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Section 1: Introduction 
The Nature Conservancy’s (TNC) Fisher Slough Tidal Marsh Restoration Project (Fisher Slough Project) is 

being monitored to document conditions in the original and restored freshwater tidal habitats following 

reintroduction of tidal hydrology and reconnection of stream floodplains on the site in order to evaluate 

success of restoration efforts. This monitoring report compares established baseline (pre-project) 

conditions with changing-project conditions, to test hypotheses derived from the project objectives.  

Monitoring results should be used to guide adaptive management of a restoration project to achieve 

and maintain project goals over the long term. Consequently, any failures to meet project goals over the 

near term should not be viewed as project failures; rather they should be viewed as opportunities to 

learn from experience and make informed corrections that allow improved site management and 

project success over the long term. Furthermore, discovery of any near-term shortcomings in 

restoration results should highlight the need not only for adaptive management, but also for continued 

monitoring to inform management and ensure project success. When project monitoring ceases to 

provide any surprising results or demonstrate failures, and when the restoration project appears to have 

reached a dynamic equilibrium condition, then monitoring can be deemed no longer necessary. There is 

a commitment to monitor the Fisher Slough Project through 2015.  

All phases of the restoration construction were completed October 31, 2011. Planned and unplanned 

deviations to floodgate operation during established operational periods can happen in any water year 

and may result in some restoration target goals not being met, including water elevations, water 

temperature, or water dissolved oxygen levels. Data in this report are presented for the second after 

restoration construction was completed, regardless of any deviations. 

The Fisher Slough Project site is located in Skagit County, Washington, just south of the town of Conway, 

at the downstream end of the Carpenter Creek/Hill Ditch watershed and near the confluence of 

Steamboat Slough with Tom Moore Slough on the south fork of the Skagit River (Figure 1-1). Fisher 

Slough has been subjected to channelization and levee construction as part of flood control, irrigation 

and drainage, and agricultural development on the Skagit River delta for the past 150 years. 
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Figure 1-1. Location of the Fisher Slough Project. Project area is outlined in yellow. 

1.1 Project Purpose 
The purpose of the Fisher Slough Project is to restore landscape processes and salmonid habitat 

functions within Fisher Slough, while providing additional benefits to local landowners and farmers, 

including improved flood protection and drainage. Specifically, the project reestablishes riparian 

floodplain and tidal processes within Fisher Slough and its tributaries. The Nature Conservancy, which 

owns most of the 60-acre restoration site, worked collaboratively with Skagit County Public Works, 

Diking District 3, Drainage and Irrigation District 17, and local landowners to implement this project 

(Figure 1-2). The Fisher Slough Project consisted of three elements:  

Project Element 1 – Completed in the fall of 2009, this element consisted of the replacement of the 

existing floodgates at the Pioneer Highway crossing with new self-regulating floodgates to allow 

greater tidal exchange and fish access upstream of the floodgate, while still providing flood 

protection to adjacent farmland. The new floodgate is designed and operated to maximize tidal 

exchange (i.e., the new gates are open for a longer timeframe during the year) and also to improve 

fish access during the spring migration period for Chinook salmon (Oncorhynchus tshawytscha) 

(Tetra Tech 2008). At the same time, a small flapgate located below the south floodgate was 
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retrofitted with a gate that can be propped open to allow fish passage, in the summer, when water 

levels drop below the floodgate sill. 

Project Element 2 – Started in 2010 and completed in 2011, this element involved the realignment 

of Big Ditch from its historical configuration where it crossed under Fisher Slough. Big Ditch was 

within the old levee setback area. The ditch was moved in order to remove a fish passage barrier, to 

make way for more complete levee setback, and to allow it to continue functioning as part of the 

drainage system for the adjacent and upstream landowners. Project Element 2 included excavating a 

new route for Big Ditch so that it crosses under Fisher Slough near Pioneer Highway, demolishing 

the old box culvert crossing, and filling in the old Big Ditch location.   

Project Element 3 – Completed in the fall of 2011, this element included building a new levee 

setback, removing the original south levee, excavating pilot tidal channels, re-routing Big Fisher and 

Little Fisher Creeks, and planting some marsh and riparian areas. 

This monitoring report documents data collected between October 1, 2012 and September 30, 2013, 

Water Year 2013 (WY2013). The purpose of the WY2013 data collection is for comparison of site 

conditions in terms of ecological indicators that are expected to change in function as a result of 

completed Project Elements 1-3. 
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Figure 1-2. Fisher Slough tidal marsh post-restoration project site map. 
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1.2 Project Objectives 
The goal of restoration monitoring at Fisher Slough is to evaluate the success of restoration efforts by 

documenting changing conditions from pre-project to restored habitats after the reintroduction of tidal 

hydrology and reconnection of stream floodplains on the site. Specifically, the monitoring program is 

designed to track progress toward the primary project objectives (Parametrix 2010): 

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 access by spawning coho (Oncorhynchus kisutch) and chum salmon 

(Oncorhynchus keta); and 

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

Restoration of Fisher Slough is expected to reestablish landscape processes and habitats within the 

project site and improve hydrologic function upstream in the Carpenter Creek watershed. Monitoring 

efforts for biotic response variables and landscape changes include the collection of data associated 

with surface water levels, groundwater levels, water quality (dissolved oxygen [DO] and temperature), 

vegetation, marsh elevations, channel cross sections and fish monitoring.  

In summary, the monitoring efforts are to determine whether this project achieves its ecological, fish, 

and flood protection objectives, and if not, recommend corrective actions for adaptive management. 

Thus, the Fisher Slough monitoring effort can act as a template for future projects. 

1.3 Monitoring Methods 
Methods used for monitoring the Fisher Slough Project are detailed in the Fisher Slough Tidal Marsh 

Restoration Monitoring and Adaptive Management Plan (Parametrix 2010) unless otherwise noted in 

sections below. Locations of monitoring equipment are shown in Figure 1-3. 

Data collected at the site Big Ditch Crossing have been reported for some of the parameters of 

Hypotheses 1 and 2. This location is now a blind channel area due to the channel relocation and dike 

setback construction completed in 2011. In 2012, a site in the new main channel above the historical 

location of the Big Ditch siphon was chosen as a replacement site for the Big Ditch Crossing site. This site 

is called Upper Main Channel and has a Solinst Edge model 3001 data logger to record water surface 

elevation (WSE) and water temperature, and an AquiStar ®data logger to record dissolved oxygen. Data 

from this site are used in the 2012 report and in this report and should be used in all future monitoring 

reports. The original WSE and water temperature data logger is still deployed at the old Big Ditch 

Crossing site, now called Blind Ch 3.  

There were two other logger sites established in the new blind channel areas in 2012, Blind Ch 1 and 

Blind Ch 2. Both sites have a Solinst Gold model 3001 data logger to record WSE and water temperature. 

An AquiStar® data logger, which records dissolved oxygen, is rotated between these two locations and 

Blind Ch 3 (Figure 1-3). 
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Figure 1-3. Location of barometric pressure (barologger), groundwater, water surface (WSE), and DO monitoring equipment for Fisher Slough 
project site. Datalogger at Downstream Floodgate also includes floodgate-door-openness monitoring. Project area is outlined in yellow. 
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Section 2: Results and Discussion 
In this section we address the twelve hypotheses associated with the four Fisher Slough project 

objectives (Table 2-1). We describe current conditions and relate them to restoration targets.  

Groundwater elevations (Appendix A) are not specifically related to project objectives and hypotheses, 

but there is an interest in tracking groundwater elevations at several locations during and after the 

restoration project because of concerns about effects on neighboring farmland. Determining which 

factors groundwater elevations are responding to would require more extensive sampling than currently 

planned; however, by tracking groundwater elevations at a few locations, any significant anomalies can 

be evaluated and used to determine whether there is a need for further investigation. 
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Table 2-1. Summary of conditions and restoration targets associated with objectives, hypotheses, and parameters for Fisher Slough.  

Objective Hypothesis Parameters 
Pre-project Condition 
(before 2009) 

WY2009 Condition 
WY2010 
Condition 

WY2011 
Condition 

WY2012 Condition WY2013 Condition Restoration Target 

1: Restore the 
ecological 
processes 
and structure 
to support 
and maintain 
a functional 
freshwater 
tidal wetland 
that supports 
target 
species, such 
as Chinook 
salmon. 

H1: Replacement/ 
revised 
operation of the 
floodgate (post-
project 
condition) will 
result in 
increased tidal 
amplitude and 
water elevations 
upstream of the 
new floodgate, 
compared to 
pre-project 
conditions. 

Gate operations result in 
higher water levels and 
greater tidal amplitude 
upstream of the floodgates 

 

Mean tidal amplitude 
during spring migration 
(measured by Solinst data 
logger): Downstream: 2.08 
ft, Upstream: 1.56ft. 

Mean tidal amplitude from 
May 2 to May 31 (measured 
by floodgate monitoring 
instrumentation):  

Downstream: 2.16 ft,  

Upstream: 1.59 ft. 

Mean tidal amplitude during 
Spring Migration (measured 
by floodgate monitoring 
instrumentation): 
Downstream: 1.77 ft, 
Upstream: 1.61ft. 

Mean tidal amplitude during 
spring migration (March 1 to May 
31) relative to the floodgate: 
Downstream: 1.46 ft, Upstream: 
1.01 ft. 

Mean tidal amplitude during spring 
migration (except when 
instruments were malfunctioning 
March 3-25): Downstream: 1.17 ft, 
Upstream: 1.00 ft. 

After floodgate replacement, tidal 
amplitude upstream of floodgates 
will increase during the Spring 
Juvenile Chinook Migration Period. 

When floodgates are open, 
compare tidal amplitude 
immediately upstream of 
floodgate to downstream of 
floodgate 

 

Mean tidal amplitude 
during spring migration 
(measured by Solinst data 
loggers): Downstream: 
1.51 ft, Upstream: 1.44 ft. 

Mean tidal amplitude from 
May 3 to May 31 (measured 
by floodgate monitoring 
instrumentation): 
Downstream: 1.94 ft, 
Upstream: 1.58 ft. 

Mean tidal amplitude during 
spring migration (measured 
by floodgate monitoring 
instrumentation): 
Downstream: 1.68 ft, 
Upstream: 1.61 ft. 

Mean tidal amplitude during 
spring migration (March 1 to May 
31) relative to the flood gate, 
when open: Downstream: 1.04 ft, 
Upstream: 1.02 ft. 

Mean tidal amplitude during spring 
migration when gates were open 
(except when instruments were 
malfunctioning March 3-25): 
Downstream: 1.06  ft, Upstream: 
1.00 ft. 

Tidal amplitude immediately 
upstream of floodgates will match 
amplitude downstream of 
floodgates (gates open). 

MHHW upstream of 
floodgates during the entire 
monitoring year (October 1 
through September 30) 

Surface data collected 
but not converted to 
MHHW 

MHHW at Big Ditch 
crossing is 8.59 ft NAVD88 
for the whole year. 

MHHW at Big Ditch crossing 
is 8.56 ft NAVD88 for the 
whole year even though 
floodgates were disengaged 
during construction of 
Project Element 2 during the 
Summer Irrigation Period. 

MHHW upstream of the 
floodgate was 8.65 ft NAVD88 
at Big Ditch Crossing for all of 
WY2011. During non-
construction operating times, 
MHHW was 9.48 ft NAVD88. 

MHHW at Upper Main Channel 
(replacement site for Big Ditch 
Crossing) was 8.87 ft NAVD88. 
(March 23 - Sept 30, 2012). 

MHHW at Upper Main Channel was 
9.16 ft NAVD88 (Oct. 1, 2012 to 
Aug 6, 2013 and Sept 11 to Sept 30, 
2013). 

MHHW elevations will be 8.8 ft 
NAVD88 upstream of floodgates at 
Big Ditch Crossing1. 

MHHW immediately 
upstream of floodgate 
during spring migration 

6 to 7 ft NAVD88 
(Tetra Tech 2008).  

MHHW immediately 
upstream of the floodgates 
was 9.43 ft NAVD88 during 
spring migration. 

MHHW immediately 
upstream of the floodgates 
was 9.53 ft NAVD88 from 
May 3-31. 

MHHW immediately 
upstream of the floodgates 
was 10.00 ft NAVD88 during 
spring migration, when no 
construction was occurring. 

MHHW immediately upstream of 
the floodgates was 9.5 ft NAVD88 
during spring migration. 

MHHW immediately upstream of 
the floodgates was 9.90 ft NAVD88 
during spring migration (except 
when instruments were mal-
functioning March 3-25, 2013). 

After floodgate replacement, 
MHHW elevations immediately 
upstream of floodgates will be 9.5 ft 
NAVD88 during the Spring Juvenile 
Chinook Migration Period. 

Floodgate openness during 
spring migration 

Not measured. 

Not measured. New 
floodgates installed in fall 
2009. Beamer et al. (2010) 
estimated upstream 
passage at 49% during 
spring migration. 

Floodgate position open 
90% of the time May 2 
through May 31, the period 
of migration that was 
monitored (Shannon & 
Wilson 2010). 

Floodgates open more than 
90% of the time during spring 
migration (92.3% and 93.4% 
for the north and middle 
doors, respectively). 

Floodgates open less than 90% of 
the time during spring migration 
(85.25% for both the north and 
middle doors). 

Floodgates open more than 90% of 
the time during spring migration 
(94.24% and 94.44% of the period 
when the floodgate monitor was 
recording properly, north and 
middle door respectively). 

Floodgate position will be open 90% 
of time during the Spring Juvenile 
Chinook Migration Period. 

H2: Restoration of 
tidal exchange 
will twice daily 
increase mixing 
of waters on 
project site, 
increasing 
oxygen levels & 
reducing temps 
compared to 
pre-project 

DO levels in Fisher Slough Not measured 
<8 mg/L upstream of 
floodgates during 5 of the 
days sampled (June –Sept). 

DO data loggers were not 
functional. Spot DO 
measurements were 
collected during fish 
monitoring and are 
contained in the 2010 Fish 
Report (Beamer et al. 2011).  

<8 mg/L upstream of 
floodgates on 22 days from 
June 5 to June 26 (data is for 
the time period prior to 
floodgate being disengaged 
for construction). 

DO levels were <8 mg/L at 
Upstream Floodgate on 99 of 122 
days (81.1% of the time) from 
June 1 through Sept 30. 

 DO levels were <8 mg/L at 
Upstream Floodgate on 82 of 104 
days (78.8% of the time) from 
June 1 through Sept 30, not 
including time floodgate was 
disengaged for Dike District 3 
maintenance project Aug 3-20. 

DO levels were <8 mg/L at 
Upstream Floodgate on 21 of 118 
days (17.8% of the time) from June 
1 through Sept 26 (when data 
logger was removed). 

Increased DO during summer; daily 
minimum >8.0 mg/L upstream of 
floodgates by 2015. 

                                                           
1
 Due to tidal muting expected on the site from the design and operation of floodgates, MHHW upstream of the floodgates (near Big Ditch crossing) is expected to be about 8.8 NAVD88 (TNC 2009). 
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Objective Hypothesis Parameters 
Pre-project Condition 
(before 2009) 

WY2009 Condition 
WY2010 
Condition 

WY2011 
Condition 

WY2012 Condition WY2013 Condition Restoration Target 

conditions, 
particularly 
during summer 
months. 

Temperature levels in Fisher 
Slough 

18.4 to 19.4 °C (7-day 
maximum in summer) 
(Tetra Tech 2007). 

The summer 7-day 
maximum temperature 
occurred July 25 to 31, 
ranging from 22.5 to 24.2 
°C, averaging 23.3 °C at Big 
Ditch crossing. 

Floodgates were disengaged 
during the summer months 
for construction activities; 
therefore temperature data 
collected in 2010 is not 
comparable to previous 
years. 

The summer 7-day maximum 
temperature occurred June 
20 to 26, ranging from 15.6 to 
18.2 °C and averaging 17.1 °C 
at Big Ditch Crossing (data is 
from June 5 to June 26, the 
time period prior to floodgate 
being disengaged for 
construction). 

The summer 7-day maximum 
temperature occurred Aug 12 to 
18, ranging from 21.5 to 23.5 °C 
and averaging 22.6 °C at Upper 
Main Channel (data from June 1 
through Sept 30). 

The summer 7-day maximum 
temperature occurred Aug 30 to 
Sept 5, ranging from 21.8 to 23.0 
°C and averaging 22.2 °C at Upper 
Main Channel (data from June 1 
through Sept 30, not including 
time floodgate was disengaged 
for Dike District 3 maintenance 
project Aug 3-20). 

The summer 7-day maximum 
temperature occurred Aug 4 to 10, 
ranging from 24.6 to 26.2 °C and 
averaging 25.6 °C at Upper Main 
Channel. 

Decreased temperatures during 
summer; highest 7-day maximum 
temperature average within 12 to14 
°C (WDOE 2004). 

H3: Relocation of the 
confining levees 
will restore 50 
acres of tidal 
marsh which will 
result in a total 
of 60 acres of 
freshwater tidal 
marsh area—the 
area of tidally 
inundated 
freshwater 
wetland will 
increase. 

Water level elevations 
relative to site elevations— 
calculated total area of the 
project site that is inundated 
at 9.5 ft NAVD88 (as 
measured upstream of the 
floodgates) 

9.8 ac inundated at 
MHHW (9.5 ft 
NAVD88 at the 
floodgates) (Tetra 
Tech 2008). 

9.8 ac inundated at MHHW 
(9.5 ft NAVD88 at the 
floodgates) (Tetra Tech 
2008). 

Not measured 
9.8 ac inundated at MHHW 
(9.5 ft NAVD88 at the 
floodgates) (Tetra Tech 2008). 

An additional 45.9 ac inundated at 
MHHW (9.5 ft NAVD88) because 
of dike setback, for a total of 55.7 
ac. 

Not measured. No change 
expected from WY2012 conditions. 

Increase in area inundated at 
MHHW upstream of floodgates by 
2015. 

Time series of water level 
elevations (for % inundation 
curves) 

Not measured Not measured Not measured 
Not measured (but see Fig. 
H3-1). 

See Figure H3-2. See Figure H3-2. 

The difference in inundation curves 
between upstream and downstream 
of the floodgate will diminish 
following restoration. 

Site elevation 
From LiDAR: 1.5 to 16 
ft NAVD88. 

From LiDAR: 1.5 to 16 ft 
NAVD88. 

Not measured Not measured From TIN: 0 to 16 ft NAVD88. 
Not measured. No change 
expected from WY2012 conditions. 

 

Number of days or percent 
of period site inundated 

Not measured Not measured Not measured Not measured 

Between March 5 and Sept 30, 
WSE was ≥ 9.5 ft NAVD88 17.8% 
of the time in Blind Ch 1 (Smith A) 
and 17.7% of the time in Blind Ch 
2 (Smith B). 

WSE was ≥ 9.5ft NAVD88 at Blind 
Ch 1 11.7% of the time and at Blind 
Ch 2 7.2% of the time for WY2013. 

The number of days or percent of 
period site inundated increases by 
2015.  

Percent of the project site 
that is inundated at MHHW 
(9.5 ft NAVD88 at the 
floodgates) 

16.3%, based on 9.8 
ac of the 60-ac site. 

16.3%, based on 9.8 ac of 
the 60-ac site. 

Not measured 
16.3%, based on 9.8 ac of the 
60-ac site. 

92.8%, based on 55.7 ac of the 60-
ac site. 

Not measured. No change 
expected from WY2012 conditions. 

The percent of the project area 
inundated at MHHW of 9.5ft 
NAVD88 increases by 2015. 

H4: Restored tidal 
exchange/levee 
setback and 
greater 
inundation will 
result in 
accretion and 
aggradation of 
the ground 
surface in tidal 
marsh areas. 

Sedimentation rates across 
the newly exposed 
marsh/floodplain area 

Not measured Not measured Not measured 
Not measured. Sediment 
stakes were installed in 2011. 

Spatially variable, but mean rate 
not different from zero. 

Spatially variable, but mean rate 
not different from zero. 

Mean sedimentation rates are 
positive by 2015. 

Elevation of the newly 
exposed marsh/floodplain 
area 

Not measured Not measured Not measured 
Baseline condition measured 
at stakes and with as-built 
survey. 

10 of 16 pins positive. Deposition 
at channel margins; erosion in 
one location on site. 

10 of 16 pins positive. Deposition 
at channel margins; erosion in one 
location on site. 

More pins with positive (accretion) 
as opposed to negative (erosion) 
sedimentation. 
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Objective Hypothesis Parameters 
Pre-project Condition 
(before 2009) 

WY2009 Condition 
WY2010 
Condition 

WY2011 
Condition 

WY2012 Condition WY2013 Condition Restoration Target 

H5: Restoration of 
tidal, fluvial, and 
sediment 
processes (and 
limited planting) 
will result in 
recolonization of 
the site by native 
freshwater 
wetland 
emergent, scrub-
shrub, and 
forested 
wetland, and 
riparian plants as 
predicted by 
Hood (Tetra 
Tech 2007) and 
TNC (Tetra Tech 
2009a).  

Total area of the site with 
native and non-native 
vegetation communities, 
determined from vegetation 
mapping in aerial 
photographs (in acres) 

Not measured Not measured Not measured Not measured 
Not measured, but see Figures 3-
13 in Beamer et al. (2013a) for 
photo documentation. 

Approximately 6 ac non-native, 
31.3 ac native, 9.4 ac unclear, 4 ac 
bare ground, 5.2 ac channel. Not 
photo-documented this year. 

Photo-documentation shows 
significant change in plant 
community species composition and 
type by 2015. Total area mapped 
with tidal freshwater wetland plant 
communities increases. 

Cover of vegetation 
species—aquatic, 
herbaceous, scrub-shrub, 
forest 

Not measured Not measured 

Vegetative cover data for 
the five treatment areas 
ranged from 0-17% bare 
ground, 0-39% native 
species, and 44-100% 
introduced species. 

Not measured Not measured 

Cover in sample quadrats ranged 
from 0-95% bare, 5-100% native, 
and 0-80% non-native. Overall, 
wetland vegetation cover was 93%. 

By 2015, >30% cover of freshwater 
tidal wetland plant species. 

Species richness—total 
number of species observed 
on the site from species lists 
compiled during vegetation 
sampling 

Only calculated at the 
transect level; 21 
native species present 
on transects during 
2006 survey. 

Not measured 
97 species observed, 48 of 
which were native species. 

Not measured Not measured 

In the restored tidal floodplain, 17 
species were observed. Uplands 
were not sampled, nor were pre-
existing tidal shrub communities. 

Increased native plant species 
richness compared to 2010 
conditions. 

Elevation ranges and 
inundation times of 
vegetation species 

Elevation ranges 
(NAVD88), % 
inundation2:  

Mud-channel: 0 to 5.5 
feet, 100%  

Low marsh: 6.0 to 6.5 
feet, 46.9-65.5% 

High marsh: 7.0 to 7.5 
feet, 20.5–32.9% 

Riparian: 8.0 to 10.0 
feet, 4.7-11.9% 

Upland: 10.5 to 14 
feet, 0-2.6% (Tetra 
Tech 2009) 

Not measured 

Elevation ranges and 
inundation times are the 
same as 2006. There were 
no changes to the existing 
levees. 

Not measured Not measured 

Elevation ranges (NAVD88) and % 
inundation for major vegetation 
types:  

Mud-channel: 0 to 4.9 ft, 100%;  

Low marsh: 4.9-8.2 ft, 49-99%;  

High marsh: 8.2-10 ft, 6-49%;  

Upland: >10 ft, 0-6%. 

Elevation ranges (NAVD88) and % 
inundation for major vegetation 
types will be similar to3: 

Mud-channel: 0 to 4.5 feet, 95-100% 

Low marsh: 4.5 to 7.0 feet, 50-95% 

High marsh: 7.0 to 8.5 feet, 15-50% 

Riparian: 8.5 to 10.0 feet, 5-15% 

Upland: >10 feet, 0-5% 

H6: Restoring a 
natural and 
more variable 
tidal regime will 
reduce the cover 
of reed 
canarygrass in 
areas where it 

Total area of RCG, 
determined from vegetation 
mapping in aerial 
photographs 

Not measured Not measured 
There are approximately 
19.3 acres of RCG in the 
project site. 

Not measured 

There are 3.0 ac of RCG in the 
restored tidal floodplain, 1.7 ac in 
the pre-restoration wetland, 7.8 
ac in uplands: total of 12.5 ac. 

Not measured 
There are approximately 19.30 acres 
of RCG in the project site. 

Mean elevation of RCG on 
the site 

Not measured Not measured 

Mean RCG elevation in 
vegetation plots is 8.87 ft 
NAVD88; range is from 5.45 
to 18.44 ft NAVD88. 

Not measured 
Mean RCG elevation in the tidal 
zone is 7.6 ft NAVD88: tidal zone 
range is 4.1 to 10.5 ft NAVD88. 

Not measured 
Mean RCG elevation in vegetation 
plots is 8.87 ft NAVD88: range is 
from 5.45 to 18.44 ft NAVD88. 

                                                           
2
 Original vegetation communities delineated in 2006 differ from 2009-2013. 

 
3
 Elevation ranges from Draft Technical Memorandum #1.7 – Vegetation Survey (Appendix A.2, Final Design Report, Tetra Tech 2009a). 
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Objective Hypothesis Parameters 
Pre-project Condition 
(before 2009) 

WY2009 Condition 
WY2010 
Condition 

WY2011 
Condition 

WY2012 Condition WY2013 Condition Restoration Target 

occurs pre-
project. 

Mean cover of RCG in 
vegetation plots 

RCG cover in the five 
vegetation treatment 
areas ranged from 10-
70% cover in 2006. 

Not measured 

Mean percent RCG canopy 
cover in vegetation plots 
was 60%, ranging from 5-
100%. 

Not measured Not measured Not measured 
Mean percent RCG canopy cover in 
vegetation plots was 60%, ranging 
from 5-100%. 

H7: Restored tidal 
exchange will 
reintroduce 
sediment 
transport and 
scouring of tidal 
channels on the 
project site, 
resulting in the 
creation of 
greater overall 
channel area and 
a more complex 
channel network 
compared to 
pre-project 
conditions. 

Channel area (total channel 
area estimated from aerial 
photographs and elevations 
using GIS) 

 3.4 ac of channel Not measured 3.7 ac of channel 4.8 ac total 5.2 ac total 
Total channel area will increase by 
2015. 

Channel cross sections and 
longitudinal profiles 
(estimate area) 

Not measured Not measured Not measured Not measured 

 

14.2 ft2 for Blind Ch 1; 

25.5 ft2 for Blind Ch 2 

 

18.3 ft2 for Blind Ch 1; 

15.1 ft2 for Blind Ch 2 

 

Total length of channel 
network (estimated from 
aerial photographs using 
GIS) 

Not measured 4,858 ft Not measured 
5,000 ft excavated or 
remnant after rerouting 
Fisher Slough 

9,664 ft total 9,760 ft total 
After Project Element 3 is complete, 
the total length of channel network 
will be at least 9664 feet. 

Channel density (total length 
divided by project area) 

Not measured 

0.0020 

length per unit area (4,858 
ft/55.7ac) 

Not measured 
0.0021  

(5,000 ft/55.7 ac) 

0.0039 

(9,664 ft/55.7 ac) 

0.0040  

(9 760 ft/55.7 ac) 
Increase in channel density.   

Distance upstream to head 
of blind tidal channel 

Not measured Not measured Not measured Not measured 1,397 ft for longest channel 1,397 ft for longest channel  

Number of tidal channels  3  4 6 6  

2:     Restore and 
improve 
freshwater 
tidal rearing 
habitat for 
Chinook 
salmon 
(Oncorhyn-
chus 
tshawytscha)
. 

H8: Chinook salmon 
abundances (0+ 
year class) will 
be similar above 
and below the 
floodgates (post 
replacement) 
during peak 
migration 
periods. 

Juvenile Chinook salmon: 

Seasonal density up and 
downstream of floodgate 
and at reference sites 

Not measured. 

There was no significant 
difference in log 
transformed mean wild 
juvenile Chinook density 
between sites up and 
downstream of the 
floodgates from February 
to August 2009 (Beamer et 
al. 2010). 

Log transformed mean 
density of wild juvenile 
Chinook salmon was 
significantly higher 
downstream of the 
floodgate than upstream in 
2010 (Beamer et al. 2011). 

There was no significant 
difference in the log 
transformed mean wild 
juvenile Chinook density 
between sites up and 
downstream of the 
floodgates from February to 
June 2011 (Beamer et al. 
2013b). 

There was no significant 
difference in the log transformed 
mean wild juvenile Chinook 
density between sites up- and 
downstream of the floodgates 
from February to July 2012, but 
overall abundance was much 
higher than pre-2010 conditions 
(Beamer et al. 2013c). 

There was no significant difference 
in the log transformed mean wild 
juvenile Chinook density between 
sites up- and downstream of the 
floodgates from February to August 
2013, but overall abundance was 
much higher than pre-2010 
conditions (Beamer et al. 2014). 

By 2015, trends suggest higher 
relative density of age-0+ Chinook 
above floodgates compared to pre-
2010 conditions4. 

                                                           
4 The intent of this hypothesis is that the floodgate and its operation have no negative effect on fish passage. 
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Objective Hypothesis Parameters 
Pre-project Condition 
(before 2009) 

WY2009 Condition 
WY2010 
Condition 

WY2011 
Condition 

WY2012 Condition WY2013 Condition Restoration Target 

H9: Juvenile Chinook 
salmon will 
utilize restored 
channels and 
marshes at 
densities similar 
to other Skagit 
freshwater tidal 
marshes, 
adjusted for 
landscape 
connectivity 

Juvenile Chinook salmon: 
seasonal density up- and 
downstream of floodgate 
and at reference sites 

Not measured 

Nine out of ten Fisher 
Slough monitoring sites 
were within the scatterplot 
of seasonal fish density and 
landscape connectivity for 
long-term Skagit delta 
monitoring sites (Beamer 
et al. 2010). 

Three out of ten Fisher 
Slough monitoring sites 
were within the scatterplot 
of seasonal fish density and 
landscape connectivity for 
long-term Skagit delta 
monitoring sites (Beamer et 
al. 2011). 

All but one Fisher Slough 
monitoring site located 
upstream of the floodgate fell 
outside (lower) the 
scatterplot of seasonal fish 
density and landscape 
connectivity for long-term 
Skagit delta monitoring sites 
(Beamer et al. 2013b). 

All Fisher Slough monitoring sites 
were within the scatterplot of 
seasonal fish density and 
landscape connectivity for long-
term Skagit delta monitoring sites 
(Beamer et al. 2013c). 

All Fisher Slough monitoring sites 
were within the scatterplot of 
seasonal fish density and landscape 
connectivity for long-term Skagit 
delta monitoring sites (Beamer et 
al. 2014). 

Seasonal juvenile Chinook salmon 
densities within the Fisher Slough 
Restoration Project are not lower 
than seasonal juvenile Chinook 
salmon densities of other Skagit 
River tidal delta systems when 
adjusted for landscape connectivity. 

3: Restore 
passage for 
coho and 
chum salmon 
spawning 
access. 

H10: Floodgate 
operation will 
improve fish 
passage 
opportunity for 
coho and chum 
compared to 
pre-project 
conditions. 

Number of days floodgates 
are open from October 1 to 
February 28 or 29 

Gates were open for 
34% of the time 
during the fall of 2006 
(Tetra Tech 2008). 

Not measured Not measured  

At least one of three 
floodgate doors was open on 
143 of 151 days (Oct 1-Feb 
28). 

At least one of three floodgate 
doors was open on 121 of 121 
days Nov 1, 2011 to Feb 29, 2012 
when no restoration construction 
was occurring.  

At least one of three floodgate 
doors was open on 150 of 151 days 
(Oct 1-Feb 28). 

After floodgate replacement, gates 
open at least once per day October 
1 to February 28 or 29. 

H11: Removal of the 
passage barrier 
at Big Ditch will 
result in more 
natural channel 
profile through 
this area. 

Longitudinal channel profile 
at Big Ditch crossing 

Not measured Not measured 

Not measured; assumed to 
be the same as ‘before 
removal’ RTK GPS survey 
done in June 2011. 

‘Before removal’ RTK GPS 
survey in June 2011 found 
average sill height to be 1.5 ft 
higher than the surrounding 
streambed upstream and 
downstream of the sill.  

Sill no longer present; some mild 
channel aggradation upstream 
and downstream of the sill; 
profile more natural following sill 
removal. 

Not measured 
By 2015, passage barrier (sill) at Big 
Ditch can no longer be seen in 
channel profile. 

Mean water depth at 
crossing 

Not measured Not measured 

 Average 2.05 ft deep during 
adult coho and chum 
upstream migration period 
(Oct 1 – Dec 31, 2009). 

Average 1.81 ft deep during 
adult coho and chum 
upstream migration period 
(Oct 1 – Dec 31, 2010). 

Average 2.83 ft deep during adult 
coho and chum upstream 
migration period (Oct 1 – Dec 31, 
2011). 

Average 3.58 ft deep during adult 

coho and chum upstream 

migration period (Oct 1 – Dec 31, 

2012). 

Mean water depth at crossing 
increases after passage barrier at 
Big Ditch is removed. 

4: Improve 
flood storage 
and protect 
adjacent 
farm uses. 

H12: Levee setback 
and restoration 
of tidal 
exchange will 
result in 
310 acre-feet 
available for 
flood water 
storage (i.e., 
greater 
floodplain and 
channel area) 
during high 
flows. 

Change in flood storage 
capacity 

64 acre-feet of 
storage (Tetra Tech 
2009). 

Not measured; assumed to 
be same as before WY2009 
(64 acre-feet of storage). 

Under construction, not 
measured. 

309 acre-feet of storage (PSE 
2011). 

Not measured; assumed to be 
same as WY2011 (309 acre-feet of 
storage). 

Not measured; assumed to be the 
same as WY2011 (309 acre-feet of 
storage). 

At least 247 acre-feet of new flood 
storage (about 310 acre-feet total). 

DEFINITIONS: DO = dissolved oxygen; GIS = geographic information system; LiDAR = Light detection and ranging; mg/L = milligrams per liter; MHHW = mean higher high water; NAVD88 = North American vertical datum 1988; RCG = reed canarygrass; RTK GPS = real time kinematic global 
positioning system; TIN = triangulated irregular network; WSE = water surface elevation; WY = water year. 
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2.1 Objective 1 
Restore the ecological processes and structure to support and maintain a functional freshwater tidal 

wetland that supports target species, such as Chinook salmon. 

2.1.1. Hypothesis H1 

Replacement/revised operation of the floodgate (post-project condition) will result in increased tidal 

amplitude and water elevations upstream of the new floodgate, compared to pre-project conditions, 

particularly during the Spring Juvenile Chinook Migration Period (March 1 through May 31). 

Table H1-1. Fisher Slough water surface elevations, tidal amplitude, and MHHW. 

Parameter 
Before 
WY2009 

WY2009 
Condition 

WY2010 
Condition 

WY2011 
Condition 

WY2012 
Condition 

WY2013 
Condition 

Restoration 
Target 

Gate 
operations 
result in 
higher 
water levels 
and greater 
tidal 
amplitude 
upstream of 
the 
floodgates 

 

Mean tidal 
amplitude 
during spring 
migration 
(measured by 
Solinst data 
logger): 
Downstream: 
2.08 ft 
Upstream: 
1.56ft. 

Mean tidal 
amplitude 
from May 2 to 
May 31 
(measured by 
floodgate 
monitoring 
instrumen-
tation): 
Downstream: 
2.16 ft, 
Upstream: 
1.59 ft. 

Mean tidal 
amplitude 
during spring 
migration 
(measured by 
floodgate 
monitoring 
instrumen-
tation): 
Downstream: 
1.77 ft, 
Upstream: 
1.61ft. 

Mean tidal 
amplitude 
during spring 
migration 
(March 1 to 
May 31) 
relative to 
the 
floodgate: 
Down-
stream: 1.46 
ft, Upstream: 
1.01 ft. 

Mean tidal 
amplitude 
during spring 
migration 
(except 
when 
instruments 
were 
malfunc-
tioning 
March 3-25): 
Down-
stream: 1.17 
ft, Upstream: 
1.00 ft. 

After floodgate 
replacement, 
tidal amplitude 
upstream of 
floodgates will 
increase 
during the 
Spring Juvenile 
Chinook 
Migration 
Period. 

When 
floodgates 
are open, 
compare 
tidal 
amplitude 
immediately 
upstream of 
floodgate to 
down-
stream of 
floodgate 

 

Mean tidal 
amplitude 
during spring 
migration 
(measured by 
Solinst data 
loggers): 
Downstream: 
1.51 ft, 
Upstream: 
1.44 ft. 

Mean tidal 
amplitude 
from May 3 to 
May 31 
(measured by 
floodgate 
monitoring 
instrumen-
tation): 
Downstream: 
1.94 ft, 
Upstream: 
1.58 ft. 

Mean tidal 
amplitude 
during spring 
migration 
(measured by 
floodgate 
monitoring 
instrumen-
tation): 
Downstream: 
1.68 ft, 
Upstream: 1.61 
ft. 

Mean tidal 
amplitude 
during spring 
migration 
(March 1 to 
May 31) 
relative to 
the flood 
gate, when 
open: Down-
stream: 1.04 
ft, Upstream: 
1.02 ft. 

Mean tidal 
amplitude 
during spring 
migration 
when gates 
were open 
(except 
when 
instruments 
were 
malfunc-
tioning 
March 3-25): 
Down-
stream: 1.06  
ft, Upstream: 
1.00 ft. 

Tidal 
amplitude 
immediately 
upstream of 
floodgates will 
match 
amplitude 
downstream of 
floodgates 
(gates open). 

MHHW 
upstream of 
floodgates 
during the 
entire 
monitoring 
year 
(October 1 
through 

Surface 
data 
collected 
but not 
converted 
to MHHW. 

MHHW at Big 
Ditch crossing 
is 8.59 ft 
NAVD88 for 
the whole 
year. 

MHHW at Big 
Ditch crossing 
is 8.56 ft 
NAVD88 for 
the whole year 
even though 
floodgates 
were 
disengaged 

MHHW 
upstream of the 
floodgate was 
8.65 ft NAVD88 
at Big Ditch 
Crossing for all 
of WY2011. 
During non-
construction 

MHHW at 
Upper Main 
Channel 
(replace-
ment site for 
Big Ditch 
Crossing) 
was 8.87 ft 
NAVD88 

MHHW at 
Upper Main 
Channel was 
9.16 ft 
NAVD88 
(Oct. 1, 2012 
to Aug 6, 
2013 and 
Sept 11 to 

MHHW 
elevations will 
be 8.8 ft 
NAVD88 
upstream of 
floodgates at 
Big Ditch 
Crossing. 



14 

 

Parameter 
Before 
WY2009 

WY2009 
Condition 

WY2010 
Condition 

WY2011 
Condition 

WY2012 
Condition 

WY2013 
Condition 

Restoration 
Target 

September 
30) 

during 
construction 
of Project 
Element 2 
during the 
Summer 
Irrigation 
Period. 

operating times, 
MHHW was 9.48 
ft NAVD88. 

(March 23 - 
Sept 30, 
2012). 

Sept 30, 
2013). 

MHHW 
immediately 
upstream of 
floodgate 
during 
spring 
migration 

6 to 7 ft 
NAVD88 
(Tetra 
Tech 
2008). 

MHHW 
immediately 
upstream of 
the floodgates 
was 9.43 ft 
NAVD88 
during spring 
migration. 

MHHW 
immediately 
upstream of 
the floodgates 
was 9.53 ft 
NAVD88 from 
May 3-31. 

MHHW 
immediately 
upstream of the 
floodgates was 
10.00 ft NAVD88 
during spring 
migration, when 
no construction 
was occurring. 

MHHW 
immediately 
upstream of 
the 
floodgates 
was 9.5 ft 
NAVD88 
during spring 
migration. 

MHHW 
immediately 
upstream of 
the 
floodgates 
was 9.90 ft 
NAVD88 
during spring 
migration 
(except 
when 
instruments 
were mal-
functioning 
March 3-25, 
2013). 

After floodgate 
replacement, 
MHHW 
elevations 
immediately 
upstream of 
floodgates will 
be 9.5 ft 
NAVD88 
during the 
Spring Juvenile 
Chinook 
Migration 
Period. 

Floodgate 
openness 
during 
spring 
migration 

Not 
measured 

Not measured. 
New 
floodgates 
installed in fall 
2009. Beamer 
et al. (2010) 
estimated 
upstream 
passage at 
49% during 
spring 
migration. 

Floodgate 
position open 
90% of the 
time May 2 
through May 
31, the period 
of migration 
that was 
monitored 
(Shannon & 
Wilson 2010). 

Floodgates open 
more than 90% 
of the time 
during spring 
migration (92.3% 
and 93.4% for 
the north and 
middle doors, 
respectively). 

Floodgates 
open less 
than 90% of 
the time 
during spring 
migration 
(85.25% for 
both the 
north and 
middle 
doors). 

Floodgates 
open more 
than 90% of 
the time 
during spring 
migration 
(94.24% and 
94.44% of 
the period 
when the 
floodgate 
monitor was 
recording 
properly, 
north and 
middle door 
respectively). 

Floodgate 
position will be 
open 90% of 
time during 
the Spring 
Juvenile 
Chinook 
Migration 
Period. 

2.1.1.1 Surface water levels above and below floodgates  

Restoration target: After floodgate replacement, tidal amplitude upstream of floodgates will increase 

during the Spring Juvenile Chinook Migration Period. 

Target met? No, mean tidal amplitude upstream of the floodgate during the Spring Juvenile Chinook 

Migration Period of WY2013 was 0.56 ft lower than the mean tidal amplitude downstream during the 

Spring Juvenile Chinook Migration Period of WY2009. 

The differences in tidal amplitude results each year are due in part to the floodgate operations and the 

level of the river each year. Numerous adjustments to the floodgate during the Spring Juvenile Chinook 
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Migration Period of WY2013, especially in March, could have been a contributing factor to the doors not 

being open as much as they should have been. These conditions are discussed in further detail in H1.5 

and in the Fisher Slough Floodgate Report for Water Year 2013 (Henderson and Beamer 2014). The 

Skagit River level measured at Mount Vernon was higher for most of the Spring Juvenile Chinook 

Migration Period in WY2013 than it was in WY2009 (Figure H1.1). Higher river flows reduce the effect of 

tidal drop and result in the floodgate doors being closed for longer periods of time. Both of these factors 

could reduce the tidal amplitude. 

The difference between the mean tidal amplitude upstream and downstream in WY2013 was 0.17 ft, 

while in WY2009 the difference was 0.52 ft (Table H1-1). 

Note: This restoration target was re-written 2012to reflect the reality that floodgates, regardless of how 

they are operated, are designed to reduce tidal amplitude relative to natural conditions. Thus, the 

phrase “…to match the downstream tidal amplitude…” was deleted in the WY2012 and this report. Tidal 

amplitudes can be matched only when floodgates are open and this is reflected in the subsequent 

restoration target (Section 2.1.1.2). 

2.1.1.2 Difference in tidal amplitude above and below floodgates  

Restoration target: Tidal amplitude immediately upstream of floodgates will match amplitude 

downstream of floodgates (gates open). 

Target met? Yes. During the Spring Juvenile Chinook Migration Period tidal amplitude upstream and 

downstream of the floodgates (when the floodgate doors were open) was nearly equivalent, within 0.06 

ft (Table H1-1). Similarly, WY2009 and WY2011 tidal amplitude upstream averaged only 0.07 ft lower 

than tidal amplitude downstream and in 2012 the average difference was only 0.02 ft. In WY2010 the 

floodgate monitoring logger was not correctly calibrated until May 3; therefore the tidal amplitude was 

measured over a shorter period of time (May 3 to May 31) and the difference was 0.36 ft (Table H1-2). 

The tidal amplitude upstream compared to downstream should be equivalent when the floodgate doors 

are open as water seeks its own level. The difference in tidal amplitude was less than one inch in all 

years except for 2010. It is possible that the difference in recorded values is due to the floodgate 

headwall limiting a small amount of tidal exchange on the upstream side of the floodgate, and/or that 

the values measured by the loggers are within the accuracy tolerance of those loggers. 

This target does not explicitly specify the Spring Juvenile Chinook Migration Period; however, Hypothesis 

1 emphasizes the spring period and results for this target in WY2009 and WY2010 were for the spring 

period. 

2.1.1.3 MHHW upstream of floodgates 

Restoration target: MHHW will be 8.8 ft NAVD88 upstream of floodgates at the old Big Ditch crossing. 

Target met? Yes. The MHHW upstream of the floodgates above the old Big Ditch Crossing at the new 

Upper Main Channel site was 9.16 ft NAVD88 for the time period October 1, 2012 through August 6, 

2013 and from September 11 through September 30, 2013. The data logger did not record data from 
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August 7 to September 10 due to a programming error after downloading data. The MHHW in WY2013 

is 0.36 ft higher than the restoration target goal. The daily MHHW at Upper Main Channel is shown in 

Figure H1-1.   

The data logger at Blind Ch 3 (formerly the Big Ditch Crossing site) is located 30 meters from the Upper 

Main Channel site. Data from Blind Ch 3 were used in the WY2009, WY2010 and WY2011 reports (TNC 

2011, TNC 2012, and Beamer et al. 2012). We present the results from Blind Ch 3 in WY2013 as a 

comparison to the data presented in those three previous reports. Mean higher high water at Blind Ch 3 

was 8.83 ft NAVD88 in WY2013. The data logger did not record data from January 11 through February 

12, 2013 due to a programming error after downloading data. The MHHW in WY2013 is 0.03 ft higher 

than the restoration target goal. 

Figures H1-2 and H1-2 show a comparison of current conditions (WY2013) to pre-floodgate conditions 

(WY2009). These graphs show the daily higher high water (HHW), while the mean higher high water 

(MHHW) reported in Hypothesis 1.3 and 1.4 is the average of those daily values. 

2.1.1.4 MHHW immediately upstream of floodgate during spring migration (March 1 – May 31) 

Restoration target: MHHW immediately upstream of the floodgates will be 9.5 ft NAVD88 during spring 

migration (as of 2010). 

Target met? Yes. MHHW immediately upstream of the floodgates during the Spring Juvenile Chinook 

Migration Period was 9.90 ft NAVD88. This is 0.40 ft above the target level. 

There was a malfunction in the instrument measuring water elevation at the floodgate headwall that 

resulted in the loss of useable data from March 3 through March 25, 2013. The instrument malfunction 

occurred for 523.18 hours (23.7% of the time) of the Spring Juvenile Chinook Migration Period. These 

data were not used in the calculations. 

The MHHW immediately upstream of the floodgates exceeded the restoration target goal all four years 

(WY2010, WY2011, WY2012 and WY2013) after the floodgate replacement in 2009.  

2.1.1.5 Floodgate door openness during spring migration (March 1 – May 31) 

Restoration target: Floodgate position will be open 90% of time during spring migration. 

Target met? Yes. Overall, the north and middle doors were open 94.24% and 94.44% of the time, 

respectively, when the floodgate monitor was recording properly. 

Deviations to floodgate operations for the Spring Juvenile Chinook Migration Period did not occur in 

WY2013. The NOAA Advanced Hydrologic Prediction Service webpage was monitored during this time 

and there was no high flow prediction exceeding 28 ft NAVD88 at the Mount Vernon gage, so the 

floodgate float remained engaged. The river level was predicted to exceed 24 ft NAVD88 (high water 

level contingency plan for times when there are crops planted in the fields adjacent to Fisher Slough) 

from May 13 through May 15. The floodgate was not disengaged at that time but TNC and Dike District 3 

lowered the floodgate settings on May 13, allowing the floodgate doors to close at a lower water level. 
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The water level was observed at 11.7 ft at both the up- and downstream WSE gages and was expected 

to rise further over the next day. The floodgate was then reset to the normal level (to close at 9.5 ft 

NAVD88) for the Spring Juvenile Chinook Migration Period on May 16, 2013.  

Under normal operation during this period (i.e., not flooding periods), the floodgates should have a 

minimum closure setting of 9.5 ft NAVD88. There were a total of 17 floodgate closures (i.e., doors went 

from open to closed); 100% of the closures occurred when the WSE was greater than 9.5 ft NAVD88 

immediately downstream of the structure (Henderson and Beamer 2014). At least one floodgate was 

open 95.25% of the time when WSE immediately downstream of the structure was less than the 

floodgate control elevation of 9.5 ft NAVD88 (when the logger was functioning correctly) (Henderson 

and Beamer 2014). Overall, the north and middle doors were open 94.24% and 94.95% of the time, 

respectively.  

Another measure of openness is the angle of the doors relative to the floodgate structure. In WY2013 

the results for floodgate door angle openness were as follows, with mean door angle openness (and 

standard deviation) by door and tidal stage, and number of observations: 

o North door (when door was open): 
 During ebb conditions = 60.4 (9.3) degrees, n=46,527 
 During non-ebb conditions = 52.3 (20.2) degrees, n=49,412 

o Middle door (also a proxy for the south door) (when door was open): 
 During ebb conditions = 66.6 (17.1) degrees, n=49,857 
 During non-ebb conditions = 57.8 (23.2) degrees, n=49,547 
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Figure H1-1. Gage height (ft) for the Skagit River at Mount Vernon for the Spring Juvenile Chinook 
Migration Period of WY2009 and WY 2013 (from USGS gage #1220500). Data are recorded at 15-minute 
intervals. Solid red line shows the flood stage at 28 ft NAVD88. Dashed red line shows the 24-ft NAVD88 
level where the floodgate can be disengaged when there are crops in the adjacent fields.  

 

Figure H1-2. Daily higher high water (HHW) elevations for WY2013 at Upper Main Channel. Vertical 
black lines delineate floodgate operation management periods. The vertical red line shows when the 
floodgate was set to the Fall/Winter Flood Control setting 3 days early on September 28, 2013 due to 
predicted high water. Horizontal blue line at 8.8 ft NAVD88 shows the restoration target goal for water 
surface elevation. The Solinst continuous-read data logger did not record data from August 7 to 
September 10, 2013 due to a programming error. 
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Figure H1-3. Daily higher high water at Big Ditch Crossing for WY2009. Vertical black line marks change 
from floodgate being operated under normal conditions (acting as a neutral velocity floodgate) to 
floodgate doors being cabled open for summer irrigation. The horizontal blue line at 8.8 ft NAVD88 
shows the target goal for water surface elevation.   
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2.1.2 Hypothesis H2  

Restoration of tidal exchange will increase twice daily mixing of waters in Fisher Slough on the project 

site, increasing oxygen levels and reducing temperatures compared to pre-project conditions, particularly 

during the summer months.  

Table H2-1. Fisher Slough water quality parameters. 

Parameter 
Before 

2009 

WY2009 
Condition 

WY2010 
Condition 

WY2011 
Condition 

WY2012 
Condition 

WY2013 
Condition 

Restoration 
Target 

DO levels in 
Fisher Slough 

Not 
measured. 

<8 mg/L 
upstream of 
floodgates 
during 5 of 
the days 
sampled 
(June –
Sept). 

DO data loggers 
were not 
functional. Spot 
DO 
measurements 
were collected 
during fish 
monitoring and 
are contained in 
the 2010 Fish 
Report (Beamer 
et al. 2011).  

<8 mg/L 
upstream of 
floodgates on 
22 days from 
June 5 to June 
26 (data is for 
the time 
period prior to 
floodgate 
being 
disengaged 
for 
construction). 

DO levels were 
<8 mg/L at 
Upstream 
Floodgate on 99 
of 122 days 
(81.1% of the 
time) from June 
1 through Sept 
30. 

 DO levels were 
<8 mg/L at 
Upstream 
Floodgate on 82 
of 104 days 
(78.8% of the 
time) from June 
1 through Sept 
30, not including 
time floodgate 
was disengaged 
for Dike District 
3 maintenance 
project Aug 3-20. 

DO levels 
were <8 
mg/L at 
Upstream 
Floodgate 
on 21 of 118 
days (17.8% 
of the time) 
from June 1 
through 
Sept 26 
(when data 
logger was 
removed). 

Increased DO 
during 
summer; daily 
minimum >8.0 
mg/L upstream 
of floodgates 
by 2015. 

Temperature 
levels in 
Fisher Slough 

18.4 to 
19.4 °C (7-
day 
maximum 
in 
summer) 
(Tetra 
Tech 
2007). 

The summer 
7-day 
maximum 
temperature 
occurred 
July 25 to 
31, ranging 
from 22.5 to 
24.2 °C, 
averaging 
23.3 °C at 
Big Ditch 
crossing. 

Floodgates 
were 
disengaged 
during the 
summer 
months for 
construction 
activities; 
therefore 
temperature 
data collected 
in 2010 is not 
comparable to 
previous years. 

The summer 
7-day 
maximum 
temperature 
occurred June 
20 through 
June 26, 
ranging from 
15.6 to 18.2°C 
and averaging 
17.1°C at Big 
Ditch crossing 
(data is for the 
time period 
prior to 
floodgate 
being 
disengaged 
due to 
construction). 

The summer 7-
day maximum 
temperature 
occurred Aug 12 
to 18, ranging 
from 21.5 to 
23.5 °C and 
averaging 22.6 
°C at Upper Main 
Channel (data 
from June 1 
through Sept 
30). 

The summer 7-
day maximum 
temperature 
occurred Aug 30 
to Sept 5, 
ranging from 
21.8 to 23.0 °C 
and averaging 
22.2 °C at Upper 
Main Channel 
(data from June 
1 through Sept 

The summer 
7-day 
maximum 
temperature 
occurred 
Aug 4 to 10, 
ranging 
from 24.6 to 
26.2 °C and 
averaging 
25.6 °C at 
Upper Main 
Channel. 

Decreased 
temperatures 
during 
summer; 
highest 7-day 
maximum 
temperature 
average within 
12 to 14 °C 
(WDOE 2004). 
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Parameter 
Before 

2009 

WY2009 
Condition 

WY2010 
Condition 

WY2011 
Condition 

WY2012 
Condition 

WY2013 
Condition 

Restoration 
Target 

30, not including 
time floodgate 
was disengaged 
for Dike District 
3 maintenance 
project Aug 3-
20). 

The water quality data will be used to determine whether the expected increase in tidal influence 

creates a decrease in water temperatures and an increase in DO concentrations during the summer 

months (Table H2-1). 

2.1.2.1 Dissolved oxygen 

Restoration target: Increased DO during summer; daily minimum >8.0 mg/L upstream of the floodgates 

by 2015. 

Target met? No. Target not met in 2013 for 21 days out of 118 days (17.8% of the time). DO levels were 

less than 8.0 mg/L during the summer June 1 through September 26 at the Upstream Floodgate site.  

Dissolved Oxygen Monitoring Methods 

Dissolved oxygen data from continuous-read loggers 

In 2013, continuous-read DO loggers (Instrumentation Northwest [INW] model AquiStar® Smart Sensor 

with an integrated GDL data logger) were deployed at four sites to augment the DO spot measurements 

taken by SRSC during fish monitoring. All DO loggers had been calibrated by INW prior to installation. 

They were originally installed according to the manufacturer’s suggested installation guide at 

approximately 5 to 10 cm above the substrate of the channel and programmed to record data at 15-

minute intervals. Three were located upstream of the floodgate: one at the Upstream Floodgate site, 

mounted on the floodgate headwall; one at the Upper Main Channel site; the third rotated through the 

three blind channel areas on approximately a two-week rotation. The fourth DO logger was located 

downstream of the floodgate (at the Downstream Floodgate site), also mounted on the floodgate wall. 

The logger at the Upstream Floodgate site was installed on April 3, the logger at the Upper Main 

Channel site and the one used in the blind channel areas were installed on April 5, and the one at the 

Downstream Floodgate site on April 8 (Figure 1-3 in the Introduction section; Table C1 in Appendix C). 

These data loggers record the oxygen level in parts per million (ppm), while the hypothesis in this report 

calls for data in milligrams per liter (mg/L). The units are equivalent to each other. The data logger at 

Upstream Floodgate was removed on September 26 and the remaining loggers were removed on 

October 1, just after WY2013 ended.  

Problems were encountered with all the continuous-read DO loggers. They would periodically record a 

value of negative 90, indicating a communication problem between the sensor probe and the data 

housing. These -90 values were removed from the data set. The DO logger that was rotated between the 

blind channel lobes had other problems as well. It recorded negative values down to -0.15 ppm. This is a 
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physical impossibility in water. It was suspected that the problems encountered with the logger in 2012 

persisted again this year (Beamer et al. 2013a).  

An experiment was conducted with the logger probe placed inside the standpipe (a 0.08 m [3-inch]-

diameter perforated PVC pipe) and then outside the standpipe to compare the values. When the probe 

was inside the standpipe, low to negative values were recorded. When the probe was outside the pipe, 

values were similar to those recorded by a YSI ProPLus DO meter. The manufacturer INW’s description 

of the logger states that “Sensor does not require water movement” and that it “fits easily in 0.05 m (2-

inch) well” (taken from: http://inwusa.com/products/smart-sensors/do-sensor/do-sensor/). This is 

apparently not the case.  

Results from this experiment suggested that there might have been something wrong with the 

standpipe setup that had been used. We therefore changed the lower section of each standpipe housing 

the DO logger in the blind channel areas by replacing it with a 1.52 m long section of 0.10 m (4-inch) PVC 

pipe which had several 0.05 x 0.46 m (2 x 18-inch) slots cut along the length of the pipe. The slots were 

covered by a 0.013 m Vexar mesh screen to help prevent foreign material from entering the standpipe 

(Figure H2-1). Additionally, the probe was raised so that it was 15 to 20 cm above the substrate to help 

prevent inaccurate recording caused by swirling sediment around the optic eye on the probe. No further 

problems were noticed in the DO data after these changes were implemented.  

Data in the blind channel areas were reported from June 11 through September 30, 2013. Data was 

removed from analysis if the WSE was less than 20 cm above the substrate at each site.  

Dissolved oxygen data from spot measurements 

Spot measurements were taken during fish sampling by SRSC’s fish monitoring crew from February 8 to 

August 13, 2013, using a hand held YSI Professional Plus DO meter. Measurements were taken at the 

surface and bottom of the water column at four different sampling locations in the main channel area 

and in the three blind channel areas upstream of the floodgate, as well as at three sites downstream of 

the floodgate. Data taken in each portion of the water column were averaged by the day and grouped 

by the main channel sites, the sites within each blind channel area, and the sites downstream of the 

floodgate, and are reported in Tables C2 and C3 in Appendix C.  

Dissolved Oxygen Results and Discussion 

The DO level recorded by continuous-read loggers fell below 8.0 mg/L on 28 of 122 days (23.0% of the 

time) during the summer period at the site Upper Main Channel (Table C1 in Appendix C). In the 

combined blind channel areas, the DO level was below 8.0 mg/L on 5 of 98 days (5.1% of the time) from 

June 11 through September 30. A programming error resulted in the loss of data from July 23 to August 

5 (Table C1 in Appendix C).  

Dissolved oxygen levels measured by hand held meter during fish sampling showed daily averages above 

8.0 mg/L for both the surface and bottom of the water column at all sites from February 8 through 

August 13, except in Blind Ch 2 on July 1 (Tables C2 and C3 in Appendix C).  
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The hypothesis calls for increased DO values during the summer months, but in WY2013 the daily 

average DO levels from continuous-read loggers started to fall below the goal even before the start of 

the Summer Irrigation Period. The DO levels dropped below the restoration goal of 8 mg/L on May 16 at 

the site Upstream Floodgate and from May 15-17 at the site Upper Main Channel (Table C1 in Appendix 

C). 

Dissolved oxygen levels are low in Fisher Slough starting in late spring or early summer. This 

phenomenon has occurred over all five years of monitoring, 2009 through 2013. Prior to 2012, the 

Fisher Slough monitoring sites were exclusively in narrowly-confined channel areas, so factors 

influencing DO likely were primarily from exterior sources (areas up- or downstream of the restoration 

project area). In fact, in 2012 and years prior, very low DO from upstream in Carpenter Creek/Hill Ditch 

(Skagit County Public Works 2013) appears to have contributed to low DO in Fisher Slough. Low DO also 

occurred in Hill Ditch in the summer months of 2013. Unpublished data from Skagit County Public Works 

Department for 2013 show that DO levels were less than 8.0 mg/L during June (monthly average = 7.2 

mg/L) and September (monthly average = 7.1 mg/L) (Skagit County Public Works, unpublished data). 

Starting in 2012 a much larger area was available to tidal inundation because of completion of the dike 

setback restoration. Even though this increased area could allow for greater potential for factors 

influencing habitat conditions to originate from within the restoration project area, it’s still possible they 

originated mostly from exterior sources. Processes influencing DO from within the restoration project 

area likely are related to cycles (day/night, tidal) affecting vegetation and algae. Vegetation and algae 

growing in the dike setback area create oxygen during daylight and use oxygen during night hours. 

Decomposing vegetation and algae within the dike setback will reduce DO.  

The restoration target of DO levels > 8.0 mg/L upstream of the floodgate during the summer months 

might be an unrealistic goal. Originally the hope was for an increase in DO, based on an increased influx 

of water from the river along with altered floodgate operations. Much has been learned about the 

driving factors affecting the DO levels and this is discussed in greater detail in Beamer et al. (2014) (see 

appendix E). In the future this restoration target might be changed in light of those results. 

Recommendations 

Regardless of the cause of low DO, tidal dilution is an immediate remedy, which can be influenced by 

floodgate operations such as holding the gate open; we therefore recommend holding the gate open as 

long as possible. While the criteria during the Summer Irrigation Period is for the floodgate doors to be 

open 100% of the time, in 2013 the floodgate doors were only open 91.38% and 91.27% of the entire 

time period (north and middle doors respectively) (Henderson and Beamer 2014). 

We recommend that maintenance requiring floodgates to close be done (a) after times when water 

temperature has peaked, (b) when flows are still low, and (c) when juvenile Chinook salmon are not 

present. This window mostly likely occurs in September of each year. 

Longer-term remedies for low DO might include restoration of riparian or nutrient-input areas located 

upstream. 
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We recommend continuing comparison of DO levels measured during SRSC’s fish monitoring to DO 

levels recorded by the continuous-reading loggers in order to determine the accuracy of the continuous-

read data loggers. 

 

 

Figure H2-1. Photo on left shows new perforated 0.10 m (4-inch) diameter DO logger standpipe, which 

was used at the end of 2013, next to original 3-inch standpipe used in 2012 and the start of 2013 in Blind 

Ch 1. Photo on right shows new logger standpipe in Blind Ch 2. The black Pelican box on top of the 

standpipe houses the data storage “brain” (GDL data logger). 
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2.1.2.2 Temperature 

Restoration target: Decreased temperatures during summer; highest 7-day maximum temperature 

average within 12-14 °C. 

Target met? No. The 7-day average maximum temperature restoration target was exceeded at the five 

logger sites upstream of the floodgate during the Summer Irrigation Period regardless of the floodgate 

operation. In 2013 the 7-day average maximum temperature for the site Upper Main Channel was 2.3 °C 

higher than that recorded in WY2009, 8.5 °C higher than in WY2011, and 2.3 °C higher than in WY2012 

(Table H2-1). 

Water Temperature Monitoring Methods  

Water temperature data from continuous-read loggers 

Water temperature was measured using Solinst® Levelogger Model 3001 Gold and/or Edge data loggers 

deployed at the Downstream Floodgate site, at the Upper Main Channel site, at the historic Big Ditch 

Crossing (now called Blind Ch 3), and at the new blind channel areas (Blind Ch 1 and Blind Ch 2). Water 

temperature data at the upstream side of the floodgate headwall site (Upstream Floodgate) were 

recorded by two different data loggers. Data from October 1, 2012 to March 1, 2013 were taken using 

an INW AquiStar® model PS9805 vented data logger. This logger malfunctioned, recording inaccurate 

data starting in early March. Data from April 3 to September 25, 2013 were recorded by the DO logger 

described in the DO section above. Temperature data at this site were not recorded March 2 through 

April 3, 2013. All data readings were taken at 15-minute intervals and averaged by the day. Temperature 

data were removed from the data set when the channel within each of the new blind channel lobes was 

dry. All the data loggers were in place during the entire water year.  

Water temperature data from spot measurements 

Water temperature measurements from hand-held meters during the time of fish sampling are not 

reported in this paper because they do not answer the question posed by the restoration target. 

Water Temperature Results and Discussion 

The highest 7-day average maximum temperature at Upper Main Channel site occurred August 4 to 10, 

ranging from 24.6 °C to 26.2 °C and averaging 25.57 °C. The highest 7-day average maximum 

temperature at Blind Ch 1 occurred August 3 to 9, ranging from 29.1 °C to 32.0 °C and averaging 30.62 

°C. The highest 7-day average maximum temperature at Blind Ch 2 occurred August 4 to 10, ranging 

from 26.7 °C to 29.5 °C and averaging 28.06 °C. The highest 7-day average maximum temperature at 

Blind Ch 3 occurred August 4 to 10, ranging from 24.1 °C to 25.7 °C and averaging 24.91 °C. Blind Ch 3 

had the lowest 7-day average maximum temperatures of the three blind channel areas, most likely due 

to the riparian zone along the southern edge of the channel (Table H2-2). 

The restoration target is for cooler water temperatures in the summer months, June through 

September. In WY2013 water temperatures exceeded the goal even before the summer time period 

started. The water temperatures were higher than the target goal starting March 26 in the blind channel 



26 

 

areas and starting April 25 in the main channel areas. The daily maximum water temperature at each 

site is shown in Figure H2-2.  

Water flowing downstream from Hill Ditch into the Fisher Slough Restoration project area is warmer 

than water flowing into the project area on flood tides from the Skagit River when the floodgate is open. 

We found support for this by examining results from long-term monitoring sites in Skagit County’s 

Water Quality Monitoring Program. One nearby site is located in the South Fork Skagit River (at Conway 

boat ramp) and represents the water mass downstream of the floodgate. The other nearby site is 

Carpenter Creek/Hill Ditch (at Cedardale Rd) and represents the water mass upstream of the floodgate. 

Each site is monitored at two-week intervals by Skagit County. Water temperature varied seasonally at 

the South Fork site from approximately 14.5 °C to 17.5 °C, the highest temperature occurring during 

summer months and the lowest during winter months in 2004-2012 (Skagit County Public Works 2013). 

During the summer months of 2013 the water temperature at the South Fork Skagit River site varied 

from 11.1 °C to 16.3 °C (Skagit County Public Works, unpublished data). In contrast, while water 

temperature also varied seasonally at the Hill Ditch site, the highest temperatures were much higher 

than at the South Fork site, with readings ranging from approximately 17.5 °C to 24 °C in 2004-2012 

(Skagit County Public Works 2013). Again, the highest temperatures occurred during summer months 

and the lowest during winter months. In the summer months of 2013 the water temperature at the 

Carpenter Creek/Hill Ditch site varied from 17.5 °C to 21.0 °C (Skagit County Public Works, unpublished 

data). 

 

The restoration target of decreased temperatures during summer, with the highest 7-day average 

maximum temperature between 12 and 14 °C, might be an unrealistic goal. This goal was chosen to 

match the Washington Department of Ecology water quality standards for freshwater bodies of water 

with salmon rearing and migration, but there was no indication of whether this goal could be reached 

with the planned restoration project. The effects of environmental conditions combined with floodgate 

operations on the water temperature and the effect of water temperature on the presence of juvenile 

salmon has been discussed in Beamer et al. (2014) (see appendix E). In the future this restoration target 

might be changed in light of those results. 

Recommendations 

Regardless of the cause of high temperature, tidal dilution is an immediate remedy, which can be 

influenced by floodgate operations such as holding the gate open; we therefore recommend holding the 

gate open as long as possible. While the criteria during the Summer Irrigation Period is for the floodgate 

doors to be open 100% of the time, in 2013 the floodgate doors were only open 91.38% and 91.27% of 

the entire time period (north and middle doors, respectively) (Henderson and Beamer 2014). Longer-

term remedies to help reduce high temperature in both the restored areas of Fisher Slough and Hill 

Ditch might include restoration of the riparian zone. 

 

We recommend that maintenance requiring floodgates to close be done (a) after times when water 

temperature has peaked, (b) when flows are still low, and (c) when juvenile Chinook salmon are not 

present. This window mostly likely occurs in September of each year.  



27 

 

Table H2-2. Seven-day average maximum temperature at Fisher Slough in 2013  

Site 

Maximum 7-day 
average maximum 

temperature (degrees 
Celsius) 

Standard deviation of 7-
day average maximum 

temperature 

Date range of 7-day 
average maximum 

temperature 

Downstream Floodgate 25.46 2.05 July 23 to 29 

Upstream Floodgate 25.58 1.96 July 23 to 29 

Upper Main Channel 25.57 0.81 Aug 4 to 10 

Blind Ch 1 30.62 1.64 Aug 3 to 9 

Blind Ch 2 28.06 1.56 Aug 4 to 10 

Blind Ch 3 (formerly Big Ditch 
Crossing) 24.91 1.22 Aug 4 to 10 

 

Hypothesis 2 Discussion 

Measurement of water temperature and DO on the restoration site, and their direct comparison to 

restoration targets, does not account for the many factors that may influence temperature and DO. A 

more complete analysis (Beamer et al. 2014) accounted for Skagit River discharge, tributary stream 

discharge, dike setback, seasonality, on-site spatial heterogeneity, and floodgate operation. This analysis 

found complicated responses in water temperature and DO, including:  

1) Restoration site water temperatures were cooler and DO was higher when the flood gates 

were open. 

2) Dike setback decreased average water temperatures within the restoration site, while 

downstream temperatures were unchanged.  

3) Dike setback increased maximum water temperatures onsite and downstream, but there 

were no temperature differences between onsite and downstream. The differences 

between average and maximum temperature patterns are likely due to restoration site 

cooling during night-time flood tides.  

4) There is spatial heterogeneity in water temperature within the restoration site and juvenile 

salmon appear to be occupying the cooler locations when temperatures are high, e.g., in 

August.   

5) Daytime water DO is higher after dike setback and relatively high until August; dike setback 

also improved August DO relative to the pre-restoration condition.  

6) DO levels recorded by continuous-read data loggers were reduced by the dike-setback. The 

differences between daytime and minimum DO patterns are likely due to differences in day 

versus night dominance by photosynthesis versus respiration. The large increase in inundated 

marsh resulting from dike setback would contribute to these day-night differences. 
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Figure H2-2. Daily maximum water temperature at Fisher Slough in WY2013. Horizontal red lines show 
restoration target goal for highest maximum 7-day average during Summer Irrigation Period (June 1-
September 30) of 12 to 14 degrees Celsius. Vertical black lines indicates floodgate Management Periods. 
The vertical red line shows when the floodgate was set to the Fall/Winter Flood Control setting 3 days 
early on September 28, 2013 due to predicted high water. Panel A shows main channel areas and Panel 
B shows blind channel areas.   
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2.1.3 Hypothesis H3 

Relocation of the confining levees will restore 50 acres of tidal marsh which will result in a total of 

60 acres of freshwater tidal marsh area—the area of tidally inundated freshwater wetland will increase. 

The number of days and percent of time that the pre-restoration 9.8-acre tidal marsh was inundated 

was not calculated because the LiDAR data for this area are unreliable. Most of the vegetated portions 

of this area consist of scrub-shrub vegetation from which bare earth elevation is not reliably derived 

from LiDAR sampling (Hood 2007). Thus, only changes to the 45.9 acres that were restored through dike 

setback are considered here. This is also the area of greatest interest, because it has undergone the 

most significant transformation through restoration. 

Table H3-1. Area of tidally inundated freshwater wetlands.  

Parameter 
Before 

WY2009 

WY2009 
Condition 

WY2010 
Condition 

WY2011 
Condition 

WY2012 
Condition 

WY2013 
Condition 

Restoration 
Target 

Water level 
elevations 
relative to site 
elevations— 
calculated 
total area of 
the project 
site that is 
inundated at 
9.5 ft NAVD88 
(as measured 
upstream of 
the 
floodgates) 

9.8 ac 
inundated at 
MHHW (9.5 
ft NAVD88 at 
the 
floodgates) 
(Tetra Tech 
2008). 

9.8 ac 
inundated at 
MHHW (9.5 
ft NAVD88 at 
the 
floodgates) 
(Tetra Tech 
2008). 

Not 
measured 

9.8 ac 
inundated at 
MHHW (9.5 
ft NAVD88 at 
the 
floodgates) 
(Tetra Tech 
2008). 

An additional 
45.9 ac 
inundated at 
MHHW (9.5 
ft NAVD88) 
because of 
dike setback, 
for a total of 
55.7 ac 

Not 
measured. 
No change 
expected 
from WY2012 
conditions. 

Increase in area 
inundated at 
MHHW 
upstream of 
floodgates by 
2015. 

Time series of 
water level 
elevations (for 
% inundation 
curves) 

Not 
measured 

Not 
measured 

Not 
measured 

Not 
measured 
(but see Fig. 
H3-1). 

See Figure 
H3-2. 

See Figure 
H3-2. 

The difference 
in inundation 
curves between 
upstream and 
downstream of 
the floodgate 
will diminish 
following 
restoration. 

Site elevation 
From LiDAR: 
1.5 to 16 ft 
NAVD88. 

From LiDAR: 
1.5 to 16 ft 
NAVD88 

Not 
measured 

Not 
measured 

From TIN: 0 
to 16 ft 
NAVD88. 

Not 
measured. 
No change 
expected 
from WY2012 
conditions. 

 

Number of 
days or 
percent of 
period site 
inundated 

Not 
measured 

Not 
measured 

Not 
measured 

Not 
measured 

Between 
March 5 and 
Sept 30, WSE 
was ≥ 9.5 ft 
NAVD88 
17.8% of the 
time in Blind 
Ch 1 (Smith 
A) and 17.7% 
of the time in 

WSE was ≥ 
9.5ft NAVD88 
at Blind Ch 1 
11.7% of the 
time and at 
Blind Ch 2 
7.2% of the 
time for 
WY2013. 

The number of 
days or percent 
of period site 
inundated 
increases by 
2015.  
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Parameter 
Before 

WY2009 

WY2009 
Condition 

WY2010 
Condition 

WY2011 
Condition 

WY2012 
Condition 

WY2013 
Condition 

Restoration 
Target 

Blind Ch 2 
(Smith B). 

Percent of the 
project site 
that is 
inundated at 
MHHW (9.5 ft 
NAVD88 at the 
floodgates) 

16.3%, based 
on 9.8 ac of 
the 60-ac 
site. 

16.3%, based 
on 9.8 ac of 
the 60-ac 
site. 

Not 
measured 

16.3%, based 
on 9.8 acres 
of the 60 
acre site. 

92.8%, based 
on 55.7 ac of 
the 60-ac 
site. 

Not 
measured. 
No change 
expected 
from WY2012 
conditions. 

The percent of 
the project area 
inundated at 
MHHW of 9.5ft 
NAVD88 
increases by 
2015. 

2.1.3.1 Water levels and total site area 

Restoration target: Increase in area inundated at MHHW upstream of floodgates by 2015. 

Target met? Yes, target was met in 2012 and is expected to be the same for 2013.  

After restoration there was an additional 45.9 acres of restored tidal plain that floods up to 9.5 ft 

NAVD88; this in addition to the pre-existing tidal marsh of 9.8 acres equals 55.7 acres of tidal floodplain. 

Within the restored tidal plain several high islands above 9.5 ft elevation amount to 1.6 acres 

collectively, and a 29-ft-wide strip between the dike top and the 9.5-ft elevation at the base of the dikes 

amounts to 2.6 acres. These account for the difference between the actual tidal floodplain acreage 

(55.7) and the originally predicted target acreage (60). 

2.1.3.2 Water level elevations (and wetland area) 

Restoration target: The difference in inundation curves between upstream and downstream of the 

floodgates will diminish following restoration.  

Target met? Yes, in 2012 and 2013. The difference in upstream and downstream inundation curves 

during the spring and summer operation periods was reduced in 2012 and 2013 compared to pre-

restoration. The greater similarity between the upstream and downstream inundation curves indicates 

that the floodgates are operating to minimize hydraulic differences between upstream and downstream 

in comparison to the pre-restoration condition (Figure H3-2). 

2.1.3.3 Site elevations  

Restoration target: 60 acres of freshwater tidal wetland by 2015. 

Target met? This target was not measured in 2013, however the total acres of freshwater tidal marsh 

vegetation is not expected change from previously measured conditions in 2012. At that time 55.7 acres 

were experiencing tidal inundation at MHHW (9.5ft NAVD88) and wetland vegetation was beginning to 

colonize the site.  

2.1.3.4 Number of days or percent of period project inundated 

Restoration target: After restoration, the number of days or percent of period the project is inundated 

increases by 2015. 

Target met? Yes. 
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When comparing 2012 to 2013 inundation, the area in Blind Ch 1 inundated at or above the 9.5-ft level 

fell from 17.8% of the time in 2012 to 11.7% of the time in 2013. At Blind Ch 2 it fell from 17.7% of the 

time in 2012 to 7.2% of the time in 2013. In general water levels throughout the site and downstream of 

the floodgates were lower in 2013 than in 2012 as is shown by the percent inundation curves in Figure 

H3-2. The river was evidently generally lower in 2013 than in 2012. 

2.1.3.5 Percent of project site inundated at MHHW of 9.5ft NAVD88 

Restoration target: The percent of the project area inundated at MHHW of 9.5 ft NAVD88 increases by 

2015. 

Target met? Yes, this target was met in 2012 and is not expected to change. As measured in 2012 the 

percent of the project site inundated at 9.5 ft NAVD88 increased from 16.3% to 92.8%. Figure H3-3 

shows the percent of the time that areas are inundated at MHHW. Areas that range in elevation from 

3.3 to 8.0 ft NAVD88 are inundated more than 50% of the time.  

  

Figure H3-1 Site elevations. The white outline shows 45.9 acres of restored tidal plain that floods up to 
9.5 ft NAVD88.  
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Figure H3-2. Comparison of 2009 pre-restoration (blocky, short dashed lines), 2012 post-restoration 

(solid lines) and 2013 post-restoration (long, thin dashed lines) inundation curves. 

Upstream/downstream labels are relative to the floodgate; colors are consistent for all years.  
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Figure H3-3. Spatial distribution of inundation times based on spring through summer 2013 water 
surface elevation monitoring upstream of the Fisher Slough floodgates. 
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2.1.4 Hypothesis H4  

Restored tidal exchange/levee setback and greater inundation will result in accretion and aggradation of 

the ground surface in tidal marsh areas.  

Table H4-1. Sedimentation and elevation rates. 

Parameter 
Before 
WY2009 

WY2009 
Condition 

WY2010 
Condition 

WY2011 
Condition 

WY2012 
Condition 

WY2013 
Condition 

Restoration 
Target 

Sedimentation 
rates across the 
newly exposed 
marsh/ floodplain 
area 

Not 
measured 

Not 
measured 

Not 
measured 

Not 
measured. 
Sediment 
stakes 
installed in 
2011. 

Spatially 
variable, but 
mean rate not 
different from 
zero. 

Spatially 
variable, but 
mean rate not 
different from 
zero. 

Mean 
sedimentation 
rates are 
positive by 
2015. 

Elevation of 
newly exposed 
marsh/ floodplain 
area 

Not 
measured 

Not 
measured 

Not 
measured 

Baseline 
condition 
measured at 
stakes and 
with as-built 
survey. 

10 of 16 pins 
positive. 
Deposition at 
channel 
margins; 
erosion in one 
location on 
site. 

10 of 16 pins 
positive. 
Deposition at 
channel 
margins; erosion 
in one location 
on site. 

More pins 
with positive 
(accretion) as 
opposed to 
negative 
(erosion) 
sedimentation. 

2.1.4.1 Sedimentation rates 

Restoration target: Mean sedimentation rates are positive by 2015. 

Target met? No. While there has been a mean increase in elevation of 2.6 cm at the sediment pins, a 

paired-sample t-test indicates this is not significantly different from zero (t = 1.414, p =0.18, df = 15). 

2.1.4.2 Elevation of the newly exposed marsh/floodplain area 

Restoration target: More pins with positive (accretion) as opposed to negative (erosion) sedimentation. 

Target met? Yes; ten pins showed positive elevation change, while six were negative. 

As per the Monitoring and Adaptive Management Plan (MAMP, Parametrix 2010), overall changes in 

project site elevations associated with the restoration will be evaluated by comparing pre-project LiDAR 

data with LiDAR data collected again in 2015. However, more sensitive measurement (greater vertical 

resolution) of elevation changes and sedimentation rates will occur at 16 sediment stakes established in 

September 2011 as per the MAMP near pre-determined permanent vegetation plots (Figure H4-1). 

The sediment stakes consist of 2-m rebar pounded one meter into the ground. In 2011, an RTK-GPS (3-

cm horizontal and vertical resolution) was used to measure stake-top elevations; a tape measure was 

used to measure ground elevation relative to the stake top. These methods are the same as those 

described in the MAMP. Consultation with Dr. John Rybczyk of Western Washington University indicated 

that these methods were sufficient and appropriate for the intended monitoring objectives. 

The first and second year of post-project measurements (measured in September 2012 and September 

2013) were compared to those of the baseline condition (measured in September 2011) in Table H4-2.  
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Table H4-2. Sediment pin data summary. 

Stake ID 
2011-2012 Net 

Sedimentation (cm) 
2011-2013 Net 

Sedimentation (cm) 
Trend 

13-10 1.2   6.2 Sedimentation 

13-3 -5.3  -3.3 Inconsistent 

13-7 -2.8  -0.8 Inconsistent 

3-3 6.3   5.3 Inconsistent 

3-4 0.7   0.2 No/little change 

4-4 0.4   1.4 No/little change 

4-5 -10.5 -13.5 Erosion 

4-6 -6.9 -4.4 Inconsistent 

4-7 -2.4 -1.4 Inconsistent 

5-1 3.6  17.6 Sedimentation 

5-9 11.2    7.2 Inconsistent 

6-10 4.4    9.4 Sedimentation 

6-4 5.1    2.1 Inconsistent 

7-3 -0.7   -0.5 No/little change 

7-4 0.5    2.5 Sedimentation 

9-8 6.5  13.0 Sedimentation 

 

When the data are evaluated without consideration of spatial organization, the mean difference 

between pre- and post-restoration elevations is 2.6 cm, which a paired-sample t-test indicates is not 

significant (t = 1.414, p =0.18, df = 15). However, when spatial organization is taken into account it 

appears that erosion is concentrated in one location on the site, at the southwest corner of the Smith A 

parcel, near the head of blind channel 1, while deposition occurs primarily near channel margins (Figure 

H4-1). Nevertheless, with only two years of post-restoration monitoring it is still too early to make any 

predictions about future trends in elevation change. For example, a preliminary assessment of potential 

trends indicates that some points are inconsistent, being erosional one year and depositional the other 

year (Table H4-2). 

 

As mentioned in last years’ report, the early results suggest the possibility that the restoration targets 

are simplistic, at least as measured by sediment pins.  Erosion and sedimentation appear likely to vary 

spatially, with greater sedimentation in proximity to tidal channel margins and erosion occurring where 

new tidal channels are developing.  The limited spatial sampling allowed by 16 sediment pins is unlikely 

to capture the true extent of this spatial variation.  More extensive LiDAR data (due in 2015) may do so 

depending on the amount of vertical change relative to the vertical resolution of the LiDAR.  
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Figure H4-1. Change in elevation at sediment pins from 2011 to 2013. Negative values (in blue) indicate 

erosion; positive values (in orange/red) indicate sedimentation. Labels are sediment stake identifiers. 

Yellow polygons are stream and tidal channels. Tidal channels are mapped only for those channels on 

the project site that are within the tidal plain, as defined in the field by vegetation and topography. 
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2.1.5 Hypothesis H5 

Restoration of tidal, fluvial, and sediment processes (and limited planting) will result in recolonization of 

the site by native freshwater wetland emergent, scrub-shrub, and forested wetland and riparian plants 

as predicted by Hood (2007) and TNC (Tetra Tech 2009a).  

Table H5-1. Vegetation parameters. 

Parameter 
Before 

WY2009 

WY2009 
Condition 

WY2010 
Condition 

WY2011 
Condition 

WY2012 
Condition 

WY2013 
Condition 

Restoration 
Target 

Total area of 
the site with 
native and 
non-native 
vegetation 
communities, 
determined 
from 
vegetation 
mapping in 
aerial 
photographs 
(in acres) 

Not measured 
Not 
measured 

Not 
measured 

Not 
measured 

Not measured, 
but see Figures 
3-13 in Beamer 
et al. (2013a) 
for photo 
documentation. 

Approximately 
6 ac non-
native,  

31.3 ac native, 

9.4 ac unclear, 

 4 ac bare 
ground,  

5.2 ac 
channel. Not 
photo-
documented 
this year. 

Photo-
documentation 
shows significant 
change in plant 
community 
species 
composition and 
type by 2015. 
Total area 
mapped with 
tidal freshwater 
wetland plant 
communities 
increases. 

Cover of 
vegetation 
species—
aquatic, 
herbaceous, 
scrub-shrub, 
forest 

Not measured 
Not 
measured 

Vegetative 
cover data 
for the five 
treatment 
areas 
ranged 
from 0-17% 
bare 
ground, 0-
39% native 
species, and 
44-100% 
introduced 
species. 

Not 
measured 

Not measured 

Cover in 
sample 
quadrats 
ranged from 
0-95% bare, 

5-100% 
native, and 

0-80% non-
native. 

Overall, 
wetland 
vegetation 
cover was 
93%. 

By 2015, >30% 
cover of 
freshwater tidal 
wetland plant 
species. 

Species 
richness—
total number 
of species 
observed on 
the site from 
species lists 
compiled 
during 
vegetation 
sampling 

Only 
calculated at 
the transect 
level; 21 
native species 
present on 
transects 
during 2006 
survey. 

Not 
measured 

97 species 
observed, 
48 of which 
were native 
species. 

Not 
measured 

Not measured 

In the 
restored tidal 
floodplain, 17 
species were 
observed. 
Uplands were 
not sampled, 
nor were pre-
existing tidal 
shrub 
communities. 

Increased native 
plant species 
richness 
compared to 
2010 conditions. 

Elevation 
ranges and 
inundation 
times of 
vegetation 
species 

Elevation 
ranges 
(NAVD88), % 
inundation: 

Mud-channel: 
0 to 5.5 ft, 
100%  

Not 
measured 

Elevation 
ranges and 
inundation 
times are 
the same as 
2006. There 
were no 
changes to 

Not 
measured 

Not measured 

Elevation 
ranges 
(NAVD88) and 
% inundation 
for major 
vegetation 
types:  

Mud-channel: 

Elevation ranges 
(NAVD88) and % 
inundation for 
major 
vegetation types 
will be similar 
to: 

Mud-channel: 0 
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Parameter 
Before 

WY2009 

WY2009 
Condition 

WY2010 
Condition 

WY2011 
Condition 

WY2012 
Condition 

WY2013 
Condition 

Restoration 
Target 

Low marsh: 
6.0 to 6.5 ft, 
46.9-65.5% 

High marsh: 
7.0 to 7.5 ft, 
20.5–32.9% 

Riparian: 8.0 
to 10.0 ft, 4.7-
11.9% 

Upland: 10.5 
to 14 ft, 0-
2.6% (Tetra 
Tech 2009b) 

the existing 
levees. 

0 to 4.9 ft, 
100%;  

Low marsh: 
4.9-8.2 ft, 49-
99%;  

High marsh: 
8.2-10 ft, 6-
49%;  

Upland: >10 
ft, 0-6%. 

to 4.5 ft, 95-
100% 

Low marsh: 4.5 
to 7.0 ft, 50-95% 

High marsh: 7.0 
to 8.5 ft, 15-50% 

Riparian: 8.5 to 
10.0 ft, 5-15% 

Upland: >10 ft, 
0-5% 

2.1.5.1 Native and non-native vegetation 

Restoration target: Photo-documentation shows significant change in plant community species 

composition and type by 2015. Total area mapped with tidal freshwater wetland plant communities 

increases (60 acres by 2015). 

Target met? No. The 60-ac goal was not met, because the point intercept sampling indicated that 

approximately 7% of the restored tidal floodplain was bare ground, likely due to persistent ponding in 

portions of the site. Additionally, the point sampling results show that 35% of the site was dominated by 

milfoil, pondweed, or algae, which are presumably not the vegetation community intended by the 

restoration actions. 

2.1.5.2 Vegetation cover 

Restoration target: By 2015, >30% cover of freshwater tidal wetland plant species. 

Target met? Yes. Point intercept sampling indicates 7% bare ground and 93% cover of wetland plant 

species in the tidal floodplain portion of the site. 

2.1.5.3 Species richness 

Restoration target: Increased native plant species richness compared to 2010 conditions. 

Target met? Yes.  Species richness increased from 8 to 17 in the restored tidal plain. 

Point-intercept sampling found 17 plant species compared to 13 found through quadrat sampling. Some 

of the vegetation species found during RTK point-intercept sampling in the restored tidal marsh plain are 

similar to those found in tidally influenced riparian zones on the project site prior to restoration action 

(TNC 2011). For example, in the "mud-channels/ponds" habitat category, two species of Potamogeton 

were observed in 2009, as well as Sparganium eurycarpum and Myriophyllum. Similarly, in the "high 

marsh" habitat category, RCG, Alisma triviale (syn. A. plantato-aquatica), and Sparganium eurycarpum 

were observed in 2009. The only species observed in 2009 that were not observed in 2013 in these 

habitat types were Persicaria hydropiper and Elodea canadensis. Species richness was rather poor in 

these habitat types in 2009, amounting to eight species total, compared to 17 species in 2013. Some of 
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the species found in 2013 are early colonizers, e.g., Juncus bufonius, and these may not persist beyond 

the next few years. On the other hand, late colonizers may yet recruit to the restoration site, so the 

species richness of the mature community is still uncertain. 

2.1.5.4 Elevation and inundation 

Restoration target: Elevation ranges (NAVD88) and percent inundation for major vegetation types will be 

similar to: Mud-channel: 0 to 4.5 ft, 95-100%; Low marsh: 4.5 to 7.0 ft, 50-95%; High marsh: 7.0 to 8.5 ft, 

15-50%; Riparian: 8.5 to 10.0 ft, 5-15%; Upland: >10 ft, 0-5%. 

Target met? Yes. Vegetation ranges of colonizing species are similar to the target (see Table H5-1 and 

Figure H5-2).   

Vegetation Survey Methods 
In 2013, vegetation was surveyed in two ways. The first was traditional quadrat-based sampling as 

described in the Fisher Slough MAMP at previously established sampling points, corresponding to the 

sediment pin locations. The quadrat sampling results are shown in Table H5-2. The second survey 

method was RTK-GPS point-intercept surveys along random transects of the site for which the dominant 

plant species were noted (presence/absence) as well as the elevation of the point (3 cm vertical and 

horizontal accuracy). The RTK-GPS survey, due to its larger sample size and greater spatial coverage, 

better characterizes the elevation ranges of the colonizing plant species than would be the case if only 

plot-scale monitoring were used. Table H5-3 lists scientific and common names of plants. 

 
Vegetation Survey Results and Discussion 
The locations of the vegetation points sampled with RTK-GPS are shown in Figure H5-1. Seventeen 

species of plants were identified as dominants in the point samples. This contrasts with the thirteen 

species that were found in the quadrat samples. An unidentified algae was found in the quadrat 

sampling, but not in the point intercept samples, while five species were found in the point samples, but 

not in the quadrat samples: the non-native grass, Agrostis stolonifera; the weedy rushes, Juncus 

bufonius and J. effusus, of which the latter is also non-native; the native sedge, Scirpus microcarpus; and 

the non-native clover, Trifolium pratense. Almost 9.5% of the point samples were dominated by bare 

ground, compared to 12.5% of the quadrats. Most of the species encountered are commonly found in 

relatively deep freshwater lacustrine wetlands, i.e., pond-like conditions, although some can be found in 

tidal freshwater wetlands as well. Notable lacustrine indicators include the most abundant species, 

Callitriche sp. (aka, pondweed), which comprised 26% of the point samples, as well as Myriophyllum sp. 

(milfoil), Potamogeton epihydrus, and Sagittaria latifolia (wapato), which together amounted to another 

30% of the point samples. The native spike rushes Eleocharis ovatum and E. palustris were found at 

slightly higher elevations (mostly in the eastern lobe of the site). At still higher elevations Bidens cernua, 

Agrostis stolonifera, and Trifolium pratense became common, although Bidens was only sampled a 

couple of times. These species occurred at high densities at the higher elevations of the marsh plain. It 

should be noted that the community composition of the restoration site is dramatically distinct from 

that of the reference marshes (Figure H5-2). While the reference marshes are dominated at lower 

elevations by sedges that are typical of oligohaline tidal marshes, i.e., Carex lyngbyei and Schoenoplectus 
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pungens, the Fisher Slough restoration site is currently dominated by typical lacustrine wetland 

vegetation. 

 

The problematic invasive Phalaris arundinacea (reed canarygrass [RCG]) was found growing at lower 

elevations than it typically grows in the reference marshes. This is likely because the RCG was present 

and well established prior to dike breaching. It established under drier conditions, and has persisted 

under the current, wetter conditions. Because the adult niche of a species is generally broader than its 

recruitment niche, it is possible that the previously established RCG may persist under the new 

hydroperiod.   

 

In contrast, Eleocharis palustris was found growing at higher elevations than in the reference marsh. 

This is likely a temporary condition. E. palustris appears to typically be an early colonizer of restoration 

sites, occurring across a broad range of elevations early in the restoration. Later it is displaced from the 

higher elevations by competitively superior species, such as Carex lyngbyei (sedge) or Typha spp. 

(cattail) (Hood 2013). 

 
The term "freshwater tidal wetland plant species" is relatively vague and its use in two of the restoration 

targets may result in misleading conclusions. Milfoil and pondweed are very abundant on the site and 

indicate significant ponding of water, producing lacustrine wetland conditions. However, these species 

can also be found in tidal channels, so they can also be termed freshwater tidal wetland plants. Were 

milfoil and pondweed target species? Are they acceptable in this abundance? Our recollection of the 

original vision for this restoration project was a more marsh-like vegetation community, so it appears 

that we have not met this vision to the extent originally anticipated. Instead, we have produced a largely 

lacustrine wetland. Lacustrine wetlands were likely more common on the historical delta than they are 

today, so the recreation of such a vegetation community may be acceptable in spite of its mismatch with 

the original restoration vision. 
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Table H5-2. Quadrat survey results. Quadrat locations are denoted by sediment pin IDs (see Figure H4-1 
for locations). Values are percent cover and may sum to more than 100% for overlapping canopies. 
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3-3 80%   20%   5%       5% 

3-4    5%    10%    60%  25% 

4-4    70%  20% 1%   1%     

4-5   60%           40% 

4-6   90%   80%  1%  1%     

4-7   55% 50%  1% 5% 1% 1%  5%    

5-1   80% 5%     40%      

5-9   100%            

6-4   60% 5%   25%       20% 

6-10  1% 25% 70%   5%        

7-3         10%    90%  

7-4 35%   40%      1%    25% 

9-8   90%  15%          

13-3       5%       95% 

13-7    5%  1%        95% 

13-10   90%   80%  1%  1%     
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Figure H5-1. Point samples of site vegetation associated with vegetation elevation range data from RTK-
GPS point-intercept surveys along transects. The dominant species present is coded to each point. Calli. 
sp. = Callitriche sp.; elov = Eleocharis ovata; elpa = Eleocharis palustris; Myrio. sp. = Myriophyllum sp.; 
phar = Phalaris arundinacea; poep = Potamogeton epihydrus; sala = Sagittaria latifolia; speu = 
Sparganium eurycarpum; misc. = species found only at one or two locations. Tidal channels are mapped 
only for those channels on the project site that are within the tidal plain, as defined in the field by 
vegetation and topography. 
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Figure H5-2. Box and whiskers plot of observed elevation ranges of dominant vegetation species on the 
Fisher Slough marsh restoration site (dark gray shading in lower box) compared to reference marshes in 
the South Fork Skagit delta (light gray shading in upper box). The median elevation for each species is 
shown by the middle horizontal line separating the upper box (2nd quartile) and lower box (3rd quartile). 
Vertical lines denote two standard deviations; asterisks are points in the distribution tails. The first 
number after the species label is the frequency of occurrence in the restoration site marsh; the second 
number (if there) is the frequency in the reference site. Rare species are not depicted due to their small 
sample size.  
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Table H5-3. Scientific and common plant names.  

Scientific Name Common Name 

Agrostis alba/stolonifera red-top grass 

Alisma triviale northern water plantain 

Bidens cernua beggar's tick 

Callitriche sp. water-starwort 

Carex lyngbyei Lyngbyei's sedge 

Eleocharis ovata Ovate spikerush 

Eleocharis palustris common spikerush 

Elodea canadensis Canadian pondweed 

Juncus bufonius toad rush 

Juncus effusus soft rush 

Myriophyllum sp. milfoil 

Persicaria hydropiper water pepper 

Phalaris arundinacea reed canarygrass 

Potamogeton epihydrus ribbonleaf pondweed 

Sagittaria latifolia wapato 

Schoenoplectus pungens American three-square 

Schoenoplectus tabernaemontani soft-stem bulrush 

Scirpus microcarpus small-fruited bulrush 

Sparganium eurycarpum burr-reed 

Trifolium pratense clover 

Typha angustifolia narrow-leaf cattail 
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2.1.6 Hypothesis H6 

Restoring a natural and more variable tidal regime will reduce the cover of reed canarygrass in areas 

where it occurs pre-project. 

Table H6-1. Reed canarygrass (RCG) parameters. 

Parameter 
Before 
WY2009 

WY2009 
Condition 

WY2010 
Condition 

WY2011 
Condition 

WY2012 
Condition 

WY2013 
Condition 

Restoration 
Target 

Total area of RCG, 
determined from 
vegetation 
mapping in aerial 
photographs 

Not measured 
Not 
measured 

There are 
approximately 
19.3 acres of 
RCG in the 
project site. 

Not 
measured 

There are 3.0 
ac of RCG in 
the restored 
tidal 
floodplain, 
1.7 ac in the 
pre-
restoration 
wetland, 7.8 
ac in uplands: 
total of 12.5 
ac. 

Not 
measured 

Area mapped 
with RCG ≤ 
19.30 acres 
by 2015. 

Mean elevation of 
RCG on the site 

Not measured 
Not 
measured 

Mean RCG 
elevation in 
vegetation 
plots is 8.87 ft 
NAVD88; 
range is from 
5.45 to 18.44 
ft NAVD88. 

Not 
measured 

Mean RCG 
elevation in 
the tidal zone 
is 7.6 ft 
NAVD88: 
tidal zone 
range is 4.1 
to 10.5 ft 
NAVD88. 

Not 
measured 

Reduced RCG 
density at all 
elevation 
ranges. 

Mean cover of RCG 
in vegetation plots 

RCG cover in 
the five 
vegetation 
treatment 
areas ranged 
from 10-70% 
cover in 2006. 

Not 
measured 

Mean percent 
RCG canopy 
cover in 
vegetation 
plots was 
60%, ranging 
from 5-100%. 

Not 
measured 

Not 
measured 

Not 
measured 

Percent cover 
of RCG in 
plots ≤ 
measured in 
2010. 

2.1.6.1 RCG area 

Restoration target: Area mapped with RCG ≤ 19.30 acres by 2015. 

Target met? Not measured. 

2.1.6.2 RCG elevation 

Restoration target: Reduced RCG density at all elevation ranges. 

Target met? Not measured. 

2.1.6.3 RCG cover 

Restoration target: Percent cover of RCG in plots ≤ measured in 2010. 

Target met? Not measured. 
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2.1.7 Hypothesis H7  

Restored tidal exchange will reintroduce sediment transport and scouring of tidal channels on the project 

site, resulting in the creation of greater overall channel area and a more complex channel network 

compared to pre-project conditions. 

Table H7-1. Fisher Slough channel metrics. 

Parameter 
WY2009 
Condition 

WY2011 
Condition 

WY2012 
Condition 

WY2013 
Condition 

Restoration 
Target 

Blind 
channel 
allometric 
prediction 

(90% 

Confidence 
limits) 

Channel area (total 
channel area 
estimated from aerial 
photographs and 
elevations using GIS) 

3.4 ac of 
channel 

3.7 ac of 
channel 

4.8 ac total 5.2 ac total 

Total channel 
area will 
increase by 
2015. 

1.48 ac 

(0.48 – 4.8) 

Channel cross sections 
and longitudinal 
profiles (estimate area) 

Not 
measured 

Not measured 

 

14.2 ft2 for 
Blind Ch 1; 
25.5 ft2 for 
Blind Ch 2 

 

18.3 ft2 for Blind 
Ch 1;  

15.1 ft2 for Blind 
Ch 2 

 Not measured 

Total length of channel 
network (estimated 
from aerial 
photographs using GIS) 

4,858 ft 

5,000 ft 
excavated or 
remnant after 
rerouting Fisher 
Slough 

9,664 ft total 9,760 ft total 

After Project 
Element 3 is 
complete, the 
total length of 
channel network 
will be at least 
9,664 feet. 

12,136 ft 

(3,840 – 
38,400) 

Channel density (total 
length divided by 
project area) 

0.0020 

length per 
unit area 
(4,858 
ft/55.7ac) 

0.0021  

(5,000 ft/55.7 
ac) 

0.0039 

(9,664 ft/55.7 
ac) 

0.0040  

(9 760 ft/55.7 
ac) 

Increase in 
channel density.   

0.0051 

(0.0016 – 
0.016) 

Distance upstream to 
head of blind tidal 
channel 

Not 
measured Not measured 

1,397 ft for 
longest 
channel 

1,397 ft for 
longest channel 

 Not measured 

Number of tidal 
channels 

3 4 6 6  
13 
(5 – 32) 

2.1.7.1 Channel area 

Restoration target: Total channel area and length will increase by 2015. 

Target met? Yes, the channel area was 5.2 acres in 2013, representing an overall increase in channel 

area by 1.8 acres.  

2012 monitoring observed that total tidal channel area of the Fisher Slough Project site was increased by 

tidal channel excavation and re-routing, and this continued to be true in 2013. Post restoration the 

channel area increased 0.4 ac from 2012 to 2013. However, these results represent a short-term 

measurement. Long-term adjustments in the tidal channels may occur that either reduce or increase 

tidal channel size, depending on tidal prism, flooding, and sediment supply. 
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RTK-GPS was used to survey tidal channel cross-sections at channel outlets and at or near significant 

tributary junctions of the tidal channel. Channel profiles were surveyed in the course of the cross-

section surveys. Locations of tidal channel head-cutting were also surveyed with the GPS. Channel 

surface area was calculated primarily from aerial photo interpretation and ground-truthed by channel 

cross-section surveys. 

2.1.7.2 Channel cross-section and longitudinal profile 

Tidal channel cross-sections and their locations in the restoration site are shown in Figure H7-1. These 

channels were excavated as part of habitat restoration, so these are the first surveys of the new 

channels. Not much can be said about the surveys at this time; their role is to provide a baseline against 

which to measure future conditions and note changes. At this point there are no unexpected features in 

the channel cross-sections. The one notable exception is the magenta cross-section in the figure, which 

represents Big and Little Fisher Creeks near their junction in the tidal floodplain. While the other cross-

sections are relatively symmetrical, these two cross-sections are more irregular. This is likely due to 

greater bed-load sediment deposition in this area. This cross-section is located at the margin of a new 

alluvial fan being formed by the rerouted Big and Little Fisher Creeks (Figure H7-2). Big and Little Fisher 

Creeks are dropping gravels and coarse sands in and just upstream of this cross-section; firm mud (sandy 

silt) is found downstream of this cross-section. From 2011 to 2013, aerial photos indicate Little Fisher 

Creek has widened in this area by about 70 cm (Figure H7-3). New deposition of alluvial sediment in Big 

Fisher Creek just upstream of the junction is also apparent when comparing these two photos. 

 

Tidal channel profile surveys are shown in Figure H7-4. Profiles of the two principal tidal channels show 

a low gradient typical of tidal systems (0.1% and 0.2%). The eastern tidal channel has a pond-like feature 

that was intentionally excavated in the middle of the channel. This pond was too deep to wade at the 

time of the survey, so survey data do not exist for this reach. New tributaries to the two excavated tidal 

channels, to Fisher Slough and to Carpenter Creek appear to be eroding in the marsh plain (see very 

short profiles in Figure H7-4). These potential tributaries are very small, typically about 30 cm wide and 

less than 20 cm deep, and very short, less than 10 m long. Their gradient is much steeper than normal, 

ranging from 1.7% to 3.1%, an order of magnitude greater than the large excavated channels. This 

steeper gradient is indicative of an erosional system. The small tributary to Fisher Slough has a 

discontinuity in its profile that represents a nick point, or head-cutting point in its channel profile. Given 

the small size of these incipient tributaries, there is no assurance that they will persist or grow. 

2.1.7.2 Channel length 

Restoration target: After Project Element 3 is complete, the total length of the channel network will be 

at least 9,664 feet. 

Target met? Yes. The total channel length within the restoration area was 9,760 ft (Figure H7-5). In 

2013, the total channel length increased by 96 ft from 2012 measurements. This increase in channel 

length occurred in the largest island in the main channel. This may not be a new channel; it may simply 

be a channel that was not obscured by shrubs and shadow in the 2013 air photo. 
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2.1.7.2 Channel density 

Restoration target: Increase in channel density. 

Target met? Yes. The channel density increased from 0.0020 (prior to restoration completion) to 0.0040 

in 2013.  

Channel density is measured as the length of channel per unit area. Pre-project channel density was 

calculated by dividing the total channel length prior to restoration (5,000ft) by the area restored to 

freshwater tidal marsh (55.7 ac). Similarly post project channel density in 2013 was calculated by total 

channel length (9,760 ft) divided by the total area restored to freshwater tidal marsh (55.7 ac).  

Finally, channel surface area and length are summarized in Figure H7-5 for each blind tidal channel in 

the tidal flat and for that portion of Carpenter Creek which is within the project area. 

 

Figure H7-1. Tidal channel cross-sections and their locations in the restoration site. Yellow polygons 
represent tidal and stream channel boundaries, digitized from aerial photos. Colored points on the map 
represent RTK-GPS survey points and are color-coded to match the inset cross-section graphs. The red 
outline is the project boundary. The background photo is from spring of 2013. W = width between tops 
of banks; A = cross-sectional area; D = maximum depth. Tidal channels are mapped only for those 
channels on the project site that are within the tidal plain, as defined in the field by vegetation and 
topography. 
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Figure H7-2. Comparison of Big Fisher Creek between 2011, after being newly rerouted, and 2013 when 

a new alluvial fan is forming. Note evidence in the 2013 image of at least four avulsion channels that are 

likely active during high flows. 
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Figure H7-3. Comparison of Big and Little Fisher Creeks between 2011, after being newly rerouted, and 
2013 when a new alluvial fan is forming. Note evidence in the 2013 image of widening of Little Fisher 
Creek and sediment accumulation in Big Fisher Creek. Both images are identical in location and scale. 
Yellow dots represent RTK-GPS survey points for the surveyed cross-sections. 
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Figure H7-4. Tidal channel profiles and their locations in the restoration site. Yellow polygons represent tidal and stream channel boundaries, 
digitized from aerial photos. Colored points on the map represent RTK-GPS survey points and are color-coded to match the inset profile graphs. 
Some profiles are so short that the survey points are not clearly resolved and they appear to be only one or two points in the map. The red 
outline is the project boundary. The background photo is from spring of 2013. Tidal channels are mapped only for those channels on the project 
site that are within the tidal plain, as defined in the field by vegetation and topography. 
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Figure H7-5. Summary of tidal channel metrics for channels within the tidal floodplain. Note the 
area of the pond feature (orange polygon) in the middle of the southeastern blind tidal channel 
is approximate, because it is highly sensitive to water level. Background photo is from 2013. Red 
polygon is the project boundary. 
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2.2 Objective 2 
Restore and improve freshwater tidal rearing habitat for Chinook salmon (Oncorhynchus 

tshawytscha). 

2.2.1 Hypothesis H8  

Chinook salmon abundances (0+ year class) will be similar above and below the floodgates (post 

replacement) during the majority of the migration curve (Feb 1 through August 15). 

Table H8-1. Summary of Fisher Slough juvenile Chinook salmon density as a function of 
floodgate replacement. 

Parameter 
Before 
WY2009 

WY2009 
Condition 

WY2010 
Condition 

WY2011 
Condition 

WY2012 
Condition 

WY2013 
Condition 

Restoration 
Target 

Juvenile 
Chinook 
salmon: 

Seasonal 
density up 
and 
downstream 
of floodgate 
and at 
reference 
sites 

Not 
measured. 

There was no 
significant 
difference in 
log 
transformed 
mean wild 
juvenile 
Chinook 
density 
between 
sites up- and 
downstream 
of the 
floodgates 
from 
February to 
August 2009 
(Beamer et 
al. 2010). 

Log 
transformed 
mean 
density of 
wild juvenile 
Chinook 
salmon was 
significantly 
higher 
downstream 
of the 
floodgate 
than 
upstream in 
2010 
(Beamer et 
al. 2011). 

There was 
no 
significant 
difference in 
the log 
transformed 
mean wild 
juvenile 
Chinook 
density 
between 
sites up- 
and 
downstream 
of the 
floodgates 
from 
February to 
June 2011 
(Beamer et 
al. 2013b). 

There was no 
significant 
difference in 
the log 
transformed 
mean wild 
juvenile 
Chinook 
density 
between 
sites up- and 
downstream 
of the 
floodgates 
from 
February to 
July 2012, 
but overall 
abundance 
was much 
higher than 
pre-2010 
conditions 
(Beamer et 
al. 2013c). 

There was 
no 
significant 
difference in 
the log 
transformed 
mean wild 
juvenile 
Chinook 
density 
between 
sites up- 
and 
downstream 
of the 
floodgates 
from 
February to 
August 
2013, but 
overall 
abundance 
was much 
higher than 
pre-2010 
conditions 
(Beamer et 
al. 2014). 

By 2015, 
trends 
suggest 
higher 
relative 
density of 
age-0+ 
Chinook 
above 
floodgates 
compared to 
pre-2010 
conditions1. 

Restoration target: By 2015, trends suggest higher relative density of age 0+ Chinook above 

floodgates compared to pre-2010 conditions. 

Target met? Yes. Juvenile Chinook salmon responded as hypothesized to dike setback 

restoration (along with the new floodgate) in 2013. Dike setback restoration was hypothesized 

to increase fish carrying capacity by increasing available habitat. Juvenile Chinook abundance in 

Fisher Slough upstream of the floodgate increased significantly in years 2012 – 2013 (following 

                                                           
1
 The intent of this hypothesis is that the floodgate and its operation have no negative effect on fish 

passage. 
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dike setback) relative to years 2009 – 2011. The average juvenile Chinook abundance in Fisher 

Slough above the floodgate for years 2009 – 2011 was 4,275 fish, compared to 51,865 fish for 

years 2012 and 2013 post-dike setback. The highest Chinook migrant numbers (as measured at 

the WDFW-operated scoop trap on the Skagit River at Burlington) also occurred in 2013 

(Beamer et al. 2014, Appendix E), contributing to the higher abundance seen in Fisher Slough in 

2013.  

In 2013 juvenile Chinook density upstream of the floodgate was 674 fish per hectare, compared 

to 849 fish per hectare at the sites downstream of the floodgate. In 2009 the densities were 938 

and 759 fish per hectare at the combined sites upstream and downstream of the floodgate, 

respectively. No significant difference in density was detected between upstream versus 

downstream of the floodgate in years 2009 and 2013 (Beamer et al. 2014, Appendix E). Figure 

H8-1 shows the comparison of log transformed densities of juvenile Chinook fingerlings 

upstream versus downstream of the floodgate in Fisher Slough between 2009 and 2013. 

Dike setback increased tidal habitat area upstream of the floodgate in Fisher Slough. The first 

year when juvenile salmon and other fish could occupy this new tidal habitat was 2012. Wild 

juvenile Chinook salmon abundance and carrying capacity results for before (2009) and after 

(2012) restoration are summarized in Table H8-2. Estimates of the change in juvenile Chinook 

salmon carrying capacity before (2009) and after restoration (2012) are 6,445 fish (38,773 minus 

32,328 for the estimates based on high landscape connectivity) and 3,979 fish (23,935 minus 

19,956 for the estimates based on low landscape connectivity). Both estimates are much lower 

than the original estimate of 16,431 fish. Based on monitoring results after dike setback (2012 

and 2013), the best estimate of increased carrying capacity as a result of Fisher Slough 

restoration is 21,823 juvenile Chinook salmon annually, which is derived from the high carrying 

capacity estimate post-restoration (38,773 fish) minus the low carrying capacity estimate before 

restoration (16,950 fish). In summary, the additional juvenile Chinook smolt carrying capacity 

that is a result of the Fisher Slough restoration project is 21,823 based on two years of 

monitoring after dike setback (2012 and 2013). However, carrying capacity could change based 

on: 1) how fish find the area each year (i.e., fluctuations in habitat connectivity), and 2) how 

channel/impounded areas change over time within the restoration project area. 

Recommendation 

The restoration target is meant to be achieved by 2015; presumably multiple years of results can 

demonstrate a consistent response of juvenile Chinook salmon to the restored area and 

floodgate operation. It is recommended to continue monitoring the Chinook abundance as 

planned for 2015. 
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Table H8-2. Summary of Fisher Slough juvenile Chinook salmon abundance and carrying capacity 

estimates. ‘US of FG’ is upstream of floodgate. 

Moni-

toring 

year or 

source of 

estimate 

Juvenile Chinook 

monitoring results 

Juvenile Chinook salmon 

carrying capacity and 

production estimates 

Juvenile Chinook salmon 

carrying capacity model inputs 

Skagit River 

juvenile 

Chinook 

out-

migration 

level (% of 

carrying 

capacity of 

Skagit 

estuary) 

Wild juvenile 

Chinook population 

size US of FG 

Wild juvenile Chinook 

carrying capacity US 

of FG 
Estimate 

of new 

smolt 

produc-

tion due 

to restor-

ation 

(smolts 

annually) 

Landscape 

connectivity 

Tidal channel area 

US of FG 

Point 

Estimate 

(smolts 

annually) 

% of 

best 

carry-

ing 

capa-

city 

esti-

mate 

High 

Estimate 

(smolts 

annually) 

Low 

Estimate 

(smolts 

annually) 

High Low 

Total 

tidal 

chan-

nel 

habi-

tat 

(ha) 

New tidal 

channel 

habitat 

Skagit 

Chinook 

Recovery 

Plan 
 

  

  

16,431 0.423 

 

2.186 

0.81 

hectares 

esti-

mated to 

be 

restored 

2009
1
 54% 8,236 48% 27,459 16,950 

No new 

fish 
0.0416 0.0258 1.376 

No new 

habitat 

2012 88% 37,999 98% 

38,773 23,935 21,823
2
 0.0416 0.0258 1.943 

0.567 

hectares 

actually 

restored 
2013 110% 48,166 124% 

1
The carrying capacity estimates for 2009 were re-calculated from what was reported in the 2009 fish 

report (Beamer et al. 2010) based on updated estimates of tidal channel area upstream of the floodgate. 
2
The additional smolt production is the result of subtracting the low carrying capacity estimate in 2009 

from the high carrying capacity estimate in 2012, which most closely matches the observed fish 

monitoring results in both years. 
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Figure H8-1. Comparison of log transformed densities of juvenile Chinook fingerlings upstream 

versus downstream of the floodgate in Fisher Slough between 2009 and 2013. Asterisks denote 

a statistically significant difference between upstream and downstream strata (p ≤ 0.05, Tukey’s 

Honestly-Significant-Difference Test).  
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2.2.2 Hypothesis H9  

Juvenile Chinook salmon will utilize restored channels and marshes at densities similar to other 

Skagit freshwater tidal marshes, adjusted for landscape connectivity. 

Table H9-1. Summary of Fisher Slough juvenile Chinook salmon density results as a function of 
landscape connectivity within the Skagit River delta. 

Parameter 
Before 
WY2009 

WY2009 
Condition 

WY2010 
Condition 

WY2011 
Condition 

WY2012 
Condition 

WY2013 
Condition 

Restoration 
Target 

Juvenile 
Chinook 
salmon: 
seasonal 
density up- 
and 
downstream 
of floodgate 
and at 
reference 
sites 

Not 
measured. 

Nine out of 
ten Fisher 
Slough 
monitoring 
sites were 
within the 
scatterplot 
of seasonal 
fish density 
and 
landscape 
connectivity 
for long-
term Skagit 
delta 
monitoring 
sites 
(Beamer et 
al. 2010). 

Three out 
of ten 
Fisher 
Slough 
monitoring 
sites were 
within the 
scatterplot 
of seasonal 
fish density 
and 
landscape 
connectivity 
for long-
term Skagit 
delta 
monitoring 
sites 
(Beamer et 
al. 2011). 

All but one 
Fisher Slough 
monitoring 
site located 
upstream of 
the floodgate 
fell outside 
(lower) the 
scatterplot of 
seasonal fish 
density and 
landscape 
connectivity 
for long-term 
Skagit delta 
monitoring 
sites (Beamer 
et al. 2013b). 

All Fisher 
Slough 
monitoring 
sites were 
within the 
scatterplot 
of seasonal 
fish density 
and 
landscape 
connectivity 
for long-
term Skagit 
delta 
monitoring 
sites 
(Beamer et 
al. 2013c). 

All Fisher 
Slough 
monitoring 
sites were 
within the 
scatterplot of 
seasonal fish 
density and 
landscape 
connectivity 
for long-term 
Skagit delta 
monitoring 
sites (Beamer 
et al. 2014). 

Seasonal 
juvenile 
Chinook 
salmon 
densities 
within the 
Fisher Slough 
Restoration 
Project are 
not lower than 
seasonal 
juvenile 
Chinook 
salmon 
densities of 
other Skagit 
River tidal 
delta systems 
when adjusted 
for landscape 
connectivity. 

Restoration target: Seasonal juvenile Chinook salmon densities within the Fisher Slough 

Restoration Project are not lower than seasonal juvenile Chinook salmon densities of other 

Skagit River tidal delta systems when adjusted for landscape connectivity. 

Target met? Yes. The restoration target for Hypothesis 9 was achieved for sites upstream of the 

floodgate in 2013. 

 

Landscape connectivity, or large-scale connectivity, refers to the relative distances and 

pathways that salmon must travel to find habitat over a very large area. As this concept is 

applied in the Skagit River delta, landscape connectivity is a function of both the distance and 

complexity of the pathway that salmon must follow to specific habitat areas (e.g., sites within 

Fisher Slough). Connectivity decreases as the complexity of the route the fish must swim 

increases and the distance the fish must swim increases. Within the delta, the complexity of the 

route fish must take to find habitat is measured by the distributary bifurcation order and 

distance traveled. Habitat that is less connected to the source of fish has lower densities of fish. 

By determining landscape connectivity to various sites, comparisons of juvenile Chinook salmon 

usage results from Fisher Slough with that of other sites throughout the Skagit River tidal delta 
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can be made in order to determine whether Fisher Slough is functioning consistently with the 

rest of the Skagit River delta. 

There is a positive relationship between seasonal wild juvenile Chinook salmon density and 

landscape connectivity for the long term monitoring sites throughout the Skagit River delta for 

each of the five years when Fisher Slough monitoring has occurred (Figure H9-1). Depending on 

the year, landscape connectivity explains 38% to 74% of the variation in seasonal juvenile 

Chinook salmon density at the Skagit River delta long-term monitoring sites. Before floodgate 

replacement (year 2009) the Fisher Slough monitoring sites generally cluster within the scatter 

of the Skagit River long term monitoring sites (Figure H9-1, panel A). The first two years after 

floodgate replacement (2010 and 2011), most Fisher Slough sites located upstream of the 

floodgate plot outside (i.e., lower) of the scatter of the Skagit River long term monitoring sites 

(Figure H9-1, panels B and C). In contrast, the Fisher Slough sites located downstream of the 

floodgate plot within of the scatter of the Skagit River long term monitoring sites during these 

same years (2010 and 2011). In 2012 (the first year of after-floodgate-replacement and dike 

setback restoration) all Fisher Slough monitoring sites plot within the scatter of the Skagit River 

long term monitoring sites (Figure H9-1, panel D). In 2013 (the second year of after-floodgate-

replacement and dike setback restoration) all Fisher Slough monitoring sites plot within the 

scatter of the Skagit River long term monitoring sites (Figure H9-1, panel E). 

Recommendation  

Continue fish monitoring along with floodgate operation monitoring for several years without 

any additional restoration treatments to determine whether patterns observed in 2012 and 

2013 are consistent or spurious. 
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Figure H9-1. 

Relationship between 

landscape connectivity 

and seasonal Chinook 

salmon density for 

Skagit River delta long-

term monitoring sites 

and Fisher Slough 

monitoring sites, 2009 

through 2013. All 

panels show 

connectivity calculated 

to Fisher Slough sites 

based on fish migration 

pathways using the 

downstream end of 

Tom Moore Slough 

(avoiding the current 

log jam at the north 

end of Tom Moore). 

Note the different scale 

on the y-axis in panels 

A and E. 
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2.3 Objective 3 
Restore passage for coho and chum salmon spawning access. 

2.3.1 Hypothesis H10  

Floodgate operation will improve fish passage opportunity for coho and chum compared to pre-project 

conditions. 

Table H10-1. Floodgate operation metrics. 

Parameter 
Before 
WY2009 

WY2009 
Condition 

WY2010 
Condition 

WY2011 
Condition 

WY2012 
Condition 

WY2013 
Condition 

Restoration 
Target 

Number of 
days 
floodgates 
are open 
from 
October 1 to 
February 28 
or 29 

Gates were 
open for 34% 
of the time 
during the 
fall of 2006 
(Tetra Tech 
2008). 

Not 
measured 

Not 
measured 

At least one of 
three floodgate 
doors was open 
on 143 of 151 
days (Oct 1-Feb 
28). 

At least one of 
three floodgate 
doors was open on 
121 of 121 days 
Nov 1, 2011 to Feb 
29, 2012 when no 
restoration 
construction was 
occurring.  

At least 
one of 
three 
floodgate 
doors was 
open on 
150 of 151 
days (Oct 
1-Feb 28). 

After 
floodgate 
replacement, 
gates open at 
least once per 
day October 
1 to February 
28 or 29. 

Hypothesis 10 is related to improving upstream passage of adult coho and chum salmon during fall and 

winter to spawning areas located in tributaries upstream of the Fisher Slough Restoration Project. We 

used floodgate door opening data to test this hypothesis (Table H10-1).  

Restoration target: Gates open at least once per day October 1 to February 28 or 29. 

Target met? No. The floodgate doors were opened at least once per day from October 1, 2012 to 

February 28, 2013 except on October 20, 2012, when the doors did not open at all. High river water 

conditions existed at that time and none of the three doors was reported to be open. The criterion for a 

floodgate door being open is if the angle of the door is greater than 5 degrees which allows for a ten 

inch wide opening for a fish to swim though (Henderson and Beamer 2014). On every other day of the 

Fall/Winter Flood Control Period the recorded angle open was greater than 5 degrees for at least one of 

the doors during some part of that day. 
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2.3.2 Hypothesis H11  

Removal of the passage barrier at Big Ditch will result in more natural channel profile through this area. 

Table H11-1. Big Ditch channel metrics. 

Parameter 
Before 
WY2009 

WY2009 
Condition 

WY2010 
Condition 

WY2011 
Condition 

WY2012 
Condition 

WY2013 
Condition 

Restoration 
Target 

Longitudinal 
channel 
profile of 
Fisher 
Slough at 
Big Ditch 
crossing 

Not 
measured 

Not 
measured 

Not measured; 
assumed the 
same as 
‘before 
removal’ RTK 
GPS survey of 
2011. 

‘Before removal’ RTK 
GPS survey in June 
2011 found average 
sill height to be 1.5 ft 
higher than the 
surrounding 
streambed upstream 
and downstream of 
the sill.  

Sill no longer 
present; some 
mild channel 
aggradation 
upstream and 
downstream 
of the sill; 
profile more 
natural 
following sill 
removal. 

Not 
measured 

By 2015, 
passage 
barrier (sill) 
at Big Ditch 
can no longer 
be seen in 
channel 
profile. 

Mean water 
depth of 
Fisher 
Slough at 
Big Ditch 
crossing 

Not 
measured 

 Not 
measured 

 Average 2.05 
ft deep during 
adult coho and 
chum 
upstream 
migration 
period (Oct 1 – 
Dec 31, 2009). 

Average 1.81 ft deep 
during adult coho and 
chum upstream 
migration period (Oct 
1 – Dec 31, 2010). 

Average 2.83 
ft deep during 
adult coho and 
chum 
upstream 
migration 
period (Oct 1 – 
Dec 31, 2011). 

Average 

3.58 ft 

deep 

during 

adult coho 

and chum 

upstream 

migration 

period (Oct 

1 – Dec 31, 

2012). 

Mean water 
depth at 
crossing 
increases 
after passage 
barrier at Big 
Ditch is 
removed. 

Hypothesis 11 is related to improving upstream passage of adult coho and chum salmon to spawning 

areas located in tributaries upstream of the Fisher Slough Restoration Project. Two metrics (stream bed 

elevation and water depth) were identified in the MAMP (Parametrix 2010) to test this hypothesis 

(Table H11-1). 

2.3.2.1 Longitudinal channel profile at Big Ditch Crossing 

Restoration target: By 2015, passage barrier (sill) at Big Ditch can no longer be seen in channel profile. 

Target met? Yes, target was met in WY2012. The passage barrier has been removed. 

This channel profile was not measured in WY2013, because the restoration target was met in WY2012 

when monitoring results showed that the barrier had been removed and a more natural profile was 

returning to the channel. However, a final survey should probably be made for the WY2015 report to 

evaluate possible erosion or accumulation of sediment in the restored channel over this three-year time 

period. For the sake of completeness, the 2012 results are summarized below. 

Part of the restoration project involved removing the siphon that allowed Big Ditch to cross under Fisher 

Slough. This siphon formed a sill in the Fisher Slough channel that was considered a fish passage barrier 

during low flows that often occurred during the fall. A longitudinal channel profile was measured in 
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2011 and 2012, before and after the sill was removed, using an RTK-GPS (Figure H11-1). The results are 

depicted in Figure H11-2. After sill removal the Fisher Slough profile deepened significantly (up to 2.3 ft) 

where the siphon was removed.  

 

Figure H11-1. Location of 2011 (yellow points) and 2012 (green points) profiles in Fisher Slough in the 
area of the old Big Ditch siphon. Surveys were conducted with an RTK-GPS Rover. The gaps in points in 
the middle of the surveys represent areas where the channel was too deep to survey.  
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Figure H11-2. Fisher Slough profile in 2011 vs. 2012, before and after siphon removal. Note: a deep 
scour hole is present during both years, while the high sill is absent in 2012. 

2.3.2.2 Mean water depth at Big Ditch Crossing  

Restoration target: Mean water depth at crossing increases after passage barrier at Big Ditch is 

removed. 

Target met? Yes. From October 1 to December 31, 2012 (WY2013) mean water depth increased by 0.75 

ft relative to WY2012, 1.77 ft relative to WY2011, and 1.53 ft relative to WY2010. For each water year, 

water depth was measured relative to the highest points on the channel profile over the sill location, 

because they represent the maximum potential for fish migration barriers during low flow. 

Before Concrete Sill Removal - We previously calculated water depth by subtracting maximum sill 

elevation from WSE results collected by the Solinst continuous-read data logger located just upstream of 

the old siphon. The highest streambed elevation (5.82 ft NAVD88) before the concrete sill was removed 

was located on the downstream end of the sill (Figure H11-2). Average WSE from the for this area of 

Fisher Slough during the time when adult coho and chum salmon migrate upstream (October 1 through 

December 31) was 7.87 and 7.63 ft NAVD88 in WY2010 and WY2011, respectively. Therefore, average 

water depth in the shallowest location of the long profile was 2.05 and 1.81 ft before concrete sill 

removal, depending on year (Figures H11-3).  

After Concrete Sill Removal - In WY2012, following siphon removal, the highest stream bed elevation in 

the footprint of the former sill was 4.23 ft NAVD88. The streambed elevation was not measured in 

WY2013 and is assumed to be the same as in WY2012. The mean WSE from October 1 through 

December 31, 2012 (WY2013) was 7.81 ft NAVD88; therefore the mean water depth above the highest 

point in the footprint of the removed siphon was 3.58 ft in WY2013 (Figure H11-4). 
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Figure H11-3. Maximum streambed elevation at the Big Ditch inverted siphon (dashed line) plotted 

against WSE from Oct. 1 through Dec. 31, 2009 (WY2010, panel A) and the same period in 2010 

(WY2011, panel B). 
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Figure H11-4. Maximum streambed elevation at the former Big Ditch inverted siphon following siphon 

removal (dashed line) plotted against WSE from Oct. 1 through Dec. 31, 2011 (WY2012, panel A) and the 

same period in 2012 (WY2013, panel B). Note: Big Ditch Crossing is the same as Blind Channel 3 (Blind 

Ch 3) in 2013. 
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2.4 Objective 4 
Improve flood storage and protect adjacent farm uses. 

2.4.1 Hypothesis H12  

Levee setback and restoration of tidal exchange will result in 310 acre-feet available for flood water 

storage (i.e., greater floodplain and channel area) during high flows. 

Table H12-1. Flood storage metrics. 

Parameter 
Before 

WY2009 

WY2009 
Condition 

WY2010 
Condition 

WY2011 
Condition 

WY2012 
Condition 

WY2013 
Condition 

Restoration 
Target 

Change in 
flood 
storage 
capacity 

64 acre-
feet of 
storage 
(Tetra 
Tech 
2009a). 

Not 
measured; 
assumed to 
be same as 
before 
WY2009 
(64 acre-
feet of 
storage). 

Under 
construction, 
not 
measured. 

309 acre-
feet of 
storage 
(PSE 2011). 

Not measured; 
assumed to be same 
as WY2011 (309 
acre-feet of 
storage). 

Not measured; 
assumed to be the 
same as WY2011 
(309 acre-feet of 
storage). 

At least 247 
acre-feet of 
new flood 
storage 
(about 310 
acre-feet 
total). 

Final results for this metric were reported in 2012. They are repeated here for the sake of completeness. 

This metric will not be reassessed in the future. 

Prior to any restoration work at Fisher Slough, the existing channels and marshes had a flood storage 

capacity of approximately 64 acre-feet (Figure H12-1). The original, pre-project flood storage volume 

was calculated starting at the muted tidal peak (MHHW) elevation of 8.8 ft up to the spillway elevation 

of 14.0 ft. Flooding is a concern for adjacent landowners during the heavy rain months in winter and 

during snow melt in spring and early summer.  

Restoration Target: At least 247 acre-feet of new flood storage (about 310 acre-feet total). Adjustments 

to the project design after the original restoration target was calculated revised this target by 

approximately 2 acre-feet (down to 245). 

Target Met? Yes. Based on the post-restoration as-built diagram with elevation TIN, the flood storage 

available between 8.8 ft and 14 ft elevation is estimated at 309.1 acre-feet of water storage at the 

restored site (Figure H12-1). This is a 245 acre-feet increase in flood storage capacity compared to the 

pre-project storage of 64 acre-feet – almost a four-fold increase (Figure H12-1). Project design changes 

implemented after the restoration target was calculated resulted in a decrease of final flood storage 

area by 2 acre-feet compared to the predicted outcome. The adjusted restoration target was met.  

Classified LiDAR and ground survey elevations were used to determine the increase in flood storage 

volume pre- and post-restoration.  
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Figure H12-1. Flood storage area change. Increased flooded area has increased the flood storage volume 
by 245 acre-feet since restoration (309 acre-feet total storage). The survey and analysis was provided by 
TNC.   
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Section 3: Recommendations  
This section lists recommendations that are deviations, modifications, or clarifications from the current 

monitoring plan.  

Hypothesis 2 Recommendations 

Hypothesis: Restoration of tidal exchange will increase twice daily mixing of waters in Fisher Slough on 

the project site, increasing oxygen levels and reducing temperatures compared to pre-project conditions, 

particularly during the summer months.  

2.1.2.1 Dissolved oxygen 

Recommendations: Regardless of the cause of low DO, tidal dilution is an immediate remedy, which can 

be influenced by floodgate operations such as holding the gate open; we therefore recommend holding 

the gate open as long as possible. While the criteria during the Summer Irrigation Period is for the 

floodgate doors to be open 100% of the time, in 2013 the floodgate doors were only open 91.38% and 

91.27% of the entire time period (north and middle doors respectively) (Henderson and Beamer 2014). 

We recommend that maintenance requiring floodgates to close be done (a) after times when water 

temperature has peaked, (b) when flows are still low, and (c) when juvenile Chinook salmon are not 

present. This window mostly likely occurs in September of each year. 

Longer-term remedies for low DO might include restoration of riparian or nutrient-input areas located 

upstream. 

We recommend continuing comparison of DO levels measured during SRSC’s fish monitoring to DO 

levels recorded by the continuous-reading loggers in order to determine the accuracy of the continuous-

read data loggers. 

2.1.2.2 Temperature 

Recommendations: Regardless of the cause of high temperature, tidal dilution is an immediate remedy, 

which can be influenced by floodgate operations such as holding the gate open; we therefore 

recommend holding the gate open as long as possible. While the criteria during the Summer Irrigation 

Period is for the floodgate doors to be open 100% of the time, in 2013 the floodgate doors were only 

open 91.38% and 91.27% of the entire time period (north and middle doors, respectively) (Henderson 

and Beamer 2014). Longer-term remedies to help reduce high temperature in both the restored areas of 

Fisher Slough and Hill Ditch might include restoration of the riparian zone.  

 

We recommend that maintenance requiring floodgates to close be done (a) after times when water 

temperature has peaked, (b) when flows are still low, and (c) when juvenile Chinook salmon are not 

present. This window mostly likely occurs in September of each year. 
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Hypothesis 8 Recommendation 

Hypothesis: Chinook salmon abundances (0+ year class) will be similar above and below the floodgates 

(post replacement) during the majority of the migration curve (Feb 1 through August 15). 

Recommendation: The restoration target is meant to be achieved by 2015; presumably multiple years of 

results can demonstrate a consistent response of juvenile Chinook salmon to the restored area and 

floodgate operation. It is recommended to continue monitoring the Chinook abundance as planned for 

2015. 

Hypothesis 9 Recommendation 

Hypothesis: Juvenile Chinook salmon will utilize restored channels and marshes at densities similar to 

other Skagit freshwater tidal marshes, adjusted for landscape connectivity. 

Recommendation: Continue fish monitoring along with floodgate operation monitoring for several years 

without any additional restoration treatments to determine whether patterns observed in 2012 and 

2013 are consistent or spurious. 
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Appendix A – Groundwater Data 
Groundwater elevations are not related to project objectives and hypotheses, but there is an interest in 

tracking groundwater elevations at several locations before, during and after the restoration project due 

to concerns about effects on neighboring farmland. Groundwater elevations are plotted over time and 

are used as a descriptive indicator to identify whether there is a need in the future for additional 

groundwater monitoring. Determining which factors groundwater elevations are responding to would 

require more extensive sampling than is currently planned. 

The water elevation at groundwater wells was monitored at three locations within the Fisher Slough 

restoration area (Figure A1). Data from these loggers were downloaded on a bi-monthly schedule in 

WY2013 (October and December 2012; February, April, June, and August 2013). The installation and 

download methods are detailed in Parametrix (2010). 

The groundwater elevation data for Water Year 2013 are plotted by the floodgate management periods 

in Figures A2 through A4 and by the month in Figures A5 through A16. The monthly average, maximum 

and minimum groundwater elevations are given in Table A1. 

Figure A1. Location of groundwater wells and barometric pressure logger (barologger) at the Fisher 

Slough restoration area. Project area is outlined in yellow. 
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General Observations 

The water level in GW3-JungquistW was generally lower than the levels in either GW2-JungquistE or 

GW1-Smith. The levels in GW2-JungquistE and GW1-Smith were similar and the changes in elevation 

tracked each other well. 

The water levels in all three wells showed a seasonal increase in depth during the Fall/Winter Flood 

Control Period, rising from 2 to 5¾ ft NAVD88 (GW3-JungquistW), from 2½ to 7 ft NAVD88 (GW2-

JungquistE) and from 4½ to 7 ft NAVD88 (GW1-Smith) (Figure A2). During the Spring Juvenile Chinook 

Migration Period, the levels in GW1-Smith and GW2-JungquistE remained fairly steady, varying from 5 to 

6 ft NAVD88. The level in GW3-JungquistW, however, dropped from 5½ ft to just under 4 ft NAVD88 

(Figure A3). In the Summer Irrigation Period a decrease in the ground water levels was seen with the 

levels dropping from approximately 4¾ ft to 6 ft down to 2 to 3 ft during most of September and then 

rising to 4 ft at the end of the month (Figure A4).  
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Table A1. Monthly average, maximum and minimum of groundwater elevations at the three well sites at 
Fisher Slough in WY2013. 

Date 
GW1-Smith GW2-Jungquist E GW3-Jungquist W 

Avg Max Min Avg Max Min Avg Max Min 

Oct-12 3.96 5.85 3.35 3.15 4.98 2.38 2.63 1.76 1.76 

Nov-12 6.06 6.80 5.57 5.43 6.61 4.90 4.89 4.19 4.19 

Dec-12 6.23 6.68 5.63 6.07 6.77 5.63 5.41 5.00 5.00 

Jan-13 5.87 6.86 5.41 5.92 7.06 5.36 4.99 4.38 4.38 

Feb-13 5.76 6.57 5.41 5.81 6.83 5.46 5.09 4.60 4.60 

Mar-13 5.87 6.59 5.36 5.73 6.43 5.25 5.06 3.82 3.82 

Apr-13 5.92 6.75 5.28 5.56 6.36 5.12 4.82 3.72 3.72 

May-13 5.70 6.37 5.35 4.94 5.33 4.63 3.91 3.49 3.49 

Jun-13 5.25 5.89 4.81 4.64 5.35 4.33 3.82 3.25 3.25 

Jul-13 4.38 5.30 3.51 4.34 4.68 3.71 2.95 2.24 2.24 

Aug-13 2.92 3.58 2.21 3.20 3.71 2.62 2.09 1.64 1.64 

Sep-13 2.52 3.87 2.02 2.90 3.97 2.59 2.44 1.81 1.81 

 

Spot Measurements and Surveys 

Spot measurements of the groundwater level were made during the data download of the loggers using 

a Solinst Water Level Meter Model 101. The distance from the top of the well casing to the water level 

inside the well was measured and compared to the level recorded by the submerged data logger.  

At GW2-Jungquist E the difference between the continuous-read data logger and the spot 

measurements varied from 0.02 to 0.88 ft with an average of 0.23 ft, while at GW3-Jungquist W the 

difference varied from 0.09 to 0.37 ft with an average of 0.17 ft. These values are shown in Table A2. 

The continuous-read data logger-recorded level at GW1-Smith varied with the spot measurements more 

than those recorded by the other two loggers. Two of the six spot measurements varied by almost a foot 

in elevation from the level recorded by the logger. The differences ranged from 0.06 ft to 0.93 ft, 

averaging 0.45 ft over the year. The logger at this site has shown a greater difference between spot 

measurements and recorded ground water elevation over past years as well. In WY2012 the maximum 

difference was 2.12 ft (Beamer et al. 2013a). Though still high, the differences decreased in WY2013 

compared to WY2012.  
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Table A2. Groundwater elevation determined by spot measurements versus continuous data logger-
recorded elevations at Fisher Slough in WY2013. 

Site Date Time 

WSE 
NAVD88 
feet 
(continuous-
read logger) 

WSE NAVD88 
feet (spot 
measurement) 

difference 
(feet) 

GW1-Smith 10/1/12 10:30 3.64 3.58 0.06 

GW1-Smith 12/5/12 13:15 6.36 6.83 -0.47 

GW1-Smith 2/13/13 9:00 5.44 6.37 -0.93 

GW1-Smith 4/3/13 10:45 5.32 6.20 -0.88 

GW1-Smith 6/4/13 9:00 5.60 5.73 -0.13 

GW1-Smith 8/6/13 9:45 3.45 3.65 -0.20 

GW2-JungquistE 10/1/12 17:00 2.66 3.54 -0.88 

GW2-JungquistE 12/5/12 12:00 5.84 5.86 -0.02 

GW2-JungquistE 2/10/13 10:30 5.72 5.86 -0.14 

GW2-JungquistE 4/3/13 13:15 5.14 5.06 0.08 

GW2-JungquistE 6/4/13 14:00 5.07 5.11 -0.04 

GW2-JungquistE 8/6/13 9:15 3.36 3.56 -0.20 

GW3-JungquistW 10/1/12 14:30 2.06 2.15 -0.09 

GW3-JungquistW 12/5/12 10:15 5.25 5.39 -0.14 

GW3-JungquistW 2/13/13 9:45 4.61 4.42 0.19 

GW3-JungquistW 4/3/13 12:00 3.81 3.80 0.01 

GW3-JungquistW 6/4/13 10:00 4.33 4.70 -0.37 

GW3-JungquistW 8/6/13 6:30 2.41 2.60 -0.19 
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Figure A2. Groundwater elevation graph for the Fall/Winter Flood Control Period of WY2013. 

 

Figure A3: Groundwater elevation graph for the Spring Juvenile Chinook Migration Period of WY2013. 
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Figure A4: Groundwater elevation graph for the Summer Irrigation Period of WY2013. 

 

Figure A5. Groundwater elevation graph for October 2012. 
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Figure A6. Groundwater elevation graph for November 2012. 

 

Figure A7. Groundwater elevation graph for December 2012. 
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Figure A8. Groundwater elevation graph for January 2013. 

 

Figure A9. Groundwater elevation graph for February 2013. 
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Figure A10. Groundwater elevation graph for March 2013. 

 

Figure A11. Groundwater elevation graphs for April 2013. 

0

1

2

3

4

5

6

7

8
G

ro
u

n
d

w
ae

r 
el

ev
at

io
n

 N
A

V
D

8
8

 f
t

Groundwater elevation at Fisher Slough, March 2013

GW1-Smith

GW2-JungquistE

GW3-JungquistW

0

1

2

3

4

5

6

7

8

G
ro

u
n

d
w

ae
r 

el
ev

at
io

n
 N

A
V

D
8

8
 f

t

Groundwater elevation at Fisher Slough, April 2013

GW1-Smith

GW2-JungquistE

GW3-JungquistW



81 

 

 

Figure A12. Groundwater elevation graph for May 2013. 

 

Figure A13. Groundwater elevation graph for June 2013. 
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Figure A14. Groundwater elevation graph for July 2013. 

 

Figure A15. Groundwater elevation graph for August 2013.  
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Figure A16. Groundwater elevation graph for September 2013.  
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Appendix B – Surface Water Data 
Data presented below show the seasonal variations from water surface elevations taken from five 

Solinst data loggers and one AquiStar® model PS9805 data logger, which is located on the upstream face 

of the floodgate headwall. Two of the Solinst loggers, one downstream of the floodgate and one near 

the historic Big Ditch Crossing (now called Blind Ch 3) have been in place since 2009. Three Solinst 

loggers were added in March 2012 at sites created during the dike setback and channel relocation of 

Project Element 3 at Upper Main Channel, Blind Ch 1 and Blind Ch 2. The AquiStar data logger at 

Upstream Floodgate has been in place since January 2010. Data were recorded at 15-minute intervals.  

Programming errors with the Solinst loggers occurred over the year resulting in a loss of data at Blind Ch 

3 from January 10 to February 13, 2013 and at Upper Main Channel from August 6 to September 11, 

2013.  

The data monitor at the floodgate also malfunctioned in WY2013. On December 4, 2012 at 1205 hours, 

the batteries in the floodgate data monitor were changed. Changing batteries results in the monitor 

resorting to default settings, requiring WSE and angle openness for all three doors to be reset to match 

the current observed conditions. These were reset at 1214 hours as the battery pack was replaced in the 

data monitor control vault. Approximately 20 minutes after the batteries were changed something 

unknown occurred (a battery blip?), causing the data monitor to resort back to default settings. This 

resulted in a drop in recorded WSE values at the upstream logger of 2.95 ft and at the downstream 

logger of 1.46 ft.  

The change in the data monitor readings was not noticed until the next data download on January 10, 

2013 at 1115 hrs. The WSE readings at both the up- and downstream loggers were re-calibrated to 

match the observed WSE. The differences between the recorded levels and the observed levels were 

nearly the same as those seen in December: 2.97 ft upstream and 1.50 ft downstream. We decided to 

apply a correction factor of the average difference at the two observation points to the data from the 

loggers during the time period when the incorrect values were recorded. The correction factor was + 

2.96 ft for the upstream logger and + 1.48 ft for the downstream logger. Data were then used for this 

time period in the calculation of the results. 

There was a malfunction in the floodgate data monitor that resulted in the loss of useable data from 

March 3 through March 25, 2013. SRSC noticed this problem on March 13 at 0747 hours during the 

monthly data download and notified Kris Knight of TNC at 0757 hours. The malfunction consisted of 

intermittent loss of recorded WSE data at both the up- and downstream loggers, which showed in the 

data as ’NAN’. Sometimes the NAN reading showed at both loggers and at other times on only one 

logger.  

Examination of the data showed that the error in recorded WSE began on March 3, 2013 at 1454 hours. 

Data for angle openness of the floodgate doors did not appear to be affected. TNC and SRSC met onsite 

March 25 to evaluate the situation, replace the batteries, and recalibrate the WSE at both the up- and 

downstream sides of the floodgate. The calibration was completed and the data logger was back to 
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recording data at 1008 hours on March 25. The data malfunction occurred for 523.18 hours (23.7% of 

the time) of the Spring Juvenile Chinook Migration Period. 

Figures B1 through B3 represent data by management period; Figures B4 through B15 show the data by 

month with data from the main channels shown in the top panel and data from the blind channels 

shown in the bottom panel. 
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Figure B1. Water surface elevation graphs for the Fall/Winter Flood Control Period of WY2013. The 
logger at Blind Ch 3 did not record data from 1/10/13 to 2/13/2013.  
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Figure B2. Water surface elevation graphs for the Spring Juvenile Chinook Migration Period of WY2013. 
The logger at Upsteam Floodgate malfunctioned and did not record accurate data from 3/3/2013 to 
3/25/2013.  
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Figure B3. Water surface elevation graphs for the Summer Irrigation Period of WY2013. The logger at 
Upper Main Channel did not record data from 8/6/2013 and 9/11/2013. Floodgates were set to the 
Fall/Winter Flood Control settings on September 28, 2013 due to predicted high water.  
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Figure B4. Water surface elevation graphs for October 2012. 
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Figure B5. Water surface elevation graphs for November 2012. 
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Figure B6. Water surface elevation graphs for December 2012.  
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Figure B7. Water surface elevation graphs for January 2013. Logger at Blind Ch 3 did not record data 
from 1/10/3 to 2/13/2013. 
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Figure B8. Water surface elevation graphs for February 2013. Logger at Blind Ch 3 did not record data 
from 1/10/3 to 2/13/2013. 
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Figure B9. Water surface elevation graphs for March 2013. The logger at Upsteam Floodgate 
malfunctioned and did not record accurate data from 3/3/2013 to 3/25/2013. 
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Figure B10. Water surface elevation graphs for April 2013. 
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Figure B11. Water surface elevation graphs for May 2013.  
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Figure B12. Water surface elevation graphs for June 2013.  
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Figure B13. Water surface elevation graphs for July 2013.  
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Figure B14. Water surface elevation graphs for August 2013. Logger at Upper Main Channel did not 
record data from 8/6/2013 to 9/11/2013. 
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Figure B15. Water surface elevation graphs for September 2013. The logger at Upper Main Channel did 
not record data from 8/6/2013 to 9/11/2013. Floodgates were set to the Fall/Winter Flood Control 
settings on September 28, 2013 due to expected high water.  
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Appendix C – Water Quality Data 
 

Dissolved Oxygen 

This section shows dissolved oxygen data relevant to Hypothesis H2, parameter 1.  

In 2013, continual-read dissolved oxygen loggers (Instrumentation Northwest [INW] model AquiStar® 

Smart Sensor with an integrated GDL Data logger) were deployed at four sites to augment the DO spot 

measurements taken by SRSC during fish monitoring. All DO loggers had been calibrated by INW prior to 

installation. They were originally installed according to the manufacturer’s suggested installation guide 

at approximately 10 to 15 cm above the substrate of the channel and programmed to record data at 15-

minute intervals. Three were located upstream of the floodgate: one at Upstream Floodgate, mounted 

on the floodgate headwall; one at a site in the Upper Main Channel; the third rotated through the three 

blind channel areas on approximately a two-week rotation. The fourth DO logger was located 

downstream of the floodgate (Downstream Floodgate), also mounted on the floodgate wall. The logger 

at Upstream Floodgate was installed on April 3; the logger at Upper Main Channel and the one used in 

the Blind Channel areas were installed on April 5, and the one at Downstream Floodgate on April 8 

(Figure 1-3 in the Introduction section; Table C1 in Appendix C). These data loggers record the oxygen 

level in parts per million (ppm), while the hypothesis in this report calls for data in milligrams per liter 

(mg/L). The units are equivalent to each other. The data logger at Upstream Floodgate was removed on 

September 26 and the remaining loggers were removed on October 1, just after WY2013 ended.  

Problems were encountered with all the continual-read DO loggers. They would periodically record a 

value of negative 90, indicating a communication problem between the sensor probe and the data 

housing. These -90 values were removed from the data set. The DO logger that was rotated between the 

blind channel lobes had other problems as well. It recorded negative values down to -0.15 ppm. This is a 

physical impossibility in water. It was suspected that the problems encountered with the logger in 2012 

persisted again this year (Beamer et al. 2013a). An experiment was conducted where the logger probe 

was placed inside the standpipe (a 3-inch diameter perforated PVC pipe) and then outside the standpipe 

to compare the values. When the probe was inside the standpipe, low to negative values were recorded. 

When the probe was outside the pipe, values were similar to those recorded by a YSI ProPLus DO meter. 

The manufacturer INW’s description of the logger states that “Sensor does not require water 

movement” and that it “fits easily in 2-inch well” (taken from: http://inwusa.com/products/smart-

sensors/do-sensor/do-sensor/). This is apparently not the case.  

Results from this experiment suggested that there might have been something wrong with the 

standpipe setup that had been used. We therefore changed the lower section of each standpipe housing 

the DO logger in the blind channel areas by replacing it with a five foot long section of 4-inch PVC pipe 

which had several 2 x 18-inch slots cut along the length of the pipe. The slots were covered by a ½-inch 

Vexar mesh screen to help prevent foreign material from entering the standpipe (Figure H2-1). 

Additionally, the probe was raised so that it was 15 to 20 cm above the substrate to help prevent 

inaccurate recording caused by swirling sediment around the optic eye on the probe. No further 
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problems were noticed in the DO data after these changes were implemented. Data was removed from 

analysis if the WSE was less than 20 cm above the substrate at each site.  

Data in Table C1 is from continual-read AquiStar Smart Sensor DO loggers deployed at Downstream 

Floodgate, Upstream Floodgate and Upper Main Channel. A fourth DO logger was rotated on an 

approximate two-week schedule between the new blind channel areas. The logger probe is located at 

the bottom of the water column. Data were recorded at 15-minute intervals. The table summarizes the 

average for each day.  

Tables C2 and C3 show DO readings for the water surface and the water bottom taken during SRSC’s fish 

monitoring at Fisher Slough in 2013. Readings were taken with a YSI Professional Plus DO meter. Data is 

averaged for sites within the sampling areas upstream and downstream of the floodgate. 
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Table C1. Daily average Dissolved Oxygen levels in mg/L from AquiStar® data loggers deployed at Fisher 
Slough in 2013. Data highlighted in bold indicate values lower than the restoration target of 8.0 mg/L. 
Negative valued numbers recorded by the DO logger were removed from the data set (and this table) 
prior to computing the daily average.   

Date 

Downstream 

Floodgate 

Upstream 

Floodgate 

Upper Main 

Channel 

 Blind 

Ch 1  

Blind 

 Ch 2  

Blind 

 Ch 3  

Management 

Period 

4/3/2013 
 

10.49 
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4/4/2013 
 

9.95 
    4/5/2013 

 
10.17 10.44 9.84 

  4/6/2013 
 

10.24 10.27 8.98 
  4/7/2013 

 
9.44 8.60 6.60 

  4/8/2013 9.53 9.38 8.78 7.34 
  4/9/2013 9.90 9.82 9.44 8.59 
  4/10/2013 10.17 10.15 10.08 9.82 
  4/11/2013 10.30 10.26 9.32 9.75 
  4/12/2013 10.17 10.12 9.78 9.48 
  4/13/2013 10.48 10.40 9.92 10.18 
  4/14/2013 10.54 10.41 10.10 10.36 
  4/15/2013 10.45 9.28 9.90 10.40 
  4/16/2013 10.32 10.16 7.58 10.17 
  4/17/2013 10.12 9.92 8.02 7.35 
  4/18/2013 9.85 9.69 8.54 3.46 
  4/19/2013 9.82 9.60 8.63 3.49 
  4/20/2013 9.78 9.56 9.67 4.36 
  4/21/2013 9.69 9.59 9.01 

   4/22/2013 10.27 9.08 9.75 
   4/23/2013 10.35 10.27 8.06 
   4/24/2013 10.21 10.24 8.48 
   4/25/2013 10.03 10.07 7.26 
   4/26/2013 9.98 10.00 8.13 
 

9.98 
 4/27/2013 9.92 9.96 9.29 

 
9.08 

 4/28/2013 10.08 10.16 9.73 
 

9.16 
 4/29/2013 10.33 10.39 10.01 

 
9.62 

 4/30/2013 10.26 10.28 10.20 
 

9.82 
 5/1/2013 10.37 10.39 10.51 

 
10.65 

 5/2/2013 10.21 10.16 10.55 
 

10.21 
 5/3/2013 10.00 9.94 10.33 

 
9.93 

 5/4/2013 9.91 9.89 10.17 
 

9.48 
 5/5/2013 9.81 8.73 10.11 

 
9.05 

 5/6/2013 9.58 9.55 8.95 
 

8.50 
 5/7/2013 9.42 9.40 9.37 

 
8.10 

 5/8/2013 9.22 9.13 9.30 
 

8.01 
 5/9/2013 9.46 9.07 9.47 

 
7.45 

 5/10/2013 9.66 9.53 9.58 
 

7.28 
 5/11/2013 9.68 9.52 9.53 

   5/12/2013 9.64 9.23 9.46 
   5/13/2013 9.99 9.52 9.59 
   5/14/2013 9.78 8.93 8.95 
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Date 

Downstream 

Floodgate 

Upstream 

Floodgate 

Upper Main 

Channel 

 Blind 

Ch 1  

Blind 

 Ch 2  

Blind 

 Ch 3  

Management 

Period 

5/15/2013 9.45 9.01 7.48 
   5/16/2013 8.36 7.95 7.24 
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5/17/2013 9.25 8.94 7.91 
   5/18/2013 9.50 9.34 9.09 
   5/19/2013 9.50 9.36 9.47 
   5/20/2013 9.69 9.58 9.82 
   5/21/2013 9.49 9.54 9.28 
   5/22/2013 9.74 9.77 9.43 
   5/23/2013 9.88 9.93 9.70 
   5/24/2013 10.12 10.15 10.07 
   5/25/2013 10.02 10.03 9.89 
   5/26/2013 9.91 10.00 9.67 
   5/27/2013 9.90 10.11 9.60 
   5/28/2013 9.85 10.09 9.67 
   5/29/2013 9.66 9.09 9.60 

   5/30/2013 8.96 9.39 8.91 
   5/31/2013 8.97 9.52 8.93 
   6/1/2013 9.10 9.66 9.25 
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u
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6/2/2013 8.50 9.37 8.96 
   6/3/2013 7.99 9.60 9.18 
   6/4/2013 9.02 9.64 9.21 
   6/5/2013 9.20 9.61 9.25 
   6/6/2013 8.99 9.17 9.00 
   6/7/2013 8.59 8.83 8.63 
   6/8/2013 8.70 9.02 8.27 
   6/9/2013 9.03 9.22 8.66 
   6/10/2013 9.04 9.27 9.01 
   6/11/2013 8.82 9.24 8.88 
 

8.75 
 6/12/2013 9.09 9.37 8.82 

 
8.71 

 6/13/2013 9.02 9.22 8.95 
 

9.15 
 6/14/2013 8.79 8.64 8.59 

 
8.69 

 6/15/2013 9.14 8.81 8.76 
 

8.84 
 6/16/2013 8.87 8.51 8.73 

 
8.48 

 6/17/2013 8.82 8.62 8.39 
 

8.69 
 6/18/2013 8.65 8.34 8.00 

 
8.97 

 6/19/2013 8.81 8.62 8.04 
 

8.05 
 6/20/2013 9.01 8.96 8.05 

 
8.92 

 6/21/2013 9.44 9.53 8.79 
 

10.20 
 6/22/2013 9.08 9.15 8.08 

 
9.30 

 6/23/2013 8.74 9.16 8.09 
 

8.23 
 6/24/2013 8.74 9.30 7.82 

 
9.20 

 6/25/2013 8.99 9.37 8.60 
 

9.11 10.80 

6/26/2013 8.95 9.22 8.74 
  

10.74 

6/27/2013 9.19 9.15 8.13 
  

10.32 

6/28/2013 8.96 8.70 7.91 
  

9.94 

6/29/2013 8.87 8.61 8.39 
  

9.02 

6/30/2013 8.61 8.01 8.61 
  

9.81 
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Date 

Downstream 

Floodgate 

Upstream 

Floodgate 

Upper Main 

Channel 

 Blind 

Ch 1  

Blind 

 Ch 2  

Blind 

 Ch 3  

Management 

Period 

7/1/2013 8.35 7.76 8.60 
  

9.57 

7/2/2013 8.20 7.64 8.06 
  

9.28 

S
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7/3/2013 8.43 8.05 8.23 
  

9.10 

7/4/2013 7.81 7.57 6.14 
  

6.51 

7/5/2013 7.88 7.74 6.54 
  

6.00 

7/6/2013 8.19 7.94 8.14 
  

9.33 

7/7/2013 8.38 8.30 7.70 
  

8.65 

7/8/2013 8.37 8.33 7.79 
  

9.35 

7/9/2013 8.39 8.37 7.80 
  

8.29 

7/10/2013 8.45 8.48 7.95 9.81 
 

6.07 

7/11/2013 8.61 8.67 7.39 9.62 
  7/12/2013 8.85 7.93 8.15 9.71 
  7/13/2013 9.00 9.07 8.53 9.71 
  7/14/2013 8.63 8.68 7.85 9.50 
  7/15/2013 8.31 8.36 8.27 9.06 
  7/16/2013 8.40 8.59 8.36 9.44 
  7/17/2013 8.43 8.63 8.46 9.48 
  7/18/2013 8.58 8.73 8.71 9.61 
  7/19/2013 8.42 8.63 8.49 9.69 
  7/20/2013 8.63 8.71 8.60 9.74 
  7/21/2013 8.70 8.84 8.75 9.77 
  7/22/2013 8.72 8.86 8.86 9.17 
  7/23/2013 8.72 8.81 8.83 

   7/24/2013 8.66 8.86 8.64 
   7/25/2013 8.67 8.89 8.78 
   7/26/2013 8.74 8.93 8.91 
   7/27/2013 8.75 6.86 9.03 
   7/28/2013 8.65 8.78 8.88 
   7/29/2013 8.69 8.74 9.19 
   7/30/2013 8.59 7.61 9.15 
   7/31/2013 8.28 8.44 8.58 
   8/1/2013 7.98 8.19 7.80 
   8/2/2013 8.13 7.21 7.88 
   8/3/2013 8.75 8.90 8.90 
   8/4/2013 8.61 8.71 9.08 
   8/5/2013 8.72 8.84 9.05 
   8/6/2013 8.79 9.70 9.34 
 

11.57 
 8/7/2013 8.73 9.25 9.25 

 
10.03 

 8/8/2013 8.72 9.10 9.10 
 

10.19 
 8/9/2013 8.59 8.82 8.82 

 
9.90 

 8/10/2013 8.46 8.75 8.75 
 

9.90 
 8/11/2013 8.42 8.71 8.71 

 
10.13 

 8/12/2013 8.56 8.78 8.78 
 

10.13 
 8/13/2013 8.38 8.88 8.88 

 
10.13 

 8/14/2013 8.15 8.22 8.22 
 

9.67 
 8/15/2013 8.14 8.03 8.03 

 
9.60 
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Date 

Downstream 

Floodgate 

Upstream 

Floodgate 

Upper Main 

Channel 

 Blind 

Ch 1  

Blind 

 Ch 2  

Blind 

 Ch 3  

Management 

Period 

8/16/2013 8.26 8.47 8.47 
 

10.77 
 8/17/2013 8.43 8.51 8.51 

 
10.69 

 8/18/2013 8.61 8.62 8.62 
 

10.63 
 

S
u
m

m
e
r 

Ir
ri

g
a
ti
o
n
 P

e
ri

o
d

 

8/19/2013 8.80 9.09 9.09 
 

10.61 
 8/20/2013 8.93 9.28 9.28 

 
11.04 

 8/21/2013 8.91 9.23 9.23 
 

11.01 
 8/22/2013 8.88 9.13 9.13 

 
7.46 10.72 

8/23/2013 8.59 8.60 8.60 
  

9.64 

8/24/2013 8.48 8.58 8.58 
  

9.33 

8/25/2013 8.52 8.48 8.48 
  

9.31 

8/26/2013 8.28 8.24 8.24 
  

9.62 

8/27/2013 8.45 8.99 8.99 
  

9.96 

8/28/2013 8.18 8.66 8.66 
  

8.64 

8/29/2013 7.62 7.62 7.62 
  

8.94 

8/30/2013 7.83 7.19 7.19 
  

9.00 

8/31/2013 7.84 8.03 8.03 
  

9.08 

9/1/2013 7.83 8.42 8.42 
  

9.13 

9/2/2013 8.24 8.86 8.86 
  

9.34 

9/3/2013 8.02 8.05 8.05 
  

8.84 

9/4/2013 8.27 8.32 8.32 
  

9.06 

9/5/2013 8.48 8.37 8.37 10.49 
 

8.44 

9/6/2013 8.31 6.61 6.61 9.68 
  9/7/2013 8.20 7.29 7.29 9.46 
  9/8/2013 8.04 7.64 7.64 9.19 
  9/9/2013 8.23 7.04 7.04 9.41 
  9/10/2013 8.13 8.11 8.11 9.16 
  9/11/2013 8.04 7.74 8.07 9.27 
  9/12/2013 7.83 7.85 7.87 9.18 
  9/13/2013 7.49 7.48 7.08 7.79 
  9/14/2013 7.40 7.39 7.10 9.05 
  9/15/2013 7.39 7.37 7.03 8.95 
  9/16/2013 7.53 7.59 7.20 9.10 
  9/17/2013 8.28 8.44 8.05 9.64 
  9/18/2013 8.57 8.70 8.27 8.70 
  9/19/2013 8.91 9.08 8.96 8.64 12.27 

 9/20/2013 8.77 9.01 8.80 
 

10.31 
 9/21/2013 8.60 8.90 8.86 

 
9.97 

 9/22/2013 8.30 9.15 8.26 
 

9.41 
 9/23/2013 8.64 9.43 8.42 

 
9.77 

 9/24/2013 8.66 9.14 8.32 
 

9.65 
 9/25/2013 8.53 9.64 7.94 

 
8.71 

 9/26/2013 8.57 10.29 8.10 
 

10.14 
 9/27/2013 8.12 

 
7.17 

 
8.86 

 9/28/2013 7.68 
 

6.42 
 

8.47 
 9/29/2013 8.40 

 
5.64 

 
9.08 

 9/30/2013 8.86 
 

5.58 
 

8.14 
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Table C2. Water surface dissolved oxygen in mg/L taken during SRSC’s fish monitoring at Fisher Slough in 2013. Data highlighted in bold indicate 

values lower than the restoration target of 8.0 mg/L. 

Date 

Down-

stream of 

floodgate 

combined 

sites  

avg 

Down-

stream of 

floodgate 

combined 

sites 

 min 

Down-

stream of 

floodgate 

combined 

sites  

max 

Upstream 

of 

floodgate 

main ch 

index sites 

 avg 

Upstream 

of 

floodgate 

main ch 

index sites 

 min 

Upstream 

of 

floodgate 

main ch 

index sites 

 max 

Blind 

Ch 1 

avg 

Blind 

Ch 1 

min 

Blind 

Ch 1 

max 

Blind 

Ch 2 

avg 

Blind 

Ch 2 

min 

Blind 

Ch 2 

max 

Blind 

Ch 3 

avg 

Blind 

Ch 3 

min 

Blind 

Ch 3 

max 

2/8 

      

11.49 11.06 12.03 12.11 11.84 12.27 

   2/13 12.90 11.93 15.02 11.60 11.02 12.04 

      

10.97 10.96 10.97 

3/8 

      

14.74 13.97 15.22 13.72 13.26 14.48 

   3/13 12.90 11.80 13.64 12.93 12.54 13.33 

      

10.98 10.48 11.47 

3/18 

      

12.68 12.50 13.03 11.92 11.63 12.33 

   3/27 14.07 11.84 15.89 12.17 12.17 12.17 

         4/5 

      

12.25 11.01 12.69 11.57 11.23 12.04 

   4/10 13.30 12.53 13.78 12.73 12.04 14.03 

      

9.01 7.54 10.48 

4/19 

      

12.04 11.67 12.54 11.65 11.27 12.32 

   4/26 12.89 12.68 12.97 11.81 11.42 12.27 

      

11.07 11.04 11.09 

5/2 

      

11.88 10.43 12.58 13.98 11.94 15.07 

   5/10 13.02 11.92 14.05 11.88 11.29 12.72 

      

10.32 8.81 11.82 

5/21 

      

10.40 9.51 11.90 8.90 8.20 9.34 

   5/29 12.86 11.84 14.73 11.31 11.03 11.68 

      

10.16 9.86 10.45 

6/4 

      

13.00 11.14 14.91 9.95 8.19 12.06 

   6/11 12.46 11.54 12.93 11.69 11.45 11.92 

      

9.38 9.36 9.39 

6/18 

      

11.71 10.33 12.96 9.71 8.37 10.88 

   6/25 11.60 11.26 11.94 11.36 11.13 11.73 

      

9.57 9.52 9.62 

6/27 12.01 12.01 12.01 

            7/1 

      

9.57 8.96 10.36 7.96 7.44 8.44 

   7/10 10.78 10.38 11.15 10.24 9.90 10.54 

      

8.00 7.79 8.20 

7/18 

      

10.04 8.33 13.08 9.00 7.38 10.21 

   7/22 10.44 9.80 10.88 9.79 9.30 10.54 

      

9.67 9.51 9.82 

8/6 10.12 9.47 10.72 9.79 9.08 10.51 

      

8.45 8.42 8.48 

8/13 

      

11.86 10.52 12.94 11.22 7.75 13.45 
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Table C3. Water bottom dissolved oxygen in mg/L taken during SRSC’s fish monitoring at Fisher Slough in 2013. Data highlighted in bold indicate 
values lower than the restoration target of 8.0 mg/L. 

Date 

Down-

stream of 

floodgate 

combined 

sites 

 avg 

Down-

stream of 

floodgate 

combined 

sites 

 min 

Down-

stream of 

floodgate 

combined 

sites 

 max 

Upstream 

of 

floodgate 

main ch 

index sites 

 avg 

Upstream 

of 

floodgate 

main ch 

index sites 

 min 

Upstream 

of 

floodgate 

main ch 

index sites 

 max 

Blind 

Ch 1 

avg 

Blind 

Ch 1 

min 

Blind 

Ch 1 

max 

Blind 

Ch 2 

avg 

Blind 

Ch 2 

min 

Blind 

Ch 2 

max 

Blind 

Ch 3 

avg 

Blind 

Ch 3 

min 

Blind 

Ch 3 

max 

2/8 

               2/13 12.29 11.93 12.67 11.56 11.03 12.01 

      

10.75 10.68 10.81 

3/8 

               3/13 12.70 11.74 13.32 12.70 12.56 12.81 

      

10.42 10.21 10.63 

3/18 

      

11.08 11.08 11.08 11.68 11.33 12.03 

   3/27 13.65 11.75 15.25 11.80 11.80 11.80 

         4/5 

      

11.10 11.10 11.10 11.25 10.74 11.66 

   4/10 13.11 12.37 13.60 12.28 11.80 12.83 

      

8.89 7.33 10.44 

4/19 

         

10.97 10.97 10.97 

   4/26 12.58 12.36 12.65 11.81 11.56 12.01 

      

10.63 10.03 11.22 

5/2 

               5/10 15.40 11.81 18.91 11.55 11.00 12.14 

      

9.36 8.88 9.84 

5/21 

      

9.67 9.40 9.94 9.06 8.69 9.42 

   5/29 12.30 11.78 13.51 11.38 11.18 11.65 

      

9.73 9.65 9.80 

6/4 

         

9.75 9.75 9.75 

   6/11 11.87 10.75 12.28 11.57 11.40 11.75 

      

9.38 9.33 9.43 

6/18 

      

11.50 10.31 12.89 9.56 8.37 10.46 

   6/25 11.25 11.25 11.25 11.29 11.10 11.63 

      

11.07 11.06 11.07 

6/27 12.03 12.03 12.03 

            7/1 

      

9.70 8.27 10.38 7.07 5.06 8.41 

   7/10 10.72 10.37 11.05 10.12 9.73 10.42 

      

8.13 7.21 9.04 

7/18 

         

9.56 9.12 10.00 

   7/22 10.03 9.76 10.54 8.98 8.77 9.15 

      

8.60 7.77 9.42 

8/6 9.87 9.48 10.22 9.57 9.34 9.94 

      

8.16 8.07 8.24 

8/13 

      

11.72 9.96 12.35 10.68 7.75 12.49 
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Water Temperature 

This section shows surface water temperature data relevant to Hypothesis H2, parameter 2.  

Data presented show the seasonal variation of water surface temperatures recorded by Solinst data 

loggers at five sites and one AquiStar® model PS9805 data logger, which is located on the upstream face 

of the floodgate headwall. Two of the loggers, one at the Downstream Floodgate site and one near the 

historic Big Ditch Crossing (now called Blind Ch 3) have been in place since 2009. Three Solinst loggers 

were added in March 2012 at sites created during the dike setback and channel relocation of Project 

Element 3 at Upper Main Channel, Blind Ch 1 and Blind Ch 2. The AquiStar data logger at the Upstream 

Floodgate site has been in place since January 2010. Data were recorded at 15-minute intervals. The 

data logger probe is located at the bottom of the water column.  

 

The floodgate data monitor malfunction starting on March 3, 2013 described in Appendix B – Surface 

Water Data (in this paper) adversely affected the water temperature data. The water temperature had 

errors in the recorded values, intermittently displaying the ‘NAN’ reading and recording temperatures 

up to 168.4 °F upstream and 177.4 °F downstream of the floodgate. Temperature data prior to March 3, 

2013 from this logger were reported for Upstream Floodgate. Temperature data recorded by the DO 

logger in use from April 3 through September 26, 2013 at this site were reported for the remainder of 

the year.  

 

Programming errors with the Solinst loggers resulted in a loss of data at Blind Ch 3 from January 10 to 

February 13, 2013 and at Upper Main Channel from August 6 to September 11, 2013.  

The surface water temperature data for Water Year 2013 are plotted by floodgate management period 

in Figures C1 through C3 and by month in Figures C4 through C15 with data from the main channels 

shown in the top panel and data from the blind channels shown in the bottom panel of each figure. 

Please note difference in Y-axis in the monthly graphs. 

  



110 

 

 

Figure C1. Surface water temperature at Fisher Slough during Fall/Winter Period of WY2013. The logger 
at Blind Ch 3 did not record data from 1/10/13 to 2/13/2013.  
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Figure C2. Surface water temperature at Fisher Slough during Spring Juvenile Chinook Migration Period 
of WY2013. The logger at Upsteam Floodgate malfunctioned and did not record accurate data from 
3/3/2013 to 3/25/2013.  
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Figure C3. Surface water temperature at Fisher Slough during Summer Irrigation Period of WY2013. The 
logger at Upper Main Channel did not record data from 8/6/2013 and 9/11/2013. Floodgates were set 
to the Fall/Winter Flood Control settings on September 28, 2013 due to predicted high water.  
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Figure C4. Surface water temperature at Fisher Slough during October 2012.  
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Figure C5. Surface water temperature at Fisher Slough during November 2012. 
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Figure C6. Surface water temperature at Fisher Slough during December 2012.  
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Figure C7. Surface water temperature at Fisher Slough during January 2013. The logger at Blind Ch 3 did 
not record data from January 10 to February 13, 2013. 
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Figure C8. Surface water temperature at Fisher Slough during February 2013. The logger at Blind Ch 3 
did not record data from January 10 to February 13, 2013. 
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Figure C9. Surface water temperature at Fisher Slough during March 2013. The logger at Upsteam 
Floodgate malfunctioned and did not record accurate data from 3/3/2013 to 3/25/2013. 
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Figure C10. Surface water temperature at Fisher Slough during April 2013.  
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Figure C11. Surface water temperature at Fisher Slough during May 2013. 
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Figure C12. Surface water temperature at Fisher Slough during June 2013.  
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Figure C13. Surface water temperature at Fisher Slough during July 2013.  
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Figure C14. Surface water temperature at Fisher Slough during August 2013. The logger at Upper Main 
Channel did not record data from 8/6/2013 and 9/11/2013. 
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Figure C15. Surface water temperature at Fisher Slough during September 2013. The logger at Upper 
Main Channel did not record data from 8/6/2013 to 9/11/2013. Floodgates were set to the Fall/Winter 
Flood Control settings on September 28, 2013 due to predicted high water.  
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Appendix D – Site Photographs 

 

Figure D.1. Location of points from which quarterly photos were taken in 2013 (photos by Joelene Boyd and Jenny Baker of The Nature 
Conservancy). Project area is outlined in yellow. 
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FS01-FG Photograph 1: Taken from the south bank of Fisher Slough at the railroad bridge looking at the downstream side of floodgates. 
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FS02-FG Photograph 1: Taken from the north bank of Fisher Slough at the highway bridge looking at the upstream side of floodgates. 
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FS02-214A Photograph 2: Taken from the north bank of Fisher Slough at the highway bridge looking southeast. 
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FS02-214B Photograph 3: Taken from the north bank of Fisher Slough at the highway bridge looking southeast at the new crossing for Big Ditch, 
the new south levee, and Smith A. 
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FS03-FG Photograph 1: Taken from the south levee of Fisher Slough looking at the upstream side of floodgates. 
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FS03-356 Photograph 2: Taken from the south levee of Fisher Slough looking northward at north levee. 
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FS03-070 Photograph 3: Taken from the south levee of Fisher Slough looking eastward at Fisher Slough. 
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FS03-138 Photograph 4: Taken from the south levee of Fisher Slough looking southeast at Smith A. 
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FS03-206 Photograph 5: Taken from the south levee of Fisher Slough looking south at the new Big Ditch.  
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FS04-143 Photograph 1: Taken from the north levee of Fisher Slough looking upstream at the second marsh island and Fisher Slough. 
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FS04-175 Photograph 2: Taken from the north levee of Fisher Slough looking southeast at the marsh islands and channel, with Smith A in the 
background. 
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FS04-224 Photograph 3: Taken from the north levee of Fisher Slough looking southwest at the middle marsh island and Smith A. 
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FS04-262 Photograph 4: Taken from the north levee of Fisher Slough looking west downstream at the marsh islands and Fisher Slough. 



139 

 

 

FS05-148 Photograph 1: Taken from the north levee of Fisher Slough at the historic Big Ditch Crossing looking east upstream at Fisher Slough. 
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FS05-168 Photograph 2: Taken from the north levee of Fisher Slough at the historic Big Ditch Crossing looking southeast at the downstream end 
of main tidal channel realignment. 
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FS05-188 Photograph 3: Taken from the north levee of Fisher Slough at the historic Big Ditch Crossing looking south.  
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FS05-249 Photograph 4: Taken from the north levee of Fisher Slough at the historic Big Ditch Crossing looking westward at Fisher Slough and 

Smith A. 
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FS05-276 Photograph 5: Taken from the north levee of Fisher Slough at the historic Big Ditch Crossing looking downstream at Fisher Slough and 
Smith A. 
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FS05-062 Photograph 6: Taken from the north levee of Fisher Slough at the historic Big Ditch Crossing looking northeastward at the remnant of 
the historic Big Ditch. 
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FS06-128 Photograph 1: Taken from the eastern end of the north levee, looking upstream at Carpenter Creek/Fisher Slough and the upstream 

end of the new main tidal channel realignment. 
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FS06-191 Photograph 2: Taken from the eastern end of the north levee looking south. 
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FS06-212 Photograph 3: Taken from the eastern end of the north levee of Fisher Slough, looking southwestward at Fisher Slough and Smith B. 
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FS06-254 Photograph 4: Taken from the eastern end of the north levee of Fisher Slough structure looking downstream at Fisher Slough. 
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FS07-284 Photograph 1: Taken from near the southeastern property boundary , east of Little Fisher Creek looking west. 
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FS07-330 Photograph 2: Taken from near the southeastern property boundary, east of Little Fisher Creek looking northwest with Smith B in 
background. 
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FS08-252 Photograph 1: Taken from the southeast corner of Smith B, on the hill slope where the new south levee ties into the project site 
looking west-southwest at Smith B.  
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FS08-317 Photograph 2: Taken from the southeast corner of Smith B, on the hill slope where the new south levee ties into the project site 

looking northwest at Smith B. 
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FS08-027 Photograph 3: Taken from the southeast corner of Smith B, on the hill slope where the new south levee ties into the project site 
looking north-northeast.  
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FS08-112 Photograph 4: Taken from the southeast corner of Smith B on the hill slope where the new south levee ties into the project site looking 
east-southeast.  



155 

 

 

FS09-083 Photograph 1: Taken from the northwest corner of Smith B, on the new south levee looking east.  
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FS09-134 Photograph 2: Taken from the northwest corner of Smith B, on the new south levee looking southeast.  
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FS09-174 Photograph 3: Taken from the northwest corner of Smith B, on the new south levee looking south.  
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FS09-294 Photograph 4: Taken from the northwest corner of Smith B, on the new south levee looking west-northwest. 
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FS10-BD Photograph 1: Taken off of Pioneer Highway, south of the old railroad grade looking north at 
Big Ditch.
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FS10-035 Photograph 2: Taken off of Pioneer Highway, south of the old railroad grade looking northeast. 
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FS10-066 Photograph 3: Taken off of Pioneer Highway, south of the old railroad grade looking east-northeast. 
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FS10-092 Photograph 4: Taken off of Pioneer Highway, south of the old railroad grade looking east. 
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FS11-10 Photograph 1: Taken at the south access point from Pioneer Highway to Smith A looking north. 
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FS11b-10 Photograph 1: Taken east of FS11 to capture Smith A and not just the new levee.  
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FS11-48 Photograph 2: Taken at the south access point from Pioneer Highway to Smith A looking northeast. 
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FS11b-048 Photograph 2: Taken east of FS11 to capture Smith A and not just the new levee.  
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FS11-096 Photograph 3: Taken at the south access point from Pioneer Highway to Smith A looking east. 
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FS11b-096 Photograph 3: Taken east of FS11 to capture Smith A and not just the new levee.  



169 

 

 

FS11-180 Photograph 4: Taken at the south access point from Pioneer Highway to Smith A looking southward along Big Ditch. 
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FS12-110 Photograph 1: Taken on the north dike near the flood return structure, looking east-east across the channel to Smith A. 
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FS12-160 Photograph 2: Taken on the north dike near the flood return structure, looking south-southeast across the channel to Smith A. 
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FS12-179 Photograph 3: Taken on the north dike near the flood return structure, looking south across the channel to Smith A (in previous 

reports this was photo 4). 
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FS12-230 Photograph 4: Taken on the north dike near the flood return structure, looking southwest across the channel to Smith A (in previous 

reports this was photo 3). 
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FS12-279 Photograph 5: Taken on the north dike near the flood return structure, looking west towards Pioneer Highway.
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Appendix E – 2013 Fisher Slough Fish Monitoring Report 
 

The 2013 fish monitoring report (Juvenile Chinook Salmon Utilization of Habitat Associated with the 

Fisher Slough Restoration Project, 2009-2013) is attached in the PDF version.  

 


