
 

0 | P a g e  
 

 

Riparian Validation Monitoring Program 

Summary Report Part 2: Type-3 Watersheds (2016-2024) 

 



1 | P a g e

Acknowledgements 
I would like to thank Dr. Teodora Minkova of DNR for providing supervising, field work, 

reviewing this report and managerial support, Dr. Warren Devine of DNR for providing data 

management, field work, reviewing this report, and field support of the project, and Allen Estep 

of DNR for providing managerial support. A special thanks to Jacob Portnoey, Emily Gardner, 

Tristan Ward, Alison Stevens and all of the DNR field staff that have collected data that were 

used in this report. I would also like to thank Dr. Martin Liermann of NOAA Fisheries for 

reviewing this manuscript. All photos in this report were provided by DNR staff. 

Suggested Citation:  

Martens, K. D. 2025. Riparian Validation Monitoring Program Summary Report Part 2: Type-3 

watersheds (2017-2024). Washington State Department of Natural Resources, Forest Resources 

Division, Olympia, WA. 

Washington State Department of Natural Resources 

Forest Resources Division 

1111 Washington St. SE 

Mailstop 47014 

Olympia, WA 98504 

www.dnr.wa.gov 

http://www.dnr.wa.gov/


2 | P a g e

Table of Contents 
Executive Summary ..................................................................................................................... 4 

Introduction ................................................................................................................................. 5 

RVMP Benefits to DNR .............................................................................................................. 7 

Study Area ................................................................................................................................... 8 

Olympic Experimental State Forest ........................................................................................... 8 

Harvest History in the Monitored Watersheds ............................................................................ 8 

Monitoring Goals and Objectives ................................................................................................ 10 

Methods .................................................................................................................................... 10 

Study Design .......................................................................................................................... 10 

Juvenile Fish Sampling in Type-3 Streams ................................................................................ 11 

Habitat surveys in Type-3 Streams .......................................................................................... 11 

Redd Surveys in Type-3 Streams ............................................................................................. 11 

Data Management .................................................................................................................. 12 

Data Analysis ......................................................................................................................... 12 

Results ...................................................................................................................................... 15 

Trends in Salmonid Density and Biomass ................................................................................ 15 

Watershed and Habitat Relationships ..................................................................................... 16 

Coho Adult to Juvenile Parr Relationship ................................................................................. 23 

Evaluation of Variable Retention Harvests ............................................................................... 24 

Discussion ................................................................................................................................ 26 

Trends in Salmonid Density and Biomass ................................................................................ 26 

Watershed and Habitat Relationships ..................................................................................... 26 

Coho Adult to Juvenile Parr Relationship ................................................................................. 27 

Evaluation of Variable Retention Harvests ............................................................................... 28 

Implications for the Habitat Conservation Plan ........................................................................ 28 

References ................................................................................................................................ 30 

Appendices ............................................................................................................................... 34 

Appendix 1. Watershed Characteristics ................................................................................. 34 

Appendix 2. Sampling Protocol .............................................................................................. 36 

Appendix 3. Field Charts for Multiple-Pass Removal Electrofishing ........................................... 45 

Appendix 4. Fish Workup Datasheet ........................................................................................ 50 

Appendix 5. Habitat Unit Datasheet ........................................................................................ 51 



3 | P a g e

Acronyms and Abbreviations 
AIC — Akaike Information Criterion is an estimator of prediction error 

AICc — Akaike Information Criterion correction for small sample sizes. 

COH — Coho Salmon 

CTT — Cutthroat Trout 

DNR — Washington State Department of Natural Resources 

HCP — Habitat Conservation Plan 

NRCA — Natural Resource Conservation Area 

OESF — Olympic Experimental State Forest 

ONP — Olympic National Park 

rkm — River kilometer 

RVMP — Riparian Validation Monitoring Program 

STH — Steelhead/rainbow trout or Oncorhynchus mykiss 

Type-3 stream — The smallest fish-bearing stream, per Washington Dept. of Natural Resources 



4 | P a g e

Executive Summary 
The Washington State Department of Natural Resources (DNR) manages state uplands to 

generate revenue for its trust beneficiaries (schools and local governments) while implementing 

the State Trust Lands Habitat Conservation Plan (HCP). The HCP calls for validation monitoring to 

evaluate whether forest management practices support intended conservation outcomes. The 

Riparian Validation Monitoring Program (RVMP), focused on salmonids, was developed to 

assess whether the Riparian Conservation Strategy in the HCP supports “viable salmonid 

populations”. This monitoring was directed to take place in the Olympic Experimental State 

Forest (OESF) with the idea that results would be relevant to all HCP planning units. 

This report summarizes results from the Type-3 watershed monitoring from 2016-2024. This 

report is the most comprehensive evaluation to date of DNR management impacts on Type-3 

streams (i.e., the smallest fish-bearing streams), under the RVMP. Type-3 streams represent the 

majority (>70%) of fish-bearing streams on the OESF. Using a rotating panel design, the RVMP 

monitors juvenile salmonids and adult coho redds (spawning nests) in 44 (18%) Type-3 

watersheds in state-managed lands intended to represent conditions across the entire OESF. 

Monitoring indicates an increasing trend in density over time when all juvenile salmonids were 

combined, but not for individually modeled age-1 or older cutthroat trout or steelhead that 

spend longer periods of time (a year or more) in freshwater. Watershed- and habitat-scale 

modeling identified conditions that were significant predictors of juvenile salmonids: watershed 

area (all salmonids density and biomass), channel gradient (all salmonids biomass), elevation 

(all salmonids biomass), instream wood (age-1 or older cutthroat trout density), and mean 

stream depth (coho salmon biomass). Adult-juvenile analyses suggest most juvenile coho 

salmon in Type-3 streams move into these streams rather than being spawned in them. 

Initial post-harvest evaluations of variable retention forest harvests detected no negative effects 

from harvests on juvenile salmonids. In fact, one watershed had significantly higher density and 

biomass after the harvest, and two watersheds had the highest observed salmonid densities 

within their respective monitoring histories for the first two years post-harvest. 

Overall, results from 2017-2024 do not indicate adverse effects from post-HCP DNR 

management on juvenile salmonids within Type-3 watersheds. These findings provide initial 

support that the Riparian Conservation Strategy in the HCP is functioning as intended, although 

continued monitoring is necessary to refine the understanding of causal mechanisms and 

management. However, it should be noted that previous analyses have found these sites to 

have low levels of wood, excessive shading, and reduced fish densities from historical and 

reference conditions which was attributed to the history of forest harvest prior to the adoption 

of the HCP.   

https://dnr.wa.gov/sites/default/files/2025-03/lm_hcp_plan_1997.pdf
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Introduction 
The Washington State Department of Natural Resources (DNR) established the Riparian 
Validation Monitoring Program (RVMP) in 2016 to meet the validation monitoring requirements 
of the State Trust Lands Habitat Conservation Plan (HCP; WADNR 1997). The HCP provides long-
term regulatory certainty for forest management across state trust lands within the range of 
the Northern Spotted Owl (Strix occidentalis caurina), by authorizing incidental take of federally 
listed species in exchange for mitigation and minimization of impacts. The HCP calls for three 
levels of monitoring: implementation, effectiveness, and validation monitoring. Validation 
monitoring, designed “to evaluate cause-and-effect relationships between habitat conditions 
resulting from implementation of the conservation strategies and the animal populations these 
strategies are intended to benefit”, is the most complex form of monitoring (WADNR 1997). 

The Olympic Experimental State Forest (OESF), one of nine HCP planning units, was designed to 
be managed separately from other westside state forestlands due to its experimental nature, 
integrated approach to management, and planning history. It was envisioned to be managed by 
“combining conservation, production, research and monitoring, innovative silvicultural 
techniques, and communication and education in a unified effort” (WADNR 1997). Due to the 
OESF’s designation as a place for research and monitoring, validation monitoring of the HCP’s 
Riparian Conservation Strategy was directed to be implemented there with the idea that the 
lessons learned would be applicable to the other HCP planning units.  

The HCP’s Riparian Conservation Strategy is intended to protect, maintain, and restore habitat 
conditions capable of supporting viable salmonid populations with the intent that improving 
salmonid habitat would also create favorable conditions for other stream and riparian obligate 
species (WADNR 1997). The Riparian Conservation Strategy of the HCP (WADNR 1997), utilizes 
riparian buffer widths “to maintain the functions of riparian ecosystem processes that influence 
the quality of salmonid freshwater habitat.” Specifically, information on water temperature, 
stream bank integrity, sediment load, detrital nutrient load, and the delivery of large wood to 
streams were considered during the decision-making process. 

The areas covered by HCP Riparian Conservation Strategy follow two management strategies:  

1. the five westside planning units, and  
2. the Olympic Experimental State Forest Land Plan.  

The five westside units use a buffer size that is the greater of 100 ft or approximately equal to 

the site potential height of trees in a mature conifer stand (100 years of age). The HCP 

estimated that the five westside planning unit buffers would result in an average buffer size 

between 150 to 160 ft (WADNR 1997). Additionally, east-side planning units follow Washington 

Forest Practices rules, which administers its own adaptive management program to evaluate its 

practices, and uses a riparian buffer width between 75-130 ft depending on the site class and 

stream size (WAC 222-30-022).  

In the OESF, larger Type-1 and Type-2 stream use a 150 ft buffer, while the smaller Type-3 and 
Type-4 streams use a 100 ft buffer. Buffers on Type-1 through Type-4 streams in the OESF are 

https://dnr.wa.gov/state-environmental-policy-act-sepa/non-project-actions/oesf-forest-land-plan
https://dnr.wa.gov/dnr-boards-and-commissions/forest-practices-board/forest-practices-rules-and-board-manual-guidelines
https://dnr.wa.gov/dnr-boards-and-commissions/forest-practices-board/forest-practices-rules-and-board-manual-guidelines
https://app.leg.wa.gov/wac/default.aspx?cite=222-30-022
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expanded when needed in areas with an increased chance of windthrow and on unstable slopes 
(WADNR 2016). Additionally, limited riparian harvest, in the form of allotted acres (derived 
from a technical model assessed over 10-year periods), can occur within buffers where 
ecological conditions support it. Other allowable activities include thinning, restoration, 
herbicide application, brush and bough harvest, pruning, operations trails, and research and 
monitoring. A road maintenance and abandonment plan and wetland protections are also part 
of the strategy (WADNR 2016a). The OESF Riparian Conservation Strategy also includes 
Adaptive Management “to incorporate new insights obtained from experiments and other 
sources into effective management strategies” (WANDR 1997). Type-3 watersheds, the smallest 
category of fish-bearing streams and defined as “Segments of natural waters which are not 
Type 1 or 2 and have a moderate to slight fish, wildlife, and human use. These are segments of 
natural waters and periodically inundated areas of their associated wetlands” in the HCP are 
the focus of this report. 

Since the OESF buffer widths are likely to be smaller than buffer widths in the westside planning 
units, it would follow that if protections were working on the OESF, they are likely to be 
working in the other westside planning units. Altogether, with the east-side riparian 
management strategies evaluated through Washington Forest Practices’ Adaptive Management 
Program and westside practices evaluated through DNR’s monitoring on the OESF, all DNR-
managed lands managed under the HCP are directly or indirectly evaluated.         

The RVMP relies primarily on observational or passive monitoring, monitoring without direct 
manipulations, to evaluate whether the impacts of DNR management at the landscape level, are 
producing the intended ecological outcomes. Experimentation was also envisioned to be added 
if necessary or convenient (Martens 2016). An example of convenient experimentation is when 
forest harvests are initiated through DNR’s Timber sale program in any of the Type-3 monitored 
watersheds. As forest harvests or any other management practice occur, they are evaluated as 
an experimental study, utilizing the existing monitoring data as pre-treatment monitoring in a 
Before-After or Before-After-Control-Impact design. These types of actions allow for the 
assessment of individual management actions without impacting typical DNR operations or 
additional costs and, collectively, can lead to an assessment of both landscape and individual 
management actions.  

The RVMP program includes:  

1. Large-stream monitoring (Clearwater River; RVMP Summary Report Part 1; Martens 
2025)  

2. Experimental studies (e.g., the T3 Watershed Experiment), and 
3. Type-3 watershed monitoring (the focus of this report).  

Type-3 streams comprise more than 70% of fish-bearing stream length on the OESF and are 
likely to represent both the stream class most sensitive to forest harvests and the area where 
forest harvests are most likely to occur. Forty-four watersheds are monitored using a rotating 
panel design wherein 20 watersheds are sampled annually and 24 are sampled every other year. 
This stratified random sample represents ~18% of all OESF Type-3 watersheds (with a majority 
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of ownership in the watershed state lands) and allows all the watersheds to be sampled at least 
once every two years.  

While the RVMP primarily fulfills HCP commitments, it also provides, along with DNR’s OESF 
Riparian Status and Trends Monitoring program, the only long-term, field-based monitoring of 
riparian forests, fish, and habitat conditions on DNR-managed lands. These monitoring efforts 
provide direct measurements of the conditions that occur on DNR-managed state lands. 

RVMP Benefits to DNR 

The RVMP offers numerous additional benefits to the DNR, including:  

• Enhancing the ecological understanding of the relationships between riparian forest 
conditions and streams. 

• Enhancing ecological understanding of the relationships between salmonid populations 
and habitat.  

• Providing current information on salmonid population conditions in the OESF, which 
helps address concerns that DNR-managed lands negatively affect salmonid populations 
on the Olympic Peninsula (Smith 2000; WRIA 21 Lead Entity 2011).  

• Supplying information for predictive models of future habitat conditions and their 
effects on fish under different management alternatives. These models are used in 
planning documents such as the OESF Forest Land Plan.  

• Monitoring the potential effects of climate change on salmonid populations or habitats 
in the Pacific Northwest.  

• Establishing stronger relationships with other natural resource agencies, research 
organizations, academia, and tribal nations.  

• Informing DNR stakeholders about the state of natural resources and fostering trust. 

This report summarizes RVMP findings for Type-3 watersheds from 2016–2024, including trends 
in salmonids populations, watershed- and habitat- scale relationships, juvenile salmonids and 
adult coho salmon (Oncorhynchus kisutch) relationships, as well as an assessment of 
management protections associated with variable retention forest harvests. It is the most 
comprehensive analysis of DNR’s management impact on Type-3 watersheds to date. 
Altogether, these summary reports contain multi-year analyses that provide information on 
salmonid and habitat trends, while also monitoring changes in management responses that 
may occur due to forces outside of DNR’s control, such as climate change.  
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Study Area 

Olympic Experimental State Forest 

The OESF encompasses ~110,000 ha of DNR-managed lands on the western Olympic Peninsula 

(Figure 1), within Water Resource Inventory Areas 19, 20, and 21. The OESF is bounded by the 

Olympic Mountain crest, the West Twin Creek and Lake Crescent watersheds to the east, the 

Strait of Juan de Fuca to the north, the Pacific Ocean to the west, and the Quinault River 

watershed to the south. Elevations range from sea level to 1,155 m. 

The OESF is a coastal temperate rainforest that receives high annual precipitation (203–355 cm), 

primarily during winter. Forest communities span three main vegetation zones (Franklin and 

Dyrness 1988): Sitka spruce (0–150 m), western hemlock (150–550 m), and Pacific silver fir 

(550–1,155 m). DNR-managed lands are predominately second- and third-growth, with <10% 

older than 140 years (WADNR 2016b).  

OESF streams total >4,300 km in length, including segments of major rivers (Queets, Clearwater, 

Hoh, Bogachiel, Calawah, Sol Duc, Dickey, Hoko, and Clallam; WADNR 2013). Type-3 streams 

(Strahler order 1–3; Strahler 1957) typically support a combination of juvenile coho salmon, 

coastal cutthroat trout (O. clarkii clarkia), rainbow trout/steelhead (O. mykiss), lamprey 

(Lampetra or Entosphenus spp.), and sculpin (Cottus spp.) during the summer. Coastal cutthroat 

trout is the most consistently observed species (Martens 2016). 

Harvest History in the Monitored Watersheds 

It is assumed that the conditions within the monitored watersheds represent conditions of the 

entire OESF, due to the sampling design (see below). Since HCP implementation, DNR 

management in monitored watersheds has included variable-retention harvest (VRH; i.e., 

regeneration harvests) and variable-density thinning (VDT) (DNR 2016a). The percentage of the 

monitored watersheds harvested prior to the adoption of HCP ranged from 32 to 100% with an 

average of 70.8%. Between implementation of the HCP and 2020, the proportion of the 

monitored watersheds harvested by VRH ranged from 0 to 40% and averaged 5%, and the 

proportion of the monitored watersheds harvested by VDT ranged from 0 to 53% and averaged 

7% (Devine et al 2022). It is also important to note that all post-HCP harvest in the OESF 

occurred on land that had been previously harvested prior to the HCP. Riparian management 

history in the DNR-managed watersheds is more difficult to quantify than the watershed-scale 

management history. Devine et al. (2002) made the assumption that if 80% of a watershed was 

harvested pre-HCP, then it can be assumed that approximately 80% of that watershed’s riparian 

forest was also harvested pre-HCP. Between the adoption of the HCP and 2020, in the 

monitored watersheds, an estimated 317 riparian acres, or 5% of the riparian area in those 

watersheds, has been thinned and no allotted acres have been harvested (Devine et al. 2022).  
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Figure 1. Map of the Olympic Experimental State Forest and the Clearwater River and three 
snorkeling reaches.  
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Monitoring Goals and Objectives 
The overarching goal of the RVMP is to determine whether salmonids express the intended 
positive or neutral responses to HCP riparian conservation strategies. If trends in salmonid 
conditions (e. g. abundance, biomass, species composition, age structure, % anadromy, and [or] 
number of spawning redds) are detected, monitoring will seek to evaluate cause-and-effect 
relationships between DNR management activities, riparian habitat, and salmonids. Once the 
underlying mechanisms are established, DNR management practices could be altered or 
adapted to avoid or minimize negative or accentuate positive effects following the adaptive 
management strategy in the HCP (WADNR 1997).  

The 2016 RVMP study plan identified four objectives:  

1) Determine the best methods for defining salmonid conditions (e. g. abundance or 
number of fish per 100 meters, biomass or grams per 100 meters, composition or 
percent of species present, age structure or percent of age-0 or age-1 or older fish, and 
[or] number of spawning redds per 1000 meters) within the OESF.  

2) Document the status, trends, and spatial/temporal variability in salmonids.  
3) Identify potential negative effects on salmonids from current DNR management 

practices and design studies to evaluate causation.  
4) Evaluate potential negative cause-and-effect relationships and recommend adaptive 

management when necessary. 

Methods 

Study Design 

We conducted observational monitoring in 44 managed Type-3 watersheds on DNR-managed 

lands and six reference watersheds (two on DNR-managed lands and four in Olympic National 

Park; Figure 1; Appendix 1). Initially, there were 50 managed watersheds, however six 

watersheds were removed from monitoring due to either an absence of fish or inability to 

reliably sample, primarily due to excessive riparian vegetation that prevented continuous crew 

movement. Reference watersheds are not included in this report since they do not represent 

conditions resulting from DNR management. However, this data may be used in future analyses 

to expand the range of conditions currently found on DNR-managed lands of the OESF.  

DNR-managed watersheds were selected using a stratified random design under the OESF 
Riparian Status and Trends Monitoring program. The 44 watersheds were selected through a 
stratified random sampling design to represent the full range of physical and ecological 
conditions in the OESF. In the selection process, watershed median slope was used as the 
stratifying factor with the number of watersheds randomly selected from each slope stratum 
proportional to the total number of OESF Type-3 watersheds in that slope stratum (Minkova et. 
all 2012). Twenty watersheds form the annual sampling panel; the remaining 24 are split into 
even and odd year panels (Appendix 1; Martens 2016). Watersheds 730 and 760 are 
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additionally sampled annually due to recent harvest activity. Sampling occurs near each 
watershed outlet, just upstream of the floodplain of the receiving stream. 

Juvenile Fish Sampling in Type-3 Streams 

Juvenile salmonids are sampled to measure fish abundance and biomass (population 

characteristics) following the RVMP backpack electrofishing protocol (Appendix 2). Sampling 

uses a multiple-pass removal method using a Smith-Root 24b backpack electrofisher. Sampling 

reaches are standardized to 20× bankfull width, however, longer reaches are truncated to 100–

120 m. Seine nets are placed at the upstream and downstream ends of the reach prior to 

sampling. 

Typical electrofishing settings are 60 Hz, 25% duty cycle, 300–600 V. Fish are removed following 

a forward and backward pass through the reach. The reduction of fish by species collected in 

the initial three passes determines the total number of passes (3–6 passes) following the charts 

from Connolly (1996) as applied in Martens & Connolly (2014). 

Captured salmonids are anesthetized with MS-222, identified, measured, weighed, and 

released.  

Habitat surveys in Type-3 Streams 

Habitat surveys are conducted to provide time-sensitive stream measurements, such as wetted 

width, that varies by day and are not provided by or not measured as frequently in DNR’s Status 

and Trends monitoring program. This data can help link important habitat data to the fish data. 

Immediately following electrofishing, habitat surveys are conducted and include habitat unit 

classification following the field guide of Minkova and Vorwerk (2015), wood counts, pool-

forming mechanisms, unit dimensions, and pool-tail depths (Appendix 2). Additionally, data 

such as bankfull width, canopy cover, substrate, instream wood, and stream temperature taken 

from the OESF Riparian Status and Trends Monitoring program were used in analyses (Minkova 

and Foster 2017; Devine et al. 2022). 

Redd Surveys in Type-3 Streams 

Coho salmon redd surveys are conducted to assess the relationship between adult and juvenile 

salmonids within streams. This data should provide insights on the relationship between adult 

spawning and juvenile parr rearing in streams and provide insights on spawning to parr survival. 

Coho salmon redd surveys were conducted over the first 1,000 m of stream (or to the end of 

anadromy [the furthest point upstream an adult fish originating from the ocean can reach]) in 

watersheds with a known coho salmon presence. Of the 44 monitored watersheds, twelve 

watersheds (the only streams within 20 annually sampled watersheds that contain coho 

salmon) are surveyed for redds annually. During surveys, redds and adult coho salmon presence 

are recorded and georeferenced (GPS). Each scheduled watershed is surveyed three times per 

season (November–mid-January) following the methods of Gallagher et al. (2007). 
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Data Management 

Each year all data are manually entered into an Excel file from field data sheets, quality checked 

and imported into a multi-year Access database. This database is stored on an internal DNR 

drive. 

Data Analysis 

Juvenile salmonid population estimates were calculated using the program CAPTURE (Cooch & 

White 2012) and were extrapolated to reach length and area. 

To assess trends in juvenile salmonid density (fish per 100 meters) and biomass (grams per 100 

meters2) over a 9-year period (2016–2024) and across the 44 monitored sites, we used mixed-

effects models. The year was included as a fixed-effect continuous variable and site and year 

were categorial random effects. Analyses were conducted separately for all salmonids 

combined, age-0 trout, age-1 or older cutthroat trout, coho salmon, and age-1 or older 

steelhead. In all mixed-effect models, marginal and conditional R2 values were estimated. 

Marginal R2 (R2m) is an estimate of the proportion of variance explained by fixed effects, 

whereas conditional R2 (R2c) is an estimate of the proportion of variance explained by both fixed 

and random effects. A fixed effect was considered significant if its 95% CI did not overlap zero. 

Models were run in R using the package lme4 (Bates et al. 2015) and 95% confidence intervals 

were determined using the general function confit. The general function predict was then used 

to predict responses using sites that were close to the average density (Watershed 165) and 

plotted with average density for the 20 annually sampled sites.  

The importance of specific stream habitat and watershed characteristics for predicting density 

and biomass of juvenile salmon was assessed using mixed-effect models. In this analysis, year 

and site were included as random effects for all life histories or species, except steelhead. A 

steelhead analysis was not conducted due to their limited distribution which resulted in a 

reduced amount of data available for analysis. Candidate fixed-effect predictor variables were 

considered from: average daily stream temperature variation (average daily temperature range 

from 1 June through 31 August), average 7-day average daily maximum temperature, degree 

days (summed from 1 January to 31 July for each reach in each year), watershed area (acres), 

elevation (ft), gradient (%), stream aspect (North, South, West or East), pool area (%), median 

pool depth (cm), average median depth in non-pool units (cm), median (d50) substrate size 

(mm), percent boulders, instream wood per 100 meters (defined as pieces > 10 cm diameter at 

the midpoint and >2 m long), key piece instream wood per 100 meters ((defined as pieces > 45 

cm diameter at the midpoint and >2 m long), percent canopy shade and bankfull width (m) 

(Table 1). All fixed-effect variables except the categorical data aspect, year, and site were scaled 

between 0 and 1 using the rescale function in the R package scales (Wickham et al 2025). 
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Table 1. Potential variables used for exploring salmonid density/biomass and habitat relationships.  Min= 

minimum; Max = Maximum; SD = Standard deviation; d50 = median substrate diameter; and Key= Key 

pieces of instream wood (>45 cm diameter and 2 m in length). 

 

Both Spearman and Pearson correlations were run using the general function cor. Predictor 

variables with an r value over 0.70 were considered highly correlated and one of the two 

variables was removed. Specifically, watershed area was selected over bankfull width and 

percent boulders was selected over d50 substrate. Additionally, the average 7-day maximum 

temperature, percent canopy shade, and stream aspect were removed to reduce the number of 

variables in the model after initial testing revealed they were weaker predictors than other 

temperature or watershed predictors. The dredge function in the R package MuMin (Barton 

2023) was then used to create all potential models from the fixed-effect variables. Next, models 

were ranked using Akaike Information Criterion corrected for small sample sizes (AICc). All 

models with a Delta AICc score of 2 or less were considered models with substantial support, 

relative to the other models, and collected into a separate group (Burnham and Anderson 

2002). In general, the more models within 2 units and the lower the accumulated weight of the 

models, the more uncertainty you will have in any particular model. Finally, modeling averaging 

was used on all of the models with substantial support using the function moavg in the R 

package AICcmodavg (Mazerolle 2023). Model averaged fixed effect variables were considered 

significant if the 95% intervals did not overlap with zero. It should be noted that due to the 

higher number of variables and relatively few sites used in this analysis (n=44), the models 

Variables Modeled Unit Mean Min Max SD 
7-day Max No ◦c 14.71 11.23 18.83 1.18 
Daily Variation Yes ◦c 1.04 0.2 3.09 0.41 
Degree Days Yes Days 1731 1306 2068 121 
Watershed 
Area 

Yes Ha 205 26 669 152 

Elevation Yes m 137 28 392 77 
Aspect No Direction - - - - 
Gradient Yes Percent 5.32 1.26 21.14 3.90 
Pool Area Yes Percent 27 0 86 16 
Pool Depth No cm 26 0 55 9 
Stream Depth Yes cm 11 3 29 5 
d50 substrate No mm 64 6.3 180  
Boulders Yes Percent 11 0 43 11 
Wood Yes # per meter 0.2413 0 0.6796 0.1390 
Key Wood Yes # per meter 0.0574 0 0.2128 0.0425 
Canopy shade No Percent 92 83 94 1.6 
Bankfull width No m 5.2 1.9 9.0 1.9 
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might include some overfitting, and as a result this analysis should be considered more of an 

exploratory rather than confirmatory approach. 

The relationship between coho salmon density and redd density from the prior year was also 

evaluated using mixed-effect models. This relationship is important because it can be used to 

assess the survival of juvenile fish resulting from adult coho spawning. The models used juvenile 

coho density per 100 meters as the response variable with the number of redds as a fixed-effect 

variable and site and year as random variables. Due to the high percentage of zeros (~40%) in 

the redd data, the typical gaussian distribution was highly over-dispersed (c >1000; Perumean-

Chaney et al. 2013), so poisson, zero-inflated poisson, negative binomial 1, negative binomial 2, 

zero-inflated negative binomial 1 and zero-inflated native binomial 2 models were run using the 

glmmTMB function in the R package glmmTMB (Brooks et al. 2017). Models were tested for 

overdispersion with all models with a C<1 and the models were ranked by AIC. Finally, the 

predict function was used to predict coho salmon density for 0-20 redds in three watersheds 

(165, 328,488; Appendix 1) representing the range of coho redd numbers. 

Three watersheds (watersheds 488, 544, and 730; Appendix 1) have had variable retention 

harvests completed near the monitoring reaches and have at least two years of post-harvest 

fish monitoring. While monitoring is still in the initial stages and a more complex analysis will be 

conducted with these watersheds and others in the future, there was enough data to conduct 

an initial analysis. For this analysis, a t-test was used to compare both total fish density and 

biomass before and after harvests. Additionally, the average density of the 20 annually sampled 

watersheds was used as a control to put the results in context of larger OESF trends. 

Significance between the before and after periods was determined using an Alpha of 0.05.  
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Results  

Trends in Salmonid Density and Biomass 

The mixed-effect model with year as both a continuous fixed-effect and categorical random 

effect and site as a random effect explained a moderate proportion of variation in salmonids, 

with R2m = 0.06 and R2c = 0.70 for density and R2m = 0.02 and R2c = 0.67 for biomass (Table 2; 

Figure 2). Year had a significant positive relationship with both overall salmonid density (95% LCI 

= 0.05, UCI = 0.13), age-0 trout density (95% LCI = >0.00, UCI = 0.07) and coho salmon density 

(95% LCI = 0.01, UCI = 0.08). Age-1 or older cutthroat and age-1 or older steelhead densities did 

not have a positive or negative trend over time. Biomass did not have a positive or negative 

relationship with all salmonids and any specific species or life stage with year.    

Table 2.   Model results for the relationship between salmonids, species or life stage using the fixed-effect 
year. Significant models are highlighted in Bold. R2m = Marginal R2, R2c = Conditional R2, Est = Estimate, SE = 
Standard error, LCI = Lower 95% confidence interval, UCI = Upper 95% confidence interval, ALL = All 
salmonids, TRT = Age-0 cutthroat or steelhead, COH = Coho salmon, CTT = Age-1 or older cutthroat trout, and 
STH = Age-1 or older steelhead/rainbow trout.  

 

  

 

 

 

 

 

 

 

     Year   
 Species R2m R2c Est. SE LCI UCI 
Density        
 ALL 0.06 0.70 0.09 0.02 0.05 0.13 
 TRT 0.02 0.67 0.04 0.02 >0.00 0.07 
 COH 0.05 0.49 0.05 0.02 0.01 0.08 
 CTT 0.01 0.64 0.01 0.01 -0.01 0.02 
 STH 0.00 0.46 <-0.00 0.00 -0.01 >0.00 
Biomass        
 ALL 0.02 0.67 0.07 0.05 -0.02 0.17 
 TRT 0.00 0.60 0.00 0.01 -0.02 0.02 
 COH 0.02 0.47 0.04 0.02 <-0.01 0.08 
 CTT 0.01 0.57 0.03 0.03 -0.03 0.09 
 STH 0.01 0.54 -0.01 0.01 -0.02 >0.00 



 

16 | P a g e  
 

 

Figure 2. Fish density trend on the Olympic Experimental State Forest from 2016 through 2024 (red line is the 
predicted outcome using watershed 165) and average yearly density by species from the 20 annually 
sampled watersheds. 

Watershed and Habitat Relationships 

Across watershed and habitat model selection exercises, 25 models had a ΔAIC within 2 units of 

the top models for predicting total salmonid density and the cumulative weight of the top 10 

models was 0.12, indicating uncertainty in any single top model (Table 3). Watershed area was 

the only variable with a consistently significant positive relationship (95% LCI 0.15 and UCI 2.23), 

and based on model averaging, watershed area had the highest overall importance, followed by 

daily temperature variation, percent boulders, gradient, elevation, instream wood density, key 

instream piece density, and degree days (Figure 3).    

For biomass, 33 models had a ΔAIC < 2 units of the top model for all salmonid biomass and 

accumulated weight of 0.13 indicating uncertainty in the importance of any one model (Table 

3). Gradient (95% LCI = 0.31 and UCI = 4.13), watershed area (95% LCI = 0.32 and UCI = 3.67), 

and elevation (95% LCI = 0.40 and UCI = 3.54) were the only variables with significant positive 

relationships (Figure 3). Based on model averaging the order of importance of the eight 

variables was gradient, watershed area, elevation, daily temperature variation, pool area, key 

instream piece density, instream wood density, percent boulders and mean stream depth.    
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Table 3. The top 11 density and biomass habitat models with substantial support (ΔAIC <2) for all salmonids. 
K = Number of parameters, AICc = Akaike Information Criterion corrected for small sample sizes, Delta AIC = 
Difference from the best model, Wt. = Weight, Cum wt, = Cumulative weight, LL = Log-likelihood, SD =Daily 
temperature variation, DD = Degree days, WA = Watershed Area, Grad = Gradient, Elev = Elevation, PAREA= 
Percent pool area, D = Mean water depth in non-pool units, Bould = Precent boulders, W = Instream wood 
(>10 cm dia. And 2 m long), and Key= Key pieces of instream wood (>45 cm diameter and 2 m in length).   

Model K AICc 
Delta 
AIC 

Wt. Cum Wt. LL 

Density       
SD,WA,Bould 7 401.3 0 0.02 0.02 -193.36 

WA,Boul 6 401.5 0.20 0.02 0.04 -194.53 

WA,Grad 6 401.8 0.51 0.01 0.05 -194.69 

SD,WA,Grad 7 402.0 0.73 0.01 0.06 -193.72 

SD.WA.Elev,Bould 8 402.1 0.74 0.01 0.07 -192.68 

WA,Elev 6 402.1 0.75 0.01      0.08 -194.81 

SD,WA,Grad,Bould 8 402.1 0.83 0.01      0.09 -192.68 

SD,WA,Elev 7 402.2 0.89 0.01     0.10 -193.80 

WA,Grad,Bould 7 402.2 0.90 0.01         0.11 -193.81 

WA,Elev,Bould 7 402.2 0.90 0.01         0.12 -193.81 

WA,Grad,Elev 7 402.2 0.93 0.01         0.13 -192.82 

Biomass       
SD,WA,Grad,Elev,D,Key 10 548.7 0 0.02        0.02 -263.71 

SD,WA,Grad,Elev,D 9 548.9 0.23 0.02 0.04 -264.94 

WA,Grad,Elev,D,K 9 584.9 0.26 0.02 0.06 -264.96 

SD,DD,WA,Grad.Elev,D,K 11 549.2 0.52 0.01 0.07 -262.84 

WA,Grad,Elev,D 8 549.3 0.65 0.01 0.08 -266.25 

SD,WA,Grad,Elev,D,W 10 549.4 0.68 0.01 0.09 -264.05 

SD,DD,WA,Grad,Elev,D 10 549.4 0.73 0.01 0.10 -264.07 

DD,WA,Grad,Elev,D,K 10 549.4 0.76 0.01 0.11 -264.09 

SD,WA,Grad,Elev 8 549.5 0.80 0.01 0.12 -266.33 

WA,Grad,Elev,D,W 9 549.7 1.00 0.01 0.13 -265.32 

Thirteen models had a ΔAIC < 2 units of the top models for age-0 trout density with an 

accumulated weight of 0.21 (Table 4). Watershed area (95% LCI = 0.31 and UCI = 1.62) and 

elevation (95% LCI = 0.11 and UCI = 1.31) had significant positive relationships with age-0 trout 

density (Figure 4). Based on model averaging, the order of importance of the seven variables 

found within the models was: watershed area, elevation, gradient, daily temperature variation, 

percent boulders, pool area, degree days. 
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Three models had a ΔAIC < 2 units of the top models for age-0 trout biomass with an 

accumulate weight of 0.23 (Table 4). Elevation (95% LCI = 0.25 and UCI = 1.36), watershed area 

(95% LCI = 0.26 and UCI = 1.29) and gradient (95% LCI = 0.11 and UCI = 1.28) had significant 

positive relationships (Figure 4). Based on model averaging the order of importance of the five 

variables was elevation, watershed area, gradient, daily temperature variation, and degree days. 

Table 4. The top density and all biomass habitat models with substantial support (ΔAIC <2) for age-0 trout. K = 
Number of parameters, AICc = Akaike Information Criterion corrected for small sample sizes, Delta AIC = Difference 
from the best model, Wt. = Weight, Cum wt, = Cumulative weight, LL = Log-likelihood, SD =Daily temperature 
variation, DD = Degree days, WA = Watershed Area, Grad = Gradient, Elev = Elevation, PAREA= Pool Area, D = Mean 
water depth in non-pool units, Bould = Precent boulders, W = Instream wood (>10 cm diameter, and 2 m in length), 
and Key= Key pieces of instream wood (>45 cm diameter and 2 m in length).   

Model K AIC Delta 
AIC 

Wt. Cum Wt. LL 

Density       
WA,Elev,Grad 7 252.7 0 0.03 0.03 -119.07 

WA,Elev,Bould 7 253.0 0.22 0.02 0.05 -119.18 

SD,WA,Elev,Bould 8 253.0 0.23 0.02 0.07 -118.09 

WA,Grad,Elev,PAREA 8 253.1 0.36 0.02 0.09 -118.16 

SD,WA,Grad,Elev 8 253.4 0.67 0.02 0.11 -118.31 

SD,WA,Elev,PAREA,Bould 9 253.5 0.73 0.02 0.13 -117.24 
SD,WA,Grad,Elev,PAREA 9 253.5 0.73 0.02 0.15 -117.24 
WA,Elev,PAREA,Bould 8 253.7 0.92 0.02 0.17 -118.44 
WA,Elev,PAREA 7 253.7 0.99 0.02 0.19 -119.56 
WA,Grad,Elev,Bould 8 253.9 1.16 0.02 0.21 -118.56 
Biomass       
DD,WA,Elev,Grad, 8 212.8 0 0.08 0.08 -97.97 

SD,DD,WA,Elev,Grad 9 213.3 0.52 0.06 0.14 -97.12 

WA.Elev,Grad 7 213.6 0.82 0.05 0.19 -99.47 

SD,WA,Elev,Grad 8 213.9 1.15 0.04 0.23 -98.54 

 

Three models had a ΔAIC within 2 units of the top models for age-1 or older cutthroat trout 

density and accumulated weight of 0.50 (Table 5). Gradient (95% LCI = 0.18 and UCI = 0.56), 

elevation (95% LCI = 0.04 and UCI = 0.33) and key piece density (95% LCI = 0.02 and UCI = 0.22) 

had significant positive relationships with age-1 or older cutthroat trout density (Figure 4). 

Based on model averaging the order of importance of the seven variables found with the four 

models was gradient, elevation, and key piece instream wood density. Three models had a ΔAIC 

within 2 units of the top models for age-1 or older cutthroat trout biomass with and 

accumulated weight of 0.19(Table 5). Gradient (95% LCI = 0.81 and UCI = 2.39) and elevation 

(95% LCI = 0.43 and UCI = 1.89) had significant positive relationships with salmonid biomass 
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(Figure 4). Based on model averaging the order of importance of the seven variables was 

gradient, elevation, key piece instream wood density, daily temperature variation, and degree 

days. 

 

Table 5. The top density and biomass habitat models with substantial support (ΔAIC <2) for age-1 or older 
cutthroat trout. K = Number of parameters, AICc = Akaike Information Criterion corrected for small sample 
sizes, Delta AIC = Difference from the best model, Wt. = Weight, Cum wt, = Cumulative weight, LL = Log-
likelihood, SD =Daily temperature variation, DD = Degree days, WA = Watershed Area, Grad = Gradient, Elev = 
Elevation, PAREA= Pool Area, D = Mean water depth in non-pool units, Bould = Precent boulders, W = 
Instream wood (>10 cm diameter and 2 m Length), and Key= Key pieces of instream wood (>45 cm diameter 
and 2 m in length).   

Model K AIC Delta 
AIC 

Wt. Cum Wt. LL 

Density       
Grad,Elev 6 -240.3 0 0.16 0.16 126.36 
Grad 5 -239.8 0.44 0.13 0.29 125.07 
Grad,Elev,Key 7 -239.6 0.66 0.12 0.41 127.10 
Grad,Key 6 -239.1 1.17 0.09 0.50 125.07 
Biomass       
Grad,Elev 6 409.6 0 0.08 0.08 -198.56 
DD,Grad,Elev 7 410.9 1.26 0.04 0.12 -198.11 
Grad,Elev,Key 7 410.9 1.28 0.04 0.16 -198.12 
SD,Grad,Elev 7 411.5 1.87 0.03 0.19 -198.42 

 

Two models had a ΔAIC within 2 units of the top models for coho salmon density with an 

accumulated weight of 0.11 (Table 6). Gradient (95% LCI = -1.21 UCI = -0.04) was the only 

variable with a significant negative relationship with coho density (Figure 4). Based on model 

averaging the order of importance of variables was gradient and elevation. Eight models had a 

ΔAIC within 2 units of the top models for coho salmon biomass with an accumulated weight of  

0.15 (Table 6). Stream depth (95% LCI = -1.06 UCI = -0.09) had a significant negative relationship 

with coho biomass (Figure 4). Based on model averaging the order of importance of the 

variables was gradient, mean stream depth, watershed area, elevation, percent boulders and 

daily temperature variation. 
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Table 6. The density and biomass habitat models with substantial support (ΔAIC <2) for coho salmon. K = 
Number of parameters, AICc = Akaike Information Criterion corrected for small sample sizes, Delta AIC = 
Difference from the best model, Wt. = Weight, Cum wt, = Cumulative weight, LL = Log-likelihood, SD = Daily 
temperature variation, DD = Degree days, WA = Watershed Area, Grad = Gradient, Elev = Elevation, PAREA= 
Pool Area, D = Mean water depth in non-pool units, Bould = Precent boulders, W = Instream wood ( > 10 cm 
diameter and 2 m in length), and Key= Key pieces of instream wood (>45 cm diameter and 2 m in length). 

Model K AIC Delta 
AIC 

Wt. Cum Wt. LL 

Density       
Grad 5 254.7 0 0.06 0.06 -122.18 
Grad,Elev 6 256.1 1.48 0.03 0.09 -121.85 
Elev 5 256.4 1.69 0.02 0.11 -123.02 
Biomass       
Grad,D 6 369.2 0 0.04 0.04 -178.38 
D 5 370.6 1.35 0.02 0.06 -180.12 
WA,Grad,D 7 371.0 1.74 0.02 0.08 -178.17 
Grad,Elev,D 7 371.0 1.76 0.02 0.10 -178.18 
SD,Grad,D 7 371.0 1.82 0.01 0.11 -178.21 
Elev,D 6 371.1 1.88 0.01 0.12 -179.32 
Grad 5 371.1 1.91 0.01 0.13 -180.40 
WA,D 6 371.1 1.91 0.01 0.14 -179.32 
Grad,D,Boul 7 371.2 1.99 0.01 0.15 -178.42 
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Figure 3. Model-averaged estimates and 95% confidence intervals of fixed-effect predictor 
variables for salmonid density and biomass on the Olympic Experimental State Forest. Wood 
= Instream wood (>10  cm in diameter and 2 meters long), Key = Key pieces of instream wood 
(>45 cm dia and 2 m long), Bould = Percent boulders, MWD = Mean water depth (non-pools 
only), PAREA = Percent pool area, Elev = Elevation, Grad = Gradient, WA_AREA = Watershed 
Area, T_DD = Degree days, and T_SD= daily variation in stream temperature). 
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Figure 4. Model-averaged estimates and 95% confidence intervals of fixed-effect predictor variables for the 
three most common species or life stages for predicting density and biomass on the Olympic Experimental 
State Forest. Wood = Instream wood (>10 cm diameter and 2 meters long), Key = Key pieces of instream 
wood (>45 cm dia and 2 m long), Bould = Percent boulders, MWD = Mean water depth (non-pools only), 
PAREA = Percent pool area, Elev = Elevation, Grad = Gradient, WA_AREA = Watershed Area, T_DD = Degree 
days, and T_SD = Daily variation in stream temperature). 
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Coho Adult to Juvenile Parr Relationship  

Coho salmon redds were not commonly found in many of the sites where juvenile coho salmon 

were found, creating a dataset with over 40% of the data with zeros. This created a challenge 

for assessing the relationship between adult coho redds and juvenile coho salmon since the 

variance of the data exceeded the mean (overdispersion) violating the assumptions of 

commonly used models and led to the exploration of alternative models. These alternative coho 

salmon redd models performed better with all models with a C < 1, indicating that they were 

not overdispersed. For comparison the more traditional Pearson model was highly 

overdispersed (C = 1416). The top model ranked by AICc was the negative binomial 1 model and 

no other model was within 2 units (Table 7). The negative binomial 1 model had an R2m = 0.01 

and R2c = 0.83, and redd count had a significant positive relation (LCI = >0.00 and UCI = 0.034) 

with juvenile coho salmon density. A high redd production year (2021) predicted increases in 

juvenile coho density the following summer by 1 - 9 juvenile coho salmon per 100 meters across 

watersheds 165, 328, and 488 in the following year, while a low redd year (2018) predicted 

increases between 0 to 7 juvenile coho salmon per 100 meters in the following year (Figure 5). 

Watersheds 165, 328 and 488 in 2021 were predicted to have 3, 146, and 121 juvenile coho 

salmon per 100 meters respectively if no adult redds were present the previous year.  

 

Table 7. Models evaluating the relationship between the number of adult coho redds and juvenile coho 
salmon from the previous year. Models tested included the negative binomial 1, the zero-inflated negative 
binomial 1, zero-inflated negative binomial 2, the zero-inflated poisson model, and the poisson model within 
the R package glmmTMB. K = Number of parameters, AICc = Akaike Information Criterion corrected for small 
sample sizes, Delta AIC = Difference from the best model, Wt. = Weight; Cum wt, = Cumulative weight, and LL 
= Log-likelihood. 

Model K AIC 
Delta 
AIC 

Wt. LL 

Redd (nbinomial1) 5 795.25 0.00 0.76 -392.26 
Redd (nbinomial1 - zero inflated) 6 797.55 2.31 0.24 -392.26 
Redd (nbinomial2 - zero inflated) 6 817.84 22.60 0.00 -402.40 
Redd (nbiomial2) 5 818.84 22.99 0.00 -403.75 
Redd (poisson - zero inflated) 5 1775.51 980.26 0.00 -882.39 
Redd (poisson) 4 1878.04 1082.80 0.00 -934.78 
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Evaluation of Variable Retention Harvests 

Three Type-3 watersheds (488, 544, and 730) had variable retention harvests conducted near 

monitoring reaches and had more than two years of post-harvest monitoring (Figure 6). None of 

the watersheds showed significant declines in salmonid density or biomass following harvest. 

The average salmonid density and biomass after harvest in watershed 544 was below the 

average prior to harvest, however both after-harvest density and biomass were within the 

ranges found prior to the harvest. Conversely, watershed 730 had a significant increase in both 

fish density (t = -2.297, P = 0.03) and biomass (t = -8.359, P = >0.00) after harvest, and both 

watersheds 488 and 730 produced the two highest density estimates in the entire monitoring 

record for the initial two years after harvest. Fish density in watershed 730 showed a 218% 

increase in density while the average annual sampled sites (non-harvest control) had a 70% 

Figure 5. Predicted juvenile coho salmon densities from adult coho 
salmon redd surveys on the Olympic Experimental State Forest. 
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increase over the same period. On the other hand, watershed 488 showed a 57% increase in 

juvenile salmonids after harvest, while the annual sampled sites had an 80% increase in 

salmonid density over the same period.  

Figure 6. Total salmon density and biomass before and after Variable Retention Forest Harvests following 
Department of Natural Resources Forest management procedures for the Olympic Experimental State Forest 
conducted alongside sampling reaches in validation monitoring watersheds 488, 544, and 730.
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Discussion 

Trends in Salmonid Density and Biomass 

The significant positive trends between year and all salmonids, coho salmon and age-0 trout 

densities in DNR Type-3 watersheds are encouraging indicators for salmonid populations within 

the OESF. However, these increases occurred over a relatively short nine-year period, and 

continued long-term monitoring will be necessary to determine whether they reflect sustained 

improvement or short-term fluctuations typical in salmonids populations (George et al. 2021; 

Schindler et al. 2010; Platts and Nelson 1988).  

The drivers of these increases are not yet clear. It remains uncertain whether they result 

primarily from local habitat changes, or from broader external influences such as ocean 

conditions, climate cycles, or shifts in commercial or recreational harvest pressure. It should 

also be noted that the observed trend for all salmonids was largely driven by age-0 trout and 

coho salmon life stages that typically spend only a few months in freshwater before sampling 

and therefore are less reliant on the conditions in Type-3 streams.  

Species or age classes that rely more heavily on Type-3 streams (e.g., spend over a year in these 

streams) did not have a positive or negative trend for either density or biomass. Previous 

analysis has reported declines in both age-1 or older cutthroat and steelhead density from 

historical levels, as well as declines in instream wood and increasing shade that may be 

negatively impacting salmonids on the OESF (Martens et al. 2019). Altogether, this suggests that 

habitat conditions in Type-3 streams likely need to improve to support the recovery of these 

older age-classes.  

Despite these concerns, salmonids in Type-3 streams appear to be performing better than those 

in the mainstem Clearwater River, where no positive increases in juvenile salmonids were 

detected (Martens 2025). This may indicate that small streams recover more rapidly than in 

larger streams, or alternatively, that increased movement of juvenile fish from larger areas in 

the watershed into small Type-3 streams contributed to observed increases.  

Continued monitoring is needed to identify the drivers of these trends, assess whether they 

persist, and determine their implications for long-term salmonid recovery within the OESF. 

Watershed and Habitat Relationships 

Watershed area was the strongest predictor of juvenile salmonid density, while watershed area, 

gradient, and elevation were the primary predictors of biomass. Larger watersheds generally 

support higher fish densities, potentially because smaller Type-3 streams occur near the edge of 

the fish/no fish break, whereas larger Type-3 streams provide more consistent and higher 

quality habitat. These findings are consistent with Platts (1979), who reported increasing fish 

abundance with stream size, but differ from Sweka and Mackey (2010) who found decreasing 

densities of Atlantic salmon in larger streams. The contrast may reflect the limited range of 
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stream sizes sampled in our study, which focuses on the small end of the fish bearing spectrum 

and excludes larger Type-1 and Type-2 streams.   

Only two potentially management-influenced variables showed significant relationships: mean 

stream depth (negative effect on juvenile coho salmon biomass) and key-piece wood density 

(positive effect on age-1 or older cutthroat trout density). Several additional variables including 

daily stream temperature variation, boulders, stream gradient, elevation and instream wood- 

appeared in the top models but lacked significance. This indicates that both watershed-scale 

and local habitat characteristics influence salmonid populations, but some factors outside of the 

influence of management (e.g. gradient and elevation) help explain the variations in fish 

populations among streams.  

The OESF is dominated by second- or third- growth forest in the middle stages of forest 

development (WADNR 2016b), resulting in a relatively limited range of conditions. The limited 

range of conditions includes but is likely not limited to instream wood, canopy cover, and 

stream temperatures. Canopy cover is known to be very high in second-growth forests (Devine 

et al. 2022; Martens et al. 2019; Kaylor et al. 2017; Warren et al. 2016). For example, canopy 

closure averaged 93.5% in these watersheds (Devine et al. 2022), while streams in one study of 

old growth forests averaged only 82% canopy closure (Kaylor et al. 2017). The canopy closure 

percentage reported by Kaylor et al. (2017) would be lower than all but one of the 44 

watersheds in the OESF (Devine et al. 2022). Because forests over 100 years are currently in 

relatively low abundances on the OESF (WADNR 2016b) and forests (Franklin et al. 2002) and 

streams in older forests (Keeton et al. 2007) are often defined by their diversity which ultimately 

impacts stream biodiversity (Penaluna et al. 2026; Moore et al. 2024; Bechtold et al. 2017), the 

influence of key habitat variables may be difficult to detect. Without a broader distribution of 

habitat conditions, it is challenging to reconstruct historical variability or assess the full range of 

habitat limiting salmonids.  

Improved understanding of forest development pathways, combined with long-term 

monitoring, will help clarify how current conditions influence salmonid populations and when 

key habitat changes are likely to occur.   

Coho Adult to Juvenile Parr Relationship 

The significant positive relationship between adult coho salmon returns and juvenile coho 

salmon density was expected. However, the consistent presence of juvenile coho salmon in 

watersheds with few or no redds was surprising and suggests substantial amount of immigration 

of age-0 coho salmon prior to summer sampling. Model predictions indicated that some 

watersheds (e.g., 328 and 488) could hold 94-146 juvenile coho salmon per 100 meters even in 

the absence of redds from the previous year. 

This pattern aligns with findings from Wigington et al. (2006), who documented juvenile coho 

salmon movement from mainstem habitats to tributaries. These results emphasize the 

importance of connectivity between mainstem and Type-3 streams and suggest that recovery 
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efforts may require watershed-scale considerations rather than a focus on individual areas. It is 

also possible that habitat changes have simplified streams (Wohl et al. 2019) and could be 

reducing adult coho salmon access in some smaller streams. 

Evaluation of Variable Retention Harvests 

Post-harvest data from Type-3 watersheds with recent timber harvest are still accumulating, and 

a more comprehensive analysis will occur as additional years and sites are monitored. Initial 

results indicate that riparian protections around state forest harvest activities following DNR’s 

Riparian Conservation Strategy of the HCP are functioning as designed. No significant declines in 

juvenile salmonid density or biomass were observed following variable-retention harvests. 

These findings are consistent with Bateman et al. (2021) who also reported no negative effects 

of modern timber harvest practices on salmonids in second-growth forests in Oregon.  

In fact, one watershed (watershed 730) exhibited significant increases in both density or 

biomass, after harvest, and the percent increase in density was 3x the average increase 

detected in our annual sampled sites (n=20) where no harvest occurred (control). Additionally, 

both watersheds 730 and 488 had the highest densities ever recorded at both sites the two 

years immediately following harvest. This may indicate a temporary increase in fish density 

shortly after harvest. This would also follow the short-term increase in fish production that was 

predicted by the Aquatic Trophic Productivity model assessing current riparian forest 

management practices on the OESF conducted for the T3 Watershed Experiment (Whitney et al. 

in review). The response in the model was attributed to increased light to the stream which 

increased stream productivity.  

Collectively, these findings highlight the potential benefits of active restoration in heavily-

shaded second-growth riparian forests. Some potential alternative forms of riparian 

management that target potential limiting factors, such as light availability and instream wood, 

in second-growth forests are currently being examined as part of the T3 Watershed Experiment.    

Implications for the Habitat Conservation Plan    

The findings presented here are likely applicable across second- or third- growth coniferous 

forests in the early to mid-successional stages (approximately 15-100 years). Understanding 

forest development trajectories and associated pathways for stream habitat formation is 

relevant for any watershed with similar conditions.  

Our results evaluating DNR management on the OESF, such as variable retention harvest, should 

be applicable for any forests that use a similar or larger riparian buffer to protect streams and 

fish in similar types of forests. In the case of the HCP covered lands outside of the OESF, which 

are also dominated by mid-successional forests (WADNR 1997), similar conditions likely exist, 

and the larger buffers typically used on the five westside planning units are likely to be providing 

equal or greater protection.   
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However, full development of structurally complex forests and resulting stream habitat can take 

centuries. Consequently, waiting for natural forest succession alone may provide too long a 

timeline for recovery of struggling salmonids populations. Targeted restoration actions-such as 

reducing excessive shading in Type-3 streams and/or limited instream wood may help accelerate 

recovery where stream temperatures are not a concern. However, since these environments are 

sensitive to anthropogenic disturbance, any active restoration should be undertaken cautiously 

to ensure that actions result in habitat improvement rather than unintended degradation.  
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Appendices 

Appendix 1. Watershed Characteristics 

Watershed Sample 
Schedule 

Channel 
type 

Aspect Area (ac) 
Median 

slope (%) 
Elevation 

(ft) 

Mean 
bankfull 
width (ft) 

145 Odd Step-pool NW 450 16 93 15.8 

157 Annual Step-pool E 471 23 250 13.2 

158 Even Cascade N 522 27 245 13.7 

165 Annual Step-pool N 1653 38 268 32.6 

196 Annual Step-pool N 1121 38 280 24.1 

328 Annual Pool-riffle W 227 18 470 9.7 

433 Removed Pool-riffle NW 1617 4 120 30.7 

443 Odd Pool-riffle SW 385 20 150 12.7 

488 Annual Pool-riffle N 318 33 460 12.1 

542 Annual Step-pool S 369 17 225 18.9 

544 Annual Step-pool S 117 20 297 8.8 

545 Even Step-pool SW 77 23 331 6.8 

550 Annual Step-pool SW 366 7 404 22.0 

567 Annual Step-pool N 337 11 338 19.8 

568 Annual Step-pool NW 443 12 298 22.6 

582 Odd Pool-riffle W 175 18 302 8.4 

584 Even Pool-riffle W 982 20 313 25.7 

597 Odd Pool-riffle W 818 24 376 18.2 

605 Even Cascade NW 86 14 108 10.4 

619 Removed Step-pool N 248 25 494 9.6 

621 Odd Step-pool NE 169 60 487 11.1 

625 Annual Step-pool N 474 55 471 17.5 

637 Removed Step-pool W 302 46 415 11.3 

639 Annual Cascade N 303 64 658 18.3 

642 Annual Pool-riffle N 442 5 514 8.7 

653 Even Cascade N 144 65 712 9.1 

658 Even Pool-riffle W 670 8 450 17.5 

687 Odd Cascade S 687 58 805 18.7 

688 Odd Step-pool N 561 4 169 14.4 

690 Annual Cascade S 1088 50 749 22.1 
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Watershed Sample 
Schedule 

Channel 
type 

Aspect Area (ac) 
Median 

slope (%) 
Elevation 

(ft) 

Mean 
bankfull 
width (ft) 

694 Even Cascade SW 529 54 862 14.1 

716 Even Step-pool NE 897 57 1175 22.1 

717 Annual Pool-riffle E 135 44 596 7.0 

718 Odd Pool-riffle SW 611 18 562 15.3 

724 Even Step-pool SW 164 44 560 10.9 

730 Annual Pool-riffle S 904 39 411 20.2 

737 Even Cascade S 148 64 1188 7.6 

750 Annual Cascade NE 328 57 1287 19.7 

760 Annual Pool-riffle SE 254 34 295 17.5 

763 Annual Step-pool SE 457 30 292 14.7 

767 Even Cascade S 77 25 323 8.7 

769 Removed Step-pool S 38 37 312 6.3 

773 Annual Step-pool NE 405 53 658 14.1 

776 Odd Cascade NE 195 46 744 10.7 

790 Even Step-pool N 839 39 265 18.2 

796 Odd Step-pool S 1312 15 205 25.1 

797 Even Step-pool SW 1151 14 223 25.6 

804 Annual Step-pool NW 427 22 649 17.8 

820 Removed Pool-riffle S 1430 5 132 24.0 

844 Even Pool-riffle N 918 4 149 18.4 
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Appendix 2. Sampling Protocol 

Reach-Level Salmonid Population Surveys 
Purpose 
To estimate salmonid abundance using multiple–pass removal electrofishing within 
existing DNR reaches.

Equipment needed 
Backpack electrofisher 

Anode pole with aluminum ring 

Cathode wire (cat tail)  

Battery for shocker, extra in truck 

Block nets (2 or more; length dependent on stream width) 

Dip nets,  

Insulated rubber gloves for shocker and netters 

Buckets and cooler  

Aerators 

MS-222, stock solution of 100 g/L 

Measuring board 

Weighing scale 

Data sheets 

Thermometer 

Copy of catch tables (Connolly 1996) 

Scientific Collection Permits (WDFW and USFWS) 

Measuring Tape 

Depth stick 

Site setup 
Before you begin 
When arriving at a site, look for the reach markers and assess if the reach can be continuously 

electrofished without large interruptions that would allow fish to avoid capture (e.g. having to 

turn off the electrofisher to maneuver around a very large wood jam that is difficult and time 

consuming to circumnavigate). Most reaches are marked using rebar with orange caps ranging 

from “A” at the beginning of a reach to “F” at the end of a reach. For reaches over 150 m 

(watersheds 165, 433, 584, 690, and 820), the electrofishing effort should be shortened to 

include the area between cross section “A” to cross section “E”.  On the rare occasions that a 

reach is not marked, go to the starting point (GPS location or described starting point) and 

measure upstream 100m to determine the start and end points of the reach.  Label the start 

and ends points with flagging. If a reach cannot be continuously sampled, the reach should be 

split into two or more sections. If you break a reach into multiple sections and one of the 
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sections is pretty short (e.g. 1-20 m), then you should only sample the longer section and skip 

the smaller section.  It is ok to make changes to the fish sampling length of the reach, just make 

sure that you document any changes you make on the data sheets. Note: When determining 

whether to split up a reach, consider that if you break the reach into multiple sections it will 

take longer to compete the survey. Try to conduct the survey in as few as sections as possible.  

Before starting electrofishing record the temperature of the stream, if the stream temperature 

is above 18° C then electrofishing is not allowed under our fish sampling permits.    

Setting block nets 
Before the initiation of electrofishing, block nets should be setup at the upstream and 

downstream ends of the reach. Field personnel should use caution when setting up the nets to 

minimize disturbance to the unit and the fish within. When walking to set up the nets, try to 

stay on the banks and out of the stream. If you need to cross the stream or walk in the stream, 

step in shallow areas where fish are not likely to be disturbed. Block nets should be placed just 

upstream or downstream of the actual cross sections, so that we do not alter the natural 

distribution of the substrate (substrate measurements are taken at cross sections by the habitat 

crew).  When installing the nets, the leadline (heavier line) should touch the stream bottom 

along the wetted width of the stream with the upper ends of the net (side opposite of the lead 

line) tied around trees or other stable objects on opposite banks. Rocks (the larger the better) 

should be placed directly on the leadline to insure that the net does not separate from the 

bottom of the stream creating an avenue for fish to escape (the leadline should be completely 

buried by rocks).  Note: In units with fast water or deep sections, very large rocks may be 

needed to hold the net in place (you may have to move the net slightly up or downstream from 

the start or end of a reach to find the best location).  Sometimes it can be helpful to use sticks to 

prop up the nets. It is important to take time setting up the block nets, since they will have to 

last for most if not all of the day. Periodically, the block nets should be cleared of debris as 

pressure can build up and increase the chance of net failure (especially in the fall when leaves 

are falling).  If a net fails, quickly reestablish the net and make a note on the datasheet with the 

approximate amount of time the net was not functioning. Major violations of the closed 

population assumption may lead to replication of this effort. Major violations will be 

determined after consultation with the program lead (Kyle Martens).  

Fish workup setup 
A fish workup station should be set up (either at the beginning of the day or immediately after 

the first pass) to insure fish are properly handled and released as quickly as possible. Locate the 

workup station in the shade with a comfortable place to sit, a scale to weigh fish, a measuring 

board, fish anesthesia bucket with MS-222, and a fish recovery bucket or cooler.  The fish 

anesthesia bucket should be prepared using 1 mL of 100 g/L stock solution of MS-222 in 2 L of 

water. While this is a good starting concentration, effectiveness of MS-222 can vary by species 

and water temperature so slight adjustments may be needed based on the fish response (see 

page 4 below).   
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Electrofishing 

To set up the electrofisher, attach the two probe connections to the anode connections on the 

backpack electrofisher (be careful when attaching the connections as they are delicate and can 

break easily), then attach the cat (rat) tail connection to the cathode connection, and the 

battery to the power cable. Note: If using the home-made batteries, the connections are easily 

loosened and if the electrofisher has no power these connections are often the cause of the 

problem. Electrofisher settings will vary with the water conductivities within each stream. The 

most common setting used in the OESF is 60 hz and 25% duty cycle with the voltage ranging 

from 300 to 500. In general, a 60 hz frequency and 25% duty cycle using 300v is a good starting 

point, though it is always a good idea to start with settings that have worked in the past. If fish 

are not responding to the electrofisher, than increase the voltage in 100v intervals.  If fish are 

not recovering from the electrofisher, than decrease the voltage.  It is very important to monitor 

fish recovery after initializing electrofishing.   

 

 

 

 

 

 

 

 

 

Once acceptable settings are established, electrofishing can begin starting at the downstream 

block net. The crew (typically: 1 shocker, 1 netter, 1 bucket manager/ back-up netter) will begin 

by slowly moving upstream electrofishing all of the water between the upper and lower block 

nets.  Depending upon the size of the reach, a zigzag pattern may be needed to cover most of 

the watered area. When electrofishing, keep both the probe and cattail slowly moving (Take 

caution to avoid having anode and cathode touch!), removing fish from the water as quickly as 

possible. Note: The quicker a fish is removed from the water, the healthier the fish will be.  

When the upstream block net is reached, the crew should turn around and electrofish back to 

the downstream block net.  Although all water should be covered, the downstream pass should 

be done relatively quickly to “herd” fish into the downstream block net.  Once the crew reaches 

the downstream block net, the bag of the net should be searched carefully for fish that moved 

into the net.  Once all fish have been removed, the pass has been completed.  All fish should 

then be worked up before conducting additional passes, unless there are enough people for a 

workup crew and electrofishing crew.  The crew should wait a minimum of 10 minutes between 

passes (typically this period of time is exceeded while working up fish).  Note: the more effective 

you are at collecting fish in the 1st and 2nd pass, the more likely you will only have to conduct 

the minimum of three passes.  After each pass, the top and bottom nets should be checked and 

cleaned of debris. When cleaning the net, special attention should be taken to ensure that the 

Adjusting the settings of the electrofisher: 

 

If changes in voltage do not have the intended consequences, raise the duty cycle by 5% increments while using all voltage 
combinations (200-900v) until fish respond (turn upside down; Appendix 1.  Once all voltage and duty cycle combinations have 
been tried, try increasing the frequency by 5 hz intervals.  The lowest combination of volts, duty cycle, and frequency will have the 
least impact on fish and your battery life. If you cannot find a good setting or are killing a lot of fish with the pulsed DC settings, you 
can use the strait DC setting (by turning the duty cycle knob to “DC”) on the electrofisher. Note: This setting will greatly reduce 
your battery life and my guess is that you would need several (>3) batteries to complete a population survey using strait DC. 
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net is not pulled away from the rocks, detaching the net from the bottom of the stream and 

allowing fish to escape.  Note: It is a good idea place your foot on the leadline or rocks before 

starting to clean the block nets.  If a net blows out, it should be restored immediately and a 

comment should be added to the datasheet describing the size, duration, and time of all 

blowouts. If a large number of fish are collected, more than one bucket may be needed. When a 

bucket is full of fish (depends on size of fish but approximately 20 fish per bucket is the 

maximum advised), it should be placed in the shade, covered to insure that fish cannot jump 

out, and an aerator should be placed in the bucket (if possible).  

 

 

 

 

 

 

 

 

 

 

 

The field guides of Connolly (1996) should be used to determine the number of passes required 

to obtain the desired level of precision (Appendix 2).  When using these charts (typically for 

coho, age-0 trout, age-1 or older rainbow trout/steelhead, and age-1 or older cutthroat in the 

OESF), each salmonid species and life stage (age-0 or age-1 or older) should be considered 

separately (e.g. if coho meet the numbers in the charts, but cutthroat do not, more passes 

should be conducted until the charts say that all species can be estimated with the required 

precision).  Sculpin, crayfish, salamanders, and frogs should be documented, but not estimated 

for abundance (through a visual estimate of relative abundance should be attempted).  If the 

numbers of fish in the reach exceed the levels on the charts (>100 fish), than make sure that the 

number of fish is half the number of fish from the previous pass.   

General guidelines 
1) Conduct a minimum of three electrofishing passes and potentially up to six passes 

(typically not more than five passes). 

2) After three passes have been conducted, separate fish totals into two age/size (age-0 

and age-1 or older) classes and fish species by pass to determine if you have reached the 

required amount of passes or if you need to conduct additional passes.  If fish age 

classes are not obvious in the field, use 80 mm as a break (Sampling in 2015 revealed 

this break was typically between 70-85 mm for all basins).  Coho will typically only have 

one age class in the summer on the OESF, though an occasional older/larger fish may be 

found. Cutthroat trout (CTT) and rainbow trout/steelhead (RBT/STH) may have multiple 

Using two electrofishers? 

In some cases, two electrofishers and a larger crew may be needed to effectively sample a 
reach.  If you encounter one of these reaches, skip to another site and come back to the 
larger stream once you can secure a second electrofisher (the Forks District Office and 

Forest Service’s PNW research station in Olympia have additional electrofishers that may 
be borrowed with permission) and additional help. When using two electrofishers, the two 
operators should work side by side to prevent fish from moving through the electrical field 
(the operators should also take care to make sure that the probes and (or) cathodes never 

touch between the two electrofishers). 
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age classes, but for this analysis we will separate them into age-0 fish (fish that hatched 

this year) and age-1 or older fish.  

Steps for determining if more than three passes are required: 
a) Age 1 or older fish (see charts attached below). 

        4 pass – Fish collected during passes 1 and 2 should meet the conditions of Table 4.3 or 4.2b        
using < 12.5% CV. If conditions are not met, a 4th pass is required. 

5 pass - Combine passes 1 & 2 for use under pass 1, and 3 & 4 for pass 2 in Table 4.1.  If Table 4.1 
says you can estimate < 5% CV, then you are done and no more passes are required. 

6 pass – A sixth pass is only done on rare occasions when fish numbers go up instead of down. (e.g. 
you collect more fish on the 5 pass than on pass 4)   

 

 b) Age 0 fish. 

4 pass – Fish collected during passes 1 and 2 should meet the conditions of Table 4.3 or 4.2c      
using < 25% CV. If conditions are not met, a 4th pass is required. 

 5 pass - Combine passes 1 & 2 for use 
under Pass 1, and 3 & 4 for Pass 2 in Table 4.1.  If Table 4.1 say you can estimate < 12.5% CV, then 
you are done and no more passes are required. 

6 pass - A sixth pass is only done on rare occasions when fish numbers go up instead of down (e.g. 
you collect more fish on the 5 pass than on the 4 pass).   

 

All passes should be completed in one day. If you cannot complete the required number of passes 
(as advised by the charts) by the end of the day, make sure that a minimum of three passes are 
completed.  If the reach is broken into multiple sections, try to complete all sections in one day, but 
if you cannot, leave the upper block net overnight (to ensure that fish do not move into the 
unshocked section and get counted twice) and start the remaining section(s) the next day. 

 

3) Fish codes: 

Bull Trout= BLT 

Chinook= CHN 

Coho= COH  

Cutthroat Trout = CTT 

Dace= DCE 

Lamprey = LMP 

Mountain Whitefish = WHT 

Rainbow trout/steelhead = RBT  
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Sculpin  = SCP 

Age-0 trout* = TRT 

   

* Since juvenile rainbow trout/steelhead and cutthroat are tough to identify all fish under 80 mm will be 
considered a TRT.  If a fish under 80 mm is obviously a cutthroat (bright red mark under the jaw) label it a 
cutthroat on the data sheet but count it as a trout when determining the number of passes to conduct.    

Fish workup 

Fish workup will require one person to measure and weigh fish and a second person to record 

data. To begin, place one to two fish in the anesthesia bucket.  Be sure to have fresh water 

nearby to dilute the concentration of MS-222 (1 mL of 100 g/L stock solution of MS-222 in 2 L of 

water) if it is too strong. Note: If fish are exposed to anesthesia for too high of a dose or for too 

long they will die. I recommend starting with a weaker dose of anesthesia and adding more if 

fish are taking too long to respond to the anesthesia (fish become lethargic and turn upside 

down, but maintain strong gilling motions when properly anesthetized).  Fish should be 

identified to species using the fish id charts on the field form (Appendix 3).  Fish should be 

visually assessed for scars, disease, etc. and any observations should be noted on the data 

sheet.  Next, record the fish’s length (mm) and weight (g) and once finished place the fish into 

the recover bucket and proceed to the next fish.  After all fish have been worked up and all 

passes have been completed, release all of the fish once they have all fully recovered (regained 

equilibrium and swimming ability) into the unit from which they were captured. If you have a lot 

of fish, you will need to constantly monitor the holding and recovery bucket(s), to insure fish 

safety.  If buckets are overcrowded and (or) in hotter weather, fish can run out of oxygen and 

die. If you are feel that there is a health risk to the fish, it is better to release fish early below the 

reach and ensure their survival, than to hold on to them for too long.  Use an aerator in buckets 

with a lot of fish (>10).  If a bull trout (the only endangered fish potentially located within our 

sampling watersheds) is encountered (see fish id chart; a trout with a dark body and light spots) 

take a picture of the fish, workup the fish immediately, and safely release the fish below the 

sample reach.   

Throughout the day, the water temperatures should be checked in a shaded flowing area of the 

stream.  A good rule of thumb is once before shocking, once midday, and once in the afternoon.  

If water temperature exceeds 18.0 o c shocking operations should cease.  One person should be 

designated to make sure that fresh water is frequently provided to the fish being held.  Note: 

The warmer the day and water, the more crucial this becomes.  Once all fish have been worked 

up, dispose of the MS-222 water by pouring the water onto the ground and not directly into the 

stream.   

Habitat survey 

The continuous habitat unit survey begins at the downstream block net. In this survey, the 

surveyor identifies and measures habitat units and counts within bankfull downed wood per 

habitat unit until they reach the upstream block net. Habitat units can be identified following 
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the Field Guide for Identifying Stream Channel Types and Habitat Units (Minkova and Vorwerk 

2015), which includes hydraulic and geomorphic indicators such as water velocity, water depth, 

gradient, and bed roughness. Most units will be classified as pools, runs, riffles or rapids. It can 

often be difficult to distinguish between cascades and rapids or between rapids and riffles. 

When identifying unit types, consider substrate, longitudinal profile, and gradient (i.e., % slope). 

Use the criteria below as an addendum to the habitat unit guide to help make the tough calls. 

• Cascades: ≥6% slope, stepped longitudinal profile, large substrate (boulders and large 
cobble). 

• Rapids: 3-5% slope, somewhat planar longitudinal profile, coarse substrate (cobble, small 
o boulders often submerged – causing eddies). 

• Riffles: <3% slope, fine to moderate substrate (gravel, cobble).   

It is critical that all pool habitat units (slow water units that would hold water if the water 

source is turned off) are identified in a consistent manner (since this metric will be used to make 

comparisons across streams). If a portion of the stream is dry, then label the unit as “DRY” and 

measure its length. All units should be measured for length, average wetted width (estimated by 

surveyor), mean depth (estimated by surveyor), max depth, and the pool-tail crest in pools (the 

transition area with another habitat unit immediately downstream of pool habitat units) and 

recorded on the field datasheet (Appendix 4). Mean depth should be determined by averaging 

three or more depth readings as you move upstream. The number of instream wood (> 2m 

length and 10-44 cm diameter) and key pieces (>2 m length and >45 cm diameter) of instream 

wood should be counted. In pool habitat units, the forming agent (wood, jam, live tree, scour, or 

boulder) of the pool should be identified and documented and, if wood, the length and 

diameter within the bankfull width should be measured. If the pool is formed by a wood jam, 

measure the biggest piece in the jam. If a live tree or root wad is forming the pool, only 

measure the diameter of the tree. Important monuments in a stream should also be noted 

between habitat units on the data sheet (e.g. habitat survey monuments, start and end points 

of surveys, roads or trail crossings, and any reach level changes to a stream [changes in 

gradients, incoming tributaries, changes in the valley width, major changes in vegetation, and 

management changes]). This survey will need to be completed as close to the time (within a 

week) that the fish survey is completed as possible (slight changes in water level can create 

large differences in fish area [length and width] and volume [length, width, and depth]). 

End of survey 
Once the charts indicate that you have successfully completed your survey, remove the block 

nets from the top and bottom of the reach (assuming that you are not coming back to sample 

another section the next day).   

End of the day 
At the end of each day or the beginning of the next day, calculate the number of fish captured, 

fish mortalities by species, and photograph the data sheets. Send electronic copies to Kyle 

Martens (kyle.martens@dnr.wa.gov; 541 490-4459) or copy to 

mailto:kyle.martens@dnr.wa.gov
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\hcp\monitoring_research\kmartens\Data_sheets\2017 data.  Note: If you cannot scan and 

send a copy of data sheet than make a paper copy of the data sheets. It is good practice to 

remove nets and waders from the vehicle after each day to prevent a foul-smelling vehicle.  

Also, as time permits (especially over weekends), stretch block nets out to dry and fix any holes 

that may have occurred during sampling. 
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Steps for adjusting the settings on a backpack electrofisher. 
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Appendix 3. Field Charts for Multiple-Pass Removal Electrofishing 
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Appendix 4. Fish Workup Datasheet 
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Appendix 5. Habitat Unit Datasheet  
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