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Study site and Methods
Río Seco is a  sm all ( 0 .4  ha) , oligom esotrophic, and shallow  ( Zm ax= 2 .9 0  m )  lake  of  glacia l origin 
located a t  3 ,0 4 0  m  above sea  leve l in the  Sierra  Nevada m ounta ins ( southern Spain) . The lake  
is ice  covered from  around October- Novem ber until June- July. The lake  presents tota l Secchi
disk  visibility during the  ice - free  period. I t  is a  f ishless lake  w here  the  com m unity, very sim ple , 
consists of  ~  1 0  nanoplanktonic a lga l species and 2  m ain zooplankton species, the calanoid
Mixodiaptom us lacinia tus and the cladoceran Daphnia pulicaria .
Plankton w as collected a t  f ive  points in Río Seco lake  from  July through October- Novem ber in 
1 9 9 6 , 1 9 9 7  and 1 9 9 8 . The lake  area  w as divided into f ive  zones and one sam ple  w as collected 
a t  a  random  point  w ithin each zone ( Fig. 1 ) . 

Fig.2 . Tem perature and D.

pulicaria abundance values.
Values a re daily average for
five sam pling point s
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Results and Discussion

D. pulicaria developm ent  w as considerably later and their density significant ly low er in  1 9 9 6  than in 1 9 9 7  or 1 9 9 8  
( AN OVA p< 0 .0 5  for interannual differences w hen daphnids > 1  indiv.L- 1 ; LSD post- hoc test  show ed no differences 
betw een 1 9 9 7  and 1 9 9 8 )  despite the higher phytoplankton biom ass in 1 9 9 6 . These differences m ay be related to the 
shorter ice- free period of 1 9 9 6  than in 1 9 9 7  or 1 9 9 8  ( Fig. 2 ) . The low  tem peratures and high rainfall am ount  delayed 
the thaw  for one m onth in 1 9 9 6 , affect ing the t im ing of Daphnia hatching. 

Daphnia m ay colonize the lake every spring by hatching from  ephippia. This hypothesis is based on observat ions of the 
size of the first  individuals sam pled ( Fig. 3 ) , especially in  1 9 9 6 , w hen sam pling w as carried out  before the thaw . The 
first  individuals sam pled ( July)  w ere new - born or first  instar Daphnia, w hile the first  adults ( > 1 5 0 0  µm )  w ere observed 
at  early Septem ber. N o “large” individuals ( >  2 2 0 0  µm )  w ere observed at  the beginning of sum m er t im e in any 
sam pling year.

Product ion of subitaneous eggs w as low  and w as restricted to the beginning of the populat ion developm ent  w hereas 
ephippia product ion w as m aintained and increased unt il the end of sam pling period ( Fig. 2 ) . Parthenogenet ical
reproduct ion w as not  observed in 1 9 9 6  probably because adult  individuals did not  appear unt il early Septem ber, w hen 
the t im e for reproduct ion had passed. The contribut ion of parthenogenet ical reproduct ion to the populat ion density 
and structure is insignificant  ( Barea- Arco et al., 2 0 0 1 ) .

Species living in tem poral habitats and under hard condit ions as in  Río Seco lake need to adopt  specific survival 
strategies. Moreover, species m ust  deal w ith annual clim at ic variability. Hence, a cold year like 1 9 9 6  im plies strong 
changes in Daphnia populat ion dynam ics such as a low  hatching and a lack of parthenogenet ical reproduct ion and, 
consequent ly, a low  populat ion developm ent .

Fig.1 . Río Seco lake phot ograph w here t he
five sam pling zones have been draw n
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Hatching t im e is likely shorter and restricted to the 
beginning of the ice- free period. I n  1 9 9 6 , w hen no 
subitaneous eggs w ere produced, no new  born 
individuals ( < 7 0 0  µm )  w ere observed after early 
Septem ber ( Fig. 3 ) . 

Our results indicate that  thaw  t im e seem s to determ ine 
the beginning of hatching from  ephippia. W hat  kind of 
cues are operat ing? Probably w ater tem perature but  
w e think light  intensity and/ or quality m ay be involved.

On the other hand, the photoperiod, as a cue for the 
arrival of w inter, m ay regulate the end of hatching and 
subitaneous egg product ion. 
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Fig. 3. Size of t he sm allest and largest individual for ea ch
sam pling day of 1 9 9 6 , 1 9 9 7 and 1 9 9 8 .
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