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A Big Bang or small bangs? Effects of biotic environment on hatching 
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ABSTRACT  
The beginning and end of diapause are two important transition points in cladoceran life history. The influence of environmental 

variables on the dynamics of these processes still deserves attention, especially as concerns the role of biotic factors. In this paper 
we focus on emergence from diapause, testing (1) whether ephippia of Daphnia obtusa Kurz can assess the presence in the water of 
typical planktivorous fish or ostracods, and (2) whether such an assessment results in changes in hatching strategy. Total number of 
hatchlings from D. obtusa ephippial eggs did not differ between the control and the treatments in which the presence of fish or 
ostracods could be detected (ANOVA, P = 0.884). However, hatching dynamics were different: most of the eggs hatched 
synchronously at day 4 (83.3% of the total hatchlings number) in the control, while only a low proportion of eggs hatched on day 4 
in the fish (38.3%), and ostracod treatments (24.0% of the total). Mean hatching time was longer, and variability larger, in the 
treatments than in the control; differences resulted statistically significant (ANOVA, P = 0.005). With respect to the control, 
representing a simple microcosm controlled by abiotic variables only, the treatments may be regarded as relatively complex 
environments, in which Daphnia is also exposed to biotic cues. Under these more complex conditions, the same number of hatchlings 
is obtained through different hatching dynamics. In the treatments, the first hatchlings appeared later and the hatching rate was 
more variable than in the control. These observations confirm previously observed patterns from laboratory experiments which 
tested the effect of competition and fluctuating environmental conditions (light:dark, temperature regimes) on D. obtusa reproductive 
and demographic parameters. They are also in agreement with recently obtained evidence concerning the importance of biotic cues 
for hatching of ephippial eggs. Overall, the evidence suggests that Daphnia can detect infochemicals during dormancy. Specifically, 
we propose that the presence in the water medium of potential predators and competitors results in a short-term hatching 
asynchrony of ephippial eggs. 
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1. INTRODUCTION 
To bridge periods of unsuitable physical/chemical 

(e.g., drought, low or high temperatures, low oxygen) or 
biological (e.g., poor or limited food supply, predation, 
competition) conditions (Brendonck & De Meester 
2003), some organisms rely on the production of so-
called resting or dormant stages. Dormant stages of ma-
rine zooplankton (e.g., copepods, cladocerans, rotifers) 
occur in the sediments of temperate, sub-tropical and 
tropical bays and estuaries (Kasahara et al. 1974; Snell 
et al. 1983; Marazzo & Valentin 2004). The production 
of diapausing eggs by freshwater zooplankton species 
has been well-known for more than a century (Hairston 
& Kearns 2002). All species of Daphnia can, at some 
stage in their life cycle, produce paired diapausing eggs, 
which are resistant to desiccation, severe changes in 
temperature, and digestion (Carvalho & Wolf 1989). 
These eggs are enveloped in protective membranes, which 
include a modified part of the carapace. Together, this 
diapausing stage is known as an ephippium.  

In addition to enabling survival during unfavorable 
periods, ephippia can also promote dispersal. When they 
are sexually produced, they allow novel clones to be 

introduced into the population (Carvalho & Wolf 1989). 
Ephippia may thereby contribute to changes in popula-
tion dynamics (Grover 1999), community structure 
(Wolf & Carvalho 1989), species composition (Crispim 
& Watanabe 2001), and ecosystem function (Hairston, 
1998). They can overlap in the sediments, forming a 
persistent egg bank from which females can periodically 
or continuously hatch (Herzig 1985), thus changing the 
genetic composition of the population through the 
overlapping of clones and generations (Harper 1977; 
Cáceres 1997).  

The existence of egg banks indicates that not all 
eggs resume development immediately. This poses the 
question of whether this delay is a bet-hedging strategy 
(Slatkin 1974), or simply the result of a failure to 
receive the "right" cues on time, resulting in subsequent 
burial (Cáceres & Tessier 2003). 

If diapause is really a way for the genome to travel 
through time (sensu Hairston 1998) and escape from 
harsh conditions, it is crucial that dormant eggs should 
be able to detect such conditions before hatching. 
Entering and terminating diapause are important life 
history switch points, whose success is dependent on 
their timing (Lass et al. 2005).  


