Juvenile Salmon & Nearshore Fish Use
Response to Beach Restoration at Cornet Bay

Summary Report for 2009-2023 Beach Seine
Surveys

\¢ Northwest

[ 1
. Straits

partners in marine conservation

March 2024

Prepared for the Island County Marine Resources Committee

Prepared by Northwest Straits Marine Conservation Foundation
Grant No: OTGP-2023-NWSMCF-00004




Table of Contents

ACKNOWIEAGEMENTS......c.eiitieiecie ettt ettt et et este e b e beesa e testeeasesbeeseessesseassesseessessesseensessessaensesseanes 3
100 1041 T ] o TSR 4
IMIBENOUS ...ttt et et e et e sae et e s te e st e seeseensesaeensesseestenseeteensenseeneensenneensentenneans 5
RESUILS & DISCUSSION .....viuvieiieiieeiesieseeeies e s te st st ete st e et e tesse e testeeseessesseensesseensessesstensesseensensesnsensessesnsensesseans 7
BEACH SEING EFFOIT ......eouiieieeieesesee ettt sttt sttt be bbb e 7
WWALEE QUANITY ..ottt sttt et e te et et e s aa e besbeeatesbeeseesbesbeessessesasessesseensestessnans 8
TOIMPEIALUIE ...ttt ettt b et s bt et e st e s bt et e sbeeab e bt eae e b e sb e e b e sbeeaeenbesaeensenbeeanenbesneens 9
SAIINITY .ttt h bbbt bt h e h e bt bt b et bt et e n e henbe st e rentens 10
DiSSOIVE OXYGEN .....veeiiiiiceeteeteete sttt ettt et e st e et e st e s beeabestesbeesbesbeesaesbesssensesbeessetesreensesteessensesseenes 11
T £ O 1 od o ISR 13
JUVENTTE SAIMONITS ...ttt sttt ettt st st b et et e st enesbessesaentens 15
Salmonid ADUNAANCE TIENGAS ......ovvieeieiiceeereee ettt st sre e aeste et enesneesesneeneas 16
Juvenile Salmonid OUtMIGration TIENAS ......cevvieierieiieere ettt aesreeneens 18
Juvenile Salmonid OutmMIgration TIMING.......ccoveieiiiieiece ettt be e sreereens 21
Juvenile SAlmonid Site ULHHZALION............cociviriieeeeerese et 23
Juvenile SAlMonid FOrK LENGLNS.........ccciiieiiieieie ettt ettt e re et s ese e eseesreennens 27
FISN COMPOSITION .....vitieieiecee ettt sttt ettt et e st e e st e tesseessesseessenseesaensessennsessesseans 29

] (I O] T o013 | T o S 29
SUMMATY & CONCIUSIONS .....c.veceiiiicteetiete ettt ettt te st e st e e e e tesbaeabesteesaenbesbeessesbesssestesreensessesseans 31
WWALEE QUANITY ...ttt sttt et e s be et e s beete et e sba e st e beeseestesbaensesteesaensesrnanes 31
Nearshore Fish ADUNGANCE ........couiiiiiiiie et sttt be s aen 31
Juvenile SAlIMONId ADUNGANCE.........cc.oiiieirireeee ettt sttt be e 31
JUVENITE SAIMON SHTE USE... .ottt sttt e et e st e s aeene e aesneeeesaeennas 31
Juvenile SalmMonid FOrK LENQTN .......oovi et e s 32
FISN COMPOSITION ...ttt ettt e a et e bt e tesae e tesaeeneeseeneensesseensesaesneans 32
RETEIENCES ...ttt b ettt a bt b e bbb e b et e st e a e bt bt s b e b e e et et et et eaeebesae b e nten 33
Appendix A: Yearly Median Temperature Values Per Site.........cccvvveeevireeienieeseseeie e 34
Appendix B: Yearly Median Salinity Values Per SIte .........coiveririrenieieieieesereseseeeeeeeeeee e 35

Appendix C: Yearly Median Dissolved Oxygen Values Per SIte.........ccovvveerererieneeieereeee e 36



Acknowledgements

Thank you to the following people and organizations for their help throughout this study. The
work could not have been completed without your hard work and dedication to restoring
nearshore habitat!

Jack Hartt, Jason Armstrong, and Washington State Parks as partners and stewards of this
land.

Island County Marine Resources Committee and Sound Water Stewards as partners on
this project.

Dawn Pucci, Island County Public Health, for her leadership and collaborative
partnership.

Anna Kagley, NOAA NWFSC, for quality control analysis of fish identification photos,
and collaboration on fish ID guide and volunteer trainings.

James Selleck and Kelly Zupich for providing data and answering questions in
preparation of this report.

Most of all we want to thank all of the volunteers who dedicated thousands of hours of
service on this project. Janice, Kurt, Finn, Bob, Jamie, Mary, Susan, Gordon, Brynn,
Missy, Lana, Jim, Kes, Ken, Tom, Toshi, Alan, Lee, Hal, Barbara, Jill, and everyone else
who assisted we could not have done this without you.

This report was prepared by the Northwest Straits Foundation using Federal funds under award
NA22NMF4690358 from NOAA, U.S. Department of Commerce. The statements, findings,
conclusions, and recommendations are those of the author and do not necessarily reflect the
views of NOAA or the U.S. Department of Commerce.

[SLAND COUNTY
MARINE RESOURCES
COMMITTEE

\[ ls\Torthwest
B Straits
L

INITIATIVE

\'i 4

3|Page



Introduction

Cornet Bay is located in Island County, WA alongside the narrow, deep channel of Deception
Pass and is approximately five miles from the mouths of the north and south forks of the Skagit
River. The Skagit River produces the largest supply of out-migrating juvenile Chinook salmon
(Oncorhynchus tshawytscha) in Puget Sound, and Cornet Bay is the shortest path to the open
ocean from both mouths of the river (Island County MRC, 2022). The bay provides a low energy
environment similar to a pocket estuary, which are an important habitat for Chinook juvenile
salmon as they out-migrate from natal rivers (Beamer et al. 2003, Beamer et al. 2006). The bay is
located within Deception Pass State Park and is a highly trafficked park used for recreational
activities such as beach combing, fishing, boat launching, and hiking.

In 2009, the Island County Marine Resources Committee, Northwest Straits Foundation, and
Washington State Parks partnered to restore 1,640 linear feet of shoreline and 1.55 acres of
beach habitat at Cornet Bay. The restoration project was completed in two phases; the first phase
having been completed in October of 2012 and the second phase in November of 2015.
Restoration actions included removal of 65 tons of creosote wood from a 750-foot-long
bulkhead, over 79 tons of contaminated fill, placement of over 1,200 tons of beach spawning
gravel, native vegetation planting, and expansion of a small salt marsh area.

Figure 1. Photo on the left shows a section of the project before restoration in 2012. Photo on the
right taken in 2019, seven years after restoration.

The restoration work was designed to improve habitat for forage fish spawning and migrating
juvenile salmon by removing a source of beach scouring, expanding the back beach, improving
beach structure, removing a source of hydrocarbons leaching from the creosote bulkhead and
contaminated fill, and improving riparian vegetation (Island County MRC, 2022). Beach seine
surveys were conducted to evaluate juvenile salmon and other nearshore fish species’ use of the
site before and after restoration. The fish sampling conducted in the year 2023 marked 11 years
since the project’s initiation and a total of 10 years of monitoring. The purpose of this document
is to display the results of sampling efforts.
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This report summarizes the results of beach seine fish sampling conducted from 2009-2016 and
2022-2023 as part of a ten-year monitoring plan for the Cornet Bay Nearshore Restoration
Project. A total of five treatment sites and five control sites were sampled for nearshore fish use
four years prior to restoration and six years post.

Monitoring questions to be addressed in this report are:

1. What fish species are present within Cornet Bay?

2. Did restoration have an effect on annual juvenile salmonid abundance?

3. How does juvenile salmonid abundance at Cornet Bay compare to Skagit River
outmigration trap abundances?

4. Did juvenile salmonid abundance increase at restored sites following restoration?

What variations in juvenile salmonid fork lengths were observed?

6. Was species composition at Cornet Bay affected by nearshore restoration?

o

Methods

Using the beach seining methodology, fish samples were collected using an 80 ft (24.4 m) x 6 ft
(1.8 m) x 1/8-inch (0.3 cm) mesh knotless nylon net. The average seine set area is 96 m2. The net
was set by anchoring one end on the beach while the opposite end is deployed from a floating
tote while wading “upstream” against the current, returning to the shoreline in a half circle
(SRSC, 2003). Volunteers can be seen retrieving the deployed seine net in Figure 2 below.

L Tl T i
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Figure 2. Volunteers retrieving seine net at Cornet Bay on June 26, 2023
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A total of 10 sets were sampled per day, one set per sample site at Cornet Bay. The sampling
locations included five natural control sites (1-3, 8 and 10) and five treatment sites (4-7, and 9)
where restoration actions occurred. A map of the site locations can be seen in Figure 3 below.
Sampling frequency was determined using juvenile salmon outmigration patterns from
freshwater rivers within the study area. Juvenile salmon are expected to be using Cornet Bay’s
nearshore habitat from mid-February to mid-June. Seining occurred once in January and twice
monthly between the months of February — June. Sampling generally occurred during +9 to +5 ft
(MLLW) tides approximately every two weeks.

s a5 S50 Fent
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Figure 3. Cornet Bay site map via Pucci et al. (2017).

Fish captured in the net were identified and counted by species. Catch was handled with wet bare
hands and returned as quickly as possible for minimal impact. Fork length was recorded in
millimeters for the first 20 fish of each species as seen in Figure 4. When species identification
was in question, it was placed in a photarium for closer examination and a photograph was taken
for verification after the survey.

At the time of net deployment recorded data included an estimate of the percent of net used, and
the maximum depth of the net, which was measured using a meter stick at the center cork buoy
on the net. Temperature and salinity measurements were taken at the maximum length and
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estimated halfway point back to shore for each net deployment using a YSI multiparameter
instrument. Temperature and salinity were measured at both the surface and bottom depth while
dissolved oxygen was measured once at the bottom of the net at its full-length during
deployment. These water quality measurements were non-continuous, meaning only spot
measurements were taken. Water quality parameters were measured during each sampling day;
however, measurements were not taken on occasions where there were equipment malfunctions
or on days where the crew was shorthanded.

Figure 4. Starry flounder is measured before being returned to Cornet Bay.

Results & Discussion

Beach Seine Effort

Beach seine sampling efforts consisted of a total of 883 sets deployed from 2009-2023. The
number of seine sets equates to the number of sites (#1-10) that were sampled during each
sample day. Sites 1-3, 8, and 10 are the five natural sites that were used as control sites sampled
during the project (site 10 was not sampled in 2009) and treatment sites 4-7, and 9 underwent
habitat restoration and were therefore considered pre-restoration and post-restoration sites
depending on the year they were sampled.
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Sites 4-6, and 9 were restored during the first phase of restoration in October 2012 and site 7 was
restored in the second phase in November 2015. It was determined during phase two of
restoration in 2015 that restoration at site 8 was unnecessary and therefore was deemed another
control site during sampling. Table 1 below displays the years and months fish sampling
occurred, the number of site types sampled, total number seine sets completed, and the total fish
catch for each year.

Table 1. Summary of beach seine effort at Cornet Bay from 2009 to 2023.

Year Months # Pre- #Post- # Control Total # of Total Fish

Sampled restoration | restoration | sites seine sets Catch
sites sites sampled
sampled sampled

2009 March-June | 5 0 4 65 6,877

2010 February- 5 0 5 99 17,152
June

2011 February- 5 0 5 80 8,260
June

2012 March-June | 5 0 5 60 50,596

2013 February- 1 4 5 90 15,583
June

2014 February- 1 4 5 90 22,332
June

2015 February- 1 4 5 79 8,845
June

2016 January- 0 5 5 100 4,836
June

2022 January- 0 5 5 110 9,397
June

2023 January- 0 5 5 110 17,046
June

Water Quality

Water quality measurements were taken to support the fish sampling data and not to assess
restoration effectiveness. Water quality parameters were analyzed for the number of cases where
the parameter was measured. This excludes days where the YSI multiparameter instrument was
out of service, or a parameter was missed due to there being a short-handed crew. There were
880 occasions in which each parameter could be measured, 42 of those occasions were missed
for temperature and salinity, and 53 for dissolved oxygen.

The minimums, maximums, ranges, means, standard error, and standard deviation were
calculated using the averaged value for temperature, salinity, and dissolved oxygen
measurements. Four measurements were taken for temperature and salinity at different depths at
each site. These values were averaged amongst the four per site to produce a singular value. Only
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one dissolved oxygen value was taken per site, each of these values were used in calculations.
Table 2 contains the descriptive statistics for measured water quality parameters at Cornet Bay.

Table 2. Descriptive statistics water quality parameters measured at Cornet Bay from 2009-2023.

Temperature (°C)

Salinity (ppt)

Dissolved Oxygen

(mg/L)
*Number of Cases | 838 838 827
Minimum | 6.0 20.5 5.01
Maximum | 13.0 32.2 10.88
Range | 7.0 11.8 5.87
Median | 9.2 28.0 7.95
Mean | 9.1 27.6 8.03
Standard Error | 0.05 0.07 0.03
Standard Deviation | 1.33 1.96 0.93

Temperature

The average temperature measured during sampling at Cornet Bay fluctuated from year to year,
though there does not appear to be a discernable pattern from the time restoration occurred until
present. Temperature readings were lowest in 2009, with a median value of 8.8°C. The highest
average temperature values occurred in 2015 and 2010, with values of 10.1°C and 9.6°C.

The highest temperature value was recorded during sampling on June 26, 2023, with a value of
13.0°C. This value does not exceed the upper optimal temperature criteria for juvenile rearing
and smolting salmon of 16 °C (Richter & Kolmes, 2005). All median temperature values at
Cornet Bay remained below 16 °C each year and at each site. Median temperatures per year and

site are displayed in Figure 5 and Appendix A.
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Figure 5. Boxplots of yearly median temperature values at Cornet Bay (left) and median
temperature values per site (right).

Salinity

The average salinity at Cornet Bay was 27.6 ppt but was variable among years sampled. The
lowest average salinity occurred in 2014 measuring 24.9 ppt and highest average salinity
occurred in 2016 measuring 29.4 ppt.

Outliers in 2012 data resulted in a minimum salinity value of 20.5 ppt however this did not
significantly impact the average value of 26.9 ppt. Median salinity values per year and site are
displayed in Figure 7 and Appendix B.
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Figure 7. Boxplots of median salinity values per year at Cornet Bay (left) and median salinity
values per site (right).

Dissolved Oxygen

The average dissolved oxygen (DO) at Cornet Bay was 8.03 mg/L but was variable among years
sampled. The lowest average DO occurred in 2013 measuring 7.31 mg/L and highest average
DO occurred in 2023 measuring 9.16 mg/L. Figure 9 displays a positive linear trend in average
DO values of 0.15 mg/L per year from 2009 to 2023.

There were concerns with the YSI multimeter instrument’s DO sensor during the 2015 and 2016
sampling years. During this time period, two sensors were used simultaneously to measure DO
and compare results. Both sensors were calibrated successfully but typically resulted in differing
readings. Caution should be used when using this data for comparison (Pucci et al., 2017).
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Fish Catch

A total of 34 individual species and 160,924 fish were captured over the duration of the study.
Juvenile salmonids accounted for 93% of the total catch with sculpin accounting for 4% and the
remaining 3% comprised of other nearshore fish species. The greatest percentage of species
captured alternated between juvenile chum salmon (Oncorhynchus keta) and juvenile pink
salmon (Oncorhynchus gorbuscha) during respective odd and even years, pink salmon were the
largest contributor to fish catch overall with 95,272 (59.2% of total catch) being captured in total.
The total annual fish catch is displayed in Table 3 with the bold values representing the largest
percent of catch by individual species each year.

Table 3. Total annual fish catch by individual species.

Species 2009 ' 2010 2011 2012 2013 @ 2014 2015 2016 2022 2023 Totals
Salmon:
Chinook salmon 2 102 31 139 71 731160 | 171 | 10 94 853
Oncorhynchus tshawytscha
Chum salmon 5058 = 396 7625 778 14114 196 8025 511 1103 16033 53839
Oncorhynchus keta
Cohosalmon 0 0 0 38 2 17 1 3 5 4 64
Oncorhynchus kisutch
Pink salmon 0 15893 0 49029 0 19955 0 3479 6916 0 95272
Oncorhynchus gorbuscha
Cutthroat trout 0 0 1 0 2 0 0 0 1 0 4
Oncorhynchus clarkia
Cottids (sculpins):
Sculpin 109 | 124 2 2 202 0 6 2 0 0 447
Juvenile sculpin 0 0 0 0 0 226 0 35 16 80 357
Buffalo sculpin 12 1 0 0 3 1. 0 O 0 0 17
Enophrys bison
Pacific staghornsculpin 1031 | 300 505 | 348 563 1393 567 329 624 266 5926
Leptocottus armatus
Great sculpin 5 14 | 15 0 2 3 0 1 78 11 116
M¥oxoce halus
polyacanthocephalus
Sharpnose sculpin 16 6 1 1 7 5 4 1 36 5 82
Clinocottus acuticeps
Silverspotted sculpin 0 1 0 2 7 0 0 0 4 2 16
Blepsias cirrhosus
Scalyhead sculpin 0 0 0 0 0 0 0 0 23 0 23
Artedius harringtoni
Tidepool Sculpin 0 0 0 0 0 0 0 0 6 1 7
Oligocottus maculosus
Flatfishes:
Juvenile flatfish 0 0 0 0 0 21 0 4 5 2 32
Unknown flatfish 314 4 1 94 41 0 0 0 0 0 454
English sole 9 0 0 0 0 90 0 11 134| 208 452
Parophrys vetulus
Rock sole 0 0 0 0 0 0o 0 0 © 1 1

Lepidopsetta bilineata
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Starry flounder 36, 23 38 4 53 18 6 8 29 31 287
Platichtys stellatus

Sandsole 7 0 0 0 0 98 0 0 0 0 105
Pegusa lascaris
Forage fish:

Pacific sandlance 0 0 0 1 4 6 0 0 0 11 22
Ammodytes hexapterus
Surf smelt o 2 18 14 89 15 271 271 8 9 1 210
Hypomesus pretiosis
Pacific herring 22 2.0 0 1 0, 0 O 0 1 26
Clupea pallasii

Other nearshore fishes:
Gunnels 15 1 0 0 126 3 1 1 0 0 147
Pholidae spp
Greenlings 0 0 0 0 0 0 0 0 106 76 | 182
Haxogrammidae spp
Penpoint gunnel 17 10 0 0 1 7 0 0 7 3 45
Apodichthys flavidus
Crescent gunnel 48 27 1 2 0 0 2 0 1 3 84
Apodichthys flavidusv
Saddleback gunnel 74 29 6 15 20 56 18 9138 | 177 542
Pholis ornate
Dwarf wrymouth . 0 0 0 0 0 1 0 0 0 0 1
Cryptacanthodes aleutensis
Pile perch 0 0 0 0 0 2 0 0 0 0 2
Rhacochilus vacca
Shiner perch 0 28 2 1 21 57| 17221 92 23 | 462
Cymatogaster aggregate
Kelp greenling 0 43 1 19 4 0 20 0 8 2 0 96
Hexagrammos
decagrammus
Whitespotted greenling 31 0 0 0 65 0 0 2 0 0 98
Hexagrammos stelleri
Arrow Goby 1 0 0 0 0 0 0 0 0 0 1
Clevelandia’ios
Bay pipefish 1 0 0 0 2 0 1 3 2 0 9
Syngnathus leptorhyncus
Pacific tomcod 0 0 0 1 0 0 0 0 0 0 1
Microgadus proximus
Snailfishes 3 12 0 0 0 0 0 0 0 0 15
Liparidae spp.
Snake prickleback 62 48 9 5| 243 44 0| 13| 15 0 439
Lumpenus sagitta
Threespine stickleback 2 9 4 2 9 18 10 13 32 10 | 109
Gasterosteus aculeatus
Tube-snout . 0 60 0 0 0 0 0 3 0 0 63
Aulorhynchus flavidus
Unknown 0 0 0 0 9 1 0 0 3 3 16

Yearly fish catch was variable over the duration of the study and showed an overall decrease of
596 fish per year (Figure 12). The linear decrease can likely be attributed to the significantly
higher fish catch in 2012 compared to other years, despite having the least number of beach seine
sets (effort). The catch per unit effort (CPUE) or number of fish per seine set did not appear to be
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impacted by an increase in seining efforts from 2016-2023. The CPUE decreased by 15.6 fish
per year from 2009-2023 and was highest in 2012 with a measured CPUE of 843.3 fish per set.
See Table 4 for a the annual CPUE values.

The spike of CPUE in 2012 was largely impacted by the number of juvenile pink salmon
captured. Of the 50,596 fish captured in 2012, 49,029 (97%) was accounted for by juvenile pink
salmon. This increase in juvenile pink salmon populations appears to reflect a regional increase
in production as the Mt. Vernon Skagit River out-migrant trap experienced the highest estimated
abundance during this period over the course of this study. Detailed comparisons of Cornet Bay
and Skagit trap data are discussed in the Juvenile Salmon Outmigration Trends section of this
report on pages 18-21.

Fish Captured per Year
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Figure 12. Total fish captured per year with trend line.

Juvenile Salmonids

There was a total of 150,032 juvenile salmonids captured at Cornet Bay from 2009-2023. The
highest juvenile salmonid catch occurred in 2012, and the second highest in 2014. The 70,219
salmonids captured during these two years accounted for 47% of overall salmonids captured
during the study. The percentage of salmonids captured in comparison to other nearshore fishes
ranged from 74-97% (Table 4).
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Table 4. Juvenile salmonids captured during Cornet Bay seine sampling from 2009-2023
monitoring seasons.

Year | No. No. Total# Catch | Chinook Chum Coho Pink Cutthroat % Catch -

of of fish per salmon salmon salmon salmon trout salmonid
days sets captured Unit
Effort
2009 @ 7 65 6,877 105.8 2 5,058 0 0 0 74
2010 | 10 99 17,152 1733 102 396 0 15,893 0 95
2011 8 80 8,260 103.3 31 7,625 0 0 1 93
2012 | 6 60 50,596  843.3 139 778 38 49,029 0 97
2013 | 9 90 15,583 173.1 71 14,114 2 0 2 91
2014 | 9 90 22,332 2481 73 196 11 19,955 0 91
2015 | 8 79 8,845 112 160 8,025 1 0 0 92
2016 = 10 100 4,836 48.4 171 511 3 3,479 0 86
2022 | 11 110 9,397 84.9 10 1,103 5 6,916 1 86
2023 | 11 110 17,046 155 94 16,033 4 0 0 95

Salmonid Abundance Trends

Juvenile chum and pink salmon were the most abundant species captured throughout the study.
Juvenile Chinook, coho, and cutthroat trout were also captured during the study, however, the
abundance of juvenile coho salmon (Oncorhynchus kisutch) and cutthroat trout (Oncorhynchus
clarkia) were very low and likely would not show any significant trends valuable for determining
restoration effectiveness thus they were not included in abundance trend analysis.

Abundance of juvenile pink salmon showed an overall decrease from 2009-2023. The linear
trend shows a decrease of 1,046 fish per year, however, without the significant catch in 2012,
this would change to a decrease of 333 fish per year. The percentage of fish catch per year for
juvenile pinks remained relatively the same during even years and decreases in percent
abundance appeared to correlate with an increase in chum abundance in 2016 and 2022.

Abundance of juvenile chum salmon increased from 2009-2023 and was highest in 2023 with
16,033 juvenile chum captured. The linear regression analysis showed a rate of 461 additional
fish captured per year (Figure 13). The increase in juvenile chum abundance in 2023 may be
attributed to results of the hatchery efforts of Skagit River treaty tribes (Upper Skagit Tribe,
Sauk-Suiattle Indian Tribe, and Swinomish Indian Tribal Community) and Washington
Department of Fish and Wildlife (WDFW). The hatchery program captures adult chum salmon
and delivers them to the hatchery facility where they spawn, incubate, raise, and release the
chum as they grow. As of December 2022, “...the tribe had provided 913 chum for the program
this year.” (Cauvel, 2022).

The percent catch of juvenile chum alternated during odd and even years and remained low
during juvenile pink outmigration. This trend changed in years 2016 and 2022, in which percent
catch of chum increased 8.3 percent in 2016 compared to 2010 and 10.2 percent in 2022
compared to 2012. During this same period, juvenile pink percent catch decreased by 20.7
percent and 23.3 percent respectively. Figure 13 displays abundance and percent of catch for
juvenile pink and chum salmon at Cornet Bay.
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Juvenile Chinook salmon showed an overall increase in abundance of six fish per year from
2009-2023. Abundance was highest in 2016, with a total of 171 Chinook captured, and lowest in
2009 with only two captured. Percent catch of Chinook showed an increase from 2014-2016 but
dropped in 2022. Percentage remained below 5% catch each year, averaging 0.81% throughout
the study. Figure 14 displays abundance and percent catch for juvenile Chinook salmon at Cornet
Bay.

Juvenile Chum and Pink Salmon Abundance
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Figure 13. Juvenile chum and pink salmon yearly abundance (top) and percent of total fish catch
(bottom).

17| Page



Juvenile Chinook Salmon Abundance
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Figure 14. Juvenile Chinook salmon yearly abundance (top) and percent of total fish catch
(bottom).

Juvenile Salmonid Outmigration Trends
The number of juvenile salmonids captured at Cornet Bay was compared to juvenile
outmigration abundance estimates from the Skagit River mainstem trap near Mount Vernon, WA
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operated by WDFW (Anderson, 2023). Trap data for 2023 was not yet available at the time of

this analysis.

Chinook salmon

The Skagit River outmigration estimates for juvenile Chinook salmon did not appear to reflect
the abundance captured at Cornet Bay (Figure 15). Abundance increased in 2010 and 2015 at
Cornet Bay, however, outmigration estimates for sub yearling Chinook at the Skagit River trap
show decreases during these years. Alternatively, there were years where trap estimates and
Cornet abundances had more correlation. Years 2012 and 2016 show increased in both
abundances and decreases in years 2014 and 2022.
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Figure 15. Juvenile Chinook salmon abundance at Cornet Bay compared to Skagit River out-

migrant trap.

Pink salmon

A comparison of juvenile pink salmon abundances at Cornet Bay in comparison to Skagit out-
migrant trap data shows a clear correlation between the data sets. It appears the large increase in
juvenile pink catch at Cornet Bay was the result of a high out-migration of pink fry at Skagit
River (Figure 16). Decreases in trap data in year 2014-2022 resulted in decreased abundance at

Cornet Bay.

19| Page



Juvenile Pink Salmon Outmigration Trends
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Figure 16. Juvenile pink salmon abundance at Cornet Bay compared to Skagit River out-migrant
trap.

Chum salmon

A comparison of juvenile chum salmon abundances at Cornet Bay in comparison to Skagit out-
migration trap data shows a clear correlation between the data sets. It appears the alternating
decrease in abundances of juvenile chum at Cornet Bay occurred during even years where
juvenile pink salmon were out-migrating from Skagit River. Both the chum abundance at Cornet
Bay and estimated trap data of out-migrating fry chum are highest during odd years 2009, 2011,
2013, 2015, and 2023 (Figure 17).

20| Page



Juvenile Chum Salmon Outmigration Trends
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Figure 17. Juvenile chum salmon abundance at Cornet Bay compared to Skagit River out-
migrant trap.

Juvenile Salmonid Outmigration Timing

Both juvenile chum and pink salmon tend to have the highest abundance at Cornet Bay during
spring months of April and May, whereas juvenile Chinook salmon tend to pulse between early
spring in March and late spring between May and June. These trends in outmigration timing
appear to be stronger during years where Skagit River out-migrant trap recorded higher
estimated abundances for sub yearling Chinook, and fry chum and pink salmon. Figures 18-20
display the outmigration timing for juvenile salmonids captured at Cornet Bay from 2009-2023.
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Juvenile Chinook Salmon Outmigration Timing
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Figure 18. Juvenile Chinook salmon outmigration timing at Cornet Bay.
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Figure 19. Juvenile chum salmon outmigration timing at Cornet Bay.
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Juvenile Pink Salmon Outmigration Timing
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Figure 20. Juvenile pink salmon outmigration timing at Cornet Bay.

Juvenile Salmonid Site Utilization

Site utilization was analyzed for juvenile salmonids including juvenile pink, chum, Chinook,
coho salmon, and cutthroat trout. The results are displayed in Figures 21 and 22. There was 47%
(54,151) more salmonids captured at control sites 1-3, 8, and 10 than compared to treatment sites
4-7, and 9. This trend remained true for all years excluding 2011. In 2011, there were 0.86% (66)
more salmonids captured at treatment sites. Overall, control site 3 had the highest salmonid
abundance over the course of the study with 20% (30,021) salmonids captured and site 6 had the
least with 4.5% (6,713 captured).
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Salmonids Captured per Site 2009-2023
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Figure 21. Salmonids captured per site.
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Figure 22. Salmonids captured at control and treatment sites.
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Juvenile chum, pink, and Chinook salmon utilized control sites more than treatment sites.
Juvenile Chinook catch at control sites accounted for 58% of total catch (Figure 23) and had the
highest abundance at control site 2. There were years where juvenile Chinook salmon utilized
treatment sites more than control sites both prior to restoration in 2011 and following restoration
in 2013 and 2016.

Juvenile pink salmon captured at control sites accounted for 67% of total catch (Figure 24).
Juvenile pink abundance was highest at control site 1 over the course of the study, with 23% of
the total catch being captured at this site. Juvenile chum salmon captured at control sites
accounted for 70% of total catch (Figure 25). Juvenile chum abundance was highest at control
site 3 over the course of the study, with 13% of the total catch being captured at this site. Similar
to juvenile Chinook salmon, there was a higher abundance of juvenile chum at treatment sites
prior to restoration in the year 2011 by a difference of 65 fish.
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Figure 23. Juvenile Chinook salmon abundance at control and treatment sites.
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Figure 24. Juvenile pink salmon abundance at control and treatment sites.

14000
12000
10000

8000

6000

Juvenile Chum Abundance at Control &

Treatment Sites 2009-2023
mControl m Pre-Restoration  m Post-Restoration
0 - | = - . o
2009 2010 2011 2012 2013 2014 2015 2016 2022 2023

|

TOTAL CAPTURED

<4— Sites 4-6, 9 Restored
4—— Site 7 Restored

Figure 25. Juvenile chum salmon abundance at control sites and treatment sites.
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Juvenile Salmonid Fork Lengths

A total of 8,767 juvenile Chinook, pink, and chum salmon were measured for fork length from
2009-2023. The number of juvenile Chinook, chum, and pink salmon measured is displayed in
Figure 26. The average fork length of these three species can be seen in Figure 27.

Juvenile Chinook salmon fork length, on average, remained larger than juvenile chum and pink
salmon throughout the study (Figure 26). The measured fork length for juvenile Chinook, and
pink salmon tended to be the largest during years where they exhibited late out-migration from
the Skagit River. The difference in average fork length values between juvenile Chinook salmon
and juvenile pink and chum salmon is expected resulting from differing life cycles. Upon
emerging from the gravel, both juvenile chum and pink salmon “...are already silvery smolts,
and head directly to sea.” (Olympic National Park Service, 2019). Juvenile Chinook may spend
up to a year in freshwater before heading to sea. More time spent in natal streams means more
time to feed and grow during salmon’s fry stage, and thus the increased time juvenile Chinook
spend in freshwater may result in larger fork lengths once they make their journey to sea.
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Figure 26. Total juvenile salmon measured for fork length per year.
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Juvenile Salmon Average Fork Length
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Figure 27. Average juvenile salmon fork length per year.

Chinook

Of the 853 juvenile Chinook salmon captured, 739 were measured for fork length. The minimum
and maximum fork length recorded were 35 mm and 120 mm. The largest Chinook salmon was
captured in 2010, and the smallest was captured in 2012. The average fork length for juvenile
Chinook salmon was highest in 2010, likely due to the late timing of their outmigration during
this year (Figure 18). Late outmigration in 2013 also resulted in greater average fork length, but
not during years 2012 or 2022.

Chum

Of the 53,839 juvenile chum salmon captured 5,079 were measured for fork length. The
minimum and maximum fork length recorded were 21 mm and 105 mm. The largest chum
salmon was captured in 2013, and the smallest were captured in 2009 and 2022. In 2014, the
average fork length for juvenile chum salmon was at its highest; however, the number of
juveniles captured and measured that year was the lowest among all the years sampled. Average
fork length values for chum increased in years 2014 and 2015 but remained within a 6mm
difference each year.

Pink
Of the 95,272 juvenile pink salmon captured 2,949 were measured for fork length. The minimum

and maximum fork length recorded were 20 mm and 110 mm. The largest pink salmon was
captured in 2010, and the smallest were captured in 2010, 2012 and 2014. The average fork
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length for juvenile pink salmon was highest in 2022 and was 6 mm larger than the lowest
average fork length in 2016. The higher average fork length in 2022 may be a result of the later
pulse in out-migration for juvenile pink salmon (Figure 20).

Fish Composition

Juvenile salmonids remained the majority of fish species captured at Cornet Bay each year.
Sculpins were the second largest contributor to fish catch, followed by gunnels and all other
nearshore fish. The percent composition of forage fish species surf smelt (Hypomesus pretiosis),
Pacific sandlance (Ammodytes hexapterus), and Pacific herring (Clupea pallasii) remained below
one percent each sample year.

Percent composition of juvenile salmonids was lowest in 2009, accounting for 74% and highest
in 2012, accounting for 99% of the catch. Following restoration in 2012, percent composition
remained above 85% for the remainder of the study, peaking at 95% in 2023. Percent
composition of species of sculpin was highest in 2009, accounting for 17% of the catch and
lowest in 2012, when percent composition of juvenile salmonids was at its highest. Figure 28
displays the yearly percentage of fish composition at Cornet Bay.
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Figure 28. Yearly percent fish composition at Cornet Bay.

Site Composition

The percentage of fish composition per site was analyzed for each sample year to determine
whether use differed among treatment sites and control sites. Sculpins, flatfish, gunnels, forage
fish, and all other nearshore fishes captured during at Cornet Bay were lumped into category
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“Other” to produce a more succinct figure for interpretation. The total percent catch of salmonids
and other nearshore fish by year and site is displayed in Figure 29.

The percentage of juvenile salmonids captured remained highest at control sites each year. Their
composition of catch was lowest at treatment site 6, averaging 60% and highest at control site 3,
averaging 95%. Yearly fluctuation in composition was observed among treatment sites but no
positive increase following restoration was observed.

The percentage of other nearshore fishes was more abundant at treatment sites, both before and
after restoration took place. Their composition of catch was lowest at treatment site three
averaging 5% and highest at control site six averaging 40%. There was an increase of percent
catch at site six following the first phase of restoration in 2012, with percentage peaking at 97%
of total catch in 2022.
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Figure 29. Yearly percent fish composition per site at Cornet Bay.
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Summary & Conclusions
Based on the observations and results of the analyses, the following is a list of conclusions that
can be made regarding the effects of shoreline armor removal at Cornet Bay.

Water Quality

e Habitat restoration at Cornet Bay did not appear to affect the annual average temperature
values among control and treatment sites.

e Average salinity values measured in 2009 and 2016 at Cornet showed statistically
significant differences from other years sampled. However, these variations in salinity
were more likely influenced by environmental factors such as freshwater inputs,
evaporation, and precipitation, rather than the result of restoration efforts (LaPeyre et al.,
2016).

e Average dissolved oxygen values increased at a rate of 0.15 mg/L per year from 2009 to
2023.

Nearshore Fish Abundance

e Yearly fish catch showed an overall decrease of 596 fish per year and did not appear to
be impacted by restoration.

e Linear regression analysis of fish catch following the first round of restoration from
2013-2023 shows a decrease of 1,014 fish per year despite increased seining efforts (# of
sets) from 2016-2023. Juvenile salmonid outmigration had the greatest influence on
number of fish captured, thus future efforts may need to be informed accordingly.

e The number of fish captured each year were dominated by juvenile pink and chum
salmon which appeared to be more impacted by abundance of out-migrating fry from the
Skagit River than restoration.

Juvenile Salmonid Abundance

e Abundance of juvenile chum salmon increased following restoration but external factors
such as hatchery efforts and outmigration patterns appeared to have more influence than
restoration.

e Abundance of juvenile pink salmon showed an overall decrease from 2009-2023 and did
not appear to be impacted by restoration. Fluctuation in the number of fry out-migrating
from the Skagit River had more of an influence on abundance.

e Abundance of juvenile Chinook salmon showed an overall increase in abundance of six
fish per year from 2009-2023. Outmigration patterns of sub-yearling Chinook from the
Skagit River outlet had less of an influence on abundance compared to fry chum and pink
salmon.

Juvenile Salmon Site Use
e Juvenile pink, chum, and Chinook salmon utilized control sites 47% more than treatment
sites. This trend remained true for all years seining took place excluding 2011.
e Restoration appeared to have an impact on site use for juvenile Chinook salmon but not
for juvenile chum and pink salmon.
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Juvenile Salmonid Fork Length

e Juvenile Chinook salmon fork length remained larger than chum and pink salmon each
year.

e The difference in annual fork length averages did not appear to be impacted by
restoration and were more influenced by the out-migration timing of the juvenile
salmonid species.

e Differences in fork length may also result from varying life cycles (Olympic National
Park Service, 2019).

Fish Composition

e The percent composition of fish catch was highest for juvenile salmonids for all years
seining occurred.

e There was yearly fluctuation in percent composition of juvenile salmonids observed
among treatment sites but no positive increase following restoration.

e Other nearshore fish species showed increased use of treatment sites following
restoration, specifically site six in which composition of other nearshore fish equaled
97% of total catch in 2022.

In conclusion, the analysis of restoration impacts on fish use at Cornet Bay did not reveal clear
and discernible trends. Juvenile salmonids predominantly utilized control sites, suggesting a
preference for natural, unaltered shorelines with overhanging vegetation. While other nearshore
fish species showed increased use of treatment sites following restoration, the overall annual
abundance of juvenile salmonids appeared more influenced by Skagit River outmigration.

Cornet Bay serves as essential rearing habitat for juvenile salmonids, highlighting the preference
for natural conditions and the potential success of restored sites over time. The natural control
sites at Cornet Bay have greater coverage of natural native vegetation which overhangs the
shoreline and provide optimal shade conditions and terrestrial insect drop which juvenile salmon
rely on for a large portion of their diet. We hypothesize that as vegetation within the restored
sites continues to expand and mature, the physical and biological conditions will begin to reflect
conditions similar to that of the natural control sites which are preferred by migrating juvenile
salmon. Further sampling after vegetation has matured should be considered to document
potential changes in site usage by juvenile salmonids.
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Appendix A: Yearly Median Temperature Values Per Site

?QQQQQQQQQQ PRI ettt SO

b ompo R S conieting

||||||||||||||||||||
1111111111111111111111

|||||
1111111111111111111111

333333



Appendix B: Yearly Median Salinity Values per Site
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Figure 31. Boxplots of yearly salinity (ppt) medians across Cornet Bay sample sites.
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Appendix C: Yearly Median Dissolved Oxygen Values per Site
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Figure 32. Boxplots of yearly dissolved oxygen (mg/L) medians across Cornet Bay sample sites.
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