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Abstract 
The Fisher Slough Restoration Project, located in the south fork Skagit River tidal delta 

near the town of Conway, is intended to help recover the six populations of wild Chinook 

salmon present within the Skagit River and its natal estuary. We report monitoring results 

related to Project Element 1 (of 3), which replaced an existing floodgate with a new 

floodgate. The goal of Project Element 1 was to improve fish passage and tidal 

inundation to areas upstream of the floodgate and to protect adjacent farmland from 

flooding. We address monitoring questions related to Project Element 1 for fish with data 

collected in 2009 (Beamer et al. 2010), in 2010 (Beamer et al. 2011), and in 2011 (this 

report). The primary question for Project Element 1 and juvenile salmon monitoring is: 

Does juvenile Chinook salmon use increase in habitat upstream of the floodgate after its 

replacement occurring between the 2009 and 2010 fish monitoring periods? 

 

The new Fisher Slough floodgate, during the monitoring period covered by this report, 

was operated according to management periods outlined in its hydraulic permit. 

Upstream juvenile salmon passage opportunity coincides with non-ebb tidal stage periods 

when floodgate doors are open and was estimated to occur 46.8% of the time during the 

2011 fish monitoring period. This statistic varied little over the three years of monitoring 

Fisher Sloughôs floodgate, ranging between 45% and 47%. 

 

In 2011, twelve different species of fish were found in the study area, including five 

different salmonids and other freshwater and estuarine species. Average monthly juvenile 

wild Chinook salmon density was higher downstream of the floodgate than upstream of 

the floodgate in 2011 (year 2 after replacement), but it is not significant at the 0.05 level. 

In 2009, before floodgate replacement, there was statistically and visually no difference 

in juvenile wild Chinook salmon density between sites up- and downstream of the 

floodgate. However, in 2010, there were higher densities of juvenile wild Chinook 

salmon downstream of the floodgate than upstream of the floodgate. An analysis of 

juvenile Chinook salmon density and landscape connectivity suggests juvenile Chinook 

salmon use of Fisher Slough upstream of the floodgate was lower than the normal pattern 

observed at all other Skagit sites after the floodgate was replaced. 

 

The statistical tests and graphical trends over three years of monitoring indicate that the 

new floodgate may not be influencing Chinook salmon densities as was originally 

hypothesized (i.e., juvenile wild Chinook salmon abundance would increase upstream of 

the floodgate after its replacement). There are factors that may be influencing juvenile 

Chinook salmon results at Fisher Slough other than floodgate replacement, and we 

explored six of these: 1) site variability in the local environment, 2) variability in 

floodgate operation, 3) chance, 4) an unmonitored mechanism, 5) disturbance from 

restoration construction occurring in 2011, and 6) variability in Skagit River juvenile 

Chinook salmon outmigration population size. Of these six potential influences, we feel 

the one most likely to be influencing juvenile Chinook salmon results is variability in 

floodgate operation, because 2009 had an extended period of gates being held open while 

years 2010 and 2011 did not. 
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It is also possible that the original hypothesis for floodgate replacement (i.e., an increase 

in juvenile wild Chinook salmon density upstream of the floodgate after its replacement) 

was overstated. The original hypothesis was generated without the benefit of any pre-

project monitoring data. Upstream juvenile Chinook salmon passage into Fisher Slough 

was assumed to be poor with the old floodgates and the one year of pre-floodgate 

replacement results in 2009 suggest otherwise. 

 

Moving forward with monitoring at Fisher Slough which will include influences from 

dike setback restoration and its resulting new habitat area for fish, we recommend future 

monitoring use all monitored independent variables hypothesized to influence juvenile 

Chinook salmon in an integrated analysis approach. 
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Background of the Fisher Slough Restoration Project 
and study area 
The Fisher Slough Restoration Project, located in the south fork Skagit River tidal delta 

near the town of Conway (Figure 1), was included in the Skagit Chinook Recovery Plan 

(SRSC and WDFW 2005, page 172) as a necessary restoration action to help recover the 

six populations of wild Chinook salmon (Oncorhynchus tshawytscha) present within the 

Skagit River and its natal estuary. The project was envisioned conceptually to restore 50 

to 80 acres of historic riverine tidal zone, previously in agricultural use, to a variety of 

channel, estuarine wetland, and tributary junction habitats. 

 

Since the writing of the Skagit Chinook Recovery Plan, The Nature Conservancy (TNC) 

and its partners have acquired agriculture lands in the project area and designed specific 

restoration actions for the study area that were be phased in their implementation, over 

several years, in three Project Elements. The goal of Project Element 1 is to improve fish 

passage and tidal inundation to areas upstream of the floodgate and to protect adjacent 

farmland from flooding by replacing an existing floodgate with a new floodgate within 

Fisher Slough at the Pioneer Highway crossing.  

 

Project Element 2 resolved a drainage conflict preventing implementation of the final 

restoration Project Element. Project Element 2 relocates the Big Ditch siphon culvert, 

which was located underneath Fisher Slough within the dike setback area. The siphon 

was located at the edge of the project footprint for dike setback in order to accommodate 

drainage issues for adjacent and upstream land owners while allowing for full dike 

setback.  

 

The third Project Element was a dike setback in order to allow more of the agricultural 

area to be inundated by tidal and freshwater hydrology. The new tidal habitat area, 

following implementation of Project Element 3, is approximately 60 acres. 

 

Project Element 1 was completed in the fall of 2009. Project Element 2 was started in the 

summer of 2010. Construction continued through the end of October 2011 when the 

floodgates were re-engaged and operated for the criteria set forth for the Fall/Winter 

Flood Control Period. The construction for Project Element 2 was completed in 2011 

(after the fish monitoring period covered in this report). Project Element 3 was completed 

in 2011, also after the fish monitoring time period of this report (Figure 2). 
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 Figure 1. Location of study area and sites sampled at Fisher Slough, WA, during 2011. 
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Figure 2. Post-restoration figure provided by TNC. Project Element 3 (dike setback and channel relocation) was completed after fish monitoring in 

2011. 
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Purpose and monitoring framework of 2011 report 
The Fisher Slough Tidal Marsh Restoration: Monitoring and Adaptive Management Plan 

(Parametrix 2010) states: the goal of restoration monitoring at Fisher Slough is to 

document changes between existing and restored estuarine habitats following 

reintroduction of tidal hydrology and reconnection of stream floodplains within the 

restoration site. Specifically, the monitoring program is designed to track progress toward 

the following primary project objectives: 

1. Restore the ecological processes and structure to support and maintain a 

functional freshwater tidal wetland that supports target species, such as 

Chinook salmon; 

2. Restore and improve freshwater tidal rearing habitat for Chinook salmon; 

3. Restore fish passage for coho (Oncorhynchus kisutch) and chum 

(Oncorhynchus keta) salmon spawning access; and 

4. Improve flood storage to protect agricultural uses of adjacent properties. 

 

The monitoring program is based upon a conceptual model linking ecosystem processes 

to structural conditions and biological responses to those conditions. This annual 

monitoring report is the third in a series that focuses on results related to Objective 2 

above ï creating freshwater tidal rearing habitat for Chinook salmon; however, 

monitoring results are reported more broadly to include other fish species rearing within 

the Fisher Slough project area, not just juvenile Chinook salmon. 

 

Juvenile salmon and other tidal delta fishes are hypothesized to re-colonize habitat 

restored by the Fisher Slough Restoration Project. Because the sources of salmon (e.g., 

natal or non-natal relative to Fisher Slough and its watersheds) and life stages of salmon 

vary, fish passage through the floodgate at Fisher Slough must adequately allow up- and 

downstream migration for juvenile salmon and upstream migration for adult salmon. 

After implementation of Project Element 1 (i.e., floodgate replacement), an increase in 

tidal delta juvenile salmon abundance was expected because it was assumed that existing 

channel areas upstream of the tidegate in Fisher Slough would become tidally influenced 

(or more tidally influenced) and would be more available to juvenile salmon originating 

from areas outside of the Fisher Slough watersheds, through improved access. 

 

Project Element 3 of the Fisher Slough Restoration project (i.e., the dike setback) is 

intended to increase fish carrying capacity. Juvenile Chinook salmon carrying capacity of 

the restored area is a function of habitat area, its type and quality as well as its landscape 

connectivity. The dike setback is expected to increase habitat area available for fish 

rearing within the project area. Thus, future monitoring of the project area may require 

additional or different fish sampling sites than those selected for Project Element 1. 

 

The Fisher Slough Restoration Project is expected to achieve two juvenile Chinook 

salmon related objectives: (1) increase the amount of tidal delta habitat area for juvenile 

rearing and (2) improve juvenile access to that habitat. Our fish-use monitoring is 

primarily a pre- and post-treatment restoration design. We expect changes in fish use 

within the treatment (restored) area following completion of Project Element 3. 
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We address monitoring questions related to Project Element 1 with data collected in 2009 

(Beamer et al. 2010), in 2010 (Beamer et al. 2011), and in 2011 (this report). The primary 

question for Project Element 1 and juvenile salmon monitoring is whether juvenile 

Chinook salmon use increases in habitat upstream of the new gate over usage upstream of 

the old gate. For example, we hypothesize juvenile Chinook salmon density should 

increase after floodgate replacement because floodgate doors should be open more of the 

time after restoration than before restoration, allowing increased fish passage opportunity. 

We answer this question by comparing fish use at sampling sites downstream and 

upstream of the floodgate (Figure 1) using data collected in years before and after 

installation of the new gate. Data collected in 2009, representing the baseline values of 

fish utilization before floodgate replacement, is reported in Beamer et al. (2010). The 

floodgate replacement occurred in late August 2009, and data collected in 2010, 

representing values of fish utilization in year one after floodgate replacement, is reported 

in Beamer et al. (2011). This document gives the values of fish utilization in year two 

after the floodgate replacement. 

 

The monitoring framework also looks at juvenile Chinook salmon results from Fisher 

Slough within a landscape context compared to other long-term monitoring sites within 

the Skagit River tidal delta. 

Description of floodgate 
The floodgate structure at Fisher Slough during the 2011 fish monitoring period consisted 

of self-regulating floodgate system manufactured by Nehalem Marine Manufacturing that 

had been installed on an existing concrete headwall in August 2009. The existing 

headwall had three openings measuring 8ô9ò tall and 11ô wide. New aluminum floodgate 

doors (one per opening) replaced the old set of paired wooden, side-hinged doors. The 

bottom edge of the openings in the concrete headwall (the sill) for both the new self-

regulated floodgate doors and the old doors is at an elevation of 4.3 ft NAVD88. The 

floodgate openings remain the same.  

 

As in 2009 (i.e., before floodgate replacement), two smaller openings in the concrete 

headwall beneath the floodgates remain. These openings are covered with flapgates and 

are centered under the middle and south floodgates. Each opening measures 24 inches by 

24 inches. The opening under the middle floodgate door is covered with a top hinged 

flapgate and operates as a traditional floodgate; it opens or closes based on whether water 

flow is coming downstream (gate open), is slack (gate closed) or the tide is pushing 

upstream (gate closed). The flapgate under the south floodgate door is controlled by an 

adjustment arm so it can be propped open or held closed depending on floodgate 

management periods. 

Methods 

Sample timing 

 A combination of beach seine and fyke trapping methods was used to collect fish at sites 

within the study area on nine sampling days between February 10 and June 20, 2011 to 
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coincide with the known juvenile rearing period for Chinook salmon in the Skagit River 

estuary (Beamer et al. 2010).  

 

Sampling was conducted twice per month from 2009 through 2011 to be consistent with 

the design of long term juvenile Chinook salmon monitoring in the Skagit River estuary 

(Greene and Beamer 2006). Seven environmental variables were collected at each site on 

each sampling date: water temperature, salinity, Dissolved Oxygen (DO), velocity, 

vegetation, substrate, and the depth of the water sampled. Fish sampling was scheduled 

for February 25 but was not conducted due to an arctic blast and one to two feet of snow 

blanketing the area, making it impossible to sample. 

 

Fish sampling ended in June 2011 due to in-stream construction occurring upstream of 

the floodgate as part of Project Elements 2 and 3 of the Restoration Plan. Monitoring of 

temperature, salinity, and dissolved oxygen continued until July 8, 2011. 

Site selection 

Sites for fish monitoring were systematically selected downstream and upstream of the 

floodgate to represent the habitat types and spatial diversity found within the project area 

(Figure 3). The locations of sampling sites were selected in order to compare the fish 

assemblage above and below the floodgate. The same sites were sampled in 2011 as in 

2009 and 2010. See Beamer et al. (2010) for details on site selection methods.  

 

The site location for the data loggers measuring DO, water surface elevation (WSE), 

water temperature and floodgate door openness had been established by TNC and were 

continued at the same locations in 2011 (Figure 3). 
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Figure 3. Location of fish monitoring sites and data loggers at Fisher Slough in 2011. In addition to the data loggers shown on the map, 

inclinometers were used to measure door openness for each of the three floodgate doors. See Table 1 for strata designation of each site and data 

logger.








































































































































