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EXTENDED ABSTRACT ONLY: DO NOT CITE

The myxosporean kidney parasite Parvicapsula minibicornis is contracted by sockeye salmon (Oncorhynchus nerka) in the Fraser River estuary and may compromise the osmotic balance of sockeye at an escalating rate the longer their residence time in freshwater prior to spawning. This residence time has increased from historical values by 3-6 weeks for Late-run sockeye since 1996 (Pacific Salmon Commission, 2001). Subsequently, en route and pre-spawning mortalities for this stock have increased up to 90 %, a level that would preclude sustainable populations from those stocks. The impact of P. minibicornis on the migratory ability of sockeye was estimated by measuring repeated prolonged maximum swimming performance (Ucrit) and metabolic rates of strong, weak, and non-infected sockeye (measured by PCR analysis) over an eight week period. Analysis of data from a separate telemetry study was used to compare the estimated parasite impact on migration ability with actual migrations of early-entry and normally behaving sockeye.  

The Ucrit recovery ratio of strongly infected fish was significantly lower (≥8 %) than weak and uninfected fish, while metabolic rate recovery ratios were unchanged (Fig. 1). The reduction in Ucrit recovery ratio of strongly infected fish may have been caused by increased energy use to maintain ion balance during exercise.  Sockeye with strong parasite infections were exposed to 250-490 degree days (daily cumulative temperature above 0 oC) after infection with P. minibicornis, but exposure for >400 degree days may be necessary to reach the pathogenic stage of the parasite. 
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Figure 1: Maximum prolonged swimming performance (Ucrit) and metabolic rate (MO2max) recovery ratios for sockeye salmon differentially infected with P. minibicornis (measured by PCR analysis) that performed repeated Ucrit tests  (45 min recovery period). The line of unity (dashed line) indicates x = y (i.e. the predicted line if Ucrit1 = Ucrit2, independent of temperature). An asterisk indicates a recovery ratio is significantly (P < 0.05) below the line of unity.

Radio transmitter data showed that early-entry Late-run sockeye salmon required a similar number of days as normally behaving fish to migrate from the mouth of the Fraser River to the lake holding area (Fig. 2). However, the former
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Figure 2: Radio transmitter tracking of the number of early and normal behaving Late-run sockeye salmon migration (A) from Fraser River to their lake holding area and to their final spawning grounds, as well as the number of degree day (B) exposure during this migration (calculated as the cumulative daily water temperature above 0oC in four locations along the migration route).  An asterisk indicates a value is significantly (P < 0.05) higher for early migrating sockeye. 

group held in the lake system for a significantly longer period (20.0 ± 1.9 days) than the latter (6.5 ± 0.7 days) before migrating to their spawning grounds.  Early migrants were exposed to significantly more degree days (436.0 ± 20.0 oC)  than normal-behaving fish (333.0 ± 10.1 oC) during upriver migration to the holding lake and while holding within the lake prior to entering the spawning grounds (early: 309.1 ± 26.8 oC; normal: 96.6 ± 10.7 oC). 

When compared with data analysed from the telemetry study, the results of the present study indicate that the migratory ability of early migrating sockeye can be impaired by P. minibicornis infection due to progressive exhaustion. Early migrating fish had a 31 % increase in temperature exposure and were within the level of degree days shown to affect the recovery of sockeye from exhaustive exercise. Although this reduction likely occurred near the end of their migration, increased migration stress also may impact the fecundity (Schreck et al. 2001) and progeny survival (Campbell et al. 1994) of infected fish because of diversion of blood flow to the muscles. This impact may be exacerbated by the >300 % higher temperature exposure of early-migrating fish while holding within the lake that would cause the proliferation of the parasite prior to fish entering the spawning grounds. This proliferation may cause further energy loss due to increased difficulty in maintaining osmoregulatory balance. Energy loss during migration or while holding in the lake system also could negatively affect the ability of early migrants to compete for space and mates on the spawning grounds. 
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