36pppper. = 10.0 sp.).

The genus composition of the DPB assemblage deviated
strongly from that of the open water daytime community
(DAYPEL), which is the community most often sampled
in surveys (Fig. 1; Table 2). The similarity in taxonomic
composition between the DPB and AC samples increased
with increasing integration over time and space of the AC
samples. Although there was a remarkably high similarity
in taxonomic composition between the total hatchling
assemblage and the AC sample realizing the highest
integration of variation in space and time (INTEGRATED;
Fig. 1), the difference in community structure was still
significant (Table 2).

Species richness after the identification of 200 indivi-
duals (H200) from single-date AC samples (DAYPEL,
DAYLIT and NIGHTPEL) was low compared to H200 of
AC samples covering longer sampling periods (INTER-
YEAR and INTRAYEAR; Fig. 2). Still, the composite AC
samples were less species rich than the DPB assemblage
created by combining hatchlings from DPB samples taken
on a single sampling occasion (Fig. 2). Six cladoceran
species were exclusively found in the hatchling assem-
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Table 2 BCs similarity coefficients between hatchling and active
community assemblages (stress: 0.01). BCs are calculated from the
standardised non-transformed numbers of individuals per genus.
Codes are explained in Table 1. ML Maximum likelihood

DPB - ... BC ML ( %)
INTEGRATED 75.1 72.0%
INTERYEAR 53.1 127.3%
INTRAYEAR 56.9 110.8*
DAYLIT 49.4 123.7%
NIGHTPEL 54.0 146.2%
DAYPEL 52.0 173 4%

*P<0.001 level of significance of dissimilarity (loglinear analysis:

df=17)

blages, whereas six other species were only observed in
the samples from the AC.

Species richness of littoral AC samples tended to be
higher than species richness of open-water AC samples
(HZOODAYLIT =11.9 sp. > H200DAYPEL =77 Sp.), a result
similar to that for the DPB assemblages. Therefore, the
difference in species richness between the DPB sample
and the pooled AC samples could be partially due to the
fact that the contribution of littoral samples in the pooled
DPB sample (lit:pel=2:1) was higher than in the AC
samples (e.g. INTEGRATED lit:pel=1:13). Spatial varia-
tion in species presence is unlikely to be the only reason
for the relatively high number of species present in DPB
samples. Indeed, identification of all the hatchlings
obtained from pelagic DPB samples (H36pppprr=10.0
sp.) enabled considerably more species to be determined
than identification of an equal number of individuals
retrieved from pelagic AC samples (H36payprr=5.1 sp.)
and nearly as many species as identification of 36
individuals retrieved from the INTEGRATED sample
(H36nTEGRATED=11.7 sp.). The species yield of single-
date AC samples (DAYPEL, DAYLIT and NIGHTPEL)

—e— DPB

20 1 —o - INTEGRATED
m —& - INTERYEAR
2
g 15 -+ INTRAYEAR
Q
"
.- 4.4 —v DAYLIT
o j’t}-‘%‘H
10 —o— NIGHTPEL
E

— DAYPEL

2 poptbt
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Number of identified individuals
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Fig. 2 Species accumulation curves for the samples derived from
the active cladoceran community of the pond M13 and for the total
cladoceran hatchling assemblage recovered from the sediment
samples. Mean and error values are calculated using the program
EstimateS (Colwell 1997). See Table 1 for an explanation of the
codes.
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was unambiguously lower than the species yield of single-
date DPB samples (DPB; Fig. 2).

Discussion

We observed substantial differences in the taxonomic
composition of hatchling assemblages derived from sed-
iment samples collected in different lake zones. Macro-
phyte-associated taxa, such as Acroperus and Chydorus/
Alonella, hatched in higher fractions from the littoral than
from the open water sediments, whereas open-water
sediments yielded a larger proportion of pelagic genera,
such as Daphnia and Bosmina. The taxonomic similarity
between the pelagic and littoral DPB assemblages
(BC=61.2) was only slightly higher than between the
pelagic and littoral AC assemblages (BC=55.2). These
results suggest that spatial integration is not complete in
the DPB of M13 and that the horizontal distribution of
dormant propagules in the sediments to some extent
reflects the heterogeneity of the AC. This may be typical
for shallow macrophyte-covered lakes. The presence of
well-developed macrophyte beds in the littoral probably
limits the effect of resuspension events and sediment
focussing. In deeper or more wind-exposed lakes, the
mixing of dormant stages will probably be more effective,
due to the higher impact of sediment focussing or wind-
mediated resuspension events. Furthermore, the often high
pelagic over littoral ratio in large lakes implies that the
impact of littoral organisms on the total propagule pool
will be low, whereas the mixing of littoral samples with
propagules from the pelagic will be more substantial. Our
results thus suggest that at least in small, shallow lakes
with well-developed macrophyte beds, homogeneous
distribution of the DPB cannot be taken for granted, and
that spatial heterogeneity should be taken into account in
the design of studies aimed at assessing the community
structure of the DPB.

Community composition of the hatchling assemblage
better resembled the composition of the integrated AC
assemblage (BCDPB- INTEGRATED:74-2) than that of any
single-date AC sample (e.g. BCppp. payprr=52.0). This
may suggest that propagule banks integrate at least part of
the temporal variation in active cladoceran community
structure. Probably, BCppg. nTEGrRATED WOUld have been
even higher if the integrating AC sample had covered the
seasonal variation in all sampling years, and if equal
proportions of littoral to pelagic samples had been
included for both types of analyses. The remaining
dissimilarity (loglinear analysis: P<0.001; Table 2) could
also indicate that either the DPB, the INTEGRATED or
both assemblages still display a biased picture of the actual
community composition. Both the AC and the DPB
analysis have their intrinsic limitations for the assessment
of community structure of short-lived organisms. Even
after combining AC samples taken on many occasions and
locations throughout subsequent years, observed commu-
nity composition might be biased due to relatively low
capture efficiency of taxa exhibiting an efficient escape
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response or taxa attached to substrata, like macrophyte-
associated and bottom-dwelling taxa (De Stasio 1993;
Wetzel and Likens 2000). Analysis of DPB samples may
yield biased estimates of community structure due to
taxon-specific propensities to produce dormant propa-
gules, to survive as dormant propagules in the sediment
and to emerge (Caceres 1997). Jankowski and Straile
(2003), for instance, showed that it was not possible to
faithfully reconstruct the relative abundance of two
Daphnia species in Lake Constance through analysis of
DPB samples, and they attributed this to species-specific
sexual reproductive activity. Assessing which assemblage
gives the most accurate view of the average community
structure over a number of years remains a challenge.

Analysis of sub-fossils of active stages may provide a
direct approach to the study of community structure of
short-lived organisms. Sub-fossil analysis is being in-
creasingly appreciated by palaeolimnologists as it allows
historical reconstruction of past conditions through anal-
ysis of present-day associations between assemblage
structure and environment (overview in Battarbee et al.
2000; Jeppesen et al. 2001). This approach most probably
integrates the temporal heterogeneity over seasons and
some years, like the DPB analysis, whereas it does not
yield biased estimates caused by differential induction or
termination of dormancy. However, variation in likelihood
of preservation among taxa (e.g. soft-shelled versus hard-
shelled organisms) and among lakes (e.g. with high versus
low microbial activity in the sediment) limits general
applicability of sub-fossil analysis. Furthermore, not all
taxa can be identified to species level based on the
morphology of their remains. In the Cladocera, for
example, high resolution identification is only possible
for Chydoridae and Bosminidae. For these taxa, a
combined analysis of DPB, AC and sub-fossil samples
would allow quantification of the biases associated with
each approach.

The observation that the DPB of M13 integrates the
temporal variation inherent to the AC has important
ecological and evolutionary implications. Theoretical
models suggest that coexistence of competitors in a
temporally fluctuating environment is favoured by the
presence of overlapping generations and different regen-
eration niches (storage effect hypothesis: Chesson 1983).
Generational overlap can occur in organisms with a long-
lived stage (e.g. resting stages of organisms with short
generation time). The long-lived stage allows species to
persist during periods of competitive inferiority and
consequently poor recruitment. Caceres (1998) has
shown that the presence of a DPB has enabled the
coexistence of multiple Daphnia species in Oneida lake.
Our observation that resting stages of many species,
present at different times in the AC, co-occurred in the
upper sediment layer indicates that the storage effect may
be important for the persistence and coexistence of many
cladoceran populations. The resulting high potential
species richness allows an efficient response to selection
among taxa (species sorting) and genotypes and, conse-
quently, facilitates a more deterministic response to

changes in environmental conditions (Leibold 1996;
Cottenie and De Meester 2004).

Large-scale studies on zooplankton species richness
often rely on single-date sampling efforts. Arnott et al.
(1998) have shown that single samples only detected 50%
of the annual macrozooplankton species pool and 33% of
the total estimated macrozooplankton species pool in a set
of Canadian Shield lakes. Our results suggest that DPB
analysis may be a more reliable method for the assessment
of cladoceran species richness in aquatic habitats than
even an elaborate and repeated sampling of the AC,
provided that sediment samples from the pelagic and
littoral zone are incorporated in the study. Given the
presence of unique AC and DPB species, ideally a
combination of DPB and AC samples should be
processed. The observation that the DPB provides a better
picture of species richness and thus environmental state for
a prolonged period may imply that DPB analysis is less
well-suited for detecting immediate responses in lakes
undergoing marked changes. For this purpose, analysis of
AC samples is probably still the most suitable method.

Our DPB analysis recorded, in total, as many species as
an elaborate analysis of a set of AC samples covering
5 years of sampling and involving the identification of a
total of 1,730 zooplankton individuals, a number about
eight times higher than the number of hatchlings identified
in the DPB analysis. This is striking, as we only used one
incubation condition, and as the response to hatching
stimuli is known to vary among species (Fryer 1996).
Species specificity in the response to hatching stimuli
probably explains why the DPB analysis failed to detect
some of the species known to occur in the pond (in total
six species: Ceriodaphnia reticulata, Disparalona rostra-
ta, Eurycercus lamellatus, Pleuroxus truncatus, Polyphe-
mus pediculus and Scapholeberis mucronata). Combining
different incubation conditions may further increase the
effectiveness of the DPB analysis as a tool for assessing
species richness. The DPB analysis revealed six species
that were not detected in any of the AC samples, including
mainly benthic (e.g. Macrothrix rosea) and macrophyte-
associated species (e.g. Alona quadrangularis, Megafe-
nestra aurita and Pleuroxus aduncus). These all tend to
reside at locations difficult to sample effectively using a
plankton sampler.

The advantages of DPB analysis for the assessment of
species richness are unlikely to be limited to cladoceran
communities, but can probably be applied to a wide
variety of aquatic organisms capable of producing long-
lived dormant stages, such as many aquatic plants and
invertebrates. For instance, two studies that were limited to
the documentation of rotifer species lists have demonstra-
ted that single-date sediment samples, collected at multiple
sites within the lake, revealed all species detected during
multiple-year surveys of the AC (May 1986; Crispim and
Watanabe 2001). Duggan et al. (2002) found that single-
site. DPB analysis failed to detect all rotifer species
observed in the AC, but still allowed detection of a much
larger number of species than did analysis of one AC
sample. These studies, combined with our results, under-



pin the significant potential of using DPB analysis to
assess species richness in aquatic systems. Furthermore,
DPB analysis might also be a tool for the assessment of
genetic diversity. Indeed, analysis of single-date sediment
samples often reveals a high genetic diversity (rotifers:
Gomez and Carvalho 2000; Ortells et al. 2000; bryozoans:
Freeland et al. 2001), whereas analysis of single-date AC
samples sometimes fails to detect numerous genotypes due
to the high temporal variability in genetic structure of
active populations (e.g. Carvalho and Crisp 1987; Free-
land et al. 2001). Development of microsatellite markers
makes hatching redundant, and thereby allows a less
biased assessment of genetic diversity (Gomez and
Carvalho 2000; Cousyn et al. 2001; Gomez et al. 2002).

In conclusion, our results suggest that, in shallow
ponds, the DPB poorly integrates the spatial variation in
AC structure. The increasing similarity between the
hatchling assemblage and AC samples that cover increas-
ing sampling periods suggests temporal variation to be
better integrated in the DPB. Our results indicate that DPB
analysis can be used as a cost-efficient method for the
assessment of species richness, as it requires only one
sampling occasion. DPB analysis may, however, yield a
biased assessment of community structure due to inter-
specific variation in propagule production, optimal storage
conditions and hatching phenology.
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