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Figure 1. Conceptual model of stream ecosystems known as the River Continuum Concept, showing 
changes in aquatic community along a downstream gradient (from Vannote et al. 1980). 
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Figure 2. Conceptual ecological model showing the integral relationships between water quality and 
aquatic communities in aquatic ecosystems. 

 
 

Figure 3. Conceptual model of the multiscale hierarchy of biodiversity indicators that describe 
composition, structure, and function at each level of organization (from Noss 1990). 
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the atmosphere, creating sulfuric acid (Skousen et al. 2000). Acidification of streams also 
increases the mercury methylation process (which is the most toxic form). Arsenic comes from 
the finely ground tailings of gold mining and is released as downstream sediment dispersal 
(Straskraba and Moran 1990). 
 

 
Figure 4. Conceptual model showing linkages of stressors to habitat changes and impacts to water 
quality and aquatic communities vital signs. 

1.5.3 Atmospheric Deposition 
Atmospheric contaminants have been recognized as a potential stressor of aquatic and terrestrial 
ecosystems for several decades (Schindler 1987, Landers et al. 2008). A classic example is acid 
rain, where SOx and NOx precursors from industrial combustion are transported thousands of 
kilometers from their source and deposited by precipitation, causing acidification of poorly 
buffered ecosystems (Likens et al. 1979). Similar concerns with nutrients (e.g., from agricultural 
fertilizers) and pollutants (e.g., volatile organic chemicals, toxicants, etc.) can also perturb 
ecosystems by eutrophication processes or toxicity effects (Landers et al. 2008). 
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applicable to areas where run-off will enter waterways, usually clearly labeled on herbicide 
labels. Additional impacts due to treated vegetation entering the stream as leaf litter are 
unstudied and unknown to our knowledge. Knowledge of impacts to other stream biota (fish and 
amphibians) is also lacking. 
 
1.5.8 Marijuana Farming  
Illegal marijuana cultivation is occurring in Whiskeytown National Recreation Area and 
Redwood National and State Parks. Other network parks have concerns that marijuana 
cultivation may soon occur within their park boundaries. Security concerns with scientists 
working in and around areas of illegal cultivation have prevented detailed studies (Joyce 1999), 
but stream ecosystem impacts will resemble those from legal agriculture, including (1) water 
diversion, (2) increased sediments, and (3) eutrophication through the use of fertilizers (Allan 
2004).  
 
1.5.9 Non-native and Introduced Species 
Introduced, non-native species can cause large changes to native biodiversity and trophic 
dynamics of aquatic ecosystems (Vander Zanden et al. 1999, Knapp et al. 2001, Parker et al. 
2001, Schindler and Parker 2002, Boersma et al. 2006). In Klamath Network parks, historical 
introductions of rainbow trout (Onchorhynchus mykiss), brook trout (Salvelinus fontinalis) and 
brown trout (Salmo trutta) are potential ecosystem stressors. Other invasives include both 
vertebrate (e.g., American bullfrogs [Rana catesbeiana]) and invertebrate (e.g., New Zealand 
mudsnails [Potamopyrgus antipodarum]) taxa. Considerable threats also exist from emerging 
diseases, such as chytrid fungus (Batrachochytrium dendrobatidis), which affects native 
amphibians and whirling disease (Myxobolus cerebralis) that impacts native salmonids. Non-
native plants in riparian zones can also alter structure (e.g., salt cedar [Tamarix sp.] in the 
American Southwest). Threats in the Klamath region include reed canary grass (Phalaris 
arundinacea), Himalayan blackberry (Rubus armeniacus), and the aquatic macrophyte water 
hyacinth (Eichhornia crassipes).  
 
1.5.10 Non-recreational Land Use Practices within and External to Parks 
Land use practices that include potential stressors to Klamath Network parks include: park 
operations (e.g., construction and road maintenance), water withdrawal, dam operations, fire 
management, timber harvest, and geothermal explorations (Hoffman and Sarr 2007). Potential 
pathways include increased sediments, pollutants, and hydrologic changes from direct and 
indirect impacts (Allan 2004). 
 
1.5.11 Septic Field Leaching 
Leaching of septic field sewage is a potential stressor to park waterways both from septic 
systems within the park and external to the park. Sewage contains nutrients (resulting in 
eutrophication) and bacterial or viral diseases (Vaughn et al. 1983, Yates 1985). 
 
1.5.12 Temperature Impairment 
Excessively high temperatures can be extremely detrimental to aquatic biota. Moreover, 
temperature determines the ability for water to maintain high dissolved oxygen concentrations, 
which affects many aquatic organisms. Salmonid species, in particular, are sensitive to stress 
caused by increased temperature, both in the oxygen content of the water and overall stress (e.g., 
at higher temperatures salmonids exhibit a reduced immune response to disease [Sanders et al. 
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beyond the scope of this protocol. Note however, that SOP #3: Site Selection should only have to 
be used at the initiation of the protocol prior to the first field season and will not need to be done 
prior to every field season. It is provided to give the field crews and incoming Project Leads the 
proper context for the survey design and rationale. It is also possible that a new GRTS draw may 
be necessary if the sampling population changes over time (as in Irwin 2008). 
 

Table 2. Comparison of total streams, stream kilometers (km), and number of streams and stream 
reaches to be sampled through protocol implementation.  

Park Unit 
 

Total 
number of 
stream km 
in park 

 

Number of 
stream km 
included in 
target 
population 

 

Number 
of named 
streams 

 

Number of 
streams to 
be 
sampled 

 

Total 
number of 
stream 
reaches 

Crater Lake National Park 
 

198.94 
 

105.33 
 

29 
 

15 
 

30 
Lassen Volcanic National 
Park 

 
101.34 

 
71.63 

 
18 

 
15 

 
30 

Redwood National and State 
Parks 

 
382.35 

 
180.23 

 
57 

 
15 

 
30 

Whiskeytown National 
Recreation Area 

 
74.19 

 
54.21 

 
11 

 
10 

 
30 

 
2.4 Frequency and Timing of Sampling 
 
2.4.1 Sample Frequency 
Sampling of wadeable streams occurs every 2 out of 3 years as a part of the overall design of 
integrated aquatic communities and water quality (Table 3). In the single year between stream 
sampling, mountain lakes and ponds (covered in a separate protocol) will be implemented. In 
stream sampling years, a low elevation park (WHIS, RNSP) is paired with a high elevation park 
(CRLA, LAVO). Early season, sampling will first occur in the lower elevation park, with late 
season sampling in the high elevation park. Judgment streams at ORCA will occur with sampling 
CRLA and RNSP, every 3 years. 
 
Table 3. Temporal revisit design of integrated water quality and aquatic communities for both lakes and 
wadeable streams. After 2015, the pattern continues. 

Habitat type 
 

Park units 
 

2010 2011 2012 2013 2014 2015 

Lakes 
 Lassen Volcanic National Park 

 

X 
  

X 
  

 Crater Lake National Park 
 

X 
  

X 
  

 Redwood National and State Parks 
 

X 
  

X 
  

Wadeable 
Streams 

 Whiskeytown National Recreation Area 
 

 
X 

  
X 

 

 Lassen Volcanic National Park 
 

 
X 

  
X 

 

Wadeable 
Streams 

 Oregon Caves National Monument 
 

  
X 

  
X 

 Redwood National and State Parks 
 

  
X 

  
X 

 Crater Lake National Park 
 

  
X 

  
X 

 
2.4.2 Sample Timing  
Sample timing encompasses both the timing of sampling efforts across years and the time of day 
that sampling is accomplished, but also considers issues of comparability and logistical 
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2.5.5 Derived and Integrated Metrics/Indices 
From the various classes of monitoring parameters, we will derive a number of useful metrics 
and indices for assessments of status and trend, as well as data exploration. Most metrics will be 
based on EPA protocols. Some metrics are used as simple correlative parameters (e.g., habitat 
volume) for classification or data exploration; other metrics serve as explanatory variables (e.g., 
shoreline development), which should equate to habitat complexity (Wetzel 2001). The actual 
calculation of these metrics is detailed in SOP #22: Data Analysis and Analysis. 
 
Shannon index, and Evenness are classical measures of diversity that incorporate dominance, or 
lack of dominance, of taxonomic groups. We use these in addition to normal measures of 
diversity, such as basic Taxa Richness, because macroinvertebrate responses to stressors are 
often manifested as dominance changes, with one or two species dominating the assemblage. In 
these cases, Shannon index and Evenness may provide more power to evaluate stressor response 
of the aquatic community. 
 
Hilsenhoff Biotic Index (HBI)/Assemblage Tolerance Index (ATI) are weighted averages of 
tolerance values derived from empirical observations of macroinvertebrate responses to pollution 
(Hilsenhoff 1987, 1988; Whittier and Van Sickle 2010). Since these responses have been 
extended to a variety of impacts, the HBI and ATI are useful ways of examining 
macroinvertebrate changes to stressors. The HBI is a long standing index, whereas the 
Assemblage Tolerance Index is a recent development from the US EPA EMAP program 
(Whittier and Van Sickle 2010). Until the ATI is commonly used, we will utilize both indices. 
 
Multi-metric Index (MMI) is a traditional approach used to assess stream health based on stream 
assemblages (Stoddard et al. 2005). This provides managers with a single value, integrating 
multiple components of the assemblage, ranging from 0 to 100, with high scores indicating 
undisturbed ecosystems, and low scores indicating impairment. We will use combinations of 
MMI (also called Indices of Biological Integrity, IBI) developed by the EPA and state (CA and 
OR) monitoring agencies to assess stream health both on fish assemblages (EPA only) and 
invertebrate assemblages (EPA and state).  
 
O/E Index is a complementary approach using a predictive model of expected taxonomic 
diversity, specific to macroinvertebrates, drawn from reference sites across multiple, natural 
gradients (Hawkins et al. 2000). Using predictor variables, such as elevation, stream size, 
gradient, latitude, and longitude, expected taxonomic diversity of macroinvertebrates can be 
predicted. The observed, sampled diversity is then used in the O/E ratio, so that values outside a 
model reference range indicate impairment, but with a readily interpretable meaning (>1.0 = 
higher than expected diversity, < 1.0 = lower than expected diversity). 
 
Physical Habitat Summary Metrics have been developed as part of the EPA EMAP protocols for 
quantifying physical habitat in wadeable streams (Kaufmann et al. 1999). Metrics include 
summation and averages for riparian shading, fish and amphibian cover, and total habitat 
availability, and include the US EPA stressor categories of habitat complexity, riparian 
vegetation, and sediment sediments.  
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2.6 Power Analysis 
A power analysis is a valuable step to assess whether the proposed sampling effort in terms of 
number of wadeable streams sampled per park unit over time is sufficient for detecting long-term 
trends in environmental indicators. Power is a function of the sample size (number of streams), 
number of years of sampling, variance of the indicator, and type one error (probability of 
detecting a trend when in fact there is not one). The variance of an indicator is typically unknown 
and is therefore estimated from available pilot data. For the indicators of interest in this protocol, 
unfortunately very few long-term data are available at this point. However, we use available 
macroinvertebrate data from PACFISH/INFISH Biological Opinion Effectiveness Monitoring 
Program (PIBO) to explore the power to detect annual trends in the observed to expected ratios, 
one of the primary bioassessment tools. 

We make the assumption that the variability inherent in the PIBO data is representative of that 
within the sampling frames of the five parks covered under the KLMN wadeable streams 
protocol. In this protocol, there are a combination of probabilistic and judgment (non-random) 
streams selected for monitoring. We only consider how to model trend within the 
probabilistically selected sites which provide park-wide inferences about long-term trends.  
 
In order to perform a power analysis for univariate trend, a model must be assumed for the future 
data. We adopt the linear model presented in Urquhart et al. (1998). The model is as follows 

 where  is the observed characteristic of interest (e.g., average 
observed to expected ratio) for stream i in year j, , , 

, and the components are assumed independent. There have been many 
modifications to this general model idea (Van Leeuwen et al. 1996, Piepho and Ogutu 2002), 
allowing for different trends across streams. We used the functions written by Tom Kincaid to 
estimate power based on the model above; for specific details on the power calculations, refer to 
the paper by Urquhart et al. (1998). These are estimates of the power because we are estimating 
the variance components. These estimates can be improved once more sampling is conducted 
within the specific KLMN parks.  
 
We use a log transformation such that trend on the O/E scale is in terms of a multiplicative 
change in the median O/E over time, whereas on the log-scale the trend is in terms of an additive 
increase or decrease in the mean of the logs.  This interpretation assumes the log-transformed 
data have symmetric distributions. The log transformation is typically appropriate for biological 
data that display exponential growth and increasing variability with an increase in mean. The 
residuals appeared to meet the model assumptions better on the log-scale for the PIBO data. The 
data used in the power analysis are displayed in Figure 6. 
 
The Observed-to-Expected ratios for streams to be sampled within the Klamath Network should 
be consistent with those displayed in Figure 6. We maintain that the O/E ratios from the PIBO 
data represent a model of the site and annual variation because: (1) identical collection 
techniques were used, and (2) O/E models are built and calibrated regionally using identical 
methods, so that the performance characteristics should comparable. 
 
The estimated power is based on the assumption that 15 streams are surveyed every 3-year 
period (always revisit design) and the available PIBO pilot data O/E represents the stream-to-
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stream, year-to-year, and stream by year variation within a Klamath Network sampling frame. 
For 10 sampling occasions or 30 years of elapsed monitoring, there is greater than 80% power to 
detect a 5% or 10% three-year decrease in median O/E with 10% type one error (Figure 7). For a 
smaller 3-year change of 2%, the power is substantially lower (as expected). For example with a 
5% 3-year change, if the median O/E ratio was 1.0 for year 1 of sampling after 30 years we 
would expect the median O/E ratio would decline to 0.61 [exp(-.05*10) = 0.61]. If we assumed a 
10% 3-year change, the median O/E ratio would decline to 0.37 after 30 years. Notice a real 
sample would not display these estimates exactly; these are the assumed values of the parameters 
under the alternative hypothesis for a power analysis or the biologically meaningful decline of 
interest to detect. 
 
Additionally, many of our protocol objectives focus on a multivariate approach because we have 
chosen to analyze community change using species assemblages. Primary methods for the 
analysis of community data are non-parametric methods, for which there is no theoretical basis 
for power analyses (Somerfield et al. 2002). In other words, it is impossible with the current 
body of statistical literature to run power analyses on our primary method of data analysis. The 
utility of using univariate measures to assess a sampling program based on multivariate analyses 
is summarized by Somerfield et al. (2002): 
 

 
Figure 6. PIBO O/E ratios on the log-scale from nine sites sampled in 2001-2008. Numbers refer to PIBO 
site codes. 
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3.0 Field and Laboratory Methods 

3.1 Data and Sample Collection 
The attached Standard Operating Procedures (SOPs) describe field collection methods in detail, 
including pre-season preparation, water sampling and handling, physical habitat sampling, 
aquatic community sampling, shipping of samples, and end of season procedures (Table 5). 
 
Table 5. Standard Operating Procedures covering the preparation, collection, and recording of field data 
for the integrated aquatic community and water quality sampling of streams. 

 
SOP    Title and Description 

SOP #1   Preparations, Equipment, and Safety 

    

A general overview of the steps necessary for the initiation of a field season. It covers tasks that the 
Project Lead will have to start early on in the planning process: hiring of field crews, equipment 
preparation, scheduling of crews, and basic safety is discussed. 

SOP #2   Field Crew Training 

    
Covers the requirements for getting crews trained for the upcoming season, including field sampling 
procedures, ethical considerations, administrative processes, and data management training. 

SOP #3   Site Selection 

    

Provided to give an overview of the site selection process and to inform the field crews of how the 
sites were initially selected, but this protocol will only have to be performed once at the initial 
implementation of the program. 

SOP # 4   Data Entry  

    
Explains the use of tablet computers and data sheets used to record data collected during field 
procedures. 

SOP #5   Work Flow 

    
Describes the most efficient method for performing the remaining SOPs to minimize time and so that 
any one sampling activity does not interfere with or contaminate another. 

SOP #6   Site Arrival Tasks and Sample Reach Layout 

    
Describes the initial tasks the crew must achieve upon arrival to the reach and how to layout the 
transects that form the basis of the sampling. 

SOP #7   Water Quality Multiprobe Calibration and Field Measurement 

    
Describes how to calibrate the water quality sonde prior to sampling, and the methodology of using 
the instrument to collect and record field data. 

SOP #8   Water Chemistry Sample Collection and Processing 

    Describes the methodology used for collecting water samples and how to process and store them.  

SOP #9   Macroinvertebrate Collection 
    Describes the process of collecting reach-wide benthic macroinvertebrates. 
SOP #10   Discharge Measurements 

    Describes the steps to calculate the instantaneous discharge at the time of sampling. 

SOP #11   Periphyton Sampling 

    Describes where and how to collect, process, and preserve the algal periphyton sample. 
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Table 5. Standard Operating Procedures covering the preparation, collection, and recording of field data 
for the integrated aquatic community and water quality sampling of streams (continued). 

SOP    Title and Description 

SOP #12   Stream Habitat Characterization 

    Describes methodology of transect-based physical habitat characterization. 

SOP #13   Slope Measurements 

    Describes the process of measuring slope for the reach. 

SOP #14   Riparian, Invasive Plant, and Dominant Tree Characterization 

    
Describes the monitoring methodology for basic riparian, invasive plant, and dominant tree 
measurements. 

SOP #15   Aquatic Vertebrate Monitoring 

    Describes techniques for electrofishing and visual encounter surveys. 

SOP #16   Photo Points and Photo Management 

    Describes the placement and method of photo points and photo management. 

SOP #17   Post-Site Tasks 

    
Describes the necessary steps and tasks to be undertaken after sampling, and before sampling a 
new reach 

SOP #18   Post-Field Season 

    
This SOP describes tasks to be undertaken by the field crew at the end of the season, including 
equipment clean-up, inventorying, storage, and post-season de-briefing. 

 
3.1.1 Field Season Preparation 
Standard Operating Procedure #1: Preparations, Equipment, and Safety details the necessary 
steps needed for ensuring a well organized field season. Tasks are briefly summed here, but SOP 
#1 provides greater depth and detail. 
 
It is imperative that field season preparations start by January of the sampling year. Preparation 
should start with field crew hiring. Ideally, positions will be announced in January, so it may be 
necessary to have Human Resources start the procedure as early as December of the previous 
year. Other preparations to be arranged prior to the field season include obtaining permits and 
scheduling park housing for field staff. 
 
Field vehicles needs should be calculated in January. In coordination with the Network Program 
Assistant, the Project Lead should arrange for a vehicle through: (1) use of existing Network 
vehicles, (2) procurement of a new Government Service Administration (GSA) vehicle, or (3) a 
rental vehicle (arranged through GSA). 
 
Purchasing and preparation of supplies should begin in February of the year in which sampling is 
to take place. Consumables (bottles, calibration solutions, etc.) should be inventoried and 
prepped according to procedures outlined in the SOPs. It is the responsibility of the Project Lead 
to check that all electronic equipment is functioning properly and all software is up to date. 
 
Training should start with supplying the protocol to new hires upon completion of the hiring 
paperwork. The Project Lead should include scheduled classroom time for instruction in 



http://www.nmfs.noaa.gov/pr/permits/.and
http://www.fws.gov/Endangered/permits/index.html
http://www.dfg.ca.gov/licensing/pdffiles/fg1379.pdf




http://www.eurekaenvironmental.com/
http://www.eurekaenvironmental.com/
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processing (Caton 1991, Vinson and Hawkins 1996). Macroinvertebrate laboratories must also 
use only taxonomists certified by the North American Benthological Society. 
Ideally, contract laboratories will be reused from year to year to reduce laboratory bias. When 
change in laboratories is necessary, the cumulative bias procedure outlined in SOP #19: Quality 
Assurance Project Plan must be followed. Minimum internal laboratory Quality 
Assurance/Quality Control guidelines for contractor labs are provided in SOP #19: Quality 
Assurance Project Plan.  
 
At the start of protocol implementation, the chosen water chemistry contract laboratory is the 
Cooperative Chemical Analytical Laboratory (CCAL), Oregon State University, 321 Richardson 
Hall, Corvallis, OR, 97331; phone (541) 737-5122; ccal@oregonstate.edu. For chlorophyll a, the 
contract laboratory is Cascade Research, John Salinas, PO Box 5208, Grants Pass, OR 97527; 
phone (541) 660-5783; JohnSalinas@charter.net. Both laboratories were chosen for their prior 
analyses of other park units, allowing consistency and comparability. The Project Lead is 
responsible for arranging necessary contracting, communicating with the laboratory manager, 
and arranging for sample preparations (detailed in SOPs). 
 
Table 7. Laboratory analyses to be conducted by a contract laboratory; minimum MDL, ML, and precision 
requirements. 1= example instrumentation used by contract laboratory (Oregon State University CCAL) for 
pilot project. APHA = American Public Health Association (Eaton et al. 2005); MDL = Method Detection 
Limit; ML = Minimum level of quantification. 

Parameter 
 

Method 
 

Instrumentation1 
 

MDL 
(mg/L)  

ML 
(mg/L)  

Precision 
(± mg/L) 

Calcium 

 

APHA 3111 D 

 

Varian 
SpectrAA220 

 

0.06 
 

0.19 
 

0.06 

Chloride 

 

APHA 4110 B 

 

Dionex 1500 Ion 
Chromatograph 

 

0.01 
 

0.03 
 

0.01 

Dissolved 
Organic Carbon 

 

APHA 5310 B 

 

Shimadzu TOC-
VCSH Combustion 
Analyzer 

 

0.05 
 

0.16 
 

0.05 

Magnesium 

 

APHA 3111 B 

 

Varian 
SpectrAA220 

 

0.02 
 

0.06 
 

0.02 

Potassium 

 

APHA 3111 B 

 

Varian 
SpectrAA220 

 

0.03 
 

0.1 
 

0.03 

Sodium 

 

APHA 3111 B 

 

Varian 
SpectrAA220 

 

0.01 
 

0.03 
 

0.01 

Sulfate 

 

APHA 4110 B 

 

Dionex1500 Ion 
Chromatograph 

 

0.02 
 

0.06 
 

0.02 

Total Nitrogen 

 

APHA 4500-NO3 
F; APHA 4500-P 
J. Persulfate 
digestion 

 

Total Technicon 
Auto-Analyzer II 

 

0.01 
 

0.032 
 

0.01 

Total 
Phosphorous 

  

APHA 4500-P B; 
APHA 4500-P E 

  

Milton-Roy 601 
Spectrophotometer 
with 10 cm 
pathlength   

0.002   0.003   0.002 

 

http://www.nabstcp.com/
mailto:ccal@oregonstate.edu
mailto:JohnSalinas@charter.net










http://www.epa.gov/storet/dw_home.html
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sharing outside NPS, including presentations, reports, and publications, the Project Lead should 
refer to the guidance in SOP #21: Sensitive Data. Certain information that may convey specific 
locations of sensitive resources may need to be screened or redacted from public versions of 
products prior to release. All official FOIA requests will be handled according to NPS policy. 
The Project Lead will work with the Data Manager and the FOIA representative(s) of the park(s) 
for which the request applies. 
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5.0 Personnel Requirements, Training, and Safety 

5.1 Roles and Responsibilities 
The Integrated Aquatic Community and Water Quality Monitoring of Wadeable Streams in the 
Klamath Network program is the responsibility of the Network Aquatic Ecologist, also referred 
to as the Project Lead. The Project Lead is a GS-9/11/12 level scientist who is trained and 
experienced in aquatic ecology, with hands-on experience in lentic and lotic habitat ecology, 
either through postgraduate education or work experience. The Project Lead is responsible for 
managing the day-to-day activities of the streams project; supervises seasonal crew members and 
provides them with tactical and logistical support during the field season; verifies, validates, and 
analyzes data; and writes and completes Annual and Analysis and Synthesis reports. 
 
Assisting the Project Lead is the Network Coordinator, who has overall responsibility for 
implementing and supervising this project; is responsible for the successful completion of all 
aspects of the project; and directly supervises the Project Lead and Data Manager. The Data 
Manager is responsible for creating and maintaining the seasonal and master database; providing 
data management guidance and training to project staff; and ensuring the data are accurate, 
properly documented, stored, archived in a secure manner, and made available to a diverse 
audience. The field crew will consist of four members: a senior Field Crew Leader and three 
junior Field Crew Members. With the number of reaches to be visited in this protocol at 60 or 61 
(depending on the parks to be sampled), a single crew can sufficiently sample all reaches during 
the field season. 
 
The Field Crew Leader is supervised by the Project Lead, is accountable for supervising crew 
members and any volunteers in the field, and is responsible for the successful completion of the 
field component of this protocol. This includes but is not limited to the collection, storage, and 
shipment of field samples and the collection and entry of data into the monitoring program 
database. The Field Crew Leader is responsible for the calibration, use, and/or maintenance of 
monitoring program equipment. He or she is also responsible for providing recommendations on 
how to improve the task outlined in the protocol. The Field Crew Leader needs experience in 
conducting aquatic field work in relatively remote locations, at least some experience in 
supervising peers, and the ability to live and work cooperatively with others under often stressful 
and challenging conditions for extended periods. 
 
The field crew members are supervised by the Field Crew Leader and will be responsible for 
successfully completing all monitoring program tasks, including but not limited to the collection, 
storage, and shipment of field samples and collection, verification, and entry of field data. The 
field crew members will have at a minimum some experience in conducting aquatic field work in 
relatively remote locations and have demonstrated ability to live and work cooperatively with 
others under often stressful and challenging conditions for extended periods. 
 
5.2 Training Procedures 
A standardized, comprehensive training program for all personnel is necessary to ensure that data 
collection is consistent and meets the data quality objectives listed in various SOPs in this 
protocol and the data standards defined in the Klamath Network Data Management Plan. The 
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6.0 Operational Requirements 

6.1 Annual Workload and Field Schedule 
Necessary tasks for the implementation of this protocol are presented in Table 8. Preparation for 
the upcoming field season starts the year before, ideally in December or earlier. By January, the 
Project Lead should re-inventory and recheck the condition of the field gear and order 
replacements or send them to the manufacturer for servicing as necessary. (Checks will be done 
at the close of the last season, but with 2 years between sampling, gear must be rechecked.) In 
April, the Project Lead should obtain bids for specimen processing (macroinvertebrates) and 
renew contracts (water chemistry, and chlorophyll a), and initiate contracting to the laboratories 
(CCAL for water chemistry and Cascade Research for Chlorophyll a). Water chemistry bottles 
should be acid washed (or confirm that pre-acid washed bottles are ready in suitable numbers) 
and filters prepared for water sample collection (SOP #1: Preparations, Equipment, and Safety) 
in April, with all associated tasks completed by the middle of June. Training of the field crew 
should begin in July, at the start of the field season. Training is an on-going activity; periodic 
checks will be made to ensure that QA/QC procedures are followed. Although data entry will 
occur throughout the field season, a final QA/QC will occur with the presence of the field crew, 
so that any remaining questions may be answered. Upon data certification and receipt of the data 
deliverables of the specimen contractors, the Project Lead will formulate and write the Annual 
report and/or Analysis and Synthesis report, as appropriate. The first stages of this could occur in 
October. However, initiation of the report writing may be delayed relative to the availability and 
delivery of the required data. Report(s) should be finalized by June of the following year. 
 
Table 8. Summary of annual tasks and workload for implementation of protocol. N/A indicates not 
applicable, either an ongoing task, or open ended. 

Task 
 

Timeframe to initiate 
 

Deadline 

Hiring of Field Crew 
 

December of previous 
year  

End of January 

Inventory and maintain field gear 
 

January - February 
 

End of February 

Purchase required field gear 
 

March 
 

March 

Acquire bids for specimen processing, arrange 
contracting  

March 
 

End of May 

Prepare water chemistry bottles and filters 
 

April 
 

Middle of June 

Training and orientation 
 

June 
 

N/A  

Field work 
 

June - September 
 

N/A 

Final Data Entry and QA/QC 
 

October 
 

November 

Annual Report and Analysis and Synthesis 
Reports  

November 
 

June of following year 

 
6.2 Facility and Equipment Needs 
Facilities necessary for the completion of this protocol include office space with access to 
computers for the Project Lead, as well as computers for data input from the seasonal field crew. 
Minimal laboratory facilities are necessary for the steps of acid washing bottles and filter prep 
and are all available through Southern Oregon University Chemistry Department. Seasonal 
housing for the field crews is also necessary, along with access to refrigeration/freezer usage for 
storing water samples. 
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Table 9. Budget for implementation of the Integrated Aquatic Community and Water Quality Wadeable Streams in the Klamath Network Protocol. 
Numbers in parentheses and red indicate a programmatic deficit, assuming no budgetary increases. 

  
Program Item (@2010 costs) 2011 

 
2012 

 
2014 

 
2015 

 
2017 

 
2018 

Salary 
            

 

GS-7 Field Crew Leader 1FTE 
@10PP; $1460.80 per PP  $14,608.00     $15,046.24     $15,962.56     $16,441.43     $17,442.72     $17,966.00  

 

GS-5 Crew Members 3FTE 
@9PP; $1179.20 per PP 

 $31,838.40     $32,793.55     $34,790.68     $35,834.40     $38,016.71     $39,157.22  

Vehicle                         

 
Field transport/fuel  $3,000.00     $3,090.00     $3,278.18     $3,376.53     $3,582.16     $3,689.62  

Travel                         

 
Lodging and per diem  $4,000.00     $4,120.00     $4,370.91     $4,502.04     $4,776.21     $4,919.50  

Equipment                         

 

Consumables, field computers, 
replacement parts, etc. 

 $5,000.00     $5,150.00     $5,463.64     $5,627.54     $5,970.26     $6,149.37  

Specimen 
Processing    

  
 

  
 

  
 

  
 

  
 

 
Macroinvertebrates; 61 @ $250  $15,750.00     $16,222.50     $17,210.45     $17,726.76     $18,806.32     $19,370.51  

 
Water Chemistry; 61 @ $160  $10,080.00     $10,382.40     $11,014.69     $11,345.13     $12,036.05     $12,397.13  

 
Chlorophyll a; 61 @ $35  $2,205.00     $2,271.15     $2,409.46     $2,481.75     $2,632.89     $2,711.87  

QAPP                         

 

10% extra samples; verification; 
probe and electroshocker 
maintainence, etc. 

 $5,000.00     $5,150.00     $5,463.64     $5,627.54     $5,970.26     $6,149.37  

             

 
Total  $91,481.40     $94,225.84     $99,964.20    $102,963.12    $109,233.58    $112,510.58  

  Surplus/Deficit  $18,518.60  
 

 $15,774.16  
 

 $10,035.80  
 

 $7,036.88  
 

 $766.42  
 

 $(2,510.58) 
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Table 10. Approximate timeline for starting preparatory tasks for implementing the Wadeable Streams 
protocol, with a field start date of 15 July. * indicates prior calendar year. EOD = Entrance on Duty date. 

Task 
 

Anticipated task 
start date 

 

Must be completed 
on date 

Reviewing the projected budget 
 

1 October* 
 

31 January 

Hiring the field crew 
    Position information to Human Resources 
 

1 November* 
 

14 November* 

Post position for 2-3 weeks on USAJOBS.gov 
 

1 December* 
 

31 January 

EOD date for Field Crew Leader 
 

21 June 
  EOD date for Field Crew  

 
1 July 

  Equipment needs/reviewed/new gear ordered 
 

1 November* 
 

30 November* 

Prepare site folders 
 

1 March 
 

30 April 

Prepare data forms 
 

1 March 
 

30 June 

Coordinate park requirements 
 

1 January 
 

28 February 

Prepare and schedule training 
 

1 March 
 

31 May 

Schedule field work 
 

1 May 
 

31 May 

Prepare database with sites & contacts 
 

1 May 
 

31 May 

Prepare water quality sampling equipment 
 

1 June 
 

1 July 

Prepare Electronic Units 
 

1 June 
 

1 July 
 
The target qualifications of the Crew Leader are: 

1. Prior experience in implementing aquatic monitoring protocols. 

2. Stream ecology experience and training (preferably graduate level education). 

3. Water quality analysis experience (e.g., water sample collection and processing). 

4. Substantial backcountry orienteering and backpacking experience. 

5. Experience and aptitude using Global Positioning Systems. 

6. High level of physical fitness (ability to carry an average pack weight of 60 pounds over 
3+ miles of rough terrain, spend 6 hours sampling a stream, and to return the 3+ miles in a 
single 12 hour period). 

7. Familiarity with the geography and natural communities of the Klamath-Siskiyou region. 

8. Leadership experience and ability to diffuse conflicts. 

9. Strong organizational skills. 

10. Ability to get along well with others in a field crew setting. 

11. Certification in wilderness first aid (Wilderness First Responder preferred). 
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Gear must be assured to be in excellent working order, and routine maintenance should be done 
on gear, as specified in later SOPs (e.g., care and cleaning of water quality multiprobes).  

Prepare Site Folders 
A folder for each stream reach to be sampled is developed and includes a site description and 
map (see example in Appendix G, Example of Site Folder). This site folder should collate and 
summarize information relevant to planning and field work from previous site visits to assist the 
new field crew. An additional laminated sheet of field sites (to be prepared by the Project Lead) 
will be included with the folders. Field site descriptions are completed by the field crew the first 
year a field site is sampled. Site descriptions include the trailhead or parking location, time taken 
to hike to the site in previous field visits, latitude and longitude coordinates, and a written 
description (if necessary) to help navigate to the site. The Project Lead, along with the Crew 
Leader, will mark and highlight all sites to be sampled in the field season on a set of USGS 7.5 
min topographic maps. Coordinates will also be pre-loaded into the Garmin 60 CSx /76CSx or 
equivalent GPS unit for navigation purposes prior to the start of the field season. It is the 
responsibility of the Project Lead to make sure project folders are complete prior to the start of 
the field season and at the end of the field season. 
 
Prepare Data Forms 
An adequate number of data forms to fulfill training needs and provide for backup use to the 
tablet PC should be printed on waterproof paper using a laser-jet printer (at least 10 sets). The 
sheets will be individually numbered and meet the requirements of the Klamath Network Data 
Management Plan (Mohren 2007). The data forms will include the data sheets for all types of 
data (physical, biological, and chemical), as well as the event, incidental photo, 
calibration/equipment, and training logs. Example data sheets and forms are provided in 
Appendix F: Field Data Sheets and Logs. These sheets are a backup to electronic data collection, 
in case of field failure of electronic equipment 
 
Preparing Database 
Prior to beginning the field work, the project database needs to be set up for field work following 
the methods described in SOP #20: Database. In order to use the database, a GIS shapefile of 
streams to be surveyed and a contact list of all members of the project need to be developed by 
the Project Lead working with the GIS Specialist. These two files automatically upload into the 
Access database and it is imperative that field names are kept the same from year to year. Since 
this protocol utilizes an always revisit design, the shapefile will be created prior to implementing 
the first field season. The GIS shapefile should be a polygon file projected as NAD83 Zone 10. 
The shapefile is stored following the KLMN GIS standards and is located at: 
S:\Data_Management\GIS\DATABASE\KLMN\DATA\Monitoring\Water_Quality_Streams\ 
Sampling Locations. The shapefile should contain the following fields: 

 
a. Network 
b. Park 
c. Stream Name 
d. Site Name 
e. GRTS Code  
f. X-Coordinate (Latitude, DD) 
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g. Y-Coordinate (Longitude, DD) 
h. X-Coordinate (UTM) 
i. Y-Coordinate (UTM) 
j. Coordinate System 
k. PLSS 
l. Watershed 
m. Subwatershed 
n. County 
o. USGS Map 
p. GIS ID Number 
q. GIS Shapefile Name 

 
The contact lists should be in an Excel format and include any individual that may be using the 
database or collecting data as part of this protocol. The files should include the following fields. 
 

a. Last Name 
b. First Name 
c. Middle Initial (if available) 
d. Organization 
e. Position Title 
f. Address 
g. Email 
h. Phone Number 

 

The tablet PC for field data entry should be prepared as described in SOP#20: Databases. 

 

Park Requirements 
In January, the Project Lead should communicate with the two or three parks to be sampled that 
year to determine the contact person for each park. The Project Lead should contact each park to 
inform them of the survey schedule and to arrange for: 
 

1. Crew housing and refrigerator facilities. 
2. Necessary permits for sampling/backcountry access. 
3. Keys necessary for crews to access facilities. 
4. Park-specific radio training for field crews. 
 

Prepare for and Schedule Training 
The training sessions should be scheduled and materials should be prepared as detailed in SOP 
#2: Field Crew Training. 
 
Scheduling Field Work 
The target field season for monitoring of wadeable streams is the beginning of July to the middle 
of October. Sampling should begin reasonably soon after peak snow melts in the low elevation 
parks (Whiskeytown National Recreation Area or Redwood National and State Parks), allowing 
for safe access to remote sites (but will not begin prior to July 1st). In years with late snowmelt, 





mailto:JohnSalinas@charter.net
http://www.cascaderesearch.com/
mailto:ccal@oregonstate.edu
http://www.ccal.oregonstate.edu/
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f. Using a funnel, add the 42 mL of 12N HCl to the 958 mL distilled water the glass 
jug. 

g. Acidic fumes may be given off in this step, so be sure to perform this in a fume 
hood with hood turned on. 
 

3. After mixing 0.5N HCl, transfer a small aliquot to another glass jug. This is to facilitate 
easier pouring of the acid, which should minimize spillage. 
 

4. Lay out the bottles to be washed in a shallow tray. Place caps in a separate, shallow tray. 
 

5. Slowly pour enough 0.5N HCl into each bottle, making sure the acid reaches the top. This 
must also be done in a fume hood. Pour the acid into the bottle so that spillage is 
contained in the shallow tray. Some spillage is unavoidable, but careful pouring should 
minimize the spills. 
 

6. When all bottles have been filled, let sit for up to 8 hours, as time allows. After the 8 
hours, carefully dump the used acid into a 25 liter bucket, again in a fume hood, wearing 
appropriate protective gear. 

 
7. Refill the bottles with 0.5N HCl for an additional wash period. Repeat step 6 after it has 

sat for 8 hours. 
 

8. For the caps, fill a shallow tray with 0.5 HCl and add the loose caps into the acid. While 
wearing gloves, ensure that each cap is submerged, so that the cap threads are adequately 
soaked. 

 
9. Let sit for 8 hours, as time allows. Repeat with fresh acid, as you do for the bottles. 

 
10. After the second acid soak, fill the bottles with distilled water and again let soak for 8 

hours, or as time allows. After this, rinse all bottles and caps a minimum of three times 
under flowing distilled water. 

 
11. Allow to completely dry, using a drying oven at 60° C, if available. 

 
12. Cap the bottles and store in a large Tupperware type container. 

 
13. Label the container with the following: type of bottle, acid washed with 0.5N HCl, date 

washed, and by whom. 
 

14. Dispose of the waste acid that has been poured into the 25 L bucket by neutralizing the 
acid. When pouring waste acid into the bucket, do not fill the bucket over half way.  

a. Place the bucket with ~12.5 L of 0.5N HCl in a fume hood. SLOWLY add 
powdered baking soda into the acid. 

b. The sodium bicarbonate in the baking soda will react with the acid to neutralize 
the pH. This is an exothermic reaction; the acid will bubble and foam as heat is 
produced.  



















 

 
 

  



http://nhd.usgs.gov/
http://www.epa.gov/nheerl/arm/designing/design_intro.htm
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library(spsurvey) 
 
design  <- list(None=list(panel=c(Index=2, Time1=2, Time2=2, Time3=2, 
Time4=2,Time5=2, Time6=2, Time7=2, Time8=2, Time9=2,Time10=2, 
seltype="Equal", over=30)) 
 
grts(design, DesignID="Site", SiteBegin=1, type.frame="linear", 
  src.frame="shapefile", in.shape=paste(path,"streams_select",sep=""), 
sp.object=NULL, att.frame=NULL, 
  id=NULL, xcoord=NULL, ycoord=NULL, stratum=NULL, mdcaty=NULL, 
startlev=NULL, 
  maxlev=11, maxtry=1000, shift.grid=TRUE, do.sample=TRUE,shapefile=TRUE, 
  prjfilename=NULL, out.shape=paste(path,"LAVO_Stream_Sites1",sep="")) 
 
design  <- list(None=list(panel=c(Index=2, Time1=2, Time2=2, Time3=2, 
Time4=2,Time5=2, Time6=2, Time7=2, Time8=2, Time9=2, 
Time10=2),seltype="Equal",over=30)) 
 
grts(design, DesignID="Site", SiteBegin=1, type.frame="linear", 
  src.frame="shapefile", in.shape=paste(path,"streams_select",sep=""), 
sp.object=NULL, att.frame=NULL, 
  id=NULL, xcoord=NULL, ycoord=NULL, stratum=NULL, mdcaty=NULL, 
startlev=NULL, 
  maxlev=11, maxtry=1000, shift.grid=TRUE, do.sample=TRUE,shapefile=TRUE, 
  prjfilename=NULL, out.shape=paste(path,"LAVO_Stream_Sites2",sep="")) 
 
Specific purposes of the programming are detailed in Figure 1. 
 
Literature Cited 
Stevens, D. L., and A. R. Olsen. 2004. Spatially balanced sampling of natural resources. Journal 

of the American Statistical Association 99:262-278. 
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It is the responsibility of the individual who checks out the equipment to make certain everything 
is charged and working properly. It is also the responsibility of the field crew to make certain it 
is treated properly while conducting field work. The tablet computer represents a substantial 
monetary investment and should be treated as such. 
 
Tablet Computer  

For the near future, the KLMN will use a Trimble YUMA rugged tablet computer to collect data 
(Figure 9). Complete operating procedures, usage, and specifications can be found in Appendix 
P. 
 

 
Figure 9. YUMA tablet computer used to store stream monitoring data while in the field. 

Charging Equipment 

Before heading into the field, make certain the tablet computer and spare batteries are charged. 
This equipment should be plugged in to the power inverter while in the field vehicle and should 
be checked each night to make certain it is fully charged. Please note the tablet computer is set 
up to be energy efficient. Do not change this setting without checking with the Data Manager. 
 
Project Folder 

Turn on the tablet computer by pressing the green button on the left side of the screen. Using the 
stylus, tap on the Crew Member user icon. A shortcut to the Stream Project Folder should be 
located on the desktop; double tap on the icon and you should see the folder structure shown in 
Figure 10.   
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Figure 14. Data entry screen showing location header (top) and Stream Certification tab (bottom) 

Using the pick list enter 
the Location and Protocol 

Name 

Check the DATE and TIME 
fields to make certain 

they are correct 

Note the 8 tabs 
where you need to 

enter data  

ONLY enter Contact 
information for those 
individuals collecting 
data related to this 

database 
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by the field crew or Project Lead. Once complete and discrepancies addressed, the data are 
loaded into the seasonal and master database (SOP #20:  Databases). 
 





 

112 
 

This SOP explains how the following SOPs are integrated into an overall workflow so that 
procedures do not interfere with each other (Figure 1). Hence, the following descriptions do not 
detail the steps but instead refer to the other SOPs.  
 
The order of work presented represents a schematic of what worked well during the pilot project 
used in developing these SOPs. The primary considerations and limitations in modifying this 
order of work are:  

1. Do not conduct any sampling activities upstream of the X-point until a crew member has 
completed water quality analysis and collected water samples for water chemistry 
analysis. Scouting is the exception to this rule and should be done by the Crew Leader 
only, taking care to not disturb the stream channel. The rationale for this is that the 
disturbance of stream substrates will bias the resulting water samples. 

2.  All sampling events prior to electrofishing should be done with care not to disturb the 
aquatic habitat. This includes laying out the sample reach (SOP #6: Site Arrival and 
Sample Reach Layout), which requires entering the aquatic environment. Electrofishing 
should be initiated as soon as possible to reduce the effect of sampling events on capture 
efficiency.  

3. Electrofishing should always be initiated by three crew members to ensure that it is 
completed quickly and efficiently to reduce the handling time of collected specimens. 
However, if numbers of collected specimens are low, the task may be finished with just 
two individuals. 

 
 

Figure 1. Suggested roles and responsibilities and order of work for efficient sampling of streams. 
Rectangles indicate which of the above listed crew members should participate in each task. 
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distance, set a bookmark, and clear a selected feature. Figure 2 details the general features of this 
toolbar. 

 
Figure 33. General features available on the browse toolbar in ArcPad.  

 
Figure 34. General features available on the drawing toolbar in ArcPad. 

Data Collection 
Now that you know the basics of ArcPad, you are ready to collect data. Once you have navigated 
to the start of the site you are surveying, you should follow the steps listed below to collect the 
project data. 
Opening the Project File in ArcPad 
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A.   When you arrive at the start of the site, turn on the Trimble unit by clicking the [green] 
button on the bottom of the unit. If the cover page shows general contact information, tap 
anywhere on the screen. 

B.  Tap the word [GPS] at the bottom, right side of the screen.  
C.  Be patient while ArcPad opens.  

1.  The program is set up to directly take you to a list of projects, select [Vegetation 
Monitoring.apm] (Figure 5). Once selected, click the [GO] button at the bottom of 
the screen. 

2.   If the list of projects does not open, go to step D. If you were able to select the 
project, go to step E. 

 

 
 

Figure 35. Selecting the project file on the Trimble unit to begin entering data. 

 
D.  If the list of projects did not open, then you will need to manually find and select the 

project by following the steps below. 
1.  Tap the small arrow next to the [ ] button at the top of the screen. 
2.  Tap [Open Map ]. 



 

120 
 

3.  You should see the Vegetation Monitoring.apm file, Tap the file twice to open it.  
E.  When the project opens, it should have loaded the data shapefile. In addition, the GPS 

should already be turned on and the unit should begin acquiring satellites. If it does not, 
you will need to activate the GPS by following the steps below and looking at Figure 6. 
1.  under the satellite icon, select [GPS ACTIVE] 

 

 
 

Figure 36.  Activating the GPS unit so it will begin to acquire satellites. 

 
Collecting GPS Points 
To collect the data, complete these steps: 

1. Walk to the nearest transect (A, F, K) and make certain you have satellite coverage. 
2. Tap the capture GPS point button and a form will open.   
3. Using the pick list select the site name and the transect. 
4. Repeat steps 1-3 for each transect where GPS data is captured. 

 
Cannot Capture Satellites Using the Trimble Unit 
In a few cases, you may not be able to get good enough satellite coverage to collect a point. 
There are two options at this point. The preferred option is to do an offset using the Trimble unit. 
The other option is to get the coordinates from the Garmin unit and then enter them into the 
Trimble unit. To do this, follow these steps. 
 





 

 
 





http://www.eurekaenvironmental.com/
mailto:Sales@eurekaenvironmental.com
mailto:support@eurekaenvironmental.com
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Figure 2. After removal of storage cup, weighted cup on left is attached by screwing into the Manta body. 
Note that the weight is heavy and exerts leverage. Use a firm grasp so that the weighted cup does not 
interfere or break any of the probes. 
 

C. Select a cross section of the stream that fits the following criteria: 
a. Has moderate to fast velocities. 
b. Appears well mixed. 
c. Has minimal turbulence. 

D. Visually break the stream into seven equidistant points and place the probe in the water at 
the nearest of these points. The best way to discern this is to use the width at the cross 
section, divided by eight. This is the distance from the near shore that the first reading 
should be taken. For example, if the width is 2.5 meters, the first point measurement 
should be at 0.31 meters from the shore.  

E. Collect a single point measurement when the probe has stabilized, following the above 
instructions at mid-depth. 

F. After recording data, move the probe over to the next point. Using the example above 
(2.5 m width), the probe would be moved another 0.31 meters from the shore (a total of 
0.62 meters from the near shore).  

G. Repeat until all seven measurements have been collected in a single file. 
a. When making the seven measurements, look for low variation in the conductivity 

readings. If they are highly variable, the cross section is not in a well mixed area 
and should be moved until a well mixed area is found. The middle of the stream 
of the well mixed area will serve as the collection point for the water chemistry 
sample (SOP #8: Water Chemistry Sample Collection and Processing). 

b. When entering the water, position your body downstream of the probe. 
Disturbance upstream will bias the readings. 

H. Bring the probe back to the stream side and shut it down. 
I. Remove the weighted cup and replace it with the storage cup. The storage cup should be 

approximately 1/3 full. It is not necessary to fill it completely. 
J. Download the data file to the computer and archive it according to instructions in SOP 

#17: Post-site Tasks. 
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Sample type is one of the following: Filtered water, unfiltered water, DOC, or Chlorophyll a. 
Examples of how labels should be laid out are presented in Figure 1. 

 
Figure 37. Preferred layout for labeling sample vials. This format should be used for all samples: 
Dissolved Organic Carbon (DOC), unfiltered, and filtered water.  

 
If necessary (e.g., the batteries die or the label-maker breaks), labeling can be accomplished 
using colored vinyl tape (preferably white) and a permanent marker (e.g., Sharpie). The same 
information should be recorded as above in a legible manner.  
 
Water Sample Collection 
Water sample collection for streams is a relatively simple affair:  

1. Ensure that the sample point is at a well mixed cross-section (done in SOP #7: Water 
Quality Multiprobe Calibration and Field Measurements). 

2. Ensure that no crew members have entered the stream above the collection point. 
3. Precondition the 2 L amber high density polyethylene collection vial by immersing the 

vial under the water surface, allowing approximately 0.5 L to enter. Loosely screw the lid 
and shake vigorously. This should allow some water to splash out the threads of the 
bottle. 

4. Dump the preconditioning water away from the processing area. 
5. Re-immerse the bottle at the sample point, allowing the water to completely fill the 

bottle. Cap the lid, place in the shade, and prepare for processing. 
 
Note that at this point, it is allowable for the other crew members to enter the stream for 
sampling or other SOP work. 
 
Prepping for Filtration 
Set up for processing should be done in the shade, on level ground, and in a place with minimal 
loose debris. Shelter from wind is also ideal. A field towel should be laid out to provide a work 
surface relatively free from contaminants. The equipment for filtration should be clean and set up 
nearby.  
 
Water Filtration 
Depending on the analyses, water must be filtered and frozen to retard biological and chemical 
processes that can affect the chemical constituents in the time period between collection and 
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4. Expel another 10 to 20 mL of the water into a properly labeled (see above) 250 mL 

sample collection bottle. Loosely attach the cap and gently shake the bottle. Dump the 
water onto the ground or into a waste container. 

5. If any water remains in the current syringe, filter into the bottle. Refill the syringe 
with the sample water and continue to filter water until the bottle is filled. Do not 
withdraw the syringe plunger while the syringe is still attached to the filter 
holder; the filter may shred inside. Any headspace (air at the top of the bottle) in 
the bottle should be minimal (and ideally absent). Cap tightly. 
 

6. Place the bottle in as cool and insulated a place as possible. This will generally be 
within the stream itself, using a cooler pouch with a reusable ice pack inside (within a 
mesh bag secured to the stream via a cord).  
 

7. The filter holder should now be readied for filtering water for DOC analyses. 
 

Procedure for Dissolved Organic Carbon 
Dissolved organic carbon (DOC) analyses require that the sample be filtered through 0.7µm 
glass-fiber filters and contained in a 60 ml amber Boston Round glass vial. Glass vials and the 
filters should be prepared as in SOP #1: Preparations, Equipment, and Safety.  
 

1. Sample water should be filtered following the above protocol for cations/anions and 
nutrients. Differences in the methods are simply the type of filter used (pre-washed 
0.7 µm glass fiber filter; Whatman product number: 1825-047), the vial used (acid-
washed and pre-combusted amber glass), and that the syringe does not need to be 
preconditioned (having been preconditioned in the above filtration). 
 

2. Avoiding contamination is also crucial for DOC analyses. Skin oils, small soil 
particles, or litter particles could easily contaminate the sample. Likewise, any 
headspace in this vial can affect the analyses. The crew member should slowly top off 
the vial so that a convex meniscus is formed. Upon capping, this should eliminate any 
headspace. 
 

3. The vial should then be stored in a cool and insulated place as described above. 
 
Unfiltered Water Sample 
Lastly, for total nutrients (including particulate matter), fill a 250 ml acid washed amber high 
density polyethylene (HDPE) bottle, making sure there is no headspace as described above. Store 
it in a cool place, as described above. 
 
Procedure for Alkalinity Field Analysis 
Alkalinity, or Acid Neutralizing Capacity, needs to be analyzed as soon as possible 
(recommendation is less than 24 hours). Alkalinity is measured in the field using a portable 
analytical kit. The general procedure is to add an acid to a sample and track the resulting change 
in pH. The amount of acid needed to achieve a certain pH is converted to the amount of 
alkalinity. Field analysis is identical in methodology to lab methodologies, except that a 
colorimetric endpoint (i.e., target color) is used to signal the target pH level.  
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7. If the depth of the increment is less than or equal to 2.0 ft, adjust the probe position of the 
probe on the wading rod so it is at 60% of the measured depth below the surface of the 
water. The wading rod is designed so that this can quickly be accomplished (Figure 3).  

 
 

Figure 43. Diagram of the wading rod. In this example, the depth is 2.7 ft, and when the sliding rod is set 
at 2.7; the sensor is automatically at 60% of the water depth. 
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bag to prevent sand and outside equipment from marring the equipment should be utilized. Also, 
the crew must carry spare AA batteries (8), a Philips head screwdriver to access the battery 
compartment, and spare thumb screws for securing the sensor to the wading staff. 
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Figure 46. Thalweg inter-transects Stations, and general reach layout for physical habitat sampling. From 
EPA EMAP protocols (US EPA 

 
8. Record the presence of side channels and back waters.  
9. Continue working upstream until all inter-transect Stations have been done. 
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Figure 6. Boundaries for visual estimation of riparian vegetation, fish cover, and human influences. 

 
Visual Riparian Estimates 

1. Standing in mid-channel at a cross-section transect, estimate a 5 m distance upstream and 
downstream (10 m total length; Figure 6). 

2. Facing the left bank (left as you face downstream), estimate a distance of 10 m back into 
the riparian vegetation.  

3. Within this 10 m × 10 m area, conceptually divide the riparian vegetation into three 
layers: a Canopy Layer (>5 m high), an Understory (0.5 to 5 m high), and a Ground 
Cover layer (<0.5 m high). 

4. Within this 10 m × 10 m area, determine the dominant vegetation type for the Canopy 
layer (vegetation >5 m high) as either Deciduous, Coniferous, broadleaf Evergreen, 
Mixed, or None. Consider the layer "Mixed" if more than 10% of the areal coverage is 
made up of the alternate vegetation type. If Mixed is chosen, indicate which other 
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4. In the case that the images are of extraordinary findings (e.g., River otters, Martens, 
Fishers, Bigfoot, etc.), the crew should also make an effort to record the coordinates using a GPS 
device, especially if the sighting and photo occurred away from the sampling site (e.g., on the 
hike in or out). 
 
Photo Metadata 
The Klamath Network Data Plan (Mohren 2007) specifies the required metadata for photo 
management. The required metadata that must be recorded for every photograph taken while 
working on this project are: 
 
1. Use the photo log (Appendix F) or the field databases to record all following fields. Do 

not use notebooks or rely on memory! 
2. Photo name - the file name assigned by the camera (e.g., RIMG0001). Do not include the 
extension in the file name.  Keep in mind you need to enter the full name of the photograph.  
Most cameras just display the numbers on their screen so be sure you are including the letters 
when entering the name into the metadata. 
3. Date photo taken - should be in the format mm/dd/yyyy. Note that this is different from 
other protocol procedures (yyyymmdd) but is in this format to comply with photo metadata 
standards. This field automatically populates if you are entering the metadata into the field 
databases directly. 
4. Name of photographer - full name should be given (i.e., not just initials or E. Dinger).  
This is a pick list that should be used if you are using the database.   
5. Location - include the name of the stream that is being sampled.  This field is not 
necessary if you are entering data directly into the database. 
6. Description of photo - should be as detailed, clear, and concise as possible. When 
entering into the database, caption descriptions are acceptable but keep grammar correct. The 
goal is that the description could be used as a caption in a report.  

a. Acceptable examples: 
i. Emerald Creek, looking upstream towards Transect B 

ii. Joe Crewman holding an unknown tadpole at Emerald Creek 
iii. Black bear seen on trail while hiking to Emerald Creek 

b. UNACCEPTABLE examples 
i. Emerald creek, B 

ii. Tadpole? 
iii. Bear on trail 

7. For transect photos, the use of ditto marks to record descriptions is acceptable when using 
the forms. However, in the database you can copy and paste when necessary. See example 
below: 
 

Photo file name Photographer Date Location Description 

RIM0098 Joe Crewperson 10/18/2009 
Emerald Creek, 
REDW Looking upstream at Transect A 

RIM0099 " " " " B 

RIM0100 " " " " C 

RIM0101 " " " " D 

RIM0102 " " " " E 

RIM0103 Sarah Crewperson " " Unidentified Salmonid, dorsal view 
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2. Start disinfection by preparing a treatment barrel and rinse barrel (13+ gallon trash can). 
a. Prepare a 4% solution of bleach (Sodium hypochlorite). Standard household 

bleach (e.g., Clorox®) is 6.15%. This may vary depending on brand. 
b. Use the c1v1 = c2v2 formula to calculate the amount of bleach needed in the trash 

can to be diluted. In the case of commercial Clorox, with a final volume of 10 
gallons, this is: 

(6.15%) x (initial volume) = (4%) x (10 gallons) 
 
Initial volume = 6.5 gallons  

c. Under the above scenario, 6.5 gallons should be poured in one of the trash cans 
and 3.5 gallons of water should be used to dilute it to a final volume of 10 gallons. 

3. Fill a second trash can with 10 gallons of tap water as rinse water. 
4. Place gear in bleach water for 15 minutes. This must be timed and not estimated. 
5. Rinse gear in clean water (in second trash can). 
6. Allow to dry as thoroughly as possible before packing up again. 
7. Used bleach solution must be brought back to a municipal sewage system, where it can 

be added to standard waste water and safely decontaminated using dilution of tap water. 
Two 5 gallon jugs are provided to return the bleach water from the park housing units to 
the municipalities. 

 
When the above protocol is not doable (e.g., the crew is camping at isolated areas) or the crew 
needs to disinfect expensive electronic gear (e.g., the multiprobe), an alternative procedure 
should be followed: 
 

1. Using a household spray bottle, spray 70% Ethanol over the entire surface of the 
equipment. 

2. Allow Ethanol to permeate the equipment for at least 1 minute. 
3. Rinse with tap water and allow it to dry (except for the multiprobe). 

 
Gear to be disinfected includes all gear that came into contact with water when sampling, 
including but not limited to: waders, boots, sandals, nets, boats, paddles, water sampling gear, 
Secchi disks, etc. 
 
Metaquat Procedure 
The procedure for Metaquat is similar to that of bleach. Use the above steps, substituting a 5% 
solution of Metaquat for the bleach. The soaking time remains 15 minutes. Rinse in fresh water 
afterwards. Follow the same safety precautions as with bleach; Metaquat is highly corrosive. 
 
Sample Storage and Shipping 
 
Storage 
Upon returning to the crew housing, the samples should be stored as follows: 
 
Dissolved Organic Carbon: placed in a refrigerator at 4° C, in a dark container. 
Filtered Water sample: placed in a freezer at -18° C in the dark. 
Unfiltered Water sample: placed in a freezer at -18° C in the dark. 
Chlorophyll a filters: placed in a freezer at -18° C in the dark. 
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The file of the first hierarchical folder (Streams_Survey_2010) should be adjusted from field 
season to field season, with the current year forming the last four digits. The folders for the third 
level (e.g., 20100725, 20100726) follow the date format of yyyymmdd. Every day that has a 
field sampling activity should have a representative folder within each type of data. 
 
Note that backing up the files does not include any renaming of files!   
 
Photos 
The digital photos taken for the day should be downloaded after every field visit. Using 
Windows Explorer, the photos from the camera (connected to the computer using the camera's 
download cable) should be copied (using the shift-left click function to highlight the photos, 
followed by a right click and selecting "copy") to copy the entire set of the day's photos.  
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Project: Klamath Inventory and Monitoring Wadeable Streams 
 

Park(s): 
  Project Lead: 

 
Shipped via:  Fed-Ex  UPS  USPS 

Phone: 
 

Tracking Number: 
 Address: 

    
    Fax: 
 

Field Crew: 
  Email: 

     

Sample (may refer to an attached inventory sheet) 

Date 
Sampled 

(yyyymmdd) 

Time 
sampled 
(24 hour 
format) Site Name 

GRTS 
Code 

Type (Filtered water, Dissolved Organic Carbon, 
Invertebrates, Zooplankton, Chlorophyll a) 

                    
                    
                    
                    

 

Name and Position 
Date/time 
received 

Location received (i.e. Lab 
name) 

Date/time 
relinquished 

Location delivered/sent 
to: Signature 

            

            

            

            

            

            
 





file://Data_Management/GIS/database/klmn/data/monitoring/Water_Quality
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clean up this data and to submit the Data Certification form to the Data Manager prior to 
releasing the Crew Leader.  Once the data has been certified, the Data Manager will merge the 2 
field databases together into 1 Seasonal Database.  Once merged, the Project Lead will upload 
the Manta data, Photo data, and invertebrate data.  Once these 3 datasets have been uploaded, a 
certification form should be submitted for this aspect of the data review.  Once all datasets have 
been certified, the electronic data deliverables can be submitted to the WRD and the Data 
Manager can upload the data to the Master Database.  At this point analysis and data summaries 
can be completed (SOP #22:  Data Analysis).  Details for this process are described below. 
 
Merging the Crew Leader and Crew Member Databases. 
Once the Project Lead has reviewed the two field databases (Crew Leader and Crew Member) 
they will need to be merged together into one database that we call the Project Database.  To 
complete this process, follow these steps. 

1. Click the administrative command button on the main switchboard of the database which 
will open the administrative form (Figure 51. The administrative form of the KLMN stream 
monitoring project database.). 

 

 
 

Figure 51. The administrative form of the KLMN stream monitoring project database. 
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Figure 57. Data upload form used to upload date from the field databases into the project databases. 

 

  
 
Figure 58.  KLMN electronic database deliverables export form. 
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Figure 60. The data export page which is used to export the data into the WRD EDD template. 

 
Close-out 
The Project Lead should communicate with the Park Contact to determine whether keys and/or 
other equipment need to be returned. Once keys and equipment have been returned, the Network 
Contact should be notified.  
 
Field Season Reporting 
The Field Crew Leader should prepare a brief report (generally not more than three pages) that 
includes the following: 

1. Clear enumeration of which streams were completed during the season. 
2. Description of any logistic difficulties that arose and explanation of how they were 

addressed. 
3. Clear documentation and explanation of any diversions from established protocols. 
4. Discussion of any interesting or potentially important observations that may have been 

noted during the field season  
5. Suggestions for improving the training session or field season logistics in the future. 

 
After this brief report, there should be a debriefing session in which the entire field crew and the 
Project Lead discuss the field season and any issues in the report. The Network Coordinator and 
Network Data Manager are encouraged to attend this meeting. 
 



 

206 
 

Electronic Equipment 
The Field Crew Leader should make certain all electronic equipment is cleaned and in working 
order. Electronic equipment includes the tablet PCs, GPS units, Trimble units, and cameras. 
Upon submitting the equipment for check-in, all project related materials (images, databases, 
documents, and shapefiles) should be removed from these units. 









 

210 
 

to this protocol However, the fundamental goal of this QAPP and overall protocol is to ensure 
comparability within our program. The major source of potential variation that could affect data 
comparability is protocol or equipment changes. 
 
Data Completeness 
 
The Klamath Inventory and Monitoring Network recognizes that a certain percentage of samples 
of all types (invertebrates, water chemistry, etc.) will fail. Reasons for failing may include lost 
samples, dehydrated samples, samples that exceed holding times, or sample contamination. 
 
Data completeness goals are based on a multi-step process detailing the minimum sample size 
needed to make statistical inferences about the population of interest (Irwin 2006). Once this 
minimal sampling size is calculated (see Sampling Frame and Sample Size and Minimum 
Detectable Differences, above), the number of samples that will fail is estimated and the sample 
size is increased by the same percentage. This procedure is complicated for multi-parameter 
protocols, such as the one here. Water chemistry samples (with multiple types), invertebrate 
samples, water probes, and GPS files may all fall short of precision targets, but at different 
failure rates. However, since we are making inferences to a population of streams, the ultimate 
sample size for this protocol is the number of sites.  
 
During the initial scoping period, it was determined that a minimum of 25 samples are needed to 
characterize the population of streams with desired levels of precision (A. Merton, statistician, 
pers. comm..). Following the guidance of Irwin (2008), we increased our sample size to 30 
streams reaches to accommodate unforeseen problems. 
 
Cumulative Bias 
 
The term bias has many definitions, even within the realm of statistics. Here, bias is taken to be a 
systematic error in measurements. Over the length of a monitoring program, bias may cumulate 
from many sources: collector bias, instrument bias, protocol bias, etc. With the obvious 
expectation that personnel and gear will change and protocols will be revised over the years 
(SOP# 24: Revising the Protocol), QAPP methodology for dealing with change and minimizing 
and documenting the cumulative bias are laid out below. Following these procedures will allow 
for Data Comparability. 
 
Any change in the following categories will be documented in the metadata produced during the 
project. Just as field crew personnel changes from year to year are documented, the different 
laboratories (although changing labs should be a severe option) will also be documented. 
 
Change in Personnel 
When possible, it is recommended that personnel changes be accompanied by an overlap of 
seven measurements. For the streams protocol, this extrapolates to essentially duplicating the 
sampling effort at seven sites, in all measured parameters. This is prohibitively costly to do and 
hence an alternative method of documenting variance in personnel bias is presented. 
 
It should also be stressed that control of personnel bias is done through strict, exact SOP 
adherence and through training. Furthermore, it is valuable to focus interpretation to measures 
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Programmatic Elements of the QAPP 
The following covers aspects of the day to day data acquisition and data generation that must be 
followed to meet the requirements of this QAPP. 
 
1. Sampling Methods 
All data generated or acquired through this protocol must adhere to all SOPs. Crews should be 
trained and training documented to demonstrate that this aspect has been met. 
 
2. Replication of efforts 
At 10% of the streams sites (three per park total), efforts of the crew members should be 
duplicated (e.g., the Field Crew Leader does a discharge measurement, followed by another crew 
member). Another example is in repeating alkalinity measurements by both crew members. Over 
the life of the protocol, this should result in a gradually building body of knowledge about the 
degree of variation caused by different personnel. It is recommended that the annual reports 
(SOP #22: Data Reporting and Analysis) include the results of this duplication of efforts as an 
evaluation of protocol success. If large variation between personnel is detected, this should 
trigger an evaluation of the parameter that the variation is large in. What thresholds of variation 
and technique of measuring variation might precipitate a re-evaluation will be dependent upon 
the parameter. Using alkalinity as an example, repeat measurements by different personnel that 
yield values of 20 mg/L and 23 mg/L are relatively very close and would generally be recognized 
as being in the neighborhood of low alkalinity, but the percent relative difference is actually 
somewhat high: (20 - 23)/20 = 15%. Percent relative difference is a commonly used measure for 
assessing QA/QC goals, but in this case, other techniques such as coefficients of variation may 
be more applicable. Hence, it is recommended that each parameter be evaluated by the Project 
Lead. 
 
When repeating measurements at 10% of the stream sites, the repetition does not have to occur at 
the same sites. So alkalinity could be repeated at stream sites numbered 1, 3, 5, and 7, whereas 
the habitat could be repeated at stream sites numbered 2, 5, 9, and 12. The determination of what 
parameters to be repeated at which stream site should be a random determination by the Project 
Lead prior to the field season, although on the ground changes may be made so that sites can still 
sampled in a single day. Information for the field crews should be included in the site 
information folder (for example, see Appendix G). This will spread the repeat effort out across 
the sampling frame, so that the increased time for any one site is not beyond the logistical ability 
of the field crew. Care should be taken to document on the field forms and in the database which 
measurements are the duplicate. 
 
If upon implementation, crews can adequately accomplish all sampling sites in the scope of their 
work load, consideration will be given to full replicate sampling, i.e., returning to a previously 
visited site several days after the initial sampling. Replicate sampling of this sort should be done 
within a short time span (several days) so that only sampling variability is measured, and not 
seasonal of temporal variability. 
 
3. Sample Handling and Custody 
Certain basic requirements concerning filter choice, holding container, storage method, and 
storage time (Table 3). Biotic samples are invertebrates require no special handling or holding  
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Table 18. Required sampling specifics to meet necessary goals of data quality for water chemistry 
analytes. 

Analytes 
 

Units  
 

Required 
container 
(see 
SOP#1) 

 

Required 
filter 

 

Required 
sample 
volume 

 

Required 
preservation 

 

Maximu
m 
holding 
time 

Filtered water 
sample: 

            
Anions (Cl, 
SO4)  mg/L 

 

Acid washed, 
HDPE  

Whatman 
GF/C (1822-

047) 
 

50 ml 
 

Frozen (-18°C) 
 

28 days 

Cations (Na, 
Ca, K, Mg)  mg/L 

 

Acid washed, 
HDPE  

Whatman 
GF/C (1822-

047) 
 

50 ml 
 

Frozen (-18°C) 
 

28 days 

Unfiltered 
water sample:   

 

  

       
Total nitrogen 

 
mg/L 

 

Acid washed, 
HDPE  

NA 
 

100 ml 
 

Frozen (-18°C) 
 

28 days 

Total 
phosphorous  mg/L 

 

Acid washed, 
HDPE  

NA 
 

100ml 
 

Frozen (-18°C) 
 

28 days 

   
 

  
Total: 300 ml 

    Other:  
 

 
 

 
 

      

Chlorophyll 

 

mg/L 

 
HDPE 

(storage for 
filter) 

 
Millipore mixed 
Cellulose ester 

membrane 
(HAWP 047-00) 

 
500 ml 
filtered  Frozen (-18°C)  28 days 

Dissolved 
organic 
carbon 

 

mg/L 

 Acid washed, 
furnace fired 
Amber Glass 

container 

 
Whatman GF/F 

(1825-047)  60 ml  
Refrigerated at 

4°C  28 days 

 
time, except to be preserved in 95% Ethanol. Chains of custody (Appendix F) must be 
maintained and logged to record the transfer and shipment of samples. 
 
4. Chemical Laboratory Quality Controls 
Chemical contract laboratories are required to meet certain responsibilities for assuring quality 
control to meet MQOs. For this protocol, the required controls are: 

a) Instrument calibration prior to initiating analysis run (three to six NIST traceable 
standards). 

b) Standards analyzed every 10 samples. 
c) Detection limit standard run at least once in analysis run. 
d) A minimum of 10% of the samples must be duplicated (lab duplicate, not field duplicate). 
e) Field duplicates should be run (responsibility of Project Lead to provide, 10%). 
f) Periodic blanks should be run. 
g) The laboratory must have procedures in place for corrective action. 
h) Laboratory must participate in interlab comparative studies for bias. 

 
Filter blanks and bottle blanks should be included in the analysis. It is the responsibility of the 
Project Lead to have the field crew collect a minimum of four field duplicates during the field 



http://www.benthos.org/
http://www.safit.org/






http://www.nature.nps.gov/water/Vital_Signs_Guidance/Guidance_Documents/PartBLite.pdf
http://www.deq.state.or.us/lab/techrpts/docs/DEQ03LAB0036SOP.pdf
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Table 19. A brief description of the tables that are in the KLMN Stream database. 

Table Name Description 
tbl_Db_Meta Database description and links to I&M metadata tools. 
tbl_Db_Revisions Database revision history data. 
tbl_Events Sampling events. 
tbl_Flags_Row Flags related to data where 1 flag represents all the data on the row of data 
tbl_Flags_Sheet Flags related to data where 1 flag represents all the data on the data sheet 
tbl_Flags_Transects Flags related to the transect data 
tbl_Invert_Main Methods used to collect and process the invertebrate sample. 
tbl_Invert_Species Data that was collected as part of the invertebrate sampling procedures 
tbl_Locations Sampling unit locations. 
tbl_Photographs Photographs of the Site 
tbl_Reach_Category Data that was collected as part of the stream flow sampling procedures 
tbl_Reach_Channel Data that was collected as part of the Channel Morphology sampling procedures 
tbl_Reach_Determination Data that was collected as part of the reach determination  sampling procedures 
tbl_Reach_Discharge  Data that was collected as part of the discharge sampling procedures 
tbl_Reach_Periphyton Data that was collected as part of the periphyton sampling procedures 
tbl_Reach_Probe Data that was collected as part of the water quality sampling procedures 
tbl_Reach_Slope Data that was collected as part of the slope sampling procedures 
tbl_Reach_Species Data that was collected as part of the fish and amphibian sampling procedures 
tbl_Reach_Species_Methods Methods information that was used to sample fish and amphibians. 
tbl_Reach_Transect  Data that was collected as part of the transect sampling procedures 
tbl_Reach_Trees Data that was collected as part of the large tree sampling procedures 
tbl_Reach_WChem Data that was collected as part of the water chemistry sampling procedures 
tbl_Reach_WD* Data that was collected as part of the woody debris sampling procedures 

tbl_Reports 
Provides a list of reports and data exports that have been developed for this 
database. 

tbl_Sites Streams where sampling occurs 
tbl_Thalweg Data that was collected as part of the Thalweg Sampling Procedures 
tlu_Contacts Contact data for project-related personnel. 

*In the field databases, this table was divided into 2 tables (tbl_Reach_WD_Bankfull, 
tbl_Reach_WD_AboveBank).  When they are uploaded to the project database they are merged into one 
table.  The metadata for the tables in the field databases are provided below.  
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Table 20. A brief description of the forms that are used in the stream monitoring database. 

Form Name Description 

frm_Admin_Console 
Administrative console form for performing administrative tasks when 
developing application, such as release notes, bug reports, and 
managing table links 

frm_Administrative Main administrative switchboard 
frm_App_Release Form for viewing and entering release information 
frm_Connect_Tables Form to update back-end db connections 
frm_Contacts Form to view and edit contact information 
frm_Data_Entry Primary field data entry form 

frm_Data_Gateway Gateway to the data entry screens, for browsing and selecting from data 
that have already been entered 

frm_Data_Upload 
This form is used to upload data currently in the Trimble format, allows 
the user to run a QA / QC check, and then converts the data into an 
NRDT format 

frm_EDD_Basics 
This form is used to review and export data into the EDD template 
provided by the WRD 

frm_Event_Group Form for entering event groups (GUID string). 

frm_FF_Export This form is a switchboard that allows a user to export data to a flat file in 
excel 

frm_Location Form for entering Locations (GUID String) 
frm_Lookup Standard module for viewing and editing lookup domains 

frm_Manage_Links Administrative form for establishing, editing, and removing linked tables 
and the linked table records in tsys_Link_Tables 

frm_Reports This is the KLMN reporting tool that lets the user run canned reports and 
data exports based on a variety of parameters 

frm_Select_Tables Administrative form for selecting tables to link from an external database 
frm_Set_Defaults Standard module for setting application defaults 
frm_Sites Form for entering sites (Location groups) (GUID String) 
frm_Switchboard Standard module - main screen of the user interface, viewed at startup 

frm_Trans_NewInfo This form is used as a QC check to make certain the PI knows the crew 
added new locations, sites, enumerated codes, or contacts. 

fsub_Bug_Report Standard subform for viewing and creating application bug reports 

fsub_Determination Data entry form used to enter data related to the stream determination 
sampling process 

fsub_EDD_Project This form is used to review and export data into the EDD template 
provided by the WRD 

fsub_EDD_Stations This form is used to review and export data into the EDD template 
provided by the WRD 

fsub_Flags_Discharge This form shows flags related to discharge. 
fsub_Reach_WD_AbvBnk Woody debris data for above bankfull 
fsub_Reach_WD_Bnk Woody debris data for below bankfull 
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Relationship Diagram 
 

 
 

Figure 63. Relational diagram of the tables contained in the KLMN stream monitoring database. 
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Data Dictionary 

tbl_Db_Meta:  This table contains metadata about the stream monitoring database. 

Field Name Required 
Field 
Type 

Field 
Size 

Decimal 
Enumerated 

Domain 
Min 

Value 
Max 

Value 
Field Description 

Db_Meta_ID Y Text 50 0       Local primary key  

DB_Desc Y Memo   0       Description of the database purpose 

Meta_MID Y Text 255 0       Link to NPS Data Store 

DSC_GUID Y Text 50 0       Link to I&M Dataset Catalog desktop metadata tool 

Meta_File_Name N Text 50 0       
Name of the metadata file that describes this NRDT 
data file (must be in the same directory as this data 
file) 

 

tbl_Db_Revision: This table contains the revision history of the stream monitoring database. 

 

Field Name Required 
Field 
Type 

Field 
Size 

Decimal 
Enumerated 

Domain 
Min 

Value 
Max 

Value 
Field Description 

Revision_ID Y Text 50 0 NA NA NA Database revision (version) number or code 

Revision_Contact_ID N Text 50 0 NA NA NA Link to tlu_Contacts 

Db_Meta_ID Y Text 50 0 NA NA NA Link to tbl_DB_Meta 

Revision_Date Y 
Date/ 
Time NA 0 NA NA NA Database revision date 

Revision_Reason Y Memo NA 0 NA NA NA Reason for the database revision 

Revision_Desc Y Memo NA 0 NA NA NA Revision description 

tbl_Flags_Row: This table contains descriptive data for flags related to the discharge form and specimen form. 

Field Name Required 
Field 
Type 

Field 
Size 

Decimal 
Enumerated 

Domain 
Min 

Value 
Max 

Value 
Field Description 

Data_ID Y Text 50 NA NA NA NA Data row identifier 

Comments Y Memo NA NA NA NA NA Describes why the measurement was flagged 

Code Y Text 3 NA NA NA NA Special code for a flag that helps describe why a 
unit was flagged 

Event_ID Y Text 50 NA NA NA NA Links to the event 
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tbl_Events: This table contains data that is specific to a visit of a stream reach. 

 

Field Name Required 
Field 
Type 

Field 
Size 

Decimal 
Enumerated 

Domain 
Min 

Value 
Max 

Value 
Field Description 

Event_ID Y Text 50 NA NA NA NA Event identifier  

Location_ID Y Text 50 NA NA NA NA Link to tbl_Locations  

Event_Group_ID N Text 50 NA NA NA NA Link to tbl_Event_Group 

Protocol_Name Y Text 100 NA 
Draft Stream Protocol 
v1.0, KLMN Stream 

Monitoring Protocol v1.0 
NA NA The name and version of the 

protocol being implemented 

Start_Date Y Date / 
Time NA NA NA NA NA Date the survey was conducted 

Start_Time Y 
Date / 
Time NA NA NA 0:00 24:00:00 Time the survey started 

Discharge_StreamWidth Y Number NA 1 NA 0.0 100  Width of the stream where the 
discharge measure was taken 

Discharge_NearTransect Y Text 1 NA A, B, C, D ,E ,F ,G ,H ,I , 
J, K     

Nearest transect to the point where 
the discharge measurement was 
taken 

Discharge_Model Y Text 50 NA Sontek ADV Flowtracker     
Model of instrument used to 
measure the discharge of the 
stream 

Scouring Y Text 2 NA 01, 02, 03, 04, 05, 06, 
07, 08, 09, 10, 11 

01 11 A code of 1-11 that describes the 
scouring at the reach. 

Tree_Comments N Memo NA NA NA NA NA 
General comments about the 
measurement of large trees near 
the reach. 

QC_Stream Y Text 50 NA tlu_Contacts NA NA Person who reviewed the Stream 
form 

QC_Chem Y Text 50 NA tlu_Contacts NA NA Person who reviewed the water 
chemistry form 

QC_Benthos Y Text 50 NA tlu_Contacts NA NA Person who reviewed the benthos 
form 

QC_Discharge Y Text 50 NA tlu_Contacts NA NA Person who reviewed the discharge 
form 

QC_Slope Y Text 50 NA tlu_Contacts NA NA Person who reviewed the slope 
form 
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Field Name Required 
Field 
Type 

Field 
Size 

Decimal 
Enumerated 

Domain 
Min 

Value 
Max 

Value 
Field Description 

QC_Woody Y Text 50 NA tlu_Contacts NA NA Person who reviewed the  woody 
debris forms 

QC_Vegetation Y Text 50 NA tlu_Contacts NA NA Person who reviewed the 
vegetation form 

QC_Specimen Y Text 50 NA tlu_Contacts NA NA Person who reviewed the specimen 
form 

QC_Transect Y Text 50 NA tlu_Contacts NA NA Person who reviewed the transect 
form 

QC_Photograph Y Text 50 NA tlu_Contacts NA NA Person who reviewed the  
photograph form 

Slope_Comments N Memo NA NA NA NA NA General comments about the slope 
measurement. 

Discharge_DistUnits Y Text 10 NA Tenths ft, cm, m/s, ft/s NA NA Unit measure for the discharge 
distance 

Discharge_DepUnits Y Text 10 NA Tenths ft, cm, m/s, ft/s NA NA Unit measure for the discharge 
depth 

Discharge_VelUnits Y Text 10 NA Tenths ft, cm, m/s, ft/s NA NA Unit measure for the discharge 
velocity 

tbl_Flags_Sheet:  This table contains descriptive data for flags related to the water chemistry, Benthos, and Periphyton  form. 

Field Name Required 
Field 
Type 

Field 
Size Decimal 

Enumerated 
Domain 

Min 
Value 

Max 
Value Field Description 

Data_ID Y Text 50 NA NA NA NA Data row identifier 

Comments Y Memo NA NA NA NA NA Describes why the measurement was flagged 

Code Y Text 3 NA NA NA NA 
Special code for a flag that helps describe why a unit 
was flagged 

Event_ID Y Text 50 NA NA NA NA Links to the event 
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tbl_Flags_Transect: This table contains descriptive data for flags related to the transect form. 

 

Field Name Required 
Field 
Type 

Field 
Size 

Decimal 
Enumerated 

Domain 
Min 

Value 
Max 

Value 
Field Description 

Data_ID Y Text 50 NA NA NA NA Data row identifier 

Comments Y Memo NA NA NA NA NA Describes why the measurement was flagged 

Code Y Text 3 NA NA NA NA Special code for a flag that helps describe why a 
unit was flagged 

Event_ID Y Text 50 NA NA NA NA Links to the event 

 
tbl_Invert_Main: This table contains descriptive data about the sample used to determine the invertebrate composition 

         

Field Name Required 
Field 
Type 

Field 
Size 

Decimal 
Enumerated 

Domain 
Min 

Value 
Max 

Value 
Field Description 

Data_ID Y Text 50 NA NA NA NA Data row identifier 

Event_ID Y Text 50 NA NA NA NA Links to the event 

QAQC N Text 5 0 Blank, QAQC NA NA If marked QAQC, this sample went through additional 
QAQC steps  

Area Y Number NA 5 NA NA NA Area the sample covered 

Field_Split Y Number NA 0   0 100 % split if sample was split in the field 

Lab_Split Y Number NA 2   0 100 % split if sample was split in the lab 

Organisms Y Number NA 0   1 NA Number of organisms in the sample 

Samples Y Number NA 0 1, 2 1 2 Sample number if more then 1 sample was taken at 
the site. 

 
tbl_Invert_Species: This table contains information about the invertebrate species found in each sample of the reach. 

         

Field Name Required 
Field 
Type 

Field 
Size 

Decimal 
Enumerated 

Domain 
Min 

Value 
Max 

Value 
Field Description 

Data_ID Y Text 50 NA NA NA NA Data row identifier 

Event_ID Y Text 50 NA NA NA NA Links to the event 

ITIS_Number Y Number 6 0 NA NA NA ITIS Unique number  

Abundance Y Number NA 5 NA NA NA Species abundance in the sample 
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tbl_Location: This is data related to the point (transect F) where the crew navigates to so they can start surveying. 
 

Field Name Required Field 
Type 

Field 
Size 

Decimal Enumerated Domain Min 
Value 

Max 
Value 

Field Description 

Location_ID Y Text 50 NA NA NA NA Location identifier  

Site_ID Y Text 50 NA NA NA NA Link to tbl_Sites 

GIS_Location_ID Y Text 50 NA NA NA NA Link to GIS feature 

Meta_MID N Text 50 NA NA NA NA 
Link to NR-GIS Metadata 
Database 

X_Coord Y Number 6 5 NA NA NA X coordinate 

Y_Coord Y Number 7 5 NA NA NA Y coordinate  

Coord_Units Y Text 10 NA m, d.dd NA NA Coordinate distance units  

Coord_System Y Text 3 NA UTM, Geo, ft NA NA Coordinate system 

UTM_Zone Y Text 3 NA 10N NA NA UTM Zone 

Datum Y Text 5 NA NAD83, WGS84 NA NA Datum of mapping ellipsoid 

Coord_Equipment Y Text 15 NA 
Garmin 76CSx, Garmin 60CSx, 
Trimble XM, Trimble XT NA NA 

Equipment used to collect 
coordinate information 

Est_H_Error Y Number 2 1 NA NA NA Estimated horizontal accuracy 
when using Garmin units 

PDOP Y Number 2 0 NA NA NA Estimated horizontal accuracy 
when using Trimble units 

Accuracy_Notes N Memo NA NA NA NA NA 
Notes about the accuracy of the 
location. 

Loc_Name Y Text 3 NA NA NA NA Unique name of the site 

Loc_Type Y Text 20 NA Reach Center Point NA NA Type of site 

Update_Date Y Date / 
Time NA NA Yes / No NA NA Date this data was updated 

Loc_Notes N Memo NA NA Yes / No NA NA General notes about the site 

Verification_GPS N Yes / No NA NA Yes / No NA NA How the site was found 

Verification_LC N Yes / No NA NA Yes / No NA NA How the site was found 

Verification_Signs N Yes / No NA NA Yes / No NA NA How the site was found 

Verification_Roads N Yes / No NA NA Yes / No NA NA How the site was found 

Verification_Topo N Yes / No NA NA Yes / No NA NA How the site was found 

Verification_Other N Yes / No NA NA Yes / No NA NA How the site was found 

Verification_OtherDesc N Yes / No NA NA NA NA NA How the site was found 

Verification_None N Yes / No NA NA Yes / No NA NA How the site was found 

Site_Sampled Y Yes / No NA NA Yes / No NA NA If the site was sampled 

Sampleable N Text 50 NA 
Wadeable, Partially Wadeable, 
Wadeable Interrupted, Altered - 
Stream Present, But Not As On Map 

NA NA If sampled, reason why 
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Field Name Required Field 
Type 

Field 
Size 

Decimal Enumerated Domain Min 
Value 

Max 
Value 

Field Description 

NonSampleable N Text 50 NA 

Dry - Visited, Dry - Not Visited, 
Wetland - No Channel, Map Error - No 
Waterbody or Channel Present, 
Impounded (under lake), Other, Not 
Wadeable At This Time, Permission 
Denied, Permamently Inaccessible, 
Temporarily Inaccessible 

NA NA If not sampled, reason why 

DriveTime Y 
Date / 
Time NA NA NA NA NA 

Time it takes to drive to the 
parking spot 

HikeTime Y Date / 
Time NA NA NA NA NA Time it takes to hike to the site 

Directions Y Memo NA NA NA NA NA Directions to the site. 

 
tbl_Photographs: This table contains data about photographs taken while working on this project. 

Field Name Required 
Field 
Type 

Field 
Size 

Decimal 
Enumerated 

Domain 
Min 

Value 
Max 

Value 
Field Description 

Photograph_ID Y Text 50 NA NA NA NA Unique identifier for the photograph 

Event_ID Y Text 50 NA NA NA NA Unique Identifier in tbl_Locations  for the site 

Photograph Name Y Text 100 NA NA NA NA Name of the photograph 

Photographer Y Text 100 NA tlu_Contacts NA NA Individual who took the picture 

Date_Photo_Taken Y Date / 
Time NA NA NA NA NA Date the photograph was taken 

Photo_Description Y Memo NA NA NA NA NA Description of the Photograph 

Non_Public_Use Y Yes / No NA NA Yes, No NA NA 
If checked, the NPS does not have permission to use 
this picture in public displays 

Quality Y Yes / No NA NA Yes, No NA NA If checked, this is a great picture that can be used for 
coverpages, websites, etc. 

Project Y Text 100 NA Stream Monitoring NA NA If this picture is taken as part of a project, the project 
name is entered here 

Collection Y Text 4 NA KLMN NA NA 
NPS Require field.  Which collection is photograph is 
part belongs too. 

Publisher Y Text 10 NA NPS NA NA NPS Required Field. The person or organization that 
is making this image available 

Resource_Type Y Text 5 NA Image NA NA  NPS Required Field.  The type of product. 

Extension Y Text 4 NA .jpg NA NA Type of picture taken 

Historic Y Text NA NA Yes, No NA NA 
Pictures are considered historic if they were collected 
prior to 2007 

Easting N Number 6 0 NA NA NA Coordinate 

Northing N Number 7 0 NA NA NA Coordinate 
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tbl_Reach_Benthos: This table contains the data about the benthos samples taken along the stream reach. 

         

Field Name Required 
Field 
Type 

Field 
Size Decimal 

Enumerated 
Domain 

Min 
Value 

Max 
Value Field Description 

Data_ID Y Text 50 NA NA NA NA Data row identifier 

Event_ID Y Text 50 NA NA NA NA Links to the event 

Nearest_Transect Y Text 1 NA 
A, B, C, D, E, F, 
G, H, I, J, K NA NA 

Transect nearest to where the bentos 
sample was obtained 

Substrate Y Text 10 NA 
Fine / Sand, 
Gravel, Coarse, 
Other 

NA NA Substrate type where the bethos sample 
was obtained 

 
tbl_Reach_Category: This table contains information about the pools, riffles, and runs in a sampled stream reach. 

         

Field Name Required 
Field 
Type 

Field 
Size 

Decimal 
Enumerated 

Domain 
Min 

Value 
Max 

Value 
Field Description 

Data_ID Y Text 50 NA NA NA NA Data row identifier 

Event_ID Y Text 50 NA NA NA NA Links to the event 

Category_Type Y Text 7 NA Pool, Riffle, 
Glide NA NA Category variable that describes the stream 

component being sampled 

Start_Dist Y Number NA 0 NA 0 500 Starting point of the structure 

End_Dist Y Number NA 0 NA 0 500 Ending point of the structure 
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tbl_Reach_Determination: This table contains the measurements used to determine the placement of the 11 transects along the 
stream reach. 

         

Field Name Required Field 
Type 

Field 
Size Decimal Enumerated 

Domain 
Min 

Value 
Max 

Value Field Description 

Data_ID Y Text 50 NA NA NA NA Data row identifier 

Event_ID Y Text 50 NA NA NA NA Links to the event 

Channel_Width Y Number NA 0 NA 0 100 Width of the channel used to determine the 
layout of the 11 transects. 

Upstream_Lenght Y Number NA 0 NA 75 250 Distance upstream to the nearest transect 

Downsteam_Length Y Number NA 0 NA 75 250 Distance downstream to the nearest transect 

Determination_Comments N Memo NA NA NA NA NA 

General comments about the use of the 
channel width and upstream/downstream  
lengths used to determine the layout of the 
transects 

 
tbl_Reach_Discharge: This table contains data related to the discharge measure. 

         

Field Name Required 
Field 
Type 

Field 
Size 

Decimal 
Enumerated 

Domain 
Min 

Value 
Max 

Value 
Field Description 

Data_ID Y Text 50 NA NA NA NA Data row identifier 

Event_ID Y Text 50 NA NA NA NA Links to the event 

Point_Number Y Number NA 0 NA 1 20 Sequential numbering of data rows 

Distance Y Number NA 0 NA 0 NA Distance from bank to measurement location 

Depth Y Number NA 1 NA 0 NA Water depth at measurement location 

Velocity Y Number NA 3 NA -10 NA Water velocity at measurement location 

 
tbl_Reach_Probe: This table contains measures related to water chemistry taken while in the field. 

 
Field Name Required Field Type Field Size Decimal 

Enumerated 
Domain Min Value 

Max 
Value Field Description 

Data_ID Y Text 50 NA NA NA NA Data row identifier 

Event_ID Y Text 50 NA NA NA NA Links to the event 

PH_Standard Y Number NA 0 NA 4 10 pH calibration solution used 

PH_Check Y Number NA 1 NA 1 14 Initial Measured pH 
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Field Name Required Field Type Field Size Decimal 
Enumerated 

Domain Min Value 
Max 

Value Field Description 

Conductivity_Standard N Number NA 0 NA 0 10000 Conductivity solution for 
calibration 

Conductivity_Check N Number NA 1 NA 0 10000 Initial Conductivity reading 

DO_Standard Y Number NA 0 NA 100 100 
DO calibration (should be 
100%) 

DO_Check Y Number NA 1 NA 0 25 Measured DO 

DO_Membrane N Yes / No NA NA Yes, No NA NA  Was membrane replaced? 

Alkalinity_Volume_1 Y Number NA 0 NA 50 100 Volume of water used for 
sample 1 

Alkalinity_Volume_2 Y Number NA 0 NA 50 100 Volume of water used for 
sample 2 

Alkalinity_Volume_3 Y Number NA 0 NA 50 100 Volume of water used for 
sample 3 

Alkalinity_Titrant_1 Y Number NA 2 NA 0.16 1.6 Titrant Strength used 

Alkalinity_Titrant_2 Y Number NA 2 NA 0.16 1.6 Titrant Strength used 

Alkalinity_Titrant_3 Y Number NA 2 NA 0.16 1.6 Titrant Strength used 

Alkalinity_Reading_1 Y Number NA 0 NA 0 1000 Digital titrator reading 

Alkalinity_Reading_2 Y Number NA 0 NA 0 1000 Digital titrator reading 

Alkalinity_Reading_3 Y Number NA 0 NA 0 1000 Digital titrator reading 

Channel_Pattern Y Text 100 NA 

One Channel, 
Anastomosing, 
Braided 
Channel 

NA NA   

Channel_Constraint Y Text 100 NA 

Constrained In 
V-Shaped 
Valley, Broad 
Valley, Narrow 
Valley, 
Unconstrained 
in Broad Valley 

NA NA   

Constraint_Feature Y Text 100 NA 

Bedrock, 
Hillslope, 
Terrace, 
Human Bank 
Alterations, No 
Constraining 
Features 

NA NA   

Channel_Percent Y Number NA 0 NA 0 100 Percent of channel 
constrained 

Bankfull_Width Y Number NA 0 NA 0 NA Estimated average bankfull 
width 

Valley_Width N Number NA 0 NA 0 NA Estimated valley width 

Valley_Border N Yes / No NA NA Yes, No NA NA Denotes whether the valley 
borders are visible 
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Field Name Required Field Type Field Size Decimal 
Enumerated 

Domain Min Value 
Max 

Value Field Description 

Channel_Notes N Memo NA NA NA NA NA General notes about the 
measurements in this table 

 
tbl_Reach_Periphyton: This table records the transect where the periphyton sample was taken. 

         

Field Name Required 
Field 
Type 

Field 
Size 

Decimal 
Enumerated 

Domain 
Min 

Value 
Max 

Value 
Field Description 

Data_ID Y Text 50 NA NA NA NA Data row identifier 

Event_ID Y Text 50 NA NA NA NA Links to the event 

Transect Y Text 1 NA A, B, C, D, E, 
F, G, H, I, J, K NA NA Transect nearest to where the 

peryphyton sample was obtained 

 
 
 

tbl_Reach_Slope: 

 
 
This table contains information about the slope of the reach. 

         

Field Name Required 
Field 
Type 

Field 
Size 

Decimal 
Enumerated 

Domain 
Min 

Value 
Max 

Value 
Field Description 

Data_ID Y Text 50 NA NA NA NA Data row identifier 

Event_ID Y Text 50 NA NA NA NA Links to the event 

Transect Y Text 1 NA A, B, C, D, E, 
F, G, H, I, J, K 

NA NA Transects range where the slope is measured 
between the 2 transects listed 

Upper_Reading Y Number NA 2   0   Slope reading at the upper portion of the reach 
segment 

Lower_Reading Y Number NA 2   0   
Slope reading at the lower portion of the reach 
segment 
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tbl_Reach_Species: This table contains data on fish and amphibian species encountered. 

         

Field Name Required 
Field 
Type 

Field 
Size 

Decimal 
Enumerated 

Domain 
Min 

Value 
Max 

Value 
Field Description 

Data_ID Y Text 50 NA NA NA NA Data row identifier 

Event_ID Y Text 50 NA NA NA NA Links to the event 

Spec_Number Y Number 2 NA NA 1 NA Sequential count of species observed 

Species Y Text 150 NA tlu_Species NA NA ITIS number for species observed 

LifeStage Y Text 20 NA 

Egg Mass, 
Tadpole, Fry, 
Fingerling, 
Adult 

NA NA Life stage the species was in  

Abundance Y Text 20 NA ?????? NA NA Generalized abundace category used when too 
many indivduals are present to count 

Count Y Number NA 0 NA 1 NA Count of the number of individuals 

Lenght_Min Y Number NA 0 NA 1 NA Size of the smallest individual 

Lenght_Max Y Number NA 0 NA 1 NA Size of the largest individual 

Anom_Count Y Number NA 0 NA 0 NA Number of species with anomolies 

Mortality_Count Y Number NA 0 NA 0 NA Number of species dead 

Transect_A Y Yes / 
No 

NA NA Yes, No NA NA Transect where the species was observed 

Transect_B Y Yes / 
No NA NA Yes, No NA NA Transect where the species was observed 

Transect_C Y Yes / 
No 

NA NA Yes, No NA NA Transect where the species was observed 

Transect_D Y Yes / 
No NA NA Yes, No NA NA Transect where the species was observed 

Transect_E Y Yes / 
No 

NA NA Yes, No NA NA Transect where the species was observed 

Transect_F Y Yes / 
No NA NA Yes, No NA NA Transect where the species was observed 

Transect_G Y Yes / 
No 

NA NA Yes, No NA NA Transect where the species was observed 

Transect_H Y Yes / 
No NA NA Yes, No NA NA Transect where the species was observed 

Transect_I Y Yes / 
No 

NA NA Yes, No NA NA Transect where the species was observed 

Transect_J Y Yes / 
No NA NA Yes, No NA NA Transect where the species was observed 

Species_Notes Y Memo NA NA NA NA NA General notes about the species observed. 
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tbl_Reach_Species_Methods: This table contains some general information about the species search including methods. 
 

Field Name Required 
Field 
Type 

Field 
Size 

Decimal 
Enumerated 

Domain 
Min 

Value 
Max 

Value 
Field Description 

Data_ID Y Text 50 NA NA NA NA Data row identifier 

Event_ID Y Text 50 NA NA NA NA Links to the event 

Snokeling MA 
Yes / 
No NA NA Yes, No NA NA Was the site snorkled? 

Seine MA 
Yes / 
No NA NA Yes, No NA NA Was the site seined? 

eFishing MA 
Yes / 
No NA NA Yes, No NA NA Was electronic fishing conducted? 

Wave_Form MA Text 10 NA 
AC, DC, Pulsed 

DC NA NA Parameter describing setting for efishing. 

Volts MA Number NA 0   NA NA Parameter describing setting for efishing. 

Watts MA Number NA 0   NA NA Parameter describing setting for efishing. 

Pulse_Rate MA Number NA 0   NA NA Parameter describing setting for efishing. 

Amps MA Number NA 0   NA NA Parameter describing setting for efishing. 

Pulse_Width MA Number NA 0   NA NA Parameter describing setting for efishing. 

Shock_Time MA Number NA 0   NA NA Parameter describing setting for efishing. 

Fish_Time MA Number NA 0   NA NA Parameter describing setting for efishing. 

Samp_Dist MA Number NA 0   NA NA Parameter describing setting for efishing. 

Fished Y 
Yes / 
No NA NA Yes, No NA NA Was fish looked for? 

Collected 
Y Yes / 

No NA NA Yes, No NA NA Was fish collected? 

Visibility Y Text 4   Good, Poor NA NA General visibility of the water? 

 
tbl_Reach_Transect: This table contains the data related to substrate, cover, and disturbance along each of the transects. 

 
Field Name Required 

Field 
Type 

Field 
Size 

Decimal 
Enumerated 

Domain 
Min 

Value 
Max 

Value 
Field Description 

Data_ID Y Text 50 NA NA NA NA Data row identifier 

Event_ID Y Text 50 NA NA NA NA Links to the event 

Transect Y Text 15 NA 
A, B, C, D, E, F, G, 
H, I, J, K, Side 
Channel 

NA NA Transect where the measurements were 
taken 

Substrate_Dist_Lft N Number NA 0 NA 0 0 Tracks the position of the measurement 

Substrate_Dist_LftCnt N Number NA 0 NA 25 25 Tracks the position of the measurement 

Substrate_Dist_Cnt N Number NA 0 NA 50 50 Tracks the position of the measurement 



 

 
 

245 

Field Name Required 
Field 
Type 

Field 
Size 

Decimal 
Enumerated 

Domain 
Min 

Value 
Max 

Value 
Field Description 

Substrate_Dist_RghtCnt N Number NA 0 NA 75 75 Tracks the position of the measurement 

Substrate_Dist_Rght N Number NA 0 NA 100 100 Tracks the position of the measurement 

Substrate_Depth_Lft Y Number NA 0 NA 0 NA  Depth measured at that point 

Substrate_Depth_LftCnt Y Number NA 0 NA 0 NA   Depth measured at that point 

Substrate_Depth_Cnt Y Number NA 0 NA 0 NA  Depth measured at that point 

Substrate_Depth_RghtCnt Y Number NA 0 NA 0 NA   Depth measured at that point 

Substrate_Depth_Rght Y Number NA 0 NA 0 NA   Depth measured at that point 

Substrate_Size_Lft Y Text 2 NA 
RS, RR, CB, GC, 
GF, SA, FN, HP, 
WD, Other, BL 

    Substrate type at that point 

Substrate_Size_LftCnt Y Text 2 NA 
RS, RR, CB, GC, 
GF, SA, FN, HP, 
WD, Other, BL 

    Substrate type at that point 

Substrate_Size_Cnt Y Text 2 NA 
RS, RR, CB, GC, 
GF, SA, FN, HP, 
WD, Other, BL 

    Substrate type at that point 

Substrate_Size_RghtCnt Y Text 2 NA 
RS, RR, CB, GC, 
GF, SA, FN, HP, 
WD, Other, BL 

    Substrate type at that point 

Substrate_Size_Rght Y Text 2 NA 
RS, RR, CB, GC, 
GF, SA, FN, HP, 
WD, Other, BL 

    Substrate type at that point 

Substrate_Ebed_Lft Y Number NA 0   0 100  Percent embeddeness at that point 

Substrate_Ebed_LftCnt Y Number NA 0   0 100  Percent embeddeness at that point 

Substrate_Ebed_Cnt Y Number NA 0   0 100  Percent embeddeness at that point 

Substrate_Ebed_RghtCnt Y Number NA 0   0 100  Percent embeddeness at that point 

Substrate_Ebed_Rght Y Number NA 0   0 100  Percent embeddeness at that point 

Cover_Fli_Alg Y Number NA 0 0, 1, 2, 3, 4 0 4 Estimated cover of Filamentous Algae on the 
transect 

Cover_Macro Y Number NA 0 0, 1, 2, 3, 4 0 4 
Estimated cover of Macrophytes on the 
transect 

Cover_Woody Y Number NA 0 0, 1, 2, 3, 4 0 4 Estimated cover of Woody Debris on the 
transect 

Cover_Brush Y Number NA 0 0, 1, 2, 3, 4 0 4 Estimated cover of Brush on the transect 

Cover_Tree Y Number NA 0 0, 1, 2, 3, 4 0 4 Estimated cover of Live Trees and Roots on 
the transect 

Cover_Overhang Y Number NA 0 0, 1, 2, 3, 4 0 4 Estimated cover of Overhanging Vegetation 
on the transect 

Cover_Undercut Y Number NA 0 0, 1, 2, 3, 4 0 4 Estimated cover of Undercut Bank on the 
transect 

Cover_Boulders Y Number NA 0 0, 1, 2, 3, 4 0 4 Estimated cover of Boulders on the transect 

Cover_Art_Sub Y Number NA 0 0, 1, 2, 3, 4 0 4 
Estimated cover of Artifical Substrate on the 
transect 



 

 
 

246 

Field Name Required 
Field 
Type 

Field 
Size 

Decimal 
Enumerated 

Domain 
Min 

Value 
Max 

Value 
Field Description 

Canopy_CenUp Y Number NA 0 NA 0 17 Spherical densiometer reading 

Canopy_CenL Y Number NA 0 NA 0 17 Spherical densiometer reading 

Canopy_CenDwn Y Number NA 0 NA 0 17 Spherical densiometer reading 

Canopy_CenR Y Number NA 0 NA 0 17 Spherical densiometer reading 

Canopy_Left Y Number NA 0 NA 0 17 Spherical densiometer reading 

Canopy_Right Y Number NA 0 NA 0 17 Spherical densiometer reading 

Bank_Angle_Left Y Number NA 0 NA 0 360 Angle in degrees 

Bank_Angle_Right Y Number NA 0 NA 0 360 Angle in degrees 

Bank_Undercut_Left Y Number NA 1 NA 0 NA Undercut distance 

Bank_Undercut_Right Y Number NA 1 NA 0 NA Undercut distance 

Bank_Wetted Y Number NA 1 NA 0 NA Wetted width distance 

Bank_Bar Y Number NA 1 NA 0 NA Width of bars (if any) 

Bank_BF_Width Y Number NA 1 NA 0 NA Bankfull width 

Bank_BF_Height Y Number NA 1 NA 0 NA Bankfull height 

Bank_Incised Y Number NA 1 NA 0 NA Height of incision (if any) 

RipCan_Type_Left Y Text 1 NA D, C, E, M, N NA NA Dominant vegetation type in the canopy layer 
on the left side of the stream. 

RipCan_Type_Right Y Text 1 NA D, C, E, M, N NA NA 
Dominant vegetation type in the canopy layer 
on the right side of the stream. 

RipCan_Big_Left Y Number 1 0 0, 1, 2, 3, 4 0 4 Estimated density of large trees (>0.3 meters 
DBH) on the left side of the stream. 

RipCan_Big_Right Y Number 1 0 0, 1, 2, 3, 4 0 4 Estimated density of large trees (>0.3 meters 
DBH) on the right side of the stream. 

RipCan_Small_Left Y Number 1 0 0, 1, 2, 3, 4 0 4 
Estimated density of small trees (<0.3 meters 
DBH) on the left side of the stream. 

RipCan_Small_Right Y Number 1 0 0, 1, 2, 3, 4 0 4 Estimated density of small trees (<0.3 meters 
DBH) on the right side of the stream. 

RipUnd_Type_Left Y Text 1 NA D, C, E, M, N NA NA Dominant vegetation type in the understory 
layer on the left side of the stream. 

RipUnd_Type_Right Y Text 1 NA D, C, E, M, N NA NA 
Dominant vegetation type in the understoy 
layer on the right side of the stream. 

RipUnd_Wood_Left Y Number 1 0 0, 1, 2, 3, 4 0 4 Estimated density of woody shrubs and 
sapling on the left side of the stream. 

RipUnd_Wood_Right Y Number 1 0 0, 1, 2, 3, 4 0 4 Estimated density of woody shrubs and 
sapling on the right side of the stream. 

RipUnd_Non_Left Y Number 1 0 0, 1, 2, 3, 4 0 4 
Estimated density of non-woody herbs, 
grasses and forbs on the left side of the 
stream. 
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Field Name Required 
Field 
Type 

Field 
Size 

Decimal 
Enumerated 

Domain 
Min 

Value 
Max 

Value 
Field Description 

RipUnd_Non_Right Y Number 1 0 0, 1, 2, 3, 4 0 4 
Estimated density of non-woody herbs, 
grasses and forbs on the right side of the 
stream. 

RipGnd_Wood_Left Y Number 1 0 0, 1, 2, 3, 4 0 4 
Estimated density of woody shrubs and 
sapling on the left side of the stream that 
represent ground cover. 

RipGnd_Wood_Right Y Number 1 0 0, 1, 2, 3, 4 0 4 
Estimated density of woody shrubs and 
sapling on the right side of the stream that 
represent ground cover. 

RipGnd_Non_Left Y Number 1 0 0, 1, 2, 3, 4 0 4 
Estimated density of non-woody herbs, 
grasses and forbs on the left side of the 
stream that represent ground cover. 

RipGnd_Non_Right Y Number 1 0 0, 1, 2, 3, 4 0 4 
Estimated density of non-woody herbs, 
grasses and forbs on the right side of the 
stream that represent ground cover. 

RipGnd_Barren_Left Y Number 1 0 0, 1, 2, 3, 4 0 4 Estimated density of barren areas, dirt, and 
duff on the left side of the stream. 

RipGnd_Barren_Right Y Number 1 0 0, 1, 2, 3, 4 0 4 
Estimated density of barren areas, dirt, and 
duff on the right side of the stream. 

Human_Wall_Left Y Text 1 NA O, P, C, B NA NA Influences that may be affecting the stream 
environment 

Human_Wall_Right Y Text 1 NA O, P, C, B NA NA Influences that may be affecting the stream 
environment 

Human_Build_Left Y Text 1 NA O, P, C, B NA NA Influences that may be affecting the stream 
environment 

Human_Build_Right Y Text 1 NA O, P, C, B NA NA Influences that may be affecting the stream 
environment 

Human_Pave_Left Y Text 1 NA O, P, C, B NA NA Influences that may be affecting the stream 
environment 

Human_Pave_Right Y Text 1 NA O, P, C, B NA NA 
Influences that may be affecting the stream 
environment 

Human_Road_Left Y Text 1 NA O, P, C, B NA NA Influences that may be affecting the stream 
environment 

Human_Road_Right Y Text 1 NA O, P, C, B NA NA 
Influences that may be affecting the stream 
environment 

Human_Pipes_Left Y Text 1 NA O, P, C, B NA NA Influences that may be affecting the stream 
environment 

Human_Pipes_Right Y Text 1 NA O, P, C, B NA NA 
Influences that may be affecting the stream 
environment 

Human_Land_Left Y Text 1 NA O, P, C, B NA NA Influences that may be affecting the stream 
environment 

Human_Land_Right Y Text 1 NA O, P, C, B NA NA 
Influences that may be affecting the stream 
environment 

Human_Park_Left Y Text 1 NA O, P, C, B NA NA Influences that may be affecting the stream 
environment 

Human_Park_Right Y Text 1 NA O, P, C, B NA NA Influences that may be affecting the stream 
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Field Name Required 
Field 
Type 

Field 
Size 

Decimal 
Enumerated 

Domain 
Min 

Value 
Max 

Value 
Field Description 

environment 

Human_Pasture_Left Y Text 1 NA O, P, C, B NA NA Influences that may be affecting the stream 
environment 

Human_Pasture_Right Y Text 1 NA O, P, C, B NA NA 
Influences that may be affecting the stream 
environment 

Human_Log_Left Y Text 1 NA O, P, C, B NA NA Influences that may be affecting the stream 
environment 

Human_Log_Right Y Text 1 NA O, P, C, B NA NA 
Influences that may be affecting the stream 
environment 

Human_Mine_Left Y Text 1 NA O, P, C, B NA NA Influences that may be affecting the stream 
environment 

Human_Mine_Right Y Text 1 NA O, P, C, B NA NA 
Influences that may be affecting the stream 
environment 

Canopy_Percent Y Text 1 NA O, P, C, B NA NA Influences that may be affecting the stream 
environment 

 
tbl_Reach_Trees: This table contains data about large trees along the stream reach. 

 
Field Name Required 

Field 
Type 

Field 
Size 

Decimal Enumerated Domain 
Min 

Value 
Max 

Value 
Field Description 

Data_ID M Text 50 NA NA NA NA Data row identifier 

Event_ID M Text 50 NA NA NA NA Links to the event 

Transect M Text 1 NA A, B, C, D, E, F, G, H, I, J, K, 
Side Channel NA NA Transect where the measurement was 

taken 

Trees_Not_Visable MA Yes / 
No 

NA NA Yes, No NA NA If checked, no large trees are visible 

DBH_Left MA Text 15 NA 0.0 - 0.1, 0.1 - 0.3, 0.3 - 0.75, 
0.75 - 2.0, >2.0 NA NA DBH of tree on left side of stream 

DBH_Right MA Text 15 NA 
0.0 - 0.1, 0.1 - 0.3, 0.3 - 0.75, 
0.75 - 2.0, >2.0 NA NA DBH of tree on right side of stream 

Height_Left MA Number NA 0 NA 0 NA Height of tree on left side of stream 

Height_Right MA Number NA 0 NA 0 NA Height of tree on right side of stream 

Distance_Left MA Number NA 0 NA 0 NA Distance to tree on left side of stream 

Distance_Right MA Number NA 0 NA 0 NA Distance to  tree on right side of 
stream 

Type_Left MA Text 20 NA 
Deciduous, Coniferous, 
Broadleaf Evergreen NA NA 

Broad category of tree type on left 
side of the stream 

Type_Right MA Text 20 NA Deciduous, Coniferous, 
Broadleaf Evergreen 

NA NA Broad category of tree type on right 
side of the stream 
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Field Name Required 
Field 
Type 

Field 
Size 

Decimal Enumerated Domain 
Min 

Value 
Max 

Value 
Field Description 

Taxon_Left MA Text 150 NA 

Acacia / Mesquite, Alder / 
Birch, Ash, Maple / Boxelder, 
Oak, Poplar / Cottonwood, 
Sycamore, Willow, Unknown or 
Other Deciduous, Cedar / 
Cypress / Sequoia, Fir, Juniper. 
Pine, Spruce, Unknown or 
Other Conifer, Unknown or 
Other Boradleaf Evergreen, 
Snag 

NA NA Detailed category of tree type on left 
side of the stream 

Taxon_Right MA Text 150 NA 

Acacia / Mesquite, Alder / 
Birch, Ash, Maple / Boxelder, 
Oak, Poplar / Cottonwood, 
Sycamore, Willow, Unknown or 
Other Deciduous, Cedar / 
Cypress / Sequoia, Fir, Juniper. 
Pine, Spruce, Unknown or 
Other Conifer, Unknown or 
Other Boradleaf Evergreen, 
Snag 

NA NA 
Detailed category of tree type on right 
side of the stream 

Tree_Notes MA Memo NA NA NA NA NA General notes about the tree 
observations 

Invasive_RCGrass MA Yes / 
No 

NA NA Yes, No NA NA If checked there is Reed Canary 
Grass on the site. 

Invasive_SaltCed MA 
Yes / 
No NA NA Yes, No NA NA 

If checked there is Salt Cedar on the 
site. 

Invasive_HBlack MA Yes / 
No 

NA NA Yes, No NA NA If checked there is Himalayan 
Blackberry  on the site. 

Invasive_GReed MA 
Yes / 
No NA NA Yes, No NA NA 

If checked there is giant arundo on the 
site. 

Invasive_EngIvy MA Yes / 
No 

NA NA Yes, No NA NA If checked there is English Ivy on the 
site. 

Invasive_CanThis MA 
Yes / 
No NA NA Yes, No NA NA 

If checked there is Canadian Thistle 
on the site. 

Invasive_Teasel MA Yes / 
No 

NA NA Yes, No NA NA If checked there is Reed Canary 
Grass on the site. 

Invasive_CBurd MA 
Yes / 
No NA NA Yes, No NA NA 

If checked there is common burdoc on 
the site. 

Invasive_CHGrass MA Yes / 
No 

NA NA Yes, No NA NA If checked there is Chord Grass on the 
site. 

Invasive_MThis MA 
Yes / 
No NA NA Yes, No NA NA 

If checked there is Mountain Thistle on 
the site. 

Invasive_Spurge MA Yes / 
No 

NA NA Yes, No NA NA If checked there is Leafy Spurge on 
the site. 

Invasive_RusOlive MA 
Yes / 
No NA NA Yes, No NA NA 

If checked there is Russian Olive on 
the site. 

Invasive_None MA Yes / NA NA Yes, No NA NA If checked there is no invasive species 
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Field Name Required 
Field 
Type 

Field 
Size 

Decimal Enumerated Domain 
Min 

Value 
Max 

Value 
Field Description 

No on the site. 

 

tbl_Reach_WChem: This table contains information about the water chemistry including temperature, periphyton information, and 
benthos information. 

         

Field Name Required 
Field 
Type 

Field 
Size 

Decimal 
Enumerated 

Domain 
Min 

Value 
Max 

Value 
Field Description 

Data_ID M Text 50 NA NA NA NA Data row identifier 

Event_ID M Text 50 NA NA NA NA Links to the event 

Water_Chem_Lab MA Yes / 
No NA NA Yes, No NA NA If checked, the water chemistry was collected 

Chem_Lab_Trans MA Text 1 NA 
A, B, C, D, E, 
F, G, H, I, J, K NA NA Transect where the water chemistry was taken 

Chem_Lab_Notes O Memo NA NA NA NA NA General notes about the water chemistry  

Air_Temp M Number NA 0 NA NA NA Temperature (Celsius) of the air when the water 
sample was taken 

Water_Temp M Number NA 0 NA NA NA Temperature (Celsius) of the water when the water 
sample was taken 

Num_Benthos_Vials M Number NA 0 NA 0 11 Number of vials used to collect the benthos sample 

Benthos_Notes O Memo NA NA NA NA NA General notes about the benthos sample 

Periphyton_Scrapes M Number NA 0 NA 0 11 
Number of scrapes used to collect the periphyton 
sample. 

Periphyton_Comments O Memo NA NA NA NA NA General notes about the periphyton sample. 

 
tbl_Reach_WD_AboveBank: This table contains information about woody debris that is above the bank. 

 
Field Name Required 

Field 
Type 

Field 
Size 

Decimal 
Enumerated 

Domain 
Min 

Value 
Max 

Value 
Field Description 

Data_ID M Text 50 NA NA NA NA Data row identifier 

Event_ID M Text 50 NA NA NA NA Links to the event 

ABF_15_0103_A-B M Number NA 0 NA 0 NA 

Count of the woody debris that is above 
bankfull, >15 m in length, has a diameter 
between 0.1 - 0.3, and is in between 
transect A and B 

ABF_15_0103_B-C M Number NA 0 NA 0 NA 

Count of the woody debris that is above 
bankfull, >15 m in length, has a diameter 
between 0.1 - 0.3, and is in between 
transect B and C 
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Field Name Required 
Field 
Type 

Field 
Size 

Decimal 
Enumerated 

Domain 
Min 

Value 
Max 

Value 
Field Description 

ABF_15_0103_C-D M Number NA 0 NA 0 NA 

Count of the woody debris that is above 
bankfull, >15 m in length, has a diameter 
between 0.1 - 0.3, and is in between 
transect C and D 

ABF_15_0103_D-E M Number NA 0 NA 0 NA 

Count of the woody debris that is above 
bankfull, >15 m in length, has a diameter 
between 0.1 - 0.3, and is in between 
transect D and E 

ABF_15_0103_E-F M Number NA 0 NA 0 NA 

Count of the woody debris that is above 
bankfull, >15 m in length, has a diameter 
between 0.1 - 0.3, and is in between 
transect E and F 

ABF_15_0103_F-G M Number NA 0 NA 0 NA 

Count of the woody debris that is above 
bankfull, >15 m in length, has a diameter 
between 0.1 - 0.3, and is in between 
transect F and G 

ABF_15_0103_G-H M Number NA 0 NA 0 NA 

Count of the woody debris that is above 
bankfull, >15 m in length, has a diameter 
between 0.1 - 0.3, and is in between 
transect G and H 

ABF_15_0103_H-I M Number NA 0 NA 0 NA 

Count of the woody debris that is above 
bankfull, >15 m in length, has a diameter 
between 0.1 - 0.3, and is in between 
transect H and I 

ABF_15_0103_I-J M Number NA 0 NA 0 NA 

Count of the woody debris that is above 
bankfull, >15 m in length, has a diameter 
between 0.1 - 0.3, and is in between 
transect I and J 

ABF_15_0103_J-K M Number NA 0 NA 0 NA 

Count of the woody debris that is above 
bankfull, >15 m in length, has a diameter 
between 0.1 - 0.3, and is in between 
transect J and K 

ABF_15_0306_A-B M Number NA 0 NA 0 NA 

Count of the woody debris that is above 
bankfull, >15 m in length, has a diameter 
between 0.3 - 0.6, and is in between 
transect A and B 

ABF_15_0306_B-C M Number NA 0 NA 0 NA 

Count of the woody debris that is above 
bankfull, >15 m in length, has a diameter 
between 0.3 - 0.6, and is in between 
transect B and C 

ABF_15_0306_C-D M Number NA 0 NA 0 NA 

Count of the woody debris that is above 
bankfull, >15 m in length, has a diameter 
between 0.3 - 0.6, and is in between 
transect C and D 
































































































































































