THE EFFECTS OF HYPOXIA ON REPRODUCTION IN FISH
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Introduction

There has been a large increase in aquatic hypoxia over the past decades in rivers and coastal regions of oceans around the world where there are large human populations, for example the Gulf of Mexico, the Black Sea, and the Danube (National Research Council, 1999). Animals have not had time to adapt to these changes, which have gained in strength recently. Very little has been published on the relationship between hypoxia and reproduction in fish. However, in the past decade, hypoxia in coastal marine waters has been associated with a major change in fish species composition, with a reduction in the total biomass. One possible explanation of this phenomenon is the impairment of gonad development and failure in spawning, fertilization, hatching and survival in fish associated with aquatic hypoxia.

Effects of hypoxia in the aquatic ecosystem

Prolonged aquatic hypoxia causes changes in species composition, some organisms leave and other more sensitive species die. What is left are those species that are more tolerant of hypoxia. The overall effect is a reduction in species diversity and a marked reduction in biomass (Diaz and Rosenberg, 1995).

Physiological responses to hypoxia in fish

At the individual level, animals exposed to hypoxic conditions attempt to maintain oxygen delivery to the tissues in the face of reduced levels in the environment. Fish increase gill ventilation and gill diffusing capacity to enhance the transport of oxygen across the gills into the blood. Heart rate is reduced but stroke volume is increased and the changing pattern of blood flow through the gills increases gill diffusing capacity for oxygen (Randall, 1982). Decreased red blood cell phosphate levels result in an increase in hemoglobin oxygen affinity and this also facilitates oxygen uptake at the gills (Val and de Almeida-Val 1995). Blood erythrocyte levels are increased initially due to release from the spleen and then subsequently due to erythropoiesis in response to the hormone, erythropoietin (EPO), produced by the kidney (Kakuta and Randall, unpublished observations). Anaerobic metabolism increases during hypoxia (Randall, 1982; van den Thillart and van Waarde 1985). There is an up-regulation of anaerobic enzymes, increased glucose transport and utilization of liver glycogen. The magnitude of the glycogen stores are an important determinant of hypoxic survival. There is a down-regulation of energy expenditure coupled to the up-regulation of anaerobic metabolic pathways. Fish respond to aquatic hypoxia by initially increasing activity in an attempt to leave the area, escaping from hypoxic areas, which are often patchy in nature. Fish decrease swimming activity during prolonged hypoxia and tend to move to colder waters (Schurmann and Steffensen, 1994).  This move to colder temperatures reduces energy metabolism and is associated with an increase in the oxygen content of water. Fish exhibit reduced food intake during hypoxia (Zhuo et al., 2001) and this also decreases energy expenditure. Zebrafish (Danio rerio) stopped feeding about six hours after the onset of hypoxia. Protein synthesis was reduced by 40% during anoxia in carp (Smith et al. 1996; 1999), with the liver showing a much larger reduction (85%) than the muscle (40%). Protein synthesis in the brain was maintained at the normal low rates seen under normoxic conditions.

Hypoxia inhibits reproduction

Wu et al., (2003) reported on the affects of hypoxia on reproduction of the common carp (Cyprinus carpio). Gonad development was reduced when fish were exposed to hypoxia for 8 weeks. There was a significant reduction in the number of spermatocytes and spermatids, lowered incidents of mitosis, decreased lobular diameter of testes and reduced sperm motility in male carp. In female carp, oocytes from hypoxic fish remained in the early stages of the developmental process, whereas normoxic ones had oocytes that were near completion of the developmental process. Successful spawning females were 71.4% in the normoxic group, significantly higher than the hypoxic group (8.3%). There was a rapid decrease in the percentages of fertilization success (99.4% in normoxia and 55.5% in hypoxia); hatching (98.8% in normoxia and 17.2% in hypoxia); and survival of larvae (93.7% in normoxia and 46.4% in hypoxia).

Hypoxia has been shown to reduce egg production and food intake in carp and zebrafish.  In Addition starvation and (-naphthoflavone ((NF) reduce egg production in zebrafish.  Thus the inhibition of reproduction during hypoxia could be a direct effect of hypoxia or an indirect effect caused by reduced food intake; most likely both play a role. Zebrafish produce eggs every day, but hypoxia (0.5 – 0.8 mgO2/L), starvation, and (-NF (1.0 mg/L) reduced egg production (Figure 1). There were increased numbers of undeveloped eggs, but no effect was observed on hatching rates when the eggs are allowed to develop under normoxic conditions.
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Figure 1 Both hypoxia (0.5-0.8 mgO2/L) and (-NF (1 mg/L) inhibit egg production in zebrafish

There were significant decreases in serum testosterone and estradiol levels in carp exposed to hypoxia (Wu et al., 2003). The size of the gonads was related to steroid levels in the blood. What is clear is that hypoxia results in reduced egg production, reduced sperm motility and reduced larval survival and this could account for the demise of a number of fish species seen in areas subjected to hypoxia. Possible mechanisms of inhibition of steroid metabolism will be discussed.
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