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General impacts of global change on fish

Anthropogenic activities have generated cumulative emissions of carbon dioxide (CO2) and other greenhouse gases since the industrial period causing notably an increase in atmospheric CO2 from 278 to 400 parts per million in the last 40 years [START_REF] Bopp | Multiple stressors of ocean ecosystems in the 21st century: projections with CMIP5 models[END_REF]. This rapid surge of CO2 in the atmosphere has inevitably driven major environmental changes, including of aquatic ecosystems.

The global ocean acts as a regulator of the global climate, through continuous exchanges with the atmosphere, and has absorbed 93% of the Earth's additional heat since the 1970s, limiting atmospheric warming while slowly rising seawater temperature and sea level as a result of the melting of ice caps [START_REF] Bopp | Multiple stressors of ocean ecosystems in the 21st century: projections with CMIP5 models[END_REF][START_REF] Church | Evaluating the ability of process based models to project sea-level change[END_REF]. The sea level is further increased by the collection of melting waters from glaciers, which will in turn alter the salinity, notably in polar regions. The ocean also stored 28% of anthropogenic CO2 emission since 1750 resulting in a drop of surface pH, a process known as ocean acidification [START_REF] Gattuso | OCEANOGRAPHY. Contrasting futures for ocean and society from different anthropogenic CO(2) emissions scenarios[END_REF]. A further consequence of the global warming is a reduction in dissolved oxygen (O2) content of the world's oceans, because O2 is less soluble in warmer water and because of the enhanced stratification caused by the heating of surface waters, which in turn will reduce the O2 supply to the deep ocean [START_REF] Keeling | The change in oceanic O-2 inventory associated with recent global warming[END_REF][START_REF] Matear | Changes in dissolved oxygen in the Southern Ocean with climate change[END_REF][START_REF] Plattner | Feedback mechanisms and sensitivities of ocean carbon uptake under global warming[END_REF]. Moreover, aquatic organisms increase O2 consumption in warmer water, further reducing O2 availability [START_REF] Matear | Long-term changes in dissolved oxygen concentrations in the ocean caused by protracted global warming[END_REF]. There are now large expanses of hypoxic waters and an increase in duration and frequency of hypoxia events is predicted [START_REF] Keeling | The change in oceanic O-2 inventory associated with recent global warming[END_REF][START_REF] Matear | Changes in dissolved oxygen in the Southern Ocean with climate change[END_REF][START_REF] Plattner | Feedback mechanisms and sensitivities of ocean carbon uptake under global warming[END_REF].

If the anthropogenic fossil carbonic emission continue along the current trajectory, as predicted by the Intergovernmental Panel on Climate Change (IPPC) scenario called 'business as usual' (Representative Concentration Pathways (RCP) 8.5 ), the ocean pH will decrease by 0.4 pH units by 2100 [START_REF] Meinshausen | Emulating coupled atmosphere-ocean and carbon cycle models with a simpler model, MAGICC6 -Part 1: Model description and calibration[END_REF][START_REF] Pörtner | Ocean systems[END_REF]. Moreover, according to this emission scenario the globally averaged sea level will rise of 0.67 m [START_REF] Church | Evaluating the ability of process based models to project sea-level change[END_REF], the sea surface temperature will increase of 2.73 °C and the oxygen content will decrease by 3.48% [START_REF] Bopp | Multiple stressors of ocean ecosystems in the 21st century: projections with CMIP5 models[END_REF]. Predictions for future conditions in marine systems are affected by the composition of seawater, which is largely constant if compared to freshwater, especially confined and small freshwater systems [START_REF] Attar | Global environment: water, air and geochemical cycles[END_REF][START_REF] Millero | Dissociation constants of carbonic acid in seawater as a function of salinity and temperature[END_REF]. Predictions and models describing future freshwater systems scenarios are scarce and imprecise. Climate change directly impacts freshwater ecosystems since alteration in thermal and precipitation regimes will change the flow dynamics (for instance more unstable flow regimes between floods and droughts) and increase the water temperature [START_REF] Field | Technical summary[END_REF][START_REF] Füssel | International Adaptation Funding[END_REF]. In addition, the acid rainfall of anthropogenic origin will contribute to increase the acidification of the rivers and lakes [START_REF] Carpenter | Global Change and Freshwater Ecosystems[END_REF].

All these changes in physical and chemical properties of aquatic ecosystems inevitably impact organisms' physiology and phenology, and ultimately the composition of communities and food webs.

Fishes live in water and therefore they are directly affected by the ongoing changes aquatic ecosystems. A key and energetically expensive process for species survival and evolution is sexual reproduction which in fish is largely dependent on specific environmental cues that trigger or modulate sexual maturation and breeding [START_REF] Pankhurst | Cold and dark or warm and light: variations on the theme of environmental control of reproduction[END_REF]. Environmental conditions are also crucial for the offspring survival [START_REF] Cushing | The Regularity of the Spawning Season of Some Fishes[END_REF]. Thus, the ongoing rapid environmental changes directly interfere with reproductive processes and may jeopardize breeding success and survival.

In temperate and cold regions, most fishes are seasonal breeders and the reproductive cycle is driven mainly by cyclic temperature and/or photoperiod (day-length), which control the timing of spawning to match with the optimal period for the survival of offspring [START_REF] Bromage | The environmental regulation of maturation in farmed finfish with special reference to the role of photoperiod and melatonin[END_REF][START_REF] Pörtner | Physiology and Climate Change[END_REF]. In tropical and subtropical regions, temperature and rainfall can trigger reproductive activity which can extend for long periods. Atypical temperature regimes can modify the timing and duration of the reproductive season and the amount and quality of reproductive output [START_REF] Durant | Climate and the match or mismatch between predator requirements and resource availability[END_REF]. In these regions and particularly in reef fishes, a major driver of reproductive activity is the lunar stage. The lunar cycle is likely perceived by the fish and used as a synchronizer of several physiological activities, at the daily or seasonal scale, including synchronous gonad development and spawning [START_REF] Takemura | Lunar cycles and reproductive activity in reef fishes with particular attention to rabbitfishes[END_REF].

While photoperiod at a place is not affected by climate change, many species of mainly marine fishes have undergone movements towards the poles because of warming temperatures [START_REF] Verges | Tropicalisation of temperate reefs: Implications for ecosystem functions and management actions[END_REF]. As a result, they are now being subjected to significant shifts in photoperiod reproductive periods with possible delays and shorter reproductive seasons could be therefore expected.

One of key roles of temperature is to modify molecular structures and the rate of biochemical reactions and physiological processes [START_REF] Schulte | Thermal performance curves, phenotypic plasticity, and the time scales of temperature exposure[END_REF]. As a result, temperature can act on the neuro-and endocrine reproductive axis at different levels [START_REF] Pankhurst | Maintenance at elevated temperature delays the steroidogenic and ovulatory responsiveness of rainbow trout Oncorhynchus mykiss to luteinizing hormone releasing hormone analogue[END_REF]. For instance, warmer water can alter gonadotrophin releasing hormone (GnRH) secretion, gonadotrophin clearance and gonadal steroidogenesis in salmonids [START_REF] Van Der Kraak | Temperature effects on the reproductive performance of fish[END_REF][START_REF] Pankhurst | Temperature and salmonid reproduction: implications for aquaculture[END_REF][START_REF] Wang | Photothermal control of the reproductive cycle in temperate fishes[END_REF]. Furthermore, temperature can modify gonadal sex during critical time windows during early development [START_REF] Diaz | Lasting effects of early exposure to temperature on the gonadal transcriptome at the time of sex differentiation in the European sea bass, a fish with mixed genetic and environmental sex determination[END_REF][START_REF] Sandra | Sexual determination and differentiation in teleost fish[END_REF][START_REF] Strüssmann | Thermal thresholds and critical period of thermolabile sex determination in two atherinid fishes, Odontesthes bonariensis and Patagonina hatcheri[END_REF]. For a recent review of the impact of climate change on sex differentiation in fish see [START_REF] Penman | Fish Gonadogenesis. Part I: Genetic and Environmental Mechanisms of Sex Determination[END_REF], [START_REF] Piferrer | Epigenetics of sex determination and gonadogenesis[END_REF] and [START_REF] Piferrer | Genetic, endocrine, and environmental components of sex determination and differentiation in the European sea bass (Dicentrarchus labrax L.)[END_REF][START_REF] Piferrer | Genomic approaches to study genetic and environmental influences on fish sex determination and differentiation[END_REF].

Not so well studied is how ocean acidification may impact on fish reproduction. What is emerging is that increasing ocean partial pressure of CO2 (pCO2) may advance the timing of the breeding season and increase female reproductive output (i.e. egg production) in some fish species [START_REF] Miller | Increased CO2 stimulates reproduction in a coral reef fish[END_REF][START_REF] Schade | Within-and transgenerational effects of ocean acidification on life history of marine three-spined stickleback (Gasterosteus aculeatus)[END_REF], although not in others [START_REF] Forsgren | Elevated CO2 affects embryonic development and larval phototaxis in a temperate marine fish[END_REF][START_REF] Welch | Contrasting effects of ocean acidification on reproduction in reef fishes[END_REF], and may influence male reproductive behavior (Milazzo et al., 2016a). Whether these alterations are ecologically adaptive or not for the species remains to be determined. Most of these effects have been associated with alterations of internal fluid ion concentrations due to extra branchial ionic exchanges with the environment in an attempt to compensate internal pH in acidified water. This would lead to an impairment of the GABA signaling and actions as postulated by the GABA model [START_REF] Nilsson | Near-future carbon dioxide levels alter fish behaviour by interfering with neurotransmitter function[END_REF][START_REF] Regan | Ambient CO2, fish behaviour and altered GABAergic neurotransmission: exploring the mechanism of CO2-altered behaviour by taking a hypercapnia dweller down to low CO2 levels[END_REF]. Olfactive performances are also impacted by ocean acidification as reported in several fish species and shark [START_REF] Dixson | Ocean acidification disrupts the innate ability of fish to detect predator olfactory cues[END_REF][START_REF] Sower | Breaking Dogma on the Hypothalamic-Pituitary Anatomical Relations in Vertebrates[END_REF][START_REF] Green | Elevated carbon dioxide alters the plasma composition and behaviour of a shark[END_REF][START_REF] Jutfelt | Behavioural disturbances in a temperate fish exposed to sustained high-CO2 levels[END_REF]Munday et al., 2016a,b). This could indirectly lead to at least some of the reproductive impairments observed in fish in acidified waters since a proper detection of chemical cues and sexual pheromones is critical for mating and other reproductive processes [START_REF] Bett | Behavioural responses of Pacific salmon to chemical disturbance cues during the spawning migration[END_REF][START_REF] Keller-Costa | Chemical communication in cichlids: A minireview[END_REF][START_REF] Porteus | Near-future CO2 levels impair the olfactory system of a marine fish[END_REF]. Furthermore, transcriptomic and proteomic evidences suggest that the circadian system is also affected by ocean acidification, which may drive downstream modifications in the control of neuroendocrine regulation of fish reproduction [START_REF] Schunter | Molecular signatures of transgenerational response to ocean acidification in a species of reef fish[END_REF][START_REF] Servili | The Highly conserved gonadotropin-releasing hormone-2 form acts as a melatonin-releasing factor in the pineal of a teleost fish, the european sea bass Dicentrarchus labrax[END_REF][START_REF] Servili | Melatonin inhibits GnRH-1, GnRH-3 and GnRH receptor expression in the brain of the European Sea Bass, Dicentrarchus labrax[END_REF]. However, the precise molecular basis underlying the effects of ocean acidification on neurotransmission, olfaction and circadian system remains to be established.

Salinity is also known to impact breeding and to determine reproductive success in fishes [START_REF] Helfman | The Diversity of Fishes: Biology, Evolution, and Ecology[END_REF][START_REF] Haddy | The effects of salinity on reproductive development, plasma steroid levels, fertilisation and egg survival in black bream Acanthopagrus butcheri[END_REF][START_REF] Smith | Reproductive Seasonality in Teleosts: Environmental Influences[END_REF]; in particular, continuous reduction in salinity regime can affect reproductive and parental behavior [START_REF] Hale | Evidence that context-dependent mate choice for parental care mirrors benefits to offspring[END_REF][START_REF] Lehtonen | Effects of salinity on nest-building behaviour in a marine fish[END_REF][START_REF] St | Environmental Effects on Male Reproductive Success and Parental Care in the Florida Flagfish Jordanella floridae[END_REF]. Thus, changes in salinity can have an impact on fish spermatogenesis and testicular homeostasis, affecting gonadal cell proliferation and apoptosis [START_REF] Vieira | Influence of salinity on spermatogenesis in adult Nile tilapia (Oreochromis niloticus) testis[END_REF]. It has been also shown that salinity levels can influenced some aspects of male nesting behaviour (i.e. nest entrance size) in marine fish [START_REF] Lehtonen | Effects of salinity on nest-building behaviour in a marine fish[END_REF].

At present, there is a scarcity of data on the effect of water deoxygenation on the reproductive performance of fish. What is known is that when fish cannot escape from hypoxic water, it will cope with this condition by i) improving oxygen delivery and transport and ii) by reducing energy demand and eventually iii) increasing energy supply by anaerobic metabolism [START_REF] Abdel-Tawwab | Fish response to hypoxia stress: growth, physiological, and immunological biomarkers[END_REF][START_REF] Wu | Hypoxia: from molecular responses to ecosystem responses[END_REF]. Prolonged hypoxia reduces fish growth and feeding which can indirectly affect reproduction. For example, hypoxia was found to reduce reproductive output by affecting both female and male gonadal development and gamete production (Lai et al., 2016b;Thomas andRahman, 2009a, 2010;[START_REF] Wu | Aquatic hypoxia is an endocrine disruptor and impairs fish reproduction[END_REF]. In this context, we aimed in the present review to report and discuss the up to date knowledge on the impacts of global change on reproduction in marine and freshwater fish, with a special focus, when possible, on the effects on the neuroendocrine regulation along the brain-pituitary-gonad axis.

How brain-pituitary-gonad axis works in fish in present-day environmental conditions

Fish reproduction has a considerable interest for both basic and applied research given the importance of this process for the maintenance of species, the high number of fish species (more than 25 000, representing a half of all living vertebrates), exhibiting very different reproductive tactics and strategies (gonochorism, hermaphroditism, parthenogenesis, external fertilisation, oviparity, ovoviviparity, viviparity), their key position in vertebrate phylogeny and the increasing importance of aquacultured fish as a food resource. The success of the reproductive process is dependent on the accurate integration of environmental cues and their transduction into a cascade of neurohormones and hormones driving reproduction. The purpose of this sequence of events is to ensure that reproduction occurs at the time of the day and the year most favourable for the survival of progeny.

The reproductive process of fish has a marked rhythmic character, regulated by cyclical environmental factors, particularly, photoperiod and temperature. In their natural habitats at temperate latitudes, fish are exposed to the daily and seasonal changes of the cycles of light and darkness (longer days in summer, shorter days in winter, and intermediate duration in spring and autumn) and to the progressive changes in water temperature, not only seasonally (warmer waters in summer, colder waters in winter, and intermediate temperatures in spring and autumn) but also along the day (higher temperatures during the day, lower temperatures during the night and early morning). These variations in the duration of daylight and in water temperature are periodic and repetitive from one year to another, and represent reliable signals that fish use to synchronize their physiological rhythms. In response to these cyclical variations, some species reproduce in particular seasons of the year and precise moments of the day [START_REF] Falcón | Current knowledge on the melatonin system in teleost fish[END_REF].

The success of reproduction requires that the individuals are synchronised with the variations of environmental factors but the synchronisation of internal processes among the reproductive partners is also essential to achieve the simultaneous maturation. The correct development of all these processes requires numerous and complex interactions that take place throughout the entire pineal-brain-pituitary-gonad axis [START_REF] Falcón | Current knowledge on the melatonin system in teleost fish[END_REF]. For this purpose, the individuals are equipped with sensory systems and specific receptors that perceive the relevant environmental (photoperiod, temperature, pH) and social (presence of reproductive partners and competitors, density of population, proportion of sexes, pheromones) stimuli. In fish, the pineal organ, a photosensory neural structure with neurosecretory capacity, plays a very important role in the perception of photoperiod and temperature information, and in the coding of this information into the form of nerve (neurotransmitters) and neuroendocrine (melatonin) signals that allow the numerous rhythmic processes of the individual (and particularly, the processes controlling reproduction) to be synchronised with the surrounding environment. To date numerous rhythms of melatonin production have been described in both freshwater and marine fish species [START_REF] Bromage | The environmental regulation of maturation in farmed finfish with special reference to the role of photoperiod and melatonin[END_REF][START_REF] Sánchez-Vázquez | Daily cycles in plasma and ocular melatonin in demand-fed sea bass, Dicentrarchus labrax L[END_REF][START_REF] Vera | Seasonal and daily plasma melatonin rhythms and reproduction in Senegal sole kept under natural photoperiod and natural or controlled water temperature[END_REF][START_REF] Zachmann | Effects of photoperiod and temperature on rhythmic melatonin secretion from the pineal organ of the white sucker (Catostomus commersoni) in vitro[END_REF]. In all of them, plasma melatonin levels rise during the night and fall during the day. These cyclical daily changes are the result of the expression and rhythmic activity of the enzyme arylalkylamine N-acetyltransferase (AANAT), the key enzyme in the biosynthesis of melatonin [START_REF] Ekström | The pineal organ of teleost fishes[END_REF][START_REF] Falcón | Molecular and cellular regulation of pineal organ responses[END_REF]. But these melatonin rhythms not only provide information about the time of the day; in poikilotherms, this hormone also undergoes seasonal variations both in duration and amplitude, related to the duration of the night and the temperature of the water, respectively. Thus, some species, such as the goldfish (Carassius auratus) exhibit higher nocturnal levels of melatonin at high ambient temperatures than at low temperatures [START_REF] Iigo | Effects of season, temperature and photoperiod on plasma melatonin rhythms in goldfish, Carassius auratus[END_REF] and similar evidence has been obtained in salmon (Salmo salar) and sea bass (Dicentrarchus labrax), which have maximum values of nocturnal melatonin in the warm months [START_REF] Randall | Melatonin rhythms in Atlantic salmon (Salmo salar) maintained under natural and out-of-phase photoperiods[END_REF][START_REF] García-Allegue | Melatonin rhythms in European sea bass plasma and eye: influence of seasonal photoperiod and water temperature[END_REF]. In this way, melatonin can represent both a clock and a calendar for these species [START_REF] Reiter | The melatonin rhythm: Both a clock and a calender[END_REF][START_REF] Saha | Melatonin synthesis and clock gene regulation in the pineal organ of teleost fish compared to mammals: Similarities and differences[END_REF].

The information provided by the pineal organ must reach, directly or indirectly, the neuroendocrine systems and modulate the synthesis of forebrain neurohormones that govern reproduction. Teleost fishes lack a median eminence and generally do not have the tetrapod portal system that places the hypothalamus in vascular contact with the pituitary [START_REF] Zohar | Neuroendocrinology of reproduction in teleost fish[END_REF], although a remenacent of a hypothalamo-hypophysial portal system has been identified in a few teleost species [START_REF] Baskaran | Tetrapod-like hypothalamo-hypophysial portal system in the teleost Megalops cyprinoides (Broussonet)[END_REF][START_REF] Golan | Architecture of GnRH-Gonadotrope-Vasculature Reveals a Dual Mode of Gonadotropin Regulation in Fish[END_REF][START_REF] Sower | Breaking Dogma on the Hypothalamic-Pituitary Anatomical Relations in Vertebrates[END_REF]. Therefore, these neurohormones reach more or less directly the cells of the adenohypophyseal anterior lobe, modulating the activity of the pituitary and triggering a series of endocrine cascades that lead to reproduction [START_REF] Kah | The reproductive brain in fish[END_REF][START_REF] Lethimonier | Evolutionary aspects of GnRHs, GnRH neuronal systems and GnRH receptors in teleost fish[END_REF][START_REF] Zohar | Neuroendocrinology of reproduction in teleost fish[END_REF]. The direct innervation of the teleost pituitary, together with the identification of a specific neurosecretory terminal in the neighbourhood of a particular hypophyseary cellular type, has enabled researchers to characterise those brain factors that may be involved in controlling the secretion of the pituitary hormones. In this way, the identification of terminals that secrete gonadotrophin-releasing hormone (GnRH), dopamine, neuropeptide Y (NPY) and gamma-amino butyric acid (GABA) in close contact with gonadotrophic (LH and FSH) cells has provided an extremely useful neuroanatomical evidence for identifying the role and actions of these neurohormones and neurotransmitters on the secretion of gonadotrophins and on fish reproduction [START_REF] Kah | Neuroanatomical substrate for the inhibition of gonadotropin secretion in goldfish: existence of a dopaminergic preopticohypophyseal pathway[END_REF]1989;1992). Among these neurohormones, GnRH represents the main stimulatory factor, although other neuropeptides (NPY) and neurotransmitters (GABA, serotonin) have also been implicated in the stimulatory control of reproduction [START_REF] Kah | GnRH and GnRH receptors in metazoa: A historical, comparative, and evolutive perspective[END_REF]. In contrast, dopamine has been identified as the main inhibitory neurohormone in fish, and its actions in the reproductive axis have been evidenced in cyprinids, salmonids, eels and catfishes, among others [START_REF] Dudley | Survival of Largemouth Bass Embryos at Low Dissolved Oxygen Concentrations[END_REF]. This classic schema of neuroendocrine control of reproduction in fish has evolved in the last two decades with the identification of other stimulatory (kisspeptins, secretoneurin) and inhibitory (gonadotrophin-inhibitory hormone) factors [START_REF] Zohar | Neuroendocrinology of reproduction in teleost fish[END_REF][START_REF] Trudeau | Is secretoneurin a new hormone?[END_REF][START_REF] Zmora | Differential and gonad stage-dependent roles of kisspeptin1 and kisspeptin2 in reproduction in the modern teleosts, morone species[END_REF][START_REF] Muñoz-Cueto | A journey through the gonadotropin-inhibitory hormone system of fish[END_REF]. These neurohormones stimulate or inhibit the synthesis and secretion of pituitary gonadotrophins (follicle-stimulating hormone or FSH, and luteinizing hormone or LH) that, in turn, regulate the progression of gametogenesis and the synthesis of gonadal steroids, as well as other processes involved in reproduction [START_REF] Zohar | Neuroendocrinology of reproduction in teleost fish[END_REF].

How brain-pituitary-gonad axis could be impacted by global change.

Effects of global change on neurosensory system and reproductive behaviour.

Temperature, acidification, hypoxia and change in pluviosity regimes are the main direct and indirect factors resulting from global climatic changes that are likely to influence fish reproductive behavior.

In polar and mountain regions ice melting may also modify water salinity and composition. Because some fish will migrate to higher latitudes as the ocean waters warm, photoperiod and light quality will change. These different factors will be perceived by different sensory channels and elicit different neuroendocrine mediators.

In teleost fish, thermoreceptors have been suggested to be located in the lateral line, a mechanosensory tissue continuously communicating with the central nervous system [START_REF] Sullivan | Temperature Reception and Responses in Fish[END_REF], but the consensus seems to be that they are scattered throughout the body probably innervated by spinal nerves [START_REF] Fontaine | Physiological Mechanisms in the Migration of Marine and Amphihaline Fish[END_REF]. Mechanothermal nociceptors responding to extreme heat (above 20ºC), but not too cold, have been found in the head trigeminal nerve of rainbow trout, and their properties are closely linked to the behavior of rainbow trout in natural and high temperature stream pools [START_REF] Ashley | Nociception in fish: stimulus-response properties of receptors on the head of trout Oncorhynchus mykiss[END_REF][START_REF] Sneddon | Trigeminal somatosensory innervation of the head of a teleost fish with particular reference to nociception[END_REF]. TRPV1 is a cation-selective ion channel activated by high temperature and capsaicin functionally conserved throughout the vertebrates, which appear to act as molecular sensor of environmental heat in zebrafish [START_REF] Gau | The Zebrafish Ortholog of TRPV1 Is Required for Heat-Induced Locomotion[END_REF] and possibly other fishes [START_REF] Gracheva | Evolutionary adaptation to thermosensation[END_REF]. However, overall the physiology of fish thermoreception has received little attention until now and information is lacking on how heat information is relayed to the neuroendocrine system and to reproduction.

Fish use chemical information to find their partners, establish and defend territories, for brood care and to synchronize reproductive cycles, among others (e.g. see reviews [START_REF] Keller-Costa | Chemical communication in cichlids: A minireview[END_REF][START_REF] Stacey | Hormonally Derived Pheromones in Teleost Fishes[END_REF]. Sensing of information is carried out by a sub-family of chemosensory G-protein coupled receptors of 7-transmembrane domains which are expressed in olfactory sensory neurons (OSN) located in the surface of olfactory epithelium [START_REF] Lastein | Olfactory Discrimination of Pheromones[END_REF]. Teleost fish chemosensory receptors belong broadly speaking to the same GPCR gene families as tetrapods despite the obvious anatomical differences and include the olfactory receptors (ORs), vomeronasal type 1 receptors (V1R or ORA), vomeronasal type 2 receptors (V2R or OlfC) and trace amine-associated receptors (TAARs) [START_REF] Saraiva | A novel olfactory receptor gene family in teleost fish[END_REF]. Fish pheromones seem to be detected by ORs, ORA and OlfC receptors [START_REF] Silva | Vomeronasal Receptors in Vertebrates and the Evolution of Pheromone Detection[END_REF][START_REF] Yabuki | Olfactory receptor for prostaglandin F2α mediates male fish courtship behavior[END_REF]. There are three OSN populations -ciliated sensory neurons, microvillous sensory neurons and crypt cells. Prostaglandin F2α (PGF2α) is detected by a high affinity OR in ciliated OSN and its mutation causes loss of attractive response to PGF2α and of reproductive behaviour [START_REF] Yabuki | Olfactory receptor for prostaglandin F2α mediates male fish courtship behavior[END_REF]. OSN have projections to distinct regions of the olfactory bulb where they aggregate as glomeruli and form synapses to bulbar mitral cells. Axons of the mitral cells extend to the forebrain as olfactory tracts where they relay olfactory information to telencephalic centres. The medial olfactory tract projects largely to the ventral telencephalon and includes the projections of the GnRH neurons in the terminal that have been considered to encode preferentially pheromones [START_REF] Becerra | Primary olfactory fibres project to the ventral telencephalon and preoptic region in trout (Salmo trutta): a developmental immunocytochemical study[END_REF][START_REF] Demski | The terminal nerve: a new chemosensory system in vertebrates?[END_REF][START_REF] Dulka | Sex pheromone systems in goldfish: Comparisons to vomeronasal systems in tetrapods[END_REF][START_REF] Forlano | Neural and hormonal mechanisms of reproductive-related arousal in fishes[END_REF][START_REF] Lastein | Olfactory Discrimination of Pheromones[END_REF][START_REF] Peter | The Preoptic Nucleus in Fishes: A Comparative Discussion of Function-Activity Relationships[END_REF][START_REF] Satou | Telencephalic and preoptic areas integrate sexual behavior in hime salmon (landlocked red salmon, Oncorhynchus nerka): results of electrical brain stimulation experiments[END_REF][START_REF] Sorensen | Sex pheromones selectively stimulate the medial olfactory tracts of male goldfish[END_REF].

Interestingly, the terminal nerve seems to be a CO2 sensor mediating avoidance behavior to the gas [START_REF] Koide | Terminal Nerve GnRH3 Neurons Mediate Slow Avoidance of Carbon Dioxide in Larval Zebrafish[END_REF]. However, suggestions that the terminal nerve is specialized chemosensory system for pheromone detection has not been confirmed (arguments summarized by [START_REF] Stacey | Hormonally Derived Pheromones in Teleost Fishes[END_REF].

Teleosts also have a direct connection from the olfactory bulb to the POA (anterior parvocellular) and to the posterior tuberal nucleus in the caudal diencephalon [START_REF] Forlano | Neural and hormonal mechanisms of reproductive-related arousal in fishes[END_REF]. The responses to reproductive pheromone (at least in goldfish) are generally mediated by increases in LH although it may depend of social context [START_REF] Stacey | Hormonally Derived Pheromones in Teleost Fishes[END_REF]. In the goldfish, the pre-ovulatory steroid pheromone increases LH and milt, irrespective of fish being isolated or in groups, while the postovulatory prostaglandin pheromone only induces the same effects when in groups, suggesting, respectively, a simple neuroendocrine reflex and an indirect effect [START_REF] Sorensen | Differing behavioral and endocrinological effects of two female sex pheromones on male goldfish[END_REF][START_REF] Stacey | Hormonally Derived Pheromones in Teleost Fishes[END_REF][START_REF] Zheng | A steroidal pheromone and spawning stimuli act via different neuroendocrine mechanisms to increase gonadotropin and milt volume in male goldfish Carassius auratus[END_REF]. Downstream pituitary-gonad axis factors stimulated by LH are a series of steroids and prostaglandins, including pheromones and pheromone metabolites as shown, e.g., in goldfish and Mozambique tilapia [START_REF] Huertas | Tilapia male urinary pheromone stimulates female reproductive axis[END_REF][START_REF] Stacey | Hormonally Derived Pheromones in Teleost Fishes[END_REF]. There are contradictory reports on the effect of pH and CO2 on olfaction. No effects of up to 2.5 times current CO2 levels were detected in three-spined stickleback reproductive behaviour [START_REF] Sundin | No effect of elevated carbon dioxide on reproductive behaviors in the three-spined stickleback[END_REF]. However, at similar concentrations deleterious effects have been reported in juvenile European sea bass both at the olfactory system and central brain function with strong reduction in sensitivity towards aminoacids, alarm substance and bile acid at 2.5 times current levels of CO2 [START_REF] Munday | Response to 'the importance of accurate CO2 dosing and measurement in ocean acidification studies[END_REF][START_REF] Porteus | Near-future CO2 levels impair the olfactory system of a marine fish[END_REF]. The effect could involve molecular changes with reduction of ligand-receptor affinity and downregulation of genes that are involved in synaptic plasticity. Ultimately, these changes modify γaminobutyric acid A (GABAA) receptor function and behaviour, as suggested for coral fish and salmon [START_REF] Nilsson | Near-future carbon dioxide levels alter fish behaviour by interfering with neurotransmitter function[END_REF][START_REF] Williams | Elevated CO2 impairs olfactory-mediated neural and behavioral responses and gene expression in ocean-phase coho salmon (Oncorhynchus kisutch)[END_REF]. It is not yet known whether these changes influence reproduction but GABA mediates GnRH release and gonadotrophin secretion [START_REF] Khan | GABA exerts stimulatory and inhibitory influences on gonadotropin II secretion in the Atlantic croaker (Micropogonias undulatus)[END_REF][START_REF] Mananos | Involvement of gammaaminobutyric acid in the control of GTH-1 and GTH-2 secretion in male and female rainbow trout[END_REF][START_REF] Senthilkumaran | Effects of serotonin, GABA and neuropeptide Y on seabream gonadotropin releasing hormone release in vitro from preopticanterior hypothalamus and pituitary of red seabream, Pagrus major[END_REF] suggesting likelihood of possible effects.

Reduced rates of paired spawning have been observed in ocellated wrasse (Symphodus ocellatus) (Milazzo et al., 2016b). In contrast, in two studies in the cinnamon anemonefish, Amphiprion melanopus (a coral reef fish), increased breeding activity was reported in one study and no effect in another [START_REF] Miller | Temperature is the evil twin: effects of increased temperature and ocean acidification on reproduction in a reef fish[END_REF][START_REF] Miller | Increased CO2 stimulates reproduction in a coral reef fish[END_REF]. Overall it seems as if effects of CO2 on reproduction may depend on species or specific conditions.

Effects of global change on sex determination and differentiation.

Climate change pictures a scenario with milder, wetter and stormier winters and warmer and dryer summers. Although climate change effects will be stronger over land than over the ocean, these extreme weather events will also impact on water turbidity, salinity, flow and temperature.

Increased runoff and flooding can alter salinity and water turbidity in coastal areas, thus modifying the penetration of light into the water column and affecting the characteristics of photic signals that entrain reproduction and other physiological processes. Variations in water flow can also influence vertical, upstream and downstream locomotor activity and migration of fish, many of them associated to reproductive process. Changes in water temperature affect particularly ectothermic animals such as fish because this environmental cue modulates many biochemical reactions and physiological processes, including reproduction.

Altogether, these alterations can determine undesirable effects on sex determination/differentiation, first maturity, gametogenesis, time of migration, spawning phenology and reproductive output [START_REF] Jonsson | A review of the likely effects of climate change on anadromous Atlantic salmon Salmo salar and brown trout Salmo trutta, with particular reference to water temperature and flow[END_REF][START_REF] Wedekind | Shift of spawning season and effects of climate warming on developmental stages of a grayling (Salmonidae)[END_REF][START_REF] Blanco-Vives | Exposure of larvae to daily thermocycles affects gonad development, sex ratio, and sexual steroids in Solea senegalensis, kaup[END_REF][START_REF] Dorts | Evidence that elevated water temperature affects the reproductive physiology of the European bullhead Cottus gobio[END_REF][START_REF] Villamizar | Impact of daily thermocycles on hatching rhythms, larval performance and sex differentiation of zebrafish[END_REF].

Increased water temperature appears to represent the most detrimental factor of climate change, with the gonads as one the organs more damaged by high temperatures [START_REF] Miranda | Effects of global warming on fish reproductive endocrine axis, with special emphasis in pejerrey Odontesthes bonariensis[END_REF]. In fish, elevated temperature may have irreversible effects during sensitive periods of early development, affecting larval growth, the incidence of malformations and sex determination/differentiation, provoking functional masculinization [START_REF] Strüssmann | Sex determination, environmental[END_REF][START_REF] Piferrer | Genetic, endocrine, and environmental components of sex determination and differentiation in the European sea bass (Dicentrarchus labrax L.)[END_REF]. One of the effect of higher water temperatures seems to be mediated by the methylation of gonadal cyp19a1a gene promoter, which results in the inhibition of aromatase expression and masculinization of genotypic females [START_REF] Navarro-Martín | DNA methylation of the gonadal aromatase (cyp19a) promoter is involved in temperature-dependent sex ratio shifts in the European sea bass[END_REF]. In a recent study performed in developing sea bass it was shown that high temperature regimes, which have masculinizing effects in this species [START_REF] Piferrer | Genetic, endocrine, and environmental components of sex determination and differentiation in the European sea bass (Dicentrarchus labrax L.)[END_REF], decreased the expression of gonadotrophin-inhibitory hormone (gnih) and its receptor (gnihr) during the critical thermosensitive period [START_REF] Paullada-Salmerón | Developmental changes and day-night expression of the gonadotropininhibitory hormone system in the European sea bass: effects of rearing temperature[END_REF]. GnIH has also been implicated in gonadal steroidogenesis in sea bass, decreasing testosterone and 11 ketotestosterone plasma levels [START_REF] Paullada-Salmerón | Testicular steroidogenesis and locomotor activity are regulated by gonadotropin-inhibitory hormone in male European sea bass[END_REF]. Therefore, elevated temperature might modulate the sex differentiation process and induce masculinization through its action on gonadal steroid synthesis and/or release during early developmental stages by acting at different levels of the developing reproductive axis (e.g., gonad and brain).

In the wild, water temperature cycles not only seasonally but also daily, warming up after sunrise and cooling rapidly after sunset [START_REF] Villamizar | Impact of daily thermocycles on hatching rhythms, larval performance and sex differentiation of zebrafish[END_REF]. Thermocycles may represent important entrainment factors even when daily light cycles are present, as reported for clock gene expression, circadian activity rhythms or circadian rhythms of hatching [START_REF] Lahiri | Temperature regulates transcription in the zebrafish circadian clock[END_REF]López-Olmeda andSánchez-Vázquez, 2009, 2011;[START_REF] Blanco-Vives | Exposure of larvae to daily thermocycles affects gonad development, sex ratio, and sexual steroids in Solea senegalensis, kaup[END_REF][START_REF] Villamizar | Impact of daily thermocycles on hatching rhythms, larval performance and sex differentiation of zebrafish[END_REF]. In juvenile sole, natural daily thermocycles increased estradiol levels and decreased 11 ketotestosterone and testosterone levels, advanced sex determination and affected sex differentiation by modifying the sex ratio (higher proportion of females) compared to inverted thermocycles or constant temperature [START_REF] Blanco-Vives | Exposure of larvae to daily thermocycles affects gonad development, sex ratio, and sexual steroids in Solea senegalensis, kaup[END_REF]. According to this evidence, zebrafish larvae exposed to natural thermocycles also exhibited higher female-to-male ratio and ovarian aromatase expression, which could lead to an estrogen-dependent female differentiation [START_REF] Villamizar | Impact of daily thermocycles on hatching rhythms, larval performance and sex differentiation of zebrafish[END_REF]. Increased water temperature associated to global warming can also affect daily thermocyles and, therefore, can disturb gonadal development and maturation.

There is increasing evidence that thermal effects on sex determination may be, at least partially, regulated by stress and mediated through the hypothalamic-pituitary-interrenal (HPI) axis [START_REF] Pankhurst | Reproduction and Development[END_REF]. Thus, pejerrey, medaka and Japanese flounder larvae reared under high temperatures regimes were masculinized and exhibited elevated whole body cortisol levels, being these masculinizing effects of elevated temperature reproduced by treatment with cortisol and/or prevented by cotreatment with the cortisol synthesis inhibitor metyrapone [START_REF] Hattori | Cortisol-induced masculinization: does thermal stress affect gonadal fate in pejerrey, a teleost fish with temperature-dependent sex determination[END_REF][START_REF] Hayashi | High temperature causes masculinization of genetically female medaka by elevation of cortisol[END_REF][START_REF] Yamaguchi | Cortisol is involved in temperature-dependent sex determination in the Japanese flounder[END_REF].

Effects of global change on steroidogenesis and gametogenesis affecting gamete quality and reproductive output.

Seasonal reproduction and progression of gametogenesis is also under the control of temperature and other environmental cues, as it was shown in many fish species [START_REF] Zanuy | Delayed gametogenesis and spawning of sea bass (Dicentrarchus labrax L.) kept under different photoperiod and temperature regimes[END_REF]Migaud et al., 2002, Lahnsteiner and[START_REF] Lahnsteiner | The effect of water temperature on gamete maturation and gamete quality in the European grayling (Thymalus thymallus) based on experimental data and on data from wild populations[END_REF]. Thus, it is evident that climate change related variation in water parameters can alter the quality of gametes in fish.

The quality of fish gametes is critical to assure viable reproductive output. It is defined as the ability to successfully fertilize (for sperm) or be fertilized (for egg) and consequently generate viable embryos [START_REF] Bobe | Egg and sperm quality in fish[END_REF][START_REF] Reading | Oogenesis and Egg Quality in Finfish: Yolk Formation and Other Factors Influencing Female Fertility[END_REF]. Gamete quality in fish is highly variable and is influenced by a range of endogenous and exogenous factors. The former includes the nutritional and energy status of the broodstock, while the latter mostly relies on social interactions and environmental factors. Nowadays, although the efforts of the last decade, the understanding of which external factors are involved and how they control the quality of fish gametes is not completely achieved. There is a series of quality estimators that are generally used in fish. It includes the size and morphology of unfertilized eggs [START_REF] Bromage | Egg Quality Determinants in Finfish The Role of Overripening with Special Reference to the Timing of Stripping in the Atlantic Halibut Hippoglossus hippoglossus[END_REF][START_REF] Mansour | Distribution of lipid droplets is an indicator for egg quality in brown trout, Salmo trutta fario[END_REF], physicochemical parameters of ovarian fluid (as pH) [START_REF] Aegerter | Effects of post-ovulatory oocyte ageing and temperature on egg quality and on the occurrence of triploid fry in rainbow trout, Oncorhynchus mykiss[END_REF][START_REF] Fauvel | Reliable assessment of overripening in turbot (Scophthalmus maximus) by a simple pH measurement[END_REF][START_REF] Lahnsteiner | Morphological, physiological and biochemical parameters characterizing the over-ripening of rainbow trout eggs[END_REF]; sperm motility, membrane integrity, permeability and energy metabolism [START_REF] Ciereszko | Relationship between biochemical constituents of fish semen and fertility: the effect of short-term storage[END_REF][START_REF] Gallego | Fish sperm motility assessment as a tool for aquaculture research: a historical approach[END_REF][START_REF] Labbe | Characteristics and freezing tolerance of brown trout spermatozoa according to rearing water salinity[END_REF][START_REF] Muller | Characterization of sperm plasma membrane properties after cholesterol modification: consequences for cryopreservation of rainbow trout spermatozoa[END_REF][START_REF] Zilli | Adenosine triphosphate concentration and beta-D-glucuronidase activity as indicators of sea bass semen quality[END_REF]; fertilization rate and buoyancy of fertilized eggs [START_REF] Kjørsvik | Egg quality in marine fishes[END_REF][START_REF] Sakai | Characteristics of Naturally Spawned Eggs of Red Sea Bream[END_REF][START_REF] Shields | Blastomere morphology as a predictive measure of fish egg viability[END_REF]; embryonic survival and malformation at key steps of the development (eyed stage, hatching and yolk-sac resorption stage) [START_REF] Bobe | Egg and sperm quality in fish[END_REF][START_REF] Bonnet | Characterization of rainbow trout egg quality: a case study using four different breeding protocols, with emphasis on the incidence of embryonic malformations[END_REF].

It is also noteworthy that certain environmental cues can directly impact the survival or the normal development of the embryo independently of the quality of the gametes produced by the breeders.

It is generally accepted that temperature and photoperiod can affect several quality estimators of both eggs and sperm in several marine and freshwater fish species. This is particularly true whether low or high temperatures occurs during vitellogenesis and spawning period. The main effect of variation (rise or decrease) in temperature regimes is a shift (advancement or delay) in spawning period [START_REF] Bobe | Egg and sperm quality in fish[END_REF][START_REF] Miranda | Effects of global warming on fish reproductive endocrine axis, with special emphasis in pejerrey Odontesthes bonariensis[END_REF], which is often associated to reduced fecundity (in Atlantic halibut, [START_REF] Brown | The influence of water temperature on spawning patterns and egg quality in the Atlantic halibut (Hippoglossus hippoglossus L.)[END_REF]; in rainbow trout, [START_REF] Pankhurst | Effect of holding temperature on ovulation, egg fertility, plasma levels of reproductive hormones and in vitro ovarian steroidogenesis in the rainbow trout Oncorhynchus mykiss[END_REF][START_REF] Pankhurst | Maintenance at elevated temperature delays the steroidogenic and ovulatory responsiveness of rainbow trout Oncorhynchus mykiss to luteinizing hormone releasing hormone analogue[END_REF]), fertility (in pejerrey, [START_REF] Miranda | Effects of global warming on fish reproductive endocrine axis, with special emphasis in pejerrey Odontesthes bonariensis[END_REF]; Atlantic cod, [START_REF] Hutchings | Timing of cod reproduction -Interannual variability and the influence of temperature[END_REF][START_REF] Lahnsteiner | The effect of water temperature on gamete maturation and gamete quality in the European grayling (Thymalus thymallus) based on experimental data and on data from wild populations[END_REF] and Atlantic salmon, [START_REF] King | Effect of elevated summer temperatures on gonadal steroid production, vitellogenesis and egg quality in female Atlantic salmon[END_REF][START_REF] King | Reproductive sensitivity to elevated water temperatures in female Atlantic salmon is heightened at certain stages of vitellogenesis[END_REF]), egg quality (in Atlantic halibut, [START_REF] Brown | The influence of water temperature on spawning patterns and egg quality in the Atlantic halibut (Hippoglossus hippoglossus L.)[END_REF]; Atlantic salmon [START_REF] King | Effect of elevated summer temperatures on gonadal steroid production, vitellogenesis and egg quality in female Atlantic salmon[END_REF][START_REF] King | Reproductive sensitivity to elevated water temperatures in female Atlantic salmon is heightened at certain stages of vitellogenesis[END_REF]; rainbow trout, [START_REF] Aegerter | Effects of post-ovulatory oocyte ageing and temperature on egg quality and on the occurrence of triploid fry in rainbow trout, Oncorhynchus mykiss[END_REF] and Arctic charr, [START_REF] Gillet | Effects of GnRHa and pimozide treatments on the timing of ovulation and on egg quality in Arctic charr (Salvelinus alpinus) at 5 and 10 °C[END_REF]) and in some case with lower embryo survival (in rainbow trout, [START_REF] Pankhurst | Effect of holding temperature on ovulation, egg fertility, plasma levels of reproductive hormones and in vitro ovarian steroidogenesis in the rainbow trout Oncorhynchus mykiss[END_REF][START_REF] Pankhurst | Maintenance at elevated temperature delays the steroidogenic and ovulatory responsiveness of rainbow trout Oncorhynchus mykiss to luteinizing hormone releasing hormone analogue[END_REF] and in common wollfish, [START_REF] Tveiten | Holding temperature during the breeding season influences final maturation and egg quality in common wolffish[END_REF]) and higher deformity rates (in rainbow trout, [START_REF] Aegerter | Effects of post-ovulatory oocyte ageing and temperature on egg quality and on the occurrence of triploid fry in rainbow trout, Oncorhynchus mykiss[END_REF]).

The precise mechanism of action by which temperature regulates gamete quality is not very well understood. In several fall spawner species, when warming occurs during the pre-spawning period, the delayed ovulation is caused by a decrease in estradiol level. When warming treatment is applied during spawning phase, the delay or the complete loss of ovulation is associated to a disruption of 17,20β-dihydroxy-4-pregnen-3-one (17,20βP) synthesis [START_REF] Gillet | Egg production in an Arctic charr (Salvelinus alpinus L.) brood stock: effects of temperature on the timing of spawning and the quality of eggs[END_REF][START_REF] Gillet | Disruption of the secretion and action of 17,20beta-dihydroxy-4-pregnen-3-one in response to a rise in temperature in the Arctic charr, Salvelinus alpinus. Consequences on oocyte maturation and ovulation[END_REF][START_REF] Jobling | Effect of temperature on reproductive development in Arctic charr, Salvelinus alpinus (L.)[END_REF][START_REF] King | Effect of elevated summer temperatures on gonadal steroid production, vitellogenesis and egg quality in female Atlantic salmon[END_REF][START_REF] King | Reproductive sensitivity to elevated water temperatures in female Atlantic salmon is heightened at certain stages of vitellogenesis[END_REF][START_REF] Pankhurst | Effect of holding temperature on ovulation, egg fertility, plasma levels of reproductive hormones and in vitro ovarian steroidogenesis in the rainbow trout Oncorhynchus mykiss[END_REF][START_REF] Pankhurst | Maintenance at elevated temperature delays the steroidogenic and ovulatory responsiveness of rainbow trout Oncorhynchus mykiss to luteinizing hormone releasing hormone analogue[END_REF]. In spring spawners, when rising temperatures occur in the pre-spawning period an advanced spawning phase is observed due to an increase in estradiol levels. If warming take places during the spawning phase, a drop in estradiol concentration is observed (it is not known whether 17,20βP is also disrupted in spring spawners) [START_REF] Hutchings | Timing of cod reproduction -Interannual variability and the influence of temperature[END_REF][START_REF] Miranda | Effects of global warming on fish reproductive endocrine axis, with special emphasis in pejerrey Odontesthes bonariensis[END_REF][START_REF] Newman | Advanced ovarian development of Murray cod Maccullochella peelii peelii via phase-shifted photoperiod and two temperature regimes[END_REF][START_REF] Tveiten | Temperature influence on reproductive development and gamete quality in Atlantic cod (Gadus morhua). Cybium: international journal of ichthyology[END_REF]. As a result, the major effect of warming on female fish is a disruption of estrogen synthesis. This disruption of ovarian estrogen production by high temperature is due to the inhibition of the expression and activity of gonadal aromatase (cyp19a1a) gene, which converts androgens to estrogen. The expression of aromatase gene is down-regulated by high temperature and it causes the inhibition of oocyte development [START_REF] Anderson | Effect of thermal challenge on plasma gonadotropin levels and ovarian steroidogenesis in female maiden and repeat spawning Tasmanian Atlantic salmon (Salmo salar)[END_REF][START_REF] Elisio | Effects of short periods of warm water fluctuations on reproductive endocrine axis of the pejerrey (Odontesthes bonariensis) spawning[END_REF][START_REF] Lim | Effects of water temperature on the gonadal development and expression of steroidogenic enzymes in the gonad of juvenile red seabream, Pagrus major[END_REF][START_REF] Watts | Maintenance of Atlantic salmon (Salmo salar) at elevated temperature inhibits cytochrome P450 aromatase activity in isolated ovarian follicles[END_REF]. In vitro studies on the effects of increased temperature on isolated ovarian follicles suggest that ovarian function is directly disrupted at gonadal level independently of the brain-pituitary axis [START_REF] Elisio | Effects of short periods of warm water fluctuations on reproductive endocrine axis of the pejerrey (Odontesthes bonariensis) spawning[END_REF][START_REF] Watts | Maintenance of Atlantic salmon (Salmo salar) at elevated temperature inhibits cytochrome P450 aromatase activity in isolated ovarian follicles[END_REF]. Accordingly, the inhibition of the expression and/or release of specific hormones at different levels of the reproductive brain-pituitary-gonad axis, observed in fish under warming conditions, would be the result of the feedback effect of the drop in plasma sex steroids level on the brain and pituitary. Disruption of estrogen levels would in turn inhibits the hepatic vitellogenin synthesis and consequently impacts eggs quality [START_REF] Miranda | Effects of global warming on fish reproductive endocrine axis, with special emphasis in pejerrey Odontesthes bonariensis[END_REF]. The reported effects of temperature at central level include the inhibition of the expression of hypophysiotropic gonadrotropin-releasing hormone by elevated thermal regimes in red seabream [START_REF] Okuzawa | Effect of high water temperature on brain-pituitary-gonad axis of the red seabream during its spawning season[END_REF], blue gourami [START_REF] Levy | Effect of environmental temperature on growth-and reproduction-related hormones gene expression in the female blue gourami (Trichogaster trichopterus)[END_REF] and pejerrey [START_REF] Elisio | Effects of short periods of warm water fluctuations on reproductive endocrine axis of the pejerrey (Odontesthes bonariensis) spawning[END_REF], the inhibition of pituitary gonadotrophin (FSH-β and/or LH-β) synthesis by high temperatures in these species [START_REF] Okuzawa | Effect of high water temperature on brain-pituitary-gonad axis of the red seabream during its spawning season[END_REF][START_REF] Soria | High water temperatures impair the reproductive ability of the pejerrey fish Odontesthes bonariensis: effects on the hypophyseal-gonadal axis[END_REF][START_REF] Levy | Effect of environmental temperature on growth-and reproduction-related hormones gene expression in the female blue gourami (Trichogaster trichopterus)[END_REF][START_REF] Elisio | Effects of short periods of warm water fluctuations on reproductive endocrine axis of the pejerrey (Odontesthes bonariensis) spawning[END_REF] and the reduction of circulating levels of LH by high temperature in female Arctic charr [START_REF] Gillet | LH secretion and ovulation following exposure of Arctic charr to different temperature and photoperiod regimes: responsiveness of females to a gonadotropin-releasing hormone analogue and a dopamine antagonist[END_REF]. Although the role of stress in modulating temperature effects on reproduction in adult fish is not as clear as during early developmental stages, some evidences suggest that acute temperature changes might also inhibit reproduction through activation of the HPI axis [START_REF] Pankhurst | Reproduction and Development[END_REF].

High temperature regime also affects oocyte osmoregulation and causes reduction in their content in phospholipids and free fatty acids [START_REF] Lahnsteiner | Effect of temperature on gametogenesis and gamete quality in brown trout, Salmo trutta[END_REF]. Deposition of lipids (triacylglycerols and phospholipids) during oocyte development is also affected in Arctic charr females held at high temperatures [START_REF] Jobling | Effect of temperature on reproductive development in Arctic charr, Salvelinus alpinus (L.)[END_REF].

Fewer evidences show the impact of temperature and photoperiod regimes on sperm quality. This impact can be indirect through the thermal acclimation of males during sperm production, or direct via the effect of activating water temperature on sperm performance upon release [START_REF] Alavi | Sperm motility in fishes. I. Effects of temperature and pH: a review[END_REF]. Warming exposition during the pre-spawning phase may affect spermatogenesis with a decreased gonad testosterone and 11 ketotestosterone production as observed in some species (rainbow trout, [START_REF] Manning | The effect of temperature on testicular steroid production in the rainbow trout, Salmo gairdneri, in vivo and in vitro[END_REF]). It should be noted that 11 ketotestosterone is involved in proliferation of spermatogonia [START_REF] Schulz | Spermatogenesis in fish[END_REF]. Therefore, androgen reduction could explain the reduction in spermatogonia and spermatocytes in pejerrey males exposed to high temperatures [START_REF] Elisio | Effects of short periods of warm water fluctuations on reproductive endocrine axis of the pejerrey (Odontesthes bonariensis) spawning[END_REF]. In this species, high temperatures also trigger the loss of mitotic capacity by the spermatogonia and germ cell loss at different development stages (larvae, juveniles, subadults, and adults) [START_REF] Ito | Thermal threshold and histological process of heat-induced sterility in adult pejerrey (Odontesthes bonariensis): a comparative analysis of laboratory and wild specimens[END_REF].

Cold acclimation of broodstock can affect the lipid composition in spermatozoa of rainbow trout [START_REF] Labbé | Influence of rainbow trout thermal acclimation on sperm cryopreservation: relation to change in the lipid composition of the plasma membrane[END_REF]. A recent study stressed out the distinct effect of changing temperatures on sperm quality over the reproductive period. Thus, early in the reproductive season, warm acclimation of male brown trouts reduced their sperm velocity, whereas later in the season, sperm quality was unaffected by acclimation temperature and thermal sensitivity was reduced [START_REF] Fenkes | Sperm in hot water: direct and indirect thermal challenges interact to impact on brown trout sperm quality[END_REF]. It has been hypothesized that the heat resistance of sperm cells in the freshwater teleost Labeo rohita is dependent of the thermosensitive ion channels TRPV (vanilloid transient receptor potential channels) that are responsible of Ca 2+ influx and the subsequent activation of sperm movement [START_REF] Majhi | Thermosensitive ion channel TRPV1 is endogenously expressed in the sperm of a fresh water teleost fish (Labeo rohita) and regulates sperm motility[END_REF]. In this case the variation of heat resistance of sperm during the reproductive period could be a result of the advance maturation of warm acclimated fish [START_REF] Fenkes | Sperm in hot water: direct and indirect thermal challenges interact to impact on brown trout sperm quality[END_REF]. However, the presence and function of TRPV channels in other fish species still need to be studied. The reduction in sperm quality of brown trout under increased temperature is also evidenced by the increased percentage of DNA damages in spermatozoa and the decreased seminal plasma peroxidase and lysozyme activities [START_REF] Lahnsteiner | Effect of temperature on gametogenesis and gamete quality in brown trout, Salmo trutta[END_REF]. Evidences obtained in trout and other salmonid species suggest that the negative effects of high temperature in spermiogenesis could be mediated by the alteration in testicular steroidogenesis and cAMP levels in spermatozoa [START_REF] Manning | The effect of temperature on testicular steroid production in the rainbow trout, Salmo gairdneri, in vivo and in vitro[END_REF][START_REF] Cosson | cAMP/ATP-dependence of movement in intact and demembranated trout spermatozoa[END_REF].

Changes in water salinity, especially when combined with pH variation, can also affect the quality of gametes and reproductive output in freshwater and marine fish. Notably, fertilization, hatching rate and egg development and viability are impacted by low salinity in marine fish [START_REF] Allen | The Effects of Salinity and pH on Fertilization, Early Development, and Hatching in the Crown-of-Thorns Seastar[END_REF][START_REF] Nissling | Population specific sperm production in European flounder Platichthys flesus: Adaptation to salinity at spawning[END_REF][START_REF] Nissling | Reproductive success in relation to salinity for three flatfish species, dab ( Limanda limanda ), plaice ( Pleuronectes platessa ), and flounder ( Pleuronectes flesus ), in the brackish water Baltic Sea[END_REF][START_REF] Nissling | Effects of salinity and temperature conditions on the reproductive success of turbot (Scophthalmus maximus) in the Baltic Sea[END_REF][START_REF] Nissling | Egg buoyancy of flounder, Platichthys flesus, in the Baltic Sea-adaptation to salinity and implications for egg survival[END_REF][START_REF] Westin | Effects of salinity on spermatozoa motility, percentage of fertilized eggs and egg development of Baltic cod (Gadus morhua), and implications for cod stock fluctuations in the Baltic[END_REF]. Alteration of sex steroid profiles were also described in relation to salinity treatments in both sexes of guppies [START_REF] Moniruzzaman | Physiological and behavioural responses to acid and osmotic stress and effects of Mucuna extract in Guppies[END_REF]. To date, the precise mechanisms underlying such disruption have not been described. Increasing findings focus on the impact of salinity on sperm quality. By instance, spawning at low salinities affects duration, speed and number of motile spermatozoa in European flounder [START_REF] Nissling | Population specific sperm production in European flounder Platichthys flesus: Adaptation to salinity at spawning[END_REF]. High salinities interfered with the relationship between certain markers of testicular apoptosis, proliferation and DNA replication or development (caspase-3, PCNA and HSP70) in Nile tilapia, without altering plasma level of 11 ketotestosterone [START_REF] Vieira | Influence of salinity on spermatogenesis in adult Nile tilapia (Oreochromis niloticus) testis[END_REF]. When salinity and also pH of the activating water vary, the sperm activation is directly impacted resulting in disruption of the duration of sperm motility and proportion of motile spermatozoa [START_REF] Alavi | Sperm motility in fishes. (II) Effects of ions and osmolality: a review[END_REF][START_REF] Magnotti | Sperm characteristics of wild and captive lebranche mullet Mugil liza (Valenciennes, 1836), subjected to sperm activation in different pH and salinity conditions[END_REF]. It has been show that salinity and pH act on the osmolarity of the environmental water, which is a major factor regulating the different sperm motility parameters in fish as shown for example in sea bass, sea bream, Atlantic halibut, grey mullet and southern hake [START_REF] Billard | Changes in structure and fertilizing ability of marine and preshwater fish spermatozoa diluted in media of various salinities[END_REF][START_REF] Billard | Motility of fresh and aged halibut sperm[END_REF][START_REF] Effer | Sperm biology of Merluccius australis: Sperm structure, semen characteristics and effects of pH, temperature and osmolality on sperm motility[END_REF][START_REF] Yeganeh | Motility of Mugil cephalus L. spermatozoa in coelomic fluid, seminal fluid and saline media[END_REF].

In fact, spermatozoa remain in a non-activated status in the testes and seminal plasma at isotonic conditions. When spermatozoa are released into the water the motility is activated by the hypo or hyperosmotic conditions for freshwater or marine species, respectively [START_REF] Alavi | Sperm motility in fishes. (II) Effects of ions and osmolality: a review[END_REF][START_REF] Billard | Spermatogenesis and spermatology of some teleost fish species[END_REF][START_REF] Morisawa | Osmolality and potassium ion: their roles in initiation of sperm motility in teleosts[END_REF][START_REF] Stoss | 6 Fish Gamete Preservation and Spermatozoan Physiology[END_REF]. By instance, for marine species, the higher salinity of the seawater causes the release of water from the spermatozoa and the consequent increase of the internal concentration of certain ions (especially calcium) and the activation of motility [START_REF] Boj | Coordinated Action of Aquaporins Regulates Sperm Motility in a Marine Teleost[END_REF][START_REF] Cosson | Marine fish spermatozoa: racing ephemeral swimmers[END_REF]. Thus, inappropriate concentrations of salts, pH and osmolality can depolarize the cell membrane and disrupt flagellar motility of the spermatozoa [START_REF] Morisawa | Osmolality and potassium ion: their roles in initiation of sperm motility in teleosts[END_REF][START_REF] Morisawa | Effects of potassium and osmolality on spermatozoan motility of salmonid fishes[END_REF][START_REF] Vilchez | Role of potassium and pH on the initiation of sperm motility in the European eel[END_REF]. The reduced sperm motility may lead to low fertilization success [START_REF] Cosson | The Ionic and Osmotic Factors Controlling Motility of Fish Spermatozoa[END_REF][START_REF] Cosson | Rapid and quantitative assessment of trout spermatozoa motility using stroboscopy[END_REF][START_REF] Stoss | 6 Fish Gamete Preservation and Spermatozoan Physiology[END_REF].

With the exception of the cited effects of pH on sperm motility, nowadays there is a lack of knowledge in the context of the water acidification about the effect of elevate PCO2 and low pH on the quality of gametes and offspring in fish. Nevertheless, during the last years we noticed a real increasing interest on this topic. However, the available findings are contradictory as they show opposite effects among species, exposure times and intensities of the acidification treatment. By instance, even when two close related coral damselfish species, as the Amphiprion percula and the Acanthochromis polyacanthus, are faced to elevated PCO2 (about 900 µatm) they may show opposite impacts. Reproductive output increased (in total number of eggs produced and number of eggs per clutch) in A. percula, while it decreases (in number of clutches) in A. polyacanthus in elevated PCO2 group compared to present-day PCO2 group [START_REF] Welch | Contrasting effects of ocean acidification on reproduction in reef fishes[END_REF]. Egg survival and hatching rate was not impacted in A. percula, but they increased with elevated PCO2 in A. polyacanthus [START_REF] Welch | Contrasting effects of ocean acidification on reproduction in reef fishes[END_REF]. Embryo size was not affected in both species [START_REF] Welch | Contrasting effects of ocean acidification on reproduction in reef fishes[END_REF]).

An increased reproductive output is also noted in acidified conditions in other species [START_REF] Schade | Within-and transgenerational effects of ocean acidification on life history of marine three-spined stickleback (Gasterosteus aculeatus)[END_REF] including another coral fish (A. melanopus [START_REF] Miller | Increased CO2 stimulates reproduction in a coral reef fish[END_REF]), although a posterior study on the same species reported no effects of high PCO2 on reproductive output [START_REF] Miller | Temperature is the evil twin: effects of increased temperature and ocean acidification on reproduction in a reef fish[END_REF].

Similarly, findings on the temperate species ocellated wrasse (Milazzo et al., 2016a) and the previous studies on two-spotted goby [START_REF] Forsgren | Elevated CO2 affects embryonic development and larval phototaxis in a temperate marine fish[END_REF] submitted to acidified water did not show any differences in number of eggs laid. Once again, a second study of the same species, the two-spotted goby, suggests a stimulated reproductive output in high CO2 conditions in terms of numbers of eggs spawned but no effects on egg size. Hatched larvae were significantly smaller in acidified conditions likely revealing a trade-off between the number and size of eggs/offspring. This suggests a CO2 effect on parental provisioning related to the fact that females in high CO2 produced more eggs [START_REF] Faria | Reproductive trade-offs in a temperate reef fish under high pCO2 levels[END_REF]. Laboratory studies, currently undergoing in our laboratory, indicate that sea bass females under acidified conditions produce low quality eggs, as illustrated in figure 1. Further analyses are required to depict the molecular mechanisms underlying such effect.

It is generally accepted that embryonic and larval stages of fishes may be more vulnerable to decreasing environmental pH than adult stage due to their higher surface-to-volume ratio and lack of functional specialized mechanisms for acid-base regulation [START_REF] Ishimatsu | Fishes in high-CO2, acidified oceans[END_REF][START_REF] Kikkawa | Acute CO2 tolerance during the early developmental stages of four marine teleosts[END_REF]. Nevertheless, to date contradictory results describe also the effects of elevated PCO2 and low pH on the early development of fish in terms of growth, malformation rates and physiological performances (recently review by [START_REF] Vagner | Fish facing global change: are early stages the lifeline?[END_REF]). There is a need of long term studies in an extensive number of fish species exposed to comparable levels of PCO2 at similar life and reproductive stages in order to better understand the effect of water acidification on gamete quality and reproductive output.

Different hypothesis have been formulated on the mechanisms by which water acidification would affect reproductive output in fish. The first one concerns the already cited GABA model hypothesis by which the altered function of GABAA receptor under high PCO2 conditions would affect the release of reproductive hormone in the brain (mainly GnRH) and pituitary (gonadotrophins) of fish (Nilsson et al., 2012). The role of GABA on reproductive hormones varies among fish species acting by stimulating or inhibiting the gametogenesis [START_REF] Trudeau | GABA stimulation of gonadotropin-II release in goldfish: involvement of GABAA receptors, dopamine, and sex steroids[END_REF], which is consistent with the contradictory results obtained in the different species and studies. Detailed analysis of hormonal profiles in different fish species exposed to low pH is critical to test this hypothesis.

Another hypothesis that could explain the effects of rising CO2 on reproductive output would imply the alteration of the circadian rhythms systems in fish, which drive the modulation of reproductive axis by acting on the brain via the role of melatonin on GnRH expression [START_REF] Servili | The Highly conserved gonadotropin-releasing hormone-2 form acts as a melatonin-releasing factor in the pineal of a teleost fish, the european sea bass Dicentrarchus labrax[END_REF][START_REF] Servili | Melatonin inhibits GnRH-1, GnRH-3 and GnRH receptor expression in the brain of the European Sea Bass, Dicentrarchus labrax[END_REF].

Circadian system has suggested to be regulated by ambient CO2 concentration as described by Schunter and collaborators [START_REF] Schunter | Molecular signatures of transgenerational response to ocean acidification in a species of reef fish[END_REF]. Whether this effect could act directly at gonadal levels and on the production of gametes is not known. Studies on the transcriptomic and proteomic signatures of fish gonads sampled from fish acclimated under different PCO2/pH conditions are needed to solve this question.

Further climate change-related effects, such as hypoxia events, are likely to strongly affect the quality and amount of fish gamete and viability of the offspring. Both male and female gamete quality is disrupted by long-term hypoxic exposure in freshwater and marine fish species in both field and laboratory studies. Thus, similarly to the results obtained in a laboratory study [START_REF] Thomas | Widespread endocrine disruption and reproductive impairment in an estuarine fish population exposed to seasonal hypoxia[END_REF], the production of viable mature eggs and sperm is decreased in Atlantic croaker in the northern Gulf of Mexico hypoxic zone compared to reference areas [START_REF] Thomas | Extensive reproductive disruption, ovarian masculinization and aromatase suppression in Atlantic croaker in the northern Gulf of Mexico hypoxic zone[END_REF][START_REF] Thomas | Impaired gamete production and viability in Atlantic croaker collected throughout the 20,000 km(2) hypoxic region in the northern Gulf of Mexico[END_REF]. Similar results have been reported in other teleost species [START_REF] Cheek | Diel hypoxia in marsh creeks impairs the reproductive capacity of estuarine fish populations[END_REF][START_REF] Landry | Long term hypoxia suppresses reproductive capacity in the estuarine fish, Fundulus grandis[END_REF][START_REF] Wu | Aquatic hypoxia is an endocrine disruptor and impairs fish reproduction[END_REF]. In Atlantic croaker, the 19% of females sample in hypoxic sites show ovarian masculinization indicated by the presence of male germ cells at all stage in the developing ovaries [START_REF] Thomas | Extensive reproductive disruption, ovarian masculinization and aromatase suppression in Atlantic croaker in the northern Gulf of Mexico hypoxic zone[END_REF]. This gonad masculinization and the consequent biased sex ratio, also observed in zebrafish [START_REF] Shang | Hypoxia affects sex differentiation and development, leading to a male-dominated population in zebrafish (Danio rerio)[END_REF] exposed to hypoxia, is likely due to a sharp decrease in ovarian aromatase, enzyme that converts androgens into estrogens [START_REF] Shang | Hypoxia affects sex differentiation and development, leading to a male-dominated population in zebrafish (Danio rerio)[END_REF][START_REF] Thomas | Extensive reproductive disruption, ovarian masculinization and aromatase suppression in Atlantic croaker in the northern Gulf of Mexico hypoxic zone[END_REF][START_REF] Thomas | Impaired gamete production and viability in Atlantic croaker collected throughout the 20,000 km(2) hypoxic region in the northern Gulf of Mexico[END_REF]. Aromatase activity is critical for the normal development and differentiation of teleost ovary [START_REF] Guiguen | Involvement of estrogens in the process of sex differentiation in two fish species: the rainbow trout (Oncorhynchus mykiss) and a tilapia (Oreochromis niloticus)[END_REF][START_REF] Guiguen | Ovarian aromatase and estrogens: a pivotal role for gonadal sex differentiation and sex change in fish[END_REF]). An impairment of estrogen signaling has been also suggested by the down regulation of the hepatic estrogen receptor alpha and the plasma level of vitellogenin, produced by the liver under estrogenic stimulation. Vitellogenin is required for the full growth of oocytes. In turn, the estrogen signaling disruption would also be the explanation of the reduction in number of mature oocytes in fish from hypoxic sites. Further evidence of impairment of steroidogenic pathway has also been provided by transcriptomic study of ovary of marine fish under hypoxic stress (Lai et al., 2016b). Notably, reproductive effects induced by hypoxia included the stimulation of progesterone synthesis, activation of internal genitalia development and inhibition of atresia of the reproductive tract. This disruption is driven by a modulation of reproductive activator (i.e. follicle stimulating hormone (FSH) and insulin-like growth factor 1 receptor (IGF1R)) and inhibitor (leukemia inhibitory factor (LIF)) factors (Lai et al., 2016b).

A recent pilot study proposed a further mechanism by which hypoxia can disrupt the sex steroid signaling in fish gonad. Interestingly, this study reports that cyclic hypoxia impacts plasma lipid dynamic in particular by depleting total cholesterol and high density lipoprotein (HDL) and rising triglycerides (TG) during the late phase of gonad development in both male and female goldfish [START_REF] Bera | Diel cyclic hypoxia alters plasma lipid dynamics and impairs reproduction in goldfish (Carassius auratus)[END_REF]. Authors suggest that the hypoxia-driven depletion of plasma cholesterol and HDL concentration can inhibit cholesterol availability for gonads. Because cholesterol is the precursor to all steroid hormones, such as estrogens, androgens, and corticosteroids [START_REF] Scott | Reproductive Endocrinology of Fish[END_REF] a reduction of cholesterol level will inevitably affect sex hormones profiles [START_REF] Bera | Diel cyclic hypoxia alters plasma lipid dynamics and impairs reproduction in goldfish (Carassius auratus)[END_REF]. Further studies on the role and environmental sensitivity of lipid dynamic on gamete quality is really necessary to better understand and predict the effects of climate change on the recruitment of fish species. A last level of regulation of the hypoxic effects on gamete quality in fish has been showed by Lai et al. (Lai et al., 2016a) studying female medakas. The authors have reported that hypoxia alters steroidogenesis (steroidogenic enzymes and hormones receptors) also through the action of a large number of miRNAs in the ovary (Lai et al., 2016a).

In addition, hypoxia can disrupt the final maturation (or maturational competence) of mature oocytes and sperm which is critical to produce viable gametes. Hence, the reduced maturational competence reported in Atlantic croaker under hypoxic condition was associated with a decrease of membrane progestin receptor alpha (mPRα) expression level in gametes (Thomas and Rahman, 2009b;[START_REF] Thomas | Impaired gamete production and viability in Atlantic croaker collected throughout the 20,000 km(2) hypoxic region in the northern Gulf of Mexico[END_REF]. The stimulation of this steroid receptor (mPRα) is regulated via LH dependent production of the 17,20,21-trihydroxy-4-pregnen-3-one (20β-S) on the cell surface of oocyte and sperm [START_REF] Tubbs | Progestin Signaling through an Olfactory G Protein and Membrane Progestin Receptor-α in Atlantic Croaker Sperm: Potential Role in Induction of Sperm Hypermotility[END_REF][START_REF] Zhu | Cloning, expression, and characterization of a membrane progestin receptor and evidence it is an intermediary in meiotic maturation of fish oocytes[END_REF]. Thus, hypoxic stress impacts the nongenomic progestin signaling of fish gamete, leading to impairment of reproduction. Although the well-established role of the nuclear progesterone receptor (nPR) in ovulation of fish [START_REF] Hagiwara | Luteinizing hormone-induced expression of Ptger4b, a prostaglandin E2 receptor indispensable for ovulation of the medaka Oryzias latipes, is regulated by a genomic mechanism involving nuclear progestin receptor[END_REF][START_REF] Tang | Gene knockout of nuclear progesterone receptor provides insights into the regulation of ovulation by LH signaling in zebrafish[END_REF][START_REF] Zhu | Nuclear progestin receptor (pgr) knockouts in zebrafish demonstrate role for pgr in ovulation but not in rapid non-genomic steroid mediated meiosis resumption[END_REF], by the mediation of LH (through the classical genomic progestin pathway), to our knowledge the influences of environmental factors on such regulation are not known.

The impact of a hypoxic exposure on early life stage is fish includes the reduced survival and growth rate at hatching, delayed development and increase of malformation in embryos [START_REF] Del Rio | Combined effects of warming and hypoxia on early life stage Chinook salmon physiology and development[END_REF][START_REF] Dudley | Survival of Largemouth Bass Embryos at Low Dissolved Oxygen Concentrations[END_REF][START_REF] Marks | Ontogenetic oxygen changes alter zebra fish size, behavior, and blood glucose[END_REF]R. Carlson and E. Siefert, 2011;[START_REF] Shang | Aquatic hypoxia is a teratogen and affects fish embryonic development[END_REF]) at embryonic stage. Hatching is a very energetically costly process for fish due to the increased movement and oxygen consumption [START_REF] Hamor | Developmental rates of embryos of Atlantic salmon, Salmo salar L., in response to various levels of temperature, dissolved oxygen, and water exchange[END_REF][START_REF] Ninness | Energy expenditure during hatching in rainbow trout (Oncorhynchus mykiss) embryos[END_REF]. In a context of hypoxic exposure, the hatching embryo with limited ability to anaerobic metabolism, could not be able to face the increased aerobic energy demand [START_REF] Polymeropoulos | The maternal effect of differences in egg size influence metabolic rate and hypoxia induced hatching in Atlantic salmon eggs: implications for respiratory gas exchange across the egg capsule[END_REF].

Also the reduced growth and delayed development could be associated to hypoxia compensatory responses where metabolic demand is adjusted to match oxygen and energy supply [START_REF] Rombough | 2 Respiratory Gas Exchange, Aerobic Metabolism, and Effects of Hypoxia During Early Life[END_REF]. Interestingly, hypoxia can have two opposite effects on time to hatch, depending of the rearing temperature. Hatching time can be delayed by hypoxia, since overall development is delayed, or advanced, as metabolic rate increases with developmental stages [START_REF] Rombough | 2 Respiratory Gas Exchange, Aerobic Metabolism, and Effects of Hypoxia During Early Life[END_REF]. When oxygen availability becomes limiting, hypoxia can provoke a premature hatching, since low oxygen is natural signal to hatch in some fish embryo [START_REF] Czerkies | Critical partial pressures of oxygen causing precocious hatching in Coregonus lavaretus and C. albula embryos[END_REF]. Delayed embryonic development is also associated to disruption in apoptotic signaling and in sex hormone balance in embryo which could impact the sexual development of pubertal fish [START_REF] Shang | Aquatic hypoxia is a teratogen and affects fish embryonic development[END_REF].

Altogether, the reported data clearly show that hypoxia acts as an endocrine disruptor by acting on the sex steroid regulation of gonadal functions with teratogen effects in embryos of several fish species. Evidences also point to inhibitory effects on reproduction at central level caused by deoxygenated water [START_REF] Pankhurst | Reproduction and Development[END_REF]. For instance, hypoxia downregulates the expression of GnRH in the brain and FSHβ and LHβ in the pituitary in zebrafish [START_REF] Lu | Hypoxia disrupts gene modulation along the brain-pituitary-gonad (BPG)-liver axis[END_REF] and in Atlantic croaker, it inhibits brain GnRH gene expression associated to a decrease in serotonin hypothalamic levels [START_REF] Thomas | Widespread endocrine disruption and reproductive impairment in an estuarine fish population exposed to seasonal hypoxia[END_REF].

A schematic representation of the main effects of climate change related environmental cues on gamete quality is illustrated in figure 2.

Evidence for adaptation and acclimation

When migration is not possible, the response of organisms to rapid environmental changes are within-generation phenotypic plasticity, transgenerational plasticity and genetic adaptation [START_REF] Bonduriansky | The implications of nongenetic inheritance for evolution in changing environments[END_REF][START_REF] Hoffmann | Climate change and evolutionary adaptation[END_REF][START_REF] Munday | Predicting evolutionary responses to climate change in the sea[END_REF][START_REF] Salinas | Non-genetic inheritance and changing environments[END_REF]Shama et al., 2014). The phenotypic plasticity, occurring within one generation, is defined as the way of an organism (one genotype) to respond to an environmental cue with a change in the phenotype, by varying form, state, movement or rate of activity [START_REF] West-Eberhard | Developmental plasticity and the origin of species differences[END_REF]. Transgenerational plasticity and genetic adaptation occur along generations, being the transgenerational plasticity a type of non-genetically inheritance in which the environment experienced by the parents influences the offspring reaction norms (the phenotypes expressed in response to different environments by the same genotype) [START_REF] Bonduriansky | The implications of nongenetic inheritance for evolution in changing environments[END_REF][START_REF] Salinas | Non-genetic inheritance and changing environments[END_REF] and the genetic adaptation a process by which the environmental input drives the genetic selection over generations [START_REF] Hoffmann | Climate change and evolutionary adaptation[END_REF]).

It's important to remind that the predicted scenarios for climate change reflect changes in environmental cues that will be reach over several generations, likely allowing transgenerational plasticity to occur. Yet, relatively little is known about the capacity for plasticity of reproductive processes to changing environments over multiple generations (transgenerational plasticity).

The large majority of studies aiming to predict the effects of climate change on reproduction of fish focused so far exclusively on the acclimation ability (phenotypic plasticity) of a species face to one or a combination of stressful environmental cues. Although, understanding the transgenerational plasticity of fish species to the different climate change related factors (warming, water acidification, hypoxia and low salinity) is essential to be able to verisimilarly predict the real impact of climate change on fish populations. Since transgenerational plasticity is a fast and often adaptive phenotypic response mechanism, it can buffer populations against environments experienced by the previous generations and provide time for genetic adaptation to catch up [START_REF] Bonduriansky | The implications of nongenetic inheritance for evolution in changing environments[END_REF][START_REF] Chevin | Adaptation, Plasticity, and Extinction in a Changing Environment: Towards a Predictive Theory[END_REF][START_REF] Marshall | When is maternal effect adaptive?[END_REF][START_REF] Räsänen | Maternal effects and evolution at ecological time-scales[END_REF].

To date, transgenerational plasticity for reproductive related traits has been reported in few fish species when submitted to increasing warmer temperatures through generations [START_REF] Donelson | Reproductive acclimation to increased water temperature in a tropical reef fish[END_REF][START_REF] Donelson | Transgenerational plasticity of reproduction depends on rate of warming across generations[END_REF]Shama and Wegner, 2014). By instance, successive studies on the coral reef damselfish, Acthochromis ployacantus, showed that, despite the fact this species has little capacity for reversible acclimation as adults [START_REF] Donelson | Effects of elevated water temperature and food on the reproductive performance of a coral reef fish[END_REF], acclimation of some reproductive traits is possible when fish developed in ocean temperatures 1.5°C greater than present-day for their entire life (within generation acclimation). This was not the case when individuals experienced +3.0°C warmer conditions, suggesting limitations to thermal acclimation (phenotypic plasticity) [START_REF] Donelson | Reproductive acclimation to increased water temperature in a tropical reef fish[END_REF]. However, when examined two generations encountering gradual increase in temperature, +1.5°C in the first generation and then +3.0°C in the second generation, authors observed full restoration of the thermally affected reproductive and offspring traits, and greater plasticity than that to fish that experienced the same increase in one generation (transgenerational plasticity) [START_REF] Donelson | Reproductive acclimation to increased water temperature in a tropical reef fish[END_REF][START_REF] Donelson | Transgenerational plasticity of reproduction depends on rate of warming across generations[END_REF]. By evaluating expression levels of reproduction related genes in brain and gonad, the authors were able to identify a role for testicular gonadotrophin receptors (LHCGRr and FSHRr) in reproductive plasticity in coral reef damselfish [START_REF] Veilleux | Reproductive gene expression in a coral reef fish exposed to increasing temperature across generations[END_REF]. Of course the acclimation to warmer temperature can incur some cost or reveal trade-offs with other fitnessrelated traits [START_REF] Angilletta | Tradeoffs and the evolution of thermal reaction norms[END_REF]. As a result, transgenerational effects are dependent of the extent of thermal increase and also of the life stage in which the warming occurs [START_REF] Donelson | Transgenerational plasticity of reproduction depends on rate of warming across generations[END_REF][START_REF] Meier | Local adaptation at the transcriptome level in brown trout: evidence from early life history temperature genomic reaction norms[END_REF]Shama and Wegner, 2014).

Parental and grandparental exposure to deoxygenated water also influences reproductive performance of offspring. Thus, using marine medaka as a model species, recent experimental evidence indicates that hypoxia can cause transgenerational reproductive impairment in both sexes due to heritable epigenetic regulations [START_REF] Lai | Transcriptomic analysis reveals transgenerational effect of hypoxia on the neural control of testicular functions[END_REF][START_REF] Lai | Hypoxia Causes Transgenerational Impairment of Ovarian Development and Hatching Success in Fish[END_REF][START_REF] Wang | Hypoxia causes transgenerational impairments in reproduction of fish[END_REF]. Hence, males of F1 and F2 progenies, never exposed to hypoxia, suffer delayed gonad development associated to reduction in sperm amount and motility, when grandparents developed under hypoxic condition [START_REF] Wang | Hypoxia causes transgenerational impairments in reproduction of fish[END_REF]. This means that hypoxia triggers epigenetic alterations, such as variation in DNA methylation pattern of sperm, and regulates expression of genes and proteins related to spermatogenesis and gene silencing [START_REF] Wang | Hypoxia causes transgenerational impairments in reproduction of fish[END_REF]. The transgenerational effects of hypoxia on testicular function of medaka have also been associated to an involvement of the brain. Comparative transcriptomic analyses have shown that changes in gene clusters and signaling pathways in the central nervous system are associated to transgenerational effects of hypoxia exposure on testicular function (notably the alteration of morphology of the epididymis and the seminal vesicle and degeneration of the seminiferous tubule) [START_REF] Lai | Transcriptomic analysis reveals transgenerational effect of hypoxia on the neural control of testicular functions[END_REF]. This is in line with the well documented concept by which the suitable cross-talk between brain and testes is crucial for male fertility in vertebrates [START_REF] Bruysters | A new LH receptor splice mutation responsible for male hypogonadism with subnormal sperm production in the propositus, and infertility with regular cycles in an affected sister[END_REF][START_REF] Piomboni | New players in the infertility of a mouse model of lysosomal storage disease: the hypothalamuspituitary-gonadal axis[END_REF]. Similarly, F2 medaka females, never exposed to hypoxia, retain the same reproductive impairment that expressed F0 fish under hypoxia [START_REF] Lai | Hypoxia Causes Transgenerational Impairment of Ovarian Development and Hatching Success in Fish[END_REF]. Such impairments include follicle atresia and retarded oocyte development and were related with modification of DNA methylation and expression profiles of gene clusters associated with cell cycle arrest and apoptosis [START_REF] Lai | Hypoxia Causes Transgenerational Impairment of Ovarian Development and Hatching Success in Fish[END_REF]. Thus, hypoxia cause transgenerational disruption in male and female germ lines of medaka trough different mechanism and phenotypic changes. Apart from DNA methylation, another mechanism of epigenetic regulations, i.e. miRNAs, is shown to be involved in the modulation of apoptosis and steroidogenesis in gonads of medaka in response to hypoxia (Lai et al., 2016a;[START_REF] Tse | Hypoxia induces miR-210, leading to antiapoptosis in ovarian follicular cells of marine medaka Oryzias melastigma[END_REF]. As a result, the epigenetic changes and transgenerational reproductive impairments revealed so far suggest that hypoxia may cause a much more significant and long-term impact to aquatic animals than presently perceived. Although, we don't know so far whether offspring of parent and grandparent submitted to gradual increasing hypoxia, as it will likely occur in a context of the climate change prediction, could develop any sort of transgenerational plasticity to at least some of the reproductive traits.

To our knowledge, the transgenerational plasticity of reproductive traits has never been evaluated in fish in response to water acidification or low salinity, although experimental evidences suggest high potential for adaptive transgenerational acclimation in fish, at least under acidification condition, when considering other physiological endpoints [START_REF] Miller | Parental environment mediates impacts of increased carbon dioxide on a coral reef fish[END_REF][START_REF] Munday | Impact of global warming and rising CO2 levels on coral reef fishes: what hope for the future[END_REF][START_REF] Vagner | Fish facing global change: are early stages the lifeline?[END_REF]. Definitely, knowing the plasticity capacity of the reproductive processes and the underling mechanisms over generations are critical to understand and predict the persistence of fish species facing the predicted climate change scenarios.

Obviously, researchers should also take into account the genetic adaptation capacity of animals in order to predict their likely future persistence. In mammals has been described the strong influence of parental genotype on fertility, fecundity and oocyte quality. In fish the contribution of broodstock genetics on gamete quality is poorly documented [START_REF] Bobe | Egg and sperm quality in fish[END_REF]. One example is the study of [START_REF] Stoddard | Early onset of embryonic mortality in sub-fertile families of rainbow trout (Oncorhynchus mykiss)[END_REF] when the differential fertility in female rainbow trouts was related to genetic differences [START_REF] Stoddard | Early onset of embryonic mortality in sub-fertile families of rainbow trout (Oncorhynchus mykiss)[END_REF]. Also estimators of sperm quality, like sperm swimming behavior, have been associated to genetic features in fish [START_REF] Borowsky | Sperm swimming behaviors are correlated with sperm haploid genetic variability in the Mexican tetra, Astyanax mexicanus[END_REF]. Nevertheless, in fish the genetic contribution of parental genomes on gamete quality is difficult to assess since the zygotic transcription begins at a late stage of the embryonic development (during mid-blastula transition).

Until then, embryonic development is driven by the maternal supplies of mRNA and proteins, which are potentially sensitive to variation in environmental cues and thus to climate change predicted scenarios.

To our knowledge, how the genotype evolution over generations will drive the reproductive performance and success in fish in response to climate change remain poorly documented (but see [START_REF] Hoffmann | Climate change and evolutionary adaptation[END_REF][START_REF] Vincenzi | Genetic and life-history consequences of extreme climate events[END_REF]) except for a pioneer research in salmonids [START_REF] Carlson | A review of quantitative genetic components of fitness in salmonids: implications for adaptation to future change[END_REF].

General perspectives.

Global climate change related effects of variations in water temperature, PCO2/pH, oxygen content and salinity can impact the neuroendocrine control of reproduction in fish by acting at multiple levels of the brain-pituitary-gonad axis. Thus, global change is likely affecting the sexual maturation, reproductive behavior, gametogenesis, spawning and reproductive output. All the cited climate change related factors seem to affect steroidogenesis. It is worth mentioning that steroidogenic pathways are complex series of enzymatic reactions, where the product of one reaction can be the substrate of several enzymes, with final effect on levels of different steroid hormones. Thus, in order to understand the real impact of one factor on steroidogenesis, it is critical to consider the plasma levels of a wide range of steroids. Unfortunately, to date most study are limited to measure few steroids level and the whole picture is missing.

It is also important to note that the effects of climate change are not limited to breeders and gametes, but they also have direct consequences on their progeny, in particular at the level of the growth. By instance thermal embryonic history, potentially impacted by global warming, will influence growth and fitness of larvae and juveniles [START_REF] Alami-Durante | Early thermal history significantly affects the seasonal hyperplastic process occurring in the myotomal white muscle of Dicentrarchus labrax juvenile[END_REF].

Most of laboratory and field studies have reported negative impacts of global change on reproductive performance on different fish species. Although, some fish show stimulation of reproduction with increasing fertility under acidified water, which could appear a beneficial adaptive response. However, we need to keep in mind that most research has considered the effects of only one or few environmental stressor(s) at the time, despite the fact that in nature animals will face the predicted levels of warming and acidification, sometimes associated with a decrease in oxygen availability and low salinity at once. This is particularly true for animals or life stages with limited capacity for active swimming. In this context the need of long term multi stress experiments is evident. In addition, in this review we focus on the direct effects of global change on the reproductive axis of fish. Nevertheless, we are aware of the indirect impacts of unfavorable environmental conditions on fish reproduction. They includes the effects of environmental factors on other hormonal systems, like the thyroid and stress axes, with evident consequences on the endocrine control of reproduction in fish [START_REF] Eales | Measurement and regulation of thyroidal status in teleost fish[END_REF][START_REF] Eales | Effects of temperature on plasma thyroxine and lodide kinetics in rainbow trout, Salmo gairdneri[END_REF][START_REF] Lee | Effects of water temperature on perchlorate toxicity to the thyroid and reproductive system of Oryzias latipes[END_REF][START_REF] Wingfield | Reproduction and resistance to stress: when and how[END_REF]. Most of studies reveal inhibitory action of stress on fish reproduction, although in some conditions the increase of corticosteroid level may has stimulatory effects of reproductive processes [START_REF] Milla | Corticosteroids: friends or foes of teleost reproduction?[END_REF]. As a result, in this case climate change may play a paradoxical stimulatory role for reproduction [START_REF] Pankhurst | Reproduction and Development[END_REF].

Furthermore, the energetic cost of compensative physiological response to stressing environment could have energetic consequence over long time scale that must hide trade-offs on reproductive or other physiological functions such as growth or development. Only long-term studies on the entire life cycle of fish species, followed by a complete phenotypic characterization of breeders and offspring will be able to properly assess this issue.

Finally, climate interactions with a species can be mediated through direct effects on key prey species, which change the composition and dynamic coupling of food webs. Thus, predictions of impact of climate change for fish must consider i) population level changes, trough variations of population species compositions and relative abundances and, finally, ii) ecosystem-level changes in productivity and food web interactions [START_REF] Portner | Climate change effects on fishes and fisheries: towards a cause-andeffect understanding[END_REF].
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Figure 1