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Abstract  
Restoration of Skagit River delta habitat was identified as a priority to help recover 

Skagit Chinook salmon listed as Threatened under the Endangered Species Act. The 

Wiley Slough Restoration Project was completed in 2009. Fish monitoring was 

conducted within restored habitat area of the Wiley Slough Restoration Project in 2012 

and 2013. The monitoring design primarily consisted of a post-treatment (i.e., after 

restoration) stratified random design using beach seines to capture fish. 

 

The monitoring effort caught over 22,000 fish representing at least 23 fish species, 

including 7 species of salmon (genus: Oncorhynchus). Unmarked juvenile Chinook 

salmon dominated the catch of salmon. Unmarked juvenile Chinook salmon density 

varied within the Wiley Slough Restoration Project by lobe, year, and season, but not 

habitat type. The Wiley Slough lobe had higher densities of juvenile Chinook salmon 

than the Teal Slough lobe; higher densities of juvenile Chinook salmon were found in 

2013 than in 2012; seasonal use of restored areas by juvenile Chinook salmon began in 

February, peaked from April through June, then declined afterward. Juvenile Chinook 

salmon density did not vary by channel and impoundment. In general, juvenile Chinook 

salmon are using the restored areas of both Wiley and Teal Slough lobes at seasonal 

density levels consistent with other long term monitoring sites in the Skagit River 

estuary. An estimated 88,206 (37,326-139,086, 95% CI) and 247,692 (128,973-366,412, 

95% CI) unmarked juvenile Chinook salmon used restored habitat of the Wiley Slough 

Restoration Project in 2012 and 2013, respectively. 

 

Based on two years of monitoring the number of juvenile Chinook salmon that used the 

restored areas of the Wiley Slough Restoration Project: 1) exceeded the updated carrying 

capacity estimate based on actual restored channel habitat, and 2) exceeded the Skagit 

Chinook Recovery Plan’s estimated benefit to juvenile Chinook salmon. However, the 

number of juvenile Chinook salmon that used the restored areas were somewhat less than 

predicted by the carrying capacity estimate that included all wetted areas (29 hectares of 

channel and impoundment combined). Sustainable channel conditions are reached after 

natural hydrologic and sedimentation processes achieve a balance at the site. Sustainable 

channel area is estimated at 2.03 hectares (0.50-8.25, 95% CI) suggesting total habitat 

area will be less than the 29 hectares currently present. Thus, actual juvenile Chinook 

salmon carrying capacity could change within the Wiley Slough Restoration Project 

based on how channel/impounded areas evolve over time. 

 

The issue of restored habitat conditions within recently restored areas using dike setback 

design and the long term sustainability of that habitat may be an emerging theme for 

estuary restoration adaptive management. This issue is of particular importance when 

restoration projects are intended to achieve specific goals, such as recovery of listed 

Chinook salmon populations. If as-built restoration conditions are not in a sustainable 

state, then a false sense of restored benefits might be accepted without sufficient 

monitoring and adaptive management of projects. 
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Introduction 
Delta habitats within the Skagit River basin and other Salish Sea river estuaries have been 

identified as priority habitat for restoration for the benefit of juvenile Chinook salmon 

and other listed species by numerous regional planning processes (SRSC and WDFW 

2005, the Puget Sound Chinook Recovery Plan, and the Puget Sound Nearshore 

Ecosystem Restoration Program, among others). Thus, significant public investment has 

been made in restoration actions within the Skagit River estuary, including restoration at 

Wiley Slough in 2009. In response to the completed restoration at Wiley Slough, we 

monitored fish use of the restored areas during the juvenile Chinook salmon outmigration 

seasons of 2012 and 2013. 

 

The fish monitoring design for the Wiley Slough Restoration Project primarily consisted 

of a post-treatment (i.e., after restoration) stratified random design. We used beach seine 

methods after Beamer et al. (2011) for the full juvenile Chinook outmigration period 

(February through August) in order to compare results at Wiley Slough with long term 

monitoring (reference) sites in the Skagit delta (Greene and Beamer 2006; Greene and 

Beamer 2012). Monitoring questions addressed in the report are: 

1. How does local environment vary by year, season, and lobe (Wiley, Teal) within 

the Wiley Slough Restoration Project? 

2. What fish species are present within the restored area?  

3. How does juvenile Chinook salmon density vary by year, season, and lobe 

(Wiley, Teal) within the Wiley Slough Restoration Project? 

4. How does seasonal juvenile Chinook salmon density in the restored area compare 

to reference sites throughout the Skagit River estuary?  

5. What is the carrying capacity of the restored area for juvenile Chinook salmon 

rearing? 

Field methods 

Site selection 

For fish monitoring site selection we divided the Wiley Slough Restoration Project into 

two spatial strata – the Teal Slough and Wiley Slough lobes – based on differences in 

biotic and hydrologic connectivity (Figure 1). For each lobe, we identified in the field all 

sites where our small net beach seine could be deployed within the channel with a rule 

that sites should not be closer than ~50 meters from each other to prevent disturbance of 

fish at adjacent sites. After all seinable sites were identified, we selected two index sites 

for each lobe, which were sampled each sample date in 2012. All remaining sites (eight 

in the Wiley lobe and six in the Teal lobe) were considered random sites, four of which 

(per lobe) were selected each sampling day for beach seining. Thus, a total of twelve 

beach seine sets were made each sampling day in the Wiley Slough Restoration Project in 

2012. 

 

Beach seining was done at low tide or early stages of the flood tide. We selected these 

tidal stages because 1) the water is mostly confined to channel areas during these tidal 
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stages and 2) we avoided high water velocities occurring on ebbing tides which makes 

seining difficult.  

 

During the 2012 monitoring season, we found we were not sampling the full spatial 

extent of seinable channel habitat present in the Teal lobe. We also found a significant 

amount of impounded habitat at low tide in each lobe (Figure 1). Therefore, we added 

two new index sites (1 channel site, 1 impoundment site) and 11 random sites (6 channel 

sites, 5 impoundment sites) in the Teal lobe for monitoring in 2013 (Figure 2). We seined 

at all four index sites and eight random sites in the Teal lobe each sampling day in 2013, 

along with the six sampling sites in the Wiley lobe on another sampling day. 

 

Due to a lack of resources (sufficient funding), we were unable to include seining sites in 

Wiley lobe impounded habitat. Instead, we statistically tested whether there was a 

difference in fish use by channel and impoundment habitat in order to achieve the overall 

objectives of this monitoring project. 

 

In both years, sampling occurred once per month in February and August and twice per 

month March through July, giving a total of 12 sampling days each year. Implementing 

the total planned amount of sampling would consist of 360 beach seine sets (144 in 2012, 

216 in 2013), however we missed some sets in both years and ended up with a dataset of 

343 (134 in 2012; 209 in 2013) beach seine sets. 

Beach seine and local environment methods 

We use a small net beach seine method to sample Wiley and Teal Slough sites. 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. Average beach seine set area was 96 square 

meters. 

 

For each set, we identify and count fish by species. All the fish are returned alive to the 

water, with the exception of hatchery-origin salmon with coded-wire tags embedded in 

their snouts. These fish are sacrificed in order to read the tags. We do not report or 

discuss coded wire tag results in this report. 

 

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 measure selected 

environmental conditions (salinity, temperature, dissolved oxygen (DO), velocity, depth, 

substrate class, and vegetation class) that are present within the seined area at the time of 

seining. Water temperature, salinity, and DO are measured using a YSI Professional Plus 

Model meter. Depth is measured with a stadia rod. Surface water velocity is measured 

using a Swoffer Model 2100 flow meter. Four velocity measurements are taken across the 

area seined after the set is made and these values are converted to meters per second and 

the average value of these readings is reported for each site/date combination. Substrate 

and vegetation at each site are recorded according to criteria described in SSC (2003). 
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Figure 1. Location of beach seine sampling sites at the Wiley Slough Restoration Project in 2012. 

White represents Wiley sites and yellow represents Teal. All sites sampled in 2012 were channel 

habitat. 
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Figure 2. Location of beach seine sampling sites at the Wiley Slough Restoration Project in 2013. 

White represents Wiley sites and yellow represents Teal. Circles are channel sites and triangles 

are impoundment. 
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Local Environment 
In this section we answer the question: How does local environment vary by year, season, 

and lobe (Wiley, Teal) within the Wiley Slough Restoration Project? 

Analysis methods 

Our general analytical approach for environmental analyses used ANOVA to test for 

mixed effects on selected dependent variables (i.e., depth, velocity, temperature, salinity, 

and dissolved oxygen). Statistical analysis was done with the software package SYSTAT 

13. 

 

The procedure was to run ANOVA models with lobe and year as factors and month as a 

covariate. For graphically-displayed results, we present monthly arithmetic means by 

lobe and year. Significant differences between factors are reported as Least Squares 

Means. A least squares mean is a mean estimated from a linear model for the dependent 

variable. Least squares means are adjusted for other terms in the model (i.e., covariates), 

and are less sensitive to missing values in the overall dataset. Least squares means are in 

contrast to a raw, or arithmetic means, which is a simple average of values, using no 

model. 

Results 

We present results for maximum water depth, surface water velocity, surface water 

temperature, surface water salinity, and surface water dissolved oxygen.  
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Maximum water depth: Water depth at the beach seine sampling sites within the Wiley 

lobe was shallower than in the Teal lobe (Figure 3, Table 1). Water depth in 2013 was 

less than in 2012 and season (month) did not influence water depth at the beach seine 

sites.  

 

 
Figure 3. Average maximum water depth (in meters) of seined areas by month, year, and lobe 

within the Wiley Slough Restoration Project. Error bars are standard error. 

 

Table 1. ANOVA significance results for maximum water depth. P-values significant at the 0.05 

level are bolded. The analysis used 343 records of water depth and has a squared multiple R of 

0.229. 

Variable 

Type 

Variable Type III SS df Mean 

Squares 

F-Ratio p-Value 

Factor Lobe 110.093 1 110.093 133.908 0.000 

 Year 9.581 1 9.581 11.653 0.001 

Interaction Lobe*Year 12.795 1 12.795 15.563 0.000 

Covariate Month 0.224 1 0.224 0.272 0.602 
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Surface water velocity: Velocities at the beach seine sampling sites within the Wiley 

lobe were lower than in the Teal lobe (Figure 4, Table 2). Otherwise, velocity was not 

significantly (p < 0.05) different by year or month. 

 

 
Figure 4. Average surface water velocity (in feet per second) of seined areas by month, year, and 

lobe within the Wiley Slough Restoration Project. Error bars are standard error. 

 

Table 2. ANOVA significance results for surface water velocity. P-values significant at the 0.05 

level are bolded. The analysis used 254 records of water velocity and has a squared multiple R of 

0.039. 

Variable 

Type 

Variable Type III SS df Mean 

Squares 

F-Ratio p-Value 

Factor Lobe 0.910 1 0.910 8.490 0.004 

 Year 0.120 1 0.120 1.119 0.291 

Interaction Lobe*Year 0.025 1 0.025 0.229 0.632 

Covariate Month 0.037 1 0.037 0.342 0.559 
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Surface water temperature: Average temperature at the beach seine sampling sites 

within the Wiley lobe was significantly higher (~1 degree C based on least squares 

means) than in the Teal lobe (Figure 5, Table 3). Temperature in 2013 was significantly 

higher (~1 degree C based on least squares means) than in 2012. There is also a strong 

seasonal increase in temperature from February through August. Water temperature 

increased linearly in both lobes in both years at approximately 2 degrees per month. 

 

 
Figure 5. Average surface water temperature (in degrees C) of seined areas by month, year, and 

lobe within the Wiley Slough Restoration Project. Error bars are standard error. 

 
Table 3. ANOVA significance results for surface water temperature. P-values significant at the 

0.05 level are bolded. The analysis used 325 records of water temperature and has a squared 

multiple R of 0.779. 

Variable 

Type 

Variable Type III SS df Mean 

Squares 

F-Ratio p-Value 

Factor 
Lobe 49.386 1 49.386 13.045 0.000 

Year 50.501 1 50.501 13.339 0.000 

Interaction Lobe*Year 10.863 1 10.863 2.869 0.091 

Covariate Month 4,116.665 1 4,116.665 1,087.358 0.000 
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Surface water salinity: Salinity at the beach seine sampling sites within the Wiley lobe 

was significantly higher (~0.2 ppt based on least squares means) than in the Teal lobe 

(Figure 6, Table 4). Salinity in 2013 was significantly higher (~0.2 ppt based on least 

squares means) than in 2012. There was not any consistent seasonal trend in salinity 

across both years. Salinity will negatively correlate with Skagit River flows. 

 

 
Figure 6. Average surface water salinity (in ppt) of seined areas by month, year, and lobe within 

the Wiley Slough Restoration Project. Error bars are standard error. 

 

Table 4. ANOVA significance results for surface water salinity. P-values significant at the 0.05 

level are bolded. The analysis used 326 records of salinity and has a squared multiple R of 0.076. 

Variable 

Type 

Variable Type III SS df Mean 

Squares 

F-Ratio p-Value 

Factor Lobe 2.980 1 2.980 10.589 0.001 

Year 3.669 1 3.669 13.039 0.000 

Interaction Lobe*Year 1.024 1 1.024 3.638 0.057 

Covariate Month 0.465 1 0.465 1.652 0.200 
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Surface water dissolved oxygen: Dissolved oxygen at the beach seine sampling sites 

within the Wiley lobe was significantly lower (~0.9 mg/l based on least squares means) 

than in the Teal lobe (Figure 7, Table 5). Dissolved oxygen between years was not 

significantly different. There is a seasonal decline in dissolved oxygen. 

 

 
Figure 7. Average surface water dissolved oxygen (in mg/l) of seined areas by month, year, and 

lobe within the Wiley Slough Restoration Project. Error bars are standard error. 

 

Table 5. ANOVA significance results for dissolved oxygen. P-values significant at the 0.05 level 

are bolded. The analysis used 322 records of dissolved oxygen and has a squared multiple R of 

0.421. 

Variable 

Type 

Variable Type III SS df Mean 

Squares 

F-Ratio p-Value 

Factor Lobe 56.871 1 56.871 21.644 0.000 

Year 0.002 1 0.002 0.001 0.980 

Interaction Lobe*Year 0.848 1 0.848 0.323 0.570 

Covariate Month 559.527 1 559.527 212.942 0.000 
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Discussion 

Influence of spur dike on local environment for Wiley and Teal lobes 
Our local environment results show the Wiley lobe is saltier and warmer than the Teal 

lobe, indicating the Teal lobe is influenced more by the river and the Wiley lobe more by 

the tides from Skagit Bay. Skagit Bay water is saline and warmer in spring and summer 

than Skagit River water. Dissolved oxygen negatively correlates with water temperature 

but also may be linked to biological processes (e.g., decaying plant matter) or drainage 

from surrounding lands. 

 

The local environment results for salinity, temperature, and dissolved oxygen are 

consistent with the working hypotheses related to the spur dike (observed in Figures 1 

and 2) and described in the Wiley Slough Restoration Design Report (Hinton et al. 2005). 

The spur dike is intended to improve agricultural drainage for existing farmlands located 

on Fir Island landward (i.e., north) of the dike adjacent to restored areas of Wiley and 

Teal lobes. Hinton et al. (2005) showed the spur dike does not prevent daily tidal 

flooding of the marshes on the Wiley Slough side of the dike. The spur dike was 

hypothesized to influence connectivity of riverine (freshwater, fluvial sediment) and tidal 

(saltwater) processes differentially between the Wiley and Teal lobes. The Teal lobe was 

expected to have more river influence than the Wiley lobe. The Wiley lobe was expected 

to have more of a tidal influence than the Teal lobe.  

Possible influence of local environment on juvenile Chinook density 
Water 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 at Wiley and Teal lobes. Differences in water depth are likely 

not influencing juvenile Chinook monitoring results. 

 

Surface water velocity: In a study report 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 (or 0.66 ft) per second and essentially none were 

captured in velocities greater than 0.38 meters (or 1.25 ft) 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. Water 

velocity at Wiley and Teal lobe 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. 

 

Temperature: Water temperature higher than 15°C has been postulated as stressful to 

juvenile Chinook salmon rearing in estuarine habitats (Fresh 2006). Fresh 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. While we lack published field studies confirming 

Fresh’s hypothesis or other water temperature effects in estuarine or tidal habitats for 
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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. 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 Wiley or Teal lobe) was reported as 24.8°C (cited in 

McCullaugh 1999). We conclude water temperature may be a contributing factor to 

juvenile Chinook salmon timing and density differences between Wiley and Teal lobes 

because water temperature results: 

1. vary seasonally and by lobe within the Wiley Slough Restoration Project, and 

2. exceeded hypothesized values thought to be stressful (but not lethal) to juvenile 

Chinook salmon. 

 

Salinity: Due to the very low site and date differences in salinity (usually < 1 ppt), this 

environmental factor is not likely influencing juvenile Chinook monitoring results. 

 

Dissolved oxygen: The water quality standard in Washington State for dissolved oxygen 

in freshwater water bodies with salmonid rearing and migration is 6.5 mg/l. While there 

was a seasonal decline in dissolved oxygen detected at Wiley and Teal lobes, dissolved 

oxygen rarely dropped below the water quality standard (12 out of 322 dissolved oxygen 

measurements). This environmental factor is not likely influencing juvenile Chinook 

monitoring results. 

Fish assemblage 
In this section we answer the fish monitoring question: What fish species are present 

within the restored area? We present summary results from both years of beach seining. 

Analysis methods 

Fish catch data from beach seining efforts in both years (2012 and 2013) are summarized 

in a table showing the total number of fish caught by species and their mean catch per 

effort. Results are summarized by year and lobe within the Wiley Slough Restoration 

Project (Wiley and Teal). 

Results 

We caught over 22,000 fish representing at least 23 fish species, including 7 species of 

salmon (genus: Oncorhynchus), over the two seasons of monitoring (Table 6). Unmarked 

juvenile Chinook salmon dominated the catch of salmon, followed by juvenile chum 

salmon. Three-spine stickleback dominated the catch of non-salmonids, followed by 

starry flounder and peamouth chub. 
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Table 6. Total catch by species at Teal Slough and Wiley Slough sites February 24 through 

August 14, 2012 and February 11 through August 12, 2013. Mean catch per unit effort (beach 

seine set) is in parentheses. Results are based on 134 and 209 beach seine sets made in 2012 and 

2013, respectively. 

Site Teal Slough Wiley Slough 

Year 2012 2013 2012 2013 

Salmonid species: 
    Chinook salmon, unmarked subyearling  

Oncorhynchus tshawytscha 199 (2.97) 1,691 (12.34) 619 (9.24) 1,248 (17.33) 

Chinook salmon, unmarked yearling 
 Oncorhynchus tshawytscha 1 (0.01) 0 (0.00) 1 (0.01) 0 (0.00) 

Chinook salmon, hatchery marked subyearling  

Oncorhynchus tshawytscha 7 (0.10) 8 (0.06) 7 (0.10) 1 (0.01) 

Coho salmon, unmarked subyearling  
Oncorhynchus kisutch 0 (0.00) 6 (0.04) 2 (0.03) 8 (0.11) 

Coho salmon, hatchery marked yearling  

Oncorhynchus kisutch 8 (0.12) 66 (0.48) 6 (0.09) 2 (0.03) 

Coho salmon, unmarked yearling  

Oncorhynchus kisutch 0 (0.00) 1 (0.01) 0 (0.00) 0 (0.00) 

Pink salmon, subyearling  

Oncorhynchus gorbuscha 332 (4.96) 0 (0.00) 237 (3.54) 0 (0.00) 

Chum salmon, subyearling 

 Oncorhynchus keta  29 (0.43) 1,404 (10.25) 180 (2.69) 984 (13.67) 

Cutthroat trout, yearling 

 Oncorhynchus clarki 2 (0.03) 41 (0.30) 6 (0.09) 4 (0.06) 

Native Char, all ages   

Salvelinus sp. (malma or confluentus) 1 (0.01) 6 (0.04) 3 (0.04) 1 (0.01) 

Steelhead salmon, unmarked yearling 

Oncorhynchus mykiss 0 (0.00) 9 (0.07) 0 (0.00) 0 (0.00) 

Whitefish, all ages 

 Prosopium williamsoni 2 (0.03) 7 (0.05) 3 (0.04) 3 (0.04) 

Total salmonids: 581 3,239 1,064 2,251 

Other fish species: 
    Three-spine stickleback  

Gasterosteus aculeatus 201 (3.00) 7,043 (51.41) 2,343 (34.97) 2,236 (31.06) 

Shiner surf perch 

Cymatogaster aggregata 0 (0.00) 0 (0.00) 2 (0.03) 0 (0.00) 

Prickly sculpin 

 Cottus asper 37 (0.55) 132 (0.96) 196 (2.93) 404 (5.61) 

Sharpnose sculpin   

Clinocottus acuticeps 0 (0.00) 0 (0.00) 1 (0.01) 0 (0.00) 

Pacific staghorn sculpin 

 Leptocottus armatus 2 (0.03) 6 (0.04) 317 (4.73) 143 (1.99) 

Other or unknown Cottid 0 (0.00) 0 (0.00) 0 (0.00) 1 (0.01) 

English sole  

Parophrys vetulus 0 (0.00) 0 (0.00) 5 (0.07) 2 (0.03) 

Starry flounder,  

Platichthys stellatus 83 (1.24) 211 (1.54) 643 (9.60) 484 (6.72) 

Other or unknown flatfish 0 (0.00) 0 (0.00) 4 (0.06) 0 (0.00) 

Bass, unidentified species 
Micropterus spp 1 (0.01) 0 (0.00) 0 (0.00) 0 (0.00) 

Pumpkinseed sunfish  

 Lepomis gibbosus 0 (0.00) 10 (0.07) 0 (0.00) 0 (0.00) 

Peamouth chub 
 Mylocheilus caurinus 5 (0.07) 137 (1.00) 186 (2.78) 192 (2.67) 

Large scale sucker  

Catostomus macrocheilus 0 (0.00) 5 (0.04) 2 (0.03) 1 (0.01) 

Lamprey species 0 (0.00) 0 (0.00) 0 (0.00) 1 (0.01) 

Unidentified  larval fish 0 (0.00) 1 (0.01) 0 (0.00) 0 (0.00) 

Total other fish species: 329 7,545 3,699 3,464 

Total fish catch: 910 10,784 4,763 5,715 
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Juvenile Chinook salmon density & abundance 
In this section we answer the fish monitoring question: How does juvenile Chinook 

salmon density vary by year, season, and lobe (Wiley, Teal) within the Wiley Slough 

Restoration Project? After monitoring in 2012, we identified another relevant question: 

How does juvenile Chinook salmon density vary by habitat types (channel, impoundment) 

within the Wiley Slough Restoration Project? 

Variation in density by year, lobe, and habitat type 

Analytical methods 

For juvenile Chinook salmon sampled by beach seines, we calculate the density of 

juveniles for each set (the number of fish divided by set area). Chinook densities are log 

(x+1) transformed for statistical tests to reduce the effects of non-normal data 

distribution, zeros, and unequal variance. 

 

We used ANOVA methodology to determine factor and covariate influences on log 

transformed unmarked juvenile Chinook salmon density. Factors included in each 

ANOVA were: year (2012, 2013), lobe (Wiley, Teal), season (month), and/or habitat type 

(channel, impoundment). Scheffé pairwise testing was used for comparison between 

factors: year and lobe. Statistical analysis was done with the software package SYSTAT 

13. 

 

Because local environment varied significantly by lobe, year, and month (see local 

environment section above), we included their possible influence on juvenile Chinook 

salmon density as covariates in statistical analyses. Salinity is not correlated with any 

other environmental variable but its frequency distribution is skewed toward zero so we 

log (x+1) transformed salinity to use it as a covariate in the juvenile Chinook salmon 

analyses. Temperature, dissolved oxygen, and season (month or week) are all correlated. 

Thus, we only analyzed juvenile Chinook using temperature or dissolved oxygen (not 

both together) as covariates and used season (month) as a factor. 

 

The procedure was to run initial ANOVA models with all possible factors and covariates 

and then eliminate variables that were not statistically significant to the 0.05 level, then 

re-run the model. The final model, therefore, tested only the significant factors and their 

interactions. For graphically-displayed results, we present arithmetic means. 

Results 

We found unmarked juvenile Chinook salmon density varied within the Wiley Slough 

Restoration Project by lobe, year, and week (Table 7). The seasonal use of both lobes 

(Figure 8) was expected because juvenile Chinook salmon are known to use estuary 

habitat in late winter through the early summer months. Juvenile Chinook salmon were 

present in each month sampled (February through August) in both years. Fish used both 

lobes extensively for a four-month period (March through June). The lowest densities 

occurred at the beginnings and ends of our monitoring periods (except for Wiley lobe in 

2012) with densities generally lowest in February (before many fish have migrated 
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downstream to the estuary) and then again in July and August (which are the months that 

coincide with fish leaving estuarine rearing habitats for marine areas).  

 

We found the Wiley lobe had higher densities of juvenile Chinook salmon than the Teal 

lobe in both years (Table 8, Figure 9) and that juvenile Chinook salmon density did not 

vary by habitat type (Figure 10). ANOVA analysis found juvenile Chinook density is not 

significantly different between channel and impoundment habitat (p=0.859, n=127) 

where week was a significant covariate (p=0.001) (Figure 10). 

 

The best juvenile Chinook salmon density model found two significant environmental 

covariates: log transformed salinity and water temperature (Table 7). The effect of 

temperature on juvenile Chinook salmon density was positive (coefficient = 0.161). 

Higher fish densities were found in warmer water over the range of temperature and 

salinity values observed at Wiley and Teal Sloughs. The effect of log transformed salinity 

on juvenile Chinook salmon density was negative (coefficient = -2.030). More fish were 

found in the lowest salinity water over the range of values observed at Wiley and Teal 

Sloughs (which were all very low salinities). Temperature and salinity values observed 

within the Wiley Slough Restoration Project were lower than the values thought to be 

stressful or lethal to juvenile Chinook salmon (see local environment discussion section 

above). 

 
Table 7. ANOVA significance results for log transformed unmarked juvenile Chinook salmon 

density. P-values significant at the 0.05 level are bolded. The analysis used 325 records of 

juvenile Chinook density and has a squared multiple R of 0.46. 

Variable 

Type 

Variable Type III SS df Mean 

Squares 

F-Ratio p-Value 

Factor 

Lobe 50.521 1 50.521 38.560 0.000 

Year 12.790 1 12.790 9.762 0.002 

Month 123.237 6 20.539 15.677 0.000 

Interaction 

Lobe*Year 0.004 1 0.004 0.003 0.959 

Lobe*Month 30.244 6 5.041 3.847 0.001 

Year*Month 30.660 6 5.110 3.900 0.001 

Lobe*Year*Month 4.628 6 0.771 0.589 0.739 

Covariate 
Log salinity 9.736 1 9.736 7.431 0.007 

Temperature 22.922 1 22.922 17.495 0.000 

 
Table 8. Pairwise significance testing for the interaction of Lobe (Wiley or Teal) and Year (2012 

or 2013) using Tukey's Honestly-Significant-Difference Test. Significant (p<0.05) p-values are 

bolded. 

Lobe(i)*Year(i) Lobe(j)*Year(j) Difference p-Value 95% Confidence Interval 

Lower Upper 

Teal*2012 Wiley*2012 -1.085 0.000 -1.714 -0.456 

Teal*2013 Wiley*2013 -0.700 0.004 -1.230 -0.170 
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Figure 8. Average juvenile unmarked Chinook salmon density (ha

-1
) by month, year, and lobe 

within the Wiley Slough Restoration Project. Chinook density is log transformed. Error bars are 

standard error. 
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Figure 9. Average juvenile unmarked Chinook salmon density (ha

-1
) by year and lobe within the 

Wiley Slough Restoration Project. Chinook density is log transformed. Error bars are standard 

error. 

 

 
Figure 10. Average juvenile unmarked Chinook salmon density (ha

-1
) by habitat type within the 

Teal Slough lobe in 2013. Chinook density is log transformed. Error bars are standard error. 
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Comparison to other Skagit sites 

In this section we answer the fish monitoring question: How does seasonal juvenile 

Chinook salmon density in the restored area compare to reference sites throughout the 

Skagit estuary? We report the comparison of Wiley and Teal Slough monitoring sites for 

juvenile Chinook salmon density to the long term Skagit River delta monitoring sites. 

Analysis methods 

Landscape connectivity, or large-scale connectivity, refers to the relative distances and 

pathways that salmon must travel to find habitat over a very large area. As this concept is 

applied in the Skagit River delta, landscape connectivity is a function of both the distance 

and complexity of the pathway that salmon must follow to specific habitat areas (e.g., 

sites within Wiley and Teal Sloughs). 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 route fish must take to find habitat is measured by the 

distributary bifurcation order and distance traveled. Habitat that is less connected to the 

source of fish has lower densities of fish. By determining landscape connectivity to 

various sites, comparisons of juvenile Chinook salmon usage results from Wiley and Teal 

Sloughs with that of other sites throughout the Skagit River tidal delta can be made in 

order to determine whether Wiley and Teal Sloughs are functioning consistently with the 

rest of the Skagit River delta. 

 

The season-long density of juvenile Chinook salmon at all Wiley and Teal Slough 

monitoring sites and at other long-term monitoring sites located throughout the Skagit 

River tidal delta was estimated. This fish density statistic is termed cumulative Chinook 

salmon density. Cumulative Chinook salmon density was estimated for the periods 

February 1 through August 15 for timing curves of juvenile Chinook salmon in Skagit 

River tidal delta habitat. The exact start and end dates used for all data (Wiley and Teal 

Slough sites and Skagit long term monitoring sites) is based on the start and ending dates 

of sampling at Wiley and Teal Sloughs. Cumulative Chinook salmon density (C) 

(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. 
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The cumulative Chinook salmon density by landscape connectivity was plotted to 

graphically determine whether juvenile Chinook salmon are using the habitat in Wiley 

and Teal Sloughs at different densities than at natural tidal channel sites within the Skagit 

tidal delta. 

 

Landscape connectivity (LC) for each site is calculated: 

LC = 




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. 

 

Since index beach seine sites were sampled on every sampling event, we calculated 

landscape connectivity to all index beach seine sites by lobe (see Appendix 1) and then 

averaged the landscape connectivity values for index sites used by year (2012 or 2013) 

and lobe (Wiley or Teal). The average landscape connectivity value was then plotted with 

cumulative Chinook salmon density and shown in Figure 11. 

Results 

There is a positive relationship between seasonal wild juvenile Chinook salmon density 

and landscape connectivity for the long term monitoring sites throughout the Skagit River 

delta for each year when Wiley and Teal Slough monitoring has occurred (Figure 11). 

Depending on the year, landscape connectivity explains 53% to 85% of the variation in 

seasonal juvenile Chinook salmon density at the Skagit River delta long-term monitoring 

sites. In both years the Wiley Slough results are positioned on the trend line of the Skagit 

River long term monitoring sites (Figure 11, panels A and B).  

 

The Teal Slough result for 2012 plots on the lower side of the relationship between 

seasonal wild juvenile Chinook salmon density and landscape connectivity (Figure 11, 

panel A). In 2013 the Teal Slough result plots within the scatter of the Skagit River long 

term monitoring sites (Figure 11, panel B). 

Discussion 

In general, juvenile Chinook salmon are using the restored areas of both Wiley and Teal 

Slough lobes at seasonal density levels consistent with other long term monitoring sites 

within the Skagit River estuary. While the results are consistent with the pattern over the 

entire Skagit River estuary, the results for the Wiley lobe compared to the Teal lobe are 

somewhat surprising based on hypotheses related to the spur dike from the Wiley Slough 

Restoration Project Design Report (Hinton et al. 2005). The spur dike was hypothesized 

to differentially influence juvenile salmon accessibility at the Wiley and Teal lobes. The 

Teal lobe was expected to be more accessible to juvenile salmon (migrating down 

Freshwater Slough) than the Wiley lobe. This expectation translated into a working 

hypothesis that juvenile Chinook salmon densities would be higher in the Teal lobe than 

in the Wiley lobe. However, we observed the opposite fish result: higher densities of 
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juvenile Chinook salmon were found in the Wiley lobe than in the Teal lobe. Below we 

discuss several possible reasons why. 

 

Influence of local verses landscape factors: Clearly, landscape connectivity is a 

significant variable in predicting juvenile Chinook density across the Skagit tidal delta 

(Figure 11), but there is a significant amount of variation in fish density left unexplained 

by landscape connectivity each year (e.g. 15% in 2012; 47% in 2013). Fish dispersion at 

smaller scales (i.e., vicinity of the Wiley Slough restoration site compared to the entire 

Skagit River estuary) is possibly not best explained solely by the factors included in the 

calculation of landscape connectivity (i.e., distance and complexity of fish migration 

pathways). Factors other than landscape connectivity play a role in juvenile Chinook 

salmon selection of estuary habitat for rearing. These other factors could include 

differences in habitat between sites, annual variation in the number of fish migrants 

relative to the estuary’s carrying capacity, or differences in sites sampled between years 

which might bias the results somehow. 

 

1. Habitat differences: Juvenile Chinook salmon may be keying in on the slightly 

warmer and saltier water in the Wiley lobe for growth advantages (e.g., more 

efficient conversion of food to fish body weight; better quality –higher calorie– or 

more abundant prey). We detected statistically significant positive relationships 

with water temperature and salinity and juvenile Chinook density. These 

observations are consistent with the idea that fish may have a metabolic advantage 

by occupying the Wiley lobe compared to the Teal lobe. We did not measure 

abundance, diversity, and caloric value of juvenile salmon prey taxa at any site so 

we can not speculate whether significant differences in the value of prey to 

juvenile salmon occur between Wiley and Teal lobes. Additional years of fish 

density along with prey quantity and quality monitoring would be required to 

determine whether habitat differences are somehow causing juvenile Chinook 

salmon to use the Wiley lobe at higher densities than the Teal lobe. 

 

2. Juvenile Chinook salmon outmigration size: The Washington Department of Fish 

and Wildlife 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 subyearling component of the juvenile Chinook 

salmon outmigration include fish that rear in the Skagit estuary and places like the 

Wiley Slough Restoration Project. The point estimate for wild subyearling 

Chinook salmon outmigration size in 2012 and 2013 are 4.5 and 5.64 million fish, 

respectively (Joe Anderson and Clayton Kinsel, WDFW unpublished data). These 

abundance estimates are 88% and 110% of the juvenile Chinook population size 

(5.1 million) determined by stock production analysis to fully seed the Skagit 

River tidal delta with juvenile Chinook salmon (Beamer et al. 2005). Because 

Skagit River tidal delta habitat should be nearly filled (2012) or filled (2013) by 

juvenile Chinook salmon during the estuary rearing period, the expectation was 

that Wiley and Teal Slough habitat would be used at a level near or at carrying 

capacity by juvenile Chinook salmon in both years if habitat conditions were 

suitable. Thus, it is unlikely that differences in the number of fish available to 
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colonize habitat within the Wiley or Teal lobes played a role in the density 

difference between lobes. Theoretically, there should have been enough fish 

around each year to fully seed (or nearly so) available habitat. 

 

3. Differences in sites sampled between years: In 2012 we did not beach seine the 

entire Teal Slough lobe; we focused efforts on the channels in the southern area of 

the lobe (Figure 1). In 2013 we added sites to beach seine in the northern part of 

the lobe (Figure 2), thus representing areas within the entire lobe including 

sampling within impoundment areas. The sampling site differences in 2012 and 

2013 may explain the different results between years for Teal Slough with respect 

to relationship between seasonal wild juvenile Chinook salmon density and 

landscape connectivity. The 2013 result may best reflect the pattern of fish use 

between lobes. 

 

We conclude the predicted effect of the spur dike on fish accessibility between the Wiley 

and Teal lobes may be overshadowed by other factors, possibly including differences in 

habitat conditions between the Wiley and Teal lobe. Regardless of the causes of juvenile 

Chinook salmon using the Wiley lobe at a higher density than the Teal lobe, juvenile 

Chinook salmon  were demonstrated to use the restored areas of both lobes in both years 

of monitoring. Moreover, the 2013 result may best reflect the pattern of fish use between 

lobes because beach seine sampling better represented available habitat types (channel 

and impoundment) and spatial variation of habitat within the Teal lobe. In 2013, juvenile 

Chinook salmon used the restored areas of both Wiley and Teal Slough lobes at seasonal 

density levels consistent with other long term monitoring sites within the Skagit River 

estuary. This is strong support that the Wiley Slough Restoration Project is performing 

within the range of expectations for juvenile Chinook salmon benefits. 

 

There will likely always be sources of variability in juvenile Chinook density that we 

cannot definitively explain. We do not believe this is a cause of great concern for 

determining whether the Wiley Slough Restoration Project is effective for juvenile 

Chinook salmon. 
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Figure 11. Relationship between landscape connectivity and seasonal Chinook salmon density for 

Skagit River delta long-term monitoring sites and Wiley and Teal Slough monitoring sites, 2012 

and 2013. 
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Chinook abundance compared to carrying capacity  

In this section we answer the fish monitoring question: What is the carrying capacity of 

the restored area for juvenile Chinook salmon rearing? We 1) update juvenile Chinook 

salmon carrying capacity estimates for the Wiley Slough Restoration Project based on 

updated habitat and connectivity data, and 2) calculate the number juvenile Chinook 

salmon that used the restored area in 2012 and 2013. 

Analysis methods 

Juvenile wild Chinook salmon abundance estimates were made to determine the number 

of fish that reared in restored habitat of the Wiley and Teal Slough lobes in 2012 and 

2013 compared to model-generated carrying capacity estimates for juvenile Chinook 

salmon. Fish abundance was calculated as: fish density multiplied by the wetted area of 

Wiley and Teal Slough lobes during the time of sampling. 

 

Fish abundance was calculated for each beach seine set on each sampling date because 

juvenile Chinook salmon catches varied by lobe and time of year (Figures 8 and 9). Total 

wetted area for Wiley and Teal Slough lobes are 10.14 and 22.06 hectares, respectively 

(Appendix 2). Wetted area is a combination of channel and impoundment areas that exist 

during the tidal stages (low tide and early flood tide) when beach seining occurred. 

 

Individual fish abundance estimates were averaged by lobe (Wiley and Teal) for each 

year (2012 and 2013), resulting in average daily juvenile Chinook salmon abundance for 

the entire monitoring period (February through mid-August = 195 days) for each lobe in 

each year. Average juvenile Chinook salmon abundance was multiplied by the 195-day 

period, yielding an estimate of fishdays, then divided by the average resident time (35 

days) of individual juvenile Chinook salmon rearing in Skagit River tidal delta habitat 

(Beamer et al. 2000). This calculation procedure is an estimate of the population of 

juvenile Chinook salmon that used Wiley and Teal Slough lobes during the 2012 and 

2013 monitoring periods.  

Results 

Update of juvenile Chinook salmon carrying capacity estimates:  

The juvenile Chinook salmon carrying capacity estimates for the Wiley Slough 

Restoration Project are updated from those listed in the Skagit Chinook Recovery Plan. 

The updated estimates take into account the amount of channel and impoundment habitat 

present after restoration. These values are reported in Appendices 1 (Landscape 

connectivity calculations) and 2 (Restored habitat area) of this report. We compare the 

carrying capacity estimates to juvenile Chinook salmon abundance estimates from our 

2012 and 2013 monitoring results. 

 

Juvenile Chinook salmon carrying capacity is based on two variables: 1) wetted area 

available to fish; and 2) landscape connectivity. Both variables are positively correlated 

with juvenile Chinook abundance (i.e., larger habitat areas and higher connectivity values 

result in higher estimates of juvenile Chinook carrying capacity). The methods are 

described in Beamer et al. (2005) (page 89). The Wiley Slough Restoration Project has 

6.03 hectares of tidal channel within the Wiley and Teal Slough lobes combined (Table 



  28 

9). This amount of tidal channel has the capacity to support 28,355 and 45,750 tidal delta-

rearing Chinook salmon smolts annually in the Wiley and Teal lobes, respectively (Table 

9). This is a total of 74,105 Chinook smolts annually. However, the Wiley Slough 

Restoration Project also has large amounts of impounded area at low tide (Appendix 2). 

Our monitoring found juvenile Chinook salmon were using impounded areas in addition 

to channel habitat (Figure 10). Thus, we calculated juvenile Chinook carrying capacity 

for the total wetted area (channels and impoundments) for each lobe. The total wetted 

area (channels and impoundments) has the capacity to support 104,933 and 262,680 tidal 

delta-rearing Chinook salmon smolts annually in the Wiley and Teal lobes, respectively 

(Table 9). This is a total of 367,617 Chinook smolts annually. 

 

Juvenile Chinook salmon abundance estimates:  

We used results from 133 and 197 beach seine sets made in 2012 and 2013 (respectively) 

to calculate the number of unmarked juvenile Chinook salmon that used the Wiley 

Slough Restoration Project. A total of 52,000 and 33,000 unmarked juvenile Chinook 

salmon were estimated to use the Wiley and Teal lobes in 2012, respectively (Table 10). 

More juvenile Chinook salmon used the area in 2013 than in 2012. Nearly 105,000 and 

143,000 unmarked juvenile Chinook salmon were estimated to use the Wiley and Teal 

lobes in 2013, respectively. Confidence Intervals (CI) of our estimates are wide due to the 

variable nature of the fish catch data, but even the lower 95% CI demonstrate tens of 

thousands of juvenile Chinook salmon used the restored areas each year. 

 

We compared the model predictions of juvenile Chinook salmon carrying capacity for the 

Wiley Slough Restoration Project (i.e., Table 9) with actual fish monitoring results (i.e., 

Table 10) in Table 11. 
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Table 9. Juvenile wild Chinook salmon carrying capacity model results for tidal habitat of Wiley 

and Teal Slough lobes after restoration. Landscape connectivity is from Appendix 1. Wetted areas 

are from Appendix 2. 

Lobe 
Landscape 

connectivity 

Habitat 

Smolts 

annually 
Type Area (ha) 

Wiley Slough 0.02171 

Channels only 2.74 28,355 

Total wetted 

(channel & 

impoundment) 

10.14 104,933 

Teal Slough 0.02909 

Channels only 3.29 45,750 

Total wetted 

(channel & 

impoundment) 

18.89 262,680 

Wiley & Teal Slough lobes combined 

Channels only 74,105 

Total wetted (channel & 

impoundment) 
367,613 

 
Table 10. Population estimate of individual juvenile wild Chinook salmon that used habitat within 

the Wiley and Teal Slough lobes during the 2012 and 2013 monitoring period (February through 

mid-August, 195 days) based on expansion of juvenile wild Chinook density results from sites 

within each lobe. Results are based on 133 and 197 beach seine sets made in 2012 and 2013, 

respectively. 

Lobe & Year 

Seasonal Chinook abundance 

in fishdays 

 

Point estimate 

(upper & lower 95% CI) 

Average 

Chinook 

delta 

residence 

period 

(days) 

Juvenile Chinook 

population 

 

Point estimate 

(upper & lower 95% CI) 

Wiley Slough, 2012 1,932,344 (1,079,136-2,785,552) 
35

a
 

55,210 (30,832-79,587) 

Teal Slough, 2012 1,154,869 (227,279-2,082,459) 32,996 (6,494-59,499) 

Total 2012 88,206 (37,326-139,086) 

Wiley Slough, 2013 3,664,508 (2,313,328-5,015,687) 
35

a
 

104,700 (66,095-143,305) 

Teal Slough, 2013 5,004,713 (2,200,710-7,808,717) 142,992 (62,877-223,106) 

Total 2013 247,692 (128,973-366,412) 

a – based on juvenile Skagit Chinook salmon otolith results reported in Beamer et al. (2000). 
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Table 11. Summary of Wiley and Teal Slough juvenile Chinook salmon abundance estimates 

based on fish monitoring data and carrying capacity estimates based on modeling. 

Monitor-

ing 

year 

or 

source of 

estimate 

Juvenile Chinook monitoring 

results 

Juvenile Chinook salmon 

Carrying Capacity 

estimates 

Juvenile Chinook salmon 

Carrying Capacity model 

inputs 

Skagit River 

juvenile Chinook 

outmigration 
level 

 

(% of carrying 
capacity of 

Skagit estuary) 

Wiley & Teal 

lobes combined 
 Wiley & Teal lobes combined Wiley & Teal lobes combined 

Wild juvenile 

Chinook 
abundance 

(point est. ± 95% 

CI) 
 

Channels 

only 

estimate 
(smolts 

annually) 

All wetted area 

estimate 
(smolts annually) 

Landscape 

connectivity 
Wetted area (ha) 

Skagit 

Chinook 

Recovery 

Plan
1
 

Not relevant Not relevant 38,492 Not considered 0.0401 

2.0 ha of channel 

estimated to be 

restored 

Wiley 

Slough 

Design 

Report
2
 

Not relevant Not relevant 126,945 Not considered 0.0401
3
 

6.60 ha of channel 

estimated to be 

restored 

2012 88% 
88,206 

(37,326-139,086) 

74,105 367,613 

Wiley lobe = 

0.02171 
Teal lobe = 

0.02909 

6.03 ha of channel 
actually restored 

 

29.03 ha of wetted 
area 

(impoundments & 

channels) actually 
restored 

2013 110% 
247,692 

(128,973-366,412) 

1
SRSC and WDFW (2005). The Wiley Slough Restoration Project is found on page 161. 

2
Hinton et al. (2005). 

3
Landscape connectivity was not updated by Hinton et al. (2005) so the Skagit Chinook Plan estimate of 

connectivity was used in this table. 

Discussion  

The comparison of the updated carrying capacity with observed fish abundance estimates 

for juvenile Chinook salmon at Wiley and Teal Sloughs must be considered in the context 

of landscape connectivity, amount of habitat, and the size of the outmigrating smolt 

population: 

1) Landscape connectivity – Landscape connectivity estimates for the Wiley Slough 

Restoration project were updated after dike setback restoration occurred in the 

summer of 2009. The original estimate of landscape connectivity for the Wiley 

Slough Restoration project was from the Skagit Chinook Recovery Plan (SRSC and 

WDFW 2005) and was a higher value (0.0401) than the values calculated to the fish 

monitoring sites within the restored habitat via two different pathways (Wiley Slough 

or Teal Slough) (Appendix 1). 

2) Habitat area – Dike setback restoration increased tidal habitat area within the Wiley 

and Teal Slough lobes of the Wiley Slough Restoration Project. Actual restored tidal 

channel area (6.03 ha) was similar to the amount predicted (6.60 ha) in the project’s 
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design report but was three times higher than the 2.0 hectares estimated at the 

conceptual project stage of the Skagit Chinook Recovery Plan (Table 11). 

3) Skagit River Chinook salmon smolt outmigration 2012 – The point estimate for wild 

juvenile Chinook salmon outmigration size in 2012 is 4.5 million fish (3.6-5.6 million 

95% CI), which is 88% of the juvenile Chinook population size (5.1 million) 

determined by stock production analysis to fully seed the Skagit River tidal delta with 

juvenile Chinook salmon (Beamer et al. 2005). Because Skagit River tidal delta 

habitat should be nearly filled by juvenile Chinook salmon in 2012 during the estuary 

rearing period, the expectation was that Wiley and Teal Slough habitat would be used 

at a level near carrying capacity by juvenile Chinook salmon in 2012 if habitat 

conditions were suitable. The point estimate for juvenile wild Chinook salmon 

population size in tidal habitat of Wiley and Teal Sloughs in 2012 was 88,206 fish 

and is greater (i.e., 119%) than the carrying capacity estimate based on tidal channel 

area but lower (i.e., 24%) than the carrying capacity estimate based on total wetted 

area (Table 11). 

4) Skagit River Chinook salmon smolt outmigration 2013 – The point estimate for wild 

juvenile Chinook salmon outmigration size in 2013 is 5.64 million fish (3.88-7.41 

million 95% CI), which is 110% of the juvenile Chinook population size necessary to 

fully seed the Skagit River tidal delta with juvenile Chinook salmon. Because Skagit 

River tidal delta habitat should be completely filled by juvenile Chinook salmon in 

2013 during the estuary rearing period, the expectation was that Wiley and Teal 

Slough habitat would be used at the carrying capacity level by juvenile Chinook 

salmon in 2013 if habitat conditions were suitable. The point estimate for juvenile 

wild Chinook salmon population size in tidal habitat of Wiley and Teal Sloughs in 

2013 was 247,692 fish and is greater (i.e., 334%) than the carrying capacity estimate 

based on tidal channel area but lower (i.e., 67%) than the carrying capacity estimate 

based on total wetted area (Table 11). 

 

Based on two years of fish monitoring after restoration (2012 and 2013), the number of 

juvenile Chinook salmon that used the restored areas of the Wiley and Teal Slough lobes 

combined 1) exceeded the updated carrying capacity estimate based on actual restored 

channel habitat only, and 2) exceeded the Skagit Chinook Recovery Plan’s estimated 

benefit to juvenile Chinook salmon (Table 11). However, the number of juvenile Chinook 

salmon that used the restored areas of the Wiley and Teal Slough lobes combined in 2012 

and 2013 was somewhat less than predicted by the carrying capacity estimate that 

included all wetted areas (channels and impoundments) (Table 11). Our monitoring 

proved that juvenile Chinook salmon are using the impounded areas, even at low tidal 

stage (Figure 11) so impoundment areas are currently benefiting juvenile Chinook 

salmon within the restoration project area.  

 

It is uncertain whether the large impoundment areas will remain over time. The 

impoundment areas may be a result of some combination of subsidence and lack of 

sediment accretion within the previously diked (now restored) area relative to adjacent 

marsh areas that are continually exposed to delta sedimentation, or sea level rise that 

occurred over the 44 to 53-year period when the restored site was diked (the dikes were 

constructed sometime between 1956 and 1965). Sustainable channel conditions are 
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reached after natural hydrologic and sedimentation processes achieve a balance at the 

site. Equilibrium channel area for the Wiley and Teal lobes combined is 2.03 hectares 

(0.50-8.25, 95% CI) based on allometric analysis of reference sites in the adjacent South 

Fork Skagit delta (after Hood 2007). This suggests, at equilibrium conditions, total 

habitat area will be less than the current 29 hectares of combined channel and 

impoundment area. Thus, actual juvenile Chinook salmon carrying capacity could change 

within the Wiley Slough Restoration Project based on how channel/impounded areas 

evolve over time. This report documents that three to four years after dike setback 

restoration was completed, juvenile Chinook are benefiting from the restored habitat due 

to both impoundments and channels currently present within the dike setback areas of the 

Wiley Slough Restoration Project. 

 

The issue of restored habitat conditions within recently restored areas using dike setback 

design and the long term sustainability of that habitat may be an emerging theme for 

estuary restoration adaptive management. The recently restored Fisher Slough also used 

dike setback as part of its design, which resulted in large impoundment areas that juvenile 

Chinook salmon currently use extensively (Beamer et al. 2013; Beamer et al. 2014). The 

sustainability of Fisher Slough’s tidal channels and impoundments is also in question 

(Henderson et al. 2014, see results on Hypothesis 7). Understanding correctly the 

sustainability of restored habitat (either through precise and accurate prediction or 

longterm monitoring) is especially important when restoration projects are intended to 

achieve specific goals, such as recovery of listed Chinook salmon populations. 
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Appendix 1: Landscape connectivity calculations  
 

Wiley Slough Estuary Restoration Project: Landscape Connectivity Calculation 

 

Date: May 2015 

 

By: Karen Wolf, Skagit River System Cooperative 

 

Purpose and Calculation Methods: 

Within the delta and nearshore ecosystems of the Skagit River, Beamer et al. (2005) used 

habitat connectivity as an attribute to help predict the use of specific habitats for Chinook 

salmon recovery planning. 

 

Landscape connectivity was defined as a function of both the length and the complexity 

of the pathway that juvenile Chinook salmon must follow to certain types of habitats, like 

blind tidal channels in the Skagit delta or pocket estuaries in adjacent nearshore areas. 

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). 

 

An ArcMap data layer, fish_direction, was created in GIS to calculate landscape 

connectivity values for specific places within the Skagit tidal delta or pocket estuaries 

within adjacent nearshore areas (e.g., Skagit Bay or Padilla Bay). Fish_direction reflects 

the pathways through which juvenile Chinook salmon are expected to move through the 

delta channel network and along the nearshore to find and colonize habitat. It includes 

quantification of 'Bi' (index bifurcation order) by creating GIS-based rules for the 

methods described in Appendix D.V, page 79 of Beamer et al. (2005). Pathway location 

and direction outside of the tidal delta is based on drift buoy results (Appendix D.VI, 

page 81 in Beamer et al. 2005) and low tide channel locations visible on orthophotos. The 

following attributes are included in the fish_direction GIS theme and are included in 

tables below for each Landscape Connectivity calculation. 

 

Definitions of Table Attributes 
Bi    Index bifurcation order 

Length_km   Length of arc in kilometers 

Km_x_bi   Kilometer length multiplied by Bi 

Sum     Sum of all Km_x_bi values for a specific pathway 

Landscape Connectivity  1/Sum 

  



  36 

Results: 

The as-built Wiley Slough Restoration Project footprint was provided by the SRSC 

Restoration Department. 

 

I calculated values of Landscape Connectivity for index beach seine sites within Wiley 

Slough (Appendix 1: Figure 1, Tables 1-2) and Teal Slough (Appendix 1: Figure 2, 

Tables 3-6). 

 

 

 

Appendix 1 Reference 
 

Beamer, E., and coauthors. 2005. Delta and nearshore restoration for the recovery of wild 

Skagit River Chinook salmon: Linking estuary restoration to wild Chinook salmon 

populations. Skagit River System Cooperative, Appendix D to the Skagit Chinook 

Recovery Plan, LaConner, WA. Available at www.skagitcoop.org. 
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Appendix 1 Figure 1. Pathways used to calculate Landscape Connectivity to Wiley Index 1 & 2 

sites. Thin black arcs with arrows are from the GIS theme fish_direction. Thicker arcs show the 

pathways chosen for calculating Landscape Connectivity to these sites and are colored by their Bi 

value. 
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Appendix 1 Table 1. Worksheet showing calculation of Landscape Connectivity to Wiley Index 1 

site. Arcs are listed in order from mainstem to sampling site. 

Order Comments Bi length_km km_x_bi 

1 mainstem, start of theme 1 0.78575 0.78575 

2 mainstem to fork 1 0.18540 0.18540 

3 SF from fork to SF Off Chan 2 2.33017 4.66034 

4 from SF Off Chan to dike setback blind 2 2.41108 4.82215 

5 dike setback to top of Steamboat & FW Sl 2 1.57505 3.15010 

6 FW Sl to DW Old Site 3 1.40481 4.21442 

7 DW Old Site to FW boat ramp 3 1.49240 4.47720 

8 FW boat ramp to blind pt 206 3 0.23398 0.70194 

9 blind pt 206 to Random SF 207 3 0.22697 0.68090 

10 Random SF 207 to DW tx pond (from west) 3 0.16123 0.48368 

11 DW tx pond (west route) to FW Sl 1 3 0.18282 0.54846 

12 FW Sl 1 to FW Sl Area s22 3 0.06935 0.20806 

13 FW Sl Area s22 to FW Sl 2 3 0.17112 0.51336 

14 FW Sl 2 to FW Sl Area s8 3 0.26026 0.78078 

15 FW Sl Area s8 to Random SF 212 3 0.15599 0.46796 

16 Random SF 212 to mouth of Teal Sl 3 0.23040 0.69119 

17 mouth of Teal Sl to mouth of slough to west 3 0.06641 0.19923 

18 mouth of slough west of Teal to branch into bay 3 0.53080 1.59240 

19 from branch into bay to Random SF 197 4 0.11315 0.45260 

20 Random SF 197 to next branch into bay 4 0.30567 1.22266 

21 next branch into bay to Random SF 196 6 0.17452 1.04711 

22 Random SF 196 to blind pt 193 6 0.12433 0.74601 

23 blind pt 193 to blind pt 191 6 0.17947 1.07679 

24 blind pt 191 to blind pt 192 (7,6 = 6) 6 0.07547 0.45279 

25 blind pt 192 to mouth of Wiley Sl 6 0.18822 1.12932 

26 mouth of Wiley Sl to blind pt 186 7 0.14826 1.03783 

27 blind pt 186 to blind pt 187 7 0.21913 1.53389 

28 blind pt 187 to Wiley Index fork 7 0.99215 6.94505 

29 Wiley Index fork to Wiley Index 1 (+1) 8 0.16041 1.28325 

     

 

Sum 

  

46.09062 

 

Landscape Connectivity 

  

0.02170 

 

  



  39 

Appendix 1 Table 2. Worksheet showing calculation of Landscape Connectivity to Wiley Index 2 

site. Arcs are listed in order from mainstem to sampling site. 

Order Comments Bi length_km km_x_bi 

1 mainstem, start of theme 1 0.78575 0.78575 

2 mainstem to fork 1 0.18540 0.18540 

3 SF from fork to SF Off Chan 2 2.33017 4.66034 

4 from SF Off Chan to dike setback blind 2 2.41108 4.82215 

5 dike setback to top of Steamboat & FW Sl 2 1.57505 3.15010 

6 FW Sl to DW Old Site 3 1.40481 4.21442 

7 DW Old Site to FW boat ramp 3 1.49240 4.47720 

8 FW boat ramp to blind pt 206 3 0.23398 0.70194 

9 blind pt 206 to Random SF 207 3 0.22697 0.68090 

10 Random SF 207 to DW tx pond (from west) 3 0.16123 0.48368 

11 DW tx pond (west route) to FW Sl 1 3 0.18282 0.54846 

12 FW Sl 1 to FW Sl Area s22 3 0.06935 0.20806 

13 FW Sl Area s22 to FW Sl 2 3 0.17112 0.51336 

14 FW Sl 2 to FW Sl Area s8 3 0.26026 0.78078 

15 FW Sl Area s8 to Random SF 212 3 0.15599 0.46796 

16 Random SF 212 to mouth of Teal Sl 3 0.23040 0.69119 

17 mouth of Teal Sl to mouth of slough to west 3 0.06641 0.19923 

18 mouth of slough west of Teal to branch into bay 3 0.53080 1.59240 

19 from branch into bay to Random SF 197 4 0.11315 0.45260 

20 Random SF 197 to next branch into bay 4 0.30567 1.22266 

21 next branch into bay to Random SF 196 6 0.17452 1.04711 

22 Random SF 196 to blind pt 193 6 0.12433 0.74601 

23 blind pt 193 to blind pt 191 6 0.17947 1.07679 

24 blind pt 191 to blind pt 192 (7,6 = 6) 6 0.07547 0.45279 

25 blind pt 192 to mouth of Wiley Sl 6 0.18822 1.12932 

26 mouth of Wiley Sl to blind pt 186 7 0.14826 1.03783 

27 blind pt 186 to blind pt 187 7 0.21913 1.53389 

28 blind pt 187 to Wiley Index fork 7 0.99215 6.94505 

29 Wiley Index fork to Wiley Index 2 (+1) 8 0.15433 1.23462 

     

 
Sum 

  

46.04199 

 
Landscape Connectivity 

  

0.02172 
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Appendix 1 Figure 2. Pathways used to calculate Landscape Connectivity to four Teal Index sites. 

Thin black arcs with arrows are from the GIS theme fish_direction. Thicker arcs show the 

pathways chosen for calculating Landscape Connectivity to these sites and are colored by their Bi 

value. 
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Appendix 1 Table 3. Worksheet showing calculation of Landscape Connectivity to Teal Index 1 

site. Arcs are listed in order from mainstem to sampling site. 

Order Comments Bi length_km km_x_bi 

1 mainstem, start of theme 1 0.78575 0.78575 

2 mainstem to fork 1 0.18540 0.18540 

3 SF from fork to SF Off Chan 2 2.33017 4.66034 

4 from SF Off Chan to dike setback blind 2 2.41108 4.82215 

5 dike setback to top of Steamboat & FW Sl 2 1.57505 3.15010 

6 FW Sl to DW Old Site 3 1.40481 4.21442 

7 DW Old Site to FW boat ramp 3 1.49240 4.47720 

8 FW boat ramp to blind pt 206 3 0.23398 0.70194 

9 blind pt 206 to Random SF 207 3 0.22697 0.68090 

10 Random SF 207 to DW tx pond (from west) 3 0.16123 0.48368 

11 DW tx pond (west route) to FW Sl 1 3 0.18282 0.54846 

12 FW Sl 1 to FW Sl Area s22 3 0.06935 0.20806 

13 FW Sl Area s22 to FW Sl 2 3 0.17112 0.51336 

14 FW Sl 2 to FW Sl Area s8 3 0.26026 0.78078 

15 FW Sl Area s8 to Random SF 212 3 0.15599 0.46796 

16 Random SF 212 to mouth of Teal Sl 3 0.23040 0.69119 

17 mouth of Teal Sl to Teal Sl s5 6 0.12905 0.77427 

18 Teal Sl s5 to connector to slough to west 6 0.06750 0.40501 

19 Wiley connector to blind pt 202 6 0.06458 0.38748 

20 blind pt 202 to Teal Sl s6 6 0.13224 0.79344 

21 Teal Sl s6 to blind pt 599 6 0.06622 0.39730 

22 blind pt 599 to blind pt 600 6 0.04578 0.27467 

23 blind pt 600 to Teal Sl s7 6 0.01323 0.07940 

24 Teal Sl s7 to blind pt 601 6 0.04862 0.29173 

25 blind pt 601 to Teal Index 1 6 0.10308 0.61849 

     

 
Sum 

  

31.39349 

 
Landscape Connectivity 

  

0.03185 
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Appendix 1 Table 4. Worksheet showing calculation of Landscape Connectivity to Teal Index 2 

site. Arcs are listed in order from mainstem to sampling site. 

InOrder Comments Bi length_km km_x_bi 

1 mainstem, start of theme 1 0.78575 0.78575 

2 mainstem to fork 1 0.18540 0.18540 

3 SF from fork to SF Off Chan 2 2.33017 4.66034 

4 from SF Off Chan to dike setback blind 2 2.41108 4.82215 

5 dike setback to top of Steamboat & FW Sl 2 1.57505 3.15010 

6 FW Sl to DW Old Site 3 1.40481 4.21442 

7 DW Old Site to FW boat ramp 3 1.49240 4.47720 

8 FW boat ramp to blind pt 206 3 0.23398 0.70194 

9 blind pt 206 to Random SF 207 3 0.22697 0.68090 

10 Random SF 207 to DW tx pond (from west) 3 0.16123 0.48368 

11 DW tx pond (west route) to FW Sl 1 3 0.18282 0.54846 

12 FW Sl 1 to FW Sl Area s22 3 0.06935 0.20806 

13 FW Sl Area s22 to FW Sl 2 3 0.17112 0.51336 

14 FW Sl 2 to FW Sl Area s8 3 0.26026 0.78078 

15 FW Sl Area s8 to Random SF 212 3 0.15599 0.46796 

16 Random SF 212 to mouth of Teal Sl 3 0.23040 0.69119 

17 mouth of Teal Sl to Teal Sl s5 6 0.12905 0.77427 

18 Teal Sl s5 to connector to slough to west 6 0.06750 0.40501 

19 Wiley connector to blind pt 202 6 0.06458 0.38748 

20 blind pt 202 to Teal Sl s6 6 0.13224 0.79344 

21 Teal Sl s6 to blind pt 599 6 0.06622 0.39730 

22 blind pt 599 to blind pt 600 6 0.04578 0.27467 

23 blind pt 600 to Teal Sl s7 6 0.01323 0.07940 

24 Teal Sl s7 to blind pt 601 6 0.04862 0.29173 

25 blind pt 601 to Teal Index 1 6 0.10308 0.61849 

26 from Teal Index 1 to Teal Index 2 6 0.21563 1.29380 

     

 
Sum 

  

32.68729 

 
Landscape Connectivity 

  

0.03059 
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Appendix 1 Table 5. Worksheet showing calculation of Landscape Connectivity to Teal Index 3 

site. Arcs are listed in order from mainstem to sampling site. 

Order Comments Bi length_km km_x_bi 

1 mainstem, start of theme 1 0.78575 0.78575 

2 mainstem to fork 1 0.18540 0.18540 

3 SF from fork to SF Off Chan 2 2.33017 4.66034 

4 from SF Off Chan to dike setback blind 2 2.41108 4.82215 

5 dike setback to top of Steamboat & FW Sl 2 1.57505 3.15010 

6 FW Sl to DW Old Site 3 1.40481 4.21442 

7 DW Old Site to FW boat ramp 3 1.49240 4.47720 

8 FW boat ramp to blind pt 206 3 0.23398 0.70194 

9 blind pt 206 to Random SF 207 3 0.22697 0.68090 

10 Random SF 207 to DW tx pond (from west) 3 0.16123 0.48368 

11 DW tx pond (west route) to FW Sl 1 3 0.18282 0.54846 

12 FW Sl 1 to FW Sl Area s22 3 0.06935 0.20806 

13 FW Sl Area s22 to FW Sl 2 3 0.17112 0.51336 

14 FW Sl 2 to FW Sl Area s8 3 0.26026 0.78078 

15 FW Sl Area s8 to Random SF 212 3 0.15599 0.46796 

16 Random SF 212 to mouth of Teal Sl 3 0.23040 0.69119 

17 mouth of Teal Sl to Teal Sl s5 6 0.12905 0.77427 

18 Teal Sl s5 to connector to slough to west 6 0.06750 0.40501 

19 Wiley connector to blind pt 202 6 0.06458 0.38748 

20 blind pt 202 to Teal Sl s6 6 0.13224 0.79344 

21 Teal Sl s6 to blind pt 599 6 0.06622 0.39730 

22 blind pt 599 to blind pt 600 6 0.04578 0.27467 

23 blind pt 600 to Teal Sl s7 6 0.01323 0.07940 

24 Teal Sl s7 to blind pt 601 6 0.04862 0.29173 

25 blind pt 601 to Teal Index 1 6 0.10308 0.61849 

26 from Teal Index 1 to Teal Index 2 6 0.21563 1.29380 

27 from Teal Index 2 to Teal Index 3 6 0.39687 2.38125 

     

 
Sum 

  

35.06854 

 
Landscape Connectivity 

  

0.02852 
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Appendix 1 Table 6. Worksheet showing calculation of Landscape Connectivity to Teal Index 4 

site. Arcs are listed in order from mainstem to sampling site. 

Order Comments Bi length_km km_x_bi 

1 mainstem, start of theme 1 0.78575 0.78575 

2 mainstem to fork 1 0.18540 0.18540 

3 SF from fork to SF Off Chan 2 2.33017 4.66034 

4 from SF Off Chan to dike setback blind 2 2.41108 4.82215 

5 dike setback to top of Steamboat & FW Sl 2 1.57505 3.15010 

6 FW Sl to DW Old Site 3 1.40481 4.21442 

7 DW Old Site to FW boat ramp 3 1.49240 4.47720 

8 FW boat ramp to blind pt 206 3 0.23398 0.70194 

9 blind pt 206 to Random SF 207 3 0.22697 0.68090 

10 Random SF 207 to DW tx pond (from west) 3 0.16123 0.48368 

11 DW tx pond (west route) to FW Sl 1 3 0.18282 0.54846 

12 FW Sl 1 to FW Sl Area s22 3 0.06935 0.20806 

13 FW Sl Area s22 to FW Sl 2 3 0.17112 0.51336 

14 FW Sl 2 to FW Sl Area s8 3 0.26026 0.78078 

15 FW Sl Area s8 to Random SF 212 3 0.15599 0.46796 

16 Random SF 212 to mouth of Teal Sl 3 0.23040 0.69119 

17 mouth of Teal Sl to Teal Sl s5 6 0.12905 0.77427 

18 Teal Sl s5 to connector to slough to west 6 0.06750 0.40501 

19 Wiley connector to blind pt 202 6 0.06458 0.38748 

20 blind pt 202 to Teal Sl s6 6 0.13224 0.79344 

21 Teal Sl s6 to blind pt 599 6 0.06622 0.39730 

22 blind pt 599 to blind pt 600 6 0.04578 0.27467 

23 blind pt 600 to Teal Sl s7 6 0.01323 0.07940 

24 Teal Sl s7 to blind pt 601 6 0.04862 0.29173 

25 blind pt 601 to Teal Index 1 6 0.10308 0.61849 

26 from Teal Index 1 to Teal Index 2 6 0.21563 1.29380 

27 from Teal Index 2 to Teal Index 3 6 0.39687 2.38125 

28 from Teal Index 3 to Teal Index 4 6 0.71287 4.27722 

     

 
Sum 

  

39.34576 

 
Landscape Connectivity 

  

0.02542 
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Appendix 2: Restored habitat area 
 
Appendix 2 Table 1. Wiley Slough lobe habitat area in 2011, in hectares. 

Habitat type or statistic Wiley lobe Comment 

channels 2.74 

Appendix 2 Figure 1 (Mickelson et al. 

2014) 

predicted channel area at equilibrium (95% CI) 0.192-3.125 Calculated from Hood (2007) 

impoundment 1 2.79 

Appendix 2 Figure 2 

impoundment 2 1.33 

impoundment 3 2.24 

impoundment 4 1.03 

total impoundment area 7.40 

total wetted area 10.14 sum of channels & impoundments 

area exposed to tidal and riverine hydrology 26.54 

Appendix 2 Figure 3 (Mickelson et al. 

2014) 

% channel 10.3%   

% wetted 38.2%   

 

Appendix 2. Table 2. Teal Slough Lobe habitat area in 2011, in hectares. 

Habitat type or statistic Teal lobe Comment 

channels 3.29 

Appendix 2 Figure 4 (Mickelson et al. 

2014) 

predicted channel area at equilibrium (95% CI) 0.310-5.125 Calculated from Hood (2007) 

impoundment 5 10.78 

Appendix 2 Figure 5 

impoundment 6 0.74 

impoundment 7 2.99 

impoundment 8 1.09 

total impoundment area 15.60 

total wetted area 18.89 sum of channels & impoundments 

area exposed to tidal and riverine hydrology 36.57 

Appendix 2 Figure 6 (Mickelson et al. 

2014) 

% channel 9.0%   

% wetted 51.7%   
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Wiley Lobe 

 

Appendix 2 Figure 1. All channels on the Wiley Slough side of the site = 2.74 ha in 2011. 
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Appendix 2 Figure 2. Wiley side impoundment polygons in 2011. Areas are, going east to west 

(right to left), in hectares: 1) 2.794352, 2) 1.33063, 3) 2.244151, and 4) 1.028894. 
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Appendix 2 Figure 3. Total area exposed to tidal and riverine hydrology, Wiley side = 26.54 ha 

(65.58 ac) in 2011. 
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Teal Lobe 

 

 

Appendix 2 Figure 4. All channels on the Teal Slough side of the site = 3.29 ha in 2011.  
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Appendix 2 Figure 5. Teal side impoundment polygons in 2011. Areas are in hectares: 5) 

10.778547, 6) 0.737668, 7) 2.992749, 8) 1.091227, and 9) 3.174773. 
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Appendix 2 Figure 6. Total area exposed to tidal and riverine hydrology, Teal side = 36.57 ha 

(90.38 ac) in 2011. 
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