10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

BEFORE THE HEARING EXAMINER

FOR THURSTON COUNTY
)
In the Matter of the Appeal of: )  Appeal No. 16-106159 VE
)  Case No. 2014108800
Patrick Townsend, Kathryn Townsend, and )
Anneke Jensen )  FIRST DECLARATION OF
)  PHILIP BLOCH
of the May 3, 2016 Mitigated Determination of )
Non-Significance in the request of ChangMook )
Sohn for Substantial Shoreline Development )
Permit for an Intertidal Geoduck Aquaculture )
Operation g

[, Philip Bloch, declare as follows:

1. Iam over the age of 18 years and make this declaration based upon my
personal knowledge.

2. 1have a Master’s of Environmental Management from Duke University
and a Bachelor’s in Biology from Grinnell College. My graduate research focused on the
relationship between plant occurrences and environmental conditions at a landscape scale.
I have been professionally engaged in intertidal habitat surveys and assessments of
intertidal habitats in the Puget Sound area since 2000 as a senior scientist for state

agencies, non-profits and as an environmental consultant. Over the past 16 years I have
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conducted intertidal surveys and made observations of eelgrass throughout Washington. 1
developed and led a survey protocol for intertidal habitats that inventoried intertidal
habitat characteristics, including native eelgrass, Zostera marina, for more than 37 miles
of intertidal habitat in Skagit, San Juan, Whatcom, Jefferson and King counties. I have
published multiple conference proceedings and book chapters on intertidal habitat
characterization and assessment methods. From 2002 until 2005 I was a senior scientist at
Washington Department of Natural Resources (“DNR”) Aquatics Division responsible for
leading science support for DNR’s land use decisions. I was also a project manager for
the Puget Sound Nearshore Restoration Project where I oversaw the development of data
sets and analyses to identify potential causes of loss of historical habitats including
eclgrass. Iled an effort to develop mapping standards that meet the Natural Heritage
program’s international standards for mapping units of conservation interest for eelgrass
by convening a group of colleagues to develop a draft Element Occurrence Specification
for Zostera marina.

3. I am currently a Senior Ecologist with Confluence Environmental
Company.

4. Tam familiar with geoduck aquaculture operations generally and Pacific
Northwest Aquaculture, LL.C/Changmook Sohn’s proposed geoduck farm (“Farm”)
specifically. I have reviewed the Farm’s application materials as well as the comments
submitted by or on behalf of Appellants Patrick Townsend, Kathryn Townsend, and

Anneke Jensen on the Mitigated Determination of Non-Significance for Thurston County
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SEPA Project Number 2014108800. I have conducted review of the proposed Farm site
using online resources such as aerial photographs from Google Earth and oblique aerial
photographs. I have also had personal discussions with scientists that have made historical
observations in Zangle Cove including Dr. Jeffrey Gaeckle (DNR) and Marlene Meaders
(Confluence Environmental) to collect photos, field notes and geographic information
system (“GIS”) files related to their observations.

5. There are two types of eelgrass that occur in Puget Sound: (1) native
eclgrass (Zostera marina); and (2) an introduced non-native eelgrass in the same genus
(Zostera japonica), commonly known as Japanese eelgrass. Japanese eclgrass is classified
as a noxious weed throughout Washington State.

6. There is no native eelgrass on the Farm site.

7. The closest native eelgrass to the Farm that has been recently documented
is a restoration test plot located 330 feet away in Zangle Cove (“Zangle Cove Test Plot”).
The Zangle Cove Test Plot is part of a restoration effort led by DNR and the Pacific
Northwest National Laboratory (“PNNL”) and sponsored by the United States
government.

8. Appellants’ MDNS comments do not contain any specific or concrete
information demonstrating the Farm will adversely impact native eelgrass. Appellants
attached three documents to their May 17, 2016 comment letter on the MDNS (Exhibits
A, B, and C to that letter), but none of those documents supports a finding that the Farm

will have any adverse impacts to eelgrass.
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9. Exhibit A to Appellants’ May 17, 2016 MDNS comment letter is a
September, 2014 report prepared by PNNL titled “Eelgrass (Zostera Marina L.)
Restoration in Puget Sound: Development and Testing of Tools for Optimizing Site
Selection.” This report describes a spatial model used to identify potential eelgrass
restoration sites that led to the selection of the Zangle Cove Test Plot as one of the
restoration sites pursued by DNR. There is no information contained in this report that
suggests that restoration or establishment of native eelgrass in Zangle Cove is
incompatible with geoduck aquaculture at the Farm site or that the proposed Farm would
adversely affect the Zangle Cove Test Plot.

10. Exhibit B to Appellants’ May 17, 2016 MDNS comment letter is a letter
from Jeffrey Gaeckle, DNR, dated July 25, 2007 regarding a 2007 Zangle Cove Zostera
marina L. survey. This letter provides a field report of eelgrass observations by DNR staff
in Zangle Cove in 2006 and 2007. It states that two patches of native eclgrass were
identified in Zangle Cove. One of these patches was located approximately 250 feet west
of the Farm site and the second, smaller patch, was located approximately 50 feet away
from the Farm site. According to recent information from DNR personnel, the two
eelgrass patches noted in Mr. Gaeckle’s July 25, 2007 letter disappeared by 2009 and have
been absent ever since. There is no information in Mr. Gaeckle’s July 25, 2007 letter
about factors that may be affecting or may have contributgd to the loss of these eelgrass
patches and no information regarding how these eelgrass patches might be affected by

activity on adjacent parcels. There is also no information in Mr. Gaeckle’s July 25, 2007
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letter indicating that geoduck cultivation at the Farm site would impact these now non-
existent eelgrass patches.

11. Exhibit C to Appellants’ May 17, 2016 MDNS comment letter is report
prepared by Jeffrey Gaeckle (DNR) titled “Eelgrass (Zostera marina L.) Restoration in
Puget Sound.” This report describes DNR’s approach and purpose for identifying and
implementing eelgrass restoration in Puget Sound. This report describes potential benefits
to eelgrass restoration and methods for planting eelgrass, but it does not describe celgrass
stressors or controlling factors that might limit the success or potential for expansion of
eelgrass restoration sites. There is no information in this report that suggests geoduck
cultivation at the proposed Farm site the potential to affect eelgrass restoration efforts in
Zangle Cove.

12. While Appellants MDNS comments do not provide any specific or
concrete information demonstrating that the proposed Farm would adversely impact
native eelgrass, there are numerous reasons for finding that the Farm would not have
adverse impacts to native eelgrass, beyond the considerations discussed above.

13. The Zangle Cove Test Plot was planted in 2013, and although it showed
potential for restoration after one year due to survival exceeding 60 percent, this test plot
subsequently experienced a complete die-off of planted and recruited eelgrass shoots.
DNR has recently planted four smaller test areas within the Zangle Cove Test Plot and
these newly planted shoots are the only eelgrass present within the test area. DNR is

continuing to study the Zangle Cove Test Plot to determine the cause of the die-off, and
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the current belief is that the die-off was likely caused either through bioturbation by
organisms such as ghost shrimp or insufficient light levels.

14. There presently appears to be a total or near lack of naturally recruited
native eelgrass in Zangle Cove. Supplemental planting efforts may continue, but
environmental characteristics associated with Zangle Cove have caused the loss of
eclgrass from both the natural and artificially enhanced eelgrass patches in Zangle Cove.
Therefore, even if eelgrass were to reappear in Zangle Cove, the recent pattern of
disappearance may reoccur independent of the proposed Farm. Eelgrass responds to
number of controlling factors that may be limiting its potential viability in Zangle Cove,
including the potential for desiccation or heat stress to intertidal populations, light
limitations, or nutrient flux. Bioturbation may also be a stressor that causes eelgrass
mortality when environmental factors are otherwise suitable.

15. Studies of eelgrass within and adjacent to geoduck farms suggest that
eelgrass may establish and thrive within geoduck beds during growing periods. Effects to
eelgrass from geoduck planting and harvesting activities are mostly limited to the areas
where geoduck are planted and immediately adjacent areas where celgrass may be
affected by trampling. Harvest activities may contribute to sediment disturbances and
localized increases in turbidity, but these disturbances are limited in duration and sediment
falls out of suspension near the harvest activity, with turbidity levels returning to
background a short distance away from the farm sites. Literature suggests, and regulators

including the Army Corps of Engineers agree, that a buffer around geoduck aquaculture
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activities is adequate to capture most, if not all impacts to eclgrass resulting from
aquaculture. The buffers that are currently employed range between 10 and 25 feet from
aquaculture activities. In no case have adverse impacts to eelgrass been found 330 feet
away from geoduck farms, and a buffer of this or a greater length has not been required.

16. Based on the foregoing, there is no reasonable basis to find that the Farm
will have any adverse impacts to native eelgrass.

17. Attached to my declaration as Exhibit A is a copy of a November 20, 2015,
report prepared by Confluence Environmental Company in response to public comments
for the proposed Farm and submitted to Thurston County. Appendix A to this report is
omitted.

18. Attached to my declaration as Exhibit B is a copy of my current curriculum
vitae.

I certify under penalty of perjury under the laws of the State of Washington that

the foregoing is true and correct.

EXECUTED at % ao¥¥ 2 Washington this ([ day of August, 2016.

WL)o WA

Philip Bl(ggh, Declarant
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CONFLUENCE

ENVIRONMENTAL COMPANY

To: Mr. Tony Kantas, Thurston County Land Planner
cc: Alex Callender, Washington State Department of Ecology
ChangMock Sohn, Pacific Northwest Aquaculture LLC

From: Marlene Meaders, Hans Hurn, Chris Cziesla
o1 O
Date: November 20, 2015
Re: Response to Public Comments for the Proposed Geoduck Farm in Dana Passage

Attachments:
Appendix A: Shorelines Hearings Board decision on the Haley Beach geoduck farm
Appendix B: Steve Ivey independent review of the Zangle Cove land survey

This memorandum provides a review and responses to public comments submitted for Pacific
Northwest Aquaculture LLC proposed geoduck farm in Zangle Cove (Project). A Biological Evaluation
(BE) for the Project was produced in December 2014 (ACERA 2014) for the applicant (Pacific Northwest
Aquaculture). According to the BE, the proposed geoduck farm would be 1.1 acres ranging from a tidal
elevation of -4.5 feet (ft) to +3 ft mean lower low water (MLLW). While the BE indicates that this area is
within Zangle Cove, it is more accurately characterized as directly adjacent to or just outside the cove
habitat, located on private tidelands of Thurston County Parcel #12911440102. This Project was
submitted under a Nationwide Permit 48 (NWP 48) for the federal process and shoreline substantial
development permit under the Thurston County (the County) process.

1.0 RESPONSE TO PUBLIC COMMENTS

The comments addressed in this memorandum specifically relate to questions of ecology for the
proposed site, concerns over recreation and aesthetics, new research, and potential environmental
impacts. The public comments have been summarized in the table below by subject matter, including
the identification of the commenter(s), and the associated response (Table 1). If a more detailed
response is warranted, then those responses occur after the summary table and are identified in the
"Additional Information” column of Table 1.

Please note that many of these concerns were raised and addressed for a geoduck aquaculture proposal
in Case Inlet, and the Shorelines Hearings Board (SHB) upheld the permitting decision by Pierce County
Hearing Examiner to approve the farm. That decision is provided as Appendix A to this memorandum.

146 N Canal St, Suite 111 o Seattle, WA g8103 ¢ www.confenv.com
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2.0 ADDITIONAL INFORMATION

The following information was identified in Table 1 as needing a broader discussion. The information
included will discuss: (1) potential impacts to native eelgrass, (2) potential impacts to aesthetics,

(3) potential risk of entanglement, (4) potential impacts to forage fish, (5) potential impacts to
salmonids, (6) potential impacts to the benthic community and genetic diversity, and (7) cumulative

impacts.
2.1 Potential Impacts to Native Eelgrass

The Project’s BE, Section 3, contains a discussion of aquatic vegetation in the Project area based on a
field survey by qualified professionals. No rooted macroalgae or native eelgrass was observed within
the Project area. However, unattached macroalgae (mostly Ulva spp.) and Japanese eelgrass (non-
native eelgrass, Zostera japonica) were present. A follow-up site survey conducted by Confluence on
June 5, 2015 confirmed the presence of Japanese eelgrass within the Project area. Two patches of
Japanese eelgrass were observed during this survey (Figure 1), although they were both located outside
of areas proposed for geoduck aquaculture operations (Figure 2 — Note this looks like one patch on the
map because there were close together). Japanese eelgrass is not protected under Shoreline Master

Programs.

Figure 1 Japanese Eelgrass (Zostera japonica) Observed in the Project Area during the
June 5, 2015 Site Survey
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PNNL Eelgrass Test Plot

CultureArea

Zostera japonica bed /
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Figure 2 Location of the Japanese Eelgrass (Zostera japonica) ldentified in the Project Area
on June 5, 2015 in Relation to the Proposed Geoduck Aquaculture Site

Note: The Culture Area was identified based on the tidal range for the Project (-4.5 ft to +3 ft MLLW), but only the

-4.5 ft MLLW was surveyed by the land surveyor (Bracy&Thomas). Therefore, the upper extent is based on data

collected during the June 5, 2015 survey and will come with errors typical of the gear used (GPS +/- 3m).
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Pacific Northwest National Laboratory (PNNL) conducted a test planting of eelgrass (45 m?) in 2013
(Thom et al. 2014). The location of the test plot, which is in Zangle Cove, is approximately 330 ft from
the proposed geoduck culture area (Figure 2). Survival of the test plot was 61.8%, which is above the
40% mortality threshold to be considered for future plantings. The 2014 report cited by commenters
noted that, "The Zangle Cove plot was on the edge of a sandy alluvial fan, so other parts of the cove
may not be as suitable for eelgrass.” A large-scale planting was performed for that site in May of 2015
(Borde, pers. comm., 2015). Survival of this larger planting has not been reported, and distances of
greater than 300 ft are between the proposed aquaculture site and eelgrass planting.

Potential interaction between the proposed geoduck aquaculture operation and the native eelgrass
restoration site in Zangle Cove would be from sediment mobilization during a geoduck harvest event.
Modelling that compared water jet harvesting in sandy sediments of Case Inlet to 1-year storms
showed that turbidity plumes from harvesting are limited in size and duration (Osborne 2015). Based on
data collected during a geoduck harvest event, sediment can travel distances between 200 and 300 ft
from the harvest location, but this is typically a very minor portion of the sediment that is mobilized.
The majority of sediment is typically deposited within 3 ft from the harvest hole (Short and Walton
1992). Further, the model indicated that sediment transport and beach morphology changes due to
typical wind and storm conditions exceeds a typical harvesting event. Finally, sediment mobilization
during a harvest event is a small percentage of the sediment budget, and large-scale off-site deposition
or erosion is unlikely, especially to the extent that would affect growth or survival of native eelgrass
resources in Zangle Cove. In other words, there is no mechanism to affect native eelgrass located more

than 330 ft from the geoduck aquaculture operation.
2.2 Potential Impacts to Aesthetics

Unlike docks, piers, or other similar features, no permanent structures are proposed for the Project, and
the geoduck gear will be completely submerged for the majority of the relatively short time that it is in
place. The proposed geoduck operation is located low in the intertidal zone at a tidal elevation ranging
between -4.5 ft to +3 ft MLLW. According to Figure 3, tubes and nets in place for 18 to 24 months out of
a 60 to 84 month culture cycle would be exposed for approximately 5% of the culture cycle and 13% of
the year in which they are present. Following the 18- to 24-month growth period, tubes will be removed
and the culture area will return to its natural function and appearance. Further, during the entire 18-
month period when tubes are present, area nets provide cover that not only protects geoducks, but also
provides a camouflage layer over the tubes.
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Figure 3 Potential Tube Exposure over a Year during Daylight Hours Associated with the

Proposed Farm Site
2.3  Potential Risk of Entanglement

Images provided by commenters related to potential net entanglement include a live juvenile eagle on
top of a predator exclusion net from an incident in 2006. The juvenile eagle had grabbed the predator
exclusion net and did not let go. Juvenile eagles have a difficult time releasing their talons until they
mature. In this case, recreational kayakers and an adjacent shellfish worker helped the eagle get off the
net and moved it to the upper beach under a tree where it later flew away. The WDFW reviewed the
incident and concluded that the use of predator exclusion nets does not pose a significant threat to
eagles (Huber 2006). Although entanglement specific to geoduck aquaculture has not been studied in
the literature, the fact that shellfish growers in Puget Sound have been using predator exclusion nets
for 40+ years in intertidal habitats with few documented incidents of entanglement is a good indication
of this being an insignificant risk to migrating and foraging birds.

In terms of entanglement risk to other mobile organisms (e.g., fish and crabs), the effects of predator-
exclusion netting was studied by the WSG funded geoduck research program, as documented in
McDonald et al. (2015). According to the WSG funded geoduck research, “structures associated with
geoduck aquaculture have little influence on community composition of resident benthic
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macroinvertebrates,” and “[m]ore than two times more [transient macrofauna] organisms were
observed during surveys at the culture plots than at reference areas...” While three transient
macrofauna species had reduced associations with culture areas (e.g., speckled sanddab, starry
flounder, and sand sole — all are flatfish species that prefer unstructured habitat), transient macrofauna
communities began returning to baseline conditions within a few months of gear removal.

2.4  Potential to Impacts Forage Fish

According to WDFW Priority Habitats and Species data, the Project area is not a documented forage
fish spawning beach for surf smelt and Pacific sand lance. The closest documented spawning is for surf
smelt, where spawning beaches are located 700 ft to the west and 2,000 ft to the east of the Project
area (note that surf smelt typically spawn at tidal elevations above +7 ft MLLW). Based on the site
survey conducted on June 5, 2015, the project area is considered potential spawning habitat for both
species (see Figure 2). However, surf smelt and sand lance typically spawn in the +5 ft to +g ft MLLW
range, at higher elevations than the planted area (proposed from -4.5 ft to +3 ft MLLW). Thisresultsin a
separation of more than 5o ft horizontally and at least 2 ft vertically from potential upper beach
spawning habitat. Finally, primary access to the Project Area will occur by boat, avoiding the potential
forage fish beach spawning habitat. Foot traffic for routine maintenance and beach surveys for debris
will use consistent paths and will not occur where potential forage fish spawning habitat may exist.
Therefore, the proposed project is not expected to impact spawning habitat of these forage fish
species.

In terms of Pacific herring, there are no native eelgrass (Zostera marina) beds within the Project area,
which is the preferred spawning habitat for Pacific herring. There are other macroalgae species present
in the Project area (e.g., drift Ulva sp., Sarcodiotheca sp., Gracilaria sp.) that could be used for herring
spawn. While there is a potential for Pacific herring to spawning on geoduck aquaculture gear,
conservation measures are in place to avoid or reduce the risk to herring spawning areas from
aquaculture operations. Growers are trained by a WDFW-certified biologist to recognize herring spawn.
If herring spawn is observed, then those areas are avoided until the eggs have hatched. Thisis a
conservation measure adopted by the Corps as part of the ESA consultation process with the Services
on NWP 48 (NMFS 2009, USFWS 2009, NMFS 2011). In some cases, aquaculture gear can both provide
a new substrate for herring spawn attachment in an otherwise unstructured environment (Robertson,
pers. comm., 2008) or provide additional protection from predators such as scoter ducks (Dewey, pers.
comm., 2013). Therefore, the proposed Project is not expected to affect spawning habitat for Pacific

herring.
2.5  Potential Impacts to Salmonids

Arecent paper by Dumbauld et al. (2015) identifies whether intertidal aquacuiture in Willapa Bay
affects the distribution and feeding ecology of juvenile salmonids. The study identified no significant
differences in the density of juvenile salmonids caught in the four habitat types analyzed (undisturbed
open mudflat, seagrass, channel habitats, and oyster aquaculture), and few significant associations

www.confenv.com page 17 of 24



B e oY

- 3
Mr. T Kant .
oeny hetes CONFLUENCE
November 20, 20145 ENVIRONMENTAL COMPANY

with the prey items that the fish consumed. The majority of salmon found over low intertidal habitats
were not dependent on structured habitat (e.g., eelgrass or aquaculture) for prey items. The potential
exception was chum salmon, which are typically more highly associated with nearshore habitats than
species that are using these areas primarily for migration out to the ocean (e.g., coho salmon).

Culture tubes for geoduck aquaculture are present for 18 to 24 months, depending on site conditions
and growth of the geoduck clams. Based on the proposed planted area, a maximum of 1.1 acres of
tubes would be present at any one time. The vertical relief created above the sediment surface from the
culture tubes is approximately 4 to 5 inches. Based on radiotelemetry studies conducted by the US Fish
and Wildlife Service (USFWS), juvenile salmonids will orient to their perception of the bottom depth
(Brenkman et al. 2007) —whether that be relatively featureless sand, the top of culture tubes colonized
with invertebrates, or the top of a predator exclusion net that is colonized with macroalgae. In other
words, minor changes created by a tube field will not be recognized in the same manner compared to
an overwater structure or a structure that extends through the water column (Ward et al. 1994).
Depending on the tidal cycle, fish can easily swim over, around, or through these structures, if
necessary. Many researchers have reported that aquaculture gear is similar (or superior) to adjacent
eelgrass habitat in terms of the diversity and abundance of benthic fauna and fish (Meyer and
Townsend 2000, DeAlteris et al. 2004, Pinnix et al. 2005, Powers et al. 2007).

As long as the gear is properly maintained, geoduck culture tubes and predator exclusion nets in the
intertidal area are not expected to affect migration, access, or refugia pathways for juvenile fish that
utilize shallow water. When gear is present, the total area covered with culture tubes or nets would be a
minor portion of the intertidal habitat of the surrounding shoreline. The presence of aquaculture gear
may even serve as additional foraging habitat or cover from predators.

2.6  Potential Impacts to the Benthic Community and Genetic Diversity

Recent findings from the WSG funded Geoduck Research Program support the claim that commercial
shellfish culture activities do not have overall significant impacts to the benthic community. This was a
legislatively-mandated research program established in 2007 to rigorously analyze the impacts of
commercial geoduck aquaculture in Washington State. The results of the WSG research program were
documented in a final report sent to the Legislature in November 2013. Subsequently, several papers
have been published in peer-reviewed journals based on the WSG geoduck research program (e.qg.,
McPeek et al. 2014, McDonald et al. 2015, VanBlaricom et al. 2015). These papers address potential
impacts associated with harvest and use of geoduck aquaculture gear. The major conclusion of the
WSG funded research was that there were not significant impacts to the benthic community associated
with the geoduck aquaculture operations studied.

A substantial amount of information has been developed from studies of wild aggregations of geoduck
clam (Vadopalas et al. 2004, Miller et al. 2006) that provide important data for evaluating whether the
culture of geoduck clams poses a potentially significant and/or adverse impact to wild geoduck clam
genetics. Vadopalas et al. (2004) found extensive genetic diversity within the geoduck clam genome
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(i.e., the total genetic make-up of the species), but few differences among geographically separated
geoduck clam populations in their allozyme frequencies and microsattelite arrays. Allozyme
frequencies and microsatellite arrays provide measures of population variability or ‘relatedness.” Thus,
the geoduck clam data suggest that there has not been reproductive isolation among populations—in
essence, that the geoduck clam in Puget Sound represent one large ‘metapopulation.’ Based on current
understanding of wild geoduck clam genetics, the lack of distinction among clams from widely
divergent geographies and the high individual genetic variation within Washington’s geoduck clams, an
adverse impact on geoduck clam genetics from small-scale geoduck aquaculture is extremely unlikely.

2.7  Cumulative Impacts

Cumulative effects analysis considers the impacts of other projects within the action area that are
unrelated to the Project actions, but will likely occur in the future. The closest shellfish aquaculture farm
in the area is located 0.2 miles from the Project. The major concerns associated with cumulative

impacts include:

* Reduction of phytoplankton due to the presence of high density filter feeding organisms (i.e.,
exceeding carrying capacity).

= Changes to water quality or sediment quality.

* Presence of gear resulting in restrictions to organisms within the intertidal habitat.

A dissolved nutrients and particulate organic matter study was completed in 2005 for the mussel farm
proposed in Totten Inlet by Aquatic Environmental Sciences (Brooks 2008). One of the main
components of this analysis was the amount of chlorophyll a and/or detritus measured on flood and ebb
tides near the mouth of the inlet. The filtration community within a water body is likely below carrying
capacity if it is a not a net consumer of particulate organic matter. According to the nutrient,
chlorophyll a, and total volatile solids data used in several carrying capacity models, it was estimated
that Totten Inlet would be at about 10% of its carrying capacity if the North Totten Inlet mussel farm
reached full production (Brooks 2008). The proposed geoduck operation near Zangle Cove represents a
much lower amount of filtration potential compared to the Totten Inlet mussel farm, and would be
expected to have a much lower amount of potential to affect carrying capacity.

Exceeding carrying capacity could also lead to sediment anoxia from excess production of biodeposits
or water quality problems with the release of inorganic nutrients during harvest. Cornwell et al. (in
review) measured the accumulation of inorganic nitrogen and phosphorus at various depths in the
sediment where geoducks had been cultured for 5 to 8 years and in nearby control areas. The authors
did not result in a net addition of nutrients to Puget Sound. In general, the cultivation of shellfish leads
to low to moderate levels of inorganic nutrients that are quickly dissipated following a disturbance
event (e.g., harvest). It is anticipated that tidal action, wave energy, and drift cells will maintain the
sediment oxygenated layer at suitable levels within the project area. Cornwell et al. (in review)
suggested that the extent of aquaculture is limited by substrate and beach topography in Puget Sound.
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Therefore, it is unlikely that shellfish aquaculture will ever occur at densities sufficient to present water
quality problems from nutrient accumulation.

Cumulative effects from other development projects are possible in the uplands adjacent to the Project
area. As population growth and development continues around Puget Sound, increasing amounts of
stormwater runoff is considered likely to occur. Such runoff could potentially lead to incremental
increased pollutant loading and degradation of water quality (USFWS 200g). In terms of nutrient
loading, shellfish culture arguably has a positive cumulative and mitigating effect on water quality
(Newell 2004, Newell and Koch 2004, Lindahl et al. 2005, Zhou et al. 2006, Grant et al. 2007, Higgins et
al. 2011, Kellogg et al. 2013), although where aquacutture operations are sited have an influence on the
overall significance of the mitigation potential (Konrad 2013). Shellfish, through their ability to
sequester carbon and nitrogen in their shell and tissue, may offer some, albeit slight, mitigation for
population growth.

Finally, in a more recent paper (Ferriss et al. 2015), the authors used the results of the McDonald et al.
(2015) study that looked at changes to species composition from the presence of PVC tubes and nets
into a model for central Puget Sound that looked at the effects of geoduck aquaculture on food web
ecology (or predator-prey interactions). This effort reported that a 120% increase in the current level of
geoduck culture would result in substantial increases in biomass densities of surfperch, nearshore
demersal fish, and small crabs, and decreases in great blue herons, bald eagles, seabirds, flatfish, and
certain invertebrates (e.g., predatory gastropods and small crustaceans) (Ferriss et al. 2015). The results
were based on the mediating function in the Ecopath with Ecosim (EwE) model, which to a certain
extent forced the entire food web in the model to use the resources associated with the geoduck farms
rather than more broadly, which is more realistic. When this was not the case (e.g., without the
mediating function), there was no change in the food web ecology associated with central Puget
Sound. The Ferris et al. (2015) paper was intended as a way to identify new research priorities and
potential pathways of effect, and was not intended to be used as a way to represent realistic impacts
from an increase in gear associated with geoduck aquaculture operations.

For example, the mediation results do not take into account the fact that most of the higher trophic
organisms that showed effects (both positive and negative) are generalists. For example, the model
indicated that the cultured geoduck-small crustacean mediation functions resulted in a reduction in the
biomass of juvenile wild salmon (-7%) and juvenile hatchery salmon (-4%). Dumbauld et al. (2015)
identified whether intertidal oyster aquaculture in Willapa Bay effects the distribution and feeding
ecology of juvenile salmonids. The study identified no significant differences in the density of juvenile
salmonids caught in the four habitat types analyzed (undisturbed open mudflat, seagrass, channel
habitats, and oyster aquaculture), and few significant associations with the prey items that the fish
consumed. In other words, the majority of salmon (chum being the possible exception) found over low
intertidal habitats were not dependent on structured habitat (e.g., eelgrass or oyster aquaculture) for
prey items. Similarly, the Ferris et al. (2015) model indicated that small crab biomass showed a greater
than 20% increase and adult and juvenile lingcod up to a 10% increase. However, Hosack et al. (2006)
indicated that, “Fish and decapod species richness and the size of ecologically and commercially
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important species, such as Dungeness crab (Cancer magister), English sole (Parophrys vetulus), or
lingcod (Ophiodon elongatus), were not significantly related to habitat type.” This is important because
these mobile species are using a mosaic of habitats, and one is not necessarily more important than
others. Therefore, the fact that the Ferriss et al. (2015) model indicates that one habitat will affect fish
and crabs so substantially goes against the general understanding of the ecology of these species.

Overall, cumulative impacts are not anticipated within the Project or action area. The addition of
aquaculture gear can increase prey organisms for certain species (e.g., juvenile salmonids) even though
there can be some temporary avoidance of these areas when gear is present by organisms that prefer
unstructured habitat (e.g., flatfish). There is no indication that prey organisms, phytoplankton
abundance, or changes to sediment and water quality would occur as a result of the proposed geoduck

aquaculture farm.
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From: Changmook Sohn <changmooksohn@gmail.com>
Sent: Friday, August 07, 2015 6:47 AM

To: Marlene Meaders

Subject: Fwd: Zangle Cove lateral sidelines for tidelands
FYI

---------- Forwarded message ----------

From: Gary Johnson <gary@bracythomas.com>

Date: Thu, Aug 6, 2015 at9:11 AM

Subject: Re: Zangle Cove lateral sidelines for tidelands

To: "IVEY, STEVE (DNR)" <Steve Ivey@dnr.wa.gov>, "Changmook Sohn (changmooksohn@gmail.com)"
<changmooksohn@gmail.com>

Steve:
Thank you for your evaluation as requested by Mr. Sohn. It is much appreciated!

Gary

Gareth M. Johnson, PLS
Bracy & Thomas

1520 Irving St. SW, Suite B
Tumwater, WA 98512

Ph: 360-357-5593

Fx: 360-357-5594

On 8/6/2015 8:55 AM, IVEY, STEVE (DNR) wrote:

Hello Mr. Sohn,

I apologize for taking so long to get back to you; I agreed to provide a peer review of a record of
survey that was recently completed by the land surveying firm of Bracy and Thomas. Earlier this
year, you requested Bracy and Thomas to provide a survey of the lateral sidelines for your
tidelands ownership located in a portion of government lot 1 of Section 11, TI9N, R2W, W.M.
in Thurston County WA. Your property is furthered described as Lot 3 of $S-2070 filed at AFN
8703030028 and is assigned tax parcel no. 12911440102,

The survey was completed by Gareth M. Johnson, PLS and was recorded at AFN 4449974 on
June 16, 2015. You asked if I would provide an evaluation of the survey and if I could express an
opinion for the method used by the survey to establish the lateral sidelines of your tidelands.
When a survey is performed for lands that are waterfront property plus when the property
interest include second class tidelands sold by the State of WA, there are many legal principles
that must be considered. These legal principles are not found in Washington legislation, but the
legal principles are derived from common law based are many rulings by the Washington court
system. In the State of WA, the leading court cases on the subject of establishing lateral sideline
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boundaries are the case from 1944, Spath v. Larsen, 20 Wn.2d 500, and the case from 1966,
State of Washington v. Corvallis Sand and Gravel Co, 69 Wn.2d 24.

Before I comment on the Bracy and Thomas survey, a review of the legal principles that may be
applicable must be examined:

If the parties are unable to agree between themselves as to the location of the boundary line
between their respective tidelands, that line may be determined only by a survey in accordance
with the principles. Just how extensive a survey may be required and the expense of such a
survey is immaterial.

e In adjudicating the ownerships of tidelands between adjoining upland owners on a concave
shore line, each upland owner is entitled to a proportionate share of the tidelands extending to the
low water mark (or extreme low water).

e The course or courses of the boundaries of the upland properties should be disregarded, each
upland owner being entitled to share ratably in the adjoining tidelands, having regard only to the
amount of shore line which he owns, lying between the points where the lateral boundaries of his
upland meet the shore line or the government meander line, whichever, in the particular case,
constitutes the water boundary of his upland.

¢ Tidelands should be apportioned between the respective upland owners so that, as the whole
length of the water boundary of the land within the concave shore, cove, or bay, is to the whole
length of the low water line (or extreme low water), so is each landowner's proportion of the
shore line to each owner's share of tidelands along the line of low water. (In the case of a cove,
the lines dividing the tidelands must converge.)

e In the case of a headland, the lines dividing the tidelands must diverge towards the low
water mark (or the extreme low water line).

e Tidelands may be divided between adjoining owners by erecting lines perpendicular to the
general course of shore line only in cases where the shore line is straight, or substantially so.

In the tidelands surveyed by Bracy and Thomas, the survey reports many additional items that
required consideration due to ambiguity in early legal descriptions and for some tideland
properties the direction of the lateral sideline were previously set by early legal descriptions. For
example:

The tidelands fronting on SS-2070 is based upon a description filed in 1974 at AFN
920401, which used the extension method for the east line of the tidelands and the
westerly line of the tidelands are described as “265 feet, more less, to the centerline of
Zangle Cove” resulting in ambiguity. The ambiguity is caused by the tidelands fronting
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on S8§8-2070 are outside and north of the narrow mouth of the estuary that extends
southerly from SS-2070. The descriptions for tidelands lying within the estuary were
previously divided by using a protracted center line (median line) running north to south
within the estuary, but this method would apply only to properties that have frontage on
the small estuary and would not apply to SS-2070.

Several tideland properties lying westerly of the mouth of the estuary and are outside of
the estuary use legal descriptions from deeds that specify the direction of the lateral
sideline for their tidelands. The Bracy and Thomas survey established the lateral sidelines
for the Rafferty, Ruhl, Seale, and McClure tideland properties according to language in
each of their deeds and the survey states “tideland boundary per deed.”

Why the above discussion is so important is to point out that the only tideland parcels that have
not had their lateral sidelines established are the tidelands owned by Townsend, Jensen, and
Sohn. The Bracy and Thomas survey determined the appropriate method to establish the lateral
sidelines for the 3 remaining tideland parcels was by the apportionment method, which is the
primary method recommended by the WA Supreme court in Spath v Larsen. The survey
provides several notes that provide clarity to the mathematical method used by the survey and
provide a detailed table for the calculations used to prorate the positions used to establish the
directions of the lateral sidelines.

It is my opinion the method used by Bracy and Thomas to complete this complex survey was
appropriate and provide equity to all 3 parties. The final point that requires emphasis is the
survey by Bracy and Thomas is the opinion of the professional surveyor and the map prepared as
a record of survey demonstrate the methodology used to complete the survey and where the land
surveyor set monuments. Because of the ambiguities that are pointed out by the record of survey,
the next step is for the 3 land owners to either agree to accept the solution provided by the survey
and all 3 parties must sign and record a boundary line agreement; otherwise the 3 parties could
disagree and reject the solution provided by the survey and allow the lateral sidelines to remain
unsettled.

Steve Ivey, PLS & CFed

Aquatic Land Surveyor

Engineering Division

Washington Department of Natural Resources
Phone: 360-902-1379

Steve. lvey(@dnr.wa. gov
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Phil Bloch has 16 years of experience in marine nearshore ecology,
GlIS/spatial planning, habitat mitigation/restoration, and habitat
assessment. His work focuses on assessing the interactions of manmade
structures with natural systems including fish, birds, and habitats. Phil has
contributed to state-wide conservation programs, Habitat Conservation
Plan development, Biological Assessments, Environmental Impact
Statements, and field studies. Phil is an applied scientist who creates
practical solutions to help clients address regulatory and ecological
concerns. He has worked on environmental compliance strategy for large,
complex — and often controversial — projects in the Puget Sound region. As
part of these projects, Phil also played a valuable role communicating
complex and technical information through outreach efforts to the public
and agencies.

Representative Projects

Burley Lagoon Cumulative Impacts Review, Taylor Shelifish Farms,
Purdy, WA. Senior Marine Biologist. Currently preparing a cumulative
impacts review associated with a change in shellfish aquaculture practices
in Burley Lagoon, Pierce County, WA. Burley Lagoon has cultured shellfish
since the 1930s. Developing a Cumulative Impacts Review addresses the
interest in understanding whether potential impact thresholds are being
reached as a result of shellfish aquaculture in parts of Puget Sound. The
purpose of the cumulative impacts review is to analyze the likely ecological
(e.g., water quality, sediment dynamics, fish) and social (e.g., aesthetics,
recreation, noise, light) impacts of the proposed action in the context of,
and in conjunction with, other uses and development over time within
Burley Lagoon and the surrounding environment (i.e., project region). The
review will address the major contributing factors to environmental
processes within Burley Lagoon using conceptual models informed by
existing literature and data. The cumulative impacts review will be
discussed and approved by the Shellfish Interagency Permitting team,
which is a multi-agency team funded through the Washington Sheilfish
Initiative.

Permitting for Existing and Expanded Operations for Coast Seafoods
Company in Humboldt Bay, Plauché and Carr LLP, Humboldt County,
CA. Senior Marine Biologist. Providing permitting assistance for shellfish
aquaculture operations. Assisted in the development of California
Environmental Quality Act draft Environmental Impact Report for
reauthorization of existing operations and proposed 622-acre expansion.
Developed methods to calculate potential impacts from different culture
methods and assisted in refining proposed expansion proposal in response
to agency and public comments. Prepared a technical report using best

Phil.Bloch@confeny.com

EDUCATION

Master’s of Environmental Management,
Resource Ecology, Duke University,
Durham, NC

B.A., Biology and Environmental Studies,
Grinnell College, Grinnell, IA

CERTIFICATIONS

How to Conduct Forage Fish Surveys,
Coastal Training Program Washington,
April 2016

Qualified Senior Writer for Biological
Assessment, WSDOT, February 2016

EXPERTISE

Marine and Freshwater Aquatic Ecology
Restoration/Mitigation
GIS/Environmental Data Analysis
Endangered Species Act

NEPA/SEPA
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available science that evaluates existing eelgrass conditions and potential impacts from longline operations in
relation to the recent California Eelgrass Mitigation Policy. The technical report includes the development of best
management practices and mitigation measures to avoid and minimize potential impacts. Coast Seafoods'’
operations include aquaculture of several species of shellfish and numerous culture methodologies (e.g., off-
bottom culture, suspended culture, raft culture). Also developing a monitoring plan that addresses potential
mitigation for the proposed actions. Project activities include expert and agency consultation to develop the
monitoring and mitigation plan. Agencies involved include the National Marine Fisheries Service, the U.S. Army
Corps of Engineers, the California Coastal Commission, the California Department of Fish and Wildlife, and
Humboldt Bay Harbor District.

Eelgrass Delineation, BDN, LLC, and Seaproducts Geoduck Farms, Squamish Harbor, Hood Canal, Jefferson
County, WA, Senior Biologist. Performed an underwater video and intertidal eelgrass delineation covering
approximately 15 acres of existing and proposed geoduck farm consistent with WDFW and Corps eelgrass survey
protocols. Coordinated with agencies to establish survey plan. Field surveys followed pre-planned transects
perpendicular to shore and video observations were interpreted and connected to GPS points collected in the field
during video collection. Summarized field methods and observations in a written report and map exhibits.
Providing ongoing support to compare observations to previous survey efforts and independent agency field
observations.

Gateway Pacific Terminal NEPA/SEPA Third-Party Environmental Impact Statement (EIS), U.S. Army Corps of
Engineers (Corps) Seattle District/Washington Department of Ecology/Whatcom County, Whatcom County,
WA. Senior Biologist. Responsible for analyzing project effects to marine resources. Leading efforts to collect and
analyze information on Cherry Point marine systems and potential environmental impacts associated with a range
of alternatives for proposed construction and operation of a multimodal marine port facility. Conducted
underwater video and intertidal survey of estuarine habitats comprising approximately 200 acres adjacent to Cherry
Point in Whatcom County, WA. Activities addressed include construction of marine trestle and wharf, operations of
marine wharf, and marine transport of cargo. Led development of shade studies and supported tribal fishery
resources, underwater vegetation and vessel oil spill technical reports.

Millennium Bulk Terminal NEPA/SEPA Third-Party Environmental Impact Statement (EIS), US Army Corps of
Engineers, Cowlitz County and Washington Department of Ecology. 2014-Ongoing. Senior Biologist. Working
with ICF International, Phil provided technical support for evaluation of the potential effects to fish and aquatic
resources from the proposed development and operation of a shipping terminal to export coal from a site near
Longview, Washington. Phil was responsible for addressing regulatory agency interests in potential project effects
from site construction, coal loading and transport and supported development of NEPA/SEPA technical reports and
chapters for fish and aquatic resources.

Shell Anacortes Rail Unloading Facility SEPA Third-Party Environmental Impact Statement (EIS), Washington
Department of Ecology/Skagit County, Skagit County, WA, 2015-Ongoing. Senior Biologist. Phil is responsible
for analyzing project effects to marine and water resources. In this role he is leading efforts to collect and analyze
information on surface water drainages and Padilla Bay resources potentially affected by construction and
operation of the proposed Shell Anacortes Rail Unloading Facility for crude oil delivery. Activities addressed include
reconfiguration of surface water drainages, stormwater management, reconstruction of on-site stream,
construction of estuarine wetland mitigation site, and oil transport operations.

Aquatic Reserve Program, Washington Department of Natural Resources (DNR), King, Skagit, and Whatcom
Counties, WA. Lead Scientist. Supported creation of the state-wide aquatic reserve program by developing the
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scientific framework for identifying and managing Aquatic Reserves. Supported public outreach and SEPA
evaluation of the program. Developed and implemented a national scientific peer review process for the program’s
site-selection criteria. Created and led the independent scientific review process for individual sites including the
Maury Island Aquatic Reserve, Cherry Point Aquatic Reserve, Cypress Island Aquatic Reserve, and Fidalgo Bay
Aquatic Reserve. For these efforts, performed a comprehensive review of the natural resources that use the sites
and supported outreach to existing user groups and interested parties. Conducted numerous site visits and led
review of the site by a team of experts. Following designation as an Aquatic Reserve, contributed to the interim
management plan and SEPA documentation for the sites.

State Route (SR) 520 Pontoon Construction Project Grass Creek Wetland Mitigation Site, WSDOT, Grays
Harbor, WA. 2009-2011. Lead State Biologist. Led efforts to identify and evaluate sites to offset unavoidable
wetland and estuarine impacts associated with construction of pontoons necessary for the SR 520 bridge
replacement project. Helped create a list of potential mitigation sites and develop preliminary designs for several
sites to evaluate their potential as mitigation sites. This evaluation process led to the selection of the Grass Creek
mitigation site. Provided lead technical review for the construction designs, and contributed to development of the
bid documents.

State Route (SR) 520 HOV and Bridge Replacement Program, WSDOT, Seattle to Redmond and Grays Harbor,
WA. 2006-2011.Senior Biologist. Phil served as the primary client representative on an integrated team responsible
for delivery of the environmental components of the Pontoon Construction Project from the issuance of the draft
EIS until after the issuance of the Record of Decision. Participated and led a number of initiatives within this large,
complex project. Led outreach to natural resource agency and tribal technical staff to achieve milestones in
development of a revised draft EIS, final EIS, permit applications, and Endangered Species Act (ESA) consultation
for the program. To address unresolved scientific issues, developed and led technical investigations including a
test-pile project completed in 2010, juvenile salmon tracking project occurring in 2007 and 2008, and hull fouling
evaluations occurring in 2011. Worked as an integrated team member and client representative with the lead
consultants responsible for ESA consultation, mitigation planning, natural resources portions of the EIS, and
permitting to ensure consistency across the program, act as a counterparty for consultant contract negotiations,
and provide client direction to the consultant teams. The SR 520 Program incorporated several innovative
approaches, including the integration of engineering design, state and local permitting, and mitigation and
restoration design, facilitated accelerating project schedules and streamlining public and agency review processes.

»  Conducted extensive collaboration with resource agencies and recognized experts to establish best scientific
and commercial data available for evaluation of program activities such as in water pile driving and noise, vessel
traffic, and overwater construction, nearshore dredging on listed species and designated critical habitat.

= Aspartof the NEPA and ESA analyses, Phil led development of a test pile project to evaluate the effects of
underwater sound generated by pile driving on fish. This effort included convening a panel of experts,
developing a study plan, developing design and contracting documents, field implementation and analysis of
field observations. The test project gathered site-specific data to refine analyses of proposed projects in the
vicinity or with similar site characteristics. Site underwater noise measurements were significantly lower than
prior observations, and turbidity monitoring coupled with underwater video demonstrated that turbidity
concerns were unfounded thereby validating the field effort. Data collected from this project was used in the
ESA and NEPA analyses to characterize potential effects to sensitive species.

= Facilitated a partnership between WSDOT and the Washington DNR that enabled DNR’s 1,000-ft lake shoreline
restoration project at the south end of Lake Washington to be applied as compensatory mitigation for SR 520
Program. Tasks included facilitating coordination with DNR, their designer, and WSDOT.
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State Route (SR) 520: Medina to State Route 202 Culvert Design and Construction, WSDOT, King Couiity, WA.
2008-2011. Technical Lead. Coordinated initial inventories and classification of all culverts within the project
boundaries, design review, tribal consultation, construction supervision, and fish handling. Led efforts to evaluate
multiple design alternatives for several project crossings and assisted in development of preliminary construction
sequencing. Performed fish exclusion for construction of culverts and assisted Project involved extensive
coordination with tribal representatives.

Landscape Ecologist and Geographic Information Systems (GIS) Manager — People for Puget Sound, Seattle,
WA (2000-2002). Technical Lead. Provided GIS and technical support to a wide range of environmental projects and
initiatives including the following:

e The Nature Conservancy’s Willamette River — Puget Sound - Georgia Basin Ecoregional Plan development. This
ecoregional plan was the first to integrate marine and terrestrial species targets into a single regional plan. Phil
participated as an expert in spatial planning and data management and supported the development of the nearshore
marine aspects of the planning framework as part of the technical team dedicated to this effort.

* The Orca Pass International Stewardship Area. Phil was a technical lead responsible for collecting scientific
information to support a proposal to create a transboundary marine protected area that would encompass parts of the
San Juan (USA) and Gulf (Canada) islands. This project involved representatives from more than 20 non-profit and
government agencies and partial outcomes of the effort included the designation and development of a management
plan for the Gulf Islands National Marine Reserve and the San Juan County Marine Stewardship Area.

e Rapid Shoreline Inventory — Phil led technical development of a shoreline oriented citizen science program and
worked to integrate the field observations made by trained volunteers with scientific models so that field data could
translate into restoration and conservation actions by local and county agencies.

Interstate 405 Corridor Program, WSDOT, Tukwila to Bothell, WA. 2006-2009. Senior Biologist. Provided state
review and oversight to NEPA environmental analyses, Endangered Species Act (ESA) biological assessments, and
state and federal permit applications for projects developed by the Interstate 405 Corridor Program. Projects
included the NE 8th Street to State Route 520 Improvement Project, the Tukwila to Renton Improvement Project,
and the Bellevue to Lynnwood Project. Project issues included review of culverts for fish passage, providing
stormwater treatment for project areas and analyzing the potential impacts from stormwater effluent from new
and existing surfaces. Worked closely with WSDOT Headquarters to develop and implement new stormwater
guidance for ESA analysis promulgated in February 200g.

Aquatic Lands Habitat Conservation Plan, Washington Department of Natural Resources (DNR), Olympia,
WA, 2004-2006. Lead Marine Scientist. Co-led development of the scientific framework created to assess the
potential interactions between activities occurring on more than 2.6 million acres of state-owned aquatic lands and
species of interest. Helped oversee and manage consultants charged with systematically reviewing uses of aquatic
lands, species occurrence on aquatic lands and identification of current and future potential risks to DNR under the
Endangered Species Act. Outputs included a series of technical papers which supported the development of the
Habitat Conservation Plan. Spearheaded efforts to identify and develop data sets needed for analysis, including
systematic mapping of overwater structures and land uses throughout Washington State.

Marine GIS Data Development, Washington Department of Natural Resources (DNR), Olympia, WA. 2005.
Project Lead. Following a legislative proviso, Phil was designated as the lead for development of data systems to
support statewide spatial planning. Phil led project identification and implementation over an accelerated g-month
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schedule to fulfill the requirements of the funding source. Funds were used to support several projects including:
completion of data recovery from historic T-sheets by the River History Group at University of Washington;
mapping of overwater structures on lakes, marine waters and rivers using aerial photography, scanning and linking
paper aquatic plat maps to existing GIS parcel data, updating regional kelp datasets to support scientific analysis,
and mapping historic lake water quality data. Data sets developed are included in the GIS data distributed by
Washington DNR.

Puget Sound Nearshore Ecosystem Restoration Project, Seattle and Olympia, WA. 2003-2006. Project Manager.
Provided support to nearshore science team by overseeing spatial modeling and data management efforts for
characterizing the existing condition of Puget Sound’s nearshore and assessing the change from historic conditions.
Facilitated completion of the historical shoreline GIS data set working with University of Washington faculty and
staff to characterize and interpret shoreline information from historical maps. Directed and managed initial efforts
to evaluate change between the historic (circa 1850) and current shoreline conditions, which contributed to final
assessment and mapping of historical change and impairment of Puget Sound shorelines

Lancashire Ecological Network, The Wildlife Trust and Lancashire Environmental Record Network, Lancashire,
United Kingdom. 2010-2012. Technical Lead. Led mapping of ecological corridors and network in Lancashire County
in response to the regulatory requirements that planning entities develop strategic approaches to maintaining and
improving biodiversity at landscape-scale. Mapping of the ecological network includes the identification of core
areas (existing protected areas) and priority habitats for species in one of three ecological guilds — woodland and
scrub specialists; grassland specialists; and wetland and heath specialist. Habitat quality was characterized for each
ecological guild and least cost paths were calculated to create corridors connecting existing protected areas.
Development of the ecological network was guided by a panel of resource experts who reviewed the modeling
approach and outputs. Network mapping provides local planners with a tool for evaluating and managing potential
threats to biodiversity.
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Bloch, P.L. M. Satc and J. White. 2002. The Orca Pass International Stewardship Area Process: Where
Marine Science and Policy Intersect. in Breman, J. (ed.), Marine Geography, Redlands, California, ESRI
Press, 185-194.
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influence of the academic conservation biology literature on endangered species recovery planning.
Conservation Ecology 6(2): 15.

Morris, W.F., P.L. Bloch, B.R. Hudgens, L.C. Moyle, and J.R. Stinchcombe 2002 Population viability analysis
in endangered species recovery planning: past use and future improvements. Ecological Applications 12(3):

708-712.
Trumbo, S.T. and P.L. Bloch 2002. Competition Between Nicrophorous orbicollis and N. defodiens: Resource
Locating Efficiency and Temporal Partitioning. Northeastern Naturalist 9(1): 13-26.

Trumbo, S.T and P.L. Bloch 2000. Habitat fragmentation and burying beetle abundance and success.
Journal of Insect Conservation 4:245-252.
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