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Toxicity of cadmium and zinc to cercarial tail loss in
Diplostomum spathaceum ('I'rematoda: Diplostomidae)
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SUMMARY

The effect of cadmium and zinc at concentrations ranging from 0-1 to 10000 ug/1 on tail loss in cercariae of Diplostomum
spathaceum was investigated at 3 temperatures (12, 20 and 25 °C) and 3 levels of water hardness (distilled water, soft water
and hard water). Increasing tail loss over time was found to be linked with a parallel decrease in cercarial survival in
controls. Exposure to the heavy metals induced, especially at high concentrations, a change in the relationship between
cercarial tail loss and survival, causing either stimulation or inhibition of tail loss dependent on the individual toxic
exposure. Under most environmental conditions the rate of tail loss over time was reduced by increasing metal concen-
trations. Inhibition of tail loss occurred in a limited number of both control and metal-exposed cercariae, with a number
of low metal concentrations inducing greater inhibition than in controls. Stimulation of tail loss causing an increased tail
loss rate above controls also occurred at certain high metal concentrations. Increasing water hardness and decreasing water
temperature caused a reduced tail loss rate over time in both control and metal-exposed cercariae. However, with
decreasing temperature a reduced rate of tail loss over time in metal-exposed cercariae compared to controls occurred at
some low metal concentrations. When tail loss was compared against cercarial death of the experimental population toxic
exposure induced changes in the parallel relationship of these parameters, dependent on individual metal concentration,
water temperature and hardness. Differences in the relative effects of cadmium and zinc on cercariae were dependent on
the environmental conditions of exposure. Both metals showed limited effects during the period of maximum cercarial

infectivity (0—5 h). The mechanisms and importance of metal toxicity to cercarial tail loss are discussed.
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INTRODUCTION

Free-living stages of digeneans, especially cercariae,
have proved a popular choice for the study of
pollutant toxicity. Historically, the main toxicity
parameter studied prior to transmission has been
survival (e.g. Holliman & Esham, 1977; Abd Allah,
Wanas & Thompson, 1996; Pietrock et al. 2001).
However, focusing on this one aspect may give
misleading predictions of the effects of ultimate
parasite establishment in the target host. Cercariae
possess a number of distinct phases in their life-span
which include dispersal, host location, host attach-
ment, and host penetration (Haas, 1994). Through-
out these phases the cercarial tail plays a pivotal role.
Any premature tail loss would have adverse conse-
quences for the cercariae, even though their im-
mediate survival may be unimpaired.
Unfortunately tail loss in cercariae has been
relatively poorly studied. Most available work has
focused on Schistosoma mansoni cercariae and the
role of tail loss in host penetration and associated
parasite physiological changes (e.g. Howells et al.
1975). Rea & Irwin (1992) performed one of the few
detailed studies of tail loss on the marine species
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Cryptocotyle lingua and found that as cercariae aged
they tended to shed their tails, with higher tempera-
tures inducing an increased separation rate. Several
chemical substances induce tail loss in cercariae,
including praziquantel (Coles, 1979) on S. mansoni,
the insecticide Cartap hydrochloride (Oshima et al.
1992) on Gigantobilharzia sturniae, and the metals
silver nitrate (Hara et al. 1993) and zinc (Asch &
Dresden, 1977) on S. mansoni. Hara et al. (1993)
considered that silver nitrate induced tail loss may be
associated with the binding of silver to sensory
papillae, as silver nitrate is commonly used for
staining cercarial sensory receptors.

However, these toxicity studies neglected the
influence of environmental parameters such as water
temperature and hardness on the toxic action of
metals on cercarial tail loss. Since cercariae can be
shed by their snail host into a wide range of
environmental aquatic conditions the present study
investigates the influence of different water tempera-
tures and hardness, as part of a larger multi-
parameter study, on the toxicity of cadmium and
zinc to Diplostomum spathaceum cercariae. An earlier
study by Morley, Crane & Lewis (2001) measured
cadmium and zinc toxicity to D. spathaceum cercarial
survival using the same environmental conditions
and metal concentrations used in the present study.

D. spathaceum is an ubiquitous parasite of fish
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throughout the UK and occurs in many different
climate zones (Chubb, 1979). Temperatures of 10 °C
or lower seem seriously to impede or prevent
shedding of cercariae from the lymnaeid snail host
(Lyholt & Buchmann, 1996; Sous, 1992). Experi-
mental studies have demonstrated that 10 °C is also
the minimum temperature for active transmission of
D. spathaceum to both snail and fish hosts (Wootten,
1974; Stables & Chappell, 1986). Cercarial life-span
is temperature dependent with maximum survival
decreasing from 240h at 4°C to 72h at 20°C
(Lyholt & Buchmann, 1996). Optimal infectivity
occurs between 0 and 5 h post-emergence (Whyte,
Secombes & Chappell, 1991).

The aims of the present study are to determine
how exposure to cadmium and zinc affects tail loss of
D. spathaceum cercariae at 3 temperatures (12, 20
and 25 °C) and 3 types of water hardness (distilled,
soft and hard water). Cadmium and zinc are related
heavy metals, almost always occurring together in
pollution incidents. They are widely used in industry
and are released into the environment as a by-
product of ore smelting (Hellawell, 1986). In the UK
concentrations of these metals chronically polluting
the aquatic environment have been recorded as high
as 160 pg/1 for cadmium and 8800 ug/l for zinc
(Vivian & Massie, 1977).

MATERIALS AND METHODS
Test solutions

Stock solutions of 100 mg/1 cadmium and zinc were
prepared by dissolving either cadmium chloride
(CdCl,.5/2H,0) or zinc chloride (ZnCl,) (Sigma
Chemicals) in distilled water to give the correct
concentration of metal ions. Test solutions were
obtained by diluting stock solutions in distilled water
and adding to the test vessels at concentrations which
gave final cercarial exposures of 0-1, 10, 100 and
10000 ug/1. Synthetic soft (25 mg/l CaCO,, pH
7-85) and hard (250 mg/l CaCO,, pH 8:00) waters
were prepared using procedures described by HM SO
(1969).

Water analysis

Samples of test solutions were analysed for metal
loss from soft water incubated at either 25, 20 or
12°C in the metal concentration range of 10—
10000 pg/1(0-1 pg/1 was below the limit of detection)
after 0-5, 5 and 24 h. Solutions were analysed on a
Perkin Elmer Optima 3300 Inductively Coupled
Plasma-Atomic Emission Spectrometer which was
calibrated with a 1 9%, nitric acid blank and a standard
which consisted of 1000 ug/1 of cadmium and zinc in
19 nitric acid. The accuracy of the data was assessed
by analysing a certified reference material (NIST
SRM 1643d) along with the samples and was
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calculated to have a relative error of 0-00037 9, for
cadmium and 0-00065 9, for zinc.

Source of parasites

Specimens of Lymnaea stagnalis naturally infected
with D. spathaceum were collected from Dinton
Pastures, Reading, UK (National Grid Reference
SU779724), maintained in aerated 8 litre Perspex
tanks and fed on a diet of lettuce leaves. Recently
emerged cercariae of D. spathaceum were identified
according to morphological criteria described by
Niewiadomska (1986). Infected snails and test
solutions were acclimatized to each experimental
temperature as required.

Cercarial tail loss toxicity test

Toxic effects were investigated by pipetting 36
cercariae (maximum age 25 min) individually into
wells of flat-bottomed 96-well microtitre plates (Life
Sciences International) using a wide-bore pipette tip
to prevent cercarial damage. Each well contained a
final solution volume of 300 ul of either distilled
water, soft water, or hard water with sufficient test
solution having been added, or a control addition of
distilled water, to give the appropriate concentration
exposure. Cercariae were maintained in a 12h
light/dark incubator set at either 25, 20 or 12 °C, and
all experiments were set up at the same time of day.
Three replicates of each treatment were set up and
the number of cercariae shedding their tails was
observed at intervals of 0-5-3 h, depending on the
concentration of the test solution used. A Lee-Desu
Comparison test was used to compare tail shedding
through time and by Tukey’s significant difference
test for 5-h-old cercariae (the age limit of maximum
cercarial infectivity) in different treatments. Stat-
istical analysis was performed using UNISTAT 4.5
(Unistat Ltd, 1996).

RESULTS
Water analysis

Analysis of the test solution samples revealed that a
loss of dissolved metals occurred within 0-5 h in most
examples and concentrations generally continued to
decline up to 24 h. The initial loss rate was greatest
from the highest metal concentration (10000 ug/1).
However, over the 24 h period there was no more
than a 159, concentration loss from any of the test
solutions. There were no major differences in metal
loss over the 3 experimental temperatures.

Cercarial tail loss

Under control conditions D. spathaceum cercarial
tail loss increased over time in parallel with a
decrease in cercarial survival. Most tail loss occurred
a few hours prior to cercarial death but, in some
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Fig. 1. Tail loss of cercariae of Diplostomum spathaceum at 25 °C exposed to (i) cadmium, (ii) zinc, in (A) distilled
water, (B) soft water and (C) hard water. Error bars are standard errors. (@) Control, (&) 0-1 pg/1, (O) 10 pg/1, ()

100 ug/1, (M) 10000 pg/l.

cases, decaudized cercariae survived for up to 30 h,
dependent on environmental conditions. Death of
cercariae was pronounced when they failed to
respond to mechanical stimulation with a fine needle.
Inhibition of tail loss i.e. cercariae that died without
shedding their tail, occurred in a small percentage of
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the cercarial population and was more common
at lower temperatures and higher water hardness
(Figs 1-3). Inhibition of tail loss in both controls
and cercariae exposed to low metal concentrations
usually only occurred in the latter half of the life-

span of cercariae.
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Fig. 2. Tail loss of cercariae of Diplostomum spathaceum at 20 °C exposed to (i) cadmium, (ii) zinc, in (A) distilled
water, (B) soft water and (C) hard water. Error bars are standard errors. (@) Control, (A) 0-1 ug/1, (O) 10 ug/1, (O)

100 ug/1, (M) 10000 ug/1.

P < 0:0233) between each metal concentration for
both cadmium and zinc.

Water hardness also affected tail loss patterns.
Significant differences generally occurred between
distilled water and the harder waters (Lee-Desu,
P < 0-0380). However, significant differences in tail
loss after exposure to metals in soft and hard water
were less common with decreasing temperature.

Exposure to cadmium and zinc affected cercarial
tail loss, with changes dependent upon metal con-
centration, water temperature and water hardness.
Decreasing water temperature and increasing water
hardness reduced the toxicity of the two metals.
Statistical analysis demonstrated that metal toxicity
at the different temperatures, with some individual
exceptions, was significantly different (Lee-Desu,
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Fig. 3. Tail loss of cercariae of Diplostomum spathaceum at 12 °C exposed to (i) cadmium, (ii) zinc, in (A) distilled
water, (B) soft water and (C) hard water. Error bars are standard errors. (@) Control, (&) 0-1 pg/1, (O) 10 ug/1, ()

100 ug/1, (M) 10000 pg/1.

loss responses occurred. A significantly slower rate
of tail loss compared with controls occurred at 20 °C
for 10 ug/1 and 0-1 ug/1 Cd in soft water (Lee-Desu,
P = 00324 and P = 0-0064 respectively) and for zinc
at 0-1 g/l in both distilled and soft water (Lee-

Examination of the rate of tail loss over time under
the different experimental parameters (Figs 1-3)
generally demonstrated that increasing metal con-
centration was associated with more rapid tail loss
(Lee-Desu, P < 0:0324). However, unexpected tail
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Fig. 4. Comparison of the relationship between cercarial tail loss and death in the experimental Diplostomum
spathaceum population exposed to cadmium and zinc at (i) 25 °C and (ii) 20 °C, in (A) distilled water, (B) soft water
and (C) hard water. (@) Control, (¥) 0-1 ug/1 Cd, (V) 0-1 ug/1 Zn, (&) 10 ug/1 Cd, () 10 ug/l Zn, (A) 100 pg/l
Cd, (A) 100 ug/1 Zn, (W) 10000 xg/1 Cd, (1) 10000 ug/1 Zn.

Desu, P = 00011 and P = 0-0119 respectively). At
12 °C a similar pattern of tail loss occurred for
10 ug/1 Cd in both distilled and hard water (Lee-
Desu, P < 0-0001 and P = 0-:0017 respectively) and
for 10 ug/1 and 0-1 ug/l Zn in distilled water (Lee-
Desu, P < 0-0001 for both metal concentrations).
These reduced rates of tail loss corresponded to

increased cercarial survival compared with controls
for all metal concentrations apart from at 20 °C for
10 ug/1 Cd and 0-1 pg/1 Zn in soft water for tail loss
and at 12°C for 100 ug/1 Cd in hard water for
cercarial survival. At these particular concentrations
there was a distinct change in the relationship
between decreasing survival and increasing tail loss
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Fig. 5. Comparison of the relationship between cercarial
tail loss and death in the experimental Diplostomum
spathaceum population exposed to cadmium and zinc at
12 °C, in (A) distilled water, (B) soft water and (C) hard
water. (@) Control, (W) 0-1 ug/1 Cd, (V) 0-1 ug/1 Zn,
(®) 10 ug/1 Cd, (&) 10 pg/1 Zn, (A) 100 ug/1 Cd, (A)
100 ug/1 Zn, (W) 10000 pg/1 Cd, (O) 10000 g/l Zn.

(Figs 4 and 5) (20 °C 10 pug/1 Cd, Lee-Desu, P =
0-0149; 01 ug/1 Zn, Lee-Desu, P = 0:0033; 12 °C
100 pg/1 Cd, Lee-Desu, P < 0-0001). Indeed, when
increasing tail loss and decreasing survival within the
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cercarial population are compared directly against
each (Figs 4 and 5) it is apparent that the parallel
relationship can be significantly altered by abiotic
changes in the water medium.

Under most control conditions changes in water
temperature and hardness did not affect the tail
loss/survival relationship. However, in hard water at
25 °C and 12 °C extended survival of the decaudized
cercarial bodies induces a significant difference
between control tail loss and eventual death (Lee-
Desu, P =00088 and P = 00015 respectively).
Cadmium and zinc both caused changes in the tail
loss/survival relationship across the range of water
temperatures and hardnesses, inducing either stimu-
lation or inhibition of tail loss compared to cercarial
death with some trends apparent. Significant differ-
ences were recorded at all temperatures for
10000 pg/1 Cd and 10 pg/1 Cd in distilled water
(Lee-Desu, P < 0-0332), 100 pg/1 Cd in hard water
(Lee-Desu, P < 0:0238) and 10000 pg/1 Zn in soft
water (Lee-Desu, P < 0-:0001); and for all water
hardnesses at 12 °C for 10000 ug/1 Cd and Zn (Lee-
Desu, P < 0-:0015). In addition, significant differ-
ences occurred in hard water at 12 °C and 20 °C for
0-1 g/l Cd and 20 °C and 25 °C for 100 ug/l Zn
(Lee-Desu, P < 0-0372). Increasing metal concen-
trations also induced significant changes at 12 °C for
10-10000 ug/1 Cd in distilled water and 100-
10000 pg/1 Cd in hard water (Lee-Desu, P < 0-0332)
and for zinc at 25 °C in soft water (10-10000 ug/1
Zn) and hard water (100-10000 pg/1Zn) (Lee-Desu,
P <00326); at 20°C in distilled water (100-—
10000 pg/1Zn, Lee-Desu, P < 0-0011); and at 12 °C
in soft water (100-10000 ug/1 Zn, Lee-Desu, P < 0
0384). In addition, significant changes in cercarial
tail loss compared with death also occurred for
individual exposures at 25 °C for 10000 ug/1 Zn in
distilled water (Lee-Desu, P < 0-:0001), 100 ug/1 Cd
in soft water (Lee-Desu, P = 0-0429); at 20 °C for
0-1 g/l Zn in hard water (Lee-Desu, P = 0-:0450);
and at 12 °C for 10 ug/l Zn in distilled water (Lee-
Desu, P =0:0255) and 0-1 ug/l Cd in soft water
(Lee-Desu, P = 0-0031).

Comparisons of the relative toxicity of cadmium
and zinc to cercarial tail loss over time demonstrated
that certain environmental conditions can induce
significant differences between the two metals. At
25°C in all water hardnesses cadmium and zinc
induced variable but significantly different effects at
all concentrations apart from 100 ug/1 (Lee-Desu,
P < 0-0386). However, with decreasing temperature
cadmium and zinc induced similar effects at many
concentrations and water hardnesses.

The effect of the two metals on tail loss in 5-h-old
cercariae was generally low and did not differ
significantly across the range of environmental
parameters (Tukey’s test P > 0-05). Generally only
at the 10000 pg/1 metal concentrations was there
significant effect (Tukey’s test P < 0-:001). How-
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ever, significant effects at lower concentrations were
in distilled water at 25 °C with concentrations of
10 ug/1l or higher for both cadmium and zinc
(Tukey’s test P < 0-049), at 20 °C with zinc concen-
trations of 10 ug/1 or higher (Tukey’s test P < 0:001)
and 12 °C with zinc concentrations of 100 ug/1 or
higher (Tukey’s test P < 0-027). Nevertheless, when
the effects of these metals after 5 h are compared
between tail loss and survival in cercariae, it was
found that an increased significant effect occurred
with tail loss in distilled water at 25 °C for 10 ug/1
Cd, 20 °C for 10 ug/1 Zn, and 12 °C for 100 ug/1 Zn

compared to that induced in cercarial survival.

DISCUSSION

This study has demonstrated that cercarial tail loss
can be affected by both environmental conditions
and heavy metal exposure. It is apparent that
increasing tail loss over time is related to decreasing
survival, and only under extreme conditions will tail
loss deviate from this relationship. However, the
pattern of tail loss in D. spathaceum cercariae may
only be applicable to furcocercariae, which use their
tails as an integral part of their transmission strategy.
Similar patterns may not be found in cercarial types
which demonstrate more passive transmission.

Both water temperature and hardness influenced
tail loss through changes that these factors caused to
cercarial survival and they do not appear, at least
under most control conditions, to alter the re-
lationship between cercarial tail loss and survival.
Changes which do occur in this relationship may be
a result of changes in the life-span of decaudized
cercarial bodies. The modifying effects of tail loss
caused by temperature and hardness in this study are
similar to the findings of Rea & Irwin (1992) with the
marine cercariae C. lingua, where temperature was
highly influential to tail loss, a higher rate being
recorded at higher temperatures. Rea & Irwin (1992)
considered that this was related to increased cercarial
activity at higher temperatures which could place an
increased stress on the body—tail linkage, causing it
to break. Such fatigue at the body—tail junction may
explain why cercariae shed their tails as they age.
Interestingly, Morley (unpublished observations)
found that significantly reduced activity of D.
spathaceum cercariae occurred over a range of
cadmium and zinc concentrations at 20 °C, which
may explain some of the altered tail loss patterns
found in the present study. The influence of water
temperature and hardness on metal toxicity and their
influence on cercarial survival have previously been
discussed by Morley et al. (2001), who found that
increasing water hardness and decreasing tempera-
ture induce a reduced metal toxicity to cercarial
survival, in a similar manner to heavy metal effects
on other aquatic invertebrates.
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Inhibition of tail loss, which was not reported by
Rea & Irwin (1992) in C. lingua, was found in the
present study in both control and metal-exposed
cercariae of D. spathaceum. As inhibition only occurs
in the latter period of the cercarial life-span it may be
associated, in control conditions at least, with
decreased activity of older cercariae (Anderson &
Whitfield, 1975) which are unable to shake off the
tail. Mlohandas (1974) considered that tail loss close
to death was a provision for reducing energy utiliza-
tion. Therefore control cercariae that fail to shed
their tails may do so only because they lack the energy
reserves to initiate the action, whereas metal-exposed
cercariae may retain their tails due to metal induced
inhibition of their activity.

An important finding in the present study is the
reduced rate of tail loss in some metal-exposed
cercariae compared with controls. This is probably
related to the increased survival of metal-exposed
cercariae under the same conditions reported by
Morley et al. (2001), which has been suggested may
be related to both the inhibition of enzymes involved
in glycogen utilization and a reduction in cercarial
activity. Under normal conditions, glycogen in
cercariae is used first of all from the tail reserves,
prior to tail shedding (Ginetsinskaya, 1960). As tail
loss patterns retain their relationship with survival
under most conditions of reduced tail loss/increased
survival, this possibly suggests that any inhibition of
glycogen that may be induced by metal exposure
does not appear to affect the overall pattern of
cercariae glycogen utilization i.e. inducing glycogen
uptake from the body reserves in preference to the
tail reserves.

Hara et al. (1993) reported that 30 uM silver nitrate
stimulated S. mansoni cercarial tail loss. Studies by
Asch & Dresden (1977) found that S. mansoni
cercariae exposed to zinc concentrations as low as
0-05 mm for 1-5 h also stimulated tail loss, although
extensive alterations to cercarial morphology record-
ed by these authors were not found in the present
investigation, probably due to the lower concen-
tration range of metal used. Hara et al. (1993)
considered that tail loss may be related to the
selective binding of silver nitrate to cercariae sensory
papillae. Cadmium and zinc can also selectively bind
to areas associated with sensory receptors of D.
spathaceum cercariae (Morley, unpublished observa-
tions) although there is little evidence to suggest that
this may influence tail loss under the present
experimental conditions. Nevertheless it may prove
to be an important factor for cercariae in the presence
of their target host. Silver nitrate is known to inhibit
the penetration behaviour of S. mansoni cercariae
(King & Higashi, 1992) and the present results have
shown that stimulation or inhibition of tail loss can
occur under a number of combinations of metal con-
centrations and environmental parameters, which in
turn may influence successful transmission.
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After 5 h, which is the limit of maximum cercarial
infectivity (Whyte et al. 1991), cadmium and zinc
demonstrated only limited effects on cercarial tail
loss. However, these effects were greater than those
reported on cercarial survival (Morley et al. 2001)
suggesting that tail loss may be an important
measurable parameter for future ecotoxicological
studies on cercariae.
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