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Introduction

Urbanization is a major anthropogenic stressor of aquatic ecosystems. Stream systems in industrialized nations are particularly affected with an estimated 130,000 km of negatively impacted waterways in the United States alone. In addition to the familiar stressors associated with urbanization such as toxicant release, exotic introductions, water diversions and eutrophication, the increase in impervious surface cover (ISC) inherently linked to urbanization alters the hydrological integrity of streams.  As (ISC) increases, the fraction of precipitation discharging directly into waterways increases coincident to a reduction in water percolating through the soil and recharging groundwater. This can negatively impact streams during both pluvial and xeric periods. For example, urban stream velocity and flow can increase dramatically during precipitation events possibly washing out fish, eggs and structure. The relatively low flows between periods of precipitation can potentially expose fish to lethal high temperatures, high concentrations of toxicants and hypoxia. The increase in flow stochasticity in the urban environment also increases the unpredictability of important stream resources such as temperature and nutrients.

Not surprisingly, fish diversity in urban streams is dramatically reduced  although certain species can persist in some of the most altered habitats. One of these resilient species, the blacknose dace (Rhinichthys atratulus) is often very abundant in the most impacted systems, yet is also prevalent in unaffected stream communities in Eastern North America. This situation allows us to use the intraspecific comparative method to examine how urbanization affects the biology of a single fish species. In this communication, we ask the question of whether persistence of dace in urban streams partially accrues from adjustments to locomotor capacities. Furthermore, since we previously found that swimming performance of dace is a function of base stream flow in unaltered habitats (Nelson et al. 2003), we are trying to follow in Peter Hochachka’s footsteps and understand the biochemical basis of these intraspecific differences. 

Animals

Blacknose dace are small that live in streams and small rivers throughout central-northeastern North America. Blacknose dace were collected from eight different sites within different watersheds spanning a rural-urban gradient during 2001 and 2003. Fish of a common size range (45-60 mm, TL) were collected using a seine and returned to the lab in water from their native stream for use in swimming performance studies or electro-shocked and immediately frozen in liquid N2 for biochemical analysis.

Endurance Performance and de-training

Fish from each field site had their endurance performance measured within two weeks after being brought to the laboratory. Endurance performance was tested with a modified critical swimming speed (
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) protocol (Brett 1964) following the procedures outlined in Nelson et al. (2002). After their first performance test, fish and populations were randomly assigned to 10-gallon aquaria with static flow. Critical swimming speeds for each fish were then re-measured after 3 and 6 months in static water. 

Sprint Performance

Sprint performance was measured via a modification of the chamber and procedure described in Nelson et al. (2002). Fish were encouraged to stay in an area immediately behind the “starting line” by the placement of structure there. Breaking of a laser beam by the fish was detected by Honeywell( sensors whose signal was digitized by a Powerlab(4s interfaced to an Apple MacIntosh i-book computer. Velocity and acceleration profiles were calculated by Chart( software from the time elapsed between breakage of laser beams (to 0.1msec accuracy), breakage of subsequent beams and the distance between laser banks. Five replicate determinations were made at ten-minute intervals for each fish. 

Biochemical indices of performance
 A further objective of this work was to evaluate the question of whether capacities at the animal function level can clarify the mechanisms behind performance differences observed at the whole-animal level. Because sprint swimming may depend upon the capacity for anaerobic ATP generation, we measured buffering capacity () and the maximal activity (Vmax) of lactate dehydrogenase (LDH) activities in white muscle as indicators of the glycolytic capacity of that tissue.  Furthermore, cytochrome C oxidase (CCO) is being measured as an indicator of the aerobic capacity of white and red muscle. CCO was measured as described by Couture et al. (1998) and LDH as described in Nelson & Magnuson (1992). The protein content of the extracts was measured by the bicinchoninic acid method of Smith et al. (1985). Buffering capacity was determined with white-muscle homogenates made in CO2-free saline following the procedures described in Nelson & Magnuson (1987), with the exceptions that a Mettler-Toledo( model # iso 9002 electrode was coupled to a Radiometer PHM  64 pH meter and the progress of the titrations was followed by visualizing the electrode output with Chart( software on an Apple MacIntosh i-book computer following digitization by a Powerlab(4s unit.  

Results

Endurance Performance and de-training

We had previously reported (Nelson et al. 2003) that endurance swimming performance in fish collected in 2001 depended upon base stream flow for a variety of non-urbanized streams. Animals from urbanized streams performed better than predicted from that relationship (Fig. 1). Fish collected from seven streams in the Baltimore region during the summer of 2003 also had mean endurance  swimming performances that showed a strong relationship with base stream flow and good concordance  with the endurance  performance measurements from 2001 (not shown).

[image: image2.wmf]25

30

35

40

45

50

55

U

crit

 

(cm/s)

0

5

10

15

20

25

30

Current velocity (cm/s)

           Herring Run 2

Herring Run 1

Jones Falls

     Gwynns Falls 2

Gwynns Falls 1

  Beaver Run 2

Beaver Run 1


Figure 1: Swimming performance of four blacknose dace populations captured during the summer of 2001 as a function of base current flow at their capture site. Means ( 1 standard error for 45 fish are plotted. Closed symbols are sites from a heavily urbanized stream whereas the open symbols are from rural/suburban sites. 

Keeping wild blacknose dace in static aquaria elicited two disparate responses dependent upon the original endurance swimming performance (Figure 2). Populations whose mean Ucrit was 40 ( 3cm/s had virtually no change in performance throughout the 6 month acclimation period. In contrast, populations that had significantly higher mean performance levels (50 ( 3cm/s) suffered dramatic declines in swimming performance after 3 months of acclimation to static water followed by no further decline between 3 and 6 months (Fig.2). 
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Figure 2: Swimming performance changes in populations of a stream cyprinid during laboratory exposure to no current. 
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 was measured within 2 weeks of extraction from the environment and again after 3 and 6 months of laboratory acclimation to static water. Means  ( 1 standard error are plotted for 79 fish.

Sprint Performance

Mean population sprint swimming performance was significantly dependent upon the amount of ISC in the watershed (not shown). Fish from heavily urbanized sites had a maximal sprint velocity of about 150 cm/s whereas  populations from the rural sites with the least amount of impervious surface had mean sprint performances under 100 cm/s. 

Biochemical indices of performance

To date, biochemical indices of performance have been largely uniform across populations. Despite coefficients of variation for replicate measurements of less than 5%, we have been unable to detect any significant differences in white muscle buffering capacity, lactate dehydrogenase  Vmax , muscle protein concentration or water content between fishes from urban versus rural environments.

Conclusion

Here we present further evidence that flow characteristics of a stream structure the swimming performance of a stream cyprinid. Endurance swimming performance is repeatedly dependent upon the base flow characteristics of the stream whereas sprint-swimming performance is dependent upon watershed % ISC,  which is a strong predictor of flow stochasticity. Our results also strongly suggest that population level differences in endurance performance are due to phenotypic plasticity. Three months of life under static flow conditions rapidly homogenizes endurance performances  apparent between populations when they are freshly removed from the field. Differences in performance were not related to biochemical indices of anaerobic potential such as muscle buffering capacity or LDH activity.   
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