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INTRODUCTION 
The small boat harbor, located at the end of the Spit in Homer, Alaska, was constructed in 1961 
and expanded in 1985 (Fig. 1). The current harbor provides 25 hectares (61.8 acres) of sheltered 
moorage for 1420 vessels. The small boat harbor is important to the community of Homer 
because it is used by recreational, commercial (large ferries, cruise ships, freighters), and 
governmental operators. The current harbor configuration is too small to accommodate the 
present vessel use. Due to the limitations in number, size, and depth of slips in the present harbor 
configuration, not all vessel traffic can currently be safely accommodated.  The U.S. Army Corp 
of Engineers and the City of Homer are pursuing expanding the harbor located at the end of the 
Homer Spit. There are several potential options for expanding the current harbor all of which 
occur on the east side of the Homer Spit either within or adjacent to the existing harbor (Fig. 1). 
An example of one option can be seen in Fig. 2. 
 
The Kachemak Bay Research Reserve was contracted to conduct a preliminary investigation into 
the potential biological impacts of expanding the Homer harbor area. The proposed harbor 
expansion would be conducted in the Kachemak Bay Critical Habitat Area and within a National 
Estuarine Research Reserve. In order to determine the potential impacts of a project of this 
magnitude, a comprehensive marine habitat inventory of the project area and surrounding 
habitats took place from December 07’ to December 08’. This habitat inventory characterized the 
fish, invertebrate, and Submerged Aquatic Vegetative (SAV) communities in the projected 
impact area throughout a calendar year.  
   
We examined the biological marine resources in and around the proposed Homer harbor 
expansion area. This survey represents a mosaic of different capture and reporting techniques 
conducted through multiple seasons in an effort to inventory the intertidal and subtidal biological 
communities and habitats in this region. Our primary objective was to catalog the subtidal 
species diversity and abundance relative to substrate type in the study area.  This study highlights 
some of the more abundant organisms and habitats in this area and provides information on how 
these systems may be affected during the construction, operation, and maintenance of an 
expanded harbor. This study is to serve as a preliminary investigation and should be viewed as a 
starting point from which a more detailed and thorough examination will look at the effects of 
construction once a final construction option has been selected.     
 

MATERIALS AND METHODS 

SITE 

Our field investigation was conducted from December 2007 to December 2008 in Kachemak 
Bay, Alaska (Fig. 1). Kachemak Bay is located on the southern tip of the Kenai Peninsula 
(59°33'25"N 151°35'50"W) and drains into the Gulf of Alaska by way of Cook Inlet. Kachemak 
Bay is comprised of both marine and estuarine environments. The head of the bay is estuarine, 
having a low salinity due to an influx of glacial runoff fed by seven glaciers and the Fox River. 
The mouth of the bay is strongly influenced by both deepwater and surface currents from the 
Gulf of Alaska (Hamilton 2004, Baird & Pegau 2006).  The total study area was 1.36 km² 
located at the end of the Homer Spit (Fig. 1). 
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SURVEY TECHNIQUES 

Clam surveys, crab trapping, beach seining, gillnetting, SCUBA surveys, camera sled surveys, 
and ROV surveys were all methods used in collecting biological information on the fish, 
invertebrate, and SAV communities within the proposed harbor expansion zone. In most cases 
gear was deployed systematically throughout this region in order to maximize the amount of area 
covered and the potential number of species encountered (Fig. 3).   
 

Clam Surveys 

Clam surveys were conducted on Aug 18th and 19th and followed protocols developed by 
Alaska Department of Fish and Game (ADF&G) commercial and sport fish divisions (Gustafson 
& Bechtol 2000). Clams were surveyed during tides forecasted to recede to -0.52 m (-1.7 ft) and 
-0.34 m (-1.1 ft) tidal elevations. Surveys were conducted from two hours prior to low slack 
water until the tide reached +1.25 m (+ 5.0 ft). Clam density and abundance were estimated from 
systematically placed quadrats within the study site. Upon arrival at the site the length of the 
beach was divided into evenly spaced transects laid perpendicular to the waterline; the number of 
transects was based on the number of field staff. Transects were spaced approximately 25 meters 
apart and ran from the +1.25 m (+ 5.0 ft) tidal elevation to the low tide mark. Quadrats were then 
systematically dug along each transect at approximately 10 to 20 cm (0.3-0.6 ft) tidal elevations. 
Placement of the initial transect from the edge of the site and the initial quadrat on each transect 
was based on random number generation. Quadrats measured 0.5 X 0.5 m (0.25 m2) and were 
constructed of polyvinyl chloride (PVC). Using a clam rake (3 or 4 prong garden rake) substrate 
was excavated from within each quadrat to a depth of approximately 20 to 30 cm until clams 
were no longer found. All observed clams were placed into bags with labels and the substrate 
was replaced into the hole, being examined once more for any missed clams. 
 

Clam abundance ( 1N ) and variance (
2

1S ) was estimated using: 
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Where 

 1c = The mean number of clams per quadrat in the sampling area, 

 A = the total area (m²) of clam habitat, 

 a = a scaling factor for the area dug within a quadrat (0.25 m²), 
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cS = the variance of legal clams per quadrat at the survey site.  
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The 95% confidence interval (CI) was calculated using: 
 

( )SEtN na 1,2/11 −−
±         (3) 

 

Where SE (standard error) is estimated as the square root of the variance and t is the 2/1 a−  
value of the Student’s t distribution with n-1 degrees of freedom. 
 
Relative precision (RP) was calculated for all estimates from the upper and lower 95% 
confidence bounds of the population estimate using,  
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Crab Trapping 

Shrimp pots baited with herring were systematically deployed throughout the survey location. A 
systematic approach was taken to maximize the probability of encounter with undocumented 
species. Shrimp pots were collapsible, constructed of an 86 cm rectangular metal frame covered 
with 1.25 cm nylon netting with two 10 cm entrances. Traps were deployed and retrieved via 
mooring lines from a boat in which organisms were brought onboard, processed, and then 
released. 
 

Beach Seining 

Beach seining was employed in nearshore waters (less than 4.0 m) where large snags or rocks 
were not apparent.  The net measured 30.5 X 3.7 m and was comprised of 5 variable mesh panels 
(31.8, 6.4, 3.2 mm). Panels were symmetric about the midline of the net with the smallest mesh 
at the center. Sets were made in a horseshoe shape via a small motorized skiff.  
 

Gillnetting 

A variable-mesh gillnet measuring 30 m long and 4 m deep comprised of 0.64, 1.27, 2.54, 5.08, 
and 6.35 cm panels was fished for a total of four hours on August 21st and 22nd. The net was 
marked with buoys and anchored with 3.0 to 5.0 kg sand bags. This net was deployed and 
retrieved from an open skiff. 
 
The rate at which organisms were captured or observed was measured in catch per unit of effort 
(CPUE) for each gear type used.  The “unit of effort” varies among gear types (e.g., the unit of 
effort for a single set of a beach seine is a “set”, while crab pot effort is measured in “trap-
hours”).  The unit of effort is based upon how the gear “fishes” and whether or not time plays a 
role.  Our CPUE estimates are very simple and do not consider spatial dimensions of nets, bait 
quality, field crew experience, and other complicating factors.  See Murphy and Willis (1996) for 
further discussion of CPUE. 
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SCUBA Surveys 

Species density and diversity were enumerated by visual assessment on the surface of the sea 
floor by SCUBA. Visual surveys were conducted along 11, 100 x 4 m (400 m2) benthic swath 
transects. A total of nine 100 m systematic transects were laid perpendicular to the shore and 
surveyed by a pair of divers swimming 1 m above the substrate during daylight hours. Due to 
low visibility, divers were connected by a 2 m line and surveyed 1 m in either direction making a 
complete 4 m swath transect. Additionally, 2 transects were laid parallel to the shore to sample 
near-shore subtidal habitats in less than 2 m of water. During all transects, epifaunal 
invertebrates, algae, and fish observed within the 4 m wide swath were identified and 
enumerated. Lengths of fish were estimated when possible.  
 

Camera Sled 

The camera sled is a towed 3.5 X 1.8 m 500 kg sled which contacts the bottom along two 2.1 X 
0.2 m skis covered by replaceable wear strips. Four machine vision strobe lights mounted in 
individual pressure housings around the camera illuminate the 1.1 X 0.83 m area imaged just 
ahead of the skis. At the center of the sled is a compact 1.4 megapixel color GE1380C GigE 
Vision digital camera manufactured by Prosilica. The camera, fitted with an 8 mm fixed focal 
length lens, was mounted in its own pressure housing and looked down through a domed glass 
port 1.15 m to the substrate. The sled was towed via an armored fiber optic cable at speeds from 
5-8.5 km/h. Strobes were operated at 30 µs bursts eliminating motion artifacts, blurring, and 
minimizing backscatter from suspended sediments. Information was collected at a rate of 4 
frames/s, resulting in a 58-27% overlap in successive images and providing resolution of over 1 
pixel/mm. These resolutions enabled identification of objects smaller than 50mm in most water 
conditions. 
 
Location time and depth information were recorded every two seconds resulting in eight images 
for each location. These images where then reviewed and fish, invertebrate, and algal 
observations were recorded as point data for each location. All organisms were identified to 
species when possible. Unidentified species were recorded to the lowest possible taxa. 
 

Remotely Operated Vehicle (Rov) 

A Deep Ocean Engineering Phantom HD2+2 remotely operated vehicle (ROV) was used to 
collect video data.  Data recorded during ROV transects included: ROV latitude, longitude, and 
depth calculated from an ultra-short-base-line (USBL) tracking system and vessel DGPS 
position, vessel pitch and roll to adjust for positioning errors due to vessel motion, ROV heading, 
and a continuous video record from a forward looking camera. Time was recorded on a video 
overlay that allowed the video data to be associated with ROV positions. To obtain density 
estimates, it is necessary to measure the area swept by the video camera. Dimensions of video 
images are commonly measured following the perspective grid method described in Wakefield 
and Genin (1987). This method uses, horizontal and vertical distances measured by a 
combination of camera tilt angle, parallel laser point measurements, camera viewing angle in 
water, and optical specifications of the camera to compute the depth and width of the video 
image, surface area of the seafloor in the image, and height of the camera above the bottom. To 
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accomplish this task, two parallel lasers were mounted above the camera for measuring the laser 
point separation distance along the substrate.  
 
ROV tracking data was filtered, interpolated, and smoothed before inclusion in the database. 
Positioning error is inherent in USBL calculations. Tracking data was first filtered for outliers 
using Hypack® singlebeam editor and later smoothed to reduce the irregularity of the tracklines. 
The USBL tracking system outputs an x,y,z position on average every 2 to 3 seconds, whereas, 
the video data transcribed during the review process occurs every 1 second. Since the objective 
was to relate each video observation with ROV positions, it was necessary to interpolate the 
ROV tracking data. To reduce the noise in the tracking positions, a loess smoothing function was 
run through the x,y positions and then linear interpolation was used to obtain 1 second positions.   
The tracking data and video observations were imported into a MS access database.  
 
All video transects were reviewed four times by one reviewer; 1) for evaluating video quality, 2) 
for habitat classification, and 3) for biotic enumeration, 4) for transect width estimation. Video 
transect data were first evaluated for image quality based on visibility, erratic vehicle movement, 
and image loss due to high relief substrate. Video segments that did not meet image quality 
criteria were noted and omitted from subsequent analysis. Video tapes were reviewed secondly 
for habitat classification.  Habitat features were classified as segments by recording the time at 
the beginning and end of continuous video images, along which the habitat remained constant. 
Primary habitat was defined as the substrate type constituting >50% of the viewing area while 
secondary substrate habitat is defined as the component of the substrate that covers between 20 
to 50% of the viewing area.  
 
Transect width was estimated by measuring the horizontal width of the lasers on the substrate at 
30 sec intervals (Fox et al. 2000).  For each transect, the video tape was advanced for 30 sec and 
the laser spread was measured off the video monitor.  If the laser points were not detected due to 
the ROV being too far off bottom or at an oblique angle to the substrate, the next closest 
available laser separation measurement was taken.  Transect area was calculated by summing the 
trapezoidal areas resulting from the estimated transect widths and estimates of distance traveled 
along the transect line between the 30 sec intervals calculated in ArcGIS. 
 
Fish, invertebrate, and algal observations were recorded as point data. All organisms were 
identified to species when possible. Unidentified species were recorded to the lowest possible 
taxa. Organisms captured or observed were identified using standard references (Eschmeyer et 
al. 1983, Kessler 1985, Goodson 1988, Matarese et al. 1989, Kramer & O’Connell 1995, O’Clair 
& O’Clair 1998, Mecklenburg et al. 2002); Captured fish and crabs were measured to the nearest 
cm whereas fish and crabs observed in surveys (camera sled, ROV, and diver) were estimated in 
5 cm size classes when possible.  
 

RESULTS 
During the course of this study 44 species were either captured or encountered and 23 remain 
expected yet undocumented (Table 1).  
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Clam Surveys 

Between August 18 and 19th 39,931 m² of clam habitat were surveyed (Fig. 3). A total of 552 
clams, 64 Pacific Littleneck (Protothaca staminea), 40 Butter (Saxidomus giganteus), 382 
Macomas (Macoma spp.), 50 Cockles (Laevicardium spp.), and 16 Mya (Mya spp.) clams were 
removed during this survey. Mean clam density was 18.9 clams/m², with 2.2 Littleneck, 1.4 
Butter, 13.1 Macoma, 1.7 Cockle, and 0.5 Mya clams/m². Estimated clam population abundance 
with a 95% confidence interval was 753,561 ± 181,631 within the area sampled (Fig. 3). 
Littleneck abundance was estimated at 87,369 ± 77,483, Butters at 54,606 ± 57,368, Macomas at 
521,486 ± 311,284 Cockles at 68,257 ± 137,791, and Myas at 21,842 ± 35,788 (Table 2). 
 

Crab Trapping 

A total of 1537 organisms were captured in 44 pots, between October 2007 and August 2008 
(Table 3). The organisms captured were represented by 1397 sea stars, 100 crabs, and 40 fish. 
Sea stars were by far the most abundantly encountered organism (CPUE 31.75 ± 5.43) and were 
all Purple Sea Stars (Pisaster ochraceus). Crabs were the second most abundant organism 
encountered (CPUE 2.27 ± 0.32) and were comprised of two species, the more abundant Helmet 
Crab (Telmessus cheiragonus) and the Dungeness Crab (Cancer magister). Fish although least 
abundant (CPUE 0.91 ± 0.09) were the most diverse group encountered (Table 3), comprised of 
seven species listed in order of abundance: Rock Sole (Pleuronectes bilineatus), Whitespotted 
Greenling (Hexagrammos stelleri), Kelp Greenling (H. decagrammus), Great Sculpin 
(Myoxocephalus polyacanthocephalus), Pacific Halibut (Hippoglossus stenolepis), Sailfin 
Sculpin (Nautichthys oculofasciatus), and Pacific Cod (Gadus macrocephalus). 
 

Beach Seining 

A total of 14 seine hauls were made between July 16th and October 13th, 2008. Sets were made in 
the shallow nearshore regions within our study area (Fig. 3). During this time, 896 fish and 16 
crabs were captured for a total of 912 organisms (Table 4). Salmonids, made up of four species, 
Chinook Salmon (Oncorhynchus tshawytscha), Coho Salmon (O. kisutch), Sockeye Salmon (O. 

nerka), and Dolly Varden (Salvelinus malma), were almost entirely juveniles with the exception 
of the two adult Sockeye that were captured. Salmonids were the most abundant family of fish 
captured, comprising 30.04% of total capture (Table 4), and were only captured during summer 
months (Fig. 4). Ammodytids were the second most abundant family contributing 19.30% of the 
catch and comprised solely of Pacific Sand Lance (Ammodytes hexapterus) which were mainly 
encountered during summer. Clupeids comprised 9.98% of the catch represented by Pacific 
Herring (Clupea pallasii) and were almost exclusively captured during summer months. The 
Slender Eel Blenny (Lumpenus fabricii), a Stichaeid, made up 9.43% of the catch and was only 
captured during summer months (Fig. 4). Hexagrammids made up 7.24% of the catch comprised 
of Kelp Greenlings (H. decagrammus), Whitespotted Greenlings (H. stelleri), and Lingcod 
(Ophiodon elongates). Kelp Greenlings were captured at similar rates in summer and winter 
months. Whitespotted Greenling CPUE was higher in winter months and Lingcod were only 
encountered in the summer (Fig. 4). Cottids made up of the Pacific Staghorn Sculpin 
(Leptocottus armatus), Silverspotted Sculpin (Blepsias cirrhosus), Great Sculpin 
(Myoxocephalus polyacanthocephalus), and Yellow Irish Lord (Hemilepidotus jordani) were 
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5.15% of the catch and were mainly captured during winter months. The remaining species 
represented less than 5% of the total catch and can be seen in Table 4.   
 

Gill Netting 

An experimental gillnet was fished for a total of four hours, only capturing one Coho salmon. At 
this point gillnetting was deemed ineffective and was not performed again.  
 

SCUBA Surveys 

Between December 2007 and October 2008, 1.1 km of subtidal habitat encompassing 4,400 m² 
of habitat were surveyed using SCUBA. A total of 1144 organisms were observed, belonging to 
four different groups; Sea Stars, Sea Pens, Flatfish, and Anemones (Table 5). Of these, five 
organisms were most abundant; Purple Sea Stars (P. ochraceus) 62.4%, Orange Sea Pens 
(Ptilosarcus gurneyi) 26.7%, flatfish (Pleuronectidae spp.) 6.6%, Plumose Anemones (Metridium 
senile) 3.6%, and Christmas Anemones (Urticina crassicornis) 0.8%. The abundance of dominant 
species was similar between summer and winter months with the exception of Orange Sea Pens 
which were only encountered in summer (Fig. 5). Density estimates of the five organisms 
encountered ranged from low to high mimicking abundance (Table 5). Percent cover of SAV 
was estimated between 0 and 10% depending on transect. 

Camera Sled 

On December 11th, 2008, 2.1 km of subtidal habitat (2,095 m²) were surveyed using the camera 
sled (Fig. 3). A total of 2,966 organisms were identified from the imagery collected. Camera sled 
observations were dominated by three groups of organisms: sea stars, sea pens, and submerged 
aquatic vegetation. Sea stars were most abundant, accounting for 40.66% of the sample and 
comprised solely of the Purple Sea Star (P. ochraceus). Sea pens were second most abundant, 
comprising 35.70% of the encounters, represented only by the Orange Sea Pen (P. gurneyi). 
Submerged aquatic vegetation rounded out the top three, comprising 21.38% of the sample and 
being dominated by Sugar Kelp (Laminaria spp.) with a few patches of Eelgrass (Zostera spp.) 
being encountered. Anemones and fish were the other two groups of organisms encountered with 
anemones comprising 1.95% of the sample dominated by the Plumose Anemone (M. senile) and 
a single Christmas Anemone (U. crassicornis). Fish made up 0.30% of the sample and were 
either Sculpins (Cottidae spp.) or unidentified fish.  
 
Density estimates from the camera sled imagery ranged from high to low (Table 6, Fig. 6) with 
sea stars and sea pens being encountered in similar abundances (0.567 and 0.506 organisms / m² 
respectively). Submerged aquatic vegetation densities were relatively high with Laminaria spp. 
densities of 0.298 / m² and Zostera spp. being almost absent (Table 6). Anemones and fish were 
found at relatively low densities (Table 6). The distribution of sea stars based on camera sled 
observations was fairly uniform with slightly higher densities in the shallower central portions of 
the study area (Fig. 7a). Sea pen distribution appeared to favor the deeper habitats to the 
northeast of the study area (Fig. 7b). Submerged aquatic vegetation appeared to be isolated to the 
shallower habitats to the northwest of the study area (Fig. 7c).   
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Remotely Operated Vehicle (ROV) 

On October 2nd, 2008, 4.2 km of substrate encompassing a total of 7,695 m² of habitat were 
surveyed along five transects using a ROV (Fig. 3). Substrates were classified along the 4.2 km 
survey and were comprised overwhelmingly by soft silt/clay habitats (Fig. 8). During this survey 
9,215 organisms were encountered. Sea pens were the most abundant organism encountered with 
only one species P. gurneyi, making up 55.46% of the entire sample. Sea stars were the second 
most abundant organism with 22.51% of the sample, comprised almost entirely by Purple Sea 
Stars (P. ochraceus), with one Six Rayed Star (Leptasterias hexactis) identified. Kelp made up 
18.65% of the sample, and was all of the Laminaria genus. Fish made up 2.21% of the sample 
represented by the following in order of occurrence: Flatfish (Pleuronectidae spp.), Pricklebacks 
(Stichaeidae spp.), Greenlings (Hexagrammidae spp.), Sculpins (Cottidae spp.), Poachers 
(Agonidae spp.), and Codfish (Gadidae spp.). Anemones comprised 0.91% of the sample and 
were made up of two individuals, mainly the Plumose Anemone (M. senile) and a few Christmas 
Anemones (U. crassicornis). Crabs made up 0.23% of the sample and were comprised of 
Dungeness Crab (C. magister), Hermit Crab (Paguridae spp.), and Helmet Crabs (T. 

cheiragonus) accordingly. Shrimp made up 0.02% of the sample and were likely both of the 
Pandalus genus.  
 
Estimated organism densities ranged from high to low (Table 7, Fig. 6) with sea pens being most 
abundant (0.664 organisms / m²) followed by sea stars (exclusively P. ochraceus 0.269 / m²), 
SAV and fish rounding out the more abundant species. Anemones, crabs, and shrimp each 
contributing less than 1% of the sample therefore had low density estimates (Table 7, Fig. 6). Sea 
pen distribution was fairly ubiquitous across the survey area with densities being higher in the 
northeastern deeper portions of the study area (Fig. 9b). Sea stars were also ubiquitous about the 
study region but were more dense in the shallower regions to the northwest (Fig. 9a). Submerged 
aquatic vegetation distribution was isolated to the shallower habitats to the northwest (Fig. 9c). 
Fish were distributed throughout the survey area but at low densities when compared to the other 
organisms encountered (Fig. 9d). Fish distributions seemed to favor the deeper habitats in the 
eastern portion of the survey area (Fig. 9d).  
 
 

DISCUSSION 
This study examined the subtidal biological marine resources in and around the proposed Homer 
harbor expansion area. These results represent data collected from a variety of different capture 
and reporting techniques and were conducted through multiple seasons in an effort to catalog the 
subtidal species diversity and abundance relative to substrate type in the study area.  
 
The variety of techniques used in this study all have biases and varying levels of capture 
efficiency. Each technique and or gear type was selected to perform specific role in identifying 
as many species as possible within the reporting area. The clam survey performed in this study is 
the same survey performed by ADF&G to estimate population abundances and manage 
commercial and recreational fisheries in this area. It is believed that this is the best technique 
possible for the area that was surveyed, however there was a substantial amount of habitat below 
the low tide mark that this survey technique could not assess. The survey was conducted in the 
same area as the only known clam fishery to take place within the study area.   
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The crab traps selected for this study were modified collapsible style shrimp traps and therefore 
may have excluded some larger species of crabs. The larger, commercially and recreationally 
important species of crabs are well documented in this area (Lees et al. 1981). For this reason, 
capturing the smaller, least understood and less documented species was deemed more 
important. 
 
Beach seining was one of the most successful capture techniques utilized, however seining does 
have its limitations and drawbacks. The seine was set from shore and therefore could only access 
shallower habitats < 4 m. This may have resulted in organisms residing in deeper habitats to be 
missed. Beach seining is also biased toward slower moving organisms, and as a result, larger fish 
and/or crabs may have been missed with this technique. Seining is also difficult to conduct in 
and around complex habitats such as rocks and snags. For this reason, seining was only 
conducted during low tide cycles when the soft beach was exposed below the breakwater. If an 
organisms’ occurrence was linked to lunar cycles (which is the case for many species of fish) it 
is possible that the timing of sampling missed organisms that were present.  
 
Gill netting was unsuccessful and there are numerous reasons why this technique did not prove 
more effective. The gill net was deployed at the surface of the water column in an effort to try 
and capture more mobile species transiting the area. If species were distributed deeper than the 
net was deployed or simply not transiting the regions sampled, this would explain the 
ineffectiveness of this net. Typically, gill net capture efficiencies tends to decline when twine 
diameter is large relative to the mesh size of the net (Hovgard 1996). In the smaller mesh panels 
(less than 2.5 cm) that we used, the diameter of the twine remained constant (0.28 mm 
monofilament) as the mesh size decreased, possibly reducing capture efficiency. Whether fish 
actively avoided the smaller mesh or failed to become entangled after contact is not clear, but it 
is apparent that the gill net used did not catch fish. 
 
The effectiveness of diver surveys is well documented (Bodkin 1986, Hegwer 2003, Hamilton 
2007) however some biases are unavoidable. The primary factor influencing diver surveys in this 
study was low visibility due to high turbidity. Submersible dive lights were used to illuminate 
transects and a conservative swath width was selected (1 m in either direction for each diver) to 
account for these low visibility conditions. It is still possible that smaller and more cryptic 
species were missed during these surveys, however they still offer detailed first hand information 
on habitat type and accurate species identification. 
 
The camera sled proved to be a valuable tool in these soft bottomed habitats. Due to its fixed 
focal length and strobe lighting, the camera sled returned still, crisp images of these subtidal 
habitats making for easy identification and enumeration. Being towed on skis contacting the 
substrate, we believed the camera sled may have alerted more mobile species of its approach 
scaring organisms out of its path. This was notable in some of the images where dust trails and 
clouds are evident, but no organism was seen. For this reason, the camera sled results likely 
underestimate the true density of some of the more mobile species in the study area.  
 
The ROV was an equally valuable tool in that it offered direct observation of the habitats and 
organisms present. Unlike the camera sled, the ROV “flew” above the substrate thereby not 
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alerting organisms of its upcoming presence. The ROV recorded information using flood lights 
and video cameras creating a continuous video of the transect, but lacking some of the resolution 
offered by the still flash photography of the camera sled. In most cases this was not a problem, 
however, some individuals had to be grouped in a more general taxonomic category due to 
inadequate resolution. 
 
When examining the estimated densities for SCUBA, camera sled, and ROV transects, all 
showed similar patterns across survey method (Fig. 6). Although these density estimates were 
not identical, the fact that they all ranked organism densities the same legitimizes the distribution 
patterns provided. 

HABITAT 

The species composition present in and around the proposed harbor expansion area appears to be 
driven by a combination of physical factors. These factors are likely to include substrate 
composition, depth, turbidity, exposure, wave action, water flow, and a few other physical 
oceanographic features. Many of these factors are likely related and thus it may be possible to 
describe the communities simply based on substrate type, which, in the proposed harbor 
expansion area, is almost entirely uniform, being silt/clay (Lees et al. 1981). This approach 
allows us to examine the study area from a bottom-up perspective, first examining substrates, 
then infaunal communities, sessile epibenthic organisms, and then macrofaunal organisms living 
within these habitats or the water column directly above them. 
 
Although this study did not directly examine substrate compositions other than in the proposed 
expansion area, others have documented these habitats fairly extensively (Lees et al. 1981) and 
our personal observations confirm their findings. In general, the substrate composition of the spit 
can be broken down into three regions and characterized as follows: The west or exposed side of 
the spit has high currents and large amounts of wave action resulting in extensive areas of clean 
cobble and/or sand. The tip of the spit, being comprised of mixed sand/gravel, is said to be quite 
unstable (Lees et al. 1981). Due to this instability, the steepness of the slope in this region, and 
moderate longshore currents, numerous amounts of sediment accumulate down this slope 
contributing to the lengthening of the Spit since it was first surveyed in 1886 (Lees et al. 1981). 
The East or protected side of the spit is dominated by large areas of silt/clay. Areas of gravel, 
cobble, and small boulders are present on the protected side of the spit, however they are 
continuously being covered up by the sheer volumes of sediment being deposited from eroding 
bluffs and glacial runoff (Lees et al. 1981). Our limited observations of substrate composition 
within the study area confirm other findings (Lees et al. 1981) and document a monoculture of 
substrate habitat being comprised almost entirely of soft bottomed silt/clay habitats.  
 
It is well known that soft bottomed infaunal communities can be of major importance to 
macrofaunal grazers and predators such as crabs, shrimp, demmersal fish, sea stars, and diving 
birds. Infaunal organisms may comprise an important forage source for commercially and 
recreationally important species for part or all of their lives. The infaunal community in the 
region of the proposed harbor expansion has been described as being characterized by small 
clams, marine worms, shrimp like crustaceans, and burrowing brittlestars (Lees et al. 1981).  
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The clam survey performed in this study documented at least five species of clams inhabiting the 
intertidal and nearshore subtidal habitats around the proposed harbor expansion zone. These 
species are representative of other clamming beaches throughout Kachemak Bay and densities 
appear to be in similar proportions. The beaches on the east side of the Spit, to the North of the 
proposed harbor expansion site, support a recreational Littleneck and Butter clam fishery (Nicky 
Szarzi personal communication). As long as the harbor is not expanded any further to the north, 
it is not believed that the proposed project will severely impact these fisheries.    
 
Sessile organisms that have the potential to create habitat such as kelp, seagrass, anemones, and 
sea pens are unique in that they all increase dimensionality in an otherwise simple two 
dimensional habitat. The added complexity that these organisms provide can be used as refuge 
from predation, spawning and mating grounds, nursery grounds, feeding grounds, and shelter 
from currents, all of which can be beneficial to the other mobile organisms in this region.  
 
Orange Sea Pens were the most abundant sessile organism encountered with densities ranging 
from 0.08 – 0.66 individuals / m². Dive surveys appear to show sea pens being seasonally 
distributed only during summer months, however this is believed to be an artifact of survey 
design. The overall low abundance of sea pen encounters from dive transects could simply be a 
result of poor visibility in these deeper waters. The ROV and camera sled are equipped with 
brighter lights illuminating these habitats better than simple submersible dive lights and quite 
possibly detecting more sea pens within the same given area. The lack of sea pen observations 
from the winter dive transects could be a result of these transects being located in shallower 
waters in the northwestern portion of the study area where sea pen densities (based on camera 
sled and ROV surveys) appeared to be lower. When examining the distribution maps of these 
organisms, both the ROV and camera sled distributions show a similar pattern with fairly 
ubiquitous coverage across the survey area, but with densities increasing toward the eastern 
deeper portions of the survey area. While little is known about the ecological significance of sea 
pens, sea stars and nudibranchs commonly prey on these colonial Cnidarians. Aside from being a 
prey source for other organisms, these coral relatives reduce currents, and may provide refuge for 
other organisms. Although this study did not examine sea pen associations to other organisms it 
is possible that they are being utilized as habitat by other creatures.  
 
Submerged aquatic vegetation was the second most abundant sessile organism encountered and 
was comprised mainly of Kelp from the Laminaria genus. Another Kelp, the annual ribbon kelp, 
Alaria fistulosa, and Seagrass Zostera spp. were also encountered but at extremely low densities. 
Laminaria spp. are understory kelps with large reaching blades and short stipes. When 
examining distribution maps, it is obvious that SAV is relinquished to the shallower habitats in 
the eastern portions of the survey area. It is likely that, given the high turbidity in these regions, 
SAV is light limited in the deeper waters to the east of the study region. Submerged aquatic 
vegetation also appears to be linked to substrate type with the highest densities encountered in 
the same regions as the pebble and gravel substrate types.  The ecological importance of kelp and 
other aquatic vegetation is well documented and some of the numerous benefits to fish and other 
organisms may include: use as spawning and mating grounds (Haegele et al. 1981, Hay 1985, 
Merrill 1989), nursery grounds (Ebeling & Laur 1985, Carr 1989, Love et al. 1991, Levin 1994), 
feeding grounds (Hobson & Chess 1976, Schmitt & Holbrook 1985, Singer 1985), refuge from 
predators (Schmitt & Holbrook 1985, Carr 1992, Gotceitas & Brown 1993, Gotceitas et al. 
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1995), and shelter from currents (Jackson & Winant 1983). The increased structure provided by 
these macrophytes is particularly important for newly settled recruits and juvenile fishes (Savino 
& Stein 1989).  
 
Sea anemones were encountered at the lowest densities of the sessile organisms but were still 
fairly abundant with densities ranging from 0.01 – 0.03 individuals / m². Like their cousins the 
sea pen, also a Cnidarian, anemones lack information regarding their ecological significance. It is 
known, however, that they are preyed on by nudibranchs, can reduce water flow, and provide 
three dimensional structure for other organisms to utilize.  
 

MACROFAUNA 

Shrimp   

Shrimp were not captured during this study and therefore identification to species is difficult. It 
is probable that the shrimp encountered in the ROV, SCUBA, and camera sled surveys were 
Pink, Spot, Humpback, Coonstripe, and/or Sidestripe. Shrimp were observed on numerous 
occasions, but given their small size and the poor visibility in these regions, it is likely that 
densities were underestimated. True densities, however, are believed to be fairly low. All of 
these species feed heavily on infaunal organisms, detritus, and algae making these habitats 
important forage grounds for the shrimp species present.  
 

Crabs 

Four species of crabs were encountered in this study: Helmet, Dungeness, Hermit, and Tanner 
Crabs. Helmet crabs appeared to be the most abundant, however, the majority of the Helmet crab 
captures came from modified shrimp traps. The smaller entrances in these traps may have 
excluded the larger Dungeness, and or Tanner crabs. Tanner crabs did not show up in the data 
but personal observations (2 occasions, Markis diving and Markis camera sled off transect) and 
other studies (Lees et al. 1981) confirm their presence in the proposed Homer harbor expansion 
zone. Crabs in this area likely feed heavily on the infaunal organisms, however, the relatively 
low densities encountered in this study question the importance of the examined habitats for 
crabs.  
 

Fish 

Fish, the most diverse group of organisms encountered, were documented using every survey 
technique except clam surveys. Fish comprised over half of the species encountered in the study 
and were distributed throughout the study area with higher densities in the eastern deeper regions 
(Fig. 9d).  
 
Salmon 
The two dominant Salmonids encountered in this study were Chinook Salmon and Coho Salmon. 
This is not surprising since ADF&G stocks both species into the Nick Dudiak Fishing Lagoon 
adjacent to the proposed harbor expansion area and study site. Salmonid captures were almost 
entirely juveniles since efforts were made to try and avoid adults. Adult Chinook and Coho 



 

13 

distribution is well known for this region as is the timing of their presence. Juvenile Salmonids 
are stocked by ADF&G personnel in June and July. Adult Chinook Salmon begin running in 
June and continue through July. Coho Salmon begin running in July and continue into mid-
September.   
 
Beach Spawners 
Pacific Sand Lance were one of the more abundant species encountered in this study and can be 
grouped with Capelin and Rainbow Smelt in that they all are beach spawners. All of these 
species are important forage fish for everything from sculpins to sea lions (Eumetopias jubatus) 
to sea birds. These beach spawning fish are unique in that they deposit eggs on shore in the 
intertidal zone, where they mature and eventually hatch. Spawning of Pacific Sand Lance occurs 
annually from late September through October and eggs mature over a period of 67 days 
(Robards et al. 1999). Capelin spawn in late spring or summer and eggs mature over four weeks 
(Lees et al. 1981; Arimitsu et al. 2008). Rainbow smelt spawn in the spring during spring tides 
and eggs mature over two to three weeks (Hulbert 1974; Buckley 1989).  
 
Due to the sensitive reproductive strategy of these beach spawning individuals, construction 
efforts during summer or fall months would have the potential to negatively affect one or more 
of these species. Construction efforts focused during late fall and winter would avoid disrupting 
spawning and/or incubation of Pacific Sand Lance, and given the important ecological role that 
these fish play, would be seen as beneficial to the biological community.  
 
Herring 
Pacific Herring were one of the more abundant species captured in beach seine hauls. Being a 
pelagic schooling fish, their absence in other gear types is not surprising. Herring were 
predominantly captured in summer months, which is in agreement with their migration and 
spawning behavior. Spawning takes place in the spring when fish attach adhesive eggs to 
vegetation in the intertidal and subtidal habitats (Haegele et al. 1981; Hay 1985; Mecklenburg et 
al. 2002). Eggs mature and hatch approximately two weeks later. Herring likely use portions of 
the proposed harbor expansion zone as spawning habitat and would likely be negatively affected 
if construction took place during the spring spawning period.  
 
Greenlings 
Three species of Greenlings were encountered: Kelp Greenling, Whitespotted Greenling, and 
Lingcod. The majority of the individuals captured in beach seine hauls were juveniles. Juvenile 
Greenling use of extreme littoral habitats has been documented (Gomelyuk & Leunov 1999) and 
it is possible that these fish are avoiding predation in these nearshore habitats. Adult greenling 
use of these habitats is likely linked to the infaunal communities as a forage base, as well as the 
sessile habitat forming organisms, most notably kelp.  
 
Sculpins 
At least four species of Sculpin were captured or encountered in this study. Sculpins are not 
necessarily commercially or recreationally important however their impact on the infaunal 
community as well as their contributions as a forage fish cannot be overlooked. It is believed that 
spawning takes place during the winter months which would account for increased abundances 
during this timeframe (Mecklenburg et al. 2002).  
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Flatfish 
Numerous flatfish were encountered in this study including Yellowfin Sole, Rock Sole, and 
Pacific Halibut. Other species likely present, based on habitat preferences and documentations 
elsewhere in Kachemak Bay, would include Rex Sole, Flathead Sole, Dover Sole, Arrowtooth 
flounder, and Starry flounder. Flatfish use of these habitats is likely limited to summer forage 
grounds. The temporal distribution of pleuronectids encountered in this study was similar 
to patterns found by others (Abookire et al. 2001).  It is believed that these species move 
offshore into deeper waters to spawn during winter months (Mecklenburg et al. 2002). Flatfish 
are commercially and or recreational valuable and concern should be taken to avoid activities 
that would negatively impact these species during their residence in these nearshore habitats.  
 
Codfish 
The Codfish encountered included Pacific Cod, Walleye Pollock, and Saffron Cod. The majority 
of the captures came from beach seine hauls in which most individuals were juveniles. It is 
believed that these juvenile codfish inhabit nearshore waters during the summer months and then 
move offshore during the winter.   
 

IMPACTS 

The major potential impact foreseen by the expansion of the Homer harbor would be a result of 
construction and the dredge and fill operations associated with construction. A secondary 
foreseeable impact would be the increased use and human activity of these newly constructed 
facilities resulting in increased boat traffic and pollution. Since the harbor expansion is primarily 
planned to try and relieve the current pressure on the over populated harbor and to more 
adequately accommodate current commercial users and vendors, use is not necessarily expected 
to increase to levels that would impact the subtidal ecological communities in and around the 
harbor more than they already are.     
 
There will be several potential impacts associated with the construction of an expanded harbor. 
Most of these impacts will be the direct result of dredging and backfilling. These impacts may 
include; 1) loss of habitat directly from excavation or burial; 2) change in circulation patterns as 
a result in a modification of substrate topography; 3) increased turbidity from dredging and or 
dredge spoil leaching; and 4) Increased sedimentation while active dredging is occurring. Most 
of these impacts are fairly straight forward however, the second, modifying the topography and 
any potential change in circulation patterns that may result from this, could a) change the 
turbidity in this area permanently not just during construction and b) change the amount of 
sediment loading either resulting in a reduction or addition of material. This second potential 
impact is seen as being the most dangerous as it could permanently alter the physical stability of 
the spit, in turn creating unpredictable oceanographic conditions, which could permanently alter 
the subtidal biological communities in this region.   
 
Loss of habitat would be inevitable during the construction of an expanded harbor. It is projected 
that approximately 36 hectares (89 acres), depending on construction option, of habitat would be 
lost. Loss due to burial would be permanent however the material deposited would create new 
habitat at shallower depths that would eventually be re-colonized by shallow water adapted 
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species (i.e. mussels and barnacles). It is unclear how long this re-colonization might take but it 
is likely that it would be with similar communities from shallower waters. Habitat loss due to 
excavation would probably be temporary and would most likely be re-colonized. Maintenance 
dredging would likely be required in order to keep the expanded harbor entrance open which 
would result in recurring disturbance of the substrates favoring short lived or transient species 
colonization in these regularly dredged areas.     
 
It is believed that habitat loss would only have a direct effect on the sessile organisms in this 
area. Particularly clams, sea pens, anemones, kelp, and potentially sea stars to a lesser degree 
because they are mobile. These organisms would be buried or removed during dredging and 
filling. While construction is actively taking place, more mobile species (fish, crabs, shrimp, and 
sea stars to a lesser degree) would be expected to emigrate to surrounding habitats, minimizing 
mortality but nonetheless resulting in habitat loss. It is possible that the species displaced by 
construction would re-colonize these new habitats but this is uncertain. 
 
Any alteration to the current shoreline and or substrate topography by way of construction could 
have the potential to change the circulation patterns in this area. If the circulation pattern changes 
there is the potential to increase or decrease flow and thereby altering sediment transport. An 
increase in sediment transport would likely begin to scour the area and transport sediment away 
from this region. Since any construction that occurs will likely add artifacts and dimensionality 
to the spit, we believe a more complicated circulation pattern will result, thereby decreasing the 
flow and increasing sedimentation. Increased sedimentation rates could result in further 
alteration of the landscape creating sand bars and or backfilling areas where sedimentation was 
historically not a problem. This would be of particular concern with regard to the adjacent Nick 
Dudiak Fishing Lagoon where the ADF&G operates a stocking program to enhance fishing 
opportunities on the spit. Increased sedimentation in this area could cut off and or fill in this 
lagoon making it impossible to operate an enhancement program in this area and difficult for 
anglers to access adult fish returning to this region.    
 
KBRR would recommend that once a final construction option has been selected, that a detailed 
circulation and sedimentation study be developed. A model of circulation and sedimentation 
patterns with the proposed option in place would help inform users of potential affects on 
subtidal organisms.  
 
Increases in turbidity and sedimentation from dredging and dredge spoil leaching are not likely 
to have adverse affects on the communities on the east side of the spit in the proposed harbor 
expansion area. These communities are already exposed to high levels of sedimentation and 
turbidity from the eroding bluffs on the north side of the bay, the runoff from glaciers on the 
south side of the bay, and from wave action during winter storms. For these reasons we believe 
that further short term increases in turbidity and sedimentation would have minimal effects on 
the clams, sea pens, sea stars, kelp, and anemones that dominate this region. The communities on 
the west side of the spit have established at much lower sedimentation and turbidity levels 
therefore increases in turbidity on the west side of the spit may adversely affect the organisms 
present.  
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The proposed harbor expansion would be conducted in the Kachemak Bay Critical Habitat Area 
and within a National Estuarine Research Reserve. All of the expansion options presented to 
KBRR staff will alter the landscape at the end of the homer spit influencing water flow, 
sedimentation rates, and changing the available habitat in this region. All of these things have the 
potential to adversely affect the biota in and around the proposed expansion area, however it is 
the opinion of KBRR that if the expansion is done in a responsible manner with respect to 
concerned species and timing of construction, many of these adverse affects can be minimized. 
The result of this responsible construction is the added benefit to City of Homer and the harbor 
users with minimal impact to the biological resources in this area.  
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Figure 1. Location of Proposed Homer Harbor Expansion Project. 
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Figure 2. One alternative of the Homer harbor expansion. 
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Figure 3. Spatial representation of gear deployments within the proposed Homer harbor 

expansion. 
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Table 1. List of species captured or encountered during biological assessment. Species 

marked “X” denote presence, “-“ denote expected but not encountered.  
Common Name Presence

Aquatic Vegitation Aquatic Vegitation
Alaria fistulosa Ribbon Kelp X

Saccharina spp Sugar Kelp X
Zostera marina Eelgrass X
Agarum clathratum Shotgun Kelp -

Laminaria spp Sugar Kelp -
Anemones Anemones

Metridium senile Plumose Anemone X
Urticina crassicornis Christmas Anemone X

Sea Pen Sea Pens
Ptilosarcus gurneyi Orange Sea Pen X

Barnacles Barnacles
Semibalanus balanoides Acorn Barnacle X
Balanus glandula Common Acorn Barnacle -

Tunicates Tunicates
Distaplia occidentalis Mushroom ascidian X

Mussels Mussels
Mytilus trossulus Pacific Blue Mussel X

Clams Clams
Protothaca staminea Pacific Littleneck Clam X
Saxidomus giganteus Butter Clam X

Macoma spp. Macomas X
Laevicardium spp. Cockles X
Mya spp. Myas X

Snails Snails
Nautica clausa Moon Snail -
Fusitriton oregonensis Hairy Triton -

Sea Stars Sea Stars
Pisaster ochraceus Purple Star X
Leptasterias hexactis Six-rayed Star X
Dermasterias imbricata Leather Star -
Evasterias troschelli Northern Star -
Crossaster papposus Rose Star -
Pycnopodia helianthoides Sunflower Star -

Shrimp
Pandalus spp Shrimp X

Pandalus platyceros Spot Shrimp -
Pandalus hypsinotis Coonstripe Shrimp -
Pandalus borealis Pink Shrimp -
Pandalus hyposinotus Humpback Shrimp -
Pandalopsis dispar Sidestripe Shrimp -

Species
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Table 1 continued. List of species captured or encountered during biological assessment. 

Species marked “X” denote presence, “-“ denote expected but not encountered. 
Common Name Presence

Crabs Crabs
Pugettia gracilis Graceful Kelp Crab
Telmessus cheiragonus Helmet Crab X
Chionoecetes bairdi Tanner Crab X
Cancer magister Dungeness Crab X
Paguridae spp. Hermit Crab X

Fish
Salmonidae Salmon

Oncorhynchus kisutch Coho Salmon X
Oncorhynchus tshawytscha Chinook Salmon X
Oncorhynchus nerka Sockeye Salmon X
Oncorhynchus gorbuscha Pink Salmon -

Pleuronectidae Flatfishes
Hippoglossus stenolepis Pacific Halibut X
Psettichthys melanostictus Sand Sole X
Lepidopsetta spp. Rock Sole X
Pleuronectes asper Yellowfin Sole X
Glyptocephalus zachirus Rex Sole -
Hippoglossoides elassodon Flathead Sole -
Microstomus pacificus Dover Sole -
Atheresthes stomias Arrowtooth Flounder -
Platichthys stellatus Starry Flounder -

Cottidae Sculpin
Myoxocephalus polyacanthocephalus Great Sculpin X
Hemilepidotus jordani Yellow Irish Lord X
Nautichthys oculofasciatus Sailfin Sculpin X
Blepsias cirrhosus Silverspotted Sculpin X
Hemilepidotus hemilepidotus Red Irish Lord -

Gadidae Cods
Theragra chalcogramma Walleye Pollock X
Eleginus gracilis Saffron Cod X
Gadus macrocephalus Pacific Cod X
Microgadus proximus Pacific Tomcod -

Osmeridae Smelts
Mallotus villosus Capelin X
Osmerus mordax Rainbow Smelt X

Ammodytidae Sand Lances
Ammodytes hexapterus Pacific Sand Lance X

Hexagrammidae Greenlings
Hexagrammos stelleri Whitespotted Greenling X
Hexagrammos decagrammus Kelp Greenling X
Ophiodon elongatus Lingcod X
Hexagrammos lagocephalus Rock Greenling -

Liparidae Snailfish
Liparis florae Tidepool Snail Fish X

Trichodontidae Sandfishes
Trichodon trichodon Pacific Sandfish X

Stichaeidae Pricklebacks
Lumpenus fabricii Slender Eelblenny X

Total 44

Species
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Table 2. Estimated population abundance of clams in and around the proposed Homer 

harbor expansion. 
Littleneck Butter Macoma Cockle Mya TOTAL

Mean number of clams/quadrat 0.5 0.3 3.3 0.4 0.1 4.7

Mean number of clams/m² 2.2 1.4 13.1 1.7 0.5 18.9

Total area sampled (m²) 39,931 39,931 39,931 39,931 39,931 39,931

Population abundance 87,369 54,606 521,486 68,257 21,842 753,561

95 % confidence interval ± 77,483 ± 57,368 ± 311,284 ± 137,791 ± 35,788 ± 1,816,301

Relative precision 1.77 2.10 1.19 4.04 3.28 0.48  
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Table 3. Crab pot catch by species. 
Species n CPUE

Purple Star 1397 31.75 ± 5.91
Pisaster ochraceus

Helmet Crab 87 1.98 ± 0.43
Telmessus cheiragonus

Rock Sole 24 0.55 ± 0.14
Pleuronectes bilineatus

Dungeness Crab 13 0.30 ± 0.08
Cancer magister

Whitespotted Greenling 5 0.11 ± 0.06
Hexagrammos stelleri

Kelp Greenling 4 0.09 ± 0.03
Hexagrammos decagrammus

Great Sculpin 4 0.09 ± 0.05
Myoxocephalus polyacanthocephalus

Pacific Halibut 1 0.02 ± 0.02
Hippoglossus stenolepis

Sailfin Sculpin 1 0.02 ± 0.02
Nautichthys oculofasciatus

Pacific Cod 1 0.02 ± 0.02
Gadus macrocephalus

Total 1537

SE
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Table 4. Beach Seine catch by family and species. 
Family and species name Common name n fam. total

Salmonidae 274

Oncorhynchus tshawytscha Chinook Salmon 144

Oncorhynchus kisutch Coho Salmon 127

Oncorhynchus nerka Sockeye Salmon 2

Salvelinus malma Dolly Varden 1

Ammodytidae 176

Ammodytes hexapterus Pacific Sand Lance 176

Clupeidae 91

Clupea pallasii Pacific Herring 91

Stichaeidae 86

Lumpenus fabricii Slender Eel Blenny 86

Hexagrammidae 66

Hexagrammos decagrammus Kelp Greenling 49

Hexagrammos stelleri Whitespotted Greenling 15

Ophiodon elongatus Lingcod 2

Cottidae 47

Leptocottus armatus Pacific Staghorn Sculpin 17

Blepsias cirrhosus Silverspotted Sculpin 15

Myoxocephalus polyacanthocephalus Great Sculpin 14

Hemilepidotus jordani Yellow Irish Lord 1

Osmeridae 42

Mallotus villosus Capelin 41

Osmerus mordax Rainbow Smelt 1

Pleuronectidae 42

Pleuronectidae spp. Flatfish 40

Hippoglossus stenolepis Pacific Halibut 2

Pholidae 26

Pholis laeta Crescent Gunnel 26

Gadidae 24

Eleginus gracilis Saffron Cod 15

Theragra chalcogramma Walleye Pollock 9

Atelecyclidae 15

Telmessus cheiragonus Helmet Crab 15

Liparidae 8

Liparidae spp. Snailfish 8

Syngnathidae 7

Syngnathus leptorhynchus Bay Pipefish 7

Trichodontidae 1

Trichodon trichodon Pacific Sandfish 1

Cancridae 1

Cancer magister Dungeness Crab 1

Unidentified 6 6

Total 912  
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Figure 4. Beach Seine CPUE by season ± 1 standard error. Summer captures represented 

in light grey, winter in black. 
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Table 5. SCUBA survey CPUE and density estimates by season. CPUE is represented as 

number or organisms per transect. 
n

Purple Sea Star 714 64.91 ± 15.11 35.82 ± 10.14 29.09 ± 18.49 0.179 / m²

Pisaster ochraceus 

Sea Pen 305 27.73 ± 14.91 27.73 ± 18.04 0.00 ± 0.00 0.076 / m²

Ptilosarcus gurneyi

Flatfish 75 6.82 ± 2.82 4.09 ± 2.62 2.73 ± 3.11 0.019 / m²

Pleuronectidae spp.

Plumose Anemone 41 3.73 ± 1.08 1.64 ± 0.92 2.09 ± 1.29 0.010 / m²

Metridium senile 

Christmas anemone 9 0.82 ± 0.38 0.27 ± 0.27 0.55 ± 0.47 0.002 / m²

Urticina crassicornis

Total 1144

CPUE Summer CPUE Winter CPUE Density estimate
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Figure 5. SCUBA survey CPUE by season ± 1 standard error. Summer captures 

represented in light grey, winter in black. 
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Table 6. Camera Sled observations and abundance estimates 
Common Name Scientific Name Total % of capture n / m²

Sea Stars 40.66%

Purple Sea Star Pisaster ochraceus 1206 0.576

Sea Pens 35.70%

Orange Sea Pen Ptilosarcus gurneyi 1059 0.506

Submerged Aquatic Vegitation 21.38%

Sugar Kelp Laminaria spp 624 0.298

Eelgrass Zostera spp. 10 0.005

Anemones 1.95%

Plumose Anemone Metridium senile 57 0.027

Christmas Anemone Urticina crassicornis 1 0.000

Fish 0.30%

Sculpin Cottidae spp. 5 0.002

Unknown Fish 4 0.002

Total 2966  
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Table 7. ROV observations and abundance estimates. 

Common Name Scientific name n % n/ m²

Sea Pens 55.46%

Orange Sea Pen Ptilosarcus gurneyi 5111 0.664

Sea Stars 22.51%

Purple Sea Star Pisaster ochraceus 2073 0.269

Six Rayed Star Leptasterias hexactis 1 0.000

Submerged Aquatic Vegitation 18.65%

Sugar Kelp Laminaria spp 1719 0.223

Fish 2.21%

Yellowfin Sole Limanda aspera    58 0.008

Unknown Fish 56 0.007

Unknown Flat Fish Pleuronectidae spp. 32 0.004

Prickleback Stichaeidae spp. 20 0.003

Sculpin Cottidae spp. 17 0.002

Whitespotted Greenling Hexagrammos stelleri 12 0.002

Unknown Greenling Hexagrammidae spp. 6 0.001

Pacific Halibut Hippoglossus stenolepis 1 0.000

Poacher Agonidae spp. 1 0.000

Pacific Cod Gadus macrocephalus 1 0.000

Anemones 0.91%

Plumose anemone Metridium senile 84 0.011

Crabs 0.23%

Dungeness Crab Cancer magister 10 0.001

Hermit Crab Paguridae spp. 5 0.001

Helmet Crab Telmessus cheiragonus 4 0.001

Unknown Crab 2 0.000

Shrimp 0.02%

Shrimp Pandalus spp 2 0.000

Total 9215  
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Figure 6. Estimated density of organisms in ROV, camera sled, and SCUBA surveys. ROV 

density depicted in light grey, camera sled in dark grey, and SCUBA in black. 
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Figure 7. Primary and secondary substrate compositions based on ROV observations. 

Larger dots and warmer colors indicate increased substrate size.
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Figure 8. Distribution of sea stars, sea pens, and SAV along camera sled transects. Larger 

dots and warmer colors indicate increased abundances.  
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Figure 8 continued. Distribution of sea stars, sea pens, and SAV along camera sled 

transects. Larger dots and warmer colors indicate increased abundances. 
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Figure 9. Distribution of sea stars, sea pens, SAV, and fish along ROV transects. Larger 

dots and warmer colors indicate increased abundances. 
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Figure 9 continued. Distribution of sea stars, sea pens, SAV, and fish along ROV transects. 

Larger dots and warmer colors indicate increased abundances. 


