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1.0

BACKGROUND

On October 23, 2015, Coast Seafoods Company (Coast) submitted a Draft Environmental Impact
Report (DEIR) for public comment related to a 622-acre expansion of oyster aquaculture (a.k.a.,
mariculture) in Humboldt Bay, California. Coast historically cultured over 1,000 acres in the bay
and currently cultures approximately 300 acres of Pacific oysters (Crassostrea gigas), Kumamoto
oysters (C. sikamea), and Manila clams (Venerupis philippinarum) using a variety of culture
methods (Figure 1). The Humboldt Bay Shellfish Aquaculture: Permit Renewal and Expansion
Project (Project), as described in the October 2015 DEIR, proposed an expansion of 522 acres of
cultch-on-longline culture spaced 5 feet (ft) apart, 96 acres of basket-on-longline culture spaced
5 ft apart for 3 rows with a 20-ft gap between groups of 3 rows, and 4 acres of rack-and-bag or
basket-on-longline culture. The Project proposed to overlap with 600 acres of native eelgrass
(Zostera marina) habitat within the 4,000-acre land leased and owned by Coast in North Bay.
Based on input received during the public comment process, Coast has significantly re-designed
the proposed expansion described in the October 2015 DEIR.
After reviewing feedback received on the October 2015 DEIR, the following changes were made
to the proposed expansion Project.
Phase I includes the expansion of approximately 210 acres of new culture, with
proposed mitigation consisting of the conversion of 100 acres of existing culture
from 2.5 ft spacing between lines to 10 ft spacing between lines. Culture methods
proposed in Phase I include cultch-on-longline (156 acres), basket-on-longline (50
acres), and rack and bag (4 acres with a 25-ft buffer from existing eelgrass beds).
- Phase II involves the expansion of an additional 412 acres using cultch-on-longline
culture methods. No additional mitigation is proposed for Phase II.
In-kind mitigation was proposed for impacts to eelgrass (i.e., 100-acre conversion).
- 100 acres of existing culture will be converted from 2.5-ft spacing to 10-ft spacing.
Additional spacing between lines is expected to result in increased eelgrass in
existing culture areas.
Culture methods were changed to limit effects to eelgrass beds.
- Spacing between cultch-on-longlines was increased to 10 ft.
o Phase I will use either a double-hung culture method (two lines with one line
at 8 inches and a second line at 16-inches above the seabed) or a single-hung
culture method (single line at 12 inches above the seabed). Both options
would use 10-ft spacing between lines.
o Phase II will use 10-ft spaced, single-hung cultch-on-longlines.
- Spacing between basket-on-longlines was increased to 9-ft lines and 16-ft between
groups of two lines.
Proposed expansion area locations were modified to achieve the following goals:

-
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Figure 1

Location of Humboldt Bay, California, and Existing Shellfish Aquaculture.

Source: GIS layers provided by Wagschal, pers. comm., 2015; Note: Habitat and shellfish culture areas based on data from NOAA (2012).
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-

Reduced overlap between expansion areas and mapped continuous eelgrass from
492 acres to 409 acres.
Reduced the overlap between expansion areas and the East Bay Management Area
(EBMA) and documented herring spawn areas.

Additionally, since the release of the October 2015 DEIR, Confluence Environmental Company
(Confluence) consulted with Dr. Steven Rumrill and Dr. Brett Dumbauld on the best available
data related to oyster longline aquaculture and native eelgrass interactions. During that
consultation, a technical memorandum was developed that reviewed the relevant data,
discussed a modified approach to calculating potential impacts to eelgrass from longline
aquaculture, conducted a visual assessment of eelgrass recovery, and calculated a range of
potential impacts associated with current operations and the October 2015 DEIR project
(Exhibit 1).
The goal of this technical memorandum is to provide a revised eelgrass impact analysis for the
re-designed Project that complies with the California Environmental Quality Act (CEQA) and
incorporates the feedback received from Dr. Rumrill and Dr. Dumbauld since the October 2015
DEIR was published. This memorandum also responds to, and reflects, comments received
from Federal and State regulatory agencies during a meeting on May 5, 2016.

2.0

DESCRIPTION OF EXISTING CONDITIONS

There is extensive variability in North Bay eelgrass habitat areas. The majority of this variability
is unrelated to culture operations, although some is related to both existing and historical
operations. In terms of natural variability, micro-topography (e.g., small channels and
depressions) drives site conditions that affect eelgrass distribution at higher elevations (>1.0 ft
mean lower low water [MLLW]) within areas where eelgrass is classified as patchy 1 (Table 1).
This was discussed in detail by Pacific Watershed Associates (2015) during a survey within
three locations (ranging from 58.7 to 104.2 acres) of North Bay associated with the Humboldt
Bay Harbor, Recreation, and Conservation District Pre-Permitting Project.
The Pacific Watershed Associates (2015) survey compared eelgrass conditions between 2015 and
2009. One of the survey’s main observations was that there was approximately 20% less eelgrass
in 2015 than in 2009 (based on a comparison of areas classified as eelgrass in both years). At the
same time, the comparison showed a persistence of geomorphic features capable of supporting
eelgrass habitat. The authors concluded that these combined factors indicated that inter-annual
1 The definitions of eelgrass category are those provided by Schlosser and Eicher (2012):


Patchy eelgrass beds: >10% and <85% cover by eelgrass and larger than 0.01 hectare (0.025 acres).



Continuous eelgrass beds: >85% to 100% cover by eelgrass; variable density. An unvegetated area
or patch of macroalgae (<0.01 hectare within an eelgrass bed) was considered part of the
continuous bed.
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variability in water temperature, water clarity, or desiccation stress are the main factors in
controlling eelgrass presence at higher elevations rather than the persistence or disappearance
of pond and channel features. These observations were corroborated in a 2015 baseline survey
of existing conditions performed by SHN within the boundary of the October 2015 DEIR
project; the survey shows via aerial photography that eelgrass receded from higher elevations
on the southern portion of Bird Island between 2009 and 2015.
Interactions between eelgrass and shellfish aquaculture operations under current conditions are
both positive and negative (Table 1). For example, at higher elevations (>1.0 ft) there are
locations where sediment changes at the 2.5-ft spacing are potentially resulting in less eelgrass.
It should be noted that the reduction in eelgrass in these locations appeared to be due to
increased elevation and/or desiccation and not necessarily to smothering. Conversely, in other
locations at a similar elevation, there are depressions near the longline posts potentially creating
more eelgrass habitat within the depressions. Existing data from Rumrill and Poulton (2004)
suggested that sediment changes monitored quarterly between 2001 to 2003 were minor, which
is consistent with other literature on off-bottom culture effects (Forrest and Creese 2006, Forrest
et al. 2009). Additionally, Pacific Watershed Associates (2015) indicated that there was a
persistence of geomorphic features (e.g., small channels and pools) at these higher elevations, as
discussed above. Therefore, changes to micro-topography that is either supporting or
suppressing eelgrass is likely a consistent condition when gear is present.
Similar to potential movement of sediment around the longlines, there also appear to be both
positive and negative effects on eelgrass due to shading. For example, there are a few locations
within the culture operations that have a non-native species of macroalgae, Sargassum sp.,
growing attached to the lines. Because Sargassum floats in the water column, it can shade
eelgrass below (Table 1). Conversely, there are also locations within the existing culture beds
where shading is resulting in less desiccation by limiting the effects from solar energy. In
addition, research suggests that the presence of filter feeding organisms can improve the clarity
of water and provide better growing conditions for eelgrass (Dame et al. 1984, Koch and Beer
1996, Newell 2004, Newell and Koch 2004). Eelgrass growing both between and under the
longlines within exiting beds (Table 1) indicates that the presence of culture does not exclude
eelgrass even at the 2.5-ft spacing of current aquaculture. In summary, there is a complex array
of interactions between shellfish aquaculture and eelgrass within North Bay, many of which are
affected by elevation, and result in both positive and negative effects to eelgrass.
Finally, conditions associated with historical ground culture and suction dredge harvest
operations also impact current eelgrass habitat. Coast transitioned to exclusively off-bottom
culture methods in the summer of 1997, pursuant to a management plan submitted to the
California Department of Fish and Wildlife (CDFW; Coast 1997). However, existing culture
areas have all been used for bottom culture at some point in the last 70 years, and have some
amount of legacy shell deposition or old scars associated with the dredge harvesters (Table 1).
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Table 1. Photographic Examples of Eelgrass Variability and Interactions between Eelgrass and
Existing Shellfish Aquaculture Operations in North Bay.
Subject

Observation

Photographic Example

Micro-topography affects
eelgrass distribution (not
related to culture
operations), which reflect
one of the “patchy”
eelgrass conditions
identified in the NOAA
(2012) habitat categories
from the data collected in
2009

Natural
Variability

Near channel habitat
where eelgrass is dense
but then reduces in
density at higher
elevations (not related to
culture operations).
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Subject

Observation

Photographic Example

Thin layer of shell
deposition from former
ground culture operations
within an aquaculture plot
that is likely restricting
eelgrass growth, although
not eliminating eelgrass
presence.

Historical
Operations

Boat scars that represent
short-term impacts. Some
of the larger scars (longterm) associated with old
suction dredge operations
have created deeper
channels that support
eelgrass. However, there
is likely a net increase in
substrate changes and
sediment increases that
have affected eelgrass
from legacy operations.
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Subject

Observation

Photographic Example

Sediment changes were
evident within the
aquaculture plots at higher
elevations (>1.0 ft MLLW)
within patchy eelgrass
habitat.

Existing
Operations

Sediment changes were
evident within aquaculture
plots at higher elevations
(>1.0 ft MLLW) within
patchy eelgrass habitat.
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Subject

Observation

Photographic Example

Presence of non-native
macroalgae (Sargassum
sp.) attached to the cultch
on the longline, likely
resulting in shading of
eelgrass under the
longlines.

Existing
Operations

Shading from longlines
potentially providing a
benefit to eelgrass (e.g.,
reductions in desiccation
through shading at tighter
spacing). However, lines
also result in eelgrass
hanging up on the line and
potentially increasing
desiccation potential.
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3.0

DESCRIPTION OF THE RE-DESIGNED PROJECT

There are four main changes in the re-designed Project: (1) use of a two-phased approach to
implementation; (2) modifications to the design of the proposed expansion to reduce impacts on
eelgrass; (3) modifications to the proposed expansion locations to reduce impacts on key habitat
areas; and (4) use of in-kind mitigation to address impacts to eelgrass from the proposed
expansion. The two phases, including in-kind mitigation (conversion of 100 acres of existing
culture), are described below.

3.1

Phase I

Phase I of the re-designed Project includes the conversion of 100 acres of existing culture (Figure
2). The conversion areas were chosen by three individuals with intimate and long-term
knowledge of Humboldt Bay, shellfish farming, and eelgrass characteristics within existing
culture plots. These individuals spent several tides observing the culture plots, and discussing
historical and current maps. The criteria used to identify conversion areas included: (1) areas
with eelgrass density outside existing plots that have visibly higher density than what is
currently inside the plots, (2) areas where eelgrass is currently and historically thriving, and (3)
longlines oriented in an east to west direction.
The conversion of existing culture involves taking out lines from existing plots spaced 2.5 ft
apart (some with 5-ft gaps between 5 rows of longlines) and converting the remaining lines to a
10-ft spaced, double-hung design. A double-hung design involves placing two longline poles
directly next to each other; one pole will hang a line at 8 inches off the bottom and a second pole
will hang a line 16 inches off the bottom (Figure 3). This would open up the existing culture area
to wider spacing, and allow eelgrass to re-establish in areas where it may be suppressed. The
conversion will provide in-kind mitigation for the proposed Phase I expansion, as discussed
later in the document.
The expansion portion of Phase I is 210 acres of new culture broken down into:





June 2016

150 acres of cultch-on-longline = 10-ft spaced double-hung (same design as the 100-acre
conversion area described above).
6 acres of cultch-on-longline = 10-ft spaced single-hung (for monitoring purposes).
50 acres of basket-on-longline = 2 rows spaced 9 ft apart with a 16-ft space between 2
rows (Figure 4).
4 acres of rack-and-bag culture in areas that do not have eelgrass, including a 25-ft
buffer, or basket-on-longline culture at the same spacing as above.
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Figure 2

Location of the Re-Designed Phase I Proposed Expansion and Conversion of Existing Aquaculture.

Note: Habitat and shellfish culture areas based on data from NOAA (2012) and elevation data provided by Wagschal (pers. comm., 2016). In addition,
the location of the 6 acres of single-hung oysters (not shown on the map) will be located throughout the bay rather than in one location.
June 2016
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HIGH TIDE 6 TO 8 FT

LOW TIDE 3 TO -2 FT

2.5 FT
16 IN

GROUND

8 IN

ELEVATION/TIDES

8
7
6
5
4
3
2
1
0
-1
-2
-3

8 IN

Figure 3

Graphic Illustrating a Double-Hung Cultch-on-Longline Culture Design.

Basket-on-longline culture is proposed in two locations based on elevation 2: 20 acres higher
than +1.3 ft MLLW and 30 acres lower than +1.3 ft MLLW. Locations with patchy eelgrass or no
eelgrass have been prioritized for basket culture.
A robust monitoring plan will be developed for the Phase I conversion of existing areas and
expansion into new areas. This monitoring plan will provide the opportunity for multiple
check-points to validate assumptions and document changes observed to eelgrass (both
potential gains and losses) during Phase I. Monitoring results will be used in conjunction with a
decision tree to inform an adaptive management strategy for the re-designed Project. Both the
monitoring plan and decision tree will be presented in the revised DEIR.
In summary, Phase I includes a conversion of 100 acres of existing culture and expansion of 210
acres of new culture. Potential impacts from the expansion will be fully compensated through

2 Culturing at higher elevations was considered possible for basket culture because the basket provides
protection against excessive build-up of barnacles (Cirripedia) on the surface of the shells. This is not the
case for cultch-on-longline.
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in-kind mitigation. A comparison between the October 2015 DEIR and re-designed Project is
provided below.
Structure (Side View): Lines are held up by 2 inch PVC pipe driven into the mud every 10 feet.
Anchors made of galvanized fence posts are driven at the ends of each line. The lines are attached
to the anchors and tension is created by a fence tightener. The baskets can be clipped and unclipped
from the lines.

10 FT
Spacing (Top View): Lines are 100 feet long and there are 40 baskets on each line. Lines are in
groups of 2, with a 9 foot space between each line and a 16 foot space between each group of 2 lines.
The 16 foot space is used to access the baskets with a boat.
100 FT
9 FT

16 FT

9 FT

Figure 4

3.2

Graphic Illustrating the Basket-on-Longline Culture Design.

Phase II

Phase II of the re-designed Project is a total of 412 acres of cultch-on-longline culture within
those parts of the proposed expansion area not planted in Phase I (see Figure 2). The cultch-onlongline would be spaced at 10-ft intervals and single-hung. Based on the Rumrill and Poulton
(2004) meso-scale study, eelgrass at this line spacing was equal to (or exceeded) both the control
and reference sites by the end of the study period, even with elevation differences between
treatment and reference sites (Figure 5) 3. Based on typical trends for eelgrass along the West
Coast (Thom et al. 2003), eelgrass should have been higher in the reference sites due to the
lower elevation but were higher or statistically similar in the 10-ft treatment plots.

3 Elevation is one of the main limiting factors for eelgrass in Humboldt Bay (Gilkerson 2008, Pacific
Watershed Associates 2015), which is consistent with data from other West Coast estuaries (Thom et al.
2003).

June 2016

Page 14

APPENDIX D: REVISED EELGRASS IMPACT ANALYSIS

Figure 5

Tidal Elevations and the Location of Continuous Eelgrass, Existing Culture, and Rumrill and Poulton (2004) Sampling.

Source: Rumrill and Poulton (2004), GIS layers provided by Wagschal, pers. comm., 2015

June 2016
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Based on existing research and information, effects are expected to be neutral from the Phase II
expansion given the 10-ft spacing; therefore, no additional mitigation is proposed during Phase
II. However, this conclusion will be verified via monitoring during Phase I. If data generated
during monitoring reveal an impact from 10-ft spaced, single-hung longlines, then the Phase II
strategy will be revised through adaptive management.

4.0

COMPARISON OF THE OCTOBER 2015 DEIR PROJECT VS. RE-DESIGNED
PROJECT

During the re-design process, two locations were prioritized in terms of avoidance and
minimization: (1) continuous eelgrass, and (2) EBMA (Table 2). Given the land available for
culture, it was impossible to totally avoid these areas, but the re-designed Project significantly
reduces the total overlap (Table 2).

Table 2. October 2015 DEIR Proposed Expansion Compared to the Re-Designed Project Expansion
(Phase I + Phase II)
Attribute
Overall Project Expansion
Total Acreage
Culture >1.3 ft
Continuous Eelgrass
Patchy Eelgrass
Mitigation
East Bay Management Area (EBMA)
Overlap with EBMA
Documented Herring Spawning
Continuous Eelgrass
Patchy Eelgrass
% of Habitat 500 m from Channel

June 2016

October 2015 DEIR
Expansion (acre)

Re-Designed Expansion
(Phase I + Phase II) (acre)

Difference
(acre)

622
35
492
108
Not mitigated

622
41
409
170
In-kind mitigation

No difference
↑ 6
↓ 83
↑ 62
↑ 100

328
248
283
18
225

310
175
210
95.5
123

↓ 18
↓ 74
↓ 73
↑ 77.5
↓ 102

Page 16

APPENDIX D: REVISED EELGRASS IMPACT ANALYSIS

Change: new
culture proposed

Change: new culture
proposed

Change: moved
towards the
edge of East Bay

Change: no new
culture proposed
(no longer using the
red-hatched areas)

Figure 6

Comparison of Culture Locations of the October 2015 DEIR (red hatched) and Revised Expansion Areas (blue hatched)

Source: October 2015 DEIR GIS layers provided by Wagschal, pers. comm., 2015
June 2016
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The differences shown in Table 2 are a result of prioritizing culture within areas with patchy
eelgrass and away from the channel margins 4, to the extent practical. This includes expanding
into the Mad River area, reducing culture on Bird Island, eliminating proposed culture on
Gunther Island, reducing the culture in East Bay, and changing the culture location near Arcata
Channel. These Project changes resulted in an 83-acre decrease in overlap with continuous
eelgrass in North Bay, and a 73-acre reduction of aquaculture in continuous eelgrass specifically
in the EBMA. The overall overlap with eelgrass (patchy and continuous) was reduced from 600
acres to 579 acres. Because of the extent to which eelgrass occurs within the land leased and
owned by Coast, eelgrass could not be totally avoided, but major modifications were made to
avoid continuous eelgrass and the EBMA.
East Bay remains the best growing area for shellfish in Humboldt Bay (Dale, pers. comm., 2016).
This is likely based on a number of factors. Compared to the Mad River Slough area in the
northern portion of North Bay near the Mad River growing area, Indian Island in the central
portion of North Bay near the East Bay growing area has lower suspended solid concentrations
and higher nitrates (Tennant 2006, Martin and Hurst 2012, Swanson et al. 2012). Nitrate
concentrations peak near the bay entrance during the upwelling season, which was correlated
with peaks in phytoplankton abundance (Tennant 2006, Martin and Hurst 2012). Increased
phytoplankton can result in more food availability and faster growth rates. Additionally, the
East Bay growing area has lower wave exposure (Gilkerson 2008). These combined factors likely
improve growing conditions within the East Bay area.
The EBMA boundaries were drawn primarily based on the location of spawn deposition of
Pacific herring (Clupea pallasii) from annual surveys by CDFW (Figure 7). In order to avoid or
reduce the presence of culture in herring spawning locations, proposed culture was moved
towards the margins of the EBMA where little or no spawn deposition was observed in 2004,
2005, and 2015 5 (Figure 8). Herring distribute from the channels to spawning habitat, which
typically results in higher density spawn deposition adjacent to the channel margins (as shown
in Figure 7). New data from 2016 indicates that there can be alternative patterns to spawn
deposition (Ray, pers. comm., 2016), but in general the margins are more densely covered than
further from the channels. Therefore, the re-designed Project prioritized avoidance of the

4 Channel margins are important for both eelgrass and herring habitat because they offer refuge
opportunities for mobile species using the tidal channels. In addition, herring hold in deeper channels
and then spawn primarily along the channel margins.
5 These are the only years where California Department of Fish and Wildlife (CDFW) collected either
herring spawn presence/absence data or spawn density data. All other survey years simply provided a
zone of spawn deposition, which was similar to that described in Figure 7. CDFW will provide the 2016
survey season data for incorporation into the analysis when available.
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channel margins, to the extent practical. Based on these measures, culture along the channel
margins (within 500 m) was reduced by 102 acres (Table 2).

5.0

REVISED EELGRASS IMPACT ANALYSIS FOR THE RE-DESIGNED PROJECT

This section discusses information related to the impact scenarios used to calculate potential
impacts to eelgrass, the equations used to calculate impacts and mitigation lift, and the results
of the eelgrass impact analysis for the re-designed Project. It is important to note that shellfish
aquaculture does not result in permanent changes to the environment and return to pre-project
conditions for eelgrass and other habitat features can occur relatively rapidly upon the removal
of shellfish and aquaculture gear (discussed more below).

5.1

Impact Scenarios

The eelgrass impact analysis uses several scenarios to calculate a range of potential effects to
eelgrass. The scenarios range from a low to a high potential impact to eelgrass from longline
aquaculture. The same impact scenarios are used to calculate both potential eelgrass density
reduction from the proposed expansion of culture in eelgrass and mitigation lift from the
conversion of existing culture (i.e., the difference between potential impacts from 2.5-ft singlehung to 10-ft double-hung longlines). The impact scenarios include three growth scenarios to
reflect the growth of oysters on longlines over time, and two “footprint” scenarios calculated
based on site- and culture-specific shading studies (See the Shading Analysis enclosed with
Exhibit 1). The growth scenarios characterize the areas where eelgrass may be affected by
mechanical abrasion, stranding and desiccation, and are comparable (at the maximum growth
scenario) to the areas reported by Thom et al. (2003). The footprint scenarios characterize areas
where shading may prevent growth (medium footprint) or where shading and trampling due to
worker access may reduce eelgrass density due to impacts to growth or production. These
scenarios are nested, such that the growth scenarios are the smallest, the medium footprint
scenario incorporates the growth scenarios and an additional area where shading is expected to
limit growth, and the maximum footprint incorporates all of the impact scenarios and an
additional area where eelgrass density may be reduced.
The full description of each impact scenarios analyzed include:


June 2016

New Growth – Under this scenario, the width of effect to eelgrass extends horizontally
from the longline based on the size of the cultch during the first year of growth (0.3 ft).
Because oysters are this small size only during the initial plant-out months, this scenario
likely under represents the size of the oysters for the majority of time that they are
present. For basket-on-longline areas, the width of effect to eelgrass extends horizontally
from the longline based on the width of the basket (0.8 ft).
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Figure 7

Reported Pacific Herring Spawn Deposition Locations in 2004, 2005, and 2015.

Source: modified from CDFW data provided to Dale (pers. comm., 2016); Ray, pers. comm., 2015
Note: Herring spawn deposition density was only available for 2004-2005 and presence/absence data were only available for 2015.
June 2016
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Change: new
culture proposed

Change: no new
culture proposed (no
longer using the redhatched areas)

Figure 8

Change: culture
moved to margins

Comparison of Culture Locations of the October 2015 DEIR (red hatched) and Revised Expansion Areas (blue
hatched) within Locations that have Reported Herring Spawn Deposition in 2004, 2005, and 2015.

Source: Reported herring spawn locations interpreted from CDFW data provided to Dale (pers. comm., 2016) and from Ray (pers. comm., 2015).
June 2016
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Average Growth – Under this scenario, the width of effect to eelgrass extends
horizontally from the longline based on the average size of oysters (0.5 ft) throughout
the growing cycle (18-36 months). For basket-on-longline areas, the width of effect to
eelgrass extends horizontally from the longline based on the width of the basket (0.8 ft).
 Maximum Growth – Under this scenario, the width of effect to eelgrass extends
horizontally from the longline based on the maximum size of Pacific oysters prior to
harvest (0.8 ft). Pacific oysters represent 40% and Kumamoto oysters 60% of the
proposed culture, and fully grown Kumamoto oysters are smaller (0.5 ft). Because
oysters only reach their maximum size near harvest time, this scenario likely over
represents the size of the oysters for the majority of time that they are present. Effects
from the longline based on the width of the basket (0.8 ft) were also included as in the
previous scenarios.
 Medium Footprint – For this scenario, the potential extent of shading was used to
estimate the width of effect. A shading analysis was conducted with longlines in an east
to west as well as in a north to south orientation within a 1-acre representative plot.
Areas identified by the shading analysis in which shading occurred for more than 1/3 of
the day6 was estimated to result in up to 100% loss of eelgrass. Shading for greater than
1/3 of the day only occurred when lines were arranged in an east to west orientation.
Beds in a north to south orientation did not shade areas for more than 1/3 of the day.
However, to account for an increase in shellfish and gear that may include other
mechanisms of effect (e.g., mechanical abrasion, desiccation), a 100% loss of eelgrass was
assumed for a distance of 1.3 ft (single-hung) to 1.5 ft (double-hung and baskets).
 Maximum Footprint – Under this scenario, the larger areas influenced by shade
throughout the day were assessed, although these areas do not result in shading for >1/3
of the day, regardless of line orientation. The maximum footprint incorporates the
predicted effects from the medium footprint where up to 100% reduction of eelgrass is
assumed as well as additional area where a 25% reduction of eelgrass is assumed to
account for potential impacts of trampling. The percent reduction is then averaged over
the entire maximum footprint to establish the percent reduction within the maximum
footprint. The maximum footprint adds an additional distance of 1.1- to 1.9-ft from the
line to the medium footprint scenarios.
These scenarios are based on an over-simplification of potential impacts to eelgrass, and each
scenario has a number of potential mechanisms of impact associated with it, especially for the
medium and maximum footprint. A graphic depicting the distance from the longline, and the
potential mechanisms of impact that would likely be included in this distance, is presented in


6 Note that the 1/3-day threshold is based on information from Thom et al. (2008) and data collected on
irradiance in Puget Sound, Washington. Additional details are provided later in the document and also in
Shading Analysis enclosed with Exhibit 1.
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Figure 9 for the growth scenarios and Figure 10 for the medium and maximum footprint
scenarios.

5.2

Impact and Mitigation Calculations

The impact scenarios discussed above are based on mechanisms of effect that have variable
distances of how far impacts extend horizontally from the longline. Typical mechanisms of
effect reported in the literature include mechanical abrasion, desiccation, and shading, and the
basic zones where each occur from a longline are depicted in Figure 9 and Figure 10. The
evidence used in this analysis to understand “width of effect” includes:
1. Observations in Thom et al. (2003) that indicated “a narrow (ca. 0.25 m wide) band of
barren bottom” directly under oyster longlines in Willapa Bay, Washington. These
effects were associated with mechanical abrasion and not shading.
2. Data collected by SHN (enclosed with Exhibit 1) that indicated potential effects related
to conditions directly under the longlines were greater compared to the space between
longlines 7.
3. Data from Rumrill and Poulton (2004) that showed a lower effect to eelgrass at wider
spaced longlines compared to tighter spaced longlines.
4. Data from a shading analysis using a three-dimensional (3D) model to interpret a
shading footprint related to gear orientation and culture type.
Historically, assessments of impacts to eelgrass from regulated projects have focused on
superimposing the footprints of the proposed structures that cause shading onto eelgrass beds
to calculate the total amount of eelgrass impacted (e.g., US Navy 1993, Merkel 2000, Winzler
and Kelly Consulting Engineers 2011). That approach would be consistent with the maximum
growth scenario that calculates impacts based on the areas directly beneath culture lines.
However, the CEMP (NMFS 2014) suggests that the actual area of impact should be determined
from an analysis that compares pre-action conditions of eelgrass habitat with post-action
conditions.

7 The SHN data is not being used to calculate effects from 10-ft double-hung culture operations because
the data were collected in 5-ft spaced longlines in the middle of a 2.5-ft spaced culture plot. The data were
used to verify existing conditions and the October 2015 DEIR proposal (5-ft spacing), but using it for the
10-ft spaced proposal resulted in errors due to the assumptions needed to make the data represent a
wider spacing regime.
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2.5’ Single Hung Line

10’ Double Hung Line

Basket Culture

Basket Width
New Growth (0-12 months)
Average Growth (12-36 months)
Maximum Growth (36+ months)
Support Posts

12”

12” 18”

16”

New Growth Zone
Average Growth Zone
Maximum Growth Zone

Figure 9

June 2016

0.3’
0.5’

0.3’
0.5’

0.8’

0.8’

0.8’

Illustration of the Distance that Effects Extend from the Longline for Growth Scenarios.
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2.5’ Single Hung Line

10’ Double Hung Line

16”

12”

0.8’ = mechanical
abrasion/desiccation

Basket Culture

0.8’ = mechanical
abrasion/desiccation

1.3’ = shading

1.5’ = shading

2.5’ = shading/trampling

3.4’ = shading/trampling

12” 18”

0.8’ = mechanical
abrasion/desiccation
1.5’ = shading
3.5’ = shading/trampling

Basket Culture
Line Culture
Support Posts
Medium Footprint Zone
Maximum Footprint Zone

Figure 10

June 2016

Illustration of the Distance that Effects Extend from the Longline for Medium and Maximum Footprint Scenarios.
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This project has developed an approach to estimate impacts by accounting for the mechanisms
of effect that may extend beyond the footprint of individual culture lines, including stranding,
physical abrasion, trampling, and shading by incorporating two-tiered impact zones, with the
central tier assumed to result in complete exclusion of eelgrass 8 and a slightly wider zone where
eelgrass density is predicted to decrease by a lower amount. Consistent with the CEMP, these
estimations of impact will then be confirmed with a robust monitoring program that compares
pre-action conditions of eelgrass habitat to post-action conditions.
In order to calculate the range of potential impacts and mitigation lift, the same equations, as
described in the October 2015 DEIR, were used (Table 3). The values associated with each
impact scenario used in these equations are presented in Exhibit 2 and discussed in further
detail below.

Table 3. Equations used to Calculate the Range of Potential Impacts and Mitigation Lift under the
Different Impact Scenarios.
Equation
(Eq. 1) 𝑿𝑿𝑳𝑳𝑳𝑳 ∗ 𝑿𝑿𝑾𝑾𝑾𝑾 = 𝑨𝑨𝑩𝑩𝑩𝑩

Definition of Terms
XLL = length of longline (ft)
XWE = width of effect (ft)
ABL = area below longline (ft2)

(Eq. 2) 𝑨𝑨𝑬𝑬𝑬𝑬 ∗ 𝑨𝑨𝑩𝑩𝑩𝑩 ∗ 𝑵𝑵𝑵𝑵 = 𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨

AEA = expansion area (acre)
ABL = area below longline (acre)
NL = number of longlines (#/acre)
AAOI= area of influence (acre)

(Eq. 3) 𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨 ∗ 𝑬𝑬𝑬𝑬 ∗ 𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹 = 𝑳𝑳𝑳𝑳𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹

AAOI = area of influence (m2)
ED = eelgrass density (turions/m2)*
Rdct = percent reduction under longlines (%)
LLRed = reduction of turions below longlines (turions)

(Eq. 4)

𝑳𝑳𝑳𝑳𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹
𝑻𝑻𝑻𝑻

= 𝑻𝑻𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹

LLRed = reduction of turions below longlines (turions)
TT = total turions within an area (turions)
TRed = total percent reduction in eelgrass density (%)

The terms used in Eq. 1 are straight-forward. The major difference between impact scenarios for
Eq. 1 was the data used to define the width of effect. For example, in the first three scenarios
(growth scenarios), the only term that varies is the width of cultch (see Figure 9). For the last
two scenarios (medium and maximum footprint), the width of effect is primarily based on the

8 It is notable that, based on visual observation of existing culture conditions, eelgrass is not totally
excluded from beneath the longlines.
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shading analysis (see Figure 10). The values for width of effect used in each impact scenario are
provided in Table 4.

Table 4. Width of Effect used in the Eelgrass Impact Analysis for the Phase I Expansion and
Conversion.
Impact
Scenario
New Growth

Culture Type
2.5-ft Cultch (Single)
10-ft Cultch (Double)
9-ft Baskets w/ 16-ft gap
2.5-ft Cultch (Single)

Medium Growth

10-ft Cultch (Double)
9-ft Baskets w/ 16-ft gap

Width of
Effect (ft)

How Width of Effect was Determined

0.3

Average width of cultch during first 1/3 of a growth cycle.

0.8

Width of basket.
0.3*(1/3) + 0.7*(2/3) = 0.5
0.3 ft = average width for first 1/3 of growth cycle
0.7 ft = average width for last 2/3 of growth cycle
Width of basket.
Width of Pacific oysters at harvest (0.8 ft). Thom et al. (2003)
described mechanical abrasion/desiccation within 0.8 feet of lines,
therefore this distance incorporates this mechanism and the growth
scenarios as well.
Width of basket.
Maximum shaded area in north-south orientation for 2.5-ft singlehung lines, which is wider than the maximum shaded area in an
east-west orientation. Also includes growth scenarios for
mechanical abrasion/desiccation, as above.
Total shaded area for single-hung lines in an east-west orientation.
Also includes growth scenarios and mechanical
abrasion/desiccation, as above.
Total distance between lines because the entire plot can be shaded
at some point in the day, and some areas twice a day. Also
incorporates all of the scenarios above plus an additional area for
trampling effects.
Maximum shaded area for 10-ft double-hung lines in the northsouth orientation, which is wider than in an east-west orientation.
Also incorporates all of the scenarios above plus an additional area
for trampling effects.
Average of total shaded area based on baskets that are hanging
compared to baskets that are floating in an east-west orientation.
This accounts for more than the maximum shaded area in the
north-south orientation. Also incorporates all of the scenarios above
plus an additional area for trampling effects.

0.5
0.8

2.5-ft Cultch (Single)
Maximum
Growth

Medium
Footprint

10-ft Cultch (Double)
9-ft Baskets w/ 16-ft gap

0.8

2.5-ft Cultch (Single)

1.3

10-ft Cultch (Double)
9-ft Baskets w/ 16-ft gap

Maximum
Footprint

0.8

1.5

2.5-ft Cultch (Single)

2.5

10-ft Cultch (Double)

3.4

9-ft Baskets w/ 16-ft gap

3.2

The distances used for the medium and maximum footprint scenarios are a combination of
values identified in the shading analysis (Exhibit 1). This combination of values is used to
incorporate two competing assumptions: (1) the proposed culture will be primarily set in a
north to south orientation (90% of the proposed expansion), which does not exceed the
threshold for potential shading impacts, as discussed below, but (2) there are other mechanisms
of effect that need to be accounted for in the medium footprint distance.
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In general, researchers have pointed towards the north to south orientation as preferential
because the shaded area moves fairly rapidly, which results in large areas shaded but no one
area being shaded for a significant portion of the day, thus providing enough light to meet the
growing requirements of eelgrass (Burdick and Short 1999). According to research conducted
by Thom et al. (2008), the daily threshold for eelgrass survival is 7 mol photosynthetically active
radiation (PAR) on average during spring and summer. Long-term survival (i.e., through the
winter) requires a minimum average of 3 mol PAR. Based on field measurements in Puget
Sound, Washington (Confluence, unpublished data), light levels at ‐6.6 ft below the water’s
surface exceeded 13 mol PAR and shading effects from a dock resulted in impacts to eelgrass
when light was reduced or eliminated for more than 1/3 of the day below 7 mol PAR. Even
under this scenario, solar energy would still exceed minimum daily requirements for long-term
eelgrass survival. Therefore, a reduction in light for 1/3 of the day due to a shading footprint
from the aquaculture gear was used as a threshold for estimating this potential impact.
In Humboldt Bay, Rumrill and Poulton (2004) measured incidental light profiles along a
transect that ran beneath oyster longlines spaced 2.5 ft apart with a 5-ft space every six lines.
The light meter was passed under oyster longlines multiple times and drops in light levels were
observed within oyster beds that were not observed in adjacent eelgrass beds. These drops in
light levels were likely due to shading from oyster culture and represented up to a 62% decrease
in available light (from approximately 60 mol/day to 23 mol/day). Even with this reduction in
incidental light from shellfish aquaculture operations, the light in the farmed plots is still three
times higher than the daily threshold for eelgrass survival, as reported by Thom et al. (2008).
Therefore, light does not appear to be limiting for eelgrass at the elevations studied by Rumrill
and Poulton (2004). Further, even if the assumption is that the shading footprint can exclude
eelgrass, this would likely occur only at the lower limit of eelgrass growth (i.e., -4.5 ft MLLW)
where light is a controlling factor.
Because light does not appear to be limiting eelgrass growth at the elevations used for culture in
Humboldt Bay, the “worst-case scenario” of lines oriented in an east to west direction was used
as a starting point to define the distance that shading effects could extend from the longline. A
wider distance (1.5 ft) was chosen to represent the combination of potential impacts from
mechanical abrasion, desiccation, and shading when the shading footprint was less than these
other potential mechanisms of effect (see Figure 10 above). Shading may cause impacts to
eelgrass that reduce plant vigor or density at levels less than the identified thresholds above.
While this potential effect is not well documented in the literature, it is the basis for assuming
100% loss in the full 1.5-ft distance and calculating an additional 25% reduction of eelgrass in
the maximum footprint.
Equation 2 includes terms that describe the “area of influence,” which is the amount of area
within an aquaculture plot that may be subject to the mechanisms that affect eelgrass habitat.
This calculation uses the area below the longline (ABL calculated in Eq. 1), the amount of area
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that overlaps with eelgrass habitat (expansion area or AEA), and the number of longlines per
acre. Table 5 provides a breakdown of the general habitat categories where the proposed
Phase I aquaculture would overlap, which is the expansion area (AEA) term used in Eq. 2. Table 5
does not include the overlap with the 6 acres of 10-ft single-hung cultch-on-longline culture or
the 4 acres of rack-and-bag culture, as neither of these portions of the Project are anticipated to
impact eelgrass. Table 5 does include the 100-acre conversion area and remaining 200-acre
expansion area.

Table 5. General Habitat Categories for Phase I of the Re-Designed Project.
Growing
Area
Mad River

Bird Island

Sand
Island
Arcata
Channel
Gunther
Island*

East Bay

Non-Eelgrass
(acre)

Patchy
Eelgrass (acre)

Continuous
Eelgrass (acre)

Total (acre)

Conversion Area

0.0

5.4

0.0

5.4

10-ft Cultch (Double-Hung)
9-ft Baskets w/ 16-ft gap
Conversion Area
10-ft Cultch (Double-Hung)
9-ft Baskets w/ 16-ft gap
Conversion Area
10-ft Cultch (Double-Hung)
9-ft Baskets w/ 16-ft gap
Conversion Area
10-ft Cultch (Double-Hung)
9-ft Baskets w/ 16-ft gap
Conversion Area
10-ft Cultch (Double-Hung)
9-ft Baskets w/ 16-ft gap
Conversion Area
10-ft Cultch (Double-Hung)

0.4

1.4

28.3

30.1

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

9-ft Baskets w/ 16-ft gap

Culture Type

Conversion Area
Total

10-ft Cultch (Double-Hung)

2.2

8.2

48.6

59.0

0.0

0.0

10.0

10.0

0

20.9

0

20.9

0.3

0.0

29.3

29.6

1.0

0.0

9.0

10.0

0

10.0

0.0

10.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

16.9

0.0

16.9

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

36.5

10.3

46.8

0.3

6.4

24.6

31.3

4.0
0.0
3.2

15.8
89.7
16.0

10.2
10.3
130.8

30.0
100.0
150.0

9-ft Baskets w/ 16-ft gap
5.0
15.8
29.2
50.0
*Gunther Island would include 4 acres of rack-and-bag or basket-on-longline culture that would be outside of eelgrass habitat and use a 25ft buffer from eelgrass habitat.

Equation 3 uses the term percent reduction under the longlines (Rdct), which is used to calculate
the amount of eelgrass density loss within the area of influence (calculated from Eq. 2). This
percent reduction ranged from -56% for 10-ft double-hung to 100% for the medium footprint
scenario and a portion of the maximum footprint scenario. This was intended to provide a
range of potential reduction under the longlines that could then be compared to the literature
related to reduction within an aquaculture plot. Table 6 provides the values and calculations for
percent reduction that were used to calculate the overall reduction within an aquaculture plot.
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Table 6. Percent Reduction used in the Eelgrass Impact Analysis for the Phase I Expansion and
Conversion.
Impact
Scenario
Growth
Scenarios (New
to Max Growth)

Medium
Footprint

Maximum
Footprint

Culture Type

Percent
Reduction*

2.5-ft Cultch (Single)

-73±16%

10-ft Cultch (Double)

-56±12%

9-ft Baskets w/ 16-ft gap

-70±15%

2.5-ft Cultch (Single)

-100%

10-ft Cultch (Double)
2.5-ft Cultch (Single)

-100%
-100%
-64%**

10-ft Cultch (Double)

-58%**

9-ft Baskets w/ 16-ft gap

How % Reduction was Determined
Average value from East Bay beds (n=12) for 2.5 ft and 2.5 ft w/ 5-ft
spacing compared to the control
Average value from East Bay beds (n=12) for 10-ft spacing compared to
the control
25% higher than effect from 10-ft spacing
Shading is assumed to totally exclude eelgrass in the entire width of effect.
Width calculated as above.
Same as above, but added 25% reduction in additional area beyond the
shading footprint to account for other factors that may affect eelgrass
growth within the plot.

9-ft Baskets w/ 16-ft gap
-60%**
*Uncertainty associated with field measurements is characterized for growth scenarios based on the standard error reported in Rumrill and Poulton
(2004). Uncertainty or error is not used for medium and maximum footprint scenarios because these represent assumptions taken from one end of
the distribution of values. These represent worst case scenarios where 100% the area near the lines (for medium footprint) is unable to support
eelgrass, and additional areas beyond that footprint are reduced by 25% (maximum footprint).
**Average reduction across the width of effect integrating the value between shading footprint (-100%) and extended width (-25%).

Finally, Equation 4 is a simple percent of the eelgrass density reduced from the total amount of
eelgrass present in the culture plot. Both Equations 3 and 4 use standard eelgrass densities
within the patchy and continuous eelgrass habitat categories, defined as 50 shoots/m2 for patchy
eelgrass and 80 shoots/m2 for continuous eelgrass. This was based on a review of the available
data in North Bay for eelgrass density. Using summer shoot densities as the potential seasonal
maximum, and data sets with the longest period of record, average densities have ranged from
a low of 40±39 shoots/m2 to a high of 90±37 shoots/m2 (Figure 11). This data represents locations
that are more restricted (e.g., SeagrassNet 2015) to areas throughout North Bay (e.g., Rumrill
and Poulton 2004, SHN 2015).
The values used for eelgrass density in the calculations represent a simplification of this data,
and were intended to capture the range in density values. There are no data sets, of which we
are aware, that explicitly identify the difference in eelgrass density within patchy vs. continuous
eelgrass beds. In a more recent report (Pacific Watershed Associates 2015), it was noted that
eelgrass density within areas identified as patchy eelgrass ranged between 33 and 54 shoots/m2
(no standard deviation reported). These density estimates included only locations with eelgrass,
even though only approximately 10% of the area studied actually had eelgrass. This is why
these areas are characterized by the term “leopard skin.” In contrast, this analysis assumes that
areas with patchy eelgrass have a continuous coverage of eelgrass at the 50 shoots/m2 density.
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Figure 11

Eelgrass Summer Shoot Density in North Bay from 2001 to 2015.

Sources: Rumrill and Poulton 2004, Schlosser and Eicher 2012, SeagrassNet 2015, SHN 2015.
Note: No data were identified for the summer of 2006 and 2011-2013.

5.3

Net Eelgrass Impact Analysis and Recovery Potential

Based on a 210-acre expansion of oyster culture in Humboldt Bay and a 100-acre conversion of
existing culture, Phase I of the re-designed Project is calculated to result in a net neutral or
potentially beneficial overall impact to eelgrass density (Table 7). An expanded version of these
calculations, using the same formulas presented in Table 3, is provided in Exhibit 2. It is
important to note that the acreages presented in Table 7 are the accumulation of eelgrass
density reduction (expansion area) and lift (mitigation area) assuming a 50 and 80 turions/m2
density for patchy and continuous eelgrass beds, respectively. These values do not represent
entire areas that have no eelgrass, but rather changes to density spread throughout the area
where activities occur.

Table 7. Results of the Revised Eelgrass Impact Analysis for the Re-Designed Project.
Impact Scenario
New Growth
Average Growth
Maximum Growth
Medium Footprint
Maximum Footprint

June 2016

Total Impact without
Mitigation
Acre
-4.7
-6.3
-8.7
-27.4
-35.9

%

-1.5%
-2.0%
-2.8%
-8.9%
-11.6%

Overall Impact
(within 310 acres)

Mitigation Lift
Acre

+6.0
+10.0
+16.1
+30.9
+36.8

%

+1.9%
+3.2%
+5.2%
+10.0%
+11.9%

Acre
+1.3
+3.8
+7.4
+3.5
+0.9

%

+0.4%
+1.2%
+2.4%
+1.1%
+0.3%
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Because the mechanism and calculations for eelgrass impacts and eelgrass lift are the same, it is
possible to calculate the beneficial effects of modifications to existing culture plots. By changing
line spacing in existing plots, it is possible to create in-kind mitigation and evaluate how that
mitigation offsets potential impacts. The impact scenarios provide a range of predicted changes
to eelgrass density within North Bay, and can be used to understand potential variability in
effects (Figure 12). Scenarios were selected to represent conservative expectations of potential
impacts and are, therefore, skewed by assumptions and are not representative of mean values.
Risk assessment analysis found that the use of conservative parameter values results in risk
estimates (or impact assessments) that are 27 times greater than those based on mean values
(Viscusi et al. 1997).
Impact

Mitigation

Overall Impact

50.00
Impact Area (acres)

40.00
30.9

30.00
20.00
10.00
0.00
-10.00

6.0
1.3
-4.7

-20.00

10.0
3.8
-6.3

16.1
7.4

3.5

-40.00

New Growth

Figure 12

0.9

-8.7
-27.4

-30.00

36.8

Medium Growth Maximum Growth Medium Footprint

-35.9

Maximum
Footprint

Range in Impact Compared to Mitigation Acreage based on Impact Scenarios.

This can better be explained by using the Rumrill and Poulton (2004) data for a 10-ft singlehung design. By the end of the experiment, the authors reported an eelgrass density of 32±19
shoots/m2 at the 10-ft spacing compared to a density of 30±15 shoots/m2 in the control area.
While this value has an uncertainty associated with it, the assumption that a 10-ft single-hung
design would have a neutral effect on eelgrass does not have a reported error associated with it.
The remaining 412 acres of expansion (Phase II) would be at a 10-ft spaced single cultch-onlongline. As discussed above, the best available science indicates that effects to eelgrass at a 10-ft
single longline spacing do not result in an overall loss to eelgrass habitat, and eelgrass habitat
associated with shellfish aquaculture can potentially have higher or equivalent densities
compared to control or reference plots (Rumrill and Poulton 2004). However, in an abundance
of caution, verification of effects associated with 10-ft spaced single-hung cultch-on-longline
will be provided via monitoring prior to full implementation of Phase II.
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An important component of the re-designed Project will be a robust monitoring plan that
provides verification of the actual impacts associated with the Project, combined with a decision
tree that can provide adaptive management if impacts or mitigation lift are not in balance.

6.0

RECOVERY POTENTIAL VS. IMPACT TIMING

An important aspect of mitigation accounting is the timing of mitigation benefits compared to
impacts. Impacts to eelgrass from the proposed expansion would occur during installation of
the longlines (short-term impact) and from shading, mechanical abrasion, and desiccation
(longer term impact) that would occur as the cultch grows over a 2-year period. The maximum
footprint scenario estimates that impacts from trampling would reduce eelgrass density up to
25%, but the current understanding of trampling frequency would likely result in impacts to
eelgrass that are not likely to persist for longer than 1 month (see discussion in Exhibit 1).
In terms of recovery potential, Ruesink et al. (2012) indicated that 4-meter-squared (m2) gaps in
eelgrass beds recovered in 2 years in Willapa Bay. Comparatively, Boese et al. (2009) reported
up to 4 years of recovery time in Yaquina Bay within 4 m2 plots and Tallis et al. (2009) reported
more than a 4-year recovery period in drag dredge plots within areas that had finer grained
sediments (e.g., silt and mud). Suction dredge harvested areas in Humboldt Bay were up to 10
acres (40,469 m2) and, although impacts were originally documented by Waddell (1964),
recovery timing from this type of activity has not been reported in the literature. A review of the
aerial imagery between 2003 and 2011 show that eelgrass is present in these dredged beds and
indicates that there was substantial recovery in formerly dredged areas, with some notable
exceptions (see Exhibit 1). The aerial imagery from the 2009 mapping effort (NOAA 2012,
Schlosser and Eicher 2012) also showed recovery of the same areas, which equates to
approximately a 6-year recovery period. Compared to total removal of rhizomes, as in the
studies identified above, when patches of eelgrass are retained within a disturbed area there is
considerable revegetation within 1 year (Neckles et al. 2005). This last example is likely the most
similar to the action of removing oyster longlines from areas that contain eelgrass currently.
Overall, impacts and recovery are likely occurring within a similar timeframe, although some
activities that result in total removal of rhizomes can result in slower recovery periods. This is
especially true within softer substrates, such mudflats, as shown by Tallis et al. (2009).

7.0

MITIGATION RATIOS

Mitigation for natural resources is guided by numerous state and federal policies, including a
Presidential Memorandum (Federal Register 2015) that directs federal agencies to “establish a
net benefit goal or, at minimum, a no net loss goal for natural resources the agency manages.”
The California Eelgrass Mitigation Policy and Implementing Guidelines (CEMP 2014)
enunciates policy and approaches to mitigate for impacts to eelgrass in California. Consistent
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with the Presidential Memorandum, this guidance includes a goal of “no net loss of eelgrass
habitat function in California” (CEMP 2014). The CEMP recognizes the potential for mitigation
through a variety of mechanisms, but identifies in-kind mitigation as preferred. The CEMP is
based around a scenario where mitigation and impacts occur contemporaneously or mitigation
occurs after impacts occur. The CEMP applies a discount rate to the present value of eelgrass
mitigation sites to account for the development of eelgrass habitat function over a period of up
to three years. This offset between when eelgrass mitigation is presumed to be functional and
when impacts are presumed to occur creates a target mitigation ratio of 1.2:1 (CEMP 2014).
However, the 1.2:1 ratio is specifically for impacts to eelgrass area (e.g., areal extent), and a
separate section describes mitigation ratios for impacts to density of eelgrass beds. This section
identifies that “mitigation for reduction of turion density without change in eelgrass habitat
area should be on a one-for-one basis (CEMP 2014).”
The eelgrass impact analysis identifies five scenarios that result in an accumulated reduction in
eelgrass density with mitigation ratios ranging from 1.9:1 to 1.0:1 (Table 8). These calculated
mitigation ratios illustrate that eelgrass densities are anticipated to be mitigated at a rate that
exceeds the CEMP target of 1:1 for impacts to turion density. Impacts to areal extent are not
anticipated, even though (for simplicity) the eelgrass impact analysis calculates density
reduction within a 1.5-ft width. Based on simple observation, entire widths of bare ground are
not associated with oyster longline aquaculture in North Bay.

Table 8. Mitigation Ratios by Eelgrass Impact Scenario.
Impact Scenario
New Growth
Average Growth
Maximum Growth
Medium Footprint
Maximum Footprint

Total Impact without
Mitigation

Mitigation Lift

Acre

Acre

-4.7
-6.3
-8.7
-27.4
-35.9

+6.0
+10.0
+16.1
+30.9
+36.8

Mitigation Ratio
1.3:1
1.6:1
1.9:1
1.1:1
1.0:1

The CEMP describes further adjustments to the target mitigation ratio based on likelihood of
mitigation success. These likelihoods of success were calculated from past mitigation efforts in
four regions of California ranging from 100% (Central California) to 25% (Northern California).
These likelihoods of success were based on small sample sizes (four sites in Northern
California) and are related to the transplantation of eelgrass to unvegetated habitat, which is not
comparable to natural recovery. Comparatively, eelgrass in Humboldt Bay has been shown to
recover within 2 years in previously vegetated areas after stressors suppressing eelgrass growth
were removed (e.g., suction dredge harvest events), even in the presence of oyster longlines
(Rumrill and Poulton 2004).
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As described above, eelgrass recovery may take 2 to 6 years following disturbances that remove
both above- and below-ground plant material (Ruesink et al. 2012, Boese et al. 2009, Tallis et al.
2009, Exhibit 1). However, when patches of eelgrass are retained within a disturbed area there is
considerable revegetation within 1 year (Neckles et al. 2005). This suggests that eelgrass
recovery in areas where eelgrass suppression is removed by increasing line spacing is likely to
be rapid and exceed the recovery rates implied in the CEMP. Field reconnaissance also suggests
that most, if not all, longline plots contain eelgrass between and under existing longlines.
Therefore, recovery will be through both seeding and rhizomal expansion of mature eelgrass
that is present throughout the culture plots. Since rhizomal expansion is the main mechanism
for producing eelgrass shoots (Duarte and Sand-Jensen 1990), this infilling process is expected
to be rapid.
Aside from the rapid recovery of eelgrass anticipated within the mitigation areas, the Project
impacts will not occur instantaneously, as noted above. While this memorandum has applied
the same scenarios to assess impacts and mitigation activities, these scenarios are intended to
reflect the long-term impacts and uplift associated with the Project. Initial impacts associated
with longline placement may result in some initial loss of eelgrass function through trampling,
but recovery from these activities is expected within 1 month, and the longer potential impacts
will occur over a 2-year period. Similarly, recovery in areas where suppression is removed is
likely to result in some initial recovery and some delayed recovery.
Overall, it is likely that both impacts to eelgrass and eelgrass recovery in conversion areas
would occur over a 2-year period. While no significant temporal lag is expected between impact
and mitigation, the proposed Project includes a greater than 1:1 mitigation ratio in all impact
scenarios except for the maximum footprint scenario. Moreover, the timing of impacts and
recovery will be monitored, and any lag in mitigation will be accounted for via adaptive
management.

8.0

CONSERVATIVE ASSUMPTIONS

Every effort has been made to create an unbiased and scientifically robust assessment of
potential interactions between oyster culture and eelgrass. There is a range of assumptions that
are supported by best available science and/or data. When assessing where to land within this
range, we deliberately favored the conservative end of the range in order to account for the
variability and uncertainty in available data. This choice was a combination of policy and best
professional judgment rather than information that was mandated by the literature. We did this
at numerous decision points, even though it is unlikely that all of them together will in reality
skew towards the conservative. Examples of these conservative assumptions included:
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A continuous coverage (albeit lower density than is assumed for “continuous beds”) of
eelgrass was assumed in patchy eelgrass locations, while eelgrass presence in “patchy
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beds” is actually more of a leopard skin distribution within these locations. This results
in an over-estimation of eelgrass acreage within the expansion area. Figure 13 depicts
why this is can be an important factor in over-estimating impacts to eelgrass. Using the
methods described in this analysis, areas of patchy eelgrass may have been overestimated by as much as 70%.
Because Pacific oysters represent 40% and Kumamoto oysters 60% of the proposed
culture, and fully grown Kumamoto oysters are smaller (0.5 ft), the scenario for
maximum growth that uses a width of effect of 0.8 ft over-estimates the width of cultch
on the longline.
Light may not be a limiting factor at the elevations where culture is proposed in
Humboldt Bay. Using shading to estimate width of effect is conservative because it
accounts for a larger footprint of potential eelgrass density reduction than would occur
due to light limitation.
A range of potential reduction under the longlines from 60% to 100% within varying
widths was calculated in order to understand a range of potential impacts to eelgrass.
The same values that represented both density reduction and width of effect were used
to calculate effects at the plot scale that was then compared to existing literature
(Exhibit 1). The results were found to be within the range reported in the existing
literature for 2.5-ft and 3-ft spaced longlines, although the medium and maximum
footprint tended to over-estimate potential impacts.
A predicted loss of 100% of eelgrass was estimated within the medium footprint width
of effect, and an additional 25% reduction beyond that width for the maximum
footprint. Through simple observation (Table 1) and recent data (SHN 2015), it is evident
that eelgrass is not totally excluded under longlines.
Eelgrass is no longer located in many areas of North Bay that were identified in the
NOAA (2012) data set collected in 2009. For example, in a study by Pacific Watershed
Associates (2015), areas associated with patchy eelgrass were approximately 20% lower,
as described above. These observations are corroborated by SHN (2015) within the south
Bird Island expansion area. Use of the 2009 data over-estimates the amount of eelgrass
currently present and over-estimates the potential impacts to eelgrass included in the
calculations above.
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Figure 13
June 2016

Patchy Eelgrass Area Compared to Actual Eelgrass Patches.
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9.0

SUMMARY AND CONCLUSIONS

The Project has been substantially re-designed from the initial proposed expansion described in
the October 2015 DEIR. Certain locations were prioritized for avoidance in re-designing the
Project, such as areas of continuous eelgrass in East Bay and areas adjacent to channel margins
where herring will hold prior to spawning. These efforts will reduce the overall impacts
associated with the proposed expansion of shellfish aquaculture into eelgrass and Pacific
herring spawning habitat.
In addition, through consultation with Dr. Rumrill and Dr. Dumbauld, Confluence revised its
approach to the eelgrass impact analysis. The analysis is based on conservative assumptions
that show balance between the mitigation and impact for the scenarios modeled. While the best
currently available data indicates that impacts from the Phase I expansion can be balanced with
conversion of existing culture plots, a robust monitoring plan and decision tree will be provided
in the DEIR that will inform how to balance the Project if impacts are greater than predicted or
mitigation is lower. Phase II is proposed to be permitted at longlines spaced 10 ft apart, in a
single-hung configuration, without mitigation.
In summary, the proposed re-designed Project provides in-kind mitigation for the proposed
expansion within eelgrass habitat. The analysis uses conservative assumptions and will be
confirmed by robust monitoring to ensure that any impacts have been adequately mitigated.
Finally, shellfish aquaculture and associated gear are not permanent and do not result in
permanent changes to habitat; shellfish and gear can be removed or reconfigured with return to
baseline conditions rapidly achieved.
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To: Dr. Steven Rumrill, Oregon Department of Fish and Wildlife
Dr. Brett Dumbauld, U.S. Department of Agriculture – Agricultural Research Service
cc: Greg Dale, Coast Seafoods Company
From: Marlene Meaders, Mike McDowell, Phil Bloch, and Chris Cziesla

Date: June 30, 2016
Re:
Expanded Eelgrass Analysis for Coast Seafoods Shellfish Aquaculture Humboldt Bay
Permit Renewal and Expansion Project
Enclosures: Attachment A (SHN 2015 Sampling), Attachment B (Shading Analysis), and Attachment C
(Aerial Imagery – 2003 vs. 2011)

This technical memorandum provides additional information and analyses on potential impacts to
native eelgrass (Zostera marina) from Coast Seafoods Company’s (Coast), Humboldt Bay Shellfish
Aquaculture: Permit Renewal and Expansion Project (Project). This memorandum is based on a
December 4, 2015, meeting between Confluence Environmental Company (Confluence), Dr. Steven
Rumrill (Oregon Department of Fish and Wildlife), and Dr. Brett Dumbauld (U.S. Department of
Agriculture – Agricultural Research Service). The December meeting reviewed and discussed available
data associated with oyster longline aquaculture and eelgrass interactions, focusing on data that were
collected as part of the Western Regional Aquaculture Center (WRAC) study (Rumrill and Poulton 2004)
in Humboldt Bay, California, between 2001 and 2003. A subset of these data were later published in
Dumbauld et al. (2009). In addition, oyster longline data from Willapa Bay, Washington, is analyzed in
this technical memorandum, including data from Wisehart et al. (2007), Tallis et al. (2009), and
Dumbauld and McCoy (2015). Figure 1 is a location map of both Humboldt Bay and Willapa Bay with
labels for the specific locations discussed within this memorandum.
The December 4, 2015, meeting identified the need to expand the exploration of existing data related
to potential impacts of longline aquaculture to eelgrass. The goal of this memorandum is to provide an
explanation and additional details associated with the various data sources and to provide a range of
potential impacts to eelgrass from the Project.
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Figure 1

Location Map for Humboldt Bay, California (A) and Willapa Bay, Washington (B)

Sources: Pinnix et al. 2005 (Humboldt Bay), Tallis et al. 2009 (Willapa Bay)
Notes: (A) Lines are the approximate divisions between North Bay, Central Bay, and South Bay; (B) Outlined areas are aquaculture beds and symbols
represent sampling in the Tallis et al. (2009) study: density survey (circles), growth studies (squares), and dredge experiment (triangles).
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The goal of this technical memorandum will be achieved through meeting the following objectives:


Provide a summary of the available data for oyster longline aquaculture and eelgrass.



Describe the approach taken in the eelgrass impact analysis associated with the Project.



Document the areal extent of eelgrass and evidence of eelgrass recovery within North
Humboldt Bay (North Bay) between 2003 and 2011 through a visual assessment.



Calculate and update the range of impacts associated with the current operations and the
proposed operations in the expansion area based on comparisons to the existing literature.



Discuss Project implications, next steps, and expected changes in the revised Draft
Environmental Impact Report (DEIR).

AVAILABLE DATA
This section focusses on data collected in West Coast estuaries associated with impacts of oyster
longline (specifically cultch-on-longline) aquaculture on eelgrass habitat. The literature discussed
includes:


Rumrill, S. and V. Poulton. 2004. Ecological role and potential impacts of molluscan shellfish
culture in the estuarine environment of Humboldt Bay, CA. Western Regional Aquaculture
Center Annual Report November 2004. 79 p.



Wisehart, L.M., J.L. Ruesink, S.D. Hacker, and B.R. Dumbauld. 2007. Importance of eelgrass
early life history stages in response to oyster aquaculture disturbance. Marine Ecology Progress
Series. 344:71-80.



Thom, R.M., A.B. Borde, S. Rumrill, D.L. Woodruff, G.D. Williams, J.A. Southard, and S.L.
Sargeant. 2003. Factors influencing spatial and annual variability in eelgrass (Zostera marina L.)
meadows in Willapa Bay, Washington, and Coos Bay, Oregon, Estuaries. Estuaries 26(4B):11171129.



Tallis, H.M., J.L. Ruesink, B.R. Dumbauld, S.D. Hacker, and L.M. Wisehart. 2009. Oysters and
aquaculture practices affect eelgrass density and productivity in a Pacific Northwest estuary.



SHN (SHN Engineers & Geologists). 2015. Eelgrass (Zostera marina) survey of Coast Seafoods
Existing Culture Plots. Prepared for Plauché & Carr. SHN, Eureka, California.



Dumbauld, B.R. and L.M. McCoy. 2015. The effect of oyster aquaculture on seagrass (Zostera
marina) at the estuarine landscape scale in Willapa Bay, Washington (USA). Aquaculture
Environment Interactions. 7:29-47.

One study, Everett et al. (1995) conducted in the South Slough estuary, Oregon, was excluded from this
discussion. The Everett et al. study discusses stake and rack culture, which are two methods that are
not being proposed by the Project within eelgrass habitat of Humboldt Bay. Figure 2 shows the
difference between stake and rack culture (from Everett et al. 1995 in South Slough, Oregon) and
cultch-on-longline culture (proposed Project in Humboldt Bay, California).
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A: Stake Culture

B: Rack Culture

C: Cultch-on-longline Culture

Figure 2

Photographs Showing Stake (A) and Rack (B) Culture in South Slough, Oregon,
Compared to Cultch-on-Longline (C) Culture in Humboldt Bay, California

Source: Rumrill 2007 (Photograph A and B), O’Connell, pers. comm., 2015 (Photograph C)
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Rumrill and Poulton (2004)
This meso-scale study collected data semi-quarterly from August 2001 to August 2003 within treatment
plots that had been harvested with a suction dredge1 prior to sampling; harvest occurred in August
2000. Dredging reduces eelgrass density for several years post-harvest. Ruesink et al. (2012) indicated
that 4 square meter (m2) gaps in eelgrass beds recovered in 2 years in Willapa Bay. Comparatively,
Boese et al. (2009) reported up to 4 years of recovery time in Yaquina Bay within 4 m2 plots and Tallis et
al. (2009) reported more than a 4-year recovery period in drag dredge plots within areas that had finer
grained sediments (e.g., silt and mud). Given the size of plots that were historically suction dredged in
Humboldt Bay (approximately 40,469 m2 or 10 acres), it is likely that recovery would take more than
4 years post-harvest. The aerial photography discussed later in this memorandum explores recovery
time for these dredged plots.
Rumrill and Poulton (2004) collected data in a variety of treatment plots (30 m x 30 m or 0.2 acres) that
included a range of oyster cultch-on-longlines spaced between 1.5 feet (ft) and 10 ft. In general, the
data indicated that narrower oyster longline spacing (1.5 ft and 2.5 ft) had greater effects on eelgrass
density than wider spacing (5 ft and 10 ft). There appeared to be a nearly linear relationship between
longline spacing and eelgrass density values (Table 1). In addition, eelgrass within the 5 ft and 10 ft
spaced treatment plots showed recovery or at least stability following suction dredge harvesting
activities (-6% and +5%, respectively), while the control plot declined (-24%) during the two-year study.

Table 1

Summary of Eelgrass Recovery from Mechanical Dredge Harvest Activities at
Various Oyster Longline Spacing in Humboldt Bay, California.

Month-Year

2.5-ft
26 ± 24
26 ± 22
28 ± 32
60 ± 37
44 ± 17
19 ± 16
21 ± 13
10 ± 5

Eelgrass Density (shoots/m2)
5-ft
10-ft
Control
27 ± 13
31 ± 23
44 ± 19
33 ± 12
30 ± 21
33 ± 15
27 ± 23
41 ± 27
33 ± 19
37 ± 33
50 ± 35
58 ± 20
24 ± 24
23 ± 12
49 ± 15
39 ± 20
35 ± 20
66 ± 18
23 ± 18
49 ± 19
60 ± 23
25 ± 22
32 ± 19
33 ± 12

Difference from Control (%)
2.5-ft
5-ft
10-ft
-42%
-38%
-29%
-22%
-2%
-9%
-16%
-20%
+24%
+4%
-36%
-13%
-10%
-51%
-54%
-71%
-41%
-48%
-66%
-61%
-19%
-70%
-23%
-2%

Aug-2001
Nov-2001
May-2002
Aug-2002
Dec-2002
May-2003
Jul-2003
Aug-2003
Change from Aug-62%
-6%
+5%
-26%
2001 to Aug-2003
Source: Rumrill and Poulton (2004)
Notes:
(1) Variation around the mean was 50-100% for treatment plots and 30-60% for the control plot, which may be due
to high natural variability in eelgrass (esp. in recovery beds) and sample size (n=12) within study plots.
(2) Zeros in the data set were excluded from the analysis.
1

There are two types of dredge harvest methods: drag dredge and suction dredge. The drag dredge pulls oysters
from the sediment surface whereas the suction dredge liquefies the sediment to loosen the oysters. Depending
on the depth of the dredge, a suction dredge has the potential to be more disruptive to eelgrass. Scars from the
suction dredge are a result of shell that is deposited in the wake of operations (Dale, pers. comm., 2016).
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There is a confounding variable in the Rumrill and Poulton (2004) data related to elevation when
applying this data to the proposed Project. While the control plot was located next to the treatment
plots (i.e., at the same or similar tidal elevation), reference sites were at lower elevations. As shown in
Figure 3, the treatment plots were located at elevations ranging from 0 to +1.5 ft mean lower low water
(MLLW) compared to the reference sites that were located at -1 to 0 ft MLLW. It is notable that tidal
elevation is one of the main limiting factors for eelgrass in Humboldt Bay (Barnhart et al. 1992,
Gilkerson 2008). This is consistent with other West Coast estuaries where shoot density correlates with
depth (see Figure 2 in Thom et al. 2003). Sites researched by Rumrill and Poulton (2004) were selected
by a Mariculture Monitoring Committee of the Harbor District, rather than the researchers themselves,
and tidal elevation was not necessarily a critical consideration (Rumrill, pers. comm., 2016). The
difference in elevation presents limitations in terms of comparing this data to the treatment plots, but
does provide a good understanding of North Bay eelgrass overall.
Another potentially confounding variable is oyster harvest. The treatment plots were harvested by
hand and oyster clusters were removed at the end of June 2003, while the control plot and reference
sites had no such activity. The July 2003 and August 2003 samples were collected on the treatment
plots shortly after this harvest activity. Additionally, the only harvest method used for the Rumrill and
Poulton (2004) study plot was hand harvest, which is more disturbing to eelgrass than high tide harvest
via boat. It is notable that high tide harvesting is one of the main methods that will be used in the
proposed Project. This limitation of the study was also acknowledged and reiterated by Dr. Rumrill
(pers. comm., 2016) during a January 25, 2016 follow-up meeting.
In comparing the results between treatment plots and reference sites located throughout the bay, it is
clear that the culture within the 10 ft spaced treatment plot had values for eelgrass cover and shoot
density that were largely equivalent to the reference sites, despite the difference in elevation. In fact,
the data indicated that shoot density in the 10 ft spaced treatment plot was higher than four of the five
reference sites (Mad River, Bird Island, East Bay, and Arcata Channel) and similar to the remaining site
located on Sand Island (see Figure 7 in Rumrill and Poulton 2004). Thus, the study authors concluded
that eelgrass density values in the treatment plot with 10 ft spacing were “within the range of plant
density values observed for the eelgrass reference sites located throughout Arcata Bay [North Bay]”.
The main challenge in translating the Rumrill and Poulton (2004) data to the proposed Project, as noted
above, is that the plots surveyed in the 2004 study were in active recovery from a suction dredge
harvest operation. Comparatively, the proposed Project includes placing cultch-on-longline and basketon-longline culture at 5 ft spacing within fallow areas (i.e., not currently or recently cultured or
harvested) of the leased and owned Coast properties. Given the similarity of eelgrass conditions
between the 10 ft spaced treatment plot and bay-wide reference sites, and the nearly linear relationship
of impacts to eelgrass at more narrow spacing, this analysis will primarily use the 10 ft spaced
treatment plot as the point of comparison for other longline spacing arrangements. Comparing areas
with similar histories (i.e., previous dredged harvest) provides a direct evaluation of the different
longline spacing effects and reduces confounding variables (i.e., elevation and hand harvest activity)
associated with the bay-wide reference sites.
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Figure 3

Tidal Elevations and the Location of Continuous Eelgrass, Existing Culture, and Rumrill and Poulton (2004) Sampling

Source: Rumrill and Poulton (2004), GIS layers provided by Wagschal, pers. comm., 2015
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Based on the information discussed above, impacts to eelgrass at the plot level varied depending on
longline spacing and the point of comparison. For example, the 5 ft spaced treatment plot was an
average of -15±23% compared to the 10 ft spaced treatment plot vs. an average of -34±19% compared
to the control. As shown in Table 1 above, -15±23% reduction in eelgrass density is equivalent to the last
sample collected at the 5 ft spaced treatment plot compared to the control plot (-23% in August 2003).
Similarly, the 2.5 ft treatment plot was an average of -15±52% compared to the 10 ft spaced treatment
plot vs. an average of -37±30% compared to the control. However, a -15±52% reduction in eelgrass
density was very different from the last sample collected in the 2.5 ft spaced plot compared to the
control plot (-70% in August 2003).
At the end of the Rumrill and Poulton (2004) study, additional samples were collected within
commercial scale operations in East Bay (e.g., EB 1-1 and EB 6-2 shown on Figure 3 above). The
objectives of this data collection were to compare eelgrass presence, size, and biomass in larger-scale
commercial cultch-on-longline plots at various longline spacing. However, the data collected within the
East Bay commercial scale plots include the following limitations:


The data collected in the commercial plots represent a single point in time (August 2003) with
12 data points (0.25 m2 quadrats), which resulted in a high degree of variability in the data.



The locations of the commercial plots were in areas that previously contained oyster bottom
culture2, had been harvested in late 2001/early 2002, and then planted with various cultch-onlongline spacing 13 to 16 months prior to sampling (Dale, pers. comm., 2016). This means that
the data represent locations where eelgrass had less than two years of recovery from the
harvest event at the time of data collection (similar to the treatment plots above). In contrast,
the control plot had not been disturbed by planting or harvest activities and was not affected by
previous bottom culture operations. The following are the dates for harvest and planting
activities on the East Bay commercial plots:
o

EB 1-1 was harvested in late 2001 and planting was finished April 2, 2002, and

o

EB 6-2 was harvested the first part of 2002 and planting was finished July 25, 2002.



One of the commercial plots (EB 1-1) was located along the margins of eelgrass habitat, and
both East Bay plots were at higher tidal elevations (0 to 1.5 ft MLLW) compared to the
reference sites (-1 to 0 ft MLLW). As noted above, one of the main limiting factors for eelgrass is
elevation (Barnhart et al. 1992, Thom et al. 2003, Gilkerson 2008).



Similar to the treatment plots above, variability in eelgrass density was 60-100% in the data
(based on the standard deviation around the mean), and 40-80% for the control plot.

2

Bottom culture typically results in a higher suppression of eelgrass (vs. longlines) and bottom harvest methods
also shows impacts to eelgrass that are typically greater than longline harvest methods. For these reasons and
others, Coast converted their operations from bottom culture to longline culture (off-bottom culture) from 1997
to 2006.
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Therefore, there is a limited ability to reliably detect change given the high standard deviations
for both the treatment and control data.
Based on these limitations, the values in Table 2 do not accurately represent impacts from cultch-onlongline aquaculture placed in eelgrass habitat that has been left fallow for 10 years or more (i.e., the
Project action). However, as stated by Dr. Rumrill (pers. comm., 2015), the trend in the data is similar to
the more robust 3-year meso-scale study (i.e., treatment plots) discussed above. Again, in terms of
predicting potential effects from the Project, a comparison using the difference between the various
longline spacing to the 10 ft spaced longlines is likely a better comparison than using the limited data
from the commercial scale operations in East Bay, which includes the confounding variable of recovery
from bottom culture activities and is located at higher elevations than the reference sites. Based on this
comparison, the 5 ft longlines could have a -24±39% eelgrass reduction compared to the 10 ft spaced
plots vs. a -59±29% reduction compared to the control. The 2.5 ft longlines could have a -60±4%
eelgrass reduction compared to the 10 ft spaced plots vs. a -81±3% reduction compared to the control.
These data will be compared to the treatment plots and other data sources described below.

Table 2

Data from East Bay Beds in August 2003 at Different Line Spacing (n=12)

Line Spacing

Eelgrass Density (shoots/m2)

Difference from:

Oyster Longline

Control

Control (%)

10 ft Plots (%)

2.5 ft

9±6

39 ± 22

-78%

-63%

5-2.5 ft

23 ± 14

39 ± 22

-42%

-3%

5 ft

24 ± 16

39 ± 22

-38%

+3%

10 ft

23 ± 14

39 ± 22

-40%

2.5 ft (a)

9±8

-82%

-56%

2.5 ft (b)

7±7

47 ± 13
47 ± 13

-84%

-62%

13 ± 8

47 ± 13

-72%

-32%

5 ft

9±6

47 ± 13

-80%

-52%

10 ft (a)

18 ± 10

47 ± 13

-62%

East Bay Bed 1-1

East Bay Bed 6-2

5-2.5 ft

47 ± 13
10 ft (b)
21 ± 14
-54%
Source: Rumrill and Poulton (2004)
Notes:
1. Aside from the 10 ft spaced beds and control, the standard deviations were all in excess of the actual mean,
indicating that variability was so high as to make these values difficult to interpret. Because the treatment plots
were previously dredge harvested and the control was not, they were statistically different from the control.
2. Zeros in the data set were excluded from the analysis.
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Wisehart et al. (2007)
While the Wisehart et al. (2007) study focused on the effects of culture on eelgrass seedlings, it was
cited by multiple agencies as indicating a loss to eelgrass habitat due to the presence of longlines. The
portion of the small scale study that related to adult plant observations suggested that eelgrass
densities were about -52% lower in 2.5 ft spaced cultch-on-longline plots and -62% lower in on-bottom
dredge harvested beds (via drag dredge) compared to outside control plots at Stony Point in Willapa
Bay, Washington. In general, there was a negative correlation with adult shoot density as shown by a
decreasing seedling biomass with increasing density of adult shoots. The authors suggested that
presence of adult plants shaded out new seedlings, as discussed in more detail below.
The primary goal of the Wisehart et al. (2007) study was to evaluate seedling success in previously drag
dredged bottom culture plots, control plots of undisturbed eelgrass, active cultch-on-longline plots,
and plots where existing eelgrass was removed. While initial seedling sprouting densities were higher in
removal treatments and in control plots, near the end of the eelgrass growing season in August 2005,
the authors note that, “seedling densities were similar among longline, dredged, and eelgrass
references areas and there was no difference between control and eelgrass removal treatments.”
However, there were differences in seedling success noted between treatments.
Wisehart et al. (2007) hypothesized about mechanisms that might explain higher seed densities and
seedling success in dredged plots versus cultch-on-longline plots. The primary mechanism is likely a
reduced competition from adult plants, which can shade out the seedlings. In addition, both eelgrass
beds (control plots) and cultch-on-longline plots will decrease current speed and potential seed
dispersal due to the presence of structured habitat. As shown in Rumrill and Poulton (2004), eelgrass
density recovery at narrow spacing of oyster longlines was slower than at wider spacing, which may be
related to this potential to disrupt seed dispersal. Finally, disturbance typically results in a higher
flowering frequency of eelgrass shoots. As shown in the Wisehart et al. (2007) study, flowering shoot
densities were similar among dredged, longline, and eelgrass control plots but more seeds were
produced in the dredged plots compared to control or longline plots. The conclusion from the study was
that bottom culture that uses drag dredging as a harvest method should not be dismissed from a
regulatory perspective because “eelgrass recovery is rapid after dredge harvest in oyster culture and
that harvest dredge sites may act as sources of eelgrass seed.” The authors contrasted this assessment
with the conclusion of the Pew Commission that documented negative impacts from bottom culture
and advocated increased use of off-bottom culture techniques such as oyster longlines (Kennedy et al.
2002 as cited in Wisehart et al. 2007).
This study also attributed various effects on eelgrass recovery to culture method and site conditions.
For example, recovery from bottom culture harvest (drag dredging) was identified as being faster in
sandy substrate than otherwise expected because seed recruitment was more effective in disturbed
areas compared to undisturbed eelgrass or oyster longline culture plots. In addition, eelgrass recovery
was shown to be slower in areas with fine grain sizes (e.g., silt) most likely due to the presence of deoxygenated sediments. The lowest redox values were observed in longline, which were attributed to
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organic-rich particles from the oysters. Both oyster longline and control plots had higher sediment
accretion and sediment silt to sand ratios due to the alteration of hydrology and sedimentation. The
conclusion by the authors was that recovery may take more than 4 years in areas disturbed by
aquaculture, especially when aquaculture occurs in fine grained sediments.

Thom et al. 2003
A study by Thom et al. (2003) looked at a range of factors that influence annual variability and spatial
differences in eelgrass beds along the West Coast (e.g., Willapa Bay, Washington and Coos Bay,
Oregon) from 1998 to 2001. The authors observed “a narrow (ca. 0.25 m wide) band of barren bottom”
directly under oyster longlines in Willapa Bay, Washington. Since the spacing of these lines was fairly
wide (cited as ~3 m) shading was not identified as the mechanism of effect. They did, however, notice
“eelgrass leaves hung up on the lines during low tides.” In the context of this observation, Thom et al.
(2003) mentioned the potential for desiccation during summer low tides was likely the mechanism of
effect for the impacts to eelgrass within this 0.25 m area (Thom et al. 2003). This observation provides
the only reference (of which we are aware) that discusses a potential “width of effect” associated with
oyster longlines since the authors observed impacts directly under longlines while the spaces between
lines were not affected.

Tallis et al. (2009)
Tallis et al. (2009) evaluated the effects of oyster bottom culture (hand and drag dredge harvest) and
cultch-on-longline culture in Willapa Bay, Washington, over a period of three years (2002 to 2004). The
authors documented the complex relationship between oyster culture and eelgrass where oyster
culture led to decreases in eelgrass density but also resulted in comparative increases in individual plant
productivity through reductions in competition between plants (as discussed above in Wisehart et al.
2007). The interplay between eelgrass density and aboveground biomass may complicate efforts to
measure eelgrass productivity with a single metric. In general, bottom culture, whether hand or dredge
harvested had greater effects on eelgrass than longline culture. The effects of oyster culture on eelgrass
were attributed to three primary mechanisms: (1) harvesting techniques that damaged plants and
rhizomes, (2) direct competition for space in bottom culture (plants can’t grow through oysters), and
(3) mechanical damage from the oysters on eelgrass, specifically desiccation leading to breakage and
hence decreased plant viability leading to shoot death and lower density.
These direct effects are somewhat offset by increases in plant productivity in eelgrass beds with lower
density, likely related to decreased intraspecific competition and shading impacts. Lower density beds
were thought to provide increased light levels, which led to higher relative growth rates in these areas
in comparison to beds with greater density. This increase in productivity, however, did not necessarily
offset decreased density from culture activities, especially in dredge harvested plots where their data
indicate 70% fewer eelgrass plants in comparison to uncultivated plots.
On a broader scale, cultch-on-longline culture was seen has having the “least impact on eelgrass
density, but eelgrass biomass (shoot size) and production will decline” (Tallis et al. 2009). The data,
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collected in 0.25-m2 quadrats, indicated that oyster longline operations resulted in an average of
-35±20% reduction in eelgrass density for longlines spaced 2.5 ft to 3 ft apart compared to the control
(Table 3). In addition, the authors noted the potential value of oysters within the ecosystem indicating
that “oyster beds and uncultivated eelgrass areas provide comparable structural habitat for small
infaunal benthic and epibenthic organisms” citing back to Rumrill and Poulton (2004) and other studies.
Finally, a concluding statement in Tallis et al. (2009) was that: “Our bay-wide survey, which showed
eelgrass in long lines to be intermediate between (and indistinguishable from both) uncultivated and
dredged beds, was consistent with Humboldt Bay, CA, where eelgrass density declined at lower line
spacing but was still within the range of densities observed at reference sites throughout the bay
(Rumrill & Poulton 2004).”

Table 3

Summary of Data from Stackpole, Nemah, and Long Island in Willapa Bay,
Washington, at 2.5 ft to 3 ft Oyster Longline Spacing

Eelgrass Density (shoots/m2)
Difference from Control (%)
Oyster Longline
Control
2002
20 ± 13
37 ± 6
-46%
2003
50 ± 21
57 ± 7
-12%
2004
22 ± 13
42 ± 8
-48%
Average
31 ± 17
45 ± 10
-35 ± 20%
Source: Tallis et al. (2009)
Note: Variation around the mean (based on standard deviation) was 65% or less, which may be a result of
both low natural variability in eelgrass and sample size (n=30-78, depending on bed size) within 4 to 5
replicate beds.
Year

SHN (2015)
On May 18 to 19, 2015, SHN (2015) visited three locations in North Bay to evaluate interactions
between existing shellfish aquaculture longlines and eelgrass habitat: (1) cultch-on-longline in Growing
Area 6 (Plot 6/A), (2) basket-on-longline in the north end of the Coast-owned property (Plot 0/M), and
(3) cultch-on-longline in Growing Area 1 (Plot 1/E) (Figure 4). For each sampling location, three transect
lines (100 ft in length) were placed in the culture areas and 0.0625 m2 quadrat data (n=24) were
collected along the three transect lines. Transect lines represented three locations within the shellfish
aquaculture plot: (1) under the longline, (2) in between longlines, and (3) 10 ft from the longlines. Data
collected in 0.0625 m2 quadrats included basic eelgrass metrics (e.g., percent cover and eelgrass
density). A more detailed description of the SHN (2015) methods is provided in Attachment A.
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Figure 4

Areas Proposed for Continued and Expanded Shellfish Culture Overlaid on Historical Growing Areas3

Source: GIS layers provided by Wagschal, pers. comm., 2015
3

A portion of Coast’s existing culture footprint is located in areas currently leased from the Harbor District but whose ownership has been questioned by the
Department of State Lands. Coast is currently in the process of seeking leases from the tideland property owners. Figure 4 depicts the current understanding
of Coast’s Harbor District lease boundaries.
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SHN (2015) data and observations indicated that the presence of cultch-on-longlines spaced 5 ft apart
do not appear to change the areal extent of the surrounding eelgrass bed. Eelgrass density was shown
to be lower directly under the longlines and, in two locations, between longlines (Table 4). The
reduction in density between longlines at Plot 6A was likely related to the fact that this sampling
location was in the middle of longlines spaced 2.5 ft apart (Figure 5). As discussed in Wisehart et al.
(2007), there is a potential for eelgrass seedling recruitment to decrease in closely spaced longline plots.
Basket-on-longline sampling occurred in one of two locations with baskets in Humboldt Bay located in
patchy eelgrass where density is sporadic due to elevational constraints (Figure 5). It is notable that no
eelgrass was present when the baskets were established, suggesting that eelgrass colonized into this
area despite the presence of longlines (Dale, pers. comm., 2016). The data show similar effects as
above, with density lower under the basket-on-longlines and higher between the lines.

Table 4

Summary of Data from Existing Culture Areas in Humboldt Bay, California
Collected on May 18-19, 2015
Location

Plot

n

Shoot Density (m2)

Transect
Description
Mean
SD
% Change*
A
Center of 20 ft gap (control)
24
70.5
49.8
0M
B
Under basket line
24
32.0
17.1
-54.6%
C
Middle of 3 ft space
24
52.8
28.5
-25.2%
A
10 ft outside of bed(control)
24
119.3
51.9
6A
B
Under cultch line
24
65.4
34.1
-45.2%
C
Middle of 5 ft space
24
77.8
38.0
-34.8%
A
10 ft outside of bed(control)
24
75.8
42.9
1E
B
Under cultch line
24
46.5
22.0
-38.6%
C
Middle of 5 ft space
24
82.1
31.7
+8.3%
Source: SHN (2015)
Notes:
1. Variation around the mean (based on standard deviation) was 40 to 70%, indicating a high degree of variability in
the eelgrass bed and samples.
2. Zeros in the data set were excluded from the analysis.

Dumbauld and McCoy (2015)
Dumbauld and McCoy (2015) examined how eelgrass and oyster culture interact at a broad landscape
scale in Willapa Bay, Washington. In addition, the authors provided a greater than 100-year perspective
on the interaction of oysters and eelgrass in the bay. In general, oysters (historically native and now
cultured) cover less of the bay now than in historic times (estimated 6,220 ha in late 1800’s compared to
about 1,764 ha under cultivation today). Comparatively, eelgrass shows an opposite trend with
dramatic increases over time (estimated 3,139 ha in the 1850’s to 4,845 ha in the 1950’s to about
6,951 ha today). This is similar to the trends in eelgrass within Humboldt Bay between 1959 and 2009
(Schlosser and Eicher 2012), as described in the original DEIR. Oyster culture in Willapa Bay occupies
about 5,000 ha (22%) of the total intertidal zone in the bay (Dumbauld and McCoy 2015).
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Plot 6A

Plot 0M

Figure 5

Photographs Taken by SHN (2015) of Plots
6A and 0M in Humboldt Bay

Source: SHN (2015)
Plot 6A: Transect C (5 ft gap) with survey tape and Transect B (under
the line directly adjacent to Transect C) within a cultch-onlongline plot;
Plot 0M: Transect A (center of 20 ft gap) with survey tape within a
basket-on-longline plot.
General Note: the locations of these plots are identified on Figure 4
above.
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Dumbauld and McCoy (2015) used a logistical model to evaluate the effects of oyster culture on
eelgrass at the landscape scale in Willapa Bay. The model used aerial imagery over a period of three
years (2005, 2006, and 2009), where a pixel size represented a 5 m radius on the ground. Total cover
was then ground-truthed into general bins of 25%, 50%, 75%, and 100% eelgrass cover. Through this
model, the authors were able to attribute from a minimum of 0.4 hectares (ha) to a maximum of 83.5 ha
of “missing” eelgrass in any given year, representing less than 1.5% of the total eelgrass in the bay. This
minor effect of aquaculture at the landscape scale was also mirrored in other similar situations cited by
the authors from off-bottom culture in Mexico, New Zealand, and France (Ward et al. 2003, Barille et al.
2010, Martin et al. 2010, Bulmer et al. 2012). It is important to note that a relatively small percentage
(4%) of oyster culture in Willapa Bay is done with longlines, which have been shown to have a generally
smaller impact on eelgrass density and areal extent in comparison to bottom culture techniques (e.g.,
mechanical dredge harvesting). Therefore, the effect to eelgrass habitat documented at the landscape
scale would likely be lower if longline culture were more common in Willapa Bay.
The other important conclusion of the Dumbauld and McCoy (2015) study relates to the resilience of
eelgrass over a period of more than 100 years to not only coexist with ongoing aquaculture activities
but to thrive and expand dramatically over time. The authors conclude that “current oyster aquaculture
practices do not substantially reduce and may enhance the presence of Z. marina at the estuarine
landscape scale.” In other words, oyster culture in the bay has not changed materially over a period of
decades, yet eelgrass has expanded greatly over the same time period (see values presented above).
There are certainly factors that lead to annual variability in eelgrass density and biomass (Thom et al.
2003), but the evidence presented in Dumbauld and McCoy (2015) demonstrates an expanding
distribution in the bay. Thus, eelgrass habitat was seen as resilient over both short and long timeframes
at the landscape scale and resilient to potential disturbance from oyster aquaculture in Willapa Bay. The
authors refer to the definition of resilience offered by Holling (1973) as “a measure of the ability to
absorb changes of state variables, driving variables, and parameters and still persist.” They conclude
that their research in Willapa Bay “suggests that oyster aquaculture as disturbance is generally within
the scope of existing ‘natural’ disturbances to the system (e.g., winter storms) and eelgrass is inherently
adapted to this scale of disturbance” (Dumbauld and McCoy 2015).
A similar effort, as the Dumbauld and McCoy (2015) study in Willapa Bay, will be conducted for
Humboldt Bay under a current Saltonstall-Kennedy Competitive Research Program Grant (SK Grant
Number 15WCR025). Dr. Dumbauld will be involved in this effort, which also characterizes potential fish
use within different habitats of three West Coast estuaries (Samish Bay, Willapa Bay, Netarts Bay or
Coos Bay, and Humboldt Bay). The goal of the study will be to quantify the functional relationships
between shellfish culture and eelgrass habitat. Results are anticipated late 2017 or early 2018. While
these results will not be available to inform the impact analysis, they will be available to compare and
understand monitoring efforts that will be conducted for the Coast Project.
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REVISED IMPACT ANALYSIS FOR COAST OPERATIONS
The following information is a revised eelgrass impact analysis for the Project that explores the range of
data and potential mechanisms of effect beyond what was presented in the DEIR.

General Approach to Analysis
The methods for the impact analysis in this technical memorandum follow similar methods as were
used in the DEIR. However, this analysis provides an expanded exploration of potential impacts based
on the data discussed above. In addition, this analysis provides a more direct comparison of the existing
culture and proposed expanded culture based on the literature discussed above.

Aerial Photography
Humboldt Bay-wide mapping has occurred at various degrees between 1959 and 2009 (Schlosser and
Eicher 2012). Direct comparison of mapped eelgrass between years may not be meaningful due to:
(1) differences in mapping methods, and (2) the fact that eelgrass distribution varies seasonally while
mapping was not always done during the same season each year. While trends and inter-annual
variability are difficult to determine from the bay-wide mapping efforts, a review of the data suggests
that eelgrass is extensive and relatively stable in Humboldt Bay (Judd 2006, Gilkerson 2008, Schlosser
and Eicher 2012).
Because of the differences in mapping methods, visual comparisons were made between 2003 and 2011
using GoogleEarth (2015) to understand the potential for eelgrass to expand and recover within existing
culture areas. Detailed areal calculations associated with this expansion could not be conducted using
the available data. The 2003 to 2011 timeframe represents culture activities near the time of the last
sampling event in the Rumrill and Poulton (2004) study and the mid-point of the permitted period
(2006 to 2016). The goal of this analysis is to provide both an understanding of eelgrass that has
expanded into culture areas since placing oyster longlines and to understand the extent to which
existing culture may be suppressing eelgrass growth and expansion.

Trampling Effects
In typical operations, frequency of crew access to plots depends on the culture type, with cultch-onlongline requiring approximately 1 day per month for each 10-acre area to monitor and repair lines and
2 days per acre every 1.5 to 3 years to plant and harvest. Visits typically occur during low tides and last
for approximately 4 hours, although plots are also accessed during high tide when the area is inundated
(accessing by boat occurs on approximately 44% of the cultch-on-longline operations). The following
calculations will use the most conservative assumption, that the plot is accessed during low tide by foot
and not during high tide when it is inundated.
For cultch-on-longline culture, it is assumed that trampling occurs in a 0.15 m2 area (footprint = 0.5 m x
0.1 m and 1 stride per 0.3 m). Therefore, line installation (33 m or 100 ft) would result in 5 m2 of impact
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from trampling. If there are 84 lines/acre, then installing 1 acre would result in 416 m2 (0.1 acres) for a
planting event. Ruesink et al. (2012) indicated that cutting shoots but leaving the rhizomes resulted in a
2-month recovery period in Willapa Bay. Similarly, Major et al. (2004) indicated that the only treatment
that resulted in trampling effects from a study in Willapa Bay was in fine sediment (mud) and nonnative eelgrass (Zostera japonica) recovered within a 1-month period. Because shoots would not be
removed or cut from planting operations, but may be trampled, it is likely that recovery would occur
within this 1-month time period. Maintenance requires access to approximately 5% of the plot,
compared to planting, on a monthly basis. Therefore, impacts from maintenance would be
approximately 21 m2 (0.005 acres) for a 1-acre area. Again, recovery would occur prior to the next visit
and the same location would not be visited the next month. Finally, harvest occurs every 18 to 36
months for cultch-on-longline operations. Harvest would have approximately the same impact as
planting (0.1 acres) with a short recovery period (1-2 months).
Basket-on-longline plots are visited on an almost daily basis, but crews are not in the same parts of the
plot each day. Crews work through a plot such that an individual line is visited on average every
4 months (average rate of 12 days per acre). Apart from planting and harvest, most activity is simply a
visual inspection of culture equipment where staff can survey large amounts of equipment without
physically accessing all parts of the plot. In addition, plots are primarily accessed when they are
inundated during high tide (accessing by boat occurs on approximately 80% of basket-on-longline
operations). Given the calculations above for cultch-on-longline, visiting an area once every 4 months
would not be expected to result in permanent damage to eelgrass shoots from trampling activities.
Eelgrass provides habitat structure both within rooted eelgrass beds and in areas where fragments and
blades of eelgrass form floating rafts or wrack along the shoreline. Damaged shoots during planting,
harvesting, and maintenance activities can also contribute to nutrient cycling and, through detritivores,
the addition of nutrients can contribute to the food web (Heck et al. 2008). As discussed above,
contribution to floating rafts and wrack is likely to be minimal. At the same time, recovery would occur
within a relatively short time frame to provide productivity associated with typical eelgrass functions.
Overall, impacts from trampling associated with longline operations are considered minimal due to the
limited frequency and intensity of access. Therefore, both benefits and impacts are likely to be minimal.

Calculating Impacts
The calculations of eelgrass impacts presented in the DEIR focused on estimating impacts within a
width of effect. This concept was used as a way to understand the mechanism of impact associated
with oyster longlines to eelgrass habitat. According to the existing literature, the majority of impacts
are from mechanical abrasion and/or shading (Thom et al. 2003, Dumbauld et al. 2009, Tallis et al.
2009, Shaughnessy, pers. comm., 2015). Trampling is unlikely to be a significant impact to eelgrass,
although at least one scenario discussed below will incorporate this as a potential source of impact.
While there is evidence of this width of effect (e.g., Thom et al. 2003, SHN 2015), the majority of data
associated with oyster longline impacts is reported at the plot level. The scenarios associated with
potential impacts from the Project will be reported at the plot level in order to provide a direct
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comparison to the existing literature. Finally, Rumrill (pers. comm., 2016) indicated that the resource
spans across multiple scales and it is important to think about the relevant scale in terms of potential
impacts to different species (Figure 6).

Scenarios Associated with Eelgrass Impacts
The main question that has been raised in consultation on this Project is: What is the level of impact
associated with oyster longline culture to eelgrass habitat? As described above, there are four main
sources of data in the literature that relate to oyster longline culture in eelgrass along the West Coast:
Rumrill and Poulton (2004), Wisehart et al. (2007), Tallis et al. (2009), and Dumbauld and McCoy (2015).
These studies looked at impacts from the plot level (first three) or bay-wide (last one), and will be
incorporated into the discussion below. Additional data that is available includes the SHN (2015) data
collected in May 2015 at existing culture plots and observations from Thom et al. (2003).
The scenarios that are described below represent a way to understand the mechanisms of effect to
eelgrass and the variability in the data associated with oyster longline and eelgrass interactions. These
scenarios are an expansion of the analysis presented in the DEIR, and include seven scenarios with
photographs looking at potential mechanisms affecting eelgrass presence within the aquaculture plot
(Table 5). Effects to eelgrass are provided for both the existing culture and proposed expansion within
Humboldt Bay, by scenario, in the discussion of results below.
Note that scenarios 6 and 7 use information from a shading analysis to inform the width of effect,
although these scenarios are intended to incorporate other impacts that would fall within this extent
(e.g., mechanical abrasion, desiccation on the lines). The results of the shading analysis are provided in
Attachment B. According to Rumrill (pers. comm., 2016), accumulation of macroalgae on the longlines
is an important consideration in terms of control for potential shading impacts to eelgrass habitat.
While the shading analysis provides a good guideline for this potential effect, it is also notable that
some minimal shading may provide a small benefit to potential desiccation of eelgrass blades.
According to Boese et al. (2003), plants that are higher in the intertidal are subjected to a longer
duration of summer temperatures, which can lead to more physical stress. As noted below, eelgrass has
expanded into existing culture areas that are located higher in the intertidal, which may partially be a
result of some minor benefits provided by the presence of longlines.
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Figure 6

Conceptual Depiction of Scales Associated with Eelgrass Habitat and Species Use
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Table 5

Scenarios Calculated for the Eelgrass Impact Analysis
Description

Scenario

Cultch-on-Longline

Photograph Example
Basket-on-Longline

Scenarios Based on Growth of Oysters and Width of Baskets

1

New Growth:
Under this scenario, the width of effect to eelgrass
extends horizontally from the longline based on the size
of the cultch during the first year of growth (0.3 ft).
Because oysters are this small size only during the initial
plant-out months, this scenario likely under represents
the size of the oysters for the majority of time that they
are present.

2

Average Growth:
The width of effect to eelgrass extends horizontally from
the longline based on the average size of oysters (0.5 ft)
throughout the growing cycle (18-36 months).

3

Maximum Growth:
The width of effect to eelgrass extends horizontally from
the longline based on the maximum size of oysters prior
to harvest (0.8 ft). Pacific oysters represent 40% and
Kumamoto oysters 60% of the proposed culture, and
fully grown Kumamoto oysters are smaller (0.5 ft).
Because oysters only reach their maximum size near
harvest time, this scenario likely over represents the size
of the oysters for the majority of time that they are
present.
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Width of Basket:
The width of effect extends from the
line based on the width of the basket
(0.8 ft).
Note: the only location with baskets in
the existing culture area is in patchy
eelgrass at an elevation of11x17 pages 0
to 1.5 ft MLLW. Therefore, eelgrass is
likely under-represented because of the
elevation.

Same as above for baskets.

Same as above for baskets.

Basket-on-longline effects remain constant – width
of the basket

Basket-on-longline effects remain constant – width
of the basket
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Description

Scenario

Cultch-on-Longline

Photograph Example
Basket-on-Longline

Scenarios Based on SHN (2015) Data Results

Low End of Potential Effect (Cultch):
At Plot 1E (Bird Island), the SHN data showed a potential
reduction of 41.3% under the line and an increase of 8%
between lines.
4
This was converted to a width of effect by showing a
41.3% reduction within 1.5 ft, an 8% increase within 1.0
ft, and no effect (0%) within the remaining distance
between lines.

High End of Potential Effect (Cultch):
At Plot 6A (East Bay), the SHN data showed a potential
reduction of 47.5% under the line and a decrease of
40.2% between lines.
5
This was converted to a width of effect by showing a
47.5% reduction within 1.5 ft, a 40.2% reduction within
1.0 ft, and no effect (0%) within the remaining distance
between lines.
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Low End of Potential Effect (Baskets):
At Plot 0M (Mad River), the SHN data
showed a potential reduction of 69.1%
under the baskets and reduction of 32%
between the 3-ft spaces.
This was converted to a width of effect
by calculating a 69% reduction within
1.5 ft, a 32% reduction within 1.0 ft, and
no effect (0%) within the remaining
distance between lines.
As above, note that the only location
with baskets in the existing culture area
is in patchy eelgrass at an elevation of 0
to 1.5 ft MLLW.

High End of Potential Effect (Baskets):
The data from Plot 0M (Mad River)
was converted to a width of effect by
calculating a 69% reduction within
2.0 ft, a 32% reduction within 1.0 ft, and
no effect (0%) within the remaining
distance between lines.

Basket-on-longline effects remain
constant – width of the basket
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Description

Scenario

Cultch-on-Longline

Photograph Example
Basket-on-Longline

Scenarios Based on Shading Impacts

6

Medium Footprint:
The potential extent of shading was used to estimate the
width of effect. A shading analysis was conducted with
longlines in an east to west as well as in a north to south
orientation within a 1-acre representative plot. Areas
identified by the shading analysis in which shading
occurred for more than 1/3 of the day was estimated to
result in 100% loss of eelgrass. Shading for greater than
1/3 of the day only occurred when lines were arranged in
an east to west orientation. Beds in a north to south
orientation did not shade areas for more than 1/3 of the
day. However, to account for an increase in shellfish and
gear, a 100% loss of eelgrass was assumed for a standard
distance of 1.5 ft from the longline in beds with a north to
south orientation. This scenario was intended to capture
other potential impact mechanisms that may affect
eelgrass growth, but are not predicted to exclude
eelgrass (e.g., abrasion or increased desiccation on the
lines). Because shading extends beyond the distance of
these other potential impacts, these scenarios are
inclusive of these other potential mechanisms.

Same as for cultch-on-longline, but
width modified for baskets.

Note: the 1/3-day threshold is based on information from
Thom et al. (2008) and data collected on irradiance in
Puget Sound, Washington. The details of this are
provided in Attachment B.

7

Maximum Footprint:
The larger areas influenced by shade throughout the day
were assessed, although these areas do not result in
shading for >1/3 of the day, regardless of line orientation.
The reduction in eelgrass was integrated over a greater
distance between lines with 100% reduction assumed in
the main shading footprint (as above) and a lower
reduction (25%) within a distance of 1.1-ft from the line.

Same as for cultch-on-longline, but
width modified for baskets (1.8 ft).

Similar to photographs above, just varying the width of effect and average density reduction under the longlines.

Photographs provided by O’Connell (pers. comm., 2015) and Dale (pers. comm., 2015)
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Areal Extent and Eelgrass Recovery
A review of available aerial imagery from 2003 and 2011 show a number of different patterns that are
useful in understanding current conditions associated with the interactions between eelgrass and
oyster longline culture: (1) general expansion of eelgrass in North Bay, (2) recovery from mechanical
dredge harvesting activities, and (3) locations where eelgrass has not yet recovered, likely due to legacy
shell deposition from former operations.

General Expansion of Eelgrass in North Bay
Eelgrass has expanded along the margins and filled into areas that are now denser throughout the bay.
A few examples of this, as shown in Attachment C, include the Bird Island area where eelgrass became
noticeably denser both inside and outside of culture areas and also extended along the margins. During
the original shift from bottom culture to off-bottom culture, longlines were installed along the margins
of eelgrass habitat or in patchy eelgrass. Figure 7 provides a good perspective of the locations of
existing culture and how it was intentionally placed to avoid continuous eelgrass habitat. Eelgrass has
moved into longline culture locations to a greater degree since 2003. While the longlines are evident
from aerial imagery, it is also evident that eelgrass occurs throughout these locations. Thus, the 2.5-ft
spacing does not appear to exclude eelgrass. However, as reported by Rumrill and Poulton (2004), the
narrower spacing does likely suppress eelgrass density and delay recovery time from disturbance
activities, which will be discussed more below.

Recovery from Mechanical Dredge Harvesting Activities
From 1955 to 2006, bottom culture and mechanical dredge harvesting (suction dredge) was the primary
form of shellfish aquaculture operations in Humboldt Bay. Longline culture replaced dredging activities,
which has resulted in eelgrass moving back into areas that were scarred by previous activities. All of the
treatment plots studied between 2001 and 2003 by Rumrill and Poulton (2004) were affected by dredge
harvesting activities, while the control plots and reference sites occurred in areas that were unaffected
(see A C). Studies evaluating eelgrass recovery indicate that Zostera marina plants tend to recover from
removal in 4 m2 plots within a period of 2 to 4 years (Boese et al. 2009, Ruesink et al. 2012) or longer
than 4 years in drag dredged harvest areas with softer substrates (Tallis et al. 2009). Suction dredge
harvested areas in Humboldt Bay were up to 10 acres (40,469 m2) and, although impacts were originally
documented by Waddell (1964), recovery from this type of activity has not been reported in the
literature. A review of the aerial imagery between 2003 and 2011 show that eelgrass is present in these
dredged beds and indicates that there was substantial recovery in formerly dredged areas, with some
notable exceptions (see Attachment C). The aerial imagery from the 2009 mapping effort (NOAA 2012,
Schlosser and Eicher 2012) also showed recovery of the same areas, which equates to approximately a
6-year recovery period.
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Culture in East Bay – May 2003

OLN
Plots

Culture in East Bay – June 2011

EB 1-1

OLN
Plots

EB 1-1

Figure 7

Example of Recovery within Locations Sampled by Rumrill and Poulton (2004) between 2003 and 2011

Source: GoogleEarth 2015

ww w. c on f en v. c om

page 26 of 37

Dr. Rumrill and Dr. Dumbauld Memorandum
June 30, 2016
It is also notable that recovery from dredge harvest has occurred both in locations that are currently left
fallow and in areas with longline culture. An example of this is within the East Bay area where Rumrill
and Poulton (2004) conducted their work. While the longlines are evident, especially along the margins
of continuous eelgrass, eelgrass has moved into and recovered in areas that were formally dredge
harvested even at the closer longline spacing of 2.5 ft (Figure 7). This signature of longlines in the aerial
imagery indicates that there is a suppression of eelgrass between the lines but not a total exclusion. It
should also be noted that eelgrass may be growing in areas that it would not have previously occupied
because the dredge harvest activities created micro-topography that allows eelgrass to move into
deeper areas that do not desiccate. Something that has been noted by Dr. Dumbauld (pers. comm.,
2016) in Willapa Bay and Whelan Gilkerson (2015) in Humboldt Bay.

Legacy Shell Deposition Locations
Additional information can be discerned from the aerial imagery related to locations that have not
recovered since 2003. These are primarily areas that are either at the margins of continuous eelgrass
(i.e., located in patchy eelgrass) or locations that have legacy shell deposition from former shell
placement activities. A good example of this is within the Mad River area where the locations without
eelgrass have persisted due to the presence of shell (see Attachment C). While it is likely that these
areas are impacted because of historic operations, which no longer applies to existing and future
operations, no studies have confirmed the reason that eelgrass is not growing at a higher density in
these locations. For example, some of these areas may be slow at recovering due to sediment type
(presence of fines) rather than presence of shell deposition. Areas where eelgrass has not fully
recovered from previous dredge harvest operations have been identified as potential mitigation sites by
the Commission (2015), and will be discussed more in the revised DEIR.

Existing Operations
Based on the calculation of impacts using the seven scenarios described above (see Table 5), potential
suppression of eelgrass from the existing operations are predicted to range between -7% to -50% at the
plot level (Table 6), which roughly translates into -20 to -142 acres of eelgrass suppression assuming
standard densities for patchy eelgrass (50 shoots/m2) and continuous eelgrass (80 shoots/m2). It is
important to note that these acreages are the accumulation of eelgrass density suppression spread
throughout the culture area (~300 acres) and not entire areas that have no eelgrass. While these
scenarios are wide spread from each other, they fall into the range reported by Tallis et al. (2009) for
cultch-on-longlines spaced between 2.5 ft and 3 ft apart in Willapa Bay, Washington, where the mean
impact was reported to be -46%, -12%, and -48% in 2002, 2003, and 2004, respectively4, or an average
of -35±20% for all three years. This indicates that the calculation methods are accurately predicting
potential impacts, and the actual impacts likely fall somewhere in the middle of the predicted impacts.

4

According to Morris (pers. comm., 2016), the Coast operator in Willapa Bay, WA), the beds studied in the Tallis et
al. (2009) study at Nemah and Long Island were four lines spaced 2.5 ft apart with a 5 ft space between groups.
The Stackpole beds were not Coast, but likely spaced at 3 ft intervals.

ww w. c on f en v. c om

page 27 of 37

Dr. Rumrill and Dr. Dumbauld Memorandum
June 30, 2016

Table 6
Scenario

Potential Suppression of Eelgrass in Existing Culture Locations
Culture
Method

Eelgrass Area Affected (acre)

Patchy
Continuous
Scenarios Based on Growth of Oysters and Width of Baskets
Cultch
-17.6
-2.0
1
Basket
-0.2
0.0
Total
-17.8
-2.0
Cultch
-29.4
-3.4
2
Basket
-0.2
0.0
Total
-29.6
-3.4
Cultch
-47.0
-5.4
3
Basket
-0.2
0.0
Total
-47.2
-5.4
Scenarios Based on SHN (2015) Data Results
Cultch
-41.3
-4.4
4
Basket
-0.3
0.0
Total
-41.6
-4.4
Cultch
-85.4
-9.0
5
Basket
-0.3
-0.1
Total
-85.7
-9.1
Scenarios Based on Shading Impacts
Cultch
-106.5
-11.0
6
Basket
-0.4
-0.1
Total
-106.9
-11.1
Cultch
-127.7
-13.3
7
Basket
-0.4
-0.1
Total
-128.1
-13.4

Percent Reduction (%)
Total

Oyster Plot

Eelgrass Bed

-19.6
-0.2
-19.8
-32.7
-0.2
-32.9
-52.4
-0.2
-52.6

-7.2%
-1.6%
-7.0%
-12.0%
-1.6%
-11.6%
-19.1%
-1.6%
-18.5%

-2.0%
0.0%
-2.0%
-3.3%
0.0%
-3.3%
-5.3%
0.0%
-5.3%

-45.7
-0.3
-46.0
-94.4
-0.3
-94.7

-16.6%
-2.8%
-16.1%
-34.4%
-3.2%
-33.2%

-4.7%
0.0%
-4.7%
-9.6%
0.0%
-9.6%

-117.5
-0.4
-117.9
-141.1
-0.5
-141.6

-42.7%
-4.2%
-41.2%
-51.3%
-4.7%
-49.5%

-12.1%
0.0%
-12.1%
-14.5%
0.0%
-14.5%

A comparison with the Rumrill and Poulton (2004) work with beds in recovery indicate that the data for
the 2.5 ft spaced plot is also within the range predicted in the calculation presented above when
compared to the 10 ft spaced plot. As noted above, for the question being addressed in this technical
memorandum, it is inappropriate to compare the data from the treatment plots solely to the control
plot because the treatment plots were not fully recovered from previous mechanical dredge harvesting
activity, while the control plot had not been dredge harvested. In fact, the starting eelgrass density in
the control plot was 44±19 shoots/m2 while the starting density in the 2.5 ft spaced plot and 10 ft
spaced plot was 26±24 shoots/m2 and 31±23 shoots/m2, respectively. Even with the disparate starting
densities, the 10 ft spaced plot, which was in recovery from dredge harvest, was able to match or
exceed the control plot and reference sites by the end of the experiment.
Using the comparison to the 10 ft spaced plot, the average suppression of eelgrass from the Rumrill and
Poulton (2004) data at the 2.5 ft spacing was -15±52% at the plot level (Figure 8). The East Bay
commercial plots showed a higher potential for eelgrass density suppression. That data indicated a
-60±4% at the plot level. Given the limitations in this data, discussed above, this is a potential result of
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longline culture to eelgrass but does not seem likely based on the results of the long-term study, data
reported from Tallis et al. (2009), and general observations from aerial photography and on-ground
photographs. Therefore, the likely range of eelgrass suppression in the existing culture is within the
middle of the range predicted in the scenarios, or -18% to -33% at the plot level. This would result in an
accumulated -53 to -95 acres of eelgrass density suppression.

Proposed Expansion
The proposed expansion of oyster aquaculture into North Bay, as described in the DEIR, is within six
growing areas that were historically cultured by Coast (see Figure 4). The proposed expansion includes
the following characteristics:


A total of 500 acres the cultch-on-longline at 5 ft spacing.



Up to 96 acres of basket-on-longline at 5 ft spacing for a group of three baskets and then a 20 ft
space between groups.



The remaining 26 acres were proposed outside of eelgrass habitat.

An important note about these acreages is that, due to the limitations of spacing (e.g., tidal channels,
spaces between beds), only approximately 80% of the proposed area could actually be cultured. That
means that there exists a level of conservatism in the calculations for the DEIR that was not originally
detailed.
Using the same methodology for calculating impacts within the seven scenarios described above (see
Table 5), potential reduction in eelgrass within the proposed expansion are predicted to range from -4%
to -30% at the plot level (Table 7). This roughly translates into -26 to -181 acres of eelgrass reduction
assuming standard densities for patchy eelgrass (50 shoots/m2) and continuous eelgrass (80 shoots/m2).
Again, these do not represent areas that would have no eelgrass, but rather the accumulation of
eelgrass density reduction spread throughout the 600 acres of proposed expansion that overlaps with
eelgrass habitat. These results fall into the range reported by Rumrill and Poulton (2004) for the beds
that are in recovery in comparison to the 10 ft spaced beds. The average reduction of eelgrass at the 5 ft
spacing was -15±23% at the plot level compared to the 10 ft spacing in the Rumrill and Poulton (2004)
study (see Figure 8).
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California between August 2001 and August 2003 in Recovery Plots

Source: Rumrill and Poulton (2004), Dale, pers. comm., 2016
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Table 7
Scenario

Potential Reduction of Eelgrass in Expanded Culture Locations
Culture
Method

Eelgrass Area Affected (acre)
Patchy

Continuous

Percent Reduction (%)
Total

Oyster Plot

Eelgrass Bed

Scenarios Based on Growth of Oysters and Width of Baskets
1

2

3

Cultch

-3.4

-15.5

-18.9

-3.8%

-1.0%

Basket

-1.2

-5.6

-6.9

-7.2%

-0.4%

Total

-4.6

-21.1

-25.8

-4.3%

-1.4%

Cultch

-5.7

-25.9

-31.6

-6.3%

-1.7%

Basket

-1.2

-5.6

-6.9

-7.2%

-0.4%

Total

-6.9

-31.5

-38.5

-6.4%

-2.1%

Cultch

-9.1

-41.4

-50.5

-10.0%

-2.8%

Basket

-1.2

-5.6

-6.9

-7.2%

-0.4%

Total

-10.3

-47.0

-57.4

-9.6%

-3.2%

Scenarios Based on SHN (2015) Data Results
4

5

Cultch

-9.4

-43.0

-52.4

-10.4%

-2.9%

Basket

-2.6

-11.8

-14.4

-14.9%

-0.8%

Total

-12.0

-54.8

-66.8

-11.1%

-3.7%

Cultch

-19.5

-88.8

-108.3

-21.5%

-6.0%

Basket

-3.3

-14.8

-18.0

-18.8%

-1.0%

Total

-22.8

-103.6

-126.3

-21.1%

-7.0%

-105.2

-128.3

-25.5%

-7.1%

Scenarios Based on Shading Impacts
Cultch
6

7

-23.1

Basket

-3.9

-17.6

-21.5

-22.4%

-1.2%

Total

-27.0

-122.8

-149.8

-25.0%

-8.3%

Cultch

-28.2

-128.7

-156.9

-31.1%

-8.7%

Basket

-4.3

-19.7

-24.1

-25.0%

-1.3%

Total

-32.5

-148.4

-181.0

-30.2%

-10.0%

The upper range of potential impacts (-30%) is in the same range as the East Bay commercial scale data
collected by Rumrill and Poulton (2004) that indicated a -24±39% reduction in eelgrass at the 5 ft
spaced plots compared to the 10 ft spaced plots. This upper range of impact is also slightly lower than
the Tallis et al. (2009) study that showed an average impact of -35±20% at the plot scale. Because the
Tallis et al. (2009) work estimated impacts at a 2.5 ft and 3 ft spacing, and the Rumrill and Poulton
(2004) study indicated that impacts to eelgrass scale in a linear fashion with longline spacing, the
impacts at a 5 ft spacing should be lower than what was predicted by Tallis et al. (2009). This
comparison would indicate that the middle range of values is, again, the most accurate prediction of
impact. If eelgrass were reduced within the middle range of impacts predicted in Table 7 (-10% to
-21%), then the accumulated reduction in density would range between -57 to -126 acres within the
600-acre proposed expansion area that overlaps with eelgrass habitat.
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Eelgrass Bed Scale
The scenario results for both the existing culture and proposed expansion plots were also compared to
the potential larger eelgrass bed scale because eelgrass beds extend beyond the aquaculture plot
boundaries. Studies throughout the West Coast have consistently found that eelgrass and oyster
aquaculture can be sustainable with proper management (Rumrill and Poulton 2004, Wisehart et al.
2007, Tallis et al. 2009, Dumbauld and McCoy 2015). For example, the study by Dumbauld and McCoy
(2015) reported that, while shellfish aquaculture acts as an anthropogenic disturbance, it can also
interact positively with eelgrass to the point that it may restore some of the services lost in areas where
native bivalve populations may have declined. The potential reduction in eelgrass at the eelgrass bed
scale (as defined using the NOAA 2012 eelgrass categories), combining both the existing and proposed
expansion culture areas, range from -1.4 to -14.5%. The lower end of this range is in good agreement
with the Dumbauld and McCoy (2015) study in Willapa Bay, Washington, that calculated a potential
reduction of approximately -1.5% of eelgrass bay-wide. Note that the -1.4 to -14.5% result is in relation
to an eelgrass bed, and results reported at a bay-way scale would be lower.

DISCUSSION
The goal of this memorandum was to provide an explanation of how various data sources were used,
including the Rumrill and Poulton (2004) work and other studies in which Dr. Rumrill and Dr. Dumbauld
have been involved, and provide a range of predictions associated with potential impacts to eelgrass
from existing culture and the proposed expansion in Humboldt Bay. Based on an exploration of the
literature, aerial imagery, and scenarios for calculating impacts, a more detailed understanding of
potential impacts to eelgrass than was presented in the original DEIR has been provided. The likely
range of eelgrass impacts within the existing culture (2.5 ft spaced plots) and proposed expansion area
(proposed 5 ft spaced plots) is -18% to -33% and -10 to -20% at the plot scale, respectively. These values
agree well with the existing literature and patterns of impacts reported in the literature associated with
small-scale studies of oyster longline aquaculture and eelgrass interactions (e.g., Rumrill and Poulton
2004, Wisehart et al. 2007, Tallis et al. 2009). While the Project is not proposing to monitor for other
metrics aside from density and cover due to budget constraints, it is notable that the literature
indicates that other metrics associated with oyster aquaculture provide similar ecological functions as
eelgrass within a marine system. For example, Ferraro and Cole (2011,2012) indicated that the presence
of infaunal and epibenthic organisms in oyster culture areas along the West Coast are comparable to
other structured habitat like eelgrass.
Scale is also an important consideration for management of activities that potentially affect eelgrass.
The range of predicted impacts at the eelgrass bed scale (-1.4 to -14.5%) for both the existing culture
and proposed expansion area agrees well with the large scale study of Willapa Bay by Dumbauld and
McCoy (2015), which predicted a loss of -1.5% at the bay scale. It should be noted that a lower level of
impact at the bay scale would be expected for the proposed Project compared to activities in Willapa
Bay because operations in Humboldt Bay have converted from more deleterious activities like bottom
culture and suction dredge harvesting to oyster longline culture. A similar level of agreement was
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reported in the original DEIR, although this exploration of the data includes a wider range in the effect
based on the variability in data associated with small scale studies.
While there is a practical reason for focusing on shoot density to account for eelgrass impacts, this
focus does not necessarily reflect how species will be affected by the proposed action. According to
Dumbauld (pers. comm., 2016), reporting only on percent change in shoot density within an eelgrass
plot can be misleading because the numbers are highly variable. For example, while Tallis et al. (2009)
reported a -35±20% reduction in eelgrass at the plot scale compared to the control, the main message
from this study was that “longline practices were associated with eelgrass densities higher than
dredged beds, but indistinguishable from hand-picked or uncultivated areas.” Species interact with
habitat at various scales, and managing at the plot level may not be the best solution in terms of
understanding potential impacts. According to Rumrill (pers. comm., 2016), resource managers in
Oregon have selected the tideflat level both for efficiency and to manage for the mosaic of habitats
available.
Shellfish aquaculture provides similar ecosystem services to higher trophic organisms compared to
eelgrass habitat, especially for migratory species such as shorebirds, salmonids, and sturgeon. This
understanding is based on a substantial body of literature that is discussed in the original DEIR, and
other literature that will be discussed in the revised DEIR. Species use of this habitat occurs at a variety
of different spatial scales (see Figure 6), and management should understand the effect to the overall
system and specific species at these different scales. For example, Pacific herring (Clupea pallasii) may
use North Bay at the plot scale during spawning activities, while juvenile coho salmon (Oncorhynchus
kisutch) use North Bay at the tideflat or even estuary scale (Mello and Ramsay 2004, Mello 2007, Ray,
pers. comm., 2015, Pinnix et al. 2013). Shellfish aquaculture presents potential small scale and shortterm impacts that typically work within the natural variability within that system. This is evident from
the amount of variability even in trying to predict potential impacts from existing data.
While we continue to believe Project impacts to eelgrass, as measured in shoot density, will remain
below the California Environmental Quality Act (or CEQA) thresholds discussed in the original DEIR,
there is significant variability in the data. To offset the level of uncertainty in the calculation of potential
impacts to eelgrass in the expansion area, the Project is moving forward with a Project design that
more closely balances in-kind mitigation with expansion. The location of expansion areas will also look
more critically at areas that primarily have patchy eelgrass rather than continuous eelgrass habitat.
Finally, the Project will develop an adaptive management plan that uses monitoring to inform
expansion into eelgrass habitat. These changes will be discussed in the revised DEIR for the Project.
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Summary of May, 2015 Eelgrass Survey Methods in Existing Aquaculture

SHN Biologist, Greg O’Connell, surveyed eelgrass (Zostera marina L.) within two cultivation
method types (1. cultch-on-line and 2. basket-on-line) to supplement existing data on eelgrass
turion (shoot) density for these cultivation methods. Survey locations were selected from the
limited, existing shellfish production areas that have similar line spacing to Coast Seafood’s
proposed expansion project1. Surveys occurred on May 18 and 19, 2015, during -1.4-foot (ft) (mean
lower low water [MLLW]) and -1.2-ft MLLW, respectively.
Cultch-On-Line. Two cultch-on-line cultivation plots were surveyed. Cultivation plot 6A is
located in East Bay and plot 1E is located on Bird Island. Three transect categories were surveyed
within each cultch-on-line cultivation plot:
A) transects 10 ft outside of cultivation area (reference transect),
B) transects directly under cultch longlines, and
C) transects centered on 5-ft gaps between longlines.
After a visual assessment of the cultivation area, transects A-C were positioned in locations that
contained the line spacing of interest and where the eelgrass was least patchy. Each transect was
100 ft long and contained 24 quadrat locations (chosen with a random number generator). Percent
cover and shoot density were recorded within 0.0625 square meter (m2) quadrats.
Basket-On-Line. One basket-on-line cultivation plot was surveyed. Cultivation plot 0M is located
east of the Mad River Chanel, north of Bird Island. Three transect categories were surveyed:
A) transects centered on 20-ft gaps within cultivation area (reference transect) 2,
B) transects directly under basket longlines, and
C) transects centered on 3-ft gaps on longlines.
After a visual assessment of the cultivation area, transects A-C were positioned in locations that
contained the line spacing of interest and where the eelgrass was least patchy. Each transect was
100 ft long and contained 24 quadrat locations (chosen with a random number generator). Percent
cover and shoot density were recorded within 0.0625 m2 quadrats.

1

2

Coast Seafood’s expansion project proposes: 1) cultch-on-line with 5-ft spacing between longlines and a
10-ft row between shellfish beds, and 2) basket-on-line with groups of three lines spaced 5 ft apart and an
open row of 20 ft between groups of 3 longlines and 10 ft between shellfish beds.
The reference transect was placed within 20-ft gaps of longlines within the basket-on-line cultivation area
because no eelgrass patch with a similar contiguity and elevation was observed within the immediate
area outside cultivation plot 0M.
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Photos from plot 6A in East Bay:

6A: Transect A (shown 10 ft outside
of cultivation area)

6B: Transect C (shown in 5-ft gap)
and transect B (not shown, second
longline to the right of transect B)
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Photos from plot 1E on Bird Island:

1E: Transect A

1E: Transect B (under line left of
quadrat)

1E: C (5-ft gap)
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Photo from plot 0M near Mad River Channel:

0M: Transect A (shown centered on
20-ft gap), transect B occurred
directly under middle longline to the
left).

Table 1
Summary Eelgrass Shoot Density
Summary of May, 2015 Eelgrass Survey Methods in Existing Aquaculture
(in m2)1
Location; Transect; Description
Mean
Standard Deviation
0/M; Transect A ; center of 20-foot gap
64.7
51.6
0/M; Transect B ; under basket line
20.0
20.7
0/M; Transect C ; 3-foot space
44.0
32.8
6/A; Transect A ; 10 feet outside of bed
119.3
51.9
6/A; Transect B ; under cultch line
62.7
35.9
6/A; Transect C ; 5-foot gap on ends on cultch lines
71.3
42.5
1/E; Transect A ; 10 feet outside of bed
72.7
44.8
1/E; Transect B ; under cultch line
42.7
24.8
1/E; Transect C ; 5-foot gap between sides of cultch lines
78.7
35.3
1.

m2: square meters
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ATTACHMENT B: SHADING ANALYSIS
1.0

INTRODUCTION

Past studies have identified positive and negative interactions between oyster aquaculture and eelgrass
habitat. Negative interactions include reductions in eelgrass density in areas planted with cultch-onlongline oyster aquaculture (Thom et al. 2003, Rumrill and Poulton 2004, Wisehart et al. 2007, Tallis et
al. 2009), although the amount of reduction of eelgrass often results in an eelgrass bed within oyster
culture areas that is similar to the surrounding eelgrass habitat without oyster culture. Potential causes
of declines of eelgrass within growing areas include: (1) shading of eelgrass habitat by aquaculture gear
and products, (2) human trampling disturbance due to planting, maintenance, and harvest, (3) damage
to eelgrass due to entanglement with aquaculture gear, or (4) changes to water flow within growing
areas that may affect turbidity and sediment deposition. Of these, shading is one of the primary
mechanism of effect and is further evaluated in this appendix.
The Coast Seafoods Company’s (Coast), Humboldt Bay Shellfish Aquaculture: Permit Renewal and
Expansion Project (Project) is proposed primarily at elevations between 0 and +1.5 feet (ft) mean lower
low water (MLLW), while eelgrass in Humboldt Bay grows between approximately -7 ft and +2.5 ft
MLLW with patchy eelgrass extending as high as +4.6 ft MLLW (Gilkerson 2008). The lower edge of
eelgrass growth is primarily constrained by light levels (Dennison 1987), while the upper edge is
constrained by effects associated with desiccation and wave exposure (Koch 2001, Boese et al. 2003).
Shading effects are a function of the size, orientation, and elevation of the structure casting the
shadow. For this evaluation, we created a 3-dimensional (3D) computer model of cultch-on-longline
using the spacing and line height described for Coast Seafoods expansion in Humboldt Bay, California.
This model is geolocated to Bird Island in Humboldt Bay, California (Figure B-1), and the 3D model was
developed and shadows evaluated using Trimble SketchUp® Pro 2016 (SketchUp).

2.0

SHADE MODEL

A total of three alternative spacing configurations were evaluated in the 3D SketchUp model, including:
(1) 2.5 ft spaced oyster longlines, (2) 5 ft spaced longlines, and (3) 10 ft spaced longlines. June 15 was
selected in the model as representative of summer growing conditions. The objective of this
investigation was to identify the total area shaded at any single point in time, to identify the total area
shaded throughout the day, and ultimately to calculate the portion of the oyster longline culture area in
which growing conditions for eelgrass could be affected.

ww w. c on f en v. c om

page 1 of 8

Figure B-1

Location of Bird Island Where Shading Analysis was Geolocated in Relation to Rumrill and Poulton (2004) Data

Source: Rumrill and Poulton 2004; GIS layers provided by Wagschal, pers. comm., 2015
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Shading effects were categorized as:


Elimination of eelgrass. Areas where light conditions are anticipated to be too low to support
eelgrass growth, and



Reduction of eelgrass density. Areas where light conditions are sufficient to support eelgrass
growth but may reduce eelgrass productivity.

The capacity of primary producers to generate energy from light is dependent on the amount of
photosynthetically active radiation (PAR) transmitted to chloroplasts. PAR is limited to solar radiation
between 400 and 700 nanometers. Approximately 50% of the energy associated with solar radiation is
in the range of PAR. Therefore, conversions of total radiation to PAR reduce energy by 50% (Sceicz
1970). Although growth and persistence may continue in shaded areas, eelgrass vigor is compromised
at light levels below 34% of surface irradiance with significant reductions in leaf development, biomass,
and lateral branching (Ochieng et al. 2010). Reduced below-ground carbon storage by plants at low
light levels during the growing season suggest that these plants are unlikely to survive during winter
light and temperature stress (Burke et al. 1996). Eelgrass bed structure, measured using shoot density
and shoot length, is controlled by light availability (Dennison and Alberte, 1985).
According to research conducted by Thom et al. (2008), the daily threshold for eelgrass survival is 7 mol
PAR on average during spring and summer. Long-term survival (i.e., through the winter) requires a
minimum average of 3 mol PAR. Based on field measurements in Puget Sound, Washington
(Confluence, unpublished data), light levels at ‐6.6 ft below the water’s surface exceeded 13 mol PAR
and shading effects from a dock resulted in impacts to eelgrass when light was reduced or eliminated
for more than 1/3 of the day below 7 mol PAR. Even under this scenario, solar energy would still exceed
minimum daily requirements for long-term eelgrass survival. Therefore, a reduction in light for 1/3 of
the day due to a shading footprint from the aquaculture gear was used as a threshold for estimating this
potential impact.
In Humboldt Bay, Rumrill and Poulton (2004) measured incidental light profiles along a transect that
ran beneath oyster longlines spaced 2.5 ft apart with a 5-ft space every six lines. The light meter was
passed under oyster longlines multiple times with drops in light levels were observed within oyster beds
that were not observed in adjacent eelgrass beds. These drops in light levels were likely due to shading
from oyster culture and represented up to a 62% decrease in available light (from approximately
60 mol/day to 23 mol/day). Even with this reduction in incidental light from shellfish aquaculture
operations, the light in the farmed plots is still three times higher than the daily threshold for eelgrass
survival, as reported by Thom et al. (2008). Therefore, light does not appear to be limiting for eelgrass
at the elevations studied by Rumrill and Poulton (2004). Further, even if the assumption is that the
shading footprint can exclude eelgrass, this would likely occur only at the lower limit of eelgrass growth
(i.e., -4.5 ft MLLW) where light is a controlling factor.
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3.0

RESULTS

Shadows were measured within the 3D SketchUp model between two hours after sunrise and two
hours prior to sunset for the four different line spacing configurations (Figure B-2). The shadows
gradually moved from the west (left) side of the gear to the east (right) side of the gear as the sun
moved across the sky. Longlines that were oriented in a North-South direction resulted in the largest
shadow (Table B-1), but the movement of the shadow was such that no one area was shaded for more
than 1/3 of the day. Comparatively, longlines that were oriented in an East-West direction followed the
same East-West path of the sun, which resulted in a narrow shadow but the shadow movement was
such that certain areas were shaded for more than 1/3 of the day. In general, research on overwater
structures has indicated that the North-South orientation is preferred because the shadow moves
throughout the day, which results in larger areas shaded, but because the shadow moves no area is
shaded for the entire day (Burdick and Short 1999).

Table B-1

Area Shaded by Cultch-on-Longlines at Different Spacing Two Hours after
Sunrise and Two Hours before Sunset
Maximum shaded area
(largest shadow observed
per line in feet)

Total Area Shaded
(total area shaded during
the day per line in feet)

Proportion of plot
shaded (%)

2.5 ft

1.33

7

100%*

5 ft

1.33

7

100%*

10 ft

1.33

7

70%

2.5 ft

0.5

1.5

60%

5 ft

0.5

1.5

30%

10 ft

0.5

1.5

15%

Line Spacing
North-South Orientation

East-West Orientation

*Some areas are shaded twice per day

As described above, exceeding the 1/3 threshold for shading may occur in the East-West longline
orientation but not in the North-South line orientation. Figure B-3 illustrates the proportion of culture
areas that may experience shading impacts to eelgrass in the East-West orientation that are predicted
to be shaded for 1/3 of the day or more. While this is a good guide to potential impacts, this level of
shading may not ultimately result in eelgrass loss because light reaching eelgrass is dependent on site
elevation, water conditions, and other factors that affect light transmission. However, if impacts were
to occur, then they would be expected to occur within these shaded footprints.
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A

B

Figure B-2

Sketchup Model of Shading Footprint at 5 ft and 10 ft Longline Spacing

Notes: A: 5 ft spacing model; B: 10 ft spacing model
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Figure B-3

Schematic of Potential Shading Effects from Various Cultch-on-Longline Spacing

4.0 DISCUSSION
Multiple studies have documented the loss of seagrass habitat in response to structural shading (Thom
et al. 1997, Able et al. 1998, Burdick and Short 1999, Fresh et al. 1995, Fresh et al. 2006). Light
interception by aquaculture gear can potentially limit the amount of energy reaching the water column
and benthos for primary production by phytoplankton, macroalgae, or eelgrass. In highly shaded areas,
vegetation may cease to grow, resulting in habitat loss in addition to reduced primary production. As
light loss increases, the initial response may be a reduction in the maximum depth where eelgrass is
found (Duarte 1991, Nielsen et al. 2002) followed by a complete loss in the vegetation if shading is
present continuously (Short and Wyllie-Echeverria 1996). Estimates of the minimum light requirements
for eelgrass are approximately 11% to 14% of in situ surface irradiance (Ochieng et al. 2010, Shafer and
Lundin 1999) or 7 mol PAR (Thom et al. 2008). Although some plants may persist at lower light levels,
meso-scale studies indicate that their photosynthetic capacity is insufficient to sustain growth.
Shading impacts from longline aquaculture gear are a function of the height and width of longline gear,
orientation of the lines, and geographic location. This analysis evaluated instantaneous shadows during
a period representative of summer growing conditions. Modelled shadows suggested that shading is
unlikely to result in total exclusion of eelgrass, even in the least favorable configuration of culture beds.
However, reduced densities of eelgrass may occur at light levels insufficient to support daily growth
requirements of eelgrass. At favorable North-South line orientations that allow for all areas within the
bed to receive sunlight for more than 80% of the day, it is unlikely that shading will result in significant
effects to eelgrass density. Comparatively, potential shading effects in the East-West orientation
ranged from 15% to 60% of the total planting area, depending on longline spacing. This does not
necessarily mean that eelgrass would be reduced within the shaded footprint. For example, minor
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amounts of shading can provide a reduction in desiccation during warmer summer months. However,
the shading analysis does provide a good guide for potential impacts due to shading.

5.0
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EXHIBIT 2: EELGRASS IMPACT CALCULATIONS
POTENTIAL IMPACT (REDUCTION)

CALCULATION

CONTINUOUS EELGRASS

Eq.2

Eq.3
Eq.4

TOTAL

SUBTOTAL

NON-EELGRASS

PATCHY EELGRASS

Eq.1

Eq.2

9-ft Baskets with 16-ft Gap

New Growth

Medium Growth

100
0.3
30
130.8
42
3.8
80
-56%
-685,940
42,346,306
-1.6%
-2.1
100
0.3
30
16.0
42
0.5
50
-56%
-52,442
3,237,485
-1.6%
-0.3

100
0.5
50
130.8
42
6.3
80
-56%
-1,143,234
42,346,306
-2.7%
-3.5
100
0.5
50
16.0
42
0.8
50
-56%
-87,403
3,237,485
-2.7%
-0.4

100
0.8
80
130.8
42
10.1
80
-56%
-1,829,174
42,346,306
-4.3%
-5.6
100
0.8
80
16.0
42
1.2
50
-56%
-139,845
3,237,485
-4.3%
-0.7

100
1.5
150
130.8
42
18.9
80
-100%
-6,124,466
42,346,306
-14.5%
-18.9
100
1.5
150
16.0
42
2.3
50
-100%
-468,231
3,237,485
-14.5%
-2.3

Maximum
Footprint
100
3.4
340
130.8
42
42.9
80
-58%
-8,063,880
42,346,306
-19.0%
-24.9
100
3.4
340
16.0
42
5.2
50
-58%
-616,505
3,237,485
-19.0%
-3.0

AEA (acre)

3.2

3.2

3.2

3.2

AEA (acre)
Tred (%) Individual Plot

150.0
-1.6%
-2.4

150.0
-2.7%
-4.0

150.0
-4.3%
-6.3

150.0
-14.5%
-21.2

Equation
Eq.1

10-ft Double-Hung
Term

XLL (ft)
XWE (ft)
ABL (ft2)
AEA (acre)
NL (#/acre)
AAOI (acre)
ED (turions/m2)
Rdct (%)
LLRed
TT (turions)
Tred (%)
Area Reduction
XLL (ft)
XWE (ft)
ABL (ft2)
AEA (acre)
NL (#/acre)
AAOI (acre)

ED (turions/m2)
Eq.3
Rdct (%)
LLRed
TT (turions)
Eq.4
Tred (%)
Area Reduction (acre)

Area Reduction (acre)
AEA (acre)
Tred (%) Individual Plot
Area Reduction (acre)

Maximum Growth Medium Footprint

New Growth

Medium Growth

100
0.8
80
29.2
40
2.1
80
-70%
-486,128
9,453,457
-5.1%
-1.5
100
0.8
80
15.8
40
1.2
50
-70%
-164,401
3,197,017
-5.1%
-0.8

100
0.8
80
29.2
40
2.1
80
-70%
-486,128
9,453,457
-5.1%
-1.5
100
0.8
80
15.8
40
1.2
50
-70%
-164,401
3,197,017
-5.1%
-0.8

100
0.8
80
29.2
40
2.1
80
-70%
-486,128
9,453,457
-5.1%
-1.5
100
0.8
80
15.8
40
1.2
50
-70%
-164,401
3,197,017
-5.1%
-0.8

100
1.5
150
29.2
40
4.0
80
-100%
-1,302,129
9,453,457
-13.8%
-4.0
100
1.5
150
15.8
40
2.2
50
-100%
-440,360
3,197,017
-13.8%
-2.2

Maximum
Footprint
100
3.2
320
29.2
40
8.6
80
-60%
-1,671,066
9,453,457
-17.7%
-5.2
100
3.2
320
15.8
40
4.6
50
-60%
-565,129
3,197,017
-17.7%
-2.8

3.2

5

5

5

5

5

150.0
-19.0%
-28.0

50.0
-5.1%
-2.3
200.0
-2.4%
-4.7

50.0
-5.1%
-2.3
200.0
-3.2%
-6.3

50.0
-5.1%
-2.3
200.0
-4.5%
-8.7

50.0
-13.8%
-6.2
200.0
-14.3%
-27.4

50.0
-17.7%
-8.0
200.0
-18.7%
-35.9

Maximum Growth Medium Footprint

POTENTIAL MITIGATION (LIFT)

CALCULATION

CONTINUOUS EELGRASS

Eq.2

Eq.3
Eq.4

TOTAL

SUBNON-EELGRASS
TOTAL

PATCHY EELGRASS

Eq.1

Eq.2

10-ft Double-Hung

New Growth

Medium Growth

100
0.3
30
10.3
152
1.1
80
-73%
-254,827
3,334,610
-7.6%
-0.8
100
0.3
30
89.7
152
9.4
50
-73%
-1,387,259
18,153,389
-7.6%
-6.9

100
0.5
50
10.3
152
1.8
80
-73%
-424,711
3,334,610
-12.7%
-1.3
100
0.5
50
89.7
152
15.7
50
-73%
-2,312,098
18,153,389
-12.7%
-11.4

100
0.8
80
10.3
152
2.9
80
-73%
-679,538
3,334,610
-20.4%
-2.1
100
0.8
80
89.7
152
25.0
50
-73%
-3,699,357
18,153,389
-20.4%
-18.3

100
1.3
130
10.3
152
4.7
80
-100%
-1,512,670
3,334,610
-45.4%
-4.7
100
1.3
130
89.7
152
40.7
50
-100%
-8,234,870
18,153,389
-45.4%
-40.7

Maximum
Footprint
100
2.5
250
10.3
152
9.0
80
-64%
-1,861,747
3,334,610
-55.8%
-5.8
100
2.5
250
89.7
152
78.3
50
-64%
-10,135,225
18,153,389
-55.8%
-50.1

AEA (acre)

0

0

0

0

AEA (acre)
Tred (%) Individual Plot

100.0
-7.6%
-7.6

100.0
-12.7%
-12.7

100.0
-20.4%
-20.4

100.0
-45.4%
-45.4

Equation
Eq.1

2.5-ft Single-Hung*
Term

XLL (ft)
XWE (ft)
ABL (ft2)
AEA (acre)
NL (#/acre)
AAOI (acre)
ED (turions/m2)
Rdct (%)
LLRed
TT (turions)
Tred (%)
Area Reduction
XLL (ft)
XWE (ft)
ABL (ft2)
AEA (acre)
NL (#/acre)
AAOI (acre)

ED (turions/m2)
Eq.3
Rdct (%)
LLRed
TT (turions)
Eq.4
Tred (%)
Area Reduction (acre)

Area Reduction (acre)
AEA (acre)
Tred (%) Individual Plot

Maximum Growth Medium Footprint

Area Reduction (acre)

*The existing culture is a mixuture of 2.5-ft and 2.5-ft with 5-ft gaps. These numbers represent a simplified value.

New Growth

Medium Growth

100
0.3
30
10.3
42
0.3
80
-56%
-54,015
3,334,610
-1.6%
-0.2
100
0.3
30
89.7
42
2.6
50
-56%
-294,055
18,153,389
-1.6%
-1.5

100
0.5
50
10.3
42
0.5
80
-56%
-90,025
3,334,610
-2.7%
-0.3
100
0.5
50
89.7
42
4.3
50
-56%
-490,091
18,153,389
-2.7%
-2.4

100
0.8
80
10.3
42
0.8
80
-56%
-144,040
3,334,610
-4.3%
-0.4
100
0.8
80
89.7
42
6.9
50
-56%
-784,146
18,153,389
-4.3%
-3.9

100
1.5
150
10.3
42
1.5
80
-100%
-482,278
3,334,610
-14.5%
-1.5
100
1.5
150
89.7
42
13.0
50
-100%
-2,625,490
18,153,389
-14.5%
-13.0

Maximum
Footprint
100
3.4
340
10.3
42
3.4
80
-58%
-635,000
3,334,610
-19.0%
-2.0
100
3.4
340
89.7
42
29.4
50
-58%
-3,456,895
18,153,389
-19.0%
-17.1

0

0

0

0

0

0

100.0
-55.8%
-55.8

100.0
-1.6%
-1.6
100.0
6.0%
6.0

100.0
-2.7%
-2.7
100.0
10.0%
10.0

100.0
-4.3%
-4.3
100.0
16.1%
16.1

100.0
-14.5%
-14.5
100.0
30.9%
30.9

100.0
-19.0%
-19.0
100.0
36.8%
36.8

Maximum Growth Medium Footprint

SUMMARY
OVERALL IMPACT
Parameter
Impact (acre)
Impact (%)
Mitigation Lift (acre)
Mitigation Lift (%)
Overall Impact (acre)
Overall Impact (%)

New Growth

Medium Growth

-4.7
-1.5%
6.0
1.9%
1.3
0.4%

-6.3
-2.0%
10.0
3.2%
3.8
1.2%

Maximum Growth Medium Footprint
-8.7
-2.8%
16.1
5.2%
7.4
2.4%

-27.4
-8.8%
30.9
10.0%
3.5
1.1%

Maximum
Footprint
-35.9
-11.6%
36.8
11.9%
0.9
0.3%
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