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Protocol Revision History
The original protocol narrative version 1.0 was published in 2008 (Bowles et al. 2008). This document is protocol 
version 2.0. Changes made to the SOPs since the first versions were published are referenced in the individual 
SOPs.

Revision History Log

Prev. 
Version #

Revision 
Date

Author (s) Changes made Reason for Change New 
Version #

1.00 12/2019 David E. Bowles, Michael H. 
Williams, Hope R. Dodd, Lloyd 
W. Morrison, Janice A. Hinsey, J. 
Tyler Cribbs, Gareth A. Rowell, 
Michael D. DeBacker, Jennifer 
L. Haack-Gaynor, and Jeffrey M. 
Williams

Minor updates and expansion and 
clarification of the narrative. SOP#7 
(Data Management), SOP#8 (Data 
Analysis), and SOP#9 (Data Report-
ing) were updated and expanded. 

Clarifies understand-
ing of procedures 
and incorporates 
new guidance where 
appropriate.

2.0

Standard Operating Procedures
The following standard operating procedures (SOPs) are published as separate documents.

SOP 1. Preparation for Field Sampling and Laboratory Processing

SOP 2. Training for Field Sampling and Laboratory Processing

SOP 3. Sampling Invertebrates and Collecting Habitat Data

SOP 4. Documenting CORE 5 Water Quality Variables

SOP 5. Measuring Stream Discharge

SOP 6. Laboratory Processing and Identification of Invertebrates

SOP 7. Data management

SOP 8. Data analysis

SOP 9. Reporting

SOP 10. Procedures and Equipment Storage After Field Season Completion

SOP 11. Revising the protocol
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Executive Summary
The Heartland Inventory and Monitoring Network (HTLN) is a component of the National Park Service’s 
(NPS) strategy to improve park management through greater reliance on scientific information. The purposes 
of this program are to design and implement long-term ecological monitoring and provide information for park 
managers to evaluate the integrity of park ecosystems and better understand ecosystem processes. Concerns over 
declining surface water quality have led to the development of various monitoring approaches to assess stream 
water quality. Freshwater streams in network parks are threatened by numerous stressors, most of which origi-
nate outside park boundaries. Stream condition and ecosystem health are dependent on processes occurring in 
the entire watershed as well as riparian and floodplain areas; therefore, they cannot be manipulated indepen-
dently of this interrelationship. Land use activities—such as timber management, landfills, grazing, confined 
animal feeding operations, urbanization, stream channelization, removal of riparian vegetation and gravel, and 
mineral and metals mining—threaten stream quality. Accordingly, the framework for this aquatic monitoring is 
directed towards maintaining the ecological integrity of the streams in those parks. 

Invertebrates are an important tool for understanding and detecting changes in ecosystem integrity, and they 
can be used to reflect cumulative impacts that cannot otherwise be detected through traditional water quality 
monitoring. The broad diversity of invertebrate species occurring in aquatic systems similarly demonstrates a 
broad range of responses to different environmental stressors. Benthic invertebrates are sensitive to the wide 
variety of impacts that influence Ozark streams. Benthic invertebrate community structure can be quantified to 
reflect stream integrity in several ways, including the absence of pollution sensitive taxa, dominance by a particu-
lar taxon combined with low overall taxa richness, or appreciable shifts in community composition relative to 
reference condition. Furthermore, changes in the diversity and community structure of benthic invertebrates 
are relatively simple to communicate to resource managers and the public. To assess the natural and anthropo-
genic processes influencing invertebrate communities, this protocol has been designed to incorporate the spatial 
relationship of benthic invertebrates with their local habitat including substrate size and embeddedness, and 
water quality parameters (temperature, dissolved oxygen, pH, specific conductance, and turbidity). Rigid quality 
control and quality assurance are used to ensure maximum data integrity. Detailed standard operating proce-
dures (SOPs) and supporting information are associated with this protocol.
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Heartland Inventory and Monitoring Network
The National Park Service has organized its parks with significant natural resources into 32 networks linked by 
geography and shared natural resource characteristics. The Heartland Inventory and Monitoring (I&M) Network 
(Heartland Network) is composed of 15 NPS units in eight Midwestern states. These parks contain a wide variety 
of natural and cultural resources, including sites focused on commemorating civil war battlefields, Native Ameri-
can heritage, westward expansion, and our U.S. Presidents. The Network is charged with creating inventories of 
its species and natural features as well as monitoring trends and issues in order to make sound management deci-
sions. Critical inventories help park managers understand the natural resources in their care while monitoring 
programs help them understand meaningful change in natural systems and to respond accordingly. The Heart-
land Network helps to link natural and cultural resources by protecting the habitat of our history. 

The I&M program bridges the gap between science and management with a third of its efforts aimed at making 
information accessible. Each network of parks, such as the Heartland Network, has its own multi-disciplinary 
team of scientists, support personnel, and seasonal field technicians whose system of online databases and 
reports make information and research results available to all. Greater efficiency is achieved through shared staff 
and funding as these core groups of professionals augment work done by individual park staff. Through this type 
of integration and partnership, network parks are able to accomplish more than a single park could on its own.

The mission of the Heartland Network is to collaboratively develop and conduct scientifically credible invento-
ries and long-term monitoring of park vital signs and to distribute this information for use by park staff, partners, 
and the public, thus enhancing understanding which leads to sound decision making in the preservation of natu-
ral resources and cultural history held in trust by the National Park Service. 

https://www.nps.gov/im/htln/index.htm

https://www.nps.gov/im/htln/index.htm
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I. Background and Objectives
Issues Being Addressed and Rationale 
for Monitoring Benthic Invertebrates
The condition of streams is a direct reflection of the 
extent of development and other human uses in the 
watershed. Non-point source pollution—including 
urban and agricultural run off, treated sewage, and 
changes in hydrology—threaten water quality and 
quantity of streams. Because of these threats, streams 
are among the most vulnerable natural resources 
in the United States (USEPA 2006). Furthermore, 
streams in the Midwestern U.S. are among the most 
impacted because the long history of land use in this 
region, including extensive agriculture and develop-
ment, has influenced virtually all waterbodies in the 
region (Hall et al. 2003; Dodds et al. 2004; USEPA 
2006). 

The Heartland Inventory and Monitoring Network 
(HTLN) is a major component of the National Park 
Service’s (NPS) strategy to improve park manage-
ment through greater reliance on scientific informa-
tion. The purposes of this program are to design 
and implement long-term ecological monitoring 
and provide information for park managers to 
evaluate the integrity of park ecosystems, including 
streams, and better understand ecosystem processes. 
Concerns over declining surface water quality 
have led to the development of various monitoring 
approaches to assess stream water quality in those 
systems. Benthic aquatic invertebrates are a diverse 
group of localized species that often react strongly 
and predictably to human disturbance, making 
them a cost-effective and conservative tool to moni-
tor stream water quality. Aquatic invertebrates are 
an important biological tool for understanding and 
detecting changes in stream ecosystem integrity, and 
they can be used to reflect cumulative impacts that 
cannot otherwise be detected through traditional 
water quality monitoring. The broad diversity of 
invertebrate species occurring in aquatic systems 
similarly demonstrates a broad range of responses to 
different environmental and anthropogenic stressors. 

Benthic invertebrates are relatively easy to collect, 
and they can be analyzed at many different levels 
of precision. They are sensitive to a wide variety of 
impacts that occur in the region, such as changes 
in chemical constituents, hydrological alterations, 

sedimentation and bank erosion, and land use and 
other changes in the watershed (Hall et al. 2003). 
Furthermore, changes in the diversity and commu-
nity structure of benthic invertebrates are relatively 
simple to communicate to resource managers, 
administrators, and park visitors because the loss of 
biological communities is of interest and concern to 
these groups. Benthic community structure can be 
quantified to reflect stream integrity in several ways, 
including the absence of pollution sensitive taxa, 
dominance by a particular taxon combined with low 
overall taxa richness, or appreciable shifts in commu-
nity composition relative to reference conditions 
(Plafkin et al. 1989; Lazorchak et al. 1998; Barbour et 
al. 1999; USEPA 2006). 

To assess the natural and anthropogenic processes 
influencing invertebrate communities, this protocol 
has been designed to incorporate the spatial relation-
ship of invertebrates with their associated habitat. 
Local variables, such as conductivity, water tempera-
ture, pH, dissolved oxygen, turbidity, current veloc-
ity, substrate size, and other habitat variables will be 
measured. 

History of Invertebrate Monitoring in 
Midwestern NPS Parks
In the late 1980s, the NPS began an intensive 
program to monitor water quality and invertebrate 
community structure in prairie streams at Agate 
Fossil Beds National Monument (AGFO), Home-
stead National Monument of America (HOME), 
Pipestone National Monument (PIPE), and Wilson’s 
Creek National Battlefield (WICR; Harris et al. 
1991). The initial strategy for sampling streams in 
these parks was presented in a manual by Boyle et 
al. (1990). Data collected in 1988–1989 at WICR and 
1989 at PIPE, AGFO, and HOME, in addition to data 
collected from Herbert Hoover National Historic Site 
(HEHO) and George Washington Carver National 
Monument (GWCA), are summarized in Harris et al. 
(1991, 1999). A preliminary protocol was suggested 
by Peterson (1996), in which data dating back to 
1988 and collected under the guidance described in 
Boyle et al. (1990) were analyzed. An official inver-
tebrate biomonitoring protocol, drawing heavily 
on Peterson’s (1996) results, was published in 1999 
(Peterson et al. 1999). Although the first sampling 
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associated with this protocol was conducted in 1988, 
Peterson (1996) considered 1989 as the baseline year, 
because it was the first year with reasonably thor-
ough sampling (Peterson et al. 1999). The Peterson 
protocol was implemented in four parks (AGFO, 
HOME, PIPE, and WICR), and no further monitor-
ing was conducted at HEHO. Similarly, Peterson 
(1997) monitored invertebrates at GWCA in 1996 
using methods similar to those described in the 1999 
protocol, but no further monitoring was conducted 
at this park until 2005. 

Peitz and Cribbs (2005a, b, c) summarized all historic 
invertebrate monitoring data from HOME, PIPE, 
and WICR and included interpretations of the data 
in their reports. The various data summarized by 
Peitz and Cribbs indicated there has not been a 
precipitous decline in stream condition at these parks 
since monitoring was first initiated, and in general, 
stream condition has largely remained stable. Simi-
larly, the monitoring data in Harris et al. (1991) and 
Peterson (1997) suggest the streams at GWCA were 
not degraded at the time of sampling. However, the 
data for HEHO, although limited and inconclusive, 
suggest Hoover Creek may be degraded given the 
low scores for taxa richness, Ephemeroptera, Plecop-
tera, and Trichoptera (EPT) richness, and Shannon’s 
index. Although not collected under NPS protocols, 
Foreman (2007) completed a study of water quality in 
Hoover Creek at HEHO that included a multihabitat 
assessment of the aquatic invertebrate community at 
four sites using IOWATER Advanced Benthic Macro-
invertebrate Indexing methods. The IOWATER 
methods are a modification of the Environmental 
Protection Agency (EPA) Environmental Monitor-
ing and Assessment Program (EMAP) protocol 
(Lazorchak et al. 1998). The data presented by Fore-
man (2007) strongly suggests that Hoover Creek is 
degraded with respect to the invertebrate community. 
Summary data for AGFO (Peitz and Cribbs 2005d) 
are not included here because monitoring was no 
longer conducted at the park by the HTLN after 
2007. 

The most recent data summaries for all of the parks 
included in this protocol can be found in Bowles 
2015; Bowles 2010a, b, 2013a, b; Bowles and Clark 
2012; and Bowles et al. 2013, 2016, 2017, 2018. Addi-
tional reports are cited in those references.

Revision of the Peterson et al. 1999 
Protocol
The Inventory & Monitoring (I&M) Program of the 
NPS had embraced high standards for monitoring 
protocols. HTLN staff completed a comprehensive 
review of the Peterson et al. (1999) protocol for 
sampling invertebrates in small streams, the relevant 
documents preceding and succeeding it, and the way 
that the data have been collected and analyzed. These 
documents included a report written in 2003 by Dr. 
Larissa Bailey (USGS Patuxent Wildlife Research 
Center, Laurel, MD) that provided short-term statis-
tical analysis and advice concerning data collected 
under Peterson et al. (1999; unpublished report and 
email communications). This review revealed a criti-
cal need to revise the guidance issued in Peterson et 
al. (1999). 

Morrison and Bowles (2006) presented further 
recommendations for modifying the original proto-
col to bring it in line with other existing national-
level protocols and allow for the collection of statis-
tically robust and scientifically defensible data. A 
number of potential improvements were identified to 
better meet program goals and objectives. These were 
included in the Bowles et al. (2008) protocol and are 
described below. The implemented changes do not 
preclude comparibility with the early dataset (i.e., 
1988–2005) obtained by collaborators at Colorado 
State University and subsequent monitoring. Indeed, 
data collected using the guidance of Bowles et al. 
(2008) are quite similar to the historical data. The 
exception is lower genus richness scores for some 
parks under the new protocol because members of 
the family Chironomidae are no longer identified to 
genus. A summary of the changes is shown in Table 1.

The most significant change described in Bowles et 
al. (2008) compared to Peterson et al. (1999) is the 
addition of monitoring at Effigy Mounds National 
Monument (EFMO), GWCA, Hot Springs National 
Park (HOSP), HEHO, and Tall Grass Prairie National 
Preserve (TAPR). In addition, Terrell Creek (WICR) 
is added as an additional monitoring site. Terrell 
Creek became part of WICR in 2005 when the park 
expanded its jurisdictional boundary. AGFO is no 
longer sampled under this protocol because it is part 
of the Northern Great Plains Inventory and Monitor-
ing Network.
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Table 1. Summary of changes between the former protocol (Peterson et al. 1999) and the Bowles et al. (2008) protocol.

Change Made Peterson et al. 1999 Protocol Bowles et al. 2008 Protocol

Number of parks 4 9

Sampling sites per stream1 1–2 per stream 1 per stream

Sampling frequency 3 times per year Once every 3 years

Number of riffles/sites per stream 5 3

Number of samples per riffle 1 3

Total number of samples per 
stream per date

5–10 9

Sampling device2 Surber sampler/Hester-Dendy Surber sampler/Hester-Dendy

Mesh size of sampling device 263 µm 500 µm

Subsampled portion of sample 20% 25%

Metrics Described in Data Analysis section No major changes

Depth and current velocity Meter stick displacement Wading rod and flow meter

Substrate assessment Percentage composition estimate of silt, 
sand, gravel, cobble within 1 m of sample

Dominant size (Wentworth Scale) in sample frame

Stream discharge No Yes

Water quality Static CORE 5 readings (hand-held meters) Unattended hourly CORE 5 readings (datasonde)
1 Two historic sampling sites at HOME will be maintained.
2 Hester-Dendy samplers are used only at HOME.

Other major changes from Peterson et al. (1999) to 
Bowles et al. (2008) include the following.

● Historically, the parks listed under the Peterson
et al. (1999) monitoring protocol were sampled
monthly for three consecutive months each sum-
mer. We reduced the number of sampling events
to one visit every three years. This allowed us to
sample more streams in more parks compared to
the previous protocol.

● At some parks, where two sites had been moni-
tored on a stream (WICR and PIPE), only a single
sampling site was recommended per stream.
The stream segments in the respective parks are
short (≤2 km) and monitoring two sites does not
enhance the ability to detect impairment and
sampling from a single stream reach is consid-
ered generally adequate to represent a stream
segment (Rabeni et al. 1999; Gregg and Stednick
2007). Although Rabeni et al. (1999) defined a
single stream reach as 20 times the stream width
and encompassing approximately 2 riffle/pool
sequences, stream reach as used here under this
protocol effectively meets this description due to
the short lengths of the streams sampled. Both
historical sampling sites will be maintained at

HOME because of a different collection method-
ology used and to provide a sample size compa-
rable to that for other parks.

● The mesh size of the Surber sampler was in-
creased to 500 µm from the original 263 µm. This 
change was justified because (1) increasing the
mesh size results in little appreciable change in
the number and diversity of invertebrates col-
lected (Morin et al. 2004), (2) the larger mesh size
is used in other national level monitoring proto-
cols, and (3) debris and sediments often clog the
finer mesh resulting in backflow from the net and
reduced capture efficiency.

● The percentage of each sample that is subsam-
pled was increased from 20% to 25%.

● No major changes were proposed for the met-
rics calculated from the benthic data, however,
a change was made to the calculation of the
diversity indices. The Hilsenhoff Biotic Index
and Shannon Evenness Index previously used
family level identification and the new procedure
used genus level to allow a more precise estimate
of community tolerance and evenness. Also, total
density was no longer tracked for Hester-Dendy
plate samples. Although invertebrate densities
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may decrease when communities are exposed 
to certain stressors (Resh and Grodhaus 1983; 
Plafkin et al. 1989), they are notoriously vari-
able under normal conditions (Chutter 1972; 
Kroger 1972) and can provide misleading results. 
Finally, members of the family Chironomidae 
were no longer identified to genus. This change 
only impacted genus richness and diversity 
scores causing them to be lower than previously 
recorded. This change was made because pro-
cessing, mounting, and identifying chironomids 
involved considerable staff time that could not be 
met given other monitoring-related demands on 
staff time. 

	● Physical habitat data collection was modified as 
follows:

	○ Depth (cm) and current velocity (m/sec) was 
measured directly in front of the collection 
net using a calibrated flow meter (see SOP#5, 
Measuring Stream Discharge, for details) 
attached to a wading rod rather than using 
the previous and highly inaccurate method of 
vertical displacement with a meter stick.

	○ Substrate was assessed as the dominant sub-
strate size represented within the sampling 
net frame based on the Wentworth Scale 
(Wentworth 1922; see SOP#3, Sampling In-
vertebrates and Collecting Habitat Data, for 
details). This approach replaced the previous 
method of visually estimating the percent-
age composition of four different substrate 
type categories (i.e., silt, sand, gravel, cobble) 
within 1 m of the sampling site. 

	○ Stream discharge (m3/sec) was collected for 
each stream sampled and was not previously 
measured.

	○ A data sonde was deployed for a minimum 
of 24 hours for each stream to collect con-
tinuous hourly CORE 5 water quality data 
(temperature, dissolved oxygen, pH, specific 
conductance, and turbidity) rather than 
relying on static readings for each riffle using 
hand-held meters. 

Sampling frequency changed from three times per 
year to once every three years. A potential disadvan-
tage of this change is that it may take longer to detect 
changes or significant trends in stream condition.

Revision of the Bowles et al. 2008 
Protocol
Changes made to this revised protocol include minor 
updates and and clarification of the narrative. The 
most substantial change was to data management 
and reporting, which were broadened to reflect the 
latest NPS guidance on data quality assurance and 
quality control. Some of the SOPs were also updated: 
SOP#7 (Data Management), SOP#8 (Data Analysis), 
and SOP#9 (Data Reporting). They were modified 
to reflect the latest NPS guidance (SOP#7, SOP#9) 
or to streamline and clarify supporting language for 
a better understanding of statistical tests needed for 
analysis (SOP#8). No substantial changes are being 
made to field or laboratory operating procedures.

Measurable Objectives
Aquatic invertebrates are an important biomonitor-
ing tool for understanding and detecting changes in 
ecosystem integrity over time. Therefore, two broad 
measurable monitoring objectives of this protocol as 
described by DeBacker et al. (2005) are as follows.  

1.	 Determine the status and trends of invertebrate 
species diversity, abundance, and community 
metrics.

2.	 Relate the invertebrate community to overall 
water quality through quantification of metrics 
related to species richness, abundance, and di-
versity and region-specific multimetric indices as 
indicators of water quality and habitat condition 
(DeBacker et al. 2005).

Justification/Rationale for these Objectives: Aquatic 
invertebrates are an important biomonitoring tool for 
understanding and detecting changes in ecosystem 
integrity over time. Aquatic invertebrates respond 
rapidly to different environmental stressors, are 
relatively easy to collect, and can be analyzed at many 
different levels of precision.

Operational Objectives
1.	 Communicate monitoring results to park natural 

resource managers, other park staff, and part-
ners, including outreach efforts when appropri-
ate. Furthermore, contributions to the scientific 
community may be valuable.

2.	 Conduct monitoring safely, ideally without ac-
cident or injury. Safe monitoring includes during 
transportation to/from parks as well as during 
field operations.
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II. Sampling Design
A long-term monitoring program must specify how 
to efficiently sample numerous parameters through 
space and time. An overall sampling design must 
contain multiple components including (1) a spatial 
design (how sample sites are located and the area 
of statistical inference), (2) a revisit design (how 
frequently sites are sampled), and (3) a response 
design (how and what data are collected).

Rationale for the Sampling Design
The streams sampled under this monitoring protocol 
are located among six states (AR, IA, KS, MO, MN, 
and NE) representing several EPA Level III Ecore-
gions (i.e., Ozark Highlands, Ouachita Mountains, 
Flint Hills, Central Great Plains, and Western Corn 
Belt Plains). 

State Monitoring Programs
Most of the host states for the network parks 
included in this protocol employ a wide variety of 
approaches and methodologies to assess benthic 
invertebrate communities and their respective 
relationship to water quality. In some instances, the 
data collected under these various programs are not 
directly comparable. The state of Arkansas presently 
does not have a statewide protocol for assessing 
invertebrate communities in streams. The Arkansas 
Department of Environmental Quality presently is 
developing a statewide monitoring program based on 
EPA EMAP.

The state of Missouri uses a multimetric index called 
the Stream Condition Index (SCI) that was devel-
oped by Rabeni et al. (1997). The SCI is based on 
four metrics as measures of community structure 
and balance. These metrics are taxa richness, EPT 
(Ephemeroptera, Plecoptera, Trichoptera) richness, 
Shannon’s Diversity Index, and Biotic Index (BI). 
These and other community metrics are described in 
Barbour et al. (1999). All metric values are normal-
ized so that they become unitless and can be compa-
rable and have equal influence on the SCI results. 
Reference data collected from throughout Missouri 
were used to determine a range for each metric with 
one of three possible scores assigned to each range. 
The scores are based on the lower or upper quartile 
of the distribution for each metric depending on 
whether it decreases or increases due to impairment. 

The scores are then used as the minimum value 
representative of reference conditions. The four 
scores are summed to generate the SCI score. 
Scores range from 16–20 for not impaired, 10–14 for 
impaired, and 4–8 for very impaired.

The Iowa Department of Natural Resources (IDNR) 
employs a biological assessment of wadeable streams 
(Wilton 2004) that is strongly based on the EPA 
EMAP approach (see discussion on this approach 
below). The IDNR used biological sampling data 
from reference sites to develop a Benthic Macroin-
vertebrate Index of Biotic Integrity (BMIBI). The 
BMIBI is comprised of twelve metrics that reflect a 
broad range of aquatic community attributes, and 
reference site sampling data was used to develop 
metric calculation formulas that transform raw 
individual metric values into a normalized score 
ranging from 0 (poor) to 10 (optimum). The normal-
ized and combined metric scores range from 0–30 for 
poor, 31–55 for fair, 56–75 for good, and 76–100 for 
excellent.

Since 1994, the Nebraska Department of Environ-
mental Quality (NDEQ) has employed a rotating 
basin approach for water quality assessment moni-
toring based on the EPA’s Regional Environmental 
Monitoring and Assessment Program (REMAP; 
Bazata 2005). The monitoring strategy targets 
resources in two or three river basins annually to 
allow for intensive efforts to increase the identifi-
cation and abatement of pollution problems. All 
13 water basins in Nebraska are monitored over 5 
years. Approximately 40 biological monitoring sites 
are selected randomly each year from the peren-
nial streams within the water basin of interest for 
that year. Sample sites are selected to best represent 
monitoring objectives and are based on professional 
judgment. 

The Minnesota Pollution Control Agency (MPCA) 
has used benthic invertebrates as indicators of 
human disturbance of aquatic resource integrity 
for the past 25 years. The MPCA approach is gener-
ally based on the methods of the USEPA and used a 
multihabitat sampling approach. Between 1976 and 
1979 the MPCA collected invertebrate community 
data from 21 stream stations throughout the state 
to assess water quality. Between 1990 and 1992, 
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invertebrates were collected at 45 stream stations 
through the Minnesota River Basin (Genet and 
Chirhart 2004). An IBI developed by Ohio EPA for 
the Eastern Cornbelt Plain was used as a means for 
assessing aquatic resource integrity. The MPCA 
has biological and stream water chemistry data for 
several locations on Pipestone Creek in Pipestone 
National Monument (PIPE); the most recent avail-
able data from MPCA are from 2017 (MPCA 2018). 
No reports further summarizing or interpreting these 
data are available from MPCA.

The Kansas Department of Health and Environment 
(KDHE) conducts stream invertebrate monitor-
ing as part of their Stream Biological Monitoring 
Program (KDHE 2000). The KDHE approach is 
based on two independently collected 100-organism 
samples collected in the field by two scientists that 
are used to calculate the four metrics. The metrics 
used include the Kansas Biological Index (KBI), the 
macroinvertebrate biotic index (MBI), EPT (Ephem-
eroptera, Plecoptera, Trichoptera) richness, and 
EPT (%) abundance to assess stream integrity. Each 
metric is scored and assigned to one of three aquatic 
life-support categories: fully supporting, partially 
supporting, and non-supporting (Poulton et al. 
2007). The KDHE has previously conducted inver-
tebrate community assessments in the Fox Creek 
Watershed, which includes sites on Fox Creek and 
its tributary, Palmer Creek. The data collected by the 
KDHE suggested moderate impairment in these two 
streams and that nitrification from animal wastes and 
fertilizer is the primary source of the disturbance. 
These data have not been published, but are available 
from the KDHE as part of the Neosho River Basin 
total maximum daily load. 

Federal Monitoring Programs
Programs to monitor stream condition are used by 
the US Environmental Protection Agency (EPA), US 
Geological Survey (USGS), and the National Park 
Service (NPS) Heartland Inventory and Monitoring 
Network (HTLN).

USGS NAWQA
The general basis of the USGS National Water-
Quality Assessment (NAWQA) program is to collect 
biological, physical, and chemical data at stream 
reaches that have major natural and anthropogenic 
factors considered responsible for controlling water 
quality in a river basin. Two broad types of benthic 

samples are collected from these sampling reaches to 
characterize the invertebrate community: (1) semi-
quantitative benthic samples collected from targeted 
habitat types (i.e., richest targeted habitat or RTH), 
and (2) a composite qualitative sample collected from 
a broad variety of habitats throughout the reach (i.e., 
qualitative multihabitat or QMH). 

The RTH theoretically supports the faunistically 
richest invertebrate community and is typically 
represented by a coarse-grained riffle or a woody 
snag. The semiquantitative RTH sample consists of 
a series of discrete collections (Moulton et al. 2002). 
The semiquantitative benthic samples recommended 
by NAWQA are collected from the RTH (riffles in 
most cases) using a Slack-Surber sampler (0.25 m2; 
Moulton et al. 2002). The number of individual 
benthic samples to be collected under the NAWQA 
protocol depends on study objectives. The NAWQA 
protocol generally recommends selecting a single 
riffle where at least five discrete collections can be 
taken. Collected samples are partially processed in 
the field and subsequently composited into a single 
bulk sample. By compositing the individual samples 
collected from a reach, no estimate of variability 
among samples can be obtained. The NAWQA 
protocol allows for location of sites based on repre-
sentativeness of the local area, given that the loca-
tion supports project objectives. This gives the site 
investigator flexibility in establishing site boundaries 
depending on local conditions.

EPA
The EPA has two programs for assessing water 
quality using invertebrate communities in wade-
able streams. These are the Rapid Bioassessment 
Protocols for Use in Streams and Rivers (Barbour 
et al. 1999), and the Environmental Monitoring 
and Assessment Program-Surface Waters (EMAP; 
Lazorchak et al. 1998). An additional set of proto-
cols designed for larger non-wadeable rivers (Flote-
mersch et al. 2006) generally are not applicable to 
the streams in the network parks and are not further 
addressed here. 

Rapid Bioassessment 
The Rapid Bioassessment approach uses either single 
habitat (e.g., riffles) or multihabitat approaches. Both 
approaches involve collecting samples from a 100-m 
reach determined by the investigator to be represen-
tative of the characteristics of the stream. The single 
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habitat approach involves sampling using a kick-net 
to sample approximately 1 m in front of the net, and 
taking 2–3 kicks using foot agitation. The samples 
are then composited for analysis. Benthic metrics for 
analyzing data are the same or comparable to those 
used in this protocol (Barbour et al. 1999). The multi-
habitat approach uses 20 jabs or kicks taken from 
different representative habitat types within the reach 
using a D-frame dipnet. Samples are composited for 
analysis and metrics are the same or comparable to 
those used in this protocol (Barbour et al. 1999). 

EMAP
The EMAP approach focuses on evaluating ecologi-
cal conditions on regional and national scales. It 
uses probabilistically selected sites where individual 
sampling sites are assessed using a transect-based 
design where community biological metrics are 
tied to habitat structure. Kick net samples collected 
from flowing water habitats (e.g., riffles, runs) are 
combined into a single composite sample for the 
stream reach, while kick net samples collected from 
pool habitats are combined into a separate compos-
ite sample. The kick net used in the EMAP method 
is effectively the same net as a Slack-Surber sampler 
minus the frame delineating the sampling area in 
front of the net. Data are analyzed following Barbour 
et al. (1999) and use either multimetric or multivari-
ate approaches. In addition, some programs use O/E 
(Observed/Expected) Ratio of Taxa Loss to assess 
invertebrate community degradation. This tool is a 
ratio comparing the number of taxa expected (E) to 
exist at a site to the number that are actually observed 
(O). The taxa expected at individual sites are based 
on models developed from data collected at refer-
ence sites. The current protocol does not use O/E 
ratios. 

The EPA’s Wadeable Streams Assessment Program is 
based on the EMAP approach and is not considered 
separately here (USEPA 2004a, b, c, d). 

HTLN
The HTLN developed a monitoring protocol for 
large rivers and their tributaries within network parks 
that is generally based on the NAWQA approach 
(Bowles et al. 2007). This HTLN monitoring 
approach uses multiple randomly selected sampling 
reaches where three benthic samples are collected 
from each of three consecutive riffles. Samples are 

analyzed separately and are not composited, allowing 
for variability to be assessed. Also, qualitative, multi-
habitat samples are not collected under the HTLN 
protocol. Collection methods and sample processing 
otherwise follow NAWQA.

There are some similarities among the EPA, NAWQA, 
and HTLN approaches that will allow for compari-
son of data. In support of this statement, Peterson 
and Zumberge (2006) generally found no significant 
differences between invertebrate samples collected 
from riffles using the NAWQA and EMAP protocols. 
Also, Herbst and Silldorff (2006) reported that, while 
methodological uniformity is important when coor-
dinating monitoring programs, data from multiple 
sources could potentially be used interchangeably 
and for cross-validation of assessments of stream 
biological integrity. Herbst and Silldorff (2006) 
further noted that differing bioassessment methods 
can yield similar data and effectively discriminate 
impaired biological condition even though they have 
multiple differences in field and laboratory protocols. 

The small streams sampling approach described here 
is based primarily upon that of the HTLN large rivers 
protocol (Bowles et al. 2007). However, this protocol 
differs from the large rivers protocol to account for 
maintaining comparability with historical monitor-
ing data and because of limitations posed by staff 
size and logistical and budgetary constraints. For 
example, because the length of the streams inside 
the park boundaries is relatively short (3 km or less), 
this protocol will use a single sampling reach for each 
stream sampled, rather than multiple reaches. This 
approach is the same as that used by Bowles et al. 
(2007) for small tributaries that are similar in size to 
those in the small stream parks. Also, the sampling 
device proposed for use in this protocol is the Surber 
stream bottom sampler (0.093 m2) rather than the 
Slack Surber sampler (0.25 m2) recommended by the 
HTLN large river protocol. We propose to use the 
former sampler because it has been used historically 
for sampling invertebrates in many of the included 
network parks. We also will continue to use Hester-
Dendy multiplate samplers at Homestead National 
Monument of America (HOME) because they have 
been used historically for this purpose, and their 
continued use favors comparison of data.
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Spatial Design

Establishing the Sample Frame
This protocol focuses on aquatic invertebrate 
communities occurring in small, wadeable streams 
within the NPS jurisdictional boundaries at each of 
the included parks. 

Boyle et al. (1990) did not specify how sites were 
selected, simply referring to them as sentinel sites. 
Harris et al. (1991) gave a written description of the 
locations of each site. As Peterson et al. (1999) later 
pointed out, no criteria were given for site selection. 
However, historical sampling sites were frequently 
near upstream and downstream park boundar-
ies, and accessibility was apparently an important 
concern. In fact, most historical sites were located 
near park roads or trails, indicating convenience was 
an important component in site selection. Peterson 
et al. (1999) recommended continued use of these 
established sites, presumably to allow for comparisons 
with the earlier data. 

This protocol retains the historical collection sites, 
but only includes the downstream-most sites in parks 
with two historical sampling sites, with the exception 

of HOME. The problem with choosing sites based 
on such criteria is that, statistically speaking, any 
results obtained from such a design are applicable 
only to the specific locations sampled and not the 
entire stream running through the park. However, 
given the short length of the streams to be sampled, 
this shortcoming is not an overriding concern in light 
of maintaining comparability with historical data. 
Furthermore, sampling from a single stream reach 
(defined as 1 riffle-pool-riffle sequence) is generally 
considered adequate to represent a stream segment 
(Rabeni et al. 1999; Gregg and Stednick 2007). 
Gebler (2004) reported that the number of sampled 
reaches required to obtain Minimum Detectable 
Differences (MDD) of ≤ 20% ranged in the tens to 
hundreds of reaches. However, for this protocol, 
such a large number of sampling sites would not be 
feasible because of budgetary and staffing constraints 
and the relatively small physical size of the streams 
themselves.

Sampling Sites and Reach Selection
This protocol recommends invertebrate monitor-
ing in 18 streams located among 9 parks (Table 2 
and Appendix A maps). The sampling index period 

Table 2. The streams to be sampled in each network park and the corresponding index period recommended for sampling.

Park Streams sampled
UTM Coordinates  
(Northing, Easting) Index Period

GWCA Carver Creek 4094380.11, 379254.85 May-June

Harkins Branch 4094493.46, 378963.70 May-June

Williams Branch 4094466.25, 379268.19 May-June

EFMO Dousman Creek 4772108.08, 645475.84 July-August

HEHO Hoover Creek 4614462.87, 637697.89 July-August

HOME Cub Creek (North) 4462337.67, 684059.84 August-September

Cub Creek (West) 446166.50, 683530.90 August-September

HOSP Bull Bayou 3819096.45, 489743.19 June-July

Gulpha Creek 3820036.11, 496779.10 June-July

PERI Pratt Creek 4033256.21, 407127.86 May-June

Winton Spring Branch 4033296.3, 407032.2 May-June

Lee Creek 4033355.5, 406034 May-June

PIPE Pipestone Creek 4877259.61, 714204.77 July-September

TAPR Fox Creek 4256985.51, 713944.53 April-May

Palmer Creek 4263176.10, 710907.56 April-May

WICR Skegg’s Branch 4105745.65, 463391.47 May- June

Terrell Creek 4104000.832, 462818.328 May- June

Wilson’s Creek 4104580.870, 464167.047 May- June
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assigned to each stream is primarily based on an 
examination of the historical dataset from 1988 
to 2004. Rationale for using these index periods is 
presented below under Temporal Design. 

At George Washington Carver National Monument 
(GWCA), PIPE, and Wilson’s Creek National Battle-
field (WICR), only the downstream-most historical 
sampling sites are sampled. At Cub Creek (HOME), 
both historical sites will be maintained. Using two 
sampling sites at HOME is based in part on the use 
of a different methodology and in part because it 
will provide a sample size comparable to that of 
the other parks. For all other streams added to this 
revised protocol, a sampling reach was selected from 
the downstream-most portion of each stream within 
the jurisdictional boundaries of a park. The selected 

sampling sites were located upstream of the apparent 
floodplain of any larger tributaries when applicable. 
Riffle selection was determined a priori, with the 
three riffles sampled being those located in consecu-
tive order upstream of the first riffle above the lower 
reach boundary (Figure 1). In some cases, the first 
upstream riffle in a stream was located a consider-
able distance from the park boundary (i.e., Tallgrass 
Prairie National Preserve, TAPR). Sampling reaches 
identified in this protocol are permanent, but the 
specific locations of the riffles sampled in a given year 
may move naturally due to hydrological processes. 
General directions to the sampling sites within a park 
are listed in SOP #3 (Sampling Invertebrates and 
Collecting Habitat Data).

Figure 1. Riffle selection within a stream.
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Sample Placement
Placement of Surber samples within a given riffle 
appear to have been selected subjectively, or at 
best haphazardly, in previous monitoring protocols 
(Peterson et al. 1999). This provides an obvious 
opportunity to introduce bias into the sampling. To 
correct for this deficiency, this protocol ensures (after 
Bowles et al. 2007) that individual Surber samples 
will always be taken in an upstream direction in an a 
priori alternating and equally spaced sequence (left 
third, middle, and right third). This arrangement 
is illustrated in Figure 2. Sample sequence will be 
altered only if the original starting point presents a 
danger to the collector or if it is not accessible. Some 
riffles may be wider than long; in such cases, samples 
can be taken from left to right in equally spaced 
increments.

For Hester-Dendy samplers, the historical sampling 
locations used at HOME will continue to be used. 
Five samplers each will be placed in the upper and 
lower areas (Figure 3) with the individual samplers 
being placed no less than 1 m apart. Hester-Dendy 
samplers are prone to loss due to flooding in Cub 
Creek and having five sampling devices at each site is 
intended to offset such loss. Data from any samplers 
remaining at each site at the time of collection will be 
processed for analysis. Samplers are anchored to the 
bank with wire or attached to permanent structures 
as they are available in the stream channel.

Figure 2. Placement of Surber samples within a single 
riffle.

Figure 3. Placement of Hester-Dendy samplers in Cub Creek, HOME.
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Temporal Design
The revisit design consists of a set of rotating panels 
for the network parks where each stream is sampled 
every three years (Table 3). The invertebrate commu-
nities of the small streams in network parks consist of 
a high diversity of species in various developmental 
stages. Therefore, temporal consistency in sample 
collection is essential to reducing the natural variabil-
ity in invertebrate life cycles and community struc-
ture (Rabeni et al. 1997). 

Boyle et al. (1990) recommended that sampling 
be done once in three of the four seasons (spring, 
summer, and fall), but gave no rationale for this 
approach. Peterson (1996) used data collected from 
a single year—1989— to assess the temporal vari-
ance in the metrics calculated. He reported two 
major findings: (1) for the same sample size, variance 
within a year was greater than variance within a single 
season (i.e., summer), and (2) variance decreased 
as sample size increased. Based on these findings, 
Peterson recommended that sampling should be 
done within a single season (i.e., summer) rather than 
over the entire year to decrease temporal variance, 
and that at least three samples be taken on different 
dates. In an independent assessment of Peterson 
(1996), Dr. Larissa Bailey (unpublished report) also 
recommended that sampling be conducted only once 
per year, within a specified time period. Dr. Bailey 
further specified optimal sampling periods for each 
prairie park based on invertebrate community stabil-
ity and family richness metrics. Bailey recommended 
sampling in July, August, or September, depending 
upon the park. 

Morrison and Bowles (2006) examined the complete 
dataset from 1988 to 2004 for all primary metrics 
included in this protocol. The mean values for each 
metric were comparable among all months sampled. 
Additionally, the estimates of standard error over-
lapped extensively, suggesting there is little difference 
among these metrics during the months sampled. To 
reduce costs and increase efficiency and robustness 
of the community metrics that are used, this protocol 
employs a single sampling event within the index 
periods shown in Table 2. Also, this sampling design 
controls for seasonality and intra-annual effects. 
Seasonal stream flow patterns must also be consid-
ered when choosing an index period for sampling, 
as flows become very low or streams dry entirely in 
some network streams in late summer. Although the 
Peterson et al. (1999) protocol specifies that three 
samples are to be taken each year, frequently only 
one or two were in fact collected due to low stream 
flows. The collection periods indicated above should 
ensure sufficient stream flows to allow effective 
sampling. 

To the extent possible, temporal consistency 
should be maintained through successive years as 
well as between sample types. Samples from each 
stream should be collected within the shortest time 
frame possible (1–2 days) to minimize the effects 
of seasonal change. All efforts should be made to 
avoid collecting directly after a flood event or major 
disturbance. Samples must be collected only during 
baseflow conditions and a minimum of two weeks 
after flood waters recede to baseflow conditions. 

Table 3. Revisit design for invertebrate monitoring in small streams at Heartland I&M Network parks. X indicates a revisit.

Study 
Parks

Revisit 
Notation 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031

GWCA 
PIPE 
WICR

[1-2] – – X – – X – – X – – X

EFMO
HEHO
HOME

[1-2] X – – X – – X – – X – –

PERI
TAPR
HOSP

[1-2] – X – – X – – X – – X –
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Response Design

Types of Data Collected in the Field
This monitoring program will collect benthic inver-
tebrates from stream riffles as well as associated 
habitat and water quality data. Habitat features are 
major, often limiting, determinants of invertebrate 
community structure; accordingly, they are especially 
important for proper determination of biomonitor-
ing results and assessment of ecological integrity 
(Barbour et al. 1999). Although habitat incorporates 
all aspects of physical and chemical constituents and 
their interactions, variables such as current velocity, 
substrate size, embeddedness, water chemistry, sedi-
ment deposition, and presence of filamentous algae 
and aquatic plants play key roles in the microhabitat 
structure and distribution of aquatic invertebrates 
(Allan 1995; Hauer and Lamberti 1996; Rosenberg et 
al. 2008). We propose to monitor all of the aforemen-
tioned habitat variables at our sampling sites. 

Biological and environmental correlates of water 
quality and habitat structure compared across time 
are powerful tools for assessing disturbances related 
to natural and anthropogenic impacts on aquatic 
invertebrate communities, and they are useful for 
detecting change and elucidating patterns and trends 
in long-term data sets (Moulton et al. 2002). For 
example, as habitat conditions degrade (e.g., water 
quality decreases, embeddedness increases), degra-
dation of the benthic invertebrate community is 
expected to follow. However, a cause and effect rela-
tionship between these variables and aquatic inver-
tebrate community structure can be difficult to assess 
and analyze because there is often a broad response 
range among the resident species based on tolerance 
to disturbance (Norris and Georges 1993). Therefore, 
any association of community structure with these 
variables or their combinations must be interpreted 
cautiously and be based on real biological properties. 
These limitations withstanding, benthic community 
structure, when viewed in association with envi-
ronmental variables, can be an effective indicator of 
ecosystem change (Reice and Wohlenberg 1993). 

Sampling Devices
Choosing the appropriate sampling device is one 
of the most critical aspects of biomonitoring (Resh 
and McElray 1993). The physical characteristics of 
the stream determine the most appropriate device 
to use for sampling. Although a broad variety of 

sampling net types have been used to successfully 
sample stream riffles, the objectives of this proto-
col require continuity with the methods of Harris 
et al. (1991). Therefore, a Surber sampler (0.0929 
m2) will continue to be the sampling device used to 
collect samples so the data will be comparable to the 
1989 baseline data set and to other historical NPS 
sampling data. Harris et al. (1991) used Surber nets 
of differing mesh sizes depending on the stream 
sampled, but in this protocol we recommend using a 
single mesh size (500 µm) for all streams sampled. 

At HOME, benthic substrate is dominated by fine 
sands and current velocity is slow. Because of these 
constraints, Surber samplers would not be effective 
for sampling. Instead, we are using Hester-Dendy 
multiplate samplers that are placed in pools or 
slower-moving water (i.e., no riffles) to simulate 
stream habitats dominated by abundant woody 
debris. Samplers require water depth to be at least 25 
cm. These samplers are composed of nine 57.76-cm2 
hardboard plates separated by 3 plastic spacers and 
connected by a long eyebolt, ultimately providing 
0.0929 m2 of surface area for invertebrate coloniza-
tion. Although natural woody snags are superior to 
Hester-Dendy samplers for assessing invertebrate 
communities in soft-bottomed streams (Moulton et 
al. 2002), we continue using Hester-Dendy samplers 
to monitor invertebrate communities at HOME. The 
primary justification for using these samplers rather 
than collecting woody snags is that these sampling 
devices have been used historically at the park and 
the goal is to produce comparable data in future 
monitoring efforts. Illustrations of each sampling 
device are shown in SOP#3.

Number of Samples
Three benthic samples will be randomly collected 
from each of three selected riffles, resulting in a total 
collection of nine separate samples per stream. This 
sampling approach provides an estimate of intra- 
and inter-riffle variability. The process of collect-
ing benthic samples is described in SOP#3. Several 
studies have shown that three samples per riffle are 
sufficient to characterize the benthic invertebrate 
community with respect to calculation of metrics 
while accounting for variability (Canton and Chad-
wick 1988; Bowles 1989; Mathis 2001; Usrey and 
Hinsey 2006). 
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For Cub Creek at HOME, five Hester-Dendy 
samplers will be deployed at each upstream and 
downstream sampling site for a total of 10 samples 
per sampling event. As previously stated above, 
this protocol recommends deploying five samplers 
because individual samplers are prone to loss from 
flooding. Data from any samplers remaining at each 
site at the time of collection will be processed for 
analysis. 

Suitability of Survey Design to Meet 
Study Objectives
Monitoring objectives are integral to defining the 
sampling design. This sample design allows for 
assessing the integrity of invertebrate communi-
ties over time by measuring net change in certain 
community metrics. For assessing status and trend 
through time of invertebrate communities, the 
overall survey design was deemed suitable for several 
reasons:

1.	 Single habitat (riffle) sampling is appropriate for 
long-term monitoring of benthic invertebrates. 
Sampling multiple habitats provides more 
comprehensive information about the inverte-
brate fauna compared to single-habitat samples 
(Lenat and Barbour 1994; Moulton et al. 2002). 
However, comparability among sites is necessary 
for accurate bioassessments and invertebrates 
collected from the same habitat types among 
sites are more similar than invertebrates col-
lected from multiple habitats within the same site 
(Parsons and Norris 1996; Rabeni et al. 1997). 
Indeed, Rabeni et al. (1997) showed metric sen-
sitivity did not increase when comparing mul-
tiple versus single-habitat sampling in Missouri 
streams, and we contend this is true for other 
network streams. Therefore, single habitat sam-
pling in riffle habitat is the focus of this protocol. 
For soft-bottomed streams such as Cub Creek at 

HOME where the substrate consists primarily of 
sand, Hester-Dendy samplers are judged to be an 
acceptable means of assessing aquatic inverte-
brate communities.

2.	 Appropriate for all small streams in the network. 
The sampling design and methods described in 
this protocol are applicable to all small streams 
located in network parks. Furthermore, the data 
generated from this study design will be directly 
comparable to those of other regional (state and 
federal) invertebrate monitoring programs that 
employ similar methodologies and rely largely 
on percentage-based metrics (e.g., Barbour et al. 
1999). 

3.	 Easy to learn and use. Field procedures are easy 
to use and repeatable over time by different 
sampling crews trained in these procedures. 
Implementation does not require extensive time 
or costly equipment. 

4.	 The sequence of sampling events and revisit design 
for the listed parks allows for the greatest amount 
of field work to be accomplished per year while 
minimizing cost. Because staff available for man-
ning field crews is limited and there is a great dis-
tance among all network parks and travel costs 
associated with monitoring are high, this strategy 
allows cost-effective monitoring for stream sites 
in multiple network parks.

5.	 The selected approach to monitoring is 
advantageous over other approaches. The study 
design and methods selected for this protocol 
allow for an integration of community attributes 
and further allow us to characterize temporal 
changes and relative site quality. Additionally, our 
approach will allow us to correlate invertebrate 
community data with land use and habitat 
changes potentially arising from multiple 
stressors.
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III. Field and Laboratory Methods
Field Season Preparations, Field 
Schedule, and Equipment Setup
Procedures for field season preparations, including 
preparing a field sampling schedule and equipment 
setup, are described in SOP#1 (Preparation for Field 
Sampling and Laboratory Processing). Team lead-
ers will ensure that team members have read and 
understand the protocol and supporting SOPs prior 
to sampling and that all required equipment and 
supplies have been ordered and are in proper work-
ing condition. They should also check stream staff 
gages (http://water.usgs.gov) or contact park resource 
mangers to determine if sampling sites have recently 
flooded. The team leaders will prepare and main-
tain a field notebook detailing all sampling-related 
activities and staff participation during monitoring 
trips to ensure that trip reports are complete and 

accurate. Finally, the team leader should ensure that 
all required scientific collection permits have been 
obtained. 

Collecting Benthic Invertebrate 
Samples and Associated Habitat and 
Water Quality Data 
Procedures for collecting benthic invertebrate 
samples and documenting habitat data are presented 
in SOP#3 (Sampling Invertebrates and Collecting 
Habitat Data), SOP#4 (Documenting CORE 5 Water 
Quality Variables), and SOP#5 (Measuring Stream 
Discharge). Work flow diagrams for collecting 
samples are shown in Figures 4 and 5. 

Three invertebrate samples will be collected from 
each riffle at randomly selected sample points as 
described in SOP#3. Samples will be collected with  

Figure 4. Flow of work diagram for collecting Surber samples.

http://water.usgs.gov
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Figure 5. Flow of work diagram for collecting Hester-Dendy samples.

a Surber stream bottom sampler (500-µm mesh, 
0.093 m2). Water flow (level) should not be over the 
top of the net in deep riffles to prevent invertebrates 
that are dislodged from the substrate from washing 
over the net and not being collected in the sample. 
Each discrete sample is collected while progressing 
in an upstream direction. Sampling procedures will 
be the same for each riffle sampled, and whenever 
possible, samples should be collected by the same 
person to limit variability in sampling techniques. 
For Homestead National Monument of America 
(HOME), five Hester-Dendy samplers will be 
deployed at each of two locations: one upstream and 
one downstream. Samplers are deployed for 30 days 
to allow for sufficient colonization by invertebrates 
prior to harvesting.

Habitat variables will include an assessment of depth 
and current velocity measurements collected concur-
rently and immediately in front of the sampler frame. 
Several additional qualitative measurements of habi-
tat condition will be taken from the area delineated 

by the sampler frame after it is placed securely on the 
stream bottom and before disturbing the substrate. 
These variables include visual estimates of percent 
embeddedness of the substrate, percent periphyton, 
percent filamentous algae, and percent vegetation. 
Standard classes for all percentage estimates will be 
as follows: 0 = Absent (0%), 1 = Sparse (<10%),  
2 = Moderate (10–40%), 3 = Heavy (40–75%), and  
4 = Very Heavy (>75%). 

When the habitat variables have been recorded, 
substrate size is visually assessed. Substrate assess-
ments provide a unique characterization of the 
streambed composition at the time sampling takes 
place. Therefore, dominant substrate size from the 
area within the sampling frame of the net is visu-
ally assessed based on the standard Wentworth 
scale (Wentworth 1922). The intent of the substrate 
assessment is to characterize the dominant substrate 
for individual samples and not to fully characterize 
all sediments present. This assessment will help us 
describe the prevailing microhabitat conditions that 
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influence the structure of invertebrate communities 
and may help explain variability between sample 
points. Stream discharge will be measured at each 
site and preferably upstream of the sampling site after 
invertebrate collections have been completed. CORE 
5 water quality parameters (temperature, dissolved 
oxygen, specific conductance, pH, and turbidity) will 
be recorded for each stream using data loggers or 
sondes.

Benthic Sample Processing and 
Specimen Identification 
Procedures for processing benthic samples and 
identifying specimens are described in SOP#6 
(Laboratory Processing and Identification of Inver-
tebrates). Methods for preparing samples for sorting 
and subsampling generally follow those presented 
in Moulton et al. (2000). A list of the aquatic inverte-
brate taxa known or suspected to occur in network 
park small streams is provided in SOP#8 (Data 
Analysis).

Subsampling Benthic Samples
The routine for subsampling benthic samples is 
presented in SOP#6. The method of subsampling will 
involve the fixed fraction approach with 25% of each 
sample being sorted following thorough washing, 
agitation, sieving, and elutriation of the entire sample 
(Moulton et al. 2000). Additionally, a large and/or 
rare taxa component will be included where large or 
rare taxa that clearly are not in the sorted fraction are 
removed and stored in a separate vial for the purpose 
of reflecting accurate sample species richness esti-
mates and calculating specific metrics such as EPT 
richness. A fixed-fraction subsampling routine was 
selected over a fixed-count routine because some of 

the metrics to be calculated from samples are related 
to specimen density that cannot be obtained with the 
latter method. Subsampled fraction debris will be 
subjected to quality assurance/quality control (QA/
QC) analysis (SOP#6) and should be kept until QA/
QC is complete for that batch of samples and the 
program leader authorizes disposal of the debris.

Sample Storage and Reference 
Collection
Identified samples are stored in 4-dram glass vials 
with polycone caps and filled with 70% ethyl alcohol. 
Specimen vials will be labeled with the taxon name, 
date collected, park and site names/code, and name 
of identifier. Organisms will be retained for at least 
three years and stored at the NPS HTLN facilities 
located at Missouri State University, Springfield, MO. 

A reference collection consisting of a few representa-
tive specimens of each taxon will be prepared and 
stored in properly labeled vials containing 70% ethyl 
alcohol. Regional or other taxonomist specialists 
should review the identifications for accuracy. This 
collection is intended to aid future identifications and 
for training new personnel. The reference collection 
will be stored at the NPS HTLN facilities located at 
Missouri State University, Springfield, MO. 

Post Season Procedures
Procedures for the end of the sample season are 
found in SOP#10 (Procedures and Equipment 
Storage after the Field Season) and are not further 
described here. Crew leaders will ensure all equip-
ment is cleaned and properly stored and that all 
equipment is in working order prior to long-term 
storage. 
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IV. Data Management
Data management procedures are an important part 
of any long-term monitoring program because they 
provide data consistency, data security, and availabil-
ity over time. Therefore, care must be taken to ensure 
that adequate time and personnel are available for 
accurate data recording, data entry and verification, 
and analysis. At the core of data management is the 
monitoring database organized by primary and ancil-
lary data. 

Data processing typically involves the following 
steps: data entry, data verification, data validation and 
backups/storage; see SOP#7 (Data Management) for 
details on each step. Data entry consists of transfer-
ring field data from field sheets into a monitoring 
database using data entry forms. Data verification 
immediately follows data entry and involves check-
ing the accuracy of computerized records against the 
original source, usually paper field records. Valida-
tion procedures seek to identify generic errors, such 
as missing, mismatched, or duplicate records, as well 
as logical errors specific to particular projects. Spatial 
validation of location coordinates can be accom-
plished using a Geographic Information System 
(GIS). Global Navigation Satellite System (GNSS) 
points are validated against high resolution imagery 
and/or LiDar for their general location.

Overview of Database Design
One tabular Microsoft Access database, henceforth 
referred to as the database, contains all data for the 
monitoring project. A generalized model of the inver-
tebrate community database includes two primary 
tables for sampling events and locations. These two 
core tables contain general information pertaining 
to the field sampling occasion (the when and where 
of the sample). This includes information such as 
date and time, reach ID, and park/project codes. The 
invertebrate community tables serve as the organiz-
ing hub for invertebrate data. Other tables primarily 
address habitat or water quality conditions. The data-
base also documents the protocol version and quality 
assurance and quality control results. 

Quality Assurance and Quality Control
Quality Assurance (QA) includes all activities 
designed to ensure that data, products, or services 
meet specified requirements. Quality Assurance 
focuses on building in quality to prevent defects.

Quality Control (QC) includes procedures for check-
ing whether data meet standards and annotating or 
qualifying data that do not (DeVivo 2016).

QA/QC procedures and design elements occur 
throughout data collection, processing, and report-
ing. The database design includes fields to document 
the completion and results of QA/QC procedures 
and assessments.

	● The Inventory and Monitoring Division Data 
Base Standards (Frakes et al. 2015) document 
requires every datum to be unambiguously 
traceable to a specific version of a monitoring 
protocol, a quality assurance plan (QAP) where 
available, and suite of standard operating proce-
dures (SOPs).

	● The certification guidelines for I&M data prod-
ucts (NPS 2016), and Minimum Implementation 
Standards for Network Projects v. 3.0 (Frakes 
and Kingston 2017) calls for every datum to have 
an associated QA/QC processing level (e.g., raw, 
provisional, certified).

	● An annual operational review is required for all 
active monitoring protocols (Mitchell et al. 2018). 
Completion of an operational review, a sum-
mary of any flagged data, and a link to the review 
report are stored in the monitoring database.

Metadata Procedures
The Federal Geographic Data Committee (FGDC) 
now provides a range of options as guidance for 
metadata of spatial and non-spatial federal agency 
data. Most recommendations are variations of the 
ISO19115 standard, which is typically used for 
natural resource datasets. Creation of ISO metadata 
has been greatly facilitated by ESRI ArcGIS utilities 
that automatically generate spatial metadata. Once 
metadata are created, they should be saved in XML 
format following ISO metadata standards. Metadata 
are archived in the geodatabase and by Washington 
D.C. Area Support Office (WASO) I&M Division in 
the Integrated Resource Management Applications 
Data Store (IRMA DataStore). Metadata are archived 
by WASO with the submission of the monitoring 
protocol. Metadata will be updated with each proto-
col revision.
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Data Archival Procedures
HTLN archives all spatial and non-spatial data 
(including tabular documents) on a weekly basis. 
Backups are incremental rather than mirrored so that 
files are never overwritten. Permanent data archives 
are created on a quarterly and annual basis and 
stored offsite in a bank safe box.

Like other monitoring databases/geodatabases, the 
aquatic invertebrate monitoring database is secured 
by file archives stored on the server. The databases 
are maintained under a directory called HTLNInvert 

under the heartlandcommon production drive. 
The database immediately below this directory is 
the production copy of the database. All backups 
are incremental rather than mirrored so that earlier 
versions are stored under this directory. 

Annually, in fulfillment of the Data Analysis and 
Reporting Requirements (Gallo, K. memorandum 
dated 4/23/2018), the dataset will be uploaded to 
IRMA DataStore. The dataset is flagged as read only 
for all users except the Project Leader and Data 
Manager.
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V. Data Summary, Analysis, and Reporting
Metric Selection and Community 
Indices
Early biomonitoring programs tended to focus 
on one or two specific attributes or metrics of the 
community; the indicator species concept (Kremen 
1992) is an example. Individual metrics generally 
are chosen based on the specific and predictable 
response of organisms to landscape changes. Addi-
tionally, they are sensitive to a range of factors that 
stress biological systems and are relatively easy to 
measure and interpret (Karr and Chu 1999). Barbour 
et al. (1999) lists and briefly describes many types of 
metrics used in assessing stream condition. However, 
individual metrics in themselves are often not 
adequate for assessing complex systems with cumula-
tive impacts (Karr 1991). 

In comparison, multimetric indices are designed to 
look at community structure through examination of 
multiple components of the invertebrate community 
and their level of change due to disturbance. Scores 
of individual metrics are normalized into a single 
integrated score, reducing the influence of one metric 
on the overall score and making results less ambigu-
ous for resource managers. Bonada et al. (2006), 
in a comparative analysis of recent bioassessment 
approaches, showed that multimetric approaches 
rate among the best performers for 10 of 12 crite-
ria they tested for discriminating among different 
kinds of human impact. Multimetric approaches 
are favored by most aquatic resource agencies in the 
United States because they are based on sound scien-
tific rationale, they are simple to implement, and they 
are among the most sound for assessing invertebrate 
community structure (Lenz and Miller 1996; Bonada 
et al. 2006). 

Peterson et al. (1999) concluded that invertebrate 
community structure could be adequately summa-
rized by five biotic indices (i.e., total density; family 
biotic index; Ephemeroptera, Plecoptera and 
Trichoptera (EPT) richness; EPT/Chironomidae 
ratio; and the Shannon-Weiner Index). These indices 
were chosen because they represented independent 
estimates of change with minimal redundancy in 
the community aspects estimated by each metric 
(i.e., metrics were avoided if they appeared equally 
sensitive to the same environmental factors). This 
monitoring protocol retained most of those metrics 

to characterize invertebrate communities taking 
into account that metrics differ in their sensitiv-
ity to changes in different environmental variables. 
For example, some metrics may be more sensitive 
to changes in structural variables such as sediment 
grain size than to chemical and physical water quality 
variables (Bode and Novak 1995; Yoder and Rankin 
1995). The exception is total density that Peterson et 
al. (1999) recommended for Hester-Dendy samples. 
Although total invertebrate density may decrease 
when communities are exposed to a stress such as 
water pollution or habitat alteration (Resh and Grod-
haus 1983; Plafkin et al. 1989), it can also be notori-
ously variable under normal conditions (Chutter 
1972; Kroger 1972) and provide misleading results. 
Taxa richness and genus evenness were included as 
additional measures of community integrity based in 
part on the recommendation of Rabeni et al. (1997). 
Procedures for calculating these metrics are shown 
in SOP#8 (Data Analysis). Summary indices and vari-
ables will provide information to park managers on 
the status of stream invertebrate communities. 

EPT Richness
Ephemeroptera, Plecoptera, and Trichoptera (EPT) 
richness is the number of genera from these three 
orders represented in a sample. Members of these 
three insect orders are among the most ecologically 
sensitive taxa in streams and are considered excellent 
indicators of water quality (Resh and Jackson 1993; 
Resh and McElray 1993). 

EPT Ratio (R)
The ratio of EPT abundance (numbers of individu-
als) to Chironomidae (C) abundance (R = EPT/[EPT 
+ C]) has also been used as a stream water quality 
indicator (Resh and Grodhaus 1983). It is calcu-
lated only for replicate Surber samples. In general, 
EPT taxa are relatively pollution intolerant, whereas 
Chironomidae are generally pollution tolerant. Thus, 
higher values indicate better stream water quality. 

Taxa Richness
Taxa richness is simply the sum of the number of taxa 
represented in a sample replicate. Richness can be a 
useful criterion to describe the biological quality of a 
stream (Resh and Grodhaus 1983). Low richness may 
indicate that a stream has been subjected to one or 
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more stressors. This protocol uses both family level 
and genus richness.

Taxa Diversity
Diversity is a measure of how the total number of 
individuals in a sample are distributed among the 
total species in the sample. Maximum diversity 
occurs in a community when the number of individu-
als is distributed as evenly as possible among species 
(Pielou 1966). High diversity indicates better stream 
quality (Resh and Jackson 1993). This protocol uses 
the Shannon Index (or Shannon-Wiener diversity 
index; H') to estimate taxa diversity.

Genus Evenness
This metric, also known as Shannon's Evenness 
Index, is a measure of how evenly the total number 
of individuals in a sample are distributed among the 
genera. Lower evenness indicates that a stream may 
have been subjected to disturbance and it is being 
populated by fewer and pollution-tolerant genera. 
This index is calculated using the values of the Shan-
non Diversity index. 

Biotic Indices
Biotic indices are commonly used as indicators of 
water quality (Resh and Jackson 1993; Resh and 
McElray 1993). In fact, Jones et al. (1981), simulta-
neously measured invertebrate community struc-
ture and water quality variables in Missouri Ozark 
streams and found biotic indices to be more sensitive 
and less variable than diversity indices for discrimi-
nating differences in stream water quality. The 
Hilsenhoff biotic index (HBI) uses taxa specific (e.g., 
family, genus) pollution tolerance values (Hilsenhoff 
1982, 1988; Lenat 1993) to calculate index scores, 
which can then be related to stream water quality. 
This protocol uses genus level tolerance values allow-
ing for a better estimate of community tolerance.

The metrics listed above are generally considered 
sufficiently sensitive to detect a variety of potential 
pollution problems in network streams. Some of 
the potential disturbances and the metrics that can 
be used to detect them include the following (after 
Doisy and Rabeni, 1999).

	● Gross organic pollution - Hilsenhoff (1982) listed 
all four of the selected metrics as indicators of 
gross organic pollution. 

	● Agriculturally developed catchments - Ephem-
eroptera and Plecoptera have shown reductions 
in abundance or richness with these catchments 
(Quinn and Hickey 1990; Lenat and Crawford 
1994). 

	● Increases in acidity - Taxa richness, EPT taxa, 
and Shannon Diversity Index typically decrease 
in response to increasing acidity (Hildrew et al. 
1984; MacKay and Kersey 1985). Mayflies are es-
pecially sensitive to low pH (Peterson et al. 1985).

	● Effects of logging and clear cutting - Stone and 
Wallace (1998) found that the North Carolina 
Biotic Index (NCBI, a modification of the Biotic 
Index; Lenat 1993) was the most sensitive to this 
type of disturbance.

	● Heavy metal pollution - Taxa richness and EPT 
richness (Winner et al. 1980; Chadwick et al. 
1986) have been shown to decrease in response 
to this type of pollution. However, further 
research indicates that mayflies may decrease 
in richness and abundance while caddisflies 
increase under these conditions, resulting in 
static EPT richness. If no difference in the EPT 
is found, analysis of the richness and percent 
composition of mayfly taxa should be performed 
(Doisy and Rabeni 1999).

	● Insecticides - Wallace et al. (1996) found that 
both the EPT index and the NCBI easily detected 
disturbances to a stream treated with certain 
insecticides.

Water quality for each site can be inferred using these 
metrics. For metrics that decrease with increasing 
level of disturbance, higher metric values indicate 
higher water quality. For metrics that increase with 
increasing level of disturbance, lower metric values 
suggest higher water quality. 

Data Analysis
In determining the appropriate statistical approaches 
for this monitoring protocol, it is important to take 
into account the primary audience of the various 
reports that will be produced. This audience will 
consist of park resource managers, park superinten-
dents, and other park staff. Park resource managers 
and staff may not have an in-depth background in 
statistical methods, and park superintendents may 
have limited time to devote to such reports. Addi-
tionally, protocols such as this may provide a large 
amount of data on many different types of variables. 
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Thus, it is important, to the extent possible, that core 
data analyses and presentation methods provide a 
standard format for evaluation of numerous vari-
ables, are relatively straightforward to interpret, can 
be quickly updated whenever additional data become 
available, and can be used for many different types 
of indicators, whether univariate or multivariate. 
In addition, the type and magnitude of variability 
or uncertainty associated with the results should 
be easily discernible, and a threshold for potential 
management action will ideally be indicated. 

There are three main statistical approaches that could 
be employed with data from long-term monitor-
ing projects such as this: (1) hypotheses testing, (2) 
parameter estimation, and (3) application of Bayesian 
methods. 

Bayesian Methods
When analyzing ecological data, statisticians 
predominantly employ frequentist methods, and 
thus many resource managers are not familiar with 
the interpretation of Bayesian approaches. Bayes-
ian methods are not widely used because they are 
often difficult to apply, and many researchers are not 
comfortable specifying subjective degrees of belief 
in their hypotheses (Utts 1988; Hoenig and Heisey 
2001). Therefore, a Bayesian approach is not advo-
cated as the main method of data analysis in this 
protocol.

Hypothesis Testing
Most hypothesis testing approaches involve a null 
hypothesis of no difference or no change. The 
problem with such approach is that the hypothesis 
under test is thus trivial (Cherry 1998; Johnson 
1999; Anderson et al. 2000, 2001). No populations 
or communities will be exactly the same at different 
times. Therefore, the primary interest of this protocol 
is the magnitude of change rather than change per 
se, and whether it represents something biologically 
important. Null hypothesis significance testing relies 
heavily on P-values, and results primarily in yes/no 
decisions (reject or fail to reject the null hypothesis). 
P-values are strongly influenced by sample size, 
however, and one may, with a large enough sample 
size, obtain a statistically significant result that is not 
biologically important. Alternatively, with a small 
sample size, one may determine that a biologically 
important result is not statistically significant (Yoccoz 
1991). Thus, traditional null hypothesis testing places 

the emphasis on the P-value (which is dependent 
on sample size) and rejection of the null hypothesis, 
whereas we should be more concerned whether the 
data support our scientific hypotheses and are practi-
cally (i.e., biologically) significant (Kirk 1996; Hoenig 
and Heisey 2001).

Parameter Estimation
This approach provides more information than 
hypothesis testing, is more straightforward to inter-
pret, and is easier to compute (e.g., Steidl et al. 1997; 
Gerard et al. 1998; Johnson 1999; Anderson et al. 
2000, 2001; Colegrave and Ruxton 2003; Nakagawa 
and Foster 2004). Parameter estimation empha-
sizes the magnitude of effects and the biological 
significance of the results, rather than making binary 
decisions (Shaver 1993; Stoehr 1999). Moreover, 
trend studies should focus on description of trends 
and their uncertainty, rather than hypothesis testing 
(Olsen et al. 1997). Thus, most of the data analyzed 
under this protocol will take the form of parameter 
estimation rather than null hypothesis significance 
testing. 

Control Charts
We will also employ control charts in data organiza-
tion and analysis. Control charts represent a basic 
summary for almost any data set, a sort of quick look 
for busy managers to determine which variables are 
in the greatest need of more in-depth analyses or 
management action (Morrison 2008). Developed for 
industrial applications, control charts indicate when 
a system is going out of control by plotting through 
time some measure of a stochastic process with 
reference to its expected value (e.g., Beauregard et 
al. 1992; Gyrna 2001; Montgomery 2001). Control 
charts may be univariate or multivariate, and can 
represent many different types of variables. They 
have been applied to ecological data (McBean and 
Rovers 1998; Manly 2001), including fish commu-
nities (Pettersson 1998; Anderson and Thompson 
2004) and natural resources within the I&M program 
(Atkinson et al. 2003). Control charts contain upper 
and lower control limits specifying thresholds 
beyond which variability in the indicator reveals a 
biologically important change is occurring and warns 
that management may need to act. Control limits can 
be set to any desired level.
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Multivariate control charts may also be constructed, 
and although some of the above-mentioned texts 
describe multivariate control charts (using the Hotel-
ling T2 statistic), this approach is only practical for a 
small number of variables, and assumes a multivariate 
normal distribution. In general, species abundances 
are not distributed as multivariate normal (Taylor 
1961), and traditional multivariate procedures are 
frequently not robust to violations of this assumption 
(Mardia 1971; Olson 1974). A new type of multi-
variate control chart has recently been described 
for use with complex ecological communities and 
a software application entitled ControlChart.exe is 
available for constructing these types of multivariate 
control charts (see Anderson and Thompson 2004). 
Multivariate temporal autocorrelation will violate the 
assumption of stochasticity upon which this method 
is based. However, it is important to test for tempo-
ral autocorrelation using Mantel correlograms prior 
to using this method. This new multivariate control 
chart appears to have promise but has not been 
widely applied nor thoroughly evaluated. Further 
evaluation of this method is warranted before being 
applied to the data of this protocol.

Power Analysis
A formal power analysis for this protocol was 
not conducted for three reasons. (1) The primary 
purpose of conducting a prospective power analy-
sis is to determine whether the proposed sample 
size is adequate. There already exist a number of 
studies indicating that three samples per riffle is an 
appropriate number for calculation of the proposed 
metrics (see Number of Samples under the Sample 
Design Section). Because the sample size described 
above is driven primarily by budget, an increase in 
the number of riffles sampled per reach or number 
of reaches could not be justified regardless of the 
result of any power analysis. Furthermore, in many 
analyses sample size will equate with number of years 
and become more powerful over time. (2) Statisti-
cal power is dependent upon the hypothesis under 
test and the statistical test used. Over the course 
of this long-term monitoring program, we will be 
interested in many different questions and could 
potentially evaluate a number of different hypoth-
eses. Thus, there is no single power relevant to the 
overall protocol. Estimating power at this point in the 

context of such a long-term, multifaceted monitoring 
program could be potentially misleading as the test 
this power is based upon may rarely (or never) actu-
ally be employed. (3) Most of our data analyses will 
take the form of parameter estimation rather than 
null hypothesis significance testing. When estimating 
parameters, there is no associated statistical power. 
In general, statistical power analyses are frequently 
misused and misinterpreted in ecological contexts 
(Morrison 2007), and alternative approaches to 
evaluating the degree of uncertainty associated with 
our data will be evaluated and used when applicable.

Other Statistical Tests
Although our primary approach to organizing and 
analyzing data will consist of multimetric indices, 
we do not entirely rule out the use of any statistical 
methods at this time. Because of the nature of this 
long-term monitoring program, other approaches 
may be appropriate at different points in time. 
Depending upon the needs of the resource managers 
and questions of interest, a hypothesis testing frame-
work may be employed. Because data from studies 
of aquatic insects is often not normally distributed, 
non-parametric approaches may be necessary. 
For example, if it is desirable to test for differences 
between riffles, non-parametric tests should be 
used (e.g., Kruskal-Wallace Test, Friedman's Test, or 
Cochran’s Q test). Of course, normality of the data 
will be evaluated prior to any tests, and transforma-
tions may be performed if useful prior to tests requir-
ing normal distributions. These approaches and 
others are described in SOP#8.

Reporting
Annual reporting requirements include an informal 
trip report, and an operational review report. The 
updates may be in the form of a web article or data 
visualizer. Trend reports are updated every four years 
(2 sampling cycles). Trend reports explore correla-
tions among the data over time. Trend reports are 
published as Natural Resource Reports in the NPS 
Natural Resource Publication Series and uploaded to 
the Integrated Resource Management Applications 
Data Store (IRMA DataStore) or published in peer 
reviewed scientific literature. Refer to SOP#9 (Data 
Reporting) for details on reporting. 
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VI. Personnel Requirements and Training
Roles and Responsibilities
The project manager is the aquatic program leader 
for the HTLN and this person bears responsibility 
for implementing this monitoring protocol. Because 
consistency is essential to implementation of the 
protocol, the project manager or HTLN aquatic 
ecologist will lead field data collection efforts unless 
technicians have several years of experience collect-
ing the data related to this protocol as determined 
by the project manager. The project manager will 
oversee all laboratory work including all QA/QC 
requirements. 

The data management aspect of the monitoring effort 
is the shared responsibility of the project manager 
and the data manager. Typically, the project manager 
is responsible for data collection, data entry, data 
verification and validation, data summary, analysis, 
and reporting. The data manager is responsible for 
data archiving, data security, dissemination, and 
database design. The data manager, in collaboration 
with the project manager, also develops data entry 
forms and other database features as part of qual-
ity assurance and automates report generation. The 

data manager is ultimately responsible to ensure 
that adequate QA/QC procedures are built into the 
database management system and appropriate data 
handling procedures followed. Technicians will 
be responsible for field collection and laboratory 
processing, equipment maintenance, purchasing of 
supplies, and sample storage. At least one technician 
with taxonomic experience will be responsible for 
the identification of specimens to the genus level. 

Qualifications and Training
Training is an essential component for collection of 
credible data. Training for consistency and accuracy 
should be emphasized for both the field and labora-
tory aspects of the protocol. SOP#2 (Training for 
Field Sampling and Laboratory Processing) describes 
the training requirements for new technicians. The 
project manager should oversee this training and 
ensure that each technician is adequately prepared 
to collect data. Taxonomic identifications may be 
performed by a technician with several years of expe-
rience, but initial identifications should be checked 
by expert taxonomists. 
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VII. Operational Requirements
Field Schedule
Streams scheduled for sampling, as listed in the 
revisit schedule (Table 3), should be sampled once 
during the appropriate index period (Table 2). 
Samples should be collected within the shortest 
time frame possible. At a minimum, two people are 
required to complete the field sampling portion of 
the protocol; however, three people make the process 
much more efficient. Only one site can be sampled 
per day under normal circumstances.

Facility and Equipment Requirements
Field and lab equipment listed in SOP#1 (Prepara-
tion for Field Sampling and Laboratory Processing) 
are for only one sampling crew. Beyond normal office 
and equipment storage space, facility needs include 
access to a wet laboratory. Additional equipment 
requirements include maintenance and/or replace-
ment of equipment shared among multiple proj-
ects (e.g., GNSS units, cameras, vehicles, computer 
server). Network vehicles are shared and fuel/main-
tenance costs are incurred at the network level.

Budget Considerations
Approximately one full work day plus travel is 
required to complete sampling for each sampling 
park. For parks having multiple streams, it is practical 

to sample all those streams in a single day. Personnel 
expenses for fieldwork are based on a minium crew 
of two people, although three are optimum. The 
crew will consist of a professional aquatic ecolo-
gist or fisheries biologist to oversee and coordinate 
fieldwork and data collection and one or morebio-
logical science technicians. Field costs will vary from 
year to year depending on the skill level, size of the 
crew, and parks to be sampled (number and distance 
from work domain). Laboratory processing time 
per benthic sample, including sorting, identification, 
counting, and entry into the database, will require 
approximately 6 hours per sample.

Data management personnel expenses include 
staff time of biological science technicians, project 
manager, and data manager. The project leader also 
invests time in preparation for field trips (two or 
more days) and data evaluation and reporting. These 
steps can include a month or more of the project 
leader's time per report, in addition to peer review-
er's time. Additional shared support staff include the 
quantitative ecologist and geographic information 
specialist. 
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VIII. Procedures for Protocol Revision
Revisions to both the protocol narrative and to 
specific standard operating procedures (SOPs) are 
to be expected. Careful documentation of changes 
to the protocol and a library of previous protocol 
versions are essential for maintaining consistency in 

data collection and for appropriate treatment of the 
data during data summary and analysis. The steps for 
changing the protocol (either the protocol narrative 
or the SOPs) are outlined in SOP#11 (Revising the 
Protocol).
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Appendix A. Maps of Stream Locations
Maps A-1 through A-9 show the lower sampling reach boundaries of stream locations in network parks. 
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Map A-1. Map showing the approximate lower sampling reach location for Dousman Creek, EFMO.
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Map A-2. Map showing the approximate lower sampling reach locations for Carver Creek, Williams Branch and Harkins 
Branch, GWCA.
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Map A-3. Map showing the approximate lower sampling reach location for Hoover Creek, HEHO.
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Map A-4. Map showing the approximate upper and lower sampling locations for Cub Creek, HOME.
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Map A-5. Map showing the approximate lower sampling reach locations for Bull Bayou and Gulpha Creek, HOSP.
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Map A-6. Map showing the approximate lower sampling reach locations for Pratt Creek and Winton Spring Branch, 
PERI.
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Map A-7. Map showing the approximate lower sampling reach location for Pipestone Creek, PIPE.
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Map A-8. Map showing the approximate lower sampling reach locations for Fox Creek and Palmer Creek, TAPR.
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Map A-9. Map showing the approximate lower sampling reach locations for Wilson’s Creek, Skegg’s Branch, and Terrell 
Creek, WICR.
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