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INTRODUCTION

As the broad-scale use of biological monitoring and assessment increases in both the
regulatory and research communities, the need for accurate, precise and cost efficient methods
becomes more important. Subsampling of macroinvertebrates, fish, or benthic algae samples is
one solution to address time and cost considerations. While researchers and regulators have
employed subsampling over the last 50 or more years, more often entire samples are sorted and
identified at great expense and time. However, recent trends in benthic macroinvertebrate
sampling (e.g. Rapid Bioassessment Protocols, Barbour et al. 1999) have popularized the use of
subsampling techniques. Davis (1996) indicated that 30 of the 44 states with bioassessment
programs that use macroinvertebrates as the assessment community use some form of
subsampling approach to economize and expedite sample processing and data production.
Unfortunately, in many programs, subsamples are employed without enough thought (or
statistical rigor) given to the consequences of examining only a portion of the sample. Iftime
saving methods such as subsampling are applied to biological monitoring programs without prior
analysis of the accuracy or precision of such methods, the information collected may be useless,
resulting in a waste of resources or worse, the implementation of regulatory actions based on
incorrect decisions. Conversely, the application of labor-intensive and time-consuming surveys
are impractical for most bioassessment agencies, which may be responsible for the water quality
monitoring of hundreds to thousands of streams (Lenat and Barbour 1994). In conservation or
inventory studies, the collection of all or most species and the determination of their relative
abundances may be required, but for biological monitoring studies only enough of the

community needs to be collected and identified to determine differences among sites. One must



consider how much of the community must be sampled and whether this can be accomplished
using only a portion of a sample.

The purpose of this paper is to describe existing subsampling techniques and their
associated characteristics and to develop recommendations to aid the decisions of biological
monitoring investigators. Macroinvertebrate, fish, and benthic algae subsampling is explored,
however subsampling of macroinvertebrates constitutes the bulk of this paper as the literature
and techniques of macroinvertebrate subsampling are extensive and diverse. Thus, many
considerations of subsampling in general are covered in the macroinvertebrate section and one

should read this section even if interested in fish or algae.

MACROINVERTEBRATES

The practice of subsampling has been prevalent for many years as a means to reduce the
time and effort required to sample aquatic systems in order to increase the coverage of biological
monitoring programs and to improve the feasibility of studies. Although subsampling is
common practice, there is little consensus regarding which method is the most efficient and the
least prone to bias and/or error. One of the major difficulties encountered by bioassessment
workers is the wide variety of sampling techniques employed by multiple agencies. When
designing a sampling protocol for lotic systems, investigators must make several important
decisions that will impact their sampling strategy. Sampling strategy depends on purpose of the
survey, method used by nearby monitoring agencies, expertise of collectors, use of quantitative
or qualitative data and characteristics of the streams in the particular geographic area (Lenat and
Barbour 1994). In order to select a subsampling method (or lack thereof), several factors must

first be considered.



1. Sampling Decisions
A. Habitat Type

A decision faced by researchers in developing a monitoring and assessment plan is the
adoption of a single-or multiple-habitat sampling design. Some programs recommend the use of
single-habitat (usually riffles since the greatest diversity and abundance of algae and
invertebrates are generally found there) sampling to decrease sampling costs, lessen variability
among samples and to improve standardization. However, the use of single-habitat sampling is
not appropriate for some ecoregions or ecosystems, particularly for lotic ecosystems that have no
riffles or are not dominated by riffles. Invertebrate communities in non-riffle habitats can make
important contributions to a stream reach and may better represent the structural and functional
properties of these systems (Lenat 1988). In many cases, in some streams and regions, sampling
only riffles is simply not feasible due to a lack of riffle habitat. Many investigators recommend
the use of multiple-habitat sampling based on the importance of each type of habitat in a stream
reach as it is applicable to all streams and it permits the sampling of a larger proportion of the
taxa present at a site (Vinson and Hawkins 1996).

It is also worthwhile to point out here that something as simple as the mesh size of the
sampler is important to consider as the mesh sizes influences the portion of the community
collected by the sampler. For example, small-sized organisms and/or smaller early instars would
not be retained by a sampler with a large mesh, therefore affecting the proportion of the sample

required to discriminate among sites.



B. Processing Location

With the recent increase in the popularity of Rapid Bioassessment Protocols (RBPs),
some agencies have decreased labor and time required to sort macroinvertebrate samples by
sorting samples in the field. Field sorting may also have some utility for remote and rugged
areas where the transport of samples is a limitation (Growns et al. 1997). However, traditionally,
samples are collected and fixed in the field and sent to the laboratory for sorting, enumeration
and identification. It has been argued that field sorting causes a large amount of error and limits
modifications in sampling techniques. For instance, some agencies may wish to limit the count
of abundant organisms in order to sample a larger proportion of the diversity, but this is
impossible in the field without experienced workers, particularly for identifications below
family. Although there are no studies utilizing statistical analyses that look at field versus
laboratory sorting, the savings gained through field sorting is probably not an equal trade off for
the loss of accuracy and precision and the introduction of bias. Since it is likely that the use of
field sorting causes some degree of bias and error, its use should be limited until a proper

statistical examination is performed.

C. Taxonomic Resolution

The choice of taxonomic resolution can also have a strong effect on subsampling
decisions. Increasing or decreasing the taxonomic resolution (e.g. family vs. genus) of samples
will result in a concurrent change in the percentage of taxa encountered in a sampling regime,

which could permit the use of smaller samples (Bouchard et al. 2005).



2. Whole Samples

Given adequate time, money, and personnel, the sorting of an entire sample is the most
straightforward method to avoid the error and bias associated with subsampling. There is little
argument that given sufficiently large samples, the processing of whole samples can produce a
more accurate determination of taxa richness at a site. Additionally, the use of whole samples is
considered by some investigators to be the only suitable method to assess macroinvertebrate
communities in lotic systems as whole counts produce the best return for the inherent high cost
of sampling streams (DePauw and VanHooren 1983, Wright et al. 1993, Courtemanch 1996, Cao
et al. 1998, Stroom and Richards 1999, Doberstein et al. 2000). Total abundance measures are
possible with whole sample counts and if the sampling area or effort can be quantified, one can
additionally quantify abundance or richness measures on a per unit of measure basis
(Courtemanch 1996). Data collected by units of space or time permit standardization of data
variables that allow comparisons between investigators and agencies when similar collecting
procedures are employed. Subsampling techniques often result in biases due to differences
among sorters or as a result of the subsampling devises, but through the examination of entire
samples, much of this bias can be eliminated given competent sorters. Doberstein et al. (2000)
argues that whole samples are the best way to avoid errors that potentially result in the incorrect
assessment of a stream reach, thereby causing costly regulation or conservation mistakes.
However, there are a number of problems inherent in the determination and use of whole
samples.

The most obvious impediment to the use of whole samples is the large amount of time

and effort often required to sort and identify organisms from an entire sample. The large amount



of effort is almost never proportional to the information gained for sorting the entire sample.
Full count samples may also impair the ability to compare samples between investigators and
agencies if there is no attempt to standardize sampling procedures. Courtemanch (1996)
suggests that these difficulties can be minimized with the use of appropriately sized standard
samples that estimate the sample size needed to collect a sufficient number of organisms.
Although it is not possible to determine a sample size that will yield a constant number of
organisms in each sample, it may be feasible to determine the size that will give relatively
consistent abundances for specific regions (and possibly aquatic ecosystems types). This
approach suggests that controlling the physical area collected will control the number of
organisms collected and therefore the number that would have to be counted. This eliminates the
need to subsample, but introduces possible variance due to changes in sample size (not the
number of organisms, but the area measured). Once samples are collected there is no way to
repeat or duplicate the sample so samples with too few organisms will be useless while others
may have such high densities that time and effort required to sort samples will be prohibitive.
Besides collecting a larger proportion of the community in areas where densities are patchy,
another advantage of collecting large samples and then subsampling is that it allows the size of

subsample to be corrected to account for a sufficient portion of the community.

3. Subsampling
A. Enumeration Type

RBPs have also increased the use of qualitative or semiqualitative enumerations to reduce
time and effort. Semiqualitative or ordinal counts are a method for estimating relative

abundances by counting macroinvertebrates as abundant, common or rare (Lenat 1988, Platkin et



al. 1989). The method reduces the time necessary to pick and count a sample so that a larger
portion can be analyzed thereby increasing the diversity sampled and improving the ability to
detect rare species. Semiqualitative counts also permit some analyses using estimated
abundances or densities (i.e. relative abundance of tolerant species) in water impairment
detection (Lenat 1988). Qualitative enumerations are also commonly used to reduce time and
effort and to allow investigators to focus on taxa richness as a measure of stream quality.
Qualitative counting methods are considered acceptable because abundance measures are prone
to a large amount of variation, even in undisturbed systems, thereby reducing their ability to

detect perturbation.

B. Fixed Fraction

Fixed fraction subsampling is the traditional (i.e. most common, long history, well
established) subsampling method in which a standard proportion of the sample (e.g. ¥4, or '2) is
chosen as the subsample of interest. In most cases a standard proportion based on total sample
volume is removed from each sample, although a minimum amount of material or number of
organisms is usually required. An alternative to division of total volume or area is to subsample
based on weight allocations. This approach has been proposed for samples with a large amount
of algae or other material (Sebastien et al., 1988). Sampling devices for fixed fraction
subsampling are numerous and diverse. For methods on subsampling devices that methods and
have been used to subsample very small (e.g. zooplankton) to rather large organisms, refer to
Waters 1969, Hynes 1970, Hickley 1975, and Wrona 1982. One advantage of the use of a fixed
fraction method is that it yields an estimation of areal taxa richness or richness per unit area

(Hurlbert 1971, Barbour and Gerritsen 1996). This areal taxa richness is considered important as



it provides accountability for taxa richness and allows taxa richness density to be quantified per
unit area or volume, permitting comparisons (Courtemanch 1996). However, abundance metrics
are considered highly variable even in the absence anthropogenic impact and thus has inherently
high noise to signal ratio (Hynes 1970, Lenat 1988, Resh and Rosenberg 1989, Lenat 1990,
Lenat and Barbour 1994, Barbour and Gerritsen 1996).

C. Fixed Count

The fixed count subsampling method consists of a random picking of a fixed number of
organisms (i.e. 100, 200, 300, etc.). Most fixed count subsamplers are performed using a gridded
pan, which inexpensively and simply allows a random selection of a standard number of
organisms to be picked from a sample (Hilsenhoff, 1987). A sample is added to the gridded pan
and dispersed evenly on the bottom. Several random grids (four or more to ensure proper
representation) are selected and picked of all organisms until the standard count is passed or
approached (Barbour and Gerritsen 1996). Barbour and Gerritsen (1996) recommend that the
number of organisms picked during subsampling needs to remain within 20% of the targeted
number.

Fixed count subsamples have become widespread and are an important part of RBP
protocols. Initially designed for use with plankton, the method was adapted by Hilsenhoff (1987,
1988) for use with freshwater benthic samples and later modified by Plafkin et al. (1989) for use
in RBPs (Barbour and Gerritsen 1996). The use of the fixed count method reduces time and
effort required to process samples, particularly for samples with high abundances (Growns et al.
1997; Larsen and Herlihy 1998). Some researchers have indicated that the use of subsampling
does not compromise data quality (Barbour and Gerritsen 1996; Somers et al. 1998). However,

most researchers suggest that the reduction in time and effort is an acceptable trade off from the



complete enumeration of samples as the sorting of whole samples does not contribute
proportionally to the cost of whole sampling processing. However, due to this error, many
recommend the use of fixed count subsamples when they are employed cautiously and enough
analysis is employed to minimize error (Resh and Jackson 1993; Vinson and Hawkins 1996;
Walsh 1997). Besides a reduction in time and effort required to process samples, it has also been
argued that fixed count subsampling also improves standardization, allowing comparisons
between agencies (given similar sampling methodologies) as fixed counts are achievable in a
variety of stream types and are feasible for most agencies. The improvement of standardization
is related to the ease of obtaining multiple investigator and agency agreements and the ability to
sample those habitats that provide contributions to the stream community, which are difficult to
express in area (e.g. snags). It has also been suggested that the use limited taxa counts produces
greater differences between polluted and unpolluted sites (Growns et al. 1997).

In order to further reduce sampling time and effort as well as the size of samples returned
to the laboratory, in-field fixed count subsampling is sometimes employed (Chessman 1995;
Growns et al. 1997). In-field (Chessman and Robinson 1987; Chessman 1995; Growns et al.
1997) or laboratory (Wright et al. 1997) methods may also involve the use of timed count
procedures. However, timed counts are not utilized often as timed count procedures introduce
uncontrollable bias due to worker variations and large organism bias (Growns et al. 1997). For
example, a more experienced sampler can pick a greater number of species than a less
experienced sampler in the same period of time (Growns et al. 1997). There are problems with
bias against cryptic or relatively immobile taxa for both timed and fixed count in-field methods.

The use of limited counts for abundant taxa reduces some of the error associated with in-field



counts (Growns 1997). However, this method will be limited to high level identifications (e.g.
family), which may be dependant on the expertise of the sampler.

The most important argument for the use of fixed count subsamples is the idea that if
subsamples can reach the asymptote of the collector’s curve for most samples in a bioassessment
program an accurate description of macroinvertebrate community can be made. Most collections
can be described using the collector’s curve, where a regression of taxa richness over number of
organisms enumerated (or sorting effort) produces an asymptotic curve that is characterized by a
rapid initial increase in taxa richness followed by a leveling out where few new taxa are
enumerated. The idea behind the successful use of a fixed count method is that the fixed number
of organisms is sufficient to reach the asymptote where an increase in the subsample size does
not greatly increase taxa richness. Essentially, a laboratory will want to sort enough organisms
to reach the asymptotic portion of the curve in order to insure that most of the abundant and
common taxa are enumerated in for most samples. If the subsample count is in the steep portion
of the curve, samples can be highly variable. Unfortunately, the count necessary to reach the
collector’s curve asymptote is variable as a result of total abundance differences and sampling
variations. The shape of the curve is also affected by the distribution of the relative abundance
of the macroinvertebrate communities (i.e. a few numerically abundant taxa and many rare taxa
or a relatively even distribution of abundance for all species) (Larsen and Herlihy 1998).
Basically there is need to determine the count number that will reach the asymptote that
encompasses all or most of the stream communities from a variety of stream types affected by
gradients of various forms of perturbation in a given region.

A drawback of fixed count subsampling is that the use of total abundance measures is not

permitted. Total abundance metrics can be useful when considered with other metrics (e.g.

10



richness) as some types of pollution increase total macroinvertebrate abundance, but there is
generally an associated decrease in taxa richness. However, the loss of the ability to employ
total abundance metrics (considered a highly variable metric anyway) may be a justifiable
compromise for increased standardization. The fixed count method also results in the loss of a
sizable proportion of the rare species, but this characteristic should have little affect on the
interpretation of the community as rare taxa generally contribute little to studies that detect
differences in stream communities (Marchant 1989, Barbour and Gerritsen 1996).

A more troubling problem of fixed counts is the lack of account of richness per unit area
for a given area or volume, which Hurlbert (1971) and Courtemanch (1996) argue is the most
meaningful method to describe macroinvertebrate communities. A measure of richness should
be accompanied by a measure of unit area or sampling effort. In order to account for richness
per unit, adjustments can be used (e.g. rarefaction) or the standard, quantitative sample must
remain constant (Williams and Gaston 1994). For instance in enriched systems, densities will be
higher compared to an unperturbed system, which means that a larger number of individuals will
need to be picked to reach the asymptote in the enriched system (Courtemanch 1996).
Consequently, given that both systems have an equal number of species, more taxa will generally
be picked from the undisturbed system thereby overestimating richness. The opposite would be
true of a system experiencing increased stress as the result of a toxic substance where total
abundances are decreased compared to an undisturbed system. In this case the taxa richness
would be overestimated in the perturbed system. Essentially, by using the fixed count method, a
fixed number of organisms collected at one site represents a different area unit compared to
another site with differing densities (Courtemanch 1996). The degree of variation in

macroinvertebrate densities may have an effect on the success of a sampling program employing
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subsampling procedures. However, if subsamples are sufficient to count enough taxa to reach to
extend beyond the collector’s curve asymptote for most samples, the hope is that variance
resulting from density differences will be minimal. The shape of a collector’s curve determines
how much error is present after the asymptote is reached. If the relative abundances are close to
being even among taxa, the asymptote will not be reached until all or most taxa have been
collected, a large amount of error will be introduced. Conversely, if the community is dominated
by a few abundant species and a lot of rare species, the asymptote will be reached quickly and
error will be minimal. It is assumed that the majority of lotic systems are more similar to the
latter abundance pattern, but there is still variability in this pattern among streams that will
contribute various levels of error. These relationships need to be examined along pollution
gradients and for various stream types in each region in order to predict the number of
individuals needed to reach the asymptote.

Modifications of the fixed count subsampling method have come about to attempt to
eliminate some of the error associated with this form of subsampling and to allow taxa richness
to be expressed per unit area. A two-phase subsampling method is suggested by Cuffney et al.
(1993) and Vinson and Hawkins (1996), which consists of an initial search for large or rare
organisms followed by a standard subsampling procedure. This compromise selectively allows
the use of accurate taxa richness metrics as standardized sample size are often considered

important at a minimum of cost (Courtemanch 1996).

4. Recommendations for Subsampling

The sorting and identification of macroinvertebrates from entire large samples is

probably not a feasible solution for most agencies. Many papers indicate that subsampling can
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be employed cautiously or even without a drop in data quality. Unfortunately, as pointed out by
Doberstein et al. (2000), many studies on the effect of subsampling are insufficient to determine
if it is possible to use subsamples in benthic macroinvertebrate monitoring studies.
Bioassessment protocols only need to determine the most efficient method that accurately and
precisely describes stream reaches that fits the purposes of the study. The development of
standard protocols for ecoregions that are tailored to the suite of streams (from reference to
enriched to toxic systems and stream size) encountered in the region will promote the sharing of

information and thus advance the science of bioassessment.

FISH
1. Subsampling Decisions

As with macroinvertebrates, a sampling design for fish studies depends on the study
objectives. Yoder and Smith (1999) provide an excellent review of the various sampling
methods for fish, and how study objectives and stream conditions (size, geography, etc.)
determine the most appropriate methods to use. Also, Standard Methods (1998) provides general
guidelines as to study design, gear type, and data analysis. Rather than repeating the
information, only the generalities are present here. They recommend that only a single sampling
gear type be used, and that where electrofishing can be used, it is much more effective than

seining.

2. Taxonomic Resolution and Enumeration
Unlike macroinvertebrates and benthic algae, fish samples are of such a nature that the

entire sample can relatively easily be enumerated and identified to species in the field (Yoder
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and Smith 1999). Thus, subsampling is not an issue. In addition, other measurements typically

taken in the field are weight, length, and notes of external anomalies (Yoder and Smith 1999).

ALGAE
1. Sampling Decisions

Subsampling algae presents many of the same considerations as with macroinvertebrates
and fish: single- vs. multi-habitat sampling (Rosen 1995), taxonomic resolution, etc. (see Aloi
1990 for a review of field methods and Standard Methods (1998) for sample collection and
laboratory analytical methods.). Substrate type will determine the type of sampler used. The
RBP manual (Barbour et al. 1999) presents three methods of sampling periphyton, based on
substrate type. The Central Plains Center for BioAssessment developed a periphyton sampler
that is adaptable to various substrates (Anderson and Bouchard 2000). In all these cases the

sample equipment samples a known area, and samples can be standardized by unit area.

2. Taxonomic Resolution

Once in the lab, the researcher must decide what taxonomy to identify and enumerate.
Identifying a limited taxonomic assemblage will save time and money, but at the cost of loosing
ecological information. The RBP manual (Barbour et al. 1999) recommends only identifying
diatoms of which the species show diverse ecological preferences. Additionally, taxonomic

assemblage and level identified may come down to the expertise of the taxonomist. (Barbour et

al. 1999).
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3. Enumeration

By necessity, enumeration of periphyton requires subsampling. Unlike
macroinvertebrates and fish, subsampling involves examining a specific volume of water, thus
results can be standardized and samples can be more easily compared than macroinvertebrates
and fish samples (Barbour et al. 1999). One must, however, pre-determine how many specimens
will be enumerated. DARES 2004 sets a protocol on taxonomic abundance. If one taxonomic
group represents the bulk of the subsamples, then count additional specimens until a specific
count is reached. Specific procedures for subsampling and enumeration are presented in Rosen
1995, Barbour et al. 1999, Bahls 1993, and DARES 2004. Rationale of subsampling for time
and cost efficiency versus adequate counts for statistical and taxonomic analyses is presented in

the section on macroinvertebrates in this paper.

RECOMMENDATIONS

The ideal biomonitoring macroinvertebrate, fish, or benthic algae sampling regime would
involve a large number of whole samples from a known area, sampled from all of the important
habitats within a reach with taxa identifications taken to species. However, a protocol such as
this is unachievable for biological monitoring purposes, so compromises must be made to permit
the sampling of a large number of sites in a relatively short period of time in order to obtain
accurate and relevant information at a minimum of cost. A large amount of money and effort
would be required to collect and identify all (or even most) species in a stream reach and to
determine their relative abundances. This sampling regime would be impossible or would at
least limit agencies to such as small number of sites that little could be accomplished in terms of

biological monitoring. Conversely, a very rapid, simplified sampling protocol may not have
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enough power to detect the difference between subtle levels of pollution or even gross pollution,
making it useless and a waste of time and resources. A better approach is the establishment of a
middle ground or better yet, the determination of the lowest effort that will provide relevant

information.

Problems with Subsampling Studies

A difficulty of the subsampling dilemma is the lack of appropriate studies addressing the
subject. Doberstein et al. (2000) points out that some of the proponents of 100-count
subsampling (e.g. Barbour and Gerritsen 1996) use examples from lentic systems that may not be
comparable to lotic systems for two reasons: (1) the richness and relative abundances may not be
equivalent in both systems and; (2) the communities in both systems may not respond in similar
manners. Several papers arguing for fixed counts also do not use multiple subsamples from each
site to assess the variability among replicates. Other studies (e.g. Barbour and Gerritsen 1996;
Vinson and Hawkins 1996) only examine one or two metrics (taxon richness and/or total
abundance) as a basis for their conclusions (Doberstein et al. 2000). In order to fully understand
the effect of subsampling, all possible metrics potentially used in biological monitoring studies,
must be assessed (Doberstein et al. 2000). Somers et al. (1998) indicated that 100 organism
counts are sufficient to detect differences and do not compromise results, but since the results
were not compared to whole count samples, these conclusions are inconclusive (Doberstein et
al., 2000). Some studies do not look at the effect of pollution gradients on subsampling results
(Doberstein et al., 2000). Doberstein et al. (2000) also points out that the use of ANOVA to

evaluate the effect of subsamples is problematic because subsamples violate the variance of
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homogeneity assumption required for most parametric tests and a large number of replicates are

needed (>100) to estimate the true population variance and error resulting from subsampling.

How much difference is enough?

In many biological monitoring studies, the differences among sites are determined or
sites are compared to a baseline or reference condition to assess the level of impact. However,
the question should be asked regarding what constitutes an important difference among sites and
how can that be used to determine actual anthropomorphic impact? When comparing a reference
site to a study site, looking at the difference between the two sites without any knowledge of how
much of the observed difference is the result of sampling error and natural factors makes
monitoring difficult because unless there is severe impact at the study site, decisions are based on
conjecture. For instance, if there is a 20% difference between two sites, how much is a result of
actual perturbations and how much is the result of sampling errors and natural or stochastic
factors? Furthermore, how can recommendations regarding regulatory decisions be made
without that knowledge? The RPB (Plafkin et al. 1989) uses 83% similarity (17% difference) to
indicate difference between reference and study sites. However, it has been indicated that 83%
is possibly too high and does not account enough for sampling or natural differences (Resh and
Jackson 1993). Hannaford and Resh (1995) uses both 83% and 65% similarity to detect impact
in the effectiveness of the RBPs. These numbers are rather arbitrary and do not represent any
real threshold. Once there is some account for the importance of the difference or similarity
between sites, the development of sampling methodologies would become clearer since a percent
difference could be identified as meaningful. It is unlikely that any specific percent difference

could ever be considered more than arbitrary (much like the choice of the alpha value 0.05) but
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through analysis of relevant percent similarities, these values could be tailored to regions and
stream types. This reasoning could help to reduce error associated with misrepresenting

differences between site samples.

Power-Cost Efficiency

The decision of subsampling methods need be evaluated from a cost efficient point of
view in order to maximize the number of streams or sites that can be monitored while
maintaining a high degree of power to detect relevant differences between sites. Traditionally,
rarefaction was used to determine the sufficient sample size required to reach the collector’s
curve asymptote. Ferraro and Cole (1989) use Power-Cost Efficiency (PCE) as a method to
determine the least costly sampling regime that provides the higher power for detecting desired
differences between sites. Since the PCE analysis uses a t-test, it may not be a good idea to
apply PCE to subsampling. PCE may be good to determine the best subsampling methods, but
may not stand up statistically. Barbour and Gerritsen (1996) apply PCE to subsampling and give

an explanation.

CONCLUSION

Although in bioassessment, especially in terms of regulation, investigators would like to
determine the sampling scheme that performs best for all regions, habitats, and study objectives,
this ideal is an impossible objective (Ferraro et al. 1989). As information and studies continue to
improve our current knowledge of aquatic ecosystems and the effectiveness of methods used to
sample the communities and identify perturbations, it becomes necessary to attempt to develop

some standardization. Without standardization, the growth of bioassessment will be limited as
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the sharing of information and ideas between practitioners and agencies is becoming more
important to advance our current knowledge of complex lotic systems and their
macroinvertebrate communities.

Investigators must realize that it is impossible to completely describe the biotic
community in a reach of stream. Rather, it is important to characterize the stream in a way that
allows it to be separated from other streams or sites in a relevant manner for use in
bioassessment. For example, Vinson and Hawkins (1996) determined that although 100-200
counts greatly underestimate the true richness, they are robust enough to detect differences
between sites. The question needs to be asked, how much difference between sites is important
for bioassessment.

There will be no standard method that will fit all regions (this ideal can never be
achieved), but within regions protocols can tested and designed to reduce variation associated
with sampling. The resulting standardization will ease the pooling of information from multiple
agencies thereby improving biological monitoring programs. The attempt to thoroughly describe
a stream community in a given reach is impractical and faulty in its reasoning. It is not
necessary, since in terms of regulation and management of aquatic systems, it is only important
to collect information required to separate sites or streams based on perturbations in a
meaningful manner. It is possible that this may be accomplished when studies rigorously
examine the effects of subsampling on sampling benthic macroinvertebrates. However, the use
of subsampling needs to be examined on a regional basis to determine the most cost efficient

method to sample and monitor lotic systems.
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