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ABSTRACT: The hydroid polyp Laomedea loveni Allm. responds to very low cadmium concentrations in sea water (pg Cd 1-lrange). The acute toxicity of Cd is strongly modified by abiotic factors. At low temperatures and high salinities L. loveni is more
tolerant to Cd contamination than at the reverse temperature-salinity combinations. The Cd concentration causing irreversible
retraction of 50°/a of the hydranths after a ?-day exposure of polyp colonies (7d EDSo)varies from 3pg1-' (at 17.5 'C and 10"/mS) to
80pgl-' (at 7.5 'C and 25O/uo S). The accumulation of Cd increases at higher temperatures.

INTRODUCTION
Cadmium is, like mercury, one of the most toxic
heavy metals known. In many rivers (Forstner and
Miiller, 1974) and in coastal areas this metal is present
in high concentrations. Large deposits occur especially
in sediments and at the higher levels of food webs
(Phillips, 1977). The amount of cadmium in the sediment of the Bight of Eckernforde (Federal Republic of
Germany) has increased sevenfold over the last 130
years. Compared to other heavy metals this is the
highest rate of increase in this area (Erlenkeuser et al.,
1974). For details consult 'Marine Ecology', Volume V
(in press).
Organismic resistance to cadmium varies widely.
Larvae of oysters and crustaceans (Connor, 1972) and
fish embryos (Pickering and Gast, 1972) are considerably more sensitive to heavy metals than are the
respective adult stages.
Experimental determinations of tolerance limits
must take into account abiotic environmental factors.
In fresh waters, cadmium tolerance limits are influenced by the degree of hardness (Pickering and Henderson, 1966); in marine waters, by salinity and
temperature (e.g. Eisler, 1971; Olson and Harrel, 1973;
von Westernhagen et al., 1974, 1975; Jones, 1975;
Rosenberg and Costlow, 1976). These relationships
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may be of importance for in-situ survival, especially in
estuaries and coastal areas. We have investigated the
effects of temperature and salinity on the toxicity of
cadmium in marine Hydrozoa. These animals are particularly suitable for such investigations because of
their high sensitivity to heavy metals (Karbe, 1972).
The responses of marine organisms to environmental
factors have been reviewed exhaustively in 'Marine
Ecology', Volume I. Temperature and salinity effects
on invertebrates received attention from Kinne (1970,
1971).

MATERIAL AND METHODS
The hydroid polyp Laomedea loveni Allm., used as
test organism in this study, is boreal and euryhaline. Its
distribution in the Baltic Sea extends as far as the
Aland islands and the Gulf of Finland (Vervoort, 1946).
The lower salinity limit is about 4-7 O/OO S; the temperature limits lie between 0°C and about 20°C (Schiitz,
1963). Below 5 "C, the polyps frequently transform into
a hibernating, non-active form, especially if the food
supply is insufficient.
After adapting the hydroids stepwise to experimental conditions (steps of 5 "C and 5 S0/w)over 3-4 weeks,
small colonies were tied to microscope slides. When
the quantity of polyps remained roughly constant over
5 days the colonies were transferred into glass vessels
containing different test solutions. Following the daily
check of animals, the culture water was changed in
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order to ensure that the cadmium concentration
remained the same throughout the experiment. At
each of the temperature-salinity combinations chosen,
4 to 7 different Cd concentrations were used. Standard
solutions were prepared 10-14 days in advance and
kept in polyethylene bottles at corresponding temperatures. Over that period, unspecific Cd absorption to the
walls of the storage bottles was less than 0.5"/0
(method: labelling with llSmCd).
Cadmium effects after 7 days of exposure were
assessed in terms of hydranth retraction rates. For
establishing mean effective doses (ED,,), Probit Analysis was used. This method requires a normal distribution of individual minimal effective doses. The
logarithms of the Cd doses followed a pattern of normal distribution; thus we obtained an asymmetric
standard deviation after transferring the logarithmic
results to a scale of natural numbers.
In addition to an exact determination of the mean
effective dose, the Probit Analysis provides infonnation on the homogeneity of the material studied. This
was verified by Chi-square test. The primary evaluation step was a graphic approach followed by reiterative approximations.

For accumulation tests we used genetically uniform
material obtained by asexual reproduction of a single
polyp colony. Secondary colonies were grown on glass
slides in 15-1 glass aquaria at corresponding temperature-salinity conditions. The water was constantly
cleaned by means of a biological filter (Fischer, in
press; for review see Kinne, 1976, pp. 122-134). Every
2 days the colonies were fed 2-3-day old nauplii of
Artemia salina. The water used for accumulation
experiments was taken from the culture aquaria and
passed through 0.45-pm membrane filters. For experiments, CdC1, in 0.01n HC1 was tracered with 1'5mCd.
After 7 or 10 days of exposure the hydroids were
rinsed with distilled water for 30s and then preserved
for 2 days in distilled water containing 15'/0 formaldehyde. Their radioactivity was measured in the Automatic Gamma Sample Analyzer BF 5000G1. Cd-concentrations refer to dry weight.

RESULTS
The log ED,, values calculated after reiterative
approximation (Fig. 1) are summarized in Table 1.
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Fig. 1. Laomedea loveni. Percent retraction of hydranths at different intensities of salinity, temperature and cadmium stress after
7 days of exposure. Probability net. Regression lines reveal mean effective doses (ED,,) at probit S = 50"" probability
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Table 2. Laomedea loveni. Concentrations of cadmium (pg I-') inducing irreversible retraction of 50"" of polyps into hydrothecs
within 7 days of exposure at different temperature-salinity-combinations. Mean values and standard deviations. Figures in
brackets: calculated values. Coefficients of correlation are sigmficant at the l'/* ( + + ) or 5 " / ~level ( * )
"C
'/-S

7.5

(37.4)

+ 10.88
51.93
- 9.00

20
(64.9)
25

15

17.5

+ 2.38

10

15

10

+ 18.72

+ 0.91

11.49
- 1.97
4.37
33.53
- 3.87
4.42
42.03
- 4.01

(4.28)

3.06

+

+ 2.19

+ 1.65

+

9.09
- 1.76
2.25
15.90
- 1.98

5.63
1.28
2.14
11.05
- 1.79
1.91
12.38
- 1.65

80.20
- 15.17

(57.3)

r = 0.99954"

r = 0.98527+ +

r = - 0.86597

- 0.74

+

+

=

0,99697"

r = - 0.99132++

+

(20.44)

r

r = - 0.97826'

-

r

=

0.97422++

r = - 0.99031
coefficients
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correlation

Fig. 3. Laomedea Joveni. 5O0/o retraction of polyps due to sea water contarnmated with cadmium at different combinations of
temperature and salinity. Time of exposure: 7 days

After transformation to a natural number scale we
obtained the actual EDS0values with asymmetric standard deviations listed in Table 2. The values in brackets are calculated EDSo concentrations resulting from
subsequent regression analysis on the basis of experi-

mental results. In Figure 2 these are marked with open
symbols.
The relation between EDS0 values and salinity is
representable by straight lines: the tolerance limits
rise with increasing salinity. In contrast, the tempera-
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ture dependency of Cd tolerance is inverse: the resistance of Laornedea loveni decreases with rising temperature, the relationship being logarithmic. At 7.5"C and
25O/wS, the tolerance limit of 80.2 pg Cd 1-' is roughly
25 times higher than the limit of 3.06pg Cd 1-' at
17.5"C and 10°/mS(Table 2). Figure 3 demonstrates the
combined influence of temperature and salinity on Cd
tolerance limits. This type of representation clearly
shows the modifying influence of these two environmental factors on the susceptibility of L. loveni to Cd:
low salinities and high temperatures lower the tolerance limit. At high salinities and low temperatures the
limit is much higher.
In order to assess the effect of temperature on Cd
accumulation, tests were carried out after adding 1.2pg "
Cd 1-l (Table 3). These tests clearly show a more
pronounced accumulation at higher temperatures. The
influence of salinity on Cd accumulation was tested by
exposing polyp colonies at 15"C in 10°/mSand 35'/0oS
to a Cd concentration of 1.25pg Cd 1-' for 10 days.
Every 2 days the water was changed and the hydroids
were fed. An influence of salinity on Cd accumulation
could not be demonstrated (Table 3).

DISCUSSION AND CONCLUSIONS
Where ecologically valid conclusions are sought,
only sensitive species are suitable as test organisms for
toxic substances. Marine hydroid polyps respond
sensitively to heavy metals (Karbe, 1972). Laornedea
loveni responds even to Cd concentrations in the low
pg l-'-range. A suitable criterion for assessing Cd toxicity is the irreversible retraction of 50°/0 of the polyps
(ED,,). For Eirene viridula Karbe (1972) was also able
to characterize other sublethal effects (thickening and
shortening of tentacles, followed by a reduction of
polyp colonies) which could be identified macroscopically. These phenomena, however, could not be regularly observed in L, loveni. The possible reason for this
seems to be that, under adverse environmental condi-

Table 3. Laornedea loveni. Effects of temperature and salinity
on the degree of cadmium accumulation

Sali- Tempe- Time of
nity rature exposure
(O/m)
(OC)
(days)
15
15
15
15
10
35

5
10
15
20
15
15

7
7
7
7
10
10

Cd-content
~n
in
Number
water
animal of pooled
(pg g-' dry colonies
l '
weight)
1.2
1.2
1.2
1.2
1.25
1.25

0.35
0.48
0.64
0.83
0.92
0.70

3
3
3
3
4

4

tions, polyps of L. loveni withdraw into the hydrothec
whereas E. viridula (although belonging to the suborder Thecata) has a reduced hydrothec.
The lowest Cd concentration effecting retraction in
Laomedea loveni is about 3 pg 1-' at 17.5OC and 10°/ooS.
The Cd concentrations found in the Baltic Sea (average: 0.17-0.22~g 1-'; Kremling, 1973) slightly exceed
the values considered to be normal in the open sea
(0.11kg I-'; Home, 1969). However, in more contaminated coastal areas considerably higher values may be
observed. Butterworth et al. (1972) measured concentrations up to 5.8pg Cd 1-I in the inner part of the
Severn Estuary. In this estuary, Cd concentrations lie
within the range of values that caused definite injuries
to L. loveni. Cumulative effects of other toxic substances may, of course, further lower the critical Cd
limit.
Considerable differences are found when comparing
the tolerance limits established for Laornedea loveni
with those for other species. Table 4 lists values for
other species obtained for periods of time comparable
to those used with L. loveni. Further data for acute
toxicity of Cd to marine animals have been presented
by Eisler (1971), O'Hara (1973), Ahsanullah (1976),
Negilsh (1976),Ahsanullah and Arnott (1978),Nimmo
et al. (1978), Schreck and Lorz (1978), Weis and Weis

Table 4. Threshold values for cadmium toxicity in differerit animal species. Test periods similar as with L. loveni
Species

'Threshold value'
(pg Cd I-' = ppb Cd)

Source

Fundulus heteroclitus
Arternia salina

192h LD,, 15,000-80,000
168h LDS, 50,000

Uca pugilator
Ophryotrocha sp.

144h LDS, 4,000-51,000
168h LD,, 4,000

Eirene viridula
Clava rnulticomis
Carnpanularia flexuosa
Laornedea loveni

100-300
168h ED,, 250
264h ED,, 110-280
168h ED,, 3-80

Eisler (1971)
Brown and
Ahsanullah (1971)
O'Hara (1973)
Brown and
Ahsanullah (197 1)
Karbe (1972)
Fischer (1978)
Stebbing (1976)
Present paper
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(1978). Differences in Cd tolerance of different species
may be related to their permeabilities and rates of
heavy-metal accumulation as well as to different sensitivities of their enzyme systems (Vallee and Ulmer,
1972). Another possible reason for certain species
being more resistant than others may lie in their ability
to synthesize special proteins or related molecules
which can bind heavy metals, thus playing an important part in decontamination (for vertebrates consult
the review by Webb, 1975; Olafson and Thompson,
1974; Lee et al., 1977; Overnell et al., 1977; for invertebrates, Noel-Lambot, 1976; Coombs and George, 1977;
Chou et al., 1978).
The importance of considering environmental factors when establishing critical values for the toxicity of
Cd in sea water has been demonstrated, for examples
by Eisler (1971), O'Hara (1973), von Westernhagen et
al. (1974, 1975), Rosenberg and Costlow (1976), Sullivan (1977), Voyer et al. (1977),Weis and Weis (1978),
Lehnberg und Theede (1979).The susceptibility to Cd
of the hydroid polyp Laomedea loveni significantly
depends on temperature and salinity. This fact confirms the hypothesis that marine organisms living near
their distributional limits in estuaries or in the Baltic
Sea tend to suffer at considerably lower pollution
levels than those living under optimal environmental
conditions. Consequently, critical toxicity limits established under normal marine conditions may not automatically be applicable to conditions prevailing in
estuaries or in the Baltic Sea. This may also explain the
more pronounced diminution of marine and/or limnic
organisms due to toxic substances in brackish waters,
where the organisms are already living in conditions
close to their tolerance limits.
The toxicity experiments conducted pose further
questions, for instance: what are the Cd quantities
accumulated under the different test conditions, and
what are the intracellular concentrations that lead to
the toxic effects observed? Furthermore, experiments
on Cd intake from food have still to be carried out.
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