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Outline

1) Review Draft Plan: Structure & Content

2) Evaluate Clam Island candidate mitigation
site and other potential regional/combined

YAUGAIFOGAZ2Y WolylAy3
Humboldt Bay Harbor, Recreation, and Conservation

. 601 Startare Dr.
3) Regulatory Tools & Programs: o

a) Regional/programmatic approach to

permitting within core plan focus area

b) Framework for capture, retention, and
accounting of mitigation credit and

desirable management planning
PMr:?lfe:Ieg‘ t;::sociates, Inc.
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Humboldt Bay EMP Plan Outline an
Key Components

Humboldt Bay Eelgrass Comprehensive
Management Plan (Document)

Humboldt Bay Eelgrass Management
Webpage
Additional Resources and Appendices




Humboldt Bay Eelgrass Comprehensive Management
Plan (CMP) Draft #1

1.0Introduction-

1.1 HumboldiBay (Physicaeography
natural resources, economic factors &
port/harbor facilities)

1.2 Birth of the Humboldt Bay Eelgrass
Management Plan

1.3 RegulatoryContext and the Eelgrass
Comprehensive ManagemeRlan




Humboldt Bay Eelgrass Comprehensive Management
Plan (CMP) Draft #1

2.0 Humboldt Bayeelgrass |

|
Izembek Lagoon

2.1 Eelgrass distribution and abundance o

A Broad geographic context e NS
A California eelgrass Gt
A Humboldt Bay eelgrass mosony_
A Historic review e

Mission Bay
San Diego Bay§

Bahia San Quintin \

Laguna Ojo de Liebre

= 15°N 1359y 120°W




Humboldt Bay Eelgrass Comprehensive Management
Plan (CMP) Draft #1

2.1 Eelgrass distribution and abundance

A Broad geographic context g
A Californiaeelgrass <
A Humboldt Bay eelgrass 1
L . %
A Historic review k:
° "
TYPICAL PROFILE OF UNMODIFIED BAY/ESTUARY
(NORTHERN CALIFORNIA) R e —
AAAAAAAAAAA =

San Francisco Bay ~3,000 20%
TYPICAL PROFILE OF HIGHLY MODIFIED BAY/ESTUARY

LLLLLLLLL (SOUTHERN CALIFORNIA) ‘SanDiegoBay ~ -2100  14%

Tomales Bay ~1,300 9%

All OtherSystems ~3,000 19%

~14,900 | 100%




Humboldt Bay Eelgrass Comprehensive Management
Plan (CMP) Draft #1

2.1 Eelgrass distribution and abundance
A Broad geographic context

A Californiaeelgrass

A Humboldt Bay eelgrass

A Historic review

4,7005,700 acres of eelgrass
NR aip Hymiboldt Bay




Humboldt Bay Eelgrass Comprehensive Management
Plan (CMP) Draft #1 T dosg

2.1 Eelgrass distribution and abundance
A Broad geographic context

A cCaliforniaeelgrass

A Humboldt Bay eelgrass

A Historic review

*Humboldt Bay topographic/bathymetric surveying history (18present)
Baywideeelgrass mapping history (1928909)

Losses, gains, and resiliency




Humboldt Bay Eelgrass Comprehensive Management
Plan (CMP) Draft #1

2.2 Eelgras&cosystentunctions

Overview
A Seagrass systems among most productive on earth

A Eelgrass most abundant and productive seagrass in Northern Hemisphere
i al FoAGEFEO | NOKAGSOGE F2dzyRIFiGA2y aLISOASax S
services)
I PP
I Sediment deposition & stabilization
I Wave and current dampening
I Improves water quality & clarity
I Carbon sequestration
I Nutrient cycling
|
|
|
|
|

pH buffering/OA

Structure & nursery habitat

Food for grazers, detrital food web
Environmental sentinel

Others?




Humboldt Bay Eelgrass Comprehensive Management
Plan (CMP) Draft #1

2.2 Eelgras&cosystentunctions

Humboldt Bay Functions

i Physical & chemical (bay morphology & dynamic adjustment w SLC, nutrient cycling &
pH buffering)

I Fisheries supporigfoundfish dungenesrab, oyster mariculture, herring, salmonids?)
i Brant and other migratory waterfowl

RyanBartling CDFW



Humboldt Bay Eelgrass Comprehensive Management
Plan (CMP) Draft #1

STRESSRS GENERA NDICATORS

2.3 Threats to Eelgrass in Humboldt B&====

leaf sheath buried below sedinment surface;
o  Sediment burial, instability upwardly migratingturionswhere burial is occuring;

A Natural and anthro pogenlc facto rs freerhizamesandwater roots in erosive areas
A Some factors span multiple categories T
A

undercutrhizomesat patch margins;
o Wakescaur and prop scas looseor free eelgrassplantswith water roots;

Awareness of indicators provides Context, linearcutsin bedwith loosesediment in trough
supports understanding of system state

apparent random pattern of rhizome exposue;
o Animal grazingand bioturbation forage pits in beds (ray9); clippedleaves rasping or chewel

tissueswaste and prints(waterfowl), invert. herbivores

Chemical Stressors

o Watercontamination

Biologicd Stressors

1 Photosynthetic limitation and light competition
low transparency in water;

U Turbidity Sedimentation on plants;

declining leaf density and chlorotic tissues
0 Phytoplankton blc red tides or green water

accumulation of sheet and tube alga (typieally
0 Macroalgal bloon EnteromorphBorphyraandGracilariapecies);

thinning of eelgrass beds in ntiae

heavy growth of epiphytes on leaves;

U Egelie lomeling high silt loading on plants

Ambient water Gradual reduction in eelgrass cover over bottom;
transparency reduction in shoot density within patches at depth
1 Osmotic regulation ar loss of turgor in leavestecline of bed in regions of prolon
other salinity stresses elevated ordepressed salinities

presence of invasive species in areas of eelgrass,
displacement patternalong margins or within beds

[o) Invasive species




Humboldt Bay Eelgrass Comprehensive Management
Plan (CMP) Draft #1

2.3 Threats to Eelgrass in Humboldt Bay

Anthropogenic Threats
Dredging

Filling

Bay coverage
Moorings
Mariculture

Vessel grounding
wake damage
prop scarring

To Bo Do Bo Bo Do Do I




Humboldt Bay Eelgrass Comprehensive Management
Plan (CMP) Draft #1

2.3 Threats to Eelgrass in Humboldt Bay

Anthropogenic Threats
Dredging

Filling

Bay coverage
Moorings
Mariculture

Vessel grounding
wake damage
prop scarring

To Bo Po To o o Do I




Humboldt Bay Eelgrass Comprehensive Management
Plan (CMP) Draft #1

2.3 Threats to Eelgrass in Humboldt Bay

A Invasive species
A Eutrophication
A Bioturbation & herbivory

77

ko)




Humboldt Bay Eelgrass Comprehensive Management
Plan (CMP) Draft #1

@ Major beds with no

2.3 Threats to Eelgrass in Humboldt Bay R gl ® oo

outbreak

20134
() Anecdotal Evidence

A Wasting Disease (Perhaps the greatest threat to Humboldt Bg ., < aianee” 7"
2%1645{0 .« @) Verified pathogen

. T e I'
| oY MOMS  \odest e n eak
Vi icky: frey, CDEW X Z / 5‘3%:,. { present as outbreaks

727 75/

Humboldt Bay 2013 Morro Bay 200952010



Humboldt Bay Eelgrass Comprehensive Management
Plan (CMP) Draft #1

Eelgrass and Sea Level Rise in Humboldt Bay;;
A Most rapid rate of SLR on U.S. west coast in SHB 1

(Patton et al. 2017) 0.8
A Likely to promote overall increase in eelgrass in £ 06
Humboldt Bay " 04
A Some gains in eelgrass may lead to losses in mudilat oz
and saltmarsh habitat 0

2000 2020 2040 2060 2080 2100 2120

Year

Current ESLR rate ~2.3 mm/yr Pacific Ocean (Burgette and Weldon, 2009)
NRC projection = 9.9 cm by 2030, 21.4 cm by 2050, and 75.1 cm by 2100

ESLR rate Salt Marsh depth range
(2.3- 18 mm/yr) (1.2- 2.6 m MLLW)
NRC 2012 Eicher 1987; Sea Grant 2009

T (-21-0.4 m MLLW)
Judd 2006; Gilkerson 2008 '

Marsh accretion rate
(<= 6mm/yr RSLR)

R I Orr et al. 2003 l
Tidally-driven

sediment accretion rate tectonic
(1.9 - 4.2 mm/yr) Subsidence rate

Patton 2004; Pritchard 2004; (~0.3- 3.6 mm/yr) '
Gilkerson 2013 T 2013 Model

2113 SLR Prediction




Humboldt Bay Eelgrass Comprehensive Management
Plan (CMP) Draft #1

Eelgrass and Ocean Acidification

CeNCOOS Outer coast (Trinidad)
—— CeNCOOS Humboldt Bay (Chevron Dock)

A Likely increase in eelgrass | **

photosynthesis & growth °’
rates c» - 7\\« \/
E 76 M/ \/\/
A Research needed and -
currently underway to . S -
understand buffering H R W e By d H M & M G e oS
potential April Upwelling Event
8.2 1 CeNCOOS Outer coast (Trinidad), running average

CeNCOOS Humboldt Bay High Tide (Chevron Dock)
— — —  CeNCOCS Humtoldt Bay Low Tide (Chevron Dock)

A Buffering may have a e o
mitigating/positive effect for| /u;‘/\/;\’”\“' e Sl
shell forming invertebrates | \\/\/\”J e
& mariculture industry e |
(calcite and aragonite 72 : : : : .
solubility) o o o o o it o

Figure by Shaughnessy (2013), illustrating potential buffering effect of eelgrass in North Humboldt Bay.




Humboldt Bay Eelgrass Comprehensive Management
Plan (CMP) Draft #1

Other Climate Concerns

Decrease in summer fog extent (30%;
Johnstone& Dawson 2010)

Multi-€d ST NJ t | O héatw&eQY | NAY S W
(DiLorensocand Mantua 2016)

Both factors increase thermal stress,
intertidal areas most affected

May also exacerbate/trigger wasting
disease outbreaks

Both factors likely resulted in
substantial decline in HB intertidal
eelgrass 201-2016




Humboldt Bay Eelgrass Comprehensive Management
Plan (CMP) Draft #1

3.0 Comprehensive Management Plan Framework

3.1 Eelgrass Policy Standards
A CEMPOverview and CMP context
A Regulatory Programs and the CEMP

USACEClean Water Act and Rivers & HarbAct
CC(, CoastalAct
RWQCKR Clean Water Act and Port€ologneAct

Roles of Resource Agencies

Humboldt Bay travel lithearlynon-operational

A EFH due to accumulation of sediment in the ways.
Dredgingwill impact eelgrass and require

A FWCA mitigation. Under the CEMP the dredging would

A ESA/CESA require one time eelgrass mitigation provided

A CEGC the impact and mitigation are tracked.

A Others



Humboldt Bay Eelgrass Comprehensive Management
Plan (CMP) Draft #1

3.0 Comprehensive Management Plan Framework

Humboldt Bay

3.2 Humboldt Bay Eelgrass Management
A Humboldt Bay Eelgrass Comprehensive

Management Plaoals
A DisseminateéEelgrass information to project applicants by
means of the Humboldt Bay Eelgrass Management Plan
Website

A Support inventory, evaluation and prioritization of eelgrass
mitigation/restoration opportunities in Humbolday

A Facilitate efficiency and consistency in the application of
eelgrass regulatory policy in HumboBlay

A Identifyand pursue programmatic regulatory/permitting
mechanism(s) capable of supporting a suite of similar
activities focused on harbor maintenance and shoreline
development needs within the developed, core focus area
of HumboldtBay

A Promote systerrevel longterm monitoring of Humboldt
e Qa SSfaANY aa Lintdgmnbal A 2y
variability of the resource, overall system health, and the :
effects of climate change on the Humboldt Bay Ecosystem. EMP Regulatory Core Focus Areas

il v



Humboldt Bay Eelgrass Comprehensive Management
Plan (CMP) Draft #1

3.0 Comprehensive Management Plan Framework

3.3 Humboldt Bay Eelgrass Impact Project Evaluatt’samework

A PreProject eelgrass checklist (Plan & website)

A Recommended eelgrass surveying methods/standériisn & website)
A Surveying guidaneArea of Potential Effect (AP@lan & websit

A Online eelgrass distribution map (website)

Depth Range Project Scale Recommended Survey Method
Intertidal
(-1 to +4 ft):

Total station/submeter GPS/low
altitude UAV

Subtidal
(-10 to-1 ft):

1,0002,000 nf Submeter GPS/singlbeam or SS sona




Humboldt Bay Eelgrass Comprehensive Management
Plan (CMP) Draft #1

3.0 Comprehensive Management Plan Framework
3.4 Eelgrass Mitigation/Restoration Opportunities in Humboldt Bay

A History of Eelgrass Mitigation Transplants in HumbBlaly

Size Unit Success Net Project
Location Year (acres) Type Status Result Proponent
Indian Island 1986 <0.25 Dbareroot no
Eureka/Del Norte Street 1991 <0.25 none City of Eureka
Pier
SR255 Bridge 2004 <0.25 Dbareroot no - Caltrans
HBP Pipeline removal 2010 <1.0 plugs yes PG&E



Humboldt Bay Eelgrass Comprehensive Management
Plan (CMP) Draft #1

3.0 Comprehensive Management Plan Framework

3.4 Eelgrass Mitigation/Restoration Opportunities in Humboldt Bay

Preliminary Eelgrass

A Removal of derelidgnfrastructure
A Substrateremediation

A Synergisticestorationof former tidelands




Humboldt Bay Eelgrass Comprehensive Management
Plan (CMP) Draft #1

3.0 Comprehensive Management Plan Framework
3.4 Eelgrass Mitigation/Restoration Opportunities in Humboldt Bay

A Removal of derelicinfrastructure
A Substrate remediation
A Synergisticestorationof former tidelands




Humboldt Bay Eelgrass Comprehensive Management
Plan (CMP) Draft #1

3.0 Comprehensive Management Plan Framework
3.4 Eelgrass Mitigation/Restoration Opportunities in Humboldt Bay

A Removal of derelidnhfrastructure
A Substrate remediation
A Synergisticestorationof former tidelands




Humboldt Bay Eelgrass Comprehensive Management
Plan (CMP) Draft #1

3.0 Comprehensive Management Plan Framework
3.4 Eelgrass Mitigation/Restoration Opportunities in Humboldt Bay

A Removal of derelidnhfrastructure
A Substrate remediation
A Synergistiaestoration of former tidelands

Reclaiming former tidelands increases tidal prism and promotes eelgrass expansion, often beyond the
LINE 2SO0 F NBI X




Humboldt Bay Eelgrass Comprehensive Management
Plan (CMP) Draft #1

3.0 Comprehensive Management Plan Framework
3.4 Eelgrass Mitigation/Restoration Opportunities in Humboldt Bay

A Mitigation transplanting and site development (Clam Island)
A Experimental Transplanting (King Salmon)




Humboldt Bay Eelgrass Comprehensive Management
Plan (CMP) Draft #1

3.0 Comprehensive Management Plan Framework
3.5 Humboldt Bay Eelgrass Monitoring Program

A Humboldt Bay Cooperative Eelgrass Project (29008
A SeagrassNe#lonitoring Program (2009resent)

A UAV/(1ISS?Dased belt transects
to capture spatial parameters
paired with biometric data
collection= cost effective means
to re-establish cooperative
monitoring program in HB

' § g & 8 B8 g 8 = ] Pt. San Pablo/Pt. P
North Bay Eelgrass Beds A S 8 8§ B g8 §8 8 B B &8 B reRlerTL Hinare
Central Bay Eelgrass Beds -

South Bay Eelgrass Beds A

T 3 ;. & 3 . /
2 = =1 = £ = W Pt Pt. Pinole/Carquinez




Humboldt Bay Eelgrass Comprehensive Management
Plan (CMP) Draft #1

3.0 Comprehensive Management Plan Framework

3.5 Humboldt Bay Eelgrass Monitoring Program
A Depth distribution monitoring component
A Provides key information on systelevel

response to environmental change (lawst,
pre-deployed biesondég

PERCENT OF EELGRASS BED BY DEPTH

A Light environment, temperature, and early
indicators of disease

EELGRASS BED DEPTH RANGE

2001

2007

§ §838 8¢

EELGRASS BOTTOM COVER

2013

30§ 8

I T I e e T I T T T T T T T T T TR T T T T T O T I B T B T 1
: -0 A N . . N pl ol lal il el e R :

LI A AR B A A i 0 G e i S L G 4

L - S A R S R SN RPN A R N L S

ANNNI TR AT WD



Outline

1) Review Draft Plan: Structure & Content

2) Evaluate Clam Island candidate mitigation
site and other potential regional/combined

YAUGAIEFGAZ2Y Wol ylAy3
Humboldt Bay Harbor, Recreation, and Conservation

. 601 Startare Dr.
3) Regulatory Tools & Programs: o

a) Regional/programmatic approach to

permitting within core plan focus area

b) Framework for capture, retention, and
accounting of mitigation credit and

desirable management planning
PMr:?lfe:Ieg‘ t;::sociates, Inc.

StrU Cture 1670 Chester Ave

Arcata, CA 95521
Whelan A. Gilkerson, Senior Biologist

(707) 407-7469
Keith W. Merkel, Principal Consultant
(858) 560-5465




CAAKSNXYIyQa [ KIyY
proposed eelgrass mitigation site

A Candidate for regional mitigation program

Al A3K fA1SEAK22R 2F 3ISYSMI 0A
acres based on 4.82:1 ratio)

Ahoft AIlIG2NE YAGAIFOGAZ2Y FT2N C,
mitigation at 1:1 ratio for future projects




Goals

A Maximize ecological function of
created eelgrass habitat (long
term conservation, PP, fisheries,
waterfowl and sea level rise)

A Avoid conflicts with waterfowl anc
shorebirds 3

A Support beneficial reise at White
Slough for saltmarsh restoration

A Convert 6 acres of sand to 6 acre i

of eelgrass saltmarsh = wiAwin




CAAKSNXYIYyQa [ KI
Maintenance Dredging Project:
Preliminary eelgrass mitigation
site selection

Each site ~ 6 acres

Sand shoal = ~21 acres
mostly unvegetated sandy
substrate (60.7 m MLLW)

Elevation and grain size
iIncrease from east to west

<€

M&A # 16-089-01

) [} :
Boring locations (February 2017)

Preliminary eelgrass
mitigation sites

ke D Alternative 1A
$ 00| [E Alternative 1B

- Eelgrass vegetated cover - February 2017 |}

0 300 600 900
Feet

Contour interval = 1 foot (MLLW)
Imagery: NOAA 2009

%

=1

Preliminary Sediment Grain Size and

Mitigation Site Suitability Investigation Figure 1

Fisherman's Channel Maintenance Dredging Project

Merkel & Associates, Inc.




Alternative 1B favored
dueto:
A lower elevation

A finer grainedmaterial
(preferred for White Slough
restoration)

A Minimal presence of patchy
eelgrass (0.02 acres in 6.1
acre site)

A slightlyreduced dredcge
volume (32kvs 34k yo)

Alternative 1B

» Boring locations (February 2017)

Eelgrass vegetated cover - February 2017
Eelgrass areal extent - February 2017

_ 1 Eelgrass spatial distribution - February 2017

0 100 200

Imagery: Merkel 2017

0
Feet

Preliminary Sediment Grain Size and
Mitigation Site Suitability Investigation

Fisherman's Channel Maintenance Dredging Project

Figure 1

Merkel & A

Inc.




Addressing_Concerns

Consulted with CDFW (Rebecca Garwood), USFWS Refuge staff (Eric Nelson & Conor Shea), and |
Wildlife Dept. (Dr. Jeff Black)

Conducted literature review, historic air photo review and paired geospatial analysis to understand si
history and value with respect to brant gritting needs

Performed sediment grain size distribution sampling to determine substrate suitability for eelgrass
mitigation and saltmarsh restoration at HBNWR White Slough Unit

Captured lowaltitude aerial imagery (February 23, 2017) during low-tRlanning level eelgrass survey
and documentation of avian use (several shorebirds present mostly in surrounding eelgrass, no bran

Toured site with Wiyot Cultural and Environmental Dept. staff to initiate tribal consultation process
(July 2017)

SHN performedSM sediment contaminant sampling and analysis (¢$sptember 2017). Clam Island
AaSRAYSYG Aad WOtSIYyQ yR O2YLI A0S 6A0K 2KAG



From Lee et al. 2004

A Primary grit ingestion sites (8) e
account for 78% of observed ;‘::::::;2
brant grlttlng Imagery: NOAA200‘

A November grit composition
~0.5¢ 1.0 mm

A January grit composition
0.25-0.5 mm ~ 0.8..0 mm

A Grit size composition coarser than
available grit sizdistribution

A Brant observed hauling out at ebb
tides at fine sediment bars around
the perimeters of eelgrass beds
but no grit ingestion observed
(e.g. Clam Island; Le=t al. 2004)




Spatiotemporal Resource Partitioning by Brant

| in grit-ingestion sites p 3 ‘ ;Z’Q““,&.b.'. \ (
A Main grit-SiteS along SOUth Splt (O) S:tl:o:dary:rit-ingestionsites i ‘ !# ‘ "' r ‘(4

~0.51.5 m higher than Clam = i
Island site

Tidal exposure frequency (%) /
— High 1100

A Tidalexposure frequency by -,

elevation (m MLLW)

1.8m = 68%
1.6m =58%
1.0m = 28%
0.5m =13%

Om=5%




From Spragens et al. 2013

Alternative 1Aavgdepth = 0.44 m MLLW, (0.06 to 0.68 m MLLW)
Alternative 1Bavgdepth = 0.34 m MLLW(Q.02 to 0.54 m MLLW)

2.50
211 ¥ ASSSTRSRR W _SSSS——. S—n—————————— | § = S
— 1.50' 5
E
.
£
o 1.00
.-: ] - -
- gritting
= -
0.50 4
""""" —foraging
30-Mar
0.00 A
- o« orit
--------------------------------------------- eelgrass "9 —
-0.50 T T
s 2 S FFFEEEEEEEEEEEIEEEEE g
——————————— | o (o | N



Grain Size Results (1A)

SIEVE 2 1.5" T 0.75" 05" | 0.375" il #10 #40 #200
SIEVE SIZE (mm) 50 37.50 25 19.00 | 125 9.5 4.75 2.00 0.425 | 0.075 | 0.0361] 0.0230] 0.0183 | 0.0134 | 0.0095 | 0.0068 | 0.0034 0.0014
PERCENT PASSING 700.0 | 1000 | 100.0 | 100.0 | 100.0 | 100.0 | 1000 | 994 96.6 22.9 11.2 10.0 8.7 7.5 8.3 6.3 4.7 3.2

Gradation Test Results

U.S. Std. Sieve Numbers
40

5 188 e

D

s 80

2 70

=) 60

c

g 50

b4 40

“ 30

= 20

S 10

K 0

10 1 .01 0.01 0.001 0.0001
Grain Size (mm)
GRAVEL SAND SILT l CLAY
Coarse l Fine Coarse I Medium I Fine
% Gravel 0.0 % Sand 77.1 % Silt 19.0 % Clay 3.9

From: SHN 2017




Grain Size Results (1B)

From SHN 2017 % Gravel 0.0 % Sand 57.6 % Silt 36.4

SIEVE 2" 15" 1" | 075" | 05" |o0375'| w4 #10 #40 | #200
SIEVE SIZE (mm) S0 | 3750 | 25 | 19.00 | 125 | 9.5 | 475 | 2.00 | 0425 | 0.075 | 0.0351] 0.0224| 0.0179 | 0.0132 | 0.0094 | 0.0067 | 0.0033 | 0.0014
PERCENT PASSING 100.0 | 100.0 | 100.0 [ 100.0 | 100.0 | 100.0 | 100.0 | 99.7 98.3 424 202 17.3 15.8 13.0 116 10.2 8.3 5.1
Gradation Test Results
U.S. Std. Sieve Numbers

.‘E 40 200

.9 —_—— S = f = :

> e —

[ St =

o : t =

£ SEES :

7 e —

w — a

(3]

[«

i =

o

= ==::ooT=—

o £E i
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1. 01 0.01 0.001 0.0001
Grain Size (mm)
GRAVEL SAND SILT CLAY
Coarse [ Fine Coarse I Medium | Fine
% Clay 6.0




toric context
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1) Review Draft Plan: Structure & Content

2) Evaluate Clam Island candidate mitigation
site and other potential regional/combined
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EMP Project Tracking and Mitigation
Credit/Capture

A Project Tracking

A Humboldt Bay EMP (CMP) as
a mechanism for capture

A Ledger mechanism to
standardize accounting




