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1.  Introduction 
 
The EMAP (Environmental Monitoring and Assessment Program) was initiated by U.S. Environmental 
Protection Agency (EPA) to estimate the current status and trends of the nation’s ecological resources 
and examine associations between ecological condition and natural and anthropogenic influences.  The 
surface water component of EMAP is based on the premise that the condition of stream biota can be 
addressed by examining biological and ecological indicators of stress.  The long-term goal of EMAP is to 
develop ecological methods and procedures that permit the measurement of environmental resources to 
determine if they are in an acceptable or unacceptable condition relative to a set of environmental or 
ecological values (Herger and Hayslip, 2000).  The data collected would give insight into whether or not 
ecological resources are responding positively, negatively or not at all to existing or future regulatory 
programs (Lazorchak et al., 1998). 
 
In 1994, the EPA initiated the Regional Environmental Monitoring and Assessment Program (R-EMAP) in 
EPA Region VII.  The purpose of this study was to determine initial health and quality of the fisheries in 
Region VII and establish baseline data to be used in evaluating trends throughout the region (Peters et 
al., 2002).  The Nebraska Department of Environmental Quality (NDEQ) conducted the survey from 1997 
through 2001.  The objectives of the survey were a) to collect data to measure the status of biological 
integrity and riparian habitat quality of the state’s stream resources, b) to determine whether differences 
exist between fish and macroinvertebrate communities and in-stream and near-stream habitats from the 
different ecoregions of Nebraska, and c) to determine and develop the Index of Biological Integrity Index 
(IBI) for fish, an Invertebrate Community Index (ICI) for macroinvertebrate communities, and a Nebraska 
Habitat Index (NHI) for the stream environs within the Nebraska Ecoregions. 
 
 

2.  General description of Nebraska and Ecoregions 
 
Nebraska is considered to be a transition zone between the eastern and western, and northern and 
southern species of biota of North America (Weaver 1965).  Using soil and topographic characteristics, 
the state can roughly be divided into five major physiographic regions:  Low Plains, Northern Plains, 
Sandhills, High Plains and Pine Ridge. 
 
The Low Plains and Northern Plains ecoregions are largely composed of plains and rolling hills of loess 
dissected by streams that lead to the Missouri River.  This physiographic region includes the Nemaha, 
Big Blue, Little Blue, Republican, Lower Elkhorn, Middle and Lower Platte, Lower Loup, Lower Niobrara, 
and Missouri Tributary River Basins.  Land use is primarily agricultural.  Streams within this region 
typically have a silt-sand substrate and often carry a heavy sediment load.  The major exception to this is 
in the southeast corner of the state where Kansas Flinthill outcroppings are common.  The native 
vegetation along the streams was typically tall grass prairie (bluestem, switch grass, and Indian grass) 
and western-most extensions of eastern deciduous forests (oak) along major streams. 
 
The Sandhills ecoregion streams have substrates that consist of sand and sand-silt mixtures.  The Middle 
Niobrara, Upper Loup, and Upper Elkhorn River Basins make up the drainage areas in this region.  Mixed 
grass prairie (canary and cord grass) and a few trees (cottonwoods and willows) make up the vegetation 
along the banks.  Land use is cropland-pasture in the eastern half and primarily rangeland in the western 
half.  The water is typically very clean due to predominately groundwater sources.  Most stream 
substrates, which consist of shifting sand, and high current velocities, have reduced midstream habitat.  
Because of this, the majority of fish and macroinvertebrates are found along the stream edges and in 
“backwater” areas.  The western portion of this region consists of numerous lakes that are very stable due 
to the high ground water levels.  Very little macroinvertebrate and fish fauna research prior to 1980 has 
been conducted in the Sandhills. 
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The High Plains and Pine Ridge regions consists of the Upper Niobrara, North Platte, South Platte, Upper 
Republican, White, and Hat Creek River Basins.  Land use is primarily cropland and irrigated agriculture 
in the river valleys and rangeland above the valleys with low to high hills.  Vegetation along the stream 
banks was generally grass (blue gramma and buffalo) with a few trees (cottonwood and willow).  The 
water is typically clean and fast flowing with substrates of sand-gravel-silt mixtures.  Some taxa collected 
in these ecoregions are commonly found in montain regions in Colorado and Wyoming. 
 
Omernik (1987), and Omernik and Gallant (1987) compiled maps of ecoregions of the United States.  
These maps were compiled by noting regional similarities using a combination of terrestrial and stream 
characteristics  (Whittier et al. 1988).  More recently, Omernik revised and refined the ecoregions of 
Nebraska and Kansas into several subecoregions (Chapman et al. 2001)(Figure 1).  Based on these 
studies, Nebraska falls into six Level III Ecoregions and 29 Level IV Ecoregions.  Level III Ecoregions 
include the Western High Plains (Ecoregion 25), Central Great Plains (27), Northwestern Glaciated Plains 
(42), Northwestern Great Plains (43), Nebraska Sandhills (44), and Western Corn Best Plains (47). 
 
 

3.  Methods 
 
Sampling protocols used during the Nebraska REMAP study were those established by the EPA for the 
REMAP project (USEPA, 1994; Kaufman et al., 1999).  These protocols were developed for use in 
wadeable streams.  Survey crews consisted of 5 to 7 persons, depending on the size of the streams. 
 

3.1  Site selection  
 
Site locations were generated randomly by computer from digitized maps of perennial streams using 
Generalized Random Tessellation Stratified Design. The sampling design was derived from the approach 
used in EMAP (Messer et al., 1991, Overton et al., 1990, Stevens et al., 1992).  Categories within the 
design were defined by Strahler orders (1st, 2nd, 3rd, 4th+) and river basins.  There were approximately 
120 sites selected per basin and they were selected in equal numbers by Strahler order and river basin. 
River basins were defined by HUC-based boundaries.  From this random listing, 35 sites were chosen per 
year for sampling depending on presence of water, wadeability, and landowner permission.  Two to three 
basins were sampled per year.  In addition to these random sites, five selected sites were used as 
proposed reference sites per year.  The proposed reference sites were designated as ecoregion 
reference sites to represent the best attainable habitat, water quality, and biological characteristics of an 
ecoregion (Peter et al., 2002).  During each year, four sites were revisited in the late summer for 
representativeness purposes. Figures 2 and 3 shows the distribution of the perennial and reference 
sampling locations across the state.   Table 1 lists the steams, counties, stream size, flow, substrate, and 
latitude and longitude of the stream sites. 
 

3.2  Water, sediment, and fish tissue chemistries 
 
Water quality measurements and samples were collected prior to disturbance of the area by the sampling 
team.  Water quality parameters measured at the site included, temperature, pH, dissolved oxygen, 
turbidity and conductivity.  The EPA Region VII Laboratory in Kansas City analyzed all chemical samples, 
Kansas for heavy metals, nitrogen, and pesticides using approved EPA methods.  Discharge was 
calculated from measurements of depth and velocity with a wading rod and Marsh-McBirney flow meter at 
the best possible transect within the study reach. 
 
Fine sediment samples were collected in the areas of sediment deposition along the stream edge, from 
pool areas, or on the leeward sided of objects in the streams channel.  The samples were collected in a 
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glass container with a Teflon lined lid and sent to the EPA Region VII Laboratory for further chemical 
analysis.  Sediment chemical analysis was conducted for heavy metals and pesticides using approved 
EPA methods. 
 
Fish tissue samples were collected from bottom feeding fish or game species of fish.  Tissue samples 
consisted of three to five uniformly sized individuals of the same species and having a combined mass of 
at least 500 grams (or one pound).  Fish species collected were:  Channel Catfish, White Sucker, 
Common Carp, Largemouth Bass, or a Trout species.  All fish samples were wrapped in foil and stored on 
ice in plastic bags until they could be frozen in the laboratory.  Fish tissue analysis was done in the EPA 
Region VII Laboratory.  Sample analysis included the entire whole fish, which were rinsed and then 
homogenized in a stainless steel blender.  A subsample of the fish tissue was then analyzed for heavy 
metals and pesticides using approved EPA methods. 
 

3.3  Physical and habitat measurements 
 
The average width of the stream was determined and was used to determine the total length of the study 
reach using the equation 40 times the average width.  The length of the stream sampled ranged from 150 
to 300 m.  Physical habitat was measured in the sample reach at 11 evenly spaced cross-sectional 
transects and at 100 points along the thalweg following EPA EMAP protocol (Kaufmann and Robison 
1998).  At each transect, depth, substrate size class, and substrate embeddedness were measured at 
five equally spaced points between the wetted edges of the stream.  At both sides of the stream, the 
angle of the stream bank relative to the water surface, distance from water surface to bankfull height, 
stream incision depth, bankfull width and amount of overhang by undercut bank were measured.  Canopy 
cover was measured at the sides and centers of transects.  The amounts of fish cover in nine categories 
(filamentous algae, macrophytes, woody debris, brush, overhanging vegetation, undercut banks, 
boulders, artificial structures) were visually estimated.  Riparian vegetation cover was assessed by 
visually estimating the amount of canopy (> 5 m high), understory (0.5-5.0 m), and ground cover (<0.5 m) 
on both banks at transect locations.  The presence or absence and proximity of human disturbance (row 
crops, grazing, building, road, etc.) was visually assessed at each transect.  Thalweg measurements 
included depth, presence of fine substrate (< 16 mm diameter) habitat unit type (pool, riffle, run, dry 
channel), and presence of side channels and backwaters.  A visual Rapid Habitat Assessment 
(Lazorchak et al. 1998) based on 12 habitat parameters (instream fish cover, epifaunal substrate, pool 
substrate characterization, pool variability, channel alteration, sediment deposition, channel flow status, 
bank condition, bank vegetative protection, grazing or disruptive pressure, riparian vegetated zone width) 
was also completed for each sampled reach.  Water surface slope and azimuth were also measured. 
 

3.4  Fish collections 
 
Fish samples were collected at each sampling location.  Sampling was dependent on stream size and 
condition.  A backpack shocker was used for small and medium sized streams (flows less than 10 cfs, 
Table 2).  Larger, deeper streams were electroshocked utilizing a portable generator transported in a 
small boat.  Block nets were used downstream on smaller streams when fish collection was hampered by 
turbidity or other factors.  Stunned fish were netted and placed in buckets containing ambient water for 
holding and recovery.  The length of stream sampled was by calculated to be 40 times the width of the 
stream as determined above under physical and habitat measurements and ranged from 150 to 300 m.  
Seining was conducted with a 30 foot long ¼ inch mesh bag seine. The number of seining attempts was 
determined by the complexity and size of the stream.  Both methods were used to cover the biases of the 
other sampling method has toward particular sizes and species of fish.  Large fish were identified in the 
field and released unless they were to be used for fish tissue samples.  Small fish were mainly identified 
in the field, however, small hard to identify specimens were preserved for identification in the laboratory.  
A subsample of these specimens were sent to Dr. Mark Eberle at the Sternberg Museum of Natural 
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History, Fort Hays University, Hays, Kansas for confirmation or identification.  Total numbers were derived 
for all samples. 
 

3.5  Macroinvertebrate collections 
 
Aquatic macroinvertebrates were collected at each site using a number of sampling methods and were 
combined for assessment.  The different sampling methods were done to account for the different types 
of communities and habitats found in each stream.  Hester-Dendy Artificial Substrate Samplers consisted 
of 14 variable spaced round plates 3 inches in diameter and made of 1/8 inch tempered masonite.  The 
spacer between each plate varied with 8 single spacers, 1 double spacer, 2 triple spacers and 2 
quadruple spacers.  The surface area was approximately 0.16 m².  Overhanging vegetation samples were 
collected from the stream edge in the grasses bent into the water.  The samples were collected by 
sweeping a D-net (500µm Nitex net, 18 inch wide base) in an upward vertical motion through the 
overhanging vegetation.  The surface area sampled was approximately 1.67 m².  If habitat was limited, 
fewer sweeps were made, but was noted on the field sheet.  Pool substrate was sampled by dragging a 
D-net through the substrate in a pool area with a silt bottom for a length of one foot and one inch deep.  
The total sample consisted of 6 drags and had a surface area of 1.67 m².  Riffles were sampled using a 
Surber Stream Bottom Sampler (12 inch X 12 inch opening).  A riffle area was defined as an area of 
relatively shallow water with an accelerated velocity where the water surface is rough or broken.  The riffle 
substrate consisted of gravel or larger stones. Six samples were taken from each riffle and were made by 
agitating the contents of the substrate to allow the contained and attached organisms to be washed 
downstream into the Surber net (500 µm Nitex).  Surface area was 0.56 m².  Qualitative samples were 
taken to include all other habitats not collected.  Habitats included woody debris, log jams, larger rocks, 
submergent and emergent vegetation.  An effort of 15 to 20 minutes for one person was made to sample 
these additional habitats.   
 
In the field individual samples were placed in a No. 30 mesh sieve or wash bucket (595 µm openings) and 
washed to remove mud and small debris.  Large debris was also removed by hand.  Collections from 
each habitat were placed in plastic jars and preserved in 10 percent formalin.  In the laboratory, samples 
were rinsed in water and represerved in 70% ethanol.  The samples were sent to McBride Benthic 
Consulting or Normandeau Associates, Inc, for sorting and identification. 
 
Identifications of all organisms were made to the lowest possible taxon using taxonomic keys and 
literature (Table 3).  Organisms were enumerated per taxa for each sample.  Subsampling was not 
required for most samples but was conducted when taxa numbers were high.  This procedure was done 
by recovering a percent volume of the sample with use of a grid placed underneath the sorting pan.  The 
unanalyzed portion of the subsample was quickly scanned for unusual or unexpected organisms.  The 
remaining portion of the sample was represerved and retained.  Final counts were extrapolated to 
account for 100 percent of the sample. 
 
Several representatives of each taxa of macroinvertebrates were saved for a project reference collection.  
The specimens were placed in vials, preserved in 70% ethanol, labeled and saved for future reference 
and comparisons. 
 
All macroinvertebrates were brought to the same taxonomic level for assessment purposes of the project. 
If an identification made to a lower than required level, the identification was changed to the next level.  
For example, if an invertebrate was identified to the species level and the other identifications were to the 
genus level as needed for analysis, the identification was changed to the genus level.  However, the 
species level was recorded in STORET. 
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4.  Metrics 
 
The measurement of overall fish, macroinvertebrate, and habitat community condition present in this 
report were determined using the Index of Biotic Integrity (IBI), the Invertebrate Community Index (ICI), 
and Nebraska Habitat Index (NHI).  The indices used for the fish, macroinvertebrates, and habitats are 
modifications of the Index of Biotic Integrity (IBI) as developed by Karr (1981) and modified by several 
Fausch et al. (1984), Karr et al. (1986), Ohio EPA (1987), Plafkin et al. (1989), Barber et al. (1999).  The 
fish IBI metrics used in this study were developed by the EPA Research Laboratory in Corvallis, Oregon 
and were selected from a list of metrics to best show responsiveness to disturbance, either natural or 
anthropogenic.  The ICI consists of four community metrics and were modifications of the invertebrate 
indices of the Ohio EPA (1987), Herger and Hayslip (2000), and Wilton (2004).  The NHI consisted of ten 
metrics and were selected from a list of metrics to best portray an interaction of habitat and biotic ranges. 
 
The metrics used to evaluate the fish, macroinvertebrates, and habitat are discussed below.  This 
discussion is primarily taken from Plafkin et al. (1989) and Barbour et al. (1999).  The examples used in 
the discussion refer to Nebraska’s use of each metric.  In general, relative abundances, rather than 
absolute abundances, were used for these metrics because the relative contribution of individuals to the 
total fauna or habitat is more informative then abundance data on populations without knowledge of the 
interaction among taxa and habitats. (Plafkin et al. 1989, Barbour et al 1995).  The premise is that a 
healthy and stable assemblage will be relatively consistent in its proportional representation, though 
individual abundances may vary in magnitude. 
 

4.1  Fish Index of Biotic Integrity Metrics (IBI) 
 

Metric 1.  Total Number of Native Species. 
 
This metric is based on the observation that the number of indigenous fish species decreases with 
increased degradation (Karr 1981; Karr et al., 1986; Barbour 1999).  Thus the number of fish species is 
expected to give an indication of environmental quality throughout the range from exceptional to poor.  
Hybrids and introduced species are not included. 
 

Metric 2.  Total Number of Native Families. 
 
The number decreases with increased degradation.  As in the total number of native species, the number 
of families gives an indication of the environmental quality and complexity of a stream.   
 

Metric 3.  Total Number of Sensitive Species. 
 
This metric distinguishes high and moderate quality sites using species that are intolerant of various 
chemical and physical perturbations.  Intolerant species are typically the first species to disappear 
following a disturbance.  Only species that are highly intolerant to a variety of disturbances were included 
in this metric so that it will respond to diverse types pf perturbations.  Fish collected in Nebraska and their 
tolerance values, habitat requirements, and trophic class are shown in Table 4. Table 5 lists the scientific 
and common names of the fish. 
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Metric 4.  Proportion of Tolerant Species in the Sample. 
 
This metric is the reverse of Metric 3.  This metric distinguishes low from moderate quality waters.  
Tolerant species show increased distribution or abundance despite historical degradation of surface 
water, and exhibit a shift from low densities to dominance in disturbed sites.  Tolerant species are listed in 
Table 4. 
 

Metric 5.  Total Number of Benthic Species.  
 
Benthic fish species are sensitive to degradation of steam benthic habitat because they have specific 
requirements for reproducing and feeding on the stream bottom (Roth et al, 2000).  Benthic habitats can 
be degraded by channelization, siltation, or the reduction of dissolved oxygen and are often degraded in 
streams with watersheds that contain large amounts of impervious surface.  Berkman and Rabeni (1987) 
documented reduced abundance of benthic insectivores in streams with increased amounts of silt in 
riffles.  Darter and madtoms species were included as benthic specialist in this metric.   

Metric 6.  Total Number of Long-Lived Species.  
 
This metric shows the effect of the water on fish species that live longer than one year.  These species 
often represent popular sport fish such as bass, pike, walleye, and trout.   

Metric 7.  Proportion of Alien Species in the Sample. 
 
This metric distinguishes low from moderate quality waters.  These species show increased distribution or 
abundance despite the historical degradation of surface waters, and they shift from incidental to dominant 
in disturbed sites. 
 

Metric 8.  Proportion of Sample Carnivore Species 
 
The top carnivore metric discriminates between systems with high and moderate integrity.  Top carnivores 
are species that feed, as adults, predominantly on fish, other vertebrates, or crayfish.  These species 
often represent popular sport fish such as bass, northern pike, walleye, and trout. 
 

4.1.1  IBI Scoring Methods. 
 
The data sets were divided into two groups for calibration of the metrics because of the inherent 
difference in species and habit types between ecoregion 47 (Western Cornbelt Plains) and the rest of the 
state.  The raw metric values for each grouping were standardized to a scale of 0-10 by dividing the raw 
metric by the maximum possible metric scores and multiplying by 10.  Total IBI scores were calculated by 
summing metric scores.   
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4.2  Invertebrate Community Index Metrics (ICI) 
 

Metric 1.  Total Number of Invertebrate Taxa.   
 
The total number of taxa reflects the health of the community through a measurement of the variety of 
taxa (i.e., total number of genera or species) present.  In similar habitats, the number of taxa generally 
increases with increasing water quality, habitat diversity, and habitat suitability.  However, the number of 
taxa found in streams of the Sandhill ecoregion of the state was similar to the reduced number usually 
found in pristine headwater streams.  Pristine waters are naturally unproductive and support only a limited 
number of taxa (Hynes 1970).  In these situations, organic enrichment results in the increased number of 
taxa. 
 

Metric 2.  EPT Taxa Richness. 
 
The EPT Taxa Index generally increases with increasing water quality.  The EPT Index is the total 
number of distinct taxa within the insect orders Ephemeroptera, Plecoptera, and Trichoptera.  This value 
summarizes taxa richness within the three insect orders that are generally considered to be pollution 
sensitive.  Many EPT taxa are sensitive to toxic contaminants such as ammonia, metals, and insecticides.  
Their absence or rare occurrence is strong evidence of a water quality problem. 
 

Metric 3.  Modified Hilsenhoff Biotic Index. 
 
Tolerance values assigned to each taxa range from 0 to 10, increasing was water quality decreases.  The 
index was developed by Chutter (1972) and Hilsenhoff (1977. 1982, 1987, and 1988) to summarize 
overall pollution tolerance of the benthic arthropod community with a single value.   This index was 
developed as a means of detecting organic pollution in communities inhabiting rock or gavel riffles.  A few 
tolerance values were modified for the fauna found in Nebraska.  Table 2 shows the tolerance values 
assigned to the macroinvertebrates found in the state.  The tolerance values also include non-arthropod 
species and the tolerance values are similar to those used by the numerous Midwestern and other 
regions in the United States (Barbour et al. 1999).   
 
The formula for calculating the Biotic Index is: 
 

    ∑= n
txHBI ii ))((

 

 
  where  xi = number of individuals of each species 
   ti = tolerance value of a species 
   n = total number of organisms in the sample 
 

Metric 4.  Percent Contribution of Dominant Taxon. 
 
The percent contribution of the numerically dominant taxon to the total number of organisms is an 
indication of community balance.  A community dominated by relatively few species indicates 
environmental stress.  Healthy streams have diverse benthic macroinvertebrate assemblages in which the 
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majority is composed of numerous taxa.  As stream conditions degrade, an increasingly higher portion of 
the assemblage is comprised of just a few opportunistic taxa.   
 

4.2.1  ICI Scoring Methods. 
 
The data sets were scored individually by ecoregion.  For each ecoregion, reference sites were used as 
the basis for calibration and the metrics were give scores of one, three, five, or seven.  A score of one 
was given to raw data score that were 12 percent or lower of the reference site distributions, a score of 
three as assigned to raw data scores between 13 and 25 percent, a score of five was given to raw data 
scores between 26 to 50 percent of the reference distributions, and seven was assigned as the score to 
raw data score greater than 50 percent of the reference distribution.  For ecoregions with less than five 
reference sites (ecoregions 42,43, and 271) the nearest, most similar ecoregion was used for assigning 
the scoring Total IBI scores were calculated within a range of 0-100 by summing metric scores, dividing 
by the maximum possible score.  
 
4.3  Nebraska Habitat Index Metrics (NHI). 
 
The metric descriptions are taken mainly from Kaufman and Robison 1998 and Barbour et al. 1999. 
 
Metric 1.  Incision/Width Ratio. 
 
This ratio is important in factoring the potential energy in a stream.  This is also related to the degree to 
which the channel is filled with water.  Water flows will change as the channel enlarges and aggrades 
streambeds with actively widening channels, thus influencing the discharge, flood stage, and stream 
power.    
   
Metric 2.  Percent Sand Substrate. 
 
The percentage of sand in the substrate leads to the stability of the streambed.  Wilcock (1998) shows 
that for a gravel-bed stream, a threshold of sand proportion greater than 20% to 40% initiates bed 
instability. 
 
Metric 3.  Percent Rowcrop. 
 
The percentage of rowcrop adjacent to or near the stream will affect the sediment potential during heavy 
rains or spring thaws.  A high sediment load will affect the habitat as well as the fauna of a stream. 
 
Metric 4.  Percent Riffle. 
 
The extent and quality of the riffle is an important factor in the support of a healthy biological condition.  
Riffles and runs offer a diversity of habitat through a variety of particle size and will provide the most 
stable habitat.   
 
 
Metric 5.  Percent Undercut Banks. 
 
The extent and quality of the undercut banks is another factor in the support of a healthy biological 
condition.  The undercut banks serve as a refugia for fish in lower gradient streams.   
 
Metric 6.  Percent Overhanging Vegetation. 
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This goes along with the other metrics that offer a diversity of habitat types.  The overhanging vegetation 
along the stream banks are among the most productive in sand bottom streams and provide a habitat 
structure for macroinvertebrates and fish refugia.  
 
Metric 7.  Percent Silt Substrate. 
 
Good quality habitat is essential for stream habitat and stability.  A pool or stream substrate dominated by 
mud and silt with no plants will not support as wide a variety of organisms as a firmer sediment types 
(e.g., gravel or sand) with rooted aquatic plants. Excessive watershed erosion can transport large 
amounts of fine sediment into streams, leading to frequent bed mobility and poor instream habitat. 
 
Metric 8.  Middle Canopy Layer Along Stream Bank 
 
The portion of the middle canopy layer measures the amount of stable vegetative protection.  This 
parameter supplies information on the ability of the bank to resist erosion as well as some additional 
information on the uptake of nutrients by the plants, the control of instream scouring, and stream shading.   
 
Metric 9.  Percent Pools. 
 
This rates the overall mixture of pool types found in streams, according to size, depth, and type.  A 
stream with many pool types will support a wide variety of aquatic species.  Rivers with low sinuosity (few 
bends) and monotonous pool characteristics do not have sufficient quantities and types of habitat to 
support a diverse aquatic community. 
 
Metric 10.  Percent Barren Banks. 
 
This metric measures the lack of the amount of vegetative protection and looks at the stream bank and 
the near-stream proportion of the riparian zone.  The root systems of plants growing on stream banks 
help hold soil in place, thereby reducing the amount of erosion that is likely to occur.  This parameter 
supplies the amount of erosion that is likely to occur.  Banks that have full, natural plant growth are better 
for fish and macroinvertebrates than are banks without vegetative protection or those shored up with 
concrete or riprap.  In areas of high grazing pressure from livestock or where residential and urban 
development activities disrupt the riparian zone, the growth of a natural plant community is impeded and 
can be extended to the bank vegetative protection zone.   
 

4.3.1  NHI Scoring Methods. 
 
The data sets were scored individually by ecoregion.  For each ecoregion, reference sites were used as 
the basis for calibration and the metrics were give scores of one, three, five, or seven.  A score of one 
was given to raw data scores that were 12 percent or lower of the reference site distributions, a score of 
three as assigned to raw data scores between 13 and 25 percent, a score of five was given to raw data 
scores between 26 to 50 percent of the reference distributions, and seven was assigned as the score to 
raw data score greater than 50 percent of the reference distribution.  Total NHI scores were calculated by 
summing metric scores. 
 
 

5.  Reference conditions 
 
Reference conditions are used to scale the assessment to the “best attainable” situation.  This approach 
is critical to the assessment because stream characteristics will vary dramatically across different regions 
(Barbour and Stribling 1991).  The ratio between the score for the test station and the score for the 
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reference condition provides a percent comparability measure for each station.  The station of interest is 
then classified on the basis of its similarity to expected conditions (reference conditions), and its apparent 
potential to support an acceptable level of biological health.  Use of a percent comparability evaluation 
allows for regional and stream-size differences, which affect flow or velocity, substrate, and channel 
morphology (Barbour et al. 1999). 
 
Initially, several hand picked reference sites were chosen for each river basin that were thought to be the 
best attainable for the river basins. These sites were used for comparison with the random sites.  When 
the initial statistical comparisons for CDF metrics for the fish, macroinvertebrates and habitat from the 
initial reference sites were compared with the random sites, some overlap was noticed when comparing 
the results of the scores of indexes and individual metrics between the initial reference sites and random 
sites.  Because of the overlap in individual metrics and index scores for fish, macroinvertebrate and 
habitat, it was decided to throw all sites into the pool of reference sites and select the best of the sites to 
be used for reference.  The criteria used for picking reference sites during this second round included 
taking the Habitat Index score of greater than 38 and including them in a pool of sampling sites sorted by 
ecoregion and stream type.  From this second reference site list, sites were picked only where the Fish 
IBI scores were greater than 48 and an Invertebrate Index IBI score of greater than 14 (Table 6).  Sites 
were also grouped into stream size and cold/warm water streams for each ecoregion.  The number of 
reference sites were chosen for each stream grouping from a binominal table giving the minimum number 
of sites needed to represent each ecoregion and stream grouping.  Sampling sites were not placed in the 
reference site pool if 1) a fish IBI or a macroinvertebrate ICI was missing, 2) The drainage area was not 
wholly within the ecoregion, 3) the site was not typical of the surrounding ecoregion, 4) the stream was 
channelized, 5) an impoundment was located within five miles above the site and had an impact on flow 
regime, 6) a sewage treatment plant was located five miles above the site, 6) a known spill or 
contaminant event within the past three years, and 7) high urban or commercial development in the 
drainage area above the sampling location.  However, in spite of these limitations, the reference site list 
will be considered an evolving process and will be periodically reviewed to ensure the population of 
reference sites meets basic requirements for the stream groupings and representation. 
 
The sites were sorted then by ecoregions.  All ecoregions appeared to be valid divisions using Duncan’s 
ANOVA tests on the individual metrics, individual metric scores, and total scores for fish, 
macroinvertebrates, and habitat (Tables 7, 8, and 9).  However, a better fit appeared when Ecoregion 27 
(Central Plains Ecoregion) was subdivided into eastern and western units using Ecoregion IV 
subdivisions (See Figure 1). The eastern Ecoregion 27 (renamed Ecoregion 271) consisted of 
subecoregion 27a (Smokey Hills) and 27f (Rainwater Basin Plains) and has fauna and habitat similar to 
Ecoregion 47 (Western Corn Belt Plains). The western Ecoregion 27 consisted of subecoregions 27b 
(Rolling Plains and Breaks), 27e (Central Nebraska Loess Plains) and 27g (Platte River Valley) and was 
more similar to Ecoregion 25 (Western High Plains) (Table10).  
 
 
6.  Data Analysis and Interpretive Methods 
 
6.1  Results 
 
There were a total of 202 sites surveyed throughout the state during the 1997-2001 R-EMAP project 
(Table 1).  These included 147 random sites and 55 reference sites (Table 6, Figures 2 and 3).  Sites 
were located in all six ecoregions of the state, with 24 in the Western High Plains Ecoregion (Ecoregion 
25), 60 in the Central Great Plains Ecoregion (27), seven in the Northwestern Glaciated Plains Ecoregion, 
seven in the Northwestern Great Plains Ecoregion (43), 23 in the Nebraska Sand Hills Ecoregion (44), 
and 80 in the Western Corn Belt Plains Ecoregion (47).  Sites were distributed through the 13 river 
basins:  ten in the Big Blue Basin, 21 in the Elkhorn Basin, two in the Hat Creek Basin, ten in the Little 
Blue Basin, 18 in the Loup Basin, 20 in the Lower Platte Basin, 12 in the Middle Platte Basin, 20 in the 
Missouri Tributary Basin, 20 in the Nemaha Basin, 18 in the Niobrara Basin, 15 in the North Platte Basin, 
21 in the Republican Basin, 12 in the South Platte Basin, and two in the White River Basin.  Most streams 
(87%) surveyed were first through third order streams. 
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The primary method for evaluating metric and index evaluations was cumulative distribution frequencies 
(CDF).  CDF is a method of plotting the environmental data from a population of sites in order to describe 
the characteristics of the population.  Examples of the CDF plots are shown in Figure 4, through 9 
representing the fish, macroinvertebrate, habitat, water chemistry, sediment chemistry, and fish tissue 
chemistry data.  With adequate sample size it is possible to define subpopulations based on the gradient 
of condition.  The sites at the low end of the range for a given indicator are further from the nominal 
condition than sites at the high range (Herger and Hayslip 2000).  CDFs present the complete data 
population variation and allow one to estimate the proportion of the population above or below a particular 
value (Larson and Christie 1993).  The advantage of this method is that the complete data for the 
population is presented with uncertainty estimates.  Because value judgments are not imposed, different 
criteria for evaluating the data can be used (Larson and Christie 1993). Details of the statistical foundation 
for EMAP methods are in Diaz-Ramos et al. (1996).  Box plots are used for distributional data when a low 
number of sites are not adequate for a meaningful CDF use.  Ecoregional CDF plots are not given due to 
the large number of plots and the fact that some ecoregions did not have enough sites for statistical 
analysis. 
 
6.2  Fish 
 
A total of 50 fish species were collected during the 1997-2001 R-EMAP sampling (Table 4).  Fish species 
collected within each family consisted of 1 Lepisosteidae (Gar), 1 Clupeidae (Herring), 2 Salmonidae 
(Trout), 18 Cyprinidae (Minnow), 4 Catostomidae (Sucker), 6 Ictaluridae (Catfish), 2 Fundulidae 
(Topminnows), 1 Poeciliidae (Livebearers), 2 Moronidae (Temperate Bass), 6 Centrarchidae (Sunfish), 4 
Percidae (Perch), and 1 Sciaenidae (Drum).  Three state sensitive species were collected:  Brook 
stickleback, Iowa darter, and Orangethroat darter.  The most commonly collected fish were the Sand 
shiner (22% of total fish collected), Bigmouth shiner (19%), Plains killifish (10%), and Red shiner (10%).  
The other 46 fish species were collected in less than four percent of the time from the sampling locations. 
 
The distribution of the major fish families within the EPA ecoregions in Nebraska is shown in Table 11.  
Cyprinidae, Centrarchidae, and Ichtaluride were the codominants in the eastern and south-central 
ecoregions, while Cyprinidae, Catostomidae, and Centrarchide were the most abundant in the sand hills 
and northwestern Nebraska.  Fundulidae, Catostomidae, and Cyprinidae were most numerous in the 
western ecoregion.  Salmonidae were the most numerous in the cool water streams of the Northwestern 
Great Plains and Sand Hill Ecoregions. 
 
Species richness per collection site ranged from 0 to 23 (Table 12).  The highest number of richness was 
found at Elkhorn River near ONeil in Holt County and Holt Creek near Emmit in Holt County.  No fish were 
collected at an unnamed Tributary to South Creek near Martinsburg in Dixon County, an unnamed 
Tributary to Pebble Creek in Cuming County, and an unnamed Tributary to Logan Creek near Pender in 
Thurston County, Ervine Creek in Cass County, and the Highline Canal in Duel County.  The first three 
streams were either too small or too shallow to sustain a fishery population at the time of sampling. Ervine 
Creek had a culvert below the sampling site whose elevation prevented fish migration.  Highline Canal is 
dewatered during the fall and winter months of the year, so fish populations are very limited.   The upper 
sampling site on Beaver Creek (C) near Beaver City in Furnas County was dry at the time of sampling. 
 
The highest scoring metric was the total number of native families and the lack of alien species at several 
sites.  The lowest scoring metric on average was the number of sensitive species, which would indicate 
the low number of sensitive species found at several sites, especially the eastern ecoregions. 
 
IBI scores ranged from 32 to 90 (Table 13).  Overall, the average IBI score for the state was 56.9 for the 
perennial streams and 61.1 for the reference streams (Figure 10).   Each of the ecoregions varied in the 
range of IBI scores, but, in general, the eastern ecoregions (47 and 271) where slightly lower than the 
rest of the state.  The mean IBI scores were not significantly different between ecoregions for both 
perennial and reference streams.  Of the middle and western ecoregions, the Northwestern Glaciated 
Plains (Ecoregion 42) had the highest overall IBI scores (73 for perennial streams and 77.1 for reference 
streams).  For the middle and western ecoregions, the perennial streams in Ecoregion 25 (Western High 
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Plains) had the lowest average IBI score of 62.2 and the reference streams in Western High Plains 
(Ecoregion 25) had the lowest western IBI stream score (59.8).  The eastern ecoregions IBI mean scores 
for perennial and reference streams were 51.7 and 68.8, respectively, in Ecoregion 271 (Eastern Central 
Great Plains) and 50.9 and 60.4, respectively, in Ecoregion 47 (Western Corn Belt Plains). 
 
The fish IBI box plot distributions and IBI CDF plots are shown in Figure 10 and 11.  In general, the CDFs 
from the reference sites have slightly higher scores than the perennial sites for all the sites combined.  
The box plots of the reference sites versus the perennial sites in each ecoregion generally show that the 
reference sites have higher median scores than the perennial site, except in ecoregion 27.  The 
difference in ecoregion 27 from the other ecoregions is due to the number of good sites in western part of 
the state.  The other index scores kept the sites out of the reference site list.  
 
 
6.3  Macroinvertebrates 
 
All ICI scoring are based on combined macroinvertebrate sampling.  Because the streams of the state are 
not uniform, in regards to substrate and habitat types, different types of sampling methods (Hester-Dendy 
- 165 total samples; overhanging vegetation – 133 total samples; pool and bottom substrates - 111 total 
samples; riffles – 75 total samples; and, qualitative – 175 total samples) were combined by station then 
evaluated.  Because not all habitats and sampling methods for each stream were present, the taxa list 
from each sampling method was combined to form a total invertebrate list. A total of 573 
macroinvertebrate taxa were collected from 1997-2001 (Table 3).  Species richness per collection site 
ranged from three in the Big Blue Basin at Turkey Creek (B) near Geneva in Fillmore County and 89 in 
the Lower Platte Basin at an unnamed Tributary to Middle Creek near Garland in Lancaster County.  The 
most abundant organisms varied with the ecoregion of the state (Tables 14 and 15), however, the most 
abundant taxa for the whole state were the Chironomidae or midges (Cladotanytarsus, Cricotopus, 
Dicrotendipes, Glyptotendipes, Parakiefferiella, Parametriocnemus, Polypedilum, Rheocricotopus, 
Rheotanytarus, Tanytarsus, and Thienemannimyia), the hydropsycid caddis flies (Hydropsyche, 
Ceratopsyche, and Cheumatopsyche), the naidid worms (Dero and Nais), the mayflies (Baetis, Caenis, 
Fallceon, Hepagenia, Stenacron, and Tricorythodes), the tubificid worms (Limnodrilus and immature 
Tubificidae without capilliform chaeta), and the simuliid black flies. Tables 14 and 15 also show which 
genera consisted of more than one species per group.   
 
ICI scores (BugSc in table) ranged from 4 to 28 (Table16).  The average ICI score for the state was 16.5 
for the perennial streams and 20.8 for the reference streams (Figure 12).  Except for the Sandhill 
ecoregion, the random perennial mean and median scores were at least three points lower than then 
reference mean and median scores.  The highest scoring ecoregion was the Nebraska Sandhills 
(ecoregion 44) for the randomly selected perennial streams (mean ICI score 20.8).  The highest scoring 
reference streams were the Northwestern Glaciated Plains (ecoregion 42) and the Nebraska Sandhills 
(ecoregion 44) with the mean reference ICI scores of 24 and 23, respectively.   The eastern and western 
ecoregions had similar ICI scores for both the perennial and reference stream sites, except for the 
Nebraska Sandhills.  Seven metrics or metric scores showed a significant difference between ecoregions 
when testing for perennial streams and five significant differences showed up between ecoregions when 
testing for reference streams (Table 9).  The total number of invertebrate species and the percent 
contribution of dominant taxon were the only two significantly different metrics that were common 
between the randomly selected perennial and reference streams. 
 
The macroinvertebrate box plot distributions and ICI CDF plots are shown in Figure 12 and 13.  In 
general, the macroinvertebrate metric CDF plots comparing the reference sites from the random perennial 
sites show the ideal CDF pattern where there is very little overlapping between the two data sets.  A good 
example of the ideal pattern is shown with the ICI macroinvertebrate index score, the total number of 
macroinvertebrate species (Figure 5), and the EPT taxa richness (Figure 14).  Some overlapping of the 
CDF scores occurs with the Hilsenhoff biotic Index metric and the percent dominant taxon metric.  The 
few overlapping CDF plot sites would indicate that the reference sites were distinctly different from the 
randomly selected sites and are good selections for reference sites. The distributional box plots (Figure 
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13) and the distribution of the ICI score and individual metrics by ecoregion (Table 16) shows the 
variability of patterns of the different ecoregions of the state. 
 
6.4  Physical Habitat 
 
The physical attributes of habitat play an integral role in the health of the different communities of a 
stream.  Of the 188 possible measured or calculated habitat metrics (Kaufman et al. 1999), 10 were found 
to show the most significance on a statewide basis using stepwise discriminate analysis.  The 10 metrics 
also correlated best with the IBI score, ICI score and the individual metrics for each index (Table 17).  The 
10 habitat metrics can be divided into the following categories:  Land use metrics—percent row crops; 
Channel/streambank metrics—incision/width ratio, portion of middle canopy layer, and percent barren 
banks; Instream habitat metrics—percent riffles, percent pools, percent overhanging vegetation, and 
percent undercut banks; and Substrate metrics—percent sand, and percent fines.   
 
The Nebraska Habitat Index (NHI) scores ranged from 20 to 54 (Table 18).  The average NHI score for 
the state was 32 for perennial streams and 46 for reference streams.  The NHI score varied with each of 
the ecoregions, but, in general, the perennial streams from the Western Corn Belt Plains (47), the Eastern 
Central Great Plains (271) and the western Central Great Plains (27) ecoregions had the lowest NHI 
scores (Table 19, Figure 15).  The mean perennial stream NHI scores were significantly different between 
ecoregions and formed three groupings:  Ecoregion 42; Ecoregions 44, 43, 25 and 27; and Ecoregions 
47, 271, 27, 25 and 43 (Table 19).  The reference stream NHI scores were significantly different between 
ecoregions and formed 2 strong groupings:  Ecoregion 47 and Ecoregion 25, 44, 42, 27, 271, and 43 
(Table 20). 
 
The NHI CDF plots are shown in Figure 16.  In general, the reference site CDF plots showed higher 
distributions than the perennial sites and showed very little overlap within the 95% confidence lines.  This 
would indicate that the sites selected as reference sites are the best sites in the basins and are good 
choices for reference sites. 
 
 
6.5  Chemistries - water quality 
 
Data for 39 water quality and field variables were collected from 202 sites of which 147 were perennial 
stream sites and 55 were reference sites.  Summary statistics for all water chemistry parameters are in 
Table 21 and are divided into perennial and reference streams.  These results were compared to current 
water quality standards of Nebraska shown in Table 22.  Because sites were not sampled several times 
over a timeframe and timing of sampling was not intended to capture the peak or lowest concentration of 
chemical indicators, water quality standards cannot be strictly applied to these samples.  Data 
interpretation reflects a single view in time.  High concentrations above the standard values may indicate 
that further study is needed. The list of stations that exceeded the state’s standards are summarized in 
Tables 23, 24, and 25 with a more detailed description and distribution plots given below for selected 
important chemical constituents.   
 
The correlations between the chemical and field parameters and the habitat, fish, and macroinvertebrate 
indices are shown in Table 26.  Of the 52 chemical and field constituents sampled, a high Pearson 
correlation coeffiecent (r > 0.19) with high probabilities (p < 0.05) were found with all three indices 12 
times, ten times with two indices, 12 times with one index and 19 constituents showed no correlation.  No 
consistent pattern was identified, however the nutrient and pesticide related water quality variables 
showed a stronger correlation with at least one of the the indices.  The pesticides had the strongest 
correlationship (r > 0.40) with the Habitat Index.  Silver, phosphorus, metolachlor and chlorpyrifox had the 
highest correlation (r > 0.29) with the Fish IBI index, and conductivity, silver, and magnesium had the 
strongest correlation (r > 0.29) with the Macroinvertebrate ICI index. 
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6.5.1  Temperature 
 
Because stream temperature is temporally variable and dependent on climatic conditions, a single 
measurement is of very limited value in characterizing streams conditions.  Therefore, any conclusions of 
ecoregion wide summer temperatures have limited validity.  Temperature ranged from 12 C to 30 C in 
coldwater streams and 14 C to 36 C in warm water streams (Figure 17 through 21).  At the time of 
sampling, temperatures standards were exceeded for 17 of the coldwater sites and 11 of the warmwater 
sites. 
 
6.5.2  Dissolved oxygen 
 
Dissolved oxygen (DO) content is related to turbulence and temperature.  Decreased DO levels are 
associated with inputs of organic matter, sedimentation, as well as increased temperature and reduced 
streams flow (Herger and Hayslip 2000).  As with temperature, conclusions must be drawn with caution, 
as DO is temporally variable and a single measurement is of questionable value for characterizing 
streams condition.  DO ranged from 4.8mg/l to 10.3 mg/l in coldwater streams and 0.42 mg/l to 14.7 mg/l 
in warmwater streams.  The water quality standard for coldwater streams is 4 mg/l for a 1-day minimum 
and was not exceeded.  The warmwater standard of 5 mg/l for a 1-day minimum was exceeded at 11 
sites (Figures 22 through 25).   
 
6.5.3  pH 
 
The pH of the R-EMAP study sites for both perennial and reference streams ranged from 6.5 to 9.7.  Only 
one site (Republican River (B) [Station number 009729]) was above the Nebraska standards of 6.5 to 9 
(Figures 26 and 27). 
 
6.5.4  Phosphorous 
 
Phosphorous as phosphate is one of the major nutrients required for plant nutrition and is essential for life 
(EPA, 1976).  An excess of a critical concentration, phosphates can increase the amounts of algal growth.  
Although there are no state standards, EPA (1986) recommends <50 mg/l total phosphorous for streams 
that deliver to lakes (Herger and Hayslip 2000).  With this EPA level, 17 sites were above this level for the 
perennial streams and 2 reference streams were above the 50 mg/l level (Figures 28 and 29). 
 
6.5.5  Nitrogen 
 
Nitrogen is one of the most abundant elements and is found in the cells of all living things.  Inorganic 
nitrogen may exist in the free state as a gas N2, or as nitrate NO3, nitrite NO2, or ammonia NH3.  Organic 
nitrogen is found in proteins and is continually recycled by plants and animals.  Nitrogen containing 
compounds act as nutrients in streams and rivers and, if sufficient phosphorus is available, high 
concentrations of nitrates will lead to phytoplankton and macrophyte production.  There is no national 
standard for nitrate, but, in order to maintain designated use, AWWA (1990) suggests 90 mg/l Nitrates for 
warmwater fish and 100 mg/l Nitrate+Nitrite for agricultural use.  All of the collection sites had Nitrate-
Nitrite, and total Nitrogen levels below these limits (Figures 30 through 37). 
 
6.5.6  Chemistries associated with pH and temperature -- Ammonia 
 
Ammonia is a pungent, colorless alkaline compound of nitrogen and hydrogen that is highly soluble in 
water and is toxic to aquatic fauna.  It is a biologically active compound that is present in most waters as 
a normal biological process of degradation and respiration.  Ammonia chronic standard levels vary with 
pH, temperature, and aquatic life use classification of the stream.  Out of the 202 collections, four sites 
were above chronic standard limits at the time of collection (Figure 38 through 44).  Two of the sites were 
from Warmwater-B perennial sites and one was from a Warmwater-A reference stream.  The last site was 
from a Special Ammonia Criteria Warmwater-B perennial stream.   
 

 14 



6.5.7  Chemistries associated with water hardness  
 
The water quality standard for various metals (Cadmium, Chromium III, Copper, Lead, Nickel, and Zinc) is 
dependent on water hardness.  Nickel and zinc did not show any collection value above the chronic 
standard levels. Nickel concentrations varied from 6.23 to 22.8 mg/l for both the perennial and reference 
streams (Figure 45 and 46).  Zinc concentrations were from 4 to 194 mg/l for perennial streams and 4 to 
9.17 for reference streams (Figure 47 and 48).  Even though three warmwater-B perennial sites had zinc 
concentrations above 100 mg/l, this was still below the hardness based zinc standard limit for warmwater-
B streams.  Two sites were above the chronic standard level for chromium.  Chromium concentrations 
ranged from 3.69 to 282 for both perennial and reference streams (Figure 49 through 55).  Copper had 
seven sites above chronic levels and lead had 36 sites above chronic levels (Figure 56 through 62).  
Copper varied from1.54 to 23.5 mg/l for perennial streams and 1.54 to 8.32 mg/l for reference streams.  
Copper was above the chronic standard level for four coldwater-B perennial streams, two coldwater-B 
reference streams, and one warmwater-B reference stream.  Lead concentration levels were from 0.557 
to 55.6 mg/l for perennial streams and 0.45 to 13.5 mg/l for reference streams (Figure 63 through 69).  
Lead has the highest number of sites above chronic standard levels and consisted of six exceedances in 
coldwater-B, nine in warmwater-A, and eight in warmwater-B perennial streams.  Reference streams had 
eight exceedances in coldwater-B streams, 4 in warmwater-A streams, and one in warmwater-B streams 
for lead.  No analysis could be made for cadmium because the detections limits were higher than the 
chronic standard levels. The range of values varied from no detection to 1.57, with a detection value of 
one. 
 
6.5.8  Selenium 
 
Biologically, selenium is an essential, beneficial element recognized as a metabolic requirement in trace 
amounts for animals but toxic to them when ingested in amounts ranging from about 0.1 to 10 mg/kg of 
food.  The national levels of selenium in water are proportional to the selenium in the soil (EPA 1976).  In 
the R-EMAP Nebraska streams, selenium concentration varied considerably and often exceeds both the 
chronic and acute standards (Figure 70 through 73).  Table 25 shows the 33 collections were higher than 
the chronic standard for perennial streams and 6 collections higher than the chronic standard for 
reference streams.  Dissolved filtered selenium showed 28 collections higher than the chronic standard 
for perennial streams and 4 collections for reference streams. 
 
6.5.9  Pesticides 
 
Chlorpyfos was found to exceed the chronic standard in 88 perennial samples and 36 reference samples 
(Figures 74 and 75, Table 25). Both stream types varied from 0.01 to 0.3 mg/l, however, the detection 
limit (0.05 mg/l) was slightly above the chronic standard level (0.041 mg/l) and was included in the list of 
stations where the collections were over the chronic standard limit.  Chlordane was found at all sites but 
the detection level was above the chronic standard level, so no evaluation was made. Other commonly 
used pesticides that were tested for but were also below standards levels for both perennial and 
reference streams were: alachlor, atrazine, metalochlor, and propachlor.   
 
 
7.  Chemistries – sediment 
 
The NDEQ has not adopted water quality standards for sediment, however, a comparative review of the 
data can be based on the sediment screening guidelines developed by the Coastal Protection & 
Restoration Division of NOAA (revised 1999).  The comparative values used for this assessment were the 
Probable Effect Levels (PEL’s) from the NOAA Screening Quick Reference Tables or SQuiRTS.  PEL’s 
were derived from natural background levels in soils of the United States for inorganic contaminants and 
from risk-based Canadian soil standards for organic compounds.  Since a PEL was not available for 
Heptachlor, the Upper Effects Threshold (UET) was used for this assessment.  Neither PEL’s nor UET’s 
were available for some parameters.  A summary of the compiled data and respective comparative values 
for perennial and reference sites are provided in Table 27 and 28.  Sediments collected for R-EMAP were 
examined for a wide range of contaminants including solids, 10 metals, and 33 pesticides.  Three sites 
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had arsenic and one site had lead above PEL levels (Table 29).  The cause of the few elevated levels for 
these two trace elements is unknown.  All of the stations, both perennial and reference stream sites, with 
pesticides with comparative criteria were above the PEL levels  for Aldrin, Chlordane, DDD, DDE, DDT, 
Dieldrin, Endrin, Heptachlor, Heptachlor epoxide, and Hexachlorobenzene.  The elevated pesticide levels 
most like reflect the agriculture practices throughout Nebraska. 
 
 
8.  Chemistries – fish tissue 
 
Fish and other species can be exposed to contaminants through direct contact and consumption of 
contaminated sediments and/or prey species.  These contaminants may be stored in the tissue of the fish 
over long periods of time.  As contaminant levels bioaccumulate, they begin to either have direct effects 
on the individual animal or are passed on to other species, such as humans, that consume the 
contaminated organisms (Van Dolah et al. 2002).  In Nebraska, fish consumption advisories for water 
bodies are issued when risk-based calculations indicate potential health problems for consumers.  
Nebraska bases its assessments on the premise that the consumer will ingest a weekly average of eight 
or more ounces of fish throughout a 70-year period.  Nebraska finds it unacceptable if a one in ten 
thousand chance exists for an individual to become sick from ingesting contaminated fish; therefore 
Nebraska applies a 1 X10-4 or 1:10,000 risk level (Callam 2004).  The list of contaminants used for 
comparison is shown in Table 30. 
 
Most states are utilizing some form of risk-based assessments (RBA) which is, or resembles, the EPA’s 
risk assessment methodology that Nebraska applies.  Many RBAs examine cumulative risk where the 
effect of each contaminate (i.e., carcinogen or non-carcinogen) is summed together to produce a risk 
level.  Risk levels are then compared to the state’s pre-established action risk level to quantify severity of 
impact.  Cumulative risk assessments are believed to be conservative and very protective of human 
health (Callam 2004). 
 
The fish species collected from 97 sites were:  Channel Catfish, White Sucker, Common Carp, 
Largemouth Bass, or a Trout species.  A summary of the fish tissue analysis is shown in Table 31.  When 
comparisons were made to the RBA contaminants list Dieldrin exceeded maximum concentrations for 
safe consumption at six sites (Table 32).  This is consistent with previous fish tissue monitoring programs 
in Nebraska when dieldrin was present in fish tissue in high enough quantities to proceed with a fish 
consumption advisory.  By itself, dieldrin concentrations present in Nebraska fish rarely cause human 
health risk criteria to be exceeded, but given the cumulative risk calculations that Nebraska uses, they 
contribute towards the overall risk.  Of the 2004 Nebraska’s 39 advisories, eleven were primarily due to 
dieldrin and PCBs (Callam 2004).  None of the other contaminant analytes exceeded the RBA list.  It 
should be noted that whole fish, rather than just edible tissue was analyzed. 
 
 
9.  Stream Classification 
 
The data from the 202 R-EMAP stations were grouped into their respective data type (habitat, fish, or 
macroinvertebrate), ecoregion, stream size, cold water stream, warm water stream, reference stream 
sites, and perennial stream sites.  Stream size was divided into the groupings of small (<1 cfs), medium 
(1-10 cfs), large (10-100 cfs) and river (>100 cfs) (Table 2).  Since this study has shown that stream 
ratings are different between ecoregions, it was necessary to have the classification scheme reflect this 
difference between ecoregions.  Summary statistics (i.e., mean, median, 25th percentile, 75th percentile, 
etc.) within each group were calculated for the habitat scores, IBI fish scores, and ICI macroinvertebrate 
scores (Tables 13, 16, and 18).  Box plots from both the perennial and reference groups were made for 
the Habitat Index scores, the IBI fish scores, and ICI macroinvertebrate scores where the reference sites 
were compared to the perennial sites (Figures 10, 12, and 15).  To rate the perennial sites, the 75th 
percentile and higher of the reference sites was given an excellent rating; the 0 percentile to 74.9 
percentile of the reference sites was given a good rating.  Below the reference site level, the median and 
above of the remaining perennial scores was as given a fair rating.  The scores below the median of the 
remaining scores were given a poor rating.  Figure 76 shows an example of the rating scales. 
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The IBI and ICI were the only indices used to give a final rating to the streams.  The habitat index still 
needs further evaluation and review before it can be incorporated for stream ratings.  When looking at the 
individual indices, IBI fish scores consisted of 84 excellent, 89 good, 15 fair, and 22 poor stream ratings 
and ICI macroinvertebrate scores had 81 excellent, 74 good, 30 fair and 19 poor stream ratings.  For the 
overall stream ratings only the lowest rating of either the IBI (IBIuse) or ICI (ICIuse) scores was used 
(Table 33). Using these criteria for the overall rating, there were 40 excellent, 97 good, 35 fair, and 38 
poor stream ratings. Distribution maps of these stream ratings are shown in Figures 77 through 80. 
 
The full support stream ratings for the aquatic life use support will include everything with a fair, good, or 
excellent overall rating.  The poor overall stream ratings will be established as the nonsupport use 
designations for the aquatic life use support, however, for the 303d listing, only those samples with poor 
ratings in both the IBI fish rating and ICI macroinvertebrate rating will be listed.  
 
Ecoregional differences were not established for cold streams from the different ecoregions because of 
the insufficient number of collection sites of coldwater streams.  The cold water streams from this study 
were grouped with the warm water streams. 
 
 

10. Conclusions 
 

Based on this study and similar studies in other parts of the country in Oregon (Whittier et al. 1988), 
Missouri (Jones et al. 1988), Ohio (Larson et al. 1986, Ohio EPA 1987) and Iowa (Wilton 2005), Omernik 
(1987), and Omernik and Gallants’s (1987) original work on the conterminous United States and 
Chapman et al. 2001 map of the ecoregions of Nebraska and Kansas can serve as a basis for classifying 
Nebraska wadeable streams.  However, the Central Great Plains (ecoregion 27) could be split into 
western and eastern halves because of the similarity of fauna and the land use between the Western 
Corn Belt Plains (ecoregion 47) and the eastern Central Great Plains (ecoregion 271).  The Western High 
Plains (ecoregion 25) and the western Central Great Plains (ecoregion 27) are also more similar in fauna 
and land use.  Discriminate analysis of habitat, fish, and macroinvertebrate data also suggests this split.  
In general, streams, habitat, and fauna in the streams within an ecoregion tend to be like other streams in 
that ecoregion and unlike streams in other ecoregions.  Transition regions have transitional 
characteristics of adjacent ecoregions (e.g., the Central Great Plains [ecoregion 27/271] and the Northern 
Glaciated Plains [ecoregion 42]). 
 
Both the fish and macroinvertebrates reflect habitat quality of streams in Nebraska.  The 
macroinvertebrates appear to be more sensitive to impacted streams though a reduction in both density 
and taxa present.  The IBI fish metrics also reflect impacted streams, but because of the fish’s ability to 
quickly move from a threat, the IBI is not quite as responsive as the macroinvertebrate ICI.  The 
macroinvertebrates, in general, are not as mobile as the fish and become more reflective of the nature of 
a stream.  The similarity of both groups allows a cross check of the stream classification and analysis. 
 
The correlations between the Habitat index and the IBI, ICI and their metrics were greater than 20% in 19 
out of 29 metrics (Table 17).  Even with this relationship, the Habitat Index (HBI) was not used in the 
streams classification because more data is needed for verification, especially in the ecoregions with few 
sampling sites.  The HBI still gives us a good indication of what the stream is like in comparison to other 
streams in the ecoregion and in other ecoregions.  There is an obvious difference between the typical 
highly channelized, no instream habitat stream and the sinuous, uncut bank, log filled steam when looking 
at aquatic life.  However, at this stage, more investigation is needed before we can use this index in 
stream classification. 
 
Pearson correlations between the habitat, fish, and macroinvertebrate indices and the 52 chemical and 
field parameters did not show a consistant pattern, however, correlation coeffiecents were greater than 
0.19 with three indices for 12 parameters, with two indices for ten parameters, and with one index for 12 
parameters.  No correlation with any index was shown for 19 chemical and field paramters.   
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The IBI and ICI appear to work well in the ability to assess stream health of low order streams in 
Nebraska, in spite of the diverse habitats and streams sizes.  This study serves as a validation and 
calibration of this method for the larger ecoregions of Nebraska.  Two ecoregions (42, the Northwestern 
Glaciated Plains, and 43, the Northwestern Great Plains) still needed confirmation for these indices, 
because of the low number of sites in these ecoregions.   
 
 
11.  Summary 
 

1. A total of 202 sites were surveyed in Nebraska during a 5-year basin rotation R-EMAP survey.  
These sites included 55 reference sites and 147 randomly selected sites. The majority of streams 
surveyed were first through third order streams. 

 
2. Fifty species of fish consisting of 12 families were collected in Nebraska.  The highest number of 

species collected at on sites was 23, in the Elkhorn River Basin.  The two most commonly 
collected fish of the state were the Sand shiner and the Bigmouth shiner.   The Brook Stickleback, 
Iowa Darter and Organgethroat Darter were the three state sensitive species collected.  

 
3. The IBI index consisted of eight metrics and averaged 56.9 for perennial streams and 61.1 for the 

reference streams in the state.  Each ecoregion varied slightly from this average, with the eastern 
ecoregion (Western Cornbelt Plains or 47) having the lowest scores, overall.  The Northwestern 
Glaciated Plains (ecoregion 42) had the highest IBI scores 

 
4. There were a total of 573 taxa of macroinvertebrates collected during this study.  Species 

richness varied from 3 in the Big Blue River Basin to 89 in the Lower Platte River Basin.  The 
most abundant taxa were the midges, the hydropsychid caddis flies, naidid worms, mayflies, 
tubificid worm and simuliid black flies.   

 
5. The ICI index consisted of four metrics and averaged 16.5 for the perennial streams and 20.8 for 

the reference streams across the state.  The highest scoring ecoregion was the Nebraska 
Sandhills (ecoregion 44) and the Northwestern Glaciated Plains (42) for the perennial and 
reference sites, respectively. 

 
6. The HBI index consists of ten metrics and were selected to show the best discrimination between 

good and bad sites and showed the best correlation between other indices.   NHI scores 
averaged between 32 for perennial sites and 46 for reference sites.  In general, the Western Corn 
Belt Plains (47), the eastern Central Great Plains (271) and the western Central Great Plains (27) 
had the lowest scores.  The Nebraska Sand Hills (44) and the Western High Plains (25) had the 
highest NHI scores.   

 
7. Data for 39 water quality and field variables were analyzed from each site and results were 

compared to the water quality standards.  The chemical values cannot be strictly compared to the 
Nebraska water quality standards because several samples were not taken within a certain 
timeframe, however sites over the Nebraska standard limits may indicate future study.  
Temperature showed 17 coldwater sites and 11 warmwater sites above standards. Dissolved 
oxygen was under standards at 11 warmwater sites.  Nitrogen levels are not over standards.  
Ammonia had five sites over standards.  Other chemical constituents that were over standard 
limits are:  Chromium – 2 sites; Copper – 7 sites; Lead – 36 sites; Selenium – 39 sites; and the 
pesticide, Chlorpyfos – 124 sites. 

 
8. Sediment chemistries were analyzed for ten metals and 33 pesticides.  NOAA Screening Quick 

Reference Tables (SQuiRTS) were used for comparison because Nebraska does not have 
sediment standards.  Chemical constituents that were over the SQuiRTS levels included:  Arsenic 
– 3 sites and Lead – 1 site.  All of the stations had levels above the SQuiRTS levels for the 
following pesticides:  Aldrin, Chlordane, DDD, DDE, DDT, Dieldrin, Endrin, Hepachlor, Heptachlor 
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epoxide, and Hexadhlorobenzene.  This is most likely a reflection of the agriculture practices 
throughout Nebraska. 

 
9. For fish tissue, Dieldrin exceeded maximum concentrations for safe consumption at six sites 

using risk-based assessments methods for Nebraska.  This was consistent with previous fish 
tissue monitoring programs in Nebraska.  None of the other contaminant analytes exceeded the 
risk-based assessment list. 

 
10. The IBI and ICI were the only indices used for streams classifications.  The evaluations are based 

on the reference site criteria.  It was felt that the habitat still needs more evaluation before being 
used for streams rating, although the Pearson correlations were good between the IBI and ICI 
and the two indices metrics.  The lesser score or value of the two indices is used when giving a 
stream rating.  Using these criteria for the overall rating, there were 40 excellent, 97 good, 35 fair, 
and 38 poor stream ratings 
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Figure 1:  Nebraska Ecoregions from Chapman etal (2001)
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Figure 2:  REMAP Randomly Selected Perennial Stream Sites in Nebraska, 1997-2001
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Figure 3:  Reference Stream Sites in Nebraska, 1997-2001
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Figure 4.  CDF Of The Total Number Of Native Species Metric Scores For All Nebraska Streams, 1997-2001 R-EMAP
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Figure 5.  CDF Of The Total Number of Macroinvertebrate Taxa For All Nebraska Streams, 1997-2001 R-EMAP
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Figure 6.  CDF Of The Proportion Of Overhanging Vegetation For All Nebraska Streams, 1997-2001 R-EMAP
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Figure 7.  CDF of pH In Nebraska Streams, 1997-2001 REMAP
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Figure 8.  CDF Of Mercury In Sediment From Nebraska Streams, 1997-2001 REMAP
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Figure 9.  CDF OF Technical Chlordane In Nebraska Whole Fish, 1997-2001 R-EMAP
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Figure 10.  Distribution Of Fish Biotic Index (IBI) By Ecoregion, Perennial (p) Streams, And Reference (r) 
Streams For 1997-2001 R-EMAP
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Figure 11.  CDF Of Fish IBI8 Scores For All Nebraska Streams, 1997-2001 REMAP
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Figure 12.  Distribution Of Invertebrate Community Index Scores (ICI) By Ecoregion, Perennial (p) Streams, And 
Reference (r) Streams For 1997-2001 R-EMAP
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Figure 13.  CDF of Macroinvertebrate Community Scores (ICI) For All Nebraska Streams, 1997-2001 R-EMAP
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Figure 14.  CDF of EPT Taxa Richness For Macroinvertebrates For All Nebraska Streams, 1997-2001 R-EMAP
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Figure 15.  Box Plots Of The Distribution Of The Nebraska Habitat Index Scores For All Ecoregions, Perennial 
Streams, And Reference Streams For The 1997-2001 R-EMAP 
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Figure 16.  CDF Of The Habitat Scores (HBI) For All Nebraska Streams, 1997-2001 R-EMAP
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Figure 17.  CDF of Temperature In Nebraska Streams, 1997-2001 REMAP
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Figure 18.  Temperatures In Nebraska Coldwater Perennial Streams. 1997-2001 R-EMAP
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Figure 19.  Temperatures In Nebraska Coldwater Reference Streams, 1997-2001 R-EMAP
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Figure 20.  Temperatures In Nebraska Warmwater Perennial Streams, 1997-2001 R-EMAP
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Figure 21.  Temperatures In Nebraska Warmwater Reference Streams, 1997-2001 R-EMAP
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Figure 22.  Dissolved Oxygen In Nebraska Coldwater Perennial Streams, 1997-2001 R-EMAP 
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Figure 23.  Dissolved Oxygen In Nebraska Coldwater Reference Streams, 1997-2001 R-EMAP
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Figure 24.  Dissolved Oxygen In Nebraska Warmwater Perennial Streams, 1997-2001 R-EMAP
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Figure 25.  Dissolved Oxygen In Nebraska Warmwater Reference Streams, 1997-2001 R-EMAP
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Figure 26.  pH In Nebraska Perennial Streams, 1997-2001 R-EMAP
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Figure 27.  pH In Nebraska Reference Streams, 1997-2001 R-EMAP

0

2

4

6

8

10

12

00
95

94
01

01
64

00
97

15
00

98
18

00
97

09
00

99
26

00
95

81
00

97
19

00
97

07
01

00
13

00
95

77
00

97
20

00
95

63
00

95
88

01
00

15
00

95
85

01
01

12
01

01
92

00
98

14
00

98
17

01
01

75
00

99
84

01
00

99
01

01
03

01
01

95
01

02
00

01
02

05
00

99
04

Stations (not all stations are listed on x axis)

pH

Chronic Standard
Upper Limit pH 9

Chronic Standard
Low er Limit pH 6.5

 

 49 



Figure 28.  Phosphorus In Nebraska Perennial Streams, 1997-2001 R-EMAP
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Figure 29.  Phosphorus In Nebraska Reference Streams, 1997-2001 R-EMAP
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Figure 30.  Nitrogen, Calculated Total, In Nebraska Perennial Streams, 1997-2001 R-EMAP
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Figure 31.  Nitrogen, Calculated Total, In Nebraska Reference Streams, 1997-2001 R-EMAP
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Figure 32.  Nitrogen, Calculated Organic,  In Nebraska Perennial Streams, 1997-2001 R-EMAP 
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Figure 33.  Nitrogen, Calculated Organic, In Nebraska Reference Streams, 1997-2001 R-EMAP
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Figure 34.  Nitrogen, Nitrate + Nitrite, In Nebraska Perennial Streams, 1997-2001 R-EMAPO
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Figure 35.  Nitrogen, Nitrate + Nitrite, In Nebraska Reference Streams, 1997-2001 R-EMAP
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Figure 36.  Nitrogen, Total Kjeldhal, In Nebraska Perennial Streams, 1997-2001 R-EMAP
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Figure 37.  Nitrogen, Total Kjeldhal, In Nebraska Reference Streams, 1997-2001 R-EMAP
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Figure 38.  Ammonia In Nebraska Coldwater-A Reference  Streams, 1997-2001 R-EMAP
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Figure 39.  Ammonia In Nebraska Coldwater-B Perennial Streams, 1997-2001 R-EMAP
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Figure 40.  Ammonia In Nebraska Coldwater-B Reference Streams, 1997-2001 R-EMAP
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Figure 41.  Ammonia In Nebraska Warmwater-A Perennial Streams, 1997-2001 R-EMAP
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Figure 42.  Ammonia In Nebraska Warmwater-A Reference Streams, 1997-2001 R-EMAP
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Figure 43.  Ammonia In Nebraska Warmwater-B Perennial Streams, 1997-2001 R-EMAP
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Figure 44.  Ammonia In Nebraska Warmwater-B Reference Streams, 1997-2001 R-EMAP
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Figure 45.  Nickel In Nebraska Warmwater-A Perennial Streams, 1997-2001 R-EMAP
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Figure 46.  Nickel In Nebraska Warmwater-A Reference Streams, 1997-2001 R-EMAP
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Figure 47.  Zinc In Nebraska Warmwater-A Perennial Streams, 1997-2001 R-EMAP
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Figure 48.  Zinc In Nebraska Warmwater-A Reference Streams, 1997-2001 R-EMAP

0

100

200

300

400

500

600

700

009925 009563 009983 010015 009588 009742 009579 010191 010192 009585 009810 010112 009905 009814 009814

Stations (not all statins are listed on x axis)

Zi
nc

 (R
EM

A
M

_W
_3

61
), 

ug
/l

Chronic Standard Value

Collected Value

 

 70 



 Figure 49.  Chromium In Nebraska Coldwater-A Reference Streams, 1997-2001 R-EMAP
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Firgure 50.  Chromium In Nebraska Coldwater-B Perennial Streams, 1997-2001 R-EMAP
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Figure 51.  Chromium In Nebraska Coldwater-B Reference Streams, 1997-2001 R-EMAP
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Figure 52.  Chromium In Nebraska Warmwater-A Perennial Streams, 1997-2001 R-EMAP
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Figure 53.  Chromium In Nebraska Warmwater-A Reference Streams, 1997-2001 R-EMAP
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Figure 54.  Chromium In Nebraska Warmwater-B Perennial Streams, 1997-2001 R-EMAP
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Figure 55.  Chromium In Nebraska Warmwater-B Reference Streams, 1997-2001 R-EMAP
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Figure 56.  Copper In Nebraska Coldwater-A Reference Streams, 1997-2001 R-EMAP
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Figure 57.  Copper In Nebraska Coldwater-B Perennial Streams, 1997-2001 R-EMAP
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Figure 58.  Copper In Nebaraska Coldwater-B Reference Streams, 1997-2001 R-EMAP
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Figure 59.  Copper In Nebraska Warmwater-A Perennial Streams, 1997-2001 R-EMAP
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Figure 60.  Copper In Nebraska Warmwater-A Reference Streams, 1997-2001 R-EMAP
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Figure 61.  Copper In Nebraska Warmwater-B Perennial Streams, 1997-2001 R-EMAP
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Figure 62.  Copper In Nebraska Warmwater-B Reference Streams, 1997-2001 R-EMAP
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Figure 63.  Lead In Nebraska Coldwater-A Reference Streams, 1997-2001 R-EMAP
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Figure 64.  Lead In Coldwater-B Perennial Streams, 1997-2001 R-EMAP
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Figure 65.  Lead In Nebraska Coldwater-B Reference Streams, 1997-2001 R-EMAP
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Figure 66.  Lead In Nebraska Warmwater-A Perennial Streams, 1997-2001 R-EMAP
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Figure 67.  Lead In Nebraska Warmwater-A Reference Streams, 1997-2001 R-EMAP
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Figure 68.  Lead In Nebraska Warmwater-B Perennial Streams, 1997-2001 R-EMAP
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Figure 69.  Lead In Nebraska Warmwater-B Reference Streams, 1997-2001 R-EMAP
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Figure 70.  Selenium In Nebraska Perennial Streams, 1997-2001 R-EMAP
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Figure 71.  Selenium In Nebraska Reference Streams, 1997-2001 R-EMAP
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Table 72.  Dissolved Selenium For All Nebraska Perennial Streams, 1997-2001 R-EMAP
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Figure 73.  Dissolved Selenium For All Nebraska Reference Streams, 1997-2001 R-EMAP
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Figure 74.  Chlorpyrfos (Dursban) In Nebraska Perennial Streams, 1997-2001 R-EMAP
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Figure 75.  Chlorpyrifos (Dursban) In Nebraska Reference Streams, 1997-2001 R-EMAP
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Figure 76.  Example of stream rating system
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