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Historical Change in a Warmwater Fish
Community in an Urbanizing Watershed

ost investigators exploring the link be-

tween urbanization and stream quality

samplestreamindicatorsfromalargepopu-
lation of urban watersheds. An alternative approachis
to sampleasinglewatershed at two pointsintime(i.e.,
take a historical snapshot of stream indicators before
and after the watershed develops). Alan Weaver and
Greg Garman recently applied this method to track
changes in the fish community of Tuckahoe Creek, a
watershed that hasbeen shifting from rural to suburban
land use over the last three decades. The study pro-
videsseveral interestinginsightsinto how awarmwater
fish community can change over time in response to
watershed development.

Tuckahoe Creek is the last magjor tributary to the
JamesRiver abovetheFall LineinVirginia(Figure1).
Thecreekis17mileslongand drainsawatershed of over
40,000 acres. On average, thecreek is12 feet wideand
two feet deep. Its upper reaches have a moderate
gradient, and possess asubstrate of sand and impacted
cobble. As the creek descends toward its confluence
withtheJamesRiver, however, it beginstointeract with
alarge wetland complex and wide floodplain. At this
point, thecreek’ ssubstrate changesto silt and detritus.

Situated only a dozen miles west of Richmond,
Virginia, the Tuckahoewatershed hasexperienced con-
siderable development pressure over recent decades.
Severd indicators of the rapid watershed change that
hasoccurredareprofiledinTablel. Inthelate 1950s, for
example, the watershed was dominated by forest and
crops, and had a popul ation density of only one person
to every two acres. Over the next 30 years, however,
populationinthewatershed nearly tripled, reaching an
average density of 1.5 people per acre. The length of
roads, water crossings and amount riparian develop-
ment also increased dramatically over thisperiod. Al-
though Garman and Weaver did not estimate impervi-
ouscover aspart of their study, aballpark estimate can
be derived using the Stankowski population density/
impervious cover equation. The equation projectsthat
impervious cover was 5% in 1958 and grew to 12% by
1990.

Thefishcommunity of Tuckahoe Creek wasexten-
sively sampledin 1958, whenthewatershedwasstill in
arural condition. Whilethestream conditionsreported
in the 1958 survey by Flemer and Woolcott were cer-
tainly not representativeof “ pre-settlement conditions,”

they did not appear to have changed muchfromthelate
1800s. Indeed, remarkably littlechangewasobservedin
the TuckahoeCreek fishcommunity from1958to asfar
back as 1869, according to historical records.

In 1990, Weaver and Garman replicated the fish
sampling methods on the same stream that had been
surveyed 32 yearsearlier by Flemer and Woolcott. The
research team pinpointed the location of six stream
reaches sampled in 1958 from sitelandmarks, and em-
ployed identical seining methods and sampling effort
used in the earlier study. The researchers quantified
changes in watershed variables between the two sur-
veys by analyzing census data, quad maps, documents
and selected aerial photography. Asafurther indicator
of watershed change, Weaver and Garman computed
the Index of Biotic Integrity (IBI) for Tuckahoe Creek
duringthe1990survey, and compareditwith|Bl scores
for Byrd Creek, anearby reference streamin alargely

(Designated A-F.)

Six stations in Tuckahoe Creek were sampled in both 1958 and 1990,

Figure 1: Location of the Tuckahoe Creek Watershed
(Weaver, 1991)
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Table 1: Indicators of Watershed Change in Tuckahoe Creek: 1958 to 1990

(Weaver and Garman, 1994)

Watershed Indicator 1958 1990

Dominant Land Uses crops and mixed pine/ suburban
hardwood forest land use

Dwellings 7,789 27,692

Population Density

0.54 persons/acre

1.5 persons/ acre

Road Crossings 43 85
Road Length in Basin 96 miles 227 miles
Riparian Zone Development 7% 28%
Estimated Impervious Cover 2 5% 12%

2 Center estimate using the Stankowski equation which computes % impervious cover based on population

density.

undeveloped watershed (sampling methods used in
1958 did not alow for the calculation of the IBI, so a
surrogate stream was needed as areference). In addi-
tion, Weaver and Garman al so performedfeeding ecol -
ogy studiesto determineif thediet of four dominant fish
specieshad changed (bluegill, common shiner, bluehead
chub, and johnny darter).

Weaver and Garman predicted that the 1990 fish
survey would show that thewatershed' sgradual devel-
opment over time had changed the fish community.
Specifically, they hypothesized that Tuckahoe Creek
would experience areduction in fish abundance, spe-
ciesrichness, speciesdiversity andanincreaseinexotic
or non-native fish species in the 32 years between
surveys.

Results

Weaver and Garman did find that the Tuckahoe
Creek fish community had significantly changed from
1958t01990(Table2). For example, only 412fishwere
collected in the 1990 survey compared to 2,056 in the
1958 study, despite the same sampling effort. Fish
abundancedeclined at every site, withthegreatest drop
seen in the upstream reaches. Species richness also
declined in thethree decades between surveys. Thirty-
two speciesrepresenting 10 familieswere collected in
1958; whereas only 23 species representing ninefami-
lieswerecollectedin 1990. Themost dominant species
in 1990 werethe bluegill and common shiner, together
representing 67% of the catch. The fact that these two
species fared reasonably well is not surprising since
both are habitat and trophic “ generalists.” Thismeans
that the bluegill and common shiner can exploit awide
range of habitats and food sources, allowing them to
respond to changing stream conditionsover time. Still,

the populations of these hardy fish dropped from 1958
t01990.

Populationsof two other historically dominant spe-
cies, thejohnny darter and bluehead chub, declined by
morethan 55% between 1958 and 1990. Six fish species
collectedin1958werenot presentin1990(e.g., eastern
silverjaw minnow, rosyfaceshiner, satinfinshiner, fall-
fish, stripeback darter and yellow bullhead), and popu-
lations of several other species plummeted (e.g., chain
pickerel, and mountain redbelly dace). Species that
favor benthic habitats or depend on quality stream
substrates al so dropped sharply in abundance (johnny
darter, pirate perch, torrent sucker, and eastern mud
minnow). It wasthought that greater sediment deposi-
tion and siltation that has occurred along the stream
bottom in recent decades may have smothered the
bottom habitatswhere benthic prey live. Overall, Tuc-
kahoeCreek wasscored as“fair” accordingtothelndex
of Biological Integrity, comparedtoa“ good” ratingfor
thereference stream (Byrd Creek, Table3).

A disadvantageof historical fishcommunity analy-
sisisthat other factorsor eventscan beresponsiblefor
producing the observed change (such as floods,
drought or toxic spills). While these factors can never
be entirely discounted, the researchers presented indi-
rect evidence that watershed development was a key
factor. They found fish species diversity to be nega-
tively correlated withanindex of devel opment near each
samplingsite. (Theindex wasdefined asthepercentage
of devel oped areainatwo squarekilometer riparianzone
upstream of each sampling site—see Figure 2.)

Although the analysis clearly showed that the
Tuckahoecreek fishcommunity hadsimplified over the
years, two predicted changesin thefish community did

not happen. First, the predicted invasion of non-native
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fishinto Tuckahoe Creek did not occur during thestudy
period. Second, fish diet analysis demonstrated no
wholesal e change occurred in the trophic structure of
thefishcommunity over threedecades. Other research-
ers have noted that the foodweb of disturbed streams
arerestructured, with omnivorous fish speciesreplac-
inginsectivoresand piscivores. AsFigure3illustrates,
however, this pattern was not followed in Tuckahoe

Creek. Theproportion of fish specieswithineach of the
four different feeding guilds remained about the same
over time during the study.

It was concluded that the cumulative impact of
gradual watershed devel opment can, over time, rival
that of shorter but more intense disturbances such as
clear cutting and extreme floods. In this sense, the

frequency of disturbance can be as important as its

Table 2: Changes in Fish Community Observed from 1958 to 1990

(Weaver, 1991)

Fish Community Indicator 1958 1990
Species Richness 32 24
Abundance 2,056 417

Exotic Fish Species
IBl Score
Most Dominant Species

Trophic Guilds
(proportion in each
feeding category)

1 (bluegill sunfish)
48 (good) 2
Johnny darter

invertivores 60%
omnivores 30%
piscivores/herbivores 10%

1 (bluegill sunfish)
40 (fair)
Bluegill sunfish

invertivores 55%,
omnivores 40%
no herbivores

2 As measured at a contemporary reference stream (Byrd Creek).

Table 3: IBI Comparison for Tuckahoe Creek

and a Reference Stream

Index of Biotic Tuckahoe Creek Reference Stream
Integrity (IBI) Metric (Study Reach B) (Byrd Creek)
1. Species Richness 17 22
2. Number of darter species 1 4
3. Number of sunfish species 4 2
4. Number of sucker species 3 4
5. Number of intolerant species 2 5
6. Proportion of creek chubsuckers 4.4% 0%
7. Proportion ofomnivores 48 % 18 %
8. Proportionofinsectivorous cyprinids 39% 19 %
9. Proportion of piscivores 4.4% 7.6 %
10. Number ofindividuals collected 24 11
11. Proportion as hybrids 0 0
12. Proportion with parasites 22.5% 11.4%
TOTAL IBI SCORE 40 points 48 points
IBIINTEGRITY CLASSIFICATION Fair Good
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Figure 2: Relationship of a Local Development Index
and Fish Diversity in Tuckahoe Creek

(Weaver, 1991)

321 il Herbivore
28 - \ Ry Piscivore
A [ ]Omnivore

X Invertivore

WSate et

7]
O 24 -

&)
o 20

p
7

" 16 -

O 12 4

O g

Yatele

1958 1990

Fish species can be grouped according to their feeding habitats (or guild
structure). No change in the relative proportion of species in each feeding
group was observed from 1958 to 1990.

Figure 3: Feeding Guild Structure in Tuckahoe Creek: 1958

and 1990
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