


cator of the water's quality (Nimmo. unpub. mss.).
Plants such as the grass seed. Echinochioa crus-
galli, also are used as biomenitors. Germination
success and growth rates of seedlings are altered
when exposed 1o toxic water (Walsh et al. 1991).
Again. if the water is foxic, the seeds will not germi-
nate or grow as well as in the control water.

Biosurveys of various community and population
attributes are used 1o assess the health of the envi-
ronment (Table 1). These studies involve the collec-
tion of an assemblage of organisms and popula-
tions that cccur together and interact with one
another 1n their aquatic environment. Censity of
organisms, the total number of taxa present. the
number of pollution-sensitive taxa present. and cal-
culations of community diversilty are commonly
used by state and federal agencies. Indices such as
the index of Bictic Integrity and the Invertebrate
Community index combine these and other individ-
ual fish and macroinvertebrate community and pop-
ulatien aflributes such as species richness, relative
abundances of specific toierant cr intolerant popula-
tions. and opportunistic or dominant species. 1o
reflect the prevailing health of the aqualic environ-
ment.

A study of Wilson's Creek National Battlefield,
Missouri (WICR} demonstrated the use of both bio-
surveys and bicassays in identifying impacts from
nonpoint sources within the Wilson's Creek water-
shed. Initial bromonitening conducted on 4 separate
occasions in 1988 and 1989 within the battlefield.
included macroinvertebrate and fish population and
community surveys. Results indicated that macroin-
vertebrates in Wilson's Creek were conspicuously
low in number or absent altogether. The number of
pollution-sensitive EPT (Ephemeroplera. Plecop-
tera. and Trichoptera) taxa expected in a typical
QOzark stream is between 18 and 22 {Dieffenbach
and Ryck 1976} however. only 8 EPT taxa were
found in Wilson's Creek

Plecoptera. considered extremely sensitive to
organic enrichment and heavy metal poliution {Sur-
dick and Gaufin 19781 were conspicuously low in
numbers or absent from collections. Species diver-
sity also was lgwer than expected for an Ozark
stream. Diversity values, measured using Shannon
H' ranged from 0.89 to 2.53. unlike a pristine
stream in the regicn where values greater than 2
would be expected (K.W. Stewart. U/TX, pers.
comm.}). Fish community biosurveys indicated the
relative percent of pollution tolerant species found
n Wiison's Creek was markedly higher than in the
reference streams within the region. and pollution
intolerant species were depleted or missing. The
number of percids (darters) and centrarchids (sun-
fish}. including both smallmouth. Micropterus
dolormieui, and largemouth bass, M. salmoides.
found in Wilson's Creek also were fewer than would
be expected in the region.

These findings prompted additional biomonitoring
studies involving single species bioassays with
daphnids. Results of these bioassays, done in the
fall of 1989. indicated that several tributaries and
segments of the creek. both inside and outside the
park (Sites 5-10, Fig. 3), were chronically toxic, sig-
nificantly different from control site #1 (P,<0.05).
Two conclusions derived from the bioassay were
t1) that whatever affected the macroinvertebrate
and fish communities apparently was toxic to daph-

nids, and {2) that toxicity could have been
enhanced by severe drcught conditiocns that con-
centrated toxicants from a variety of sources in the
drainage.

Additicnal bioassays of the Wilson's Creek water-
shed were conducled approximately 18 meonths
later {May 1991} under normal precipitation condi-
tions. Toxic conditions again were identified at site
6 (Fig. 3) using single species bioassays with daph-
nids. In sum, the result of the Wilson's Creek bio-
montloring studies indicated that the biological
health of Wiison's Creek was being impacted from
nonpoint sources. As a result, special techniques
referred to as Toxicity Identification Evaluation (TIE}
procedures (Norberg-King et al. 1991) were used
on water collected frem site 6 to (1} :dentify the

physicai/chemical characteristics of the toxicant{s)
and (2) determine the appropriate analytical tech-
niques to verify the toxicants responsible.

We are convinced that the use of bicmonitoring is
valuable for assessing the biolegical integrity/health
of waters that fravel through our national parks.
After 3 years of conducting such studies in 4 addi-
tional parks, we agree with Hester {(1991). who
stated, "many of the issues parks face are the same
issues the nation faces . . . often actions many
miles away thal pollute water or air will affect parks
downstream or downwind.” We believe that incarpo-
ration of biomonitoring into resource inventory and
monitoring programs is needed {o assure the health
of the aquatic resources within our National River-
ways and Parks.

Continued on page 28
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Figure 3. Biomonitoring sites along Wilson's Creek, MO. fall 1989. The table depicts the resufts of a chronic 7
day single species bioassay using the test species Ceriodapnnia dubia. Percent survival refers to young
daphnids that survived. matured. and produced young within 7 days. The number of young produced is the
average repreduction rate of adult female daphnids within 7 days.
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Biomonitoring Techniques

Continued from page 27

Nimmo is an aquatic toxicologist, Boyle is a
research ecologist, Hoefs is a researcher, and
Wiliox is a technician, ail with the NPS Water Qual-
ity Division in Fort Collins, CO: Karish is Chief Sci-
entist of the NPS Mid-Atlantic Region; Lamar is a
resource management specialist at Wilson's Creek.

Details of additional biomonitoring studies in
4 additional parks will be discussed in the next
issue of Park Science and both articles will be
published together as an upcoming WRD (Water
Resources Division) Technical Series report.
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