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Abstract A study was conducted on the long term effects
of nine heavy metals on the Chironomus plumosus and
Culicoides furens larvae. This study tested the effect of the
heavy metals on several generations of the larvae to
observe the formation of increased hardiness against pol-
lutants present within the aquatic habitat. From this study it
was observed that susceptibility or sensitivity to heavy
metals decreased with LC50 values becoming larger indi-
cating a decreased toxicity level. Significant variations
(»p < 0.05) were observed between first generation and
third generation culicoides for all metals and at all con-
centrations. Variations between third and fourth generation
culicoides were also significantly different (p < 0.05) with
the exception of chromium at 25°C and nickel and lead at
every temperature range group. The variation between all
generations 4, 5 and 6 was found to be insignificant
(p > 0.05). This would indicate that metal tolerance would
have occurred in these generations and the effect of metals
was less toxic to the culicoides. Generation 9 was found to
have LC50 values (p > 0.05) the same as the LC50 values
obtained in third generation culicoides. Thus it would
appear that heavy metal resistance was developed when the
organisms were exposed to prolonged exposure of the
heavy metals but was lost when the organisms were bred in
non-contaminated water.
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Members of the order Diptera, or true flies, are especially
good bioindicators of aquatic environmental conditions
because, in addition to the attributes of other aquatic
insects, they occupy the full spectrum of habitats and.
Aquatic dipterians are among the most prolific animals on
earth, but are highly specialized and represent less than 1%
of the total animal diversity (Pennak 1978). Aquatic insects
are excellent overall indicators of both recent and long-
term environmental conditions (Patrick and Palavage
1994). The immature stages of aquatic insects have short
life cycles, often several generations a year, and remain in
the general area of propagation. Thus, when environmental
changes occur, the species must endure the disturbance,
adapt quickly, or die and be replaced by more tolerant
species. These changes often result in an overabundance of
a few tolerant species, and the communities become
destabilized or “unbalanced.” Studies have shown that
macroinvertebrates from contaminated sites are more
resistant to metals then those that were obtained from clean
sites (Klerks and Weis 1987). Studies have shown that an
increased tolerance to metals can occur within a few gen-
erations. This study was conducted to determine the effects
of long term exposure to sub-lethal concentrations of heavy
metals on two dipterian larvae and the development of
metal tolerance in the two test organisms.

Methodology

A range-finding experiment was conducted to determine
the appropriate concentrations of the nine different heavy
metals for further toxicity studies on Chironomus plumosus
and Culicoides furens. The range-finding test consisted of a
series of seven concentrations that differed by a factor of 10.
This was observed to be adequate to delineate the
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concentration range needed to establish test concentrations
for the 96 h LC50 experiments. All tests were conducted
with three replicates and with control groups. Tests were
carried out in 600 mL plastic beakers. In the case of lead
chloride and silver chloride, the metals had to be dissolved
in nitric acid, which was then normalized using sodium
hydroxide. To observe the effect of HNO3;—NaOH inter-
actions on the chironomids a 96-h run was conducted using
these two chemicals in combination and run against a
control solution of de-chlorinated tap water. No significant
mortalities were observed in this test, one control mortality
out of 30 individuals was noted, indicating the HNO;—
NaOH interactions had no effect on the toxicity of these
two metals. This was also conducted for the Culicoides
furens bioassays. To study the effects of different metals on
C. plumosus and C. furens larvae two definitive bioassays
were conducted. The fist bioassay was a 96-h median lethal
concentration test to determine the 96-h LC50 values for
the different metals selected. Nine metals were selected for
this investigation — zinc, chromium, silver, nickel, mercury,
lead, copper, manganese, and cadmium. All metal salts
were of analytical grade supplied by MERCK, Germany.
About 1,000 ppm stock solutions were prepared for each
metal. Test containers with volumes of 600 mL were
selected for the execution of the different bioassays. Each
chamber was filled with 400 mL of de-chlorinated tap
water. To each test container, a single larvae was randomly
added, moving from one chamber to another, till each
chamber had 10 larvae, each randomly selected to prevent
any bias. For each metal six test containers were allocated,
of which five were for the metal concentrations and one a
control. Each bioassay had three replicates. Environmental
parameters were monitored throughout the 96-h period. At
the termination of each test, the mortality data was com-
piled and the 96 h LC50 values were calculated using the
trimmed Spearman—Karber toxicity program. Animals
were considered dead when all movement had ceased and
the organisms exhibited no response to gentle stimulation.
This was carried out by gently touching the larvae with a
glass rod and observing the effect of the stimulation on the
organism. The concentrations tested in for C. plumosus and
C. furens for the different metals are listed in Table 1.
Concentrations are nominal values.

Insects are extremely adaptable and develop resistance
to chemicals when exposed to toxicants over a long period
of time. Median lethal toxicity tests were conducted using
different consecutive generations of the two test organisms
to study the development of resistance to metals. A series
of nine generations of C. plumosus and C. furens were
reared in culture chambers containing metal contaminated
water. The level of contamination was equal to 0.3 of the
96 h LC50 value, or 0.3 toxic units of the 96 h LC50 value.
The two dipterian larvae were then allowed to breed and
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Table 1 Concentrations of the different metals used in the two bio-
assays conducted in this investigation

Metal Concentrations utilized in bioassay (ppm) — C. plumosus
Zn 32 5.6 10 32 56

Cr 0.32 0.56 1 32 10
Ag 1 32 5.6 10 32

Ni 0.1 0.32 0.56 1 32
Hg 0.1 0.32 0.56 1 32
Pb 32 5.6 10 32 56
Cu 10 32 56 100 132
Mn 1 32 5.6 10 32
Cd 0.1 0.32 0.56 1 32

Concentrations utilized in bioassay (ppm) — C. furens

Zn 10 3.2 5.6 10 32
Cr 0.1 0.32 0.56 1 32
Ag 0.1 0.32 0.56 1 32
Ni 0.1 0.32 0.56 1 32
Hg 0.01 0.032 0.056 0.1 0.32
Pb 0.1 0.32 0.56 1 32
Cu 10 32 56 100 132
Mn 1 32 5.6 10 32
Cd 0.1 0.32 0.56 1 32

Concentrations followed the geometric breakdown method

produce second generation larvae. A selection of second
generation larvae were then removed from the culture tank
and a 96 h LC50 experiment was conducted using the
concentrations and methodology used in the median lethal
toxicity test described above. The 96 h LC50 value was
calculated from the mortality data generated from this
experiment. From the breeding tank the second generation
was bred to produce the third generation and other sub-
sequent generations and from each generation a sample
was taken and a median lethal toxicity test was conducted.
In total nine generations were used in this experiment.
However, the offspring of the sixth generation were
removed from the contaminated culture tanks and bred in
clean water. This was done to observe if resistance gained
was lost when the organism was placed in a clean envi-
ronment. No 96 h LC50 experiments were conducted on
the seventh and eighth generations and they were permitted
to just breed and grow in the clean water. The nineth
generation was again tested in a median lethal toxicity test
to observe how the toxicity of the metals was affected.
Statistical analysis of the data was conducted following the
methods followed by Sanchez et al. (2004). Data from the
different generations studied of C. plumosus and C. furens
were analyzed using analysis of variance (ANOVA) to
detect significant differences between treated groups and
control, followed by Duncan test (p < 0.05) with a SPSS
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computer program (Hull and Nie 1981). Results among
generations were compared using Student’s ¢ test
(p < 0.05).

Results and Discussion

From the mortality data obtained from the different
experiments conducted in this study the 96 h LC50 values
were determined. Mortalities in the different treatments
were observed to occur at the higher concentrations in both
test organisms. Culicoides exposed to zinc were observed
to have an 96 h LC50 value of 4.54 mg/L in the first
generation, in the second generation the 96 h LC50 value
had become lower (3.84 mg/L) and decreased in toxicity to
6.11 mg/L in the third generation and subsequent genera-
tions had 96 h LC50 values of 9.56 mg/L of zinc. When
the organisms was reared in clean water for two genera-
tions (generation 7 and 8) and introduced to spiked water
again in the nineth generation it was observed that the 96 h
LC50 value had increased to 6.11 mg/L, a value observed
in third generation Culicoides. This would indicate that the
resistance to the metals was lost when the organism was
permitted to grow and breed in clean water for two gen-
erations (Tables 2, 3). This trend was observed for all
metals with the exception that in the second generation the
toxicity of the metals became less toxic to the organisms
unlike the case observed with zinc. This trend was also
observed in C. plumosus larvae that were exposed to the
nine metals with the exception that with zinc there was no
decrease in the 96 h LC50 value, but the value increased
steadily from one generation to another without becoming
more toxic to the larvae as was observed in the Culicoides.

An observation of the two test organisms over the course
of the nine generations indicated their behavior was similar
to those observed in C. plumosus and C. furens in the 96 h
LC50 experiment. However it should be noted that the long
term exposure to the metals produced organisms that were
smaller in size compared to the parents, while the parents,
in the case of the chironomids, were approximately 1 cm
(£0.05 cm) in length the offspring in the third and fourth
generation were 0.8 cm (£0.05 cm) and the seventh gen-
eration were 0.5 cm (£0.05 cm) in length. Statistical
analysis of the body length data indicated that the changes
in body length between the different generations was sta-
tistically significant (p < 0.05). It was also observed that
the long exposure period altered the blood red colour of the
chironomids to a dull brown, but when the chironomids
were bred in clean water they regained their blood red
coloration. In the case of the Culicoides, it was observed
that no pigmentation change occurred and size was not
altered. However the breeding cycle increased from 46.6 h
(at 28°C) to 98.4 h a change that was observed to be

statistically significant (p < 0.05). Mortality responses and
behavior of both organisms when exposed to the test
chamber and the test solutions remained the same.

Long term, multigenerational exposure of the chirono-
mids and culicoides showed that the LC50 value increased
indicating decreased toxicity and development of toler-
ance. Significant variations (p < 0.05) were observed
between first generation and third generation culicoides for
all metals and at all concentrations with the exceptions
caused by temperature interactions as mentioned in earlier
in this chapter. Variations between third and fourth gen-
eration culicoides were also significantly different
(p < 0.05) with the exception of chromium at 25°C and
nickel and lead at every temperature range group. The
variation between all generations 4, 5 and 6 was found to
be insignificant (p > 0.05). This would indicate that metal
tolerance would have occurred in these generations and
the effect of metals was less toxic to the culicoides.
Generation 9 was found to have LC50 values (p > 0.05)
the same as the LC50 values obtained in third generation
culicoides. This trend was observed in all nine metals. This
was probably due to loss of tolerance to the metals when
the organisms were bred in clean water. Studies by Postma
and Davids (1995) agree with the findings of this study.

Among the chironomids, there was no significant varia-
tion in LC50 value among generation 1 and 2 chironomids,
significant variations (p < 0.05) were observed between
generation 2 and 3 chironomids and also with generation 4
chironomids. Generations 4-6 was not significant (p > 0.05)
and indicated the evolution of a tolerance threshold. It was
also noted that generation 9 chironomids produced LC50
values which were significantly different (p < 0.05) to all
other generations, it was noted to fall between the LC50
values observed among generation 2 and 3 LC50 values. This
may be due to loss of tolerance to the metals when the
organisms were bred in an environment without metals.
Similar results were observed by Postma and Davids (1995)
who reared C. riparius obtained from metal polluted sites in
clean water and then tested their tolerance to metals. He
observed that the median lethal toxicity values obtained were
lower then values obtained from organisms taken directly
from the polluted sites in the first generation of exposure.
Tolerance to the metals was observed to evolve in the second
generation and found to reach a peak in the third an sub-
sequent generations when LC50 values no longer fluctuated
significantly. Multigenerational studies on other aquatic
microfauna like Daphnia magna, Limnodrilus hoffmeisteri
and Tisbe holothuriae showed a similar development of
tolerance to metals (Miinzinger and Monicelli 1992).

As the C. plumosus and C. furens were reared in spiked
water, it is comparable to studies conducted on metal
tolerance from organisms obtained from polluted and
non-polluted sources. This study would indicate that
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Table 2 Summary of 96 h LC50 data for C. furens exposed to different metals for nine generations

Metal Cd Mn Cu Pb Hg Ni Ag Cr Zn
Gl 0.3 3.8 52.8 0.3 0.03 0.5 0.6 0.3 45
05402 59417 554507 05+02 01+002 06+04 07+05 05+02 66+24
G2 0.3 3.8 38.4 0.4 0.04 0.6 0.6 0.3 3.8
05+02 59+17 405+36 05402 01+£003 07+04 07404 05+02 59417
G3 0.6 6.1 55.3 0.6 0.06 0.6 0.6 0.6 6.1
074048 82439 575+53 07+£04 01+005 07+04 07+£04 07+04 824397
G4 0.9 9.5 55.3 0.9 0.10 0.9 0.9 0.9 9.5
11+08 11.7+74 575+53 11408 01+£009 1.1+08 1.14+08 1.1+08 11.7+74
G5 1.0 9.5 55.3 1.0 0.1 1.0 1.0 1 9.5
12+09 117+74 575453 11409 012401 11+£09 1.1+09 1.1+£09 11.7+74
G6 1.0 95 55.3 1.0 0.11 1.0 1.0 1 9.5
12+£09 117474 575453 11409 012401 1.1+£09 1.1+02 1.1+£09 11.7+74
G9 0.5 6.1 48.7 0.4 0.10 0.5 0.4 0.5 6.1
06+03 82439 509446 06+£03 011+£01 06+03 06+03 06+03 82+39
Statistical comparison R*=03 R*=04 R’=006 R*=02 R*=08 R*=01 R*=03 R*=003 R*=03
between generations
p<005 p<005 p<005 p<005 p<005 p<005 p<005 p<005 p<0.05

Generation 7 and 8 were placed in clean water while generation 9 was again exposed to metals

Table 3 Summary of 96 h LC50 data for C. plumosus exposed to different metals for nine generations

Metal Cd Mn Cu Pb Hg Ni Ag Cr Zn
Gl 0.4 45 42.6 8.2 0.3 0.4 45 1 9.5
05+03 66+24 447+40 84+81 04403 05+£02 39437 09407 11.7+74
G2 0.4 3.8 38.4 9.5 0.3 0.3 3.8 0.8 9.5
05+03 59+17 405436 97+94 04403 05+02 39437 09+07 11.7+74
G3 0.9 6.1 55.3 13.5 0.6 0.6 6.1 1.4 13.5
11+08 82439 575453 137+13 06+05 07+04 62459 15+13 157+11
G4 0.9 9.5 55.3 20.5 0.9 0.9 9.5 2.3 20.5
11+08 97+£94 575453 207420 09+09 1408 97494 25+£22 227+18
G5 1 9.5 55.3 22 1.05 1 9.5 2.7 22
1.1+£09 97494 575453 221+21 106+1 11+£09 97494 28+26 241+19
G6 1.2 12.4 99.6 27.5 1.2 1.2 12.4 3.6 27.5
13411 125412 101+£97 276427 13412 13+1.1 125+12 38+35 296+25
G9 0.4 5.6 48.7 10.5 0.4 0.4 5.6 1 10.5
06+03 7.7+£35 509446 106+£10 05404 06+03 57455 1.1£09 12683
Statistical comparison ~R*=0.1 R* =03 R*=02 R*=02 R*=02 R =02 R*=03 R =02 R =02
between generations
p<005 p<005 p<005 p<005 p<005 p<005 p<005 p<005 p<005

Generation 7 and 8 were placed in clean water while generation 9 was again exposed to metals

dipterian larvae reared in contaminated water would be less
affected by pollution than organisms originating in clean
waters. This would be due to the development of tolerance to
the pollutants from the breeding site. Studies by Wentsel
et al. (1978) found similar trends that support this finding. In
contrast, studies on the Tanypus neopunctipennis (Klerks
and Levinton 1993) found no differences in tolerance
between larvae obtained from contaminated sources and
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those obtained from clean sources. Tolerance development
may be a result of physiological changes resulting in low-
ered metabolic rates, or may be due to the development of
metallothionein-like proteins (Krantzburg and Stokes 1989).
Studies also indicate that exposure to pollutants may alter
the life history of the organism and this in turn could have an
adaptive importance. Life history changes would require the
expenditure of more metabolic energy and may cause a
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slowing down of other activities, which would result in
changes or reductions in the population growth rate and
reduction in the size of individuals (Maltby 1991; Posthuma
etal. 1993). Very little information is available on the effects
of life history responses to tolerance development to pollu-
tants. However observations from this study indicated that
organisms reared in contaminated water produced larval
populations comparable to those reared in clear water. It
must however be noted that that the time duration for the
organisms to complete the life cycle increased from 6 to
13 days in the case of the C. plumosus and from 10 to
17 days in the case of the C. furens. These changes were
observed to occur slowly over several generations. Studies
by Postma and Davids (1995) were found to agree with
the findings in this study, and the exact mechanism by which
this happens is not understood, but may be due to a slowing
down of the metabolic rate.
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