Impacts of hypoxia on juvenile fish growth:

evidence from laboratory and field studies
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Introduction

Shallow coastal ecosystems, such as salt marsh creeks and coastal bays, provide important nursery habitats during the larval and juveniles stages for a variety of fishes (Weinstein 1979). The recent degradation of water quality, however, seriously threatens the value of these habitats as nurseries for estuarine-dependent fishes.

Physicochemical factors such as temperature, salinity, and dissolved oxygen (DO), which vary temporally and spatially, can have substantial effects on growth rates of young-of-the-year (YOY) fishes and consequently nursery habitat quality. Of particular concern for estuarine nursery habitats is the increased occurrence of hypoxic events (Diaz 2001). Chronic and diel-cycling hypoxia frequently occurs in shallow coastal ecosystems during summer months. Although fishes vary in their sensitivity to changes in ambient DO concentration, sub-lethal hypoxia typically results in reduced growth rates. Since mortality during the larval and juvenile stages is largely a size-dependent phenomenon (Anderson 1988, Sogard 1997), it is clear that chronic and severe hypoxia could have substantial impacts on the quality of estuarine habitats as nurseries.

Recent advances in molecular techniques, particularly the fluorometric quantification of nucleic acids (Caldarone et al. 2001), have made it possible to reliably measure near real-time growth rates of fishes in response to short-term (1-4 d) changes in environmental conditions. The RNA/DNA ratio (R/D) has been used in several studies to estimate recent growth in fishes. While the DNA content of fish tissue remains relatively stable and provides an index of cell number, RNA (primarily rRNA) content changes in response to transcription-dependent protein synthesis that is directly correlated with ribosomal activity, and thus growth rate.

The objectives of this study were to investigate the impacts of chronic and diel-cycling DO on the growth rates of the YOY of two estuarine-dependent fishes: summer flounder, Paralichthys dentatus, and weakfish, Cynoscion regalis. Both species are abundant in eastern U.S. estuaries, and their tributaries, during the summer when severe diel fluctuations (0-200% saturation) in DO can occur. We will present the results from laboratory-based growth experiments and growth rates (estimated from R/D) of both species from areas of Pepper Creek, a mesohaline tributary of the Delaware Inland Bays.

Methods

Laboratory growth experiments

Juvenile P. dentatus and C. regalis were fed ad libitum under constant (2.0, 3.5, 5.0 and 7.0 mg O2 l-1) and diel-cycling (2.0-11.0 mg O2 l-1) DO conditions at 20°C, 25°C and 30°C for 7-14 d. Growth rates were measured as specific growth rate (SGR, % body mass d-1) and compared between DO treatments using ANCOVA (initial fish mass as the covariate) and the Tukey’s multiple comparison test.

Laboratory experiments were conducted to empirically establish 1) the relationship between R/D, growth rate, and temperature and 2) the temporal latency of the R/D to changes in feeding status for juvenile P. dentatus and C. regalis. RNA and DNA content of muscle samples were measured by the fluorescence of ethidium bromide after sequential addition of RNase and DNase (Caldarone et al. 2001). 

In situ growth rates

Juvenile P. dentatus and C. regalis were collected from three fixed sampling sites in Pepper Creek, DE from late-April to late-August in 2002 and 2003.  During the sampling period, temperature, salinity, and DO data were recorded at each location every 15 min. The temperature and salinity was similar between sites, while the degree and duration of diel-cycling hypoxia varied temporally within sites, among sites, and between years (Figure 1). R/D-based growth rates of wild fish will be compared between sampling sites and with ambient DO conditions prior to capture.
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Figure 1.  Daily dissolved oxygen (DO) data from Pepper Creek every 15 min from 26 April to 26 August in 2002 (top panels) and 2003 (bottom panels).  The dashed line represents the 2.3 mg O2 l-1 survival-protective DO criteria established by the USEPA.

Results and Conclusions

At 20(C and 25(C, SGR of P. dentatus was significantly reduced at 3.5 mg O2 l-1 (~25% less than maximum) and at 2.0 mg O2 l-1 (50-60% less than maximum) (p < 0.05) (Figure 2). Growth rate of P. dentatus was most affected by low DO at 30(C where SGR was significantly reduced at 5.0 mg O2 l-1 and was ~90% less than maximum at 2.0 mg O2 l-1. SGR was also significantly reduced (~35% less than maximum) in the diel-cycling treatment at 25( C and 30( C. These data suggest that growth of P. dentatus is substantially impacted by DO conditions similar to those typically observed in Pepper Creek and other coastal bays during summer nursery periods, particularly at higher temperatures.
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Figure 2.  Mean (( SE) specific growth rates of juvenile summer flounder, Paralichthys dentatus (top panels), and weakfish, Cynoscion regalis (bottom panels) exposed to chronic and diel-cycling dissolved oxygen at three temperatures.  Bars sharing superscripts in the same panel are not statistically different (p > 0.05).

Growth rates of C. regalis were highly variable within all DO and temperature treatments, and thus no significant differences were observed between DO treatments at any temperature (Figure 2) (p > 0.05). It is unclear from these data that DO (within the range tested) affects the growth of juvenile C. regalis in these systems.

The R/D data from field-collected fishes will provide further insight into the impacts of low DO on growth of YOY P. dentatus, and will hopefully provide a clearer understanding of the effects of low DO on YOY C. regalis. Results from the laboratory R/D experiments on each species, as well as comparisons between laboratory and in situ growth rates of P. dentatus and C. regalis will be presented.
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