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ABSTRACT

Investigations conducted by U.S. Department of the Interior agencies have documented elevated concentrations of selenium in water, sediment, and biota at various locations in the San Juan River basin. The San Juan River provides critical habitat for two endangered fishes, Colorado pikeminnow (Ptychocheilus lucius, formally named Colorado squawfish) and razorback sucker (Xyrauchen texanus) and concern has been raised about the effects of selenium on these native fishes. At present, little is known about the sensitivity of Colorado pikeminnow to long-term selenium exposures. The objective of this study was to determine the effects of dietary and waterborne selenium on survival, growth, and reproduction of adult Colorado pikeminnow under controlled laboratory conditions.

Adult Colorado pikeminnow (16 years old) were obtained from Dexter National Fish Hatchery, Dexter, NM, and exposed to one of six combined dietary and waterborne selenium treatments for 155 days and then held under control conditions for 90 days to allow for selenium depuration. The treatments consisted of three dietary concentrations (2.2 [control], 7.3, 11.8 µg/g dry weight, as seleno-DL-methionine) and two waterborne concentrations (control and 5µg/L, as a 6: 1 ratio of selenate: selenite). Growth was measured on all fish and muscle plugs taken from females at test initiation and every 30 days thereafter. The fish were tested in reconstituted water designed to simulate the water quality of the San Juan River, near Shiprock, NM. The test water was routinely monitored for selenium concentrations and general water quality characteristics.

The fish were artificially spawned after 154 days of exposure and the number of eggs expressed, egg diameter and weight, and selenium residues in eggs were determined. The eggs produced were monitored for survival, hatchability, hatch time, and deformities in a separate test system. The resulting larvae were held for 30 days and monitored for survival, growth, and selenium residues. The egg and larval studies were conducted in clean reconstituted test water.

Survival and growth of adults were not affected by the combined dietary and waterborne selenium exposures for 155 days. Adults of both sexes lost weight during the first 30 days of the study and during the depuration period. The rate of weight loss was higher in females than in males. Regardless of sex, none of the fish exhibited a significant weight gain during the study compared to their weights at day 0. Spawning success of females was low and highly variable among selenium treatments. Only 10 of 35 females expressed eggs and spawning success was limited to one female in three treatments, two females in two treatments and three females in one treatment. All males express milt during the spawning trials, but 6 of 19 males expressed less than 20 ml. None of the reproductive metrics (eggs released, hatchability, egg size, incidence of deformities, and survival and growth of larvae) were correlated with dietary or waterborne selenium exposure concentrations of the female parent. However, due to the lack of replicate spawns for half of the treatments, we were not able to draw unequivocal conclusions concerning the effects of these dietary and waterborne selenium exposures on reproduction of Colorado pikeminnow.

Selenium concentrations in muscle plugs of adults were strongly correlated with dietary selenium concentrations, but not with waterborne selenium, and concentrations seemed to reach an equilibrium after 120 days of exposure. The reduction in muscle plug selenium residues after 90 days of depuration was minimal, which indicated that selenium accumulated in muscle was slowly eliminated from the fish. Bioaccumulation factors for selenium in muscle tissue (compared to the diet) were less then one (range, 0.17 to 0.60) and were inversely related to dietary selenium concentrations.

Eggs and 1-day posthatch larvae contained significantly greater selenium concentrations than the female parent (about 2- to 5-fold) and these concentrations were strongly correlated with dietary exposure of the parent. These results indicated that selenium assimilated from the diet of the female parent was transferred to the eggs in a concentration-dependent manner. Selenium concentrations in larvae exposed to clean water and diet for 30 days were 20 to 76% lower than in newly hatched larvae, and the magnitude of reduction was related to initial whole-body selenium concentrations.

The biological significance of selenium residues observed in eggs and larvae are difficult to interpret due to the lack of replicate spawns for three treatments and the small sample size. Hatchability of eggs containing 1.8-11.6 µg/g selenium averaged 84% and the incidence of deformities in the resulting larvae averaged 13%. Survival of larvae containing 2.8-13.4 µg/g selenium at hatch averaged 87% after 30 days. Overall survival of progeny from the 10 spawns average 72%. Selenium concentrations in eggs (9.8 to 11.6 µg/g produced by females with muscle tissue selenium residues of 2.5-3.0 µg/g) fall in the low to moderate hazard category for potential selenium-induced reproductive impairment in fish. However, the female with the highest muscle plug selenium concentration of 5.2 µg/g did not spawn, so the effect (if any) of this accumulated selenium residue from the high selenium diet (11.8 µg/g) on reproduction could not be determined. Consequently, the hazard posed by parental exposures to dietary selenium concentrations < 12 µg/g and waterborne selenium concentrations < 8 µg/L to wild Colorado pikeminnow cannot be adequately assessed from the reproduction data obtained in this study and additional research is needed to determine the dietary selenium threshold concentration for reproductive impairment in these fish. 
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