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Although the results of laboratory toxicological experiments
with Daphnia have been used to develop water quality criteria for
environmental protection purposes, WINNER and FARRELL (1976)
point out that extrapolation from laboratory experiments to 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 to verify laboratory pre-
dictions is desirable, Unfortunately the results of acute mortality
experiments and reproductive impairment tests using Daphnia can-
not be verified in the field because mortality and reproduction are
not easily distinguished in natural populations. It is possible,
however, to 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 purpose of this paper is to compare the short-term tox-
icity of cadmium to laboratory populations of D, galeata mendotae
with that to natural populations of D. galeata mendotae and total
Daphnia in Lake Michigan, as indicated by its effects on the pop-
ulations' rates of increase,

Materials and Methods

Laboratory populations of D, galeata mendotae were derived
from a culture maintained at the Environmental Research Laboratory-—
Duluth (U. S. Environmental Protection Agency). Four populations
were established for each of five levels of added cadmium (0, 5,

10, 15, and 20 pg Cd/1) and were maintained in 500 ml of medium
in 600-ml polypropylene beakers. The medium consisted of filtered
Lake Michigan water to which 2 X 104 cells/ml of Chlamydomonas

1Work performed under the auspices of the U, S. Department of
Energy.
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reinhardi and prescribed amounts of CdCl, were added and was
changed daily Mondays through Fridays (with a triple ration of food
on FPridays). The populations were kept in dark incubators at

18.5 £ 0.5°C except for the few minutes required for daily manipu-
lations. Total numbers of individuals in each population were de~
termined at the initiation of the experiment and again after 7 and
14 days.

Natural populations of Daphnia (D, galeata mendotae, D,
retrocurva, and D, longiremig) are present in the Lake Michigan
zooplankton community. Five in situ experiments were conducted
in northern Green Bay, Lake Michigan, off Sister Bay, Wisconsin,
In each experiment, two to four opaque polyethylene carboys (8- or
20-liter capacity) for each of five levels of added cadmium were
filled with water from the lower portion of the epilimnion (6 to 12
meters). Two to four additional carboys, which were not to be in-
cubated, were filled for determinations of initial numbers of
Daphnia, The concentrations of added cadmium were: 0, 50, 100,
150, and 200 pg Cd/1 in Experiments One to Three; 0, 25, 50, 75,
and 100 pg Cd/1 in Experiment Four; and 0, 5, 10, 20, and 40 pg
Cd/1 in Experiment Five. After the cadmium had been added, the
carboys were suspended in the epilimnion for in situ incubation,
Water temperature during the five experiments ranged from 17 to
21°C but was essentially constant during each one, After incuba-
tion, the zooplankton in each carboy (sample) were removed and
preserved in 5 percent formalin, D, galeata mendotae and other
species in each sample were enumerated in an open-top, chambered
counting cell, using a binocular dissecting microscope. Special
care was taken to count only those specimens that showed no signs
of decomposition,

Rates of increase, r, for both laboratory and natural popu-
lations were calculated from the equation, r = (in N; - In T\Ti) /at,
where Nt is the average terminal number of D, galeata mendotae or
total Daphnia in populations (samples) at a given cadmium level for
a given exposure time, N; is 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 beginning and end of exposure periods of 7—9 days, together
with the corresponding values of r, are shown in TABLE 1, The re~
lationships between the rates of increase (r) and added cadmium
{ug/1) for laboratory and natural populations of D, galeata mendotae
after exposures of 7—9 days are represented by the two linear re-
gression equations and corresponding lines fitted to the data shown

388



*I0U® paepuels F UBAN (®)

LI¥°0- SZ° ¥ ST° T ¥ L°0T — -—- - o
981°0- 0°0F0°Z 2Z'TFL'0T 8E0°0+ Z¥O0¢€ T FET )4
- - - 260°0+ S F T¥ €F 22 Sl
960°0- S'TFS'P CZ°TFL0T 9IT°0+ O F¥S € F Ve 01
0400~ 8'TFL°S 2°TFL°0T 641°0+ SF0L T¥F0¢ S
LEO'O- L°€EFL°L T'TFLOT  622°0+ 6FVUIL Amvﬁﬂmu 0
X “Z HZ 1 uz ﬂZ
= = = e
suopendod TeinieN suorieindod Atoyeroqe] PO PepPPY

* UOTI R} USOUOD WNTWPRD POPPE Uyoes e (1) osealduy Jo
solel pale[noIed NIM JoUleH0] ‘WNTWpPED POppe JO SUOTIRNUSOUOD JUSISIITP O}
sfep g—/ Jo saamsodxa jo A.a_._yc UoTieuUTuULIS] pur E/.c uoTjenIuT e suopeindod
(TGTS Uf) Temieu pue Aiojeioqe] Ul STIOPUSW S300]6b BTUyde(] JO Sioqumu Uesiy

1 3IEVL

389



A. 7-9 DAYS B. 14-15 DAYS _
+2 w2 i
r=0.22-0.0094 Cd r=0.12-0.006I| Cd
r. -y -
=)
©
5 r=-0,02-0.0096 Cd
)
- -2 -2
i o Lab. olLab.
® Field oFijeld
-4l N -4 -
) 1 1 | I i ) 1
0 20 40 O 20 40

Cd (ppb)

Figure 1, Effects of cadmium on rates of increase of laboratory and
field (in situ) populations of Daphnia during exposures of 7—9 days
(A) and 14—15 days (B).

in Figure 1 (A). The difference between the slopes, as indicated
by a t-test, is not significant (P >0.9). The average numbers of
Daphnia (D, galeata mendotae + D, retrocurva + D. longiremis) in
laboratory and natural populations for each added cadmium concen-
tration (0—50 pg/1) at the beginning and end of exposure periods of
14—15 days, together with the corresponding values of r, are shown
in TABLE 2. The relationships between the rates of increase (r) and
added cadmium {pg/1) for laboratory and natural populations of
Daphnia after exposures of 14—15 days are represented by the two
linear regression equations and corresponding lines fitted to the
data shown in Figure 1 (B). Again, the difference between the two
slopes is not significant (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 time is further
demonstrated by the results of the five in gitu experiments. Days
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of exposure (incubation) and linear regression slopes for the rela-
tionships between rates of increase (r) and added cadmium (0—50
pg Cd/1) for natural Daphnia (D, galeata mendotae + D. retrocurva
+ D, longiremig) populations for each in situ experiment are shown
in TABLE 3, Note that the absolute value of the regression slope
decreases with increasing exposure time. The correlation coeffi-
cient (0,893) for the relationship between exposure time and re-
gression slope is significant (P <0.,05).

TABLE 3

Days of incubation (exposure time) and lin-
ear regression slopes for the relationships
between rate of increase (r) and added cad-
mium (0—50 pg Cd/1) for natural Daphnia
populations in five in situ experiments in
Green Bay, Lake Michigan.

Experiment Days Regression slope
1 4 ~-0.0199
2 -0.0235
3 7 ~-0,0142
4 15 -0.0068
5 9 -0.0120
Discussion

For the laboratory 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 toxicity of cadmium,
integrating its effects on mortality and reproduction. This is not
necessarily true for the natural populations. However, the observed
effects on the different species' values of r probably were due to
direct cadmium toxicity because the effect in all cases was a re-
duction of r. Furthermore the exposure times were probably too
short for indirect (secondary) effects to become significant, and the
effects of enclosure per ge were minor (MARSHALL and VAN REKEN,
1977). Since the regression slopes for the relationships between
r and Cd for laboratory and natural populations of D, galeata
mendotae are not significantly different, I conclude that the lab-
oratory and natural populations do not differ significantly in their
sensitivity to cadmium,
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It is interesting to note that the toxicity of cadmium to the
laboratory and natural populations, as indicated by the slopes of
the regressions of r and Cd, was the same even though the r-
intercepts and the average value of r for the laboratory populations
were much higher, In other words, the indicated cadmium toxicity
was the same whether the populations on the whole were increas-
ing, as were the laboratory populations, or decreasing, as were the
natural populations.

The present study demonstrates that the results of appro-
priate short-term laboratory experiments using whole populations
can be verified in the natural environment., Future studies to de~
termine the relationships between short-term and long-term effects
of toxicants on integrating indicators of stress (average numbers or
biomass) in Daphnia populations will be useful in extrapolating the
results of short-term in situ experiments to assess longer-term
effects.

Acknowledgements

I thank Dr, James A, Zischke and Dr, Donald L. Mellinger
for help in the field, Alison Baer and Rosemary Van Reken for
assistance in the laboratory work, and Patricia A. Tyrolt for typing
the manuscript. Dr, Kenneth E, Biesinger kindly provided the cul-
ture from which the laboratory populations were derived.

References
MARSHALL, J. S,: Ecology 43, 598 (1962).

MARSHALL, J. S. and R, VAN REKEN: In Radiological and Environ-
mental Research Division Annual Report, Part III, January—
December 1976, ANL-76-88-III, Argonne National Laboratory,
Argonne, Illinois (in press).

SPRAGUE, J. B,: J, Fish, Res, Board Can. 33, 1988 (1976).
STEPHAN, C. E, and D, I, MOUNT: In Biological methods for the
assessment of water quality, ASTM STP 528, p. 164. American
Society for Testing and Materials, Philadelphia, Pennsylvania 1973,

WINNER, R. W, and M, P, FARRELL: J. Fish. Res. Board Can. 33,
1685 (1976).

393



