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Although the results of laboratory toxicological experiments 
with Daphnia have been used fo develop water quality criteria for 
envlronmental protection purposes, WINNER and FARRELL (1976) 
point out that extrapolation from laboratory experiments fo the 
natural environment is the crucial problem. STEPHAN and MOUNT 
(1973) and SPRAGUE (1976) indicate further that the results of lab- 
oratory toxicity tests have seldom been verified In the field and 
that more emphasis on field experiments Ix) verify laboratDry pre- 
dictions is desirable. Unfortunately the results of acute mortality 
experiments and reproductive impalrment tests using Daphnia can- 
not be verified in the fleld because mortality and reproduction are 
not easily distinguished in natural populations. It Is possible, 
however, lb determine the effects of toxic stress on both laboratory 
and natural populations' rates of increase, r -- a statistic that 
integrates the effects on mortality and reproduction and is potential- 
ly more useful than those based on either mortality or reproduction 
alone (MARSHALL, 1962). 

The p u r p o s e  o f  t h t s  p a p e r  i s  to c o m p a r e  t he  s h o r t - t e r r e  t o x -  
i c i t y  o f  c a d m i u m  to l a b o r a t o r y  p o p u l a t i o n s  o f  __D. g a l e a t a  m e n d o t a e  
w i t h  t h a t  to n a t u r a l  p o p u l a t i o n s  o f  _D_D. g a l e a t a  m e n d o t a e  and  t o t a l  
D a p h n i a  in Lake  M i c h i g a n ,  a s  i n d i c a t e d  by  i t s  e f f e c t s  o n  the  p o p -  
u l a t t o n s '  r a t e s  of  i n c r e a s e .  

Materials and Methods 

Laboratory populations of __D. galeata mendotae were derived 
from a culture maintalned at the Envlronmental Research LaboratDry-- 
Duluth (U. S. Environmental Protection Agency). Four populations 
were established for each of five levels of added cadmlum (0, 5, 
I0, 15, and 20 ~zg Cd/l) and were maintained in 500 ml of medlum 
in 600-mi polypropylene beakers. The medlum conslsted of filtered 
Lake Michigan water fo which 2 X 104 cells/ml of Chlamydomonas 

IWork perfonned under the auspices of the U. S. Departrnent of 
Energy. 

0007-4861/78/0020-0387 $01.40 
�9 1978 Springer-Verlag New York Inc. 



re inhardi  and prescr ibed  amounts of CdC12 were  added and was  
changed da i ly  Mondays  through Fridays (with a t r ip le  ra t ion of food 
on Fr idays) .  The popula t ions  were  kept  in dark incubators  a t  
18 .5  �9 0 . 5~  excep t  for the few minutes  required for da i ly  manipu-  
l a t i ons .  Total numbers of indiv iduals  in each popula t ion  were  d e -  
termined at  the in i t ia t ion  of the exper iment  and again  a f te r  7 and 
14 d a y s .  

Natural populations of Daphnia D~ galeata mendotae, D__. 
retrocurva, and D_~ longlremis) are present in the Lake Michlgan 
zooplankton community. Five in situ experiments were conducted 
in northern Green Bay, Lake Mi™ off Sister Bay, %%rlsconsin. 
in each experiment, two to four opaque polyethylene carboys (8- or 
20-1iter capacity) for each of flve levels of added cadmium were 
f i l led  with wate r  from the lower port ion of the epl l imnion (6 to 12 
mete r s ) .  Two to four addi t ional  ca rboys ,  which  were  not  fo be in -  
cuba ted ,  were  f i l led  for de te rmina t ions  of ini t ial  numbers of 
DaDhnia. The concen t ra t ions  of added cadmium were:  0, 50, 100, 
150, and 200 ~g Cd / l  in Experiments One to Three; 0, 25, 50, 75, 
and 100 ~g C d / l  in Experiment Four; and 0, 5, 10, 20, and 40 ~g 
C d / l  in Experiment F ive .  After the cadrnium had been added ,  the 
ca rboys  were  suspended  in the epi l imnion for in si tu incuba t ion .  
Wate r  ternperature during the f ive  exper lments  ranged from 17 to 
21~ but was  e s s e n t i a l l y  cons t an t  during each one .  After incuba-  
t ion,  the zooplankton in each  carboy  (sample) were  rernoved and 
prese rved  in 5 pe rcen t  fonna l in .  D_~ ga lea ta  rnendotae and other  
s p e c i e s  in each  sample were  enumerated  in an o p e n - t o p ,  chambered 
count ing c e l l ,  us ing a b inocular  d i s s e c t i n g  m i c r o s c o p e .  Specia l  
care  was  taken to count  only  those  spec imens  tha t  showed no signs 
of decompos i t ion .  

Rates of increase, r, for both laboratory and natural popu- 
lations_were calculated from the equation, r = (In N t - In ~i)/~t, 
where N tis the average terminal number of D__. galeata mendotae or 
total Daphnla in populatl__ons (samples) at a given cadmium level for 
a given exposure rime, N iis the average initial number, and At Is 
the exposure (incubation) time in days. 

Results 

The average numbers of D_. galeata mendotae in laboratory 
and natural populations for each added cadmium concentration at 
the beglnning and end of exposure perlods of 7--9 days, toge%her 
%vith the corresponding values of r, are shown in TABLE 1. The re- 
lationshlps between the rates of Increase (r) and added cadmium 
(~g/l) for laboratory and natural populations of D__. galeata mendotae 
after exposures of 7--9 days are represented by t/~e two llnear re- 
gression equatlons and corresponding lines floEed fo the data shown 
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Figure 1. Effects  of cadmium on ra tes  of inc rease  of laboratory and 
f ield i ~  sit, a) populat ions of Daphnia during exposures  of 7--9 days  
(A) and 14--15 days  (B).  

in Figure 1 (A).  The difference between the s lopes ,  as  indicated 
by a t - t e s t ,  is  not s igni f icant  (P > 0 .9) .  The average numbers of 
Daphnia D~ ga lea ta  mendotae + D__. retrocurva + D__. lon qiremis) in 
laboratory and natural  populations for each added cadmium concen-  
tration (0--50 Fg/1) a t  the beginning and end of exposure periods of 
14--15 d a y s ,  together  with the correspondtng va lues  of r, are shown 
in TABLE 2. The re la t ionships  between the rates  of increase  (r) and 
added cadmium (Fg/1) for laboratory and natural  populat ions of 
Daphnia af ter  exposures of 14--15 days  are represented by the two 
l inear regress ion  equat ions and corresponding l ines f i t t e d  to the 
data  shown in Figure 1 (B).  Again, the dif ference between the two 
slopes is not s igni f icant  (P > 0 .9 ) .  

The slopes of the regressions for laboratory populations of 
D__, galeata mendotae for exposures of 7 days and 14 days, on the 
other hand, are significantly different (P <0.05); and those for 
natural Daphnia populations for exposures of 9 days and 15 days 
are almost significantly different (0.1 > P > 0.05). The relation- 
ship between the regression slope and exposure rime is further 
demonstrated by the results of the five In situ experiments. Days 
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of exposure (incubation) and l inear  regress ion  s lopes  for the  r e l a -  
t ionshtps  between ra tes  of increase  (r) and added cadmium (0--50 
~g Cd/ l )  for natural  Daphnia D~ ga lea ta  mendotae + D__. refrocurva 
+ D_._, longiremis) populat ions for each in s i tu  experiment are shown 
in TABLE 3. Note that  the absolu te  value of the regress ion  slope 
dec reases  with increas ing  exposure r ime.  The correlat ion coef f i -  
c ien t  (0. 893) for the re la t ionshtp  between exposure rime and re -  
g ress ion  slope is s ign i f icant  (P <0 .05) .  

TABLE 3 

Days of incubat ion (exposure time) and l in-  
ear regress ion  s lopes for the re la t ionships  
between rate of increase  (r) and added cad -  
mium (0--50 ~g Cd/1) for nafural Daphnia 
populat ions in f ive in s i tu  experiments in 
Green Bay, Lake Michigan .  

Experiment Days Regresston slope 

1 4 -0.0199 

2 5 -0.0235 

3 7 -0.0142 

4 15 -0.0068 

5 9 -0.0120 

Discuss ion  

For the labomtory populations of D__, galeata mendotae at 
least, the slopes of the regressions representing the relationships 
between r and Cd are a measure of the direct toxlcity of cadmlum, 
integrating its effects on mortality and reproduction. Thls is not 
necessarily true for the natural populations. However, the observed 
effects on the different species' values of r probably were due fo 
direct cadmium toxici%y because the effect in all cases was a re- 
duction of r. Furthermore the exposure t/mes were probably too 
short for indirect (secondary) effects fo become signiflcant, and the 
effects of enclosure per se were minor (MARSHALL and VAN REKEN, 
1977). Since %he regression slopes for the relationships be%-ween 
r and Cd for laboratory and natural populations of D_D_, galeat�9238 
mendotae are not significantly different, I conclude that the lab- 
oratory and natural populations do not differ significantly in their 
sensitlvity to cadmium. 
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I t t s  in te res t tng  to note tha t  the t ox i c i t y  of cadmium to the 
labora tory  and naturel  popula t ions ,  as  ind ica ted  by the s lopes  of 
the r eg ress ions  of r and Cd,  was  the saine even  though the r -  
tn te rcep t s  and the average  va lue  of r for the labora tory  popula t ions  
were  much h igher .  In other words ,  the ind ica ted  cadmium tox lc l ty  
was  the saine whe ther  the popula t ions  on the whole  were  i n c r e a s -  
tng,  as  were  the labora tory  popula t ions ,  or d e c r e a s i n g ,  a s  were  the 
natural  popu la t ions .  

The present study demonstrates that the results of appro- 
prlate short-terre laboratory experlments uslng whole populations 
can be verified In the natural envlronment. Future studies fo de- 
termine the relationshlps between short-terre and long-term effects 
of toxIcants on integratlng Indicators of stress (average numbers or 
biomass) in Daphnia populations wlll be useful In extrapolating the 
results of short-terrn l__n_n sltu experlments to assess longer-term 
effects. 
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