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Abstract How phenotypic plasticity of locomotor per-
formance varies among populations in nature is poorly



greater in cities following rainfall or melting events and
urban stream flow rises dramatically (Hirsch et al.
1990). The loss of water entering the groundwater also
produces lower flows between periods of precipitation
or melt in urban streams (Klein 1979). Thus, the % ISC
of a watershed is a predictor of flow stochasticity and
hydrologic degradation.

In these degraded waterways, fish diversity decreases



The purpose of this study was to investigate whether
the anthropogenic alteration of stream flow over the past
150 years has affected the phenotypic plasticity of loco-
motor performance in blacknose dace and to determine
whether this plasticity varies at the population level as a
function flow stochasticity. Specifically, we tested
whether sprint and endurance swimming performance
could be trained in the laboratory by forcing fish from
different populations to swim continuously against two
levels of flow. We also examined intrapopulation plas-
ticity of three types of locomotor performance by testing
fish from relatively fast and relatively slow reaches of
the same stream. These populations were chosen across
a gradient of urbanization so that, if population differ-
ences in plasticity were detected, they could be related to
the changes in stream flow character brought on by
urbanization.

Materials and methods

Field sites


http://www.mrlc.gov/

underwent, in order: 1) a series of sprint performance
tests within a period of 1-2 h (see below), 2) followed
by 5 days of recovery, 3) a modified U, test (see
below), before 4) being transferred without air exposure
to one of the training aquaria (Fig. 1). Thus the first fish
in a group started training 21 days after being captured
and the last at 27 days.

After completion of the two baseline swimming
performance tests, fish were trained by randomly
placing them into a lane of a “training tank” for 40—
50 days at one of two randomly assigned current
velocities. The order of populations, their designation
and the chief month of training were: 1) Aspen Run,
rural (August), 2) Herring Run, urban (September),
3) Gwynn’s Falls, suburban (October) and 4) Red
House Run, urban (November). Each of the four






used and were identified as velocities that were more
than 0.25 mes * faster than any other recorded for that
fish.

Acceleration performance was determined in the nat-
ural training experiment by taking the difference in
speed of a subsequent interval divided by the time
elapsed between intervals.

A:Av/At

where A is acceleration (mes ), t is the elapsed time
(s) and v speed (mes ). Acceleration values were only
calculated from velocities that were within 0.25 mes * of
a value from a separate trial for that animal. Likewise, an
acceleration value was only considered valid if there
was another value from the same fish from a separate
trial within 50 % of that value. Because the velocity of a
fish is unknown as it breaks the first laser in the SPC, the
investigator is faced with uncertainty in calculating an
animal’s maximal acceleration. Taking the fish’s initial
velocity as 0 will artificially inflate acceleration values
since the fish had to be moving to break the 1st laser
beam. However, not using the first interval will fail to
incorporate the animal’s initial “fast-start” and thus be
unlikely to capture its maximal acceleration. Even
though trials were only initiated when the fish was
oriented with the tip of its head pointed down the
chamber, there is no assurance that the initial phases of
a “fast-start” are being captured with the SPC. In this
paper, we have opted for the more conservative ap-
proach of not using the first 1 cm interval of the SPC
in our maximal acceleration analysis (see Vandamm









negligible effects on both post-training Ui; (P=0.243)
and sprint performance (P=0.685).

Natural training experiment

In this part of the study, we investigated whether three
types of swimming performance were dependent upon
the base-flow characteristics of the stream reach from
which the fish were captured. Fish were swum within
2 weeks of being captured from a relatively fast or a
relatively slow reach from each of three streams differ-
ing primarily in the amount of impervious surface in
their watershed (Tables 1 and 2).



Fig.5 Sprint swimming speed of 14

fish from three populations

in several of the groups. Acceleration performance was
determined independently by both the population
(stream) that the fish came from (Fig. 6; F=17.9, df (2,
49), P<0.001; Kruskal-Wallis: H (2, N=56) =20.22
P<0.001) and somewhat by the base-flow current of
the reach they were captured from (F=5.5, df (2, 49),
P=0.023; Kruskal-Wallis: H ( 2, N=56) =3.68
P=0.055) but there was no interaction between these

two independent variables (P=0.15). For each stream,
the acceleration performance of the average fish from
the fast reach was about twice that of the average slow-
reach fish. Acceleration performance was approximate-
ly linearly related to base-flow current speed with the
low-speed urban population (Herring Run) being the
primary exception to this relationship. Interestingly,
from the relationship seen in Fig. 6, fish that were reared









removed to the laboratory suffer diminished accelera-
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