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Executive Summary 
 

The purpose of the status and trends monitoring of riparian and aquatic habitat in the Olympic 

Experimental State Forest (OESF) is to document changes over time of both riparian and in-stream 

conditions in basins managed for timber, wildlife habitat and other ecosystem values by Washington 

State Department of Natural Resources (DNR). The management of aquatic resources on the OESF 

is based on the working hypothesis that the natural processes of ecological succession and 

disturbance will continue to improve habitat conditions in managed forests. These assumptions have 

been quantified through time as habitat projections used in the development of the OESF Forest 

Land Plan (DNR 2013). Information from this monitoring will allow testing these assumptions and 

will reduce key uncertainties about ecological relationships between in-stream, riparian, and upland 

areas.  

 

When integrated with information on management activities in the OESF, the results from this 

project will help make inferences about management effects on habitat (effectiveness monitoring 

required by the state trust lands Habitat Conservation Plan (DNR 1997)) and will characterize 

baseline habitat conditions for future study of fish response in managed landscapes (validation 

monitoring required by the state trust lands Habitat Conservation Plan (DNR 1997)). 

 

This report covers the projectôs second year (November 1, 2012 ï October 31, 2013). The projectôs 

study plan (Minkova et al. 2012) and the first-year establishment report (Minkova and Vorwerk 

2012) are available on the DNR website at 

http://www.dnr.wa.gov/ResearchScience/Topics/TrustLandsHCP/Pages/lm_hcp_oesf_main.aspx. 
 

Five main goals were accomplished during the reporting period: 1) re-allocation of sample basins; 2) 

development of monitoring protocols; 3) refinement of field procedures; 4) installation of monitoring 

equipment; and 5) beginning of protocol implementation. 

 

Reallocation of sample basins 

The sample of 50 basins selected for monitoring in the OESF in 2012 was reviewed by a statistician 

from USDA Forest Service Pacific Northwest Research Station (PNW) for representativeness and 

bias. Based on the reviewerôs recommendation and the field reconnaissance information from 2012, 

the allocation of sample basins was revised to better characterize the underrepresented northern part 

of the study area. Ten sample basins from the southern portion of the OESF were relocated to the 

north, which included delineating and permanently marking the new sample reaches, and moving the 

water and air temperature data loggers that were installed the previous year. 

 

Development of monitoring protocols 

Monitoring protocols for eight habitat attributes (stream temperature, in-stream large wood, stream 

shade, channel morphology, coarse channel substrate, stream discharge, habitat units, and channel 

and valley classification) were developed and peer-reviewed in May 2013. The remaining two 

protocols identified in the study plan (microclimate and riparian vegetation) are under development. 

 

 

 

http://www.dnr.wa.gov/ResearchScience/Topics/TrustLandsHCP/Pages/lm_hcp_oesf_main.aspx


 Washington Department of Natural Resources 

Refinement of field procedures 

The project team refined the field procedures for the eight peer-reviewed protocols and trained the 

field crews in July 2013. The main changes included repositioning of some water temperature data 

loggers, changing the recording intervals of the water and air data loggers, and reducing the number 

of cross sections per sample reach.  

 

Installation of monitoring equipment 

Fourteen of the 50 OESF sample basins were selected for monitoring stream discharge. Stream gage 

stations were installed in these basins including a staff gage, a continuously recording water-level 

gage with air and water pressure transducers, and a benchmark. Discharge measurements were 

initiated and will continue throughout 2014 in order to build rating curves (relationships between 

stage and discharge). In the future, these rating curves will be used to obtain information on stream 

discharge by measuring only the water level. 

Ten basins were selected for monitoring microclimate in the riparian areas. Eight of these basins also 

have stream gage stations. Two transects, each containing 5 air temperature and humidity data 

loggers, were installed in each selected basin and the continuously recording sensors were launched 

in September 2013. 

 

Field sampling 

Field sampling of physical stream habitat attributes was completed in 10 basins. This included 

stream gradient, confinement, sinuosity, in-stream large wood, habitat units, channel and valley 

classification, bankfull width, bankfull depth, coarse substrate, and shade. 

 

Data management 

Data management in 2013 consisted of organizing the field reconnaissance database, processing of 

GPS points in ArcGIS, developing MS Access databases for the hydrology and stream temperature 

data and entering the other field data into Excel spreadsheets. DNR funding for a data specialist was 

secured and the position is expected to be filled in 2014. 

 

Collaboration, funding, and outreach 

The monitoring work was conducted by DNR in collaboration with PNW. The 2013 project team 

included eight researchers, four scientific technicians, and one intern from the Evergreen State 

College.  

 

The second year of this project was funded by DNR, with in-kind contributions of equipment and 

staff time by PNW. 

 

The project team gave several presentations to external parties with the purpose of introducing the 

project, reporting on the accomplished work, and soliciting interest from potential research 

collaborators. Project updates are posted on the DNR website at 

http://www.dnr.wa.gov/ResearchScience/Topics/TrustLandsHCP/Pages/lm_hcp_oesf_main.aspx  

 

Next year, the project team will continue to explore opportunities for partnerships with other 

organizations, will finalize and publish all monitoring protocols, will continue the field sampling, 

will explore available operational records and remote sensing data for characterization of 

management and natural disturbances in the sample basins, and will start data analyses.  

http://www.dnr.wa.gov/ResearchScience/Topics/TrustLandsHCP/Pages/lm_hcp_oesf_main.aspx
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Introduction 

DNR has identified status and trends monitoring of riparian and aquatic habitat in the Olympic 

Experimental State Forest (OESF) as a high priority project. This project will provide empirical data 

on current and future in-stream and riparian conditions, with the goal of reducing key uncertainties 

around the integration of habitat conservation and revenue production. The information will be used 

to assess the habitat projections used in the OESF Forest Land Plan (DNR 2013) and to test 

assumptions about ecological relationships between in-stream, riparian, and upland conditions, thus 

improving DNRôs forest management planning. When integrated with information on management 

activities in the OESF, the results from this project will help make inferences about management 

effects on habitat (effectiveness monitoring required by the state trust lands Habitat Conservation 

Plan (DNR 1997)) and will characterize baseline habitat conditions for future study of fish response 

in managed landscapes (validation monitoring required by the state trust lands Habitat Conservation 

Plan (DNR 1997)). 

DNR developed a draft study plan for this project in 2011, contracted external peer-review later that 

year, and published the projectôs study plan in 2012 (Minkova et al. 2012). DNR provided project 

funding for the period 2012-2015 and is expected to continue to fund the project in the long-term (at 

least 10 years). The USDA Forest Service Pacific Northwest Research Station (PNW) joined as a 

research collaborator in the summer of 2012 contributing scientific expertise, funding, and field 

staff. The first year of implementation included identification of sample basins, delineation and 

permanent marking of sample reaches, and initial field characterization of the sample sites. These 

activities are described in the 2012 establishment report (Minkova and Vorwerk 2013).  

This establishment report covers the period November 1, 2012 ï October 31, 2013. Five main goals 

were accomplished during the projectôs second year: 1) re-allocation of sample basins; 2) 

development of monitoring protocols; 3) refinement of field procedures; 4) installation of monitoring 

equipment; and 5) beginning of protocol implementation. 

Reallocation of Sample Basins  

After GIS and field reconnaissance of the sample basins that were identified in the study plan, the 

project team delineated and marked 50 sample reaches in the OESF and 4 reference reaches in the 

Olympic National Park in 2012 (Minkova et al. 2012; Minkova and Vorwerk 2013). In May 2013, the 

research team consulted statistician to assess the validity of the studyôs spatial design. Specifically, the 

team was seeking answers to the following questions: 

1. Is the process of identifying the sampling frame statistically sound and consistent with the stated 

objectives and monitoring questions?  
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2. Is it acceptable to use a hydrological basin around Type 3 streams
1
 as a sample unit to 

characterize the riparian and aquatic conditions across the OESF?  

3. Is it acceptable to have the aquatic and riparian status of the Type 3 basin characterized by the 

most downstream section of the Type 3 stream and the adjacent riparian area?  

4. Can we reduce the number of sample basins down from 50?  

5. Is the allocation of sampling units statistically sound? 

 

Statistical review at the start of a project is important to ensure that data are sufficient to draw the 

conclusions needed. Dr. Ashley Steel, a statistician at PNW, reviewed the sampling design in June 

2013 and provided several recommendations in order to increase the scope of inference and to avoid 

potential bias in the allocation of the sample basins.  

 

Following the review recommendations, the team modified the selection of sample basins (the 

process is described in Appendix 1). This required the following adjustments in the field: 

¶ Ten new basins were added in 2013 and 10 basins from the 2012 set were decommissioned. The 

change ensures a better characterization of the previously underrepresented northern part of the 

OESF and increases the scope of inference by including in the sampling frame the full range of 

basin sizes, the braided stream reaches, and stream reaches without pools;  

¶ All newly selected basins were visited, described, and marked according to the 2012 field 

procedure; 

¶ Five basins (489, 604, 649, 659, and 663) were excluded upon field visits either because the 

stream was not type 3 for the entire duration of the sample reach or the channel was dry (no 

surface flow for 200 m above the basin outlet). They were replaced with basins that were next in 

a randomly generated list of basins based on a stratification scheme recommended by the 

statistician. 

¶ All temperature data loggers, flagging, tags, and plastic caps were removed from the 

decommissioned basins. Reference Point rebars, nails in trees, and paint were removed whenever 

possible. 

 

ü 2013 Accomplishment:  Ten new basins were added to the sample in 2013 and 10 basins 

from the 2012 set were decommissioned (refer to Appendix1). 

 

The final set of monitored basins in the OESF is presented in Figure 1. 

 

                                                 
1
 The smallest fish bearing stream as identified through biological criterion (fish presence) or through physical criteria (a 

stream Ó 2 ft (0.7 m) wide and Ò16% gradient for basins up to 50 ac (20 ha) or with a gradient between 16% and 20% for 

basins larger than 50 ac (20 ha)). Type 3 streams can be considered loosely equivalent to Strahlerôs 3
rd
 order streams.  
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Figure 1. Map of the study area with 50 sample basins located in the OESF and 4 reference basins located 
in the Olympic National Park. 
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Development and Review of Monitoring 

Protocols 

The DNR/PNW research team held three meetings in March and April 2013 to determine what 

monitoring protocols were needed to meet the objectives of the project. The discussed topics 

included selection of metrics and indicators, available information sources, sampling procedures, 

field techniques, labor intensity, equipment cost, sharing of data between agencies, time constraints, 

and dependencies between the protocols. The group agreed on a common template and each 

researcher was assigned protocols to develop.  

By May 2013, eight draft protocols were developed. Two monitoring protocols remain to be 

developed: riparian microclimate and riparian vegetation. Refer to Table 1 for the protocolsô status. 

Table 1. Status of the monitoring protocols 

# Protocol Title Author *  Status 

1 Stream Temperature Alex Foster draft was peer reviewed; the final is under 

development, expected publication in May 2014 

2 In-Stream Large Wood  Alex Foster draft was peer reviewed; the final is under 

development, expected publication in May 2014 

3 Stream Shade Jeff Ricklefs draft was peer reviewed; the final is under 

development, expected publication in May 2014 

4 Stream Discharge Jeff Ricklefs 

(draft), Rachel 

LovellFord (final) 

draft was peer reviewed; the final is under 

development with major additions on field 

procedures and data management, expected 

publication in May 2014 

5 Coarse Channel 

Substrate 

Scott Horton draft was peer reviewed; the final is under 

development, expected publication in May 2014 

6 Stream Habitat Units Teodora Minkova draft was peer reviewed; the final is under 

development, expected publication in May 2014 

7 Classification of Valleys 

and Channel Reaches 

Teodora Minkova draft was peer reviewed; the final is under 

development, expected publication in May 2014 

8 Stream Morphology Teodora Minkova draft was peer reviewed; the final is under 

development, expected publication in May 2014 

9 Riparian Microclimate Richard Bigley under development, draft expected in spring 2014 

10 Riparian Vegetation Richard Bigley under development, draft expected in spring 2014 

*Refer to Table 4 for the ŀǳǘƘƻǊǎΩ ŀŦŦƛƭƛŀǘƛƻƴ ŀƴŘ ǊƻƭŜ ƛƴ ǘƘƛǎ ǇǊƻƧŜŎǘ 
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The drafts of the protocols were reviewed by PNW statistician Dr. Ashley Steel and PNW fish 

biologist Dr. Rebecca Flitcroft. The protocolsô reviews focused on three major questions: 

1. Are the selected monitoring indicators, metrics, and measurements suitable to characterize the 

status and trends of riparian and aquatic habitat across the OESF?  

2. Are the field procedures described in the protocols appropriate to collect data for calculation of 

the identified metrics? 

3. Is the sampling frequency appropriate for our monitoring questions and limited budget? 

 

The research team met with the reviewers to discuss the review findings and recommendations for 

improvement. To continue the discussion using field examples, a field tour with the reviewers took 

place in August 2013. 

 

 

ü 2013 Accomplishment:  Eight of the ten monitoring protocols identified in the study 

plan were developed and peer reviewed.  

 

Refinement of Field Procedures 

In June and July 2013, the DNR/PNW research team refined the field procedures described in the 

draft monitoring protocols. The recommendations from the protocolsô peer reviews, several field 

tests, and additional literature reviews were taken into consideration. The more significant changes 

are listed below. 

 

Number of cross sections: The number of cross sections within a sample reach was lowered from 11 

to 6 to reduce the fine-scale measurements, such as repeated measurements of stream width. 

According to the protocolôs review, the original sampling intensity was unnecessarily high to 

accurately calculate the stream morphology mean and median metrics for long-term comparisons. 

 

Substrate sampling intensity: The research team decided that the number of sampled coarse substrate 

particles, which will be taken at the 6 cross sections, should not be reduced from the original 

protocol because of the expected high variability in substrate particle size. Therefore, substrate 

particles will be collected at 21 stations across each of the 6 cross sections instead of at 10 stations 

across the originally envisioned 11 cross sections.  

 

Procedure for measuring channel gradient: The channel gradient, which is measured through 

differences in elevation between cross sections, will be sampled with an auto level and stadia rod. 

An alternative method of sampling with laser rangefinder and stadia rod was rejected because the 

appropriate mount and other hardware for the laser rangefinder were not readily available. 

Procedure for measuring channel depth: Two methods for measuring the channel depth were 

selected. For streams narrower than 5 m at bankfull, the channel depth will be measured directly 
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with a stadia rod. For streams wider than 5 m at bankfull (where the tape stretched between the 

bankfull stages on the opposite banks is expected to sag), the channel depth will be measured with an 

auto level and stadia rod.  

 

Procedure for measuring in-stream large wood: The field procedure for sampling in-stream large 

wood was modified from the Timber Fish and Wildlife (TFW) protocol (Schuett-Hames 1999) to 

better meet the objectives of our study and the layout of the sample reaches.  The exact position of 

each LWD piece relative to the start of the sample reach will not be recorded; the position relative to 

each channel cross section will be recorded instead. Further modifications of the field procedure 

were considered (e.g. not measuring the logsô dimensions but classifying them as small, medium, or 

large). These modifications follow the reviewerôs recommendation to reduce the sampling intensity 

at the sample reach level. The project research team decided to not implement them at this stage and 

to revisit the topic after analyzing the first set of large woody debris data. 

 

Location and recording interval of water temperature data loggers: The continuously recording 

stream temperature data loggers were examined for physical changes or damage from the winter 

flows and repositioned as needed. Many were moved out of plunge pools where turbulence during 

high flows can be extreme. The recording intervals of stream temperature data loggers and the 

nearby air data loggers were changed from 80 min to 60 min for easier calculation of daily metrics 

and for consistency with other regional protocols. 

 

Procedure for measuring peak flow: The method for detecting annual peak flow with Velcro strips 

was tested in 2012 in 8 basins (Minkova and Vorwerk 2013). The check of the sampling stations in 

spring deemed this method impractical and inaccurate. The installations were removed and the 

research team decided to install gage stations instead. 

 

Procedures for measuring stream discharge: The field procedures for taking stream discharge 

measurements will follow the USGS protocol (Turnipseed et al. 2010) with some modifications due 

to the site physical limitations (e.g. very small streams) and budgetary restrictions. Elements of the 

protocol that differ are: less stable benchmarks and cheaper gages. 

 

In addition to already developed protocols, the research team decided to establish a permanent 

station to take photos of each sample reach over the monitoring period. The value of this qualitative 

information is mainly in visually illustrating the seasonal dynamics and long-term changes in the 

monitored attributes.  

 

Procedures for classifying channel types and habitat units: To reduce the observerôs error in 

classifying habitat units and channel types and to speed up the identification process, the team 

developed a field guide, which included: photos, channel schematics, and stream typesô comparison 

table (refer to Appendix 5) 

 

 

ü 2013 Accomplishment:  Field procedures were refined for 8 of the 10 monitoring 

protocols identified in the study plan. 
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Field Training 

After the field procedures were refined, the scientific technicians were trained how to implement the 

eight peer-reviewed monitoring protocols. It is known that the differences in field measurements 

introduced by different observers can be considerable (Roper et. al 2010). To reduce the error 

introduced by different field crews and to increase the consistency of measurements across sample 

sites, each of the two field crews was assigned protocols to implement for the duration of the field 

season.  

 

One field crew of two technicians was trained to implement the protocols on stream morphology, 

stream shade, coarse channel substrate, in-stream large wood, habitat units, and channel and valley 

classification. This field crew also installed the cross sections and the permanent photo stations. The 

same crew was tasked with recording the elevation of the reference point with a resource grade GPS 

unit and collecting GPS points at the beginning and the end of the sample reach for calculating the 

sinuosity. 

 

A second field crew was trained in assessing the sample reach suitability for installing a stream gage, 

installing gage stations, taking stream flow measurements and downloading water level data. Later 

in the season, the same crew was trained in installing microclimate transects and installing the 

microclimate data loggers. 

 

At the end of the field season, all scientific technicians and two of the researchers were trained in 

taking stream flow measurements and downloading water level data. This was done to ensure that 

there is enough qualified staff to collect hydrology data though the winter season. 

 

To further ensure consistency in the data collection, one technician in each team was designated to 

make ñthe final callò on sometimes subjective determinations such as habitat unit type and location 

of the bankfull stage. 

 

 

ü 2013 Accomplishment:  Four scientific technicians were trained to implement eight 

aquatic monitoring protocols.  

 

Implementation of Monitoring Protocols 

LAYOUT OF THE SAMPLE REACHES  

Most permanent field installations for the study have been placed in the sample reaches in 2012 and 

2013. The layout of a sample reach is illustrated in Figure 2. The protocols for in-stream large wood, 

habitat units, and valley and channel type classification, which require continuous survey along the 

sample reach, are not depicted in Figure 2.  
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Figure 2. Layout of a sample reach  



2013 Establishment Report  Page 9  

The field work completed during the reporting period is described in the sections below. Refer to 

Appendix 2 for the list of protocols accomplished in each basin. Details of all field procedures can 

be found in the monitoring protocols (Minkova and Foster (Eds.) in prep.). Refer to Appendix 4 for 

field data forms used for each protocol.  

 

ESTABLISHMENT OF PERMANENT CROSS SECTIONS  

The start of each sample reach was marked during the 2012 field reconnaissance. This point was 

identified to be the closest to the outlet of the Type 3 basin but above the 100-year floodplain of the 

main stream into which the sample stream drains. Refer to the projectôs establishment report 

(Minkova and Vorwerk 2013) for details of the field procedures. The length of the sample reach was 

determined as 20 times the bankfull width at the beginning of the reach or at least 100 meters. The 

length of the sample reach was measured along the thalweg using a meter tape. Six cross sections 

were identified at five equally spaced intervals along the sample reach. The cross sections were 

permanently marked with rebar installed on both banks slightly above the bankfull stage and labeled 

A-F (Figures 3 and 4) 

 

 

 
Figure 3. Elements of a stream cross section. 
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Figure 4. Example of a cross section. 

 

Occasionally logjams, severe undercuts, or other obstructions covered the stream channel making it 

impossible to establish a cross section and make accurate bankfull measurements. In all cases, the 

obstruction was small and blocked only one cross section, so the cross section was moved to the 

nearest suitable location and a comment was made in the field form. Care was taken not to move the 

cross section more than 4 meters upstream or downstream.  

 

 

ü 2013 Accomplishment:  Cross sections have been installed in 26 basins (refer to 

Appendix 2). 

 

ELEVATION M EASUREMENT OF REFERENCE POINTS 

Reference point coordinates and elevations (x, y, and z data) were recorded using a resource grade 

GPS (Trimble Pro XT, Trimble Pro XH, or Trimble Juno). A new ArcPad layer was created to 

record the data and the antennaeôs height above the ground, which was programmed into the GPS 

unit. The elevation of the ground at the reference point was then recorded by standing directly over 

the top of the reference point rebar (Figure 5). Each collected point was averaged for at least 50-300 

wetted edge  

bankfull stage 

cross section rebar monument 
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points, depending on satellite availability. All GPS data was differentially corrected back at the 

office using Trimble Pathfinder Office. 

 

The reference point elevation will be used to characterize the sample reaches in general terms (e.g. 

determining what elevation zone they are in). The reference point will be used as a benchmark for all 

vertical measurements of attributes within the sample reach. However, for these relations the 

reference point can be assigned a value of 0, the actual elevation is not needed. The calculation of 

other points within the sample reach relative to the reference point will be done by differential 

leveling using an auto level and stadia rod (see the section Channel Gradient below). 

 

 

Figure 5. Using a GPS unit to measure reference point elevation.  
 

 

ü 2013 Accomplishment:  Reference Point elevation data has been collected in 44 basins 

(refer to Appendix 2). 

 

CHANNEL MORPHOLOGY 

The channel morphology protocol (Minkova and Foster (Eds.) in prep.) includes several elements: 

gradient, sinuosity, width and depth. The protocol implementation for each element is described in a 

separate section below.  



Page 12 Washington Department of Natural Resources 

CHANNEL GRADIENT  

The channel gradient for a sample reach will be calculated from the differences in elevation between 

the 6 cross sections along the sample reach. The gradient of the sample reach is calculated as total 

rise (vertical change) divided by total run (horizontal distance). This method was chosen because it 

is more precise than measuring the gradient with a clinometer and thus better suites the objective of 

this study - detecting change in channel gradient over time. The field measurements were done with 

an auto level, tripod, and stadia rod (Figure 6) following the protocol of Harrelson et al. (1994).  

 

A compass was used to take an azimuth reading between cross sections. These azimuth 

measurements will be used to produce a plan view map of the sample reach.  

 

The channel gradient and a longitudinal profile (graphic presentation of elevation vs. distance) of the 

sample reaches will be calculated in the office. 

 

 

Figure 6. Using an auto level and stadia rod to measure stream gradient. 
 

 

ü 2013 Accomplishment:  Elevation differences have been measured in 10 basins (refer 

to Appendix 2). The channel gradients were calculated and 

the longitudinal profiles were created for the 10 sample 

reaches. 






























































































































