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Executive Summary

When only results from short-term monitoring programs are available it can be difficult for
resource managers to gauge the effects of regulatory actions aimed at long-term resource
conservation. This is particularly true for species that are long-lived, slow-growing, and late to
mature. For these species, demographic changes in response to management actions may be slow
to manifest and difficult, or impossible, to detect over time spans of fewer than two generations.
Data obtained from long-term monitoring is more likely to capture changes over time in fish
communities composed of a wide variety of life spans and other life history attributes.

This report summarizes the data from sixteen years of bottomfish surveys via scuba at six central
Puget Sound sites. We examined the data for long-term changes or trends in abundance, size, and
distribution of several key bottomfish species. Further, we make comparisons among and
between those sites surveyed that fall within marine protected areas (MPAs) and those that do
not. In order to gain added perspective from our survey data, we compared our data to those
acquired from four different scuba-based studies conducted prior to the commencement of our
surveys at four of our sites.

At all six sites, species composition was dominated by just three taxonomic groups: rockfishes,
surf perches, and greenlings, though the relative proportions of those groups varied among sites.
Species richness also varied within and among groups, and within and among sties. Curiously,
the greatest number of species observed was at the most heavily fished site, while the fewest
number observed was at the most protected MPA. In pairwise comparisons of species
composition by season (spring and fall), nearly all were significantly different both within and
between sites. Though not confirmed, the data suggest that differences in species composition
may occur along a latitudinal gradient. The species that contributed most to the differences
between sites were Striped Seaperch, Puget Sound Rockfish, and Brown Rockfish.

At most sites, there was evidence of strong juvenile rockfish recruitment in 2006/07 for one or
more of the following species: Black Rockfish, Quillback Rockfish, and Copper Rockfish. This
event was made apparent by relatively high density “pulses” in length classes over time,
whereby, unusually high numbers of juvenile fish enter a population and, with growth,
sequentially moved from smaller to larger length-classes over time (i.e., a detectable “pulse” in
length-class frequency was detected over time.)

Some have suggested that Lingcod, a high trophic-level feeder, may exert predatory top-down
control over some rockfish species. We examined our data from the site where overall rockfish
and lingcod density was greatest, and where the highest density of Puget Sound Rockfish
occurred. Puget Sound Rockfish rarely exceed 20 cm in length and bear fewer and less robust
spines than many other rockfish species, thus they are more vulnerable to predation than larger
rockfishes. We searched for inverse relationships between Lingcod and rockfish density and
biomass (e.g., increasing trends in Lingcod density accompanied by decreasing trends in rockfish



density). Such relationships could provide evidence that Lingcod predation is a factor in limiting
rockfish population growth. A strong relationship between Lingcod and rockfish density and
biomass was not apparent.

The frequencies of occurrence of Lingcod and rockfish in the largest length-classes were greatest
at the Bracket’s Landing Shoreline Conservation Area, the most longstanding MPA in Puget
Sound. However, a substantial downward trend in the density of Copper and Quillback Rockfish
in the largest length classes was apparent during the first seven years of the survey period. We
considered multiple explanations and reasoned that senescence is the most likely explanation,
though poaching may be a contributing factor. Some rockfish populations are known to be
dominated by a small number of year classes. Given the age and long-term protection status of
fish at Bracket’s Landing, we hypothesize that a strong cohort of Copper and Quillback Rockfish
reached terminal age and perished over the course of several years. The occasional occurrence of
large dead Lingcod and rockfish at Bracket’s Landing lends some support to this hypothesis. No
dead Lingcod or rockfish were encountered at any of the other surveyed sites.

We compared our findings to studies that were conducted at four of our sites during years prior
to our surveys. One of the most striking contrasts was the complete absence of Lingcod noted at
Bracket’s Landing during surveys conducted in 1975/76. In our surveys, Lingcod frequency of
occurrence at Bracket’s Landing was 100%. Furthermore, the annual mean lengths for Lingcod
were greater at Bracket’s Landing than at any other site we surveyed. All four of the comparable
studies indicate changes over time in rockfish species composition.

Our survey results provide an informative perspective on the recent status of several key
bottomfish species at six nearshore sites in central Puget Sound and will serve as an important
benchmark for future surveys. However, our ability to identify and interpret trends over time,
particularly for rockfishes, was confounded by factors such as high interannual variability in
juvenile recruitment, poorly understood post recruitment inter- and intraspecific interactions,
and, at some sites, discontinuous sampling and changes in protection statuses. In comparing
MPA sites to non-MPA sites, we were not able to discern any trends that could be unequivocally
linked to harvest management actions, though at least two observations suggest evidence of a
protection response. First, at the Orchard Rocks Conservation Area, subsequent to the year
(1998) that it was afforded MPA status, a persistent increase in rockfish density and biomass
occurred. And second, the mean length, density, and biomass of Lingcod at the Keystone
Conservation Area increased after the year (2002) that it was afforded MPA protection. Unlike
rockfishes, which typically grow at substantially slower rates in Puget Sound, Lingcod grow
rapidly, particularly during the first several years of their life. The rapid growth, and
accompanying rapid increase in fecundity, of Lingcod makes it a potentially valuable first-
response species for detecting positive effects of conservation efforts.



We recommend that the surveys be resumed at an interval coinciding approximately with two
elapsed generations for key species and, based on our findings here, we conclude with several
recommendations for research and management improvements moving forward.
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Introduction

This report summarizes findings from systematic Washington Department of Fish and Wildlife
(WDFW) fish surveys conducted by scuba divers over fixed-width strip transects from 1995
through 2010 at six near-shore central Puget Sound sites (Figure 1). Puget Sound is a glacially
formed fjord that comprises five hydrographic sub-basins separated by shallow sills. It is
connected to the Pacific Ocean via the Strait of Juan de Fuca and the Strait of Georgia. Puget
Sound supports a broad diversity of marine life, and its shores are home to most of western
Washington’s major metropolitan cities. The region has a long history of commercial and
recreational bottomfish exploitation, and the WDFW is the primary agency responsible for
management of these ecologically and economically important resources.
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Figure 1. Location of six Puget Sound sites surveyed by scuba for bottomfish from 1995 through
2010.

In order to provide fishery managers with the best available science for informed decision
making, the WDFW conducts research and monitoring of bottomfish populations on a range of
time scales. Long-term monitoring can provide an indication of the current state of fish biota
relative to historical abundance and distribution and can aid in determining whether, or how, our
ability to estimate or interpret responses of the biota may be constrained by present monitoring
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practices. For instance, identifying anthropogenic impacts on fish communities such as those that
might occur as a result of harvest regulation, habitat alteration, or pollution, and separating those
impacts from “naturally” caused community changes (or changes that are not as clearly linked to
human activities) such as natural disasters, phenologic shifts, or bioinvasions, can present
challenges to resource scientists and managers who wish to gauge the effects of management
actions against desired outcomes. This is particularly true when management objectives include
the conservation of long-lived, slow-growing, and late-maturing species for which the success or
failure of regulatory interventions cannot be determined over short timespans (€.9., less than two
generations). Long-term monitoring can capture changes in fish communities composed of
species for which demographic responses to management actions may be slow to manifest, and
increase our confidence in assigning detected changes to specific causes.

The objective of the WDFW dive surveys presented in this report was to identify temporal trends
in population demographics (€.9., species composition, density, biomass, size) that were
discernable using our survey technique. Moreover, if trends were identified, we sought to
evaluate whether they were conserved across multiple sites and whether there were detectable
changes in fish biota that could be unequivocally linked to serial, or singular, management
actions. For example, Puget Sound is occupied by several species of rockfish (genus Sebastes),
most of which are long-lived, with lifespans in excess of 30 years, and slow-growing relative to
other temperate-water reef fish. Most of these species have exhibited declines in local abundance
in recent decades due primarily to overharvest by recreational and commercial fishers, prompting
implementation of progressively more restrictive harvest regulations over time with the goal of
recovering rockfish to historic levels (Table 1).

Table 1. Regulatory history of the recreational rockfish fishery in central Puget Sound (Marine
Catch Areas 9 and 10).

Year(s) Daily limit Season
1983-1994 5 Year round
1995-1999 3 Year round
2000-2003 12 Year round

May 1-30 in CA9, and only during Lingcod and salmon season in

B a
2004-2009 1 CA10. Closed to spearfishing.

2010-Present 0 Closed year round. 120’ depth restriction for all bottomfish fishing.

2 No Yelloweye or Canary Rockfish retention permitted as of 2003.

In 1998, the WDFW adopted a policy to use marine protected areas (MPAs) as a working tool to
manage and conserve fish and other marine resources (Appendix 1). From the mouth of the Strait
of Juan de Fuca to the southernmost extent of Puget Sound there are 108 MPAs managed by a
combination of federal, state, and local entities; twenty-two Puget Sound MPAs are managed
solely by the WDFW. The protection level afforded varies by site, the most stringent being those
that exclude human access or that prohibit the extraction or destruction of natural or cultural
resources, whereas less restrictive levels permit limited resource extraction or habitat alterations
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(Van Cleve et al., 2009). Three of the sites included in our surveys were afforded MPA status
either before or shortly after commencement of the surveys. All three sites are no-take zones,
whereby all resource extraction or destruction is prohibited.

Scientific experiments aimed at evaluating the impacts of MPAs on fish populations are difficult
to design because investigators are often hampered by a lack of suitable control sites, although
one of the MPA sites evaluated in this study was paired with a nearby control site on the same
type of habitat. By comparing the protected and unprotected sites in this study, we sought to
determine if a longitudinal approach, rather than a treatment-control approach, could prove
useful for evaluating MPA performance in Puget Sound. Other sites were surveyed either
continuously, or intermittently during the course of the surveys reported here; however, data generated
from those surveys are neither temporally nor spatially robust enough to detect long-term trends or
changes in key population parameters. The WDFW hopes to resume surveys at those sites so that long-
term comparisons may be made. Those wishing to access the data from the surveys reported here, or
surveys not presented in this report, may contact the WDFW Marine Fish Science Unit.
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Site Descriptions

Blake Island Artificial Reef (BIAR)

The Blake Island Artificial Reef (BIAR) was the first of ten artificial reefs constructed by the
WDFW! to provide accessible, near-urban fishing locations for recreational bottomfish anglers in
Puget Sound (Buckley, 1982). In the spring of 1980, approximately 955 metric tons of concrete
rubble, varying from cobble-sized chunks to large cylinders and slabs measuring several meters
in length and/or width, were placed at the site (Figure 2). In the summer of 1980, approximately
48 auto tire “triad” bundles (described by Walton, 1979) were added on and near the shallower
portion of the reef (Laufle, 1982; Laufle and Pauley, 1985). The underlying and surrounding
natural substrate consists of mixed sand, gravel, and cobble that slope gradually seaward from
the Blake Island shoreline to a maximum depth of about 110 m between Blake Island and the
mainland of the Kitsap Peninsula. The total reef area covers approximately 3,000 m?
(approximately 0.75 acres) and is separated into two distinct patches. The largest and shallowest
patch ranges in depth from about 15-20 m (all depths herein are corrected to mean lower low
water). A smaller patch (approximately 464 m?) lies just offshore and ranges from about 25-30 m
in depth. Lying between and around these two primary reef patches are isolated pieces of rubble
that were either dropped intentionally or displaced during reef construction due to tidal action
and/or water friction as they transited the water column from the surface to the seabed. Just
offshore of the deepest rubble pile there is an escarpment of consolidated clay and gravel about 1
m in height and about 300 m in length, running from southeast to northwest. Where high
concentrations of rubble or tires occur, interstitial and overhead spaces of various sizes are
plentiful and provide refuge for many benthic bottomfishes. Some floating kelp (Nereocystis
luetkeana) occurs inshore and adjacent to the reef. The macroalgae flora on the reef consists
primarily of non-floating Laminarials and stalked kelp (Pterygophora californica). Due to a
near-constant northerly flow of water out of nearby Colvos passage, tidal current over the reef is
usually unidirectional during both the flood and ebb tides, running southeast to northwest, and
may attain velocities of up to 4 knots. Unlike several other WDFW artificial reefs that have been
closed to fishing, BIAR has not been afforded MPA status as of this writing. Despite substantial
limitations imposed on the bottomfish fishery within the last decade, BIAR remains popular with
hook-and-line anglers and spearfishers, who primarily target Lingcod during the 6-week spring
fishery.

1 At the time of reef construction, the WDFW was the Washington Department of Fisheries.
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Figure 2. Concrete slabs being pushed by tractor off a barge (a), and concrete rubble being placed
by crane (b) during construction of the Blake Island Artificial Reef in 1980.

Orchard Rocks Conservation Area (ORCA)

The Orchard Rocks Conservation Area (ORCA) was established in 1998, three years after the
commencement of the surveys, by Washington Administrative Code (WAC) (Appendix 2) as a
no-take MPA (resource extraction totally prohibited) and covers an area of approximately
420,000 m? (~104 acres). Located within the MPA at the south entrance to Rich Passage,
Orchard Rocks is a nearshore, insular rocky reef of about 50,000 m? characterized by naturally
occurring boulders, bedrock ridges, and escarpments of up to several meters in height,
interspersed with areas of unconsolidated sand, cobble, and shell hash. The rocky habitat lies
about 600 m from the nearby Bainbridge Island shoreline and is separated from the island by a
shallow (less than 13 m in depth), sandy bottom passageway and from the Kitsap Peninsula
mainland by depths of up to 30 m. The reef reaches a maximum depth of approximately 27 m
near the center of Rich Passage and contains many crevices and undercuts that provide refuge for
structure-associated bottomfish. Prior to the no-take prohibition, Orchard Rocks was heavily
used by anglers and spearfishers targeting rockfish and Lingcod and remains a popular
destination for recreational scuba divers. The shallowest portions of the reef are exposed during
low tides and are common haulout sites for Harbor Seals (Phoca vitulina), California Sea Lions
(Zalophus californianus), and Steller Sea Lions (Eumetopias jubatus) that frequent the area.
Macroalgae flora consists primarily of floating kelp (N. luetkeana) and other Laminarials, stalked
kelp (P. californica), and low-growing red algae. Tidal current strength through Rich Passage is
high, attaining velocities of up to nearly five knots, and oscillatory in direction.

Point Glover (PG)

Point Glover (PG), located on the Kitsap Peninsula about 8 watercourse km northeast of Port
Orchard, is composed of several near-vertical, uplifted bedrock escarpments adjacent to the Point
Glover fault line. There are naturally formed fissures, undercuts, and bedrock surfaces that may
attract, and provide refuge for, structure-associated bottomfish. Macroalgae is scarce and is
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composed primarily of non-floating Laminarials and low-growing red algae. The bedrock surface
recedes into a gently sloping sand and gravel bottom at about 25 m depth toward the center of
Rich Passage. The study area at PG lies approximately 1.2 km northwest of the ORCA study site
and is open to fishing.

Keystone Jetty (KJ)

In 1936, the Keystone Harbor Association was formed for the purpose of constructing a ferry and
small vessel harbor that would further link Whidbey Island to other regions in Puget Sound and
British Columbia. After at least two failed attempts (1938 and 1940) to convince the then War
Department Corps of Engineers to construct the harbor, the association ultimately succeeded, and
the harbor was built by the U.S. Army Corps of Engineers in 1947-48. It was formed by dredging
a triangular-shaped embayment from an existing barrier beach and a navigable channel of
approximately 300 m long by 60 m wide from the head of the bay. To protect the channel and
ferry landing from the predominantly southerly winds, a north-south quarry-rock jetty was
constructed east of the harbor entrance that disrupted the natural eastward transport of beach
material. As a result, continual shoaling occurs at the channel, requiring the harbor entrance to be
dredged every four to six years to maintain navigable depths for ferry traffic. Since 1960, over
170,000 m® of dredged sediment from the navigation channel has been placed on the beach east
of the jetty to mitigate for sediment loss due to erosion resulting from the jetty’s construction. In
2002, the area east of the jetty was established by WAC (Appendix 3) as the Keystone
Conservation Area (resource extraction totally prohibited). The conservation area’s western
demarcation line runs due south from the offshore end of the jetty; therefore, the full length of
the jetty’s eastern half lies within, and the western half outside, the conservation area. The jetty
provides the majority of habitat for structure-associated bottomfish, though remnants of an
abandoned wharf are present within the MPA near the eastern boundary that are known to
provide some habitat for fish, including lingcod and rockfish, in very shallow (<4 m) water. It
should be noted that fish regularly move between the protected and non-protected sides of the
jetty during changes in tidal sequences, resulting in transient levels of protection.

Brackett’s Landing Shoreline Sanctuary Conservation Area
(BLCA)

In 1935, the Black Ball Line, a subsidiary of the Puget Sound Navigation Company, sank the dry
dock DelLeon near Brackett’s Landing at Edmonds. At the time, the dry dock (approximately 100
m long by 25 m wide) formed the only substantial underwater structure on an otherwise gently
sloping sandy bottom. Over time, the DeLeon attracted large schools of fish and became a
popular spearfishing site for skin and scuba divers. In 1970, with the support of local dive
enthusiasts concerned about overfishing, the City of Edmonds closed the area to fishing and
established the Brackett’s Landing Shoreline Sanctuary, thereby creating the first municipal
scuba dive park in the country and the oldest marine conservation area in Puget Sound. In 1998,
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the sanctuary was afforded MPA status by WAC (Appendix 4) as the Brackett’s Landing
Shoreline Sanctuary Conservation Area (BLCA), wherein all resource extraction was prohibited.
The conservation area encompasses approximately 190,202 m? (~47 acres) and comprises all of
the area known as the Edmonds Underwater Park. A revetment quarry-rock jetty about 75 m in
length and lying approximately perpendicular to shore divides the otherwise sand and gravel
shoreline within the area into north and south sections. Due to easy beach access, nearshore
currents that rarely exceed one knot, and the opportunity to view large fish, the BLCA is one of
the most popular scuba diving destinations in Washington. Over the past several decades, a wide
variety of scattered anthropogenic structures of various sizes and composition have been placed
on the seafloor within the BLCA, providing additional habitat for structure-oriented
bottomfishes. In 1972, the 29 m tugboat M/V Alitak was sunk at the shallow end of the
DeLeon;these two structures constituted the primary source of high-relief habitat for structure-
associated bottomfish within the conservation area until the placement of the 24 m tugboat M/V
Triumph in 1999, approximately 200 m north of the offshore end of the DeLeon, and the
placement of remnants of a floating bridge in 2009. Eelgrass beds (Zostera spp.) occur in
shallow water within the area, and some floating kelp (N. luetkeana) attached to anthropogenic
structures occur in deeper water, particularly in the northern portion of the BLCA. More
expansive floating kelp beds occur just to the north of the conservation area boundary. The
BLCA has been closed to fish harvest longer than any area in Puget Sound and thus provides an
important benchmark for comparisons with other index sites, both protected and unprotected.

Port Blakely (PB)

The rocky reef near the north entrance to Port Blakely (PB) Harbor on the east side of
Bainbridge Island consists of a series of bedrock outcroppings and escarpments, separated by
areas of unconsolidated sand, cobble, and shell hash. The bedrock features are oriented
perpendicular to the shoreline and form areas of steep vertical relief up to 5 m off the bottom
with caves, crevices, and undercut ledges that provide refuge space to structure-oriented
bottomfish. The PB reef is among the most heavily fished survey sites in this study; both prior to
and throughout the survey period, it was (and remains) popular with spearfishers and hook-and-
line anglers targeting bottomfish, and with salmon anglers. Current velocities rarely exceed 1.5
knots.
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Methods

Surveys

Three, 30-m long transects were established at each of the six survey sites described above
(Figure 3). With the exception of BLCA and KJ, transect lines were permanently installed and
anchored with pitons or natural materials to minimize movement during tidal fluxes. The transect
locations at BIAR, ORCA, and PB coincided approximately with those used by Matthews
(1990a), and in several cases the original transect lines were still in place, which were removed
and replaced with new lines. Due to the popularity of the BLCA and KJ with scuba divers, no
permanent lines were installed to avoid tampering and/or removal. Instead, divers used
construction-grade tape reels to lay out the transect lines prior to each survey using a known
starting point and natural landmarks to ensure consistency in placement across surveys. All three
transects at BLCA were located over the sunken dry dock DeLeon, the only metal structure in
this study, although the shallowest transect at BLCA included a small amount of wooden
structure due to its origin at the west end of the M/V Alitak. The transects at KJ were the only
transects laid out end-to-end, originating on the eastern side of the jetty (within the MPA) and
ending on the west side of the jetty (non-protected area). At the remaining sites, the majority of
each transect line was positioned over hard substrate of medium to high relief (>3 m), and
transect depths across all sites ranged from about 5-20 m (MLLW). With the exception of PG,
the scuba surveys commenced in 1995. Transect lines were established at PG in 1999 to serve as
a paired control site for ORCA, which was designated as an MPA in 1998. To expand the
comparability of these two sites, a fourth transect was added at ORCA on 28 April 1999 and to
PG on 21 June 1999.

Each transect was surveyed by divers equipped with conventional scuba to a distance of 1.5 m on
either side of the transect centerline (total area per transect = 90 m?) and as high into the water
column as permitted by prevailing visibility. Hand-held lights were used to search beneath
overhangs and in crevices and other poorly lit areas. Each diver used a hand-held graduated staff
to aid in estimating fish lengths and survey lane width. Careful written and hand-signal
communication between divers reduced the risk of double counting fish that were swimming
across-transect from one survey lane to the other. Most of the surveys were conducted during
slack tide; otherwise, no attempt was made to synchronize the surveys to oceanographic or
atmospheric conditions (e.g., time of day, sea state, air or water temperatures). All bottomfish, as
defined by WAC (Appendix 5), were targeted in the search effort. Individual fish were recorded
to the lowest discernable taxonomic level and their length (all fish lengths herein are reported as
total length in centimeters) estimated into one of 14 length-classes as follows: < 15; 15 < 25; 25
<35;35<45;45<55;55<65;65<75;75<85;85<95;95<105; 105 <115; 115 < 125; 125
< 135; and 135 < 145. Other species, though occasionally noted, were neither targeted nor
considered in the analyses. All data were error checked against the field forms prior to analyses.
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Figure 3. Locations of transects at each of six surveyed sites in central Puget Sound.

Surveys? were conducted during daylight hours in the spring (April - June) and fall (October-
December) from 1995-2010; however, not all sites were surveyed in all years or both seasons,
and the total number of surveys conducted and the total area surveyed varied among sites (Table
2)°. In most years, each site was surveyed at least three times per season on a three to four week

2 |n this study, we define a survey as the sampling of all transects in a single day at a single site.
3 Due to weather conditions, the “fall” surveys at several sites were conducted in January/early February.
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rotation. With a single exception (ORCA, Table 2 footnote “a”), all transects were surveyed at
each site in a single dive. Due to staffing shortages and constraints imposed by competing
WDFW priorities, no surveys were conducted at any of the six sites in 1998. Sampling in 2006
was very limited; no spring surveys were conducted and only a single survey was conducted at
five sites in the fall (KJ excluded). The Keystone jetty was the least sampled site, with about half
the number of surveys (and survey area) as the other five sites (Table 2). Some results from
surveys up to 2002, and preliminary surveys conducted in 1993-94 at five of the six sites (KJ not
included), have been summarized by Palsson and Pacunski (1995), Palsson (1998), and Palsson
et al. (2004).
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Estimates of Bottomfish Biomass, Density, Mean Length, and
Frequency of Occurrence

We used the standard allometric equation W = A - LB (LeCren, 1951) to estimate biomass (kg per m?) for
most bottomfish species, where W is weight, L is length, and A and B are, respectively, scale and shape
parameter constants. The estimates are inherently imprecise due to our grouping of fish into pre-established
length-classes, and therefore provide only relative measures of biomass. We used the mid-point lengths
(i.e., the medians) from each length-class to compute weights. We obtained length-weight (L-W) regression
coefficients from a variety of sources (Table 3), and most of the relationships were derived from data that
were neither contemporaneous nor sympatric with our surveys. However, and particularly when relative
measures of biomass are needed, the error induced by using relationships from other time periods or other
areas is typically small when compared to sampling error (Kimmerer et al., 2005).

Rockfish that could not be identified to species were recorded as “unidentified rockfish” and were not
included in the biomass estimates. This category included juvenile rockfish that could not be identified
based solely on the gross morphological features apparent to the survey divers, and rockfish partially
obscured from the divers view (e.g., in a crevice). Across all sites and years, nearly all unidentified rockfish
were in the smallest length-class (only three were not). The greatest number of unidentified rockfish
occurred at BLCA, and all were in the smallest length-class. These fish contributed fewer than 4% to the
total number of rockfish seen at BLCA, and their summed total biomass was less than 4 kg when computed
using L-W regression coefficients for any of the positively identified rockfish species observed in this
study. Therefore, at sites where unidentified rockfish occurred, their impact on biomass estimates when
summed over all years or for any single year would have been inconsequential. Wolf-eel (Anarrichthys
ocellatus) were also excluded from the biomass estimates because they were rarely seen outside their den
and their lengths could not be accurately estimated.
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Mean lengths were computed using the equation:

i
[= Z(l1 eny 4 Ly *# 1y + Ly *ng ol ¥ 1) /N
1

where L is the overall mean length, [ is the mid-point length of each length-class, n is the number
of fish observed in each length-class, and N is the total number of fish observed. Where [ x n #
Z (integer), the product was rounded to the next greatest whole number. The breadth of our
length-class intervals precluded us from producing accurate measures of variability and none are
reported for mean lengths produced from our survey data; however, standard errors are reported
for mean lengths from other data sources when fish lengths were recorded at least to the nearest
cm.

Site densities by period (Dp) for each taxon were calculated as the sum of all individuals (C)
observed in period (p) (entire study; year; season) divided by the total area surveyed in that
period (Ap), as follows:

Similarly, the site biomass by period (Bp) for each taxon was calculated as the sum of the
individual survey biomass (Bp) estimates in period (p) divided by the total number of surveys in
that period (Np), as follows:

28

B
p
Np

While some taxa were necessarily excluded from the biomass estimates as noted above, all
observed bottomfish were included in the density estimates.

Percent frequencies of occurrence (FO) for each species, rounded to the nearest whole number
were computed as follows:

Nops
FO = 100
N *

Where ngps is the number of surveys in which a species was observed, and N is the total number
of surveys conducted over the course of the study.
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Results

Species Composition

Based on density, the bottomfish species composition at each site was dominated by three
taxonomic groups: rockfishes (Sebastids), surf perches (Embiotocids), and greenlings
(Hexagrammids). The observed species compositions of these groups, as well as other observed
bottomfish species, are listed in Table 4. Although the density of all other observed bottomfish
species combined did not exceed any of the three dominant taxonomic groups at any of the six
sites, the biomass of all other bottomfish species combined slightly exceeded that of surf perches
at ORCA (due primarily to Red Irish Lords) and BLCA (due primarily to Cabezon) (Figure 4).
However, perch likely composed a higher proportion of the fish community at BLCA than
indicated due to the exclusion of Shiner Perch (Cymatogaster aggregata) from the legal
definition of bottomfish* and, thus, from detailed consideration here. Although Shiner Perch
were not targeted in the search effort, divers noted their presence and estimated their numbers
when they occurred in high abundance, and they were sometimes seen numbering in the
hundreds on a single transect at BLCA. By comparison, only four Shiner Perch were recorded at
ORCA over the 16-year survey period.

While the species composition at most sites was dominated by the same three taxonomic groups,
the relative proportions of those groups differed among sites (Figure 4). For example, the density
of perch was more than twice that of rockfish at BIAR, while the converse was true at nearby
ORCA. A presence-absence list of all observed bottomfish species and their percent frequency of
occurrence, arranged by group, is presented in Table 4. Interestingly, the greatest number of
species observed (23) was at PB, one of the most heavily fished sites, while the fewest number of
species observed (15) was at BLCA, the most protected site. Effort, in terms of total number of
surveys conducted and cumulative area surveyed, was slightly greater at PB (Table 2) than at
BLCA. Most of the difference in the total number of observed species at the two sites can be
attributed to four species of flatfish that were observed, albeit infrequently, at PB. No flatfish
were observed at BLCA.

4 Shiner perch are often used as live bait for bottomfish and, as such, are not considered bottomfish for
management and regulatory purposes in Washington.
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Figure 4. Percent total, summed over all years surveyed at each site, of the density (left) and
biomass (right) for four bottomfish groups. Wolf-eel and unidentified rockfish were included in the
density estimates but excluded from the biomass estimates (see page 12).

Page | 16



LT | 98ed

"PAAIISQO $2192dS YSIJU0})0q JO JOqUINU [£)0) dU) UI PAPN[OUL JOU dIB YSIJSO0I POIUIPIUN ,

%4 SI 07 LT 1C | &4 +PIAIISQO SIS #
61 € 1 6€ [99-JI0M

4 4 I I ysy3o( Aurdg oyroed yHON

il € ysipey panods
I I SEpIpeD

I 3[0S 0D

4 I Iapunof,] A1eyg

€ I I I 9[0S YOOy

I 9[0S ystSug

I I uewdiysprjy uLyuIe]d

1 urdinog uioyseig oyroed

I 4 I 4 urd[nog jea1n

9 S 08 €€ 23 urdnog ofeyyng

S9 9 €l 06 38 €8 PI0T YSH] PAY
LT 001 6 1z 81 8¢ uozaqe)

pue[s| aerq $3193ds ysyywopog

Pyerg 3od uipuer| s,3deag UOISAIY JIA0[D) JUIog SHIOY pIeydIQ

.._mchtcnuoﬁOu v:.whmw:_:sﬁwu I;_uuomu Jémﬁxocm ul.wu?.oma_o
USIJ ou = Yue[g SIS AIAINS XIS JO YIBI JB PIAIISYO BXe}/SA1Ads YSijuro3)oq [[& 10§ IUILINII0 Jo Aoudnbaiy jusdaad uedjy “p d[qel




To examine differences in species composition among sites, we used PRIMER v6 (Clarke and
Gorley, 2006) (hereafter P6) to produce a between-site Bray-Curtis resemblance matrix from the
non-transformed mean site densities of all observed bottomfish. The P6 zero-adjusted function
was applied to minimize destabilization of the Bray-Curtis algorithm that can occur when zero
densities are observed for a species across multiple sites (Clarke et al., 2006). A non-metric 2-
dimensional (2D) ordination of the resemblance matrix indicates a broad range of dissimilarity in
species composition among sites, possibly occurring across a latitudinal gradient (Figure 5).

2D Stress: 0 Site
Blake Island
w Orchard Rocks
Point Glover
¢ Keystone
® Brackett's Landing
-+ Port Blakely

Number of ordination
restarts = 100

Figure 5. Non-metric 2-dimensional ordination of a zero adjusted Bray-Curtis resemblance matrix
from non-transformed mean site densities of all observed bottomfish species at the six survey sites,
with Group average similarity clusters (40%, 60%, and 80% similarity). The North arrow indicates
that sites are plotted in order of increasing latitude, although no geographic scale is present or
implied.

To test the null hypothesis of no significant differences in bottomfish species compositions
within or between sites by season (i.e., similarities within groups were equal to similarities
between groups), we generated a zero-adjusted Bray-Curtis resemblance matrix of the mean site-
by-season densities and used the P6 one-way analysis of similarity (ANOSIM) function. The null
hypothesis was rejected for nearly all 66 pairwise comparisons® (global R = 0.59 [see

footnote 6], p < 0.001, R 0.72, s.d. 0.21, 999 permutations). Four comparisons were not
significant (p > 0.05): ORCA fall did not differ from PG fall or spring; ORCA spring was not

3 P6 does not implement a Bonferroni correction to pairwise significance levels. See Clarke and Gorley (2006), page
131 for explanation.

%R >0.75 = groups well separated, R > 0.5 = groups overlapping but clearly different, R < 0.25 = groups barely (or
not) separable (Clarke and Gorley, 2001).
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different from PG spring; and PG fall was not different from BIAR spring. These similarities
may be due to geographic proximity, as BIAR, ORCA, and PG are among the nearest of all six
sites (Table 5). A 2D ordination of the group centroids from the resemblance matrix is presented
in Figure 6.

Table 5. Approximate water-course distances (km) between six surveyed sites in Puget Sound.

Orchard Brackett’s
Blake Island Rocks Point Glover Keystone Landing

Orchard Rocks 7

Point Glover 8 1

Keystone 75 74 76

Brackett’s Landing 34 32 34 44

Port Blakely 9 8 9 66 26

2D Stress: 0.04 SiteSeason
+ Blake Island spring
Blake Island fall
£ Orchard Rocks spring
# Orchard Rocks fall
0 Paint Glover spring
« Paoint Glover fall
+ Keystone spring
* Keystone fall
@ i Brackett's Landing spring
v Brackett's Landing fall

A f /vf A Port Blakely spring

A Port Blakely fall

Number of ordination
restarts = 100

Figure 6. Non-metric 2-dimensional ordination of a zero adjusted Bray-Curtis resemblance matrix
from non-transformed mean site densities by season of all observed bottomfish species at the six
survey sites. For clarity, only the group centroids are depicted. Arrows indicate four pairwise
comparisons that were not significantly different (p > 0.05) as determined by the ANOSIM test.

We conducted a P6 one-way similarity of percentages (SIMPER) analysis of the mean site
densities to identify those species that contributed most to the pairwise dissimilarities between
sites, and those species that contributed most to similarities within sites. The former provides a
quantitative measure of which species are most influential in generating dissimilarities between
paired sites. The latter determines the percent contribution of each species to the overall average
pairwise similarities within sites, which provides a good indication of the species typifying a site.
Only those species that, in sum, accounted for > 70% of the (dis)similarity were identified. Three
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distinguishing species accounted for the majority of the dissimilarities between sites: Striped
Seaperch was the most distinguishing species in 10 out of 15 comparisons, including all
comparisons with BIAR; Puget Sound Rockfish was the most distinguishing species in all but

one comparison with KJ, and; Brown Rockfish was the most distinguishing species between
ORCA and PB (Table 6).

Table 6. Pairwise comparison matrix of the two top contributing species to each pairwise
dissimilarity based on density (top contributor above, and second contributor below the diagonal).
SS = Striped Seaperch, PP = Pile Perch, PSR = Puget Sound Rockfish, BR = Brown Rockfish, CR =

Copper Rockfish.

Blake Orchard Point Brackett’s Port

Island Rocks Glover Keystone Landing Blakely
E‘;‘;ﬁl SS(55%) | SS(55%) | SS(26%) | SS(40%) | SS(52%)
ggzﬂgrd PP (11%) SS(41%) | PSR (28%) | SS(23%) | BR(37%)
E‘l’;‘i‘er PP (11%) | BR (20%) PSR (28%) | SS(24%) | SS (36%)
Keystone | PSR (25%) | SS(19%) | SS (19%) PSR (27%) | PSR (29%)
E;ﬁ;ﬁg,s CR(12%) | CR(19%) | CR(20%) | SS(21%) SS (28%)
g‘l’:lt(ely BR(12%) | SS(30%) | BR(26%) | SS(20%) | CR (20%)

Relative to the number of bottomfish species seen at each site (see Table 4), a small number of
species, ranging from just two to four, accounted for 70% or more of the average within-site
similarities, and the highest contributors at each site were either rockfish or Striped Seaperch
(Table 7). Brown Rockfish contributed more than 50% to the within-site similarity at both
ORCA and PG, and this may account for the non-significant pairwise comparisons between
those two sites previously noted.
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Table 7. Bottomfish species that characterize each of six surveyed sites in Puget Sound by
accounting for > 70% of the average similarity within each site based on density. Shaded cells

denote the highest contributing species at each site.

Bottomfish Species Blake Orchard Point Brackett’s Port
Island Rocks Glover Keystone Landing Blakely

Brown Rockfish 20% 68% 53% 20%
Copper Rockfish 10% 29% 17%
Puget Sound
Rockfish A
Black Rockfish 14%
Striped Seaperch 48% 7% 17% 16% 21% 24%
Lingcod 14% 9%
Painted Greenling 11% 9%
Cabezon 9%
Total 79% 75% 79% 74% 73% 70%

Density and Biomass

We computed the survey density and biomass for all bottomfish at each of the six sites (Figure
7). The densities at BIAR, KJ, and BLCA were more than twice those observed at the other three
sites, and a similar pattern was apparent for biomass, though less pronounced, at BIAR. A high
number of Wolf-eel (N=58) was observed at BIAR (more than twice the number seen at any of
the other five sites), but their biomass was not estimated. Most of the Wolf-eel seen at BIAR
were adults estimated to weigh in excess of 10 Kg, and inclusion of these fish in the biomass
estimate would likely have resulted in a sizeable increase in the estimate of bottomfish biomass
at BIAR relative to the other five sites. While bottomfish density at KJ was more than twice that
at BLCA, the biomass estimate was slightly greater at BLCA. We attribute this to two principle
causes: 1) High numbers of Puget Sound Rockfish at KJ, and 2) relatively high numbers of adult
Cabezon at BLCA. Puget Sound Rockfish accounted for 27% of the overall bottomfish density at
KJ; however, due to their small size, they accounted for just 1% of the total KJ biomass.
Conversely, Puget Sound Rockfish were nearly absent at BLCA (only seven observed
throughout the study period). Cabezon are substantial biomass contributors and accounted for
nearly 8% of the total bottomfish biomass observed at BLCA, whereas only four Cabezon were
seen at KJ throughout the study.
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Figure 7. Bottomfish density (left) and biomass (right) at the six Puget Sound survey sites. Wolf-eel
and unidentified rockfish were included in the density estimates but excluded from the biomass
estimates (see page 12).

Next, we computed the mean survey density and biomass for the three ichthyotypes identified in
the species composition analysis (Figure 8). The density and biomass of rockfish and greenlings
was greatest at KJ and BLCA. The relatively high overall density of rockfish at KJ can be
attributed to high numbers of Puget Sound Rockfish, as noted above. The high rockfish biomass
at KJ may be due to a relatively strong recruitment of juvenile Black and Yellowtail Rockfish
during the final years of the monitoring period, which persisted as a strong year-class and grew
rapidly (see below in this section). Perch density and biomass was greatest at BIAR, with both
measures being more than twice those calculated for ORCA, PG, and PB.
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Figure 8. Mean density (left) and biomass (right) (+1 S.E.) summed over all years surveyed at each
site for three bottomfish groups. Unidentified rockfish were included in the density estimates but
excluded from the biomass estimates (see page 12). Note different y-axis scales.

We examined the relationship between density and biomass over time at each site for the three
predominant ichthyotypes (rockfish, perch, and greenlings) (Appendix 6) and by species within
each of those groups (Appendices 7, 8, and 9). When density and biomass profiles diverge over
time, a change in demographics (age, size, sex, species composition) may be inferred. For
instance, a trend toward increased biomass that is not accompanied by a similar increase in
density could indicate growth and aging of individuals, or a change in sex ratio for sexually
dimorphic species that exhibit substantial differences in size by sex. Conversely, an increase in
density without an associated rise in biomass could indicate an increase in the proportion of
smaller individuals in the population, such as might occur during a highly successful juvenile
recruitment event.

At most sites, the density and biomass profiles over time were similar within each of the major
taxonomic groups, though some exceptions occurred. Most notably, rockfish densities at BLCA
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and PB in 2006 increased substantially over the preceding years without a proportional increase
in biomass (Appendix 6.E and F), with a similar but less apparent disparity at BLCA in 2007. An
examination of rockfish density by species revealed that the increases in 2006 and 2007 at BLCA
and PB were due primarily to increased densities of small Quillback Rockfish (Appendix 7.E). In
2006, a similar marked increase in perch density occurred at BLCA, though, unlike for rockfish,
an accompanying increase in biomass was observed due to a substantial increase in Striped
Seaperch of all length-classes (length data not shown) (Appendix 8.E).

We considered the possibility that the observed disparities might be explained by an inordinate
recruitment of juveniles resulting in increased numbers of fish, but with a negligible impact on
biomass. We evaluated this by examining densities by length-class over time at each site for the
five numerically dominant rockfish species: Copper, Brown, Quillback, Black, and Yellowtail’
(Appendix 10). For all but Brown Rockfish, we found compelling evidence of a juvenile rockfish
recruitment event commencing in either 2006 or 2007 at one or more sites. This is best illustrated
by the length-class densities for Copper Rockfish at BIAR (Appendix 10.A), where changes in
density by length-class over time constitute a textbook example of a recruitment “pulse” moving
through the population: an unusually high number of juvenile fish entered the population and,
with growth, sequentially moved from smaller to larger length-classes over time. Similar patterns
were observed for Copper Rockfish at each of the other five sites.

At all sites but KJ, there was also evidence of strong juvenile Quillback Rockfish recruitment in
2006 or 2007; however, with the exception of BIAR and PG, the cohort did not appear to persist
over time (i.e., no pulse was detected). This could be explained by emigration or mortality; fish
may have left the site or perished before entering the subsequent length-class. There is at least
one other tenable explanation, as it is likely that some misidentification of “positively” identified
juveniles occurred. Visually, Copper and Quillback Rockfish are nearly indistinguishable during
the earliest post-settlement phase of their life-history, and these two species probably accounted
for the majority of all unidentified rockfish. As previously noted, all but three unidentified
rockfish were placed into the smallest length-class. This could explain the lack of persistence
over time of the relatively high numbers of Quillback Rockfish observed in the smallest length-
class during 2006 and 2007 at BLCA and at PB in 2006 (Appendix 10.E and F). If those fish
were in fact Copper Rockfish, they would have become discernable as such to the survey divers
only after they entered the next larger length-classes (provided they remained and survived long
enough to do so), and would then have become part of the Copper Rockfish pulse observed at
BLCA and PB. If true, this suggests a bias toward misidentifying juvenile Copper Rockfish as
Quillback Rockfish, rather than the converse. We also consider that behavioral differences

7 Puget Sound Rockfish were numerically abundant at KJ; however, their small maximum length relative to other
rockfish species resulted in all of them being placed into one of the two smallest length-classes. Further, KJ was not
surveyed in 2006. Though potentially masked by the small number of length-classes for this relatively small-sized
species, an examination of the proportions of the two length-classes over time gave no indication that a strong
recruitment of juvenile Puget Sound Rockfish occurred during any year surveyed.
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between the two species may result in different detection rates during the early post-settlement
phase. While some uncertainty may exist around the apparent recruitment of juvenile Quillback
Rockfish in 2006 at BCLA and PB, the evidence remains strong for BIAR and PG (and to a
lesser extent, ORCA) in 2007, as a substantial increase in the numbers of Quillback Rockfish in
the next-to-smallest length-class occurred subsequent to 2007 (i.e., a pulse was detected).

A persistent year-class pulse commencing in 2007 was evident for Black Rockfish at all six sites
(though less clearly defined at PB), and for Yellowtail Rockfish at KJ (Appendix 10.D). By
2008, presumably due to the rapid growth of cohort individuals, Black Rockfish had replaced
Copper and Yellowtail Rockfish as the predominant source of rockfish biomass at KJ (Appendix
7.D). Of further note, prior to 2007, only one Black Rockfish had been observed at each BIAR
and PG, compared to 667 and 121, respectively, after 2006 (Appendix 7.A and C). Although
Black Rockfish exhibited evidence of a juvenile recruitment pulse at all sites (Appendix 10), the
“strength” of the pulse was greater by about an order of magnitude at KJ (Appendix 10.D). There
is weak evidence of juvenile Yellowtail Rockfish recruitment at BLCA in 2007, but with no
apparent pulse (just one Yellowtail Rockfish was observed prior to 2007); 14 were noted in
2007, 12 of which were in the smallest length-class (< 15 cm) and two in the next-to-smallest
length-class (15 <25 cm), and no Yellowtail Rockfish were observed during subsequent years.

Curiously, at the five sites surveyed in 2006, Black Rockfish densities in the smallest length-
class (< 15 cm) did not show an increase from previous years as they did at most sites for Copper
and Quillback Rockfish. Rather, the apparent recruitment pulse appears to have commenced in
2007. Plausibly, the absence of Black Rockfish in the smallest length-class in 2006 could be
explained by juveniles settling after the 2006 fall surveys and thus remaining undetected until
2007. Little is known about spawn timing for Black Rockfish in Puget Sound; however, along
the outer coast, peak parturition occurs during March and April, sooner than Copper and
Quillback Rockfish in Puget Sound. Black Rockfish are known to be less demersal than Copper
or Quillback Rockfish and may have been present in 2006 but residing higher in the water
column out of the divers’ views. However, based on the behavior and distribution of Black
Rockfish observed at all sites over the 16-year study period, we consider this an unlikely
explanation.
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Sidebar 1

Prompted by observations of increasing numbers of _{j e

Black Rockfish in Puget Sound, the WDFW, between - Harney n
April and November of 2011, captured 157 Black =i Channel ‘(L"
Rockfish from seven nearshore sites in Puget Sound

cast of the Strait of Juan de Fuca (see inset) to
determine if there was evidence of a dominant year-
class in Puget Sound. Capture depths ranged from 12 Lopez
m—20 m. The otoliths were removed from each fish n=8
and aged wusing a standard “break-and-burn” jL—
technique. Overall, 83% were determined to be age 5
fish from the 2006 cohort. Five-year-old fish
accounted for 71%-100% of each sampled location
(The Harney Channel, Lopez Island, and James Island
sites were pooled into a single San Juan Islands
sample.). The percent contribution of the 2006 cohort
to each location increased with decreasing latitude. Dabob
This suggests that the source of the recruits originated f‘e:?sount
from somewhere outside the study area, possibly from

the outer coast or the waters near or north of the San
Juan Islands.

AR

Pulali Point
n=27

During the years leading up to 2006, few Black
Rockfish were observed in our surveys of south Puget
Sound (e.g., remotely operated vehicles, scuba, trawl).
Copper, Quillback, and Yellowtail Rockfish in south
Puget Sound were also in low abundance, and they
exhibited evidence of a strong 2006 cohort as well. We
think it is unlikely that a strong recruitment event

across multiple rockfish species would have originated Taylor Bay
- Wreck
from an area of relatively low abundance of mature n=23

fish. Further, many rockfish species are known to

Itsami Ledge
Artificial Reef

inhabit near surface waters during their larval phase, s
n=

which would have occurred during the spring and
summer. Surface waters would have been driven
south by the northerly winds that prevail over Puget 04589 18 27 36 45

Sound during those seasons. Kilometers

Tissue samples were also acquired from each fish and genotyped at ten microsatellite loci. To determine if there was
evidence of genetic isolation between Black Rockfish from Puget Sound and from the outer coast, genetic pairwise
comparisons between the five Puget Sound sample sites and five coastal sample sites (Cape Beale, B.C; La Push, WA;
Pacific Beach, WA; Long Beach, WA; and Newport, OR) were conducted. The coastal samples were not aged, and it
is not known what proportions of those samples (if any) were from the 2006 cohort. Nevertheless, of the total 28
pairwise comparisons, 21 were not significantly different (p > 0.05). The seven significant pairwise contrasts all
involved the Newport sample.
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We deduce that observed disparities between rockfish density and biomass over time were due to
the recruitment of Copper, Quillback, Black, and Yellowtail Rockfish juveniles. The strength of
the 2006/07 recruitment event appears to have been considerable, and, remarkably for some
species, it was detected in 2006 in spite of a relatively modest survey effort. At all five sites
surveyed in 2006 (KJ was not surveyed), the area surveyed was less than or equal to half the area
surveyed in any other year, and no spring surveys were conducted (see Table 2).

In addition to the prominent juvenile rockfish recruitments observed in 2006/07, there is
evidence that a weaker recruitment event occurred during or shortly before 1995 at some sites.
For instance, Yellowtail Rockfish at KJ exhibited a weak, but clearly defined, modal progression
in length from 1995-97 (Appendix 10.D). The site wasn’t surveyed from 1998-2001; however,
by 2002, Yellowtail Rockfish biomass was about three-fold greater than the first three years of
the survey period (Appendix 7.D). This strongly suggests that a relatively weak recruitment
pulse did occur and that the cohort persisted over time. Less strongly defined pulses were
observed for Brown Rockfish at ORCA and BIAR, Copper Rockfish at ORCA and KJ, and
Quillback Rockfish at KJ during the same period (Appendix 10.A, B, and D). Of note, even
when recruitment was relatively weak, a pulse was still clearly discernable (e.g., Quillback
Rockfish at PG in 2007 and KJ in 1995, Appendix 10.C and D, respectively). Taken in total, this
synchronous settlement success for a number of species indicates that at least one, and likely a
suite, of environmental parameters were especially suitable for rockfish survival during this
period. These could range from physical parameters such as temperature, dominant current
direction, and upwelling intensity, to biological parameters such as prey biomass, reduced
competitor biomass, and reduced predator biomass. Unfortunately, site-specific evaluation of
such forcing factors did not occur, and identification of a causal mechanism for the settlement
pulse remains speculative.

A decline in Copper and Quillback Rockfish densities from 1995-2002 was apparent at BLCA.
For both species, a corresponding but more precipitous drop in biomass was also evident.
Density and biomass decreased by factors of about 5 and 10, respectively, for both species over
the eight-year period (Appendix 7.E). As noted by Palsson et al. (2004), Lingcod density and
biomass increased slightly over the same period (Appendix 9.E).

Lingcod are high trophic-level feeders and are among the dominant fish predators on rocky reefs
and other structurally complex habitats in Puget Sound. It has been suggested, though not
confirmed, that Lingcod may exert top-down control over populations of some rockfish species
through predation (Beaudreau and Essington, 2007), and that the removal of Lingcod (i.e.,
predator culling) could aid in the recovery of localized rockfish populations (Oken and
Essington, 2016). Tinus (2012), however, asserted that Lingcod are unlikely to be a primary
source of mortality for any rockfish life history phase. We conducted a cursory examination to
determine if there was evidence of an inverse relationship between the density or biomass of
Lingcod and other bottomfish, which could be suggestive of a predator effect. Generally, both
the density and biomass profiles over time were concordant and not inverse, suggesting that
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Lingcod have no apparent impact on controlling other bottomfish at the coarsest spatial scale (all
sites combined) (Figure 9). As described above, we attribute the prominent upsurge in the
density of all other bottomfish in 2006/07 to juvenile rockfish recruitment observed at most of
our study sites.
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Figure 9. Density (left) and biomass (right) for Lingcod and all other bottomfish. Wolf-eel and
unidentified rockfish were included in the density estimates but excluded from the biomass
estimates (see page 12).

To explore a possible predator effect at a finer spatial scale, we compared density and biomass
between Lingcod, Puget Sound Rockfish, and all other rockfish species at KJ (Figure 10).
Beaudreau and Essington (2007) reported that slightly fewer than half of the scorpaeniform fish
that they sampled from Lingcod stomachs (and that could be positively identified to species)
from the San Juan Islands were Puget Sound Rockfish. The remainder consisted of unidentified
Sebastes spp., of which 11% were confirmed to be species other than Puget Sound Rockfish.
They note from Love et al. (2002) that Lingcod > 34 cm in total length (TL) may ingest Copper
Rockfish juveniles at a size of 7 cm TL; Lingcod > 54 cm TL are capable of consuming the
entire size range of Puget Sound Rockfish (max recorded size of about 18 cm TL); and that
Lingcod 95 cm TL are capable of consuming rockfish up to 40 cm TL. The Keystone jetty (KJ)
exhibited a wide diversity of rockfish species and was the only site at which Puget Sound
Rockfish occurred in abundance. That site also exhibited the highest overall densities of rockfish
(see Figure 8) and the greatest number of juvenile rockfish recruits. Further, all Lingcod
observed at KJ were > 35 cm TL (i.e., capable of ingesting juvenile rockfish); 94% were > 55
cm TL (i.e., capable of ingesting all sizes of Puget Sound Rockfish), while 8% were > 95 cm TL
(i.e., capable of ingesting rockfish up to 40 cm TL). We reasoned that if an inverse relationship
between Lingcod and rockfish density or biomass existed in our data, KJ afforded the best
opportunity to detect it. Because smaller rockfish are more heavily preyed upon by Lingcod than
larger rockfish (Beaudreau and Essington, 2007), we included only rockfish <25 cm TL (which
includes all observed Puget Sound Rockfish) in order to further improve our ability to detect a
relationship, should one exist. As with the Lingcod/all bottomfish comparison, a strong inverse
relationship between Lingcod density and biomass with either Puget Sound Rockfish or all other
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rockfish was not apparent (Figure 10). We note, however, that the density of Puget Sound
Rockfish more than doubled from 1996 to 1997 while Lingcod density increased only slightly
during the same period. In spite of the increased density of Puget Sound Rockfish over other
rockfish from 1995-97, their biomass matched nearly exactly that of all other rockfish for the
same period. We further note that the greatest density, biomass, and frequency of occurrence of
Lingcod in the largest length-classes at BLCA occurred in 2006, concurrent with juvenile
rockfish recruitment (see following section).
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Figure 10. Density (left) and biomass (right) by year for lingcod, Puget Sound Rockfish, and all
other rockfish at the Keystone jetty. Only rockfish <25 ¢cm TL are included (which includes all
observed Puget Sound Rockfish). Unidentified rockfish were included in the density estimates but
excluded from the biomass estimates (see page 12).

At KJ, Lingcod density in 2002 was slightly less than twice that observed in 1997, whereas
biomass showed only a minimal increase over this period (Figure 10). This disparity clearly
captures the change in the size structure of Lingcod at KJ, with a greater proportion of smaller
fish in 2002, as evidenced by the decrease in average length from 1997 (Appendix 11.G). From
2002 onward, Lingcod density remained stable through the end of the monitoring period;
however, biomass increased, and by 2010 it was slightly more than double that observed in 2002.
When summed over all years, Lingcod density and biomass at KJ and BLCA were each greater
than at any of the other four sites. Despite these changes in Lingcod population composition, a
correlation with small rockfish abundance was not apparent, as noted above, thus failing to
provide support to the hypothesis that Lingcod predation was a significant population-level
driver for rockfish at any of the sites considered.

Frequency of Occurrence and Density by Size

We calculated percent frequency of occurrence and density by size in length (“small” and
“large”) for bottomfish that: 1) are currently or were historically important in the recreational
fishery; 2) were observed at all sites, and; 3) had overall frequencies of occurrence of at least
95% at one or more sites. Eight species met these criteria: Copper, Brown, Quillback, and Black
Rockfish; Lingcod; Kelp Greenling; Cabezon; and Striped Seaperch (see Table 4). We defined
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the division between “small” and “large” for each species as that size class (see p 8) which came
closest to capturing half the species’ maximum reported length (Table 8).3

For six species (Copper, Quillback, and Black Rockfish; Lingcod; Cabezon; and Striped
Seaperch), large fish were more frequently observed at BLCA than at any of the other five sites,
and BLCA was the only site at which Copper Rockfish in the 55 < 65 cm length-class (N = 13)
and Quillback Rockfish in the 45 < 55 cm length-class (N = 14) were encountered. Additionally
at BLCA, 89 Black Rockfish in the 55 < 65 cm length-class were observed; aside from a single
individual encountered at ORCA, this was the only site where Black Rockfish in that length-
class were observed. Likewise, Lingcod > 115 cm were encountered only at BLCA (N = 168),
and BLCA was the only site at which the density of large Lingcod exceeded small Lingcod.

8 As reported for rockfish in Love et al. (2002); and in Love (2011) for the remaining four species.
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A substantial downward trend in the density of large Copper and Quillback Rockfish was evident
at BLCA during the first seven years of the monitoring period. Afterwards, a gradual rebound for
large Copper Rockfish occurred, but no such trend was apparent for large Quillback Rockfish
(Figure 10). The 13 Copper Rockfish in the 55 < 65 cm length-class, and 13 of the 14 Quillback
Rockfish in the 45 < 55 cm length-class (see preceding paragraph) were all observed during the
first four monitoring years. Due to their disproportionate size-at-length, the disappearance of
large Copper Rockfish at BLCA accounts for the sharp overall decline in Copper Rockfish
biomass and for the more precipitous decline in biomass relative to density as noted above (see
Density and Biomass) (Appendix 7.E). A similar, though less protracted, decline in large Copper
Rockfish was also observed at PB (large Quillback Rockfish were not observed at PB).

We consider the following possible explanations for the disappearance of large Copper and
Quillback Rockfish from the BLCA surveys: 1) fishing mortality, 2) senescence, 3) marine
mammal predation, and 4) emigration. Although the BLCA has been closed to fishing for
decades, some fishing occurs in close proximity to the MPA boundary. The BLCA transects
(along the DeLeon) were located adjacent to the southern boundary, about 100 m from the
offshore boundary, and over 500 m from the northern boundary of the MPA. The southern
boundary is demarcated by the Edmonds ferry terminal pier, from which fishing is prohibited.
The area due south of the ferry pier contains an old (pre-1980) tire-bundle artificial reef
structure, and although the area is open to fishing, few people are aware of the reef and virtually
no fishing activity occurs there. However, considerable fishing effort occurs along the seaward
boundary of the BLCA, especially during Lingcod season (May 1 — June 15). Vessels targeting
Lingcod have been observed “crowding” the offshore boundary, with anglers casting terminal
gear well into the BLCA, and some vessels have been seen entering the BLCA despite clear
signage that vessels are strictly prohibited. Other submerged structures exist along the seaward
boundary of the BLCA and are known to harbor large rockfish (WDFW unpublished data). If
large rockfish made forays from these structures and/or the transect sites toward the seaward
edge of the sanctuary (e.g., in search of prey), they could have been vulnerable to harvest. It
should be noted that WDFW divers have occasionally found terminal tackle from hook-and-line
anglers well within the BLCA boundary (WDFW unpublished data), and therefore we cannot
rule out the possibility that fishing was occurring within the sanctuary. Another potential source
of mortality that cannot be ruled out is that from spearfishing, as WDFW biologists have
received sporadic reports of suspected spearfishing occurring within the BLCA. The seaward
boundary of the BLCA lies along the ~15m seafloor contour and is demarcated by large buoys
anchored at regular intervals along the bottom. Little suspicion would be raised to a vessel that
appears to be fishing along the boundary line and a vessel-based diver could make a quick
descent to the bottom along one of the buoy lines and enter the park unseen and spearfish
undetected (with the exception of possibly being seen by other divers). Diver guide-lines
installed throughout the BLCA allow for easy navigation throughout the underwater park and
would enable the diver to return to the exact point of entry. Although the density of large
rockfish at the BLCA prior to their decline was greater than any other study site, the relative size
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of the population was small, numbering only a few hundred individuals. At this population size,
the number of large rockfish at the transect sites could be quickly diminished over time by only a
few persistent divers, thus we cannot discount this source of mortality as a possible cause for
their decline.

Based on their relatively quick decline at the BLCA transect sites, senescence is considered to be
a more plausible explanation for the decline of large Copper and Quillback Rockfish. Some
rockfish populations are known to be dominated by a small number of year classes and, as
evidenced in this study, strong recruitment events are sporadic. The length-at-age asymptote for
both Copper and Quillback Rockfish in Puget Sound occurs at about 40 cm TL (West et al. 2014;
Love et al. 2002), and the large fish (defined here as > 35 cm TL) observed during our surveys
could have been very old. Therefore, given the age and long-term protection status of the BLCA,
we hypothesize that a strong cohort of Copper and Quillback Rockfish reached terminal age and
perished over the course of several years. Some anecdotal evidence exists to support this
hypothesis; during surveys conducted at the site the divers would occasionally encounter large
dead rockfish and Lingcod, and this is the only site in our study where this was ever observed.

Seal and sea lion populations have increased as much as 10-fold in Puget Sound since the 1970s
as a result of safeguards put in place by the Marine Mammal Protection Act (Jeffries et al. 2003),
and these voracious predators are known to occasionally eat rockfish (Everitt et al., 1981; Lance
et al. 2012). Because of this, it has been suggested that marine mammal predation could be
responsible (in part or in full) for reducing the population of large rockfish at the BLCA site,
although the available evidence does not support this hypothesis. Given that the majority of these
mammals’ diets consist of abundant and readily available species like forage fishes, Pacific
Hake, and, seasonally, salmon, we presume this source of mortality is relatively minor for large,
spiny-rayed prey such as adult Quillback and Copper Rockfish. Additionally, we note that from
1970 to 1988, floating docks were moored near the dry dock (see Site Descriptions) to provide a
resting place for divers and spectators. The docks quickly became a popular haul-out site for sea
lions and other pinnipeds, and divers frequently encountered them underwater. Anecdotal
accounts from divers frequenting the area during that time suggest that no appreciable loss of
rockfish, large or small, occurred during or subsequent to their presence (pinnipeds left the area
once the docks were removed).

It is unclear what role emigration may have played in the decline of large rockfish at the BLCA
survey site. By area, BLCA covers nearly 40 times the maximum reported home ranges for both
Copper and Quillback Rockfish (ca. 4000 - 5000 m?) (Matthews, 1990b; Tolimieri et al., 2009;
Rankin et al., 2013). As we have no evidence to suggest that prey resources at the site were
diminishing over time, there would appear to be no reason for large fish to leave the transect site,
assuming they are more successful than smaller fish at defending and holding optimal habitat.
However, the addition of other underwater structures in close proximity to the transect site
during the period of decline may have been a contributing factor via the migration of large
rockfish from the transect site to potentially higher suitability habitat. It should be noted that
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following most surveys at the transect site, the divers would visit other structures in the park to
count and size rockfish, Lingcod, Cabezon, and other benthic fishes, although no attempt was
made to quantify the area swept. These roving counts captured many large rockfish throughout
the BLCA, some of which may have originated from the survey site.

Copper Rockfish Quillback Rockfish
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Figure 11. Annual density of large (= 35 cm) Copper and Quillback Rockfish at BLCA. No surveys
were conducted in 1998. Note different y-axis scales.
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For four species (Copper and Quillback Rockfish, Lingcod, and Cabezon), the highest
frequencies of occurrence of large fish at BLCA coincided with the highest densities (which
were near or greater than twice that observed at the other five sites), with one exception: for large
Black Rockfish, the frequencies of occurrence and densities were incongruent at BLCA and KJ.
Both sites exhibited relatively high frequencies of occurrence and densities of large Black
Rockfish; however, while the frequency of occurrence of large Black Rockfish was greater at
BLCA (98%) than at KJ (77%), the overall density of large Black Rockfish at KJ (0.058) was
greater by a factor of nearly three. At KJ, large Black Rockfish were abundant during just one
year (2010) and were represented primarily by a single length-class (35 <45 cm) (Appendix
10.D); however, the density of those fish was nearly an order of magnitude greater than the
highest annual density of fish in the same length-class at BLCA (which also occurred in 2010).
Furthermore, large Black Rockfish > 45 cm were seen consistently across all years at BLCA
(Appendix 10.E) but rarely seen at KJ (no Black Rockfish > 55 cm were observed at KJ). This
accounts for the greater frequency of occurrence of large Black Rockfish at BLCA in spite of
their overall lower density when compared to KJ. Large fish were observed at low densities at
BLCA but were frequently encountered and consistently present over time; conversely, large fish
were present at high densities at KJ, but for only a brief period of time (i.e., less frequently
observed).

Large Striped Seaperch were also observed most frequently at BLCA, but they were equal in
density to those observed at BIAR, where large fish were observed slightly less frequently than
small fish. Brown Rockfish and Kelp Greenling, the two species for which the large fish
frequencies of occurrence were not greatest at BLCA, occurred in very low densities at BLCA
relative to those sites where they were frequently encountered (see Table 8).
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Lengths

Mean lengths by year are presented in Appendix 11 for each of the eight species of bottomfish
that met the criteria identified at the beginning of the previous section, and for Yellowtail
Rockfish at KJ (the only site at which Yellowtail Rockfish occurred in appreciable numbers).
Length-frequency histograms for each of the nine species are presented in Appendices 12-20. For
each of the five rockfish species, we present annual means summed over all length-classes, and
means summed over all but the smallest length-class. The latter treatment ameliorates the effect
of the 2006/07 recruitment event on the detection of length trends over time, which can be seen
clearly for Copper and Quillback Rockfish at BIAR, and Quillback Rockfish at BLCA
(Appendix 11.A and C).

At those sites where the density, biomass, and frequency of occurrence (see Table 4 and
Appendix 7) were greatest for Brown Rockfish (BIAR, ORCA, PG, and PB), a remarkably stable
length trend was observed, and there was little difference in annual mean lengths with and
without the inclusion of the smallest length-class (this strengthens our view that Brown Rockfish
juveniles did not heavily recruit in 2006/07) (Appendix 11.B). In Puget Sound, male and female
Brown Rockfish reach 50% maturity at about the same length (24 and 26 cm TL for males and
females, respectively) (Love and Johnson, 1998). At each of the four sites, summed over all
years and both with and without the inclusion of the smallest length-class, the mean lengths of
Brown Rockfish were within £3 cm of the median male-female 50% maturity length (i.e, 25 cm).
Relative to small fish, large fish occurred at very low densities at each site (see Table 8);
therefore, although Brown Rockfish lengths remained stable over time, most Brown Rockfish
remained at or below the length at which 50% of the population was sexually mature. This
contrasts markedly with Cabezon at BLCA (the only site at which Cabezon occurred in
appreciable numbers throughout the survey period), where length over time also remained stable;
however, the mean length (63 cm) summed over all surveys and the lowest annual mean length
(57 cm) (see Appendix 11.1) were both above any 100% maturity lengths reported for this
species. Furthermore, nearly every Cabezon encountered was over any reported 50% maturity
length; the frequency of occurrence of large fish was 100%; and the overall density of large fish
was 5 times that of small fish (see Table 8).

At KJ, although the mean length (78 cm) of Lingcod summed over the last three survey years
increased 20% over the mean of the first three survey years, we cannot characterize the change
as a trend because there were too many intervening years in which no surveys were conducted.
Nevertheless, the site was afforded MPA status approximately midway through the monitoring
period, and we cannot dismiss the possibility that the increase in length is linked to harvest
restrictions. The increase in Lingcod mean lengths also accounts for the stable density,
accompanied by increased biomass, over the course of the last half of the monitoring period, as
noted above (see Density and Biomass, page 21).
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Sidebar 2

Between April 2005 and November 2009, 71 Brown Rockfish were live-captured using hand-held nets by WDFW
scuba divers at the Orchard Rocks Conservation Area in connection with a rockfish genetics study. All fish were
measured underwater to the nearest cm (total length) and immediately released at the point of capture. The live-capture
sampling occurred near, but not over, the transects used in our study, and were temporally out of phase with the
transect surveys in order to eliminate any impact on survey fish counts. The effort was directed toward live-capturing
as many Brown Rockfish as possible during each dive, without regard for size. Summed over the years 2005-2009,
the mean length of Brown Rockfish observed on transect was 30 cm; over the same period, the mean length of the
live-captured fish that were measured to the nearest cm was also 30 (s.e. 3.30). While this comparison does not provide
a statistically robust validation of surveyor ability to accurately estimate fish lengths (nor was it intended to do so),
the fish-in-hand length data provide at least some assurance that survey divers were reasonably accurate in assigning
rockfishes to the appropriate length-classes.
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Comparable Studies

Study Synopses

Four of our sites (BIAR, ORCA, BLCA, and PB) were used in previous studies that entailed the
use of scuba surveys to characterize fish populations. Those studies generated comparable data
that may add further perspective to our survey results and can be briefly described as:

1) In 1975, the WDFW (then, Washington Department of Fisheries) contracted with the
University of Washington to study fish associations with anthropogenic structures at the Port of
Edmonds to help inform the placement and construction of a proposed fishing pier and artificial
reef at that location. For a two-year period beginning in June 1975, Walton (1979) conducted
monthly strip transect surveys near the Edmonds Marina and within the BLCA Edmonds
Underwater Park. Surveys within the underwater park were conducted monthly from July 1975
to June 1976. Although the dry dock DelLeon, which was surveyed in our study, was not
explicitly mentioned in the report, the author’s description of the underwater park study site and
survey method strongly suggests that it was included, as well as the nearly adjoined M/V Alitak.

2) Over a 15-month period beginning in October 1980, Laufle (1982) conducted monthly counts
of fish, both day and night, on or adjacent to the BIAR to test for differences in habitat
preferences between natural and artificial substrates, and between the different materials used to
construct the artificial reef (i.€., concrete rubble and various configurations of automobile tires).
The study included 15 monthly surveys of three delineated 6 x 6 m areas of the nearshore rubble
patch, and 12 monthly surveys (no surveys were conducted in October or December 1980, and
December 1981) of the entire offshore rubble patch (see Site Descriptions).

3) From December 1986 through October 1988, Matthews (1990a) conducted periodic rockfish
strip transect surveys using scuba at eight central Puget Sound sites, including BIAR, ORCA,
and PB, to evaluate habitat usage by different rockfish life-history stages. As noted in the above
Surveys section, our transect locations at the BIAR, ORCA, and PB sites coincide approximately
with those used by Matthews.

4) From July 1986 through June 1988, Matthews (1990c) tagged and released 512 Copper,
Brown, and Quillback Rockfish from six sites, including BIAR, ORCA, and PB. A total of 248
fish (193 of which were from BIAR, ORCA, and PB) were displaced prior to release, and
resightings during monthly scuba surveys were noted in order to determine whether habitat
association affected movement patterns for these species. Lengths were recorded for each fish
tagged and mean lengths for each species were reported for each sight.
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Study Comparisons

Compositionally, our results from the BIAR, ORCA, BLCA, and PB bottomfish surveys were in
general agreement with the aforementioned studies, though with some notable exceptions.
Perhaps the most striking was the complete absence of Lingcod observed by Walton (1979) in
1975-76 at the Edmonds Underwater Park, and the near complete absence from seven other
surveyed sites adjacent to the park (six of which contained anthropogenic structure). Only five
Lingcod were seen throughout the entire study, with an overall frequency of occurrence of just
2%.” In our study, Lingcod frequency of occurrence at BLCA was 100%, and the mean count per
year was 105 (s.d. = 40.07). Walton noted that, “Cabezon, observed on almost every dive [at
Edmonds Underwater Park], were by far the largest fish species present....” Cabezon were
observed on every dive in our study as well and, as noted above, accounted for 8% of the total
biomass observed at BLCA (see Density and Biomass). This is in close agreement with Walton’s
finding of Cabezon contributing 10% to the total average biomass observed at the park in 1975-
76. Lingcod, however, were the largest fish (in length) observed in our study. Additionally, no
Painted Greenling were noted by Walton, but this species was observed in 95% of our surveys
with a mean count of 57 per year (S.d. = 25.37). A list of targeted species was not presented by
Walton, only that “potentially valuable sport species” were recorded. While it remains possible
that Painted Greenling were present but not recorded (i.€., not regarded as potentially valuable),
other species of questionable importance to recreational fishers were recorded, such as Snake
Prickleback and Pacific Staghorn Sculpin. We surmise that had Painted Greenling been
frequently observed and abundant, as they were in our study, they would have been reported.'”
The frequency of occurrence of Pacific Tomcod during the 1975-76 surveys at the Edmonds
Underwater Park was 64% (Pacific Tomcod was the only Gadid observed within the park at that
time). Over the entire area surveyed by Walton at the Port of Edmonds, frequencies of
occurrence for Pacific Cod, Walleye Pollock, and Pacific Tomcod were 16%, 3%, and 9%,
respectively. No Gadids were observed during our surveys at BLCA.

In further contrast to our study, Walton found the density and biomass of Copper and Black
Rockfish to be nearly equal, and the two species accounted for the majority of the total rockfish
density and biomass at the Edmonds Underwater Park''. While the frequency of occurrence for
Black Rockfish in our study was near 100%, their contribution to density and biomass was less
than half that of Copper Rockfish for nearly all years; only after the 2006/07 juvenile recruitment
event did Copper and Black Rockfish approach (but not attain) unity in proportions. Lastly, the
mean site density (0.18 fish/m?, s.d. = 0.09) and biomass (0.18 kg/m?, s.d. = 0.17) estimates for

°Table 1 of Walton (1979).

10 The absence of Painted Greenling and Lingcod, and inclusion of the DeLeon, in the 1975-76 Edmonds
Underwater Park surveys was confirmed by personal communication on 29 March 2016 with R. M. Buckley
(WDFW, retired) who participated in many of the Walton (1979) survey dives.

1 Table 13 of Walton (1979).
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Copper Rockfish at BLCA in our study were each six-times greater than those reported by
Walton.

During the nine years prior to the fishing closure within the Edmonds Underwater Park, up to
three Lingcod and 15 rockfish could legally be retained daily by anglers and spearfishers, and
Cabezon could be harvested without limit. It is possible that fish aggregating on and near the
DeLeon, the most prominent bottom structure present during that time, had been severely
overfished prior to the harvest closure; indeed, the fishing closure was prompted by concerns
about overfishing (see Site Descriptions). Walton’s surveys may have occurred during a period
of post over-exploitation recovery, thus accounting for the relatively low density and biomass of
rockfish and the complete absence of Lingcod, fish that are highly prized by both anglers and
spearfishers, within the underwater park.
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Sidebar 3

Prior to 1953, spearfishing in Puget Sound was unlawful. On 30 March, 1953, the then Washington Department of
Fisheries issued an order that legalized the activity. Afterwards, the sport burgeoned with the formation of several
spearfishing clubs that regularly held spearfishing competitions throughout Puget Sound. The first competition
(Pacific Northwest Underwater Spearfishing Championship) was held in June of 1955 with 35 divers, representing six
clubs, participating. The use of scuba was prohibited in all Puget Sound spearfishing contests.

Tallman', through a questionnaire survey, # of speared fish landed
determined that Lingcod was the most Edmonds Keystone
frequently speared fish in Puget Sound, Species (March 7, 1965) | (May 9, 1965)
followed by rockfish, and that Edmonds was | Lingcod 3 24
visited by more spearfishers than any other | Cabezon 142 82
site. He also remarked, “More fish have Black Rockfish 4 143
probably been speared at Edmonds than at | Copper Rockfish 138 74

c 5 . . Unidentified Rockfish 0 122
any other site.” Buckley?, using a similar .

. . Kelp Greenling 28 8

survey method, determined that spea.rf?shmg Striped Seaperch 10 0
was the most popular reason for diving in Pile Perch 1 0
Puget Sound during the winter months, and [ p,cific Cod > 0
that Lingcod accounted for 56% of the | Red Irish Lord ] 0
spearfishing harvest in winter. The same | Buffalo Sculpin 7 0
author conducted creel surveys at seven | Pacific Staghorn Sculpin 2 0
spearfishing competitions in 1965, each of | Flatfish 27 3
which was held at a different Puget Sound | Total # bottomfish landed 372 456

location. Two of those locations were surveyed in our study (Edmonds and Keystone). Effort during both competitions
probably occurred both within and outside of areas now designated as Conservation Areas. The Edmonds Marina
breakwater had not yet been constructed at the time of the competitions. The numbers of bottomfish harvested during
each of the two single-day events (excerpted from Buckley?, Tables 21 & 24) are presented in the accompanying table,
and they provide some indication of the level of spearfishing pressure that was placed on local bottomfish populations
during the sport’s most active years.

As early as 1955, the director of the University of Washington’s then School of Fisheries, in recognition of the winter
movement of Lingcod spawners into nearshore habitat, remarked that Lingcod spearfishing should be discouraged
during the winter spawning season. In 1964, a proposal by concerned fishers was advanced to close Lingcod
spearfishing in all Puget Sound waters east of the eastern end of the Strait of Juan de Fuca from January 1 to March 1
in order to protect winter spawners in the nearshore environment. The proposal was rejected on the basis of a lack of
supporting biological data. A winter spearfishing closure ultimately was implemented in 1966, and in 1978, similar
seasonal restrictions were imposed on hook-and-line anglers.

! Tallman, J. D. 1956. The status of underwater spearfishing in the Puget Sound area of Washington. Master’s thesis,
164 p, Univ. Washington, Seattle, WA.

2 Buckley, R. M. 1967. Status report on skin diving and spearfishing in Puget Sound, January to June, 1965. Wash.
Dept. Fish. Supp. Progress Rep., 64 p, Olympia, WA.

The overall assemblage of bottomfish species observed by Laufle (1982) during the daylight
surveys in 1980-81 at BIAR was remarkably similar to our observations; however, the

predominance of Copper Rockfish over other rockfish species contrasts with our findings of
predominantly Brown Rockfish prior to the 2006/07 recruitment event (after which, Copper
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Rockfish nearly equaled, or even exceeded, Brown Rockfish in density and biomass) (Appendix
7.A). The frequency of occurrence of Brown Rockfish observed by Laufle on the offshore rubble
patch was 58% and did not exceed 7% on any of the three nearshore rubble-patch areas
surveyed.!? The frequency of occurrence of Brown Rockfish at BIAR in our study was 100%.
Further, Quillback Rockfish were second numerically to Copper Rockfish at BIAR in 1980-81.
Although Quillback Rockfish accounted for nearly 30% of the total rockfish density and biomass
in 1995, they steadily declined afterwards and were nearly absent by 2000 but reappeared in
greater numbers after the 2006/07 juvenile rockfish recruitment event. We note that the decline
in Quillback Rockfish at BIAR coincides closely in both time and magnitude with the decline in
Copper Rockfish observed at BLCA, as described above (see page 32).

We used data presented by Laufle!® to compute mean densities for his 15-month study (1980-81)
for the three rockfish species that were most frequently observed at BIAR by Laufle and in our
study: Copper, Quillback, and Brown Rockfish. We compared those densities both to our mean
densities from the 15 years surveyed between 1995 and 2010 (no surveys were conducted in
1998) and, in order to suppress the effect of juvenile rockfish recruitment in 2006, to the mean
density for all years prior to 2006 (Figure 12). Over the 1995-2010 time period, Copper Rockfish
density at BIAR was slightly greater than and Quillback Rockfish density slightly less than
observed in 1980-81; however, with the omission of years after 2005, the density for both
species dropped to less than half that observed in 1980-81. Brown Rockfish densities did not
differ greatly between the overall and abbreviated time periods after 1981, and this further
strengthens our conclusion that a major Brown Rockfish juvenile recruitment event did not occur
in 2006/07 (at least not at BIAR) (see Density and Biomass). If it had occurred, we would have
expected to see a more substantial difference in density between the two time periods, as
observed for Copper Rockfish. Mean Brown Rockfish densities for each of the latter two time
periods were nearly ten-times the mean density observed by Laufle in 1980-81. Of further
interest is that Laufle recorded only a single Wolf-eel at BIAR in 1980-81, whereas in our study
the frequency of occurrence of Wolf-eel at BIAR was 39%.

12 Appendix Tables 17, 18, 19, and 23 (day only) of Laufle (1982).
13 Appendix Tables 2, 5, 6, and 14 (day only) of Laufle (1982).
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Figure 12. Mean densities (+ 1 S.E.) of the three most frequently observed rockfish species observed
by Laufle (1982) over a 15-month period in 1980-81, and by WDFW over a 16-year period (1995-
2010) and an 11-year period (1995-2005) at Blake Island Artificial Reef.

Laufle’s study commenced in the fall of 1980, just months after BIAR was constructed, and thus
offers an account of the reef’s earliest fish inhabitants. The similarity in bottomfish species
composition between immediate post-construction and 1995-2010 suggests that colonization and
ecological succession on the reef occurred rapidly, and that the first rockfish colonizers were
primarily Copper Rockfish, possibly arriving from the offshore escarpment described in the Site
Descriptions for Blake Island.

Both of the studies conducted by Matthews (1990a and 1990c¢) corroborate Laufle’s finding of a
rockfish assemblage dominated by Copper and Quillback Rockfish at BIAR, and extends that
finding to ORCA and PB. In both of the Matthews studies, Brown Rockfish were relatively
scarce at each of the three comparable sites surveyed; indeed, no Brown Rockfish were observed
at BIAR by Matthews (1990c) in 1986-88. Furthermore, Black Rockfish were not noted by either
Laufle (who remarked that, “No schooling rockfish species were observed anywhere.”) or
Matthews. Matthews’ survey method differed from ours in at least two important respects: just
one surveyor, rather than two, counted fish within 3 m of the transect center-line, and they did so
to a height of just 1 m off the bottom. Black Rockfish are less demersal than the rockfish species
observed, and it remains possible that they were present but greater than 1 m off the bottom. We
believe it to be likely, however, that had pelagic species of rockfish been observed, even if
outside the survey area, Matthews would have mentioned it.

We compared the mean lengths of Copper, Brown, and Quillback Rockfish observed in our study
to the mean lengths of those fish tagged by Matthews (1990c)'* from 1986-88. As shown in

14 Table 3 of Matthews (1990c).
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Figure 13, two mean lengths are depicted for rockfish observed in our study: one that excludes
the smallest length-class and one that includes all length-classes. We believe the former offers a
better comparison with Matthew’s observations as it minimizes the impact of the 2006/07
juvenile recruits to the overall mean. Additionally, although Matthew’s did not report minimum
lengths for the tagged fish, the use of anchor tags with an attached numbered disc 1.4 cm in
diameter makes it highly improbable that juveniles, and possibly even small subadults, were
tagged in that study.

Summed over the 1995-2010 time period, and excluding the smallest length-class, the mean
lengths for Brown and Copper Rockfish were slightly less at PB, and Quillback Rockfish were
approximately equal in length when compared to 1986-88. Copper and Quillback Rockfish mean
lengths were slightly greater at BIAR during the latter time period. Copper Rockfish at ORCA
were considerably greater in length when summed over the latter time period. Brown Rockfish
mean lengths at ORCA were approximately equal during the two time periods (Figure 12).
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Figure 13. Mean lengths (cm TL) of rockfish by species at each of three Puget Sound sites. BIAR =
Blake Island Artificial Reef, ORCA = Orchard Rocks Conservation Area, PB = Port Blakely. No
Brown Rockfish were observed at BIAR from 1986-88, and only ten Quillback Rockfish were
observed from 1995-2010 at ORCA; therefore, neither species is depicted for those sites. Standard
errors (+ 1) are presented for 1986-1988 but not for 1995-2010 (see page 14).
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Discussion and Recommendations

Our survey results provide an informative perspective on the recent status of several key
bottomfish species at six nearshore sites in central Puget Sound and will serve as an important
benchmark for future surveys. However, our ability to identify and interpret trends over time,
particularly for rockfishes, was confounded by factors such as high interannual variability in
juvenile recruitment, poorly understood post recruitment inter- and intraspecific interactions,
and, at some sites, discontinuous sampling and changes in protection statuses. In comparing
MPA sites to non-MPA sites, we were not able to discern any trends that could be unequivocally
linked to harvest management actions; however, at least two phenomena suggest evidence of
such a response: 1) At ORCA, subsequent to 1998 (the year ORCA was afforded MPA status), a
persistent increase in rockfish density and biomass over the preceding survey years occurred that,
unlike at other sites (e.g., BIAR, K1J), did not appear to be as attributable to juvenile recruitment;
and 2) The mean length, density, and biomass of Lingcod at KJ increased after 2002 (the year KJ
was afforded MPA status). The latter observation ranks as the most notable potential direct
population response to site protection. Prior to closure, KJ was popular among Lingcod anglers
and spearfishers. Lingcod exhibit rapid ontogenetic growth, particularly during the first several
years of their life (females may increase by nearly 10 cm/year through age five). The rapid
growth, and accompanying rapid increase in fecundity, of Lingcod makes it a potentially
valuable first-response species for detecting positive effects of conservation efforts as opposed to
demersal rockfishes, which typically grow at substantially slower rates in Puget Sound (Palsson
et al. 2009).

Though compelling, changes in the KJ Lingcod population remain equivocal as to cause. The
primary habitat for structure-associated bottomfish (i.e., the jetty) is contiguous and lies half
within and half outside the MPA. Throughout this study, the survey divers observed fish moving
from one side of the jetty to the other, likely in search of prey or in response to the strong tidal
currents that occur at the site, but we have no data on cross-boundary movement rates. Fishing
still occurs along the unprotected side of the jetty, but we have no data on the level of fishing
effort or the catch per unit effort. Thus, while the fishable area has decreased, vulnerability to
harvest pressure remains for those fish that cross the MPA boundary. While it is possible that
fishing effort has decreased with the decrease in fishable area, it is also possible that effort
remains substantially unchanged, or has even increased, but is now concentrated in a smaller
area. If fishing effort along the jetty remains unchanged and if fish move freely from one side of
the jetty to the other, affording protection to one side of the jetty would be of little consequence
to the overall population of structure-associated bottomfish inhabiting the area. In the years
immediately following designation of the KJ, WDFW divers received occasional reports of
suspected spearfishing activities on the protected side of the jetty, whereby divers entered from
the non-MPA side and were then free to swim anywhere along the jetty, including into the MPA.
However, due to the popularity of the jetty with divers, many of whom supported the designation
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of the MPA, peer pressure may act to discourage this practice based on conversations between
WDFW divers, recreational divers, and local dive shop staff.

Our survey results provide a valuable framework of useful indices that will improve our ability
to assess the stock status of several nearshore bottomfish species and aid in identifying and
diagnosing the causes of bottomfish population declines, should they occur. Furthermore, it
establishes baselines for species-specific size distributions, cohort strength analysis, and response
to place-based habitat management that can be compared to future survey data to evaluate direct
biological impacts of management decisions. In coming years the WDFW will endeavor to
resume comparable survey efforts on a periodic basis to allow systematic updates of how MPAs
and other policy tools and decisions affect bottomfish populations. Moving forward, we
recommend the following:

e Develop specific and pragmatic goals and objectives for future surveys that include
collecting data on those population parameters that will most likely enable the
identification of management action implications for key bottomfish species. For
example, changes in size class distribution across time demonstrates the influence of
various annual cohorts but must be accompanied by at least some definitive records of
fish size-at-age. Biological samples must periodically be taken, even from MPAs, to
evaluate age and growth.

e Survey frequency should be evaluated in light of our report findings and adjusted where
it is deemed appropriate, and within the context of the specific goals and objectives
identified for the surveys. For instance, if detecting juvenile rockfish recruitment is
identified as an objective, biennial surveys may be sufficient. Although strong juvenile
recruitment events that fail to persist over time may go undetected, recruits that persist as
a strong year-class would likely remain detectable as length-class pulses over succeeding
years as evidenced in this report; it is the persistence of strong year-classes that most
influences long-term trends in species composition, density, biomass, and other
demographics. Further, notwithstanding the effects of juvenile recruitment events,
precipitous changes in species composition, density, biomass, and length were not
detected in this study. Trends, such as the observed decline in large Copper and
Quillback Rockfish abundance at BLCA, would likely remain detectable over more
temporally coarse sampling scales.

e Based on extensive experience with both estimating and measuring juvenile rockfish
lengths, we believe that survey divers can assign small rockfish to more finely
subdivided length-classes, and do so within an acceptable margin of error. Dividing the
smallest length-class (< 15 cm) into three length-classes (< 5,5 < 10, and 10 < 15) would
strengthen our ability to: 1) detect juvenile rockfish recruitment events when they occur;
2) determine spatial and temporal juvenile rockfish settlement patterns and their apparent
preferred habitat(s); 3) predict year-class strength; and, 4) evaluate the influence of
juvenile recruits on the structure of adult populations.
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Statistical and logistical efficiencies may be gained by concentrating survey efforts
during times of peak bottomfish abundance. In the future, spring surveys should be
reduced or eliminated, and available resources should be directed at increasing the
number of replicate surveys conducted during the summer and fall periods of peak
abundance in the nearshore environment for most bottomfish species. The periodicity of
the surveys should be conducted over as protracted a time-scale as possible within those
seasons to ensure that any late-settling juvenile rockfish are represented in the sample
and thus accounted for within a given settlement cohort.

A small-scale tagging study should be implemented at KJ to determine the extent of fish
movement between the two sides of the jetty (protected and unprotected). If it is
determined that one or more bottomfish species remains substantially segregated
between sides year-round, then KJ could prove to be a highly valuable site for evaluating
the impact of protection status on fished and unfished populations that are in close
proximity to and occupy similar habitat. Transects at KJ should be repositioned so that
they lie either entirely within or outside the MPA boundaries. The current transects were
placed prior to the MPA designation and without foreknowledge of where the MPA
boundaries would be established. Estimates of movement rates across the boundary is
necessary in order to effectively evaluate the usefulness of, and possibly to augment,
protection. That said, the WDFW may wish to consider a complete closure of the
Keystone jetty to fishing. The WDFW has received anecdotal reports of poaching,
whereby divers enter the water on the west (unprotected) side and swim to the east
(protected) side to obtain their quarry. The Keystone jetty is a popular site for
spearfishers, and enforcing the no-take rule over divers who swim to the jetty’s east side
is not practicable.

Transects at BLCA should be repositioned over structures that are likely to endure
substantially unchanged over a long period of time. The dry dock DelLeon has undergone
significant structural collapses over the last two decades, reducing overhead and
interstitial space and fundamentally changing its use by fishes of many species.
Furthermore, the growing potential for collapse also poses a risk to diver safety such that
WDFW divers no longer enter the wall of the drydock to search for fish in crevices and
under material. To ensure that surveys conducted at various time intervals are
comparable, habitat must remain largely consistent.

Rockfish that are in late-stage gravid condition should be noted during the surveys. The
prevalence of late-stage gravid fish can serve as an indicator of future larval, and
possibly juvenile, abundance. Alternatively, if gravid females are plentiful but the
resulting larval/juvenile cohort is weak, it could hint at causal factors for failed
recruitment, such as environmental variables or predation. In order to connect various
life stages in a meaningful way and better understand drivers of population dynamics, it
will be crucial to develop a thorough understanding of temporal patterns of rockfish
brooding and parturition.
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e Survey results should be evaluated in a more timely manner than they have been
historically in order to provide for responsive management and adaptive science. For
example, had the rapid decline in large Copper and Quillback Rockfish at BLCA been
detected earlier, our ability to evaluate the cause or causes behind the decline would have
been enhanced (e.g., if fishing mortality was suspected, Enforcement could have been
involved and may have been able to limit the decline).

Page | 47



Acknowledgements

We sincerely thank Lorenz Hauser, James Selleck, Ocean Eveningsong (now Working), Karl
Muller, Jim Beam, Taylor Frierson, Wayne Palsson, Raymond Buckley, Tony Para, Jim West,
Dan Doty, and other WDFW personnel who served as boat tenders, divers, or advisors during the
collection and analysis of these data, and the preparation of this manuscript.

Page | 48



References

Barnett, L. A. K. 2008. Life History, Abundance, and Distribution of the Spotted Ratfish,
Hydrolagus colliei. Master’s thesis. California State University, Monterey Bay. 155 pp.

Beaudreau, A. H., and T. E. Essington. 2007. Spatial, temporal, and ontogenetic patterns of
predation on rockfishes by lingcod. Transactions of the American Fisheries Society.
136:1438-1452.

Buckley, R. M. 1982. Marine habitat enhancement and urban recreational fishing in Washington.
Marine Fisheries Review. 44:28-37.

Clarke, K. R. and R. N. Gorley. 2001. PRIMER v5: User Manual/Tutorial, PRIMER-E:
Plymouth, U.K.

Clarke, K. R. and R. N. Gorley. 2006. PRIMER v6: User Manual/Tutorial. PRIMER-E,
Plymouth, U.K.

Clarke, K. R., P. J. Somerfield, and M. G. Chapman. 2006. On resemblance measures for
ecological studies, including taxonomic dissimilarities and a zero-adjusted Bray-Curtis
coefficient for denuded assemblages. Journal of Experimental Marine Biology and
Ecology. 330:55-80.

Everitt, R. D., P. J. Gearin, J. S. Skidmore, and R. L. DeLong. 1981. Prey items of harbor seals
and California sea lions in Puget Sound, Washington. The Murrelet. 62:83-86.

Jeftries, S., H. Huber, J. Calambokidis, and J. Laake. 2003. Trends and status of harbor seals in
Washington State: 1978-1999. Journal of Wildlife Management. 67:208-219.

Kimmerer, W., S. R. Avent, S. M. Bollens, F. Feyrer, L. F. Grimaldo, P. B. Moyle, M. Nobriga,
and T. Visintainer. 2005. Variability in length-weight relationships used to estimate
biomass of estuarine fish from survey data. Transactions of the American Fisheries
Society. 134:481-495.

Lance, M. M., W.-Y. Chang, S. J. Jeffries, S. F. Pearson, and A. Acevedo-Gutierrez. 2012.
Harbor seal diet in northern Puget Sound: implications for recovery of depressed fish
stocks. Marine Ecology Progress Series. 464:257-271.

Laufle, J. C. 1982. Biological development and materials comparisons on a Puget Sound
artificial reef. Washington Department of Fisheries Technical Report 72. 183 pp. (with
appendix).

Page | 49



Laufle, J. C., and G. B. Pauley. 1985. Fish colonization and materials comparisons on a Puget
Sound artificial reef. Bulletin of Marine Science. 37:227-243.

LeCren, E. D. 1951. The length-weight relationship and seasonal cycle of gonad weight and
condition in the perch (Perca fluviatilis). Journal of Animal Ecology. 20:201-219.

Love, M. S. 2011. Certainly More Than You Want to Know About the Fishes of the Pacific
Coast: A Postmodern Experience. Really Big Press: Santa Barbara, CA.

Love, M. S., P. Morris, M. McCrea, and R. Collins. 1990. Life history aspects of 19 rockfish
species (Scorpaenidae: Sebastes) from the Southern California Bight. NOAA Technical
Report NMFS 87.

Love, M. S., and K. Johnson. 1998. Aspects of the life histories of grass rockfish, Sebastes
rastrelliger, and brown rockfish, S. auriculatus, from southern California. Fishery
Bulletin. 87:100-109.

Love, M. S., M. Yoklavich, and L. Thorsteinson. 2002. The Rockfishes of the Northeast Pacific.
University of California Press: Berkeley, Los Angeles, London.

Matthews, K. R. 1990a. A comparative study of habitat use by young-of-the-year, subadult, and
adult rockfishes on four habitat types in central Puget Sound. Fishery Bulletin. 88:223-
2309.

Matthews, K.R. 1990b. A telemetric study of the home ranges and homing routes of copper and
quillback rockfishes on shallow rocky reefs. Canadian Journal of Zoology. 68:2243-2250.

Matthews, K. R. 1990c. An experimental study of the habitat preferences and movement patterns
of copper, quillback, and brown rockfishes (Sebastes spp.). Environmental Biology of
Fishes. 29:161-178.

Miller, E. F., D. S. Beck, and W. Dossett. 2008. “Length-Weight Relationships of Select
Common Nearshore Southern California Marine Fishes,” Bulletin of the Southern
California Academy of Sciences: 107(3):183-186.

Oken, K. L., and T. E. Essington. 2016. Evaluating the effect of a selective piscivore fishery on
rockfish recovery within marine protected areas. ICES Journal of Marine Science:
Journal du Conseil. 73:2267-2277.

Palsson, W. A. and R. E. Pacunski. 1995. The response of rocky reef fishes to harvest refugia in
Puget Sound. Pages 224-234, In: Puget Sound Research ’95, Volume I, Puget Sound
Water Quality Authority, Olympia, WA. 1038 pp.

Page | 50



Palsson, W. A. 1998. Monitoring the response of rockfishes to protected areas. In: Marine
Harvest Refugia for West Coast Rockfish: A Workshop, M. Y. Yoklavich, ed. NOAA
Technical Memorandum NMFS. NOAA-TM-NMFS-SWFSC-255: 64-71.

Palsson, W. A., R. E. Pacunski, and T. R. Parra. 2004. Time will tell: Long-term observations of
the response of rocky-habitat fishes to marine reserves in Puget Sound. In: 2003 Georgia
Basin/Puget Sound Research Conference Proceedings, T.W. Droscher and D.A. Fraser,
eds. Puget Sound Action Team, Olympia, WA.

Palsson, W. A., T.-S. Tsou, G. G. Bargmann, R. M. Buckley, J. E. West, M. L. Mills, Y. W.
Cheng, and R. E. Pacunski. 2009. The biology and assessment of rockfishes in Puget
Sound. Washington Department of Fish and Wildlife, Olympia, WA. 208 pp.

Rankin, P. S., R. W. Hannah, and M. T. O. Blume. 2013. Effect of hypoxia on rockfish
movements: implications for understanding the roles of temperature, toxins, and site
fidelity. Marine Ecology Progress Series. 492:223-234.

Tinus, C. A. 2012. Prey preference of lingcod (Ophiodon elongatus), a top marine predator:
implications for ecosystem-based fisheries management. Fishery Bulletin. 110:193-204.

Tolimieri, N., K. Andrews, G. Williams, S. Katz, and P. S. Levin. 2009. Home range size and
patterns of space use by lingcod, copper rockfish and quillback rockfish in relation to diel
and tidal cycles. Marine Ecology Progress Series. 380:229-243.

Van Cleve, F. B., G. Bargmann, M. Culver, and the MPA Work Group. 2009. Marine protected
areas in Washington: recommendations of the Marine Protected Areas Work Group to the
Washington State Legislature. Washington Department of Fish and Wildlife, Olympia,
WA.

Walton, J. M. 1979. Puget Sound artificial reef study. Washington Department of Fisheries
Technical Report 50. 130 pp. (with appendix).

West, J. E., T. E. Helser, and S. M. O’Neil. 2014. Variation in quillback rockfish (Sebastes
maliger) growth patterns from oceanic to inland waters of the Salish Sea. Bulletin of
Marine Science. 90:747-761.

Wildermuth, D. A. 1983. Length-weight regression analysis for thirty-eight species of sport
caught marine fishes. Washington Department of Fisheries Progress Report 189. 7 pp.

Page | 51



Appendix 1. Policy Title: Marine Protected Areas (#C3013)
Effective Date: June 13, 1998

Marine Protected Areas (MPAs) are sites given long-term protection to protect and enhance
some or all of the resources at the site and/or to facilitate some uses of the area. MPAs can serve
a variety of purposes including:

Research and Education Areas

Protection of Unique or Sensitive Populations
Fish Production and Fishery Management
Protection of Habitats of Special Importance
Non-Consumptive Use Recreational Areas

A variety of fish and wildlife resources can benefit from establishment of MPAs. Some fish
resources require major reductions in harvest pressure and protection from removal as by-catch
to establish productive populations of adults. Establishing such areas may be important tools to
recover from past over-harvest or prevent future overharvest (e.g., rockfish in Puget Sound).
MPASs can also provide areas for non-consumptive use of the resources, allow collection of
baseline data on resources at the site, provide reference areas, and protect unique, sensitive, or
important habitats and populations. They can facilitate integrated management of all resources
within important habitats or areas.

General Policy: The Director of the Department of Fish and Wildlife will use marine protected
areas as one of the agency's working tools for resource protection and management. The Director
will be responsible for plan development and implementation to manage consumptive and/or
non-consumptive uses.

The management objectives for the use of marine protected areas are:

e Preserve, protect, perpetuate and manage the living resources of the state.
e Provide refuges for stocks, substocks, or populations.

o Protect unique or important habitats or species.

o Foster stewardship of unique or important resources or habitats.

e Provide research and education areas.

o Provide baseline areas or reference sites.

e Provide non-consumptive recreational opportunities.

All sites will not meet all objectives by many sites will meet multiple objectives.
The following management principles will be used:
e Designed MPAs are needed in Puget Sound to protect a variety of species, to promote the
recovery of some over-harvested species and to protect important habitats.

o To the extent possible, MPAs will be established based on scientific principles and
available data.
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MPAs will not be delayed until all potential questions are answered since recovery of
some depressed or declining resources will rely on the timely establishment of sites. The
agency will rely on existing information to determine resources of concern and begin
selection of areas.

Regulations adopted will be as simple as possible at individual sites and throughout the
network.

Within the constraints of the above principles and objectives, uses compatible within the
type of site and resource needs will be permitted.

Opportunities will be made available for public involvement by consumptive and non-
consumptive users during development of the network of areas and site selection.

The agency will use adaptive management, including good neighbor practices, to modify
the sites and the network as data is collected.
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Appendix 2. WAC 220-303-050 Orchard Rocks Conservation Area

"Orchard Rocks Conservation Area" is defined as those waters and bedlands of Rich Passage
within a 400-yard radius of Orchard Rocks day marker.

[Statutory Authority: RCW 77.12.047. WSR 00-17-106 (Order 00-149), § 220-16-590, filed

8/16/00, effective 9/16/00. Statutory Authority: RCW 75.08.080, 77.12.040. WSR 00-08-038
(Order 00-29), § 220-16-590, filed 3/29/00, eftective 5/1/00; WSR 98-06-031, § 220-16-590,
filed 2/26/98, effective 5/1/98.]
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Appendix 3. WAC 220-303-030 Keystone Conservation Area

"Keystone Conservation Area" is defined as all bedlands and tidelands and the waters over these
starting at the extreme high water line on the east side of the Keystone jetty in Fort Casey State
Park then easterly along the extreme high water line to a line projected from shore through the
easternmost row of pilings of the old military wharf, then offshore along that line southeasterly
for 600 feet, then southwest parallel to the shoreline to a point due south of the southern tip of
the jetty, then north to the extreme high water line on the southern tip of the jetty, then along the
extreme high water line on the east side of the jetty to the point of origin.

[Statutory Authority: RCW 77.12.047. WSR 02-17-017 (Order 02-187), § 220-16-760, filed
8/9/02, effective 9/9/02; WSR 02-08-048 (Order 02-53), § 220-16-760, filed 3/29/02, effective
5/1/02.]
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Appendix 4. WAC 220-303-010 Brackett's Landing Shoreline Sanctuary Conservation
Area

"Brackett's Landing Shoreline Sanctuary Conservation Area" is defined as those bed lands and
tidelands owned by the City of Edmonds at Brackett's Landing Shoreline Sanctuary, and the
water column above these bed lands and tidelands including all of the area known as Edmonds
Underwater Park.

[Statutory Authority: RCW 75.08.080. WSR 00-01-103 (Order 99-215), § 220-16-720, filed
12/16/99, effective 1/16/00. Statutory Authority: RCW 77.12.040 and 75.08.080. WSR 98-06-
031, § 220-16-720, filed 2/26/98, effective 5/1/98.]
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Appendix 5. WAC 220-300-040 General Definitions — Bottomfish

The term "bottomfish," unless otherwise provided, is defined as including Pacific cod, Pacific
tomcod, Pacific hake, walleye pollock, all species of dabs, sole and flounders (except Pacific
halibut), lingcod and all other species of greenling, ratfish, sablefish, cabezon, buffalo sculpin,
great sculpin, red Irish lord, brown Irish lord, Pacific staghorn sculpin, wolf-eel, giant wry
mouth, plainfin midshipman, spiny dogfish, six gill shark, soupfin shark and all other species of
shark, and all species of skate, rockfish, rattails and surfperches except shiner perch.

[Statutory Authority: RCW 75.08.080. WSR 85-09-017 (Order 85-20), § 220-16-340, filed
4/9/85; WSR 83-24-024 (Order 83-200), § 220-16-340, filed 11/30/83, effective 1/1/84; WSR
82-07-047 (Order 82-19), § 220-16-340, filed 3/18/82; WSR 79-05-007 (Order 79-20), § 220-16-
340, filed 4/11/79; Order 77-147, § 220-16-340, filed 12/16/77; Order 817, § 220-16-340, filed
5/29/69. Formerly WAC 220-16-030 (part).]

Page | 57



85 | @8ed

;BYIOM SBUIUIAID W YdIAd W YspoY - JBYIOm sBUUIAID W YdI3d W YSIPoY -
% %% % % % % % % % % % % T %, % % Y% % Y % Y Y % % Y% % % T Y %,
o 2
L sgpz 3 2
woe £ o E
e z0 3
yos § 3
sl 1 g0
Dot o2 o3
o w S0
S 20
puejs| yejg BusE g
JUIOM SHUUIUDW Y2IAd M USIHOOY BYIOW SSUNUSAID W YDIad W YSUOOY

%% % % % % % % % % % % Y B %, % % % % Y% % Y % % % % % % % % %

T T T

T

T

SESEEEEEERS
1210340 %58 (w/ysy) Aysusg

puejs| ejg puejs| axe|g

‘xipuddde s1y) ur suonedIO] SUOWE IIJJIP ABW SI[BIS SIXB-A JBY) JJON *PIAIAINS JOU JIIM

Pyudsaad dae eyep ou YIrym J10j saed X (7] 9ded 99s) s9jemWIIISI SSBWIOI(] IY) WO.IJ PIPN[IXI JN(Q SIJBWIISI AJISUIP Y} Ul papnjoul
JIIM YSII0J PIYIUIPIUN PUE [I3-J[OAA “JOY [BIDYIIY PUrB[S] e[ I& Ysyuio3joq 13yjo [[& pue sad£)oAy)ya1 ysyuolyjoq
JuBUIWOP A[[BILIDWNU 3.1y} 9Y) Aq padnous ‘[e30) Jo Judadsad pue ‘(;w/3y) sseworq pajewnysd ‘(;w/ysy) Asud( *v'9 xipuaddy



6S | 98ed

JBYIOM  SEUNUIAID W UYDIAd W USIPPOY - PYIOM SSUNUIAID W UDI3dM  USIBOOY -
% % % % % % Y % % % % % % % N N, % % % % % % % % % % % % % T T %
G [
”H M - H._...ﬁ
=5
SH20Y pieyrip S)20Y pieylriQ
JBIOM SBUUSAID W YDI3dE SO0y - IO SBUUSAIDE YDA W YSIPOY -
% % % 2 % % % % Y % % % Y N %, - % % % % % % % % % % % % % T B % .
”ﬂ W - 00
s 2 B
s g ot
i H ,_.llu___ nn.n.m
S)20Y pieydr.10 E SH20Y pieyr40 -

‘xipuddde s1y) ur SuoneIO] SUOWE JIIJJIP ABW SI[BIS SIXB-A JBY) JJON *PIAIAINS JOU 1M PANuIsd.xd

3J1E B)Ep OU YIIYM J0J sIBd X (7] 95ed 99s) $9)BMWIIISI SSBWIOI( IY) WO.IJ PIPN[IXI JNQ SIJBUWIIISI AJISUIP Y} UI PIPN[IUI 1M
YSIY90] PIYIIUIPIUN PUR [II-J[OAA "BIIY UOIIBAIISUO)) SHI0Y PIAeyd.I() Je Ysyuiol3joq 13y3o [[& pue sadL)oAy)yd1 ysyuolyjoq
juBUIWOP A[[BILIDWNU 3A.1Y) 9Y) Aq padnous ‘[e10) Jo Juddaad pue ‘(,w/3y) sseworq pajewnsd ‘(;w/ysy) Asud( g9 xipuaddy



09 | @8ed

BYIOm SSuUSAID W YJIad W YSuooY - JBYIOMW SSulUIAID W UYDIB4E  ySUIOoY -
% % % % Y . % % Y B % % B T Y, - % % Y U Y % Y Y Y 0 Y B % T U % |
WH W - u.ﬂw
= e
19A0]9 JuI0g 19A0]9 JuI0g
JBYIOW sSuluUIRID m UYDIAdE  ySuyooY - JBYIOW SSUNUIBIDE YDIAd W  YsUHIoY -
% % % % Y % o % Y B % W By N %y - % % % % % % Y % Y % % % % % Y W ‘
=1 _ﬂ_ﬁ
L H ..nuln - zTo M
= W05 lw-...... = de
1ano|9 juiod o 19A0|9) JuIog -

xipuddde siy) ur SuoOnBIO] Suowe JIPJIP AvUI SI[BIS SIXB-A JBY) IJON ‘PIAIAINS

10U 1M PAUISAId da€ v)ep ou YIrym J10J saed X (7] dded 99s) $3)eWIISI SSBWOI( Y} WO PIPN[IXI JNQ SIA)JLWISI AJISUIP

3Y) UI PIPN[IUI AIIM YSII0J PIYUIPIUN PUB [I3-J[OAA "I1IA0[D) JUIO] & YSIuI03)0q 19y}0 [[& pue sad£)oAyyyd1 ysyuolyjoq
juBUIWOP A[[BILIdWNU 3.1y} 9Y) Aq padnous ‘[e30) Jo Judadsad pue ‘(;w/3y) sseworq pajewnysd ‘(;w/ysy) Asud( D 9 xipuaddy



19 | @8ed

BYIOW sBUUSAID W UYdiad W YSLPOoY e T T
%% % % % % M % % % B % 0 %, . % T Yo s Y s Y U Y o Y B ¥ B, By Wy .
=l s,
= s
= 5 o
auojshay auojshay
JBYION SUIUSADE Yaid W SOy BPOM SIUUSAIDE DI USIPOY
%% % % % % % % % % % % % % B % - %%% %% %% %% %% %% %% % .
o 8
o 3 g
[ W3 .w... - m.nw
1 1
auojsAay R auojsAa)y -

xipuddde siy) ur SuoOnBIO] Suowe JIPJIP AvUI SI[BIS SIXB-A JBY) IJON ‘PIAIAINS

10U 1M PAUISAId da€ v)ep ou YIrym J10J saed X (7] dded 99s) $3)eWIISI SSBWOI( Y} WO PIPN[IXI JNQ SIA)JLWISI AJISUIP

3Y) Ul PIPNIUI IIM YSIYI0.1 PIYNUIPIUN PUB [I-J[OAA *A)I3[ dU0)SAd] 9Y) J8 Ysyjuio))oq 19y)o0 [[& pue sadA)oAy)yd1 ysyuwoljoq
juBUIWOP A[[BILIdWNU 3.1y} 9Y) Aq padnous ‘[e30) Jo Judadsad pue ‘(;w/3y) sseworq pajewnysd ‘(;w/ysy) Asud( @9 xipuaddy



79 | @38ed

IBYIOE SSUNUSAID W Ydlad W YSUHIoY JBIOM SSuUUIAIO W YoIad W YsSUNOOY -
% ¥ ¥ T Y . . % U 0 U B B B % . % % U T Y U T U 0 U B By By By .
=1 o
e ni
= e
duipueq s eyoeig duipue] s, adoeig
JBYIOM sSulussID W YdIadm  ysSUooY - BYIOE SSUNUSAID W YdI3d W YSUHOoH
% % % % % % % % 9 U % % % N % - %% %% %% %% 2B B B %
r m .M _. .m.n
duipueq s, adoeig R duipue] s adjoelg N

*xipuddde s1y) ur SuoneIO] SUOWE IIJJIP ABW SI[BIS SIXB-A JBY) JJON ‘PIAIAINS JOU JIIM PIANUISAId dae ev)ep ou yorgam

10J Saed X (71 98ed 99s) s9)eWISI SSEWOI( YY) WOLJ PIPN[IXI JNQ SIBWSI AJISUIP IY) UI PIPN[IUI 3IIM YSII0.1 payudprun
PUE [99-J[0AA “BAIY UOHBAIISUO)) AIEN)IULS JUIPI0YS SUIpULT S J39dRIg Je Ysijuio))oq 13yjo [ pue sad£yoAyjyar ysyuwoyjoq
juBUIWOp A[[BILIDWNU 3A.1Y) 9Y) Aq padnois ‘[e10) Jo Juddaad pue ‘(,w/3y) sseworq pajewnsd ‘(;w/ysy) Asud( g9 xipuaddy



€9 | a3ed

BYIOE SSUNUIAID W UDJad W YSIPPOY JSYIO M SSUNUSSID B YDiad M USUDOY
% % Yo % Yo o 0 Y Yo % Yo ¥, B T Y %, % % Yo T Y . Y Ty Y Y Y Y, By, Wy Wy
- =5
EE
Ajye|g 3od Alje|g 1od
JYIOW SSUNUIBID W YdIadm  USdoY BYIOM SSUNUSBIDO W YDIAd W YSIPOOY 1
%% %% %% Ut B . %% DN Y Y .
xor §
e S
= I
Ajaye|g 1od Ajaye|g Jod

xipuddde siy) ur SuoOnBIO] Suowe JIPJIP AvUI SI[BIS SIXB-A JBY) IJON ‘PIAIAINS

10U 1M PAUISAId da€ v)ep ou YIrym J10J saed X (7] dded 99s) $3)eWIISI SSBWOI( Y} WO PIPN[IXI JNQ SIA)JLWISI AJISUIP

3Y) Ul PIPN[IUI 3IIM YSII01 PIYIUIPIUN PUB [II-J[OAA “A[NeIg 3104 }& Ysyjuio))oq 13y)o [[e pue sadA)oAy)yd1 ysyuoljoq
juBUIWOP A[[BILIDWNU 331y} 3Y) Aq padnoas [e)0) Jo Juadsad pue (;w/3y) sseworq pajewinsd ‘(;u/ysy) Asud( 9 xipuaddy



¥9 | @8ed

leamolieA  punos 1aBng - A2e|g W Y2Eq||IND = uMmoig m Jaddod - le3mMolj3;  punog3aBng - yoE(g M §IEqIIND W umolg m sadda) -
% % % % % % % % % % T % Y% % @ﬂﬁsv?#a&@f@aﬁﬁ?ffﬁﬁ.
s g BN EEN
o
puejs| »jejg | puejs| ye|g
lewmol|aA  punog 1aBnd - Ie|g M YoEq|IND W umoig m 1addo) leymolax  punos 388ng - oe|g M YOBq|IIND & umoig m Jaddo) -
% % Y % Y %t % % Y %t N Y % %% % %% % %Y,
"
i b o}
ot [ a3
- K09 g - n_.nm____
et w0
puej|s| axe|g PuUEe|s| axe|g

‘xipuddde s1y) ur SuonBIO] SUOWE JIIJJIP ABW SI[BIS SIXB-A JBY) JJON *PIAIAINS JOU 1M PARuIsd.xd

3.J® B)BP OU [IIYM 10J SIBI X *(YSII0Y [[BIMO[[D X PuUe ‘punog 3d3nd Yaerg “deqnd ‘umoug ‘“xoddo) “a'1) papnpur

31€ SAIAINS [[B JIA0 PIWWNS UIYAM (] PIPIIIXI SSEWIOI( PIJLWIISI [£)0) Y) YIIYM 0] SIS ySId0.1 3soy) A[uQ “Joy
[erUnIY pugs] e[ e ‘sa1ads £q ‘(€103 Jo Juddaad pue ‘(;u1/3y) ssewolq pajewnsd ‘(;w/ysy) Asuap ysypoy v, xipuaddy




69 | a3ed

BIMO[8A  PUNOS 38BNg - oE|g W ¥IEQ)IND = UMOIg M Jaddo) leymol[a)  punos 3a8ng - ye|g M XYIeq|InD u uMmoig m Jaddo) -

% % % % % % % % % % % % Y Y, % % % % U % % B % % %

- W ® i ! . i o
- %ot § :- 00
o et
- Sov m E.__ml.
- %08 3 - 800 ¥
- %09 mu_ FTO =
[ H uﬂ g n:_m.
L o5 = - T
w0t & a0
s}20Y pJeydio $Y20Y piey2i0
leymolj35  punos 338ng - jIe|g M yoeq|nD = umolg m Jaddo) - leymoj[3)  punos 3a8ng - yIe|g M YIeq|inD m umoig m Jaddo) -

%% %% N% %% % %N % %% %% BBt % Y% Hh

.E m L ..ﬁ

- WOT

e f ﬁ- s
rﬁ\.u.m =)
- wae B = _\_1_-'_ ..:_w
- %05 3 =
- %0 3 - ST
..m______uhﬁ .N
- 9508 o 2o 3
- %06 o =%
%001 § 520

SY20Y PAeY210 $Y20Y PieY210

xipuadde siy) ur SUOBIO[ SuowW® JIPJIP AvU SI[BIS SIXB-A JBY) JJON ‘PIAIAINS JOU 1M PANuIsSAd dae

BJEP OU YIIYM J0J Saed X *(YSYYI0Y [IBIMO[[PA pue ‘punos 333ng “deg deqn) ‘umoag ‘xdddo) “s'1) papnjour aae sA3Aans
[[® 19A0 pPowIwInS UAYM (] PIPIIIXI SSBUWIOIQ PIIBWIISI [£)0) 3Y) YIIYM 10 SIS YSIP0.1 3S0Y) A[UQ "8IV UOIBAIISUO))
SYI0Y PIBYIIQ It ‘So10ads Aq ‘[810) JO JuddIad pue ‘(;u1/3Y) sSSewoIq pIjewnsd ‘(;w/ysy) Asudp ysyydoy ‘gL xipuaddy



99 | 28ed

ejgm yPeqnpDe umoigm  Jsaddo) yoe|gm yoeqnDw umoigm Jaddoy

2% %R B YR Nh %Y %%l BhU BB h et

w o i I o
- %0l § - o
%0z B - 00
HOE m L .m.._d_m
”H ] w003
- %09y - so08
= . . 90T =
e w03
L w06 © - g0~
- oot B 600
13A0|5 juiod 48n0|9 Julod
Negm yPeqnpe umoigm taddo) Nejgm pPeqnpm umoigm taddo) o

2%t BB% Yt BhHh et %% %%ttt % %t H

A g . "l - E M 4, i i i i i ﬂ
Wt 3 -
H =z F wo
%082 - 900 §
st = 800
oo .W,... T0 ..num
Hoi " - H._”._“_Jm-....
- 08 W FPIog
%06 = - aro—
%001 § 810
18n0|9 Juiod 1an0|D JuIod

xipuddde siy) ur

SUOI)EI0] SUOWIR UIIM)I(Q JIJJIP ABU SI[BIS SIXB-A JEY) AJON] "PIAIAINS JOU .IIM PIA)UISAAd 318 )ep ou YoIym I0J saed X *(19A0[D
JUIOJ )€ PIAIISQO JIIM YSIP[I0Y [IBIMO[[d A 10 punos 398nJ ou jey) 30U Sysyd0y Yderg pue deqnl) ‘umoig ‘raddo)

“3'1) PIPN[IUI I8 SAIAINS [[€ JIA0 PIWUINS UIYM SY()[ PIPIIIXI SSEWIOI( PIJBUINSI [£)0) 3Y) YIIYM 10J SIS ysyp{d0.1 Isoy)
A[UQ *13A0[D) JuI0 ] e ‘sd1dads Aq T30} Jo Juddaad pue ‘(;ui/3¥) SSeWolq pajewnsd ‘(;w/ysy) A)sudp Ysypoy *D°L xipuaddy



L9 | 98ed

lleamolia)  punosisdng - 3IE|g M ¥2Eq|IND = umolg m Jaddo) [leamojja)  punosi13Bngd  ¥oe|g W yoeq|inD = umosg @ Jaddoy o
@@@fﬁﬁ.fﬁ@wﬁﬁﬁfﬁy&ﬁvﬁ eﬁ.ﬁﬁﬁ.ﬁ&@eﬂfﬁﬁﬁ#ﬁfﬁ
AT T I Ll okl
%0z - z0
%E = L po 2
- - =
_ ” Hﬁ > L E_m.
- - %0L 3 g
- %08 o L 1 )
- W05 B =
- woor & 1
Auo)sAay auo)sAay
[leamoli3)  punog 338ng m yoe2|g W yoeq||InD & umolg m taddo) o [leamo)i3)  punog 338ng m ye2|g W yoeq||InD & umolg m 1addo) o
@@&fﬁ#ﬁﬁ@@&ﬁﬁfﬁfﬁf %% % % % % % % % % %% % % N
(=i o S e JOR I A Sl P N S N A O S B
| ¥ s § . = - BN .
— =t — 1" 178} i
= F 9T
%o -~ ST
" £ B
e * LE)
%06 o Ly !
n.__EﬂM 57
auojsAay auojsAay

xipuddde s1y) ur suonedIO] Suowe JIPJIP AvW SI[BIS SIXB-A JBY) JJON ‘PIAJIAINS JoU

3I9M PAJuAsdLd dae B)Bp OU YIIYM 0] SaBIX “(YSI0Y [1BIMO[[d X PUe ‘punog 193ng Ydelg “Yeqn ‘umoag “1vddo) “a'1)
PIPN[IUI .18 SAIAINS [[€ JIA0 PIWUWINS UIYM SY(] PIPIIIXI SSBUWIOIQ PIIBUIIISI [8)0) Y} YIIYM 10} SA1ads ysyd0.1 asoy) A[uQ
*A133[ 3u0)sAdY 3y e ‘sa10ads Aq ‘[£10) JO JuddIdd pue ‘(;ur/3Y) ssewoIq PIABWNSI “(;W/Ysy) ANSudp ysyydoy “q°L xipuaddy



89 | 28ed

IE3MOJj2A  PuUnoS 3384 I 42e|g M §2eq|IND = umo.g m Jeddo) - IBIMO|3A  punos 338nd - oe(g M YIRq(IND = uMoIg W 1addo)

%% % %%ttt %Y, % %o Y % Y Y e % %t B % N %,

- w0 o
%0t m - 10
- 90T m - nﬂm
s &
- oy & - €08
- W05 3 o
- %09 T - g0
- WOL e L o0 ®
: ﬁ m - E,w___
- HOOT o - 80

dupuet s el Suipue] s ujoelg
leymol3;  punos 138nq - ¥2e|g M Yeq)IND = umolg W 1adde) - leamojja);  punos 3a8ng - ¥oe|g M Ieq|IND = umolg W Jadda) -

%Y t%BhHheh Y % %% % %t %t %t
- % O -0
st Ej I
w! | IR = ro
- %0E S -90D
- %oy 5 - Ew
- %0s 3 L1 2
R e o
- oL % -t E
oos 3 i
- %001 § z

duipueT s nayoesg duipuet s nayoesg

*xipuadde

SIY) Ul SUOIJBIO] SUOWR JIJJIP AvUU SI[BIS SIXB-A JBY) IJON ‘PIAIAINS JOU A.IdM PAudsdad d.ae gjep ou yorym J1oj saed X “(Ysyooy
[TBIMO[[D A PuE ‘punos 338nd “Yoe[g Yaeqn ‘umoag ‘1dddo) “a'1) papn[our d.4e SAIAINS [[€ JIA0 PIWWNS UIYM 3)( |
PIPIIIXI SSBUWIOIQ PIIBWIIISI [B10) Y} YIIYA 10J SIS YSI 0.1 3S0Y) AJUQ "8Iy UONBAIISUOD) AIeNn)IURS dUIDI0YS suipue|
s PRI JE ‘sarads £q ‘[810) Jo Juddaad pue ‘(;w/3Y) sseworq pajewnsd (;w/rad ysy) Asudp ysyypoy q°L xipuaddy



69 | @8ed

[IB3MOf|3A  PUNOS 338nd M 2e|g M ¥2eq||IND = umoig m Jaddod - fleymMojiaA  punos 1a8ng - Yoe|g W YoeqiIND = umoig m Jaddo)
%% %%t %t B% e BN Bh Y % % % % % % % % % % % % N %
B R
%oz @ - 100
=t anf
[ H Jwv, : Moﬂs.m.
- B
B fidi
Ajaye|g 1od Ajoxejg 1iod
leymajia)  punos 3a8ing W yo2|g W ¥2eq|IND W umoig m Jadda) - le3MOl[3\  PUNos 338ng  ¥oe|g M ¥2eq|IND = Umolg m Jaddo) -
&vﬁ@aﬁ#ﬁ#f&pﬁ&fﬁ&f&. f&ﬁ@#ﬁfﬁfﬁ#####é..
ST SRRRJRARNEES BE]-.
an v
- %05 3 =
HH a__.._.u.”. F Eﬂm
e
Ajaxejg vod i Ajaxejg 1od

xipuddde s1y) ur SuoneIO] SUOWE JIIPJIP ABW SI[BIS SIXB-A JBY) dJON

*PIAIAINS JOU IIM PANUISAI 1€ B)Ep OU YIIYM 10 SIed X “(YSIP[I0Y [IBIMO[[D A PUB ‘punos 393ng “Yoe[q Sdeqne) ‘umorg
‘raddo) “a°'1) papnoul d.ae SAIAINS [[B A0 PIWWINS UIYAM S}() [ PIPIIIXI SSBWOI( [£)0) Y} YIIYM .10} SIS YSI¥}d20.1 dsoy)
A[uQ “APyelg 1104 1€ ‘sardads £q ‘[810) Jo Juddaad pue ‘(;w/rad 3¥) sseworq pajewinsd ‘(;w/ysy) Asuap ysyydoy 'L xipuaddy



0L | @8ed

Aidm paduism d@y = 3|gn paduism d@y
ﬁvﬁ.@aﬁﬁfy.@oﬁﬂvﬁ@aﬁée#we: ﬁ??ﬁ#@@fﬂfﬁfﬁﬁfﬁﬁ.
L TUUNE
e o
puejs| aje|g puejs| aje|g
3ldm paduism djay - ajidm paduism djay
%%t et B %% %% BB %% %t a9
:
o £ -
= B
0w o 1l
puejs| axe|g puejs| axe|g

xipuadde siy)
Ul SUONEBI0] UOWE JJJIP ABW SI[BIS SIXEB-A JBY) 0N "PIAIAINS JOU IIIM PIIUISIAd 318 BJBP OU YIIYM .I0J SIBI X *JOAY [CYNIY
pug[s] Melg I ‘sa10ads Aq 1303 Jo Juddaad pue ‘(;w/3y) sseworq pajewinsd ‘(;w/ysy) Asuap youad ysywoypog v'g xipuaddy



T, | 93ed

3idm paduism dpy - 3igw padusm dpy -
%% %% %% %% %% %% % %Y 2% % %% %% %% %% BN %NS
I 1 | LU [ | [P
mm wo £
e e
$)20Y piey2iD $}20Y Piey2iD
aldm padussm djay B)id B padiism djay -
% % Y % Y %t % % Y % Y N Y % % % % Y % Y % % % % % Y % N Y
..ﬁw
g
$H20Y piey2.10 ) $)Y20Y pIEY210

‘xipuddde s1y) ur suonedO|
Suowre JJJIp Avw SI[BIS SIXB-A JBY) 3JON "PIAIAINS JOU AIIM PAIUISAId d.ae Jep oU YIIYyM J0J S.I8d X “BIIY UONBAIISUO)) SHIOY
pIeydIQ e ‘sarads Aq Te)0) Jo Judadsad pue ‘(,w/3¥) sseworq pajewinsd ‘(;u/ysy) Asudp yoaad ysywopog “g-g xipuaddy



TL | 98ed

Aidn padiysm d@y aidn padiysm d@y
% Yo U % U U Y U U Y Uy By By W B % Yo Y % Yo W Y U Y Y U T % % B N,
& i - m . N L
—%r[j _—
o & =
H____”ﬁm . ““&
SENGIRUILY SENGIRUILY
jldm paduism djay ald® paduism djay -
o B T B S T B St i T T S S S
| e I
J9A0|D JUI0d ) 1aA0|D Julod

*xipuddde s1y) ur SuonBIO] SUOWE JIIJJIP ABW SI[BIS SIXB-A JBY) dJON ‘PIAIAINS JOU JIIM PANUISAId 1€ B)ep ou YIIYM J0J SI8d X
“I9A0[D) JUI0g It ‘SA10ads Aq ‘[£)0) JO JuddIdd pue ‘(;ui/3Y]) ssewrorq pajewnsd (;w/ysy) Asudp yasad ysgwonog g xipuaddy



€/ | 98ed

idn paduism d@y o idgn padusm diEy

% % Yo % Y % Y % % % Y % % % % % %%t %ttt Bt %%,

e e

auojsAay auojshay

8 g8 °
d oS

B B
d o
(o Wi/Fy) ssewworg

e
=]

ERERBRERRES
1230340 3552 (/8] ssewoig

=
<

ajldm paduism djay ajld m paduigm djay

% % % % Y Y Y % % B % %t % Y % % % % % Y Y Y % % % %t N

[N

auo)sAay auoysAay

Moo
=]

=
o

L] Wor
8 &
zw/ysy) Ausuag

Ll

EEEEELEEEES
[e10340 3= (W fysy) Aysuag

~
u-I

*xipuadde
SIY) Ul SUOI)BIO] SUOWR JIJJIP AvU SI[BIS SIXB-A JBY) IJON "PIAIAINS JOU J.IdM PARudsdad d.ae gjep ou yorym J1oj saed X *A)af
9u0)sAdY Y} e ‘sardads £q 1303 Jo Juddaad pue ‘(;w/3y) sseworq pajyewnsd ‘(;w/ysy) Aysuap youad ysywopog (g xipuaddy



¥/ | 8ed

Sid e paduism dizy o Sid e paduism dizy
%t Bttt % % Y %Y % % Y %%,
_ | = "= THl=
%0z § - T0
sar & 70 §
8uipue s puayoeig i 8uipue s puayoeig
3ldm paduism djay - 3lld # paduism diay
hhahthihhthhehh [ %hehhhhhhhhhahh
Bl -~
o ot
e 2 §
L wpg o m.m,w
ﬁnm -
duipuel s ayoelg duipuel s, 3aoeig

xipuddde s1y) ur suonedo] Juowe JIPIP Avw SI[BIS
SIXE-A J8Y) 9JON] "PIAIAINS JOU 1M PIJUISAId .1 v)ep OU YIIYM J0J SIBI X *BIIY UOIEAIISUO)) AIeN)dUES JUIPI0YS Surpue|
S pYdRIg JE ‘sarads Aq ‘[810) Jo JuddIdd pue ‘(;u/3Y) sseworq pajewnsd (;w/ysy) Asudp yaaad ysywonog g xipuaddy



G/ | 93ed

Bjide paduism djay - ajide paduism djay -
%% %% BB h e e %% % %% BhY, .
il =
=1 e
oo [
Ajaxejg 1od i Ajoxejg 1iod
8jid ™ peduism djay 3lldm padiism diay
% %t %Y % % % Y %t N % % Y % Y Y Y Y Y Y B T N,
Ef .
H
Ai@ve|g 1iod ) Aijejg 1iod

*xipuddde s1y) ur SuonBIO] SUOWE JIIPJIP ABW SI[BIS SIXB-A JBY) dJON ‘PIAIAINS JOU 1M PANUISA.I d.1e )ep ou YIIYyM J0J SI8d X
"ApPYe[g 1104 1e ‘sa10ads £q ‘[£)0 Jo Juddaad pue ‘(;ui/3y) ssewolq pajewnsd ‘(;w/ysy) Asudp yaaad ysywonog *j°g xipuaddy



9/ | 28ed

Sujusaimpdiaym  Sujusaio pauiedm  poddur] Buyusaigdisym  Buyusaip pjuledm  podur

%% % %% % % %% %% % % % % ﬁ?##f?.#ﬁv?ﬁf@,&@#&.

SEEEEEEERLS
I=10340 sa3e (Wi ) ssewoig

puejs| ae|g puejs| ye|g

‘Bujuseio disy & Bujjussio pajued m  podBur] - Sujuasio djay w  Bujjusal) pajued W podRur -

% % % G % % % %% B, bl hh e

THIIL
19340 ¥ s [y fysy] Aysusg

puejs| ae|g Ppue|s| axe|g

xipuddde s1y) ur SuUOBIO] Suowe JIPJIP AvUI SI[BIS SIXB-A JBY) IJON ‘PIAIAINS

10U JIIM PANUISAA I BIBP OU YIIYM 10J Saed X *(Sur[uadas) d[oy] pue ‘SuIjudd.i) pajured ‘podsury “s'1) papN[oul dae SAIAINS
[[® 19A0 pawIwIns udyM SY(] PIPIIIXI SSBWOIQ PIILWIISI [8)0) Y} YIIYM J10J SIIAds Surjuaaas asoy) A[uQ ‘Jody [enynIy
pug[s] Me|q e ‘sa13ads Aq 1310} Jo Juddadd pue ‘(;w/3¥) SSBWOIq PAIEWNS ‘(;w/ysy) A)sudp uluIdL) *y*6 Xipuaddy



LL | 98ed

Buusaig diaym  Buyuaig pajued @ poaBur o Bujuaaio dizy W Bujusalo panied M podBurm
R R R
s § oo
frecl et
s i
= o
$)00Y peyd10 $)00Y peyd10

‘Bujussio diaym  Bujussip pajuled m  podurT . Supsaipdiays  Bujusaippeedm  podsun s

% % % Bt % % % % B % % % N %Nttt BB D GG NG

TIITIIL
[E12340 ; 5& [pwfysy] Aysuag

$20Y pJeyiQ S0y pieyaio

xipuddde siy) ur SuUOBIO] uowe JIPJIP AvUI SI[BIS SIXB-A JBY) IJON ‘PIAIAINS

10U JIIM PANUISAA dae BIBP OU YIIYM 10§ Saed X *(Sur[uadas) d[oy] pue ‘SuI[udd.in) pajured ‘podsury “s'1) pIpN[oul dae SAIAINS
[[® J9A0 pawIwIns UudyM S ()] PIPIIIXI SSBWOI(Q PIIBWIISI [B)0) Y) YIIYAM .10J s313ds SuIjuaaig 3soy) A[uQ) *8d.1y UOIJBAIISUO))
SYI0Y pIeYdIQ Ik ‘sa10ads £q ‘[£)0) Jo JuddIad pue ‘(;ui/3Y) sSSewolq pajewsd ‘(;w/ysy) Asudp Jur[uadls) ‘g6 xipuaddy



8. | 98ed

Bujusaipdiaym  Buiuaaio pajutedm  podsur Bujusaip diaym  Aujuzaio paiiedm  poounym

%%ttt et %% %t ettt hh By
i -
o € b |
el 200 .m.
- sioe w Es.w”
o | s

J3A0|9 Jul0g J3N0|D Jul0d
Bujuseiodjoy =  Bujuseio pawied®  podRur - | Bujuseiodjoy =  Bujuseio pawied®  podRur -

%% % % % % % %% %t %t %%t e Y
=l ._Hm
gonl [ and
- %08 3, i Ed,w__
” ﬂ - 00

J3N0|D Juiod J3N0|D Juiod

xipuadde siy) ur suonedO] Juowe JIPJIP Avwl SI[BIS
SIXB-A B} 9JON "PIAIAINS JOU 1M PANUISAId 1€ B)ep ou YIIYyM J10J SIed X *(Surjuadisy djoy] pue ‘Guijuaaic pajured ‘podsury
€3°I) PIPN[IUI I8 SAIAINS [[€ JIA0 PIWWINS UIYM ()] PIPIIIXI SSBUWIOIQ PIIBUWISI [810) Y} YIIYM 10] SI3ds SuIjuaaig asoy)
A[UQ *I2A0[D) yuI0{ I® ‘sa12ads Aq T30} Jo Juddaad pue ‘(;ui/3¥) SSeWOIq Pajewnsd ‘(;w/ysy) A)sudp Ful[udILD) *)°6 XIipuaddy



6L | 98ed

Bujjuaaig djay m  Bujuaaig pajuiem  po Sujuaaip disy m  Buyusaig pajuiedm  poo
fﬁfﬁﬁﬁﬁﬁﬁ?ﬁ@éﬁﬁf ﬁf#ﬁ&fffﬁ?ﬁﬁﬁﬁ?#
e § —id” .
ok wof
Eeias gl
= S
Rt IS5
auolsAay auo)sAay
Bujuaaio diayw  Bujusaip pajuiegm  podBury | Sujusaip diay m  Bujjuaais pajuiegm  poIBuT -

% % % % % % % % % % % %t % Y % % % % Y% e % % Y %

i T

auolsAay auoysAay

n
=
zw/ysy) Ausvag

ELERESEREXS
[eyo1 e W =e [ wfysy] Aysuag

xipuddde s1y) ur suonedo] Suowe JPIP AvW SI[BIS SIXB-A Jey) JON 7007 Ul uonddoid VJJA PIpI0JJe sem

£333[ 33 JO IPIS ISBI Y I, "PIAIAINS JOU IIIM PIudsIAd da8 B)Bp 0ou YIIYM 10§ SI8d X “(Surjuaaacy d[oy] pue ‘Suiudaduas pajureq
‘pod3urT “3’'1) PIPN[IUL d.IB SAIAINS [[B JIAO0 PIWWNS UIYM SH() [ PIPIIIXI SSLWIOI( PIJBWIISI [€)0) 3Y) YIIYM 10J sAads A[uQ
*Anal 5u0)s£3)] 9y J® ‘sa1dads Aq ‘1303 Jo JuddId pue ‘(;w/3¥) ssewoIq PajEwnNsd “(;w/ysy) Asudp FurpuadtD) (6 Xipuaddy



08 | @8ed

Bupsaip djey s Bujusaio paiuiedm  podRury - Bujusam diay s Bujusaio paiuieqm  podBury
% W Y T B Uy Y Y Y Nt Y N N, % % % % Y% %t % %t % % % % % %y
] 5
g 5
.t g
- 8505 .w_ - S0
o & (08
- %08 o 803
%06 § 60
L %001 = -1
3uipuet s pajoeig 3uipuet s pajoeig
Bujuoaip djoy ®  BujuaaID paluledm  PodBur | Bujuseiodjoy =  Bujuseio pawied®  podRur -
%% 2%t BB % %%ttt R Yl ah Y
[y B ks
G i
EL ol
“ ﬁm - SZ0
uipueq s yaoelg Suipueq s nayjoelg

‘xipuddde s1y) ur SUOBIO] SUOWIE JIIJJIP ABW SI[BIS SIXB-A JBY) dJON *PIAIAINS JOU 1M PANUISAd dae

B)EP OU YIIYM J10J SIed X *(Surjuadis) d[oy] pue ‘SuIjuadncy pajured ‘podsury “3°1) papn[oul d.1e SAIAINS [[& JIA0 PIWWINS UIYAM
(T PIPIIIXI SSBWIOI( PIBWIISI [B)0) Y) YIIYAM .10J $313ds SUIualaig 3soy) A[uQ) “8a.1y UOHBAIISUO)) AIeN)dUesS dUI2I0YS
Surpue s 39ydeag I ‘sa13ads Aq 1303 Jo Juddaad pue ‘(;w/3¥) sseworq pajewnsd ‘(;w/ysy) Aysudp uruIdLn) 6 xipuaddy



18 | @3ed

m&ﬁ&mn—ux- E__;EEEEF_I podBury | Buiuazig diay us_sﬁ.ﬁ%ﬁ_ﬁul podBury
U U Y U Y U Y U Y Y Y B By . % Y Y U U U Y U N N R .
£ LI L
- oy & - 100
[ [ ool
e o
L oy
Aixelg 1od Aj2xejg 1od
‘Bujuseio disyw  Bujuseio pajuiedm  posBu _. Bujueasgdjay s Bujuseip pauied @ posBur -
R R R
= “
Gt e
o £ =l
fioltt ol
[ wos 2 3
E =
A|je|g 3iod Aj@ejg 104

xipuadde siy) ur suonedO] Suowe JIPJIP

Kewl S3[BIS SIXE-A JBY) JJON] "PIAIAINS JOU IIIM PIJuIsAAd da€ v)ep ou YoIym 10J saed X *(Suruaaacy djoy pue ‘Surjuadac) pajure
‘poI3UIT 3°T) PIPNIIUI I8 SAIAINS [[B JIAO PIWWINS UIYAM ()] PIPIIIXI SSBUWIOI( [8)0) Y} YIIYM J10J SIS Surjudaas asoy)
AuQ “Ayelg 1104 1€ ‘sardads £q ‘[810) Jo Juddaad pue ‘(;w/3y) sseworq pajewnsd (,w/ysy) A)sudp Suruadsn) ‘¢ xipuaddy



78 | @8ed

@%%%%%%%%%%%%%h%

= o
- -~ - - - - g - -~ - -~ F &

o ¢
S ltwoe
0o S
e .E.__W
Esw
LT

UsIPPOY oeja e puejs| axe|g

$EEIFIESISEPESES

S

F

v 1°

-

_‘——t .11..1..1\1\1\!‘\.“ “.‘- \_.... ._H.__m
= AN =l 3

- _M.H_.nw

E .\\\ 005
S -

and

- 800

YSLPPOY YIRG|IND ® puels| ye|q

%%%%%%%%%%%%%%%%

Ys1jo0y umoig = puejs| axejg

@%%%%%%%%%%%%%%%

-.

ysipjaoy Jaddo) » puejs| ayejg

xipuddde s1y) ur suonedo] pue s3193ds Suowe IJJIp AW SI[BIS SIXB-A JBY)
JJON ‘PIAIAINS JOU JIIM PAARUISAId da€ Bjep ou YIIYM J10J SI8d X *PIdIdop Jou dae a8dK AU Ul PIAIISQO JIIM YSIJ OU YITYM J0J
SASSB[I-YIUIT JOIY [BYNIY PUB[S] e[ I $A1ads YSy¥d0a 1noj 10y (wd) sse-yigud] Aq (;u/ysy) Asud( "v'01 xipuaddy



€8 | a3ed

Q%%%%%%%%%%%%%%%

%% R 7 @%%%%%%%%%%%a%%%
- _r- & F 5 - P - ;\.\ - " _1...._ o

| - n _.. F..\— ‘n ‘-_ .___-_" o \l\\—\L.Hﬂd w .Jw_ = h_‘._. : _..._.-_.1.\ \-......1-..,\ . P M
R bt ) 11 P
S Aw & f 1000 %
ST e :
._._. ; & s = .m.h
/ \ s / 2000
|l\.\

YSIPPOoY 128|g @ SPoY preyiQ YSUNOOH HIBG||IND ® SH20Y PIEYRIO

@%%%%%%%%%%%%%%% %%%%%%%%%%%%ﬁﬁ%%

5z Fr

= 1}
»5. f - — \u 00 o -
ol —— wo g :
LM S o 5
llllrml A 3
- - — ......a._“\._ d 7T M._ M._
1 E B P i -
.|— /S e
YSIHI0Y UMOoLg = SHIOY pleypin ysippoy Jaddo) e oY pIeYIO

xipuddde siy) ur suonedo] pue s3193ds Suowe IJJIP AW SI[BIS SIXB-A JBY) JON
*PILIAINS JOU IIIM PANUISAI 1€ BIRP 0OU YIIYM .10] SIBJ X *P3d1dap J0u e J8dK AUe Ul PIAIISO IIIM YSIJ OU YIIYM 0] SISSB[I
-)SUIT *BAIY UONBAIISUO)) SHIOY PABYIIQ & $13ds YSy¥d0a 1noj 10y (wd) ssep-yidudf Aq (;u/ysy) Asud( g o1 xipuaddy



¥8 | @8ed

F&EIESESESSELSE _ﬁ..w__ SESFTFFESFSSEFFFFS
_ T _ — —t 0
% - -..I.._..._..n_-...n..u...\..__h.u\.._._ ..\\.\ mﬂdm - .._....._-.__.x....,w_._ ..‘ K..... .— GM
/ 00
e} A
i _mE.am. y wﬁdw
e ; P
YSLNI0Y YIB|g e JaN0|9 JUIod ysI0Y ¥Ieq)InD e J8A0|D Julod
@%%%%%%%%%%%%%%% . @%%%%%%%%%%%% FfE
7l g SAPT T : P luns
| . N el | e g ;-a—- T; 8 ,_, £ | h.x...aHum
= a4 =
L %00 5 S 8000 5
L a0 I A/ 4 woon 2
Lo 32 S we
L mo \\\ L zT0%
\N\\
YSIHIOH UMolg e J9A0|D JUlod ysiyyooy Jaddol e Jano|g juiogd

xipuddde s1y) ur suonedo] pue s3193ds uowre I3JJIp Aew SI[BIS
SIXB-A JBY) 9JON ‘PIAIAINS JOU JIIM PANUISAId dJ€ B)Ep OU YIIYM J0J SABI X ‘PIdIdop Jou dae J8IA AU Ul PIAIISYO IIIM YSIJ
OU YIIYM I0J SISSB[I-Y)SUIT *IIA0[S) JUI0 & SIS YS¥I0. anoj 10y (wd) sse-yi3ud] Aq (;u/ysy) Asud( D01 xipuaddy




G8 | @3ed

sipjroy umoig e auoyshay

%%%%%%%%%@%%%%%% SEESEFESISEIFIIS
i ~u~.___ > -_._,.\._.w.,\....x._ nd.MM ‘ I—u _. -__ 2 _- . —_‘ I\—\ H_“um
xx.H - ..M” k\\ Hﬂdm
/ L | . /" k cmn B
i
ysuyaoy Hoejg = auojshay YsUNI0Y WIeq|inD e auolshay
) @%%%%% F&SLSE FEFE & %%%%%%%% SEEEFF S $
% Ay e 7 \ o0t -
g | s e :
ZE m
7L oo

ysuyooy saddo) e auoyshay

xipuddde s1y) ur suonedo] pue s3193ds uowre I3JJIp Aew SI[BIS

SIXB-A JBY) 9JON ‘PIAIAINS JOU JIIM PIANUISAIA dJ€ B)Ep OU YIIYM J10J SI8d X ‘PIdIdop jJou dae 18IA AU Ul PIAIISYO .19 YSIJ ou
YO1YM 10J SISSB-YIUIT *A133[ du0)sAdY 9y} Y& $a1dads Ysy[d0.1 dAY 10) (wrd) sse-YI3ud| Aq (;w/ysy) Asud @1 xipuaddy




98 | @8ed

& & &
i - ; L0
Sosg sooo §
P / _ ‘ irk] .m
% ‘ msﬁm

@%% ' EESEESSES ,_m.%%a

__ .._n_._ e
# (4]
4 \\ n.n.w

F Fa =
+ ...\... ro _w-..
50 =
; ..\. »
\\. 4

YSIPI0Y |1BIMO|[34 @ AUOISADY

*xipuddde s1y) ur 319yMmas[d pajdrdap jou dxe Ady)
sny) ‘A139[ du03sA3Y] 9y} Je AJuo srqunu J[qed.adde ur pa.1IndI0 YSIP[IOY [1BIMO[[P A IBY) 0N :panunuo)) " 01 xipudaddy



L8 | 98ed

FELSELESIELEEEES ,.é & %%%%%% SEEEELS
— o L o
- - ...._.....l_..... L ¥ ) .x...... [ =] _rhu. e _..... = \._..\. Fl e e \h_ ....1 .....1.. _\1_\.-_-.\\_...\. 2
f_- u???..l_,r_.l-ﬂ_-k_r—......_. H“w fq 2 S8 & S ...‘\w\x. ﬁm
" 3 AT S
P ﬂuﬂm \.\.\ | m._...M..
so0 % A i
e Vi
Ysyyooy yoejg e Buipue s, axdeig YSIPPOY YoRQIIND » Suipue] snayeig
& &
SEEEEEEEEIIES %mm%%% %ﬁ%,@
Ly . o
¢ h:x.\ 5000 £ 5
o S pwo F ..m..
.,\._ mn__.__..m m
...‘...u\ o W.. W
\_\ﬂ 5200
ysyyooy umosg = Bulpue s 119y0eig ysiysooy 1addod e Suipue] s ayoelg

xipuddde siy) ur suonedo[ pue s3193ds Suowre IJJIP ABW SI[BIS SIXB-A JBY) JON] "PIAIAINS J0U 1M PIjudsdad
3J1E B)ep OU YIIYM J0J SI8d X "PIdIdop j0u dae 1K Aue Ul PIAIISQO JIIM YSIJ OU YIIYM .I0J SISSE[I-YISUIT *BIIY UOIIBAIISUO))
Arenjoues duIpPIOYS SuIpuer] §139¥deag Je Sa1ds Ysy[d0.1 anoy 10y (W) ssed-yI3ud] Aq (;u/ysy) Asud “q°1 xipuaddy



88 | 98ed

&
W SEESESEESEEEESIS FEETSTESTTTSESES S
5% ~._.~._ , g g g e | W T m T T
4 1 | jo=
.‘..w.\..xx .’uu.nm - W
e | "1
\wx.ﬂ L00'0 sto
o 4
ysipPOY Hoejg e Ajaxe|g 1od YsIPPOY Weq||inD « Ajye|d 1od
m.%%%%% F&ESSELE _ﬁ_ .n__ Q%%%%%ﬁ%%%% % & % __
o
$00'0 o .Hﬁ.n o
= |
= | g XL
oo’ Y
s600 ~7 ) seon
ysippoy umoig e Ajaye|g Jod ysippoy 1addo) « Alyejg Jod

xipuddde s1y) ur suonedo] pue s3193ds uowre I3JJIp Aew SI[BIS
SIXB-A JBY) 9JON ‘PIAIAINS JOU JIIM PANUISAId dJ€ B)Ep OU YIIYM J0J SI8I X ‘PIdIdop Jou dae JBIA AU Ul PIAIISYO I.IIM YSIJ
OU YIIYM 10 SISSB[I-Y)SUT "A[PY e[ 1104 € SA1ads ysyd0. anoj 10§ (wd) ssep-yr3ud| £q (;u/ysy) Asud( 401 xipuaddy



Appendix 11.A. Average length of Copper Rockfish summed over all spring and fall
surveys by year at each of six surveyed sites in Puget Sound. “A” includes all length-classes.
“B” includes all length-classes except < 15. Years for which no data are presented were
either not surveyed, or no Copper Rockfish were observed (Orchard Rocks B & Point
Glover B 2006). Red denotes years for which total N < 10. Refer to Appendix 12 for length-

class frequency histograms by year.
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Appendix 11.A. Continued:
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Appendix 11.B. Average length of Brown Rockfish summed over all spring and fall surveys
by year at each of six surveyed sites in Puget Sound. “A” includes all length-classes. “B”
includes all length-classes except < 15. Years for which no data are presented were either
not surveyed, or no Brown Rockfish were observed (Keystone A & B 1995, 97, 2002, 04, 05;
Brackett’s Landing A & B 2000). Red denotes years for which total N < 10. Refer to
Appendix 13 for length-class frequency histograms by year.
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Appendix 11.B. Continued:
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Appendix 11.C. Average length of Quillback Rockfish summed over all spring and fall
surveys by year at each of four surveyed sites in Puget Sound. Note that the number of
Quillback Rockfish at Orchard Rocks Conservation Area and Point Glover did not exceed
seven in any one year and were only observed for half or less of the total number of years
surveyed at either site, thus they are not depicted here. “A” includes all length-classes. “B”
includes all length-classes except < 15. Years for which no data are presented were either
not surveyed, or no Quillback Rockfish were observed (Blake Island A & B 2003, 05 & B
06; Keystone B 2008; Port Blakely A & B 2000, 04, 05 & B 1999, 2001, 06, 08). Red denotes
years for which total N < 10. Refer to Appendix 14 for length-class frequency histograms

by year.
Blake Island g Blake Island -
Egi . F Y + +* Egi . . + +*
E—'g . i ¢ ® ¢ E—'g . " +oe®
T * T
5 * 5
Nahou Nttt by, HRaa%%Y %%l %Y,
Keystone A Keystone 8
&l &l
£ £ o
£ 25 £ 58 ¥
?g: ¢ ? == 1 ?g: 2 o ==
4% %% %% %% %% %% % %% %% %%%% %% %% %% 2% %%
Year Year
Brackett's Landing A Brackett's Landing 9
EEl EE 2 ¢
:ﬁT“‘ —vee s | 2 T
%g > & * %g
s = s
4% %% %% %% %% %% % %% %% %%%% %% %% %% 2% %%
Year Year

Page | 93



Appendix 11.C. Continued:
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Appendix 11.D. Average length of Black Rockfish summed over all spring and fall surveys
by year at each of six surveyed sites in Puget Sound. “A” includes all length-classes. “B”
includes all length-classes except < 15. Years for which no data are presented were either
not surveyed, or no Black Rockfish were observed (Blake Island A & B 1995-97, 1999,
2001-06 & B 2000, 2007-10); Orchard Rocks A & B 1997; Point Glover A & B 2000-06;
Port Blakely A & B 1999, 2000-02, 2004-06 & B 2007). Red denotes years for which total N
< 10. Refer to Appendix 15 for length-class frequency histograms by year.
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Appendix 11.D. Continued:
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Appendix 11.E. Average length of Yellowtail Rockfish summed over all spring and fall
surveys by year at the Keystone jetty (KJ). Note that Yellowtail Rockfish occurred in
appreciable numbers only at KJ, thus the other five sites are not depicted here. “A”
includes all length-classes. “B” includes all length-classes except < 15. Refer to Appendix
16.D for length-class frequency histograms by year.
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Appendix 11.F. Average length of Striped Seaperch summed over all spring and fall
surveys by year at each of six surveyed sites in Puget Sound. Years for which no data are
presented were not surveyed. Red denotes years for which total N <10. Refer to Appendix
17 for length-class frequency histograms by year.
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Appendix 11.G. Average length of Lingcod summed over all spring and fall surveys by year
at each of six surveyed sites in Puget Sound. Years for which no data are presented were
not surveyed. Red denotes years for which total N <10. Refer to Appendix 18 for length-

class frequency histograms by year.
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Appendix 11.H. Average length of Kelp Greenling summed over all spring and fall surveys
by year at each of six surveyed sites in Puget Sound. Years for which no data are presented
were either not surveyed, or no Kelp Greenling were observed (Blake Island 2004 & 2006).
Red denotes years for which total N < 10. Refer to Appendix 19 for length-class frequency

histograms by year.
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Appendix 11.1. Average length of Cabezon summed over all spring and fall surveys by year
at each of two surveyed sites in Puget Sound. Note that the number of Cabezon at Orchard
Rocks, Point Glover, Port Blakely, and Keystone did not exceed five in any one year, thus
they are not depicted here. Years for which no data are presented were either not surveyed,
or no Cabezon were observed (Blake Island 1996 & 2000). Red denotes years for which
total N < 10. Refer to Appendix 20 for length-class frequency histograms by year.
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