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Although it is obviously important in aquatic toxicolog-
ical research to maintain experimental animals in chemi-
cally defined test media which are both physiologically
compatible to the experimental organism and similar to
natural waters, such media have not yvet been developed
for daphnids. Most such research is conducted in media
such as dechlorinated tap water (Buikema et al., 1976),
well water (Lewis and Maki, 1981), or surface water
(Goulden and Hornig, 1980) which are not completely de-
fined chemically. 1In those cases where chemically de-
fined media have been used the ionic concentrations and
proportions usually differ markedly from those in
natural waters and/or synthetic chelating chemicals and
buffers have been added: Crow and Taub (1979), Tevlin
(1978), U.S. EPA (1975). Also, experiments in such
waters have not been sufficiently prolonged to document
that normal life spans can be attained.

Murphy (1970) suggested that calcium was the only inor-
ganic ion required by Daphnia magna and he maintained
his cultures in distilled water to which only calcium
acetate had been added. All other mineral requirements
were supposedly provided by the algal food. Trace
elements were probably also added as contaminants in
the organic supplements (e g. liver extract and choline).
Moreover, in this system, magna survived a maximum of
30 days at 20°C (Murphy, pers. commun.). Subsequently,
however, Winner and Farrell (1976) showed that D. magna
survived up to 120 days on Murphy's algal diet when
maintained in pond water at 20°C. Obviously something
was lacking in Murphy's medium. Winner (1976) also
cultured D. magna in a water reconstituted by adding
reagent~grade salts to distilled water (Marking, 1969).
The life span of animals in this water was only about
half that of animals maintained in pond water. In
addition, animals reared in reconstituted water lost
the biramous portions of the second antennae at an age
of about 20 days. Overnight aeration of the medium
prior to introducing daphnids, or increasing the calcium
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concentration, delayed but did not prevent antennal
damage. Taub and Dollar (1968) have also recorded

antennal damage in D. magna maintained in reconstituted
water.

Currently, I have been using reconstituted waters con-
talnlng only four or five salts in chronic copper tox-
icity tests with D. pulex. Antennal damage has been
rare among control animals and has occurred only in the
softest of the waters. However, animals develop
antennal damage at an age of about 25 days when exposed
to copper concentrations sufficiently high to reduce
longevity in soft water.

Kathleen Keating (Rutgers Univ. ) has shown (unpubl.
ms.) that such antennal damage in D. pulex may be
caused by a selenium deficiency. The objective of the
present research was to determine the effect of sodium
selenite on the incidence of antennal damage in cohorts
of D. pulex exposed to Cu in a soft, reconstituted
water.

MATERIALS AND METHODS

Each test was conducted with a cohort of ten newborn
(<24-h old) D. pulex individually reared in 40 mls of
reconstituted water in 50-ml pyrex beakers. Beakers
were covered with watch glasses to minimize evaporation
and contamination from the atmosphere. All tests were
conducted in an environmental chamber at 20 +/- 1°C on
a l6~h photoperiod under white fluorescent lights at an
illumination of 28 lux.

The reconstituted water was prepared by adding reagent-
grade CaCO, (35 mg/1), MgCO3 (19 mg/1), KCl (0.15 mg/1)
and NacCl (il 5 mg/l) to distilled, charcocal-filtered,
deionized, Organex-Q (Millipore Filter Corp.) filtered
water which had been saturated with CO, to convert the
carbonates to bicarbonates. After aerating to bring

the pH up to above 8.0, 4.67 mg NaHCO3/1 was added to
increase the alkallnlty without increasing the hardness.
The final product has a hardness of 50 and an alkalinity
of 100 (as mg CaCO,/l) and a pH of approximately 8.6.
Organics were beloWw detection limits when analyzed by
fluorescent spectroscopy using a Spex Fluorolog cor-
rected spectrophotofluorimeter. This is one of a series
of waters being used to evaluate the effects of water
hardness on metal toxicity.

Tests were run in water to which had been added (ppb):
0 Cu=-03S8Se, 10Cu -0 Se, and 10 Cu - 5 Se. Copper
concentrations were monitored by flameless atomic-
absorption spectroscopy. Animals were transferred to
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freshly prepared media on M-W-F for 42 days. Mor-
tality, reproductive condition, and antennal damage
were noted daily when young were removed and each
animal fed a ration of vitamin-enriched Chlamydomonas
reinhardtii (Winner and Farrell, 1976).

Mean brood sizes, copper concentrations and pH were
compared among cohorts by ANOVA and Duncan's New Mul-
tiple Range Test using the SAS "GLM" computer program
(Helwig and Council, 1979). Survivorship curves and
percentage antennal damage over time were compared by a
Lee-Desu Chi? analysis using the SPSS computer program
(Hull and Nie, 1983). Unless otherwise indicated,
statements of statistical differences are based on
accepting P < 0.05.

RESULTS AND DISCUSSION

Copper concentrations of control beakers averaged 0.8

ppb (N = 18, SE = 0.13). In the beakers containing a

nominal Cu concentration of 10 ppb, the mean was 10.1

ppb (N = 20, SE = 0.24). The mean pH was not signifi-
cantly different among treatments and averaged 8.58

(n = 44, SE = 0.04).

The cohort reared in water containing 10 ppb Cu, and no
added Se, began to exhibit antennal damage on day 28 of
the experiment and all animals exhibited antennal dam-
age by day 32 (Fig. 1). By contrast, the cohort reared
in water containing 10 ppb Cu and 5 ppb Se exhibited

no antennal damage over the 42-day exposure. In the
absence of both Cu and Se, only one animal developed
antennal damage and that late in the experiment (day
40).

The addition of Se to the test water not only elimi-
nated antennal damage, it also significantly reduced
the chronic toxicity of Cu as evidenced by an increase
in survival (Fig. 2). Only three animals died in the
cohort exposed to Cu in the presence of Se and these
deaths occurred very early in the experiment (days 10
and 11) and were probably not due to Cu. In the cohort
exposed to Cu in the absence of Se all animals were
dead by day 36.

We have previously shown that, even at concentrations
which reduce longevity, copper increases the number of
young per brood in daphnids which are fed an adequate
diet (Winner et al., 1977). This conclusion has been
substantiated in the present study where mean brood
sizes were 7.0, 11.0, and 11.2 young/female for cohorts
reared in Cu-Se concentrations of 0-0, 10-0, and 10-5
ppb, respectively. Brood sizes were not significantly
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Fig. 1. The development of antennal
damage in three cohorts of D. pulex
exposed to three combinations of
copper and selenium.
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Fig. 2. Survivorship curves for three cohorts

of D, pulex exposed to three
combinations of copper and selenium.
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different between the two cohorts reared in 10 ug Cu/1,
but both of these were significantly larger than for
the cohort reared in water to which no Cu had been
added (P < 0.01).

Although it has been well documented that Se is an
essential trace metal for mammals and birds
(Shamberger, 1983), the only documentation of a Se
requirement by invertebrates seems to be Keating's
unpublished manuscript. However, considering that Se
is known to be essential for the synthesis of gluta-
thione peroxidase, it is highly probable that all
organisms require this element. This need has probably
not been recognized in maintaining laboratory popula=-
tions of freshwater organisms because of accidental
inclusion of Se in most laboratory waters and/or foods.
In retrospect, the delay in onset of antennal damage
which was induced by aeration or increasing calcium
content of test waters (Winner, 1976) was probably a
coincidental result of Se contamination from the labor-
atory atmosphere or the calcium salts.

The Se requirements of algae are poorly documented and
this element has not been generally added to algal
culture media. However, Lindstrom (1983) has deter-
mined that Se is an essential micronutrient for the
dinoflagellate Peridinium cinctum and possibly for the
diatom Stephanodiscus hautzschi and eight species of
green algae. It has generally been believed that daph-
nids obtain most of their mineral requirements from
their food resources (Murphy, 1970) rather than direct-
ly from the aqueous medium. It may, therefore, be
possible to satisfy the reguirements of daphnids by in-
corporating Se into the algal food and it seems dquite
probable that such an addition would benefit not only
the herbivores but alsc the algae.

The aggravation of a Se deficiency by a Cu stress in D.
pulex agrees with published information on birds. -
Jensen (1975) has shown that the addition of Cu to a
Se~marginal diet resulted in the development of Se-
deficiency symptoms in chicks,

The protective effects of Se against a chronic Cu
stress in D. pulex also agrees with results from mam-
malian research. Kar et al. (1960) have shown that Se
completely prevented the toxic effect of Cd in ovarian
and testicular tissues of rats. Godwin et al. (1977)
have shown that Se can prevent acute copper toxicity in
rats. The only reference that I can find of Se pro-
tecting against metal toxicity in invertebrates is the
work of Van Puymbroeck et al. (1982). They found that
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selenium reduced the acute toxicity of Cd to the fresh-
water snail, Lymnaea stagnalis L.

In conclusion, Se should be included as one of the
essential nutrients in laboratory cultures of daphnids
(and probably other freshwater organisms) and this
metal will have to be added to the increasing list of
water quality parameters which must be considered when
deriving water~-quality criteria and standards for metal
toxicity.
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