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Abstract 
The Fisher Slough Restoration Project, located in the south fork Skagit River tidal delta 
near the town of Conway, is intended to help recover the six populations of wild Chinook 
salmon present within the Skagit River and its natal estuary. We report monitoring results 
related to Phase 1 (of three), which replaces an existing tidegate with a new tidegate. The 
goal of Phase 1 is to improve fish passage and tidal inundation to areas upstream of the 
gate and protect adjacent farmland from flooding. Data collected in 2009, and reported in 
this document, represent baseline values of fish utilization before tidegate replacement.  
 
The old Fisher Slough tidegate, during the monitoring period of this report, was operated 
in two ways: 1) neutral velocity and 2) cabled open. We estimated the upstream fish 
passage opportunity for juvenile salmon at 49% of the time when the old tidegate worked 
normally and 73% of the time when the doors were cabled open. 
 
We found 17 different species of fish in the study area, including freshwater and 
estuarine species, and six different salmonids. There were no differences in wild juvenile 
Chinook salmon densities between upstream and downstream sampling sites. Differences 
in wild Chinook salmon density occurred over the monitoring period, with highest 
numbers in April and declining throughout the study period. However, juvenile Chinook 
salmon were present in all months monitored (late February through mid-August). The 
2009 results — pre-tidegate replacement — demonstrate that juvenile Chinook salmon 
are moving upstream of the tidegate and that there are no significant differences in 
abundance between upstream and downstream populations. The fish timing curves (e.g., 
presence and density) can serve to guide tidegate operation for better fish management. 
 
We used selected environmental variables to improve understanding of the juvenile 
Chinook salmon density trends independent of fish passage opportunity at the tidegate. 
We concluded salinity, water depth, and water velocity are not likely influencing juvenile 
Chinook monitoring results between sites up and downstream of the tidegate. We found 
site differences in substrate and vegetation which may influence juvenile Chinook 
monitoring results between sites up and downstream of tidegate. Dissolved oxygen levels 
in Fisher Slough may be lower than ideal for juvenile salmon rearing and migration 
requirements upstream of the tidegate during daytime in June or later in summer. Water 
temperature is a factor contributing to juvenile Chinook salmon timing at the end of the 
monitoring period (late July and August), but this factor is generally influencing sites up 
and downstream of the tidegate equally.  
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Study area 
The Fisher Slough Restoration Project, located in the south fork Skagit River tidal delta 
near the town of Conway (Figure 1), was included in the Skagit Chinook Recovery Plan 
(SRSC and WDFW 2005, page 172) as a necessary restoration action to help recover the 
six populations of wild Chinook salmon (Oncorhynchus tshawytscha) present within the 
Skagit River and its natal estuary. The project was envisioned conceptually to restore 50-
80 acres of historic riverine tidal zone currently in agricultural use to a variety of channel, 
estuarine wetland, and tributary junction habitats. 
 
Since the writing of the Skagit Chinook Recovery Plan, The Nature Conservancy (TNC) 
and its partners have acquired agriculture lands in the project area and designed specific 
restoration actions for the study area that are to be phased in their implementation, over 
several years, in three phases. The first phase replaces an existing tidegate with a new 
tidegate within Fisher Slough at the Pioneer Highway crossing. The goal of Phase 1 is to 
improve fish passage and tidal inundation to areas upstream of the gate and protect 
adjacent farmland from flooding.  
 
The second phase resolves a conflict with implementing the third, and final, restoration 
phase. Phase 2 relocates the Big Ditch siphon culvert, which is located underneath Fisher 
Slough within the future dike setback area. The siphon needs to be located outside of the 
project footprint for dike setback in order to accommodate drainage issues for adjacent 
and upstream land owners.  
 
The third phase involves dike setback in order to allow more area to be inundated by tidal 
and freshwater hydrology. The new tidal habitat area, following implementation of Phase 
3, is approximately 60 acres. 

Purpose and monitoring framework of 2009 report 
TNC’s 7-year Monitoring Plan Overview for Fisher Slough states: 
 

The goal of restoration monitoring at Fisher Slough is to document changes between 
existing and restored estuarine habitats following reintroduction of tidal hydrology 
and reconnection of stream floodplains within the restoration site. Specifically, the 
monitoring program is designed to track progress toward the following primary 
project objectives: 

1. Create a diverse array of native vegetative communities; 
2. Create freshwater tidal rearing habitat for Chinook salmon; 
3. Provide fish passage for coho and chum spawning access; and 
4. Improve flood storage to protect agricultural uses of adjacent properties. 

The monitoring program is based upon a conceptual model linking ecosystem 
processes to structural conditions and biological responses to those conditions. 

 
This annual monitoring report is the first in a series that focuses on results related to 
Objective 2 above; however, monitoring results are reported more broadly to include 
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other fish species rearing within the Fisher Slough project area, not just juvenile Chinook 
salmon. 
 
Juvenile salmon and other tidal delta fishes are hypothesized to re-colonize habitat 
restored by the Fisher Slough Restoration Project. Because the sources of salmon (e.g., 
natal or non-natal relative to Fisher Slough and its watersheds) and their life stages vary, 
fish passage through the tidegate at Fisher Slough must adequately allow up and 
downstream migration for juvenile salmon and upstream migration for adult salmon. 
After implementation of Phase 1 of the project (tidegate replacement), we expect an 
increase in tidal delta juvenile salmon rearing capacity because it is assumed that existing 
channel areas upstream of the tidegate in Fisher Slough will become tidally influenced 
(or more tidally influenced) and will be more available to juvenile salmon originating 
from areas outside of the Fisher Slough watersheds, through improved access.  
 
Monitoring Phase 3 of the Fisher Slough Restoration project (e.g., the dike setback phase) 
is more about increased fish carrying capacity. Juvenile Chinook salmon carrying 
capacity of the restored area will be a function of habitat area, its type and quality as well 
as its landscape connectivity. The dike setback phase of the project is expected to 
increase habitat area available for fish rearing within the project area. Thus, monitoring 
this phase of the project may require additional or different fish sampling sites than those 
selected for Phase 1. 
 
The Fisher Slough Restoration Project is expected to achieve two juvenile Chinook 
salmon related objectives: (1) increase tidal delta habitat area for juvenile rearing and (2) 
improve juvenile access to that habitat. Our fish use monitoring is primarily of a before-
and-after-restoration design. We expect changes in fish use within the treatment 
(restored) area following completion of Phase 3. 
 
In 2009 we are beginning to address monitoring questions related to Phase 1. The 
primary juvenile salmon monitoring question for Phase 1 is whether juvenile Chinook 
salmon are utilizing habitat upstream of the new gate differently than when the old gate 
was in place (e.g., changes in: presence/absence, density, size, timing). We will answer 
this question by comparing fish use results from sampling sites downstream and upstream 
of the tidegate (Figure 1) using data collected in years before and after installation of the 
new gate. Data collected in 2009, and reported in this document, represent baseline 
values of fish utilization before tidegate replacement. Tidegate replacement occurred in 
late August 2009. 
 
Our monitoring framework also looks at juvenile Chinook salmon results from Fisher 
Slough within a landscape context compared to other long term monitoring sites within 
the Skagit tidal delta. Landscape connectivity, or large scale connectivity, relates to the 
relative distances and pathways that salmon must travel to find habitat. As we use it, 
landscape connectivity is a function of both the distance and complexity of the pathway 
that salmon must follow to specific habitat areas (e.g., sites within Fisher Slough). 
Habitat connectivity decreases as complexity of the route the fish must swim increases 
and the distance the fish must swim increases.  Within the delta, the complexity of the 
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route fish must take to find habitat is measured by the distributary bifurcation order and 
distance traveled. Habitat that is less connected to the source of fish has lower densities 
of fish. Using this method, we can compare juvenile Chinook salmon results from Fisher 
Slough with other sites throughout the Skagit tidal delta to determine whether Fisher 
Slough is functioning consistent with the rest of the Skagit delta. 
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Figure 1. Location of study area and 2009 sampling sites, Fisher Slough, WA. 
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Methods 
We used a combination of beach seine and fyke trapping methods to collect fish at sites 
within the study area on 12 sampling days between February 27 and August 12, 2009. 
The sampling period was selected to coincide with the Skagit’s juvenile Chinook tidal 
delta residence period (Beamer et al. 2005, Figure 2.1, page 4). We also collected 
environmental data at each site on each sampling date. 

Site selection 
Sites were selected systematically downstream and upstream of the tidegate to represent 
the habitat types and spatial diversity within the project area (Figure 1). Sampling sites 
were selected in order to compare the fish assemblage within Fisher Slough above the 
tidegate to that below the tidegate, and to compare fish use by habitat condition as 
expressed by environmental data such as water temperature. 
 
Seven beach seine sites were sampled in Fisher Slough upstream of the tidegate. 
Originally two beach seine sites were selected in Fisher Slough immediately downstream 
of the tidegate and upstream from the railroad tracks, but logistical problems in seining 
caused by shrubs and beaver-chewed roots along the north bank eventually forced us to 
give up sampling at the north shore location (Fisher Sl Tidegate Outside N). To 
compensate, we increased the set area of the beach seine set made along the south bank 
outside the tidegate to include much of the area that would have been seined on the north 
side. Another beach seine site downstream of the tidegate was chosen, on Tom Moore 
Slough, just upstream of the junction of Fisher Slough and Tom Moore Slough. A blind 
tidal channel that enters Fisher Slough approximately 55 meters downstream of the 
tidegate on the right bank was sampled by fyke trap. Beach seine and fyke trap effort is 
shown in Table 1. 
 
Table 1. Beach seine and fyke trap sampling effort, Fisher Slough Study Area 2009. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Location/Site 
Number of beach seine or fyke trap sets per 

sampling date 
Fisher Sl Inside s1 1 
Fisher Sl Inside s2 1 
Fisher Sl Inside s3 1 
Fisher Sl Inside s4 1 
Fisher Sl Inside s5 1 
Fisher Sl Inside s6 1 
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Fisher Sl Inside s7 1 

Fisher Sl Tidegate Outside N 1, discontinued after 4/16/09 
Fisher Sl Tidegate Outside S 1, set area enlarged after 4/16/09 
Tom Moore Sl Upper Area 2 
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at
e 

Fisher Sl Blind Ch  1 
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Fish sampling methods 

Beach seine 
For this study we used our small net beach seine method to sample inside Fisher Slough 
as well as the adjacent site downstream of the tidegate at Tom Moore Slough Upper Area 
(Figure 1). Small net beach seine methodology uses an 80-ft (24.4 m) by 6-ft (1.8 m) by 
1/8-inch (0.3 cm) mesh knotless nylon net. The net is set in “round haul” fashion by 
fixing one end of the net on the beach while the other end is deployed by setting the net 
“upstream” against the water current, if present, and then returning to the shoreline in a 
half circle. Both ends of the net are then retrieved, yielding a catch. The small net beach 
seine is usually deployed from a floating tub that is pulled while wading along the 
shoreline, but because of the greater water depth at Fisher Slough, a small skiff was used 
to pull the tub while setting the net at most of the sites (Figure 2). Average beach seine 
set area was 96 square meters. 
 
For each beach seine set, we identified and counted the catch by species, and measured 
individual fish lengths by species. We measured all fish caught by species at each 
site/date combination when the catch for a specific species was 20 individuals or less. For 
catches larger than 20 individuals, we randomly selected 20 individuals for length 
samples. We also recorded the time and date of each set, the percent of set area (the area 
that the net covers compared to setting in a perfect half circle), and measured the 
environmental parameters listed in the ‘environmental variables’ section (below) with the 
exception of water surface elevation. 
 

 
Figure 2. Small net beach seine round haul at Fisher Slough Inside s3. 
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Fyke trap 
We used a fyke trap to sample a blind channel that enters Fisher Slough approximately 55 
meters downstream of the tidegate on the right bank. The fyke trap is constructed of 1/8-
inch (0.3 cm) mesh knotless nylon net with a 2-ft (0.6m) by 9-ft (2.7m) cone sewn into 
the opening to collect fish draining out of the blind channel site. This trap is set in place 
at high tide and fished through the ebb tide, yielding a catch (Figure 3). 
 
For each fyke trap set, we identified and counted the catch by species, and measured 
individual fish lengths by species. We measured all fish caught by species at each 
site/date combination when the catch for a specific species was 20 individuals or less. For 
catches larger than 20 individuals, we randomly selected 20 individuals for length 
samples. We also recorded the date and time that the trap was set and sampled, and the 
relative water height on a staff gage, and measured the environmental parameters listed in 
the ‘environmental variables’ section (below) with the exception of water surface 
elevation and velocity. 
 

 
Figure 3. Deployment of a fyke trap used in fish sampling.  
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Environmental variables 
Fish are influenced by their local environment. Differences in local environment might 
influence fish results between sites upstream and downstream of the tidegate independent 
of how the tidegate operates for fish passage. Thus, we measured selected environmental 
variables at each site at the time of beach seining or fyke trapping to assess their potential 
influence on fish results (e.g., presence, density, seasonality) across sites in the study 
area. We also had continuously recording loggers for water surface level and water 
temperature at two sites, both up and downstream of the tidegate. 

Water surface elevation 
TNC recorded water surface elevation continuously in 15-minute intervals throughout the 
sampling period, using a stationary data logger. A Model 3001 Levelogger Gold data 
logger (Solinst Canada Ltd.) measured total pressure (the combined values of water 
pressure and air pressure) above the logger. A separate barometric data logger (Solinst 
Barologger Gold) was used to measure air pressure in the vicinity. The air pressure was 
subtracted from the Levelogger’s value to get water level value. These data were 
provided to SRSC.  
 
The data loggers were placed in standpipes at two sites, one upstream of the tidegate near 
the Big Ditch Crossing and one downstream of the tidegate on the railroad trestle pilings 
(Figure 1). They were set to record data at 15-minute intervals. The actual elevation of 
each of the data loggers was calculated by Tetra Tech, who surveyed in October 2008, 
comparing the elevation of the data loggers to the known elevation of a survey marker 
located near the Pioneer Highway crossing. 

Salinity 
Water surface salinity (ppt) was measured by the fish sampling crew at the time of the 
beach seine or fyke trap sample at each site using a YSI Professional Plus Model meter. 
Multiple readings were taken at the surface and at the bottom of the water column within 
the beach seine or fyke trap set area. The values were averaged by surface or bottom for 
each sampling day and site.  

Temperature 
Water temperature was measured by both spot measurements and continual monitoring. 
Spot measurements were taken by the fish sampling crew at the time of beach seine or 
fyke trap sampling at each site using a YSI Professional Plus Model meter. Multiple 
readings were taken just under the surface and at the bottom of the water column within 
the set area. The average value of the water temperature at the surface and at the bottom 
is reported for each site. 

 
Continual monitoring was done using a Model 3001 Levelogger Gold data logger made 
by Solinst Canada Ltd. The data loggers were placed in standpipes at two sites, one 
upstream of the tidegate near the Big Ditch Crossing and one downstream of the tidegate 
near the railroad trestle pilings (Figure 1). Water temperature was taken at the bottom of 
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the water column. Loggers were set to record the temperature at 15-minute intervals. We 
calculated and reported the daily maximum and minimum values in degrees Celsius. 

Dissolved oxygen 
Dissolved oxygen (DO) content (mg/l) was measured by the fish sampling crew at the 
time of the beach seining or fyke trapping at each site using a YSI Professional Plus 
Model meter. Multiple readings were taken at the surface and at the bottom of the water 
column of the area seined. The average value of the dissolved oxygen at the surface and 
at the bottom is reported for each site. There was an equipment malfunction due to an 
incorrect calibration of the DO meter towards the end of the sampling season. We did not 
report the DO values from the June 26 sampling through August 12 due to this 
malfunction. 

Net depth 
The maximum depth of each beach seine set, recorded in meters, was taken by the fish 
sampling crew at the time of the sample at each beach seine site using a calibrated 
measuring rod. The maximum depth at the fyke trap site was taken from the surface water 
relative elevation staff gage located upstream of the fyke trap at the time the trap was 
installed each day. 

Water velocity 
Velocity was measured at each beach seine site using a Swoffer Model 2100 flow meter. 
Four measurements were taken across the area seined after the set was made, recording 
the flow in feet per second. These values were converted to meters per second and the 
average value of these readings was reported for each site/date combination.  

Substrate and vegetation 
The substrate at each site was recorded according to ten possible substrate criteria 
described in SSC (2003). The only two we observed at Fisher Slough were: 

 Mixed fines = Fine sand, silt, and clay comprise 75% of the surface area, with no 
one size class being dominant.  May contain gravel (<15%).  Cobbles and 
boulders make up <6%.  Easy to walk on without sinking.  

 Sand = Grains in a size class of 0.06 to 2 mm in diameter cover over 75% of the 
surface area. 

 
At least 25% of a set area must be covered by vegetation in order to be classified as 
vegetated. Vegetation types present at Fisher Slough sites were defined as follows: 

 Unvegetated = <25% of area is vegetated. 

 Freshwater aquatic plant cover = >25% of area is live, floating, non-woody 
vascular plant cover (not emergent marsh plants). 

Analysis methods 
We provide descriptive and graphic analysis of the environment and the entire fish 
assemblage for sites upstream and downstream of the tidegate. These are reported in the 
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Results section. Limited statistical analyses were completed for selected environmental 
variables known, or hypothesized, to influence juvenile Chinook salmon presence. 
 
We conducted statistical analysis for Chinook salmon density and compared density to 
treatment areas (upstream and downstream of the tidegate), a measure of connectivity, 
and the site scale environment. 
 
We collected length data on all fish species captured but only provided graphic analysis 
of these data for juvenile wild Chinook salmon for this report. 

Site scale environmental impacts 
In this analysis we compared field measurements of salinity, temperature, velocity, depth, 
and dissolved oxygen graphically or using two-factor ANOVA analysis without 
replication, to reveal site or date differences in the environmental variable. Differences in 
environment at the site level might influence juvenile Chinook salmon densities at sites 
upstream and downstream of the tidegate independent of how the tidegate operates for 
fish passage. 
 
For selected environmental variables, we also compared site and season results to known 
or hypothesized relationships for juvenile Chinook salmon presence in order to 
understand whether site level environmental conditions during the monitoring period 
were influencing juvenile Chinook salmon results. 

Fish density estimates  
For beach seined juvenile Chinook salmon, each set’s catch was divided by set area to 
calculate a Chinook density for each beach seine set.  
 
For the fyke trap site, juvenile Chinook salmon catch numbers were adjusted by trap 
recovery efficiency (RE) estimates derived from three mark-recapture experiments using 
a known number of marked fish released upstream of the trap at high tide. Recovery 
efficiency estimates are unique to each site and are related to hydraulic characteristics of 
the site during trapping. At this site, the change in water surface elevation during trapping 
(a measurement of how well the channel drains) explained the RE results, which varied 
between 5.2 and 56.0 percent. We used the RE results to convert the “raw” juvenile 
Chinook salmon catch to an estimated population size within the channel network 
upstream of the fyke trap on any sampling day. The RE-adjusted Chinook salmon catch 
was divided by the bankfull channel area of the blind channel network upstream of the 
trap to calculate a juvenile Chinook salmon density. The limits of the blind channel 
network upstream of the trap were determined in the field. To calculate bankfull channel 
area, we digitized a channel polygon using high resolution orthophotos and used GIS to 
calculate area. The bankfull channel area associated with the fyke trap site is 1,367 m2. 
 
We statistically compared juvenile Chinook density results up and downstream of the 
Fisher Slough tidegate. We also used the same fish density calculation methods to 
estimate fish density of other fish species for a graphical presentation of the fish 
assemblage. 
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Statistical analysis of Chinook density 
Comparing Chinook density by site and date 
We used two-factor ANOVA, without replication, to reveal site or date differences in 
Chinook density. To reduce the effects of non-normal data distribution and unequal 
variance, Chinook densities were log (x+1) transformed. We used the same log 
transformed Chinook density for each site and averaged them into two groups (up and 
downstream of the tidegate) for each sampling date. We considered the two groups as 
paired samples of Chinook density for each sampling date and analyzed these data using 
a paired T test for sample means to determine whether Chinook density was different by 
the two groups over the course of sampling season. 
 
Comparing Chinook density in Fisher Slough to other sites within the Skagit tidal delta 
We estimated the season long density of juvenile Chinook salmon at all Fisher Slough 
monitoring sites and nine other long term monitoring sites located throughout the Skagit 
tidal delta. We term this fish density statistic cumulative Chinook density. Cumulative 
Chinook density was estimated for the periods February 1 through August 15 for tidal  
curves of juvenile Chinook salmon in Skagit tidal delta habitat. Cumulative Chinook 
density (fish*days*ha-1) was calculated as 
 





L

Fm
mmnDC   

 
where Dm is the average monthly density, nm is the number of days in the month, and F 
and L are the first and last months (m) sampled, respectively.  
 
We plotted cumulative Chinook density by landscape connectivity to graphically 
determine whether juvenile Chinook salmon are using the habitat up and downstream of 
the tidegate in Fisher Slough at different densities than at similar sites within the Skagit 
tidal delta. 
 
Landscape connectivity (C) for each site is calculated: 
 

C = 




end

jj

j
DO

j 1

)*(

1


 
where Oj = distributary channel order for channel segment j, Dj = distance along segment 
j of order Oj, j = count (1...jend) of distributary channel segments, and jend = total number 
of channel segments at destination or sample point. 
 



 14 

Results 

Description of tidegate and its operation 
The tidegate in operation at Fisher Slough during the 2009 fish monitoring period (late 
February through mid-August) consisted of pairs of wood side-hinged doors on three 
separate openings within a concrete sill structure. Each opening measured approximately 
8.75 feet high by11 feet wide. The bottom of the sill was at an elevation of 4.3 ft 
NAVD88. 
 
This tidegate operated on a “neutral velocity” system, opening when the water pressure 
was higher upstream than downstream of the tidegate. Under normal river flow 
conditions, the tidegate opens just after high tide and remains open throughout the ebbing 
tide.  The gate closes again when flood tidal flow pushes back upstream into the Skagit 
tidal delta and makes the water level higher than Fisher Slough freshwater inflow, 
coming from the watersheds upstream of the tidegate. The purpose of this tidegate is to 
keep high downstream Skagit River flow and high tides from flooding farmland located 
upstream of the tidegate site.  
 
The Diking District cables open the tidegate each summer to allow water into Fisher 
Slough for irrigation purposes, usually around the beginning of June, but dependent on 
Skagit River flow.  In high water events, the tidegate is untied and allowed to operate 
normally. The cabling open of the tidegate happened in 2009 on June 1. 
 
Fish passage is only possible when the tidegate is open. Fish passage is not possible when 
the tidegate is closed, as there is no alternative pathway for fish to take to bypass the 
tidegate site. For upstream fish passage to occur, individual fish must swim against the 
water current. Upstream fish passage, especially for fry sized juvenile salmon, may be 
difficult due to high water velocities occurring within the tidegate culvert at some tidal 
stages (e.g., maximum ebb). For downstream fish passage, individual fish must move 
with, rather than against, the current.  
 
We did not record when the tidegate was open during the tidal cycle, nor did we measure 
water velocity within the tidegate culvert during the period when the tidegate operated 
normally (was not cabled open). We recommend that these variables, or other similar 
variables, be measured with any future fish monitoring in order to better understand the 
effects of tidegate operation on fish passage opportunity.  

Water surface elevation 
Water surface elevation results for up and downstream of the tidegate site show dramatic 
differences for the two different periods of tidegate operation (Figure 4). During the time 
when the tidegate operated normally, high and low tide levels upstream of the tidegate 
were much less extreme than the levels downstream of the tidegate. When the tidegate 
was cabled open, water surface elevation upstream of the tidegate nearly emulated water 
surface elevation levels downstream of the tidegate, although the magnitude of peaks or 
troughs were slightly less dramatic and later in timing.  
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Based on how the tidegate operates and on the water surface elevation results, we can 
make some inferences about juvenile salmon passage opportunity during the 2009 fish 
monitoring period. A close-up view of water surface elevation results for February 24, 
2009 shows three different time periods where tidegate function and water velocity vary 
and likely result in differences in juvenile salmon upstream passage opportunity (Figure 
5). 
 
For time period “A”, the tidegate was likely closed because tidal flow originating from 
Skagit Bay pushing up into the Skagit tidal delta was increasing, thus creating a head 
differential, causing the tidegate to shut. Water level upstream of the tidegate also 
increased during this period because freshwater inflow coming from the tributary 
watersheds (e.g., Fisher and Carpenter Creeks) upstream of the tidegate was stored 
temporarily while the gates were closed.  
 
During time period “B”, the tidegate was open and water was flowing in the downstream 
direction. During this period, water current was likely at its highest velocity.  
 
For time period “C”, the tidegate was likely open and water velocity was likely at its 
lowest. Time period “C” coincides with the opportunity period for juvenile salmon 
passage in the upstream direction.  
 
We calculated the time periods of “A” and “B”, when the tidegate is operated normally, 
from the sub-sample of tides shown in Figure 4 (graph A). The percentage of time the 
tidegate is closed was 34% (“A”); the percentage of time when water velocities are likely 
too high for juvenile salmon upstream passage was 17% (“B”). These estimates, when 
summed and subtracted from 100%, give us an estimate of juvenile salmon upstream 
passage opportunity: 49% when the tidegate was operated normally. 
 
When the tidegate was cabled open sometime after May 26, there was never a physical 
blockage to fish (e.g., doors closed). However, a water velocity blockage on ebbing tides 
would likely occur, prohibiting upstream passage of juvenile salmon. Therefore, we 
calculated the time period of “B” from the sub-sample of tides shown in Figure 4 (graph 
B) to estimate the percentage of time when water velocities were likely too high for 
juvenile salmon upstream passage due to the tidegate being cabled open. This estimate 
was 27% of the time. Therefore, upstream juvenile salmon passage opportunity when the 
tidegate was cabled open is 73% of the time. 
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Figure 4. Example five day periods of water surface elevation when the Fisher Slough tidegate 
was: (A) operated normally and (B) cabled open in 2009. Water surface elevation sites are shown 
in Figure 1.  
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Figure 5. Example water surface elevation results for Fisher Slough on February 24, 2009. During 
time period “A”, the tidegate was likely closed. During time period “B”, the tidegate was open 
and water flowing downstream was likely at its highest velocity. Flow direction was downstream. 
During time period “C”, the tidegate was likely open and water velocity was likely at its lowest. 
Time period “C” would be the opportunity period for juvenile salmon passage in the upstream 
direction. Water surface elevation sites are shown in Figure 1. 
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Fish site level environmental variables 
In this section of the results, we report site and season variation of selected environmental 
variables known, or hypothesized, to influence juvenile Chinook salmon presence in 
order to characterize the monitoring area in 2009 and potentially exclude some site and 
date combinations from the juvenile Chinook analysis. 

Salinity 
Salinity at sites both upstream and downstream of the tidegate was generally less than 0.1 
parts per thousand (ppt) throughout the monitoring period (Table 2, Figure 6). We tested 
whether salinity was influenced by site or date. For the seven sites where we had 
complete data, statistical analysis reveals salinity values are influenced significantly by 
both date and site (Appendix Table 1). Salinity was lower in mid-June and July than other 
times of the monitoring period. Sites located downstream of the tidegate were lower in 
salinity than sites upstream of the tidegate.  
 
We used a YSI Model Professional Plus to measure the salinity of the water. This 
instrument measures temperature and conductivity and displays a calculated value based 
on the two input data as salinity. One of the assumptions made by this instrument (and 
other hand held meters) is that the conductivity of the water is caused by sea salt. To 
confirm the conductive ions in the water are actually from sea salt, a chemical analysis of 
the water must be performed. We did not conduct this test for this study because the 
salinity values estimated by the YSI instrument were so low. It is likely that the YSI was 
measuring conductivity from ions other than sea salt because salinity values throughout 
the study area were generally very low, but the higher of these values were located 
upstream of the tidegate (i.e., more distant from the source of sea salt). Conductive ions 
can be present in freshwater systems due to certain types of geology, wetland organic 
matter, and practices from adjacent land use. 
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Table 2. Surface salinity in parts per thousand on sampling days at Fisher Slough in 2009. 
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Figure 6. Comparison of daily average water surface salinity in parts per thousand for combined 
upstream and combined downstream sites by sampling day at Fisher Slough in 2009. Red line 
marks date tidegate was cabled open and no longer in normal operation. 

Date in 2009 
Location/Site 2/27 3/16 3/30 4/16 4/30 5/14 5/29 6/12 6/26 7/13 7/27 8/12 
Fisher Sl Inside s1 
 0.07 0.06 0.00 0.06 0.09 0.07 na 0.05 0.01 0.03 0.02 0.03 
Fisher Sl Inside s2 
 0.08 0.06 0.00 0.02 0.09 0.07 0.08 0.03 0.02 0.03 0.02 0.03 
Fisher Sl Inside s3 
 0.06 0.05 0.06 0.08 0.08 0.07 0.09 0.02 0.00 0.05 0.02 0.05 
Fisher Sl Inside s4 
 0.07 0.06 0.07 0.06 0.08 0.07 0.09 0.05 0.03 0.06 0.03 0.08 
Fisher Sl Inside s5 
 0.07 0.06 0.07 0.07 0.08 0.00 0.07 0.03 0.06 0.00 0.06 0.11 
Fisher Sl Inside s6 
 0.07 0.06 0.07 0.07 0.07 0.06 0.09 0.04 0.04 0.04 0.04 0.07 

U
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am
 t
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eg
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e 

Fisher Sl Inside s7 
 0.07 0.06 0.06 0.07 0.08 0.07 0.09 0.07 0.04 0.04 0.04 na 
Fisher Sl Tidegate 
Outside N 
 0.02 0.06 0.07 0.08 na na na na na na na na 
Fisher Sl Tidegate 
Outside S 
 0.02 0.06 0.07 0.08 0.01 0.07 0.08 0.04 0.02 0.03 0.02 0.02 
Tom Moore Sl 
Upper Area 
 0.01 0.00 0.03 0.00 0.02 0.02 na 0.02 0.02 0.02 0.00 0.00 

D
ow

n
st

re
am

 t
id

eg
at

e 

Fisher Sl Blind Ch 
 0.00 0.03 0.05 0.05 0.05 0.06 0.08 0.03 0.00 0.00 0.02 0.02 
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Temperature 
Comparison of collection methods 
Water temperature results are available from two methodological sources: (1) spot 
measurements at the time of beach seine sampling and (2) continuously reading data 
loggers. The spot measurements are limited compared to the data logger results in 
temporal coverage (one time per site on 12 different sampling days compared to 15 
minute readings for 7 months with the loggers) but stronger than the data loggers in 
spatial coverage (11 sites compared to 2 for the loggers). 
 
We compared water temperature results from the data loggers to water temperature 
results from the YSI by pairing data from the logger with data from the YSI for nearest 
site, time, and date. We used Fisher Sl Tidegate Outside N and S (YSI collected data) and 
Downstream Tidegate (data logger site) for the downstream tidegate comparison (Figure 
7, panels A and C). We used Fisher Sl Inside s4 and s5 (YSI collected data) and Big 
Ditch Crossing (data logger site) for the upstream tidegate comparison (Figure 7, panels 
B and D). 
 
There is strong consistency in measured water temperature between measurement 
methods. The overall trend in measured water temperature between the two different 
methods is not significantly different (i.e., the regression results are not different than the 
1:1 line shown in each graph). Individual water temperature measurements between YSI 
and data logger methods were off by as much as 2 degrees Celsius on one date. However, 
average differences in water temperature between the two methods were less than 0.5 
degrees C for all comparisons made. Thus, we conclude that data logger results help our 
understanding of temporal variation in water temperature (e.g., complete seasonal and 
daily fluctuations) for two sites within Fisher Slough, whereas our spot measurements of 
water temperature conducted during beach seining helps our understanding of spatial 
variation in water temperature within Fisher Slough. 
 
Comparison of average temperature to continuously monitored extremes 
We graphically compared average daily temperature from the fish sampling sites 
upstream and downstream of the tidegate to the daily extremes in temperature from 
loggers (Figures 8 and 9). All results show a seasonal increase in temperature. Daily 
fluctuations in temperature exist throughout the monitoring period, but the largest 
fluctuations occur in June and July, where fluctuations regularly exceeded 5 degrees C on 
a daily basis. 
 
We also observed fluctuations of temperature within the season. These fluctuations, in 
both maximum and minimum daily temperature, occur on the order of a few days to 
longer than a week. We did not investigate possible causes, but suspect they are likely 
due to short term weather patterns, tidal cycles, and river flow cycles. 
 
The daily averaged spot measurements of surface water temperature taken with the YSI 
instrument at the fish sampling sites are within the range of daily temperature extremes 
collected with continuously recording data loggers at two sites. Except for the June 
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sampling dates, the spot measurement temperature values are usually nearer the lowest 
daily temperature.  
 
Comparison of average temperature by tidegate operation 
Water surface temperature for each site recorded each sampling day is shown in Table 3. 
We tested whether water temperature was influenced by site or date for the nine sites 
where we had complete water temperature data for the two tidegate operation periods to 
determine whether there were site level influences. Earlier in the monitoring season 
(before June 1), when the tidegate was operating normally, statistical analysis reveals a 
strong date influence but no site influence on water temperature values (Appendix Table 
2). The seasonal influence is visible for this period in Figure 10.  
 
Later in the monitoring season (after June 1), when the tidegate was cabled open, 
statistical analysis reveals both a date and site influence on water temperature values 
(Appendix Table 3). The seasonal pattern of water temperature peaked in mid-August 
and sites upstream of the tidegate were nearly 2 degrees C warmer than sites downstream 
of the tidegate (Figure 10). 
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Figure 7. Comparison of water temperature from continuously reading data loggers (shown on x 
axis) and YSI measurements taken during the time of beach seining in Fisher Slough, 2009 
(shown on y axis). The 1:1 line is shown as a dashed line in each figure. 
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Bottom Water Temperature at Big Ditch Crossing
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Figure 8. Maximum and minimum of levelogger at Big Ditch Crossing and daily average bottom 
temperature at sites upstream of tidegate in Fisher Slough, 2009. 
 

Bottom Water Temperature at Downstream Tidegate
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Figure 9. Maximum and minimum of levelogger at Downstream Tidegate and daily average 
bottom temperature at sites downstream of tidegate in Fisher Slough, 2009. 
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Table 3. Daily average water surface temperature in degrees Celsius on sampling days at Fisher 
Slough in 2009. Numbers in bold are postulated as stressful to juvenile Chinook salmon in 
estuaries (>15°C) (Fresh 2006). 
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Figure 10. Comparison of daily average water surface temperature in degrees Celsius for 
combined upstream and combined downstream sites by sampling day at Fisher Slough in 2009. 
Red line marks date tidegate was cabled open and no longer in normal operation. 

Date in 2009 
Location/Site 2/27 3/16 3/30 4/16 4/30 5/14 5/29 6/12 6/26 7/13 7/27 8/12 
Fisher Sl Inside s1 
 4.1 4.5 5.8 9.1 11.3 9.9 na 15.1 10.7 14.7 16.8 14.9 
Fisher Sl Inside s2 
 4.1 4.4 5.6 9.5 11.2 9.9 16.0 15.2 10.8 14.7 17.0 15.0 
Fisher Sl Inside s3 
 4.0 4.4 5.7 9.3 11.1 9.8 17.3 16.7 11.4 15.2 17.6 16.5 
Fisher Sl Inside s4 
 4.2 4.5 5.8 9.1 10.7 9.8 17.1 18.1 12.0 15.6 19.2 17.6 
Fisher Sl Inside s5 
 4.4 4.6 5.9 9.0 10.8 9.8 13.5 18.7 13.3 15.9 20.8 17.8 
Fisher Sl Inside s6 
 4.7 4.7 6.3 13.2 13.4 11.1 18.0 15.4 12.9 15.1 20.8 18.7 

U
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Fisher Sl Inside s7 
 4.8 4.6 6.0 12.9 13.5 10.6 17.6 16.7 13.6 15.1 21.0 na 
Fisher Sl Tidegate 
Outside N 
 4.5 4.5 5.8 8.6 na na na na na na na na 
Fisher Sl Tidegate 
Outside S 
 4.3 4.5 5.8 8.7 10.7 9.8 15.4 15.0 10.6 14.7 16.7 14.8 
Tom Moore Sl 
Upper Area 
 4.5 4.4 6.4 15.1 18.3 7.9 na 11.4 10.6 12.7 18.4 14.5 

D
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n
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re
am

 t
id

eg
at

e 

Fisher Sl Blind Ch 
 4.3 4.5 6.2 8.0 10.8 12.0 14.9 15.0 10.5 14.4 16.7 14.7 
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Dissolved oxygen 
Dissolved oxygen (DO) levels were measured just under the water surface on sampling 
days at each beach seine site (Table 4). We tested whether DO was influenced by site or 
date. For the nine sites where we had complete data through June 12, statistical analysis 
reveals a strong date influence but no site influence (Appendix Table 4). The seasonal 
decline in DO is shown for the combined upstream and combined downstream sites in 
Figure 11. 
 
The water quality standard in Washington State for dissolved oxygen in freshwater water 
bodies with salmonid rearing and migration is 6.5 mg/l. This minimum value was 
exceeded at four sites, all upstream of the tidegate and all on June 12 – the last sample 
date we were able to measure DO. We do not report the DO values from June 26 to the 
end of the season due to equipment malfunctions from an incorrect calibration of the DO 
meter. 
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Table 4. Dissolved oxygen (mg/l) measured at the water surface on sampling days at Fisher 
Slough in 2009. Bold values are less than Washington State’s standard for DO in freshwater 
bodies with salmonid rearing and migration. 

 

 Daily Average Water Surface Dissolved Oxygen
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Figure 11. Comparison of daily average dissolved oxygen measured at the water surface for 
combined upstream and combined downstream sites by sampling day at Fisher Slough in 2009. 
Note that measuring equipment malfunctioned on June 26. Red line marks date tidegate was 
cabled open and no longer in normal operation. 

Date in 2009 
Location/Site 2/27 3/16 3/30 4/16 4/30 5/14 5/29 6/12 6/26 7/13 7/27 8/12 
Fisher Sl Inside s1 
 11.66 11.95 11.61 11.58 9.35 9.63 8.11 7.05 na na na na 
Fisher Sl Inside s2 
 11.63 12.30 11.97 12.31 9.82 10.70 8.40 7.03 na na na na 
Fisher Sl Inside s3 
 12.37 12.69 12.05 12.27 9.85 10.54 8.15 5.98 na na na na 
Fisher Sl Inside s4 
 11.99 12.43 11.99 12.29 10.22 10.56 8.02 5.18 na na na na 
Fisher Sl Inside s5 
 11.96 12.16 11.94 12.23 10.26 10.71 9.86 4.57 na na na na 
Fisher Sl Inside s6 
 11.58 11.90 10.70 12.22 10.16 9.01 7.96 7.06 na na na na 

U
p

st
re

am
 t

id
eg

at
e 

Fisher Sl Inside s7 
 11.74 12.27 11.27 12.86 10.18 9.59 8.37 6.10 na na na na 
Fisher Sl Tidegate 
Outside N 
 12.28 12.08 11.38 11.47 na na na na na na na na 
Fisher Sl Tidegate 
Outside S 
 12.32 12.06 11.46 11.66 9.36 10.59 7.75 7.15 na na na na 
Tom Moore Sl 
Upper Area 
 12.84 12.70 12.31 10.23 9.67 12.28 na 11.56 na na na na 

D
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am
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at
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Fisher Sl Blind Ch 
 11.2 12.34 11.49 11.01 9.19 8.21 8.11 7.55 na na na na 
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Depth 
The water depth at each site varied with tidal conditions and surface water flow. Water 
depth for sites located upstream of the tidegate also varied with distance from the 
tidegate, getting gradually shallower further upstream (Table 5).  
 
Table 5. Maximum water depth (m) for sites at Fisher Slough in 2009. 

 

Date in 2009 
Location/Site 2/27 3/16 3/30 4/16 4/30 5/14 5/29 6/12 6/26 7/13 7/27 8/12 
Fisher Sl Inside s1 
 2.00 2.00 2.00 1.70 2.00 2.20 2.00 1.50 1.60 1.80 2.10 1.90 
Fisher Sl Inside s2 
 2.00 2.00 2.00 1.70 2.00 1.10 2.00 1.50 2.50 1.50 1.20 1.90 
Fisher Sl Inside s3 
 1.20 1.80 1.20 1.00 1.10 1.00 1.20 1.30 1.20 0.85 0.80 1.15 
Fisher Sl Inside s4 
 1.50 1.30 1.15 0.70 1.00 1.00 1.10 1.30 1.20 0.90 0.95 0.75 
Fisher Sl Inside s5 
 0.50 1.10 1.70 0.70 0.70 1.10 1.00 1.10 0.90 0.80 0.90 0.70 
Fisher Sl Inside s6 
 0.70 1.20 1.00 0.45 0.90 0.95 1.00 1.10 1.10 0.75 0.95 0.77 
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Fisher Sl Inside s7 
 1.10 1.50 1.50 1.00 1.30 0.90 1.50 1.60 0.80 0.80 1.00 1.27 
Fisher Sl Tidegate 
Outside N 
 3.20 3.10 2.50 2.10 na 

 
 
na 

 
 
na 

 
 
na 

 
 
na 

 
 
na 

 
 
na 

 
 
na 

Fisher Sl Tidegate 
Outside S 
 3.70 3.10 2.50 2.10 2.80 3.30 3.20 2.80 3.70 2.00 2.20 2.50 
Tom Moore Sl 
Upper Area 
 1.90 1.90 1.60 1.80 1.65 2.58 1.65 1.50 1.62 1.81 1.48 1.53 
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Fisher Sl Blind Ch 
 1.89 1.72 1.60 1.65 1.36 0.36 1.55 1.44 1.67 1.06 1.35 1.23 
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Velocity 
Water velocity upstream of the tidegate varied with the distance from the tidegate and 
location within Fisher Slough (Table 6). At Fisher Sl Inside s1, there was not any 
measurable velocity at any sampling time. This site and Inside s2 are located just 
upstream of the tidegate. Fisher Sl Inside s5, the site furthest away from the tidegate, had 
measurable velocity at all times of the sampling season. On three occasions, this site 
exceeded velocity thresholds for juvenile Chinook density, but did not exceed the 
threshold for presence (shown in Beamer et al. 2005, Figure D.II.3, page 58). 
 
Beach seine sampling at the sites directly below the tidegate was always conducted at 
high tide. There was not any measurable velocity at the two sites when we sampled there, 
even when the tidegate was chained open. Water velocity at Tom Moore Slough Upper 
Area exceeded juvenile Chinook preference threshold velocities two times. 
 
Overall, water velocity exceeded thresholds for juvenile Chinook density five percent of 
the time during beach seining, with only minor differences between up and downstream 
sites (4% at the upstream sites; 8% at the downstream sites). Thus, we did not consider 
high water velocity to be strongly influencing the distribution of juvenile Chinook salmon 
within the Fisher Slough Study Area and did not further analyze these results.  
 
Table 6. Average water velocity (m/s) at sites in Fisher Slough in 2009. Values that exceed 
juvenile Chinook preference are shown in bold (Beamer et al. 2005). 

 

Date in 2009 
Location/Site 2/27 3/16 3/30 4/16 4/30 5/14 5/29 6/12 6/26 7/13 7/27 8/12 
Fisher Sl Inside s1 
 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Fisher Sl Inside s2 
 0.00 0.00 0.13 0.15 0.00 0.07 0.00 0.00 0.00 0.00 0.00 0.00 
Fisher Sl Inside s3 
 0.17 0.00 0.17 0.11 0.05 0.11 0.00 0.00 0.00 0.00 0.00 0.00 
Fisher Sl Inside s4 
 0.00 na na 0.19 0.05 0.16 0.05 0.00 0.14 0.00 0.04 0.01 
Fisher Sl Inside s5 
 0.28 na 0.09 0.30 0.14 0.30 0.09 0.02 0.18 0.01 0.01 0.01 
Fisher Sl Inside s6 
 0.00 na 0.00 0.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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at
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Fisher Sl Inside s7 
 0.00 0.00 0.02 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Fisher Sl Tidegate 
Outside N 
 0.00 0.00 0.00 0.10 na na na na na na na na 
Fisher Sl Tidegate 
Outside S 
 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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at
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Tom Moore Sl 
Upper Area 
 0.13 na 0.09 na na 0.36 0.39 na 0.20 0.16 na 0.00 



 28 

Substrate and vegetation 
The substrate classification found at all sites upstream of the tidegate (except Inside s5) 
and the two sites directly below the tidegate was mixed fines. The substrate at Tom 
Moore Sl Upper Area and Fisher Sl Inside s5 was sand. 
 
Vegetation at the sites upstream of the tidegate changed seasonally. At the start of the 
season all sites were considered unvegetated. By June 12 the vegetation within the 
channel grew so that all sites were classified as fresh water aquatic plants, made up 
primarily of pondweed.  By the end of sampling on August 12,   the set areas at each site 
were approximately 75% covered by pondweed. We did not identify the pondweed 
species. 
 
All of the beach seine sites downstream of the tidegate were classified as unvegetated 
throughout the sampling season.  The vegetation at the fyke trap site was a combination 
of fresh water grasses and fresh water aquatic plants. 
 



 29 

Fish assemblage 
There were 14,316 fish representing 17 different fish species captured in the sampling 
effort at Fisher Slough. In addition to the fish species, we identified and counted two non-
fish species: rough-skinned newts and freshwater mussels. The total catch for all species 
is shown in Table 7. 
 
The sampling effort at the sites upstream of the tidegate caught 11,231 fish of 16 different 
species (Table 7).  All juvenile salmon species combined represented 11.60% of the total 
catch above the tidegate. Wild juvenile sub-yearling Chinook salmon comprised 56.79% 
of the salmon catch. Wild juvenile sub-yearling coho salmon comprised 21.57% of the 
salmon catch and wild juvenile yearling coho salmon comprised 13.28% of the salmon 
catch. Chum salmon represented 0.61% while steelhead made up 0.08% of the salmon 
catch. Cutthroat trout comprised 6.83% of the salmon catch. Hatchery origin Chinook 
salmon accounted for 0.77% of the juvenile salmon catch. 
 
Threespined stickleback was the predominate species caught, accounting for 82.52% of 
the fish caught above the tidegate. They were caught on every sampling day and were 
caught at each site throughout the area located above the tidegate. The peak catch of 
stickleback was mid-July, when the average density was 39,321 fish per hectare (Figure 
12, panel A). The remainder of the catch upstream of the tidegate was comprised of 
peamouth chub (4.50%), prickly sculpin (0.51%), pumpkinseed sunfish (0.62%), starry 
flounder (0.01%), shiner perch (0.03%), yellow perch (0.02%), red-sided shiner (0.01%),  
large scale sucker (0.05%,) and lamprey (0.07%) . 
 

 
Pumpkinseed sunfish at Fisher Slough 
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The sampling effort at the sites downstream of the tidegate caught 3,081 fish of 14 
different species (Table 7). All juvenile salmon species combined represented 34.50% of 
the total catch below the tidegate. Wild juvenile sub-yearling Chinook salmon comprised 
81.37% of the salmon catch. The remainder of the salmon catch consisted of hatchery-
origin Chinook (3.67%), wild sub-yearling coho (3.39%), wild unmarked yearling coho 
(5.46%), chum (3.01%), cutthroat trout (1.41%), and mountain whitefish (1.69%). 
 
Threespined stickleback accounted for 52.42% of the fish caught below the tidegate.  
They were present in the catches in the fyke trap and at the beach seine site directly 
below the tidegate at all times during the year. There were only five stickleback caught at 
Tom Moore Sl Upper Area site.  The peak density of stickleback below the tidegate was 
on July 12, with an average of 10,706 fish per hectare (Figure 12, panel B). Peamouth 
chub accounted for 7.17% and prickly sculpin 5.10% of the fish catch below the tidegate. 
The remainder of the catch was comprised of pumpkinseed sunfish (0.03%,) starry 
flounder (0.58%), English sole (0.06%), yellow perch (0.03%), red-sided shiner (0.03%), 
large scale sucker (0.03%,) and lamprey (0.06%). Shiner perch were not caught at the 
sites below the tidegate. 
 

 
Spawning peamouth chub at Fisher Slough 
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Table 7. Total catch by species at Fisher Slough sites in 2009.  Mean catch per beach seine set or 
per fyke trap daily catch is in parentheses. 
 

  
Upstream of 

tidegate 
Downstream of tidegate 

 
Salmonid species: beach seine beach seine  fyke trap 
Chinook salmon, unmarked subyearling 
Oncorhynchus tshawytscha  740 (8.81) 191 (4.66) 674 (56.17)
Chinook salmon, hatchery origin, all marks and 
ages combined  
Oncorhynchus tshawytscha 10 (0.12) 37 (0.90) 2 (0.17)
Coho salmon, unmarked subyearling  
Oncorhynchus kisutch  281 (3.35) 9 (0.220) 27 (2.25)
Coho salmon, unmarked yearling  
Oncorhynchus kisutch  173 (2.060 4 (0.10) 54 (4.50)
Chum salmon, subyearling 
Oncorhynchus keta  8 (0.10) 4 (0.10) 28 (2.33)
Cutthroat trout, all ages  
Oncorhynchus clarki  89 (1.06) 8 (0.20) 7 (0.58)
Steelhead, unmarked yearling  
Oncorhynchus mykiss 1 (0.01) 0 (0.00) 0 (0.00)
Mountain whitefish  
Prosopium williamsoni 1 (0.01) 18 (0.44) 0 (0.00)
Total salmonids 1303 271 792
      

Other freshwater or estuarine fish species:     
Three-spine stickleback 
Gasterosteus aculeatus 9271 (110.37) 302 (7.37) 1313 (109.42)

Peamouth chub Mylocheilus caurinus 506 (6.02) 96 (2.34) 125 (19.42)

Prickly sculpin Cottus asper 57 (0.68) 15 (0.07) 142 (11.83)

English sole Parophrys vetulus 0 (0.00) 2 (0.05) 0 (0.00)

Starry flounder Platichthys stellatus 1 (0.01) 18 (0.44) 0 (0.00)

Shiner perch Cymatogaster aggregata 3 (0.04) 0 (0.00) 0 (0.00)

Yellow perch Perca flavescens 2 (0.02) 0 (0.00) 1 (0.08)

Redside shiner Richardsonius balteatus 1 (0.01) 1 (0.02) 0 (0.00)

Pumpkinseed Lepomis gibbosus 70 (0.83) 0 (0.00) 0 (0.00)

Largescale sucker  
Catostomus macrocheilus 6 (0.070) 0 (0.00) 1 (0.08)
Lamprey 8 (0.10) 2 (0.05) 0 (0.00)
Total other fish species: 9928 436 1582
       
Non-fish species:      

Rough-skinned newt Taricha granulosa 68 (0.81) 0 (0.00) 2 (0.17)

Freshwater mussel 2044 (24.33) 0 (0.00) 0 (0.00)
Total non-fish species: 2112 0 2

Total catch 13343 707 2376
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Figure 12.  Fish assemblage in Fisher Slough in 2009. Red line marks date tidegate was cabled 
open and no longer in normal operation. 
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A.          Fish Assemblage Upstream of Tidegate
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Stickleback density 
was 39,321 on 7/13, 
37,571 on 7/27 and 
29,874 on 8/12 
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Juvenile Chinook salmon density 

Comparison of juvenile Chinook density by site and date 
Juvenile wild Chinook salmon were present upstream of the tidegate in Fisher Slough 
when we started sampling in February. Peak density of juvenile wild Chinook salmon 
was on April 16 with an average density of 5,411 fish per hectare of channel (Figure 13). 
The density of Chinook salmon decreased to a low of 44.6 fish per hectare on July 13. 
We did not find any wild juvenile Chinook salmon upstream of the tidegate after July 13. 
Juvenile wild Chinook salmon were present downstream of the tidegate in Fisher Slough 
in February. Peak density of juvenile wild Chinook salmon was on April 16, with an 
average density of 3,290 fish per hectare of channel. The density of Chinook generally 
declined after mid-April. However, juvenile Chinook salmon were still present 
downstream of the tidegate when we finished sampling on August 12. 
 
We tested whether juvenile Chinook density was influenced by site or date. For the ten 
sites where we had complete data for the 12 sampling dates, statistical analysis reveals 
log transformed Chinook density was influenced by date but not site (Appendix Table 5). 
We also assumed that our Chinook catches from the collective sites up and downstream 
of the tidegate represent juvenile Chinook density in habitat associated with each side of 
the tidegate (up and downstream). Thus, we averaged juvenile Chinook density from each 
site into an average Chinook density for two groups: up and downstream of the tidegate 
for each sampling date. Paired T-test on these data revealed no significant difference in 
log transformed mean juvenile Chinook density between sites up and downstream of the 
tidegate over the entire sampling period (Appendix Table 6). 
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Figure 13. Comparison of average density of wild subyearling Chinook salmon for combined 
upstream and combined downstream sites by sampling day at Fisher Slough, 2009. Red line 
marks date tidegate was cabled open and no longer in normal operation. Error bars are one 
standard deviation. 
 

 
Juvenile Chinook salmon 
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Landscape connectivity and the tidegate site within Fisher Slough 
The plot of seasonal Chinook density by landscape connectivity of the Fisher monitoring 
sites reveals no obvious disruption in Chinook density associated with the location of the 
tidegate (Figure 14). By excluding the result for the Tom Moore Slough site located 
downstream of the tidegate (DS Tidegate Tom Moore Sl), there is a weak positive 
correlation between seasonal Chinook density and landscape connectivity. The Tom 
Moore Slough site is possibly lower in seasonal Chinook density than the other Fisher 
Slough sites because of a difference in its channel type. This site is a distributary channel 
site rather than a channel that is either a blind channel or one that functions like a blind 
channel. 

Comparison of Chinook density in Fisher Slough to other sites within 
the Skagit tidal delta 
We needed to look at the potential effect of landscape connectivity in two ways: 1) the 
Skagit Chinook Plan values predicted for the Fisher Slough Restoration Project and 2) an 
alternative migration pathway to Fisher Slough due to changes in the river since writing 
the Chinook Plan. 
 
The Chinook Plan calculated connectivity based on a fish migration pathway of fish 
moving from the south fork Skagit River to Steamboat Slough and into Tom Moore 
Slough through its bifurcation with Steamboat Slough, and then into Fisher Slough 
(Figure 1). Since writing the Chinook Plan in 2005, a logjam at the bifurcation between 
Tom Moore Slough and Steamboat Slough has been growing to a point that very little 
water flows through this bifurcation except at higher river flows and higher tides (Figure 
15). It is possible that juvenile Chinook salmon access to Fisher Slough through the upper 
end of Tom Moore Slough is more or less blocked behaviorally for juvenile Chinook 
salmon migration at the population (rather than individual) scale. Thus, we calculated 
landscape connectivity to Fisher Slough via the downstream of end of Tom Moore 
Slough in addition to using the connectivity values for Fisher Slough in the Chinook 
Plan. Figure 16 shows the fish migration pathway used for the additional calculation. 
 
Panel A (Figure 17) shows a strong positive relationship between seasonal Chinook 
density and landscape connectivity for the long term monitoring sites throughout the 
Skagit Delta, but none of the Fisher Slough sites fit in the Skagit relationship. Panel B 
(Figure 17) shows the Fisher Slough sites fitting within the relationship of the other 
Skagit sites with landscape connectivity, suggesting the logjam is blocking the more 
direct access (through the upper end of Tom Moore Slough) of juvenile Chinook salmon 
to Fisher Slough. In 2009, most of the fish must have migrated to Fisher Slough from the 
downstream end of Tom Moore Slough. 
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Wild juvenile Chinook salmon
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Figure 14. Relationship between landscape connectivity and seasonal Chinook salmon density for 
Fisher Slough Monitoring sites in 2009. The red line is where the tidegate is located. 
 
 
 
 

 
Figure 15.  Photos over a 10-year period show the growth of the logjam at the bifurcation of 
Steamboat Slough and Tom Moore Slough. 
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Figure 16. Steamboat Slough and Tom Moore Slough. Arrows indicate suspected migration 
pathway of juvenile Chinook salmon into Fisher Slough if log jam is blocking direct access 
through the upstream end of Tom Moore Slough. 
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A - Wild juvenile Chinook salmon
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Figure 17. Relationship between landscape connectivity and seasonal Chinook salmon density for 
Skagit delta long-term monitoring sites and Fisher Slough monitoring sites in 2009. Panel A 
shows connectivity calculated to Fisher Slough sites based on a fish migration pathway using the 
upper end of Tom Moore Slough. Panel B shows connectivity calculated to Fisher Slough sites 
based on a fish migration pathway using the downstream end of Tom Moore Slough. 
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Juvenile Chinook salmon size 
We measured the fork length on a subsample of all wild subyearling Chinook salmon 
caught upstream and downstream of the tidegate in 2009. Chinook length up and 
downstream of the tidegate prior to and including the date of peak juvenile Chinook 
salmon density (April 16) was small and showed no strong increasing or decreasing trend 
for this period (Figure 18). During this early period, average juvenile Chinook salmon 
fork length ranged from 41.6 to 46.1 mm. After the date of peak Chinook density, 
average Chinook length steadily increased for fish up and downstream of the tidegate. 
The increasing trend in Chinook length was observed starting May 14 for fish 
downstream of the tidegate and averaged 7 mm of increase in length for each two-week 
period. The increasing trend in Chinook length began two weeks earlier on April 30 for 
fish upstream of the tidegate, and averaged 5 mm of increase in length for each two week 
period.  
 

Size of Wild Subyearling Chinook Salmon
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Figure 18. Comparison of average size of wild subyearling Chinook salmon for combined 
upstream and combined downstream sites by sampling day at Fisher Slough, 2009. Red line 
marks date tidegate was cabled open and no longer in normal operation. Error bars are one 
standard deviation. The sample size of fish measured each date is shown above the bar for each 
group (upstream and downstream of tidegate). 
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Other salmon 
Coho salmon 
Coho salmon were present in Fisher Slough upstream of the tidegate at the start of 
sampling. The coho found in February had an average density of 238 fish per hectare. We 
did not find any coho salmon in March. On April 16 we found coho salmon yearlings at 
an average density of 116 fish per hectare. The density increased as the coho salmon 
smolt outmigration continued with a peak density of 982 fish per hectare on May 14. The 
yearling coho salmon were not found upstream of the tidegate after June 26. The average 
density was 45 fish per hectare at that time (Figure 19, panel A). 
 
Subyearling coho salmon (young of the year fish) were not found in our upstream beach 
seine catches until April 16. There was a bi-modal distribution in the density with the first 
peak seen on June 12 with an average density of 789 fish per hectare. The second peak 
was found on July 27 with an average density of 692 fish per hectare (Figure 19, panel 
B.) There were always more subyearling coho salmon found upstream of the tidegate 
than downstream of the tidegate. 
 
Yearling coho salmon were only found in April and May at the sites downstream of the 
tidegate. On April 16 the average density was 10 fish per hectare. The peak abundance 
was on May 29 when the density was 950 fish per hectare. There were not any yearling 
coho salmon found after that time (Figure 19, panel A). 
 
Subyearling coho salmon were found starting in April at the sites downstream of the 
tidegate. During April and May the average density was less than 50 fish per hectare on 
each day we sampled. The peak abundance was on June 12 when the average density was 
281 fish per hectare (Figure 19, panel B). 
 
Chum salmon 
Very few chum salmon were found upstream of the tidegate. We caught them on only 
two of our sampling days: April 16 and June 29. The average density was 106 and 15 fish 
per hectare, respectively (Figure 19, panel C). 
 
Downstream of the tidegate, chum salmon were caught March 30 through May 14. The 
peak density was 117 fish per hectare on April 16. This was the same day as the peak 
catches from the sites upstream of the tidegate (Figure 19, panel C). 
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Juvenile chum and a few Chinook salmon 

 
Cutthroat trout 
Cutthroat trout were present in the catch upstream of the tidegate on February 27 and 
then were not found until the end of April. They were present at those sites from April 30 
through the end of sampling in August. The peak catch was on April 30 with an average 
density of 738 fish per hectare. The density of cutthroat trout was higher at the sites 
upstream of the tidegate than at downstream sites except for June 13 and August 12 
(Figure 19, panel D). 
 
Cutthroat trout were found at the sites downstream of the tidegate in all months. The peak 
density was on May 14 with an average density of 71 fish per hectare (Figure 19, panel 
D). 
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Cutthroat trout at Fisher Slough 

 
Hatchery-origin Chinook salmon 
There were 49 hatchery-origin Chinook salmon caught at Fisher Slough in 2009: 45 
yearling and 4 subyearling. We sacrificed 30 of the fish in order to read the coded wire 
tags (CWT) implanted in their snouts. Of the sacrificed fish, 26 were yearlings and 4 
were subyearlings.  
 
All of the tags that were read came from the WDFW hatchery at Marblemount on the 
Skagit River.  The majority (40 of 49) of the hatchery fish were caught on April 30.   
Thirty-four of these fish were caught downstream of the tidegate and six were caught 
upstream of the tidegate. We subsampled 26 of the 40 yearlings caught on April 30 and 
found that all of the yearling Chinook were from the spring Chinook stock that had been 
released from the hatchery on April 1. It is assumed all of the yearling Chinook sampled 
on this day were from this group of fish. 
 
The four subyearling Chinook salmon that were caught and sacrificed consisted of three 
fall stock Chinook salmon that were reared at the Marblemount hatchery and released at 
the mouth of the Baker River. The other subyearling was a spring stock Chinook salmon 
released from the hatchery. Three of the subyearlings were caught in the sites 
downstream of the tidegate and one was captured at a site upstream of the tidegate, 
sporadically over the season. 
 
Steelhead 
There was one juvenile steelhead caught at Fisher Slough. It was captured upstream of 
the tidegate at Fisher Sl Inside s5. It was a wild-origin caught on April 30. 
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B.          Density of Wild Subyearling Coho 
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A.          Density of Wild Unmarked Yearling Coho
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D.          Density of Cutthroat Trout
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C.          Density of Subyearling Chum
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Figure 19. Comparison of average density of coho salmon, chum salmon and cutthroat trout for combined upstream and combined downstream 
sites by sampling day at Fisher Slough in 2009. Error bars are one standard deviation. Red line marks date tidegate was cabled open and no longer 
in normal operation. 
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Non-fish biota 

Rough-skinned newts 

There were 70 rough-skinned newts caught in our sampling at Fisher Slough: 68 
upstream of the tidegate and two downstream. Of the newts sampled upstream, 64 came 
from Fisher Sl Inside s6 and Fisher Sl Inside s7 (32 and 34 respectively). Both of these 
sites are located in the side channel area of Fisher Slough, characterized by slow moving 
water. The peak catch of the newts was in April and accounted for 73.5% of the newt 
catch upstream of the tidegate.  Mid-spring to early summer is when the rough-skinned 
newts move from their preferred habitat in forested, partially wooded areas to stream 
backwaters to breed (Corkran and Thoms, 1996). The newts were caught sporadically 
after April until July 13. 
 
The two rough-skinned newts caught downstream of the tidegate were sampled in the 
fyke trap on May 14 and June 12. 
 

 
Rough-skinned newt at Fisher Slough 
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Freshwater mussels 
We counted freshwater mussels as they are suggested biomonitors, an indicator species 
for clean water (Nedeau et al. 2009). There were 2,044 freshwater mussels counted in our 
beach seine samples. All came from upstream of the tidegate and were present at all of 
the upstream sites. Nearly 85% of the mussels were caught in the side channel area at 
Fisher Sl Inside s6 and Inside s7 (1,223 and 504 respectively). At the remainder of the 
upstream sites the catch was: Fisher Sl Inside s1 n=152, Inside s2 n=121, Inside s3 n=26, 
Inside s4 n=17, and Inside s5 n=1. 
 
Mussels are sedentary and, once sampled, were returned to the same area from which 
they were seined. The counts varied each time we sampled at a site. The peak catch was 
on April 30 when we caught 607 mussels. On August 12 there was only one mussel 
caught in the beach seine sampling. 
 
Freshwater mussels are different from saltwater mussels, burrowing themselves into soft 
substrate rather than attaching themselves to rocks or pilings. The substrate at Fisher Sl 
Inside s5 is coarse sand due to the higher water velocity there, so it is not surprising that 
there was only one mussel sampled at that site. 
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Discussion 

Upstream juvenile salmon fish passage opportunity at the 
tidegate 
We calculated the upstream fish passage opportunity from water surface elevation (WSE) 
data for juvenile salmon as 49% of the time when the old tidegate worked normally and 
73% of the time when the doors were cabled open. These estimates were based on 
inferences made from WSE data and an understanding of how the tidegate operates. We 
did not directly measure fish movement. Because of this, we made assumptions about 
how and when juvenile salmon move in tidal channels through tidegated sites. The major 
assumptions include: 
 

1. Fish can only move through gated areas when the gates are open. 
2. Fish can move anytime with the direction of the water current. 
3. Fish can move against the water current when water velocity is less than some 

physical or behavioral limit to the fish’s swimming ability. 
4. The velocity threshold is generally exceeded during the maximum ebb tide flow 

period (shown as Time period B in Figure 5). 
 
Assumption 1 needs little confirmation as it is obvious fish can’t swim through solid 
barriers meant to stop water flow. Fyke trapping data supports assumption 2 because the 
method simply would not work if fish did not move in the general direction of the water 
current. We do not have good data, or references, to quantify the velocity thresholds 
described in assumption 3 for tidal habitat. However, we do observe a relationship 
between juvenile Chinook salmon presence and lower velocities in Skagit delta tidal 
channels (shown in Beamer et al. 2005, Figure D.II.3, page 58) and we do know that 
juvenile Chinook move against the current in tidal channels. A study at the nearby Wiley 
Slough area found that the majority of juvenile Chinook moved on ebbing tides in the 
upstream direction (unpublished data from Correigh Greene, NOAA Fisheries, Northwest 
Fisheries Science Center). The results at Wiley Slough are based on PIT (passive 
integrated transponder) tag data. Juvenile Chinook salmon that can be PIT tagged are 55 
mm in fork length (or larger), which is larger than the vast majority of Chinook salmon 
caught before June at Fisher Slough (Figure 18) and represent only about 9% of the 
season long juvenile Chinook density upstream of the tidegate (Figure 13). Therefore 
conclusions about juvenile Chinook movement direction based on PIT tag results might 
not represent the majority of juvenile Chinook using Fisher Slough.  
 
The water velocity which juvenile Chinook salmon can swim against is likely positively 
related to the size of the fish (Flagg & Smith 1979). Therefore, tidegates at Fisher Slough 
should accommodate juvenile Chinook that are as small as 40-45 mm fork length because 
this is the size of fish when they arrive in the delta looking for tidal channels to occupy 
during their delta rearing phase (Figures 13 and 18). 
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If direct fish movement is not measured, then future physical monitoring at the tidegate 
should measure variables directly associated with fish passage opportunity including: 1) 
when the doors are open, 2) how far the doors are open, within and around the culvert, 3) 
water velocity,  and 4) flow direction. Having these data, along with fish density data up 
and downstream of the tidegate site, will better inform our understanding of fish passage. 

Influence of site level environmental variability on juvenile 
Chinook salmon density 
Because fish respond to their local environment (salinity, temperature, DO, velocity, 
depth, and substrate/vegetation) and the environment changes seasonally and spatially, 
we need to consider how much the local environment is influencing our observed fish 
patterns up and downstream of the tidegate. 

Salinity 
Due to the very low site and date differences in salinity (or conductivity), this 
environmental factor is not likely influencing juvenile Chinook monitoring results 
between sites up and downstream of tidegate. 

Temperature 
Water temperature higher than 15°C has been postulated as stressful to juvenile Chinook 
salmon rearing in estuarine habitats (Fresh 2006, page 4). He hypothesized that as water 
temperature increases beyond 15°C, the increased stress on fish results in a movement 
response of fish from shallower tidal channels to deeper refuge areas in larger channels, 
or out of the delta altogether. For juvenile Chinook salmon in Skagit Bay, frequency plots 
of fish presence by water temperature suggests the preferred temperature for juvenile 
Chinook is around 13°C-14°C (Correigh Greene, NOAA Fisheries, Northwest Science 
Center). While we lack published field studies confirming Fresh’s hypothesis or other 
water temperature effects in estuarine or tidal habitats for juvenile Chinook salmon, one 
author (McCullaugh 1999) did synthesize findings from studies done on Chinook salmon 
in freshwater. 
 
In the McCullaugh review, lethal temperatures for juvenile Chinook salmon in freshwater 
were reported to vary somewhat by exposure time and acclimation temperature. We 
picked a finding that best fit our more extreme (highest temperature) situation at Fisher 
Slough. The upper incipient lethal temperature (i.e., the temperature at which 50% 
mortality is observed in a group of fish for a given acclimation temperature – in this case 
acclimation temperature is 15.6°C – the nearest reported value to our high average 
temperature at Fisher Slough) was reported as 24.8°C (cited in McCullaugh 1999). 
 
McCullaugh also reported temperatures preferred by juvenile Chinook salmon in 
freshwater. Lab studies found the preferred temperature range for fingerling Chinook 
salmon was 12°C-13°C when fish were acclimated to temperatures ranging from 10°C to 
24°C. At least one author cited by McCullaugh suggested the preferred rearing 
temperatures were as high as 14.6°C, based on field investigation. 
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The overall temperature range in Fisher Slough for sites up and downstream of the 
tidegate included water lower in temperature than is postulated as stressful to juvenile 
Chinook salmon in estuaries (i.e., 15°C) except for a several day period at the end of July 
and the beginning of August (Figures 8 and 9). During that same time, maximum water 
temperature did exceed the reported lethal temperature for juvenile Chinook salmon 
(24.8°C) at the logger sites up and downstream of the tidegate. Therefore, water 
temperature also likely exceeded the lethal threshold at our up and downstream fish 
sampling sites, possibly influencing our Chinook catches on the last two sampling dates: 
July 27 and August 12. We expect that any adverse effects on Chinook salmon catch on 
July 27 and August 12 caused by high temperature would have influenced both up and 
downstream sites equally. Consistent with this thought, we observed no Chinook salmon 
at the upstream sites and very few were caught at the downstream sites on July 27 and 
August 12 (Figure 13). 
 
Site differences in temperature within Fisher Slough were detected in ANOVA results for 
the period when the tidegate was cabled open. The upstream sites were warmer than 
downstream sites. However, logger data shows that water cooler than the postulated 
stressful threshold for juvenile Chinook salmon in estuaries (15°C) was available each 
day for both groups of sites (up and downstream of the tidegate). Because of this, site 
differences in water temperature are likely not influencing juvenile Chinook monitoring 
results between sites up and downstream of tidegate except for the last two sampling 
dates (July 27 and August 12). 
 
We conclude overall that water temperature is a factor contributing to juvenile Chinook 
salmon timing at the end of the monitoring period (late July and August) but that this 
factor is generally influencing sites up and downstream of the tidegate equally. Fish are 
likely leaving the study area somewhat in response to the high water temperature 
observed in late July and August. Other factors likely contribute to the decline of 
Chinook in tidal delta habitats during this time of year.  

Dissolved oxygen 
Dissolved oxygen levels in Fisher Slough may be lower than ideal for juvenile salmon 
rearing and migration requirements upstream of the tidegate during daytime in June or 
later in summer. If true, this issue would likely reduce Chinook density due to habitat 
quality independent of upstream fish passage efficiency at the tidegate.  
 
DO may fluctuate dramatically when algae blooms are occurring. A drop in night time 
DO is common due to respiration of algae, while photosynthesis during the day produces 
oxygen. We recommend DO monitoring be expanded to include at least some round-the-
clock monitoring during the time when algae are present. Sampling methods should be 
revised to measure DO just under the surface and at depth. 
 
We also recommend thinking about potential causes contributing to low DO within the 
Fisher Slough Area. 
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Depth 
Water depth always exceeds the minimum threshold criteria of 0.20 meters for juvenile 
Chinook salmon (shown in Beamer et al. 2005, Figure D.II.2, page 57) at all site and date 
combinations. Site differences in water depth are likely not influencing juvenile Chinook 
monitoring results between sites up and downstream of tidegate. 

Velocity 
In a study describing juvenile Chinook salmon use of tidal channel in the Skagit delta, 
few juvenile Chinook salmon were captured in water velocities greater than 0.20 meters 
per second and essentially none were captured in velocities greater than 0.38 meters per 
second over a six-month sampling period (shown in Beamer et al. 2005, Figure D.II.3, 
page 58). When juvenile Chinook were captured in higher velocity habitat, it was later in 
the year when the fish were larger, suggesting the threshold relationship changes over the 
season, possibly related to an increased swimming ability of progressively larger juvenile 
Chinook later in the season. 
 
Water velocity at the Fisher Slough sites during fish sampling generally did not exceed 
the threshold velocity criteria described above for juvenile Chinook salmon at the 
majority of site and date combinations. Site differences in water velocity are likely not 
influencing juvenile Chinook monitoring results between sites up and downstream of 
tidegate. 

Substrate and vegetation 
Site differences in substrate and vegetation may influence juvenile Chinook monitoring 
results between sites up and downstream of tidegate. More aquatic vegetation is present 
upstream of the tidegate than downstream, especially later in the season. At this time, we 
have no way to determine whether vegetation significantly influences juvenile Chinook 
salmon monitoring results. 

Juvenile salmon density up and downstream of the tidegate 
It is not surprising to find other species of salmon in abundance upstream of the tidegate 
because there are known natal populations of coho and cutthroat in the watersheds 
upstream of the tidegate. Adult salmonids returning to these watersheds, due to their 
larger size, more easily pass through tidegate sites by swimming against the current when 
the doors are open. Their progeny were likely observed in our monitoring results as well 
as non-natal progeny colonizing the rearing habitat available in Fisher Slough from areas 
downstream of the tidegate. 
 
Future monitoring of spawners within the watersheds of Fisher Slough would help 
explain fluctuations in salmon densities other than Chinook salmon. 

Chinook salmon 
There was essentially no difference in the season long Chinook density curves for sites 
upstream and downstream of the Fisher Slough Tidegate (Figure 13). Statistical analysis 
revealed only date differences in Chinook density, which is expected from a migrating 
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species such as Chinook salmon when we monitor the entire period of juvenile tidal delta 
residence. 
 
Tidegates, especially under normal gravity operation, are commonly thought to block 
upstream passage of juvenile salmon. Therefore, it is news that juvenile Chinook salmon 
were present, if not abundant, upstream of the Fisher Slough tidegate in 2009 because no 
Chinook spawners exist within the watersheds upstream of the tidegate to seed the habitat 
from upstream sources. 
 
Because the source of juvenile Chinook salmon is non-natal relative to Fisher Slough, 
fish passage through the tidegate at Fisher Slough must adequately allow up and 
downstream migration for juvenile salmon. The results for 2009 are pre-restoration 
treatment results for Phase 1 of the Fisher Slough Restoration Project. Phase 1 is tidegate 
replacement. Therefore, we need to look at the same fish distribution data after the 
tidegate has been replaced to draw conclusions about effects of Phase 1 on juvenile 
Chinook salmon. 
 
Juvenile Chinook salmon were present in all months monitored (late February through 
mid-August). The juvenile Chinook salmon timing curves (e.g., presence and density), as 
well as the curves shown for other fish species, can serve to guide tidegate operation for 
better fish management. 
 

Influence of habitat connectivity on juvenile Chinook salmon 
Identifying how accessible and interconnected delta habitats such as Fisher Slough are to 
fish populations is necessary in evaluating the ecological importance of these habitats and 
predicting restoration benefits planned for Fisher Slough.  
 
Within the delta and nearshore ecosystems of the Skagit River, Beamer et al. (2005) used 
habitat connectivity as an attribute to help value specific habitat types for Chinook 
salmon recovery planning. They considered connectivity at two different scales.  First, 
they referred to landscape or large scale connectivity as the relative distances and 
pathways that salmon must travel to find habitat. Landscape connectivity is defined as a 
function of both the length and the complexity of the pathway that salmon must follow to 
certain types of habitats, like blind tidal channels in deltas. Habitat connectivity decreases 
as the complexity of the route fish must swim increases and as the distance the fish must 
swim increases.  Within the Skagit delta, the complexity of the route fish must take to 
find key habitat was measured by the delta distributary channel bifurcation order and 
distance traveled. Beamer et al. (2005) show results from 2003, which had an 
outmigration population size of 5,500,000 juvenile Chinook salmon.  In this year, 
landscape connectivity explained 68% of the variation in seasonal density of Chinook 
salmon at monitored sites within the Skagit estuary (see pages 20-21 of Beamer et al. 
2005). 
 
Therefore we expected a positive correlation of seasonal Chinook density and landscape 
connectivity in the Skagit delta in 2009. We further thought that if a tidegate is blocking 
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fish access to habitat, we might observe a disruption in the predicted landscape 
connectivity and seasonal Chinook density relationship. However, at the scale of Fisher 
Slough (Figure 14), we found no evidence of a tidegate disruption on Chinook density, 
and the predicted positive relationship was very weak even if you exclude the result from 
the Tom Moore Slough site located downstream of the tidegate (DS Tidegate Tom Moore 
Sl), which is a different channel type than all other Fisher Slough sites. 
 
At the Skagit delta scale (Figure 17, panels A and B) we did find landscape connectivity 
strongly correlated with seasonal Chinook density. However, landscape connectivity to 
the Fisher Slough Restoration Site is quite different in 2009 than when the Skagit 
Chinook Recovery Plan was written. The Skagit Chinook Recovery Plan used orthophoto 
images from 2000 as a basis for Skagit delta channel pattern and size. The logjam that 
has been developing at the bifurcation between Steamboat Slough and Tom Moore 
Slough apparently is not allowing significant juvenile Chinook migration through it. This 
logjam has been increasing in size post 2000, and in 2009 has trees growing on it (Figure 
15). By inference, the dominant juvenile Chinook migration pathway apparently is from 
the downstream end of Tom Moore Slough and then upstream Tom Moore Slough to 
Fisher Slough (Figure 16).  
 
As a result of the growing logjam, habitat associated with Fisher Slough is less connected 
to the source of Chinook salmon in 2009 than in 2000. The reason for this is natural, and 
should be expected in dynamic systems like large river tidal deltas. However, this 
changes the estimated carrying capacity for juvenile Chinook salmon of habitat 
associated with the Fisher Slough Restoration Project compared to that reported in the 
Chinook Recovery Plan. This is a good illustration of how habitat function for juvenile 
Chinook salmon (and other biota) can fluctuate over time as connectivity changes 
naturally within the delta. Also worth noting is that during the time the logjam is a 
geomorphic and hydraulic impediment, Tom Moore Slough itself likely has increased in 
juvenile Chinook carrying capacity because this channel now behaves more like a blind 
tidal channel, which has more carrying capacity per unit area, than an open-ended 
distributary channel. 

Estimate of Chinook smolt carrying capacity for pre-restoration 
project habitat in Fisher Slough 
As part of this report, TNC requested an updated estimate of juvenile Chinook salmon 
carrying capacity of existing and restored (in the future) habitat associated with the Fisher 
Slough Restoration Area. The estimate is applied to tidally influenced habitat upstream of 
the tidegate site. Carrying capacity is based on two variables: 1) tidal channel area 
available to fish and 2) landscape connectivity. The methods are described in Beamer et 
al. 2005 (page 89). 
 
We also compared the juvenile Chinook carrying capacity estimate against expanded 
juvenile Chinook density data from our 2009 Fisher Slough monitoring results in context 
with the juvenile Chinook salmon smolt outmigration population estimate for the Skagit 
River. 
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Current tidal habitat upstream of the tidegate in 2009 
We demonstrated that landscape connectivity to Fisher Slough has likely changed from 
what was reported in the Skagit Chinook Recovery Plan; therefore we estimated juvenile 
Chinook carrying capacity using different connectivity values. 
 
If Fisher Slough currently has 4 acres (1.62 hectares) of tidal channel, then this current 
habitat has the capacity to support 32,328 or 19,956 tidal delta rearing Chinook salmon 
smolts annually depending on which connectivity values were used (Table 8). Monitoring 
results from 2009 best support the 19,956 fish estimate.  
 
If Fisher Slough in the future adds another 0.81 hectares of tidal channel through 
restoration, then this new habitat alone has the capacity to support 16,431, 15,183, or 
7,287 tidal delta rearing Chinook salmon smolts annually depending on which 
connectivity values were used (Table 9). Monitoring results from 2009 best support the 
7,287 fish estimate.  
 
For each of these carrying capacity estimates there are at least two assumptions that need 
to be discussed: 

 Fisher Slough Restoration Project channels function like blind channels, which 
the carrying capacity model is based on. This assumption is valid for Fisher 
Slough upstream of the tidegate and is supported by the fish density data collected 
in 2009 that is compared to long term monitoring sites located throughout the 
Skagit tidal delta.  

 The connectivity calculation was not reduced for a project design using a tidegate 
structure. Connectivity was calculated assuming open channels scaled by their 
width (and several fish migration pathways due to the logjam issue).  This may 
not be an issue, at least for the tidegate in place in 2009, because fish density data 
show no difference up and downstream of the tidegate. Also, fish passage 
opportunity was calculated to be nearly 50% of the time even when the tidegate 
was operated normally. This issue should be considered in the future as the new 
tidegate might not operate the same. 

 
Context of modeled carrying capacity estimates with 2009 fish monitoring data 
WDFW operates a downstream migrant trap in the lower Skagit River near the town of 
Burlington to estimate the population size of outmigrating juvenile Chinook salmon each 
year. The point estimate for the wild juvenile Chinook outmigration in 2009 is 2.8 million 
fish (M. Zimmerman, WDFW). This estimate is 54% of the juvenile Chinook population 
size (5.1 million) determined by stock production analysis to fully seed the Skagit delta 
with juvenile Chinook salmon (Beamer et al. 2005). Therefore, in 2009, therefore we’d 
predict that tidal delta habitat was about half filled by juvenile Chinook salmon in 2009. 
The point estimate for Fisher Slough in 2009 of 8,236 (Table 10) tidal delta rearing 
Chinook smolts is 41% of the carrying capacity estimate (19,956 fish, Table 8) for the 
1.62 hectares of existing habitat upstream of the Fisher Slough tidegate. 
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Table 8. Juvenile Chinook salmon carrying capacity model results for existing channel habitat 
upstream of Fisher Slough tidegate. Channel area from TNC. The best estimate for 2009 
conditions is in bold. 

Connectivity Comment 
Landscape 
Connectivity

Channel 
(ha) 

Smolts 
annually 

 Fish migration pathway via upper end of Tom 
Moore Slough 

 Updated from Chinook Plan based on changes 
in channel widths in Tom Moore Slough and 
Fisher Slough post 2000 0.0416 1.62 32,328

 Assume logjam denies access via top end of 
Tom Moore so the dominant fish migration 
pathway is from the bottom end of Tom 
Moore Slough 0.0258 1.62 19,956

 
Table 9. Juvenile Chinook salmon carrying capacity model results for Conceptual Restoration 
Project at Fisher Slough. Channel area from Chinook Plan. The best estimate for 2009 conditions 
is in bold. 

Connectivity Comment 
Landscape 
Connectivity

Channel 
(ha) 

Smolts 
annually 

 Fish migration pathway via upper end of Tom 
Moore Slough 

 From Skagit Chinook Recovery Plan 0.0423 0.81 16,431
 Fish migration pathway via upper end of Tom 

Moore Slough 
 Updated from Chinook Plan based on changes 

in channel widths in Tom Moore Slough and 
Fisher Slough post 2000. 0.0391 0.81 15,183

 Assume logjam denies access via top end of 
Tom Moore so the dominant fish migration 
pathway is from the bottom end of Tom 
Moore Slough 0.0189 0.81 7,287

 
Table 10. Population estimate of individual juvenile Chinook salmon that used habitat upstream 
of the Fisher Slough Tidegate during the tidal delta rearing period (Feb 1-August 15) based on 
expansion of seasonal Chinook density result from sites upstream of the tidegate in 2009. 

  

Seasonal 
Chinook 
Density 

(fishdays / ha) 

Average Chinook 
Delta Residence 

Period 
(days) 

Juvenile 
Chinook 
Density 

(fish / ha) 

Existing 
Channel 

(ha) 

Juvenile 
Chinook 

Population 
Point 
estimate  177,940 5,084 8,236 
Upper 
95% CI 252,843 7,224 11,703 
Lower 
95% CI 103,037 

35a 
 
 
 2,944 

1.62b 
 
 
 4,769 

a – based on juvenile Skagit Chinook salmon otolith results reported in Beamer et al. 2000. 
b – channel area provided by TNC 
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Conclusions 
Tidegate operation and juvenile salmon upstream passage opportunity 
The Fisher Slough tidegate during the monitoring period of this report was operated in 
two ways: 1) neutral velocity and 2) cabled open. When operated under neutral velocity, 
the side hinged doors opened when the water pressure was higher upstream than 
downstream of the tidegate. Under normal river flow conditions, the tidegate opened just 
after high tide and remained open throughout the ebbing tide.  The gate 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 tidegate. The Diking District cables open the tidegate each summer to 
allow water into Fisher Slough for irrigation purposes, usually around the beginning of 
June, but dependent on Skagit River flow. In high water events, the tidegate is untied and 
allowed to operate normally. The cabling open of the tidegate happened in 2009 on June 
1. We estimated the upstream fish passage opportunity for juvenile salmon at 49% of the 
time when the old tidegate worked normally and 73% of the time when the doors were 
cabled open. 
 
Influence of local environment on juvenile Chinook salmon 
Because fish respond to their local environment and the environment changes seasonally 
and spatially, we evaluated how much the local environment might influence juvenile 
Chinook in Fisher Slough independent of varying upstream passage opportunity at the 
tidegate. We concluded salinity, water depth, and water velocity are not likely 
influencing juvenile Chinook monitoring results between sites up and downstream of 
tidegate. We found site differences in substrate and vegetation, which may influence 
juvenile Chinook monitoring results between sites up and downstream of tidegate. 
Dissolved oxygen levels in Fisher Slough may be lower than ideal for juvenile salmon 
rearing and migration requirements upstream of the tidegate during daytime in June or 
later in summer and we recommend DO monitoring be expanded to include at least some 
round-the-clock monitoring during the time when algae are present. Water temperature is 
a factor contributing to juvenile Chinook salmon timing at the end of the monitoring 
period (late July and August), but this factor is generally influencing sites up and 
downstream of the tidegate equally.  
 
Juvenile Chinook salmon density upstream and downstream of the tidegate in 2009 
Tidegates, especially under normal gravity operation, are commonly thought to block 
upstream passage of juvenile salmon, but at Fisher Slough in 2009 there was essentially 
no difference in the season long juvenile Chinook salmon density curves for sites 
upstream and downstream of the tidegate. This is newsworthy because no Chinook 
salmon spawners exist within the watersheds upstream of the tidegate to seed the habitat 
from upstream sources; thus all the juvenile Chinook upstream of the tidegate had to pass 
through it. The results relate to the specific design of the tidegate and its operation in 
2009 and serve as pre-restoration monitoring results for Phase 1 (tidegate replacement) of 
the Fisher Slough Restoration Project. 
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Juvenile Chinook salmon were present in all months monitored (late February through 
mid-August). The juvenile Chinook salmon timing curves (e.g., presence and density), as 
well as the curves shown for other fish species, can serve to guide tidegate operation for 
better fish management. 
 
Juvenile Chinook salmon carrying capacity for existing tidal habitat upstream of the 
tidegate in 2009 
Fisher Slough currently has 4 acres (1.62 hectares) of tidal channel, which is enough 
habitat to support an estimated 19,956 tidal delta rearing Chinook smolts per year. This 
estimate is supported by broader long term Skagit delta juvenile Chinook salmon 
monitoring results from 2009 and our landscape connectivity analysis of the fish 
migration pathways to Fisher Slough.  
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Appendix 
 
Appendix Table 1. Salinity 

 Test type: ANOVA: Two-Factor Without Replication 
 Response variable: salinity; Independent variables: site and date 
 Null hypothesis: salinity is the same over space and time. 

SUMMARY Count Sum Average Variance
inside s2 12 0.53 0.044 0.000899
inside s3 12 0.63 0.053 0.000748
inside s4 12 0.75 0.063 0.000348
inside s5 12 0.68 0.057 0.001024
inside s6 12 0.72 0.060 0.000273
outside S 12 0.52 0.043 0.000715

outside blind 12 0.39 0.033 0.000675

2/27/2009 7 0.37 0.053 0.000924
3/16/2009 7 0.38 0.054 0.000129
3/30/2009 7 0.39 0.056 0.000662
4/16/2009 7 0.43 0.061 0.000448
4/30/2009 7 0.46 0.066 0.000762
5/14/2009 7 0.4 0.057 0.000657
5/29/2009 7 0.58 0.083 5.71E-05
6/12/2009 7 0.24 0.034 9.52E-05
6/26/2009 7 0.17 0.024 0.000462
7/13/2009 7 0.21 0.030 0.000533
7/27/2009 7 0.21 0.030 0.000233
8/12/2009 7 0.38 0.054 0.001162

ANOVA
Source of Variation SS df MS F P-value F crit

Rows (sites) 0.008295 6 0.001383 3.207566 0.007971 2.23948
Columns (date) 0.023052 11 0.002096 4.862069 0.000018 1.936958
Error 0.028448 66 0.000431

Total 0.059795 83

 



 58 

Appendix Table 2. Water temperature when the tidegate was operated normally. 
 Test type: ANOVA: Two-Factor Without Replication 
 Response variable: water temperature; Independent variables: site and date 
 Null hypothesis: water temperature is the same over space and time. 

SUMMARY Count Sum Average Variance   
Fisher Sl Inside s1 6 44.7 7.5 9.239   
Fisher Sl Inside s2 6 44.7 7.5 9.643   
Fisher Sl Inside s3 6 44.3 7.4 9.301667   
Fisher Sl Inside s4 6 44.1 7.4 8.147   
Fisher Sl Inside s5 6 44.5 7.4 7.793667   
Fisher Sl Inside s6 6 53.4 8.9 17.124   
Fisher Sl Blind Ch 6 45.8 7.6 10.44267   
Fisher Sl Tidegate Outside 
S 6 43.8 7.3 7.772   
Tom Moore Sl Upper Area 6 56.6 9.4 34.39067   
       

2/27/2009 9 38.6 4.3 0.048611   
3/16/2009 9 40.5 4.5 0.01   
3/30/2009 9 53.5 5.9 0.080278   
4/16/2009 9 91 10.1 5.648611   
4/30/2009 9 108.3 12.0 6.23   
5/14/2009 9 90 10.0 1.225   

       
       
ANOVA       

Source of Variation SS df MS F P-value F crit 
Rows (site) 29.53259 8 3.691574 1.932574 0.081598 2.18017
Columns (date) 492.8609 5 98.57219 51.60347 2.16E-16 2.449466
Error 76.40741 40 1.910185    
       
Total 598.8009 53         
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Appendix Table 3. Water temperature when the tidegate was cabled open. 
 Test type: ANOVA: Two-Factor Without Replication 
 Response variable: water temperature; Independent variables: site and date 
 Null hypothesis: water temperature is the same over space and time. 

SUMMARY Count Sum Average Variance   
Fisher Sl Inside s1 5 72.2 14.4 5.068   
Fisher Sl Inside s2 5 72.7 14.5 5.178   
Fisher Sl Inside s3 5 77.4 15.5 5.937   
Fisher Sl Inside s4 5 82.5 16.5 8.03   
Fisher Sl Inside s5 5 86.5 17.3 8.105   
Fisher Sl Inside s6 5 82.9 16.6 9.857   
Fisher Sl Blind Ch 5 71.3 14.3 5.213   
Fisher Sl Tidegate Outside 
S 5 71.8 14.4 5.083   
Tom Moore Sl Upper Area 5 67.6 13.5 9.617   
       

6/12/2009 9 140.6 15.6 4.484444   
6/26/2009 9 102.8 11.4 1.144444   
7/13/2009 9 133 14.8 0.836944   
7/27/2009 9 164 18.2 2.851944   
8/12/2009 9 144.5 16.1 2.612778   

       
       
ANOVA       

Source of Variation SS df MS F P-value F crit 
Rows (sites) 67.52 8 8.44 9.671813 0.0000011 2.244396
Columns (dates) 220.4276 4 55.10689 63.14971 9.92068E-15 2.668437
Error 27.92444 32 0.872639    
       
Total 315.872 44         
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Appendix Table 4. Dissolved Oxygen. 
 Test type: ANOVA: Two-Factor Without Replication 
 Response variable: dissolved oxygen; Independent variables: site and date 
 Null hypothesis: dissolved oxygen is the same over space and time. 

SUMMARY Count Sum Average Variance   
Fisher Sl Inside s1 8 80.94 10.1175 3.48145   
Fisher Sl Inside s2 8 84.16 10.52 3.843429   
Fisher Sl Inside s3 8 83.9 10.4875 5.74345   
Fisher Sl Inside s4 8 82.68 10.335 6.5266   
Fisher Sl Inside s5 8 83.69 10.46125 6.516841   
Fisher Sl Inside s6 8 80.59 10.07375 3.61317   
Fisher Sl Inside s7 8 82.38 10.2975 5.047479   
Fisher Sl Blind Ch 8 79.1 9.8875 3.355621   
Fisher Sl Tidegate 
Outside S 8 82.35 10.29375 3.966512   
       

2/27/2009 9 106.45 11.82778 0.138819   
3/16/2009 9 110.1 12.23333 0.0614   
3/30/2009 9 104.48 11.60889 0.194636   
4/16/2009 9 108.43 12.04778 0.293194   
4/30/2009 9 88.39 9.821111 0.178636   
5/14/2009 9 89.54 9.948889 0.801636   
5/29/2009 9 74.73 8.303333 0.37995   
6/12/2009 9 57.67 6.407778 1.030394   

       
       
ANOVA       

Source of Variation SS df MS F P-value F crit 
Rows (site) 2.878336 8 0.359792 0.926319 0.502185999 2.108688
Columns (date) 272.9109 7 38.98727 100.3764 2.45441E-29 2.178156
Error 21.751 56 0.388411    
       
Total 297.5402 71         
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Appendix Table 5. Chinook Density. 
 Test type: ANOVA: Two-Factor Without Replication 
 Response variable: Log Chinook density; Independent variables: site and date 
 Null hypothesis: Chinook density is the same over space and time. 

 
Table A. Log transformed wild Chinook density by site and date (Two factor ANOVA 
data) 
strata Site 2/27 3/16 3/30 4/16 4/30 5/14 5/29 6/12 6/26 7/13 7/27 8/12 

Fisher Sl  
Inside s1 3.609 2.321 2.496 3.856 3.222 2.797 3.097 2.496 2.621 2.321 0.000 0.000 
Fisher Sl  
Inside s2 0.000 0.000 2.022 3.742 3.319 2.921 3.574 3.194 2.321 0.000 0.000 0.000 
Fisher Sl  
Inside s3 0.000 0.000 0.000 3.480 3.200 2.321 2.321 3.018 2.022 0.000 0.000 0.000 
Fisher Sl  
Inside s4 0.000 2.022 0.000 3.881 3.609 3.060 3.248 2.797 2.022 2.022 0.000 0.000 
Fisher Sl  
Inside s5 2.022 2.022 0.000 3.810 3.631 2.321 2.972 2.022 0.000 0.000 0.000 0.000 
Fisher Sl  
Inside s6 0.000 2.022 3.164 3.787 3.248 2.022 2.022 2.797 2.321 0.000 0.000 0.000 

up
st

re
am

 ti
de

ga
te

 
 

Fisher Sl  
Inside s7 2.022 0.000 2.022 3.297 2.718 2.022 2.972 2.621 0.000 0.000 0.000 0.000 
Fisher Sl  
Blind Ch 2.649 2.580 2.119 3.812 3.131 3.107 3.149 3.596 2.517 0.000 0.000 0.000 
Fisher Sl 
Tidegate  
Outside S 2.022 2.022 2.621 3.941 2.197 0.000 2.417 2.321 2.146 2.496 0.000 0.000 

do
w

ns
tr

ea
m

 
tid

eg
at

e 
 

Tom Moore 
Sl  
Upper Area 0.000 0.000 1.227 2.688 2.820 2.422 2.785 3.058 2.757 0.972 2.132 2.321 
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Table B. Statistical summary 
SUMMARY Count Sum Average Variance   

Fisher Sl Inside s1 12 28.83576 2.40298 1.50002   
Fisher Sl Inside s2 12 21.09335 1.757779 2.629688   
Fisher Sl Inside s3 12 16.36182 1.363485 2.182908   
Fisher Sl Inside s4 12 22.66014 1.888345 2.299509   
Fisher Sl Inside s5 12 18.79971 1.566642 2.248373   
Fisher Sl Inside s6 12 21.38243 1.781869 2.024948   
Fisher Sl Inside s7 12 17.67313 1.472761 1.835728   
Fisher Sl Blind Ch 12 26.65869 2.221557 2.009176   
Fisher Sl Tidegate 
Outside S 12 22.18213 1.848511 1.496438   
Tom Moore Sl Upper 
Area 12 23.18132 1.931776 1.213603   
       

2/27/2009 10 12.32307 1.232307 1.901895   
3/16/2009 10 12.98797 1.298797 1.280439   
3/30/2009 10 15.67186 1.567186 1.413959   
4/16/2009 10 36.29362 3.629362 0.148204   
4/30/2009 10 31.09411 3.109411 0.186275   
5/14/2009 10 22.99141 2.299141 0.813389   
5/29/2009 10 28.55794 2.855794 0.224481   
6/12/2009 10 27.91841 2.791841 0.206775   
6/26/2009 10 18.72657 1.872657 1.032474   
7/13/2009 10 7.810715 0.781072 1.17212   
7/27/2009 10 2.131975 0.213197 0.454532   
8/12/2009 10 2.320838 0.232084 0.538629   

       
       
ANOVA       

Source of Variation SS df MS F P-value F crit 
Rows (site) 11.00953 9 1.223281 1.651077 0.111249695 1.975806
Columns (date) 140.4953 11 12.7723 17.23892 1.61669E-18 1.886684
Error 73.349 99 0.740899    
       
Total 224.8538 119         
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Appendix Table 6. Chinook Density. 
 Test type: Paired T-test 
 Response variable: Log Chinook density 
 Null hypothesis: Chinook density is the same upstream and downstream of the 

tidegate over time. 
 
Table A. Log transformed wild Chinook density by site and date (Paired T test data) 

Date upstream tidegate downstream tidegate 
2/27/09 1.093 0.934 
3/16/09 1.198 0.767 
3/30/09 1.386 1.439 
4/16/09 3.693 3.049 
4/30/09 3.278 2.742 
5/14/09 2.495 1.988 
5/29/09 2.887 2.784 
6/12/09 2.706 3.008 
6/26/09 1.615 2.544 
7/13/09 0.620 1.110 
7/27/09 0.000 1.066 
8/12/09 0.000 1.160 

 
Table B. Statistical summary 

 upstream tidegate 
downstream 

tidegate 
Mean Log Chinook Density 1.747694572 1.88260695 
Variance 1.560012696 0.795786093 
Observations 12 12 
Pearson Correlation 0.867783615   
Hypothesized Mean Difference 0   
df 11   
t Stat -0.719397252   
P(T<=t) one-tail 0.243449571   
t Critical one-tail 1.795884814   
P(T<=t) two-tail 0.486899142   
t Critical two-tail 2.200985159   

 
 


