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The influence of different temperatures and salinities on the toxicity of cadmium 
has been studied in short- and long-term experiments, using the colonial hydroid 
Clava mu/ticornis as test organism. Clones were subcultured under prospective 
T /S-test conditions, applyi ng 12 1 recirculati ng seawater systems with biological 
water conditioning, glass plates for substratum, and Artemia nauplii for food. The 
inability of C. multicornis to catch and swallow prey induced by heavy metals was 
chosen as lethal criterion. - High temperature and low salinity within the ecological 
range of the species increased the acute toxicity of cadmium, while low temperature 
and high salinity enabled C. multicornic to resist higher metal concentrations in 
the water or delayed the appearance of reactions on pollution, respectively. The 
long-term sublethal threshold concentration of some 200 fJ,g Cd · 1- 1 was not affected 
by combinations of temperature from 5 to 20 °C and salinity from 10 to 25 °/oo. 

Zusammenfassung 

Hydroiden im Biotest: Clava multicornis unter Cadmiumeinfluß 

Der Einfluß von Temperatur und Salzgehalt auf die akute und chronische Toxizität 
von Cadmium wurde an C/ava mu/ticornis (Hydrozoa, Athecata) untersucht. Se
kundärkolonien wurden unter den vorgesehenen T/S-Versuchsbedingungen im 
Labor auf Glasplatten gezogen und mit Artemia-Nauplien gefüttert. Kleine halb
geschlossene Kreisläufe mit biologischer Wasseraufbereitung bewährten sich 
für die Zucht mariner Hydroiden. Als Kriterium letaler Schädigung wurde das 
Ausbleiben der Nahrungsaufnahme gewählt. - Hohe Temperaturen und niedrige 
Salzgehalte innerhalb der ökologischen Existenz der untersuchten Art erhöhten 
die akute Toxizität, während C. multicornis bei niedriger Temperatur und hohem 
Salzgehalt kurzfristig höhere Schwermetallgehalte ertrug bzw. Schadwirkungen 

verzögert auftraten. Die langfristige Toleranzschwelle lag bei 200 (J.g Cd· i-1, 

und zwar unabhängig von Temperatur und Salzgehalt innerhalb der Bereiche 
5-20 °C Und 10-25° / oo.

lntroduction 

Seasonal changes and a general decrease in salinity from the West to the East 
as well as fluctuating temperature conditions are governing environmental factors 
in the Baltic Sea. Surrounded by industrialized countries, the Baltic suffers from 
contamination. The object of the work reported here was to examine the influence 
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of differences in temperature and salinity on the toxicity of cadmium on a marine 

hydroid. Cadmium is suspected to be almost as toxic as mercury, the major danger 

to man arising from its long biological half life (see FRIBERG et al., 1974). Hydroids 

were first used for the bioassay of marine pollutants by KARBE (1972) who found 

them to be most sensitive in indicating heavy metal contamination. 

Materials and Methods 

Clava multicornis FORSKAL 1775 (Hydrozoa, Athecata) is a common litoral species 

in Atlantic European water with salinities down to 7-8°/oo, The stolonial colonies 

grow on hard substrata and brown algae. The different forms of colonies - ranging 

from diffuse ones with scattered polyps to clustered ones with very short anastomos

ing stolons - are governed by habitat, degree of tidal exposure, water movement, 

and food supply (EDWARDS and HARVEY, 1975). A male colony was isolated in 

Sept. 1975 from a ponton in front of the Institut für Meereskunde, Kiel, FRG, and was 

subcultured in the laboratory. 

In order to culture C/ava multicornis in the laboratory small semi-closed recirculat

ing systems were used. They consist of a culture compartment of some 8 1 capacity 

and an integrated 3 chamber filter unit of 4 1 (Fig. 1). The central filter chamber 

contains 1 1 of mollusc shells serving as a pH buffer, source of alkaline reserve, 

and surface for bacterial attachment. Ectocarpus and Ulva are kept in the filter 

for algal water treatment and illuminated in 12/12 hour intervals. Circulation through 

Figure 1 

Small semi-closed recirculating system for culturing sessile organisms. Dimensions 

30 x 25 x 25 cm. 

(a) culture compartment 

(b) filter unit 

(c) water level in culture compartment 

(d) water level in filter chambers 2 and 3 

(e) water inlet to filter unit 

(f) mechanical filtration: gravel 

(g) pH-buffering, bacterial activity: mollusc shells 
(h) bubble pump

(i) algal water treatment
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the filter unit was maintained by a bubble pump at a rate of some 300 ml · min-1. 
Direct contact of metal with the culture medium was avoided. The temperature 
and salinity conditions were 5, 10, 15, 20 °C and 10, 15, 20, 25°/oo, corresponding to 
the proposed T/S-test conditions. 

Clones of C. multicornis were subcultured by attaching single polyps with some 
stolonial tissue to glass slides and feeding them daily with Artemia sa!ina nauplii. 
About every 14 days sludge was removed from the bottom of the culture compart
ments and thus some 10% of the culture water renewed, too. 
To investigate the influence of temperature and salinity on the resistance of C. 
mu/ticornis to cadmium, colonies were transferred into 100 ml aerated culture 
water and Cd++ added, dissolved in 0,01 n HCI. Corresponding to field situations 
in the Western Baltic, test temperatures were 5, 10, 15 and 20 °C and salinities used 
were 10, 15, 20 and 25°/oo The cadmium concentrations ranged from 50 to 
1200 (J,g · 1-1. Every two days the medium was renewed, every week the colonies 
were fed Artemia nauplii to test them for the lethal reaction "inability to catch and 
swallow prey". The experiments were carried out with two samples for each cadmi
um concentration and repeated once, following the "Hydroid Test" method of 
KARBE (1972). The tests were conducted until no further change in colonial feeding 
habit occurred, i. e. some sort of steady state was achieved. This took 3 to 6 weeks 
depending on the abiotic conditions. 

Results 

Temperature and salinity modify the acute toxicity of cadmium to C/ava multicornis.

The reaction pattern after a one-week �xposure indicates that C. multicornis

resists higher concentrations when temperature is low and salinity is high. At 
5 °C and 25°/oo the colonies still catch and swallow food after 7 days' influence 
of 850 µg Cd · 1-1

; at 20 °C and 10°/oo the 7 d resistance threshold is 200 (J,g Cd· 1- 1 

(Fig. 2 a). 
, 

Table 1 

Sublethal and lethal thresholds of cadmium for C/ava multicornis at 10 °C/25°/oo 
and 20 °C/10°/oo after 6 weeks of exposure. 8 colonies tested for each condition, 
original data 

T s Concentration (tJ.g Cd· 1-1) Threshold 
(OC) (%) Response 

150 200 250 300 Mean SD n 

sublethal n =8 n =6 n =3 n =O 217 27 9 
10 25 

lethal n =O n =2 n =5 n =8 236 24 7 

sublethal n =8 n =7 n =4 n =O 218 21 11 
20 10 

lethal n =O n =1 n =4 n =8 240 22 5 
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Figure 2 

H. Fischer: Hydroids in bietest

-----.-----.-----,900 
7 Das �------�-;---�---isoo...==-

!-700 01 
------t-----+-------l 600 3

------+-------! 500 E 
�-----1400 E

300 "U 
0 

200 U 

5 10 15 20 

5 

Temperature (°C) 

---���--.--���-,-���--500 
14Da s ----i----+---�-400 

-----------r-------i300 

10 15 

Temperature (°C) 

100 

25 
20 I �15 \0 00 

20 10 �\��'}
sc;. 

-

�-.
0) 

3 
E 
:::, 

E 
"U 
0 

u 

Temperature-salinity pattern of resistance thresholds of cadmium for Clava mu/ticornis after 

(a) 7 and (b) 14 days of exposure

The modifying effects of temperature and salinity diminish when exposure is 
prolonged (Fig. 2 b), and disappear after 28 days. An extended experiment over 
6 weeks confirmed that there is no significant influence of temperature and salinity 
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on Clava multicornis' long-term tolerance threshold towards cadmium of some 
200 µg Cd · 1-1 (Table 1). lt should be emphasized, however, that temperatures 
of 5 to 20 °C and salinities of 10 to 25°/oo are within the ecological existence of this 
species. 

Discussion and Conclusions 

Hydroids are estimated to be most sensitive indicators of heavy metals in marine 
biota. KARBE (1972) was the first to use them for the bioassay of marine pollutants. 
He pointed out that the reduction of polyps caused by contamination is the same 
as that caused when they are subjected to any unfavourable condition of tempera
ture, salinity, turbulence, food supply etc. (KINNE, 1956). KARBE reports the 
long-term tolerance threshold of Eirene viridula to be some 300 tJ,g Cd · 1-1

. This 
is the same order of magnitude as that found by STEBBING (1976) for the reduction 
of colony growth in Campanularia f/exuosa at 110-280 (J,g Cd · l-1 and for the i nabi I ity 
of feeding in C/ava multicornis at 200 !-1-9 Cd · 1-1 reported here. As the latter is a 
response to pollution that will cause the colony to die of starvation, Clava must 
be considered to be even more sensitive when the test criterion is a sublethal 
reaction like colony growth. 

The cytochemical study of MOORE and STEBBING (1976) allows conclusions as 
to the intracellular mechanism of heavy metal toxicity in hydroids. In Campanularia 

flexuosa the increased activity of a lysosomal hydrolase at 40-75 !-1-9 Cd · 1-1 is 
followed by the reduction of colony growth at 110-2801-1.g Cd · 1-1• The same effects
were caused by mercury and copper. The biochemical alterations occurred at a 
heavy metal concentration one order of magnitude lower than when reduction of 
growth was observed. The mechanism of copper toxicity may be related to a de
rease in stability of lysosomal membranes, and a similar effect is suspected to be 
caused by mercury and cadmium. 

Temperatures in the upper and salinities in the lower range of a species' existence 
limits are reported to increase the acute toxicity of pollutants. The high temperature 
modifications are often accompanied by increased toxicant accumulation and 
oxygen consumption rates (MAC LEOD and PESSAH, 1973; MURPHY and MURPHY, 
1971; REINERT et al., 1974). lncreased acute toxicity at low salinities seems to be 
closely connected to increased osmoregulatory efforts of the species concerned 
(JONES, 1973, 1975; O'HARA, 1972; THURBERG et al., 1973; VERNBERG and O'HA
RA, 1972). VERNBERG and VERNBERG (1972) demonstrate synergistic interaction 
of pollutants and "normal" environmental factors, each at a sublethal level, but 
becoming mortal when acting together on Uca pugilator. Many other organisms 
resist higher contaminant concentrations, too, when tested under conditions of 
their specific temperature or salinity optima (JONES, 1975; JONES et al., 1976; 
MIDDAUGH et al., 1975; OLSON and HARREL, 1973; THURBERG et al., 1973; VERN
BERG et al., 1973; v. WESTERNHAGEN et al., 1974). 

In C/ava multicornis, the increase of acute cadmium toxicity with temperature is 
estimated to be mainly the result of accelerated ion exchange and metabolic pro
cesses. The increased acute toxicity of cadmium in diluted seawater may be caused 
by an increased relative concentration of Cd++ compared to other bivalent ions. 
In this connection a major role is attributed to Ca++ (v. WESTERNHAGEN et al., 1974), 
which has the same ion radius of 0,97 A and is known to be replaced in its chemical 
compounds by Cd++ (VALLEE and ULMER, 1972). Depending on temperature and 
salinity conditions, equilibrium conditions will be obtained faster or slower. Thus 
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differences in toxicity result in different exposure times before a lethal threshold 
or a sublethal tolerance threshold is reached, respectively. This long-term tolerance 
limit is not affected by varying T/S-conditions as long as these are within the exist
ence borders of the species concerned. This seems to be a rule of general signifi
cance, holding for organisms of a very simple structure like hydroids as weil as 
for highly developed forms like teleosts (MERLIN!, 1971) or crustaceans (McLEESE, 
1974). 

Some remarks on the culture method applied should be added, although it was not 
subjected to a detailed investigation within the framework of this study. - Conventio
nal and approved culture techniques for marine hydroids are based on initiating 
secondary colonies by attaching explants to glass slides, feeding Artemia sa/ina 

nauplii, and keeping single or a few colonies in some 100 to 300 ml of culture water 
each which is to be replaced regularly after feeding (REES and RUSSELL, 1937; 
KINNE, 1956; FUL TON, 1960; WERNER, 1968; KARBE, 1972). The water supply is 
ensured by preparing synthetic mixtures, sampling water from the open sea and 
storing it, or taking water from coastal areas supposed to be less polluted and 
filtering it. STEBBING (1976) describes his attempts to gain large volumes of syn
thetic sea water suitable for heavy metal experiments - he finally feil back on natural 
sea water. Anyway, great care must be taken to exclude bacterial impurities. Al
though this standard method of culturing hydroids is very simple to handle, the water 
management makes it very time-consuming. 

In order to simplify the culture method, culture water was recirculated and treated 
biologically in small semi-closed systems. Basic design parameters are given by 
GOLDIZEN (1970): "(a) 500 liters of medium per kg of animal; (b) a 0, 1 m3 filter bed 
consisting of 2-5 mm grains of magnesium-bearing calcium carbonate; (c) a flow 
rate of 80 1 per m2 of filter bed per min; and (d) replacement of 25% of the culture 
medium per month." The semi-closed recirculating systems applied for this in
vestigation are constructed by uniform reduction of the Goldizen parameters. 
Thus an extensive hydroid culture could be run with a minimum of maintenance 
requirements: lt was only necessary to feed the hydroids with Artemia nauplii by 
adding some milliliters of a dense suspension to the culture compartment daily, 
suck off sludge from the bottom of the aquaria every two weeks and replace the 
lost water, and remove excessive algae from the filter surface now and then. 
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