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Introduction
Through a diverse array of instream and nearshore habitat restoration coupled with conservation based supplementation[image: image13.emf]4-years of Juvenile Coho and Cutthroat Outmigration from 3-different culvert project streams.
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, the Hood Canal Salmon Enhancement Group maintains a comprehensive approach to salmon restoration.  This is completed on the premise that increasing the available instream habitat and improving habitat quality increases fry to smolt survival while conservation based supplementation at the same time can increase and restore the reproductive capacity of individual populations (Murphy et al. 1986, Cederholm et al. 2000, Koski 1992, WDFW 1997).  
Collectively, over 40-fish passage barriers at road crossings have been removed from the Hood Canal Watershed.  This has increased the amount of available habitat and restored natural river continuum processes.  Several acres of riparian area associated with these projects have been replanted.  Over 120 tons of Large Woody Debris (LWD) has been added to various streams providing shade, nutrients, pools, and cover.  Similar projects have correlated with increased survival of juvenile Coho and Steelhead throughout Washington, Oregon, and British Columbia (Cederholm et al. 1997)
Over 500,000 juvenile salmon a year have been released into various systems throughout Hood Canal.   These are conservation based supplementation efforts focused on restoring long term trends of abundance and diversity to salmon populations throughout Hood Canal.  Abundant and genetically diverse populations of spawning salmon maintain high viability and provide nutrients to terrestrial and aquatic environments.  Although reproductive capacity can be limited by available habitat, streams with high nutrient levels caused by an abundance of salmon carcasses have been documented to have higher fry to smolt survival of coho and steelhead compared to streams with lower numbers of carcasses (Cederholm et al. 2000, Bilby et al. 1998).   

Thousands of spawned out coho salmon carcasses a year are distributed to several streams within Hood Canal.  The purpose of this program is to supplement the current nutrient deficit caused by trends of unnaturally low spawner escapements.  Ongoing research is being conducted within the watershed to determine the level of carcasses needed to provide adequate nutrient levels to the juvenile salmon population and surrounding ecosystem.   
The HCSEG has consulted with several entities to establish a monitoring program appropriate to fulfill information needs and withstand the scrutiny of scientific review.  The goals of this program are to provide a scientific basis for identifying and prioritizing projects and management recommendations intended to restore salmon populations.  The program also determines immediate and long term effectiveness upon project completion.  Parameters within this program focus on trends in habitat quality and quality, nutrient availability, and salmon productivity associated with restoration efforts and management strategies. 

Baseline Instream Habitat Inventory
The collection of information on salmon habitat focuses on several characteristics judged to be important indicators of salmon habitat quality (Bisson et al. 1987; Bjornn and Reiser; Hicks et al. 1991).  Similar surveys have been conducted on Hoh River tributaries by Cederholm and Scarlett 1997.  The methodology implemented on Hood Canal tributaries utilizes a combination of protocols from several sources.  Furthermore, the methodology addresses the need to measure habitat parameters in a way that presents the least amount of difficulty in identification and measurement of stream characteristics.  Considering these aspects, the HCSEG concluded that for the purpose of determining existing habitat status and for identifying potential restoration projects, these selected protocols were the most appropriate methodology for watershed-based stream habitat surveys.   
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Materials

· Hip Chain 

· Clinometer

· Compasses

· Pool rod

· Permanent Markers

· Railroad chalk

· Arial photographs (lidar), topographic maps

· Field notebooks

· 30-meter loggers tapes

· GPS 

· Calipers

· Marking ribbon and stakes                Figure 1. Measuring pool depth
The focus of in-stream habitat are 1) pool surface area and residual pool depth, 2) LWD abundance and characteristics, 3) total water surface area, and 4) spawning gravel composition.  Collectively these factors are known to be an important indicator of salmon habitat condition (Bisson et al. 1987; Bjornn and Reiser; Hicks et al. 1991).    
Starting at the mouth, streams are longitudinally divided into a series of 500-meter long reaches called units.  These units are measured using a hip chain and numbered consecutively starting with unit 1, located from the mouth upstream 500-meters.  Benchmarks are established every 100-meters that show the unit number and distance upstream from the mouth.   These markers consist of aluminum tags nailed to wind firm conifer trees.  Eventually, fiberglass posts with plastic signs are established at these points.  The uppermost unit on each tributary is designated based on the furthest upstream [image: image15.jpg]


point of summer rearing or winter spawning habitat for salmon.  The survey end point is determined by either the absence of salmon or the lack of potential habitats.  These surveys do not attempt to quantify fish abundance.  Presence/absence and species identification is documented in the field notes.  





                                                                          Within each unit, a randomly chosen 100-meter “intensive study section” is selected for the measurement of several parameters.  This includes stream gradient, bankfull channel 
  Figure 2.  Placing a benchmark
width, total water surface area, pool surface area, 
residual pool depth, total LWD numbers, LWD diameter class, LWD decay class, LWD pieces in and out of log jams, LWD location in channel, LWD piece stability, and LWD pool forming function.
As various intensive study sections are being benchmarked and surveyed, another crew member continues to count all LWD pieces and jams distributed outside the 100 meter intensive study sections.  This results in a total lineal counting of all LWD pieces throughout the entire habitat zone. 

To qualify as an LWD piece during the survey it has to meet three criteria. 1) The piece has to be at least 2 meters long and 10 cm in diameter; 2) the piece has to be dead or imminently dying, with no chance of survival; and 3) the piece has to intrude wholly or in part into some part of the stream zone (designated 1, 2, or 3).  This definition of LWD position was described by Bilby and Ward (1989 and 1991), and is the accepted definition of LWD in the 1993 Ambient Monitoring Program Manual.  Debris jams consist of 4 or more individual qualifying pieces of LWD in contact with each other.   

Intensive Section Measurements

Large Woody Debris

100 meter intensive study sections are randomly identified prior to beginning fieldwork. Numbered surveyor ribbons are placed every 10 meters throughout the selected 100m stream reach to be used as reference points.  These locators are used for measuring stream and channel widths as well as gradient measurements.

Physical data on the characteristics of LWD pieces within the intensive study section are recorded in the following manner:
 LWD piece type category:

L= logs with a diameter of more than 10 cm for at least two meters in length.

R= root wads having a log less than two meters long or no log at all.

L/R= logs with root wads, must be at least two meters long from were the stem meets the roots and must be at least 10 cm in diameter for at least two meters.

LWD piece size (mean diameter/piece):


A   10-20 cm


B    21-50cm


C    51 cm or greater




LWD piece decay class:


1= fresh with 90% of bark attached.

2= medium, an old piece with some bark attached or no bark but still firm.

3= rotten and soft.

LWD piece stream zone location:


Zone 1= partially or totally within wetted portion of the stream.

Zone 2= within contact of the area between the low flow and bank full widths.
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Zone 3= found suspended within one meter above zone 1 and 2 and extending out into the riparian zone.

LWD stability category:


 B= buried


 P= pinned


 U= unstable

LWD tree species type

 All species were classified as;

 C= coniferous 

 D= deciduous 

 U= unknown 

If a pool forms as a result of the LWD structure, it was considered as having a pool forming function. This is verified in the field notes with an N (no pool forming function) or a Y (yes, forms a pool).







            Figure 3. Inventorying a log jam
Individual LWD pieces and total large and small debris jams found within the intensive sections are totaled and added to the tallies taken in the remainder of the unit.  Together they will compromise the unit totals for LWD comprising small and large debris jams.

Bankfull widths are determined at 20-meter intervals throughout the length of each intensive study section.

Water Surface Area
Total water surface area of an intensive study section is calculated by multiplying the average stream width (taken every 10 meters) by 100 meters.  
Pool Habitat

Pool habitat is characterized using the methodology set forth in the 1992 TFW – AMTM protocols.  This involves several width, and one length measurement. Pool depth is characterized with maximum, control, and residual depth measurements. Pool location within the intensive study section is also documented.  Pool surface area is calculated by multiplying the average pool width times the pool length.  A minimum of three width measurements are taken throughout each pool.  
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Stream Gradient

Stream gradient is determined by averaging a series of clinometer readings weighted by their individual distances within the intensive study sections.  This method was chosen because of it’s effectiveness in occasional low light conditions, areas where vision is obscured by vegetation, and areas of major changes in stream direction which limits the length of channel that can be accurately measured at one time. 







          Figure 4. Measuring gradient
Spawning Gravel Composition
Spawning gravel samples are taken during summer low flows in an effort to determine levels of fine sediment < 0.85mm and geometric mean diameter of substrate in spawning areas.  Site selection, sampling, and processing are completed using the standardized methodology described in 1994 TFW Ambient Monitoring Manual. 

Site Selection

Site selection is done following the riffle crest sampling method due to its ability to allow consistent and reproductive sampling.  It is best implemented on low gradient systems characteristic of most fish bearing Hood Canal streams.  Sites are selected where there is high confidence that enough riffle crests exist in a sample section to provide 12-18 samples.  If the number of sampling sites exceeds 18, sample zones are selected using the systematic random sampling strategy described in TFW 1994.   
Sampling Method
Collection of samples is completed using McNeil Gravel Sampler at the right bank, center, and left bank of each sampling zone.  This sampler takes a core sample of the gravel substrate.  The bottom of the sampler is 15 cm diameter stainless steel coring 
cylinder that penetrates 23cm into the streambed.  All gravel is excavated from the core into the collection basin located above the coring cylinder.  Following excavation, a plunger is inserted into the coring cylinder to retain sediment-bearing water in the sample.  The sample is poured into a five gallon bucket, labeled, and capped.  

Processing Method
The Volumetric Processing Method is used to determine the percentage of particles less than 0.85mm and geometric mean diameter of the substrate.  This entails washing gravel through a series of graduated sieves to determine size distribution based on volume of material in various size classes.  The volume of sediment per sieve is determined through the displacement of water in a flask.  Results are reported as percent substrate less than 0.85mm (including standard deviation within each sample site) and geometric mean diameter of the substrate for each sample.    
Riparian Inventory
Riparian condition is assessed through combinations of aerial photo analysis and unit descriptions recorded in the field notes throughout the instream habitat inventory.  We have also developed a protocol that focuses entirely on riparian characterization throughout a given watershed.  This measures estimated canopy cover, dominant tree species present, and an estimated age of the dominant stand.  Collectively this data is used to estimate the timing and abundance of LWD recruitment from the identified stand to the aquatic system.   
A riparian zone can be classified using several characteristics. A mature riparian zone is usually heterogeneous in nature possessing a mosaic quality or patchiness with respect to stand diversity.  It also contributes to LWD loading on a substantial level into the stream systems.  It is also responsible for deposition of nutrients and important shade levels generally acting as a buffer against temperature variation. Methods for maintaining a viable riparian zone as a buffer around our water resource, has in the past decade become an important aspect of natural resource management. Riparian inventory protocols have been developed to monitor temporal and spatial change in stand and stream characteristics. Estimates of LWD recruitment can be evaluated by monitoring stand dynamics such as age class and species diversity. The following procedure is designed to address that specific information need.

Materials

· Hip Chain 

· Clinometer

· Compasses

· Railroad chalk

· Arial photographs (LIDAR), topographic maps

· Field guide for tree identification 

· Field notebooks

· Loggers tapes

· 30m and 50m fiberglass tapes

· GPS 

· Calipers

· Marking ribbon and stakes

Sampling Methodology
The sampling reach includes both banks of the stream including the distance between the mouth and the terminal point. A previous study (Smith and Conrad the Northwest Indian Fisheries Committee) showed that a 30m plot every 120m is the optimal plot size for measuring a 25% sampling coverage (consult Smith and Schuett-Hames LWD recruitment guidelines) (Smith, 1998).  This study compared 30m, 60m and 90m plots along a 1,460 reach measuring every tree (>10cm DBH) to obtain species density values (Smith, 1998).. Using both standardized and random methods it was established that a 30m plot yielded density estimates (20% of the true density 80% percent of the time (Smith, 1998).
Plot Delineation

Plots are measured along the lineal distance of the stream ignoring the meanders.  A 30m plot is randomly selected within the first 120m section by which all following plots follow at incremental lengths of 120m (Smith, 1998). The measurement is taken from the center point of the plot. In most cases it is best to measure both sides of the stream with adjacent plots, but due to the fragmentation of the channel through marshlands it is not always possible. When collecting sample data, relevant characteristics are recorded such as a small map of each plot and a horizontal topographic profile (Smith, 1998). Individual plots also have the following information recorded:

· Stream channel Orientation (cardinal direction from thalweg)

· Valley confinement

· Distance from stream for each tree and any obvious land forms

· Plot area (m2)

· Landform (floodplain, low terrace, high terrace, and hill slope)

· Floodplain  <1m above channel

· Low Terrace ( 1m-3m

· High Terrace (3m

· Hill Slope (20% slope for 15m

A plot baseline is established by using a compass to follow the general direction of the stream. Perpendicular to this base the outer extent of the plot is established using tapes and is marked with stakes or ribbon. Once the plot has been delineated each tree (>10cm DBH) within the limits is measured and recorded. For this study only live trees are measured.

Stand Characteristics

Stand characteristics include such things as average height, average age canopy dominance and growth pattern. To determine stand characteristics 5 trees are randomly selected in each plot for measurement:

· Height meters

· Age from DBH

· 5 and 10 year growth diameters (requires tree core, optional)

· Site tree (Y/N) 

There are obvious difficulties that accompany the height measurements of trees in the riparian zones and taking this into account, it is sometimes impractical to include this characteristic. A trial run is often necessary and it may turn out that this facet of stand characteristics is inconsistent and thus only valuable as a non-statistical element. A site tree is defined as one with a medium to large crown that form the canopy cover or stands above it receiving full sunlight (Avery, T. E. and H. E. Burkhart.  1994). Site trees are also called overstory trees and can be used to create a site index of dominant species (Avery, T. E. and H. E. Burkhart.  1994). Tree height is measured with a tape and clinometer away from the base of the tree where the crown or top can be viewed. The following methodology is from the Oregon Department of Forestry’s riparian monitoring protocols:

%a(+) - The % slope from your eye to top of leader for conifers or to middle of crown for hardwoods (where branches begin to divide).

%b(-) - The % slope from your eye to the base of the tree for all trees.
Slope distance. - The distance from you to the tree if you are on a slope.

Slope - the degree of slope from you to the tree.

Horizontal distance – If you are on flat ground then the distance from you to the tree or the calculated horizontal distance from slope distance and slope measurements. The formula, where x is your slope distance, y your horizontal distance, and θ your slope angle (in degrees) is:

y = cosx

Height - is the effective or total tree height. Height is calculated from the following relationship: where %a and %b are described above and y is the horizontal distance.
H = (%a + %b)y/100

In the advent that a tree has a greater than 45% lean note it in the field notes but do not measure it.  

Measuring the age class is completed measuring the diameter at breast height, which is 1.37m or 4.5ft on the upslope side of the tree.  When the tree has an abnormality i.e. something that distorts the DBH diameter above the abnormal spot is measured (Smith, 1998). If the tree developed with two main stems each stem is measured as an individual tree 1.07m or 3.5 feet above the fork.  If the fork occurs at or above DBH then measure below the fork as if it were an individual tree (Smith, 1998).

Each tree is classified and recorded with its Latin abbreviated code 

(see appendix A).

APPENDIX A

	Code
	Scientific Name
	Common Name

	thpl
	Thusja plicata
	Western Red Cedar

	tshe
	Tsuga heterophylla
	Western Hemlock

	abgr
	Abies grandis
	Grand Fir

	pisi
	Picea sitchensis
	Sitka Spruce

	psme
	Psuedosuga menziesii
	Douglas Fir

	abam
	Abies amabilis
	Pacific Silver Fir

	acma
	Acer macrophyllum
	Big-Leaf Maple

	acci
	Acer circinatum
	Vine Maple

	alru
	Alnus rubra
	Red Alder

	potr
	Populus trichocarpa
	Black Cottonwood

	prse
	Prunus serotina
	Bitter Cherry

	other
	Na
	Other (describe in Notes)


Deciduous stands tend to provide adequate levels of natural recruitment at 60 years old while conifer stands take approximately 100 years (Cederholm et al. 1997).  Therefore the estimated time to adequate recruitment is determined by subtracting the estimated age in years of the stand from either 60 or 100 years depending on the type of stand.  Existing land use is recorded for each unit using categories that include forestland, conservation land, and residentially developed land.  
Riparian Restoration Monitoring
Riparian restoration is deemed appropriate when the following circumstances exist:

1) The presence of exotic species prevents the establishment of native plants
2) Recruitment potential on native species is limited in the surrounding area
3) Construction activities associated with restoration damages or removes native vegetation.

Following riparian planting site inspections are conducted by HCSEG staff to determine the following: 1) condition of reintroduced plant species; 2) the use of the site by wildlife species; 3) any disturbance caused by nearby development and its effect on the riparian zone and associated aquatic habitat; 4) any occurrence of exotic species within the planted zone; 5) any corrective measures that may be deemed necessary to provide desired conditions within the zone.  This monitoring remains in effect for the duration of three to five years depending on how long it takes to achieve the desired outcome of 80% survival after three years.  
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Monitoring Biological Integrity

Biological integrity is currently assessed through a benthic macroinvertebrate monitoring program that occurs during the summer months throughout several Hood Canal tributaries.  The characteristics of the biota reflect the influence of human activity in the surrounding watershed.  This also provides insight to a streams ability to supply a healthy place to live for aquatic organisms.  There are two objectives of this program, 1) determine relative nutrient levels and instream food supply for juvenile salmon as indicated by the abundance of benthic macroinvertebrates and 2) develop an Index of Biological Integrity to be used as baseline for monitoring long term trends in aquatic conditions.

Several sample sites are selected throughout the entire linear distance of each stream selected for study.  A sample site consists of three Neel cylinder samples (1.1 ft3 /ea.) extracted from riffle habitat.  All benthos and debris extracted from each sample site is placed with water into jars and transported to a lab.  Samples are then processed by sorting all macroinvertebrates and taxonomically keying them to family. 
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 Figure 6.  Data collection using a Neel Cylinder
  Figure 7. Keying aquatic insects to family

An Index of Biological Integrity monitoring approach provides the following four types of stream condition descriptors as reflected by the aquatic insect:

· Quantitative description (the monitoring data set and resulting scores), 

· Verbal description (number and types of families present), 

· Graphical description (representing the resulting IBI on a graph), and 

· Qualitative description (relative integrity description). 
Indices of Biological Integrity (IBI) are developed for specific geographic areas and for specific sampling methodologies. Currently, there is no IBI calibrated precisely for our sampling region or methodology, however there has been an index designed and calibrated for use in other Puget Sound Lowland areas using the Salmon Web monitoring protocol. Each of the metrics has been chosen because of their consistency in responding to several types of human disturbance: urbanization, forestry, agriculture, grazing, and recreation. The metrics are listed below with predicted response to human impact.

	Metric
	Predicted Response due to Human Impact

	  Total number of taxa;
	Decrease

	  Number of Mayfly taxa;
	Decrease

	  Number of Stonefly taxa;
	Decrease

	  Number of Caddisfly taxa;
	Decrease

	  Number of long-lived taxa;
	Decrease

	  Number of intolerant taxa
	Decrease

	  % of tolerant individuals
	Increase

	  % of predator individuals
	Decrease

	  Number of clinger taxa
	Decrease

	  % dominance (3 taxa)
	Increase

	


Level of Identification 
Macroinvertebrate identification is a key component of the benthic index of biological integrity (B-IBI) calculation.  Currently identification is completed to the taxonomic level of family for our research purposes.  This level of scoring requires the least amount of expertise while still providing a level of qualitative significance acceptable for IBI assessment. Volunteers and interns can complete identification to family using pictorial keys. More specific identification to genus or species would need to be completed by professionals using dichotomous keys.  This would involve significantly more time and cost.  When samples are identified to the family level, a five metric scoring system is used.
Family Level Summary Metrics


The 5-metric Family B-IBI provides a relative integrity score. This score indicates how the biotic composition, structure, and function change over time.  A site with a high relative integrity score is assumed to maintain characteristics comparable to historic conditions.
Total Taxa Richness 

The total number of unique taxa identified in each replicate sample (single sample taken from riffle). The numbers from the three replicates are then averaged for this metric. 
Ephemeroptera Taxa Richness 

The total number of unique mayfly (Ephemeroptera) taxa identified in each replicate sample. The numbers from the three replicates are then averaged for this metric. 
Plecoptera Taxa Richness 

The total number of unique stonefly (Plecoptera) taxa identified in each replicate sample. The numbers from the three replicates are then averaged for this metric. 
Trichoptera Taxa Richness 

The total number of unique caddisfly (Tricoptera) taxa identified in each replicate sample. The numbers from the three replicates are then averaged for this metric. 
Percent Dominance 

The sum of individuals in the single most abundant taxa in each replicate sample, divided by the total number of individuals in that replicate, multiplied by 100. The numbers from the three replicates are then averaged for this metric. 

After the metrics are calculated, they are then converted to a 1, 3, or 5 in order to facilitate comparisons between areas both over time and space (i.e., between sampling site, watersheds, or regions). A value of "5" is assigned for the range of expected results (i.e., for each metric) in an UNDISTURBED SITE. A value of "3" is designated for results expected from a SOMEWHAT DEGRATED SITE, and a value of "1" is assigned for values expected in SEVERLEY DEGRATED SITES.

The individual 1, 3, and 5 metric scores are added together for a Total B-IBI score. Since there are ten metrics, a Total B-IBI score can range from 10 (i.e., 10 X 1) to 50 (i.e., 10 X 5). The Total B-IBI score can then be assessed using a qualitative coding system.

Interpreting IBI Scores

Once B-IBI is calculated, a number between 5 and 25 is established for a given site.  The B-IBI is a relative measure of a stream's biological condition (i.e., health). Each of the individual metrics reflects the condition of important biological components. A value close to 25 indicates the stream's biotic conditions are equivalent to what would be found in an unimpacted stream with high potential productivity. A value close to 5 indicates a poor biotic condition within the stream. Listed below are cut off values for the B-IBI scores and the qualitative interpretation.
	5 Metric B-IBI Score
	Stream Condition

	Family
	

	23-25
	Excellent

	19-22
	Good

	14-18
	Fair

	9-13
	Poor

	5-8
	Very Poor


It is important to not only consider the final B-IBI score, but also the individual metric scores for clues to the types of impacts affecting the final score. For example: are there high percentages of pollution tolerant taxa? Were long lived taxa present? Were sediment tolerant taxa present? The individual metrics, the original data set, and data on the land uses and terrestrial habitat conditions surrounding the site are critical to understand the processes occurring within and around each sampling site.

Fish Passage Barrier Identification and Prioritization
Identification and documentation of fish passage barriers is conducted using a modified SSHEAR stream-based watershed approach.  Barriers are only documented by the HCSEG in fish bearing streams of which any of the following criteria could apply:
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· Water courses having average ordinary high-water widths in excess of 0.6 meters provided stream gradient is less than 20%.

· Water courses identified in WDFW’s Priority Habitats and Species databases as fish bearing

· Water courses listed as Type 1,2,or 3 on the Department of Natural Resources Water Type Maps

· Water courses listed as fish bearing in “A Catalog of Washington Streams and 
· Salmon Utilization” 
                                    Figure 8. fish passage barrier

      (Williams, et al. 1975 and Phinney and Bucknell 1975). 

· Water courses listed as fish bearing on StreamNet
· Water courses with documented salmonid use determined by visual observation, electrofishing, or verification by HCSEG staff or other local biologists.

· Limiting Factor Fish Distribution maps.

The following information is recorded for all culverts as taken from the SSHEAR guidelines for culvert and barrier analysis.

· Culvert location (Distance from stream mouth) is recorded in field notes, plotted using GPS and entered onto a GIS database. 
· Fish species present above and below the culvert

· Descriptive information and core physical measurements of the structure.   

Shape, material, span, rise, water depth inside culvert, outfall drop, length, slope, material in culvert, estimated water velocity in culvert, apron, tidegate, fill depth, plunge pool length, plunge pool depth, plunge pool width, average streambed width above and below the culvert, ratio of culvert width to streambed width, barrier or not, percent passability based on best available judgment, problem caused by culvert, and repair status.   
· Grade break (Y/N)
· Tidal influence

Barrier Removal Project Evaluation

Barrier evaluation consists of observations of the project throughout several seasons following construction.  The following characteristics of the project site are documented;

Channel Continuity

This observation determines weather or not the channel size and shape within the culvert are similar to the channel conditions existing throughout the rest of the stream.  Follow up habitat inventory data is often used to make this determination.  Because this data is limited to summer low flow, high water determinations are usually derived from qualitative observations during flooding events.           
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[image: image9]                      

Figure 9. Culvert before replacement
                    Figure 10. Culvert after replacement
Weir effectiveness

Weirs function to regulate flow, create pool habitat and retain gravel.  Pool surface area and depth above and below the weir structures are monitored to determine if weirs are maintaining desired habitat conditions.  If weirs become undermined, contractors are notified and corrective measures are taken.  This often requires a phase II engineering design. 










                  Completed Culvert Project

High Flow Effectiveness

Effectiveness during high flows is determined through observations during high water events.  The purpose of this is to determine how full the culvert gets, how well the culvert passes LWD, and any constriction caused by the culvert in terms of water velocity.  It is also important to document any fish migration through the culvert.

Fish Species Present Above and Below the Culvert
This is determined through smolt outmigration monitoring, and adult spawner surveys conducted weekly or daily throughout migration periods.
Monitoring Adult Returns
Instream Spawner Surveys
Instream spawner surveys provide qualitative information regarding adult salmon distribution and run timing throughout a given system or stream reach.  It is difficult to determine actual population densities through field surveys because of the several factors influencing the surveyor’s ability to actually see the fish.  Although the quantitative accuracy of these surveys is unknown, established protocols allow consistency of the data to be used for determining relative spatial and temporal trends in spawner abundance.  
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The survey data provides geographical distribution and relative abundance information regarding the adult salmon within the system.  The distribution information is useful in assessing the effectiveness of fish passage barrier removal and habitat improvement projects providing upstream access for juvenile and adult salmon while abundance data provides an indication of nutrient availability to juvenile salmon.
Materials

· Field books

· Polarized glasses

Surveyors walk stream reaches weekly throughout the adult return seasons.  Surveyors record the stream name, date, weather conditions, segments walked, species observed, live count, dead count, total fish per 100 meter              Figure 11. Adult Coho 
section, estimated water visibility, and total redds seen.  
Surveyors also record comments regarding observed predator 
activity, observed fishing activity, and any other potentially useful information.

The total number of salmon in the system is estimated using the area under the curve methodology which consists of totaling the number of fish days and dividing by ten.  This methodology assumes that salmon spend an average of ten days in the system.  Therefore the run size estimate is equivalent to 1/10 the total number of salmon counted. 
Trapping Returning Adults
For programs requiring the most accurate inventory of returning adults, a spawner trap is built and operated at the mouth of the subject stream.  The trap is operated throughout the estimated run timing of the stock being monitored.  Staff or volunteers are on-site 24-houres a day seven days a week during trap operation.  All adult salmon migrating upstream are funneled into this trap by a series of screens established across the stream.  These fish 
are identified to species and sex prior to being released upstream.  All staff and volunteers are trained by WDFW staff to identify and handle returning adult salmon.  
Currently a large scale trapping effort is in place at the mouth of the Union River in an effort to 1) capture returning adult summer chum to be artificially spawned for supplementation; and 2) obtain an accurate estimate of the total number of  salmon returning to the system from August 15th to October 15th.  This represents the total run timing of Summer Chum and fall Chinook returning to the system. 
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Figure 12. Adult salmon trap                                       Figure 13. Summer Chum being 







 released from trap
Determining Origin and Age Class of Returning Adults
All supplemented fish associated with HCSEG programs are differentially marked to allow for distinction from natural-origin fish upon return to the spawning grounds.  This is accomplished by otolith marking and adipose fin clipping, or any other permanent, effective methods determined by the Co-Managers.   
Materials
· Forceps
· Vials
· Ethanol 

· Fin clip scissors

· Knife

Throughout adult return seasons, field crews walk streams daily conducting random sampling of fish heads for otoliths.  Crews also extract scales to be examined for age class.  Scales are taken from the upper section of the rear third of the fish.  Samples are taken from dead or dying spawned out salmon as indicated by their observed condition.  All sampling crews are trained by WDFW staff.  DNA samples are taken through fin clips and gill plate punches which are then placed in vials with ethanol.  All otolith, DNA and scale samples are sent to WDFW’s lab where they are examined to determine the origin and brood year of the fish.  This is done by looking for temperature coding marks on each otolith.  All information is provided to the HCSEG upon completion of analysis.  
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           Figure 14. Extracting otolith


     Figure 15. Extracting scale 
[image: image10.jpg]





                   Figure 16.  Taking gill plate samples

Monitoring Smolt Out-migration
Smolt out-migration is monitored through the seasonal operation of man-made smolt traps.  Smolt traps provide a mechanism to comprehensively inventory the number out-migrating juveniles in a given stream or reach.  Biological data is ascertained as well (species, length, weight) Currently traps are installed annually and operated from March 15 to June 15 which captures the entire season of juvenile Coho and Steelhead out-migration.  Each trap is monitored daily.  The traps capture all salmon and trout migrating downstream.  
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Materials

· Smolt trap

· Dip net

· Holding bucket
· Recovery bucket

· MS222

· Field books

· Scale 

· Measuring board







     


                   Figure 17. Juvenile Coho Salmon
All fish are removed from the traps daily using a dip net.  A running inventory and date of capture is kept for the total number of each fish species and life stage (parr, smolt, or unknown).  Fish sampled for length and weight are anesthetized in an MS 222 solution (1-gram/ 5-gallons) prior to being handled.  Sub-samples of the out-migrating population are measured for fork length to the nearest millimeter, and weighed to the nearest 0.1 gram.  Following measurements, fish are put into a recovery bucket for roughly five minutes before being released downstream of the trap.  In situations where there are over 200 fish in a trap on a given day, every 4th fish is sampled. This avoids stress associated with holding fish for long periods of time during sampling while maintaining statistically valid results.   Following handling, fish are placed in a freshwater tank and allowed to recover for at least five minutes prior to being released downstream of the trap.  
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     Figure 18. Constructed smolt trap


    Figure 19. Sampling smolts
Monitoring Stream Flow and Temperature 
Maintenance of stream flow is critical to the sustainability of salmon ecosystems.  Stream flow monitoring is needed to establish information regarding long term trends in flow and temperature.  Currently the Hood Canal Salmon Enhancement Group maintains and operates four gaging stations on the Tahuya Peninsula measuring stage and temperature.  This provides an avenue to assess long term benefits of restoration and land use management efforts designed to protect or restore flow and temperature characteristics.  The Hood Canal Salmon Enhancement Group follows USGS streamflow data collection methods as described in Water-Supply paper 2175.  
Materials
· Velocity meter (Swoffer)

· 50-foot measuring tape (engineering units)
· Gaging station (waterlog DH-21 model)

· Staff gage

· Laptop computer

· Field book

Site Selection
Sites selected for gaging stations maintain as close to the following characteristics as feasible in the given system.

· Straight Reach

· Flow confined to one channel

· Upstream pool to insure low flow readings

· No tidal effect or backup from confluence with another stream

· Nearby reach accessible for measuring discharge

· Access and security
Measurement of Stage
The stage of a stream or lake is the height of the water surface above an established datum plane.  The “gage height” is the water surface elevation referenced to some arbitrary or predetermined gage.  Gage height is often referred to as the stage.  Stage or gage height is expressed in feet and hundredths of a foot.  Records of gage height are used with stage-discharge relation to compute records of stream discharge.  The reliability of the discharge record is therefore dependant on the reliability of the gage-height record and the accuracy of stage-discharge measurements taken by field crews.

Staff Gage – The standard USGS staff gage consists of sections of porcelain-enameled iron that is graduated every 0.02 feet.  The staff gage is installed such that all levels of stage can be referenced.  The staff gage is referenced to a datum in the event of damage and reinstallation.  

Stage Recorder – This is a data logger with a mechanism for sensing stage, usually a float and pulley or transducer.  Stage recorders are set to record in 15-minute intervals.  These are installed such that all stages of flow can be recorded.  Access and security are important considerations.  

Measurements of Discharge
Streamflow, or discharge, is the volume rate of flow of water including any substances suspended or dissolved in the water.  Discharge is expressed in cubic feet per second.  These measurements are made at each gaging station to determine the discharge rating for the site.  Measurements are made at periodic intervals, usually monthly, to verify the rating or define any changes in the rating caused by changes in stream-channel conditions.

The most common method for measuring discharge is with a current meter.  When using this method, observations of width, depth, and velocity are taken at intervals in a cross section to the stream; typically while the hydrographer is standing in the stream or on a bridge crossing.

Computation of Discharge 
Continuous records of discharge at gaging stations are computed by applying the discharge rating for the stream to records of stage.  The process resulting in the most accurate estimates feasible is as follows.

1) Gage-Height Record is established.

2) Discharge measurements are taken to establish a rating.

3) Ratings are used to shift adjustments (compensates for gage record error)

4) Discharge is determined and continuously updated for each station.
5) Hydrographs are produced and compared to identify potential errors. 

6) An annual water-year report is produced.

For more detailed information regarding HCSEG streamflow and temperature monitoring protocols, refer to USGS Water-Supply Paper 2175. 
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Figure 20. Red dots indicate locations of gaging stations operated by the HCSEG
Union River Water Quality Monitoring

The Union River water quality monitoring program has been provided by the DOE through a 2003 Centennial Clean Water Grant.  This program samples twenty locations, primarily associated with stormwater, for a twelve month period.  The goal of this project is to investigate the potential occurrence of metal contaminants, oil/grease contaminants, pesticides/herbicide and fecal contaminants in surface waters and sediment samples within the lower reaches of the Union River and estuary where contamination has long been suspected yet long-term data are absent.

Personnel from Department of Ecology, Mason County Department of Health, Mason Conservation District, Washington Sea Grant, and the Hood Canal Salmon Enhancement Group provide the information and training.  Providing additional community awareness through education and outreach is addressed by hosting several community informational meetings. 

The water samples are analyzed by Twiss Analytical Lab., for dissolved metals (cadmium, copper, chromium, lead, mercury, nickel, and zinc), oils/greases, and herbicides/pesticides.  Sediment samples at several locations will be analyzed for the same parameters. The Mason County Department of Health (MCDH) simultaneously analyzes water samples during the same time period for fecal contaminants.  The fecal information will then be utilized to prioritize properties at a level of risk of contamination according to the results of a ranking survey developed by the MCDH.

In addition to the accredited lab analysis, a portable water lab and handheld water testing instrument is utilized to provide additional sampling information on temperature, pH, DO, salinity, and nutrient loading. 
Results from this project will provide preliminary information for developing a conceptual stormwater control plan and preliminary stormwater treatment recommendations (including stormwater monitoring) as well as a sewer plan for the Belfair UGA.
Collectively this will provide an assessment for further evaluating contaminants and making better informed decisions about the clean-up and maintenance of surface waters in the lower Union River watershed.
Monitoring Nearshore Vegetation
The relationship of nearshore habitat to the survival of juvenile salmon is becoming better understood as research continues to unveil its importance to the survival of juvenile and adult salmon.  Maintaining and restoring the ability of these habitats to provide food, predator avoidance, and broad freshwater/saltwater transition zones is critical to the sustainability of naturally spawning salmon populations in Hood Canal.  

The existing vegetation abundance and diversity can be used to characterize the existing conditions of estuaries and salt marshes, however, very little quantitative sampling of vegetation has been conducted throughout Hood Canal given the available habitat.  Understanding the distribution and relative abundances of salt marsh plant species provides insight to existing conditions as well as a point in time against which to evaluate changes in vegetation that may be caused by restoration activities such as reconnecting tidal channels.   
Materials

· Vegetation Field guide
· Field book
· Flag stakes
· 30-meter Tape
· Compass
· GPS
The existing sampling design is used to represent species present and their relative abundance.
Vegetation assemblages are identified onsite that appear to represent the range of variability in species distributions and abundances of the study site.  Five to eight samples are taken at each assemblage.  Spatial distribution of the sample group must include the entire length and width of the study site.  

Each sample consists of a 10x10 meter plot.  At each plot, the center of the plot is recorded using GPS (Trimble).  Species present in five to six randomly located, 1x1 m quadrates are then recorded.

For each species identified in each plot, the number of quadrates in which it was present and the total number of quadrates sampled is recorded.  In addition, the number of species found in each quadrant is recorded.       
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Glossary
Adipose Fin - a fin found on species of the salmonidae family composed of fat with no fin rays.  This fin is located on the dorsal section of the fish between the dorsal and the caudle fin

Aquatic - growing or living in the water
Aquatic Habitat - the natural environment existing in the water
Aquatic Organisms - plants or animals living in the water 

Bankfull Width - the width of a stream channel at bankfull flow
Benthic Macroinvertebrate - aquatic animals with no backbone living in the gravel of streambeds

Biological Integrity - the health of the living environment in a given area 
Benthos - material that comprises a stream bed such as gravel, sand, organic debris, etc.
Benchmarks - a marker placed on a tree indicating a point of known distance upstream from the river mouth 

Calipers - a tool used to measure the diameter of a log or tree
Cardinal Direction - the direction of flow recorded through a compass reading
Carcass - the dead body of an animal
Channel Confinement - a term used to describe the ratio between the width of the valley floodplain and the bankfull channel width

Coniferous - describes a tree that bears cones
Conservation Land - land that is protected from residential development or land use other than habitat restoration conservation or selected recreational activity 
Class - a division of a phylum
Clinometer - a tool used to measure gradient

Deciduous - describes a tree that sheds its leaves annually
Discharge - refers to the amount of surface water sent out from the stream
Dissolved Metals - metal particles suspended in the water 
DO - dissolved oxygen
Dominant Tree - refers to the most abundant tree species in a given area in terms of overall biomass
Exotic Species - species non-native to the region that have been introduced by humans 

Family a division of an order 

Fecal Coliform - bacteria associated with feces
Fiberglass Tapes - a measuring tape made of fiberglass
Fish Passage Barrier - a natural or unnatural structure existing in the aquatic environment that fish cannot swim past.
Floodplain - areas < 1-meter above the stream channel that are subject to flooding 

Forestland - land used exclusively for growing and harvesting timber with no residential development

Fork length - the length between the tip of the nose and center of the tail 

Genus - a division of a family
Gradient - the amount of slope in a given stream reach
Heterogeneous - made up of things or characteristics that are diverse and unlike each other.

High Terrace - areas elevated > 3-meters above the stream channel
Hill Slope - areas with at least a 20 percent slope for a minimum of 15-meters. 

Hip Chain. -  a tool that measures lineal distance from an established location by unraveling a roll of string attached to a small reader that tells how much string has been let out. 

Hydrographer - one who scientifically studies surface waters  

Hydrograph - a graphic description of hydrologic characteristics such as rainfall or stream flow
Kingdom - the highest taxonomic classification, into which organisms are grouped, based on fundamental similarities and common ancestry. The Linnaean system designates five such classifications: animals, plants, fungi, prokaryotes, and protoctists
Large Woody Debris - dead or imminently dying wood that is at least 10 cm in diameter for at least 2-meters of its length and intrudes into the bankfull channel of a stream
Lidar - a method of detecting distant objects and determining their position, velocity, or other characteristics by analysis of pulsed laser light reflected from their surfaces 

Lineal Distance - a measurement of the distance from a given point on a stream to the mouth that includes all the streams meanders

Loggers Tape - a spring-loaded metal measuring tape  
Low Terrace - areas elevated 1-3 meters above the stream channel 
MS 222 (tricane methanesulfonate) - a chemical that is mixed with water at 

1gram/5 gallons and used to anesthetize fish for safe handling. 
Native Plants - plants that originated independent of human influence in a given region 

Order - a division of a class

Otolith - calcareous particles found in the inner ear of vertebrates
Outmigration - refers to juvenile salmon swimming downstream on their way to the ocean
Phylum - a primary division of a kingdom 
PH - a value used to express acidity and alkalinity  

Redd - a depression that salmon dig in the gravel to lay eggs in 

Residentially Developed Land - land containing privately owned houses
Reintroduced Plant Species - native plant species than have been replanted in a given area as part of a formal restoration program
Riffle - shallow, low gradient areas that have a water surface gradient of less than 3.5 percent that do not meet TFW pool depth requirements
Riffle Crest - areas located at the upstream end of the riffles between tailouts and riffles.

Riparian Zone - the area adjacent to a river bank
Root Wad - a piece of dead wood at least 20 cm diameter and less than 2-meters long with a root system still attached

Salinity - a measurement of the salt content in a liquid
Scales - one of the many small platelike dermal or epidermal structures that characteristically form the external covering of fishes, reptiles, and certain mammals.
SSHEAR - Salmon Screening Habitat Enhancement and Restoration
Smolt - refers to a salmon during the life stage when it is migrating from freshwater into the marine environment.
Spatial - pertains to location 

Spawning Gravel - gravel in the stream that salmon lay eggs in.
Species - a division of a genus

Stream Channel Orientation - determining and recoding the position of the stream channel using compass coordinates

Taxa - a taxonomic category or group, such as a phylum, order, family, genus, or species 

Taxonomy - the science of classification 
Tailout - the transitional area between a pool and the head of the downstream riffle  

Temporal - pertains to timing

Terrestrial - living on the land

Terminal Point - the end point of a given study section
Thalweg - an area located within a cross section of a stream channel that exhibits the highest level of water discharge than any other areas within the channel 

Tidal Channels - channels with water affected by the tide
Tidal Influence - describes aquatic areas subject to rise and fall of water level due to the tide 
Topographic Map - a map that shows landscape elevation and slopes
Trend - a general or continued tendency
Water Surface Area - a measurement of the length multiplied by the average wetted width of a stream reach.
Wildlife Species - distinct types of non-domesticated animals
Figure 5. Healthy riparian area
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