25 Biological Surveys

out thirty years ago there was much talk that geologists ought only to observe and not
sorize, and I well remember someone saying that at this rate a man might as well go into a
el-pit and count the pebbles and describe the colours. How odd it is that anyone should see
at all observations must be for or against some view if it is to be of any service.

Charles Darwin

gical surveys of effects include a variety of techniques for enumerating and character-
g biological populations and communities so as to relate them to exposure to some agent.
the simplest case, the measure of effect for the biological survey is an estimate of the
sssment endpoint. In such cases, the effects analysis consists of summarizing the data in
h a way as to define the relationship of effects to exposure. Examples include plotting the
cies richness of the soil microinvertebrate assemblage against an exposure axis such as
meters from a source, soil compaction, or concentrations of a particular chemical. The US
sironmental Protection Agency (US EPA) has recommended the use of biological surveys
ecological risk assessment of contaminated sites when feasible and appropriate (Office of
ergency and Remedial Response 1994b; Sprenger and Charters 1997) and in assessments
jater quality (EPA 1991b).

:’ equent problem in the use of biological surveys is that the entities and properties
asured bear an undefined relationship to the assessment endpoints. They are often referred
indicators or surrogates without defining what they indicate or for what they are
fogates. If the measures of effect do not directly estimate the assessment endpoint, the
fionship between them must be clearly characterized by risk assessors. For example, if
“are available for stream macroinvertebrates and the assessment endpoint is some
perty of the fish community, the relationship between them must be characterized in
s of the trophic dependence of fish on invertebrates, the relative sensitivity of fish and
ertebrates, the similarity of their exposure, and other relevant properties. Clearly, this
iculty should be avoided in the problem formulation by selecting measures of effects that
pond as nearly as possible to the assessment endpoint (Chapter 18).

,i'j‘- following points should be considered when deciding whether biological surveys are
ropriate for analysis of effects in an assessment.

cale: Highly mobile organisms and the populations and communities that include them
seldom appropriate for biological surveys of a site. For example, a survey of breeding
‘was conducted on the East Fork Poplar Creek flood plain in Oak Ridge, Tennessee, but
ontributed nothing to the results of the ecological risk assessment. Territorial birds are
ly mobile and are nearly always space limited, so all sites that contain physically suitable
are quickly occupied whatever the longevity or reproductive success of the resident
may be. However, if the goal of an assessment is to estimate risks to a regional
lation or risks from an agent that acts at regional scales, mobility is not a constraint.
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Interpretation: In order to interpret the variation observed in results of biological surveys §
the properties measured must be stable and consistent across similar sites, in the absence 0
contamination or disturbance, relative to the magnitude of effects that is considered signifj-
cant. For example, population densities of microtine rodents are notoriously variable acrogg
time and space, varying by orders of magnitude in the absence of any anthropogenic effects
In contrast, properties of stream fish communities are relatively stable and are commonly
used to detect anthropogenic effects by comparing exposed communities to reference. 3

Difficulty: Clearly, biological surveys are inappropriate if they are costly and time consum-
ing, are likely to fail due to the difficulty of proper execution, or if the necessary conditiong
for success are unlikely to occur. For example, determining the reproductive success of
kingfisher populations has proved to be quite difficult, but the reproductive success of birds
that nest colonially and in the open is relatively simple (Henshel et al. 1995; Halbrook et al_
1999a). Similarly, the fish communities of wadeable streams can be easily quantified with
great accuracy, but the abundances of fish populations and communities of large bodies of
water cannot be quantified with sufficient accuracy or precision for many assessments. 3

Appropriateness: Techniques employed must be suitable for the species or community,
season, and habitat of interest and should produce results that meet the objectives of the
risk assessment. &

Technical expertise: In some cases, the expertise or experience needed to perform a par-
ticular survey is not available. In such cases, the need for technical expertise can be reduced by
a simple change in the survey techniques or endpoint. For example, technicians who can
identify benthic invertebrates to species are in short supply, but identification of families may
be sufficient and individuals with very little training can sort invertebrates into higher taxa
without knowing their names. iz

Consequences of the survey: Biological survey may cause unacceptable injury to the sampled "
population or ecosystem. The destructive sampling of rare species is an obvious example.

Data relevance: Data not generated by the assessment program should be used if pertinent
and of adequate quality. However, care must be taken to appropriately analyze and interpret
them. For example, fish survey data have been collected by the Tennessee Valley Authority
for the purpose of comparing the quality of their reservoirs. These data were used to:
determine that the Oak Ridge Reservation had not altered the fish community of Watts
Bar Reservoir relative to other reservoirs in the system, but they could not be used to infer
risks at the scale of embayments, which was the scale of remedial actions (Suter et al. 1999).

25.1 AQUATIC BIOLOGICAL SURVEYS

Aquatic biota surveyed for waste site and water quality assessments may include periphyton,:
plankton, fish, and benthic macroinvertebrates (Office of Emergency and Remedial Response
1994b; Gibson et al. 1996; EPA 1996a, 1997a, 1998b; Barbour et al. 1999). The choice of
assemblage and sampling method depends on the endpoints and habitat characteristics. Care
should be taken to ensure that the survey locations capture the variation in exposure while
recognizing the scale of the system relative to the habitat requirements and mobility of the
surveyed organisms. ;

Habitat quality information is critical to the ability to discriminate between contaminant |
effects and natural variability. They must be accounted for in the survey design and should be
quantified to the extent possible for all sites. The relevant habitat factors depend on the types
of organisms being surveyed. For example, photosynthetically active radiation is important =
for algal and periphyton surveys, cover type and stream structure are important for fish
surveys, and water chemistry (e.g., pH, hardness, and conductivity) is important for all
assemblages.
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measured as chlorophyll a, ash-free dry weight, cell counts, and cell volume. Each method
limitations, but all are generally acceptable for comparisons between exposed and referen;
sites. Indices of structural characteristics include diversity indices and indices of simila
between sites. Although useful in conjunction with other structural measurements, such indi e
should not be used as the only measure of periphyton structure. 2

The functional measure used for periphyton is primary productivity. The most commop
and widely accepted methods for estimation of primary productivity are based on th
production of oxygen (O, method) or the uptake of radioactive carbon (**C meth
(Rosen 1995). Choose the method that best fits the budgetary, logistical, and qual
requirements of the assessment. The O, method is inexpensive, relatively simple to perform
and readily used in the field. The advent of microelectrode technology has simplified ang
improved the measurement of oxygen production. The "*C method is more expensive, m
complicated to perform, and much less amenable to field use than is the O, metho
However, it is a direct measure of primary productivity and is more sensitive than the
method (Rosen 1995). :

ation, dissolved oxygen, conductmty, alkalinity, hardness, and nutrients.

25.1.2 PLANKTON

Plankton are the algae (phytoplankton) and small invertebrates (zooplankton) suspended in
the water column with little or no ability to resist currents. Plankton are traditionally used 3
indicators of water quality in lakes and saltwater ecosystems. They are ubiquitous, are n
direct contact with the water, are sensitive to a variety of stressors, respond quickly to changes
in water quality, and have a direct impact on water quality. However, phytoplankton specie: s
composition and abundance are highly variable over periods of a few days, so they are seldo m
useful as measures of effects except for long-term changes in nutrient loading. :

Plankton may be collected from discrete depths or be integrated over a range of depths or
horizontal distances, depending on the expected distribution of the stressor(s). Methods
include nets, pumps, and bottles. Their selection depends on the target organisms, target
depths, and desired sample quality. Measurements include species richness, relative abun-
dance, and community indices (e.g., diversity and similarity). Phytoplankton are often used .* -
the sole representative of the plankton community. They are sufficiently diverse to permit the
evaluation of a variety of stressors. It is especially important to collect physical data and.
water samples for analyses (temperature, photosynthetically active radiation, dissolved oxy‘
gen, conductivity, alkalinity, hardness, contaminants, and nutrients) in conjunction with
plankton samples; otherwise, it is difficult to associate exposure with effects in large open
bodies of water.

25.1.3 FisH

Biological surveys commonly include fish, because the value of fish is generally acknowledged:
and fish respond to a variety of aqueous contaminants. In addition, fish have practical
advantages; their environmental requirements are well known, they integrate effects at
lower trophic levels, and identification is relatively simple. Collection methods include elec-
trofishing, nets, and traps. Method selection depends on the habitat characteristics and study
design. Relevant habitat characteristics include cover type, stream structure, flow rate, pH,
hardness, alkalinity, conductivity, and temperature. -,

Streams are typically sampled using electrofishing or, less commonly, seining methods.:
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stream and downstream approaches with nets and then repeatedly sampling the reach. The
sulting attributes are expressed per unit area, rather than per unit effort, which is less precise
 this method. Electrofishing, seines, or hoop nets are used for large streams and rivers,
ereas electrofishing, gill nets, fyke nets, and subsurface trawls are best used for lakes and
arine environments. Boat-mounted electrofishing units are used in portions of large rivers

The most commg d lakes that are sufficiently shallow such as shorelines and embayments. The inability to
' are based op strict fish movement in open bodies of water results in relative measures of fish community
tbon ("*C methog strics (i.e., numbers per unit effort). Stationary nets are highly selective; the results should
istical, and q  be compared to results obtained with other sampling techniques.

simple to perf; Gommonly in the United States, fish community properties or indices that combine several
has simplifi yperties are used as measures of effect. The properties may include the number of species,
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 number of trophic groups, the abundance of species or trophic groups, the biomass of
ecies or the community, and size distributions. The indices may include conventional
ersity indices or arithmetic combinations of heterogeneous variables, most notably the
dex of Biotic Integrity (IBI) and its derivatives (Karr et al. 1986). These indices are
ferred by many state agencies because they are used in water quality management pro-
ams (Simon and Lyons 1995). They have many disadvantages as effects measures in risk
essment that can be largely mitigated by disaggregating the index to its component metrics
pter 1993b, 2001). Properties of individual fish populations are less commonly used as
points in surveys, but they would be appropriate where game, commercial, rare, or

kton) suspen .:—_‘ erwise particularly valued species are present. Appropriate population properties include

ting reference s

aditionally us ndance, size distribgtion, and productior_l. The only corpmonly used properties of in(.ii-
ubiquitous ua fish are frequgncxes of gross pathology:s and anomalies. These are easily noted whl!e
quickly to ¢ nting and measuring fish from a community survey and are often of concern to the public
toplankton | risk managers. The EPA recpmmends species richness and relati\te abundance as fish
so they are ey metrics for contaminated sites (Office of Emergency and Remedial Response 1994b).
ling. b Because fish are mobile, attention must be‘ paid to the range of movement relative to the
range of dep ths f contamination or disturbance. For this reason, fish surveys are used more in streams,
essor(s). Meth movement is relatively limited, than in lakes or estuaries. Where movement is a

organisms em, it may be desi'rable to chus on species such as sunﬁsh'that are r.elatively ses§ﬂe
358, relativé er than on community properties that may be influenced by highly mobile or schooling
a are often ies such as shad.
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1.4 BENTHIC INVERTEBRATES

ithic macroinvertebrate communities are commonly surveyed for ecological assessments
¢ they are ubiquitous, important components of aquatic food chains, in direct contact
i water or sediment, relatively immobile, and sensitive to a wide range of agents.

enthic invertebrates in streams are frequently collected from cobble substrates in riffles
tuns. The techniques are well established and the results can be compared with many
) ilarly sampled sites (DeShon 1995). These riffle communities are exposed to water-
contaminants and conditions such as temperature but have relatively little exposure to
t-associated contaminants. Benthic invertebrates in riffles are exposed primarily by

regrate effe ition of contaminated water, whereas benthic invertebrates in sediment depositional
10ds include S are often immersed in the contaminated sediment and may ingest sediment. Respiration

S dverlying water may still be an important pathway for sediment-dwelling organisms,
e, flow rate, Gially for those that ventilate their burrows (e.g., Hexagenia mayflies), but not to the

i810n of sediment-associated pathways, which include respiration of sediment pore water.
Iveying riffles but not pools can produce misleading results, as revealed by a survey of

seining meth B ; X
'fi. and pool surveys in multiple streams in Tennessee (Kerans et al. 1992). In many

_ by blocking
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instances the results for both riffles and pools correctly classified the streams regarding
human impacts (based on a fish community index). However, when the classifications diffe
between riffles and pools, the results for pools were nearly always “correct” in the sense
being consistent with the classification based on the fish community index. Hence, ben
invertebrate communities in sediment depositional areas may be surveyed in addition to
riffle communities if any of the contaminants of concern are likely to be particle associa
The exception is streams in which sediment depositional areas constitute a relatively sy
fraction of the habitat. For example, the benthic invertebrate communities in sedim
depositional areas of Upper East Fork Poplar Creek in Oak Ridge, Tennessee, were
surveyed, because such areas constituted less than 5% of the total available habitat
1995). In this case a preliminary stream survey was conducted to measure the size, distriby,
tion, and total surface area of deposited fine sediments. This proved to be a very useful tog
for selecting assessment endpoints, habitats, and exposure pathways for a detailed analysis
Survey methods vary in rigor from qualitative (e.g., sampling all habitats with a D-fra
net) to semiquantitative (e.g., sampling for a specified time or distance with a kicknet) to
quantitative (e.g., sampling 0.1 m? with a Surber sampler). Kerans et al. (1992) compared thg
results of quantitative (Surber and Hess samplers) and qualitative (sampling all habitats with
D-Frame net and hand picking) surveys for multiple streams in Tennessee. The quantitatiye
surveys consisted of three to eight replicate samples per site, whereas the qualitative surv
consisted of a single composite sample with collection time limited to 2 h. The qualitative
surveys failed to detect human impacts that were detected by the quantitative surve
probably due to the lack of replication. Thus, the assessor should select methods and survey
designs that are quantitative and replicated within sites. A preliminary site evaluation may by
limited to qualitative and semiquantitative surveys to establish the presence or absence
certain groups of invertebrates and provide qualitative taxa richness and semiquantitative
abundance estimates. However, a definitive risk assessment should include quantitati
replicated estimates of community metrics. Definitive assessments should also consi
including qualitative surveys of all habitats when the quantitative samples are collect
using artificial substrates (DeShon 1995), because artificial substrates are selective and m:
not be representative of rare taxa or the actual taxa richness at a site. :
Data from benthic invertebrate surveys typically consist of counts of individuals of speci
or higher taxa and, in some cases, biomass. One may simply use the numbers or biomass {
individual taxa as the results. Alternatively, from these data, species richness (or taxonomie
richness if some taxa are not identified to the species level) or other diversity metrics such
evenness, total numbers, and biomass can be derived. They may be aggregated into multi=
metric indices such as Ohio’s Invertebrate Community Index (DeShon 1995). The total
abundance of Ephemeroptera, Plecoptera, and Trichoptera (EPT taxa) is also a common
metric. However, it is based on the sensitivity of these taxa to organic loading and siltation
and may not be relevant to site contaminants. For example, the nominally sensitive ephemer
opteran Hexagenia limbata was so abundant and so contaminated with mercury and polv,
chlorinated biphenyl (PCB) in Poplar Creek that it posed a risk to its predators (Baron et al:
1999). In addition, some waters are unsuitable for EPT taxa, even in the absence of contam-
ination. The EPA recommends biomass, species richness, density, diversity, and relati
abundance as benthic invertebrate survey metrics (Office of Emergency and Remed
Response 1994a). Functional measures are seldom used, but may be assumed to be relat d
to these structural measures (Clements 1997). :
Kerans and Karr (1994) evaluated 18 attributes of benthic invertebrate communities a8
indicators of biological condition in streams. The authors conclude that all of the attributes
should be used because they appear to be responsive to different human impacts (Kerans "].
Karr 1994). This is a reasonable approach for contaminated sites, provided the possible
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¢ streams reggr,

lanations for the status of each attribute are considered (see Kerans and Karr 1994 for
assifications diff

amples). However, emphasis should be placed on metrics that are related to the assessment
point. Carlisle and Clements (1999) found taxa richness measures to be the most sensitive
d statistically powerful metrics for evaluating metal pollution in Rocky Mountain streams.
undance attributes were generally found to be insensitive to metal pollution or highly
jable. The species richness of mayflies, which are generally sensitive to metals, is particu-
y noteworthy (Clements 1997).

Population or organism properties are seldom considered in benthic invertebrate surveys.
some cases, however, abundance of a particular sensitive and valued species may be an
ipoint. One such endpoint was the abundance of the widgeon clam (Pitar morrhuana) at

te a relatively

unities in
‘ennessee, were n
lable habitat (D@

‘¢ the size, distrih t Point, Rhode Island (Eisler 1995).

'€ a very usef s important to determine the texture, organic matter content, depth of overlying water,

1 detailed analysjg d any other habitat properties that might influence the benthic invertebrate community at

ats with a D-frap apled locations. Elevated ammonium concentrations are particularly common and likely
with a kicknet§ 1 ult in toxicity that is unrelated to site contaminants. Even at a highly contaminated site,

992) compared bitat variables are likely to explain more of the variance in invertebrate community

ng all habitats y rties than contaminant concentrations (Jones et al. 1999).

e. The quanti Spatial variability, rather than temporal variability, is the primary concern for sediment
qualitative surve minants and sediment characteristics. This is especially true in slow-flowing systems

h. The qualitatiy
antitative suryeys
ethods and sury
evaluation m

elatively stable sediments. Samples for sediment analysis should be collected as close to
iological survey sampling points as practically possible. Ideally, subsamples of the
liment included in each benthic survey sample, including replicates, should be analyzed
¢ contaminants and sediment characteristics. This is rarely practical for contaminant

nce or absen alyses, but sediment characterization is relatively simple and inexpensive. Recommended
1 semiquantitat iment quality characteristics include grain size (percent sand, silt, clay), organic carbon
lude quantita ntent, ammonia, and pH. Quantitative measurements such as grain size fractions should
uld also con preferred over subjective and qualitative designations such as sandy or mucky. This

ows the assessor to better compare results within and among studies. It also expands the
characterization techniques available to the assessor. For example, the benthic inverte-
ate assessment for the Clinch River included multiple regression analyses of the benthic
fvey data with both contaminant and habitat characteristics as explanatory variables
ones et al. 1999).

In addition, water quality may influence benthic communities and can vary significantly
rough time. Water samples should be taken such that representative exposures can be
ted.
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5.2 TERRESTRIAL BIOLOGICAL SURVEYS

ferrestrial biological surveys are much less common than aquatic surveys as input for
Ological risk assessments and there are no survey-based soil or air quality criteria like the

sence of contam uatic biological criteria in the United States. The methods are less well developed and
ity, and relative pically must be developed ad hoc or adapted from resource management or research
7 and Remedid Ethods.

ied to be related
y 5.2.1 SoiL BIOLOGICAL SURVEYS

Il communities are surveyed less often than aquatic communities, even though there are
Wer inherent difficulties in obtaining soil samples. Ecological risk assessments rarely use
tveys of soil invertebrates, microorganisms, or soil processes. However, examples can be

cts (Kerans an
led the possible
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found in Menzie et al. (1992) and Jenkins et al. (1995). Approaches to surveying soil bjg;
include: (1) collecting samples of soil and extracting taxa in the laboratory; (2) extracting
organisms in the field, e.g., with mustard solution; and (3) trapping organisms using pitfa
traps. The second method is the least quantitative, as it is likely to extract organisms
variable depths. Although most surveys have focused on invertebrates (Paine et al. 1993;
and Josens 1995), microbial community properties, element transformations, and litter a
mulation have also been surveyed (Jackson and Watson 1977; Strojan 1978; Tyler 1984; Bey,
and Storm 1995). The abundance and composition of soil biota are highly dependent on sojj
characteristics (Nuutinen et al. 1998), so risk assessors must carefully determine that referen
locations are appropriate. ‘

25.2.2 WILDLIFE SURVEYS

Many methods are available for the collection of field data for wildlife populations, involyi .r
direct observation, trapping, vocalizations, track counts, netting, and attractants (Bookhout
1994; Heyer 1994; Wilson 1996; Suter et al. 2000). These methods may produce data that are
useful in ecological risk assessments and may help elucidate the presence, nature, and
magnitude of effects. Wildlife surveys may generate presence/absence, abundance, and age
structure data as well as food habits information for exposure modeling. By the comparison
of these data between the contaminated site and one or more reference sites, effects attribut=
able to contaminant exposure may be differentiated from population fluctuations or habitat
alterations that result from other causes. As noted previously, colonial nesting birds le .;'g
themselves to surveys for effects of contaminants or other agents (Giesy et al. 1994b; Henshel
et al. 1995; Ludwig et al. 1996; Halbrook et al. 1999b; Custer et al. 2003). 3

incorporate necropsy of organisms that are found dead, debilitated, or moribund (US Geo-
logical Survey 1999). This is because the techniques are available and because wildlife ecology i
more focused on organisms A good example is the necropsy of waterfowl performed as part. of
the assessment of lead mining in the Coeur d’Alene basin (Henny 2003). Although necropsy o
opportunistically collected organisms is suggestive, a data set that is useful for assessment will
usually require collection of other organisms from the site of concern and reference sites s>
determine the distribution and frequency of pathologies and body burdens.

25.2.3 TerreSTRIAL PLANT SURVEYS

Because vegetation provides the habitat for all inhabitants of terrestrial communities, it is
important to survey and map vegetation on contaminated or disturbed sites, even before the:
problem formulation. In addition, if plant populations or communities are assessment endpoints;
biological surveys may be an appropriate line of evidence for estimating risks. Because plants are;
immobile, they are clearly associated with a localized environment, and are easily sampled.
However, few ecological risk assessments have been based on plant survey data. Guidance has
been provided by the EPA (Environmental Response Team 1994b, 1996). The Agency recom:
mends density, coverage, and frequency metrics as measures of effects for plant populations and
communities. Examples are provided by Galbraith et al. (1995) and LeJeune et al. (1996), who
took transect measurements of percent cover of tree, shrub, forb, and grass species to aid in the
estimation of risks to the plant community in the Clark Fork River floodplain and Anaconda sité
in Montana. Similarly, surveys of vascular plants, mosses, and lichens showed severe effects il

zinc-contaminated areas of the Lehigh Gap, Pennsylvania (Beyer and Storm 1995). 3

Because plants are valued and ecologically important for their primary production, meas=
ures of plant growth or production may be particularly useful for sites with contamina ed




P

Ecological Risk As al Surveys »?

S 10 surveying allow, contaminated ground water. Tree coring is recommended by the EPA as a
easure effects of contaminants on tree growth (Environmental Response Team
The width of annual growth rings may indicate the effects of contaminants, but
of the confounding effects of drought, frost, and other environmental factors, the
. (lfame etal ation should be performed by an experienced dendrochronologist. When vegetation
mlatlons, and cous, the EPA recommends that growth be determined by repeated clipping and
. 978; Tyler ¢ of the aboveground plant parts (Environmental Response Team 1994a).
:;ghly ‘?epen . uld be emphasized that few risk assessment schedules permit the repeated sampling of
ctermine on over long periods of time. The usefulness of a vegetation survey depends on
- observed effects can be related to measures at reference sites or reference (preconta-
on) points in time. Although one tree ring sample provides a time series (and each tree
wn control), the discernment of effects from herbaceous plant clippings generally
s multiple temporal samples. Thus, detrimental effects on production of the forest
fory, old fields, or grasslands are not usually evident from a single vegetation survey.
healthy plants or unvegetated areas are observed, the following question should be
to determine the usefulness of the survey: can factors other than contaminants explain
own foliage or other adverse response? These factors could include seasonal patterns,
nt deficiency, insect herbivory, salt from winter applications to roads, acid rain, ozone,
ht, grazing pressure, fire, or changes in hydrological patterns associated with the
spment of adjacent land. For example, when adverse impacts on forest trees were
ved within the Bear Creek Watershed on the Oak Ridge Reservation, it was unclear
er dead trees were the result of contamination or altered hydrology associated with
ag a neighboring area. Occasionally, specific toxic symptoms may be associated
particular contaminants. For example, “crinkle leaf” of cotton is associated with
sanese toxicity, and an accumulation of purple pigment in soybean leaves can signal
aium toxicity (Foy et al. 1978). However, these symptoms do not necessarily apply to
* species, and most symptoms of toxicity such as stunted growth and chlorosis are
mon to many toxicants and nutrient deficiencies (Skelly et al. 1990).
asic soil data should be obtained during the vegetation survey. These characteristics
de major plant nutrients, pH, organic matter content, particle-size distribution, bulk
ity, and salinity, where relevant. One or more of these factors might explain differences in
{ parameters at different locations.
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3 PHYSIOLOGICAL, HISTOLOGICAL, AND MORPHOLOGICAL EFFECTS

tored effects on biochemical, physiological, or cellular properties of an organism that
indicative of toxic effects are commonly referred to as biomarkers. Their use has been

U communities, if
ites, even before

§s&ssment endpoir bited by the fact that few of them are clearly related to the overt effects that constitute
s Because plantsa essment endpoints in most ecological risk assessments. Although it has been proposed that
are easily sam ial goals be based on elimination of any detectable biomarker response (Depledge and
data. Guidancel 55i 1994), regulators do not normally take action on the basis of enzyme induction, even for
The Agency rex mans.

ant populations af Biomarkers of effects may play a supporting role in ecological risk assessments. In par-
1 et al. (1996), W lar, biomarkers that are characteristic of a particular chemical, class of chemicals, or
species to aid s 0de of action can support the inference that apparent effects are caused by particular
1and Anacondas Dtaminants (Chapter 4). For example, aminolevulinic acid dehydrogenase (ALAD) activity
ved severe eﬁb‘? the blood of waterfowl was used to diagnose lead toxicosis (Henny 2003). Even damage
1995). At is not particularly diagnostic can be useful if it can be even qualitatively related to

production, meas

. ey dpulation-level responses. For example, histological damage to the gonads of largemouth
vith contaminate

55 in Poplar Creek embayment in Oak Ridge, Tennessee, supported the inference that the

3
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low abundance and species richness of fish was due to toxic effects rather than h

1mportant to associate their levels or frequencies with contaminant concentrations,

Gross pathologies such as tumors, lesions, and skeletal deformities have played a ¢
important role in ecological risk assessments than biochemical biomarkers. Thes
common source of public concern, particularly where they occur in sport or com
fish. Frequencies of gross pathologies are easily determined when fish are colle
chemical analysis or for biological surveys. Pathologies that are characteristic of che
or chemical classes can also contribute to attributing causation to both the patho]
themselves and any population or community effects.

25.4 UNCERTAINTIES IN BIOLOGICAL SURVEYS

Biological surveys potentially provide direct estimates of effects at sites receiving various |
of exposure. The primary uncertainties to be considered in such cases are sampling varian
biases in the survey results as estimators of the assessment endpoint. Sampling v.
estimated by conventional statistics. Biases must, in general, be estimated by expert jud

More difficult uncertainties arise when biological survey results are used to estimate
at sites other than those surveyed. Such estimates may require interpolation or extrap.
An example of interpolation would be the use of fish surveys at certain locations in a
to estimate effects at locations lying between sampled locations. This might be dong
algebraic interpolation, by spatial statistics, or by process modeling. An example of extra
lation would be the use of survey data for one contaminated stream to estimate effects
another stream with the same contaminant. At minimum, the uncertainty in such extrape
tions would be equal to the variance among fish communities at uncontaminated sites
upstream reference communities in the case of interpolation or regional reference con
ties in the case of extrapolation). Additional uncertainty results from variance in the e
contaminant exposure due to differences in chemical form, patterns of temporal variance,

25.5 SUMMARY

Biological surveys are used to determine whether a site is biologically impaired or to estim
exposure-response relationships for a site assessment or for a watershed or region. They @
inherently realistic, but because exposures and conditions are uncontrolled, apparently caus
associations are often misleading (Chapter 4). In addition, because of inherent variability
populations and communities, imprecision of most methods, typically small numbers
samples, and general lack of time series, effects must typically be large before they
confidently detected. Hence, it is important to avoid accepting negative results withe
determining whether the methods used could detect levels of effects that are important

clarity and sensitivity of other lines of evidence (Chapter 32).




