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Abstract

Knowledge about combined effects of chemicals asmiperature on reproductive
capacity of fish are rare in literature, especiallyen it comes to the effects of chronic low-
dose chemical exposure combined to the thermalsstiighe aim of the study was to evaluate
the single and combined effects of temperature (18,21 °C) and an environmentally
relevant concentration of waterborne cadmium (1 ki§j. nominal concentration) on the
reproductive outputs of threespine sticklebackagterosteus aculeafys and their
consequences on offspring survival parameters. higie temperature (21 °C) was the only
factor that affected parental parameters (gonadasormdex “GSlI”, and vitellogenin “VTG”
particularly). On females, 21 °C had a stimulataitect on gonadal development evaluated
by an early increase, followed by a sharp decreds€&Sl, probably indicating gonadal
atresia. Promoting effect of temperature was camated by an early production of VTG
vitro fertilization assays showed interesting resultstipularly cadmium effects. As it was
supposed, high temperature had a negative impacoftapring parameters (significant
decrease in survival and an increase of unhatamédy®s). Parental exposure to the very low
concentration of cadmium had also negative consexpseon mortality rate (significant
increase) and hatching rate (significant decrea@e). results indicate that in a global
warming context, high temperature and its combamativith contaminant may impact
reproductive capacity o6. aculeatus by decreasing parental investment (low eggs and/o

sperm quality).

Keywords: cadmium stres$Gasterosteus aculeatus vitro fertilization, multiple stress;

reproduction impairment; temperature stress.
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1. Introduction

Freshwater habitats have been the most human atstreand ignored natural
resources (Schindler, 2001). Anthropogenic acésitire now largely recognized as the most
impacting factors in aquatic ecosystems (Meybed®Q32, and are responsible for the
generation and the introduction in the aquatic yst@sns of chemical substances, many of
which are supposed to be present in trace amouatdhéavy metals, PAHSs, etc.) or even
absent in natural conditionsg. PCBs, DDT, pesticides, etc.) (Biziuk et al., 1986ams and
Greeley, 2000; Meybeck, 2003). A large number @nrmade chemical substances are
known to date (over 130 million compounds reporbedthe CAS registry system) (CAS,
2017), many of them can be harmful for flora (Oukam et al., 2013), fauna (Bucke, 1993)
and even human health (Wang et al., 2005). The teffects of these chemical compounds
on aquatic organisms are largely studied and regorin literature (Reddy, 2013;
Chandurvelan et al., 2017; Jiang et al., 2017)idh they may disturb energy metabolism
(Hani et al., 2018b), induce genotoxicity (Santbalge 2014), immunotoxicity (Bado-Nilles et
al., 2014), oxidative damage (Livingstone, 200&ynotoxicity and reproductive impairments
(Tierney et al., 2013), etc.

The reproductive processes are often considerbd ocritical bottle-neck point in the
life history of living organisms, as they allow spes to perpetuate themselves throughout
generations (Miller and Kendall, 2009), and therefare an endpoint regularly used in
ecotoxicology studies (Jezierska et al., 2009; ldustnal., 2017; Mennigen et al., 2017; Hou
et al., 2018). However, effects of chemical stressve usually tested individually, but in
nature, organisms are not only exposed to anthexgogstressors but to several stressors
simultaneously. Hence, several authors are incrghsirealizing that single-stressor
experiments may not be appropriate in assessingetileeffects of hazardous chemicals on

living organisms (Gunderson et al., 2016).

Generally, multiple stressor situations are char&gd by an interaction between a
chemical and non-chemical stressor. The latterbeaaither an extrinsic abioticg. ionizing
radiation, temperature, pH, salinity, UV-radiatiatc.), or an extrinsic biotid.é. parasite,
bacteria, virus infections, etc.) factor, which kbaffect individual physiology and fitness
(i.e. growth and reproduction), and/or the populatiorvisal (Vinebrooke et al., 2004; Beyer

et al., 2014). One of the most important non-chamatressors is the prospective of a

3
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worrying global temperature rise, predicted by théergovernmental Panel on Climate
Change (IPCC, 2013), in the few next decades.

Temperature plays a strong and frequently dominasie in governing the
fundamental physiological processes of ectotheiimas urvival, growth and reproduction)
(Guderley, 1994), as their body temperature changéh the temperature of their
environment, resulting in corresponding alteratiaristhe rates of all physiological and
biochemical reactions (Heugens et al., 2001; Sakobnd Lannig, 2008). As part of climate
change scenarios, the increase of temperatureufitiohs and the frequency of extreme
temperatures, are expected as a result of a glebmglerature rise, which can be harmful or

even lethal to living aquatic organisms (Trenbeitthl., 2007; Sokolova and Lannig, 2008).

In fish, temperature has influence on hormone ®8iff) secretion and metabolism.
Consequently, higher than optimal temperatures sabstantially impact reproductive
endocrine homeostasis, and its endpoint evemsgametogenesis; spawning; fertilization),
with repercussions on offspring development andigal (Van Der Kraak and Pankhurst,
1997). For example, Dorts et al., (2012) exposadtdtlropean bullheadCpttus gobid to
three temperature regimes (T1: 8, T2: 12 and T3°@6in mean), to assess the effect of
temperature on different reproductive parametetghérs reported that an 8°C rise in water
temperature (T3) was responsible for a decreasexinsteroid levels, with an absence of

gonadosomatic index (GSI) peak, when compared figithof the other temperature regimes.

While single effects of temperature and pollutarts well documented, there is a lack
of information (if not absent) about the effectstbé interaction of chemical and thermal
stressors on the reproductive performance in gspgecially under environmentally realistic
exposure conditions. The focus on single stressamslead to erroneous conclusions, while
multiple stressor approaches are of interest, fugirt potential to reveal interesting
information, which would be difficult to predictabed on single stressor studies (Tockner et
al., 2010).

Cadmium is a natural metal element found in mindegdosits and distributed widely
at low concentrations in the environment (US EP&L&). However, due to industrial uses, it
is considered as one of the most important andetang anthropogenic metal contaminant,
and classified as a “priority pollutant” in EuroggeE COMMISSION, 2013) and other
countries as the United States (US EPA, 2016aHifty to cause adverse physiopathological
and toxicological effects, including reproductivexitity in living organisms, is well

documented (de Angelis et al., 2017; Driessnac.eP017). In fish, cadmium exposure can

4
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induce a decrease in spawning frequency and fetrdi it was reported in fathead minnows
(Pimephales promelagSellin and Kolok, 2006). The reproductive togcof cadmium may

be linked to its bioaccumulation capacity in fisbngds, resulting in cadmium-induced
impairment of gametogenesis in both male and feffiigtle or even gonad injuries (Luo et al.,
2015; Vergilio et al., 2015). Moreover, cadmium espre is responsible for delayed or
premature hatching of fish eggs, and multiple skékend morphological deformities in larvae
(Jezierska et al., 2009; Sfakianakis et al., 20E%Yept a few studies like that of Wang et al.
(2014), the majority of studies reported in literat on the reproductive effects of cadmium,
were conducted using short-term exposure at shialleoncentrations, which do not reflect
nor a realistic exposure scenarios neither the effatts when it comes to the combination

with other stressors such as temperature.

In this study, we were interested in this problematence, we used the threespine
stickleback Gasterosteus aculeafus-a recognized sentinel fish species, largely used
animal model in ecotoxicology studies (Pottingerakt 2002; Sanchez et al., 2007)—, to
evaluate the effect of a long-term exposure to tmampre and/ or cadmium on the
reproductive success, and its consequences onuthizad capacity of the offspring. Two
different exposure scenarios were tested, at tfferdnt stages of sexual maturity (adults or
juveniles). In the first experiment, we exposedladiproductive sticklebacks for 120 days, to
three water temperatures (16, 18 and 21°C), andimed at evaluating the effects of this
single stress on reproductive outputs of sticklebaby evaluating some organosmomatic
index (GSI, HSI and NSI), vitellogenin producti@md the fertilization rate after standardized
in vitro fertilization trials (IVF). In the second experinie we started the experiment with
juvenile non-reproductive sticklebacks, in orderetplore the single or combined effects of
90-days of exposure to an environmental conceatraif cadmium (nominal concentration of
1 ug. LY and two different water temperatures (16 °C afnd°@) on the reproductive
capacity of sticklebacks. For that we assessed,foasthe first experiment, some
organosomatic index (GSI, HSI and NSI), vitellogemjuantities and the fertilization rate

after standardizeith vitro fertilization trials (IVF).
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2. Materiel and methods

2.1. Ethic statement

All procedures described in the present paper wenglucted in accordance with the
European directive 2010/63/UE for the protectiomoimals used for scientific purposes. The
INERIS registration number, where the experimergsenconducted, is the C60-769-02. The
experimental protocols were submitted and reviewgda French nationally recognized
ethical committee (CREMEAPS, registration number. 96

2.2. Origin and maintenance of parental fish

Sticklebacks reared in outdoor mesocosms of thenchreNational Institute for
Industrial Environment and Risks (INERIS, Verneerni-Halatte, France) were used in this
study. Few months before the start of the experimdish were transferred for acclimation to
300- litter laboratory tanks with continuous fresiter renewalG. aculeatugprefer relatively
cool temperatures (< 18°C) (Guderley, 1994). Hefmethe two experiments of this study,
sticklebacks were acclimated to 16°C as control penature, before the onset of the
experiments. All along the acclimation and the expental periods, sticklebacks were daily
fed ad libitum with frozen commercial chironomids larvae, at 3 %body weight/day

according to Leloutre et al (2016) recommendations.

2.3. Experimental design

2.3.1. Experiment 1: Effects of temperature on parentgraguction and its
consequences on the offspring quality

In this first experiment, 165 homogeneous adultadpctive sticklebacks (955.80 +
55.13 mg and 40.40 + 0.49 mm) were transferred fiioenacclimation tanks into three new
300-litter tanks (n=55/tank), with continuous oxggéon and freshwater renewal. Each tank
corresponds to an experimental condition. Indeiécklsbacks were exposed to three constant
water temperatures: (i) control condition (16 °@yd experimental conditions as (ii) 18 °C
which exceed slightly the control temperature, batain in the range of optimal
temperatures of sticklebacks as reported by Gugléti@94), and (iii) 21 °C as high-stressful
temperature condition (Hani et al.,, 2018a, 2018Water temperature of experimental

conditions was gradually increased at a rate of0(B5°C.day, to reach 18 °C and 21 °C.
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Once water of the experimental tanks has reachedrdljuired temperatures, fish were
exposed continuously for 120 days. Throughout theeement, water parameters
(temperature, pH, conductivity, dissolved oxygengrav daily monitored, and fifteen
individuals from each group were sampled on day$0%nd 120, during which vitellogenin,
gonadosomatic (GSI), hepatosomatic (HSI) and negamnatic (NSI) indices were evaluated.
Additionally, when a gravid female and a nuptiadlygloured male were observed in one of
tanks conditions, they were recovered (n=7 / serfition) to evaluate the consequences of

the thermal exposure on their offspring surviviterastandardizeah vitro fertilization trials.

2.3.2. Experiment 2: Single or combined effects of tempee and/or
cadmium on parental reproduction and the consegseran their
clearwater-reared offspring

In this experiment, only two water temperatures evselected: 16 °C and 21 °C
(according to results of exp 1 see part 3.1.). Aoldally to the thermic stress, we exposed
juvenile sticklebacks (n= 320, 608.4 + 147.06 mygd 85.47 + 2.92 mm) to waterborne
cadmium in semi-static conditions with complete evaenewal every other day. Fish were
transferred from acclimation tanks and randomlytridisted into four 90-litter laboratory
glass tanks (n=80/tank), in which they were acdé@daprogressively to the desired
experimental temperatures (0.5-0.8 °C:YayEach tank was continuously oxygenated and
corresponded to a condition group: one control {09 and three experimental groups
(cadmium condition at 16 °C, temperature conditi@i °C” without cadmium, and
cadmium-temperature condition). The experimeneh&0 days, and twenty-five individuals
from each group were sampled on days 15, 60 anduWihg which several biological
parameters were evaluated as for experiment 1.ugheut the experiment, water parameters
(temperature, pH, conductivity, dissolved oxygergrevassessed before and after water
replacement. Finally, in order to evaluate the egonences of the different stress on the
offspring, standardizetdh vitro fertilization trials were conducted from the sedamonth,
when individuals (n=5/ sex/condition) were reprdiltely actives: ripe females and nuptially

coloured males (Wootton, 1984).

2.4. Cadmium chloride (CdCl,)
Sticklebacks of experiment 2 were exposed to caangbloride (CdCJ, Sigma-Aldrich
Chemicals, France). We chose 1 pg' Bs nominal dose: a realistic environmental

concentration (Foran et al., 2002) which lines witthe range of the Environmental quality
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standards levels recommended by EE COMMISSION (RODB the European Water

Framework Directive.

Throughout the experiment, water concentrationsevwmeonitored daily during the first
month of exposure and weekly for the rest of thelst For that, water samples were acidified
with nitric acid (2 %), and total cadmium concetitnas were checked by electrothermal
atomic absorption spectrophotometry (SpectrAA, GI@1Varian, Palo Alto, CA, USA),
according to the method of Geffard et al. (201@)c& exposure was conducted in semi-static
conditions, the actual cadmium concentration atchisticklebacks were really exposed was
calculated as time-weighted mean (TW Mean) accgrthnOECD Test Guidelines (OECD,
2012), and was about 0.50 + 0.2 pd. (balf the targeted nominal concentration).

Cadmium bioaccumulation assays were also conduitetiver and carcass, and were
published previously in Hani et al. (2018b). Biefliver, but not carcass had bioaccumulated
cadmium in fish exposed to cadmium and cadmium-&gatpre combination, whereas in

control and “temperature” groups, no bioaccumufatias observed.

2.5. Biological endpoint measurements in parental sticldbacks

For both experiments and for each sampling dash, fiere weighed, measured and
sacrificed by cervical dislocation after anesthesith tricaine methanesulfonate MS222 (70
mg. L-1, SIGMA-ALDRICH, France). Immediately aftesacrifice, blood was collected,
diluted 10-fold in a buffer solution (Phosphate fbuf“PBS” pH 7.4 + Glycerol 20% +
Phenylmethylsulfonyl fluoride “PMSF” 0,2 mM + Hepar20%) and centrifuged at 9000 x g
for 10 min. The supernatant was frozen at -80°@tee¥/TG analysis. Gonad, liver, kidney,
and other organs were rapidly dissected, weighed, teen frozen at -80°C, to analyse a
battery of biomarkers: digestive enzymes, antioxidparameters and energy reserves
parameters (Hani et al., 2018a, 2018b) and ca&ule corresponding somatic index (GSI,
NSI and HSI) according to the following equationgan somatic index = (organ weight/fish
weight) x 100.

VTG concentration was measured in blood supernaanbrding to the modified
method of Sanchez et al. (2005a), adapted in ni@t@mpn the TECAN Freedom EVO®
automated platform. This assay is based on aneictd@dompetitive ELISA using antibodies
anti-sticklebacks’ VTG at 2000-fold final concerioa (GA-306, Biosense Laboratories,
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Bergen, Norway), and purified stickleback VTG aanstard. Results were expressed as ng.
mi™.
2.6. Biological endpoint measurements inoffspring (in vitro fertilization
trials)

Artificial fertilization (IVF) was conducted accdrd) to the modified protocol of
Santos et al. (2013). For each trial, a reprodactivale and a gravid female (apart from
individuals used to evaluate the direct effectstofss on parental reproduction) were used.
Animals were anesthetized (70 mg. L-1, MS222, SIGMARICH, France), weighed and
standard body size was measured, before each igperat

After anesthesia, the reproductively active males wsacrificed with cranial
dislocation. The testes were carefully dilaceratsidg thin dissection blade in 400 pl of cold
Hank’s Balanced Salt Solution (HBSS: 137 mM NaC# @M KCL, 0.25 mM NagHPO,,
0.44 mM KHPQ,, 1.3 mM CaClk, 4.2 mM NaHCQ), and then the sperm suspension was
collected in an Eppendorf tube, until fertilizatidggs were obtained by gentle abdominal
stripping as described by Bakker et al. (2014). &bg clutch was genteelly mixed with the
totality of sperm suspension and let to fertilimoimoistened PYREX™ Crystallizing dishes.
Two minutes after, fertilization had been stoppgdpipetting three times 1000 pl of fresh
HBSS onto the egg clutch. After that, other seakwashing were applied using 2000 pl of
hypochlorite solution (0.15% once during 2 min) d@d0 ul of NaCl solution (0.7%, three
times) (Santos et al., 2013). After fertilizatiomdavashing steps, egg clutch was immediately
transferred in incubation basket of 1 mm plastisimeo ensure egg immersion and aeration.

The clear water was continuously aerated and clibegery other day.

The total number of eggs of each clutch and thebmurof fertilized/unfertilized eggs
were counted using a stereomicroscope with a D@atlignaging system (Leica MZ 12.5),
after 2h of the incubation period. At this moméattilized eggs become transparent and give
rise to the 2-cell stage, according to (Swarup8)9Bor each group, the fertilization rate was
calculated: [number of fertilized eggs/ total numbkegg clutch * 100]. Offspring were daily
observed and counted after the dead ones were esinantil few days post hatching.
Throughout the embryogenic development, we wererésted in several parameters to
evaluate offspring quality: (i) embryonic mortalitgte [number of dead embryos/ number of
fertilized eggs * 100]; (ii) day of first hatchingiji) hatching rate [number of hatched larvae/
number of fertilized eggs * 100].
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2.7. Statistical analysis
Statistical analyses were performed using R stzdissoftware (v3.3.1) at = 0.05.
For organosomatic index and vitellogenin, two-walM@VA test was performed after that
normality and homogeneity were tested, using rasmdg Shapiro and Levene tests. When
normality or homoscedasticity were not met, dateevieansformed using log, or square root
method. We first analysed the effect of sex ondliferent parameters at each time-point
independently, using two-way ANOVA. Sex and expesaonditions were considered as
factors. Since there was a significant sex-effeletta were then analysed on males and
females taken separately. For that, two-way ANO¥#t tvas performed, using exposure and
time conditions as factors. Tukey’'s HSD post-hct teas performed to compare conditions
at each time-point. For IVF essays, a nonparamtsic(Kruskal-Wallis) was used followed
by a non-parametric post-hoc test (Kruskal Neméesi), to determine which groups were

different from the controls.
3. Results

3.1. Experiment 1: Effects of temperature on parental r@roduction and
its consequences on the offspring quality

3.1.10rganosomatic index

GSI, HSI and NSI of parental sticklebacks from diféerent experimental groups are
presented in Table 1. Unfortunately, NSI valuesen®st recorded in both males and females
at day 120 of the experiment. In males, a sigmiiedfect of exposure conditions (correspond
to the different experimental groups: control, 88&hd 21 °C) was recorded for GSI and HSI,
but not for NSI. In fact, the higher temperatureswasponsible for a significant decrease on
day 15 (p=0.01) and 60 (p=0.02) for HSI, and omyday 120 for GSI (p<0.01). Furthermore,
time condition (correspond to the different timdse@posure: days 15, 60 and 120) had a
significant effect on males GSI and NSI, but notH®I values. Indeed, when compared to
day 15, a significant decrease in GSI values wasrded in control males on day 60
(p=0.03), and in males exposed to 21°C on day }2.0001). However, for NSI, a
significant increase was recorded in all male-gsoop day 60 compared to day 15 (p<0.001).
In females, exposure conditions had no effect om tifiree parameters throughout the
experiment. Time condition had a significant effeat GSI but not on HSI and NSI values.

Indeed, GSI values in females of the three grougseased on day 60, and then decreased on

10
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day 120. However, the temporal effect was significanly for females exposed to 18°C on
day 60 (p=0.04), and for the ones exposed to 21’Gay 120 (p=0.02).

3.1.2Vitellogenin (VTG)

Vitellogenin production was assessed in males anthfes throughout the experiment.
VTG was not detected in males and thus resultseepted in Figure 1 concern only females.
Fish exposed to 21°C expressed the highest valugd @ until day 60 but was significant
only on day 15 compared to the other groups (p30Tgne condition had a significant effect
on VTG production and was recorded in females eagp@s 16 and 18 °C, but not in females
of 21°C group. In fact, a significant increase wesorded in both 16°C and 18°C groups on
day 60 compared to day 15 (p<0.01), followed byigniScant decrease on day 120,
compared to day 60 (p<0.01). In 21°C females grdif; remained stable until day 60, and
decreased significantly on day 120, in comparisotiety 15 (p=0.02) and day 60 (p=0.01).

3.1.31VF and offspring parameters

Results obtained from IVF assays are summarizetalle 2. Fertilization rate was
not significantly affected by any of the thermadatments (p>0.05). Mortality and hatching
rates were the only parameters affected signifigaby the treatment condition, when
compared to control group. On the one hand, arass in the rate of mortality was recorded
in all groups but was significant (p=0.01) onlyafispring from parents reared previously in
the highest water temperature (21 °C). On the ofizerd, a decrease was recorded in the
hatching success of experimental offspring, but sigaificant (p=0.02) only in individuals

from 21 °C parents group.

11



340 Table 1. Organosomatic index (Gonadosomatic indexGSI”; Hepatosomatic index “HIS” and Nephrosomatic index “NSI”) of parental
341 sticklebacks after 15, 60 and 120 days exposure tioree thermal regimes (16, 18 and 21 °C). Fish read at 16 °C are considered as

342 control groups. Results are presented as mean z S.Eor a same time, different letters indicate sigaifit differences between exposure groups (p<OFi5)the same

343  exposure group, asterisks indicate significant mipdifferences with respect to initial values afd.5 (*p<0.05; **p<0.01; ***p<0.001).

GSI HSI NSI
Conditions
3 Q 3 ? 3 Q
Control (16 °C) | p=g | 1.34%0.43 |p=7| 575*29% | pn=g| 537+03G |n=7| 6.49+0.3@ |n=8| 0.90+0.1% | n=7| 0.34+0.04
Day 15 18 °C n=9| 113+0.3@& |n=6| 4.71+35@& |n=9| 466+0.14b | n=6| 5.83+0.6a |n=9| 0.72+0.14 |n=6| 0.42+0.09
21°C n=8| 1.27+02& |n=7| 7.63+2.74 |n=8| 427+02B | n=7| 551+0.32 |n=8| 1.05+0.1a |n=7| 0.57+0.08
Control (16 °C) 0.83 +0.18&* 8.81 +3.88 217+
n=g | -°°=% n=7 | °°t=° n=8| 6.02+04h | n=7| 591+0.43& |n=8| 0.23* n=7| 054+0.1@
Day 60 18 °C 0.96 0.2 10.71 +5.62* 232
n=7| -0 n=g | —/+=° n=7| 5.01+0.4%b | n=8| 577+0.38 |n=7| 0.26a*** n=8| 0.55+0.0a4
21°C 0.79+0.24 9.35+3.1a 265
n=7| 7Y n=g | 0 F n=7| 450+0.1® | n=8| 7.30+0.33 |n=7| 0.42a** n=8| 0.88+0.12
Control (16 °C) | n=6 1.00 £ 0.42 n=9 2.02+2.14 n=6| 5.60+0.3% | n=9 8.18 + 0.4% n=6 N.R N.R
Day 120 18 °C n=7| 0.84+02& |n=8| 259+1.72a |n=7| 6.18+0.6@ | n=8| 7.58+0.52 | n=7 N.R N.R
21°C 042+ 1.32 + 0.45* N.R N.R
n=8|  0.1&** n=s | e EY n=8| 6.30+0.68 | n=5| 7.74+0.72 | n=8 : .

344  N.R: Not recorded

345
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Figure 1. Evolution of the plasmatic vitellogenin YTG) of female parental sticklebacks
after 15, 60 and 120 days of exposure to three theal regimes (16, 18, and 21 °C). Fish

reared at 16 °C, are considered as control groupfesults are presented as mean £ S.E.

For a same time, different letters indicate sigaifit differences between exposure groups (p<OF2B)the same exposure
group, asterisks indicate significant temporal efi#hces with respect to initial values of day 1p<@.05; **p<0.01;
**n<0.001).
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365 Table 2. In vitro fertilization parameters. The impact of the thermd stress on parental fertilization rate, and its casequences on

366 clearwater-reared offspring. Results are representéas mean + S.EDifferent letters indicate significant differendestween treatment groups and

367 control group (p<0.05)Results in bold-italic characters should be takeithwcaution because of the high mortality rate akied in this group.

Parental Fertilization rate Offspring Survivors Mortality rate Beginning of hatching | Hatching rate
n
conditions (%) conditions (n) (%) (dpf) (%)
Control (16 °C) | 7 98.33+ 0.8 Non-exposed 109 64.00 + 24.4% 8.00 + 0.42& 34.26 +9.33
18 °C 7 95.57 +2.18 Non-exposed 29 91,60 + 4.38b 7.75 £ 0.36 8.90 + 4.32b
21 °C 7 87.492 +1.98 Non-exposed 5 98,77 £ 0.7B 9.00 + 0.53a 1.22 +0.79b
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3.2. Experiment 2: Single or combined effects of tempetare and/or
cadmium on parental reproduction and the consequers on their
clearwater-reared offspring

3.2.10rganosomatic index

Somatic index recorded throughout the experimeonfiparental sticklebacks, are
summarized in Table 3. Results of males and femealee treated separately, since a
significant effect of gender (p<0.01) was recorfl@dall parameters (except for HSI on day
15). In males, overall, no difference was recorgetreatment groups compared to control
groups, except for NSI on day 90 with significamiccbase in temperature and cadmium-
temperature groups, compared to control males,0a<®owever, time condition (correspond
to the different times of exposure: days 15, 60 @@phad a significant effect on the three
parameters of male sticklebacks. Indeed, for GBemcompared to initial values of day 15, a
significant decrease was recorded in cadmium groapsday 60 (p=0.001) and day 90
(p=0.0007). For HSI, a significant increase wasoréed on day 60 (p<0.04) and day 90
(p<0.01), for all groups except for temperatureug (p>0.05). Finally, for NSI values, a
significant increase in males of control groupsQ®8) was recorded on days 60 and 90, and
only on day 60 for cadmium (p<0.05) and temperafps®.01) groups.

In females, when compared to control groups, tipsure condition had a significant
effect on all parameters. For GSI, female stickb#bsaof temperature and cadmium-
temperature groups had a significant decrease pro@gp<0.001). For HSI, a significant
increase was observed on day 60 (p=0.01), when Viiste exposed to cadmium alone,
however, on day 90 a significant decrease (p=0wW43$ reported in fish of cadmium-
temperature group. For NSI, the combination of cadmand temperature was the only
exposure condition responsible for a significantréase, observed on day 90 (p=0.03),
compared to control group. In female groups, samatiex (except NSI) were also impacted
significantly by time condition. Indeed, in all gnes, when compared to initial values of day
15, GSI values increased significantly on day 6€0(p01), and were higher (but not
significantly) in females exposed to temperatured @he combination of cadmiu