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Researchers and managers within the Upper Midwest currently use a variety of sampling methodologies
and biological indices to assess ecological condition of stream systems. With multiple entities collecting
bioassessment data it is important that we determine the comparability of data and the indices derived
from these data for effective assessment of natural systems. In this study we assessed the similarity of
data collected by different agencies and we focused on data from one watershed to examine the outputs
of different indices for stream assessment, and the temporal variation of index score within sites. We
compared duplicate macroinvertebrate community data collected by the Little River Band of Ottawa
Indians and the Michigan Department of Environmental Quality for overall community composition
Index of biotic integrity and index scores derived from these data. Duplicate samples were similar in composition index scores.
Biological condition Taxonomic resolution was addressed and indicated that genus level resolution gives a more favorable
Scale score when using indices. We also evaluated the utility of currently available macroinvertebrate indices
of biotic integrity to assess data from the Big Manistee River watershed. The indices evaluated were
the Hilsenhoff biotic index, the benthic community index for the Northern Lakes and Forests (NLFBCI),
the Great Lakes Environmental Assessment Survey (GLEAS) procedure 51 for macroinvertebrates and a
biological condition gradient model for the Upper Midwest. Outputs from the indices were moderately
correlated (Spearman rank order correlation, r=0.35-0.698) though they indicated different assessments
of overall site integrity. Compared with larger scale regional indices, locally calibrated indices generally
classified sites as having better biological condition. Replicate samples collected within sites indicated
the GLEAS had higher levels of variability (0-265%CV) within sites than the other indices (<10%CV).
Data from long-term (10 year) monitoring stations were used to evaluate seasonal and long-term index
performance. There were differences in index score classifications from spring and fall samples indicating
that standardization of sampling time is necessary for comparative analysis. Temporal trends over 10
years reveal natural variation and set the baseline for evaluating the influence of anthropogenic effects.
Overall, results indicate that choice of index can alter assessment of site condition. For bioassessment in
the Big Manistee River watershed the NLFBCI performs well and accurately reflects site condition.

© 2014 Elsevier Ltd. All rights reserved.

Keywords:

Stream assessment
Macroinvertebrates
Bioassessment

1. Introduction

Whether the goal is to protect a relatively pristine ecosystem,
manage an actively used system, or restore a degraded one, the
approach and success relies on our knowledge and assessment of
the physical and biological condition of ecosystems. Aquatic biolog-
ical monitoring has been recognized as the first step in protecting
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biological integrity (Karr and Chu, 1999). Assessing the ecological
condition of a site may be approached through multiple methods,
often with the estimated biological condition dependent on many
factors, including the organisms selected for use in the interpreta-
tion (Carter and Resh, 2001), how data are interpreted (Cao et al.,
2005), and methods used to collect the data (Hughes and Peck,
2008).

Numerous national, regional and local organizations have inde-
pendently developed aquatic assessment programs producing
many innovative technical approaches for data acquisition and
interpretation (Davies and Jackson, 2006) but with little standard-
ization; therefore, determining the comparability of data collected
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and resulting assessments is needed (Cao and Hawkins, 2011). The
ability to utilize multiple sources of data could benefit programs
by allowing for validation of assessments if they are shown to be
comparable (Herbst and Silldorff, 2006; Gerth and Herlihy, 2006;
Rehn et al., 2007).

Biotic indices have been developed to aid in the interpreta-
tion of biological assessment data. The product of a biotic index
is a single site- and time-specific numeric score that can be
interpreted within a regional gradient of condition (Karr and
Chu, 1999). Assessment of the utility and applicability of these
indices over spatial (Ode et al.,, 2008) and temporal scales is
also necessary (Mazor et al., 2009). Determining comparability of
this numeric score and inferences derived from these endpoints
has become necessary to improve regulatory credibility, reduce
redundancy, increase efficiency, improve long-term monitoring
programs, expand assessments to a broader scale and generally
increase sample size, which would improve assessment (Cao and
Hawkins, 2011). In the Upper Midwest of the United States there
are numerous indices available; however, determining the appro-
priateindex and when to apply it is problematic. One biological data
set can be interpreted in different ways and subsequently indicate
different courses of action based on which index is applied.

Agencies within the Upper Midwest currently use disparate
sampling methodologies and biological indices to assess stream
systems. Often, management agencies use indices that are not
directly comparable, having varying scales and different classifi-
cation schemes. One of our goals for this study was to determine
if indices developed for use at different spatial scales in the Upper
Midwest (Fig. 1) would produce concordant index scores within
and across sites. We used a nested approach to evaluate sites based
on scores from indices developed with increasing geographic scope.
By nested approach we mean that the data set from the Big Manis-
tee River watershed is within the state of Michigan, which is within
the Northern Lakes and Forests Ecoregion within the Upper Mid-
west. Scoring of sites is in comparison to reference condition or
theoretical natural state utilized in the original development of
the index. The natural variation across a larger region may limit
discrimination of site specific differences in a regionally derived
index. A locally derived index may be necessary for discrimination
of smaller changes in biotic integrity (Ode et al., 2008). A nested
approach to data interpretation may lead to better understand-
ing of variation in ecological condition and the geographic scope
appropriate for interpretation.

Evaluation of stream condition is also dependent on the tempo-
ral stability of a system (Milner et al., 2006). Temporal variation in
community assemblage occurs both seasonally and annually. Sea-
sonal variability has been shown by others to be dependent on the
system evaluated (Linke et al., 1999; Morais et al., 2004; Maloney
and Feminella, 2006; Callanan et al., 2008; Kappes et al., 2010).
Annual variation has been less well studied (Jackson and Fureder,
2006) however; it has been shown that understanding annual vari-
ation is necessary to improve bioassessment when disturbance is
subtle (Huttunen et al., 2012).

We evaluated the utility of currently available macroinver-
tebrate indices of biotic integrity to assess macroinvertebrate
community data from the Big Manistee River watershed data set
from the northwest Lower Peninsula of Michigan, USA. The five
indices evaluated include the Hilsenhoff (HBI) (family and genus
level) biotic indices (Hilsenhoff, 1987, 1988), the benthic commu-
nity index for the Northern Lakes and Forests (NLFBCI) (Butcher
et al., 2003), the Great Lakes Environmental Assessment Survey
(GLEAS) procedure 51 for macroinvertebrates (Creel et al., 1998)
and a Biological Condition Gradient model (BCG) for the Upper
Midwest (Gerritesn and Stamp, 2012). The HBI was developed
to evaluate organic stream pollution based on genus or family
level tolerance values (G-HBI, F-HBI, respectively) for Wisconsin

macroinvertebrates. Community-based indices are used to assess
biological integrity using a combination of metrics such as native
composition and relative sensitivity to environmental conditions.
For example, the NLFBCI is a genus level assessment useful for
delineating impaired sites from non-impaired sites in the North-
ern Lakes and Forests Ecoregion. The GLEAS was developed for
use in Michigan with separate family level scoring for each ecore-
gion in the state resulting in a narrative classification of site scores
as excellent, acceptable, or poor. The BCG, originally described by
Davies and Jackson (2006), was calibrated for use in the Upper Mid-
west (Gerritesn and Stamp, 2012) and is based on the relationship
between stressors in the environment and corresponding ecolog-
ical response of the aquatic community indicated with a numeric
value from one to six. In this study, macroinvertebrate commu-
nity data collected through the Little River Band of Ottawa Indians
(LRBOI) baseline monitoring and assessment program as well as
State of Michigan Department of Environmental Quality (MI-DEQ)
macroinvertebrate community data from the trend monitoring
program were compiled and analyzed with available indices.

The objectives of this study were to (1) determine if data from
multiple agencies could be effectively combined and integrated
into a larger watershed dataset and (2) assess concordance of
regional indices.

2. Methods
2.1. Study area

The Big Manistee River watershed (Fig. 1) is in the north-
ern Lower Peninsula of Michigan, has an area of approximately
490,000 ha, spans 11 counties and includes the 1836 Reservation
of the Little River Band of Ottawa Indians (LRBOI). The watershed
is primarily forested (56%), with scrub/shrub and grassland cover-
ing 16% and wetlands comprising an additional 13%. There is some
agricultural use in the form of grazing and row crops (9%) with
developed land covering 6% of the watershed (NLCD, 2006). There
are 3191 km of stream within the Big Manistee River watershed
(NLCD, 2006). The lower portion of the Big Manistee River is fed-
erally recognized as a wild and scenic river with upper portions of
the mainstem and sections of tributaries designated by the State of
Michigan as Natural Rivers and Blue Ribbon Trout Streams.

2.2. Data acquisition

The LRBOI Natural Resources Department sampled benthic
macroinvertebrates annually, beginning in 2002, using a multihabi-
tat rapid bioassessment protocol (Barbour et al., 1999) to provide
data for biological assessment of the watershed. Sampling occurred
seasonally in the spring and fall of each year (2002-2011) at four
long-term, fixed monitoring sites with reach lengths 40 x stream
width. Habitat types (e.g., riffles and pools) were sampled in
approximate proportion to their representation of surface area.
Macroinvertebrates were preserved and identified in a laboratory.
Additionally, three simultaneous replicate samples were collected
from nine independent stream reaches in 2009. Three reaches were
located on Sickle Creek, Bear Creek, and Pine Creek respectively
(n=9), and were separated by a distance of 40 x stream width.
Macroinvertebrate data was also acquired from State of Michi-
gan assessments. In 2009 the State of Michigan MI-DEQ conducted
an assessment of 23 sites in the Big Manistee River Watershed
as part of the state monitoring program, which is on a 5 year
watershed rotation (Lipsey, 2010). Macroinvertebrate assessments
conducted through this effort followed the Great Lakes and Envi-
ronmental Assessment Section (GLEAS) Procedure 51 (Creel et al.,
1998) protocols. This protocol is used by the State of Michigan for
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260 Kilometers

Big Manistee River
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Fig. 1. Location of watershed sampling sites within the Big Manistee River watershed located in Michigan, USA. Area depicted includes Upper Midwest (dark gray) where the
Biological Condition Gradient (BCG) model was calibrated, Northern Lakes and Forests Ecoregion (gray) where a biotic condition index (NLFBCI) was calibrated, the Michigan
portion of the ecoregion (light gray) where the Great Lakes Environmental Assessments Section (GLEAS) index was calibrated and the Big Manistee River watershed where
data was collected. The dark rectangle in the watershed is the Little River Band of Ottawa Indians 1836 exterior reservation boundaries where long term data was collected.
All dots in the watershed are sampling locations with long term stations identified with a star.

biological assessments throughout the State and is very similar to
the LRBOI protocol with proportional habitat being sampled for
macroinvertebrate community composition. The GLEAS samples
were subsampled to 100 organisms and processed to family in the
field while the LRBOI samples were subsampled to 300 organisms
and processed to family in a laboratory from 2002 to 2007 and to
genus from 2008 to 2011.

2.3. Index applicability

Regional macroinvertebrate indices derived from three spatial
scales were evaluated for interpretation of bioassessment data.
Macroinvertebrate indices were considered if they were developed
for use in the Upper Midwest, the Northern Lakes and Forests Ecore-
gion (Omernik, 1987) or the State of Michigan (Fig. 1). Sampling
protocols for each index including collection method, timeframe
and thermal regime were included in the comparison. The appli-
cability matrix highlights differences in the requirements for each
index that met the above criteria (Table 1). A total of five index
scores were calculated: the NLFBCI, the G-HBI and F-HBI, the GLEAS
and a BCG model for the Upper Midwest (Table 2). All indices were
generally similar in approach, though each had slight variations in
sampling protocols and data requirements. All indices were devel-
oped for use in cold water systems with multiple habitats in the
stream reach sampled during field collections. However, there were
some discrepancies in taxonomic resolution requirements (family
or genus) and spatial scales of index development. Scale of index
development ranged from the entire Upper Midwest to a specific
ecoregion within the state of Michigan.

2.4. Data resolution and source

The feasibility of integrating datasets was evaluated through
comparison of taxonomic resolution and precision of duplicate
assessment. To evaluate the effect of taxonomic resolution on index
sensitivity, index scores from each of four long-term monitoring
sites were calculated from data with genus and family level reso-
lution. Comparisons of truncated data (i.e., family level) to original
genus level data were completed for eight paired samples (Spring
and Fall for each year, 2008-2011) for each site utilizing a Wilcoxon
Signed Rank Test in SigmaPlot version 12.2 (Systat Software Inc.,
2012).

Consistency of macroinvertebrate sampling between agencies
was verified using data from three duplicate sites sampled by
both MI-DEQ and LRBOI in 2009. Both agencies sampled the same
reaches independently using their respective protocols. Duplicate
sites were of average quality and similar in size to other sites in the
watershed assessment. LRBOI data was converted from genus level
to family level resolution to match the lowest taxonomic unit avail-
able for MI-DEQ data. Index scores generated from these samples
were evaluated with a Mantel test (Mantel, 1967) to determine
if the two sampling efforts produced similar data (Mazor et al.,
2010). Multivariate analysis (Mantel test) was conducted in PC-
ORD version 6.0 (McCune and Grace, 2002; McCune and Mefford,
2006) for MI-DEQ and LRBOI macroinvertebrate community data.
Mantel’s R was used to determine correlation between commu-
nity compositions of samples. Sorensen distance was used as a
dissimilarity measure for the paired LRBOI and MI-DEQ matri-
ces.
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Table 1

Index applicability matrix describing core attributes for each of five indices used for analysis: Hilsenhoff biotic index (F-HBI, G-HBI), Northern Lakes and Forests benthic
community index (NLFBCI), Great Lakes Environmental Assessment Section (GLEAS) index and the biological condition gradient (BCG). The BCG has different models for cool
and cold water streams based on mean July temperatures. We used the cold water model.

F-HBI G-HBI NLFBCI GLEAS BCG
Development region WI WI Ecoregion MI MN,WI,MI
Taxonomic resolution Family Genus Genus Family Genus
Sampling protocol Multihabitat? Multihabitat? Multihabitat® GLEAS 51¢ RBP4
Temperature regime Regional Regional Regional Ecoregion (<17.5°C)

" References for sampling protocols: (a) Hilsenhoff (1987), (b) Chirhart (1998), (c) Creel et al. (1998), and (d) Gerritesn and Stamp (2012).

2.5. Index precision

Replicate samples were collected to determine the effect of
within site variability on index scores. To assess index score
repeatability, three simultaneous replicate samples were collected
by LRBOI in 2009 at each of nine independent site locations. Coeffi-
cient of variation (CV) and standard deviation (SD) were calculated
for each site. The comparability of index scores was evaluated
using numeric scales, thresholds, and classification systems among
indices. To determine whether the different indices resulted in
the correlated assessment of the macroinvertebrate communities,
Spearman rank order correlation, were completed in SigmaPlot
version 12.2 (Systat Software Inc., 2012), among index scores
from 30 independent site assessments conducted throughout the
watershed in 2009. Data was aggregated from the 23 MI-DEQ
assessments, the four long-term monitoring LRBOI sites and an
additional three sites from the replicate sampling (one site from
each stream) for a total of 30 sites. For comparisons of NLFBCI,
GLEAS and HBI indices, scores were calculated at the family level as
that was taxonomic resolution available for MI-DEQ data. To com-
pare the BCG scores, genus level data had to be used, which was
available from the four long-term monitoring sites collected sea-
sonally over four years (N=8 for each site). All comparisons with
the BCG were made with indices calculated from genus level res-
olution. The intent of the analysis was to look at scores generated
from samples and the relationship of those scores.

2.6. Site assessments

Index scores from 30 sites throughout the Big Manistee River
watershed were assessed to determine if sites scored similarly
across indices. Data was aggregated from the 23 MI-DEQ assess-
ments, the four long-term monitoring LRBOI sites and an additional
three sites from the replicate sampling (one site from each stream)
for a total of 30 sites. Indices were calculated based on family level
resolution as that was the lowest taxonomic level available for MI-
DEQ data. Proportion of sites in various numeric and categorical
rankings of indices were calculated. Site assessments based on the

Table 2

nested indices (GLEAS being locally calibrated and NLFBCI being
regionally calibrated) were compared by assessing proportionate
divergence of scores away from a specific threshold in the index.
A Wilcoxon Signed Rank test was completed in SigmaPlot version
12.2 (Systat Software Inc., 2012) to test the pairs of index scores
(GLEAS and NLFBCI) generated from each site and the difference in
the proportionate divergence from the threshold.

2.7. Temporal trends

Seasonal index scores from 2002 to 2011 from the four long-
term monitoring locations were analyzed using a Wilcoxon Signed
Rank test in SigmaPlot version 12.2 (Systat Software Inc., 2012) to
determine if there were seasonal affects discernible by index score.
Spring and fall samples were paired for the analysis and if a season
was missing data, that pair was omitted in the statistical analysis.
Index scores were also plotted against time to examine seasonal
trends by year at each site and evaluate variability (CVs). Each of the
index scores were calculated for four long-term monitoring stations
in the watershed over ten years to track index output over time.

3. Results
3.1. Data resolution and source

The index scores calculated from family and genus level tax-
onomic data were not significantly different for the HBI (family
and genus) at any of the sites (P>0.37, Wilcoxon Signed Rank test)
(Fig. 2a). The index scores from the GLEAS and the NLFBCI (Fig. 2b
and c) genus and family level pairs were significantly different at
all sites tested (P<0.01, Wilcoxon Signed Rank test). The output
scores from the GLEAS and NLFBCI were greater (suggesting better
condition) when calculated from genus level data.

Family level community composition data from the three sites
with both MI-DEQ and LRBOI data were analyzed with a Mantel
test in PC-ORD (Table 3). The Mantel test compared matrices based
on species composition and indicated paired matrices were signif-
icantly correlated (P<0.01). Sampling completed by MI-DEQ and

Numeric index scores and associated classification levels for the Hilsenhoff biotic index (HBI-F, HBI-G), the Northern Lakes and
Forests benthic community index (NLFBCI), the Great Lakes and Environmental Assessment Section (GLEAS) index and the numeric
levels for the biological condition gradient (BCG) model for the Upper Midwest. Color gradations indicate groupings based on

similarities in classification levels.

HBI (F)° HBI (G)° NLFBCI® GLEAS* BCG®

0-3.75 Excellent 0-3.50 Excellent 1
3.76-4.25  Very Good 3.51-4.50 Very Good 36-50 Good 5-9 Excellent >
4.26-5.0 Good 4.51-5.50 Good
5.01-5.75 Fair 5.51-6.50 Fair 24-34  Fair -4-4  Acceptable 3
5.76-6.50  Fairly Poor 6.51-7.50  Fairly Poor 4
6.51-7.25 Poor 7.51-8.50 Poor 10-22  Poor -9--5 Poor 5
7.26-10.0  Very Poor 8.51-10.00 Very Poor 6

“References for scoring: (a) Hilsenhoff (1987), (b) Hilsenhoff (1988), (c) Butcher et al. (2003), (d) Creel et al. (1998), and (e) Davies

and Jackson (2006).
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Table 3

Sampling of same sites (PLD, PLU and BCR) independently completed by agency staff (LRBOI, MI-DEQ) and evaluated for index scores and Mantel’s r based on family level
community composition data. Index scores include the family level Hilsenhoff biotic index (F-HBI), the Northern Lakes and Forests Ecoregion benthic community index

(NLFBCI) and the Great Lakes and Environmental Assessment Section (GLEAS) index.

PLD PLU BCR

LRBOI MI-DEQ LRBOI MI-DEQ LRBOI MI-DEQ
F-HBI 4.32 4.36 3.99 4.23 4.01 3.63
NLFBCI 36 36 32 34 36 34
GLEAS 4 4 2 5 4
Mantel’s r 0.151 0.353 0.109

LRBOI at three sites indicated index scores were similar. Data col-
lected by these two agencies resulted in identical scores for both
the NLFBCI and the GLEAS at one site (PLD). The other two sites
only varied by one point for the GLEAS scores and two points (one
classification level) for the NLFBCI. The F-HBI scores fell within the
same scoring level for PLD (Good) and PLR (Very Good) while BCR
was scored as an Excellent site based on MI-DEQ sampling and a
Very Good site based on LRBOI sampling.

3.2. Index precision

Coefficient of variation and standard deviation based on three
simultaneous replicate samples were variable in precision depend-
ing on the index used (Fig. 3). The F-HBI and G-HBI ranged from 0
to 9% CV and 0.01 to 0.40 SD and 0 to 8% CV and 0.01 to 0.30 SD
respectively. Sites scored with the NLFBCI ranged from O to 8% CV
and 0 to 2.31 SD. When scored with the BCG, samples ranged from
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Fig. 2. Comparison of family and genus level scores for three indices: (a) Hilsen-
hoff biotic index, (b) Great Lakes Environmental Assessment Section index and (c)
Northern Lakes and Forests benthic community index. Paired scores (genus and fam-
ily outputs) at each site were tested using 8 samples at each site collected from 2008
to 2011 (Wilcoxon Signed Rank test).

0 to 25% CV and 0 to 0.58 SD. The GLEAS scores had the most vari-
ability and ranged from O to 265% CV and 0 to 2.65 SD for specific
site replicates. The average coefficient of variation (CV) across sites
was under 10% for all metrics except for the GLEAS, which was 68%.
Results were similar for the average standard deviation (SD) with
the F-HBI, G-HBI and the BCG all under 0.25 SD. Both the NLFCBI
and the GLEAS had higher average standard deviations above 1.0
SD.

Correlations among indices were varied (Fig. 4). Spearman rank
order correlation analysis showed output scores from the G-HBI
were not significantly correlated with the scores from the BCG
(P=0.60, p=0.204) however, the F-HBI was correlated with both
the NLFBCI (P<0.01, p=0.553) and the GLEAS (P<0.01, p=0.629).
The NLFBCI was significantly correlated with the GLEAS (P<0.010,
p=0.698) and had the highest correlation coefficient. The BCG was
weakly correlated with both the NLFBCI (P<0.01, p=0.376) and the
GLEAS (P<0.01, p=0.350). The NLFBCI, GLEAS and F-HBI/G-HBI all
increased in relation to each other as did the BCG and the NLFBCI
and the GLEAS. The indices with no significant correlation were the
G-HBI and the BCG.

3.3. Site assessments

When using indices to assess sites throughout the watershed,
the F-HBI, which has seven classifications, generally indicated 26
of the 30 sites ranked above the good threshold while the remaining
four sites were in the fair category. Overall, 86% of sites were scored
as BCG Tier 3 sites, which correspond to the narrative of the BCG
model that states that there is loss of some rare native taxa and
some shifts in relative abundance (Davies and Jackson, 2006). The
GLEAS index scored 50% the sites as “excellent” and 50% as “accept-
able”, the top two of the three tiers of classification in the GLEAS
and while the NLFBCI also showed a similar trend in ranking based
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Fig. 3. Mean (+1 S.E.) standard deviation and coefficient of variation among repli-
cate samples (3) collected at nine locations in 2009. Black bars represent the mean
standard deviation (SD) of the replicates for each index across the nine sites. The
gray bars represent the mean percent coefficient of variation (CV).
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Fig. 4. Spearman’s rank order correlation (p) between index scores. Figure labels a-c utilized family level data from the 30 sites taken throughout the watershed in 2009. To
analyze the BCG genus level data were required and therefor data (n=32) used were from seasonal sampling that occurred at four sites from 2008 to 2011 (figure d-f).

on category (43% in the top and 53% in the fair category); how-
ever, discrepancies in scoring appear when actual score values are
analyzed (Fig. 5). When evaluated based on a proportional mea-
sure away from the good or acceptable threshold, the two indices
scored the sites differently (P<0.01, Wilcoxon Signed Rank test).
The GLEAS often scored sites higher, and gave a more favorable
view of the watershed as a whole, than the NLFBCI which often
produced scores very close to the threshold between fair and good.

3.4. Temporal trends

Four sites were assessed with the BCG (genus level resolution)
seasonally from 2008 to 2011. Only one site (Sickle) had different
scores for fall and spring and the divergence increased through time
(Fig. 6¢). All other sites were similar to the Oldhouse site (Fig. 6g)
and did not show differences in spring and fall BCG scores though
statistical analysis was not completed due low sample size. The HBI,
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Fig. 5. Representation of the proportion away from the good or acceptable thresh-
old each site scored with the Northern Lakes and Forest benthic community index
(NLFBCI) and the Great Lakes Environmental Assessment Section (GLEAS) index. This
allows for a comparison of the relative scores for the two community indices and
how assessment scores rate the condition of a given site. When paired site scores
were analyzed with the Wilcoxon Signed Rank test there was a significant differ-
ence (P<0.01). The horizontal line indicates the good or acceptable threshold for the
indices.

NLFBCI and GLEAS site assessments from 2002 to 2011 (Fig. 6a, b,
d-f, h) indicated that none of the output scores showed significant
seasonality (P>0.01, Wilcoxon Signed Rank test). However, when
sites were assessed on an annual basis by season they occasionally
indicate different categories of classification (Fig. 6). For example,
in 2003 the GLEAS produced different categories for the analysis of
the sickle site (Fig. 6a). Fig. 6 indicates that the seasonal sampling,
though not significantly different in scores, can lead to different
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categories of classification with the HBI, GLEAS and the NLFBCI.
Site show temporal variation (CVs over year and season) in output
scores with NLFBCI CVs ranging from 14% (Sickle) to 9% (Oldhouse);
GLEAS score CVs from 80% (Sickle) to 61% (Oldhouse); BCG score
CVs from 33% (Sickle) to 0% (Oldhouse) and HBI score CVs from 29%
(Sickle) to 11% (Oldhouse).

4. Discussion

Important decisions about the management and the use of nat-
ural resources are often influenced by the estimated condition of
a site (USEPA, 2011), which in recent times tends to be based on
metric calculations or an index such as an IBI (Karr and Chu, 1999).
Results of this study reveal that estimation of site quality can be
influenced by the choice of the index and taxonomic resolution of
data. We have shown that assessments of environmental condition
are generally concordant among different indices; however, vary
in magnitude (fair, good, excellent). Thus, which index is used has
management implications, and awareness of biases and strengths
of each index improves assessment and interpretation of site scores
and results within a regional context.

4.1. Data resolution and source

The nature (e.g., resolution) and the source of the data (i.e., by
whom and how collected) that is used to develop site scores can
influence our characterization of different systems and our abil-
ity to merge data sets for broader spatial and temporal coverage
of system assessment. For example, while there is argument for
fine resolution in taxonomy for discriminating subtle ecological
signals (Waite et al., 2004; Feio et al., 2006; Hawkins, 2006) there
is also indication that biotic index scores may not always be sensi-
tive to taxonomic resolution and for some applications more coarse
taxonomic resolution (e.g., family) may be acceptable. The F-HBI
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Fig. 6. Spring and fall index scores for two long-term monitoring sites in the Big Manistee River watershed from 2002 to 2011. The Great Lakes environmental and assessment
section index (GLEAS) scores (a and e), the Northern Lakes and Forests Ecoregion benthic community index (NLFBCI) (b and f) and the Hilsenhoff biotic index (HBI) (d and
h) spring and fall output pairs were analyzed using a Wilcoxon Signed Rank test which did not indicated differences in the seasonal index scores. The biological condition
gradient (BCG) data was only available for four years and did not provide enough data to run the statistical analysis (c and g). Only the most variable site (sickle) and the least
variable site (Oldhouse) are shown for reference as they represent the extremes of the data. Long dashed horizontal lines in each panel represent the top threshold for each
index while the fine dotted line represents the bottom threshold for each index.
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has been described as less accurate than the G-HBI (Hilsenhoff,
1988) but there was no significant difference based on family or
genus level scoring for the range of values exhibited at the long-
term monitoring sites in this study. For both the GLEAS and the
NLFBCI the score derived from genus level data was higher than
family level data scores. This can be partially explained by the use
of individual metrics based on richness values and the inherent
increase in richness values as taxonomic resolution increases. Both
Bailey et al. (2001) and Chessman et al. (2007) found small dif-
ferences in sensitivity between family and genus but determined
no appreciable information was gained by the added effort of lower
taxonomic resolution for bioassessment. In the Big Manistee water-
shed, where sites are of generally good quality, greater taxonomic
resolution is necessary if the goal is to distil small differences in the
relatively high quality sites.

Agencies have historically built bioassessment programs to suit
specific monitoring and regulatory needs. These long-term moni-
toring programs provide consistency that is necessary for tracking
trends over time (Herbst and Silldorff, 2006). If methods, data, and
results were comparable there would be benefit to collaboration
and sharing of data for greater regional determination of environ-
mental conditions. In a survey of methods used by state agencies
Carter and Resh (2001) found a large range of field and labora-
tory methods that could limit effective integration of data sets.
Though field and laboratory methods between MI-DEQ and LRBOI
varied slightly, comparisons between community composition and
index scores derived from this data show similar results. Species
composition of samples collected by the two agencies was not
significantly different at the three replicate sites; however, index
score classification derived from this data did vary at one of the
three duplicate sites (e.g., LRBOI data scored the site as “excel-
lent” while the MI-DEQ data scored it as “acceptable” using the
GLEAS index. Differences in classification levels could be an issue if
these indices were utilized for listing sites as impaired. If manage-
ment recommendations were based on bioassessment, effects of
variation in classification could be rectified by conducting multiple
assessments for a specific site.

4.2. Index precision

Stream habitat and the associated macroinvertebrate assem-
blages are spatially variable (Palmer et al., 1997; Lake et al., 2000),
yet bioassessment may be based on a single sample or multiple
samples from a small area to represent the integrity of a stream
reach. In a summary of state agencies that use macroinvertebrates
for biomonitoring it was found that 56.1% of programs surveyed
(48 States and District of Columbia) conducted replicate sampling
for site characterization (Carter and Resh, 2001). Our study found
that index scores based on concurrent replicate samples from a
site differed in variability depending on index used. The GLEAS
index had a much higher average variability (65% CV) and repli-
cates ranged over 5 points for a single site (265% CV) with three
replicates, whereas the average CV was below 10% for the NLF-
BCI, the BCG and the HBI. Mazor et al. (2009) found that average
CVs for replicates ranged from 22 to 27% for IBI scores. Herbst and
Silldorff (2006) used CVs of 15-20% as their data quality objective
for aggregate multimetric IBI scores at reference sites. Nichols et al.
(2006) concluded that a single macroinvertebrate collection would
be acceptable if the habitat was not variable and was in good con-
dition, but if there was a higher level of habitat heterogeneity then
multiple collections were necessary. Depending on the index used
there is evidence that replicate samples are necessary for a more
accurate assessment of condition. Specifically, with higher variabil-
ity in scores generated by the GLEAS samples we would advocate
using multiple samples for assessments that lead to management
decisions if using the GLEAS.

Indices were concordant except when comparing the BCG
with the G-HBI. The range of condition determined for our sites
was limited in scale for both the G-HBI and the BCG. Also, the
HBI was developed to indicate issues from organic pollution
and this tolerance-based index may not be comparable to sco-
ring using community composition and comparison to reference
conditions. Spearman correlation coefficients for significant rela-
tionships among indices (NLFBCI, GLEAS, F-HBI, G-HBI and BCG)
were low (r=0.35-0.698) compared with other previous research.
Herbst and Silldorff (2006) found moderate correlations (Spear-
man’s r=0.70-0.86) among indices from sites in the eastern Sierra
Nevada of California. Hawkins et al. (2010), also found moder-
ate correlations (Pearson’s r=0.63-0.92) among index scores at
sites within the Columbia River basin. When evaluations were
completed spanning seven countries throughout Europe, Birk
and Hering (2006) found more variable correlations (Pearson’s
r=0.20-0.077) among indices. Five streams with 11 sites tested
in Australia showed moderate correlations (r=0.66-0.89) between
bioindicators (Nichols et al., 2010). Because results from the indices
were concordant, sites scored with the NLFBCI, GLEAS, or the BCG
will generally reflect similar patterns of biotic condition if tracked
over time.

4.3. Site assessments

Based on the region for which they were calibrated, all indices
examined in this study were appropriate for use with Big Man-
istee River watershed dataset. Meador et al. (2008) found in a
study of the western US that regional IBIs can work at multiple
spatial scales and corroborate those developed at more local geo-
graphic scale. Over three geographically separate regions in Oregon
and California, models have been developed that contain metrics
that function well across ecoregions (Waite et al., 2010). How-
ever, locally calibrated indices have also been found to outperform
regional indices for site specific assessments (Mykrd et al., 2008;
Ode et al., 2008). Overall, the GLEAS (locally calibrated index) and
the NLFBCI (regional index) assessment scores provide a favor-
able view of the watershed where approximately half of the sites
were in the top level classification for both indices. However, when
assessed using the proportional divergence of the site score away
from the highest threshold of condition, the NLFBCI index gener-
ally scored sites lower than the GLEAS. This may be an artifact of the
taxonomic resolution of the dataset and an indication that genus
level resolution is needed for valid assessment using the NLFBCIL.
Considering the nested nature of the indices, the local calibration
of the GLEAS may indicate that, of the Michigan NLF ecoregion,
sites in the Big Manistee River watershed sites rank well compara-
tively. The NLFBCI may give a better overall evaluation of how sites
rank in relation to the rest of the ecoregion. Expanding further, the
BCG scored six of the seven watershed sites as Tier three and the
remaining site as Tier four. This model may give better insight as to
the condition of sites relative to a larger regional picture including
the state, ecoregion and Upper Midwest. These results exemplify
that care must be taken in choosing indices as well as interpreting
results from the scores.

4.4. Temporal trends

Over 10 years, paired seasonal index scores were not signifi-
cantly different; however, on an annual basis there were differences
in seasonal scores that could lead to variation in classification of
stream sites. We detected no significant trend where one season
produced a consistently higher index score. This is in contrast to
other studies that found consistent differences in seasonal index
scores (Linke et al., 1999; Callanan et al., 2008; Kappes et al., 2010).
Others have found multimetric scores to be insensitive to season
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and showed no differences in scores based on season (Morais et al.,
2004; Maloney and Feminella, 2006). Index scores for long-term
monitoring sites in the Big Manistee River watershed showed sea-
sonal differences in classification on an annual basis sufficient to
alter interpretation of system condition. Ensuring consistency in
sampling season is important for accurate assessment and com-
parisons to reference sites especially if scores are to be used for
designating impairment or management action.

Jackson and Fureder (2006), in a review of bioassessment papers
(1987-2004), found only 46 papers with long-term (>5 year) data
sets. They stressed the need for long-term consistent research to
accurately describe the variation, type, magnitude and direction of
response signals. Long-term assessments are necessary to begin
to understand the natural fluctuations and track anthropogenic
effects. There have been conflicting reports in the literature as to the
stability of assemblage composition over time. Temporal changes
have been observed in Mediterranean systems (Feio et al., 2010)
and in pristine Alaskan streams (Milner et al., 2006). In reference
sites Nichols et al. (2010) found persistent communities and no sig-
nificant change in bioindicators over 15 years. Mazor et al. (2009)
determined through a twenty-year assessment of four sites that a
snapshot approach to bioassessment could lead to incorrect con-
clusions if natural fluctuations are not taken into account. Huttunen
et al. (2012) also found that even with low annual variation there
were discrepancies in index scores describing ecological status of
sites and that use of one year of data would be problematic for
making informed management decisions.

By tracking index scores over multiple years, variation over
time is revealed. Conclusions based on a one year assessment
would likely be very different than conclusions based on data from
2008 to 2011 (BCG data). This pattern is even more pronounced
when specific watershed sites were evaluated over 10 years uti-
lizing the HBI, NLFBCI and the GLEAS. Observing similar patterns
in multiple indices through time can distinguish long-term nat-
ural variability as compared to anthropogenic effects. Long-term
variability has not been well studied in stream systems, though its
suggested importance is well-documented (Jackson and Fureder,
2006). Documenting long-term variability will improve assess-
ment of biological quality specifically where disturbance is subtle
(Huttunen et al., 2012).

The results found here highlight the benefits and difficulty
of utilizing multiple indices developed at different scales with
geographically small data sets. Aggregating data from multiple
agencies, assessing comparability issues and ensuring index scores
are comparable is necessary for an expanded scope of site charac-
terization. The benefit of being able to assess local sites at multiple
scales and broadening the scope of assessments leads to a better
understanding of ecological condition. The goal of bioassessment
is to evaluate the ecological condition of a site, reach, watershed
or region. Using multiple lines of evidence in the form of multi-
ple indices will help assess the condition of a site and put it into
a larger regional perspective. If indices and thresholds are to be
used in management decision making process, replicates or mul-
tiple samples over time should be used due to variance in index
scores. Long-term assessments are necessary to evaluate site con-
dition and assess natural fluctuation. Each index used in this study
was originally developed for different geographic scales and we
found that use of the NLFBCI provides an effective assessment of
the Big Manistee River watershed.
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