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Heavy metals are naturally occurring elements found throughout the
Earth crust, but anthropogenic activities such as mining, smelting
operations and industrial production often lead to unnatural environ-
mental contamination (e.g., Du et al., 2020). Aquatic animals are partic-
ularly vulnerable to detrimental effects of these pollutants (Coward
et al., 2002). Heavy metals can be easily absorbed and concentrate in
internal organs of aquatic animals and affect relevant biochemical,
physiological and behavioural processes (Golovanova, 2008; Solgi &
Galangashi, 2018). Further, in externally fertilizing species, gametes
may become directly exposed to heavy metals present in the sur-
rounding water body.

Along with many other heavy metals, cadmium (Cd) is naturally
occurring in the environment but non-essential for organisms. Cd dis-
perses readily into the environment through the air especially from
many industrial and agricultural sources and has thus been a major
cause for concern for many decades (Jarup & Akesson, 2009).

Hannu Huuskonen?! |

Matti Janhunen?

Cadmium (Cd) exposure can impair the traits of aquatic animals associated with
reproduction. In natural lakes Cd is typically detected at concentrations below
0.001 mg I=1. The authors investigated the impact of ultra-acute Cd exposure on
sperm motility in European whitefish (Coregonus lavaretus). They activated sperm
with water containing various nominal concentrations of Cd and recorded sperm
motility parameters. Only the highest Cd concentration (500 mg I~%) was associated
with decreased sperm swimming velocity and increases in both the percentage of
static cells and curvature of the sperm swimming trajectory. The results indicate that
environmentally realistic concentrations of Cd during the sperm motility activation

are not critically harmful to male C. lavaretus fertilization potential.

aquatic organisms, cadmium, sperm motility, whitefish

Environmental concentrations in unpolluted natural waters are usually
below 0.001 mg I~ but can be up to 0.6 mg I~* in polluted waters
(Du et al., 2020; Duncan et al., 2018) and up to 3 mg I~ in highly pol-
luted waters (Jaeckel et al., 2005). The concentrations of up to
5 mgkg! have been detected in lake sediments (OSPAR
Commission, 2002; Parviainen et al., 2012). The release of Cd from
the sediment may further increase in acidic conditions (Zhang
et al., 2018), and possibly also at low oxygen levels (Li et al., 2013),
both phenomena being increasingly prevalent due to human activities
and climate change (e.g., forest draining, surface run-off and eutrophi-
cation). Cd accumulation has been associated with reduced fertiliza-
tion success in aquatic animals, and it can affect embryonic
development (Acosta et al, 2016; Au et al, 2001; Witeska
et al., 1995).

Sperm is known to act as a sensitive bioindicator of environmen-

tal pollution (Rurangwa et al., 1998). Several studies across different

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2021 The Authors. Journal of Fish Biology published by John Wiley & Sons Ltd on behalf of Fisheries Society of the British Isles.

1130 wileyonlinelibrary.com/journal/jfb

J Fish Biol. 2021;99:1130-1134.


https://orcid.org/0000-0002-7973-3818
https://orcid.org/0000-0003-3749-1096
mailto:sareh.yaripour@uef.fi
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://wileyonlinelibrary.com/journal/jfb
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fjfb.14769&domain=pdf&date_stamp=2021-05-17

YARIPOUR ET AL.

taxa, from invertebrates to mammals, have revealed that heavy metal
exposures are associated with a number of alterations in sperm physi-
ology (e.g., Huang et al., 2001; Young & Nelson, 1974). For example,
Cd concentration of 5, 50 and 100 mg 1~ reduced sperm motility in
rats (Rattus norvegicus domestica). This reduction was presumably cau-
sed by the cadmium-induced alterations in calcium channels of the
sperm flagella (Benoff et al., 2008). In rabbits (Oryctolagus cuniculus),
exposure to relatively low concentrations of Cd (0.6-1.0 pg CdCl,
ml~%) weakened sperm motility and altered sperm morphology and
plasma membrane integrity (Roychoudhury et al., 2010). Acosta
et al. (2016) demonstrated in zebrafish (Danio rerio) that exposure of
sperm to various concentrations of Cd (0.5-10 pg Cd 17%) for 10 min
detrimentally influenced sperm motility and longevity, thus impairing
male fertility.

Sperm motility parameters are reliable predictors of fertilization
success (Kime et al., 2001; Browne et al. 2015), serving as valuable
attributes in ecotoxicology; apart from being practical and cost-
effective monitoring tools, they could be applied more often as opti-
mal alternatives to full organism models in bioassay monitoring stud-
ies (Fabbrocini et al., 2013). Computer-assisted sperm analysis (CASA)
is often used for aquatic animals like fishes to predict sperm quality
and fertility potential (Egeland et al., 2015; Fauvel et al., 2010). It pro-
vides quick quantitative measures compared to a traditional micro-
scopic estimation, and thus is a relevant tool to study the effects of
environmental stressors on fish sperm (Kime et al., 2001; Browne
et al. 2015).

CASA technique was used in this study to assess the impact of
ultra-acute Cd exposure on sperm motility parameters using the
European whitefish (Coregonus lavaretus) as a model species. This spe-
cies has an important ecological and commercial value, and previous
works indicate that it shows notable sensitivity to aquatic toxicants
(Cooley et al., 2002; Kashulin et al., 2008). Importantly, the
C. lavaretus possesses external fertilization, and its spawning can
occur close to contaminated sediments in the wild. Thus, experimental
ultra-acute exposure of sperm to certain concentrations of Cd may
mimic the actual spawning event in the wild, where released sperm
gets into direct contact with polluted water during activation. To
authors' knowledge, this study is the first to test the sperm motility of
a coregonid under a short-term Cd exposure during the sperm
activation.

The C. lavaretus males were obtained from a hatchery-reared
migratory River Koitajoki population maintained at the Saimaa Fisher-
ies Research and Aquaculture Station of the Natural Resources Insti-
tute Finland (Luke), Enonkoski, Finland. On 15 November 2018,
15 mature males (mean length 455 + 21 S.D. mm; mean body weight
1378 £ 272 SD g) were haphazardly sampled from the broodstock.
The fish were sedated using sodium bicarbonate-buffered tricaine
methanesulphonate (MS-222; 100 mg 1-1) before milt stripping. The
stripped milts were kept in oxygen-filled plastic zipper bags on ice
until the sperm motility analyses, which were performed during the
same day at the laboratory of University of Eastern Finland, Joensuu.

Cadmium chloride (CdCl,) was used as a source of Cd, and the

used nominal concentrations were prepared by a careful dilution
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procedure based on commercial Cd (MERCK, 2001.0250). Sperm
motility was measured using CASA (Integrated Semen Analysis Sys-
tem, ISAS v1: Proiser, Valencia, Spain) with B/W CCD camera (capture
rate 60 frames s™1) attached to negative phase contrast microscope
(100x magnification). Sperm motility analyses were performed after
vortexing the milt samples for 5 s and then by adding 0.1 pl of milt to
Leja 2-chamber (chamber height 20 um, volume 6 ul) microscope
slides (Leja, Nieuw-Vennep, The Netherlands). Then, the sperm were
activated with 3 pl of 4°C natural water containing the following nom-
inal concentrations of Cd: O (control), 0.1, 2, 10, 100, and 500 mg I*
(six independent treatments). Sperm were allowed to stay in afore-
mentioned nominal Cd concentrations for 10 s prior to motility
measurements.

Five sperm motility parameters (straight line velocity, VSL; linear-
ity of sperm swimming tracks, LIN; straightness of sperm swimming
trajectory, STR; curvilinear velocity, VCL; proportion of static sperm
cells, %STATIC) were measured from 10 to 11 s after the activation
(i.e., sperm motility was recorded for 1 s). As a reliable QA/QC proce-
dure for the CASA methodology (e.g., Kekildinen et al., 2018), the
average of two replicate measurements per Cd concentration was
used as an observation for each male.

The effect of nominal Cd concentration (within-subject factor) on
sperm motility parameters was analysed using repeated-measures
ANOVA. For each individual, the averages from two activations were
used as observations. Pair-wise differences were studied by Sidak post
hoc tests. All statistical analyses were performed using IBM SPSS Sta-
tistics 25.0, after checking for data normality and homogeneity of
group variances.

The effect of nominal Cd concentration was statistically signifi-
cant on VSL, LIN and proportion of static sperm cells (Table 1a;
Figure 1). Pair-wise comparisons for these parameters revealed, how-
ever, that Cd treatment affected sperm parameters mainly at the
highest (500 mg I~ %) nominal concentration with decreases in VSL and
LIN and an increase in %STATIC relative to lower concentrations
and controls (see Sidak post hoc tests in Table 1b).

This study demonstrated that ultra-acute exposure of C. lavaretus
sperm to environmentally realistic nominal concentrations of Cd (0-
2 mg I=%. Parviainen et al., 2012) during sperm activation did not
affect any of the measured motility parameters. A clear detrimental
effect for sperm motility was found only in the highest, hundreds-fold
concentration of Cd (500 mg =%, though not all motility traits were
affected even in that level of treatment. These results indicate that
functionality of C. lavaretus spermatozoa tolerates extremely high Cd
concentrations in a short-term exposure during sperm activation.

Various effects of different Cd concentrations on fish sperm have
been reported earlier. According to Hayati et al. (2017), e.g., ultra-
acute Cd exposure reduced sperm motility of carp (Cyprinus carpio L.)
at concentrations of 100 mg I~ or higher. Contrary to the finding of
this study, toxic effects of Cd on sperm motility were observed at
much lower concentrations in some species. In bocachico (Prochilodus
magdalenae), ultra-acute Cd exposure caused lowered sperm motility
already at concentrations of 0.25 and 25 mg I~ (Sierra-Marquez
et al., 2019). Acosta et al. (2016) observed that a short-term (10 min)
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TABLE 1 The effect ofldiffergnt cadmium concgntrations (0.1, 80- (a)
2.0, 10, 100 and 500 mg I~*) on different sperm traits (a) and the
Sidak post hoc comparison between concentrations (b) T
(@) T
604
Parameter df1/df, F P
VCL 5/10 2.139 0.143 § .
VSL 5/10 4.989 0.015
LIN 5/10 16.076 <0.001 i
STR 5/10 2.558 0.097 o
% STATIC CELLS 5/10 3.821 0.034
®l 3 0.1 2 10 100 500
VsL LIN %STATIC Cd concentration (mg L'1)
Treatments (mg 1~2) [ ] [ 50~ )
0 0.1 0.083 0.016 0.987
2 0.974 1.000 1.000 704
10 0.253 0.965 1.000 T
100 0.932 0.811 0.954 604 + * @ ?
500 0.062 0.009 0.049 2
0.1 2 1.000 0.567 0.990 = 50- J_
10 1.000 0.617 1.000
100 0.874 0.269 0.159 40-
500 0.002 0.001 0.004
2 10 0.991 0.997 1.000 30 : . i i . .
100 1.000 1.000 0.918 0 0.1 2 10 100 500
500 0.070 0.083 0.037 Cd concentration (mg L'1)
10 100 0.445 1.000 0.596
500 0.026 0.035 0.037 ©
100 500 0.050 0.006 0.131 €0
Note. The P-values indicating statistically significant difference are
highlighted. LIN, linearity of sperm swimming tracks; %STATIC, proportion &)
of static sperm cells; STR, straightness of sperm swimming trajectory; VCL, E 40
curvilinear velocity; VSL, straight line velocity. Bold values indicates 5
P < 0.050. 2
) i *
Cd exposure induced highly toxic effect on sperm cells of D. rerio i
already in a concentration range of 5 x 1073 to 10 x 103 mg I"* by 1 i
reducing membrane integrity, whereas sperm motility of sterlet 0 Q' \' q: Q' Q' Q'
(Acipenser ruthenus) was not affected by 2 h Cd exposure at a concen- N " N &
tration of 0.05mg |1 (Li et al, 2010). The present and previous Cd concentration (mg L'1)
studies thus indicate that fish sperm sensitivity to Cd may be a
species-dependent attribute. Plasma membrane of sperm is very likely FIGURE 1  Effect of cadmium concentrations on (a) sperm

to be intensively affected by toxicants (Harayashiki et al., 2013). In
rainbow trout (Oncorhynchus mykiss), seminal plasma has been
suggested to protect sperm against toxicants (Dietrich et al., 2010).
Similar protective mechanisms against Cd may occur also in
C. lavaretus, but these mechanisms are yet unknown and remain to be
explored.

In externally fertilizing fish that spawn in shallow areas, such as
the studied C. lavaretus population, the released gametes may be

exposed to contaminants of sediments during spawning act

straight line velocity (VSL: pm s™1), (b) linearity of sperm swimming
(LIN: %) and (c) proportion of sperm static cells (%STATIC) in different
concentrations of cadmium: 0.1, 2.0, 10, 100 and 500 mg -1,
Whiskers in boxplots indicate 95% C.l., and the lines within each box
represent median

(Amundsen et al., 2011; Haakana & Huuskonen, 2012). The present
results suggest, however, that in ultra-acute exposure the perfor-

mance of C. lavaretus sperm is tolerant to considerably high nominal
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concentrations of Cd, and thus no naturally occurring concentrations
should compromise the fertilization potential of males. Further studies
are needed to test whether the negative effects of Cd manifest them-
selves only after longer exposure time or occur later during embryonic

period.

ACKNOWLEDGEMENTS

All animal experimentation reported meets the ABS/ASAB guidelines
for ethical treatment of animals and comply with the current Finnish
legislation in this study. We thank the Saimaa Fisheries Research and
Aquaculture Station (Luke) for providing C. lavaretus gametes. This
research was founded by Olvi Foundation, SUREAQUA and Academy
of Finland (project 308485).

ORCID

Sareh Yaripour "2 https://orcid.org/0000-0002-7973-3818

Raine Kortet "2 https://orcid.org/0000-0003-3749-1096

REFERENCES

Acosta, I. B., Junior, A. S. V. A, Silva, E. F., Cardoso, T.,. F., Caldas, J. S.,
Jardim, R. D., & Corcini, C. D. (2016). Effects of exposure to cadmium
in sperm cells of zebrafish, Danio rerio. Toxicology Reports, 3, 696-700.
https://doi.org/10.1016/j.toxrep.2016.08.002.

Amundsen, P. A, Kashulin, N. A, Terentjev, P., Gjelland, K. @.,
Koroleva, I. M., Dauvalter, V. A, ... Knudsen, R. (2011). Heavy metal
contents in whitefish (Coregonus lavaretus) along a pollution gradient
in a subarctic watercourse. Environmental Monitoring and Assessment,
182, 301-316. https://doi.org/10.1007/s10661-011-1877-1.

Au, D. W. T, Lee, C. Y., Chan, K. L, & Wu, R. S. S. (2001). Reproductive
impairment of sea urchins upon chronic exposure to cadmium. Part I
Effects on gamete quality. Environmental Pollution, 111(1), 1-9.
https://doi.org/10.1016/50269-7491(00)00035-X.

Benoff, S., Auborn, K., Marmar, J. L., & Hurley, I. R. (2008). Link between
low-dose environmentally relevant cadmium exposures and
asthenozoospermia in a rat model. Fertility and Sterility, 89(2), e73-
e79. https://doi.org/10.1016/j.fertnstert.2007.12.035.

Browne, R. K., Kaurova, S. A, Uteshev, V. K, Shishova, N. V.
McGinnity, D., Figiel, C. R,, ... Cosson, J. (2015). Sperm motility of
externally fertilizing fish and amphibians. Theriogenology, 83(1), 1-13.
e8. https://doi.org/10.1016/j.theriogenology.2014.09.018.

Cooley, H. M., Evans, R. E., & Klaverkamp, J. F. (2002). Baseline measure-
ments of indicators for sublethal effects of metals in lake whitefish (Cor-
egonus clupeaformis). Archives of Environmental Contamination and
Toxicology, 43, 418-424. https://doi.org/10.1007/s00244-002-1251-y.

Coward, K., Bromage, N. R., Hibbitt, O., & Parrington, J. (2002). Gamete
physiology, fertilization and egg activation in teleost fish. Reviews in
Fish Biology and Fisheries, 12(1), 33-58. https://doi.org/10.1023/A:
1022613404123.

Dietrich, G. J., Dietrich, M., Kowalski, R.,. K., Dobosz, S., Karol, H.,
Demianowicz, W., & Glogowski, J. (2010). Exposure of rainbow trout
milt to mercury and cadmium alters sperm motility parameters and
reproductive success. Aquatic Toxicology, 97(4), 277-284. https://doi.
org/10.1016/j.aquatox.2009.12.010.

Du, B., Zhou, J., Lu, B., Zhang, C., Li, D., Zhou, J., ... Zhang, H. (2020). Envi-
ronmental and human health risks from cadmium exposure near an
active lead-zinc mine and a copper smelter, China. Science of the Total
Environment, 720, 137585. https://doi.org/10.1016/j.scitotenv.2020.
137585.

Duncan, A. E.,, de Vries, N., & Nyarko, K. (2018). Assessment of heavy
metal pollution in the sediments of the River Pra and its tributaries.

e FISHBIOLOGY [ @ M

Wiater, Air, & Soil Pollution, 229, 272. https://doi.org/10.1007/s11270-
018-3899-6.

Egeland, T. B., Rudolfsen, G., Nordeide, J. T., & Folstad, I. (2015). On the
relative effect of spawning asynchrony, sperm quantity, and sperm
quality on paternity under sperm competition in an external fertilizer.
Frontiers in Ecology and Evolution, 3, 77. https://doi.org/10.3389/fevo.
2015.00077.

Fabbrocini, A., D'Adamo, R., Del Prete, F., Langellotti, A.,. L., Barone, C. M.,
Rinna, F., ... Sansone, G. (2013). Motility of cryopreserved spermato-
zoa for the ecotoxicological evaluation of aquatic environments.
Chemistry and Ecology, 29(7), 660-667. https://doi.org/10.1080/
02757540.2013.810723.

Fauvel, C., Suquet, M., & Cosson, J. (2010). Evaluation of fish sperm qual-
ity. Journal of Applied Ichthyology, 26(5), 636-643. https://doi.org/10.
1111/j.1439-0426.2010.01529 .x.

Golovanova, I. L. (2008). Effects of heavy metals on the physiological and
biochemical status of fishes and aquatic invertebrates. Inland Water
Biology, 1(1), 93-101. https://doi.org/10.1134/51995082908010148.

Haakana, H. & Huuskonen, H. (2012). The endangered whitefish
(Coregonus lavaretus pallasi) population in the Koitajoki River, eastern
Finland: The present state and threats. Advances in Limnology, 63,
519-533. https://doi.org/10.1127/advlim/63/2012/519.

Harayashiki, C. A. Y., Junior, A. S. V., Machado, A. A. D. S,
Cabrera, L. D. C., Primel, E. G., Bianchini, A., & Corcini, C. D. (2013).
Toxic effects of the herbicide roundup in the guppy Poecilia vivipara
acclimated to fresh water. Aquatic Toxicology, 142-143, 176-184.
https://doi.org/10.1016/j.aquatox.2013.08.006.

Hayati, A., Giarti, K., Winarsih, Y., & Amin, M. H. (2017). The effect of cad-
mium on sperm quality and fertilization of Cyprinus carpio L. Journal of
Tropical Biodiversity and Biotechnology, 2(2), 45-50. https://doi.org/10.
22146/jtbb.26744.

Huang, Y. L., Tseng, W. C., & Lin, T. H. (2001). In vitro effects of metal ions
(Fe?*, Mn?*, Pb2*) on sperm motility and lipid peroxidation in human
semen. Journal of Toxicology and Environmental Health Part A, 62(4),
259-267. https://doi.org/10.1080/009841001459414.

Jaeckel, P., Krauss, G. J., & Krauss, G. (2005). Cadmium and zinc response
of the fungi Heliscus lugdunensis and Verticillium cf. alboatrum isolated
from highly polluted water. Science of the Total Environment, 346(1-3),
274-279. https://doi.org/10.1016/].scitotenv.2004.12.082.

Jarup, L., & Akesson, A. (2009). Current status of cadmium as an environ-
mental health problem. Toxicology and Applied Pharmacology, 238,
201-208. https://doi.org/10.1016/j.taap.2009.04.020.

Kashulin, N. A., Terentiev, P. M., & Korpleva, I. M. (2008). The status of
whitefish population from Chuna Lake in the Lapland biosphere reserve
Russia. International Journal of Environmental Research, 2(2), 111-124.

Kekaldinen, J., Oskoei, P., Janhunen, M., Koskinen, H., Kortet, R., &
Huuskonen, H. (2018). Sperm pre-fertilization thermal environment
shapes offspring phenotype and performance. Journal of Experimental
Biology, 221, jeb181412.

Kime, D. E., Van Look, K. J, McAllister, B. G. Huyskens, G,
Rurangwa, E., & Ollevier, F. (2001). Computer-assisted sperm analysis
(CASA) as a tool for monitoring sperm quality in fish. Comparative Bio-
chemistry and Physiology Part C: Toxicology & Pharmacology, 130(4),
425-433. https://doi.org/10.1016/51532-0456(01)00270-8.

Li, H., Shi, A, Li, M., & Zhang, X. (2013). Effect of pH, temperature, dis-
solved oxygen, and flow rate of overlying water on heavy metals
release from storm sewer sediments. Journal of Chemistry, 2013,
434012. https://doi.org/10.1155/2013/434012.

Li, Z. H., Li, P., Dzyuba, B., & Randak, T. (2010). Influence of environmental
related concentrations of heavy metals on motility parameters and
antioxidant responses in sturgeon sperm. Chemico-Biological Interac-
tions, 188, 473-477. https://doi.org/10.1016/j.cbi.2010.09.005.

OSPAR. (2002). Cadmium. Hazardous substances series. London: OSPAR
Commission.

85U801 7 SUOLUWIOD dA11e81D) 3|qeot[dde ay) Aq pausenob e Sapie O ‘8sn JO SaINJ 10} Aeiq1T 8UIUO /8|1 UO (SUOTHPUOD-PUR-SLLIBI IO A8 |1 ARe.q Ul [Uo//ScIY) SUORIPUOD PUe swie | 3y} 88S *[£202/90/0€] Uo Aeiqiauluo A8 |1 ‘21ued yosessay telBomioN - 800N Ad 69.1T Q4/TTTT OT/I0p/W00 A8 im Akeid1jpul|uoy/sdny Wwolj pepeojumod ‘€ ‘TZ0Z ‘6798S60T


https://orcid.org/0000-0002-7973-3818
https://orcid.org/0000-0002-7973-3818
https://orcid.org/0000-0003-3749-1096
https://orcid.org/0000-0003-3749-1096
https://doi.org/10.1016/j.toxrep.2016.08.002
https://doi.org/10.1007/s10661-011-1877-1
https://doi.org/10.1016/S0269-7491(00)00035-X
https://doi.org/10.1016/j.fertnstert.2007.12.035
https://doi.org/10.1016/j.theriogenology.2014.09.018
https://doi.org/10.1007/s00244-002-1251-y
https://doi.org/10.1023/A:1022613404123
https://doi.org/10.1023/A:1022613404123
https://doi.org/10.1016/j.aquatox.2009.12.010
https://doi.org/10.1016/j.aquatox.2009.12.010
https://doi.org/10.1016/j.scitotenv.2020.137585
https://doi.org/10.1016/j.scitotenv.2020.137585
https://doi.org/10.1007/s11270-018-3899-6
https://doi.org/10.1007/s11270-018-3899-6
https://doi.org/10.3389/fevo.2015.00077
https://doi.org/10.3389/fevo.2015.00077
https://doi.org/10.1080/02757540.2013.810723
https://doi.org/10.1080/02757540.2013.810723
https://doi.org/10.1111/j.1439-0426.2010.01529.x
https://doi.org/10.1111/j.1439-0426.2010.01529.x
https://doi.org/10.1134/S1995082908010148
https://doi.org/10.1127/advlim/63/2012/519
https://doi.org/10.1016/j.aquatox.2013.08.006
https://doi.org/10.22146/jtbb.26744
https://doi.org/10.22146/jtbb.26744
https://doi.org/10.1080/009841001459414
https://doi.org/10.1016/j.scitotenv.2004.12.082
https://doi.org/10.1016/j.taap.2009.04.020
https://doi.org/10.1016/S1532-0456(01)00270-8
https://doi.org/10.1155/2013/434012
https://doi.org/10.1016/j.cbi.2010.09.005

YARIPOUR ET AL.

allll .- FISHBIOLOGY

Parviainen, A., Kauppila, T., & Loukola-Ruskeeniemi, K. (2012). Long-term
lake sediment records and factors affecting the evolution of metal
(loid) drainage from two mine sites (SW Finland). Journal of Geochemi-
cal Exploration, 114, 46-56. https://doi.org/10.1016/j.gexplo.2011.
12.004.

Roychoudhury, S., Massanyi, P., Bulla, J., Choudhury, M. T., Lukac, N,
Filipejova, T., ... Almasiova, V. (2010). Cadmium toxicity at low concen-
tration on rabbit spermatozoa motility, morphology and membrane
integrity in vitro. Journal of Environmental Science and Health Part A, 45
(11), 1374-1383. https://doi.org/10.1080/10934529.2010.500909.

Rurangwa, E., Roelants, I., Huyskens, G., Ebrahimi, M., Kime, D. E., &
Ollevier, F. (1998). The minimum effective spermatozoa: Egg ratio for
artificial insemination and the effects of mercury on sperm motility
and fertilization ability in Clarias gariepinus. Journal of Fish Biology, 53,
402-413. https://doi.org/10.1111/j.1095-8649.1998.tb00989.x.

Sierra-Marquez, L., Espinosa-Araujo, J., Atencio-Garcia, V., & Olivero-
Verbel, J. (2019). Effects of cadmium exposure on sperm and larvae of
the neotropical fish Prochilodus magdalenae. Comparative Biochemistry
and Physiology Part C: Toxicology & Pharmacology, 225, 108577.
https://doi.org/10.1016/j.cbpc.2019.108577.

Solgi, E., & Galangashi, M. M. (2018). Assessing the health of marine and
lacustrine wetland using measurement of heavy metals in fish species:

Case study from two Iranian international wetland (Gomishan and
Zarivar). Environmental Nanotechnology, Monitoring & Management, 10,
73-78. https://doi.org/10.1016/j.enmm.2018.05.004.

Witeska, M., Jezierska, B., & Chaber, J. (1995). The influence of cadmium
on common carp embryos and larvae. Aquaculture, 129(1-4), 129-
132. https://doi.org/10.1016/0044-8486(94)00235-G.

Young, L. G., & Nelson, L. (1974). The effects of heavy metal ions on the
motility of sea urchin spermatozoa. The Biological Bulletin, 147, 236-
246. https://doi.org/10.2307/1540581.

Zhang, Y., Zhang, H., Zhang, Z., Liu, C., Sun, C., Zhang, W., & Marhaba, T.
(2018). pH effect on heavy metal release from a polluted sediment.
Journal of Chemistry, 1, 1-7. https://doi.org/10.1155/2018/7597640.

How to cite this article: Yaripour, S., Kekéldinen, J.,
Huuskonen, H., Janhunen, M., & Kortet, R. (2021). Ultra-acute
exposure to cadmium does not impair whitefish sperm
motility. Journal of Fish Biology, 99(3), 1130-1134. https://doi.
org/10.1111/jfb.14769

85U801 7 SUOLUWIOD dA11e81D) 3|qeot[dde ay) Aq pausenob e Sapie O ‘8sn JO SaINJ 10} Aeiq1T 8UIUO /8|1 UO (SUOTHPUOD-PUR-SLLIBI IO A8 |1 ARe.q Ul [Uo//ScIY) SUORIPUOD PUe swie | 3y} 88S *[£202/90/0€] Uo Aeiqiauluo A8 |1 ‘21ued yosessay telBomioN - 800N Ad 69.1T Q4/TTTT OT/I0p/W00 A8 im Akeid1jpul|uoy/sdny Wwolj pepeojumod ‘€ ‘TZ0Z ‘6798S60T


https://doi.org/10.1016/j.gexplo.2011.12.004
https://doi.org/10.1016/j.gexplo.2011.12.004
https://doi.org/10.1080/10934529.2010.500909
https://doi.org/10.1111/j.1095-8649.1998.tb00989.x
https://doi.org/10.1016/j.cbpc.2019.108577
https://doi.org/10.1016/j.enmm.2018.05.004
https://doi.org/10.1016/0044-8486(94)00235-G
https://doi.org/10.2307/1540581
https://doi.org/10.1155/2018/7597640
https://doi.org/10.1111/jfb.14769
https://doi.org/10.1111/jfb.14769

	Ultra-acute exposure to cadmium does not impair whitefish sperm motility
	ACKNOWLEDGEMENTS
	REFERENCES


