
Marin Audubon Society’s Bahia Wetland Restoration 
Project 

2009 – 2014 
Funded by the US EPA’s San Francisco Bay Water Quality 

Improvement Fund 
 
 
 
 

 

 

11/13/2014 Page 1 of 82



 

Contents 
I. Site Summary ...................................................................................................................................................... 3 
II. Summary of Project Goals and Results .................................................................................................... 5 
III. Description of Project Components (tasks) ......................................................................................... 5 
IV. QAPP Development ........................................................................................................................................ 6 
V. Summary of Expected Outputs and Outcomes and Accomplished Deliverables ..................... 7 
VI. Methodology and Execution ....................................................................................................................... 8 
VII. Summary of Monitoring Data ................................................................................................................ 10 
VIII. Evaluation .................................................................................................................................................... 11 
VIII. Conclusions ................................................................................................................................................. 15 
Attachment A  Photos of restoration site and activities at Bahia Bahia Nursery Beds ........... 16 

Western Peninsula ................................................................................................................................... 18 
Eastern Peninsula ..................................................................................................................................... 21 

Attachment B  Data Collection Protocol Plant Community Structure of Intertidal--Upland 
Ecotone .................................................................................................................................................................. 24 

Introduction .................................................................................................................................................... 25 
Definition of the Tidal Marsh Ecotone .............................................................................................. 26 
Personnel ..................................................................................................................................................... 29 
Primary Monitoring Questions ............................................................................................................ 29 

Monitoring Design ........................................................................................................................................ 30 
Overview ...................................................................................................................................................... 30 
Assumptions ............................................................................................................................................... 30 
Sample Universe ....................................................................................................................................... 30 
Sample Site .................................................................................................................................................. 30 
Sample Strata ............................................................................................................................................. 31 
Sample Plots ............................................................................................................................................... 34 
Sample Size and Sample Plot Selection ............................................................................................ 34 

Data Collection ............................................................................................................................................... 37 
Basic Field Equipment ............................................................................................................................ 39 

Data Analysis and Interpretation ............................................................................................................ 40 
References Cited ............................................................................................................................................ 42 

Attachment C  Bahia Wetland Restoration Project East Bahia Revegetation Plan ................... 46 
Attachment D  Bahia East-West Peninsula Thicket Monitoring Year 1 Annual Monitoring 
Report May 2014 ................................................................................................................................................ 72 

Project Description: ...................................................................................................................................... 73 
Project Background: ..................................................................................................................................... 73 
Monitoring methods: ................................................................................................................................... 75 
Monitoring results: ....................................................................................................................................... 75 

 

11/13/2014 Page 2 of 82



I. Site Summary 
 
The entire 632-acre Bahia site is comprised of three distinct areas: West Bahia, Central 
Bahia and East Bahia (figure 1). In 2003 MAS purchased the Bahia property to save this 
ecologically valuable area from development. The Bayland and upland areas of Central 
and Western Bahia were turned over to the Marin County Open Space District and the 
California Department of Fish and Wildlife. MAS retained the 60-acre East Bahia 
property and a smaller parcel to the west and is actively managing the restoration of 
these areas. The land at East Bahia surrounds a privately owned lagoon and restoring 
the entire parcel to wetland is not possible. MAS worked with the hydrology firm PWA 
and Plant Ecologist Peter Baye to develop a restoration plan that will gradually 
transform this man-made area into a landscape made of expanded tidal marsh (merging 
with existing marshlands) that transitions through the gradually sloping ecotone to low 
uplands of native perennial sod-forming grasses, scattered native oaks and seasonal 
wetlands.   
 
The Bahia Restoration and Revegetation Project site is located on the East Bahia parcel 
along the Eastern and Western Peninsulas where the levees have been reconstructed 
to provide the gently sloping ecotones rising from the tidal marsh to the upland areas 
(see attachment C for East Bahia Revegetation Plan pg 46). 
 

           
Figure 1. Overview of Site Location     
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Figure 2. Map of East Bahia 
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II. Summary of Project Goals and Results 

 
During the 4 years of this contract (March 1, 2009 - January 31, 2013), the Marin 
Audubon Society (MAS) Bahia Restoration and Revegetation Project has completed the 
tasks described in the contract Scope of Work. These tasks included enhancing the tidal 
marsh ecotone habitat along two levees comprised approximately of 10.5 acres on the 
Eastern and Western Peninsulas adjacent to 14.5 acres of newly restored tidal marsh at 
Eastern Bahia. Ecological improvements were made through removal of invasive plant 
species and revegetation of native plants in habitat for sensitive species. Ecological 
enhancement in habitat included improvements in native coverage consistent with the 
recovery plan for the salt marsh harvest mouse and the California Ridgway’s rail 
indicating “upper portions of marshes must be restored to provide refugia for both 
species” 1 and the Draft Recovery Plan for Tidal Marsh Ecosystems of Northern and 
Central California which indicates ecotone marsh-to-terrestrial ecotones should be 
expanded or restored.2

 

 
The Bahia Restoration and Revegetation Project has enhanced native tidal marsh 
habitat by propagating approximately 11,000 native Elymus triticoides (formerly Leymus 
t.) rhizomes in the on-site nursery beds from plants collected on site (Central Bahia) and 
through the out-planting and mulching of over 6,000 E. triticoides rhizomes from these 
plants, as well as by the planting and mulching of more than 600 native colonial 
flowering perennial and shrub plants and trees propagated with local seed source by the 
Watershed Nursery (TWN) and removing several species of highly invasive weeds from 
along 10.5 acres of the two levees in the project area (42 cumulative acres over the four 
year project period). Native plant coverage increased and will continue to increase as 
these newly established plants colonize the project area. The restoration activities were 
accomplished with the help of over 500 community volunteers and contacted workers 
that served over 1,500 hours. 
 
Please refer to the table in section V for detailed planting and propagation numbers 
including species.  
 

III. Description of Project Components (tasks) 
 
To complete the project, MAS provided (1) project management, (2) development of 
monitoring protocols (3) the propagation and planting of native plants, and removal of 
non native invasive plants, (4) the monitoring and recording of vegetation metrics, (5) 
the evaluation of planting success, and (6) Dry Season Adaptive Management. 
 

1 U.S Fish and Wildlife Service. 1984. Salt Marsh Harvest Mouse and California Clapper Rail Recovery 
Plan. Portland Oregon.. pg. 47. 
2 U.S. Fish and Wildlife Service. 2009. Draft recovery Plan for Tidal Marsh Ecosystems of Northern and 
Central California. Sacramento, California. pgs 197 and 213. 
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As part of the project management task, MAS prepared quarterly reports, financial 
statements and oversaw personnel responsible for the Project. The quarterly reports 
discussed project activities conducted during the quarter, progress towards milestones, 
environmental outcomes, problems encountered and their resolution, and activities 
planned for the succeeding quarter. 
 
To develop measurements of success, a Quality Assurance Project Plan (QAPP) that 
was developed by the San Francisco Estuary Institute, Save the Bay and the Marin 
Audubon Society (see further discussion below). 
 
To complete the native plant propagation and planting and invasive plant removal task, 
MAS coordinated community-based volunteer restoration projects and hired contracted 
professional restoration crews (Conservation Corps North Bay, Cagwin & Dorwood, The 
Watershed Nursery, Shelterbelt Builders) to manually remove invasive species, build 
and maintain on site nursery beds for growing native, sod-forming grasses, Elymus 
triticoides and sedges, Carex barbarae. Volunteers and contractors also collected E. 
triticoides from an on-site source to propagate in these beds (with the guidance of Plant 
Ecologist, Peter Baye), prepared rhizomes of these propagated grasses for planting and 
out-planted rhizomes following invasive removal. Other native plants were propagated 
by the TWN and out planted by contractors and community volunteers. Volunteers and 
contracted workers also worked to eliminate priority invasive species from the project 
area during the summer and fall months. 
 
To evaluate plant establishment, MAS Board Members conducted monitoring using 
protocols from the approved QAPP and assessed data collected under these protocols 
(see further discussion below). 
 
After the propagation and outplanting was complete, MAS had funds left in contract and 
worked with SFEP and the EPA to modify the contract to expand the scope of work. 
This new task (6) included the planting of nine separate thickets on the Eastern 
Peninsula that were composed of an array of native species and the use of DriWater to 
ensure their survival. A more detailed description of this task and the monitoring results 
from this work can be found in Attachment D (pg 72).  
 
 

IV. QAPP Development  
 
The QAPP for the Bahia Restoration and Revegetation Project was developed in 
coordination with the San Francisco Estuary Institute and Save the Bay. The draft 
monitoring protocol that was developed through the QAPP process is intended to be 
used as a standardized protocol for data collection to track restoration outcomes and to 
meet the need for standardized data on the responses of the ecotone plant community 
to onsite vegetation management (Attachments B).  
 
For this project, MAS monitoring data was used to assess the change in percent cover 
of native vs. invasive species in the project area at Eastern Bahia prior to restoration 
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activities and following non-native plant removal and the out planting of over 6,600 
native plants in the ecotone. 
 
The vegetation monitoring was performed by two MAS Board Members; Jude Stalker,  
a Wetland Biologist and Lowell Sykes who is familiar with the protocol methods and with 
the flora of the site.  
A summary of the monitoring results is described below.  
 
 

V. Summary of Expected Outputs and Outcomes and Accomplished 
Deliverables 

 
The primary outputs expected for this project included the following:  
 
a. Baseline ecological assessment data for restoration site;  
b. 2,040 native plants/rhizomes to be planted in habitat at restoration site;  
c. 1,200 native plants/ rhizomes to be planted in nursery beds: and 
d. 25-acres of invasive plants removed from restoration site. 
 
From March 1, 2009 - January 31, 2013, MAS monitored plants to provide baseline and 
annual ecological assessment data. Over 1,000 native Elymus triticoides and 200 native 
Carex barbarae plants were planted in the MAS nursery beds which produced over 
12,000 viable rhizomes and plants. Over 6,000 of these propagated native sedge plants 
and grass rhizomes were outplanted and mulched at the restoration site along with over 
600 native flowering perennials, shrubs and oaks, far exceeding the 2,040 plants 
expected. The remaining propagated plants and rhizomes were left in the nursery beds 
for future use. MAS also removed several species of invasive plants annually from the 
entire 10.5 acres of tidal marsh-ecotone and upland habitat in the project area, 
cumulatively totaling 42 acres. These numbers and plant species are provided in table 1 
below. This work was accomplished with the help of over 500 volunteers and contracted 
workers for a total of approximately 1,500 project hours (1,200 and 300 hours 
respectively). 
 
The primary outcomes expected for this project included the following: 
 
1. Increased acreage of wetland in transition/upland zone; and 
2. Improved wetland condition. 
 
The work detailed in this report improved wetland habitat conditions and increased the 
acreage of transition zone habitat by enhancing the upland area adjacent to the tidal 
marsh with the planting of native plant species and the reduction of the existing seed 
source of invasive plant species, meeting expected outcomes. 
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Table 1: This table lists the plant species propagated, the number of plants that were yielded from 
that process, the list of all native species planted on site and the number of individuals. On the far 
right, the list of invasive species removed is provided. These species were removed over a two year 
period. 

Native Plants and 
Rhizomes Propagated 

(in on-site beds)

Yeild from 
Propagation 
(12,000 total) 

Native Species Planted

Number of 
Individuals 

Planted 
(>6,747 total)

Invasive Species 
Removed (from 42 acres 

in 2 years)

Elymus triticoides ~ 11,000 Elymus triticoides > 6,000 Raphanus sativus

Carex barbarae ~ 1,000 Carex barbarae ~ 100 Dittrichia graveolens

Baccharis pilularis 53 Foeniculum vulgare

Baccharis douglasii 139 Lotus corniculatus

Euthamia occidentalis 170 Agrostis avenacea

Rosa californica 33 Xanthium strumarium

Ambrosia psilostachya 20 Centaurea solstitialis

Carex pragracilis 40 Phalaris aquatica

Aster chilensis 40 Carpobroyus chilensis

Scrophularia californica 20 Lepidium latifolium

Sambucus Mexicana

Quercus agrifolia

Hordeum brachyantherum 67

35

>30

 
 
 
 

VI. Methodology and Execution 
 
Within the four-year contract period, MAS enlisted, mobilized and trained volunteers and 
contracted workers to propagate native E. triticoides plants in on-site nursery beds, 
revegetate and enhance 10.5-acres of the Upland Transition Zone (UTZ) adjacent to 
14.5 acres of newly restored tidal salt marsh habitat, which is connected to the vast and 
established tidal marsh along the Petaluma River. The adjacent tidal marshes have 
established populations of the federally endangered Ridgway’s rail; the state threatened 
black rail as well as many other aquatic and terrestrial species. This newly created tidal 
marsh habitat and upland refugia will benefit these species greatly. Restoration 
activities included: 
 

• Harvesting local source of Elymus triticoides and Carex barbarae 
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  (from Central Bahia and another local MAS site). 
 

• Building, planting and maintaining on-site nursery beds for Elymus triticoides and 
Carex barbarae. 

 
• Planting and mulching of native plants in the project area. 

  
 Native plants planted included: Elymus triticoides (creeping wild rye grass),  
 Carex barbarae (Santa Barbara sedge), Baccharis pilularis (coyote brush), 
 Baccharis douglasii (marsh baccharis), Euthamia occidentalis (Western 
 goldenrod), Rosa californica (California rose), Ambrosia psilostachya 
 (Cuman ragweed), Carex pragracilis (California field sedge), Aster chilensis 
 (California aster), Scrophularia californica (California bee plant), Sambucus 
 mexicana (blue elderberry) and Quercus agrifolia (coast live oak). 
 

•  Maintaining plantings in the project area (caging, mulching, etc., when needed). 
 

•  Consultations with experts on best practices for conducting native planting and 
invasive plant removal. 

 
• Reducing infestations of invasive plants through strategic manual removal as 

recommended by Peter Baye in Vegetation Management Plan for East Bahia.  
  
 Invasive plant species that were prioritized and removed included: Raphanus 
 sativus (wild radish), Dittrichia graveolens (stinkwort),Foeniculum vulgare 
 (fennel), Lotus corniculatus (birds-foot trefoil), Agrostis avenacea 
 (Australian bentgrass), Xanthium strumarium  (cocklebur), Centaurea 
 solstitialis (yellow star thistle) Phalaris aquatica (harding grass), 
 Carpobroyus chilensis (iceplant), and Lepidium latifolium (perennial 
 pepperweed). 
 

•  Monitored and evaluated restoration success using the UTZ monitoring protocol 
developed by SFEI, STB & MAS: Data Collection Protocol: Plant Community 
Structure of Intertidal-upland Ecotone (Attachment B). 

 
•  Educated community volunteers about the history of Bahia, values of wetlands 

and importance of wetland restoration. 
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VII. Summary of Monitoring Data 
 
Native and Invasive Plant coverage was measured prior to restoration activities and 
following invasive removal and planting activities using our approved QAPP methods. 
The below table summarizes data collected pre and post restoration activities 
conducted under this project: 
 

Eastern 
Peninsula:         

Stratum 
Percent 

cover 
native 

Percent 
cover 

Lolium 
multiflorum 

Total 
percent 

cover non-
native 

Percent 
Cover 
native 

Percent 
cover 

Lolium 
multiflorum 

Total 
percent 

cover non-
native 

Percent 
Change in 

native 
cover 

Percent 
Change in 
non-native 

cover 
  2010 2010 2010 2012 2012 2012     

Intertidal 0 0 4 15 16 32 15 28 
Low 0 19 36 19 13 51 19 15 

Middle 0.07 84 98 4 38 95 4 -3 
High 0 75 79 1 30 70 1 -9 

Intertidal 0 3 3 18 0 0.6 18 -3 
Low 0.2 38 64 1.4 18 98 1.2 34 

Middle 0 78 92 0 14 100 0 8 
High Not monitored 2010  0 35 100 No 2010 Data 

         
Western Peninsula:        

Stratum 
Percent 

cover 
native 

Percent 
cover 

Lolium 
multiflorum 

Total 
percent 

cover non-
native 

Percent 
Cover 
native 

Percent 
cover 

Lolium 
multiflorum 

Total 
percent 

cover non-
native 

Percent 
Change in 

native 
cover 

Percent 
Change in 
non-native 

cover 
  2010 2010 2010 2012 2012 2012     

Intertidal 0.4 2 3 6 8 17 5 2 
Low 0 8 16 6 7 94 6 78 
Middle 0 3 14 2 69 96 2 82 
High 0 7 13 4 72 84 4 71 
Intertidal 0 0.6 3 0 15 43 0 40 
Low 0 48 50 0 86 98 0 48 
Middle 0 86 88 4 82 94 4 6 
High 0 100 100 0 85 100 0 0 
Intertidal 0 0.4 4 0 49 77 0 73 
Low 0 5 5 2 99 99 2 94 
Middle 0 76 76 0.2 84 88 0.2 18 
High 0 100 100 2 92 99 2 -1 
Intertidal 0 0.25 4 2 2 41 2 37 
Low 0 16 20 0 100 100 0 80 
Middle 0 36 43 0 83 85 0 62 
High 0 100 100 0 100 100 0 0 

 
 
 

11/13/2014 Page 10 of 82



VIII. Evaluation 
 
a. Outcome accomplishments vs. expected results 
 
MAS was able to accomplish identified outputs through the described tasks:  
 
MAS worked with SFEI to field-test the UTZ protocol, found ways to streamline the data 
collection methods, collaborated with SFEI on the final drafts of the protocol and 
successfully conducted the baseline and annual ecological assessment data collection 
using this protocol.  
 
With the help of volunteers and contracted crews, MAS planted over 6,600 plants and 
rhizomes in the project area, well exceeding the goal of 2,040 plants/rhizomes. The 
survivorship of many of these plants (particularly along the Eastern Peninsula) was 
lower than expected due to the poor soil quality and the severe drought. In December 
2012, 295 additional native colonial flowering perennial and shrub plants were planted 
in the project area. The 110 that were planted in the higher elevations of the Eastern 
Peninsula were planted by the professionals at TWN who provided extra measures 
such as including the addition of a light soil amendment, sheet- and straw-mulching and 
the installation of three ‘DRiWater’ gel packs per plant.  These plants will be monitored 
and maintained regularly to increase their chances of survival. Despite this lower than 
expected survival rate, the perennial and shrub plants that have survived have improved 
the overall condition of the wetland-upland ecotone habitat by providing upland refugia 
and adding a greater diversity of native plant species and these ‘pioneers’ will serve a 
very valuable role as the seed sources for the recruitment of native plants in the future. 
The surviving E. triticoides is still in relatively small-scattered patches. The expectation 
is that these patches, along with additional plantings will spread by vegetative growth 
over time, increasing the area of coverage by this native sod-forming grass and 
providing upland refugia for the animals that depend on it for their survival.   
 
Over the project period, MAS constructed and maintained six on-site nursery beds and 
propagated enough plants to provide approximately 11,000 plantable E. triticoides 
rhizome segments. Approximately 6,000 rhizomes were harvested from these beds and 
planted along the UTZ in the project area. These numbers also exceeded the expected 
outputs outlined in the scope of the project. 
 
The construction and productivity of the MAS nursery beds has provided MAS with an 
excellent way to harvest, propagate and out-plant the thousands of rhizomes of E. 
triticoides and hundreds of C. barbarae sedges on site and has greatly reduced the cost 
of acquiring these plants for the project. 
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Within the 25-acres of (newly restored) tidal marsh and marsh-upland ecotone of the 
project area, the invasive plant removal was conducted along the ecotone and upland 
portions of the Eastern and Western Peninsulas. Fortunately, very few invasive species 
can tolerate the saline waters of the tidal marsh and except for a small recruitment of 
invasive Lepidium latifolium (perennial pepperweed), which was promptly treated by a 
professional crew (Shelterbelt Builders), only native marsh plants have established in 
the marsh (via the seedbank in the Bay waters). 
 
As a newly constructed area, the marsh-upland ecotone is continually being colonized 
and dominated by non-native plant species. Despite the fact that MAS prioritized the 
most invasive species and removed these plants annually from the entire 10-acres of 
ecotone and upland habitat within the project area, the amount of cover of non-native 
plants increased through the project period due to the colonization of new, unvegetated 
soil and the lack of establishment and competition by native plants. Although these and 
other invasive species will persist at East Bahia until the native plants have become 
better established, MAS has observed a decrease in presence of the invasive species 
that were removed early to prevent the deposition of a significant seed bank. By 
prioritizing and removing the highly invasive plant species each year before they set 
seed, larger infestations of these species has been prevented. 
 
The most dominant non-native plant species present in the ecotone of the project area 
is Lolium multiflorum (creeping wild rye grass). This species was intentionally hydro-
seeded onto the area immediately following construction as recommended by Plant 
Ecologist Peter Baye, to develop a rapid cover of a selected “cover crop” species and to 
minimize the availability of disturbed, open soil that is susceptible to re-invasion by 
noxious weeds. The gradual development of permanent, dominant native vegetation will 
eventually replace the L. multiflorum as the dominant species’ to inhibit weed invasion 
and growth.  Although this species is not native, its dominance, as reflected in the 
monitoring data, is actually desired over the presence of other invasive non-native 
species. 
 
 
b. Lessons learned and project implications 
 
Using the UTZ protocol to conduct the monitoring proved to be a very time consuming 
method for gaining data on percent cover of plant species within the project area. 
In an effort to reduce the time required to collect the data, the sample size for 
monitoring the vegetation was made smaller. Although this did reduce the time needed 
to conduct the surveys, it also made the possibility for capturing the actual plantings in 
the monitoring smaller. Although over time, as the plantings continue to colonize, their 
survivorship and dominance may be reflected in data from this protocol, data collection, 
entry and interpretation is still far too time consuming (over 150 hours through the 
project period) for MAS’s capabilities. MAS will likely use a simpler method of 
monitoring in the future to determine species dominance over time at the project site.  
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MAS has experienced varying degrees of native plant survivorship throughout its 
restoration sites and understands the importance of soil and maintenance conditions to 
the survivorship of these plants. Many of the colonial flowering perennial & shrub plants 
planted on the higher areas in 2010-2012 did not survive and were replanted in the 
winter of 2012 using a professional contractor and crew with more extensive methods 
for ensuring the survival of these plants through the dry season.  
Hopefully, this will ensure a better survivorship rate for these plants 
 
Domination of the project area by invasive species is expected until the native plant 
species have established and spread out in cover. This will undoubtedly take more time 
than the duration of the project period and MAS will continue to combat these invasives 
and plant more natives until the native plants have established and can eventually 
dominate the plant community in the upland habitat. 
 
 
Lessons learned from the project include: 
 

•  It is crucial to choose a monitoring protocol that will assess the needs of the 
project at hand and not utilize a large portion of the resources needed for the 
project itself. 

 
•  Assessing the planting conditions is key to deciding on the appropriate 

techniques for both planting and maintaining native plants. While native plants 
may have a high survivorship rate in some places, it cannot be assumed that this 
is the case everywhere. Soil conditions should be assessed prior to planting and 
appropriate planting and maintenance techniques (particularly watering or the 
use of gel packs, and also soil augmentation particularly to address cracks in bay 
mud) should be employed to ensure the best chance for survival.  

 
•    Prioritizing invasive plants to be removed can eliminate the chances of 

domination by the most invasive plants.  
 

•  Removing each invasive plant species as early as possible once they have 
become present at a site and seasonally before they develop or set seed, will 
prevent a rapid increase and potentially unmanageable infestation of these 
species.  Mulching will also help reduce invasive plant infestations.  

 
•  Planting natives in high densities and early on in the project will allow for a 

quicker establishment of natives, giving them a better competitive advantage 
over the invasive plants.   
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c. Partnerships 
 
Environmental Protection Agency (EPA): 
The EPA funded this project through the San Francisco Bay Water Quality Improvement 
Fund. SFEP applied, in partnership with MAS, for these funds and was awarded after 
review.  
 
San Francisco Estuary Partnership (SFEP):  
SFEP worked with MAS to acquire grant funding for this project and were the grant 
mangers for the Bahia March Restoration. MAS also partnered with SFEP in the 
creation of the video podcast ‘Marsh Magic’. 
This podcast is instrumental in helping to raise awareness of the efforts of MAS at Bahia 
and to educate the public on the importance of wetlands and the value of wetland 
restoration and preservation.  
 
The Center for Volunteer and Nonprofit Leadership (CVNL):  
CVNL is a local organization that promotes community engagement and provides 
volunteer recruitment and has listed the Habitat Stewardship Program at Bahia as one 
of its ‘FLEX’ volunteer programs since 2009. 
They have generously recruited many community volunteers and provided staff and 
volunteer ‘project leaders’ to assist with volunteer and project management. 
 
California Department of Fish and Wildlife (CDFW): 
MAS has a strong longstanding and ongoing partnership with the CDFG related to 
acquisition and management of many of the bayland properties that MAS has acquired 
and restored throughout the years. After Bahia was successfully saved from 
development and acquired by MAS, the 400-acre Central Bahia parcel to CDFG and 
continues to manage the restoration activities there. The source of Elymus triticoides 
used for propagation in the nursery beds and outplanted for this project was harvested 
from Central Bahia with the permission of CDFG.  
 
Conservation Corps North Bay (CCNB): 
CCNB provides several crews of students participating in ‘Project ReGeneration’ each 
summer to help MAS accomplish the many tasks required to manage the Bahia 
property.  
 
San Francisco Estuary Institute (SFEI):  
MAS assisted SFEI and Save the Bay in the creation of the standardized vegetation 
monitoring protocol used for this project by field testing the draft protocols and providing 
input regarding the methods and procedures. 
 
d. Future work 
 
MAS will continue to restore and enhance the area in this project as well as the entire 
area of East Bahia for many years into the future. The plan for this site includes 
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additional native revegetation of the high marsh, marsh-upland ecotone, seasonal 
ponds and upland area as well as the continual removal of priority invasive plant 
species. The goal is to establish a dominance of native plants throughout the site and to 
eventually eliminate a majority of the invasive species. Vegetation monitoring will 
continue as the species composition of the site evolves to assess the succession of the 
plant species and to better inform future management decisions.   
 
 

VIII. Conclusions 
 
MAS has successfully acquired and restored several wetland properties in Marin County 
throughout its history. Because MAS is an all-volunteer organization, it relies heavily on 
the support and collaboration of many individuals, agencies and organizations to 
successfully accomplish this work. 
 
The collaborative partnerships, community support and funding for this project have 
given the restoration and revegetation project at East Bahia a strong and successful 
start to the long term vision of creating a native bayland-upland landscape while 
engaging the local community in the stewardship activities of the project. 
 
MAS accomplished the tasks of planting more than 6,600 native plants and rhizomes in 
tidal marsh transition zone and upland habitats; planted more than 1,200 native 
rhizomes in nursery beds, and removed Invasive plant species from more than 10.5-
acres at Bahia. 
 
The lessons learned will be useful in informing future management of this and other 
properties and will be shared with other individuals and organizations working to 
accomplish similar goals. 
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Attachment A 
 

Photos of restoration site and activities at Bahia 
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Bahia Nursery Beds 
 

           
             MAS Volunteers and WSN crew planting new nursery beds-March 2009  
 

                    
               Elymus triticoides and Carex barbarae in nursery beds-June 2011 
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            Elymus triticoides rhizome and new shoots 
 
 
              

Western Peninsula 
 
 

  
             Western Peninsula prior to planting-February 2010 
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MAS volunteers planting Elymus triticoides on W. Peninsula January 2010 
              
 

               
 Flags marking Elymus triticoides planting areas – W. Peninsula 2010 
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             Elymus triticoides (green) on W. Peninsula-June 2012  
          (Lolium multiflorum-brown) 
 
 

             
         Baccharis douglasii on W. Peninsula-June 2012 
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Eastern Peninsula 
 

              
          Eastern Peninsula prior to planting-January 2010 
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          Flags marking Elymus triticoides planting areas – E. Peninsula 2010 

              
 Elymus triticoides in monitoring quadrat on E. Peninsula - May 2012 
 

              
          Native flowering perennial and shrub plantings on E. Peninsula 2013 
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  MAS volunteers planting Elymus triticoides on E. Peninsula - February 2010 
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Attachment B 
 

Data Collection Protocol 
Plant Community Structure of Intertidal--Upland 

Ecotone 
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Data Collection Protocol 

Plant Community Structure of Intertidal--Upland Ecotone 
 

San Francisco Estuary 
Wetlands Regional Monitoring Program 

 
Joshua N. Collins, Ph.D. 

San Francisco Estuary Institute 

Darcie Goodman-Collins, Ph.D.  
Save the Bay 

Jude Stalker 
Marin Audubon Society 

 
Version 19 

May 28, 2010 
 

Introduction 
This protocol is designed for assessing the ambient condition of vegetation and the 

effectiveness of vegetation management in the ecotone between intertidal areas and 
uplands.  

 
The intertidal-upland ecotone of San Francisco Bay functions as a refuge for 

intertidal wildlife (Goals Project 1999, Baye 2008), including the endangered Ridgway’s rail 
and salt marsh harvest mouse (USFWS 2010). It tends to be especially rich in plant species 
(Goals Project 2000, Baye 2008), although non-native species are often abundant (Fetscher 
et al, 2009). 

 
This ecotone has been severely impacted by the conversion of tidal wetlands into 

agricultural lands and commercial salt ponds, and by the filling of marshes for residential 
and industrial development (Collins and Grossinger 2004). Bayshore development has 
encroached into or through the ecotone in many areas. Hundreds of miles of levees have 
been constructed atop the ecotone to protect adjacent land development from extreme 
high tides. Railroads, pipelines, and transmission corridors commonly trace the ecotone 
along the bayshore and have disrupted the ecotone to varying degrees. Much of the existing 
ecotone is now confined to the bayward facing slopes of earthen levees and road grades. 
The few relatively intact remnants of the historical ecotone have been subject to decades of 
farming or ranching. 

 
The ecological functions of this ecotone have been gaining recognition within the 

regional community of natural resource scientists and managers. This is evident by the 
increasing number of efforts to restore and protect the ecotone. However, there are scant 
data about the success of different restoration efforts. Carefully collected data about the 
success of different plant species at different positions within the zone under different 
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management regimes is needed to inform restoration design. This information can be 
developed through dedicated research and from restoration projects that use standard 
methods of data collection to track restoration outcomes. This protocol is intended to meet 
the need for standardized data about the responses of the ecotone plant community to 
onsite vegetation management. This protocol can also be used in broader surveys of the 
ambient condition of the ecotone. Standardized use of this protocol will allow comparisons 
between local management actions and ambient conditions. 

 
In this protocol, plant community structure is assessed in terms of the abundance of 

each plant species and bare ground observed during the assessment (i.e., the percent of a 
specified area of land surface within the ecotone that is covered by each species or bare 
ground). Information about the abundance of native and non-native species, planted 
species and other species is automatically developed by the database. These data are 
particularly useful for characterizing the distribution of common species that make up the 
bulk of the biomass in the ecotone and less valuable for identifying rare species.  These 
data can also help assess the value of the ecotone as wildlife habitat. If these data are 
collected at sites before and after they are restored, the data can be used to asses the effects 
of the restoration efforts.  

 
Many kinds of additional data might be collected along with the data on absolute 

percent cover of plant species. For example, measures of plant vigor (i.e., plant height, leaf 
size, amount of flowering or seed-set, etc), plant patch size, and soil fertility provide 
additional information about plant community structure and site potential that are 
sometimes more sensitive to management actions than percent cover. At this time, this 
protocol is restricted to the measure of percent cover to minimize monitoring costs.  

 
With the advent of Global Positioning Systems (GPS) and web-based Geographic 

Information Systems (GIS), data collection in the field can be integrated with data 
management and visualization.  This protocol is designed to encourage collaborative efforts 
to learn from restoration projects by standardized applications of conventional scientific 
methodologies and new Information Technology (IT) to compare projects to each other 
and over time. This protocol compliments the one for monitoring tidal marsh vegetation 
(Vasey et al., 2002). 
 

Definition of the Tidal Marsh Ecotone 
In concept, the intertidal-upland ecotone is a zone of decreasing tidal influence 

extending landward from tidal marshland or tidal flat up to or slightly beyond the 
maximum landward effect of tidal waters on plant community structure. The overall 
breadth of the zone decreases as its steepness increases. Steep shores have very narrow 
ecotones. Long alluvial valleys sloping gently to the intertidal zone can have very broad 
ecotones (Collins and Grossinger 2004). Due to the shape of the tidal curve (i.e., the pattern 
traced by plotting the rise and fall of the tides over time), plus friction caused by vegetation 
through which the tidal waters flow, the frequency and duration of tidal inundation 
decreases exponentially with distance landward through the ecotone. Near the upper limit 
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of the ecotone (i.e., near the top of the tidal curve), large percent changes in the frequency 
and duration of tidal inundation correspond to slight changes in elevation. That is, the top 
of the ecotone might be inundated once every few years and slightly higher places are 
never effectively inundated. The vegetation of the lower limit of the ecotone tends to 
resemble the adjacent tidal marsh plain. With distance landward, the vegetation shifts to 
species indicative of the upper limits of regular tidal action, and then to mixtures of these 
species and upland species. The upper limit of the ecotone is indicated by only traces of 
vegetation affected by the tidal waters. The width of the ecotone can be increased by wave 
run-up, boat wakes, and extreme high tides during storms, and the deposition of salts 
picked-up from the intertidal zone and carried landward by onshore winds.  

For the purposes of this protocol, the following practical definitions apply. 

• The upland ecotone is defined as the area extending bayward from the 
backshore onto the adjoining marsh plain or tidal flat for a distance of 2.0m, and 
extending landward from the backshore to whichever of the following two 
elevation contours is lower: (A) the top of any earthen levee, road grade, or 
other artificial topographic feature that can support vegetation or (B) an 
elevation contour 2.0m higher than the nearby marsh plain, or, if there is no 
marsh plain nearby, 2.5m above the maximum height of adjacent tidal flat. 

• The backshore is defined as the approximate landward extent of daily tidal 
processes that influence the topography of the ecotone and the distribution and 
abundance of plant species indicative of the local tidal marsh plain. This is 
usually a topographic contour slightly higher than the local Mean Higher High 
Water (MHHW) datum. 

• A marsh plain is defined as a flat area at least 100m2 having essentially uniform 
slope that is subject to regular tidal inundation and that supports at least 5% 
cover of vegetation, 75% of which consists of plants restricted to tidal marshes. 
Tidal flats meet all these criteria except that they lack 5% cover of vegetation. 
The indicative species of the tidal marsh plain vary with salinity regime. To 
identify these plant species for any tidal marsh, the interior reaches of the marsh 
plain equidistant from any tidal marsh channels or pannes must be examined. 
Typical marsh plain flora for saline and brackish regimes include, but are not 
limited to, Salicornia virginica (pickleweed), Jaumea carnosa (fleshy jaumea), 
Distichlis spicata (salt grass), Juncus balticus (Baltic rush), and Triglochin 
maritimum (seaside arrowgrass).  

In the case of tidal marsh restoration sites that do not yet support 5% cover of 
tidal marsh vegetation, the backshore is defined as the landward extent of the 
non-vegetated tidal flat. Most restoration sites have at least a narrow band of 
marsh vegetation that can be used to delineate the backshore based on the field 
indicators provided below (see discussion of Sample Strata in section on Sample 
Design).  

 
There are not a lot of data to validate the prescribed upper limit of the ecotone (i.e., 

see the first bulleted definition in the list of definitions immediately above). A summary of 
known elevations and ages of tidal marsh plains around San Francisco Bay suggests that 
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they gain elevation as they age, and that the elevations of mature plains range from about 
Mean High Water (MHW) (marshes between 100 and 200 years old) to about 0.2m above 
MHHW (marshes much older than 200 years), and that most marsh plains around San 
Francisco Bay are less than 200 years old (Goals Project 1999). It might therefore be 
assumed that most marsh plains have an average elevation between MHW and MHHW. 
Based on the readily available tidal height data from gauges around the Bay that meet 
federal standards for accuracy and precision (http://ports-
infohub.nos.noaa.gov/hq/bench_mark.shtml?region=ca), extreme high water events (the 
highest observed water levels) range in elevation from about 0.4m to 1.2m above local 
MHW, and from about 0.2m to 0.9m above local MHHW, depending in part on tidal range. 
Higher values are for areas with greater tidal range. Assuming that the minimum upper 
limit of the ecotone is equal to the maximum observed water level, and that the marsh plain 
is about halfway between MHW and MHHW, and assuming a moderate tidal range, then the 
upper limit of the ecotone probably has a minimum height of about 1.0m above the marsh 
plain. The National Ocean Survey (NOS) found the average upper limit of salt-tolerant 
vegetation to be 0.8m above the marsh plain at Point Pinole in San Pablo Bay (NOS 1975). 
At Palo Alto, Hinde (1954) observed pickleweed (Salicornia virginica) at about 1.2m above 
the average marsh plain. NOS (1975) observed alkali heath (Frankenia salina) slightly more 
than 1.3m above the marsh plain. Based on these data, it seems reasonable to assume that 
the maximum upper limit of the ecotone, as directly affected by the tides, is probably not 
more than 1.5 m above the height of the nearby marsh plain, and is certainly not more than 
2.0m above the marsh plain. The 2.0m value used in this protocol is further justified by 
assuming that some minimum amount of upland area higher than the tidally-influenced 
vegetation is an upward extension of the ecotone, just as the margin of the marsh or tidal 
flat is a downward extension of the ecotone. With regard to tidal flats, it can be assumed 
that the lower limit of tidal marsh vegetation (i.e., the upper limit of tidal flats) corresponds 
to local Mean Tide Level (MTL) (Atwater and Hedel 1976), and that the average difference 
in elevation between marsh plains (i.e., the elevation midway between MHW and MHHW) 
and MTL around the Bay is about 0.5m (based on the tidal gauge records). Therefore, the 
upper limit of the ecotone is probably about 2.5m above the maximum height of the nearby 
tidal flat (i.e., the marsh plain is 0.5m above the flat, and the top of the ecotone is not more 
than 2.0m above the marsh plain).  

 
However, tidal marsh vegetation has been observed at elevations greater than 2.0m 

above the adjacent marsh plain.  In uplands sloping gently upward from tidal marsh and 
subject to strong onshore winds, the lead author has found Frankenia salina and salt grass 
(Distichlis spicata) mixed with upland grasses at elevations more than 3m higher than the 
adjacent baylands. In a recent description of the tidal-marsh-upland ecotone of San 
Francisco Bay (Baye 2008), field photographs clearly show the ecotone, as defined by 
distinctive vegetation, extending more than 2m above the marsh plain at China Camp (San 
Pablo Bay), and elsewhere. Ecotone restoration projects commonly consider the entire 
bayward faces of shoreline levees as areas of potential ecotone, and these faces commonly 
extend more than 2m above nearby tidal marshland. Coyote brush (Baccharis pilularis) is 
considered a tidal marsh plant species (Baye 2007), in part because it occupies natural 
levees along tidal marsh sloughs. It is commonly regarded as a species well-suited for the 
upland reaches of the ecotone, although it also occurs at much higher elevations. Given 

11/13/2014 Page 28 of 82



these observations, the upper elevation limit of the ecotone as prescribed for this protocol 
is conservative. It should be revisited as new field data for delineating the ecotone are 
developed. The upper limit would ideally be defined using local tidal height data collected 
near the backshore. Such data are very rare at this time. 

 

Personnel 
Anyone who can identify wetland vascular plant species and who understands this 

written protocol should be able to conduct this sampling, if provided with appropriate 
orientation and supervision.  

 
All field personnel must adhere to practices that ensure their safety and the well 

being of plants and other wildlife inhabiting the ecotone and adjacent habitats. All 
personnel must know and adhere to the policies and laws that govern access to, and 
activities within, the ecotone. For example, access can require written permission to cross 
private lands, and activities within the ecotone might be constrained by policies protecting 
threatened or endangered wildlife. Contact local land owners and the Endangered Species 
Office of the U.S. Fish and Wildlife Service for more information about restrictions and 
requirements for accessing the intertidal-upland ecotone.  

Primary Monitoring Questions 
The protocol is designed to answer the following questions. 

• What is the plant species richness of the ecotone? 

• Which plant species dominate the ecotone? 

• How do plant species richness and dominance vary across the ecotone?  

• Does plant species richness or dominance vary with restoration design or 
practice? 

• Do the effects of restoration design or practice vary across the ecotone? 
 
When used as directed as part of a monitoring program, this protocol can provide 

basic information about the status of the plant community of the ecotone in relation to 
restoration and management practices. If applied consistently over time and from one site 
to another, it can be used to compare sites, compare restoration and management 
practices, and to track basic temporal changes in plant community structure. However, it 
provides little information about such factors as plant vigor, the distribution and 
abundance of rare plant species, or the wildlife support functions of ecotone vegetation. 
This protocol could be used to assess such factors if the relevant data were added to this 
protocol.  

This protocol is designed to elucidate spatial and temporal changes in plant 
community structure of the ecotone, based on standardized monitoring. The monitoring 
data can be used to develop hypotheses about the causes and consequences of the 
observed patterns, but are unlikely to be suitable for testing the hypotheses. Understanding 
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cause-and-effect relationships requires specially designed experimentation. This protocol 
might be used in hypothesis testing, depending on the experimental design.  

 
Monitoring Design 

Overview 
A stratified-random sampling approach is used to characterize the plant community of the 
ecotone with regard to the abundance of plant species within 2-4 elevation strata. 
Additional data on the status of plant species as native or alien, and on site-specific factors 
such as restoration design, restoration practice, management activities, and salinity regime 
are derived from the sampling data plus basic information about site characteristics and 
history.  
 

Assumptions 
The underlying assumptions of this monitoring design are listed below.  

• Percent cover of plant species varies with elevation across the intertidal-upland 
ecotone. 

• Percent cover of plant species is sensitive to restoration project design and 
practices, including removal and/or planting of vegetation, fertilization, 
irrigation, mowing, and herbicide application. 

• The relationship between the percent cover of plant species and restoration 
design and practice varies with elevation across the intertidal-upland ecotone.  

Sample Universe  
The sample universe (aka sample frame) depends on the purpose of the assessment. 

For example, when the protocol is applied to an ambient survey, the sample universe 
consists of all areas of the ecotone within the geographic scope of the survey. When the 
protocol is used to assess individual restoration projects, the sample universe includes the 
entire ecotone within the project area that is subject to on-the-ground restoration or 
management actions.  The sample universe of a project can grow as the actions expand 
across the project area.  
 

Sample Site 
A sample site is a continuous portion of ecotone at least 50m long, but not longer 

than 500m, and having essentially the same width and overall plant community 
appearance. The following criteria should be used to decide on the end points of a sample 
site.  

• A site should be between 50m and 500m long. These are guidelines and not rules. 

• The plant community must have the same overall appearance throughout. Some 
variability in plant community structure along a site is expected. 
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• A site must not incorporate major differences in restoration design or 
management activities (e.g., differences in irrigation, species removed or 
planted, etc.), or elapsed time since the management activities were initiated 
(i.e., all parts of a given site should represent the same stage of plant community 
development or succession). The complete history of a site is seldom known. 
But, major differences in historical treatments or impacts should not be 
incorporated into a site. This is an important criterion for elucidating differences 
in plant community structure between different practices and different times. If 
sites include areas subject to different activities, or that represent different 
periods since the activities were begun, then the differences in plant community 
between practices and periods cannot usually be discerned. 

•  Each upland sample stratum within a site (see section title “sample strata” 
immediately below) must be at least 1m wide to accommodate the standard 
1.0m2 sampling frame. There is no maximum width for any upland stratum, but 
except for the special situation of a very broad ecotone (see paragraph 3 of Step 4 
in section titles “Sample Strata” below), there can be no more than 3 upland 
strata for any site. Some ecotones are so narrow that they consist of only 2 
strata, the intertidal stratum and one upland stratum.  

 

Sample Strata 
Each sample site shall be separated into elevation strata. The purpose of these strata 

is to account for the assumed effect of tidal elevation (i.e., frequency and duration of tidal 
inundation or wetting), on plant community structure. Without such stratification, the 
sample data tend to be too variable to detect differences in plant community over time or 
between sites. The following procedure shall be used to stratify a site. 

1. For each sample site as defined above, identify and mark the approximate location 
of the backshore. The backshore is an elevation contour; the entire backshore of a 
site has the same elevation. In concept, the backshore is the landward extent of daily 
tidal processes that directly affect the topography of a site and the distribution and 
abundance of marsh plain plant species within the site. Boat wakes, extreme high 
tides associated with winter storms, and the landward distribution of salt deposited 
by onshore winds are disregarded in backshore identification.  The backshore has a 
variety of field indicators that should be used together to identify the likely position 
of the backshore (Figure 1). These indicators include the following. 

• In general, the backshore is slightly higher than the adjacent marsh plain (or 
tidal flat if there is no adjacent marsh plain). 

• The shoreline often has a wave-cut bench or other break in slope created by tidal 
action. The top of the bench is usually slightly lower than the backshore. 

• The landward extent to which plants indicative of the marsh plain comprise at 
least 75% absolute cover tends to indicate the backshore in mature ecotones. 

• Native shrubs such as gum plant (Grindelia stricta) and coyote brush (Baccharis 
pilularis) sometimes inhabit the backshore. The bases of the trunks of the 
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lowermost individuals of these species are sometimes a good indicator of the 
backshore.  

• In the absence of shrubbery, fencing or other obstructions to the landward 
distribution of wrack (i.e., floating trash, wood and plant debris, and other 
detritus carried by the tides), the average height of the wrack line tends to be 
slightly higher than the backshore. Where shrubbery or other obstructions 
prevent wrack from freely moving landward to the limits of the tides, the wrack 
tends to settle on the marsh plain and is therefore somewhat lower than the 
backshore.  

• Independent delineations of the backshore by different workers at a site should 
not differ from each other by more than 25cm in height, relative to the adjacent 
marsh plain or tidal flat.  

 
 
 
 
 
 
 
 
 
 
 
 

2. Determine the minimum width of the portion of the transition zone that extends 
landward from the backshore. Inspect the entire site and locate areas where the 
width seems minimal. Measure width at these locations by holding a tape in the air 
parallel to the ground surface between the backshore and the landward limit (i.e., 
upper edge) of the ecotone. Use more appropriate of the two following alternative 
definitions of the ecotone to estimate its upper limit.  

The upland ecotone extends landward to whichever of the following two elevation 
contours is lower: (A) the top of any earthen levee, road grade, or other artificial 
topographic feature that can support vegetation or (B) an elevation contour 2.0m 
higher than the nearby marsh plain, or, if there is no marsh plain nearby, 2.5m 
above the maximum height of adjacent tidal flat. 

3. The lower-most stratum of a site always consists of an area of the intertidal marsh 
or tidal flat 2.0m wide that adjoins and parallels the backshore (Figure 2). 

4. This step determines the number of upland strata and their standard width for any 
site. Most sites will have 3 upland strata of equal width. Divide the minimum 
ecotone width from step 2 above by 3. If the resulting quotient is between 3 and 10, 
the upland portion of the ecotone will have 3 strata, each as wide as the quotient. 
For example, if the upland portion of the ecotone is 3m wide, it will have three 

 

Marsh Plain 

Bench Top 
Gum Plant Base 

Wrack Line 

Likely Location 
of Backshore 

Figure 1: Conceptual diagram of the likely position of the backshore in 
relation to various field indicators. 
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upland strata each 1m wide. If the upland portion is 12m wide, each of the three 
upland strata will be 4m wide.  

If the quotient is less than 3 but greater than 2, divide the overall minimum width of 
the upland portion of the ecotone by 2, and the upland portion will have two strata, 
each as wide as the quotient. For example, if the minimum width of the upland 
portion is 2.75m wide, then it is only wide enough for 2 strata, each of which will be 
about 1.3m wide (i.e., 2.75/2 = 1.375, rounded to 1.3). If the width is less than 2m, 
then the upland portion of the ecotone comprises a single stratum. 

Very broad ecotones (i.e., sites where the minimum width of the upland portion of 
the ecotone is greater than 30m) require special treatment. In the few examples 
examined thus far, the broadest area of the upland portion of the ecotone 
corresponds to the lowermost upland stratum. The resulting variability in 
community structure across this one stratum can increase the variance of the 
sample data and reduce the ability of the data to discern differences between this 
stratum and neighboring strata. The solution is to further stratify the stratum. If the 
upland strata are each more than 10 m wide, based on Step 2 above for determining 
stratum width, subdivide the lowermost upland stratum into two substrata of equal 
width (Figure 3).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Tidal Marsh or Tidal Flat 

Levee or Other Upland 

Intertidal 
Stratum 

Sample Plot 

Intertidal 
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Stratum 

Lower 
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Figure 2:  Conceptual diagram of tidal marsh-upland ecotone 
sample strata, showing some sample plots (black rectangles) in 
each stratum for a site wide enough for three upland strata. 

 

Figure 3: Conceptual diagram of an ecotone with an especially 
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Most sites are not completely uniform in their width. The upland portion of a site 
might be wide enough for three strata in almost all places and two strata elsewhere. 
As explained in the section below on data collection, the number of strata can vary 
within a site, so long as the dominant number is based on the minimum width of the 
upland portion of the ecotone, as instructed in this step.  

 

Sample Plots 
 Sample plots are square areas 1m2 in size (100 cm to a side) that are randomly 

selected within each of the sample strata.  
 

Sample Size and Sample Plot Selection 
Sample size is the number of plots per stratum at one site. Sample size can differ 

between strata at a site, and between sites. The following process for determining sample 
size is designed to assure that the sample for any given stratum adequately represents the 
abundance (absolute percent cover) of each common plant species occurring in the 
ecotone. 
 

Candidate sample plots are randomly selected for each stratum at each site 
according to either of the two following procedures. This is referred to as the sample draw. 
One alternative procedure uses high-resolution aerial imagery in a Geographic Information 
System (GIS). However, use of GIS requires access to it plus GIS expertise that are not 
essential for this protocol. The field alternative can be used when a GIS is not available. 

GIS Alternative 

1. In a GIS, draw the boundaries of the sample strata on recent-vintage, 1-m pixel 
resolution or higher resolution digital aerial imagery (i.e., recent NAIP imagery or 
suitable site-specific imagery).  

2. Using the GIS, create a line down the center of each stratum, and measure the length 
of these centerlines.  

3. Using the GIS, divide the centerline of each stratum into a continuous series of non-
overlapping, 1-m long segments. For example, if the stratum centerline is 100m 
long, it will have 100 1-m long segments.  
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4. For each centerline, assign a unique alpha-numeric code to each 1-m long segment.  

5. For each centerline, determine how many 1-m long segments in aggregate equal 
10% of the total length of the centerline. For example, if the centerline is 100m long, 
then 10 1-m long segments comprise 10% of the centerline length. This is the 
sample draw size.  

6. For each stratum, randomly select the number of 1-m segments equal to the sample 
draw size. The randomly selected cells equal the sample draw.  

7. The middle of each selected 1-m long segment of the sample draw will correspond 
to the center of a sample plot. Mark the latitude and longitude of the middle of each 
selected 1-m long segment on the map of each stratum to produce a map of the 
sample plots.  

8. The sample plots can be located in the field by inputting their unique latitude and 
longitude coordinates as way-points into a Geographic Positioning System (GPS) 
with 1m horizontal accuracy, or by using the sample plot map from Step 7 
immediately above.  

 
Field Alternative 

1. Stretch one or more 100-m long measuring tapes graduated in centimeters along 
the backshore of the site. A 250-m long site will have 2 and one half 100-m long 
tapes stretched out end–to-end.  A 500-m long site will have 5 (five) 100-m long 
tapes stretched end-to-end. Make sure the tapes follow a single elevation contour, 
plus or minus about 10cm in elevation. Leave the measuring tapes in place until all 
the strata are sampled. It is helpful to stake the backshore at regular intervals and to 
attach the tapes to the stakes above the vegetation. A survey level can be used to 
stake the backshore. 

2. Determine the sample draw size based on the length of the backshore in meters (i.e., 
the length of the site). If the entire backshore is 100-m long (i.e., if the site is 100m 
long), each stratum will have a total number of 100-1 = 99 possible plots (the 100-m 
distance is excluded). The sample draw size equals 1/10 (one tenth) of the site 
length. If the backshore is 100m long, then the sample draw size is 10. If the 
backshore is 500m long, the sample draw size is 50.  

3. Randomly select the plots for the sample draw. One method is to separately number 
equal-size slips of paper from 1 to the number equal to the length of the stratum in 
meters minus 1 meter (i.e., if the stratum is 100m long then separately number 99 
pieces of paper from 1 to 99); mix the pieces of paper thoroughly in a hat or other 
suitable container; withdraw the number of slips equal to the sample draw size (as 
determined in Step 2 immediately above). Each selected slip of paper identifies the 
location of one sample plot in the sample draw for one stratum, in terms of its 
distance in meters along the backshore.  

Withdraw the slips of paper one at a time, and record their numbers in the order in 
which they are withdrawn. 
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4. Repeat steps 1-4 for each stratum of each site. It is essential that a separate sample 
(i.e., a separate set of sample plots) be drawn for each stratum. Note that all the 
strata will have the same length, and will therefore also have the same number of 
sample plots (i.e., Steps 1 and 2 only need to be done once per site), but the locations 
of the plots that are actually used will not necessarily be the same for any two strata 
because the plot locations are randomly selected separately for each stratum.  

Note: for any given site, the sample strata will stay the same from one sample period 
to another, but each sample period will require a new sample draw for each 
stratum.  

Finalizing the Sample 

Finalizing the sample means deciding how many plots from the sample draw have to be 
collected within each sample stratum to adequately represent its plant species richness 
and the abundance of the common plant species. It is not likely that the entire sample 
draw will have to be used to meet these objectives. The sample is finalized separately 

for each stratum.  
 
The sample is finalized as data are being collected. Finalizing the sample is part of data 
collection. The process of finalizing the sample is explained separately here, but is 
actually integral to data collection, which is outlined in the next section of this protocol.   

 
1. The sample plots for each stratum are visited in the order in which they were 

selected into the sample draw. The first plot randomly selected is visited first, 
regardless of where it is along the stratum. The plot selected second is visited 
second, and so on.  

2. The last kind of data collected at each plot is the total number of “new” species 
occurring at the plot. “New” species are species that have not been observed in 

 

 

Figure 3: Example plot of a species-area curve showing an asymptote at 
    

Data suggest a sample size of 10 plots 

4 

Figure 4: Example species-area curve for one stratum showing an 
asymptote at eight sample plots, indicating that for this stratum only 8 
plots are needed.  

11/13/2014 Page 36 of 82



previous plots within that stratum. All the species occurring in the first plot are 
counted as “new.”  

3. As data collection proceeds from one plot to the next within a stratum, a graph is 
constructed showing the cumulative number of “new” species observed (Figure 4).  

4. Sampling stops for a stratum when the number of “new” species does not change for 
three consecutive plots (Figure 4). This means that each stratum will have a 
minimum sample size of 3 plots. 

5. The data on abundance (i.e., absolute percent cover) for all the plots within a 
finalized sample are used to identify the dominant plant species, using the following 
method adopted from the US Army Corps of Engineers (USACE 2008).  This step will 
be conducted after the data have been collected.  

A. For each species, add together the plot-specific values for absolute percent 
cover. There should be one value for each species in the sample for each 
stratum.  

B. For each stratum, add together the species-specific values from step 5A 
above.  

C. For each species, divide its value from step 5A by the value from step 5B. 
Each species will thus have a single percent cover value for the stratum as a 
whole.  

D. List the species in descending order of their percent cover, using the values 
for each species calculated in step 5C above. 

E. Starting at the top of the list from step 5D above, and proceeding 
consecutively down the list, select the species that, when their values for 
percent cover are added together, the sum exceeds 50%. These are 
considered dominant species. If the first species has a cover value ≥ 50%, it is 
a dominant species. All species of equal cover value that contribute to 
meeting this requirement must be selected. 

F. Identify any other species that by themselves have an overall percent cover 
for the stratum as a whole of at least 20%. These are also considered 
dominant species.  

 
6. The percent cover data for the species identified as dominant in step 5D and 5E 

above are used in a power analysis to determine whether the sample size 
determined based on the species-area curves is adequate to be either 80% or 95% 
certain of estimated differences in percent cover between any two strata for any 
observed plant species.  

 
Data Collection 

Data collection entails field-based measurements of the selected parameters of plant 
community structure for all the sample plots during one sample period. For each site, the 
following sampling steps shall be conducted in the following order.   
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1. Begin data collection at the first plot selected into the sample draw for the intertidal 
stratum. Locate the distance along the tape measure that corresponds to this first 
plot.  

2. At this location along the tape, extend a second tape 1.0 m perpendicular to the 
backshore onto the marsh plain.  

3. A square plot frame having an area of 1m2 (100 cm per side) is carefully lowered 
onto the marsh plain, such that the 1.0m mark of the tape is at the center of the 
frame,  without undo disturbance to the plant cover within the plot or around it. Do 
not disturb the adjoining upland stratum. Each intertidal stratum plot should cover 
the distance across the marsh plain from 0.5m to 1.5m away from the backshore.  

4. Collect the following data for the first sample plot.  

a. Visually estimate the absolute percent cover of bare ground and each plant 
species in the plot. Bare ground can be represented by either or both of two 
kinds, fine textured or coarse textured (see datasheet). Since plant species 
can vertically overlap, their values for absolute percent cover can sum to 
more that 100% for each plot.  

b. Each species observed is classified as (1) native or non-native according to 
the Jepson Manual (Hickman, 1993); (2) planted or not planted based on site-
specific list of planted species; and (3) removed or not removed based on a 
site-specific list of species that were removed. Planted individuals are not 
assessed separately from naturally recruited individuals. The net effect of 
recruitment can be assessed as the difference between the first and 
subsequent samples.  

c. The visual estimates of absolute percent cover greater than 3% are rounded 
to the nearest 5%. Values ≤ 3% are rounded to the nearest 1%. 

All field personnel who are collecting data to compare strata within or among 
sites must be calibrated to each other. This means that each person 
independently estimates absolute percent cover for each species in the same 
calibration plot; that the participating personnel compare their estimates; 
that they confer with each other regarding any differences greater than 5 
percentage points for any species having an absolute percent cover value > 
3%; and that they repeat the process on additional calibration plots until no 
two estimates for the same species in a plot differ by more than 5 percentage 
points.  

d. All data must be recorded on the standard datasheet for this protocol (see 
attached datasheet).  

5. Complete steps 1-5 of the section above titled “Finalizing the Sample”.  

6. Complete all the sampling in the intertidal stratum before proceeding to an upland 
stratum. Complete the sampling in one upland stratum before proceeding to 
another.  
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7. To sample an upland stratum, go to the distance along the tape at the backshore that 
corresponds to the first plot selected into the sample draw for that stratum. Extend 
a second tape uphill and perpendicular to the backshore to the middle of the upland 
stratum being sampled. Carefully center the sample frame on the end of the second 
tape, such that the downhill edge of the frame is parallel to the backshore (Figure 5). 
Collect data from the plots according to Steps 4 and 5 immediately above.   

 
 
 
 
 
 
 
 
 
 
 

Sample Timeframe and Sample Period  

The sample timeframe is the time of day and time of year when the field data should 
be collected. All data should be collected after most of the perennial vegetation has added 
its annual biomass and before annual vegetation has senesced. The data for the intertidal 
stratum should be collected at a time of day when the stratum is not inundated with water.  

 
The sample period is the portion of the timeframe when data are actually collected. 

All data for all strata and sites should be collected during the shortest period possible to 
maximize their comparability. 
 

For the purpose of assessing the effects of management activities, baseline data 
should be collected before the activities ensue and annually thereafter. The length of the 
monitoring effort (i.e., the number of years of monitoring) will vary from project to project.  
 
 

Basic Field Equipment 
 100m transect tape to lay along the backshore  
 Survey level for sighting the backshore 
 25m transect tape for locating sample plot centers perpendicular to the 

backshore 
 1m2 plot frame divided into 100 equal-size cells (10cm to a side) 
 GPS unit 
 Camera  
 PVC markers and hammer 
 Plant press for collecting reference specimens 

   

  

Upland Strata   

  

  

Tidal Stratum Backshore 

Sample  
Plot 

Dis tan ce  from  
backshore   

Figure 5: Schematic 
diagram of 
arrangement of sample 
plots within each 
stratum at randomly 
selected distances along 
the backshore. The 
distances are randomly 

l d f  h 
 

11/13/2014 Page 39 of 82



 Data sheets 
 
 

Data Analysis and Interpretation  
The species-area curves used to determine the final sample size will be developed in 

the field, as the data are being collected. A datasheet for this purpose is attached.  Whether 
a species is native or alien will be determined automatically by the database. The database 
will also automatically identify the dominant species for each stratum of each site, and for 
each site as a whole, using the modified version the USACE 50/20 rule.  

 
The power analyses needed to assess the adequacy of the final sample size for 

determining the differences in species abundance between strata or between sites, given 
the sample size determined from species-area curves, will be conducted after the data are 
collected.   

 
Since ecotone width can vary among sites, the number of strata might also vary 

among sites. Also, since the number of plots needed to assess species richness can vary 
among strata, the number of plots might vary among strata as well as among sites. These 
differences in sample design do not influence the comparison of one stratum to another 
within a site, one stratum or site to itself over time, or the comparison of sites that have the 
same number of strata. But, they do limit comparisons between sites having different 
numbers of strata, as explained below. 

Consider the situation illustrated by Figure 6. Site A and Site B are adjacent to each 
other and therefore subject to the same tidal regime. The intertidal strata of the two sites 
are comparable because they represent the same marsh plain. However, since the upland 
strata are delimited by equally subdividing the upland portion of the ecotone at each site, it 
is possible for two adjacent sites of different width to have different numbers of upland 
strata. In this example, Site A is wide enough for three upland strata (labeled 1-3), whereas 
Site B is only wide enough for two uplands strata (labeled 1 and 2). Because of the 
difference in slope between the two sites, all of stratum A2 is lower in elevation than 
stratum B2. This means that Stratum A2 is inundated more frequently than stratum B2. The 
plant communities of these two strata are therefore likely to be different. In general, sites 
with different numbers of upland strata should be compared based on their intertidal 
strata, and based on the overall condition for all upland strata combined, and not on the 
basis of individual upland strata. This limitation could be eliminated by delimiting the 
upland strata based on the frequency of tidal inundation, but the required tidal data do not 
exist for most sites.   
 
 
 
 
 
 
 
 

 

Tidal Curve 

Ti
da

l E
le

va
tio

n 

Frequency of Inundation 

T 1 2 3 T 1 2 

Site B Site A 

Figure 6: Schematic diagram of two hypothetical adjacent sites A and B having different 
numbers of upland strata that represent different inundation regimes. For example, stratum 
A2 is lower than stratum B2, and is therefore inundated more frequently. 
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The data generated by this protocol are categorical. That is, they describe conditions 
within discrete portions of the ecotone, called sample strata. Based on this protocol, each 
stratum will have a population of data points with a mean and variance that can be used to 
statistically test for differences between strata at a site, between different time periods for 
the same stratum at a site, and between comparable strata of different sites. The 
appropriate statistical tests for these comparisons will be analyses of variance. 
Relationships between two or more parameters measured at the same plots can be 
explored using regression analyses (Figure 6). 
 

Each stratum and site will be analyzed in terms of species richness, the frequency of 
occurrence and absolute percent cover of each dominant plant species and bare ground, 
and absolute percent cover of non-native dominant species. The results can be used to 
assess how the distribution and abundance of plant species indicative of the tidal marsh 
plain vary among sites, and how the plant community varies with distance above adjoining 
marshland or tidal flat. The degree to which these patterns correlate to site-specific factors, 
including ecotone width, salinity regime, restoration design, and management practices, 
can also be assessed. Such assessments can help determine which plant species are best 
suited for each elevation stratum within and among sites, and to determine which 
restoration and management practices are more effective. 
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Figure 7: Example plots of hypothetical results showing (A) comparison of two parameters at 
one site; (B) comparison of two sites based on one cover parameter; (C) changes over time for 
one parameter at one site; and (D) correlation between two dominant plant species at one or 

  

A B 
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 Intertidal – Upland Ecotone Plant Community Monitoring Data Sheet Page ___ of ___ 

Project Name:   __________________________________ Begin UTM:  ___________________________ Field Staff: ____________________________ 

Sample Site Name:  _____ ______________________________ End UTM:   ________________________________ __________________________________________ 

Sample Site Code:    ___________________________________ Begin UTM: ______________________________  __________________________________________ 

Date: ________________________________________________ End UTM:   ______________________________ __________________________________________ 

Start Time: _______________ End Time: ________________ __________________________________________ 

 

Stratum Sample 
Plot Species Code 

Absolute 
Percent 
Cover 

Comments 

     

     

      

      

     

     

     

     

     

     

     

     

     

     

     

     

Biotic Cover Code:  
Plants: first three letters of genus and first letter of 
species (e.g. SALV for Salicornia virginica). 

Sessile animals (shellfish etc): SA 
 
Abiotic Cover Code:  
Fine Bare Ground (FBG): diameter of most particles 
≤ 2mm 

Coarse Bare Ground (CBG): diameter of most 
particles > 2mm 
 
Strata Codes: 
From low to high elevation: Tidal (T), Upland A (UA), 
Upland B (UB), Upland C (UC); there are normally 
three upland strata (UA-UC) 
 
Sample Plot Code: 
3 letter acronym of site name, first letter of Strata 
code, and plot number (e.g. MLKT1, MKLT4, 
MLKUA3, MLKUA1, MLKUC3, etc) 
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 Intertidal – Upland Ecotone Plant Community Species Area Curve 
Project Name: ___________________________ Sample Site Name:   
______________________________ Sample Site Code:   ___________________-
____ 

Sample Date:     ______________________________ Stratum Code:  ___________________ 
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Attachment C 
 

Bahia Wetland Restoration Project East 
Bahia Revegetation Plan 
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744+<2#12+)(I;#))'&?(@;24(A2&&('"%#)*(1;'('"2412)0(12*#&($#.4;'4(#*-#<')1(1+(1;'(421'=(#)*(

');#)<'(1;'$(C3(%.+/2*2)0(#(0')1&'(0.#*2')1(A21;(;20;(12*'(<+/'.(#)*(1.#)4212+)(Y+)'(

J'<+1+)'K(A21;()#12/'(1'..'41.2#&(/'0'1#12+)?(7&T#&2OC:&.:4;(#)*(%2<T&'A''*(#.'('"%'<1'*(1+(

/24:#&&3(*+$2)#1'(1;24(/'0'1#12+)($+41(3'#.4?(\:.2)0(*.+:0;14=(%2<T&'A''*(#)*(4+$'(

<+.*0.#44(A+:&*(*+$2)#1'=(#)*(#&T#&2OC:&.:4;(A+:&*(1'$%+.#.2&3(*'<&2)'X(#&T#&2OC:&.:4;(

A+:&*(.'C+:)*(2)()+)O*.+:0;1(3'#.4?(@;'(:%%'.('*0'(+,(1;'($#.4;(A+:&*(4:%%+.1(#(*2412)<1(

/'0'1#12+)(2)<&:*2)0(4#&10.#44=(0:$%&#)1=(#&T#&2O;'#1;=(<.''%2)0(A2&*.3'=(#)*(4+$'(:)<+$$+)(

&+AO0.+A2)0(<+&+)2#&(,&+A'.2)0(%'.'))2#&4(#)*(4;.:C4(J$#.4;(C#<<;#.24=(A'41'.)(0+&*').+*=(

<+3+1'OC.:4;=(C''O%&#)1=(I#&2,+.)2#(.+4'K?(!"#$%&'4(+,(13%2<#&(12*#&($#.4;(%&#)14(#.'(4;+A)(

2)(7%%')*2"(D?((

(

56P6C6&0E:E88?@K&J@KKEN&B:@GGK@8<?(@;'(*+$2)#)1()#12/'(1'..'41.2#&(/'0'1#12+)(%.+%+4'*(,+.(
)'#.&3(#&&(#.'#4(#C+/'(1;'(;20;'41(12*'4(+)(#&&(%')2)4:&#4(24(#(%'.'))2#&(4+*O,+.$2)0(0.#44=(

<.''%2)0(A2&*.3'?((@;24(4%'<2'4(1')*4(1+(,+.$(:)2,+.$(#)*(*')4'(41#)*4(A21;(A;'#1O&2T'(

4''*;'#*4(J)+1(;#.4;(+.(C.241&3K(+)(<&#3(4+2&4=(#)*(24(A'&&O#*#%1'*(1+(1;'(*.#2)'*(C#3($:*(

J<&#3O42&1K(4:C41.#1'4(%.'4')1?((Z1(;#4(4:<<'44,:&&3('41#C&24;'*(+)(42$2&#.(C#3&#)*(4+2&4(#)*(

4'112)04(2)(1;'(&+A'.(9'1#&:$#(N2/'.(/2<2)213?((@;24(%'.'))2#&(0.#44('41#C&24;'4(%.2$#.2&3(C3(

/'0'1#12/'(0.+A1;(J<.''%2)0(41'$4(C'&+A(0.+:)*K=(#)*(24('"%'<1'*(1+(.']:2.'(#1(&'#41(,2/'(

3'#.4(1+(*'/'&+%('"1')42/'(<+/'.?((I+)12):+:4(<.''%2)0(A2&*.3'(<+/'.(24('"%'<1'*(A21;2)(1')(

3'#.4?((7(,'A(A2*'&3(4%#<'*=(4&+AO0.+A2)0(/#&&'3(+#T4(A2&&(C'(2)<&:*'*(2)(1;'(<')1.#&(

%')2)4:&#(R;2&&S(,2&&?(!"#$%&'4(+,(13%2<#&(%&#)1(4%'<2'4(2)(1;24(/'0'1#12+)(,.+$(1;'(%.+-'<1(421'(

/2<2)213(J9'1#&:$#(N2/'.(C#3&#)*4K(#.'(4;+A)(2)(7%%')*2"(^?((

(

56P6O6&.E@G;8@K&QE9K@8<G?((G21;2)(1;'(,&#1(0.#44&#)*(#.'#4=(#)*(#1(1;'('*0'(+,(1;'(A'41'.)(
%')2)4:&#M4(12*#&($#.4;=(4+$'(:)*.#2)'*(*'%.'442+)4(A2&&(C'(<+)41.:<1'*(1+(4:%%+.1(4;#&&+A(

J#%%.+"2$#1'&3(P?_(,''1(*''%(+.(&'44K(4A#&'4(#)*(%++&4(,&++*'*(*:.2)0(A2)1'.($+)1;4?(@;'4'(

A+:&*(C'(/'0'1#1'*(A21;()#12/'(%'.'))2#&(4%2T'.:4;'4(J0.#44O&2T'=(4+,1O41'$=(4&')*'.(<.''%2)0(

%&#)14(A21;(4;++14(1;#1(*242)1'0.#1'(2)(4:$$'.K(#)*($'#*+A(C#.&'3=(#4(A'&&(#4(<.''%2)0(

A2&*.3'?(@;'(4'#4+)#&(A'1&#)*4(#C+/'(;20;(12*'(&2)'4(A+:&*(C'(*'42<<#1'*(2)(4:$$'.?(@;'(

4'#4+)#&(A'1&#)*4(C+.*'.2)0(1;'(12*#&($#.4;($#3(C'(.'O,&++*'*(*:.2)0('"1.'$'(;20;(4:$$'.(

12*'4(2)(`:)'(#)*(`:&3=(#)*(A+:&*(2)41'#*(2)<&:*'(4#&1O1+&'.#)1(/'0'1#12+)(4:<;(#4(4#&10.#44=(

-#:$'#=(#)*(%2<T&'A''*?(!"#$%&'4(+,(13%2<#&(%&#)1(4%'<2'4(2)(1;24(/'0'1#12+)(,.+$(1;'(%.+-'<1(

421'(/2<2)213(J9'1#&:$#(N2/'.(C#3&#)*4K(#.'(4;+A)(2)(7%%')*2"(a?(

(

C67&(@I?9@9&@8<&3EBE9@9?;8&4;@KG((
(

9.2$#.3(%.+-'<1(0+#&4(,+.(.'/'0'1#12+)(+,(1;'('"<#/#1'*(#)*(0.#*'*(%')2)4:&#4(2)<&:*'V((

(

C65&.9@I?K?S@9?;8(O(81#C2&2Y'(C#.'(0.#*'*(4:C41.#1'4=(.'41.2<12)0(4:.,#<'('.+42+)(<#:4'*(C3(.:)+,,(
J2)<&:*2)0(.2&&(#)*(0:&&3('.+42+)K(+.(4;+.'&2)'('.+42+)(JA#/'4(*:.2)0(41+.$4K(2)(1;'(4;+.1O1'.$(#)*(

&+)0O1'.$?(b'0'1#12+)(<+/'.(4;+:&*(#&4+(4:%%.'44(A2)*('.+42+)(#)*(*:41?((

(

C6C6&"EG?G9@8>E&9;&QEE<&?8J@G?;8(5(\'/'&+%(.#%2*(<+/'.(+,(4'&'<1'*(R<+/'.(<.+%S(4%'<2'4(1+(
$2)2$2Y'(1;'(#/#2&#C2&213(+,(*241:.C'*=(+%')(4+2&(1;#1(24(4:4<'%12C&'(1+(.'O2)/#42+)(C3()+"2+:4(A''*4(

A21;(4''*(4+:.<'4(#&.'#*3(%.'4')1(#1(1;'(421'?(I+/'.(<.+%(4%'<2'4(A2&&(2)<&:*'(,#41O0.+A2)0()#1:.#&2Y'*(

)+)O)#12/'(4%'<2'4(1;#1(#.'()+1()+"2+:4(A''*4?(c.#*:#&&3(*'/'&+%(%'.$#)')1=(*+$2)#)1()#12/'(

/'0'1#12+)(1;#1(A2&&(41.+)0&3(2);2C21(A''*(2)/#42+)(#)*(0.+A1;?(((

(
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C6O&*E9K@8<T<EFE8<E89&Q?K<K?RE&H@I?9@9V(9.+/2*'(12*#&($#.4;(#)*($#.4;('*0'(A2&*&2,'(;#C21#1(,+.(
%.2+.213(A'1&#)*O*'%')*')1(4%'<2'4(A21;(4%'<2#&(<+)4'./#12+)(41#1:4V(4:21#C&'(,+.()'412)0(#)*(,&++*(

.',:0'(;#C21#1(+,(I#&2,+.)2#(<&#%%'.(.#2&4X(,+.#02)0W.++412)0(;#C21#1(+,(A#*2)0(C2.*4(#)*(*#CC&2)0(

*:<T4X(#)*()'412)0=(,+.#02)0(#)*(,&++*(.',:0'(;#C21#1(,+.(1;'(4#&1($#.4;(;#./'41($+:4'?((

(

C6P&-@9?JE&K;>@K&JEBE9@9?;8&@8<&GFE>?EG&<?JE:G?9NV(1+('$:&#1'(1+(1;'(0.'#1'41('"1')1(,'#42C&'(1;'(
;'1'.+0')'+:4(/'0'1#12+)(41.:<1:.'(#)*()#12/'(%&#)1(4%'<2'4(*2/'.4213(+,(12*#&($#.4;(#)*(/#&&'3(

0.#44&#)*W4#/#))#;(JL#3'(!"#$%&(DEEE=([+&41'2)(DEEEK?(
(

7:"2&2#.3(0+#&4(,+.(.'/'0'1#12+)(J*'42.#C&'=(4:C+.*2)#1'(0+#&4(,+.(<+$%#12C2&213(A21;(#*-#<')1(&#)*(

:4'4K(2)<&:*'V(

(

 +G9HE9?>GV(Z$%.+/'(/24:#&('41;'12<(]:#&213(+,(1;'(%')2)4:&#4(C3(.'%&#<2)0(<+#.4'(A''*3(
/'0'1#12+)(J$+41&3(#)):#&4=(*'#*(#)*(C.+A)(2)(4:$$'.K(A21;('"1')42/'(%'.'))2#&(4A#.*4(+,(

)#12/'(4+*O,+.$2)0(0.#44'4=(%2<1:.'4]:'(A2*'&3(4%#<'*(+#T4=(#)*(,&+A'.2)0()#12/'(4;.:C4?((

(

 "E>:E@9?;8@K&>;LF@9?I?K?9NV(!41#C&24;()#12/'(%'.'))2#&(4+*O,+.$2)0(0.#44'4(1+&'.#)1(+,(
$+*'.#1'(1.#$%&2)0(#44+<2#1'*(A21;(.'4%+)42C&'(%:C&2<(#<<'44?(Z);2C21(#)*(.'*:<'(#)):#&(

0.#44'4(A21;(C#.C'*(R,+"1#2&S(4''*;'#*4=(#)*(A''*3=(C.241&3(1;241&'4=(<+<T&'C:.4=('1<?(1;#1(

#11#<;(1+(,:.(#)*(,#C.2<?(!&2$2)#1'(%#$%#4(J-:C#1#K(0.#44(A21;(;#.4;=(4#AO'*0'(&'#/'4?((

(

O67&!EG>:?F9?;8&;R&"EJEBE9@9?;8&U8?9G(((
(

@;'(.'/'0'1#12+)(:)214(#.'(*'4<.2C'*(2)(*'1#2&(C'&+A(2)(1'.$4(+,(1;'('"%'<1'*(<+)*212+)4(#1(1;'(!#41(

L#;2#(%')2)4:&#(%.+-'<1(421'(.'4:&12)0(,.+$(1;'(<+$C2)'*(',,'<14(+,(4%+)1#)'+:4(J)#1:.#&K(

'41#C&24;$')1(+,(/'0'1#12+)(#)*(#.12,2<2#&(%&#)12)0?((

(

O656&%?<@K&L@:GHV(H+<#12+)4(+,(12*#&($#.4;(.'41+.#12+)(421'4(A21;2)(!#41(L#;2#(#.'(#&+)0(1;'(+:1'.(
%+.12+)4(+,(1;'('#41(#)*(A'41(%')2)4:&#4=(<+)120:+:4(A21;('"2412)0(12*#&(C.#<T24;($#.4;(+,(

[+$'+A)'.4(744+<2#12+)(I;#))'&(#)*(I#&2,+.)2#(\'%#.1$')1(+,(B24;(#)*(c#$'M4(R@+3(6#.4;S(

J9G7(DEEFK?(6+41()#12/'(12*#&($#.4;(%&#)14(#.'('"%'<1'*(1+('41#C&24;(.#%2*&3(#)*(*+$2)#1'(1;'(

'"<#/#1'*(%')2)4:&#(#.'#4(A21;()#12/'(/'0'1#12+)?(9.'*+$2)#)1&3()#12/'(/'0'1#12+)(24('"%'<1'*(1+(

<+$%&'1'&3(<+/'.(#)*(41#C2&2Y'('"<#/#1'*(2)1'.12*#&(#.'#4(J+1;'.(1;#)(<;#))'&(C'*4(#)*(C#)T4K(A21;2)(

#%%.+"2$#1'&3(1;.''(1+(,2/'(3'#.4?(@;24('412$#1'(24(C#4'*(%.2$#.2&3(+)(&+)0O1'.$(+C4'./#12+)4(+,(

$#.4;(,+.$#12+)(+)(1;'(0.#*'*(:%%'.(2)1'.12*#&('*0'4(+,(I#.&M4(6#.4;(J1;'()'#.'41(12*#&(.'41+.#12+)(

%.+-'<1(A21;(,:&&(12*#&(.#)0'=(&+<#1'*()+.1;(+,(1;'('#41(4;+.'(+,(1;'(9'1#&:$#(N2/'.(L.2*0'K(*:.2)0(1;'(

,2.41(,2/'(3'#.4(+,(214(,+.$#12+)(JPQQaOPQQQK?(U)&3(&2$21'*=(&+<#&2Y'*(%&#)12)0(+,(4'&'<1'*(4#&1($#.4;(

4%'<2'4(24(.'<+$$')*'*(1+(')4:.'('#.&3('41#C&24;$')1(+,(4''*(%#.')1(%&#)14=(#)*(1+(<+$%')4#1'(,+.(

+C4'./'*(&+A(.#1'4(+,(.'<.:21$')1(+,(2),.']:')1=(*'42.#C&'()#12/'(4%'<2'4(+.(4&+AO0.+A2)0(4%'<2'4(

J8'<12+)(aK?((

(

N'&#12/'&3($#1:.'($#.4;(/'0'1#12+)(%#11'.)4(#.'('"%'<1'*(1+('41#C&24;(A21;2)(#%%.+"2$#1'&3(P_(1+(DE(

3'#.4=(C#4'*(+)(<+$%#.24+)(+,(+&*'.($#.4;'4(1;#1(;#/'('41#C&24;'*(2)(1;'(/2<2)213(A21;2)(1;'(&#41(^E(

3'#.4?(@;'(12*#&($#.4;(/'0'1#12+)=(;+A'/'.=(4;+:&*(C'02)(1+(*2,,'.')12#1'(2)1+(/24:#&&3(*2412)<1($2**&'(

$#.4;=(;20;($#.4;=(2)1'.$'*2#1'(;20;($#.4;(#)*(1'..'41.2#&(0.#44&#)*(Y+)'4=(#)*(&+<#&(4#&1(%#)(

/'0'1#12+)(2)(&'44(1;#)(1')(3'#.4?(@;'4'(Y+)'4(#.'(*'4<.2C'*(C'&+A?((

(
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O65656&)89E:9?<@K&L?<<KE&L@:GH&S;8EV(2)1'.12*#&=(.'0:&#.&3(4:C$'.0'*($#.4;()'#.(6[G?(
b#.2#C&'(<;L?8@89&JEBE9@9?;8(A2&&(/#.3(+/'.(3'#.4(#<<+.*2)0(1+(4#&2)213W.#2),#&&(<3<&'V('$%()!#
*+$'!'(J;20;(4:$$'.(4+2&(4#&2)213(#44+<2#1'*(A21;(&+AO.#2),#&&(4%.2)0($+)1;4K(A+:&*(C'(
F?>AKEQEE<O*+$2)#)1?(@;'(,-$./('+#*+$'!#+,(1;'($2**&'($#.4;(Y+)'(A+:&*(%.'/#2&(2)(3'#.4(+,(
4:C41#)12#&(&#1'(4%.2)0(.#2)4=(A;')(@KA@K?TI=K:=GH(A+:&*(C'(*+$2)#)1=(+.(<+O*+$2)#)1(A21;(
%2<T&'A''*?(H+)0O1'.$(4:<<'442+)(A2&&(C'(1+A#.*4(2)<.'#4'*(%2<T&'A''*(*+$2)#)<'(#4(1;'(

$#.4;(%&#2)(#<<.'1'4(JC:2&*4(:%(2)(/#.2#C&'('&'/#12+)4(#%%.+#<;2)0(6'#)([20;'.([20;(G#1'.K?(

!#.&3(2)(4:<<'442+)(J#%%.+"2$#1'&3(1;'(,2.41(1A+(3'#.4(#,1'.('"<#/#12+)K=(C.#44OC:11+)4=(

4%'#.4<#&'=(#)*(+1;'.(&+AO0.+A2)0(#)):#&(4#&1($#.4;(%&#)14($#3(C'(1'$%+.#.2&3(#C:)*#)1(

C',+.'(1;'3(#.'(*24%&#<'*(C3(%'.'))2#&(%2<T&'A''*(#)*(#&T#&2OC:&.:4;?(0('"-(,1"(2)V(0.#*2')1(
C'1A'')('"2412)0(12*#&($#.4;'4(#)*('"<#/#1'*(%+.12+)4(+,(A'41(#)*('#41(%')2)4:&#?(

( (

O656C6&(?BH&L@:GH&S;8EV('$'.0')1($#.4;(#1W#C+/'(6[[G(,&++*'*(C3(C#3(A#1'.4(+)&3(
*:.2)0(4%.2)0(12*'4(#)*(41+.$(4:.0'4?(!;L?8@89&JEBE9@9?;8V(;'1'.+0')'+:4(%#1<;'4(+,(
F?>AKEQEE<(J1#&&(,+.$K=(G@K9B:@GGV&D@=LE@V&B=LFK@89V&@KA@K?THE@9HX('%;'$'.#&(+.($2)+.(
<+$%+)')1(+,(4%:..'3=(C.#44OC:11+)4X($2)+.(%'.4241')1(<+$%+)')1(+,(4'#O&#/')*'.(#)*(+1;'.(

)#12/'(4#&1($#.4;(,+.C4?(!#.&3(2)(4:<<'442+)(J#%%.+"2$#1'&3(1;'(,2.41(1A+(3'#.4(#,1'.(

'"<#/#12+)K=(C.#44OC:11+)4=(4%'#.4<#&'=(#)*(+1;'.(&+AO0.+A2)0(#)):#&(4#&1($#.4;(%&#)14($#3(

C'(1'$%+.#.2&3(#C:)*#)1(C',+.'(1;'3(#.'(*24%&#<'*(C3(%'.'))2#&(%2<T&'A''*=(4#&10.#44=(#)*(

0:$%&#)1?(0('"-(,1"(2)V(1A+(4:CY+)'4V('*0'4(+,('"<#/#1'*(12*#&(<;#))'&4(J1+%(+,(C#)TK=(#)*(
;20;(12*'(4;+.'&2)'(C'&+A(;20;'41(*.2,1O&2)'4(J&+<#&(41+.$(4:.0'('&'/#12+)K(#)*(&+<#&(6'#)(

[20;'.([20;(G#1'.?((

(

O656O6&(?BH&L@:GH&F@8V(H+<#&(:)*.#2)'*(*'%.'442+)(JC#42)K=(2)1'.$'*2#1'(A21;(4'#4+)#&(
A'1&#)*4=(C:1(2)1'.$211')1&3(,&++*'*(C3(4%.2)0(12*'4=(41+.$(12*'4=(#4(A'&&(#4(A2)1'.W4%.2)0(

.#2),#&&?(b'0'1#12+)(A+:&*(C'(/#.2#C&'(+/'.(3'#.4?(Z1(A+:&*(,&:<1:#1'(#)):#&&3(C'<#:4'(+,(

/#.2#12+)(2)(,&++*2)0(*:.#12+)=(4'#4+)#&(4#&2)213=(4'#4+)#&(12$2)0(+,(C'*('$'.0')<'?(>#1:.#&(

C#..')4(JC#.'(,&#14(A21;(*.2'*(4:)OC&'#<;'*(#&0#&($#14=(4#&1('/#%+.21'(,2&$4=(+.(;20;&3(41:)1'*(

/'0'1#12+)K(#.'(&2T'&3(1+(+<<:.(+/'.(%+.12+)4(+,(1;'(%#)(C'*(4+$'(3'#.4?(b'0'1#12+)(A21;2)(

1;'(%#)(24(&2T'&3(1+(C'()#1:.#&&3(41:)1'*(<+$%#.'*(A21;(.+C:41=(A'&&O*.#2)'*(12*#&($#.4;(

/'0'1#12+)?(!"%'<1'*(%&#)1(4%'<2'4(<+$%+4212+)(J<+$C2)'*(.'4:&1(+,(4%+)1#)'+:4(

<+&+)2Y#12+)(#)*(%&#)12)0K('21;'.(A21;2)(%#)4(+.(#.+:)*(214($#.02)4(A+:&*(2)<&:*'(G@K9B:@GGV&
F?>AKEQEE<V&@KA@K?THE@9HV&I:@GGTI=99;8GV&:@II?9WGTR;;9&B:@GGV&@KA@K?TI=K:=GHV(#)*(
%+442C&3&?:?GTKE@R&:=GH&#)*(GL;;9H&B;K<R?EK<G?(B.'4;OC.#<T24;(/'0'1#12+)($#3(*'/'&+%(2)(
4:<<'442/'(3'#.4(+,(&#1'(#)*(#C:)*#)1(.#2),#&&?(

(

O656P6&(?BH&L@:GHT9E::EG9:?@K&E>;9;8EV(@.#)4212+)(C'1A'')(J#)*(2)<&:*2)0(%+.12+)4(+,K(
:%%'.('*0'(+,(;20;(12*#&($#.4;(J:%%'.$+41(*.2,1O&2)'4K(#)*(1'..'41.2#&(/'0'1#12+)(J#C+/'(

;20;'41(12*'4=(+.(4:%.#12*#&K('$C#)T$')1(,2&&?(b'0'1#12+)(41.:<1:.'(A+:&*(C'(%#1<;3(#)*(

;'1'.+0')'+:4=(2)<&:*2)0(0.#44&#)*=(<+&+)2#&(,+.C4=(#)*(4<.:C?(!"%'<1'*(%.'/#&')1(%&#)1(

4%'<2'4(A+:&*(2)<&:*'(G@K9B:@GGV&@KA@K?THE@9HV&>:EEF?8B&Q?K<:NEV&LE@<;Q&GE<BEV&
GF?AEQEE<V&L@:GH&I@>>H@:?GV&QEG9E:8&B;K<E8:;<V&QEG9E:8&:@BQEE<V&#)*(4+$'(
2@K?R;:8?@&:;GEV&>;N;9E&I:=GHV&IK=E&EK<E:IE::N?(7(1.#)4212+)#&W1'$%+.#.3(<+/'.(<.+%(+,(
)+))#12/'(C:1(A2*'4%.'#*(FE:E88?@K&;:&)9@K?@8&:NEB:@GG(A+:&*(C'('41#C&24;'*(+/'.(1;'(
4:%.#12*#&(%+.12+)4(+,(1;'('$C#)T$')1=(#)*($#3('"1')*(2)1+(1;24(Y+)'?(9'.'))2#&(.3'0.#44(

A+:&*(%'.4241(2)($#1:.'(%&#)12)04=(C:1()+1(#4(#(*+$2)#)1(%&#)1?((

(

(
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O6C6&-;89?<@K&GE@G;8@K&QE9K@8<&GQ@KEGV(H+<#12+)4(+,(4'#4+)#&(A'1&#)*(4A#&'4(J0.#*'*(4;#&&+A(
*'%.'442+)4K(A2&&(C'(A21;2)(I')1.#&(%')2)4:&#(0.#44&#)*4=(,+.$2)0()#..+A=(4$#&&(4A#&'4(+.(C#42)4(A21;(

<+$%#<1'*=(2$%'.$'#C&'(<&#3O42&1(C'*4?(8A#&'4(A+:&*(C'(,&++*'*(C3(.#2),#&&(#)*(&+<#&(.:)+,,(2)(A2)1'.(

#)*(4%.2)0($+)1;4(,+.(/#.2#C&'(%'.2+*4(+,(12$'(JA''T4(+.($+)1;4K('#<;(.#2)3(4'#4+)?(@;'3(A+:&*(C'(

'$C'**'*(A21;2)(/#&&'3(0.#44&#)*(J^?^K?(\+$2)#)1(/'0'1#12+)(A+:&*(/#.3(C'1A'')(*.+:0;1(#)*(

#C+/'O)+.$#&(.#2),#&&(<3<&'4=(#)*(A+:&*(2)<&:*'(GF?AE:=GHV&LE@<;Q&GE<BEV&?:?GTKE@R&:=GH&@8<&
I:;Q8THE@<E<&:=GHV&.EL@FH;:E&B:@GGV&LE@<;Q&I@:KENV&>:EEF?8B&Q?K<:NE6&I+&+)2'4(+,(:@NKEGG&
B;K<R?EK<GV&F;F>;:8RK;QE:V&GL;;9H&B;K<R?EK<G($#3(C'('41#C&24;'*(#4(+%12+)4(,+.(*2/'.42,2<#12+)?(
>+)O)#12/'(A''*3(A'1&#)*(%&#)14(4:<;(#4(<+<T&'C:.=([#.*2)0(0.#44=(C.#44OC:11+)4=(#)*(.#CC21M4O,++1(

0.#44(J#)*(+1;'.()+))#12/'(A'1&#)*(A''*4K(A+:&*(&2T'&3(.'0')'.#1'(1+(4+$'('"1')1(#,1'.(0.#*2)0=(C:1(

1;'2.(#C:)*#)<'(4;+:&*(C'(&2$21'*(#)*(.'*:<'*(C3(<+$%'1212+)(A21;(<.''%2)0=(<+&+)2#&(%'.'))2#&(

)#12/'(/'0'1#12+)(+/'.(#)(#%%.+"2$#1'(PE(3'#.(%'.2+*?((((

(

O6O&3@KKEN&B:@GGK@8<&@8<&;@A&G@J@88@HV((H+<#12+)4(#.'(<')1.#&(%')2)4:&#(,2&&(#)*(7&C#1.+44WA'41(
%')2)4:&#(,2&&(#.'#4?(!;L?8@89&JEBE9@9?;8(A+:&*(C'(>:EEF?8B&Q?K<:NE?(7(4$#&&():$C'.(+,(/#&&'3(
;@AG(J+)(,&#14K(#)*(>;@G9&K?JE&;@AG(J$+41&3(+)(&'/''(4&+%'4K(A+:&*(C'('41#C&24;'*(#4(*24<.'1'=(A2*'&3(
4%#<'*(4%'<2$')(1.''4?(2;LL;8&L@8S@8?9@($#3(C'(%&#)1'*(+)(A'&&O*.#2)'*(1'..'41.2#&(,2&&(
4:C41.#1'4(2,(1;'3(#.'('"%+4'*(#1(1;'(,2&&(4:.,#<'?((Z$$'*2#1'&3(#,1'.(0.#*2)0=(1;'(,2&&(A+:&*(C'(

41#C2&2Y'*(C3(#(1'$%+.#.3W1.#)4212+)#&(<+/'.(<.+%(<+$%+4'*(+,()+)O)#12/'(FE:E88?@K&@8<&)9@K?@8&
:NEB:@GG&J,+.(4;+.1O1'.$=(2$$'*2#1'(4:%%.'442/'(<+$%'1212+)(A21;(2)/#42/'()+)O)#12/'(%&#)1(
4''*&2)04K=(A;2<;(A+:&*(C'(.'%&#<'*(C3(*+$2)#)1(<.''%2)0(A2&*.3'(+/'.(#(%'.2+*(+,(#%%.+"2$#1'&3(PE(

3'#.4?((

(

O6P6&%:@8G?9?;8@K&>;JE:&>:;FX&:NEB:@GG?((9'.'))2#&(#)*(Z1#&2#)(.3'0.#44=(<&+4'&3(.'&#1'*(A2*'4%.'#*=(
)#1:.#&2Y'*()+)O)#12/'(4%'<2'4(:4'*(2)(&#A)(#)*(%#41:.'(4''*($2"'4=(24(%.+%+4'*(,+.((:4'(#4(#(

1'$%+.#.3=(1.#)4212+)#&(<+/'.(<.+%(1+(41#C2&2Y'(4+2&4(#)*(<+$%'1212/'&3(2);2C21(0.+A1;(+,()+"2+:4(

A''*4(*:.2)0(1;'(,2.41(0.+A2)0(4'#4+)(J,#&&(.#2)4(1;.+:0;(4%.2)0K(#)*(2)(4:C4']:')1(3'#.4(A;2&'(1;'(

*'42.'*()#12/'(0.#44&#)*(/'0'1#12+)(0.#*:#&&3('41#C&24;'4(*+$2)#)<'?(9'.'))2#&(.3'0.#44(J#)*(.'&#1'*(

Z1#&2#)(.3'0.#44=(#(;20;&3(42$2&#.(4'$2O#)):#&(,+.$K(24(A2*'&3('41#C&24;'*(+)(1;'('"2412)0(%')2)4:&#4=(

#)*(#&4+(+<<:.4(2)(*'.'&2<1(C#3&#)*($'#*+A4(#&&(#.+:)*(1;'(%.+-'<1(421'(/2<2)213?(9'.'))2#&(.3'0.#44(

4'&,O4+A4(#)*(.'0')'.#1'4(/'0'1#12/'&3?(Z1(A+:&*(C'('41#C&24;'*(2)212#&&3(C3(;3*.+4''*2)0(J;3*.#:&2<(

4%.#3(+,(#(4&:..3(<+$%+4'*(+,(4''*4(#)*(<'&&:&+4'(JA++*(%:&%K(,2C'.($:&<;=(A21;(<+&+.#)1(#**'*(1+(

0:2*'(4%.#3(<+/'.#0'?(c.#*:#&&3=(1#&&'.()#12/'(%'.'))2#&(<.''%2)0(A2&*.3'(A+:&*(*+$2)#1'(1;'(

%'.'))2#&(.3'0.#44?([3*.+4''*($:&<;(#&4+(#<14(#4(#(1'$%+.#.3(4+2&(C2)*'.(#)*(A'#T(41#C2&2Y'.(A;2&'(

.3'0.#44(.++14('41#C&24;(#)*(41#C2&2Y'(4+2&4?((

(

P6&"EJEBE9@9?;8&0:;>EGG&@8<&#>9?J?9?EG&
&
@;24(4'<12+)(*'4<.2C'4(%.+<'*:.'4(,+.(.'/'0'1#12+)=(#)*(1;'(%.+<'44('"%'<1'*(,+.('41#C&24;$')1(+,(1;'(

/'0'1#12+)(2)(1;'(*2,,'.')1(;#C21#14(<+)41.:<1'*?(8%'<2,2<#12+)4(,+.(%&#)12)0(#)*($#)#0'$')1(#.'(

*'4<.2C'*?(

(

P656&%?<@K&L@:GH&
(

P65656&)89E:9?<@K&L@:GH?(\+$2)#)1(%2+)''.(2)1'.12*#&($#.4;(/'0'1#12+)(J%2<T&'A''*=(#&T#&2OC:&.:4;=(
4#&10.#44K(24('"%'<1'*(1+('41#C&24;(4%+)1#)'+:4&3(+)(C#..')=(0.#*'*(C#3($:*(4:C41.#1'('"%+4'*(+)(

'"<#/#1'*(%+.12+)4(+,(1;'(A'41'.)(#)*('#41'.)(%')2)4:&#4?(>+($#-+.(%&#)12)0(24('"%'<1'*(1+(C'(

)''*'*(,+.(.#%2*(<+&+)2Y#12+)(+,(1;'($2**&'(#)*(;20;($#.4;(Y+)'4?(!/')(2)(*.+:0;1(3'#.4(J;20;(
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4#&2)213K(%2<T&'A''*(24(&2T'&3(1+('41#C&24;('"1')42/'&3(+/'.(1;'($#.4;(%&#2)?(Z)(%'.2+*4(+,(1A+(+.($+.'(

<+)4'<:12/'(A'1(3'#.4(JC.#<T24;($#.4;=(#C:)*#)1(&#1'(4%.2)0(.#2)4K=(#&T#&2OC:&.:4;(24(&2T'&3(%.+*:<'(

#C:)*#)1(/2#C&'(4''*4(#)*('"%'.2')<'(4:21#C&'(4''*&2)0('41#C&24;$')1(<+)*212+)4?(L'<#:4'(1;'(

4;+.'&2)'(;'.'(24(4;'&1'.'*(JA'&&OC:,,'.'*(C3('"1')42/'(#.'#4(+,(*')4'=(1#&&($#.4;(/'0'1#12+)K(#)*(;#4(#(

&+AO0.#*2')1(4;+.'&2)'=(1;'.'(24(2)420)2,2<#)1('.+42+)(%+1')12#&(%.2+.(1+(/'0'1#12+)('41#C&24;$')1=(#)*(

1;:4()+()''*(,+.('#.&3(41#C2&2Y#12+)(C3('"1')42/'(%&#)12)0?(((

(

Z,(<+$%#<1'*(1'..'41.2#&(,2&&(+.(+&*(.+#*C'*($#1'.2#&(#&+)0(1;'(%')2)4:&#(24('"%+4'*(#1(1;'(,2)#&(0.#*'*(

4:.,#<'=(21($:41(C'('21;'.(.2%%'*(J*''%(12&&#0'K(+.(&2)'*(A21;(#1(&'#41(#(E?_(,1(<+/'.(+,(C#3($:*?(Z,(

<+$%#<1'*(1'..'41.2#&(J41+)3K(4:C41.#1'(24(&',1(#4(1;'(.'/'0'1#12+)(4:.,#<'=(21(A+:&*($+41(&2T'&3(

<+)41.2<1(*'/'&+%$')1(J*'%1;K(+,(12*#&($#.4;(%&#)1(.++1(4341'$4(#)*(.'4:&1(2)(41:)1'*=(4;+.1=(4%#.4'(

;20;($#.4;(/'0'1#12+)?(8$#&&(%#1<;'4(+,(41:)1'*(;20;($#.4;(/'0'1#12+)($#3(C'(#<<'%1#C&'(J1;'3(#.'(

#44+<2#1'*(A21;(;20;(4%'<2'4(*2/'.4213=(%#.12<:&#.&3(+,(:)<+$$+)(4%'<2'4K=(C:1('"1')42/'(+.(A'&&O

*241.2C:1'*(%#1<;'4(+,(1#&&(;20;($#.4;(/'0'1#12+)(#.'()''*'*(#4(A2&*&2,'(<+/'.(J,&++*(.',:0'K?((

(

\:.2)0(1;'(,2.41(1A+(3'#.4(#,1'.(0.#*2)0(2)1'.12*#&(4:.,#<'4=(#(1'$%+.#.3(;20;(,.']:')<3(+.(#C:)*#)<'(

+,(C.#44OC:11+)4(#)*(4%'#.4<#&'($#3(C'('"%'<1'*?(L.#44OC:11+)4(24(&2T'&3(1+(*'<&2)'(#C.:%1&3(#4(

%2<T&'A''*(C'<+$'4(*+$2)#)1(#)*('41#C&24;'4($+41&3(<&+4'*(<+/'.=(%.+C#C&3(C3(1;'(')*(+,(1;'(1;2.*(

0.+A2)0(4'#4+)(#,1'.(0.#*2)0?((

(

c:$%&#)1(24(.'&#12/'&3(4<#.<'(2)(1;'('"2412)0(#*-#<')1(12*#&($#.4;'4=(#)*(4''*(4+:.<'4(,+.(4%+)1#)'+:4(

<+&+)2Y#12+)(+,(1;'('"<#/#1'*($#.4;(24(&2T'&3(1+(C'(/'.3(&2$21'*(.'&#12/'(1+(4''*(4+:.<'4(+,(%+1')12#&(

2)/#42/'(A'1&#)*(A''*(4%'<2'4(4:<;(#4(%'.'))2#&(%'%%'.A''*?(L'<#:4'(0:$%&#)1(#&+)0(12*#&(<;#))'&(

C#)T4(24(#(<.212<#&(4:CO;#C21#1(,+.($#)3(4%'<2#&O41#1:4($#.4;(A2&*&2,'(4%'<2'4=(%&#)12)0(&+A(*')4212'4(+,(

0:$%&#)1(#&+)0(<;#))'&(C#)T(<.'414(24(.'<+$$')*'*(1+('41#C&24;(#*']:#1'(&+<#&(4''*(4+:.<'4(,+.(

'41#C&24;$')1(+,(214(;20;(#C:)*#)<'('#.&3(2)($#.4;(4:<<'442+)?(!41#C&24;$')1(+,(0:$%&#)1(24(&2T'&3(1+(

C'(&2$21'*(#,1'.(/'0'1#12+)(<+/'.(24(<&+4'*(C3(%2<T&'A''*(+.(4#&10.#44=(4+('#.&3('41#C&24;$')1(JA;')(

/'0'1#12+)(0#%4(,#/+.#C&'(,+.(0:$%&#)1(4''*&2)0(#)*(-:/')2&'(0.+A1;(#.'(<+$$+)K(24(*'42.#C&'?((

(

3%$)"()4V(4=LFK@89(4''*&2)04W-:/')2&'4(4;+:&*(C'(%&#)1'*(#1(&+A(,.']:')<2'4(J2..'0:&#.(2)1'./#&4(
#/'.#02)0(#%%.+"2$#1'&3(d(,''1K(#&+)0(C+1;(C#)T4(+,('"<#/#1'*(12*#&(<;#))'&4=(#1(&'#41(#1(1;'(:%%'.(

')*4(+,(1;'(<;#))'&4?(9&#)12)0(4;+:&*(#4('#.&3(#4(%+442C&'(J1;'(,2.41(>+/'$C'.OB'C.:#.3(%'.2+*(#,1'.(

<+)41.:<12+)K?(@;'4'(,+:)*'.(%&#)14(J4''*(%#.')14K(4;+:&*(%.+/2*'(#$%&'(&+<#&(4''*(*24%'.4#&(,+.(

4:C4']:')1(<+&+)2Y#12+)(+,(0#%4(C'1A'')(1;'$?(>+(%&#)12)0(+,(%2<T&'A''*(+.(4#&10.#44(+.(-#:$'#(2)(

2)1'.12*#&(#.'#4(24(-:412,2'*=(C'<#:4'(1;'(*2,,'.')<'(C'1A'')(%&#)1'*(#)*(:)%&#)1'*(#.'#4(%.+C#C&3(

A+:&*(C'(2)420)2,2<#)1(C3(1;'(1;2.*(3'#.(#,1'.(0.#*2)0?(@.#)4%&#)14(4;+:&*(C'(%.+%#0#1'*(2)(1;'(

0.+A2)0(4'#4+)(%.2+.(1+(<+)41.:<12+)?((

(

!#<;(+,(1;'(G'41(9')2)4:&#(12*#&(<;#))'&4(#&+)0(1;'([+$'+A)'.4(744+<2#12+)(I;#))'&(J1;.''(

'"<#/#1'*=(C2,:.<#1'*(<;#))'&4(<+))'<1'*(A21;(1;'([+$'+A)'.4(I;#))'&(6#.4;X(9G7(DEEFK(4;+:&*(

;#/'(C'1A'')(DEE(1+(^EE(&2)'#.(,''1(+,(C+1;(<;#))'&(C#)T4(%&#)1'*(A21;(B=LFK@89(,.+$(1;'2.(:%%'.(
')*4(1;'(1.:)T(+,(1;'($#2)(<;#))'&?(9&#)12)0(4;+:&*(<+)4241(+,(2)*2/2*:#&(1.#)4%&#)14(4%#<'*(#1(

/#.2#C&'=(2..'0:&#.(2)1'./#&4(#/'.#02)0(d(,''1(#%#.1?(c:$%&#)1(1.#)4%&#)14(4;+:&*(C'(&+<#1'*(#1(1;'(

;20;'41('&'/#12+)(A21;2)(#(d(,1(A2*'(Y+)'(J42*'O<#41(Y+)'K(+,(1;'('"<#/#1'*(<;#))'&?(@;'(42)0&'O1;.'#*(

<;#))'&(#1(1;'(1'.$2):4(+,(1;'(A'41'.)(%')2)4:&#(4;+:&*(;#/'($+41(+,(214(&')01;(%&#)1'*(#1(1;'(:%%'.(

')*?(@;'(1+1#&('412$#1'*():$C'.(+,(0:$%&#)1(1.#)4%&#)14(JPO4'#4+)(<:&12/#1'*(4''*&2)04K(,+.(1;'(A'41(

%')2)4:&#(24(#%%.+"2$#1'&3(_EE(%&#)14?(H+<#&(%+%:&#12+)4(#.+:)*(1;'(421'(4;+:&*(%.+/2*'(4''*4(,+.(

%.+%#0#12+)?(

(
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@;'(!#41(9')2)4:&#(<+)1#2)4(1;.''(.'&#12/'&3(&2)'#.=(4+$'A;#1(42):+:4(<;#))'&4(#%%.+"2$#1'&3(_EE(

,''1(2)(&')01;('#<;(J9G7(DEEFK?(@;'(#*-#<')1($#.4;(4:%%+.14(.'&#12/'&3(4%#.4'(%+%:&#12+)4(+,(

B=LFK@89=(4+(C+1;(C#)T4(+,('#<;(<+)41.:<1'*(<;#))'&(4;+:&*(#&4+(C'(%&#)1'*(A21;(0:$%&#)1(#1(#(
2..'0:&#.=(/#.2#C&'(#/'.#0'(+,(d(,1(2)1'./#&4(J1+1#&(_EE(0:$%&#)1(1.#)4%&#)14K?((

(

P656C6&(?BH&L@:GH&@8<&K;QE:&9E::EG9:?@K&E>;9;8E(J6[[G(%')2)4:&#(4;+.'&2)'4(:%(1+(;20;'41(*.2,1O
&2)'4K?(@A+(13%'4(+,(%&#)12)04(#.'(%.+%+4'*(,+.(1;24(Y+)'V(+)'(,+.(4:%%&'$')1#&(*2/'.42,2<#12+)(+,(

)#12/'(/'0'1#12+)=(#)*(+)'(J<+)12)0')1(+)(4'/'.213(+,(A'1&#)*(A''*(2)/#42+)K(1+($#)#0'(A''*(

2)/#42+)4(A21;(<+$%'1212+)?((

(

@;'(;20;(12*#&($#.4;(Y+)'(+,(1;'(&+A'.(9'1#&:$#(N2/'.(24(J=K8E:@IKE&9;&?8J@G?;8&IN&8=LE:;=G&
8;88@9?JE&FK@89G=(2)<&:*2)0(412)TA+.1=(7:41.#&2#)(C')10.#44=(#)*(%'.'))2#&(%'%%'.A''*?(7(
<+)12)0')1(F:ETELF9?JE&FK@89?8B&G9:@9EBN($#3(C'(-:412,2'*(1+('41#C&24;()#12/'(/'0'1#12+)(<+/'.(
.#%2*&3(C',+.'(A''*4(;#/'(#)(+%%+.1:)213(1+(*+$2)#1'(1;24(Y+)'(*:.2)0('#.&3(41#0'4(+,(.'/'0'1#12+)=(

A;')(+%')=(C#.'(4:C41.#1'(24($+41(/:&)'.#C&'(1+(A''*(2)/#42+)?(G21;+:1('#.&3(#)*(#$%&'(<+$%'1212+)(

,.+$()#12/'(%'.'))2#&(%&#)14(+,(1;24(12*#&($#.4;(Y+)'=(1;'4'(A'1&#)*(A''*4(A+:&*(C'(*2,,2<:&1(+.(

2),'#42C&'(1+(<+)1.+&(2)(4:C4']:')1(3'#.4(C3(4'&'<12/'(.'$+/#&?(Z1(24()+1(0')'.#&&3(,'#42C&'(1+(%.'*2<1(

3'#.O1+O3'#.(/#.2#12+)4(2)(1;'(.'&#12/'(#C:)*#)<'(+,(12*#&($#.4;(A''*4(#)*()#12/'(%&#)14?(@;'(.'&#12/'(

,.']:')<3(+,()#12/'(*+$2)#)14(J4#&10.#44=(%2<T&'A''*=(0:$%&#)1K(#)*()+"2+:4(A''*4(+,(1;'(;20;(

$#.4;(Y+)'(J%'.'))2#&(%'%%'.A''*=(7:41.#&2#)(C')10.#44=(6'*21'..#)'#)(4#&1A+.1=(412)TA+.1K(4;+:&*(

C'(<#.',:&&3(#44'44'*(2)(1;'(,2.41(0.+A2)0(4'#4+)?(Z,(1;'(,.']:')<3(+,()+"2+:4(A'1&#)*(A''*4(24(

C2+&+02<#&&3(420)2,2<#)1=(1;24(4;+:&*(1.200'.(#(<+)12)0')1(4:%%&'$')1#&(%&#)12)0(+,(4#&10.#44(J#(

4%.'#*2)0=(<+&+)2#&(0.#44(1;#1(4:%%.'44'4(A''*(4''*&2)0('41#C&24;$')1K(2)(1;'(;20;($#.4;(Y+)'(J:%(1+(

1;'(;20;'41(*.2,1O&2)'4K(*:.2)0(1;'(*+.$#)1(1.#)4%&#)1(4'#4+)(J>+/'$C'.OB'C.:#.3K(#,1'.(1;'()'A(

$#.4;M4(,2.41(0.+A2)0(4'#4+)?((.@K9B:@GG(%&#)12)04(A+:&*(<+)4241(+,(%&:04(+.(<&+)#&(*2/242+)4(J.++1'*(
+.(%#.12#&&3(.++1'*(<&:$%4(+,(4;++14K=(4%#<'*(#1(2..'0:&#.(2)1'./#&4(^(1+(d(,''1(#%#.1=(2)(1;'(;20;($#.4;(

Y+)'?(U1;'.A24'=()#12/'(%&#)12)04(2)(1;'(;20;($#.4;(Y+)'(A+:&*(C'(&2$21'*(1+(/'.3(&+A(*')4213(

%&#)12)04(+,(.'&#12/'&3(:)<+$$+)()#12/'(4%'<2'4?(

(

@;'()#1:.#&('41#C&24;$')1(+,(*'42.#C&'=(:)<+$$+)()#12/'(%&#)1(4%'<2'4(2)(1;'(;20;($#.4;('<+1+)'(

A2&&(C'(&2$21'*(C3(&+A(.#1'4(+,(4''*(*24%'.4#&(,.+$(4<#.<'(%+%:&#12+)4(2)(1;'(.'02+)M4(12*#&($#.4;'4?(

!41#C&24;$')1(+,(,+:)*'.(J4''*(%#.')1K(%+%:&#12+)4(+,(:)<+$$+)()#12/'(%'.'))2#&(4%'<2'4=(%&#)1'*(

#1(&+A(,.']:')<3(#&+)0(1;'(4;+.'&2)'=(24(.'<+$$')*'*?(@;'4'(4%'<2'4(2)<&:*'(QEG9E:8&B;K<E8:;<V&
L@:GH&I@>>H@:?GV&LE@<;Q&GE<BEV&IEETFK@89(J12*#&($#.4;('<+13%'4K=(QEG9E:8&:@BQEE<V(#)*(
>;LL;8&@G9E:(+.(.=?G=8&@G9E:&J;241+.2<#&&3()#12/'(1+(9'1#&:$#(#)*(8+)+$#(b#&&'3K?(7&&(C:1(C''O
%&#)1(#.'(41.+)0&3(<+&+)2#&=(4%.'#*2)0(/'0'1#12/'&3(C3(.;2Y+$'4(J:)*'.0.+:)*(41'$4K?(@;'4'(%'.'))2#&4(

4;+:&*(C'(%&#)1'*(#&+)0(1;'(;20;(12*'(4;+.'&2)'(JA21;2)(1+(4&20;1&3(C'&+A(1;'(;20;'41(*.2,1O&2)'(Y+)'K(

+,(1;'('#41(#)*(A'41(%')2)4:&#4(#4(<&+)#&(*2/242+)4(%.+%#0#1'*(,.+$('21;'.(A2&*(41+<T=(+.():.4'.3O

0.+A)(41+<T(,.+$(&+<#&(A2&*(%+%:&#12+)4?(7&&(1.#)4%&#)12)0(4;+:&*(+<<:.(*:.2)0(1;'(*+.$#)1(4'#4+)(

*:.2)0(%'.2+*4(+,(,.']:')1(.#2),#&&(J>+/'$C'.OB'C.:#.3K?(@.#)4%&#)14(4;+:&*(C'(%.+%#0#1'*(2)(1;'(

0.+A2)0(4'#4+)(%.2+.(1+(<+)41.:<12+)?(8+:.<'(%+%:&#12+)4(,+.(%.+%#0#1'*(%&#)12)0(41+<T(4;+:&*(C'(

+C1#2)'*(,.+$(1;'(/2<2)213(+,(1;'(&+A'.(9'1#&:$#(N2/'.(2,(1;'3('"241(1;'.'X(2,()+1=(1;'3(4;+:&*(C'(

+C1#2)'*(,.+$(1;'()'#.'41(%+%:&#12+)?(@;'4'(%'.'))2#&(4%'<2'4(4;+:&*(C'(%&#)1'*(#1((--!41%$-5#+$*+$6$-7(
2)1'./#&4(A21;($**-28(9$"!($:!-$4!(*')4213(+,(+)'(1.#)4%&#)1(:)21(+,(#&&(4%'<2'4(J'#<;(-$)729%;(4'&'<1'*K(
%'.(#/'.#0'(P_(,++1(2)1'./#&(+,(%')2)4:&#(;20;(12*'(4;+.'&2)'?(7(1+1#&(+,(#%%.+"2$#1'&3(DFE(;20;($#.4;(

'<+1+)'(%'.'))2#&(1.#)4%&#)14(J#&&(4%'<2'4X(#%%.+"2$#1'&3(a_(1.#)4%&#)14(+,('#<;(4%'<2'4=(*'%')*2)0(+)(

A;'1;'.(C+1;(+.(+)'(#41'.(4%'<2'4(#.'(:4'*K(A+:&*(C'(.']:2.'*(,+.(1;'(<:$:&#12/'(aEEE(&2)'#&(,''1(

J'412$#1'*K(+,(4:21#C&'(;20;(12*'(4;+.'&2)'(#&+)0(1;'('#41(#)*(A'41(%')2)4:&#4?((

(
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4=LFK@89()''*()+1(C'(%&#)1'*(#&+)0(1;'(%')2)4:&#(;20;(12*'(4;+.'&2)'4(2,(1;'(#*-#<')1(<+)41.:<1'*(
12*#&(<;#))'&(C#)T4(#.'(%&#)1'*(A21;(21?(8''*(4+:.<'4(,.+$(1;'(#*-#<')1(<;#))'&(C#)T(%&#)12)04(4;+:&*(

C'(4:,,2<2')1(1+(4:%%&3(&+<#&(4''*4(*24%'.42)0(1+(1;'(;20;(12*'(4;+.'&2)'?((

(

@;'()#12/'(#)):#&(GF?AEQEE<&4;+:&*(C'(2)1.+*:<'*(1+(1;'(;20;(12*'(&2)'(J:%%'.(*.2,1O&2)'(Y+)'K(C3(
*2.'<1(4''*2)0(2)(,#&&(JC',+.'(.#2)4($+241')(4+2&K?(8%2T'A''*(4''*(A2&&()''*(1+(C'(%.+%#0#1'*(2)(1;'(

0.+A2)0(4'#4+)(%.2+.(1+(,#&&(4''*2)0?(8''*(4+:.<'4(4;+:&*(C'(+C1#2)'*(,.+$()+.1;'.)(8#)(9#C&+(L#3(

C#3&#)*4?(8''*;'#*4(4;+:&*(C'(.#T'*(2)1+(^(,++1(A2*'(4<.#%'*(%#1<;'4(J.+:0;&3(<2.<:&#.(#.'#4(

4<#.2,2'*(A21;(#(;+'K(&+<#1'*(A21;2)(#(Y+)'(:%(1+(42"(,''1(<')1'.'*(#.+:)*(1;'(;20;'41(+C4'./'*(*.2,1O

&2)'4?(@;'():$C'.(+,(4<.#%'4W<+&+)2'4(#)*(4+A2)0(*')4213(A+:&*(%.+C#C&3(C'(&2$21'*(C3(#/#2&#C2&213(

+,(%.+%#0#1'*(4''*?(7(.'#4+)#C&'(0+#&(,+.(,2.41O3'#.(4''*2)0(A+:&*(C'(#)(#/'.#0'(+,(+)'(

4<.#%'W<+&+)3(%'.(_E(,''1(+,(;20;(12*'(4;+.'&2)'4(J;#%;#Y#.*(2)1'./#&4=(#/'.#0'K=(A21;(#(1+1#&(+,(eE(

4<.#%'4(,+.(1;'(<:$:&#12/'('412$#1'*(aEEE(,''1(+,(4:21#C&'(4;+.'&2)'(#&+)0(1;'(A'41(#)*('#41(

%')2)4:&#4?(7($2)2$:$(+,(DEE(4''*;'#*4(4;+:&*(C'(4''*'*(2)1+('#<;(4<.#%'*(%#1<;?((

(

Z)(1;'(&+)0O1'.$=(>:EEF?8B&Q?K<:NE(24('"%'<1'*(1+(4%.'#*(/'0'1#12/'&3(2)1+(1;'(;20;($#.4;('<+1+)'(
*+A)4&+%'(,.+$(#*-#<')1(1'..'41.2#&(0.#44&#)*(%&#)12)04(Ja?^K?(Z1(24()+1()'<'44#.3(+.(<+41O',,'<12/'(1+(

4'%#.#1'&3(%&#)1(<.''%2)0(A2&*.3'(#1(+.(C'&+A(1;'(;20;'41(*.2,1O&2)'4(J'"1.'$'(;20;(12*'(&2)'K?((

(

P656O6&%E::EG9:?@K&B:@GGK@8<&;R&+@G9&@8<&*EG9&0E8?8G=K@G&@I;JE&9HE&H?BHEG9&<:?R9TK?8EG?(@;'()'A(
1'..'41.2#&('$C#)T$')1(#C+/'(1;'(;20;'41(12*'(&2)'(A+:&*(C'(;20;&3(J=K8E:@IKE&9;&?8J@G?;8&IN&
8=LE:;=G&8;88@9?JE&FK@89G&13%2<#&(+,(,.'4;&3(<#%%'*(&'/''4(2)()+.1;'.)(8#)(9#C&+(L#3=(2)<&:*2)0(
C.+#*&'#,(A''*4(JQ?K<&:@<?GHV&NEKK;Q&G9@:T9H?G9KEV&I=KK&9H?G9KEV&)9@K?@8&9H?G9KEV&G9?8AQ;:9(#)*&
FE:E88?@K&FEFFE:QEE<K=&)+"2+:4(0.#44(A''*4(J#=G9:@K?@8&IE89B:@GGV&(@:<?8B&B:@GGV&D=I@9@&;:&
F@LF@G&B:@GGV&Q?K<&;@9GV&:?FB=9&I:;LEY?(7(F:ETELF9?JE&FK@89?8B&G9:@9EBN(24(1;'.',+.'(-:412,2'*(
1+(41#C2&2Y'(1;'(1'..'41.2#&(4:C41.#1'(#)*($2)2$2Y'(1;'(*:.#12+)(#)*(#.'#(+,(+%')=(C#.'(4+2&?((@;'(

.'<+$$')*'*(41.#1'03(24(#(<+$C2)#12+)(+,(#(4;+.1O1'.$(<+/'.(<.+%(,+.(,#41(<+$%'1212/'(4:%%.'442+)(

+,(A''*(4''*&2)04=(#)*(#(&+)0O1'.$(<+$%'1212/'(%'.'))2#&(*+$2)#)1(<+/'.(,+.(1;'($#1.2"(+,(1;'(

1'..'41.2#&(0.#44&#)*?(

(

7(%.#<12<#&(1'$%+.#.3W1.#)4212+)#&(>;JE:&>:;F(+,()+))#12/'(FE:E88?@K&Q?K<:NE(J<+$$'.<2#&(
;3*.+4''*(#%%&2<#12+)K(24(%.+%+4'*(1+(<+$%'1'(A21;(&'/''(A''*(4''*&2)04(#)*(4:%%.'44(1;'2.(

<+&+)2Y#12+)?(G2&*.3'(24(#&.'#*3(#(<;#.#<1'.2412<=(&+)0O)#1:.#&2Y'*(*+$2)#)1(4%'<2'4(+,(4'#4+)#&(

A'1&#)*4(#)*(4A#&'4(2)(1;'(9'1#&:$#(6#.4;(C#3&#)*4?(Z1(A+:&*(C'(0.#*:#&&3(*+$2)#1'*(+.(.'%&#<'*(C3(

%&#)1'*()#12/'(%'.'))2#&(#)*(4;.:C(4%'<2'4(J4''(C'&+AK?(G''*($#)#0'$')1(24(1;'(%.2$#.3(4;+.1O1'.$(

0+#&(+,(.'/'0'1#12+)(*:.2)0(1;'(2)212#&(JDOaK(3'#.4(#,1'.(<+)41.:<12+)?((

(

@;'(&+)0O1'.$(/'0'1#12+)(%.+%+4'*(,+.(1;'('$C#)T$')1(24(#($#1.2"(+,()#12/'(>:EEF?8B&Q?K<:NE(A21;(
%#1<;3=(2..'0:&#.(<+&+)2'4(+,()#12/'(4;.:C4=(<&+)#&(%'.'))2#&(,+.C4(#)*(0.#44&2T'(%&#)14?(9&#)12)0(A+:&*(

C'()'<'44#.3(,+.(1;'4'(4%'<2'4(1;#1(A+:&*(+1;'.A24'('41#C&24;(/'.3(4&+A&3(+.('..#12<#&&3(C'<#:4'(+,(

4<#.<'(&+<#&()#12/'(4''*(4+:.<'4=(#)*('"<'442/'(A''*(4''*(4+:.<'4(#)*(<+$%'1212+)?((

(

!#41(#)*(G'41(%')2)4:&#(#.'#4(#C+/'(1;'(;20;'41(12*'O&2)'4(J*.2,1O&2)'4K(4;+:&*(C'(;3*.+4''*'*(

J;3*.#:&2<(4%.#3(+,(4&:..2'*(<'&&:&+4'(,2C'.4(#)*(4''*K(A21;(<+$$'.<2#&(0.#*'4(+,($2"'*(FE:E88?@K&
@8<&)9@K?@8&:NEB:@GG(%.2+.(1+(A2)1'.(.#2)4(#)*(#,1'.(<+$%&'12+)(+,(0.#*2)0?(@;'(;3*.+4''*($2"(
4;+:&*(&#<T(,'.12&2Y'.(C'<#:4'(C#3($:*(;#4(#$%&'():1.2')1(&'/'&4(,+.(.3'0.#44'4=(#)*(,'.12&2Y'.(#**212+)(

A+:&*(%.+/2*'(#(<+$%'1212/'(#*/#)1#0'(1+($+41(A''*4?(N3'0.#44(A+:&*(0'.$2)#1'(A21;(,#&&(.#2)4(#)*(

%.+/2*'(.#%2*(<+/'.(1+(41#C2&2Y'(0.#*'*(4+2&4(#)*(<+$%'1'(A21;(A''*4?((

(
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\:.2)0(1;'(A2)1'.(*+.$#)1(%&#)12)0(4'#4+)=(1;'(')12.'(<+)41.:<1'*(%')2)4:&#(4:.,#<'(#C+/'(;20;(12*'(

&2)'4(4;+:&*(C'(%&#)1'*(A21;(*2/242+)4(+,()#12/'(>:EEF?8B&Q?K<:NE=('"<'%1(2)(4'#4+)#&(A'1&#)*(
*'%.'442+)4?(7&&(1.#)4%&#)12)0(4;+:&*(+<<:.(*:.2)0(1;'(*+.$#)1(4'#4+)(*:.2)0(%'.2+*4(+,(,.']:')1(

.#2),#&&(J>+/'$C'.OB'C.:#.3K?(@.#)4%&#)14(4;+:&*(C'(%.+%#0#1'*(2)(1;'(0.+A2)0(4'#4+)(%.2+.(1+(

<+)41.:<12+)?(!#<;(1.#)4%&#)1(<+)42414(+,(#(<&:41'.(+,(.++1'*(4;++14(J12&&'.4K(#)*(#11#<;'*(4;+.1(

.;2Y+$'(4'0$')1=(*2/2*'*(2)(A2)1'.(A;2&'(&'#,(0.+A1;(#)*(#.'#(#.'($2)2$#&?(I.''%2)0(A2&*.3'(4;+:&*(

'21;'.(C'(%.+%#0#1'*(*2.'<1&3(C3(*2/242+)(+,(A2&*(41+<T=(+.():.4'.3O0.+A)(41+<T(,.+$(&+<#&(A2&*(

C#3&#)*(%+%:&#12+)4?(I.''%2)0(A2&*.3'(4;+:&*(C'(%&#)1'*(#1(2..'0:&#.=(;#%;#Y#.*(2)1'./#&4(J)+1(

:)2,+.$(%&#)12)0(.+A4(+.(0.2*4K(#/'.#02)0(#1(&'#41(d(,''1?(b'.3(4$#&&(*+4'4(+,(:.'#OC#4'*(4&+AO.'&'#4'(

,'.12&2Y'.($#3(C'(%&#<'*(C'&+A('#<;(1.#)4%&#)1(J)+1(#%%&2'*(1+(1;'(4+2&(4:.,#<'K(#1(1;'(12$'(+,(%&#)12)0?(

7(1+1#&(+,(Q=PFE(<.''%2)0(A2&*.3'(1.#)4%&#)14(#.'('412$#1'*(,+.(1;'(A'41'.)(%')2)4:&#(0.#44&#)*(+)(1;'(

'$C#)T$')1(#)*(4&+%'(#C+/'(12*#&($#.4;(D=_EE(1.#)4%&#)14(#.'('412$#1'*(,+.(1;'('#41'.)(%')2)4:&#(

'$C#)T$')1?(((

(

Z,(420)2,2<#)1(%#1<;'4(+,(C.+#*&'#,(A''*4('41#C&24;(A21;2)(0.#44&#)*(%&#)12)04(*:.2)0(1;'(,2.41(,2/'(

3'#.4(+,('41#C&24;$')1=(1;'3(4;+:&*(C'($+A)(C',+.'(1;'3(4'1(4''*?(@;'(12$2)0(+,($+A2)0(1+(%.'/')1(

4''*(4'1(/#.2'4(A21;(1;'(A''*(4%'<2'4(J13%2<#&('"#$%&'4V(412)TA+.1(f(U<1+C'.($+A2)0X(41#.O1;241&'=(

C:&&(1;241&'=(Z1#&2#)(1;241&'(f('#.&3(`:)'($+A2)0X(,'))'&(f(`:&3($+A2)0=('1<?K?(\'%')*2)0(+)(42Y'(#)*(

*241.2C:12+)(+,(A''*(%#1<;'4=($+A2)0($#3(C'(*+)'(A21;($#):#&(+.(1.#<1+.O*.#A)($+A'.4?(6+A2)0(

$:41(#/+2*(4;.:C(%&#)12)04(#)*(1;'(Y+)'(C'&+A(1;'(;20;'41(*.2,1O&2)'4?((

(

@;'(1'..'41.2#&(0.#44&#)*4(+,(1;'(%')2)4:&#('$C#)T$')14(4;+:&*(2)<&:*'(4<#11'.'*(G>:=I&9H?>AE9G(
#&+)0(1;'(0')1&'(+:1'.(4&+%'(#)*(1;'(<.'41(+,(1;'('$C#)T$')1?(8<.:C(1;2<T'1(%#1<;'4(4;+:&*(C'(

%&#)1'*(A21;(1;'(,+&&+A2)0(4%'<2'4V(2@K?R;:8?@&:;GEV&>;N;9E&I:=GHV&IK=E&EK<E:IE::NV&#)*(J&'44(
,.']:')1&3K(>;@G9&K?JE&;@A6&I+3+1'(C.:4;(24('"%'<1'*(1+('41#C&24;(4%+)1#)'+:4&3=(#)*(214(%&#)12)0(24(
+%12+)#&?(7(1+1#&(+,(_(1+(PE(<+#41(&2/'(+#T(4#%&2)04($#3(C'(%&#)1'*(J+.(.'1#2)'*(A21;2)(%.'O'"2412)0(

<+)*212+)4K(+)(1;'('$C#)T$')1?(U1;'.(<+#41#&(4<.:C(4%'<2'4(%.'4')1(2)(1;'(/2<2)213(+)(,.#<1:.'*(

C'*.+<TO*'.2/'*(4+2&4(J4:<;(#4(I=GH&L;8AENRK;QE:K(#.'()+1('"%'<1'*(1+(1;.2/'(+)(C#3($:*(4+2&4(+,(
'$C#)T$')14=(#)*(#.'()+1(.'<+$$')*'*(,+.(%&#)12)0('"<'%1(#4(,2'&*(1.2#&4?(@;'(1+1#&():$C'.(#)*(

&+<#12+)(+,(4<.:C(%#1<;'4(<#)(C'(/#.2'*(#<<+.*2)0(1+()''*4(,+.(*'1'..2)0(2)#%%.+%.2#1'(&'/'&4(+,(

#<<'44(1+(1;'(12*#&($#.4;('*0'?(8<.:C(1;2<T'14($#3(C'(<&:41'.'*()'#.(#<<'44(%+2)14(#)*(1;'(<.'41(+,(1;'(

%')2)4:&#('$C#)T$')1?(8<.:C(1;2<T'1(%&#)12)04($#3(C'(2)41#&&'*(2)(%;#4'4=(A21;(%&#)12)0(

<+)<')1.#1'*(2)(3'#.4(+,(#C+/'O#/'.#0'(.#2),#&&(1+(%.+$+1'(;20;(4:./2/+.4;2%(+,(A++*3(1.#)4%&#)14?(

@.#)4%&#)14(4;+:&*(C'(4;'&1'.'*(C3(&++4'(*'#*(C.:4;(1+(.'*:<'('"%+4:.'(1+(A2)*=(C.+A42)0(#)2$#&4(

J;#.'4=(*''.K(#)*(4:)?(7%%.+"2$#1'&3(PE(%#1<;'4(+,(4<.:C(+)(1;'('#41(#)*(A'41(%')2)4:&#4=('#<;(

<+)42412)0(+,(#(.#)*+$(4%'<2'4(#44+.1$')1(+,(4%'<2'4(1.#)4%&#)1'*(d(,''1(#%#.1=(d(4;.:C(1.#)4%&#)14(

%'.(%#1<;=(#.'(4:00'41'*(#4(#($2)2$:$(2)212#&(%&#)12)0(',,+.1?(9.'<24'(1.#)4%&#)1(&+<#12+)4(4;+:&*(C'(

*'1'.$2)'*(2)(1;'(,2'&*(#)*(,211'*(1+($2)+.(/#.2#12+)4(2)(1+%+0.#%;3(J4&20;1(*'%.'442+)4(1;#1($#"2$2Y'(

2),2&1.#12+)(+,(.#2),#&&(#)*(4+2&($+241:.'K?((

(

P6C6&-;89?<@K&GE@G;8@K&QE9K@8<&<EF:EGG?;8G&;R&9HE&2E89:@K&0E8?8G=K@?(G21;2)(1;'(I')1.#&(
%')2)4:&#=(42"(*'%.'442+)4(#)*(4A#&'4(A21;(<+$%#<1'*(<&#3(4+2&4(A2&&(C'(<+)41.:<1'*(A21;2)(1;'(0')1&3(

4&+%2)0(I')1.#&(%')2)4:&#(1+%(J9G7(DEEFK?(@;'4'(*'%.'442+)4(A2&&(.#)0'(C'1A'')(#%%.+"2$#1'&3(_E(

1+(PEE(,''1(&+)0(#)*(aE(1+(eE(,''1(A2*'(J9G7(DEEFK?(@;'(1+1#&(#.'#(+,(4'#4+)#&(A'1&#)*4(24('412$#1'*(

#1(#%%.+"2$#1'&3(E?d(#<.'=(C:1(1;'(#<1:#&(#.'#($#3(C'(&'44=(*'%')*2)0(+)(,&++*2)0(%#11'.)4(#)*(4+2&(

%'.$'#C2&213(#,1'.(<+)41.:<12+)?(@;'(*'%.'442+)4(A2&&(,+.$(4'#4+)#&&3(A'1($'#*+A(JA'1(0.#44&#)*(+.(

4'#4+)#&($#.4;K(A21;2)(1;'(1'..'41.2#&(0.#44&#)*($#1.2"?(@;'4'(*'%.'442+)4(4;+:&*()+1(C'(;3*.+4''*'*=(

2,(%+442C&'?((

(
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@;'(&+A'41(%+.12+)4(+,(1;'(*'%.'442+)4(JC'*4K(4;+:&*(C'(%&#)1'*(A21;(*+.$#)1(%'.'))2#&4(J4%2T'.:4;=(

.:4;=($'#*+A(4'*0'=($'#*+A(C#.&'3K(2)(1;'(,2.41(*+.$#)1(4'#4+)(J>+/'$C'.OB'C.:#.3K(#,1'.(

<+)41.:<12+)=(C:1(1;'(0')1&'(42*'(4&+%'4(4;+:&*()+1(C'(%&#)1'*(1;'(,2.41(3'#.(C'<#:4'(1;'(:%%'.(

,&++*2)0(C+:)*#.2'4(+,(1;'(4'#4+)#&(A'1&#)*4(A2&&()+1(C'(*'1'<12C&'(J+.(#<<:.#1'&3(%.'*2<1#C&'K(:)12&(

4'/'.#&(3'#.4(#,1'.(<+)41.:<12+)=(#,1'.(4'/'.#&(/#.2#C&'(A2)1'.(.#2),#&&(%'.2+*4?(8'$#%;+.'O0.#44=(2)(

<+)1.#41=(A2&&(C'(%&#)1'*(#4(4''*2)0W-:/')2&'(%&#)14(*:.2)0(1;'(&#1'(A2)1'.(JA'1(4'#4+)(,&++*'*(%;#4'K?(

@;'(A'1&#)*(%&#)12)0(Y+)'(#C+/'(1;'(C'*4(2)(#)3(<#4'(24(&2T'&3(1+(C'(/#.2#C&'(#$+)0(3'#.4?(@;'(

%&#)12)0(+,(1;'4'(*'%.'442+)4=(1;'.',+.'=(24(%.+%+4'*(1+(C'(%;#4'*(+/'.(#1(&'#41(1A+(3'#.4?(@;'(

%&#)12)04(+,(%'.'))2#&(4'#4+)#&(A'1&#)*(%&#)14(J%#.12<:&#.&3(<&+)#&=(<.''%2)0(4%'<2'4K(#.'('"%'<1'*(1+(

0.#*:#&&3(4%.'#*(:%4&+%'(1+(1;'()#1:.#&(:%%'.(A'1&#)*(C+:)*#.3=(#)*(1;'(>:EEF?8B&Q?K<:NE(,.+$(1;'(
$#1.2"(+,(1'..'41.2#&(0.#44&#)*(24('"%'<1'*(1+(4%.'#*(*+A)4&+%'(2)1+(1;'(*'%.'442+)4?((

(

.F?AE:=GHV&?:?GTKE@R&:=GHV&I:;Q8THE@<&:=GHV&LE@<;Q&GE<BEV&.EL@FH;:E&B:@GGV&#)*&LE@<;Q&
I@:KEN&#.'(%.+%+4'*(#4(1;'(%.2)<2%#&(2)212#&(%&#)12)04(,+.(4'#4+)#&(A'1&#)*(*'%.'442+)4?(@;'2.(.'&#12/'(
#C:)*#)<'(24()+1(%.'*2<1#C&'(+/'.(12$'=(C:1(21(24(&2T'&3(1;#1(+)&3(4+$'(+,(1;'4'(%'.'))2#&(4%'<2'4(A2&&(

*+$2)#1'(1;'(4'#4+)#&(A'1&#)*4(2)(1;'(&+)0O1'.$?(8%2T'.:4;(4;+:&*(C'(%&#)1'*(#1(#(DVP(.#12+(A21;(#&&(

+1;'.(4%'<2'4?(!"%'.2$')1#&(4$#&&O4<#&'(.'2)1.+*:<12+)4(+,()#12/'(/'.)#&(%++&W4'#4+)#&(A'1&#)*(%&#)14(

+<<:..2)0(C'1A'')(1;'(9'1#&:$#(N2/'.(#)*(8'#.4(9+2)1(J:@NKEGG&B;K<R?EK<GV&F;F>;:8RK;QE:V&GL;;9H&
B;K<R?EK<GV&RK;QE:?8B&Z=?KKQ;:9K(#.'(.'<+$$')*'*(#4(+%12+)4(,+.(,:1:.'(.'/'0'1#12+)?((
(

@;'($#1.2"(%&#)12)0(*')4213(,+.(1;'(C'*4(+,(4'#4+)#&(A'1&#)*4(4;+:&*(C'(#()'#.'41O)'20;C+.(*241#)<'(

+,(^(1+(d(,''1=(*'%')*2)0(+)(#/#2&#C2&213(+,(41+<T?(7(.'&#12/'&3(;20;(*')4213(J^(,1(4%#<2)0K(A+:&*(C'(

*'42.#C&'?(7&&(1.#)4%&#)12)0(4;+:&*(+<<:.(*:.2)0(1;'(*+.$#)1(4'#4+)(*:.2)0(%'.2+*4(+,(,.']:')1(

.#2),#&&(J>+/'$C'.OB'C.:#.3K?(@;'($#"2$:$(1+1#&():$C'.(+,(1.#)4%&#)14(.']:2.'*(,+.(1;'(<:$:&#12/'(

E?d(#<.'(#.'#(+,(4'#4+)#&(A'1&#)*4(A+:&*(C'(#%%.+"2$#1'&3(D=QEE?(7C+:1(1A+(1;2.*4(+,(1;24(#$+:)1(

JD=EEE(1.#)4%&#)14K(4;+:&*(C'(%.+%#0#1'*(#)*(%;#4'*(,+.(%&#)12)0(1;'(,2.41(,#&&(#,1'.(<+)41.:<12+)=(#)*(

1;'(.'$#2)*'.($#3(C'(#**'*=(2,()''*'*(2)(1;'(4'<+)*(3'#.?((@;24(&+1(A+:&*(<+$%.24'(P=EEE(4%2T'.:4;(

*2/242+)4(#)*(D_E('#<;(+,(<+&+)2#&()#12/'(.:4;'4(JC.+A)O;'#*'*(.:4;(#)*(2.24O&'#,(.:4;K=($'#*+A(

4'*0'=(8'$#%;+.'O0.#44=(#)*($'#*+A(C#.&'3?((

(

8'#4+)#&(A'1&#)*4($#3(.']:2.'($+A2)0(2)($2*O4:$$'.(2,(1;'3(C'<+$'(.'O2),'41'*(A21;()+"2+:4(

4'#4+)#&(A'1&#)*(A''*4(<:..')1&3(%.'4')1(#1(1;'(421'(J[#.*2)0(0.#44=(<+<T&'C:.K(+.()'A(2)/#42+)4(

J7:41.#&2#)(C')10.#44=(412)TA+.1K?(6+41(+1;'.()+)O)#12/'(4'#4+)#&(A'1&#)*(A''*4(J'?0?=(C.#44OC:11+)4=(

.3'0.#44=(.#CC21M4O,++1(0.#44=('1<?K($#3(C'(1+&'.#1'*?(H+<#&2Y'*(&#1'O4'#4+)($+A2)0(JU<1+C'.K(A+:&*(C'(

.']:2.'*(2,(4'#4+)#&(A'1&#)*('*0'4(C'<+$'(2),'41'*(A21;(412)TA+.1?(((

(

P6O6&%E::EG9:?@K&B:@GGK@8<&@8<&;@A&G@J@88@HX&2E89:@K&0E8?8G=K@&@8<&G;=9HE:8&*EG9E:8&
0E8?8G=K@?((@;'(,2&&'*(#.'#4(#C+/'(12*#&('&'/#12+)4(#1(1;'(I')1.#&(9')2)4:&#(#)*(1;'(4+:1;A'41(
'"1')42+)(+,(1;'(G'41'.)(9')2)4:&#(J#1(1;'(')*(+,(L+&'.+(#)*(7&C#1.+44(41.''14K(A2&&(C'(.'/'0'1#1'*(

A21;(;3*.+4''*($2"(+,(:NEB:@GGEG(#)*(4%.2002)0(A21;(>:EEF?8B&Q?K<:NE=(#4(+)(1;'(#C+/'O12*'(
%+.12+)4(+,(1;'(A'41'.)(#)*('#41'.)(%')2)4:&#('$C#)T$')14?(@;'4'(#.'#4(A2&&(.']:2.'(#)('412$#1'*(

Pa=DEE(1.#)4%&#)14(+,(<.''%2)0(A2&*.3'(#1(#/'.#0'(d(,1(4%#<2)0?(((

(

7(4$#&&():$C'.(+,(4&+AO0.+A2)0(J@KKEN&;@AG(A2&&(C'('41#C&24;'*(A21;(/'.3(A2*'=(2..'0:&#.(4%#<2)0(
JPEE(5(DEE(,''1(#%#.1K(+)(1;'(I')1.#&(9')2)4:&#?(L'<#:4'(+,(1;'(&#.0'($#1:.'(42Y'(#)*()#1:.#&&3(A2*'(

4%#<2)0(+,(1;'4'(+#T4=(#)*(:)<'.1#2)(4:./2/+.4;2%(+,(1.#)4%&#)14=(#C+:1(PE(/#&&'3(+#T4(4;+:&*(C'(

%&#)1'*(#1(;#%;#Y#.*(&+<#12+)4(C'1A'')(4'#4+)#&(A'1&#)*(*'%.'442+)4(+)(1;'(I')1.#&(9')2)4:&#=(#)*(#(

1+1#&(+,(^(+.(a(4;+:&*(C'(4'1(#4(#(,2)#&(%+%:&#12+)(42Y'=(A;'1;'.(#<;2'/'*(C3(*'&2C'.#1'(1;2))2)0(+.(C3(

$+.1#&213(C3(3'#.(_(#,1'.(%&#)12)0?((!"2412)0(<+#41(&2/'(+#T4(#1(1;24(&+<#12+)($#3(C'(.'1#2)'*(2,(,'#42C&'(
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,+.(<+)41.:<12+)?(7(4$#&&():$C'.(J)+1(1+('"<''*(#(,2)#&(%+41O$+.1#&213W%+41O1;2))2)0():$C'.(+,(PE(

A2*'&3(4%#<'*(1.''4K(+,(>;@G9&K?JE&;@AG(#)*(2@K?R;:8?@&I@N(4#%&2)04(#.'(%.+%+4'*(,+.(%&#)12)0(#1(
;#%;#Y#.*(&+<#12+)4(J%.'<24'(&+<#12+)4(1+(C'(*'1'.$2)'*(+)(421'(#,1'.(<+)41.:<12+)K(2)(1;'4'(#.'#4?(@;'(

):$C'.(+,(%&#)1'*(4#%&2)04($#3('"<''*(1;'(*'42.'*(,2)#&():$C'.(+,(1.''4=(1+(#)12<2%#1'()#1:.#&(

$+.1#&213?(7(DVP(.#12+(+,(%&#)1'*V,2)#&(4#%&2)0(*')4213(24(.'<+$$')*'*?(((

(

%;N;8(#)*(>;LL;8&L@8S@8?9@($#3()#1:.#&&3(*24%'.4'(C3(4''*(2)(1;24(0.#44&#)*=(#4(1;'3(;#/'(*+)'(
2)(%+.12+)4(+,(1;'(%')2)4:&#4?(@;'3(#.'()+1(%.+%+4'*(,+.(2)212#&(%&#)12)0?(8:%%&'$')1#&(1.#)4%&#)12)0(

+,(%.+%#0#1'*(&+<#&(41+<T(+,(1;'4'(4%'<2'4($#3(C'(1.'#1'*(#4(#(<+)12)0')<3($'#4:.'(2)(,:1:.'(3'#.4(2,(

1;'3(*+()+1(.'<.:21(4%+)1#)'+:4&3(#,1'.($+.'(1;#)(,2/'(3'#.4?((

(

P6[6&0K@89?8B&G>HE<=KE?((9&#)12)0(4;+:&*(0')'.#&&3(+<<:.(2)(1;'(,#&&(#,1'.(<+)41.:<12+)?(7&&(*2.'<1(
4''*2)0(J4%2T'A''*=(.3'0.#44K(4;+:&*(C'(*+)'(2)(,#&&(C',+.'(1;'(,2.41(%.'*2<1'*(R0'.$2)#12)0(.#2)4S(

J.#2),#&&(4:,,2<2')1(1+(4#1:.#1'(1;'(:%%'.(4+2&(%.+,2&'X($+.'(1;#)(E?_(2)<;(.#2),#&&K=(:4:#&&3(&#1'(U<1+C'.?(

7&&(%'.'))2#&(#)*(A++*3(1.#)4%&#)12)0(4;+:&*(C'(*+)'(*:.2)0('#.&3(A2)1'.(*+.$#)<3=(*:.2)0(%'.2+*4(

+,(,.']:')1(.#2)4=(%.'/#2&2)0(<&+:*(<+/'.=(&+A(1'$%'.#1:.'4=(#)*(#,1'.(1;'(4+2&(%.+,2&'(24(1;+.+:0;&3(

A'11'*(1+(#(*'%1;(+,(#1(&'#41(1A+(,''1?(@;24(1.#)4%&#)12)0(A2)*+A(24('"%'<1'*(C'1A'')($2*O\'<'$C'.(

#)*('#.&3(B'C.:#.3($+41(3'#.4?(@.#)4%&#)12)0(4;+:&*(C'(#/+2*'*(*:.2)0(%'.2+*4(+,(4+2&(4#1:.#12+)(

,+&&+A2)0(;'#/3(+.(,.']:')1(.#2),#&&(J*:'(1+(.24T(+,(A'1(<&#3(<+$%#<12+)K?(9&#)12)0(12$'4($#3(C'(

#*#%1'*(1+(/#.2#C&'(A'#1;'.?((Z,(1.#)4%&#)12)0(24(*'&#3'*=(#)*('"<'442/'(,+&2#0'(0.+A1;(+<<:.4(+)(

1.#)4%&#)14(J'"<'442/'(*'$#)*(,+.($+241:.'(*:.2)0('41#C&24;$')1(+,(*2/242+)4K=(1;'(1.#)4%&#)12)0(

4'#4+)($#3(C'('"1')*'*(4&20;1&3(*:.2)0(A'1(A'#1;'.(C3(J#K(%.:)2)0(C#<T(4;++1(#)*(&'#,(0.+A1;(1+(

#%%.+"2$#1'('#.&3(A2)1'.(<+)*212+)4=(#)*(JCK(<:112)0=($+A2)0=(+.(.'$+/2)0(A''*4(#)*(#)):#&(0.#44'4(

A21;2)(POD(,''1(+,(1;'(1.#)4%&#)1?((

(

P6\6&0:;JE8@8>E&;R&8@9?JE&GFE>?EGV(9.2+.212'4(,+.(<+&&'<12+)(+,(#&&(%.+%#0#12+)($#1'.2#&4(+,()#12/'(
4%'<2'4(4;+:&*(C'('21;'.(K;>@K(J+)(421'=(#*-#<')1K=(A21;2)(1;'(0E9@K=L@&]@:GH=(+.(2)(.@8&0@IK;&'@N&
QEG9&;R&%;K@N&2:EEA?(8%'<2'4(1;#1(<:..')1&3(+<<:.()#1:.#&&3(A21;2)(1;24(#.'#(4;+:&*()+1(C'(+C1#2)'*(
,.+$(+:142*'(1;24(#.'#?(U)&3(12*#&($#.4;(+.(12*#&($#.4;('*0'W'<+1+)'(%+%:&#12+)4(4;+:&*(C'(4#$%&'*(

#4(0')'12<(4+:.<'4(,+.(%.+%#0#12+)?((

&
[67&"EJEBE9@9?;8&G>HE<=KE&@8<&?LFKELE89@9?;86((
((

@;'('"%'<1'*(4<;'*:&'(,+.(.'/'0'1#12+)(#<12+)4(#)*(.'4:&14(24(+:1&2)'*(C'&+A(C3(0.+A2)0(4'#4+)(

J$+241(4+2&(%'.2+*V(,#&&(.#2)4(1+('#.&3W$2*O4:$$'.(*'42<<#12+)(A;')(#<12/'(0.+A1;(41+%4(2)($+41(

%&#)14K?((

(

[65&&C77^TC77_&4:;Q?8B&GE@G;8&&
(

 DEEF(%.+%#0#12+)(,+.(DEEe(%&#)12)0?(I:&12/#1'*(J2..20#1'*=(,'.12&2Y'*K(41+<T(+,(%'.'))2#&(#)*(

A++*3()#12/'(%&#)14(J&+<#&(<.''%2)0(A2&*.3'=(4%2T'.:4;=($'#*+A(4'*0'=($#.4;(C#<<;#.24=(

A'41'.)(0+&*').+*=(A'41'.)(.#0A''*=(I#&2,+.)2#(.+4'=(C&:'('&*'.C'..3=('1<?K(A2&&(C'(

%.+%#0#1'*(#)*(0.+A)(#1(#)(+,,O421'(+:1*++.():.4'.3?(8''*(+,(4%2T'A''*(A2&&(C'(<+&&'<1'*(2)(

,#&&(DEEe(,+.(%.+%#0#12+)(2)(DEEQ?(8''*(4+:.<'4(,+.(/#&&'3(+#T(A2&&(C'(2*')12,2'*(#)*(+C1#2)'*(

2,(%+442C&'(,+.(%.+%#0#12+)?((

(

 9+41O0.#*2)0(;3*.+4''*2)0(JU<1+C'.(1+(>+/'$C'.(DEEFK?(L#.'(0.#*'*(4+2&4(#C+/'(;20;(12*'(

&2)'(+)(#&&(%')2)4:&#4(A2&&(C'(;3*.+4''*'*(A21;(%'.'))2#&(.3'0.#44(#4(#(1.#)4212+)#&(<+/'.(<.+%?(

11/13/2014 Page 58 of 82



!

!

"#$#%!&'!()*#!"+','!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! -)%./!012134/!546.#$*!!!

74)8$)9!"9)/$!:6494;.8$!!!!!!!!!!!  !!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!,&0<=!:)8$!()+.)!&#>#;#$)$.4/!"9)/ !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

3)*#?#)%$+9./@'/#$!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! ! -)%6+!ABBC!!

DEFGH!IFBJGFBK!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 
 

N3'0.#44(A+:&*(0'.$2)#1'(A21;(4+2&OA'112)0(,#&&(.#2)4=(#)*('41#C&24;('"1')42/'(0.'')(<+/'.(

*:.2)0(A2)1'.(#)*('#.&3(4%.2)0?((

(

 G2)1'.(DEEe(%&#)12)0(+,(<.''%2)0(A2&*.3'?(\'%')*2)0(+)(#/#2&#C2&213(+,(4:21#C&'(&+<#&(A2&*.3'(

1.#)4%&#)1(41+<T(2)(DEEF=(1;'(,2.41(%;#4'(+,(<.''%2)0(A2&*.3'(A+:&*(C'(1.#)4%&#)1'*(C'1A'')(

>+/'$C'.(DEEF(#)*(B'C.:#.3(DEEe(+)(1'..'41.2#&(0.#44&#)*4(+,(#&&(%')2)4:&#4?(@.#)4%&#)14(

A2&&(.++1(*:.2)0($+241(A2)1'.($+)1;4(#)*(0.#*:#&&3(&'#,(+:1(2)(&#1'(A2)1'.(1;.+:0;(4%.2)0=(

#,1'.(.++14('41#C&24;?((I:&12/#1'*(J2..20#1'*=(,'.12&2Y'*K(41+<T(+,(&+<#&(<.''%2)0(A2&*.3'(A2&&(C'(

%.+%#0#1'*(#)*(0.+A)(#1(#)(+,,O421'(+:1*++.():.4'.3?((

(
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Creeping wildrye grassland

Valley oak savannah

Early-stage restored tidal marsh

(

(

PRELIMINARY STAGES OF TIDAL MARSH RESTORATION: MAS 
Petaluma Marsh Expansion Project, 2006 (Year Zero). 

(

(

(
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Perennial creeping wildrye naturally forms nearly pure stands at
the edge of brackish marsh, Rush Ranch, near Suisun City. 
Many regional populations have silvery gray-green leaves.

(

(

Seasonal wetland swales:  
COMMON SPIKERUSH – short grass-
like growth during wet  spring conditions 
(Sears Point). Dries and disappears in 
summer.
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(

(
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(

Local examples of VALLEY OAKS in winter, Rush Creek. 

Massive deciduous trees naturally grow widely spaced in low valley 
grasslands with shallow groundwater
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APPENDIX 3 
Common and Botanical Names Used in Text 
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Project Description: 
In 2012 The Watershed Nursery (TWN) contracted with the Marin Audubon Society 
(MAS) for the installation of native plants on their Novato, California Bahia property 
along the ‘Eastern peninsula’. Previous plantings conducted along the two 
peninsulas on the property had minimal success. The 2012 TWN contract provided 
extra measures in planting and maintenance with the goal of developing a protocol 
that could be successful in getting establishment along both these peninsulas. In 
2013 TWN contracted with MAS for on-going maintenance and monitoring of the 
Bahia Eastern peninsula plantings. This report represents the first of two years of 
monitoring conducted to assess success of plant establishment along the eastern 
peninsula.  
 
Project Background: 
The planting design used for the upper elevations of these peninsulas was based on 
the description by Peter Baye  (Coastal Ecologist) of ‘thickets’ in which the design 
entails planting species in patches or groups spaced along the levee rather than 
individual plants separated out along the levee (Table 1). For example a planting of 
3 to 5 herbaceous perennial species (such as Aster chilensis & Scrophularia 
californica) planted on 1’ to 3’ centers planted with 2 to 4 shrub species (Baccharis 
pilularis & Sambucus mexicana) planted on 3’ to 5’ centers. The intention of this 
design is to create pockets of high tide refugia and habitat more quickly than spaced 
plantings. A total of 110 individual plants of 4 native species, 2 herbaceous 
perennial and 2 shrub species, were installed in the thickets. Table 1 includes 
planting species details for each thicket.  
 
 
 
 
 
 

11/13/2014 Page 73 of 82

http://www.thewatershednursery.com/


 
 
 
 
Table 1: Initial thicket plantings installed on Bahia eastern peninsula fall 2012 
 

Thicket 
# 

Aster 
chilensis 

Baccharis 
pilularis 

Sambucus 
mexicana 

Scrophularia 
californica 

1 5 4 2 2 
2 5 4 2 2 

3 5 4 2 2 
4 5 3 3 2 
5 4 3 2 3 
6 4 3 2 3 
7 4 3 2 3 
8 4 3 2 2 
9 4 4 2 1 

 
 
The soils on the eastern peninsula are bay mud and have exhibited extensive 
cracking around previous plantings exposing roots to desiccation. Because of the 
soil conditions TWN proposed to excavate holes ~2x width and depth of the plant 
and mix the site soil with an intermediate grade of soil amendment. TWN did not 
use pure compost or very loamy soils due to the risk of developing a root system 
which grows only in the excavated planting hole and does not successfully establish 
in project soils. A soil with some clay components and slightly more sand and 
organic matter than site soils was used. TWN also installed 3 Driwater tubes per 
plant and placed cardboard and straw mulch around each planting to retain soil 
moisture.   
 
The original installation contract included budget for one summer with 3 
replacements of the Driwater gelpacks. In 2013 an additional maintenance and 
monitoring contract extended Driwater installation for an additional summer 
(2014) of 3 replacement cycles. Driwater gelpack replacement is scheduled 
generally for mid-March, mid-June, and mid-August of each year but is adjusted 
based on length of rainy season. (*An additional Driwater installation was 
conducted in January 2014 due to low rainfall). In addition to the second year of 
Driwater installation the contract included two years of monitoring to be conducted 
in May of 2014 and 2015. This report is the summary of the first round of 
monitoring. 
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Monitoring methods: 
The monitoring included assessment of survival, vigor and height for each plant 
installed within each thicket. Vigor is assessed on a scale of 0-3 with 0= dead/missing, 
1=stressed, 2=stable, and 3=actively growing (with new leaf, flower or fruit production).  
The monitoring results were used to info maintenance activities in the May 2014 
scheduled Driwater replacement.  
 
Monitoring results: 
The location of each thicket recorded during monitoring is shown in Table 2.  
 
Table 2: GPS and descriptor for each thicket.  
 

Thicket # GPS  Acc (m) Description 

1 
38° 07'30.5", 122° 
31'04.2" 4.2 

184' past fence on south 
end of peninsula 

2 
38° 07'32.2", 122° 
31'04.2" 4.6 160' past thicket #1 

3 
38° 07'33.5", 122° 
31'04.4" 4.5 115' past thicket # 2 

4 
38° 07'35.1", 122° 
31'04.4" 5.8 170' past thicket #3 

5 
38° 07'36.7", 122° 
31'04.5" 4.8 170' past thicket #4 

6 
38° 07'38.8", 122° 
31'04.8" 4.8 197' past thicket#5 

7 
38° 07'41.3 ", 122° 
31'05.0" 3.5 260' past thicket #6 

8 
38° 07'43.7", 122° 31' 
05.4" 2.4 240' past thicket #7 

9 
38° 07'45.0", 122° 
31'05.6" n/k 135' past thicket # 8 

 
The average percent survival for all thickets was 88%, ranging from 77% at the 
lowest to 100% survival, standard deviation 6.8% (Figure 1). 
Figure 1: Percent survival all species for thicket plantings May 2014 
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Specific species percent survival ranged from 75% for Sambucus mexicana to 100% 
for Aster chilensis (Figure 2). Average vigor by species ranged from a stressed rating 
of 1.5 to actively growing rating of 2.9 (Figure 3). Height of planted material ranged 
from ~30 to ~65 cm (Figure 4).  
 
 
 
Figure 2: Average percent survival by species for all thicket plants 
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Figure 3: Average vigor by species for all thicket plants 

 
 
Figure 4: Average height by species for all thicket plantings.  

 
 
  
 
Discussion: 
Overall the thicket plantings are establishing better than with previous planting 
approaches. All vigor and height averages include missing or dead plants so the 
average for the remaining established plants is higher (Table 3).  
 
Table 3: Vigor and Height comparison with or without zero values  

Species  

Average 
Vigor 
including 
dead 

Average 
Vigor 
without dead 

Average 
Height(cm) 
including dead 

Average 
Height (cm) 
without dead 

Aster chilensis 2.9 2.9 60.8 60.8 
Baccharis pilularis 2.1 2.5 50.0 59.3 
Sambucus mexicana 1.5 2.0 30.5 40.7 
Scrophularia californica 2.4 2.9 64.7 77.7 
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The most successful species on site is the Aster chilensis. This species is growing 
vigorously, has 100% survival, was beginning to bud and flower during this 
monitoring event and many plants had evidence of having flowered and set seed last 
year. There are places where this species is spreading rhizomatously as well. 
Although the survival of the Baccharis pilularis is not as high as the aster for the 
most part the plants that have established look robust and are reaching a size to 
begin to provide some cover. The Scophularia californica had individuals with low 
vigor in some thickets and other thickets with very robust individuals but even 
many of the smaller plants were beginning to flower and the flowers were being 
visited by bees. The Sambucus mexicana is the species with the lowest vigor and 
survival. At the time of this monitoring many of the plants looked as though they 
were already entering summer water stress dormancy despite presence of Driwater.  
 
For the spring 2014 Driwater placement TWN was requested by MAS to reduce the 
Driwater tubes from 3 to 2 tubes per plant for those plants seeming to be well 
established. For the plants where Driwater tubes were removed soil was added to 
fill in resulting hole. In the May 2014 Driwater replacement ~1 tsp of a slow release 
fertilizer was added at the bottom of a single Driwater tube for individual plants 
which appeared to be struggling to establish.  In July 2013 and May 2014 TWN also 
added soil to cracks and placed supplemental mulch.  Both the July 2013 and one of 
the May 2014 maintenance days were additional days budgeted by MAS for project. 
Table 4 provides a summary of maintenance activities performed in regards to 
removal of Driwater tubes and addition of fertilizer. All plants were remulched. In 
areas where there was mortality of a planting all Driwater tubes were left for the 
potential of replacement plantings to be installed fall 2014.  
 
Table 4: Bahia thickets May 2014 maintenance notes 
Thicket 
# Species MaintenanceNotes 
1 Baccharis pilularis reduce to 2 Driwater 
  Baccharis pilularis reduce to 2 Driwater 
  Sambucus mexicana keep 3, add slo-release 
  Baccharis pilularis reduce to 2 Driwater 
  Aster chilensis reduce to 2 Driwater 
  Aster chilensis reduce to 2 Driwater 
  Aster chilensis reduce to 2 Driwater 
  Sambucus mexicana keep 3, add slo-release 
  Aster chilensis reduce to 2 Driwater 
  Aster chilensis reduce to 2 Driwater 
  Baccharis pilularis reduce to 2 Driwater 
  Scrophularia californica leave tubes 
  Scrophularia californica keep 3, add slo-release 
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2 Baccharis pilularis reduce to 2 Driwater 
  Aster chilensis reduce to 2 Driwater 
  Aster chilensis reduce to 2 Driwater 
  Aster chilensis reduce to 2 Driwater 
  Sambucus mexicana keep 3, add slo-release 
  Baccharis pilularis reduce to 2 Driwater 
  Baccharis pilularis reduce to 2 Driwater 
  Scrophularia californica keep 3, add slo-release 
  Sambucus mexicana keep 3, add slo-release 
  Baccharis pilularis reduce to 2 Driwater 
  Aster chilensis reduce to 2 Driwater 
  Aster chilensis reduce to 2 Driwater 
      
3 Baccharis pilularis reduce to 2 Driwater 
  Aster chilensis reduce to 2 Driwater 
  Aster chilensis reduce to 2 Driwater 
  Aster chilensis reduce to 2 Driwater 
  Scrophularia californica keep 3, add slo-release 
  Scrophularia californica keep 3, add slo-release 
  Baccharis pilularis reduce to 2 Driwater 
  Aster chilensis reduce to 2 Driwater 
  Aster chilensis reduce to 2 Driwater 
  Sambucus mexicana keep 3, add slo-release 
  Sambucus mexicana leave tubes 
      
4 Sambucus mexicana keep 3, add slo-release 
  Aster chilensis reduce to 2 Driwater 
  Scrophularia californica keep 3, add slo-release 
  Scrophularia californica keep 3, add slo-release 
  Baccharis pilularis reduce to 2 Driwater 
  Aster chilensis reduce to 2 Driwater 
  Aster chilensis reduce to 2 Driwater 
  Sambucus mexicana keep 3, add slo-release 
  Baccharis pilularis reduce to 2 Driwater 
  Aster chilensis reduce to 2 Driwater 
  Aster chilensis reduce to 2 Driwater 
  Baccharis pilularis leave tubes 
  Sambucus mexicana leave tubes 
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5 Sambucus mexicana leave tubes 
  Aster chilensis reduce to 2 Driwater 
  Aster chilensis reduce to 2 Driwater 
  Sambucus mexicana keep 3, add slo-release 
  Baccharis pilularis reduce to 2 Driwater 
  Scrophularia californica keep 3, add slo-release 
  Scrophularia californica leave tubes 
  Baccharis pilularis reduce to 2 Driwater 
  Aster chilensis reduce to 2 Driwater 
  Aster chilensis reduce to 2 Driwater 
  Sambucus mexicana keep 3, add slo-release 
  Baccharis pilularis reduce to 2 Driwater 
      
6 Scrophularia californica keep 3,  remulch 
  Scrophularia californica keep 3,  remulch 
  Scrophularia californica keep 3,  remulch 
  Aster chilensis reduce to 2 Driwater 
  Aster chilensis reduce to 2 Driwater 
  Baccharis pilularis reduce to 2 Driwater 
  Sambucus mexicana keep 3, add slo-release 
  Baccharis pilularis reduce to 2 Driwater 
  Aster chilensis reduce to 2 Driwater 
  Aster chilensis reduce to 2 Driwater 
  Baccharis pilularis leave tubes 
  Sambucus mexicana leave tubes 
      
7 Baccharis pilularis reduce to 2 Driwater 
  Aster chilensis reduce to 2 Driwater 
  Aster chilensis reduce to 2 Driwater 
  Sambucus mexicana keep 3, add slo-release 
  Baccharis pilularis reduce to 2 Driwater 
  Scrophularia californica keep 3, add slo-release 
  Scrophularia californica keep 3, add slo-release 
  Scrophularia californica keep 3, add slo-release 
  Baccharis pilularis reduce to 2 Driwater 
  Aster chilensis reduce to 2 Driwater 
  Aster chilensis reduce to 2 Driwater 
  Sambucus mexicana keep 3, add slo-release 
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8 Baccharis pilularis reduce to 2 Driwater 
  Scophularia californica keep 3, add slo-release 
  Scophularia californica keep 3, add slo-release 
  Sambucus mexicana leave tubes 
  Baccharis pilularis keep 3,  remulch 
  Aster chilensis reduce to 2 Driwater 
  Aster chilensis reduce to 2 Driwater 
  Baccharis pilularis reduce to 2 Driwater 
  Aster chilensis reduce to 2 Driwater 
  Aster chilensis reduce to 2 Driwater 
  Sambucus mexicana keep 3, add slo-release 
      
9 Baccharis pilularis reduce to 2 Driwater 
  Aster chilensis reduce to 2 Driwater 
  Aster chilensis reduce to 2 Driwater 
  Sambucus mexicana keep 3, add slo-release 
  Aster chilensis reduce to 2 Driwater 
  Aster chilensis reduce to 2 Driwater 
  Baccharis pilularis reduce to 2 Driwater 

  Sambucus mexicana 
keep 2 (add 1 if possible), add slo-
release 

  Baccharis pilularis keep 3 
  Scrophularia californica leave tubes 
  Baccharis pilularis reduce to 2 Driwater 
 
The Marin Audubon Society has also conducted additional maintenance activities in 
the thickets, specifically addition of supplemental water with a motorized 
wheelbarrow apparatus. TWN is not aware of other MAS activities that may have 
been conducted on the site.  
 
Photo 1: Thicket #1, looking north along peninsula 

 
Photo 2: Thicket 9 
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Photo 3: Elderberry 
(Sambucus mexicana ) 

 
 
 
 
 
 
Photo 4: Coyote bush (Baccharis pilularis) 

 
 
 
 
 
 
 
 

 
 
 Photo 5: Pacific aster (Aster chilensis/new name Symphyotrichum 
chilense) 
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