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ROYV Assessment of Rockfish Abundance, Distribution, and Habitat in
Whatcom County Marine Waters

Introduction

- Rockfish landings in Washington State are at 50-year lows (Palsson 1998, Dinnel
et al. 2001). Fishing pressure in northemn Puget Sound is largely responsible for declines
in populations of rockfish and other bottom fish (Tuya et al. 2000). Rockfish populations
are sensitive to over fishing in part because of their life histories. Rockfish are long-lived
and mature slowly; copper rockfish, for example, do not reach sexual maturity until six to
eight years of age, but can live for more than 50 years. Rockﬁsh mate and bear live
young and larger rockfish are significantly more fecund (Love 2002). Following
reproduction, ;ockﬁsh larvae remain in the water as plankton for several months. It is
thought that starvation and predation are the primary sources of larval mortality
(Berkeley, 2004). These traits make rockfish sensitive to fishing pressures since fishing
tends to remove the mos£ sexually productive fish and successful recruitment in a
particular area may require a large regional supply of larvac (McConneli et al. 2001).

Rockfish are frequently caught as.a by-catch when fishing for salmon or bottom

fish. They are relatively easy to catch and when brought quickly to the surface from
depths as shallow as 10 meters they can suffer damage to their swim bladders and die of
barotrauma (Starr et al. 1999). For this reason traditional management sirategies such as
bag limits and fishing season restrictions are ineffective. Other promising management
strategies for include habitat protection or no-take reserves that help to eliminate by-catch
(Tuya et al. 2000, Eisenhart 2001). Rockfish, aptly named, arc usually associated with

rocky reef habitats, but different species of rockfish prefer different bottom types and
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depth ranges (Love et al, 2002). In the Strait of Georgia, including Whatcdm County,
rockfish are primarily associated with high relief rock walls and boulder fields (Pacunski
and Palsson 1998). Previous ROV surveys by Western Washington University students
have identified Copper, Puget Sound, and Black rockfish (Sebastes caurinus, S.
emphaeus, and S. melanops) inhabiting steep rock walls on the southwest portion of
Lummi Island. Aside from these short surveys the size and abundance of rockfish in
Whatcom County waters are not well documented. A 2002 study of the population
structure and genetics of copper rockfish (Sebastes caurinus) found that while rockfish in

the North Puget Sound region were not considered vulnerable due to a large census

_ population estimate in the San Juan Islands in 1994, there may be evidence for a recent

reduction in effective population size, possibly due to over-fishing {Buonaccorsi et al.
2002). This rindicates the need for additional survey work needed to be done in this
region to better determine the state of rockfish populations. The survey described in this
report, supported by the Whatcom County Marine Resource Committee and the
Northwest Straights Commission, is a preliminary step in assessing the abundance and
spatial distribution of rockfish and critical habitat in Whatcom County. We expect the
baseline data reported here will be important for assessing future cﬁanges in rockfish
abundance and distribution, to determine whether rockfish populations in Whatcom
County are declining or recovering, and for identifying locations of critical rockfish
habitat that are worthy of conservation. To accomplish these goals we identified likely
habitat based on bathymetry and reports of bottom type (Pacunski and Palsson 1998) and

investigated these areas by use of an ROV.
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Methods

We assessed rockfish populations in Whatcom County marine waters by
conducting surveys using a VideoRay Pro 3 XEGTO remotely operated vehicle (hereafter
referred to as an ROV) equipped with 10-cm parallel lasers. Video was recorded onto
DVD using a Sony VRD-MC3 DVD recorder to collect video transect data at locations
throughout Whatcom county (Fig I, & Appendix A), The R/V Zoea (WWU, Shannon
Point Marine Center) was used as the survey platform. Poteﬁtial survey locations were
narrowed based on bathymetry and the underwater habitat suﬁey of Pacunski and
Palsson (1998). We focused our- surveys on regions possessing relatively high relief and
rocky subst‘ratum. The timing of the ROV surveys was chosen to correspond with long
slack tides during the spring of 2008 in order to maximize visibility and ROV
maneuverability. Data from five ROV transects from previous surveys on Lummi Island
conducted by WWU students in the spring and fall of 2007 were also examined (Fig 2).

Specific fransect locations were selected by identifying the steep bottom slopes
using NOAA charts, and identifying rocky reef habitats based on the bottom-type survey
(Pacunski and Palsson 1998). We also examined sites where visible shoreline
morphology suggested rocky and high relief bottom offshore. The research vessel was
operated without setting anchor, which made efficient use of time and allowed the boat to
follow the ROV, keeping slack in the tether, extending the potential range and depth of a
transect beyona the ca. 100-m length of the tether. The boat followed the ROV by
comparing ROV depth readouts on the video feed to depth sounder readings on the
Zoea’s instruments. Dive length, depth and ROV maneuverability, however, were

limited by current and wind. Even at slack tide, the areas surveyed experienced
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moderately fast currents in the Straight of Georgia. Allowing the research vessel to drift
with the ROV enabled us to keep tether length to a minimum, which reduced total drag
on the tether on the ROV.

Bottom slopes were determined at survey sites by piloting the research vessel
along the proposed transect route and taking GPS and depth sounder 1'eadings at 10 to 20
foot depth intervals until we reached the end of the proposed transect (Appendix B). This
method of bottom slope determination was limited in some cases by the proximity of the
shore or kelp beds. The vessel would then return to the deepest point ofthe transect and
the ROV would be launched there, or at the deepest portion of the transect that was less
than 50 m in depth. A compass bearing along the transect was taken to help guide the
ROV up slope along the transect using the ROV’s onboard electronic compass.

Video data including a digital display of magnetic heading and water depth (in
meters) was imprinted onto the video image and recorded. Data were referenced by both
“Elapsed dive time” which began as soon as the ROV reaches the bottom, and elapsed
time on the video. In order to determine the area surveyed, observations of depth, screen
width, and substrate were made at one minute intervals beginning with 0 minutes of
elapsed dive time when the lasers on the bottom were visible and the ROV was oriented
properly along the transect. If bottom conditions were not suitable for video at the start
of the transect (i.e. bottom sediment stirred up, no strong slope apparent, etc.) then
observations started after about 1 minute of elapsed dive time. Substrate composition
was quantified using a habifat complexity index (Dinnel et al. 2003). This index assigns
numerical values from 0 to 3 indicating the mean substrate particle size. A value of 0

was given to sand and mud, 1 for gravel, 2 for cobbles, and 3 for rock. Half values were
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added for combination habitats, such as 2.5 for cobbles strewn with many large boulders,
1.5 for gravel scattered with rocks, and 0.5 for sand scattered with large cobbles and
rocks. The 10-cm parallel lasers served three purposes. First, they were used fo estimate
the size of observed fish. The parallel lasers frequently did not land on the fish so the
only way to estimate the size of the fish was to compare the size of the fish {o an object
the same distance from the ROV on the video screen. This object had to be painted with
the lasers at some point either before or after the fish sighting to calculate its actual size
and in turn provide an estimate of the fish length. Second, the lasers helped to estimate
the size rocks, gravel, and shell on the substrate; this was essential in recording values for
the habitat complexity index. Third, the lasers were used to calculate the width of the
field of view at one-minute intervals. Given the measured bottom slope, we calculated the
total fength of our transects from the change in depth using the formula: L = Ad/sin(8),
where L is transect length, Ad is the change in bottom depth, and 8 is the bottom slope.
Total survey area “éas calculated as the product of transect length and width (determined
using the parallel lasers). Survey arca was not determined at transects at Point Roberts

and some at Alden Bank where no suitable rockfish hdbitat was found.

Results

ROV surveys were conducted in six general areas: South Beach Point Roberts,
Alden Bank, Lummi Rocks, Lummi Island, Portage Island, and Eliza Island. A total of
39 video transects were surveyed, and video was recorded along 35 transects. An
additional five video transects using the same ROV in 2007 were combined with this

dataset for a total of 44 transects and greater than 300 minutes of bottom survey time. In
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all the video transects we have coliected thus far, we have observed Copper, Puget
Sound, Yelloweye, Black, and Quillback rockfish (Sebastes caurinus, S. emphaeus, S.
ruberrimus, S. melanops, and S. maliger). Our observations indicate that rockfish are
strongly associated with steep rocky habitat (Fig 3, 4). Bottom slopes at sites possessing
rockfish were steep. Few rockfish were observed in bottoms with a slope of less than 24
degrees and the highest number of rockfish was observed in an area with a bottom slope
of 70 degrees. These habitats also possessed large boulders. In areas with low habitat
complexity (below 1) we only observed flatfish and sculpins. The deepest depth
surveyed was 64 m. Rockfish counts at sites ranged from 0 to 24 (Fig 5). Rockfish
observed per minute of ROV bottom time ranged from O to 4, and rockfish densities

ranged from 0 to 0.63 fish m™.

Observed habitat and rockﬁsh abundance at different regions

We observed no rockfish at Point Roberts. Majority of the habitat was flat and
composed of sand and a few cobbles. The only significant bottom slope observed was
calculated at 8 degrees. The rockiest habitat, found at the southernmost site at Point
Roberts was a sandy bottom with 0.5 to 1-m diameter boulders. At two areas that had
been classified as rock minor habitats by Pacunski and Palsson (1998) at the north end of
Point Roberts we observed primarily sandy and relatively flat bottom.

We observed little rockfish habitat at Alden Bank. These sites were sandy, with
occasional cobbles. The slope at most sites was between 5 and 11 degrees. However,
there was a steep slope on the southern end of Alden Bank mentioned as a potential

rockfish habitat by local divers. At 16 degrecs, this arca has the steepest slope on Alden
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Bank judging by the NOAA charts. At this location we observed several juvenile Puget
Sound rockfish (S. emphaeus) as well as some nearby rocky habitat, This was the
shallowest slope that we observed to support rockfish in Whatcom County.

We observed more rockfish near Lummi Island than any other location in
Whatcom County. The high relief walls and large boulders found near Lummi Rocks and
northwest of Carter point held the highest population densities of rockfish. The steepest

slopes averaged 70 degrees, and we frequently encountered sections of vertical wall

~ during the ROV transects. Habitats here were also remarkably rocky, with maximum

habitat complexity values. Observed rockfish densities dropped to zero in the region
between Lummi Rocks and Carter Point along the west side of Lummi Island, where the
bottom slope flattened and boulders were replaced by gravel and sand as the primary
bottom type. The seafloor on the east side of Lummi Island and in area sm;veyed north of
Eliza Island was primarﬂy composed of sand and was shallower than the bottom west of
Lummi Island. No rockfish were observed in these areas.

The habitat complexity index developed by Paul Dinnel and Andrew
Weispfenning (Dinnel et al, 2003) was useful for summarizing bottom type in the areas
we surveyed. Our surveyed areas possessed a range of habitat complexities, from “zero”
habitat complexity at Alden Bank to areas along the west side of Lummi Island which
were scored as 3 (the maximum complexity). Ten different transects had habitat
complexity indices of over 2.5, or rock dominant. Six transects were between 2.0 and
2.5, and were classified as rock minor. The remaining transects were classified as
“sandy” or soft bottom with few or moderate numbers of cobbles. All but two transects

with documented rockfish presence fell into the category of rock dominant (Fig 1, 2).
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Bottom slope was correlated with rockfish abundance. All but one transect with
rockfish present had a slope of over 20 degrees. Bottom slope and habitat complexity
were also related; every bottom with a slope greater than 20 degrees also had a habitat
complexity index of at least 2.0. We also noted that the amount of sediment visibly
covering hard substrata appeared to be inversely related to bottom slope.

The depth distribution of Puget Sound rockfish peaked between 20m and 30m but
the total depth range of this species documented in this survey was from 11.3m to 50.2m.
The depth distribution of other rockfish ranged from 15m to 50.2m and there were many
sightings between the 15m to 30m range (Fig7). However, the lower depth limit of
rockfish in our surveys was likely due to changes in bottom type that occurred at the
deepest portions of our transects rather than depth per se. On many deep dives at Lummi
Island, even on exceptionalty rocky transects, below 50 meters the bottom tended to level

and transition into a bottom composed of sand or shell hash.

Discussion

Rockfish abundance in Whatcom County is strongly associated with high-relief
rocky-reef habitat. This is consistent with the findings of Love et al. (2002) and Pacunski
and Palsson (1998). All rockfish sightings but one occurred in areas with bottom slopes
greater than about 20 degrees, with most occurring at sites with slopes greater than 30
degrees. The habitats where rockfish were observed had several other features in
common as well. Hard surfaces at sites occupied by Copper and Quillback rockfish in
particular were comparatively devoid of sediment, which was observed to coat hard

substrate surfaces in adjacent sites. The bottom was very complex at sites with high
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densities of rockfish, possessing many holes, gaps and overhangs large enough to conceal
a large rockfish. Because of this feature, our video transects could have underestimated
rockfish abundance at the sites with highest rockfish densities.

Whereas the depth distribution of Puget Sound rockfish appeared to be roughly
Gaussian or perhaps log-normal, peaking at a depth of approximately 25 m, the depth
distribution of the other observed rockfish species showed greater variation. This could
indicate a greater depth range by the other species, but it could be a consequence of low
sample size. It appeared as though the only factor limiting the maximum depth of the
other rockfish in the areas we surveyed was bottom type. During one especially deep
investigation near Lummi rocks we found sand and large numbers of unbroken bivalve
shells, not scattered about the bottom, but rather a huge pile at the base of the rocky reef
composed of nothing but intact mollusk shells, approximately 8-cm across. We often
observed the rocky reef to transition into a cobble bottom at depih.

While complex rocky reef habitat is generally accepted as prime rockfish habitat,
other types of habitat are important for different life stager:“.. As rockfish mature and
increase in size they often move to steep reef habitat with caves and crevices that provide
refuges (Love et al. 2002). Smaller fish can find cover on bottoms with less complexity
and still avoid larger predators. This suggests that the rock minor areas we observed
along Lummi Tsland, as well as the south point of Alden Bank and several spots around
Point Roberts might be suitable habitat for juvenile rockfish or smaller species such as
Puget Sound rockfish. Puget Sound rockfish was the only species found in habitats we

characterized as rock minor.
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One of the motivations for this survey was to assess whether Whatcom County

possesses regions suitable for protection in order to help maintain or enhance rockfish

populations. Marine reserves have been shown to be effective as a means of restoring

populations suffering from over fishing (Baskett et al. 2006). The Edmonds Underwater
Park is a marine reserve that has had tremendous success (Palsson and Pacunski 1995).
The primary habitat for rockfish in Whatcom County, and hence the best candidate
location for a marine reserve is clearly along the southwestern shore of Lummi Island
extending northwest from Carter point, as well as the area surrounding Lummi Rocks.
One unanswered question is whether rockfish populations in Whatcom County would
increase if crifical habitats were protected and fishing pressure were eased in these areas.
During Skagit County’s assessment of rockfish populations in 8 candidate marine
reserves by ROV (Dinnel et al. 2003}, rockfish densities of up to 12.4 Puget Sound
rockfish per minute of ROV dive time and up to 0.22 other rockfish per minute of ROV
dive time were observed in areas with habitat complexity values similar to those found on
Lummi Rocks. The maximum rockfish per minute of ROV dive time for the Whatcom

County survey was 4 Puget Sound rockfish per minute and 1.16 other rockfish per

" minute. These numbers are not directly comparable because of differences travel

velocity of the two different ROVs. But, the pattern suggests that Skagit County
possesses relatively high densities of Puget Sound rockfish compared to Whatcom
County. Comparing these the overall findings of the Dinnel et al. (2003) survey with
ours indicates that there is more suitable rockfish habitat in Skagit County, especially
near Hat Island and Burrows Island, compared to Whatcom County. There are also

higher densities of Puget Sound rockfish in Skagit County. By comparison, the only area

10
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surveyed that had a significant population of Puget Sound rockfish was near Carter Point.
It is not clear why the available rockfish habitat in Whatcom County would have much
lower Puget Sound rockfish densities compared to similar habitat in Skagit County. It is
possible that the greater amount of habitat and larger rockfish populations in Skagit
County provide a larger larval pool so that Skagit County habitats are not limited by
recruitment to the same extent as habitats in Whatcom County, However, given the
relatively long development times of planktonic rockfish larvae and the close proximity
of Skagit and Whatcom Counties and San Juan County (which also has a relatively large
rockfish populations), it is difficult to conclude that Puget Sound rockfish populations in
Whatcom County experience more recruitment limitation than adjacent counties.
Although data on Puget Sound rockfish dispersal are limited, large genetic divergence
between Copper rockfish populations in Puget Sound, in the Gulf Islands, and
populations on the Pacific coast suggest relatively limited long-range larval dispersal
(Buonaccorsi et al. 2002). Copper rockfish and other rockfish species living on high-
relief rocky reefs have relatively small home ranges on the order of 10 to 30 m”* (Love et
al. 2002). This tends to limit adult migration once they have become established at a
rocky reef (Lea et al. 1999). The relatively low densities of Puget Sound rockfish in
Whatcom County could also be due to differences in habitat that were not readily
observable by our survey methods. The other possibility is that rockfish habitat in
Whatcom County is currently under populated suggesting that rockfish densities might
increase in the future if the populations and critical habitat were protected.

The methods we used in this survey have limitations. All sites inspected had at

least some degree of “marine snow” or settling particulate matter that hampered

11



L3 % 8235882388383 3833388308383838333333333 300203030841

visibility. Also, the ROV has limited peripheral vision. Because the ROV was flown
relatively close enough to the bottom so that the lasers could be seen on the bottom and

so that we could identify fish species, rockfish that remained more than a meter or so off
the bottom might have escaped observation. We also occasionally observed rockfish that
spotted the ROV to swim a.way and watch from a distance. It is not clear how this much
kind of avoidance behavior might have biased our data. But, we believe we were able to

observe rockfish before they exhibited avoidance behavior and thus this source of error is

likely small.
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Figure 1. Transect locations in Whatcom County. Bottom fype is indicated by symbols.
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Figure 2, Transect locations on Lummi Island. Symbols represent different bottom types.
Overlapping points represent multiple survey dates at a single location.
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Figure 3. Relationship between rockfish abundance and bottom slope. Symbols represent
bottom characteristics.
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Figure 4. Relationship between rockfish abundance and habitat complexity index.
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Kigure 5. Rockfish counts at each surveyed location in Whatcom County
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Figure 6. Rockfish counts per location near Lummi Island. Overlapping points represent
multiple survey dates at a single location

20



ish

Rockf




COLLRLIBELISLSSLEBBILELEEEEEEEILEERBRLLLEN

Figure 7. Depth distribution of rockfish broken up into Puget Sound rockfish and other
rockfish.
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Appendix A. Individual transect locations labeled with location codes and fransect
numbers. LIS for Spring 2007 transects on Lummi Island, LISH for fall 2007
transects on Lummi Island, LIA, LIB, LIC, for trips A, B, and C to Lummi
Island, AB for Alden Bank, and PR for Point Roberts.
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Appendix B. GPS points for boat-driven transects in Whatcom County.
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Appendix C. Data sheets from cach transect including fish identifications, habitat
assessments, ROV profiles, and bottom profiles.
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