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Habitat and Biological Impairment
In Delaware Headwater Streams

spart of acomprehensivewatershed manage-
A ment demonstration study, John Maxted and
his colleagues at Delaware's Department of
Natural Resources and Environmental Control
(DNREC) examined the effects of urban stormwater
runoff on non-tidal headwater streamsin Delaware’s
Coastal Plain and Piedmont ecoregionsusing avariety
of biological and physical habitat assessments. Maxted
and hiscolleaguessel ected headwater streamsfor three
primary reasons. First, headwater streamsarearguably
thenarrowest window receiving urban stormwater run-
off and are not usually exposed to impacts from other
sources (i.e., industrial or sewage treatment plant dis-
charges). Second, the biological and physical habitat
characteristics of headwater streams are reasonably
well understood and amply documented in the litera-
ture. Third, most non-tidal waterway systemsaremade
up of headwater streams. So targeted protection and
restoration of these sensitive water resources will, by
default, provide alevel of protection to downstream
and watershed resources.

Biological and habitat monitoring methods were
selected over more traditional chemical monitoring
duetotheintermittent and varied nature of stormwater
runoff. Unlike steady-state flows, used in the analysis
of point-sourcedischarges, stormwater eventsrangein
frequency, duration, and magnitude and produce var-

ied, and often statistically random, responsesof pollut-
ant concentrations. Furthermore, athough the states
and U.S. EPA have devel oped pollutant concentration
criteria for many pollutants, there are no criteria for
many of themost common stormwater pollutants. There-
fore, chemical constituent monitoringmay yieldresults
of little practical use dueto the absence of a standard.
Infact, Delaware’ s 1994 305(b) Report indicated that
87% of the State’s non-tidal streams supported the
designated life uses based on chemical measures (pri-
marily dissolved oxygen exceedancecriteria); whereas
if biological and habitat assessments were included,
just the opposite was true, and only 13% of the state's
non-tidal waters supported designated life uses. This
same phenomenawas observed by Ohio EPA in 1991
where approximately 50% of that State’ swaters were
identified as impaired when using biological assess-
ments versus approximately 3% when using chemical
monitoringaone(Rankin, 1991).

Biological monitoring wasconducted using macro-
invertebrates asindicators of stream system quality at
42 Coastal Plain sites and 38 Piedmont sites.
Macroinvertebrateshavevaryinglifestagesfromafew
months to several years, are relatively immobile, and
are therefore good tools for assessing both long term
and short termimpactsin streams. Thefollowing three
biological measurements were conducted to quantify

Table 1: Macroinvertebrate Community Measurements Used by Delaware Dept of

Natural Resource and Environmental Control (Shaver et al., 1995)

Metric Name Description

Type

Taxa richness
EPT richness*
% EPT abundance

Total # of unique taxa Richness
Total # of EPT taxa
% of sample that are EPTs

Richness/tolerance
Tolerance/composition

% dominant taxon Largest % of a single taxon Composition
%Chironomidae** % of sample from this group Tolerance
Biotic index Composite tolerance by taxon Tolerance

* EPT consists of the orders ephemeroptera (mayflies), plecoptera (stoneflies), and trichoptera (caddisflies)
(considered among the most pollutant sensitive macroinvertebrate species)

**  Chironomidae consists of the family of midges (considered among the most pollutant tolerant macroinvertebrate

species)
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Table 2: Results of Biological Assessment using Selected Macroinvertebrate Data from the Coastal

Plain and Piedmont Ecoregions (Shaver et al., 1995)
Sensitivity of Biological Metrics by Condition and Ecoregion (mean values at genus level)

Ecoregion/
Condition # of Sites TR EPT %EPT %Midge %DT
Coastal Plain
Good 22 29 8 36.5 24.6 21.9
Fair 17 25 16.1 29.1 25.1
Poor 3 20 2 3.0 79.9 30.4
Piedmont
Good 13 23 10 67.8 9.1 32.2
Fair 19 21 322.2 20.5 24.6
Poor 6 17 15.1 32.8 35.9

TR = Taxonomic richness; EPT = EPT richness; %EPT = Percent EPT abundance; %Midge = Percent chironomidai;

% DT = Percent dominant taxon

the condition of the macroinvertebrate communities
based on the principalsof EPA’ sRapid Bioassessment
Protocols(Plafkin, 1989):

e Speciesrichnessor diversity measuresintermsof
total number and redundancy of unique taxa

e Community tolerancemeasuresintermsof which
organisms are indicators of polluted conditions
versus high quality and stable conditions

» Composition measurementsintermsof thestruc-
tural makeup of the community

The measurements used to evauate the macroin-
vertebrate community areidentified in Table 1. Table
2 illustrates the results of the biological monitoring
conductedinthe Coastal Plain and Piedmont. Thedata
revealed that sites rated as hiologically “poor” had
reduced total diversity, reduced diversity and abun-
dance of sensitive species, increased abundance of
organisms considered pollutant tolerant, and reduced
community composition.

Physical habitat measurementswereal so conducted
for both the Coastal Plain and Piedmont ecoregions
using various parameters. These measures included
assessmentsin thefollowing four broad areas. general
characteristics, instream measures, stream bank mea-
sures, and riparian zone measures. The specifictype of
measuresareshownin Table 3. Physical habitat scores
designating “poor” habitat conditions were those that
lacked stable submerged habitats, had eroded and
unvegetated banks, and had impacted floodplains or
riparian zones.

Maxted’ steam al so conducted apaired analysis of
biological and habitat conditions. Macroinvertebrates

and habitat datawere collected at 40 sitesinthe highly
urbanized, Northern Piedmont ecoregion of Delaware.
Theresults, asillustrated in Figure 1, support adirect
correlationbetween habitat quality and biol ogical qual-
ity and indicate that the majority of non-tidal streams
studied are biologically degraded. The results further
suggest that theleading contributor to habitat degrada-
tion is urban runoff.

Thefinal element of the monitoring study supports
thenow well documented assertion that, asthelevel of
watershed imperviousness exceeds certain threshol ds,
biological community degradation occurs. A prelimi-
nary analysisof 19 sites(againinthe Delaware North-
ern Piedmont) showed biological quality impairments
occurring between eight and 15% i mperviousness. The
results also suggest that additional research is needed
to examine whether or not the use of stormwater treat-
ment practices can push this degradation threshold to
a point where healthy biological communities can be
supported with higher levels of imperviousness (see
Figure2). Obviously, thisimportant questionisonethat
needs to be answered to help assess the success of
stormwater management programs.

Maxted's approach is clearly an adaptable, cost
effective application of abiologically based monitor-
ing effort which assesseslevel sof aguatic degradation,
and helps identify the causes and sources of these
impacts. Thissame protocol, or other similar methods
can berepeated in other regionsand climateswith only
minor adaptations.

-RAC
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Table 3: Measures Used to Assess Habitat Quality (Shaver et al., 1995)

Northern Piedmont Area of Coastal Plain Area of
Ecoregion Assessment Ecoregion Assessment
Channel modification General Channel modification General
Instream habitat Instream Instream habitat Instream
Bank stability Streambank Bank stability Streambank
Bank vegetative type Streambank Bank vegetative type Streambank
Shading Riparian Shading Riparian
Riparian zone width Riparian Riparian zone width Riparian
Velocity/depth ratio General Pools Instream
Sediment deposition Instream
Embeddedness Instream
Riffle quality Instream
Riffle quantity Instream
1
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Figure 1: Relationship Between Habitat and Biological Quality
in Delaware’s Piedmont Ecoregion
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Figure 2: Effect of Watershed Imperviousness on Biologic Integrity Within the Northern

Piedmont Ecoregion of Delaware, 1993 (Shaver et al., 1995)
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