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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 changes between existing and restored freshwater tidal habitats 

following reintroduction of tidal hydrology and reconnection of stream floodplains on the site 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. 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 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. 

Figure 1-1. Location of Fisher Slough. Project area is outlined in red. 

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

floodplain and tidal processes within Fisher Slough and its tributaries. TNC, which owns most of the 60 

acre restoration site, is working 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 consists 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 

retrofitted with a gate that can be propped open to allow fish passage when water levels drop 

below the floodgate sill. 

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

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

within the levee setback area. For the ditch to continue functioning as part of the drainage system 

for the adjacent and upstream landowners, remove a fish passage barrier and to make way for more 

complete levee setback, it was moved. Project Element 2 included excavating a new route and 

crossing for Big Ditch so that it crosses under Fisher Slough near Pioneer Highway, re-routing Big 

Ditch, demolishing the old box culvert crossing, and filling the old Big Ditch where it had been 

located in the new marsh.   

Project Element 3 – Completed in the fall of 2011 (in WY2012), this element included building a new 

setback levee; removal of the existing south levee;  excavation of pilot tidal channels; re-routing Big 

Fisher and Little Fisher creeks; and planting in some marsh and riparian areas. 

This monitoring report documents data collected between October 1, 2010 and September 30, 2011 
(Water Year 2011). The purpose of the WY2011 monitoring 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. Construction of the dike set back (Project Element 3) was not 
completed until after the start of WY2012; therefore most data collected in WY2011 are used to 
document pre-project conditions for the twelve individual hypotheses summarized in Table 2.1, in 
comparison to post project conditions in future years. The methods for data collection are described in 
Parametrix (2010) unless otherwise indicated. 
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Figure 1-2. Fisher Slough tidal marsh 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 changes between pre-project and 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, and channel cross sections.  

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

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

management. 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 Parametrix (2010) unless 

otherwise noted in sections below. Locations of monitoring equipment are shown in Figure 1-3. 
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Figure 1-3. Location of groundwater, water surface, and DO monitoring equipment for Fisher Slough 

project site. Project area is outlined in red. 

Section 2: Results and Discussion 
This section describes the pre-project conditions as established by the baseline monitoring and discusses 

how these conditions relate to the project hypotheses (Table 2-1). Pre-project data were collected to 

determine if they will substantiate assumptions regarding existing conditions and provide data with 

which to compare post-project data. In this section we also address all twelve hypotheses associated 

with the Fisher Slough project objectives. 

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. Determining what 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 

WY2014 
Condition 

WY2015 
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. 

Water levels below 
and above the new 
floodgates will 
determine whether 
gate operations 
result in higher water 
levels and greater 
tidal amplitude 
upstream of the 
floodgates. 

Tidal amplitude 
upstream of 
floodgates is 6 to 7 ft 
NAVD88 (Tetra Tech 
2008).  

1.2 ft during Spring Migration 
at Big Ditch. 

1.2 ft during Spring Migration at 
Big Ditch from May 2 to May 31. 

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  

 

    
By 2010, tidal amplitude upstream of 
floodgates will increase during spring 
migration. 

Compare tidal 
amplitude 
immediately 
upstream of 
floodgate to 
downstream of 
floodgate when 
floodgates open. 

Surface Data 
collected but not 
converted to tidal 
amplitude 

2.1 ft (Downstream) average 
versus 1.2 ft (Big Ditch) average 
during Spring Migration Period. 

2.11 ft (Downstream) average 
versus 1.54 ft (Big Ditch) average 
during Spring Migration Period 
from May 2 to May 31.  

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

Downstream: 1.94 ft,  

Upstream: 1.58 ft 

 

Mean tidal amplitude during 
Spring Migration Period 
(measured by floodgate 
monitoring instrumentation): 

 Downstream: 1.68 ft, 
Upstream: 1.61 ft 

 

    

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

MHHW upstream of 
floodgates. 

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

MHHW immediately 
upstream of 
floodgate during 
spring migration. 

Surface Data 
collected but not 
converted to MHHW 

MHHW at Big Ditch crossing is 
8.45 ft NAVD88 during Spring 
Migration Period. 

MHHW at Big Ditch crossing is 
8.62 ft NAVD88 during Spring 
Migration Period. 

MHHW immediately upstream 
of the floodgates was 10.00 ft 
NAVD88 and MHHW at Big 
Ditch crossing was 9.60 ft 
NAVD88 during Spring 
Migration Period, when no 
construction was occurring. 

    
MHHW immediately upstream of the 
floodgates will be 9.5 ft NAVD88 
during spring migration (as of 2010). 

Floodgate openness 
during spring 
migration. 

Not measured 

Not measured. New Floodgates 
installed in Fall 2009. Beamer 
et al. (2010) estimated 
upstream passage as 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 period (92.3% and 
93.4% for the north and 
middle doors, respectively). 

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

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, 

DO levels in Fisher 
Slough.  

Not measured 
<8 mg/L upstream of the 
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 
due to construction). 

    
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 during 
July 25 – July 31 2009 and 
ranged from 22.5 to 24.2 °C, 
averaging 23.3°C at Big Ditch 

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

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 

    

Decreased temperatures during 
summer; highest 7-day maximum 
temperature average within 
12 to14 °C (WDOE 2004). 
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Objective Hypothesis Parameters 
Pre-project 
Condition 

(before 2009) 
WY2009 Condition 

WY2010 
Condition 

WY2011 
Condition 

WY2012 
Condition 

WY2013 
Condition 

WY2014 
Condition 

WY2015 
Condition 

Restoration Target 

particularly during the 
summer months. 

crossing. previous years. (data is for the time period 
prior to floodgate being 
disengaged due to 
construction). 

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). 

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

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

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

    

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

[2] Increase in area of freshwater 
wetland vegetation 

[3] 60 acres of freshwater tidal 
wetland by 2015. 

[4] Photo-documentation shows 
significant increase in total area that 
is inundated by 2015. 

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

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

Not measured Not measured Not measured Not measured     

Site elevation. 
From LiDAR: 1.5 to 
16 ft NAVD88 

From LiDAR: 1.5 to 16 ft 
NAVD88 

Not measured Not measured     

Number of days or 
percent of period site 
inundated. 

Not measured Not measured Not measured Not measured     

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

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

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

Not measured 
16.3%, based on 9.8 acres of 
the 60 acre site. 

    

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. 

    
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. 

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

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 2009).  

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     

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). 

 

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 to 0-39% 
native species to 44-100% 
introduced species. 

Not measured     
By 2015, >30% cover of freshwater 
tidal wetland plant species. 

Species richness—
total number of 
species observed on 

Only calculated at 
the transect level.  
21 native species 

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

Not measured     
Increased native plant species 
richness compared to 2010 
conditions. 
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Objective Hypothesis Parameters 
Pre-project 
Condition 

(before 2009) 
WY2009 Condition 

WY2010 
Condition 

WY2011 
Condition 

WY2012 
Condition 

WY2013 
Condition 

WY2014 
Condition 

WY2015 
Condition 

Restoration Target 

the site from species 
lists compiled during 
vegetation sampling. 

present on transects 
during 2006 survey. 

Elevation ranges and 
inundation times of 
vegetation species. 

Elevation ranges 
(NAVD88), % 
inundation 

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     

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

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 occurs 
pre-project. 

Total area of the site 
with reed 
canarygrass, 
determined from 
vegetation mapping 
in aerial 
photographs.  

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

Not measured     
Area mapped with reed canarygrass 
is the same or less than 19.30 acres 
by 2015. 

Average elevation 
and elevation range 
of reed canarygrass 
on the site. 

Not measured Not measured 

The average elevation that reed 
canarygrass occurs in vegetation 
plots is 8.87 ft NAVD88. The 
range is from 5.45 to 18.44 ft 
NAVD88. 

Not measured     
Reduce the density of reed 
canarygrass at all elevation ranges. 

Average cover of 
reed canarygrass in 
vegetation plots. 

Reed canarygrass 
cover in the 7 
vegetation transects 
ranged from 10-70% 
cover in 2006. 

Not measured 

Average percent canopy cover of 
reed canarygrass in vegetation 
plots was 60% ranging from 5-
100%. 

Not measured     
Percent cover of reed canarygrass in 
plots is same or less than measured 
in 2010. 

H7: Restored tidal 
exchange will 
re-introduce 
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). 

4.3 acres of channel 
area 

4.3 acres of channel area. 
Not measured but assumed to 
be the same as 2009 (4.3 acres). 

4.8 acres of channel area      
Total channel area and length will 
increase by 2015 

Channel cross 
sections and 
longitudinal profiles 
(estimate area). 

Not measured Not measured Not measured Not measured      

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

Not measured Not measured Not measured 
5000 ft excavated or remnant 
after rerouting Fisher Slough 

    
TBD—measures of pilot channels 
from as-built drawings in 2011. 

Channel density 
(total length divided 
by project area). 

Not measured Not measured Not measured 
0.0117 length per unit area 
(i.e., 5000 ft/9.8 ac) 
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Objective Hypothesis Parameters 
Pre-project 
Condition 

(before 2009) 
WY2009 Condition 

WY2010 
Condition 

WY2011 
Condition 

WY2012 
Condition 

WY2013 
Condition 

WY2014 
Condition 

WY2015 
Condition 

Restoration Target 

Distance upstream to 
head of blind tidal 
channel. 

Not measured Not measured Not measured Not measured      

2:     Restore and 
improve 
freshwater tidal 
rearing habitat for 
Chinook salmon 
(Oncorhynchus 
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 is no significant 
difference in log transformed 
mean juvenile Chinook density 
between sites up and 
downstream of the floodgates 
from February to August 2009 
(Beamer et al. 2010). 

Wild juvenile Chinook salmon 
density was higher downstream 
of the floodgate than upstream 
in 2010 (Beamer et al. 2011). 

Wild juvenile Chinook salmon 
density was higher 
downstream of the floodgates 
than upstream from February 
to June 2011 (Greene et al 
2012). 

    

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

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). 

Scatterplots were not 
calculated in 2011.  

    

No reduction in landscape 
connectivity due to floodgates; i.e. 
similar densities to other Skagit 
marshes 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 during the 
Fall/Winter Floodgate Operation 
Period (Oct 1 to Feb 28/29). 

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 94.7% of the time 
for the period Oct 1-Feb 28. 

    
Gates open at least once per day 
October 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; assumed to be 
the same as ‘before removal’ 
RTK GPS survey done in June 
2011. 

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.  

    
By 2015, passage barrier at Big Ditch 
can no longer be seen in channel 
profile. 

Mean water depth at 
crossing. 

Not measured 

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

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

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

    
Mean water depth at crossing 
increases. 

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 
Under construction, not 
measured. 

309 acre-feet of storage 
(TNC). 

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

a 
Floodgate positions are generalized based on seasonal operations of the floodgates. The floodgates were operated on a “neutral velocity” system, opening when the water pressure was higher upstream than downstream of the floodgate between October 1, 2008 and May 31, 2009. Under normal river flow conditions, the floodgates opened just 
after high tide and remained open throughout the ebbing tide. The floodgates closed again when flood tidal flow pushed back upstream into the Skagit tidal delta and made the water level higher than Fisher Slough freshwater inflow, coming from the watersheds upstream of the floodgates. During the summer months (June 1 through September 
30, 2009) the doors were lashed open for the irrigation season, unless there was a high water event. 

b
 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). 

C
 Original vegetation communities delineated in 2006 differ from 2009-2015. 

d
 Elevation ranges from Draft Technical Memorandum #1.7 – Vegetation Survey (Appendix A.2, Final Design Report, Tetra Tech 2009a). 

TBD = to be determined, mg/L = milligrams per liter, NA = not applicable, GIS = geographic information system, NAVD88 = North American Vertical Datum 1988 
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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 juvenile Chinook spring 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 
Restoration 

Target 

Water levels below 
and above the new 
floodgates will 
determine whether 
gate operations 
result in higher water 
levels and greater 
tidal amplitude 
upstream of the 
floodgates. 

Tidal 
amplitude 
upstream of 
floodgates is 6 
to 7 ft NAVD88 
(Tetra Tech 
2008).  

1.2 ft during 
Spring 
Migration at Big 
Ditch. 

1.2 ft during Spring 
Migration at Big Ditch 
from May 2 to May 
31. 

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  

 

By 2010, tidal 
amplitude 
upstream of 
floodgates will 
increase during 
Spring 
Migration. 

Compare tidal 
amplitude 
immediately 
upstream of 
floodgate to 
downstream of 
floodgate when 
floodgates open. 

Surface Data 
collected but 
not converted 
to tidal 
amplitude 

2.1 ft 
(Downstream) 
average versus 
1.2 ft (Big Ditch) 
average during 
Spring 
Migration 
Period. 

2.11 ft (Downstream) 
average versus 1.54 ft 
(Big Ditch) average 
during Spring 
Migration Period from 
May 2 to May 31.  

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

Downstream: 1.94 ft,  

Upstream: 1.58 ft 

Mean tidal amplitude 
during Spring 
Migration Period 
(measured by 
floodgate monitoring 
instrumentation): 

 Downstream: 1.68 ft,  

Upstream: 1.61 ft 

 

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

MHHW upstream of 
floodgates. 

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

MHHW immediately 
upstream of 
floodgate during 
spring migration. 

Surface Data 
collected but 
not converted 
to MHHW 

MHHW at Big 
Ditch crossing is 
8.45 ft NAVD88 
during Spring 
Migration 

MHHW at Big Ditch 
crossing is 8.62 ft 
NAVD88 during Spring 
Migration Period. 

MHHW immediately 
upstream of the 
floodgates was 10.00 
ft NAVD88 and 
MHHW at Big Ditch 

MHHW 
elevations 
immediately 
upstream of 
the floodgates 
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Parameter 
Before 

WY2009 

WY2009 
Condition 

WY2010 Condition 
WY2011 

Condition 
Restoration 

Target 

Period. crossing was 9.60 ft 
NAVD88 during Spring 
Migration Period, 
when no construction 
was occurring. 

will be 9.5 ft 
NAVD88 during 
spring 
migration (as 
of 2010). 

Floodgate openness 
during spring 
migration. 

Not Measured 

Not measured. 
New Floodgates 
installed in Fall 
2009. Beamer 
et al. (2010) 
estimated 
upstream 
passage as 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 period 
(92.3% and 93.4% for 
the north and middle 
doors, respectively). 

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

 

2.1.1.1 Surface water levels below and above the new floodgates 

Restoration target: By 2010, tidal amplitude upstream of floodgates will increase. 

Target met? Yes. It is difficult to compare tidal amplitude among WY 2009, 2010, and 2011 due to 

different locations and time duration that tidal amplitude was calculated. The result for 2010 is for only 

short period of time (May 2 through May 31) within the full Spring Migration period. The result reported 

for pre-2009 is an elevation, not a tidal amplitude calculation. Thus, it is difficult to compare results from 

pre-2009 and 2010 to 2011. 

The current restoration target is simplistic; the goal of simply increasing tidal amplitude does not 

recognize annual variation in tidal amplitude caused by variation in annual river discharge. 

2.1.1.2 Difference in tidal amplitude above and below the floodgates 

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

downstream of floodgates (gates open). 

Target met? No. During the juvenile Chinook spring migration period from 1 March to 31 May 2011 tidal 

amplitude upstream averaged 0.07 feet lower than tidal amplitude downstream (Table H1-1). However, 

the difference between upstream and downstream tidal amplitude is less in 2011 than in previous years. 

This restoration target does not explicitly specify the Spring Migration Period; however, Hypothesis 1 

emphasizes the spring period and results for this restoration target in years 2009 and 2010 were only 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. 
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Target met? Yes. The MHHW upstream of the floodgates at the old Big Ditch Crossing was 9.48 ft 

NAVD88 for the time period when no construction was occurring, which was 0.68 ft higher than the 

target goal. 

MHHW upstream of the floodgates at the old Big Ditch Crossing was 8.65 ft NAVD88 for the entire 

record of WY 2011. However, the floodgate was disengaged for construction during October 1 through 

October 8, 2010 and from June 27 through September 30, 2011. When the floodgates were operating 

under normal conditions, the MHHW at the old Big Ditch Crossing was 9.48 ft NAVD88 (Figure H1-1). 

This is 0.68 feet higher than the target goal. Floodgate management during 2011 was not typical of the 

anticipated future management regime, because the gates were shut early in the summer to protect the 

restoration site during construction activities necessary for restoration. Thus, the MHHW calculated on 

an annual basis will likely change in years when the planned management schedule is implemented. 

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 juvenile Chinook spring 

migration period, when no construction was occurring, was 10.00 ft NAVD88. We are also reporting 

MHHW at the old Big Ditch Crossing, as this was reported in WY2009 and WY2010 Conditions in the 

summary table. This figure was 9.60 ft NAVD88, which is one-tenth of a foot above the target.  

MHHW at the old Big Ditch Crossing during the Spring Juvenile Chinook Migration Period, March 1 to 

May 31, was 9.59 ft NAVD88. Floodgate doors were disengaged during the last five days of this period; 

therefore MHHW was 9.60 ft NAVD88 during the time the floodgate was operating normally. 

Recommendation: The Restoration target for this hypothesis states “MHHW immediately upstream of 

the floodgates will be 9.5 ft NAVD88 during spring migration (as of 2010)”. This was originally 

established when there was a Solinst Levelogger installed at the site immediately upstream of the 

floodgate. This logger was removed in October 2010 as it became buried in sediment and did not 

provide accurate data. Starting in WY2011 an Instrumentation Northwest AquiStar® model PS9805 

vented data logger was deployed on the upstream side of the floodgate headwall and is recording both 

water elevation and water temperature. This new logger is located in the same vicinity as the old logger 

that was removed. 

Data analysis for Hypothesis 1, Target 4 reported in Table 2.1 for WY2009 and WY2010 used data from 

the logger located at the old Big Ditch Crossing because there was not a functioning logger immediately 

upstream of the floodgate. For WY 2011 in this report we give data from both locations. We recommend 

that future monitoring reports give results from the logger site immediately upstream of the floodgate 

and not rely on results from the logger located upstream at Big Ditch Crossing. 

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

Restoration target: Floodgate position will be open 90% of time during spring migration. 
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Target met? Yes. Overall, the north and middle doors were open 92.3% and 93.4% of the time, 

respectively. 

During the outmigration period, at least one floodgate was open 99.3 % of the time that the water 

surface elevation immediately downstream of the Fisher Slough floodgate structure was less than the 

control elevation of 9.5 ft NAVD88 (Beamer and Henderson 2012). Overall, the north and middle doors 

were open 92.3% and 93.4% of the time, respectively. Another measure of openness, the angle of the 

doors relative to the floodgate structure, was:  

o North door (when door was open): 
 During ebb conditions = 46.5 (SD = 19.8) degrees, n=63,483 
 During non-ebb conditions = 43.1 (SD = 22.4) degrees, n=68,028 

o Middle door (when door was open): 
 During ebb conditions = 40.1 (SD = 17.6) degrees, n=63,483 
 During non-ebb conditions = 33.5 (SD = 18.5) degrees, n=68,028 

For considerably greater detail on floodgate operations and effects on water flow consult Fisher Slough 

Floodgate Report for Water Year 2011 (Beamer and Henderson 2012). 

 

Figure H1-1. Daily higher high water elevations for WY2011 at the old Big Ditch Crossing. Vertical red 
lines delineate floodgate operation management periods. The floodgates were disengaged June 27, 
2011 for construction and remained that way for the remainder of the Water Year. 
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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 

Restoration 
Target 

DO levels in 
Fisher Slough. 

Not 
measured. 

<8 mg/L upstream of 
the floodgates during 

5 of 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 due to 

construction). 

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 
during July 25 to July 

31 (2009), 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). 

Decreased 
temperatures 

during summer; 
highest 7-day 

maximum 
temperature 

average within 12 
to 14°C (WDOE 

2004). 

 

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 2011 for 22 days from June 5 through June 26, prior to the floodgates 

being disengaged for construction on June 27, at the Upstream Floodgate DO logger site and for 3 days 

from May 6 through May 8 at Big Ditch Crossing site (Appendix C Table 1). 

In 2011, continual-read dissolved oxygen meters (Instrumentation Northwest model AquiStar® Smart 

Sensor with an integrated GDL Data logger) were deployed at three sites to augment the DO readings 

taken by SRSC during fish monitoring. They were installed approximately 15 cm above the substrate of 

the channel and programmed to record data on 15-minute intervals. Two were located upstream of the 

floodgate, at the historic Big Ditch Crossing (BDX) and at Upstream Floodgate (USFG), mounted on the 

floodgate headwall. The third was located downstream of the floodgate at Downstream Floodgate 

(DSFG), also mounted on the floodgate wall. The DO meters were installed at BDX and DSFG on April 22 
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and at USFG on May 2. 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. All data loggers were removed on July 8, shortly after the floodgate doors were disengaged on 

June 27, for in-stream construction for Project Element 3 of the Fisher Slough Restoration Project. 

Therefore the entire Summer Irrigation Period was not monitored for DO levels and only data prior to 

the floodgates being disengaged is presented. 

The daily average DO reading at Big Ditch Crossing site was greater than 8.0 mg/L from April 22 through 

May 5. From May 6 to May 8 the daily average was less than 8.0 mg/L (7.99, 6.95 and 7.09 mg/L on May 

6, 7, and 8 respectively).  After May 9 there was a malfunction in the data collection of the meter, 

rendering it in-operable. This was due to the DO probe being buried in pond weed in the channel; 

therefore DO results past May 8 were not reliable. 

At the Upstream Floodgate site, the daily average DO was above 8.0 mg/L from May 1 through June 4. 

The daily average DO levels were less than 8.0 mg/L from June 5 until June 26, prior to the floodgate 

doors being disengaged. The levels decreased to a low of 2.96 mg/L on June 24, then increased slightly 

but not to the target level. 

At the Downstream Floodgate site the daily average DO levels were above 8.0 mg/L from April 22 

through June 5. The DO levels fell below the target goal of 8.0 mg/L on 15 days between June 6 and June 

26. The daily average was 7.46 mg/L on those days. 

Measurements were taken by SRSC’s fish monitoring crew from February 10 to June 20 during fish 

sampling, at high tide and at low tide using a YSI Professional Plus DO meter. Measurements were taken 

at the surface and the bottom of the water column at 6 different sampling locations upstream of the 

floodgate. The data for each day was averaged for the 6 sites and reported in Appendix C Table 2. The 

daily average DO levels were above 8.0 mg/L for both the surface and bottom of the water column and 

for all tidal sampling conditions from February through May. All the average DO levels were below 8.0 

mg/L in June, except for one measurement on June 20 taken at the bottom of the water column during 

low tide. 

2.1.2.2 Temperature 

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

average within 12 to 14°C. 

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

floodgate doors being disengaged for construction. The daily maximum temperatures ranged from 15.60 

to 18.18°C and averaged 17.09°C during June 20 through June 26, 2011 at Big Ditch Crossing. 

Water temperature was measured using Solinst® Levelogger Gold Model 3001 data loggers that were 

deployed at the historic Big Ditch Crossing (BDX) and at the downstream headwall of the floodgate 

(DSFG). Water temperature data at the upstream side of the floodgate headwall site (USFG) was taken 

using an Instrumentation Northwest AquiStar® model PS9805 vented data logger. A Campbell Scientific 

data monitor, model CR1000 with communication software version PC200W, was used to store and 
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download data that is integrated into the floodgate door monitoring equipment.  All data readings were 

taken at 15-minute intervals and averaged by the day. 

The period of normal operating conditions (of the Summer Irrigation Period) was shortened due to the 

floodgates being disengaged on June 27 for Project Element 3 construction projects. Prior to this time, 

the 7-day average maximum temperature exceeded the target restoration goal of 12 to 14 degrees 

Celsius at all three sites, during the same time interval, and at a similar temperature range (Table H2-2 

and Figure H2-1)).  

Table H2-2. Seven-day average maximum temperature at Fisher Slough in WY2011. 

Site 7 day average 
maximum temperature 
(degrees Celsius) 

Standard deviation of 7 
day average maximum 
temperature 

Date range of 7 day 
average maximum 
temperature 

Big Ditch Crossing 17.09 1.02 June 20 to 26 

Upstream Floodgate 16.42 0.95 June 20 to 26 

Downstream Floodgate 16.51 1.07 June 20 to 26 

 

 

Figure H2-1. Maximum daily water temperature at Fisher Slough in Water Year 2011. Horizontal red 
lines show restoration target goal for highest maximum 7 day average during Summer Irrigation Period 
(July 1-September 30) of 12 to 14 degrees Celsius. Vertical red line indicates when the floodgates were 
disengaged during construction. 
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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 levees were not set back until October 31, 2011, i.e., after water year 2011. Consequently, there 

were no changes from the pre-restoration condition in tidal or freshwater marsh extent during this 

period. Tide gate improvements occurred, but the tide gates were not operating per the agreed 

operations and maintenance plan, because construction activities required modified operations to keep 

the construction site free from tidal influence to allow heavy machinery to access the site. The number 

of days or percent of time that the existing 9.8-acre tidal marsh was inundated was not calculated 

because the LiDAR data for this area is unreliable.  Most of the vegetated portions of this area consist of 

scrub-shrub vegetation from which bare earth elevation is not reliably calculated from LiDAR sampling 

(Hood 2007). 

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

Parameter 
Before 

WY2009 

WY2009 
Condition 

WY2010 
Condition 

WY2011 
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 acres inundated 
at MHHW (9.5 ft 
NAVD88 at the 
floodgates) (Tetra 
Tech 2008). 

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

Not 
measured 

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

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

[2] Increase in area 
of freshwater 
wetland vegetation  

[3] 60 acres of 
freshwater tidal 
wetland by 2015. 

[4] Photo-
documentation 
shows significant 
increase in total 
area that is 
inundated by 2015. 

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

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

Not measured Not measured 
Not 
measured 

Not measured 
(but see Figure 
H3-1) 

Site elevation. 
From LiDAR: 1.5 to 
16 ft NAVD88 

From LiDAR: 1.5 to 
16 ft NAVD88 

Not 
measured 

Not measured 

Number of days or percent 
of period site inundated. 

Not measured Not measured 
Not 
measured 

Not measured 

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

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

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

Not 
measured 

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

*Yellow-highlighted areas are mentioned in recommendations in sections below 

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? Not calculated. This target will be reported on in the 2013 Monitoring Report. 

2.1.3.2 Water level elevations (and wetland area) 

Restoration target: Increase in area of freshwater wetland vegetation. 



18 

 

Target met? No, construction activities were not yet completed in WY2011. As a result there were no 

changes in wetland vegetation in 2011 from previous years. 

Recommendation: This target is related to vegetation and we suggest that it is covered under 

Hypothesis 5, and should be removed as a target here.  

2.1.3.3 Site elevations  

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

Target met? No, construction activities were not yet completed in WY2011. As a result there were no 

changes in wetland vegetation in 2011 from previous years.  Nevertheless, inundation frequency curves 

were calculated from the WY2011 water level data and compared to the inundation curves from 2008. 

These data for 2008 and 2011 apply to the pre-existing 9.8-acre tidal wetland and to the main channel of 

Fisher Slough (Figure H3-1). 

2.1.3.4 Number of days or percent of period project inundated 

Restoration target: Photo-documentation shows significant increase in total area that is inundated by 

2015. 

Target met? No, dike setback was not yet completed in WY2011, so the restoration site (outside of the 

pre-existing 9.8-acre tidal wetland) was not inundated. 

Recommendation: We suggest this target is not quantitative and is covered by the remaining three 

targets for this Hypothesis, and should be removed. 

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? Not calculated. This target will be reported on in the 2013 Monitoring Report. 
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Figure H3-1. Inundation curves for 2011 water level data from the tide gage upstream (red) and 
downstream (yellow) of the flood gates, overlaid on pre-restoration (2008) data graphed by Tetra Tech 
(2009b). 

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 

Restoration Target 

Sedimentation rates across 
the newly exposed 
marsh/floodplain area. 

Not 
measured 

Not measured Not measured 

Not measured. 
Sediment stakes 
were installed in 
2011. 

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. 

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

Restoration target: Mean sedimentation rates are positive by 2015. 

Target met? Not applicable. Conditions in 2011 will serve as the baseline that other years will be 

compared to. 

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? Not measured. Sediment stakes were installed in 2011. 

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 of elevation 

changes and sedimentation rates will occur at 16 sediment stakes established 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. 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 (Table H4-2). These methods are the same as those described 

in the MAMP. Consultation with Dr. John Rybczyk of Western Washington University confirmed that 

these methods were sufficient and appropriate for the intended monitoring objectives. 
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Figure H4-1. Location of sediment stakes (see Table H4-2 for associated elevations). Project area is 

outlined in red. 
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Table H4-2. Baseline condition (measured October 18, 2011) of sediment stake-top and ground 
elevations (in meters, NAVD88). 

Stake 
ID 

Latitude (Decimal 
degrees) 

Longitude (Decimal 
degrees) 

Stake-top 
elevation 

Stake height 
above ground 

Computed 
ground elevation 

3-3 485011.05 1274843.152 2.91 1.00 1.91 

3-4 485048.33 1274800.396 2.92 0.97 1.95 

4-4 485798.852 1273445.597 2.91 0.91 2.00 

4-5 485924.305 1273688.372 2.56 0.84 1.72 

4-6 485990.37 1273383.353 2.76 0.88 1.88 

4-7 486084.311 1273724.022 2.81 0.88 1.93 

5-1 484599.341 1274679.178 3.09 1.09 2.00 

5-9 485217.723 1274692.053 2.59 0.97 1.62 

6-4 485390.617 1274651.295 2.84 0.92 1.92 

6-10 485839.301 1274205.519 2.90 0.93 1.97 

7-3 484610.677 1275127.936 3.50 0.98 2.52 

7-4 484688.522 1274907.803 3.20 0.97 2.23 

9-8 486350.999 1273253.093 2.56 0.93 1.63 

13-3 485771.606 1273266.567 2.83 0.93 1.90 

13-7 485931.965 1273287.614 2.90 0.90 2.00 

13-10 486265.062 1273275.061 2.87 0.90 1.97 

 

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 

Restoration Target 

Total area of the site 
with native and non-
native vegetation 

Not measured 
Not 
measured 

Not measured 
Not 
measured 

Photo-documentation 
shows significant change in 
plant community species 
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Parameter 
Before 

WY2009 

WY2009 
Condition 

WY2010 
Condition 

WY2011 
Condition 

Restoration Target 

communities, 
determined from 
vegetation mapping in 
aerial photographs (in 
acres). 

composition and type by 
2015. Total area mapped 
with tidal freshwater 
wetland plant communities 
increases (60 acres by 
2015). 

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 

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 
of which 48 were 
native species. 

Not 
measured 

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 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 

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

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% 

 

Vegetation was not sampled in 2011, however sediment stakes were located in areas designated to be 

permanent vegetation plots. Pre-restoration riparian vegetation present on islands previously exposed 

to tidal influence may experience little change, because the ecological niches of mature vegetation are 

typically broader than their recruitment niche, i.e., this vegetation may persist even if there is some 

change in hydroperiod due to the general resilience of mature vegetation. The agricultural fields 

exposed to restored tidal influence should develop tidal marsh vegetation as predicted by Hood (2007), 

Tetra Tech (2009), and TNC (2011). Precise agreement between predicted and observed vegetation may 

not occur, depending on floodgate management. Inundation frequency within the project area could be 

greater or lesser than that experienced in reference Skagit Delta marshes depending on seasonally 

varying floodgate management and flood events. 
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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 parameters. 

Parameter 
Before 

WY2009 

WY2009 
Condition 

WY2010 
Condition 

WY2011 
Condition 

Restoration 
Target 

Total area of the 
site with reed 
canarygrass, 
determined from 
vegetation 
mapping in aerial 
photographs.  

Not measured Not measured 

There are 
approximately 19.30 
acres of reed 
canarygrass in the 
project site. 

Not measured 

Area mapped with 
reed canarygrass is 
the same or less 
than 19.30 acres by 
2015. 

Average elevation 
and elevation 
range of reed 
canarygrass on 
the site. 

Not measured Not measured 

The average elevation 
that reed canarygrass 
occurs in vegetation 
plots is 8.87 ft 
NAVD88. The range is 
from 5.45 to 18.44 ft 
NAVD88. 

Not measured 

Reduce the density 
of reed canarygrass 
at all elevation 
ranges. 

Average cover of 
reed canarygrass 
in vegetation 
plots. 

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

Not measured 

Average percent 
canopy cover of reed 
canarygrass in 
vegetation plots was 
60% ranging from 5-
100%. 

Not measured 

Percent cover of 
reed canarygrass in 
plots is same or less 
than measured in 
2010. 

 

Reed canarygrass (RCG; Phalaris arundinacea) was not sampled in 2011. It was sampled prior to site 

restoration in 2006 and 2010 and these results were reported in TNC (2011 and 2012, respectively). The 

2006 sampling only measured the percent cover of RCG in sample plots (results ranged from 10%-70% 

coverage); it did not measure the extent of RCG occurrence over the project site. However, the 2011 

baseline monitoring report did mention that RCG occurs in the riparian zone of the pre-restoration 

Fisher Slough (i.e., the islands within the channel and other low areas bordering the channel between 

the dikes) and that this area was measured in 2010 and amounted to 4.1 acres.  The 2012 report states 

that 19.3 acres of RCG were present.  However, this includes areas of very high elevation (up to 18.4 ft 

NAVD88, well above MHHW of even maximum high water) and may include uplands such as dikes. The 

restoration targets for RCG are reduced percent cover in sample plots and extent over the project site in 

2015 compared to baseline conditions. RCG is scheduled to be next sampled in 2013. 

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. 
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Table H7-1. Fisher Slough channel metrics. Areas in tan are new information not included in the master 
table at the beginning of Section 2. 

Parameter 
Before 

WY2009 
WY2009 

Condition 
WY2010 

Condition 
WY2011 

Condition 
Restoration 

Target 

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

4.3 acres of 
channel area. 

4.3 acres of 
channel area. 

Not measured 
but assumed to 
be the same as 
2009 (4.3 
acres). 

4.8 acres of channel 
area  

Total channel 
area and length 
will increase by 
2015 

Channel cross sections and 
longitudinal profiles 
(estimate area). 

Not measured Not 
measured 

Not measured Not measured  

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

Not measured Not 
measured 

Not measured 
5000 ft excavated or 
remnant after rerouting 
Fisher Slough 

TBD—measures 
of pilot channels 
from as-built 
drawings in 
2011. 

Channel density (total 
length divided by project 
area). 

Not measured 
Not 
measured 

Not measured 
0.0117 length per unit 
area (i.e., 5000 ft/9.8 
ac) 

 

Distance upstream to head 
of blind tidal channel. 

Not measured 
Not 
measured 

Not measured Not measured  

2.1.7.1 Channel area 

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

Target met? Yes, total channel area of Fisher Slough was increased by channel excavation and re-

routing. However, this is a short-term measurement. Long-term adjustments in the channel may occur 

that either reduce the size of the channel or increase it, depending on tidal prism, flooding, and 

sediment supply. 

Fisher Slough was re-routed prior to dike setback. This doubled the area of Fisher Slough within the 

project site. While tidal channels were also excavated within the farmland portion of the restoration 

project site, these channels were not included in the analysis because the dikes adjacent to Fisher 

Slough had not been set back during the reporting period of water year 2011 (see Figure H7-1). 
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Figure H7-1. Location of excavated (re-routed) and remnant tidal channels (yellow polygon) within the 

pre-existing tidal wetland.  Channels were also excavated in the farmland portion of the restoration site, 

but dikes had not been removed within water year 2011 to inundate these areas, so they are not 

depicted, although they are visible in this photo taken in the autumn of 2011.  

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 peak migration periods. 
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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 

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 
juvenile Chinook 
density between sites 
up and downstream of 
the floodgates from 
February to August 
2009 (Beamer et al. 
2010). 

Wild juvenile 
Chinook salmon 
density was higher 
downstream of the 
floodgate than 
upstream in 2010 
(Beamer et al. 2011). 

Wild juvenile 
Chinook salmon 
density was higher 
downstream of the 
floodgates than 
upstream from 
February to June 
2011 (Greene et al 
2012). 

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

 

No Fisher Slough-specific monitoring report was funded for fish results collected in 2011, but Fisher 

Slough fish monitoring results from all years (2009-2011) were included in Greene et al. (2012), which 

examined the effects of tide and floodgates of various types at many sites across the Pacific Northwest. 

The two years monitored after floodgate replacement at Fisher Slough (2010 and 2011) found lower 

densities of Chinook salmon upstream of the floodgate than downstream (Table H8-1). 

The juvenile Chinook salmon results at Fisher Slough may best illustrate the importance of varying gate 

operations. In 2009 (before new floodgate installation), the passive side-hinged gates were manually 

held open starting in June. After new floodgate installation in 2010 and 2011, gates were closed during 

summer months because of habitat restoration and other construction occurring upstream. Now that 

the restoration has been completed, future gate operation will include the same ‘gates manually held 

open’ period starting in June that occurred in 2009, and future monitoring at Fisher Slough will better 

determine the long-term influence of new gate installation and habitat restoration at this site. 

Monitoring related to testing Hypothesis 8 at Fisher Slough will continue in future years. 

Restoration target: By 2015, trends suggest higher relative density of age 0+ Chinook above floodgates 

compared to pre-2010 conditions. 

Target met? No. The restoration target for Hypothesis 8 has not yet been achieved, but the floodgates 

have yet to operate according to plan for both years of monitoring (2010 and 2011) after floodgate 

replacement. The restoration target is meant to be achieved by 2015, three years from the date of this 

report. 

Recommendation: Hypothesis 8 states: Chinook salmon abundances (0+ year class) will be similar above 

and below the floodgates (post replacement) during peak migration periods. We recommend ‘peak 

migration period’ be changed to ‘the majority of the migration curve’. The majority of the migration 

curve for juvenile Chinook salmon in the Skagit tidal delta is February 1 through August 15. 
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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 density results as a function of landscape 
connectivity within the Skagit delta. 

Parameter 
Before 

WY2009 
WY2009 Condition 

WY2010 
Condition 

WY2011 
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). 

Scatterplots were 
not calculated in 
2011. 

No reduction in 
landscape 
connectivity due to 
floodgate; i.e. similar 
densities to other 
Skagit marshes when 
adjusted for 
landscape 
connectivity. 

 

No Fisher Slough-specific monitoring report was funded for fish results collected in 2011; therefore the 

landscape connectivity of Fisher Slough compared to other Skagit delta sites was not done. 

Restoration target: No reduction in landscape connectivity due to floodgate; i.e. similar densities to 

other Skagit marshes when adjusted for landscape connectivity. 

Target met? No. The restoration target for Hypothesis 9 has not yet been achieved for sites upstream of 

the floodgate, but the floodgates have yet to operate according to plan for both years of monitoring 

(2010 and 2011) after floodgate replacement. 

Recommendation: We recommend stating the restoration target as: ‘Seasonal juvenile Chinook salmon 

densities within the Fisher Slough Restoration Project are not lower than seasonal juvenile Chinook 

salmon densities of other Skagit tidal delta systems when adjusted for landscape connectivity’. 

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. 

Hypothesis 10 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. We used floodgate door 

opening data to test this hypothesis (Table H10-1). Floodgate doors did not open for eight days in early 

October 2010 due to restoration construction. Otherwise, the restoration target for Hypothesis 10 was 

met. 
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Table H10-1. Floodgate operation metrics. 

Parameter 
Before 

WY2009 

WY2009 
Condition 

WY2010 
Condition 

WY2011 
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 94.7% of the time for the 
period Oct 1-Feb 28. 

Gates open at least 
once per day 
October to 
February 28 or 29. 

 

Restoration target: Gates open at least once per day October to February 28 or 29. 

Target met? Yes (except for 8 days in early October 2010 due to restoration construction). 

2.3.2 Hypothesis H11  

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

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). 

Table H11-1. Big Ditch channel metrics. 

Parameter 
Before 

WY2009 

WY2009 
Condition 

WY2010 
Condition 

WY2011 
Condition 

Restoration 
Target 

Longitudinal 
channel profile 
of Fisher Slough 
at Big Ditch 
crossing. 

Not 
measured 

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

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.  

By 2015, passage 
barrier 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). 

Mean water depth 
at crossing 
increases. 

 

2.3.2.1 Longitudinal channel profile at Big Ditch Crossing 

Before Concrete Sill Removal - A longitudinal channel profile was measured in 2011 before the sill was 

removed using RTK GPS (Figure H11-1). Survey point spacing averaged 1.0 ft on top of the sill and 2.3 ft 

for areas up and downstream of the sill. The survey line follows the thalweg of the channel. The gap in 

survey points immediately downstream of the sill was a continuation of a scour hole (part of which you 

can see in Figure H11-2 in the yellow circles in the 2-3 ft range) that exceeded the depth of the 

instrument’s pole and therefore was not surveyed. 
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Average elevation of the sill before removal was 5.51 ft NAVD88. The highest point on the sill was 5.82 ft 

NAVD88 (Figure H11-2). Average streambed elevation (not including scour hole and points surveyed 

near the scour hole) upstream and downstream of the sill area was 3.9 and 4.2 ft NAVD88, respectively. 

Restoration target: By 2015, passage barrier at Big Ditch can no longer be seen in channel profile. 

Target met? Not applicable. WY2011 is a baseline year for monitoring the longitudinal channel profile. 

2.3.2.2 Mean water depth at Big Ditch Crossing 

Before Concrete Sill Removal - We calculated water depth by subtracting maximum sill elevation from 

WSE results collected by the Solinst 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 (Profile A, Figure H11-2). Average WSE from the Solinst data logger 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 (Figure H11-3). 

Restoration target: Mean water depth at crossing increases after passage barrier at Big Ditch is 

removed. 

Target met? Not applicable. Water depth is only reported in Table H11-1 for water years before the sill 

was removed. Water depth will be measured and reported on in subsequent years. A new longitudinal 

channel profile (after sill removal) is also needed for water depth calculation. 
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Figure H11-1. Location of long profile in Fisher Slough in the area of the old Big Ditch siphon before sill 
removal. Long profile survey points shown as blue circles (Profile A) are over the top of the siphon; 
yellow circles (Profile B) are the bed elevation of the channel. Surveys were conducted in 2011 with an 
RTK-GPS Rover.  
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Figure H11-2. Stream bed elevation before concrete sill removal. Yellow circles in the 2-3 ft range 
indicate the edge of a scour hole that continues (getting deeper) along the gap in data moving 
upstream. 
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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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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 

Restoration Target 

Change in flood 
storage capacity 

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

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

Under construction, 
not measured. 

309 acre-feet of 
storage* (PSE 
2011). 

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

*The calculation of 2011 flood storage was made in November of 2011, following the completion of construction. Though 
construction was completed at the start of WY2012 and thus the increased flood storage area was not available in WY2011, we 
include it in the WY2011 Condition because the calculation is a required deliverable for 2011 reporting.  

 
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 feet up to the spillway 

elevation of 14.0 feet. 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? Based on the post-restoration as-built diagram with elevation TIN, the flood storage 

available between 8.8 feet and 14 feet elevation is estimated at 309.1 acre-feet of water storage at the 

restored site. 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). Water storage is in created channels 

and excavated marsh areas of the floodplain. 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.  
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Figure H12-1. Flood storage area change. Flood area has increased by 245 acre-feet since restoration 
(309 acre-feet total storage). The classified LiDAR and ground survey elevations show that the area 
gained after restoration is low-lying channel and marsh, further adding to its flood storage potential. The 
survey data and analysis was provided by TNC..  
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Section 3: Recommendations 
Many recommendations have been made in the hypotheses sections of this report; the following 

recommendations concern potential work to correct the barologger error and updates on data 

collection methods now that Element 3 of the restoration has been completed. 

3.1 Solinst Data Logger Error 

3.1.1 Background 

Barologgers, which measure only air pressure, are used to compensate the values recorded by the 

Solinst Gold Leveloggers, which measure absolute pressure (water pressure + atmospheric pressure). 

The values from the level logger can be barometrically compensated with the aid of a barologger to 

show water pressure as a temperature-compensated water level (expressed in units set by the user in 

the data output). The barologger is used to compensate all Solinst loggers at Fisher Slough, including the 

three groundwater and two water surface loggers (at Big Ditch Crossing and Downstream Floodgate; see 

Figure 1-3 in Section 1).  

3.1.2 Identification of Error 

In August 2011, there was a malfunction in re-launching the Solinst barologger located at Fisher Slough 

after downloading data recorded for July. The problem was not discovered until data were downloaded 

the next month. Therefore a barologger located outside SRSC’s office in LaConner, WA was used to 

compensate data from the level loggers located at Fisher Slough from August 1 through September 6, 

2011. According to the operation manual for the barologger, it can be used to compensate a level logger 

located up to 20 miles away. The distance from LaConner to Fisher Slough is just less than nine miles as 

the crow flies; therefore it is acceptable to use this barologger for compensation.  

Ground water level data showed a 0.67-ft (20 cm) drop at logger site GW2-Jungquist E and a 0.44-ft (13 

cm) drop at logger sites GW1-Smith and GW3-Jungquist W when the barologger in LaConner was used 

for compensation. This can be seen in the August and September graphs for groundwater data 

(Appendix A, Figures A4, A15 and A16). The same drop is seen in the WSE data graphs shown in 

Appendix B (Figures B3, B14 and B15).  

These results prompted SRSC to conduct a test (Test 1) of the original barologger at Fisher Slough to try 

to determine why the values recorded by each barologger varied so much. One noted difference is in 

the installation of the loggers. The original barologger at Fisher Slough is housed inside a white PVC pipe 

with a locking pipe cap attached and does not appear to be vented. The logger at SRSC’s office is not in a 

pipe and hangs in an open setting, although protected from the environment. To see if the housing 

condition was possibly the variable causing the discrepancy between barologgers, a third barologger 

was placed next to the original barologger at Fisher Slough from October 11 through November 1, 2011. 

The new barologger was placed inside a perforated, open bottom-ended pipe. The pipe did have a top 

cap in place to give the appearance of being immune to vandalism. The original logger at Fisher Slough 

and the logger at LaConner are both Solinst Gold Barologger Model 3001 while the new test logger at 

Fisher Slough is a Solinst Silver Model 3001 Barologger. 
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The new test barologger at Fisher Slough varied 0.32 to 1.54 feet (10-47 cm) from the original Fisher 

Slough barologger, while the barologger at LaConner and the new test barologger at Fisher Slough 

showed similar trends and only varied by 0.09 to 0.13 feet (3-4 cm) (Figure 3-1). The original Fisher 

Slough logger did not have smooth transitions, but appeared to have dynamic swings  

 

Figure 3-1. Results of Test 1. Comparison of original and new barologgers at Fisher Slough and 

barologger in LaConner. 

3.1.3 Corrective Action 

On March 7, 2012, SRSC drilled small ventilation holes in the standpipe housing the original barologger 

at Fisher Slough and started another test (Test 2) to compare the accuracy of the original Fisher Slough 

barologger. The new barologger was placed in a standpipe adjacent to the original logger, as was done 

in the first test. Data was collected through April 2, 2012.  

Results of Test 2 showed that the original barologger at Fisher Slough tracked very closely to both the 

new logger and the logger in LaConner (Figure 3-2). There was only a 0.006- to 0.10-foot (0.2 to 3.2 cm) 

difference between the original logger and the logger in LaConner, and a 0.11- to 0.37-foot (3.4 to 11.4 

cm) variation between the new logger and original logger located at Fisher Slough.  

Results of Test 2 indicate that the standpipe of the original Fisher Slough barologger was not correctly 

vented and the fluctuation in values was most likely due to increased pressure build-up in the pipe 

during the daytime hours and/or a decrease in pressure during the nighttime hours.  

20

40

60

80

100

120

140

B
ar

al
o

gg
e

r 
le

ve
l (

cm
)

Comparison of Solinst barologger, October 2011

Original barologger at  Fisher Sl 

New barologger at Fisher Sl

Barologger at LaConner



38 

 

 

Figure 3-2. Results of Test 2. Comparison of original and new barologgers at Fisher Slough and 

barologger in LaConner during the second test, after ventilation holes were drilled into the original 

logger standpipe. 

3.1.4 Recommendations 

Test 1 shows that the compensated values generated using the original Fisher Slough barologger could 

be off by 10-47 cm for all hypotheses that use the data loggers in the analysis pertaining to water 

surface elevation changes in this report (Figure 3-1). The graphs presented in Appendices A and B could 

also be off in elevation by 10-47 cm. This issue does not affect the WY2011 Floodgate Report (Beamer & 

Henderson 2012), but may affect old and new tests of Hypotheses H1, H3, H5 and H11, as well as pre-

project calculations such as MHHW that used data from WSE loggers. 

We do not know when the venting problem with the original Fisher Slough barologger began. We have 

also not attempted to correct barologger or WSE data for potential errors because the problem was 

identified at the end of our contract year. We recommend implementing the following steps for 

determining the extent of the barologger problem and any data correction solutions, should they be 

needed: 

1) Determine the magnitude and frequency of compensation error of the original Fisher Slough 

barologger by using existing data: 

a) Compare data from the LaConner barologger to data from the original barologger at Fisher 

Slough in years WY2009 through WY2011; 

b) Compare WY2011 WSE at Downstream Floodgate by different data logger types (vented vs. 

absolute pressure transducers). 
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2) Based on the results from step 1 (above), consult with TNC on whether existing data are off by 

unacceptable amounts (therefore needing correcting). 

3) Maintain existing LaConner barologger as a backup to the original Fisher Slough barologger and 

periodically test both barologgers for consistency in results. 

3.2 Updates to Monitoring Methods for Dike Setback Area 

3.2.1 Dissolved Oxygen 

This section relates to data collected to test Hypothesis 2.1. 

Dissolved oxygen levels were monitored during 2011 at three locations using a continuous read DO 

logger and Instrumentation Northwest model AquiStar Smart Sensor with an integrated GDL data logger. 

Data analysis in this report was done prior to the completion of Project Element 3. 

In 2012, after the completion of Project Element 3, we plan to monitor six sampling sites: three blind 

channel and three main channel. At Blind Channel 3 (the old Big Ditch Crossing site, see Figure 3-3) the 

historical location of the DO logger will be used (Figures 1-3 and 3-4). For Blind Channel 1 and 2, see 

intended sample sites on Figure 3-4. A new AquiStar® DO logger will be rotated bi-weekly between the 

three blind channel sites and data will be downloaded when it is moved from site to site.  

For the main channel sites, two will be at the same locations used in 2010 and 2011 (Downstream 

Floodgate and Upstream Floodgate). A third main channel site will be established above the old Big 

Ditch Crossing siphon (Figure 3-4). Loggers at the main channel index sites will be downloaded monthly. 

All DO loggers will be deployed from April through September, 2012. 

3.2.2 Temperature and WSE 

This section relates to data collected to test Hypothesis 2.2. 

Surface water temperature and WSE (data collected from the same logger model) analysis in this report 

was done prior to the completion of Project Element 3. 

To monitor surface water temperature levels (and WSE) after the completion of Project Element 3, the 

plan will be to set up three logger sites in the blind channel areas, using Solinst Temperature/WSE data 

loggers. At the Blind Channel 3 area (the old Big Ditch Crossing site) we will use the historical location of 

the logger. For Blind Channel 1 and 2, see intended sample sites on Figure 3-4. 

For the main channel, we will continue to use the index sites at Downstream and Upstream Floodgate. A 

new main channel site located above the historical Big Ditch Crossing siphon location will be set up in 

lieu of the old Big Ditch location (Figures 1-3 and 3-4). All loggers will be downloaded monthly and will 

be deployed from April through September, 2012. The Instrumentation Northwest AquiStar® 

model PS9805 data loggers located at the downstream and upstream sides of the floodgate wall will 

continue to be used to monitor water temperature. 

3.2.3 Fish 

This section relates to data collected to test Hypotheses 8 and 9. 
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Fish monitoring was completed in 2009 (prior to any restoration work), 2010, and 2011 (after new 

floodgates were installed – Project Element 1). Fish sampling in 2012 will be the first year of fish 

monitoring after the dike set back portion of the project (Project Element 3) has been completed. 

In addition to sampling the same sites as 2009-2011 along the main channel and the reference blind 

channel site, we will beach seine in three blind channel lobes resulting from dike setback and main 

channel relocation (Figure 3-3). The existing sites will be sampled in the same way (including tidal stage) 

as in 2009-2011 in order to not bias year to year comparisons. Methods for existing sites are described 

in Beamer et al 2010. 

Blind channel lobes 1 and 2 are new habitat as a result of the dike set back. We will randomly select six 

sites to beach seine in each lobe for each sampling day (12 sets per sampling day). Seine sets will be 

located along transect lines in each blind channel lobe (Figure 3-4). Blind channel lobe 3 is a result of 

relocating the main channel of Fisher Slough to the south. We have an existing site within this lobe from 

the 2009-2011 monitoring effort. We will continue to sample this existing site in 2012 and randomly 

select one other site each time we sample (2 sets per sampling day) (Figure 3-4). 

Blind channel lobes (especially 1 and 2) will vary in water surface area and depth by tide, Skagit River 

discharge, gate closure setting, and tributary discharge. We will target sampling these lobes at low tide. 

But even at low tide, much of each lobe is flooded beyond the blind channel’s margin. Thus, our 

randomly selected sites will include shoreline edge and open water seine sets, thus collecting fish 

density results from all habitat types represented. We will estimate wetted area of the lobe each fish 

sampling day in order to estimate fish population size that used each lobe over the monitoring season. 

Wetted area will be calculated using WSE data during the time of fish sampling and the as-built 

topography. 

Juvenile salmon and other tidal delta fishes are hypothesized to colonize habitat restored by the Fisher 

Slough Restoration Project. Chinook salmon do not spawn in the small watersheds upstream of the 

restoration project area. Thus, fry sized Chinook salmon are hypothesized to colonize the restored area 

from sources downstream of the project area. Juvenile Chinook salmon are expected to use the area 

between February and August; however, timing may vary year to year depending on overall Chinook 

population size and Skagit River flows. Since adult coho and chum salmon are known to spawn in the 

watersheds upstream of the project area, juvenile coho and chum salmon are expected to already be in 

the project area upstream of the existing flood/tide gates. Because the sources of salmon and their life 

stages vary, fish passage through the flood/tide gates at Fisher Slough must adequately allow up- and 

downstream migration for juvenile salmon and upstream adult salmon migration. 

Now that Project Element 3 is complete, we hypothesize that presence/absence and density data will 

reflect increased occupation of Fisher Slough by tidal delta rearing juvenile salmon due to increased 

access to habitat. This will be tested by comparing 2009 data with 2010, 2011 and 2012 results. After 

the work of Project Elements 2 and 3, if the restoration project is successful at increasing the tidal delta 

rearing capacity for juvenile Chinook salmon, then we would expect the density of juvenile Chinook 

salmon within the Fisher Slough project area to be similar to juvenile Chinook salmon densities of other 
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tidal channels in the Skagit River delta. We could directly compare Chinook salmon densities from other 

monitored sites throughout the Skagit tidal delta to those within Fisher Slough, but Beamer et al. (2005) 

showed that differences in landscape connectivity and annual Chinook smolt outmigration population 

size strongly influence the densities of juvenile Chinook salmon at any site within the Skagit River delta. 

Results from Skagit Intensively Monitored Watershed (IMW) sites are critical for doing this analysis. 

Because these sites are located throughout the Skagit estuary, we can analyze results from the Fisher 

Slough restoration project over a wide range of landscape connectivity and determine whether results 

from Fisher Slough are consistent with what is observed throughout the Skagit delta. Each year’s 

monitoring results are compared separately, because each year represents a unique Chinook salmon 

outmigration population and migration timing.  

 

Figure 3-3. Location of fish sampling sites from monitoring in 2009-2011 and the three new blind 
channel lobes as a result of dike setback or Fisher Slough channel relocation. Fish sampling in 2012 will 
occur at the same sites as 2009-2011 along the main channel of Fisher Slough (upstream/downstream of 
FG) and the reference blind channel site. Beach seine sampling will occur in three blind channel lobes 
resulting from dike setback and main channel relocation. The existing sites are sampled in the same way 
(including tidal stage) as in 2009-2011 in order to not bias year-to-year comparisons. 
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Figure 3-4. Detail map of new fish sampling sites for dike setback area. All new sites are in blind channel 
lobes (B1-B3). Seine sets will be randomly selected along transects (black lines) in blind channel lobes 1 
and 2. In Blind channel lobe 3, one randomly selected site (white triangles) and one index site (yellow 
dot) will be seined each sampling day. Each new logger location will have a Solinst WSE/temperature 
logger. An AquiStar DO logger will be rotated bi-weekly at each of the three new blind channel locations.  
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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. 

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 what 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 

2011 (February, April, June, August, and October). The installation and download methods are detailed 

in Parametrix (2010). 

 

Figure A1. Location of groundwater wells and barologger at the Fisher Slough restoration area. Project 

area is outlined in red. 
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The groundwater elevation data for Water Year 2011 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. 

General Observations 
The construction period to relocate the Big Ditch inverted siphon ended in October 2010. The water 

level at GW3-Jungquist W was low and varied from 1 to 4 feet NAVD88 during the month. The level at 

GW1-Smith and GW2-Jungquist E remained fairly steady at 2 and 4 feet NAVD88 respectively (Figure 

A6). In November the water level increased to around 5 feet NAVD88 at all three sites by the end of the 

month (Figure A6). 

From December 2010 to March 2011 the water elevation at all three sites tracked closely to each other. 

They all ranged from 5.5 feet to 7.3 feet NAVD88 in elevation (Figures A7 to A10). The top of the well 

cases at GW1-Smith and GW3-Jungquist W are at elevations of 7.25 and 7.3 feet NAVD88, respectively. 

During January 2011 (Figure A8) the groundwater at these two sites was almost to the surface of the 

ground. The well case at GW2-Jungquist E was slightly higher at 8.38 feet NAVD88 and the groundwater 

never reached the surface there.  

On-site construction started in April 2011 for the completion of Project Element 2 and the start of 

Project Element 3. On April 9 and 10, the water level at GW3-Jungquist W dropped almost 2 feet due to 

de-watering of the new Big Ditch inverted siphon area for construction of a new bridge.  The water level 

was 2 to 3.5 feet lower than the level at the other two wells and remained less than 4 feet NADV88 

through mid-June (Figures A11 to A13). 

At GW1-Smith, the well furthest away from the slough, a decrease in water level (due to construction 

for Project Element 3 of the restoration project as well as to the summer low flow period) was seen 

starting in July (Figure A14). The groundwater level at this site drops to lower than, and remains lower 

than, the other two sites through the end of September. The water elevation is almost 2 feet lower than 

at GW2-Jungquist E and 1.5 feet lower than GW3-Jungquist W (Figures A15 and A16, Table A1). 

  



47 

 

Table A1. Monthly average, maximum and minimum of groundwater elevations at the three well sites at 
Fisher Slough. 

Date 

GW1-Smith GW2-Jungquist E GW3-Jungquist W 

Avg Max Min Avg Max Min Avg Max Min 

Oct-10 2.23 2.86 1.71 4.47 4.85 4.13 2.75 4.59 0.76 

Nov-10 5.03 6.08 2.85 5.38 6.08 4.53 2.53 4.82 0.76 

Dec-10 5.92 6.89 5.53 5.94 7.00 5.39 5.98 6.92 4.58 

Jan-11 6.39 7.11 5.35 6.49 7.43 5.45 6.60 7.30 5.91 

Feb-11 6.23 7.03 5.81 6.05 6.63 5.75 6.62 6.97 6.35 

Mar-11 6.6 7.15 5.85 6.28 6.93 5.6 6.64 7.03 6.17 

Apr-11 6.58 7.09 5.83 5.99 6.85 5.42 4.74 6.78 3.62 

May-11 6.21 6.94 5.40 5.67 6.35 5.21 3.47 4.10 2.82 

Jun-11 4.71 5.51 3.60 5.06 6.00 4.44 3.63 4.40 3.07 

Jul-11 3.05 3.99 1.96 5.84 7.27 4.59 4.33 4.83 3.58 

Aug-11 1.84 2.8 0.67 4.65 5.42 3.90 3.71 4.56 2.95 

Sep-11 2.37 4.01 1.18 4.47 5.22 3.63 3.93 4.72 2.92 
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Spot Measurements and Surveys 
The depth (elevation) of the loggers was surveyed and a slight discrepancy was found between the 

current season and the previous season. It was  discovered that the distance from the top of the well 

casing to the top of the pipe cap had not been taken into account in the previous season (Shannon & 

Wilson 2010) when determining the elevation of the data logger. There was a 0.6-foot difference at 

GW1 and GW3, and a 0.2-foot difference at GW2. The previous and the correct elevation data are given 

in Table A2.  

Table A2. Values used to determine groundwater elevation for loggers in the groundwater well sites. 

Site 

Elevation value used Oct 

2009 through Sept 2010, 

in feet NAVD88 

Elevation value used Oct 

2010 through Sept 2011, 

in feet NAVD88 

Difference in logger 

elevation value, in 

feet 

GW1-Smith -10.12 -10.73 -0.61 

GW2-Jungquist E -6.56 -6.79 -0.23 

GW3-Jungquist W -9.55 -10.19 -0.64 

 

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.  

The data logger at GW1-Smith varied with the spot measurements more than the other two loggers. On 

Feb. 10, 2011 the field-measured water level varied by nearly three feet from the level recorded by the 

logger. During the other three spot measurements, the difference varied from 0.11 to 0.66 feet.  

At GW2-Jungquist E the difference varied from 0.01 to 0.49 feet, while at GW3-Jungquist W the 

difference varied from 0.21 to 0.56 feet. These values are shown on Table A3. 

APPENDIX A REFERENCES: 

Parametrix. 2010. Fisher Slough Tidal Marsh Restoration Monitoring and Adaptive Management Plan. 

Prepared for The Nature Conservancy. 

Shannon & Wilson, Inc. 2010. Fisher Slough restoration monitoring letter report task 3: Floodgate, water 

quality, hydrology monitoring. Sent to TNC November 2010. 
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Table A3. Groundwater elevation determined by spot measurements vs. data logger recorded elevations 
at Fisher Slough in 2011. 

Site Date Time 
WSE NAVD88 
feet (logger) 

WSE NAVD88 feet 
(spot measurement) difference (ft)  

GW1-Smith 2/10/2011 14:00 6.15 3.24 2.91 

GW1-Smith 4/5/2011 9:45 6.93 7.04 -0.11 

GW1-Smith 6/1/2011 15:45 5.42 6.08 -0.66 

GW1-Smith 8/1/2011 12:51 2.44 2.31 0.14 

GW2-JungquistE 2/10/2011 12:30 6.12 5.63 0.49 

GW2-JungquistE 4/5/2011 9:15 6.61 6.76 -0.15 

GW2-JungquistE 6/1/2011 15:15 5.25 5.26 -0.01 

GW2-JungquistE 8/1/2011 11:00 5.34 4.71 0.63 

GW3-JungquistW 2/10/2011 12:00 6.69 7.25 -0.56 

GW3-JungquistW 4/5/2011 10:15 6.60 6.81 -0.21 

GW3-JungquistW 6/1/2011 15:00 3.68 4.15 -0.47 

GW3-JungquistW 8/1/2011 10:30 4.29 4.00 0.29 

 

 

 

Figure A2. Groundwater elevation graph for the Fall/Winter Flood Period of WY 2011. 
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Figure A3: Groundwater elevation graph for the Spring Juvenile Chinook Migration Period of WY 2011. 

 

Figure A4: Groundwater elevation graph for the Summer Irrigation Period of WY 2011. 
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Figure A5. Groundwater elevation graph for October 2010. 

 

Figure A6. Groundwater elevation graph for November 2010. 
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Figure A7. Groundwater elevation graph for December 2010. 

 

Figure A8. Groundwater elevation graph for January 2011. 
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Figure A9. Groundwater elevation graph for February 2011. 

 

Figure A10. Groundwater elevation graph for March 2011. 
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Figure A11. Groundwater elevation graphs for April 2011. 

 

Figure A12. Groundwater elevation graph for May 2011. 
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Figure A13. Groundwater elevation graph for June 2011. 

 

Figure A14. Groundwater elevation graph for July 2011. 

0

1

2

3

4

5

6

7

8
W

at
e

r 
El

e
va

ti
o

n
 (

N
A

V
D

8
8

 f
t.

)

Groundwater  elevation at Fisher Slough, June 2011

GW 1 Smith

GW2-Jungquist E

GW3-Jungquist W

0

1

2

3

4

5

6

7

8

W
at

e
r 

El
e

va
ti

o
n

 (
N

A
V

D
8

8
 f

t.
)

Groundwater  elevation at Fisher Slough, July 2011

GW 1 Smith

GW2-Jungquist E

GW3-Jungquist W



56 

 

 

Figure A15. Groundwater elevation graph for August 2011. 

 

Figure A16. Groundwater elevation graph for September 2011.  
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Appendix B – Surface Water Data 
The data presented below show the seasonal variation from water surface elevations taken from two 

loggers, one downstream of the floodgate and one at the historic Big Ditch Crossing. Data were taken at 

15-minute intervals. Figures B1 through B3 represent data by management period; Figures B4 through 

B15 show the data by month. 

 

Figure B1. Water surface elevation graph for the Fall/Winter Flood Period of WY 2011. 
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Figure B2. Water surface elevation graph for the Spring Juvenile Chinook Migration Period of WY 2011. 

 

Figure B3. Water surface elevation graph for the Summer Irrigation Period of WY 2011. 
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Figure B4. Water surface elevation graph for October 2010. Datalogger at downstream floodgate was 
not functional until November 4, 2010. 

 

Figure B5. Water surface elevation graph for November 2010. Datalogger at downstream floodgate was 
not functional until November 4, 2010. 

4

6

8

10

12

14

16

10/1/10 10/8/10 10/15/10 10/22/10 10/29/10

W
at

e
r 

Su
rf

ac
e

 E
le

va
ti

o
n

 N
A

V
D

8
8

 f
e

e
t

Date

Fisher Slough Water Surface Elevation, October 2010

Downstream Floodgate

Big Ditch Crossing

4

6

8

10

12

14

16

11/1/10 11/8/10 11/15/10 11/22/10 11/29/10

W
at

e
r 

Su
rf

ac
e

 E
le

va
ti

o
n

 N
A

V
D

8
8

 f
e

e
t

Date

Fisher Slough Water Surface Elevation, November 2010

Downstream Floodgate

Big Ditch Crossing



60 

 

 

Figure B6. Water surface elevation graph for December 2010. 

 

Figure B7. Water surface elevation graph for January 2011. 
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Figure B8. Water surface elevation graph for February 2011. 

 

Figure B9. Water surface elevation graph for March 2011. 
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Figure B10. Water surface elevation graph for April 2011. 

 

Figure B11. Water surface elevation graph for May 2011. 
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Figure B12. Water surface elevation graph for June 2011. Floodgates were closed for construction 

activities on June 27 and remained closed through the end of the WY2011. 

 

Figure B13. Water surface elevation graph for July 2011. Floodgates were closed for restoration 

construction activities.  
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Figure B14. Water surface elevation graph for August 2011. Floodgates were closed for restoration 

construction activities. 

 

Figure B15. Water surface elevation graph for September 2011. Floodgates were closed for restoration 

construction activities.   
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Appendix C – Water Quality Data 

Dissolved Oxygen 
This section shows dissolved oxygen data relevant to Hypothesis H2.1.  

The data in Table C1 is from continual-read AquiStar Smart Sensor DO loggers deployed at Big Ditch 

Crossing, Upstream Floodgate, and Downstream Floodgate. 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. 

Table C2 shows dissolved oxygen readings taken during SRSC’s fish monitoring at Fisher Slough in 2011, 

stratified by tidal stage and location within water column. Readings were taken with a YSI Professional 

Plus DO meter at both the top and bottom of the water column at seven sites upstream of the 

floodgate. Data is averaged for those sites by tidal stage. 
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Table C1. Daily average Dissolved Oxygen levels in mg/L from AquiStar® data loggers deployed at Fisher 
Slough in 2011. Data highlighted in bold indicate values lower than the restoration target of 8.0 mg/L. 

Date 

Daily DO 
average 

(mg/L) at 
Big Ditch 
Crossing 

Daily DO 
average 

(mg/L) at 
Upstream 
Floodgate 

Daily DO 
average 

(mg/L) at 
Downstream 

Floodgate 
Operational 

Period Date 

Daily DO 
average 

(mg/L) at 
Big Ditch 
Crossing 

Daily DO 
average 

(mg/L) at 
Upstream 
Floodgate 

Daily DO 
average 

(mg/L) at 
Downstream 

Floodgate 
Operational 

Period 

22-Apr 10.02 na 10.73 

Sp
ri

n
g 

Ju
ve

n
ile

 C
h

in
o

o
k 

M
ig

ra
ti

o
n

  

1-Jun na 8.16 8.45 

Su
m

m
er

 Ir
ri

ga
ti

o
n

  

23-Apr 9.79 na 10.20 2-Jun na 8.37 8.59 

24-Apr 9.46 na 9.87 3-Jun na 8.71 8.75 

25-Apr 9.40 na 9.75 4-Jun na 8.20 8.33 

26-Apr 9.79 na 10.12 5-Jun na 7.58 8.13 

27-Apr 9.75 na 10.12 6-Jun na 7.14 7.94 

28-Apr 10.02 na 10.36 7-Jun na 5.89 8.42 

29-Apr 9.93 na 10.38 8-Jun na 5.81 6.88 

30-Apr 9.39 na 10.29 9-Jun na 6.27 7.19 

1-May 9.41 na 10.31 

Su
m

m
er

 Ir
ri

ga
ti

o
n

  

10-Jun na 6.57 7.12 

2-May 9.38 9.93 9.88 11-Jun na 7.16 7.90 

3-May 9.72 9.95 10.16 12-Jun na 7.02 8.23 

4-May 9.46 10.08 10.29 13-Jun na 6.81 7.90 

5-May 8.95 9.54 9.76 14-Jun na 6.74 7.70 

6-May 7.99 9.55 9.79 15-Jun na 6.35 7.78 

7-May 6.95 9.42 9.67 16-Jun na 6.47 8.12 

8-May 7.09 9.47 9.71 17-Jun na 7.19 8.53 

9-May na 9.40 9.63 18-Jun na 6.68 7.88 

10-May na 9.36 9.59 19-Jun na 6.05 7.09 

11-May na 9.11 9.37 20-Jun na 6.03 7.18 

12-May na 9.43 9.70 21-Jun na 4.86 7.56 

13-May na 9.28 9.54 22-Jun na 4.37 8.32 

14-May na 8.82 9.19 23-Jun na 4.94 8.11 

15-May na 8.65 9.03 24-Jun na 2.96 7.88 

16-May na 8.84 9.15 25-Jun na 3.15 6.98 

17-May na 8.82 9.21 26-Jun na 5.20 7.39 

18-May na 8.76 9.21 27-Jun na 4.96 7.14 

19-May na 8.86 9.25 28-Jun na 4.47 7.19 

20-May na 8.77 9.14 29-Jun na 4.42 7.93 

21-May na 8.32 8.69 30-Jun na 6.86 9.71 

22-May na 8.31 8.66 1-Jul na 6.28 8.69 

23-May na 8.60 8.90 2-Jul na 3.50 7.02 

24-May na 8.44 8.65 3-Jul na 4.71 7.89 

25-May na 8.23 8.43 4-Jul na 4.77 8.08 

26-May na 8.74 8.89 5-Jul na 3.55 7.15 

27-May na 8.72 8.94 6-Jul na 3.58 7.31 

28-May na 8.81 8.94 7-Jul na 5.43 8.87 

29-May na 8.75 8.87 8-Jul na 6.21 9.16 

30-May na 8.65 8.77 

 
31-May na 8.59 8.65 
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Table C2. Dissolved Oxygen in mg/L taken during SRSC’s fish monitoring at Fisher Slough in 2011, 
stratified by tidal stage and location within water column. Data highlighted in bold indicate values lower 
than the restoration target of 8.0 mg/L. 

Location within 
water column Date 

During 
sampling High tide Low tide Operational period 

Top 

2/10/11 12.36 12.67 11.03 Fall/Winter 

3/11/11 11.01 10.83 12.95 

Spring juvenile Chinook 
Migration 

3/25/11 10.56 10.62 12.55 

4/7/11 11.19 11.17 11.45 

4/22/11 10.86 10.80 12.10 

5/7/11 9.95 10.90 11.11 

5/23/11 10.00 9.35 10.55 

6/7/11 7.09 7.02 7.43 

Summer Irrigation 6/20/11 6.89 6.64 7.94 

Bottom  

2/10/11 12.07 12.59 11.43 Fall/Winter 

3/11/11 10.84 10.79 13.10 

Spring juvenile Chinook 
Migration 

3/25/11 10.46 10.64 na 

4/7/11 11.06 11.11 11.46 

4/22/11 11.13 10.82 11.48 

5/7/11 9.90 10.79 10.98 

5/23/11 9.64 9.28 10.82 

6/7/11 6.75 6.87 7.22 

Summer Irrigation 6/20/11 6.63 6.44 8.22 

 

Water Temperature 
This section shows surface water temperature data relevant to Hypothesis H2.2.  

The data presented show the seasonal variation from water surface temperatures recorded by Solinst 

data loggers at two sites, Downstream Floodgate and Big Ditch Crossing. Data were taken at 15-minute 

intervals. The logger probe is located at the bottom of the water column. The surface water 

temperature data for Water Year 2011 are plotted by the floodgate management periods in Figures C1 

through C3 and by the month in Figures C4 through C15. Please note difference in Y-axis in the monthly 

graphs starting in June. 
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Figure C1. Surface water temperature at Fisher Slough during Fall/Winter Period WY2011. Data logger at 
Downstream Floodgate was not operational until November 5, 2010. 

 

Figure C2. Surface water temperature at Fisher Slough during Spring Juvenile Chinook Migration Period 
WY2011. 
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Figure C3. Surface water temperature at Fisher Slough during Summer Irrigation Period WY2011. 
Floodgate was disengaged for construction on June 27, 2011. 

 

Figure C4. Surface water temperature at Fisher Slough during October 2010. Data logger at Downstream 
Floodgate was not operational until November 5, 2010. 
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Figure C5. Surface water temperature at Fisher Slough during November 2010.Data logger at 
Downstream Floodgate was not operational until November 5, 2010. 

 

Figure C6. Surface water temperature at Fisher Slough during December 2010. 
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Figure C7. Surface water temperature at Fisher Slough during January 2011. 

 

Figure C8. Surface water temperature at Fisher Slough during February 2011. 
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Figure C9. Surface water temperature at Fisher Slough during March 2011. 

 

Figure C10. Surface water temperature at Fisher Slough during April 2011. 
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Figure C11. Surface water temperature at Fisher Slough during May 2011. 

 

Figure C12. Surface water temperature at Fisher Slough during June 2011. Floodgate was disengaged for 
construction on June 27, 2011. 
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Figure C13. Surface water temperature at Fisher Slough during July 2011. Floodgate was disengaged for 
construction during this month. 

 

Figure C14. Surface water temperature at Fisher Slough during August 2011. Floodgate was disengaged 
for construction during this month. 
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Figure C15. Surface water temperature at Fisher Slough during September 2011. Floodgate was 
disengaged for construction during this month. 
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Appendix D – Site Photographs 

 

Figure D.1. Location of points from which quarterly photos were taken in 2011 (all photos by Joelene Diehl of The Nature Conservancy). Project 
area is outlined in red. 
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FS01 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 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 Photograph 2: Taken from the north bank of Fisher Slough at the highway bridge looking southwest. 
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FS02 Photograph 3: Taken from the north bank of Fisher Slough at the highway bridge looking southwest at the new crossing for Big Ditch, the 
new south levee, and Smith A. 
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FS03 Photograph 1: Taken from the south levee of Fisher Slough looking at the upstream side of floodgates. 
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FS03 Photograph 2: Taken from the south levee of Fisher Slough looking northward at north levee. 
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FS03 Photograph 3: Taken from the south levee of Fisher Slough looking eastward at Fisher Slough. 
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FS03 Photograph 4: Taken from the south levee of Fisher Slough looking southeast at Smith A. 
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FS03 Photograph 5: Taken from the south levee of Fisher Slough looking south at the new Big Ditch. 
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FS04 Photograph 1: Taken from the north levee of Fisher Slough looking southeast at the second marsh island and Fisher Slough. 
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FS04 Photograph 2: Taken from the north levee of Fisher Slough looking upstream at the marsh islands and channel, with Smith A in the 
background. 



88 

 

 

FS04 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 Photograph 4: Taken from the north levee of Fisher Slough looking downstream at the marsh islands and Fisher Slough. 
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FS05 Photograph 1: Taken from the north levee of Fisher Slough at the historic Big Ditch Crossing looking upstream at Fisher Slough. 
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FS05 Photograph 2: Taken from the north levee of Fisher Slough at the historic Big Ditch Crossing looking southward at the downstream end of 
main tidal channel realignment. 
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FS05 Photograph 3: Taken from the north levee of Fisher Slough at the historic Big Ditch Crossing looking southward. The historic crossing 
structure can be seen January through July. 
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FS05 Photograph 4: Taken from the north levee of Fisher Slough at the historic Big Ditch Crossing looking westward at Fisher Slough and Smith A. 



94 

 

 

FS05 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 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, upstream of Fisher Slough crossing. 
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FS06 Photograph 1: Taken from the eastern end of the north levee, near an old shed and gate structure looking upstream at Carpenter 
Creek/Fisher Slough and the upstream end of the new main tidal channel realignment. 
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FS06 Photograph 2: Taken from the eastern end of the north levee, near an old shed and gate structure looking southward at Fisher Creek 
mouth. 
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FS06 Photograph 3: Taken from the eastern end of the north levee, near an old shed and gate structure looking southwestward at Fisher Slough 
and Smith B. 
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FS06 Photograph 4: Taken from the eastern end of the north levee, near an old shed and gate structure 
looking downstream at the historic south levee (gone by October), and Fisher Slough. 
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FS07 Photograph 1: Taken from near the southern edge of the Moyer property, east of Little Fisher Creek looking west. 
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FS07 Photograph 2: Taken from near the southern edge of the Moyer property, east of Little Fisher Creek looking northwest with Smith B in 
background. 
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FS08 Photograph 1: Taken from the southeast corner of Smith B, on the hillslope where the new levee ties into the Moyer property looking west-
southwest at Smith B. 
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FS08 Photograph 2: Taken from the southeast corner of Smith B, on the hillslope where the new levee ties into the Moyer property looking 
northwest at Smith B. 
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FS08 Photograph 3: Taken from the southeast corner of Smith B, on the hillslope where the new levee ties into the Moyer property looking 
north-northeast. 
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FS08 Photograph 4: Taken from the southeast corner of Smith B, on the hillslope where the new levee ties into the Moyer property looking east-
southeast. 
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FS09 Photograph 1: Taken from the northwest corner of Smith B, in the footprint of the new levee looking east. 
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FS09 Photograph 2: Taken from the northwest corner of Smith B, in the footprint of the new levee looking southeast. 
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FS09 Photograph 3: Taken from the northwest corner of Smith B, in the footprint of the new levee looking south. 
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FS09 Photograph 4: Taken from the northwest corner of Smith B, in the footprint of the new levee looking west-northwest.



110 

 

 

FS10 Photograph 1: Taken off of Pioneer Highway, south of the old railroad grade looking north at Big 
Ditch.
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FS10 Photograph 2: Taken off of Pioneer Highway, south of the old railroad grade looking northeast. 
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FS10 Photograph 3: Taken off of Pioneer Highway, south of the old railroad grade looking east-northeast. 
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FS10 Photograph 4: Taken off of Pioneer Highway, south of the old railroad grade looking east. 
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FS11 Photograph 1: Taken at the south access point from Pioneer Highway to Smith A looking north. 
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FS11 Photograph 2: Taken at the south access point from Pioneer Highway to Smith A looking northeast. 
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FS11 Photograph 3: Taken at the south access point from Pioneer Highway to Smith A looking east. 
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SF11 Photograph 4: Taken at the south access point from Pioneer Highway to Smith A looking southward along Big Ditch. 
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SF12 Photograph 1: Taken on the north dike near the flood return structure, looking east-southeast across the channel to Smith A. 
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SF12 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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SF12 Photograph 3: Taken on the north dike near the flood return structure, looking southwest across the channel to Smith A. 
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SF12x Photograph 1: Taken on the south dike (directly south of photo point 12), looking east-southeast at Smith A. 
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SF12x Photograph 2: Taken on the south dike (directly south of photo point 12), looking south-southeast at Smith A. 
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SF12x Photograph 3: Taken on the south dike (directly south of photo point 12), looking southwest at Smith A. 


