Chapter 7
Resistance of Dormant Eggs of Cladocera
to Anthropogenic Pollutants
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Abstract Many Cladocera species under unfavourable conditions produce resting
eggs that can survive for years in deep diapause. Resting eggs form egg banks at the
bottom sediments, which serve as a source of genetic diversity and replenish the
population after periods of decline. Despite the obvious importance of resting eggs
for the ecosystem functioning, studies assessing the sensitivity of resting eggs to
different toxicants are scarce. We reviewed published data on the sensitivity of rest-
ing eggs to the effect of heavy metals, organic pollutants and ionizing radiation.
Analysis shows that the effects of toxicants of different types on resting eggs will
have different environmental consequences. Egg banks may suffer from prolonged
contact of dormant eggs with heavy metals. However, the ecological relevance of
these effects is low, since the effective concentrations of toxicants must be very
high. In addition, the effect of heavy metals on resting eggs is not transmitted to
hatchlings from exposed eggs. Taking into account high toxicity of heavy metals to
active animals, we assume that the toxic effect of heavy metals is critical for active
zooplankters and relatively safe for resting stages. Accumulation of artificial radio-
nuclides in bottom sediments can have a significant impact on aquatic ecosystems
through chronic effects both on survival of resting eggs and on the life cycle param-
eters of animals hatched from irradiated eggs. Resting eggs during reactivation are
more sensitive to the effect of ionizing radiation. Pesticides and complex chemical
compounds produce similar toxic effects on both resting eggs and life history
parameters of hatchlings from exposed resting eggs. The bottom line is that to pre-
dict the effect of contamination of bottom sediments by different pollutants on the
ecosystem structure and functioning, it is highly important to investigate the viabil-
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ity of the resting eggs under a wide range of concentrations of various toxicants and
different durations of direct contact of eggs with toxicants.

Keywords Resting eggs, Resistance, Heavy metals, Ionizing radiation, Toxicity

7.1 Introduction

Cladocerans play a vital role in aquatic food webs, transferring organic carbon from
primary producers to fish or invertebrate predators. Under favourable conditions,
they reproduce by parthenogenesis, which allows them to increase in numbers
quickly and control the lower food web level (Lampert et al. 1986). Under adverse
conditions, many species of Cladocera produce resting eggs (Alekseev et al. 2007).
The production of resting eggs is the strategy to survive either seasonal or occa-
sional unfavourable conditions (Radzikowski 2013). Usually in natural habitats,
cladocerans produce diapausing egg at the end of the growing season (Alekseev
et al. 2007). Diapausing eggs produced in different years are accumulated at the
bottom sediments, where they form the egg bank. The bank of dormant eggs is
important for ecology and evolution of zooplankton. It is a source of genetic diver-
sity; natural populations can recover from the egg bank, which supports the stability
of zooplankton communities (Brendonck and De Meester 2003; Hairston 1996).

Resting eggs accumulated in the sediments can be exposed to various unfavour-
able factors. However, dormant organisms can stay alive in the resting form for a
long time and demonstrate high tolerance to different unfavourable factors. The
resistance of dormant forms to abiotic factors, such as desiccation or freezing and
salinity stress, has been well characterized in recent decades. Radzikowski (2013)
reviewed the survival of planktonic animals under adverse abiotic factors and
reported longevity of dormant forms of selected aquatic invertebrates. For example,
dry resting eggs of Daphnia magna can tolerate extreme temperatures of -84 °C and
110 °C during several hours. Nielsen et al. (2012) demonstrated that resting eggs of
freshwater zooplankton are able to survive without decline of hatching success
exposure to salt concentration of 13.5 g/l of sea salt for a period of 22 months. The
maximal reported age of viable dormant forms of D. pulicaria and D. galeata men-
dotae was 125 years (Radzikowski 2013) and of the copepod Diaptomus san-
guieneus was 322 years (Hairston Jr. et al. 1995).

In addition to natural factors that affect resting eggs in the bottom sediments,
they can be influenced by anthropogenic factors. Taking into account high resis-
tance of resting eggs to adverse conditions, it is not surprising that they tolerate high
concentrations of toxic substances (e.g. Jiang et al. 2007; Alekseev et al. 2010;
Raikow et al. 2007a, b). At the same time, bottom sediments accumulate compounds
that enter the water body, including toxic ones. As a result, concentrations of toxi-
cants in the sediments may exceed those in the water column and pose a certain
threat to bottom biota (e.g. Avila-Perez et al. 1999; Jiang et al. 2007).
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Some studies also demonstrated that toxic compounds not only directly affected
resting eggs (e.g. the efficiency of reactivation) but also influenced life cycle param-
eters of active animals hatched from eggs exposed to toxicants (e.g. Navis et al.
2013; Rogalski 2015). It is very important to understand whether the contact with a
toxicant during the diapause will affect the parameters of growth and reproduction
of animals hatched from exposed eggs.

In this chapter, we review published studies and present our results on the effects
of various anthropogenic pollutants on the resting eggs of zooplankters. Pollutants
that we cover in this review are heavy metals, pesticides and other complex chemi-
cal compounds, and radioactive materials. After a brief review, we discuss environ-
mental relevance of the effects observed and suggestions for future studies.

7.2 The Effects of Heavy Metals and Organic Pollutants
on Resting Eggs and Hatchlings from Exposed Eggs

Heavy metals are of high ecological importance. They demonstrate variable toxicity
to active Cladocera species, and, hence, they are very often used as model toxicants
in toxicological research (Wong and Wong 1990; Wong et al. 1991). Alekseev et al.
(2010) showed that resting eggs of Moina macrocopa remained viable after 100 days
of incubation in the solution with a copper concentration of 500 mg/l. Experiments
with resting eggs of Acartia pacifica showed reduced hatching success of resting
eggs after exposure to 348 mg/kg of copper and 6.8 mg/kg of cadmium (Jiang et al.
2007). Zinc concentrations of up to 5 mg/I did not affect the survival of resting eggs
of Artemia parthenogenetica (Sarabia et al. 2008).

In experiments with resting eggs of M. macrocopa, we observed resistance of
resting eggs to higher concentrations of heavy metals (up to 60-70 g/l) than was
demonstrated previously (Lopatina et al. 2017; Oskina et al. 2018). First, we tried to
determine the critical concentrations of heavy metals that are lethal for resting eggs
after one-month exposure of eggs to a wide range of concentrations of heavy metals
dissolved in water, but survival and hatching success of resting eggs were not
affected. We used concentrations of heavy metals (from the background level to
60-70 g/1) that far exceeded toxic thresholds of these metals for active animals.
When the exposure to toxicants was prolonged, we observed some adverse effects.
In the experiment with contaminated artificial sediment, hatching of resting eggs
was completely suppressed after 8-month exposure to high concentrations of copper
(34 and 67 g/kg). None of the other treatments with sediment contaminated by dif-
ferent concentrations (from the background level to 60-70 g/1) of cadmium, zinc or
nickel affected survival of resting eggs.

Our experiments showed that resting eggs could tolerate high concentrations of
heavy metals. Recently, it was shown that resting eggs of cladoceran Daphnia are
good biosorbent of heavy metals (Sacmaci et al. 2014). Thus, most probably protec-
tive structures of the ephippium are able to absorb high concentrations of ions of
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heavy metals and protect enveloped embryos from toxic exposure. However, the
toxic effect of heavy metals on reactivation of eggs was manifested when we
extended the duration of contact between eggs and toxicants. With the increased
exposure time, the viability of resting eggs was reduced under the effect of copper,
which was the most toxic heavy metal of the selected toxicants. If the viability of
resting eggs is determined by the diffusion of a toxicant through the protective wall
of the ephippium, the toxic effect of copper should be manifested first, as this metal
is the most toxic of the selected heavy metals. We assume that longer contact with
other heavy metals will also result in unfavourable effects. Indeed, Rogalski (2015)
demonstrated that the concentration of heavy metals in the bottom sediments of the
lake had a significant effect on the hatching success of Daphnia resting eggs
extracted from the sediment core. However, at least for the period of up to 8 months,
resting eggs protected offspring from the effect of heavy metals.

Raikow et al. (2006) examined the acute toxicity of the biocide SeaKleent (men-
adione), which is used for chemical treatment of residual material in ship ballast
tanks, on resting eggs of several zooplankton species. SeaKleen was toxic to resting
eggs of all the tested taxa. D. mendotae resting eggs encased in protective ephippia
were the least sensitive, as indicated by 90% mortality of organisms after 24-h expo-
sure to an 8.7 g/l concentration of the toxicant. SeaKleen induced teratogenic effects
in D. mendotae and Artemia sp. In a study of the acute toxicity of glutaraldehyde
and sodium hypochlorite for the resting eggs of D. mendotae and Artemia sp.,
Raikow et al. (2007a, b) demonstrated that glutaraldehyde was toxic to resting eggs
of Artemia sp., while D. mendotae displayed erratic responses to glutaraldehyde.
Sodium hypochlorite was similarly toxic to resting eggs of Artemia sp. and D. men-
dotae, which displayed LCy, of 86.5 + 3.0 and 78.3 + 1.6 mg/l, respectively.

Most et al. (2015) demonstrated the stimulating effect of organic pollutants on
the hatchability of resting eggs of D. longispina. However, the offspring hatched
from the eggs showed increased mortality and developmental anomalies associated
with the presence of toxicants in the water. These results are difficult to interpret due
to short exposure times and the presence of toxicants not only during the resting
period but also at the time of reactivation of eggs. We proposed (Lopatina et al.
2017; Oskina et al. 2018) that variable resistance of resting eggs to heavy metals
could be explained by methodological differences between studies. In preliminary
experiments, we observed high mortality of juveniles hatched from resting eggs
exposed to high concentrations of heavy metals. However, when resting eggs were
thoroughly washed, no mortality of hatchlings was observed. We assumed that mor-
tality of animals was associated with the diffusion of heavy metals bound to the
surface of resting eggs to the culture medium. When we excluded the effect of water
pollution by toxicants during the reactivation of eggs, we observed their high resis-
tance to heavy metals. In most of the studies that we cited before, the method sec-
tions did not specify whether the resting eggs had been washed after exposure to
toxicants. In general, standardization of techniques is considered as one of the key
problems in studying the sensitivity of resting eggs of zooplankton to the effect of
toxic compounds (Luc Brendonck, pers. communication).
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We also found (Lopatina et al. 2017, Oskina et al. 2018) that parameters of the
life cycle (life span, juvenile growth rate, number of hatched clutches, fecundity) of
females hatched from resting eggs that had been exposed to heavy metals in a wide
range of concentrations did not differ from those of the group of control animals.
Taking into account high susceptibility of active cladocerans to the toxic effect of
heavy metals, we assumed that when a toxicant penetrated through the protective
ephippia, it caused mortality of encapsulated eggs. When resting eggs remained
viable, hatched offspring did not differ from the control group.

The effects of heavy metals on performance of hatchlings from resting eggs
exposed to toxicants should be different from the effects of toxic compounds that
can modify life cycle parameters. For example, exposure to pesticides (carbaryl and
fenoxycarb) affected both the reactivation of exposed resting eggs of D. magna and
the survival and life cycle parameters of hatchlings from these eggs (Navis et al.
2013). Later, in the study of the sensitivity of resting eggs of D. magna at different
stages of embryonic development to fenoxycarb, the authors showed that ephip-
pium did not protect eggs against the pesticide (Navis et al. 2015). The concentra-
tion of the pesticide in the embryo tissues in the resting egg did not differ from that
in an embryo devoid of the protective shell. Hence, the lethal concentration of
fenoxycarb for resting eggs was only twice as high as that for living Daphnia. Thus,
studies demonstrate that sensitivity of resting eggs to different toxicants varies con-
siderably. Estimating the toxicity of heavy metals, organic substances and low-
molecular-weight compounds, Alekseev et al. (2010) suggested that
low-molecular-weight compounds were more toxic to resting eggs. Assessment of
the toxicity of various compounds for resting eggs should probably require a detailed
study of the structure of the ephippium and modelling of the interactions of toxi-
cants with these protective structures.

We can summarize that resting eggs are quite resistant to the effect of heavy met-
als. Studies demonstrated that the survival of eggs was affected by both the duration
of contact with heavy metals and their concentrations (Jiang et al. 2007; Rogalski
2015). The effect of heavy metals on resting eggs is mainly manifested as increased
mortality of eggs. Performance of hatchlings from resting eggs exposed to heavy
metals is usually not affected. Effects of pesticides and complex chemical com-
pounds are observed at lower concentrations. Not only do such toxicants decrease
the survival of resting eggs, but they also affect the parameters of the life cycle of
hatchlings.

7.3 The Effect of Ionizing Radiation on Resting Eggs
and Hatchlings from Exposed Eggs

Data on the effect of ionizing radiation on aquatic invertebrates are fragmentary and
incomplete (Dallas et al. 2012). Over the past century, the level of background
radioactivity has increased due to various anthropogenic activities (United Nations
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Scientific Committee on the Effect of Atomic Radiation 2010). Artificial radionu-
clides enter aquatic ecosystems due to discharges from nuclear-power facilities,
washouts from water catchment areas and nuclear fall-outs (Van der Stricht and
Janssens 2010). Bottom sediments accumulate various anthropogenic pollutants
including radionuclides (e.g. Kansanen et al. 1991), which expose benthic dwellers
to adverse effects.

Numerous experimental data demonstrated adverse effects of ionizing radiation
on active cladocerans (e.g. Alonzo et al. 2008; Massarin et al. 2010; Sarapultseva
and Gorski 2013). Recent studies have also demonstrated the transgenerational
effects of parental exposure to ionizing radiation on survival and reproduction of
exposed females of D. magna and their offspring (Sarapultseva and Dubrova 2016).

Studies of the effect of ionizing radiation on resting eggs of cladocerans are
scant. The ability of resting eggs of Daphnia sp. to endure the conditions of outer
space was tested at the International Space Station (ISS) (Novikova et al. 2011).
Despite the high-temperature differences and the impact of ionizing radiation
(absorbed dose was equal to 2-3 Gy), part of the resting eggs retained the ability for
reactivation (Novikova et al. 2011). It was noted that radiosensitivity correlated
positively with the rates of metabolic processes, which resulted in the tolerance to
the effect of radiation of dormant eggs of aquatic invertebrates (Eisler 1994) or ani-
mals in cryptobiosis (Watanabe 2006). Thus, we should expect relatively high toler-
ance of resting eggs to the effect of radiation. Some anhydrobiotic invertebrates
show extremely high tolerances against radiation. A tardigrade, Macrobiotus areo-
latus, tolerates exposure to 5500 Gy of X-ray (May et al. 1964). LDs, for dry
Artemia cysts can be as high as 5000 Gy of Cog, gamma radiation (Iwasaki 1964).

Active invertebrates can also tolerate high doses of radiation. Some bdelloid roti-
fers were able to tolerate doses of up to 600 Gy (Gladyshev and Meselson 2008).
Gladyshev and Meselson (2008) suggested that the radiation resistance of bdelloid
rotifers was a consequence of their ability to survive the desiccation. The damage
incurred in desiccation episodes includes the DNA breakage that is repaired upon
rehydration. Thus, these species have developed effective mechanisms of DNA
repair that can be activated to minimize the unfavourable effects of radiation.

Recently, we determined (Zadereev et al. 2017) the dose-response relationship
for the effect of gamma radiation on hatching success of resting eggs of M. macro-
copa. The absorbed dose of 200 Gy was lethal to resting eggs. Gamma irradiation in
the range of doses from the background level to 100 Gy had no effect on the survival
of resting eggs. Even though survival and hatching of resting eggs was not affected
by doses below 100 Gy, the effect of radiation was manifested in hatched neonates
at individual and population levels. The number of clutches and net reproductive
rate (R) of hatchlings from eggs exposed to radiation were the strongly affected
parameters in experiments with individual females. The number of clutches per
female was drastically reduced for females hatched from eggs exposed to 80—100 Gy.
The effective dose that induced 50% R, reduction was 50 Gy.

Life cycle parameters of active animals had different sensitivities to the irradia-
tion of resting eggs. Life span and growth rate of juvenile females were relatively
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non-sensitive parameters. The proportion of males in the progeny was too variable
a parameter to be used as a sensitive endpoint. Reproduction parameters (the net
reproductive rate, fecundity) of active animals were the most sensitive parameters of
life cycle in response to the effect of ionizing radiation on animals during the resting
stage. These findings are similar to the results of several experiments with active
animals exposed to ionizing radiation. For example, the size of clutches hatched by
D. magna decreased at radiation doses greater than 0.1 Gy. At the same time, neither
survival nor somatic growth rate of females were affected by radiation doses of
1-2 Gy (Gilbin et al. 2008). Sarapultseva and Dubrova (2016) also demonstrated
that the fecundity of Daphnia significantly decreased at a dose of 0.1 mGy or higher
while the survival was significantly compromised only for Daphnia exposed to 1
and 10 mGy of acute y-rays. Moreover, Alonzo et al. (2016) modelled population
responses to chronic external gamma radiation in 12 laboratory species (including
aquatic and soil invertebrates, fish and terrestrial mammals) and found that the net
reproductive rate showed the lowest EDR, (effective dose rate inducing 10% effect)
in all species.

While diapausing eggs can tolerate high doses of radiation, there is a knowledge
gap on the sensitivity of resting eggs to the effect of radiation during hatching.
When placed in favourable conditions, the resting egg hatches in several days.
During this short period, the embryo should be very sensitive to the effect of radia-
tion, as aquatic organisms exhibit increased sensitivity to radiation during active
metabolism (Donaldson and Foster 1957). Indeed, we observed higher sensitivity of
resting eggs when we exposed them to gamma radiation during the reactivation. The
survival rate of resting eggs was decreased at the dose of 100 Gy, the growth rate of
juveniles sharply decreased for hatchlings from eggs exposed to doses 24 Gy or
higher, and reproduction parameters dramatically decreased for animals hatched
from eggs exposed to doses of 64 Gy or higher (Lopatina et al. 2018). We can com-
pare sensitivity of resting eggs of M. macrocopa to the effect of gamma radiation
during deep dormancy and during reactivation. Neither the survival of resting eggs
nor life span or growth rate of hatchlings from eggs irradiated in the deep dormancy
were affected by the doses of up to 100 Gy (Zadereev et al. 2016; Zadereev et al.
2017). The reproductive parameters of females that hatched from irradiated eggs
dramatically decreased at the exposure doses of 80 and 100 Gy. Thus, hatchlings
from resting eggs of M. macrocopa exposed to gamma radiation during the reactiva-
tion demonstrated higher sensitivity (Lopatina et al. 2018).

There are fragmentary data on the irradiation of resting stages of zooplankton
during reactivation. For example, wet cysts of Artemia (initial stage of reactivation)
were more than twice radiosensitive to an irradiation dose of 500 Gy compared with
dry cysts (Donaldson and Foster 1957). Similar results were obtained for other
aquatic animals. For example, in fish of the genus Oryzias, chromosomal aberra-
tions were found when eggs at their early stages of development (immediately after
fertilization) were exposed to beta- (more than 0.19 Gy) and gamma (more than
0.58 Gy) radiation (Suyama et al. 1981). The mortality of eggs of mollusc Milax
nigricans in the stage of two blastomeres increased at a dose of gamma radiation
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equal to 0.2 Gy and became absolute at an exposure dose of 0.8 Gy (Zampi and
Focardi 1973). Embryos of the Milnesium cf. tardigradum exhibited higher sensitiv-
ity to radiation exposure during their early stage of development compared to the
middle and late stages of development; egg mortality increased at radiation doses
above 50 Gy (Beltrdn-Pardo et al. 2013).

A recent study demonstrated the transgenerational effect of parental exposure to
ionizing radiation on survival and fertility of directly exposed D. magna females
and their first-generation progeny (Sarapultseva and Dubrova 2016). At the same
time, F2 progeny of irradiated FO Daphnia substantially recovered (Sarapultseva
and Dubrova 2016). We also studied both maternal and transgenerational effects of
exposure of resting eggs to ionizing radiation in population experiments (Zadereev
et al. 2017). We performed experiments with populations of M. macrocopa that
comprised at least four generations of females that were hatched from irradiated
resting eggs. We found that population performance was affected by the irradiation
of the resting stage of animals that initiated the population. However, the population
response was detected at a higher level than individual responses. Only populations
that were initiated from hatchlings from resting eggs exposed to 100 Gy were of
smaller size and with fewer juvenile and parthenogenetic females compared to con-
trol populations (Zadereev et al. 2017).

Polikarpov (1998) proposed a conceptual model of biological responses to dif-
ferent dose rates of ionizing radiation: the dose rates that produce damage to popu-
lations and communities should be higher than the dose rates that produce detectable
effects in individual organisms. Responses at the individual and population levels to
the acute exposure of the resting eggs to ionizing radiation (Zadereev et al. 2017)
were consistent with Polikarpov’s conceptual model (1998). The estimated EDs, for
the R at the individual level was 50 Gy. However, populations initiated from resting
eggs exposed to 50 Gy did not differ in size from the control population; popula-
tions initiated from resting eggs exposed to 80 Gy demonstrated reduced numbers
and altered structure with fewer juvenile and parthenogenetic females in the initial
stage of development, but later the population size recovered. Population responses
were most probably masked by the individual variability and recovery of the subse-
quent progeny of FO females irradiated in the resting stage.

We can conclude that resting eggs of Cladocera irradiated at different stages of
development are resistant to relatively high doses, which corresponds to the accepted
notion that invertebrates in aquatic habitats show low vulnerability to the radiation
factor (Eisler 1994). Even though the survival of resting eggs is not affected by rela-
tively high doses of radiation, the reproductive performance of hatchlings is sup-
pressed. This effect is most probably not transgenerational, as we observed recovery
of subsequent generations of females irradiated at the resting stage. At the same
time, resting eggs demonstrated higher sensitivity when they were exposed to ion-
izing radiation during reactivation. Thus, contamination of bottom sediments by
radioactive materials could affect zooplankton communities through either adverse
chronic effects on resting eggs, which will be transmitted to hatchlings, or acute
irradiation effects on resting eggs during reactivation.
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7.4 Environmental Context

7.4.1 Heavy Metals and Organic Pollutants

To discuss the environmental significance of the data on the sensitivity of resting
eggs to different pollutants, we need to estimate whether critical concentrations or
doses observed in laboratory experiments are observed in natural habitats, too. We
observed high resistance of resting eggs to heavy metals over a relatively long time
(up to 8 months). Most probably, such concentrations are unattainable in natural
habitats, even in the case of severe pollution. For example, copper concentrations in
bottom sediments reached only 5 g/kg in contaminated swampy areas around the
mines in China (Deng et al. 2004), 0.5 g/kg in the places where the city run-off
enters the water body (Vesk and Allaway 1997) and 5 g/kg in the mining region of
Mexico (Razo et al. 2004). While we demonstrated (Oskina et al. 2018) that the
critical copper concentration that induced mortality of resting eggs after 8-month
exposure was 30 g/kg, for cadmium, zinc or nickel, even concentrations of 50 g/kg
had no effect on the survival of resting eggs.

The active concentrations of toxicants will be lower when we consider the long-
term storage of dormant eggs in bottom sediments (e.g. for several years). For
example, Rogalski (2015) observed that hatching rate of Daphnia hatched from
diapausing eggs isolated from sediments from four lakes that experienced varying
levels of metal contamination (Cu, Cd, Zn, Hg, Pb) was negatively influenced by
metal contamination and sediment age. It means that negative effects of heavy met-
als in bottom sediments on resting eggs will be significant only for eggs that have
been kept for a long time in the egg bank. However, long-term storage reduces the
viability of resting eggs. In addition, the contribution to the population dynamics of
eggs, buried deep in sediments, is low. The age of resting eggs that actively contrib-
ute to the zooplankton community in lakes varies between 10 and 20 years (Hairston
1996; Hairston Jr. et al. 2000). Resting eggs of zooplankton can survive longer (e.g.
up to 300 years (Hairston Jr. et al. 1995)). However, it is highly improbable that eggs
buried deep in sediments will contribute to the population dynamics. In addition,
Rother et al. (2010) demonstrated that the contribution of hatched animals to the
spring population dynamics can be negligible in situations with an overwintering
population present and will only become relevant if densities are extremely low.
Thus, ecological significance of such toxic effects will be low.

In addition, in the case of high concentrations of heavy metals in bottom sedi-
ments, there is a realistic assumption that elevated concentrations of toxicants will
be also observed in water. Then, toxic effects of dissolved toxicants on the newborn
juveniles hatched from resting eggs will be more valid. Sarabia et al. (2008) when
they studied the effect of zinc on resting eggs of Artemia made a similar conclusion.
Authors suggested that in natural habitats chronic toxicity of heavy metals dissolved
in water to active animals will be more important than the effect of toxic bottom
sediments on resting eggs. However, we should not underestimate evolutionary
implications of the effect of heavy metals and other toxicants on complex interactions
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between active zooplankton community and the resting egg bank (e.g. Gutierrez
et al. 2017; Turko et al. 2016; Aranguiz-Acufia and Pérez-Portilla 2017; Rogalski
2017). For example, metals in freshwater environments can modulate diapause
adaptive efficacy and the selective process in egg banks (e.g. Ardnguiz-Acuifia and
Pérez-Portilla 2017).

Toxic effects of pesticides or complex chemical compounds are observed at
lower concentrations of toxicants than the effects of heavy metals. Organic pollut-
ants not only directly affect survival of resting eggs but also modify life history
parameters of hatchlings from exposed resting eggs. Thus, effects of such toxicants
can be manifested at lower concentrations and will have higher environmental
significance.

7.4.2 Ionizing Radiation

To estimate activities of radionuclides observed in natural and manmade lakes
affected by various nuclear events, we can mention lake Inba affected by the
Fukushima Daiichi Nuclear Power Plant accident (Cao et al. 2017) and Lake
Maggiore (Italy, Switzerland), which received some “’Cs as a consequence of
atmospheric nuclear fallouts (Putyrskaya et al. 2009). The maximal dose rate for the
sediments of these habitats was estimated to be 6 mGy/h. Thus, it would take about
1900 years to accumulate the dose of 100 Gy, which would induce individual and
population effects in hatchlings from resting eggs deposited in such sediments. For
areas with a high level of radioactive contamination (Lake Karachai, lakes of the
Southern Urals, the cooling pond of the Chernobyl NPP, and the marine cooling
area of the Leningrad NPP), the estimated dose rates vary from 0.002 to 800 Gy per
day (Kryshev and Sazykina 1998). The dose of 100 Gy in such sediments will be
accumulated in 137 years (for a dose rate of 0.002 Gy per day) or in several hours
(for a dose rate of 800 Gy per day).

We have already mentioned that the age of resting eggs that contribute to the
zooplankton in lakes lies within the range of 10-20 years (Hairston 1996; Hairston
Jr. et al. 2000). This time is long enough for resting eggs to accumulate critical doses
in highly polluted lakes. We also observed that during reactivation, resting eggs
were more sensitive to the effect of ionizing radiation than eggs in deep diapause.
We can summarize that environmentally relevant unfavourable effects of ionizing
radiation on the resting eggs in sediments can be manifested in areas with radioac-
tive contamination that is high enough to produce either a cumulative dose or an
acute dose during reactivation of resting eggs that will affect hatching of resting
eggs and/or life cycle parameters of hatchlings (Fig. 7.1).
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Fig. 7.1 The schematic diagram of the effects of different anthropogenic pollutants on resting
eggs of Cladocera

7.5 Conclusion

Our review demonstrated that in spite of the high significance of resting eggs of
zooplankton for the ecology and evolution of natural communities, studies on the
negative effects of sediments contaminated with anthropogenic pollutants on resting
eggs are fragmentary. We observed a recent increase in the number of papers
addressing sensitivity of resting eggs to various toxic compounds. This interest was
mostly stimulated by the understanding of the role that resting stages play in natural
habitats and by the advances in paleolimnological research. However, many of the
studies focused on the effect of a specific toxicant on resting eggs lack dose-response
curves or estimates of delayed responses.
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We have covered a substantial gap in this field of research in our recent detailed
study of the effects of several heavy metals and gamma radiation on dormant eggs
of M. macrocopa. We determined critical concentrations of toxicants and the lethal
dose of gamma radiation for resting eggs of M. macrocopa. We also studied the
performance of hatchlings from resting eggs exposed to either toxic or radioactive
effect of pollutants. However, this is just a small contribution to this complex
research area.

It is highly important to investigate mechanisms that are responsible for the via-
bility of resting eggs under a wide range of concentrations of various toxicants and
different durations of direct contact of eggs with toxicants. Detailed studies of the
structure of the ephippium and interactions of toxicants with these protective struc-
tures are needed. The exposure of resting eggs to contaminated bottom sediments
can affect the performance of hatchlings. Individual and population level responses
should be estimated both in laboratory experiments and in natural habitats. This
information is necessary to predict the effect of contamination of natural habitats by
different pollutants on the ecosystem structure and functioning.
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