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Abstract

Barbel eggs and fry were exposed from fertilization until 14 days after hatching to 100 pug/1 of copper

or cadmium. Cadmium, but not copper, significantly reduced larvae survival. Both metals significantly

decreased larval growth. The differences in fish body size between the controls and metal-exposed groups

increased in time, and were more pronounced in Cd-intoxicated fish. Copper-exposed larvae started exoge-

nous feeding 1 day later than the control. Cadmium-exposed larvae started feeding 4 days after the controls.

Both metals reduced yolk utilization rate. The results demonstrated that cadmium was more toxic to barbel lar-

vae than copper.
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Introduction

Waterborne heavy metals are highly toxic to the early
developmental stages of fish [1]. Sublethal levels may
reduce larval growth [2-5] due to appetite loss [6] or inhi-
bition of digestive tract development [7]. Heavy metals
may also reduce the rate of utilization of endogenous nutri-
ent stores of the yolk sac [8-10].

Barbel Barbus barbus is a rheophilous cyprinid fish
inhabiting rivers throughout Europe, excluding the
Italian, Greek and Iberian peninsulas. They are found in
deeper, fast-flowing upper reaches of rivers that have
stony or gravel bottom. Barbel feed chiefly on benthic
invertebrates such as small crustaceans, insect larvae,
mollusks, mayfly and midge larvae. Spawning occurs
from May to July [11]. In Poland, the barbel is regarded
as a threatened species [12]. It is rarely bred and reared in
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hatcheries, and the data on early development of this
species are scarce. A detailed description of embryonic
development of this species was given by Lugowska
[13]. Nothing, however, is known about the sensitivity of
barbel larvae to environmental contaminants such as
heavy metals.

Copper is an important essential element, while cadmi-
um does not play any known metabolic role in fish. Both
metals are toxic to fish [14]. In unpolluted freshwaters their
concentrations are low: Cu levels usually range from 2 to 4
ug/l, while the levels of Cd range from 0 to 13 pg/l.
Polluted freshwaters may contain increased concentrations
of both metals: Cu — 1-137 pg/l, and Cd — 40-120 pg/l. In
strongly polluted waters levels may reach 500-2,000 ug/l,
and up to 4,000 pg/l, respectively [15]. Both metals may be
leached from bottom sediments under acidic conditions,
e.g. during snowmelt, thus the concentrations of free Cu
and Cd ions may abruptly increase for a short time, partic-
ularly in spring, at the time of fish spawning, and during
embryonic and larval development.
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The aim of the present study was to evaluate the effects
of copper and cadmium at concentrations of 100 ug/l on
growth and yolk utilization of barbel larvae.

Materials and Methods

The study was conducted in spring 2007 (K1, Cu
groups) and 2008 (K2, Cd groups). Barbel eggs and sperm
were obtained from the hatchery of the Inland Fisheries
Institute in Zabieniec. The eggs were fertilized in vitro, and
incubated in 2 1 aerated aquaria in clean dechlorinated tap
water (K1 and K2), or in the same water containing 100
ng/l of copper (Cu) or cadmium (Cd). After hatching, 40
larvae from each group were reared under the same condi-
tions as the embryos (except for higher temperature). Water
hardness was 162 mg/l CaCO;, pH 7.8-8.0, and dissolved
oxygen saturation level > 80%. Concentrations of major
ions were (in mg/l): Na" —3.66, K" - 1.12, Ca*" - 61.10, Mg**
- 6.1, HCO; - 195.60, CI” - 6.40, SO; - 9.17, and NO; -
5.76. Metal solutions were prepared using CuSO,x5H,0O or
CdCl1,x2%H,0, respectively. Water temperature was main-
tained at constant levels of 18°C for embryos and 20°C for
larvae, using aquatic thermostats. Water was renewed daily
to maintain a constant level of metals and to remove
metabolites. Feces and non-consumed food were siphoned
out. Feeding commenced 3 days post hatching, when the
larvae were supplied with Artemia sp. nauplii 4 times a day
ad libitum.

For all 14 days from hatching, the larvae were counted
and photographed using a camera connected with binocular
and computer image analysis system MultiScan. Each
larva, in water, was placed in a concave glass slide for the
procedure that lasted no more than 15 s, after which the fish
was put back into the aquarium. Measurements of larval
body perimeter area (without yolk) and yolk sac lateral
perimeter area were done on photographs. The initiation of
feeding was defined as the moment when at least 50% of
the fish showed food in the digestive tract visible through
the transparent body wall.

The differences in fish body and yolk sac size between
metal-exposed and control groups, and between both con-
trol groups were calculated using Student t-test, at p<0.05.

Results

Copper exposure did not reduce the survival of barbel
larvae (85% in both, K1 and Cu groups, Fig. 1), while in
cadmium-contaminated water most larvae died (survival
100% in K2, and 5% in Cd, Fig. 1).

Initial body perimeter area ranged from 4.48+1.44 mm?
in Cd group to 6.29 mm’ in K1. Body perimeter area was
lower in both metal-exposed groups compared to the con-
trols (Fig. 2) but in Cu group the difference became signif-
icant on day 4 post hatching, while the Cd-exposed larvae
were smaller compared to K1 already at hatching. The dif-
ferences in fish size remained significant until the end of the
experiment, and increased with time, more in the Cd group

in which growth was practically inhibited from day 11 post
hatching. At the end of the experiment, final body perime-
ter area was the highest in both control groups: 31.72+1.30
mm? in K1, and 31.00+1.54 in K2, lower in Cu
(26.35+1.25), and the lowest in Cd (19.06+0.00).

Both metals reduced yolk utilization by the fish (Fig. 3).
At hatching, yolk size was similar among the controls and
metal-exposed fish, ranging from 5.29+0.47 mm’ in K2 to
5.60+0.31 mm’ in Cu. Beginning from day 4 post hatching,
the yolk sacs of control fish were significantly smaller com-
pared to the Cu and Cd-exposed fish, and the differences
between the controls and metal-exposed larvae increased
with time, and were more pronounced in the Cd group. All
fish from K1 group completely resorbed their yolk sacs by
day 11 post hatching, while those from K2 had completely
resorbed their yolk sacs by day 12. In both metal-exposed
groups, complete yolk resorption in all fish occurred by day
14 post hatching.

Fish from K1 were slightly but significantly larger than
the K2 larvae from 1 to the 13 days post hatching. On the
contrary, their yolk sacs were smaller comparing to the K2
group between days 5 and 8, and larger on day 10.
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Fig. 1. The effect of exposure to 100 pg/l of Cu or Cd (begin-
ning from fertilization) on survival of barbel larvae (K1 — con-
trol for Cu, K2 — control for Cd).
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Fig. 2. The effect of exposure to100 pg/l of Cu or Cd on body
size of barbel larvae (K1 — control for Cu, K2 — control for Cd,
* - values different from the control on particular days).
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Fig. 3. The effect of exposure to100 pg/l of Cu or Cd on yolk
sac size of barbel larvae (K1 — control for Cu, K2 — control for
Cd, * - values different from the control on particular days).

Fish in both control groups (K1 and K2) started exoge-
nous feeding on day 7, Cu-exposed larvae on day 8, and
Cd-exposed fish on day 11.

Discussion

The results in fish size, yolk size, and beginning of
exogenous feeding between control groups K1 and K2
probably resulted from parental factors, since in each sea-
son the larvae originated from different spawners.
According to Pakkasmaa et al. [16], metabolic rates of
Salvelinus alpinus significantly differed among the off-
spring of various parents.

The results show that copper and cadmium adversely
affected the growth, yolk utilization, and feeding ability of
barbel larvae. Cadmium was more toxic compared to cop-
per. Survival of barbel larvae in the control groups and Cu
treatment were similar to those obtained under normal con-
trolled conditions [17]. Cadmium was more toxic to barbel
larvae than was copper. Our earlier studies on common carp
(Cyprinus carpio) revealed higher toxicity of the latter [3,
18] which suggests different metabolisms of metals in these
species.

Cadmium was not only more toxic to barbel larvae,
compared to copper, but also reduced growth, yolk utiliza-
tion, and inhibited commencement of exogenous feeding.
Reduction of growth due to copper or cadmium intoxica-
tion may result from various metabolic disturbances.
According to Couture and Kumar [19], both metals reduce
oxidative metabolism in fish due to a direct inhibition of
mitochondrial enzymatic activity, and increase protein
metabolism. A decrease in oxygen consumption in copper-
exposed common carp were reported by De Boeck et al.
[20]. Both metals also disturb ion balance in fish, which
may result in growth reduction due to the increased meta-
bolic cost of compensatory osmoregulation. According to
McGeer et al. [21], rainbow trout larvae exposed to copper
or cadmium showed significantly reduced body sodium and

calcium levels. Another possible cause of growth reduction
by heavy metals are metabolic costs of detoxification.
Giguere et al. [22] reported that most hepatic Cd and Cu in
Perca flavescens were found in the heat-stable cytosolic
peptides and protein fraction including metallothioneins,
the synthesis of which is induced by metal presence in the
organism [23]. The difference in body size between K1 and
Cu became significant 3 days post hatching, while in the Cd
group it was already significant at hatching. This shows that
cadmium was probably more efficient at penetrating barbel
eggs. Cadmium was also more toxic to the embryos than
was copper.

Metal-exposed fish showed lower rates of utilization of
yolk sac nutrient stores as indicated by slower yolk sac
absorption. Yolk is the exclusive source of nutrients to early
larval stages of fish, and yolk material is partitioned
between growth and metabolism [24]. According to various
authors, heavy metals may delay yolk absorption in fish lar-
vae. Wu et al. [8] reported reduced yolk utilization rate in
Oreochromis mossambicus larvae exposed to 30-400 pg/l
of copper, while Hwang et al. [25] observed the larvae of
the same species, treated with 200 pg/l of copper, had not
only larger yolk sacs but were also shorter in length com-
pared to the control. Yolk sac absorption rate in Danio rerio
larvae subjected to 50-1,090 pg/l of copper was reduced in
a concentration-related way [9]. Sarnowski [10] reported
delayed yolk sac absorption in common carp treated with
200 pg/l of copper or cadmium. According to Peterson et al.
[5], cadmium reduced growth and efficiency of yolk uti-
lization by Salmo salar larvae. The reduction of the yolk
utilization rate under conditions of heavy metal intoxication
might have resulted from reduced metabolic rate or from a
direct effect of metals on yolk, such as coagulation of yolk
material [7] that rendered nutrients unavailable to fish.

The later onset of exogenous feeding in metal-exposed
groups of barbel larvae might have resulted from lowered
appetite [4, 20, 26, 27], impaired ability to catch prey [10,
28], or disturbances in development of the digestive tract
[7]. Delayed exogenous feeding contributed to the increase
in difference of body size between the controls and metal-
exposed groups at the end of the experiment.

Under natural conditions, smaller and slower growing
larvae are more susceptible to predation, and are less effi-
cient in food competition. Therefore, even a short-term
water contamination episode with copper, and especially
cadmium, during early barbel development may consider-
ably threaten the population. Cadmium is particularly toxic
to barbel larvae and, besides the adverse effect on growth
and feeding, it considerably reduces larval survival.

References

1. KAZLAUSKIENE N., VOSYLIENE M. Z. Characteristic
features of the effect of Cu and Zn mixtures on rainbow trout
Oncorhynchus mykiss in otogenesis. Polish Journal of
Environmental Studies 17, 291, 2008.

2. STASIUNAITE P. Toxicity of copper to embryonic devel-
opment of rainbow trout (Oncorhynchus mykiss). Acta
Zoologica Lituanica 15, 3, 2005.



230 Witeska M., et al.

3. SARNOWSKI P., WITESKA M. The effects of copper and 18. SLOMINSKA 1., JEZIERSKA B. The effect of heavy met-
cadmium in single exposure or co-exposure on growth of als on postembryonic development of common carp
common carp (Cyprinus carpio L.) larvae. Polish Journal of Cyprinus carpio L. Arch. Pol. Fish. 8, 119, 2000.
Environmental Studies 17, 791, 2008. 19. COUTURE P, KUMAR P. R. Impairment of metabolic

4. MARRJ. C. A, LIPTON J., CACELA., HANSEN J. A,, capacities in copper and cadmium contaminated wild yellow
BERGMAN H. L., MEYER J. S.,, HOGSTRAND C. perch (Perca flavescens). Aquatic Toxicology 64, 107, 2003.
Relationship between copper exposure duration, tissue cop- 20. DEBOECK G., DE SMET H., BLUST R. The effect of sub-
per concentration, and rainbow trout growth. Aquatic lethal levels of copper on oxygen consumption and ammo-
Toxicology, 36, 17, 1996. nia excretion in the common carp, Cyprinus carpio. Aquatic

5. PETERSON R. H., METCALFE J. L., RAY S. Effects of Toxicology 32, 127, 1995.
cadmium on yolk utilization, growth, and survival of 21. MCGEER J. C., SZEBEDINSZKY C., MCDONALD D.
Atlantic salmon alevins and newly feeding fry. Arch. G., WOOD C. M. Effects of chronic sublethal exposure to
Environ. Contam. Toxicol. 12, 37, 1983. waterborne Cu, Cd or Zn in rainbow trout: ionoregulatory

6.  COLLVIN L. The effects of copper on maximum respiration disturbance and metabolic costs. Aquatic Toxicology 50,
rate and growth rate of perch, Perca fluviatilis L. Water Res. 231, 2000.

18, 139, 1984. 22. GIGUERE A., CAMPBELL P. G. C,, HARE L., COU-

7. STOUTHART X. J. H. X., HAANS J. L. M., LOCK A. C., TURE P. Sub-cellular partitioning of cadmium, copper,
WENDELAAR BONGA S. E. Effects of water pH on cop- nickel and zinc in indigenous yellow perch (Perca
per toxicity to early life stages of the common carp flavescens) sampled along a polymetallic gradient. Aquatic
(Cyprinus carpio). Environ. Toxicol. Chem. 15, 376, 1996. Toxicology 77, 178, 2006.

8. WUS. M., JONGK.J.,KUO S.Y. Effects of copper sulfate 23. GEORGE S. G., TODD K., WRIGHT J. Regulation of met-
on ion balance and growth of tilapia larvae (Oreochromis allothionein in teleosts: Induction of MTmRNA and protein
mossambicus). Arch. Environ. Contam. Toxicol. 45, 357, by cadmium in hepatic and extrahepatic tissues of a marine
2003. flatfish, the turbot (Scophthalmus maximus). Comp.

9. JOHNSON A., CAREW E., SLOMAN K. A. The effects of Biochem. Physiol. 113 C, 109, 1996.
copper on the morphological and functional development of 24. KAMLER E., KECKEIS H., BAUER-NEMESCHKAL E.
zebrafish embryos. Aquatic Toxicology, 84, 431, 2007. Temperature-induced changes of survival, development and

10. SARNOWSKI P. The effects of metals on yolk sac resorp- yolk partitioning in Chondrostoma nasus. J. Fish Biol. 53,
tion and growth of starved and fed common carp (Cyprinus 658, 1998.
carpio L.) larvae. Acta. Sci. Pol. Piscaria 2, 227, 2003. 25. HWANG P. P, LIN S. W. AND LIN H. C. Different sensi-

11.  www.fishbase.org tivities to cadmium in tilapia larvae (Oreochromis mossam-

12.  WITKOWSKI A. Threats and protection of freshwater fish- bicus; Teleostei). Arch. Environ. Contam. Toxicol. 29, 1,
es in Poland. Neth. J. Zool. 42, 243, 1992. 1995.

13. LUGOWSKA K. Embryonic development of barbel 26. HOYLE I, SHAW B. J.,, HANDY R. D. Dietary copper
(Barbus barbus L.). The Israeli Journal of Aquaculture exposure in the African walking catfish, Clarias gariepinus:
(Bamidgeh), 61, 68, 2009. transient osmoregulatory disturbances and oxidative stress.

14. JEZIERSKA B., WITESKA M. Metal toxicity to fish. Aquatic Toxicology 83, 62, 2007.

Wydawnictwo Akademii Podlaskiej, Siedlce, pp. 318, 2001. 27. BUCKLEY J. T., ROCH M., MCCARTER J. A., REN-

15. DOIJLIDO J. R. Chemistry of surface waters. Ekonomia i DELL C. A., MATHESON A. T. Chronic exposure of coho
Srodowisko, pp. 342, 1995 [In Polish]. salmon to sublethal concentration and distribution of copper

16. PAKKASMAA S., PENTTINEN O. P, PIIRONEN J. and copper tolerance. Comp. Biochem. Physiol. 72 C, 15,
Metabolic rate of Arctic charr eggs depends on their parent- 1982.
age. J. Comp. Physiol. 176 B, 387, 2006. 28. JEZIERSKA B., LUGOWSKA K. SARNOWSKI P,

17.  WOLNICKI J., GORNY W. Survival and growth of larval WITESKA M. The effect of short-term water contamination

and juvenile barbel (Barbus barbus L.) reared under con-
trolled conditions. Aquaculture 129, 258, 1995.

with heavy metals on food uptake rate of common carp lar-
vae. Electronic Journal of Ichthyology 2, 1, 2006.



