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ABSTRACT

A comparative study was carried out on ecological and genetical adaptation of three Iraqgi
freshwater snails, Physa acuta, Melanopsis buccinoidea and Melanoides tuberculata, in
respect to acute toxicity of heavy metals (Zn, Cd and Hg). Longevity are used as poisoning
tolerance criterion. LT 50 and LT 100 were determined for the studied snails at (0.5, 1, 5, and
10 ppm), for the three metals. Results indicated that Physa acuta had a higher tolerance than
Melanopsis buccinoidea and Melanoides tuberculata, which was the lower one. Previous
exposure to heavy metals in the original habitat was affecting on experimental tolerance and
no relationships of physical and chemical factors (total hardness, temperature, D. O. and
sulphate) between original and experimental exposuring has been occurred. Results indicated
no ability of the three species for genetical adaptation on experimental bioassays, except for
lower concentrations (0.5, 1 ppm), since Physa acuta managed to give more than two healthy
new generations, whereas Melanopsis buccinoidea was disabled to give more than one
wesakling generation. The species Melanoides tuberculata showed a complete disability to give
any generation . The present study suggested a new wide experiment to be design, not only
by acute toxicity but with chronic toxicity, in order to determine the interference between the
ecological and genetica adaptation and the previous exposure to many environmental
pollutants.

INTRODUCTION

Little attention has been paid to the adaptation of Iraqi mollusca, especialy the freshwater
snails. Ngjim (1959) gave an important notes on the distribution of molluscs in Irag. Further
notes on distribution of molluscs in Irag with a first record of Physa has been given also by
Najim (1961). Most of these studies were focusing on larval trematode parasites of freshwater
molluscs in Irag (Watson, 1950). One of the best and pioneer studies on ecology of the
freshwater mollusca of Iraq has been given by Harris (1965). New attention appears recently
on distribution and dispersal of freshwater snails in respect to some heavy metals pollution
(Sheriff, 1992; Sheriff and Delool, 1993).

The biological effects of increasing amount of metal ions in aquatic system have been, in
recent years, the concern of large number of environmentalists (Patrick, 1973). The degree or
extent of the effects of the environmental changes on aquatic life varies with the type and
amount of pollutant and the character of the receiving water. In most waters the
concentrations of heavy metals are very low (Riley and Chester, 1971).

Mortality studies of adult organisms over a given period of time have generally been the
only standard bioassay techniques in pollution studies. Consequently, such techniques have
played a major role in setting standards (Vernberg et al., 1971). Tolerance experiments
conducted in connection with water pollution research or control usually have one or both of

69



A comparative study of ecological and genetical adaptation

two immediate objectives. One is to establish the relationship between surviva time, usually
median survival time of a species and lethal factor level. This relationship can be used to
estimate the length of time the species could tolerate any given level of the letha agent, or the
level that could be tolerated for any given exposure period (Warren, 1971).

The aims of the present study is to compare the effectes of Zinc, Cadmium and Mercury on
ecological and genetical adaptation of three Iragi freshwater snails, Physa acuta, Melanopsis
buccinoidea and Melanoides tuberculata. The first species is from heavily polluted drainage
canal, the second species is from sulferous springs habitat and the third is from dlightly
polluted drainage canal. Longevity experiments were carried out to evaluate the LT 50 and
LT 100 of these three freshwater snails in respect to heavy metal pollutants, such criteria
represents the poisoning resistance. We usualy know very little about the concentration of
toxic substances that may in nature have deleterious effects on the survival, reproduction,
growth and ecogenetical adaptations of living organism.

MATERIALS AND METHODS

All experiments were conducted during 1992. Test organisms were the adults of three Iraqi
freshwater snails, Physa acuta snails were collected from Saklawiya drainage cana which
was heavily polluted. Melanopsis buccinoidea were collected from Shathatha (Ain altamor)
springs (50 km southwest of Karbalaa) which were dightly sulferous water and Melanoides
tuberculata from Hikmat drainage canal (2 km northeast of Baghdad), it was representing a
slightly polluted water.

Aqueous stock solutions (10 ppm of metal ion) of Zinc (ZnSO4.H,0), Cadmium (CdCl,.2

%2 Ho0) and Mercury (HgCly) have been prepared. In order to obtain the experimental

concentrations of 5ppm, 1 ppm and 0.5 ppm, diluted concentrations from the stock solutions
were prepared also. All concentrations refer to ppm of the metal ion in solution at the start of
the experiments, and were calculated by atomic weights. It was not possible to monitor the
concentrations of heavy metals during the course of an experiment because of the lack of
suitable recording equipment, but it was assumed that these initial concentrations of metal
would not alter significantly over a 5-day period as well-washed pyrex containers were used
throughout.

After an acclimation period for at least 2 weeks, samples each consisting of 100 standard-
sized individuals were placed in 5 liter experimental media These were maintained at
constant temperature of 15+1°C. Glass aquaria containing 5 liter distilled water alone were
used as controls. Three replicates of each solution were used. A photoperiod of natural
daylight was employed throughout the bioassays. Experimental animals were checked at % ,
1, 3, 6, 12 and 24 hours and any dead specimen removed and recorded. Since all three species
live in lotic water, the tanks were aerated in all experiments. All specimens were starved
throughout the bioassays, so that solutions were changed every 24 hours. The toxicity results
are plotted as the total mean percentage mortality at the end of 96 h of three replicate
experiments, together with the standard deviations, where 50% mortality occurred, the LT50,
LT100 values have also been calculated. Any specimen which failed to respond when touched
with perspex needle were considered to be dead and were removed. The number of dead
animals found at each inspection was recorded.

Standard methods for the examination of water and waste water (A. P. H. A., 1976) were

used for D.O, 504: and water hardness. Temperature was recorded at natural habitats. Heavy

metals (Zn, Cd and Hg) were analysed using SP9 spectrophotometer. Since 0.5 ppm and 1
ppm Zinc concentrations were almost nearest to natural concentrations in three species
habitats, only for this metal further breeding experiments conducted to determine the genetic
adaptation by testing the number of generations succeeded on the three species.
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RESULTS AND DISCUSSION

Table 1 shows the longevity of the three treated species with different metals poluttants.
The results indicated that Physa acuta had a highest tolerance for the three experimental
metals. Concerninig the concentrations of these three metals in natural habitats (Table 3), we
found that al three concentrations were higher in Saklawiya drainage cana (the natural
habitat of this species) than the other two habitats (Ain atamor and Hikmat drainage canal).

Literature on development of tolerance to metals reported that in same species increased
tolerance to the toxic effectes of some metals can be acquired by previous exposure to
sublethal concentrations. Several examples of this have been given by Sprague (1970), for
fish. Llolyed (1960) found that rainbow trout Salmo gairdneri were more resistant to lethal
concentrations of zinc following exposure to sublethal concentrations, and in the same species
Sinley et al. (1974) showed that more tolerance fish were produced from Zinc-treated eggs.
When adults brine shrimp Artemia salina were exposed to 0.1 ppm of copper for three weeks,
the median lethal time in 1ppm was approximately double that of untreated animals (Saliba
and Ahsanullah, 1973).

Data from table 3 shows that zinc concentration in Aim atamor was higher than in Hikmat
drainage canal (mean concentration 0.55 ppm and 0.16 ppm respectively). This could explain
the higher resistance of Melanopsis buccinoidea to zinc pollution in contrast with Melaneides
tuberculata to (Table 1). The same data showed a higher original concentrations of Cd and Hg
in Hikmat drainage canal in contract with the same metals concentration in Ain atamor
(0.023 ppm and 0.000224), (0.00034 ppm and 0.00019 ppm) for Cd and Hg respectively,
these differences may explain the higher resistance of Melanoides tuberculata in contract with
Melanopsis buccinoidea, (See table 1). In conclusion, resistance order for the three species
can be arranged in respect to the metals as following:

acuta > buccinoidea> tuberculata for Cd and Hg concentreations tegether.

Data from table (2). Shows the differences of some chemical and physical factors between
water of the origina habitats and the experimental water. Water hardness, temperature and
water sulphate were lower than experimental water, whereas dissolved oxygen was higher in
experimental water than original habitats. Results showed that there was no effect of
previously exposure to these factors on altering the tolerance of all three studied species. In
conclusion the response for poisoning concentrations constricted only with previously metals
exposures and depending also on ecological and genetical adaptations criteria.

Results from further breeding of the three studies species in 0.5 ppm and 1 ppm of zinc
media showed a successful genetical adaptation of Physa acuta, since it yield two active
generations or may be more, whereas Melanopsis buccinoidea yield only one weakling
generation, No successful breeding or culture occurred with Melaneides tuberculata in these
two concentrations. Although the effects of metals on the genetic materials of cells is still
unclear, but no doubt, certain metals have an effect on DNA and RNA . (Passe et al, 1961).

There was a suggestion of genetic adaptation to heavy metals in many kinds of fauna
(Vernberg and Vernberg, 1974). Genetic changes need to be more fully investigated with a
large series of metals under a wide spectrum of condition in the freshawater organisms.

The high tolerance and successful of ecological and genetical adaptation of Physa acuta
from the present study could give a possible precaution on wide levels of distribution and new
habitats invasion by this species, especialy in those habitats which have a little heavy metas
contaminations.

Bioassays data showed a low concentration of Cd and Hg in Ain atamor water in
comparison with higher concentration of zinc, which could explain the large abundance of
Melanopsis buccinoidea, in regarding of zinc role on growth rater and its importance in
animal nutrition and enzymes. (Macan, 1980) (table 3).

Results obtained from such acute toxicity still confirming the poisoning order of the three
studied metals as following: (Hg > Cd > Zn). Freshwater snailsas apart from invertebrates
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are considered excellent indicator organisms because of their capability in concentrating
metals, among other pollutants. Beside measuring the concentrations of those metals in
aquatic ecosystems, there is a need not only for acute toxicity but also for effects of chronic
toxicity on such important molluscs.

In conclusion, one can say that although there has been a great deal of interest in and
considerable research on metal pollution during the last few year as a result of human and
other fauna poisoning, there is still much to be learned about the effects of metals on aquatic
organisms and our ecosystems. If we are to be able to manage our renewable resources
properly in the face of growing technology and industrial production, such new learning must
be acquired soon.

Table 1: Longevity of the three studied species on different metal pollutants.

Species polluta | LT hours Concentrations (ppm)
nt 0.5 1 5 10
Physa acuta Zn LT50 >96 >96 63 47
LT100 >06 >06 >06 935
Cd LT50 90 74 52 36
LT100 96 96 63 54
Hg LT50 44 33 28 22
LT100 67 41 35 285
Melanopsis Zn LT50 >96 >96 60 40.5
buccinoudea LT100 >96 >96 >96 78.5
Cd LT50 45 39 305 27
LT100 67 50 425 30
Hg LT50 22 16 125 9.5
LT100 29 21 18 145
Melanoides Zn LT50 >96 >96 48 355
turberculata Lt100 <96 >96 72 54
Cd LT50 57 53 48 30.5
LT100 74 66 56.5 14
Hg LT50 38 275 21 175
LT100 52.5 35 30 24
Table 2: Some chemical and physical factorsin different habitats
Habitat Factors Ain dtamor | Saklawiya Hikmat D. | Experimen
springs D. Canal Canal tal media
Average 955 563 346 215
(H::rcdonzss mgl &S reage 3071302 | 484622 290-466 -
Average 54 3.9 6.2 6.8
Dissolved Oxygen
mg/l Range 4.6-6.5 3.2-59 5.1-6.8 -
Average 245 214 18.8 15+1
Temperature C* o oe 20-28 14.6-26.3 9.6-25.2 -
Sulphate SO4~ Average 6071 3112 2156 785
range 6022-6080 1675-3860 1842-2332 -
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Table 3: Metal concentrations in the origina habitats.
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Metals Ain atamor SaklawiyaD. Hikmat D. Canal
springs Canal

Zinc ppm Average 0.55 0.74 0.16

Range 0.35-0.62 0.52-0.83 0.10-0.22
Cadmium Average 0.0024 0.046 0.023
ppm Range 0.0018- 0.0040 0.031-0.063 0.015-0.028
Mercury ppm | Average 0.00019 0.0030 0.00034

range 0.00027-0.00010 | 0.0017 — 0.0044 0.00022-0.00055
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