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Outline 
1) Review Draft Plan: Structure & Content 

2) Evaluate Clam Island candidate mitigation 

site and other potential regional/combined 

ƳƛǘƛƎŀǘƛƻƴ ΨōŀƴƪƛƴƎΩ ƻǇǇƻǊǘǳƴƛǘƛŜǎ 

3) Regulatory Tools & Programs:  

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 

structure 

 
 
 



Humboldt Bay EMP Plan Outline and 
Key Components 

 
ÅHumboldt Bay Eelgrass Comprehensive 

Management Plan (Document) 

ÅHumboldt Bay Eelgrass Management 
Webpage 

ÅAdditional Resources and Appendices  



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

1.0 Introduction- 

 
1.1 Humboldt Bay (Physical geography, 
natural resources, economic factors & 
port/harbor facilities) 

 

1.2 Birth of the Humboldt Bay Eelgrass 
Management Plan 

  

1.3 Regulatory Context and the Eelgrass 
Comprehensive Management Plan 

 



2.0 Humboldt Bay Eelgrass 
 
 
 
2.1  Eelgrass distribution and abundance  
Å Broad geographic context 
Å California eelgrass 
Å Humboldt Bay eelgrass 
Å Historic review 
  

 

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



2.1  Eelgrass distribution and abundance  

Å Broad geographic context 

Å California eelgrass 

Å Humboldt Bay eelgrass 

Å Historic review 

 

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

System Acreage % Total 

Humboldt Bay    ~4,700  31% 

San Francisco Bay    ~3,000  20% 

San Diego Bay    ~2,100  14% 

Tomales Bay    ~1,300    9% 

Mission Bay    ~1,100    7% 

All Other Systems    ~3,000 19% 

Total ~14,900 100% 
 



2.1  Eelgrass distribution and abundance  

Å Broad geographic context 

Å California eelgrass 

Å Humboldt Bay eelgrass 

Å Historic review 

 

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

 
4,700-5,700 acres of eelgrass 

in Humboldt Bay tŀǘŎƘȅ όΨƭŜƻǇŀǊŘ ǎƪƛƴΩύ eelgrass Continuous eelgrass habitat 



2.1  Eelgrass distribution and abundance  
Å Broad geographic context 
Å California eelgrass 
Å Humboldt Bay eelgrass 
Å Historic review 
 
*Humboldt Bay topographic/bathymetric surveying history (1854- present) 
  Baywide eelgrass mapping history (1959-2009) 
 
  Losses, gains, and resiliency 

Humboldt Bay Eelgrass Comprehensive Management 
Plan (CMP) Draft #1 
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2.2  Eelgrass Ecosystem Functions 
 
Overview 
Å Seagrass systems among most productive on earth  
Å Eelgrass most abundant and productive seagrass in Northern Hemisphere 

ï άIŀōƛǘŀǘ ŀǊŎƘƛǘŜŎǘΣ ŦƻǳƴŘŀǘƛƻƴ ǎǇŜŎƛŜǎΣ ŜŎƻǎȅǎǘŜƳ ŜƴƎƛƴŜŜǊέ όǇƘȅǎƛŎŀƭΣ ŎƘŜƳƛŎŀƭΣ ōƛƻƭƻƎƛŎŀƭ 
services) 

ï PP 
ï Sediment deposition & stabilization 
ï Wave and current dampening 
ï Improves water quality & clarity 
ï Carbon sequestration 
ï Nutrient cycling 
ï pH buffering/OA 
ï Structure & nursery habitat 
ï Food for grazers, detrital food web 
ï Environmental sentinel 
ï Others? 

 
 
 

 

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



2.2  Eelgrass Ecosystem Functions 

 
Humboldt Bay Functions 

 

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

ï Fisheries support (groundfish, dungeness crab, oyster mariculture, herring,  salmonids?) 

ï Brant and other migratory waterfowl 

 

 

 

 

 

 

 

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

Ryan Bartling, CDFW 



2.3  Threats to Eelgrass in Humboldt Bay 

 
Å Natural and anthropogenic factors 

Å Some factors span multiple categories 

Å Awareness of indicators provides context, 
supports understanding of system state 

 
 

 

 

 

 

 

 

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

STRESSORS GENERAL INDICATORS 

Physical Stressors  

o Wave and current energy 

short and narrow leaved growth form; 
exposed turions at patch margins; 
coarse sand with ripples outside of bed; 
limited to no detritus accumulation 

o Sediment burial, instability 
leaf sheath buried below sediment surface; 
upwardly migrating turions where burial is occurring; 
free rhizomes and water roots in erosive areas 

o Dredging 
steep active slumping of adjacent side slopes; 
frequently, sliding eelgrass on slopes adjacent to cuts; 
uneven bottom due to recent cuts by dredging 

o Wake scour and prop scars 
undercut rhizomes at patch margins; 
loose or free eelgrass plants with water roots; 
linear cuts in bed with loose sediment in trough 

o Shading and circulation patterns 
loss of eelgrass under structures and adjacent  
thinning of turion densities 
increased sediment loading compared to nearby beds 

o Animal grazing and bioturbation 
apparent random pattern of rhizome exposure; 
forage pits in beds (rays); clipped leaves, rasping or chewed 
tissues, waste and prints (waterfowl), invert. herbivores 

Chemical  Stressors  

o Sediment toxicity Variable to unknown 

o Water contamination Variable to unknown 

o Oiling and other chemical fouling                                          oils on leaves and soil; bleaching of leaves  

Biological  Stressors  

o Metabolic Stressors    

 ¶ Photosynthetic limitation and light competition 

 ü Turbidity 
low transparency in water; 
Sedimentation on plants; 
declining leaf density and chlorotic tissues 

 ü Phytoplankton bloom  red tides or green water  

 ü Macroalgal blooms 
accumulation of sheet and tube alga (typically Ulva, 
Enteromorpha, Porphyra, and Gracilaria species); 
thinning of eelgrass beds in matted algae 

 ü Epiphytic loading 
heavy growth of epiphytes on leaves; 
high silt loading on plants 

 
ü Ambient water 

transparency 
Gradual reduction in eelgrass cover over bottom; 
reduction in shoot density within patches at depth 

 ¶ Heat and desiccation 
bleaching of leaves at upper shore; 
loss of turgor in leaves  
mottled light and dark splotches on leaves 

 
¶ Osmotic regulation and 

other salinity stresses 
loss of turgor in leaves; decline of bed in regions of prolonged 
elevated or depressed salinities 

o Disease and infection 
pronounced decline of eelgrass in dense beds areas; 
black mottling and rot on leaves 

o Invasive species   
presence of invasive species in areas of eelgrass, 
displacement patterns along margins or within beds 

 



2.3  Threats to Eelgrass in Humboldt Bay 

 
Anthropogenic Threats 

Å Dredging 

Å Filling 

Å Bay coverage 

Å Moorings 

Å Mariculture 

Å Vessel grounding 

Å wake damage 

Å prop scarring 
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Vessel Moorings

Floating
Dock

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



2.3  Threats to Eelgrass in Humboldt Bay 

 
Å Invasive species 

Å Eutrophication 

Å Bioturbation & herbivory 
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U.S. Fish & Wildlife Service 

Matthieu Leray, Smithsonian Institution 

Len Blumin, Audubon Society 



2.3  Threats to Eelgrass in Humboldt Bay 

 
Å Wasting Disease (Perhaps the greatest threat to Humboldt Bay)  
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Vicky Frey, CDFW 

Humboldt Bay 2013 Morro Bay 2009 vs 2010 

Annie Gillespie, MBNEP  



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

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

(Patton et al. 2017) 

Å Likely to promote overall increase in eelgrass in 
Humboldt Bay 

Å Some gains in eelgrass may lead to losses in mudflat 
and saltmarsh habitat  

2113 SLR Prediction 2013 Model 



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

 
Å Likely increase in eelgrass 

photosynthesis & growth 
rates 
 

Å Research needed and 
currently underway to 
understand buffering 
potential 
 

Å Buffering may have a 
mitigating/positive effect for 
shell forming invertebrates 
& mariculture industry 
(calcite and aragonite 
solubility) 

Eelgrass and Ocean Acidification 



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

 
Å Decrease in summer fog extent (30%;  

Johnstone & Dawson 2010) 
 

Å Multi-ȅŜŀǊ tŀŎƛŦƛŎ ƳŀǊƛƴŜ ΨheatwaveΩ 
(Di Lorenso and Mantua 2016) 
 

Å Both factors increase thermal stress, 
intertidal areas most affected 
 

Å May also exacerbate/trigger wasting 
disease outbreaks 
 

Å Both factors likely resulted in 
substantial decline in HB intertidal 
eelgrass 2013-2016 

Other Climate Concerns 
 

2009 2016 



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

3.0  Comprehensive Management Plan Framework 
 
3.1 Eelgrass Policy Standards 
Å CEMP Overview and CMP context 
Å Regulatory Programs and the CEMP 
 

USACEς Clean Water Act and Rivers & Harbors Act 
CCC ς Coastal Act 
RWQCB ς Clean Water Act and Porter-Cologne Act 
 
Roles of Resource Agencies 

Å EFH 
Å FWCA 
Å ESA/CESA 
Å CFGC 
Å Others 

 

Humboldt Bay travel lift nearly non-operational 
due to accumulation of sediment in the ways.  
Dredging will impact eelgrass and require 
mitigation.  Under the CEMP the dredging would 
require one time eelgrass mitigation provided 
the impact and mitigation are tracked.   



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

3.0  Comprehensive Management Plan Framework 
 

3.2 Humboldt Bay Eelgrass Management 
Å Humboldt Bay Eelgrass Comprehensive 

Management Plan Goals 
ÅDisseminate Eelgrass information to project applicants by 

means of the Humboldt Bay Eelgrass Management Plan 
Website 
 

ÅSupport inventory, evaluation and prioritization of eelgrass 
mitigation/restoration opportunities in Humboldt Bay 
 

ÅFacilitate efficiency and consistency in the application of 
eelgrass regulatory policy in Humboldt Bay 
 

Å Identify and 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 Humboldt Bay 
 

ÅPromote system-level long-term monitoring of Humboldt 
.ŀȅΩǎ ŜŜƭƎǊŀǎǎ ǇƻǇǳƭŀǘƛƻƴ ǘƻ ǳƴŘŜǊǎǘŀƴŘ interannual 
variability of the resource, overall system health, and the 
effects of climate change on the Humboldt Bay Ecosystem. 

 
EMP Regulatory Core Focus Areas 



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

3.0  Comprehensive Management Plan Framework 
 

3.3 Humboldt Bay Eelgrass Impact Project Evaluation Framework 
 
Å Pre-Project eelgrass checklist (Plan & website) 
Å Recommended eelgrass surveying methods/standards (Plan & website) 
Å Surveying guidance-Area of Potential Effect (APE) (Plan & website) 
Å Online eelgrass distribution map (website) 

 
 

Depth Range Project Scale Recommended Survey Method 

Intertidal 
(-1  to +4 ft): 

0-1,000 m2 Total station/sub-meter GPS/ low-
altitude UAV 

0-3,000 m2 Total station/sub-meter GPS/low-
altitude UAV 

3,000 m2 -100 ha Low-altitude UAV 

50 ha+ Low-altitude UAV/Manned aircraft 

Subtidal 
(-10 to -1 ft): 

0-1,000 m2 Total station/sub-meter GPS w/ diver 
transects/single-beam or SS sonar 

1,000-2,000 m2 Sub-meter GPS/single-beam or SS sonar 

2,000 m2 + SS sonar 

 



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

3.0  Comprehensive Management Plan Framework 
 

3.4 Eelgrass Mitigation/Restoration Opportunities in Humboldt Bay 
 
Å History of Eelgrass Mitigation Transplants in Humboldt Bay 

 

 
  Size Unit Success Net Project 

Location Year (acres) Type Status Result Proponent 

Indian Island 1982 Unk. bareroot no - unknown 

Indian Island 1986 <0.25 bareroot no -  

Indian Island 1986 0.5 unknown no - Wright Schuchart 
Harbor Co. 

Eureka/Del Norte Street 
Pier 

1991 <0.25 none no  City of Eureka 

Eureka Small Boat Basin 1999 <0.25 plugs yes  City of Eureka 

SR255 Bridge 2004 <0.25 bareroot no - Caltrans 

Inner Channel Maintenance 2005 <0.25 bareroot partial + HB HRCD 

HBP Pipeline removal 2010 <1.0 plugs yes  PG&E 

HB Rowing Association Dock 2012 <0.1 bareroot yes + HB Rowing Assoc. 

 



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

3.0  Comprehensive Management Plan Framework 
 

3.4 Eelgrass Mitigation/Restoration Opportunities in Humboldt Bay 
 
 
Å Removal of derelict infrastructure 

 
Å Substrate remediation 

 
Å Synergistic restoration of former tidelands 
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3.0  Comprehensive Management Plan Framework 
 3.4 Eelgrass Mitigation/Restoration Opportunities in Humboldt Bay 

 
Å Removal of derelict infrastructure 
Å Substrate remediation 
Å Synergistic restoration of former tidelands 

 
 
 

Reclaiming former tidelands increases tidal prism and promotes eelgrass expansion, often beyond the 
ǇǊƻƧŜŎǘ ŀǊŜŀΧ 



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

3.0  Comprehensive Management Plan Framework 
 3.4 Eelgrass Mitigation/Restoration Opportunities in Humboldt Bay 
 
Å Mitigation transplanting and site development (Clam Island) 
Å 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 

 
Å Humboldt Bay Cooperative Eelgrass Project (2001-2008) 
Å SeagrassNet Monitoring Program (2009-present) 

 
Å UAV/(ISS?)-based belt transects 
to capture spatial parameters 
paired with biometric data 
collection= cost effective means 
to re-establish cooperative  
monitoring program in HB 
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Plan (CMP) Draft #1 

3.0  Comprehensive Management Plan Framework 
 

3.5 Humboldt Bay Eelgrass Monitoring Program 
 
Å Depth distribution monitoring component 

 
Å Provides key information on system-level 

response to environmental change (low-cost, 
pre-deployed bio-sonde)  
 

Å Light environment, temperature, and early 
indicators of disease 
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CƛǎƘŜǊƳŀƴΩǎ /ƘŀƴƴŜƭκ/ƭŀƳ LǎƭŀƴŘ 
proposed eelgrass mitigation site 

ÅCandidate for regional mitigation program 

ÅIƛƎƘ ƭƛƪŜƭƛƘƻƻŘ ƻŦ ƎŜƴŜǊŀǘƛƴƎ ǎǳǊǇƭǳǎ ŜŜƭƎǊŀǎǎ ΨŎǊŜŘƛǘΩ όϤо-4 
acres based on 4.82:1 ratio) 

ÅhōƭƛƎŀǘƻǊȅ ƳƛǘƛƎŀǘƛƻƴ ŦƻǊ CƛǎƘŜǊƳŀƴΩǎ /ƘŀƴƴŜƭ Ґ hǇǇƻǊǘǳƴƛǎǘƛŎ 
mitigation at 1:1 ratio for future projects 



Goals 

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

Å Avoid conflicts with waterfowl and 
shorebirds 
 

Å Support beneficial re-use at White 
Slough for saltmarsh restoration 
 

Å Convert 6 acres of sand to 6 acres 
of eelgrass + salt marsh = win-win 
 



CƛǎƘŜǊƳŀƴΩǎ /ƘŀƴƴŜƭ 
Maintenance Dredging Project: 
Preliminary eelgrass mitigation 
site selection 
 
 
Each site ~ 6 acres 
 
Sand shoal = ~21 acres  
mostly unvegetated sandy 
substrate (0-0.7 m MLLW) 
 
Elevation and grain size 
increase from east to west 
 
 



Alternative 1B favored 
due to: 
Å lower elevation 
Å finer grained material 

(preferred for White Slough 
restoration) 

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

Å slightly reduced dredge 
volume (32k vs 34k yd3) 

 



Addressing Concerns 

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

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

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

Å Captured low-altitude aerial imagery (February 23, 2017) during low tide- Planning level eelgrass survey 
and documentation of avian use (several shorebirds present mostly in surrounding eelgrass, no brant) 
 

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

Å SHN performed ISM sediment contaminant sampling and analysis (June ςSeptember 2017). Clam Island 
ǎŜŘƛƳŜƴǘ ƛǎ ΨŎƭŜŀƴΩ ŀƴŘ ŎƻƳǇŀǘƛōƭŜ ǿƛǘƘ ²ƘƛǘŜ {ƭƻǳƎƘ ǎŀƭǘƳŀǊǎƘ ƴŜŜŘǎ 

 
 
 

       

       
 
 



Å Primary grit ingestion sites (A-C)  
account for 78% of observed 
brant gritting 

 
Å November grit composition  
      ~ 0.5 ς 1.0 mm 

 
Å January grit composition  
     0.25 - 0.5 mm ~ 0.5-1.0 mm 
 
Å Grit size composition coarser than 

available grit size distribution 
 

Å 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; Lee  et al. 2004) 

 
 
 

From Lee et al. 2004 
 



Spatiotemporal Resource Partitioning by Brant 

Å Main grit-sites along South Spit 
~0.5-1.5 m higher than Clam 
Island site 

 
Å Tidal exposure frequency by 

elevation (m MLLW) 
 
 1.8 m = 68% 
 1.6 m = 58% 
 1.0 m = 28% 
 0.5 m = 13% 
     0 m = 5%  
 

 
 



From Spragens et al. 2013 

Alternative 1A  avg depth = 0.44 m MLLW, (0.06 to 0.68 m MLLW) 
Alternative 1B avg depth = 0.34 m MLLW, (-0.02 to 0.54 m MLLW) 

Alt 1A  
1A 
1B 

foraging 

gritting 



Grain Size Results (1A) 

From: SHN 2017 



Grain Size Results (1B) 

From: SHN 2017 



Historic context 
1941 
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EMP Project Tracking and Mitigation 
Credit/Capture 

ÅProject Tracking  

ÅHumboldt Bay EMP (CMP) as 
a mechanism for capture 

Å Ledger mechanism to 
standardize accounting 

 


