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turbines affect ocean surface mixing?  How might ocean atmosphere fluxes be affected?  How 
much of the sea surface behind wind turbines might be affected? 
 
There is a data gap on the longshore and cross-shore variability of the winds (in magnitude and 
direction).  Future research in this area would be useful in maximizing offshore wind park 
efficiency.  Previous research has shown that there is considerable longshore and cross-shore 
variability in the winds and that the wind environment is very site-specific (i.e. the offshore wind 
environment is not uniform).  Significant differences in the winds recorded at buoys along the 
coast indicate variations in the wind environment.  The sparsely placed buoys collecting 
meteorological data along the coast are not able to completely resolve all nuances in the wind 
environment.  Unless proposed wind parks are immediately adjacent to buoys where long-term 
wind data sets are available, there will be site-specific data gaps.  Increasing the density of buoys 
would improve forecast ability and provide more continuous data. 
 
According to the California Energy Commission (PIER 2007), there is a theoretical potential of 
38 gigawatts, with an estimated technical potential of about 7 to 8 gigawatts.  The technical 
potential is about one-fourth of California’s energy needs.  The extent to which wave energy 
conversion (WEC) devices will be able to harness the technical potential of ocean waves along 
the coast will depend on technological, environmental, economic, social, and legal limitations.  A 
cross-shore understanding of directional properties of wave energy propagation as waves are 
refracted near the coast will be important for WEC device placement.  As deep ocean waves and 
their energy approach the coast and traverse over shallow waters, they are refracted.  Waves 
from the north and south will typically be refracted so that they arrive perpendicular to the coast. 
 
If wave heights were reduced, as they would be by offshore WEC devices, the beach could 
experience net accretion and increased beach steepness (Largier 2008). 
 
The lack of research in the fields of sediment transport and its relation to varying wave 
environments makes it difficult to assess the impacts of seasonal and longer-term changes in the 
wave environment.  In addition, the impacts of reducing wave energy in the nearshore zone due 
to absorption of energy by WEC devices are difficult to assess (Largier 2008).  In the case of 
decreases in wave energy due to WEC devices, beaches may adjust to accommodate the lower 
wave energy by more frequently forming the typical summer shape, which consists of a single 
concave decline in elevation and a small offshore sand bar (Largier 2008).  Longshore sediment 
transfer would likely decrease due to the decrease in wave energy; this decrease would in turn 
cause buildup of beaches and increase beach slope.  The reduced sediment transport could also 
decrease the tendency of coastal inlets to move laterally and close.  This would result from an 
increased ability of inlet channel currents driven by waves and river flow to scour the smaller 
supply of sediment that arrives at the mouth of the inlet.  
 
There is an information gap regarding the effects of WEC parks on the shoreline even if the 
expected impacts are believed to be small.  At this time there are no large-scale WEC parks in 
existence, so actual data are not available.  Beach morphology and sediment transport along the 
northwest coast are already an area that is sparsely studied.  Different studies on different 
beaches have produced different results, so there is no unified theory regarding beach 
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morphology and sediment transport.  Derivations used to describe the dynamics at some beaches 
do not apply to others.  It appears that the nearshore effects of waves are very site-specific.  
Generalizations about how decreased wave energy will affect the shoreline should therefore not 
be made.  Research will need to be performed on specific regions directly inshore of proposed 
WEC parks.  For each proposed site, research will be needed on how decreases in wave height 
affect the incident angle of breaking waves as well as the distance from shore at which waves 
break, and how such decreases affect offshore sand bars, sediment transport, nearshore currents, 
wave runup, and estuary mouth morphology.  Implementation of wave models will also be 
useful.  Although there have been studies on how waves are diffracted by objects that block 
them, no studies have investigated how diffracted wave energy will be affected by partially 
blocked waves.  Wave models could determine the extent of the “wave shadow” and how 
diffracted waves will eventually constructively interfere with each other.  
 
There is a data gap in directional wave energy spectrum research which is needed to maximize 
energy capture efficiency.  Most research on directional wave spectrum analysis has been geared 
toward beach erosion and sediment transport.  Little research has been done on directional wave 
energy spectra, even though many CDIP buoys have been collecting data along the West Coast 
for over 10 years.  The data are there.  It would not be difficult to perform a directional wave 
energy spectral analysis.   
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2. GEOLOGICAL OCEANOGRAPHY 
The Northern Study Area extends from offshore of the Golden Gate near San Francisco to Grays 
Harbor.  It encompasses the offshore areas of three states, the northern part of California, all of 
Oregon and the southern portion of Washington.  This area includes all three types of global 
tectonic plate boundaries: 1) transform or strike-slip, 2) convergence or subduction, and 3) 
divergence or spreading.  The Mendocino Triple Junction (MTJ) junction exists just below the 
state boundary between California and Oregon, making the region more complex.  This triple 
junction is a transform, transform, trench (subduction) triple junction. 
 
Unlike the Southern Study Area, the northern part of the Northern Study Area consists of 
generally narrow continental shelf and slope with deep (abyssal depth) basins fringed on the west 
by volcanically active ridges.  The region is best described as an active volcanic arc setting that 
includes several types of transform fault zones (e.g., oceanic-oceanic and oceanic-continent).  
South of the triple junction, the continental shelf is primarily controlled by an oceanic-continent 
separating transform fault, which primarily exists in the offshore there.  

2.1 DESCRIPTION AND PHYSIOGRAPHY 
The physiography of the Northern Study Area reflects the tectonic processes that have been 
active for the past 40 million years or so.  Tectonic elements that form the physiography of the 
region resulted from the collision and fragmentation of the Farallon Plate as it was subducted 
beneath the North American Plate (Orr and Orr 1996).  Today remnants of the Farallon Plate are 
exhibited as the Gorda and Juan de Fuca Plates, which are separated by the Blanco Fracture Zone 
(a transform fault) (Figure 2.1).  The spreading centers that produce new volcanic seafloor and 
separate the Gorda Plate and Juan de Fuca plates form the Pacific Plate are the Gorda and Juan 
de Fuca Ridge (Orr and Orr 1996).  The relative oblique convergence between the Gorda and 
Juan de Fuca plates with the North American Plate is 4 cm/yr, while right-lateral strike-slip 
between the Gorda and Juan de Fuca Plates along the Gorda Fracture Zone is 5.6 cm/yr (CPC 
1985)  (Figure 2.1). Conversion (collision of the Gorda and Juan de Fuca Plates with the North 
American Plate) is expressed as a subtle trench at the base of the slope and called the Cascadia 
Subduction Zone, which is generally filled with sediments.  The down-going plates along the 
Cascadia Subduction Zone scrape off materials that accrete to the overlying plate and form an 
accretionary wedge whose front is locally exposed along the continental slope (Orr and Orr 
1996). 
 
Separating the Cascadia subduction complex to the north from the transform fault margin to the 
south is the Mendocino Fracture Zone (a transform fault).  In the southern part of the Northern 
Study Area physiography is primarily controlled by the tectonic activity of the San Andreas Fault 
Zone, a major transform right-lateral strike-slip fault that separates the Pacific Plate from the 
North American Plate.  Here the fault is moving at a relative rate of 5.6 cm/yr while the absolute 
rate of motion of the Pacific Plate is 8 cm/yr (CPC 1985).  
 



Chapter 2:  Northern Resources—Geological Oceanography 

106 

 
Figure 2.1. Juan de Fuca Ridge - Gorda Ridge - Axial Seamount -- 

showing features of Pacific/Juan de Fuca/North American 
subduction system relative to Western United States.   

Open blue arrows, ridge-spreading directions; solid blue arrow, 
convergence direction.   

(Source 
http://vulcan.wr.usgs.gov/Glossary/PlateTectonics/Maps/map_juan_de_fuca_ridge.html. 
Modified from: Swanson, et.al., 1989, IGC Field Trip T106: Cenozoic Volcanism in the 
Cascade Range and Columbia Plateau, Southern Washington and Northernmost Oregon, p.2. 

 
Onshore and near the coastline of Cape Mendocino is the MTJ that represents the connection and 
motion transfer of the three active plate boundaries in the region.  These tectonic elements, or 
boundaries, are the Cascadia Subduction Zone, the Mendocino Fracture Zone (a transform fault) 
and the San Andreas Fault (another transform fault).  Thus, the triple junction is a trench 
(subduction), transform (fault), transform (fault) triple junction.  This triple junction is migrating 

http://vulcan.wr.usgs.gov/Glossary/PlateTectonics/Maps/map_juan_de_fuca_ridge.html�
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to the north as the Gorda and Juan de Fuca plates subduct, an action that eventually will extend 
the San Andreas Fault to the north and reduce volcanism (Orr and Orr 1996). 

2.1.1 Continental Shelf and Slope 
Major offshore physiographic features of Washington and Oregon include the continental shelf, 
continental slope and Cascadia Basin.  The continental shelf of Oregon is a relatively flat, gently 
sloping surface that varies in width from 17 km off Cape Blanco to 74 km off the central coast 
(Snavely 1987).  The continental slope of Oregon is narrow, varying in width from 20 km at 
Cape Blanco to 96 km off the Columbia River.  Low benches and hills characterize the upper 
slope; most notably, pop-up fault blocks cause ponding of sediment on the Cascade Bench off 
the north coast of Oregon.  The lower slope intersects the deep sea floor of the Cascadia Basin at 
2200 m depth off the north coast, and at about 3,000 m off the central and south coast (Parmenter 
and Bailey 1985).  
 
The continental shelf of Northern California slopes more gradually and is narrower (generally 
less than 50 km wide) than in Southern California (Jones and Stokes 1981).  However, the slope 
is offset further offshore than in Central California, similar to the offset slope of Southern 
California (Clarke 1987).  Pop-up fault blocks of sedimentary rock, related to underthrusting of 
the accretionary wedge at the base of the continental slope along northernmost California, cause 
ponding of sediment and form the Klamath Bench, which continues into the Southern Oregon 
continental slope.   

2.1.2 Submarine Canyons and Sea Valleys 
The Rogue, Astoria, Quinault, Willapa, Guide, and Grays Submarine Canyons cut the 
continental shelf of Oregon and Washington.  The Astoria Canyon cuts into the continental shelf 
about 17 km west of the Columbia River; the Astoria Fan lies at the base.  In contrast the much 
smaller Rogue Canyon, which cuts into the shelf edge offshore of the Rogue River, feeds directly 
down the continental slope and into the Cascadia Basin (The Oregon Ocean Book 1985).  Of the 
five million tons of sediment discharged annually from the Columbia River, approximately five 
percent is deposited in the Astoria Canyon, three percent in the Quinault Canyon, two percent in 
the Willapa Canyon, and 1 percent in the Grays Canyon (Wolf et al. 1999).  
 
Submarine canyons that cut the narrow continental shelf offshore of Northern California include 
the Eel Submarine Canyon, which begins at the inner shelf, about 10 km offshore of the Eel 
River, north of the Gorda Escarpment (Mullenbach and Nittrouer 2000); and the Trinidad 
Canyon, which cuts the continental shelf north of the Eel Canyon.  Two submarine canyons, the 
Mendocino and Mattole, are associated with the Gorda Escarpment.  The Delgado Canyon, near 
Point Delgado is particularly important in that it initiates within the inner shelf, only about 2 
kilometers offshore, and transports considerable sediment to the Delgado Deep Sea Fan (Jones 
and Stokes 1981).  The upper part of the Eel Canyon is the most studied canyon of all the 
canyons in the Northern Study Area.  Considerable sediment reaches the upper part of the Eel 
submarine canyon following winter flooding, although sediment appears to accumulate in the 
upper canyon year-round.  Gravity-driven processes may be an important mechanism for 
transport of these sediments to lower parts of the canyon, triggered perhaps by seismic events 
(Mullenbach and Nittrouer 2000).  
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2.1.3 Seamounts 
No seamounts occur on the continental shelf in the Northern Study Area.  In the northern part of 
the Northern Study Area, within and adjacent to the Cascadia Margin, several major seamounts 
exists and consist of (from south to north) President Jackson, Vance, Cobb, Eickelberg, and 
Union seamounts (Orr and Orr 1996).  Dellwood and Tuzo Wilson knolls also exist just north of 
the study area, offshore of Victoria Island.  Several unnamed seamounts are present in Cascadia 
Basin, in an area that has not been completely covered by sediment. 

 
In the southern part of the Northern Study Area, in the San Andreas Fault area, several unnamed 
seamounts exist along the mid- to lower-slope and on the abyssal plain (Goldfinger et al. 2008).  
Many of these seamounts have their bases covered with sediment and appear very much like the 
seamounts located on the slope of central California (Pioneer, Guide and Gumdrop seamounts; 
Greene et al. 2002). 

2.1.4 Ridges and Banks 
A series of large ridges of the subduction-related accretionary zone at the base of the continental 
slope offshore of Oregon and Washington resulted from movement along north-south trending 
thrust faults, with ridge crests elevated 400 m to 1000 m above the abyssal plain of the Cascadia 
Basin (Kulm et al. 1986). 
 
The continental shelf offshore of Oregon has several rocky submarine banks.  Four major banks 
create shallow water environments within the deeper water of the shelf:  Nehalem Bank, 
Stonewall Bank, Heceta Bank, and Coquille Bank.  These banks are tectonic features, related to 
accretionary underthrusting and underplating at the base of the continental slope.  Erosional 
remnants of these compressionally uplifted features commonly form rocky outcrops on the inner 
shelf, especially between the Rogue River and Coos Bay. 
 
One large ridge and a major uplifted block occur in the deep water offshore of Northern 
California and Southern Oregon.  Both are related to large-scale compressional tectonics 
associated with sea floor spreading and subduction.  The Gorda Ridge is a narrow shelf parallel 
to an elongate ridge in the deep Cascadia Basin, and is the surface expression of the tectonic 
spreading center that runs from the MTJ to the Blanco Fracture zone to the north.  The Gorda 
Escarpment, a north-facing scarp bordering the Mendocino transform fault, occurs at about 40o 
N.  This broad feature appears to be a relatively recently elevated tectonic block of the Pacific 
plate, uplifted by north-south compression across the transform fault (Godfrey et al. 1998). 
 
The Gorda and Juan de Fuca ridges are major tectonic features that are volcanically active 
(spreading centers) that produce new oceanic (basaltic) seafloor a push the Gorda and Juan de 
Fuca plates beneath the North American Plate (Orr and Orr 1996).  These ridges are major plate 
boundaries and separate the Pacific Plate from the Gorda and Juan de Fuca plates.  
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2.1.5 Basins of the Continental Shelf and Slope  
There are no continental borderland-like basins along the coast of Oregon or Washington.  
 
In Northern California, the Eel River Basin, located on the continental shelf and stretching from 
the MTJ north into the waters offshore of Oregon, has a high sedimentation rate, fed by the Eel, 
Mad, and Klamath Rivers.  Glacioeustatic fluctuations appear to be the primary control on basin-
wide nonconformities, but northward migration of the adjacent MTJ has caused rotation of 
preexisting structures, uplift of the Table Bluff Anticline (TBA) (which extends from onshore to 
offshore), subsequent periods of channel incision south of the TBA, and reduced preservation of 
sediment on the shelf (Burger et al. 2002).  The basin has a depth of less than 120 m; topographic 
mounds (20 km x 6 m) are the product of sediment accumulation from the Mad and Eel Rivers in 
a dynamically stressed regime (Goff et al. 1996).  The basin floor is generally smooth except for 
small-scale bioturbation and shore-normal low relief striations (possibly caused by sea floor 
current erosion) that are up to 1 km wide (Goff et al. 1996).  A sequence stratigraphic analysis of 
seismic data indicates that preserved sediment in the shelfal basin is dominated by fluvially 
derived silts and muds that are deposited during high stands of sea level, and that are distributed 
by longshore waves and currents (Burger et al. 2002). 

2.1.6 Deltas and Submarine Fans 
No major deltas are present on the continental shelves of the Northern Study Area.  Two well-
developed submarine fans are present offshore of Washington: the Astoria Fan and the Willapa 
Fan.  The Astoria Canyon lies offshore of the mouth of the Columbia River, which feeds 
sediment to the canyon head and elsewhere to the shelf and slope.  In addition, sediment is fed to 
the canyon head by seasonal southern flowing currents.  
 
Although rivers such as the Klamath possess gently sloping deltas, most of the rivers in Oregon 
and Washington have drowned mouths and estuaries.  If sea floor conditions and sediment type 
is right even small deltas can be subject to mass movement.  The delta of the Klamath River 
underwent slope failure following a November 1980 earthquake; leaving a sinuous scarp, one-
meter high and 20 km long, although the delta slope is only 0.25 degrees (Field et al. 1982).  
However, recent studies offshore of this area indicate that features previously identified as mass 
movement are most likely dynamic bedforms such as sediment wave fields (Lee et al. 2004).  
 
The extremely large (350-km in length) Tufts Submarine Fan occurs in the deep basin off 
Northern California, west of the Gorda Ridge, but is linked to turbidite and gravity sediment 
flows from the Washington Continental Shelf, via the Cascadia Channel to the north, and 
through the Blanco Fracture Zone.  Sediments in the southern part of the Tufts Fan Reach the 
Escanaba Trough, along the southern axis of the Gorda Ridge, just north of the Mendocino 
Fracture Zone.  Sediments in the upper 120 m of the Escanaba Trough, have a Columbia River 
provenance and are coincident with timing of the Missoula floods created by the failure of a 
natural dam of Lake Missoula in Pleistocene time (Reid and Normark 2003).  
 
Part of the Missoula flood sediments reached the deep basin Tufts Fan offshore of California 
through a tortuous path that included the Astoria and Willapa Submarine Canyons and Fans.  The 
sediments were transported by turbitity currents and gravity flows between the thrust faulted 
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accretionary ridges on the continental slope, and down the Cascadia Channel to water depths of 
around 2,500 to 3,500 m (Pratson and Haxby 1996).  Turbidites associated with earthquakes are 
represented by more sand-rich sediment in canyons, whereas fine sediment dominates normal 
deposition between earthquakes (Goldfinger et al. 2000).  

2.2 DISTRIBUTION AND FATE OF CHEMICAL CONSTITUENTS IN SEDIMENTS 
Chemical constituents are introduced to the marine environment by both natural and 
anthropogenic means.  Natural erosion onshore and erosion of exposed bedrock on the shelf 
separate and concentrate minerals, which are transported to regions of deposition, where they 
may concentrate further.  Anthropogenic compounds are introduced to the marine environment 
through industrial and urban waste disposal on land.  Waste products are often caught up in 
wastewater runoff on land where they are transported by fluvial processes and delivered to the 
marine environment.  
 
Along the continental shelf of northern Oregon, measurements of water column turbidity indicate 
that suspended sediment concentrates at the seasonal thermocline, at the permanent pycnocline, 
and at the sea floor.  Turbidity of the bottom zone varies with current strength and the amount of 
material at the water-sediment interface, whereas turbidity of the midwater layer appears to be 
most strongly related to distance from a sediment source.  The midwater layer thickness 
increases with distance from shore (Harlett and Kulm 1973).  
 
The distribution and fate of chemical constituents in continental shelf sediments include 
mineralization and dissolution of particulate organic matter.  Shum and Sundby (1995) conclude 
that the passage of gravity waves and bottom currents over irregular surfaces of the continental 
shelf can enhance organic mineral crystallization in sandy shelf substrates.  
 
The majority of the hydrocarbon compounds, PAH, perlene, and retine, enter the continental 
shelf water via the Columbia River, and accumulate on the shelf where deposition is active 
(Prahl et al. 1984).  

2.2.1 Sedimentary Organic Matter 
Primary production in the ocean is strongly seasonal, with the Columbia River supplying about 6 
x 105 tons of organic carbon per year, about 89 percent as dissolved organic carbon and the rest 
as particulate fossil organic compounds.  Organic matter deposited on the continental slope may 
be higher due to summer deposition, but is less well documented (de Haas et al. 2002).  
 
Unconsolidated sediments on the California continental shelf that are located away from river 
mouths and other fluvial inputs are largely relict; most of the terrestrially sourced sediments are 
captured in submerged stream channels, structural depressions and, in Southern California, in 
continental borderland basins (de Haas et al. 2002).  Twenty-five percent of the sedimentary 
organic matter comes from river input; the rest is from primary production in the marine 
environment.  
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2.2.2 Composition of Sedimentary Organic Matter 
About 75 percent of the sedimentary organic matter on the Washington and Oregon Shelf comes 
from primary production, and about 25 percent is from dissolved organic carbon from rivers and 
from particulate fossil carbon (de Haas et al. 2002).  
 
Local rivers supply 80 percent of the total sediment input to Northern California's continental 
slopes and submarine fans, including some terrigenous organic matter.  Marine primary 
production supplies the remaining carbonate, silica, and 75 percent of the organic matter.  

2.2.3 Trace Metals 
In general, marine sediments high in clays tend to retain heavy metals and phosphorus.  Iron 
concentrations in surface waters along the Oregon shelf are higher in spring than in summer and 
are higher north of 44.5o N.  In contrast, concentrations in shelfal bottom water are higher in the 
summer.  Iron particles travel downslope, and sink through the water column in the inner and 
midshelf areas, apparently associated with aggregates of clay and with phytoplankton.  This 
remineralized iron may accumulate within the benthic boundary layer (Chase et al. 2005). 

2.2.4 Early Diagenetic Processes 
Early diagenetic processes include mineralization and dissolution of particulate organic matter 
on the continental shelf and are enhanced by the passage of gravity waves and bottom currents 
over irregular sandy surfaces (Shum and Sundby 1995).  Other early diagenetic processes include 
deposition of carbonate related to methane seeps on accretionary ridge-related fault blocks of the 
continental slope off Oregon and Washington.  Relict sediments in areas of low sediment 
accumulation rates may undergo replacement by phosphate minerals. 

2.3 GEOLOGIC HAZARDS 
Geohazards in the Northern Study Area are primarily generated by tectonic processes including 
earthquakes and their consequences.  Earthquakes in the Northern Study Area are generated from 
two major tectonic processes: 1) strike-slip and oblique convergent motion along the northern 
San Andreas Fault System and 2) thrust movement along the subduction zones of the Juan de 
Fuca and Gorda plates.  Von Huene et al. (2009) discuss the most recent kinemantic and dynamic 
models of convert plate margins.  In the Northern Study Area, the Cascadia Region Earthquake 
Workgroup (2005) has developed a Cascadia Subduction Zone magnitude 9.0 Scenario.  Shaking 
from earthquakes, severe storms and tsunamis can excite and destabilize seafloor sediments 
producing liquefaction and mass wasting on gentle slopes, and delta fronts and rockfalls, slumps 
and turbidity currents (gravity flows) in submarine canyons and steep slopes.  For example, 
Goldfinger et al. (2003a, 2003b) present evidence from the turbidite record that 13 earthquakes 
have ruptured the Cascadia margin from Vancouver Island to at least the California border.  The 
13 events have an average repeat time of 600 years since the first post-Mazama event 7500 years 
ago, with the most recent event 300 years ago.  They suggest that only earthquakes appear to 
have led to turbidite formation along the northernmost San Andreas margin during the last 2000 
years.  The BOEMRE Project Offshore Deep Slopes (PODS): Seafloor Stability on the 
Continental Shelf/Slope (C-CORE 2002), though focused on the Gulf of Mexico, does contain 
world-wide information on submarine slides in offshore areas worldwide, including the Eureka 
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(Humboldt) Retrogressive Slump (southern part of Eel River Basin).  If an earthquake is of a 
large magnitude (M7.0 or greater), seafloor disruption (extensive vertical offset) or rapid large 
displacements of landslides through mass movement could produce a locally-derived tsunami 
(Whitmore 2003; Whitmore et al. 2008).  
 
In addition to rapid fault motion, slow creep-like motion and compression along faults can 
deform and warp the seafloor producing irregular and hummocky topography.  Although less 
consequential, scouring from currents, storms and turbidity currents along the seafloor and in 
canyon axes are a hazard that can cause destabilization of slope sediment and undermining of 
canyon walls.  Fluid expulsion and the formation of rills and gullies also can produce a hazard to 
the stabilization of seafloor structures.  

2.3.1 Scouring Action of Bottom Currents Including Turbidity Currents 
Over the last 30 years the Oregon and Washington Coasts have been subjected to an increasingly 
energetic wave climate, increases in coastal erosion, and increases in human impacts related to 
use of the Columbia River.  Although sediment accumulation rates on the shelf as measured in 
2005 are identical to the 1975-76 rates within a 95 percent confidence level, the surficial 
sediment was eight to nine percent coarser in 2005 than in 1975 and 1976 (Davies and Nittrouer 
2006).  The greatest increase in wave climate is offshore of Washington, where average heights 
of winter storm-generated waves have increased by 0.88 m since 1976, with the largest storm 
waves having increased by 2.0 m in height.  Wave height increases are slightly less in Oregon 
and Northern California.  The East Pacific Pattern, the Southern Oscillation, and the effects of La 
Niña and El Niño events all appear to contribute to this phenomenon (Allan and Komar 2000). 
 
Scouring action is predominant within submarine canyons, especially in those canyons that head 
near river mouths.  Major rivers that empty into the Northern Study area from Point Reyes north 
include the Russian, Gualala, Navarro, Big, Noyo, Ten Mile, Mattole, Eel, and Mad Rivers in 
Northern California; Klamath, Smith, Chetco, Pistol, Rogue, Sixes, Coquille, Coos, Umqua, 
Siuslaw, Yaquina, Salmon, Nestucca, Nehalem, and Columbia in Oregon; Columbia, Palix, and 
Chehalis.  All of these and smaller rivers and creeks supply sediment to the continental shelf that 
can scour the seafloor and supply sediment to submarine canyon heads.  Turbidity currents are 
often concentrated in the canyons and feed the turbidite fans (Nitinat and Astoria fans) located in 
Cascadia Basin (Goldfinger et al. 2008).  Much of the sediment that is derived from these rivers 
feed directly into submarine canyon heads or is swept to the heads by littoral drift.  From Point 
Reyes north to Cape Mendocino these canyons are Cordell, Bodega, Albion, Gualala, Arena, 
Noyo, Vicaino, and Gorda (Goldfinger et al. 2007).  

 
Recurrence intervals of turbidity current events are generally related to earthquakes and dating of 
cored turbidites in submarine canyons and channels (Goldfinger et al. 2008) have shown that an 
average repeat time of ~200 years occurs for the southern part of the Northern Study Area 
(northern San Andreas Fault region) and a similar rate for the southern Cascadia subduction 
margin with a repeat time of ~220 years.  For the full Cascadia margin Goldfinger et al. (2008) 
come up with a recurrence interval of ~520 years. 
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2.3.2 Mass Wasting – Slope and Canyon Wall Failures 
Slope failure appears to account for greater mass wasting in the Northern Study Area than does 
canyon wall failure.  Mass wasting deposits along the continental slope offshore of Northern 
California include the Humboldt Slide just west of the Eel River Basin (Figure 2.2).  This feature 
appears to have originated about 450 thousand years (ka) ago in response to uplift caused by the 
northward migration of the MTJ (Burger et al. 2003) and may represent multiple events (Goff et 
al. 1996).  The slump does not have a sharp headward scarp, but instead appears to merge gently 
with the slope.  Geomorphic features of the slump include lump blocks, pressure ridges, and 
gullies that transport sediment down the slump scarp and deposit it.  Movement of the slump 
appears to continue by sediment creep along internal glide planes (Burger et al. 2003).  
 
Surprisingly, the greatest potential for large slope failure events does not appear to be offshore of 
the Columbia River.  Two distinct morphologic clusters of submarine landslides occur along the 
Oregon Continental Slope.  North of 44.84o, 11 of the 13 slides present are small and 
fragmented, and are generally associated with smooth slopes.  South of that latitude, seven of the 
nine slides present are large and cohesive, and occur on a rough, irregular slope (MacAdoo and 
Watts 2004).  These morphologic differences reflect the occurrence of underlying structures:  
Most of the northern landslides occur on the flanks of anticlines expressed on the sea floor; the 
southern landslides appear to follow seaward verging structures.  Two of the southern landslides 
are located on the upper continental slope, three occur at the base of the slope and two are super-
scale slumps that involve the entire slope from top to bottom.  Steep dips near failure scars and 
high mean headscarp height of the superscale slumps support the interpretation of strong, 
cohesive material.  Sedimentation, erosion and local geology are controls that determine the 
location and type of failure.  
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Figure 2.2. The Humboldt Slide complex, offshore the Eel River in Northern California.   

Note also the presence of numerous gullies along the slope north of the Humboldt Slide.   
From Goff, et al. (1996). 

2.3.3 Faulting, Warping, and Deformation 
Faulting, warping and rock and seafloor deformation are prevalent in the Northern Study Area, 
especially north of the MTJ and Fracture Zone and in the southern Cascadia margin.  South of 
the MTJ, in the northern San Andreas Fault area deformation is simple and constrained to the 
narrow zone of faulting along the right-lateral strike-slip faults that comprise the San Andreas 
Fault zone in this area (Goldfinger et al. 2008).  In the southern Cascadia margin where the 
Gorda Plate is subducting beneath the North American plate extensive deformation is present on 
the accretionary wedge here with numerous reverse faults mapped in the offshore, across the 
continental shelf and trending northwest-southeast (Clarke 1987).  
 
Deformation is so prevalent in the southern Cascadia margin because of the close proximity of 
the active Gorda Ridge spreading center to the coastline of Oregon, which is forcing the Gorda 
Plate beneath the North American Plate.  Extensive and regular earthquakes occur in this region, 
generated both by the release of compression along the subducting slab and right-lateral strike-
slip motion along the San Andreas Fault and the Mendocino Fracture Zone (Orr and Orr 1996).  
The front of the accretionary wedge with its folded and faulted compressional ridges is also close 
to shore here (56 km).  
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To the north, north of the Blanco Fracture Zone and east of the Juan de Fuca Ridge, which is an 
active spreading center, the Juan de Fuca Plate is being pushed down along the Cascadia 
Subduction Zone.  Deformation of the frontal accretionary wedge is located further offshore here 
(~120 km) than in the south (Orr and Orr 1996).  Active seismicity is primarily concentrated 
along the Blanco Fracture Zone where right-lateral motion occurs.  Most of the earthquake 
epicenters associated with the Juan de Fuca Plate subduction are located onshore and have deep 
(<15 km) focal centers. 
 
Similar to other active volcanic arcs around the Pacific Basin, the Northern Study Area lies 
predominantly within an active volcanic province.  Active volcanism occurs onshore along the 
North and High Cascades with the volcanic edifices of (from south to north) Mt. Lassen, Mt. 
Shasta, Mt. McLoughlin, Crater Lake, Mt. Thielsen, Mt. Bachelor, Three Sisters, Mt. 
Washington, Mt. Jefferson, Mt. Hood, Mt. Adams, Mt. St. Helens, Mt. Rainier, and Mt. Baker 
representing the most active volcanoes (Orr and Orr 1996).  In addition, submarine volcanic 
activity is present along the Gorda and Juan de Fuca ridges.  

2.3.4 Tsunamis 
One of the greatest changes in understanding the potential for large-magnitude earthquakes and 
related tsunamis has occurred as a result of studies of late Pleistocene-Recent sedimentary 
deposits along the Cascadia Subduction Zone, and correlation with historic tsunamis in Japan.  In 
the late 1970s and early 1980s, the lack of historical earthquakes on the boundary between the 
Juan de Fuca Plate and the North American Plate was interpreted to be related to smooth plate 
subduction.  By the 1990s a number of studies had concluded that the boundary was locked and 
was undergoing slip during large (magnitude 8 to 9) earthquakes with a recurrence frequency of 
several hundred years.  The probability of a megaquake (magnitude 9-10) in the next 100 years is 
17 percent (Seeman et al. 2008).  Ruptures tend to have longer linear extents in the northern 
Cascadia Subduction Zone than in the southern part (Nelson et al. 2006).  Thus, the probability 
of an earthquake is high, and lengthy ruptures from aftershocks of a megaquake are expected to 
number in the thousands (Seeman et al. 2008).   
 
Since the turbidite events described by Goldfinger et al. (2008) were generated from large 
magnitude (M7 and greater) earthquakes, as indicated by the large regional areas affected, it 
appears reasonable to assume that a tsunami could have been associated with each these events 
and that the recurrence intervals determined for the events could also be used as locally 
generated tsunami recurrence intervals.  Therefore, based on Goldfinger et al. (2008) findings, 
the periodicity of locally derived tsunami in the southern part of the Northern Study Area, in the 
vicinity of the Medocino Triple junction (northern San Andreas Fault-southern Cascade 
subduction zone), is somewhere between ~200 to ~220 years while the estimated rate for the 
entire Cascadia margin is ~520 years.  The 1992 Cape Mendocino thrust earthquake (M7.1) did 
not cause surface rupture, but did cause general coastal uplift and a tsunami (Oppenheimer et al. 
1993). 
 
Research initiatives, such as the National Science Foundation Ocean Observatories Initiative 
(OOI) will provide more information on the Cascadia subduction zone from an extensive cable 
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(Figure 2.3) from Pacific City, Oregon to the Juan de Fuca Ridge, then south along the Cascadia 
subduction zone to Hydrate Ridge.  The fiber optic cables of the Regional Scale Nodes will carry 
up to 200 kW of power and up to 240 Gbits/sec on bandwidth for scientific work.  The lifetime 
of the array is expected to be 25 years. (Source http://www.ooi.washington.edu/). 

 
Figure 2.3. A diagram of the Cascadia Subduction Zone showing the Ocean Observatories Initiative  

planned systems in the Pacific Northwest.  
From Ocean Observatories Initiative Regional Scale Nodes program and Center for Environmental Visualization, 
University of Washington (www.interactiveoceans.washington.edu) 

 

In addition, potentially tsunami-generative conditions are greater off the southern coast of 
Oregon than off the northern coast, as are the mass wasting conditions, as indicated by the two 
super-scale slumps present there.  These two large slumps were likely tsunami-generative, 
although they have not been tied to specific earthquakes or to a tsunami event or deposit 
(MacAdoo and Watts 2004).  The apparent age of the super-scale slumps suggests they may have 
formed during Pleistocene sea level rise (MacAdoo and Watts 2004).  The favorable coincidence 
of orientation of underlying structures, the relatively steep slope, and the cohesiveness of 
sediment in the southern region appear to set the stage for the generation of large slumps and 
tsunamis (MacAdoo and Watts 2004).  Atwater (1987) reports upon sediments that may have 
been deposited during the Holocene from tsunamis generated by great subduction-related 
earthquakes within the Cascadia Subduction Zone complex. 

http://www.interactiveoceans.washington.edu/�
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2.3.5 Fluid and Gas Expulsion (Overpressure Zones) 
The accretionary zone at the base of the continental slope offshore of Oregon and Washington 
consists of a series of north-south thrust-faulted ridges (Kulm et al. 1986).  Some of the 
accretionary ridges and breached anticlines offshore of Oregon contain chemotherms, associated 
with methane seeps and hydrate disassociation, which contribute to the carbon flux into the 
ocean (Carson et al. 2003).  Not all of the fluid expulsion is related to hydrates, however; much 
of the fluid venting or seeping may be related to shallow or deep sediment dewatering of marine 
sediment, often through pathways developed along faults (Johnson et al. 2003).  
 
Offshore of Northern California at the western edge of the Eel River Basin, the pockmarked 
geomorphology of the continental margin below about 400 m indicates considerable gas or fluid 
expulsion, and considerable sediment redistribution, perhaps related to the presence of 
underlying hydrates (Yun et al. 1999).  The continental shelf shallower than 300 m contains a 
few pockmarks (Yun et al. 1999), except immediately landward of the head of small gullies near 
the uppermost slope.  These pockmarks are about 100 m in diameter; their origin may be 
associated with gully formation (Goff et al. 1996).  
 

2.3.6 Irregular and Hummocky Topography 
Although little has been reported in regard to irregular and hummocky topography in the 
Northern Study Area, it is reasonable to expect that because of the compressional tectonics of the 
region related to the Cascadia subduction zone and gentle-to-steep slopes that dip into the 
Cascadia Basin, irregular and hummocky topography would exist along the offshore accretionary 
wedge.  Also, unstable sediment associated with river deltas could have produced irregular and 
hummocky topography.  For example, Field et al. (1982) report upon irregular topography 
associated with a gentle (0.25°) slope on the Klamath River delta offshore Northern California.  
This topography is composed of scarps and waves that appear to relate to a seismically generated 
mass failure.  Other areas of irregular and hummocky topography are reported to exist along the 
shallow Oregon coast and are related to eroded bedrock (Parmenter and Bailey 1985). 

2.3.7 Rilling, Gullying, and Sediment Transport 
No reports describing the development of rills and gullies have been found for the Northern 
Study Area.  However, based on the geologic setting and with ample organic-rich sediment 
supply from the major rivers debouching onto the continental shelf and a compressive tectonic 
regime, it seems logical that fluid flow necessary to form such features is present (Eichhubl et al. 
2002).  Concentrations of gullies along the accretionary front, on the continental slope, in the 
Gorda Plate and northern Juan de Fuca Plate subduction zones have been mapped (Goldfinger et 
al. 2008).  Also, gullies and rills might be found near Hydrate Ridge (Weitemeyer et al. 2006).  
In the southern part of the Northern Study Area, in the vicinity and west of the San Andreas 
Fault, a series of gullies are found that may be associated with fluid flow processes associated 
with transpression that occurs just southwest of the MTJ (Goldfinger et al. 2008).  

 
Sediment transport in the Northern Study Area consists predominantly of littoral drift and down 
canyon transport.  In the southern part of the study area the continental shelf is narrow (on the 
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order of 40 km wide just north of Point Reyes and 20 km wide near Cape Mendocino), with 
Noyo Canyon cutting into the distal continental shelf and the many heads of Viscaino Canyon 
cutting deeply into the continental shelf (Goldfinger et al. 2008).  Although no major rivers enter 
the ocean here, the high concentration of canyons and gullies just south of the MTJ and 
Mendocino Fracture Zone indicates considerable transport of sediment to the deep sea here 
(Goldfinger et al. 2008).  

 
Sediment is transported to the Gorda Basin via Eel, Trinidad, Klamath, Smith and Rogue 
submarine canyons (Goldfinger et al. 2008).  No distinct submarine fan exists here, probably 
because most of the sediment is being folded into the accretionary wedge as fast as the major 
rivers and submarine canyons of the southern Cascadia subduction margin can supply the 
material.  Conversely, sediment being transported through Astoria, Willapa, Quinault, Juan de 
Fuca, and Barkley submarine canyons in the northern part of the Cascadia subduction margin has 
formed the large Astoria and Nitinat submarine fans (Orr and Orr 1996).  The Cascadia Channel 
separates the two fans, cutting through the Blaco Fracure Zone to supply sediment to the Tufts 
Abyssal Plain.  

 
Rogue Canyon is the only major submarine canyon that can transport substantial sediment to 
deep sea, and none exist that can transport sediment to the Cascadia Basin.  Sediment supplied to 
the Oregon continental shelf is partially blocked in its transport to the deep sea behind (east) of 
Heceta, Perpetua, Stonewall, and Nehalem banks (Orr and Orr 1996).  A major littoral cell exists 
between Astoria Canyon (mouth of Columbia River) in the north and the Rogue Canyon (Rogue 
River) in the south, just south of Cape Blanco.   
 
Because of the relative steepness of the Washington Shelf north of the Columbia River, subaerial 
sand barriers are easily drowned or eroded.  Stolper et al. (2005) concluded that the gradient of a 
nonerodible substrate controls coastal evolution by defining the sediment volume required to 
maintain the equilibrium profile.  In addition, ENSO years generate higher, more energetic 
waves from the southwest and higher water levels along the coast, which increase beach and 
shoreline erosion, as documented for Willapa Bay (Morton et al. 2007).  
 
Marine seismic-reflection profile studies and modeling of sedimentation north of the Columbia 
River indicate that the first major deposition of sediment on the shelf since the last lowstand 
occurred about 12.9 ka in conjunction with the Missoula floods.  This was followed by a period 
of very low sediment input to the shelf from 12.4 to 9.1 ka, and a third period (9.1 ka to recent) 
when most sediment was added (Stolper et al. 2005).  Anthropogenic and other changes appear 
to have reduced the late Holocene sediment load of 21 million tons/year to the current 5 million 
tons/year (Wolf et al. 1999). 
 
Fine silt from the Columbia and smaller rivers dominates the sediment types found on the 
continental shelf of the Cascadia Basin.  Local erosion of coastal areas and of Tertiary outcrops 
on the shallow inner shelf (particularly during winter storms) also contributes to the supply of 
sediment.  The distal shelf is far from the direct influence of rivers and coastal erosion, therefore 
the bottom is dominated by relict sediments (de Haas et al. 2002) 
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The Columbia River is the second largest river in the United States, with a current annual 
sediment load of 5 million tons/year, and it has the fourth largest drainage basin (Baker 2002; 
Wolf et al. 1999).  Surface currents along the shelf flow north during the winter and south during 
the summer and autumn (Wolf et al. 1999).  During summer, sediment from the Columbia River 
sweeps southwestward, off the Oregon Continental Shelf.  During winter, characterized by high 
water levels and high sediment loads in the Columbia, part of the bedload as well as some 
sediment transported northward from the Oregon and California Shelves, is deposited on the 
Washington Shelf, north of the mouth of the Columbia River.  Sediment transported directly 
from the Columbia River forms two lobes, bisected by Astoria Canyon (Wolf et al. 1999).  The 
northwestern lobe has the greater sediment accumulation.  Silty sediment accumulates as an 
elongate bar below a depth of 90 m, and thins from the Columbia River to the head of the 
submarine Quinault Canyon, some 25 km from shore.  Once in the canyon, sediment tends to 
accumulate until disturbed by seismic activity, which appears to have a recurrence interval of 
about every 300-600 years.  In addition to transport by currents and gravity, storm waves 
destabilize, suspend, and move sediment off the shelf and onto the slope or into submarine 
canyons on a yearly to decadal time scale.  
 
North of the anticlines that border the Humboldt slide of Northern California, a series of linear 
slope gullies, spaced 100-1,000 m apart, and with depths of a few meters, head at the shelf edge.  
These gullies appear to have formed during glacioeustatic lowstands and filled (buried) during 
highstands.  Thus, the gullies do not appear to be growing headward at present (Burger et al. 
2003), but instead are being filled and draped by turbidity flows of sediments from the Eel and 
Mad Rivers (Goff et al. 1996).  
 
In general, tectonic activity (earthquakes and uplift); weak, erodable bedrock; oversteepened 
slopes; and high, orographically-induced rainfall along the Northern California Coast produce 
high rates of mass wasting, erosion, and high sediment bedload in rivers and streams.  Thus, this 
region delivers to the sea one of the highest point sources of fluvial sediment volumes in North 
America: an estimated 30-40 x 106 tons /year (Sommerfield and Wheatcroft 2007).  The 
sediments of the shallow shelf of Northern California are dominated by sand; the sediments 
below depths of 55 to 76 m grade to silt and clay.  Active mobilization of sediment extends to at 
least 60 m of water depth (Ogston and Stenberg 1999).  Cross-shelf transport is strongly 
controlled by antecedent geomorphology reflected in folds expressed on the sea floor.  The 
highest rates of sediment transport occur in structural lows of the middle shelf; lowest transport 
rates occur at structural highs and at the shelf edge (Sommerfield and Wheatcroft 2007).  Fine-
grain sediment accumulation on the midshelf offshore of major rivers, including the Eel, appears 
to have accelerated about six- to elevenfold since 1950 (Sommerfield and Wheatcroft 2007).  
Following flood season (January-April), considerable sediment reaches the upper part of the Eel 
Submarine Canyon, although sediment appears to accumulate there year-round.  Gravity-driven 
sediment flows occurring once the angle of repose has been reached or during storm events may 
be an important mechanism for the transport of these sediments down canyon (Mullenbach and 
Nittrouer 2000).  
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2.4 SUMMARY AND DATA GAPS 
In general, the physiography of the Northern Study Area consists of low relief coastal ranges 
onshore, and a continental shelf of highly variable width.  Submarine canyons deliver river-
derived, generally fine-grained sediment to deep marine basins.  The continental slope of the 
Northern Study Area is generally wider offshore of Washington and Northern Oregon than in 
Northern California.  The whole area is influenced by the tectonic convergence, with 
accretionary deformation providing structural sea floor expressions, which have been mapped 
(Snavely 1987; Clarke 1987).  In Northern California tectonic deformation is controlled by the 
northward migrating MTJ.  Sedimentation in both areas is strongly controlled by the combination 
of tectonics and glacioeustatic base level changes.  
 
Sedimentation on the Northern California Shelf is dominated by high levels of fine-grained 
sediment, proximal to rivers that may have increased up to sevenfold since about 1955, due to 
changes in land use.  In areas of low sediment input, the Northern California shelf is 
characterized by relict sediment, remaining from the last glacioeustatic lowstand.  
Approximately 75 percent of the sedimentary organic carbon is generated through primary 
production in the marine environment. 
 
The most prominent depot center or sedimentary basin in Northern California is the Eel Basin, 
bordered on the south by the Eel Submarine Canyon and on the southwest by the Humboldt 
Slide.  Many of the features in this area, including folds and faults, and the Gordo Escarpment 
are related to the tectonic activity of the MTJ.  Further north, gullies on the continental slope 
appear to erode during low stands of sea level and fill with fine-grained sediment during sea 
level highstands, including the present highstand.  Pockmarks are associated with a number of 
these gullies, and are likely related to expulsion of gas or fluid.  
 
If located along an active fault, or at the outermost edge of the continental shelf, sea floor- 
connected infrastructures constructed on the Northern California Shelf in areas of high 
sedimentation near rivers would likely be at risk because of earthquakes, mass movement, and 
sea floor instability due to gas and fluid release from sediments and other such hazards.  All of 
these hazards need to be considered in any sea floor infrastructure development. 
 
Although the Northern Study Area is a low coastal range characterized by variable widths of 
continental shelf and slope as well as submarine canyons that cut the shelf offshore of major 
rivers and fault systems, the features offshore of Oregon and Washington differ in important 
respects from those of Northern California.  Among these differences are seasonal changes in the 
direction of sediment transport across the shelf, and the occurrence of storm-generated waves 
and currents that erode shorelines and coastal and shallowly submerged Tertiary-aged outcrops.  
 
Submarine canyons in both areas probably erode and enlarge during lowstands, and fill with 
fine-grained sediment during highstands.  Canyons provide temporary storage of sediments being 
transported to the deep sea floor, and appear to empty every 300 to 500 years, due to sediment 
instability, likely triggered by seismic activity.  Sediment load appears to have increased offshore 
of Northern California since 1950, but has decreased by 75 percent since the late Holocene along 
offshore Washington.   
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The Northern Study Area is generally less studied than the Southern Study Area.  This is 
probably the result of the difference in weather, access, resources, population density, and the 
existence of research agencies and institutions that study the marine environment.  Data that is 
needed for assessing the geological conditions of this area include, but is not limited to, the 
following: 

 
• Acoustic bathymetric and backscatter data collection on the continental shelf 

and upper slope to identify and map geologic structure, sediment dynamics 
and sites of unstable seafloor; 

• Seafloor rock samples for use in determining stratigraphy of bedrock 
outcrops; 

• Construction of seafloor DEMs that can be used in assessing tsunami impacts, 
sediment transport direction, and types, locations, and elevations of bedrock 
exposures; 

• Identification and mapping of Essential Fish Habitats (ESF); 
• Fate and transport of chemical constituents across the continental shelf;  
• Erosive processes on the shelf.  

 
Note – Under the West Coast Governors’ agreement to protect the ocean a major effort is 
underway to map the seafloor for all West Coast state waters.  This work is presently underway 
in California and Oregon but not yet started in Washington.  Therefore, additional bathymetric 
data will become available shortly for the southern part of the Northern Study Area, specifically 
in the northern San Andreas Fault, MTJ, and southern Cascadia areas.  In addition, the USGS 
will be collecting seismic reflection profiles in the northern San Andreas Fault area and this data 
along with the bathymetric data should be available in the near future for inclusion in any 
geologic assessment of the Northern Study Area. 
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3. CHEMICAL OCEANOGRAPHY AND GEOCHEMISTRY 
The chemical composition of seawater is dominated by terrestrial and atmospheric inputs to the 
ocean and the vertical distribution of chemicals in the water column.  Human activities can and 
do alter natural biogeochemical processes, which are linked to the chemical composition of the 
ocean, particularly at coastal margins.  Inputs that are influenced by human activities generally 
enter the ocean from the land as either point or nonpoint sources.  
 
There are three main hypotheses that explain the chemical composition of the ocean: (1) 
accumulation, where the ocean represents the accumulated inflow from rivers and the 
atmosphere; (2) kinetic control, where the composition is a balance of these external inputs and 
the rate of removal (primarily biological processes), and (3) equilibrium, where composition is 
controlled by equilibria between seawater and chemical precipitates, lithogenic particles, and the 
ocean crust.  The crucial role of removal mechanisms and rate constants for each chemical 
suggests that the most appropriate chemical composition hypothesis is a hybrid of the kinetic 
control and equilibrium mechanisms (Sarmiento and Gruber 2006). 
 
The fate of chemicals released to ocean water in the Northern Study Area includes transport to 
the North Pacific, deposition into sediments, loss to the atmosphere, bioaccumulation in the 
marine food web, as well as in-situ chemical and biological transformation. 
 
Extensive research to characterize continental shelf chemistry within the Northern Study Area 
was conducted during the 1960s and ’70s.  Information on the Washington/Oregon coast was 
summarized by the Oceanographic Institute of Washington (1977) and continues to serve as a 
historical body of knowledge for the oceanic chemistry within this region.  
 
Over the last several decades, new knowledge has been added to the understanding of the 
chemistry of the Northern Study Area.  New analytical tools have supported better definition of 
marine biogeochemical cycles.  Those tools include analytical techniques for the quantification 
of ultra low levels of trace metals such as iron, the evolution of numerical model simulations of 
chemical cycles, and remote sensing platforms and algorithms for measuring surface water 
chemistry.  Research to understand the causes and effects of hypoxia in coastal waters has 
provided new insights into the interaction between natural cycles and human inputs.  Studies of 
anthropogenically driven climate change impacts have provided new insights into ecosystems in 
the coastal ocean, and large-scale climatic events such as the Pacific Decadal Oscillation and El 
Niño Southern Oscillation (ENSO) have been better documented.  
 
The following three sections of this chapter summarize these new research findings as they apply 
to the Northern Study Area since the 1977 Oceanographic Institute publication.  The first section 
describes the sources of organic matter and trace elements to the region, both natural and 
anthropogenic.  The second section updates the knowledge of water column processes that 
impact the distributions of chemicals in the study region, with an emphasis on the dynamics of 
natural systems.  The third section examines the distribution and fate of chemical constituents, 
including organics and trace metals.  
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nearshore areas of Washington, Oregon, and Northern California.  PSP is produced by the 
dinoflagellate Alexandrium catenella directly into inshore waters (Trainer et al. 2002).  
 
Climatic events strongly impact primary productivity, which in turn impacts the sources and 
distribution of autochthonous organic material to the study region.  More information can be 
found in Chapter 1 Physical Oceanography.  El Niño/La Niña events provide one such example 
of direct relevance the study area (Lynn et al. 1998).  Changes in ocean circulation and resulting 
changes in regional surface water temperature and upwelling strongly impact primary 
production.  During the very large 1997-1998 ENSO event, a warm water lens was detected 
hugging the coast of the Northern Study Area, inhibiting seasonal upwelling and decreasing 
primary production.  More detail on the effects of climatic events on primary productivity can be 
found in Chapter 4. 

 
In the Northern Study Area the coupling between ocean and estuary is central to the function of 
the estuary, because the ocean, rather than local rivers, is the dominant source of nutrients 
fueling primary production in the coastal plains estuaries because the local river inputs are at a 
minimum during the warm/dry season (Hickey and Banas 2003 and references therein).  The 
Columbia River dynamics can lead to asymmetries between Oregon and Washington estuaries 
during strong downwelling favorable winds, while during spring and summer, the more spatially 
coherent winds lead to increasing similarity among the coastal plains estuaries.  However, even 
the small coastal rivers characteristic of Oregon and Northern California can significantly alter 
coastal biogeochemical cycles and influence ecosystem structure (Wetz et al. 2006).  

3.1.2 Allochthonous Sources 
Allochthonous compounds found in the Northern Study Area include both organic and inorganic 
compounds and originate from a variety of sources, including natural terrestrial and sediment 
sources, as well as a small input from anthropogenic sources.  
 
Major rivers (rivers with high sediment or water discharge rates) play a significant role in 
transporting dissolved and particulate materials from terrestrial environments to the coastal 
ocean.  Allochthonous matter includes both lithogenic and watershed-derived biogenic particles.  
This large terrestrial input greatly influences the magnitude of biogeochemical process rates in 
the benthic boundary layer (BBL) and seabed of adjacent continental margins.  In the Northern 
Study Area, the largest source of allochthonous inputs is the discharge from the Columbia River, 
which varies seasonally from 2,500 to 17,000 m3/s and can reach 30,000 m3/s in major freshets, 
accounting for approximately 77 percent of the coastal drainage and 90 percent of the freshwater 
input between the Strait of Juan de Fuca and San Francisco Bay (Barnes et al. 1972).  Thomas 
and Weatherbee (2006) document the Columbia River as the largest river along the western U.S. 
and provide temporal variability using satellite information. 

3.1.2.1 Organic Compounds 
Organic compounds entering the waters of the Northern Study Area are carried as living 
organisms and detritus by rivers and streams, with some contribution from methane seeps and 
deposits (see chapter 2 for further detail) and from anthropogenic sources.  There are few direct 
emissions of industrial material, including manufactured organic compounds, directly into the 
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marine environment because much of the coastline of the Northern Study Area is relatively 
unpopulated.  The NOAA National Status and Trends Mussel Watch Program monitors and 
reports on concentrations and trends in approximately 140 contaminant analytes in the coastal 
U.S. and Great Lakes.  The 2008 Report “Mussel Watch: An Assessment of Two Decades of 
Contaminant Monitoring in the Nation’s Coastal Zone” (Kimbrough et al. 2008a) covers 1986-
2005.  Of the 17 metals and metalloids, the most accurate extensive data set is available for 
arsenic, cadmium, copper, lead, mercury, nickel, tin and zinc.  Of the organic contaminants, 65 
PAHs are quantified.  PBDEs are being studied using archived tissue and current sampling 
(Kimbrough et al. 2008b).  Within the Northern Study Area there are 27 monitoring sites that 
vary from bays and estuaries to the open coast.  Though many of the coastal areas of the 
Northern Study Area are primarily pristine, locations of higher contaminant levels are available 
through the Mussel Watch program.  
 
The plume from the Columbia River is thought to have major ecological effects in the Northern 
Study Area, particularly with respect to out-migrating juvenile salmon (Pearcy 1992).  River 
discharges onto ocean margins, not just the Columbia, are dynamic and significant in that they 
allow greater amounts of carbon processing than other systems, are major repositories of carbon 
and sediment, and are one of the most important active sites of organic matter burial on the 
earth’s surface (McKee et al. 2004; Wetz et al. 2008). 

3.1.2.2 Inorganic Compounds 
In addition to organic material, numerous inorganic compounds also enter into the study area.  
Five general classes are considered here, including nutrients, dissolved oxygen, inorganic 
particulate material, trace metals, and sulfur compounds. 
 
Wetz et al. (2006) measured the input of macronutrients and certain micronutrients, such as iron, 
from coastal rivers in Oregon and estimated that the input from winter and spring runoff is 
sufficient to support phytoplankton growth through to the following spring and summer until 
upwelling brings new nutrient-rich water to the surface (Figure 3.1).  In addition, essential 
micronutrients, such as iron, are supplied by winter flooding from rivers.  The narrow shelf off 
Washington and Oregon allows the riverine input to spread across the shelf as winter winds 
relax.  The winter riverine input and narrower shelves prevent the widespread iron limitation that 
is seen off the California shelf (Wetz et al. 2006), though Frame and Lessard (2009) observed 
potential iron limitation after an unusually early spring upwelling event and diatom bloom.  The 
results of the River Influences on Shelf Ecosystems (RISE) program indicate that coastal rivers 
can alter coastal biogeochemical cycles (see Hickey et al. 2010 for synthesis).  The riverine mud 
deposits midshelf appear to act as an “iron capacitor” charged by winter floodwaters that are 
high in sediment, and discharged during summer upwelling.  In the Northern Study Area: 
 

• California: iron can be limiting (Hutchins and Bruland 1998; Hutchins et 
al. 1998; Bruland et al. 2001; Firme et al. 2003); 

• Oregon: iron is not limiting (Chase et al. 2002); and 
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• Washington: iron is generally not limiting (Kudela and Peterson 2009; 
Lohan and Bruland 2006, 2008; Bruland et al. 2008). 

Figure 3.1. Distributions of (A) nitrate, (B) phosphate, (C) silicate, and (D) ammonium in surface waters 
off the coast of Oregon during February 2003, supplied by coastal rivers including the 
Columbia River.   

The Oregon coast is to the right (long. 124º W).  Elevated concentrations of macronutrients 
appear close to the river discharge and decrease as the plumes cross the shelf.  

Source: Wetz et al. (2006). 

3.1.2.2.1 Nutrients 
Primary producers such as phytoplankton require dissolved inorganic macronutrients, including 
forms of nitrogen and phosphorus (most commonly nitrate, NO3; nitrite, NO2, or ammonia, NH4; 
and phosphate, PO4) to grow.  Diatoms, the dominant phytoplankter in the Northern Study Area, 
also need silica (usually silicate-SiO2) to form their shells.  In addition, primary producers 
require micronutrients that include various metals and organic compounds.  When phytoplankton 
exhaust a particular macro- or micronutrient, that nutrient becomes the limiting growth factor, 
and the availability of that nutrient becomes limiting to the phytoplankton community.  
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The waters of the Northern Study Area are generally replete with the macro- and micronutrients 
required for plankton growth; however, following large algal blooms, nutrient deficits may 
occur.  The primary source for nitrogen, phosphorus, and silicate nutrients in waters over the 
shelf is deeper water (approximately 200 m) that upwells onto the shelf during upwelling-
favorable winds.  During spring, summer, and early fall when sufficient light exists, 
phytoplankton reduce nutrient levels in the surface waters, until one nutrient becomes limiting.  
While upwelling continues, a renewable source of macronutrients is available to the 
phytoplankton.  Once upwelling ceases or light levels become too low, the phytoplankton cease 
to grow.  On the Oregon shelf, new measurement techniques (Hales et al. 2005a) show that in 
addition to the classical upwelling / downwelling cycles, continuous vertical turbulent mixing 
irreversibly moves net upwelled nitrate from shallower waters into waters deeper than 30 m, 
even during relaxation periods.  A more general discussion of the unique features in the 
Washington coast leading to higher productivity than in areas with higher wind stress such as 
Northern California can be found in Hickey and Banas (2008).  Physical features do play a role 
in retention, such as wider shelves, coastlines without capes, and a large bank.  Other factors 
include the dynamics of the Columbia River plume. 
 
Typically, nitrogen compounds (nitrate, nitrite, and/or ammonia) become the limiting nutrient.  
However, it has been shown that in open-ocean and shelf environments, phytoplankton may be 
limited by the availability of iron.  Most iron enters the ocean from terrestrial sources, carried by 
rivers and streams (Bruland et al. 2001; Wetz et al. 2006).  The Bruland study found that north of 
Point Sur, California the annual input of riverine iron during the winter high-discharge events 
was deposited in shelf sediments.  During upwelling events, these sediments are mobilized and 
the iron in them supports phytoplankton productivity.  South of Point Sur, the shelf is very 
narrow and there is less riverine discharge, but the upwelled water has high nutrients and low 
productivity, which the Bruland study attributed to a lack of iron (Figure 3.2).  Conversely, in the 
waters off northern Oregon, Wetz et al. (2006) found that the winter riverine discharge of 
nutrients into coastal waters could result in winter carbon fixation (plankton blooms), equating to 
around 20 percent of the summer upwelling carbon fixation.  Rivers in northern Oregon 
contribute enough iron to support phytoplankton growth at a low level throughout the winter, and 
they sequester enough iron over the shelf for the following spring and summer blooms (Wetz et 
al. 2006).  
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Figure 3.2. Vertical profiles of (A) temperature, (B) salinity, (C) nitrate, (D) silicic acid, (E) total dissolved 
Fe, and (F) labile dissolved Fe in the upper 300 m of the water column at a series of stations 
beginning offshore in the middle of the California Current (Sta. 4), in transition waters (Sta. 5), 
and continuing onshore into active coastal upwelling areas (Sta. 6 and 8) for a transect 
approximately along CalCOFI line 67.  

Source:  Bruland et al. (2001)). 
 
In the Northern Study Area, nutrient cycling and associated organic matter production is driven 
primarily by large-scale upwelling that brings dissolved nutrients to the surface, as well as by 
mixing caused by mesoscale features, such as variations in shelf width or slope, the Columbia 
River plume, the San Francisco Bay plume, the semipermanent eddy offshore of the Strait of 
Juan de Fuca, and submarine canyons (Hickey et al. 2010; Hickey and Banas 2008; Hickey and 
Banas 2003; Barth et al. 2005).  The continental shelf off Washington is wide and gently sloping, 
possibly allowing the upwelling of water from deeper layers that is richer in nutrients than water 
upwelled off Oregon’s narrower shelf.  Physical features may have important effects on the 
magnitude and timing of macro- and micronutrient delivery to the plankton, which may in turn 
affect the transport pathways and residence times of planktonic larvae and potentially the 
development of harmful algal blooms (Hickey and Banas 2009; Hickey and Banas 2003).  
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Phytoplankton typically take up nitrate as their primary nitrogen source, followed by nitrite and 
ammonia (Parsons et al. 1984).  However, other forms of dissolved organic nitrogen, including 
urea, creatine, and certain amino acids, also fuel primary production through symbiotic bacterial 
pathways (Bronk et al. 2007).  Theories have been put forward that the presence of certain 
dissolved nitrogenous compounds may favor harmful algal bloom (HAB) organisms (Bronk et 
al. 2007).  

Figure 3.3. Cartoon of the processes involved in the Columbia River Plume.   

Processes are: mixing (black curved arrows), fluxes (one-way flux uses a single 
arrow; two-way fluxes use double arrows), black arrows are advection; flux 
parameters are iron (red), phytoplankton (green) and nitrate (blue); biomass transport 
is green and blue tracks with arrowheads. 

Source:  Hickey et al. (2010). 
 
Nitrate input to the ocean from coastal rivers in the Northern Study Area is relatively small, even 
from the Columbia River (Conomos et al. 1972; Lohan and Bruland 2006).  Nitrate limitation is 
observed is aging Columbia River plumes (Hickey et al. 2010).  However, the Columbia River 
plume is an important source of micronutrients (e.g., iron, dissolved manganese, and silicic acid) 
to the inner shelf (Buck et al. 2007; Berger et al. 2008; Aguilar-Islas and Bruland 2006).  Hickey 
and Banas (2003) hypothesized that the water column iron would be more labile north of the 
river mouth.  Observations of dissolved and labile iron in plume sediments indicate a riverine 
source in the spring, and increasingly marine seabed source through the summer (Bruland et al. 
2008).  The Columbia River plume shifts seasonally and with the wind (Landry et al. 1989; 
Hickey et al. 2005, 2008) from southwest during upwelling conditions, transitioning to the 
Oregon coast with a northward jet developing as the winds transition to downwelling conditions, 
then the northward jet moving offshore and mixing as the winds transition to upwelling 
conditions and the redevelopment of the southwest plume.  The plume chemistry varies 
seasonally and with oceanographic conditions, tidal phase, and river flow (Nash et al. 2009; 
Bruland et al. 2008).  
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The primary source of iron is thought to be storm-driven transport of fine sediments from the 
Columbia River mouth northward, producing a 10-m-thick deposit of silt over the mid- and outer 
shelf along the entire Washington shelf (Nittrouer 1978).  Columbia River plume increases 
entrainment of inner shelf water across the 100 m isobath, and disrupts the flow of inner shelf 
water southward, leading to enhanced retention of these inner shelf waters north the Columbia 
River (Banas et al. 2009).  In addition, the relatively wider Washington shelf would allow more 
continuous sediment and water interface and would enhance the potential for resuspending 
particulate iron off the Washington coast.  Bruland et al. (2001) also found shelf sediment may 
be the primary source of iron during upwelling events off the California coast.  Additional 
research is needed to determine if the Northern Study Area is truly iron-limited and what role 
micronutrients play in the productivity gradient along the coast, as described by Hickey and 
Banas (2003). 
 
Phosphate (PO4) is essential for phytoplankton growth, playing a key role in cellular function 
and energy conversion (Perry et al. 1989).  Surface waters and deepwaters of the Northern Study 
Area are replete with phosphate year-round, with nitrate-to-phosphate ratios that ensure that 
nitrogen species will be depleted by phytoplankton growth before phosphate is used up (Perry et 
al. 1989).  
 
Dissolved silica is an essential macronutrient used by diatoms, the dominant phytoplankton 
species in the region in the Northern Study Area, to construct their frustules or shells (Hood et al. 
1992).  Water column studies have not been able to measure significant depletion of dissolved 
silica in the region, indicating that silicate is not a limiting nutrient for primary production (Lynn 
et al. 1998).  Observations during the RISE program indicate that the water column north and 
south of the Columbia River has sufficient silicate (Bruland et al. 2008). 

3.1.2.2.2 Dissolved Oxygen 
Dissolved oxygen in seawater is derived from two sources: gas exchange with the atmosphere 
when the water mass is at the surface, and the in-situ balance between generation of oxygen from 
autotrophs during the day and consumption of oxygen through respiration by heterotrophs (day 
and night) and autotrophs (during the night).  Dissolved oxygen levels are controlled by physical 
and biological processes; however, patterns of dissolved oxygen in the Northern Study Area 
generally follow those of the conservative physical parameters like temperature and salinity and 
density (Perry et al. 1989).  The oxygen budget for the shelf area shows a high degree of 
seasonality, as well as temporal differences from north to south and across the shelf, following 
physical transport mechanisms, as shown in Figure 3.4 (Hales et al. 2006). 
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Figure 3.4. Table summarizing the discrete O2 budget 
Scanned from Hales et al. 2006. 

 
The deepwaters of the Northern Study Area are generally low in dissolved oxygen, while it is 
high in surface waters, sometimes reaching supersaturation during phytoplankton blooms in 
spring and summer (Hales et al. 2006; Grantham et al. 2004).  Within the study area, surface 
waters off the Washington coast are generally higher, reaching supersaturation levels up to 130 
percent.  Surface levels off the Oregon coast seldom exceed 100 percent, except off Hecata Bank 
in southern Oregon, where seasonal upwelling reaches a maximum and phytoplankton grow 
rapidly (Perry et al. 1989).  Seasonal upwelling brings low-oxygen water to the surface, where it 
becomes reoxygenated.  However, upwelled water from depths may reside below the surface and 
be advected north with prevailing subsurface currents, which carry low-oxygen water as far as 
northern Washington and into Puget Sound (Warner et al. 2001).  
 
Recent observations have revealed the presence of a bottom anoxic zone occurring in the 
midshelf region of Oregon and southern Washington, developing late in the upwelling season 
(Figure 3.5).  
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reduced and contained inshore, where particulate material is deposited in shallow water (Figure 
3.6).  During relaxation, the benthic boundary layer moves any suspended particulate matter 
offshore and into deepwater. 

Figure 3.6. Schematic representation of simplified (a) upwelling and (b) relaxation conditions.  
Small near-surface dots represent newly photosynthetically produced POC; larger 
near-bottom dots represent flocculated, ballasted POC.  

Source: Hales et al. (2005a). 

3.1.2.2.4 Trace Metals 
The Oceanographic Institute of Washington (1977) synthesis provides details and reference lists 
of trace metals, including mercury, copper, lead, and zinc, entering the marine environment from 
rivers and streams in the Northern Study Area.  The metals purveyed by rivers and streams into 
the marine environment originate in earth crustal materials and wastewater discharged inland.  
Little research has been conducted on the sources of trace metals since 1977.  There are few 
direct emissions of industrial material directly into the marine environment because much of the 
coastline of the Northern Study Area is relatively unpopulated.  The distribution and fate of key 
trace metals is described later in this chapter. Chapter 17.2 of this volume discusses impacts to 
the marine environment from release of trace metals from antifouling paint (copper) and 
sacrificial anodes (zinc).  
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3.1.2.2.5 Sulfur Compounds 
Sulfur-containing compounds are abundant in seawater; most remain in the fully oxidized form, 
but a variety of reduced sulfur species are also formed.  These include organosulfur compounds 
associated with organisms, including the amino acid cysteine, dimethyl sulfoxide, and related 
compounds photochemically cycled in the surface waters, as well as chemically reduced forms of 
sulfur such as elemental sulfur, polysulfides, and hydrogen bisulfide cycled by microbes in the 
sediments and at the sea floor.  Numerous studies have considered the distribution of reduced 
sulfur species in sediments (Berelson et al. 2005; McManus et al. 2006), as well as the biological 
oxidation of reduced sulfur in mat systems (Kalanetra et al. 2004).  However, few studies have 
considered large-scale releases of reduced sulfur in the Northern Study Area.  There is reason to 
consider the fate of sulfide in the study area, as a major upwelling area off the coast of Namibia 
seemingly hosts massive sulfide irruptions that impact water quality and are visible from space 
(Weeks et al. 2004).  It is not known whether similar processes could occur in the study area 
under scenarios of changing ocean currents and temperatures, though it is well established that 
the intermediate waters in the study area are perennially oxygen-depleted (Helly and Levin 
2004). 

3.2 WATER COLUMN PROCESSES—NATURAL SYSTEM DYNAMICS 
Many biogeochemical processes affect the vertical distribution of chemicals in the ocean.  The 
predominant processes in the Northern Study Area that alter the chemical distributions within the 
water column and the geochemistry occurring at the sediment-water interface are physical 
processes (e.g., upwelling, stratification), biological processes (e.g., primary production and 
respiration), and chemical processes (e.g., scavenging by settling particles, oxidation-reduction-
driven phase changes).  Nozaki (1997) illustrated the Pacific Ocean water column profiles with 
the elements arranged as in the periodic table, showing which elements are involved in biological 
processes with lower concentrations in surface waters (except oxygen and other noble gases).  
Elements such as lead (Pb) are found at higher concentrations at the surface due to atmospheric 
deposition and then decrease due to scavenging processes at depth.  This present chapter 
addresses the current available research on how these processes alter the water-column chemistry 
within the Northern Study Area.  The settling of suspended particulates is discussed in Chapter 2, 
Geological Oceanography. 

3.3 DISTRIBUTION AND FATE OF CHEMICAL CONSTITUENTS 
Chemical constituents are distributed throughout the water column, in surface sediments, and 
buried in deeper sediments through processes of incorporation into living cells, diagenesis, 
mixing, and dilution.  Many organic and inorganic compounds can react to form new chemicals 
or can be scavenged and buried in sediments.  This section will examine the distribution and fate 
of organic matter, including the interaction of organic matter with inorganic substances, and the 
fate of trace metals. 

3.3.1 Organic Matter 
Particulate and dissolved organic matter in the water column and surface sediments of the 
Northern Study Area is derived largely from natural sources within the water column, or 
imported from the rivers and streams that cross the continental shelf, with smaller inputs from 



Chapter 3:  Northern Resources—Chemical Oceanography and Geochemistry 

140 

the open ocean and atmosphere (Perry et al. 1989).  The coastline of the Northern Study Area is 
relatively unpopulated and most anthropogenic sources are filtered out in the watershed or the 
very nearshore ocean. 
 
Organic matter production (POM and DOM) is closely tied to nutrient cycles and other 
oceanographic parameters (Landry et al. 1989).  Seasonal patterns of macronutrients on the 
continental shelf are directly linked to patterns of upwelling, particularly along the Washington 
and Oregon coasts, and are also controlled by primary productivity of phytoplankton and 
secondary productivity of zooplankton (Landry and Hickey 1989; Huyer et al. 2007).  On an 
annual basis, salty, nutrient-rich water flows onshore at depth when downwelling winds relax 
and weak upwelling begins in early summer.  The summertime inflow of saline water onto the 
inner shelf is one means by which the slope and basin communicate directly with the inner shelf 
(Goes et al. 2001).  Wind-driven upwelling of nutrients from deeper layers fuels autochthonous 
organic matter production, resulting in fluctuations on time scales of days.  The generalized 
spatial distribution of autochthonous organic matter includes production at upwelling areas, 
movement of algal blooms offshore, depleting the offshore nutrient supply, and reversals 
occurring as storm events move blooms back toward shore (Roegner et al. 2002).  Modeling 
studies show that buoyant plumes associated with a point discharge (such as the Columbia River 
plume) respond differently to upwelling winds than do those formed by distributed discharges 
from multiple coastal rivers (Goes et al. 2001).  As mentioned earlier, the Columbia River plume 
shifts seasonally and with the wind (Landry et al. 1989; Hickey et al. 2005, 2008). The plume 
chemistry varies seasonally and with oceanographic conditions, tidal phase and river flow (Nash 
et al. 2009; Bruland et al. 2008).  Features such as the offshore eddies provide an effective 
mechanism for trapping particles such as suspended sediment or organic detritus and further 
fueling primary production (Huyer et al. 2007).  The associated high carbon and nitrogen rain 
rate through the shallow water column of the shelf combined with riverine contribution of 
terrestrial material is responsible for a relatively high organic input to shelf and slope sediments.  
Continental margin sediments are therefore important sites for oceanic biogeochemical cycling 
of carbon and nitrogen. 
 
Recent studies—including several oceanographic programs such as GLOBEC (GLOBal Ocean 
ECosystems Dynamics North East Pacific) program (http://www.globec.org) and the Coastal 
Ocean Processes sponsored Coastal Ocean Advances in Shelf Transport program 
(http://damp.oce.orst.edu/coast)—provide data on the water column distribution of 
macronutrients within the Northern Study Area and highlight the link between upwelling 
conditions and water column chemistry (Hales et al. 2005b; 2006; Huyer et al. 2007; Van Geen 
et al. 2000; Hickey et al. 2002; Chavez et al. 2002).  Macronutrient concentrations (nitrate, 
phosphate, and silicate) of upwelling-source waters vary inversely with halocline temperature, as 
shown in spatial and temporal patterns of the water column off the Oregon coast (Huyer et al. 
2007).  However, the availability of micronutrients may influence the assimilation ratios of 
nitrate, and to a lesser extent silicate, by diatoms, hence altering their oceanic distribution 
(Fitzwater et al. 2000; Franck et al. 2000) and potentially the diatom assemblages. 
 
Southward currents bring cool, nitrate-rich waters in summer (especially during large-scale 
climatic shifts such as the Subarctic Invasion) and northward currents bring relatively warm, 

http://damp.oce.orst.edu/coast�
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nitrate-poor waters in winter, especially during ENSO (Huyer et al. 2007 and references therein).  
Even though winter plankton biomass may be nutrient-poor and declining rather than growing, it 
may provide a direct food source for secondary production, particularly near the mouths of 
estuaries (Landry and Hickey 1989).  Influences from the ocean may change water properties in 
coastal and estuarine water bodies significantly over just a few tidal cycles, affecting the 
production of organic matter throughout the water column (Hickey and Banas 2003). 
 
Nitrate concentrations in upwelled waters off Oregon can be rapidly depleted by photosynthesis 
with no reported micronutrient limitations, which is consistent with the upwelling path through 
the benthic boundary layer (BBL) containing exceptionally high dissolved iron (Hales et al. 
2005b and references therein).  This prolific primary production consumes carbon dioxide (CO2) 
in stoichiometric proportion to the total available nitrate, with standing stocks of chlorophyll and 
particulate organic carbon (POC) reaching concentrations in excess of 20 mg/kg and 100 
mmol/kg, respectively (see Hales et al. 2005 and 2006 and references therein).  This process 
drives the Oregon coastal surface water CO2 concentration far below atmospheric saturation and 
has been hypothesized as a mechanism resulting in carbon removal from the coastal ocean and 
sequestration by removal to the deep ocean (Chen et al. 2004; Hales et al. 2005b and 2006).  In 
this region, the rain of POC from the surface enters bottom waters that are low in dissolved 
oxygen, further depleting the dissolved oxygen during respiration.  The vertical profiles for 
dissolved oxygen resulting from these processes record supersaturated surface waters decreasing 
to less than 60 mmol/m3 in near-bottom waters (below most canonical definitions of hypoxia) 
(Hales et al. 2006 and references therein).  Hales et al. (2006) quantified the season-long, net 
production rate of dissolved oxygen and POC and concluded that nearly all of the net production 
of organic carbon appears to be exported from the shelf to the adjacent deep ocean during 
respiration of organic matter.  This suggests a mechanism whereby the duration and frequency of 
upwelling events and relaxations can determine the extent to which new carbon produced by 
photosynthesis in the coastal ocean is exported to deepwaters rather than being respired on the 
shelf (Hales et al. 2006).  Hales et al. (2006) further speculated that an interruption of this export 
mechanism may lead either to unrealistic standing stocks of POC or to widespread anoxic near-
bottom waters.  However, Chen et al. (2004) concluded that the coastal ocean absorbs CO2 at an 
average rate of 1.1 ± 0.3 mol C/m2/yr, but it releases nitrogen and nitrogen dioxide at an average 
rate of 0.07 ± 0.03 mol N/m2/yr and most of the organic matter is regenerated on the shelf, with 
less than 15 percent transported to the open ocean as dissolved and particulate organic carbon. 

3.3.2 Composition of Organic Matter 
During the last few decades, a number of studies have investigated the relationship between 
water depth, benthic metabolism, and nutrient regeneration to evaluate the preservation of 
organic matter (Keil et al. 2004; Kristensen et al. 1999 and references therein).  In general, 
benthic metabolism appears to be directly related to surface water productivity and oxygen 
exposure time (Keil et al. 2004), but inversely related to water depth (Kristensen et al. 1999).  In 
fact, the total carbon and nitrogen mineralization in sediments off Washington was reduced 70 to 
80 percent in water depth from 100 to 200 m compared with that at 1,000 m (Kristensen et al. 
1999).  McKee et al. (2004) summarizes the state of knowledge on the important transport and 
transformation of dissolved and particulate matter on continental margins influenced by major 
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rivers, highlighting the critical sedimentary processes that support organic matter composition, 
storage, and carbon removal.  
 
The carbonate compensation depth (CCD), the depth below which preservation of calcium 
carbonate in surface sediments is negligible, is generally very deep in the Atlantic Ocean (up to 
6,000 m); however in the Pacific, it may be as shallow as 3,500 m (Thurman 1994).  The 
shallower Pacific CCD brings lower-pH water closer to the productive surface layers of the 
ocean.  Recent investigations have shown that this lens of low-pH water is closer to the surface 
than oceanographers have hypothesized, having reached onto the Washington/Oregon shelf in 
the summer of 2007, due to coastal upwelling (Feely et al. 2008).  Ocean acidification resulting 
from the long-term continuous absorption of CO2 from atmospheric inputs has the potential to 
alter basic water chemistry, food webs, and the mix of marine organisms including fish, marine 
mammals, and birds throughout the Northern Study Area (Feely et al. 2008). 

3.3.3 Trace Metals 
Recent studies of trace metals within the Northern Study Area have focused primarily on 
understanding the cycling and role of micronutrients (primarily iron) as a limiting factor for 
primary production.  The geochemical distribution and availability of iron play a critical role in 
supporting the high primary production in coastal upwelling regimes (Bruland et al. 2001; Lohan 
and Bruland 2008; Fitzwater et al. 2003; Buck et al. 2007; Chase et al. 2002; Chase et al. 2005; 
Chase et al. 2007).  Iron sources to coastal systems are primarily derived from the remobilization 
and resuspension of marine sediments, aeolian deposition of dust, and riverine inputs (Fitzwater 
et al. 2003 and references therein).  Dust deposition is relatively minor due to the prevalence of 
northwest winds, but riverine inputs are significant during episodic winter flood events off 
California (Bruland et al. 2001) and continuous from the Columbia River plume (Buck et al. 
2007).  Riverine inputs create a gradient of iron concentrations in surface water from the coast 
offshore, with dissolved iron concentrations in coastal waters orders of magnitude greater than 
those in open ocean environments (Bruland et al. 2001).  
 
The width of the continental shelf in the Northern Study Area influences the supply of iron in the 
Northern Study Area; the shelf is narrow compared to that of the Atlantic coastline, but 
constitutes a significant area from which iron and other chemicals of importance are derived.  
Upwelling off Oregon and Washington results in subsurface water being depleted in dissolved 
oxygen over the mid and inner shelf as water low in dissolved oxygen from the outer shelf/slope 
region moves shoreward along the BBL.  Additional respiration, fueled by overlying productive 
waters, further decreases dissolved oxygen and creates the hypoxic conditions observed in the 
subsurface shelf waters off Oregon and Washington.  The low dissolved oxygen drives the 
reductive dissolution of iron in porewater close to the sediment water interface, leading to an 
increased flux of labile iron (FeII) from the sediment, while the low oxygen, pH, and 
temperatures within the BBL collectively slow down the oxidation rate of the iron (II) (Lohan 
and Bruland 2008).  These processes provide additional, highly labile, iron to the surface and 
further support high rates of primary production during upwelling conditions. 
 
Buck et al. (2007) evaluated the chemical speciation of iron in the Columbia River plume, the 
San Fransisco Bay plume, and the Columbia River estuary.  In the Columbia River plume, the 
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leachable particulate iron is much higher than that in the San Francisco Bay plume, likely 
because of the distinctly different hydrologic characteristics of the rivers (Buck et al. 2007).  The 
distribution of dissolved iron was primarily a function of the ligand chemistry in both plumes 
regardless of the amount of leachable dissolved iron released from the suspended particles (Buck 
et al. 2007).  
 
Bruland et al. (2001) compared dissolved and particulate iron concentrations along the California 
coast in areas where the shelf is wide and where the shelf is narrow.  Where the shelf is wide, the 
concentrations of dissolved and particulate iron were high (> 10 nmol) and primary production 
was prolific.  In areas where the shelf was narrow, the concentrations of dissolved and particulate 
iron are low (< 1 nmol) and primary productivity is limited.  The riverine supply of less labile, 
particulate iron that is deposited on the shelf may become an indirect riverine supply of more 
labile, dissolved iron through remineralization processes occurring on the coastal shelf followed 
by upwelling of these waters to the surface (Buck et al. 2007; Elrod et al. 2004).  Therefore the 
water column profiles for production of iron and subsequently phytoplankton are primarily a 
function of particulate resuspension at the sediment-water interface over the shelf.  Elevated 
particulate iron concentrations in surface waters result from the resuspended sediments in the 
BBL of the shallow shelf being transported to the surface during upwelling.  The supply of 
resuspended sediment is only part of the equation, as the iron must also be in a labile form 
available for uptake by phytoplankton.  

3.4 SUMMARY AND DATA GAPS 
Over the last several centuries the release of CO2 from industrial and agricultural activities has 
steadily increased the CO2 concentrations in the atmosphere.  The unique chemistry of the ocean 
(carbonate buffering system) allows it to absorb billions of tons of carbon as CO2 from the 
atmosphere.  Through this buffering cycle, the pH of the ocean was previously thought to be 
relatively uniform globally.  The pace of current literature findings on this topic is rapid, but only 
Feely et al. (2008) have published evidence of the upwelling of oceanic water with a lower pH 
than global averages.  In the coming decades, this phenomenon, called “ocean acidification,” 
could affect some of the most fundamental biological and geochemical processes of the sea and 
seriously alter the fundamental structure of pelagic and benthic ecosystems.  Further research is 
needed on the relationship between changes in atmospheric chemistry, oceanic pH levels, coastal 
upwelling, and biogeochemical processes within the Northern Study Area.  
 
There is a need to better understand the relationship between coastal organic matter cycles, 
development of hypoxia, and large-scale climate drivers (Pacific Decadal Oscillation (PDO) and 
El Niño Southern Oscillation (ENSO)) within the Northern Study Area.  Huyer et al. (2007) 
demonstrated the link between the subarctic invasion and water column chemistry off the coast 
of Oregon.  Chavez et al. (2002) summarized the physical, chemical, and biological perturbations 
in central California waters associated with the strong 1997–1998 ENSO and concluded that the 
strength and direction of the ecosystem’s response appeared to be related to the longer term 
background climatic state of the Pacific Ocean.  The ecological effects during this ENSO were 
weaker than those documented during the 1982–1983 and 1992–1993 ENSOs, which Chavez et 
al. (2002) linked to a shift in the sign of the Pacific Decadal Oscillation during the ENSO.  Data 
gathering is also needed to determine the response of marine micro-organisms to the riverine 



Chapter 3:  Northern Resources—Chemical Oceanography and Geochemistry 

144 

nutrient and carbon supplies on a broader timescale to determine the influence that ENSO/La 
Niña cycles and other atmospheric fluctuations might have on winter precipitation, productivity, 
and ultimately, the riverine inputs and ecosystem response.  
 
The relationship between ocean climate change, upwelling-driven hypoxia, and ecological 
perturbations is critical.  Grantham et al. (2004) reported the unprecedented development of 
severe inner-shelf (less than70 m) hypoxia during an anomalously strong flow of subarctic water 
into the California Current System.  The resultant mass fish and invertebrate kills highlight the 
need to further understand these linkages.  In addition, information is needed on the role that iron 
sources from shelf sediment have on fueling primary productivity, which further perturbs 
existing low-dissolved-oxygen conditions off the coast.  The impacts of alterations in 
sedimentary transport from the shelf into the estuary resulting from energy consumption from the 
system, stratification and dissolved oxygen distributions, and sources/sinks of micronutrients 
such as iron (from alternative energy structures), are critical knowledge gaps for the Northern 
Study Area.  
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4. PHYTOPLANKTON, ZOOPLANKTON, AND PELAGIC 
INVERTEBRATES 

4.1 SPECIES COMPOSITION 
Phytoplankton and zooplankton communities in the Northern Study Area are made up of a rich 
variety of species and genera that varies seasonally, interannually, and under certain 
meteorological conditions.  Scientists rarely classify and count individual species of 
phytoplankton (plants), but do commonly enumerate zooplankton (animals) in the area to species 
and developmental stage; a large number of studies assess plankton species such as those that are 
targeted at potentially harmful or invasive species, species of interest as a food source for 
endangered fish, or examination of species changes under unusual oceanographic conditions 
(Keister and Peterson 2003; Mackas et al. 2007).  With the advent of molecular techniques, bulk 
analysis of an array of photosynthetic pigments, and energetics modeling of the lower trophic 
levels of the marine food chain, assessments of species composition are being used infrequently 
as an analysis tool.   

4.1.1 Phytoplankton Species Composition 
Phytoplankton are categorized as those cells that contain chlorophyll for photosynthetic 
harvesting of sunlight; the line between phytoplankton, small microzooplankton and marine 
bacteria is often not clear; if cells contain chlorophyll they are generally considered to be plants, 
those without plant pigments are considered to be animals.  Phytoplankton populations in the 
Northern Study Area are dominated by diatoms throughout most of the year, with periodic 
blooms of dinoflagellates and smaller green flagellates.  Diatoms are single-celled photosynthetic 
organisms that form a silica shell around the cell.  Each individual cell makes up an organism; 
however, many diatoms join together in long chains, although there is no communication or 
dependence among cells.  Diatoms have no mechanisms for motility, slowing sinking through 
the water column, staying in the sunlit layers for photosynthesis due to turbulence in the upper 
layers.  The most common diatom species in the Northern Study Area include chain-formers 
such as Chaetoceros spp., Skeletonema spp., and Thalassiosira spp., as well as solitary species 
such as Coscinodiscus spp.  
 
Dinoflagellates are single celled plants that form a cellulose shell around each cell; each cell has 
two flagellae that are used in a whipping motion to locomote, allowing the cells to remain in the 
sunlit layer even when the water column is not turbulent.  Several species of dinoflagellates 
including Ceratium sp. can reach dense blooms nearshore.  Certain dinoflagellates release 
biotoxins into the water, creating a potentially hazardous situation for warm-blooded birds and 
mammals, including humans.  These releases of biotoxins from actively blooming phytoplankton 
are commonly known as Harmful Algal Blooms (HABs).  Like most phytoplankton blooms in 
the Northern Study Area, the HAB organism Alexandrium catenella occurs nearshore.  However, 
episodic blooms of another HAB organism Pseudo-niztschia sp., that were first seen in the early 
1990s, originate offshore and are transported to the coast by wind and waves (Trainer et al. 
2002).   
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Green flagellates and marine bacteria are small cells with soft cell walls.  Marine bacteria are not 
motile and must be associated with particles or hard surfaces in the ocean.  Both green flagellates 
and marine bacteria are often found in extremely high numbers during spring blooms and are 
present throughout the water column year round.  

4.1.2 Zooplankton Species Composition 
Zooplankton populations are composed of macrozooplankton and microzooplankton, and are 
often defined by an arbitrary size division (< 200 µm in diameter are microzooplankton; larger 
than this size are macrozaooplankton).  The zooplankton consists of holoplankton, or those 
organisms that spend their lives in the plankton, and meroplankton, those that spend a portion 
(most commonly larval stages) in the plankton, settling as late stage juveniles or adults on the 
ocean bottom or on shorelines and beaches.  Many planktonic larvae fall into the 
macrozooplankton category while others are microzooplankton.   
 
The macrozooplankton in the Northern Study Area is dominated by crustaceans, including many 
species of copepods, amphipods, euphausiids and decapods, as well as chaetognaths, molluskan 
and polychaete larvae, and many types of gelatinous organisms such as pelagic cnidarians (jelly 
fish) and ctenophores (comb jellies).  The most commonly occurring copepods that make up the 
largest part of the macrozooplankton vary seasonally with a dominance of subarctic species such 
as Pseudocalanus mimus, Calanus marshallae, Centropages abdominalis, Acartia longiremis, 
and Acartia hudsonica during the summer, and warmer water species more common in winter 
including Mesocalanus tenuicornis, Paracalanus parvus, Ctenocalanus vanus, Clausocalanus 
spp., Acartia tonsa and Corycaeus anglicus (Keister and Peterson 2003).  The Global Oceans 
Ecosystems Dynamics program (GLOBEC) sampled the shelf and offshore areas of Oregon and 
Northern California.  The primary purpose of GLOBEC was to examine signals in the ocean due 
to climate change that might impact the food chain, with an emphasis on salmon.  The program 
collected samples of zooplankton, krill, larval fish and pelagic fish (including juvenile salmon) 
along a few selected transects, from 1997-2004.  Among other results, GLOBEC analyses 
showed changes in zooplankton species diversity and biomass from 1996 to 2004 (Figure 4.1) 
(GLOBEC 2009; Hooff and Peterson 2006) that were related to the sign of the Pacific Decadal 
Oscillation.  
 
The microzooplankton includes larval stages of many macrozooplankton and benthic organisms, 
as well as heterotrophic protozoan ciliates.  Increasingly, researchers are discovering that ciliates 
are far more numerous than previously thought, largely because they were destroyed in water 
samples preserved with formalin.  The use of more gentle preservatives has shown they are very 
abundant.  Moreover, experimental work has now revealed that not only are these organisms  
heterotrophic, but they may be responsible for a major portion of phytoplankton grazing, 
particularly in estuarine and nearshore areas (Sherr and Sherr 2007).  
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Figure 4.1. Monthly climatogy (based on 1996–2004 time period) of biomass (dashed line) and 
species richness (mean 6SE).   

The number of observations per month is indicated at the base of each bar.   
From Hooff and Peterson 2006. 

 

4.2 STANDING STOCK OF ZOOPLANKTON 
Standing stocks of zooplankton in the Northern Study Area vary greatly and are not readily 
estimated on an aerial basis by satellites, thus there are no comparable remote sensing estimates 
of zooplankton similar to those of phytoplankton.  Calanoid copepods make up the largest 
fraction of the coastal zooplankton, with mean abundances as high as 50,000 organisms per m2 

nearshore in summer, to an abundance of less than 100 organisms per m2 offshore in summer and 
winter (Landry and Lorenzen 1989). 
 
Although estimates of zooplankton biomass in the California current off southern and central 
California have shown a considerable decrease over the past six decades  (Roemmich and 
McGowan 1995), there is no evidence for a decline in the northern reaches of the California 
Current.  Sampling has been carried out off Newport Oregon (45N latitude) from 1969-1973, 
1977-1978, 1983, 1990-1992 and from 1996 to present and there is no evidence for a change in 
biomass over this time period (Peterson and Keister 2003); however there has been an increase in 
copepod species richness (Peterson 2009) that is possibly related to a global warming signal.   

4.3 GROWTH AND PRODUCTIVITY 

4.3.1 Phytoplankton Growth and Productivity 
Phytoplankton growth and productivity in the Northern Study Area is largely controlled by the 
stability of the water column, and exhibits strong seasonality.  In winter, the lack of solar 
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heating, exacerbated by winter storms, leads to mixing of the upper 50 to 100 m of the water 
column (Perry et al. 1989).  Most phytoplankton are mixed below the critical depth (the depth 
below which net photosynthesis cannot occur) and standing stocks are typically low.  As solar 
radiation strengthens in the spring, the water column stabilizes and phytoplankton bloom in 
response to increased sunlight.  Abundant nutrients are available for growth in spring allowing 
substantial growth of phytoplankton.  Primary productivity typically remains high during the 
summer as coastal upwelling bring nutrient-rich bottom water to the surface, resupplying surface 
waters depletion by growing algae.  Algal blooms are typically carried offshore by upwelled 
water.  As fall approaches, phytoplankton productivity drops in response to decreased light; lack 
of nutrients may also end blooms as seasonal upwelling weakens.  Nearshore phytoplankton 
populations living in proximity to coastal rivers may bloom earlier than those further offshore as 
the decreased salinity of the surface waters stabilizes the water column.  The Columbia River 
plume creates a unique environment for plankton growth in the Northern Study Area, spreading 
nutrients and phytoplankton and micro-organism cells broadly across the shelf (Perry et al. 
1989).  The River Influences on Shelf Ecosystems (RISE) program was an interdisciplinary 
study of the Columbia River plume effects on phytoplankton standing stocks, growth and grazing 
rates, and community structure (see synthesis by Hickey et al. 2010).  Experiments did not show 
any inherent difference in phytoplankton net growth or chlorophyll size fractions between the 
Oregon and Washington coasts, and no evidence for distinction between phytoplankton 
communities within or outside of the Columbia River plume (Kudela and Peterson, 2009).  The 
influence of the Columbia River plume does show in higher primary productivity and growth in 
new plume water (Hickey et al. 2010). 
 
Investigations of the mechanisms that create patterns of phytoplankton growth and retention on 
the continental shelf, as well as modeling efforts to explain their relationship to meteorological 
forcing, movement of water masses and nutrient dynamics, have been undertaken by a variety of 
research programs over time, notably the Wind Events and Shelf Transport (WEST) program, 
funded by the US National Science Foundation (WEST 2010) and other investigators (Botsford 
et al. 2006) and the Coastal Ocean Advances in Shelf Transport (COAST) Program, funded by 
the US National Science Foundation (Barth and Wheeler 2005).   
 
Phytoplankton biomass productivity is typically estimated over large areas over time by 
measuring ocean color by satellite, with ground truthing of data from marine buoys and 
shipboard experiments.  Large numbers of ocean color images from the NASA satellite-mounted 
SeaWIFS sensor for the Northern Study Area are archived by GLOBEC and can be viewed on 
the GLOBEC website (GLOBEC 2010).  Patterns of phytoplankton growth and productivity vary 
by season, by sea state, atmospheric disturbance, and by river output.  A composite SeaWIFS 
scan from spring 2000 for the Northern Study Area is shown in Figure 4.2. 
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Figure 4.2. Eight day composite of SeaWIFS images, from spring 2000, showing false color 
surface chlorophyll concentrations.   

Image courtesy of Dr. Andrew Thomas of the University of Maine, School of Marine Sciences.   
 
Typical productivity numbers for phytoplankton in the Northern Study Area range from less than 
500 mgC/m2/d in winter across the shelf, to greater than 3000 mgC/m2/d during spring and early 
summer in the midshelf region (Perry et al. 1989) (Figure 4.3).   
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Figure 4.3. Development of surface chlorophyll α features and seasonal depth structure of 

chlorophyll in waters overlying the shelf regions of Washington and Oregon.   

Contours are based on composite measurements made during 1950-1984 from 
cross shelf transect areas (Copalis Head, WA and Yaquina Head, OR).  Data 
were averaged for months and 5-km distances from shore prior to continuing. 

From Landry et al. 1989.   
 

4.3.2 Zooplankton Growth and Productivity 
Patterns of zooplankton growth and productivity in the Northern Study Area closely mirror those 
of the indigenous phytoplankton populations.  Adult stages of the most common pelagic 
zooplankton, including several species of calanoid copepods such as Neocalanus spp and 
Calanus marshallae overwinter at depth, emerging as the sunlight increases in the spring.  The 
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growing Spartina meadows prevent migrating birds from landing and feeding on the productive 
mudflats, further stressing many species.  Attempts to eradicate Spartina with mechanical and 
chemical means have not brought the invader under control (Civille et al. 2005). 
 
Saltwater lagoons formed by wave-induced sediment drift occur sporadically along the coastline 
and in the larger estuaries.  These lagoons are impermanent, occasionally overtopped by winter 
storms, opening the trapped water and biota to the estuary or open coastline.  Many of the 
estuaries in the study area have been severely modified by human activities, including hardening 
of the shorelines, modification of nearshore habitat, and disposal of contaminants.  These 
modifications tend to change the extent and patterns of macrophyte distribution in nearshore 
areas.  Elimination of coastal wetlands has reduced the extent of marsh grass acreage in all the 
developed estuaries and bays (Packham and Willis 1997); the habitats of the outer coast are less 
impacted than the coastal wetlands and estuaries (Thom and Hallum 1990).  

5.2.2 Rocky Intertidal 
Rocky intertidal habitat provides excellent purchase for macroalgae that have developed 
holdfasts, including a variety of red, brown, and green algae, most notably several species of 
Fucus and Sargassum.  Floating green algae, including Ulva spp. and Enteromorpha spp., may 
also be found in close proximity to rocky habitats.  Macroalgae biomass in rocky areas may build 
up over the growing season, reaching deep piles and layers of vegetation in areas where wave 
energy is limited (Mondragon and Mondragon 2003).  In the Northern Study Area, the more 
exposed coastlines tend to have less macrophyte biomass, as physical forces tend to break fronds 
and inhibit secure holdfasts (Blanchette et al. 2008).  Seaweed fronds are often broken by waves 
and wind action, creating floating mats; most of these broken fronds do not grow but may float 
for a period of time before sinking.  Large buildups of macroalgae may cause shading of 
underlying layers, facilitating decay and decomposition of the under layers.  The species mix of 
macrophytes differs little throughout the Northern Study Area, although individual bays, 
estuaries and coastlines may sport a mix of algal species that differs from the mix in areas with 
differing conditions of wind, weather, and extent of rocky substrate; biomass levels may also 
differ markedly among bays (Blanchette et al. 2008).  

5.2.3 Subtidal Kelp Forests 
Kelp forests are present in the subtidal areas throughout the Northern Study Area, although the 
beds tend to be episodic and noncontinuous in spatial extent (Mumford 2007).  Portions of 
shorelines may have intermittent rocks and other solid substrate subtidally, allowing kelp forests 
to grow in noncontinuous lines.  It has been noted in many locations in the Northern Study Area 
that kelp beds may be present along certain shorelines one year, and disappear in subsequent 
years (Mumford 2007).  The causal mechanisms for these changes are unclear; however, weather 
conditions, terrestrial contamination, and climate change have been postulated as forcing factors 
(Thom and Hallum 1990).  
 
Kelp forests in the Northern Study Area are annual; the plants die back in fall as light levels 
drop, then regrow from holdfasts the following spring.  There are many species of kelp in the 
Northern Study Area; the dominant species include Laminaria saccharina, Macrocystis 
integrifolia, and Nereocystis luetkeana.  Kelp is a macroalgae that grows in water typically 6 to 
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30 feet deep and is tethered to hard surfaces by a holdfast.  A thick rope-like stalk extends 
toward the surface from the holdfast.  Broad leaves grow annually on the stalks and are arrayed 
in the surface and near-surface water.  Kelp forests form important habitat for a wide variety of 
species, sheltering and providing food for juvenile fish and other organisms within the canopy.  
Loss of kelp beds can profoundly affect recruitment and survival of fish and invertebrate species 
in nearby waters and shorelines.  

5.2.4 Floating Macroalgae 
Several species of macroalge are not attached to substrate but propagate in open water, drifting 
with water masses.  In the Northern Study Area, the dominant species include Ulva sp. and 
Ulvaria obscura.  Floating macroalgae form mats, up to a meter thick, creating important habitat 
for many planktonic organisms, as well as important shelter for juvenile fish and other nektonic 
species.  These floating algal mats are episodic and unpredictable, although a few areas are 
known to accumulate the algae, probably due to nearshore circulation patterns (Shaffer et al. 
2008). 

5.3 MACROPHYTE PRODUCTIVITY 
Seaweeds are some of the most productive plants on Earth and can grow exceptionally fast under 
optimum conditions of light and nutrients.  Eelgrass and marsh grasses grow more slowly (Thom 
et al. 2003) but can accumulate large biomass over the growing season as they are less 
susceptible to being torn loose by wind and waves.  Net productivity of eelgrass along the Pacific 
Coast ranges from 300-375 gC/m2 (Thom 1990).  Typical production rates for nearshore 
macrophytes in the Northern Study Area are about 9,000 metic tons per hectare (Thom 1990).  
Peak rates of eelgrass photosynthesis occur in late summer, but productivity is greatest in spring 
as summer temperatures tend to inhibit growth (Dennison 1987).  

5.4 COMMERCIALLY AND RECREATIONALLY IMPORTANT SPECIES 
Kelp and some rockweed species are harvested for food and food products including agars and 
other proteins.  Although there is currently little utilization of macroalgae for commercial 
purposes in the Northern Study Area, several species of indigenous seaweeds are exploited for 
food, fiber, and specialty carbohydrates in other countries, most notably China, Korea, and Japan 
(Druehl 2001).  The sea palm (Postelsia palmaeformis), a form of kelp, is harvested for 
recreational purposes in limited areas of the Northern Study Area, and is protected in the State of 
California (Miller 2003).  There is little other recreational use of macrophytes directly in the 
area; however, the habitat provided by marsh grasses and seagrasses is essential as a nursery 
ground, as a refuge, and often as a source of food for juvenile and adult forms of many marine 
species including Dungeness crab.  The fringing marshes are also important habitat for migrating 
waterfowl and seabirds along the Pacific Flyway (Warnock and Takekawa 2004).  

5.5 SUMMARY AND DATA GAPS 
Macrophytes include seaweeds as well as rooted plants like seagrasses and marsh plants.  
Macrophytes grow in the nearshore region of the Northern Study Area.  Interannual variation in 
productivity and aerial extent can vary due to weather conditions.  Better aerial maps of the 
presence of macrophytes in the Northern Study Area would allow a better assessment of areas at 
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risk from human disturbance.  A better understanding of the role of invasive algae, seagrasses, 
and marsh grasses is needed as climate change continues to put additional pressure on 
macrophyte communities and the habitats they create.  
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6. BENTHOS 
Extensive research and monitoring of benthic habitats and assemblages were conducted in the 
coastal region of the Northern Study Area during the 1960s and 1970s.  The description and 
review prepared in 1977 for the Bureau of Land Management provided details of habitats, 
benthic assemblages, and their interactions with other organisms (Oceanographic Institute of 
Washington and Human Resources Planning 1977) for the Washington and Oregon coasts, with 
emphasis on Northern California.  Some nearshore habitats have been altered since the late 
1970s and some benthic assemblages have changed due to exploitation, climate change, and 
other factors.  In general, however, the habitats and benthic assemblages, particularly those at 
depth, have changed very little.  This chapter will focus on the portions of the Northern Study 
Area not well covered by the 1977 report, as well as changes in habitats, benthic assemblages, 
and studies that have examined the benthic communities from a new perspective.  

6.1 BENTHIC HABITATS AND ASSEMBLAGES 
Benthic organisms, those animals and plants that live in proximity to the bottom, are generally 
sessile (attached by a base) or slow moving and tend to be associated with a single habitat type 
throughout their adult lives.  Unlike plankton that must be light and mobile, benthic organisms 
can grow much larger and take on extraordinary body shapes and sizes.  Benthic habitats are 
formed by physical and chemical oceanographic forces, proximity to land, and occasionally by 
the presence of other organisms, such as oyster reefs and coral outcroppings.  
 
Benthic habitats are generally divided into soft-bottom (mud, silt, sand) and hard-bottom 
(bedrock, boulders, large cobble, coral) types.  Soft-bottom habitats are characterized by 
sediment grain size, organic content, and porosity.  Habitats are further characterized by the 
depth of water, starting with the intertidal, through the shallow subtidal, and seaward to the 
continental shelf and deep sea.  Benthic habitats are also affected by the latitude and prevailing 
wind and weather, with the more changeable habitats in intertidal and shallow-water areas where 
they are affected by air temperature, waves, and wind.  Deep-sea habitats are much more stable.  
 
A group of benthic plants and animals that live together in a habitat make up a benthic 
assemblage.  The mix of plants and animals in a particular assemblage can often be found in 
similar habitats in other regions.  Alterations in habitats generally stress the associated benthic 
assemblage, often creating changes in the mix of organisms and/or the loss of benthic biomass 
(Kennedy and Jacoby 1999).  
 
Benthic organisms live a wide variety of lifestyles, often altering their body types to fit the 
habitat and food supply.  Benthic organisms living in high-energy regimes, such as the intertidal 
or surf zone, adapt so they can cling to hard substrates.  Those in soft-bottom environments may 
live loosely on the surface, moving slowly to capture food, or may burrow into the sediment and 
wait for food to float by in the overlying water.  
 
Biologists classify benthic organisms by their lifestyle.  Epifauna live on top of substrate and 
include intertidal organisms such as mollusks clamped onto rocks or slow-moving organisms 
such as sea cucumbers living in deeper water on top of sandy or silty substrates.  Infauna live 
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burrowed into the sediment, sometimes in tubes or burrows of their own construction and 
sometimes living freely among the sand grains.  Infauna are further subdivided by size classes, 
although definitions of these size classes may vary.  The microfauna, meiofauna, macrofauna, 
and megafauna represent increasingly large size classes of organisms and typically form the 
focal points of most benthic community studies.  Microfauna are micro-organisms such as 
marine bacteria; meiofauna are animals, such as harpacticoid copepods and nematode worms, 
that pass through a 0.3-mm-mesh sieve but are retained on a 0.063-mm-mesh sieve.  
Macrofauna, such as amphipods and polychaete worms, pass through a 1.0-mm-mesh sieve but 
are retained on a 0.3-mm-mesh sieve.  Megafauna, such as large crustaceans and echinoderms, 
are larger than 1 cm (Gage 2001).  These size differentiations are useful in describing the 
assemblages of benthic organisms living in a habitat.  The smaller the sediment grain size, the 
smaller the organisms living among the grains are likely to be. 
 
Benthic organisms generally have planktonic larvae that allow them to spread their offspring 
across habitats and to new areas.  Once benthic larvae metamorphose and settle down, most do 
not move far.  Many species, such as barnacles, cement their bodies to rocks or other hard 
substrates, while others, such as polychaete worms, may move about in tubes or burrows, 
abandoning their homes to build new ones within a few centimeters.  A few benthic species 
move slowly about the bottom in search of food, including nudibranchs, sea cucumbers, and 
crab.  Some benthic species are fully motile, moving rapidly across the bottom.  Motile benthos 
are generally larger than their slow-moving or sessile brethren, often less fearful of predation 
because they are armored (such as crabs) or unappealing as prey (such as sea cucumbers).  
 
A wide variety of benthic habitats and assemblages occur in the Northern Study Area.  Intertidal 
benthic habitats include mud and sand flats, open sandy beaches, and rocky shorelines.  Subtidal 
habitats consist of rocky subtidal areas including rocky reefs, sand, and mud bottoms.  Benthic 
habitats deeper than 200 m are shaped by unique physical, chemical, and biological properties.  
Increased pressure, decreased temperature, and lack of light create radically different species 
assemblages than those in the shallow benthos.  

6.1.1 Shallow Intertidal and Subtidal Habitats and Benthic Assemblages 
Intertidal habitats and shallow subtidal habitats (generally areas of water depths less than ~30 m) 
may support macroalgae and other plant forms, unless physical scouring prevents plants from 
taking hold.  These vegetated habitats generally support much larger biomasses of benthic 
animals than those in deeper habitats (Garrison 1999).  Tremendous diversity in habitats and 
biota exists within this range, with each area supporting a different assemblage of benthic 
organisms.  

6.1.1.1 Rocky Intertidal 
Benthic organisms that live in the rocky intertidal must be able to withstand desiccation between 
high tides, strong forces of waves, storm surges, and spring tide, as well as predation by marine 
and terrestrial organisms.  Benthic intertidal organisms are generally sessile.  Strategies for 
maintaining their positions include: strongly attached to rocks for their entire life, like barnacles; 
attached in a less-permanent manner like mussels attached by byssal threads; able to retreat to 
small crevices or holes like limpets; or clamped down on rocks with considerable force like 
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chitons.  Benthos in the rocky intertidal vie for space, as space equates to food availability.  
Many sessile intertidal organisms engage in chemical warfare, exuding deleterious chemicals 
that keep other species from encroaching into their territory (Minchinton and Seiberling 1993). 
 
Rocky intertidal communities on the open coast of the Northern Study Area are characterized by 
distinct biotic zones (Menge 2000).  Rocky subtidal habitats support tunicates, sponges, coralline 
algae, sea urchins, and other flora and fauna that prefer hard substrates.  The low intertidal zone 
is characterized by a variety of algal species, including a filamentous red alga (Endocladia) and 
at least two brown algal taxa (Hedophyllum and Lessoniopsis) (Paine 1974).  The middle 
intertidal zone is dominated by a mussel (Mytilus) and the high intertidal zone is comprised of 
fucoid algae and barnacles (Menge 2000).  
 
This zonation pattern results from a combination of physical and biological factors.  Generally, 
the upper limit of the mussel zone is set by the level of desiccation that mussels can tolerate 
during exposure to air, although high temperatures also affect their distribution (Petes et al. 
2008) as do occasional catastrophic freezes (Denny and Paine 1998).  The lower limit of the zone 
is determined by the upper limit of the sea star Pisaster, a key mussel predator that does not enter 
the middle intertidal zone (Paine 1974).  Intertidal zonation limits appear to fluctuate on a long-
term cycle related to variations in lunar inclination that affect the degree of tidal exposure 
(Denny and Paine 1998). 
 
This general zonation pattern changes geographically along the coast of the Northern Study 
Area.  Connolly and Roughgarden (1998) compared intertidal communities in Oregon and 
Northern to Central California and found that mussels and barnacles (Balanus) had greater cover 
in Oregon where algal cover was lower.  The difference may be related to the differential 
availability of larvae to colonize habitats in regions of strong offshore currents (California) 
versus weak offshore currents (Oregon).  When mussels do not recruit well in Northern 
California, less competitive species of algae can colonize.  Schoch et al. (2006), using a spatially 
nested sampling design from San Diego, California to the Strait of Juan de Fuca, found that 
biotic diversity in the low intertidal zone decreases from north to south at relatively small scales 
(transect or site), but the trend is less clear at a larger scale (area) or may be reversed at a very 
large scale (hundreds of kilometers).  Middle and high intertidal zonation showed little latitudinal 
variation in diversity.  
 
Schoch et al. (2006) concluded that wave runup is the single most important physical factor 
explaining local differences in rocky intertidal community structure.  Wave runup is the distance 
that water from breaking waves travels across the intertidal zone beyond normal still-water tidal 
levels.  Runup brings water into areas that would otherwise be dry, providing food for animals 
and reducing the threat of desiccation.  This inundation results in a greater vertical zonation 
extent for many animals, beyond what would occur at still-water levels.  Runup generally 
decreased from north to south in the Northern Study Area and depends on several factors, 
including wave height and shoreline features.  Waves play another important role, battering the 
mussel zone with logs and other debris and creating new spaces that can be colonized by biota 
that mussels would otherwise outcompete.  
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6.1.1.2 Sandy Beaches 
The open coastal areas of the Northern Study Area include many sand beaches that provide 
difficult environmental conditions for the resident biota.  Sand beaches are constantly changing 
as winter storms remove sand, which is redeposited during quiet summer periods, and are found 
throughout the Northern Study Area wherever rocky headlands and river mouths are not 
predominant (Ricketts et al. 1985).  Beaches typically house fewer species and smaller 
populations than open-coast rocky shores.  Most animals adapt to dynamic beach conditions by 
burrowing into the sand.  
 
Fauna include relatively short-lived mobile crustaceans, such as mole crabs and amphipods, and 
long-lived, deeper-burrowing mollusks, such as razor and Pismo clams (Ricketts et al. 1985).  
Populations of the shorter-lived animals can vary substantially from year to year.  The mobile 
benthos, such as crabs and other crustaceans, are more likely to be swept away during adverse 
conditions.  Their biomass decreases significantly in winter.  Benthos that can burrow deeper 
into the sand are less susceptible to winter wind and wave conditions; however, these organisms 
decrease their growth rates in winter as they retreat into the sand and food becomes scarce as 
plankton becomes less productive (Jumars and Banse 1989).  Long-lived clam populations are 
more susceptible to human-caused impacts than natural forces.  The Northern Study Area 
supports large populations of clams on sand beaches, including species of recreational and 
commercial importance.  

6.1.1.3 Rocky Subtidal 
Rocky subtidal habitats in the Northern Study Area are not continuous, but occur in areas of 
bedrock outcroppings, seamounts, offshore islands, fragments of mid-ocean ridge, and rocky 
areas abandoned by rivers when sea levels were much lower (Garrison 1999).  Rocky subtidal 
substrates at depths below about 15 to 20 m are characterized primarily by plants, such as 
coralline and red algae, that are able to tolerate reduced light levels (Dethier 1990).  Benthic 
communities at these depths include sessile invertebrates, such as anemones, scallops, and 
barnacles.  Gradually plant occurrence diminishes and the communities are dominated by 
bryozoans, solitary anemones (Metridium), and brachiopods (Dethier 1990).  Motile 
invertebrates at these depths primarily include sea urchins (Strongylocentrotus). 
 
Giant kelp (Macrocystis pyrifera) is the largest benthic organism known (Graham et al. 2007) 
and the predominant organism in shallower rocky subtidal areas within the Northern Study Area.  
Giant kelp ranges from Baja California to Alaska on the West Coast of North America but also 
occurs in South America, Australia, and South Africa (Abbott and Hollenberg 1976; Graham et 
al. 2007).  Bull kelp (Nereocystis luetkeana), which ranges from Alaska to San Luis Obispo, 
California (Abbott and Hollenberg 1976), provides similar functions in certain areas within the 
Northern Study Area.  Kelp forests grow to depths of 10 to 20 meters, with their holdfasts 
cemented onto rocks, while their stalks and fronds grow upward into the upper photic zone.  
Giant kelp canopies reduce the amount of light that reaches benthic substrates, inhibiting the 
development of understory algal communities and indirectly enhancing the occurrence of sessile 
invertebrates (Arkema et al. 2009).  The understory of kelp forests provides additional structure 
to the rocky subtidal habitat, allowing concentrations of organisms not present in nearby rocky 
areas (Druehl 2001).  In particular, sea urchins (Strongylocentrotus spp.) congregate around kelp 
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holdfasts and stalks for shelter and food.  Sea urchins are effective grazers of kelp and will attract 
sea otters if the animals are present in the area.  The kelp canopy provides a different habitat for 
pelagic organisms, including many species of larval fish.  Chapter 7.7 offers further detail on 
kelp forests. 
 
Kelp sporophytes provide energy and create habitat structure that forms the basis of a highly 
productive ecosystem.  Giant kelp plants modify their habitat by stabilizing rock or cobble 
substrates, changing sediment transport processes, extracting nutrients from the water, and 
reducing water motion (Graham et al. 2007).  Kelp plants attach to the bottom with complex 
holdfasts that provide suitable habitat for many macrofaunal invertebrates and small fish.  These 
plants also contribute directly to subtidal food webs primarily via detrital pathways.  Storms and 
other disturbances shred tissue from the plants that are then captured by sea urchins 
(Strongylocentrotus purpuratus or S. franciscanus) or abalones (Haliotis spp.).  Smaller 
invertebrates, including grazers and filter feeders, can consume very tiny pieces of kelp.  Kelp 
are subject to impacts from human activities, particularly changes in nutrient loads and increases 
in temperature (Graham et al. 2007).  

6.1.1.4 Sandy and Other Soft-Bottom Subtidal 
The sediment particles that make up soft-bottom habitats range from clay to fine muds to silt and 
coarse sands.  The habitat at any subtidal location is related to the energy of the overlying water.  
Most subtidal soft-bottom habitats are mud and silt; sandy soft bottoms are fairly rare in the 
Northern Study Area.  Mud and silt subtidal habitats support benthic assemblages dominated by 
infaunal polychaetes, clams, and burrowing crustaceans along with some large epifauna such as 
sea cucumbers.  Sandy subtidal benthic assemblages include a variety of infaunal and epifaunal 
mollusks, sea pens, sea whips, crabs, shrimp, and sea cucumbers.  
 
Several physical factors are often thought to control benthic community structure.  A thorough 
review of many benthic community studies by Snelgrove and Butman (1994), however, showed 
that the relationship between physical factors and benthic communities is correlative, not causal.  
The sediment grain-size distribution is most often cited as the determining factor in the 
distribution of infaunal organisms.  Sediment data are correlated with infaunal community 
parameters to try to establish relationships between them.  Snelgrove and Butman (1994) found 
little evidence supporting the idea that sediment grain size alone was a causative factor in 
determining species distributions.  One explanation is that the method used to determine grain 
size dissociates the fabric of the sediment such that the sample probably resembles that 
encountered by infaunal animals.  The organic content of the sediment is more likely to 
contribute patterns of animal distributions than grain size because of its potential role as a food 
source for deposit-feeding organisms (Snelgrove and Butman 1994); it also may be indicative of 
habitat that is potentially stressed (Hyland et al. 2005). 
 
Crustaceans, such as Dungeness and red rock crab, live on coarse sandy sediment offshore along 
most of the Northern Study Area (Iribarne et al. 1995).  These species breed off the coast, 
distributing their planktonic larvae by ocean current.  Young crab instars move into the estuaries 
and nearshore areas to rear, preferring habitats with structures such as oyster beds for protection, 
but also sandy subtidal habitats where no structures occur (Iribarne et al. 1995). 
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6.1.2 Deep Benthic Habitats and Assemblages 
There are no clear-cut definitions of shallow and deep water; in this document the distinction is 
made at the depth at which light no longer penetrates to the sea floor.  Because light does not 
reach the bottom, the biological environment in the deep sea differs considerably from that in 
shallow waters.  At about 1000 m, the physical environment of the deep sea becomes 
homogeneous; the region between 100 m and 200 m marks the transition between surface and 
deep waters (Carney 2001).  Soft sediments comprise most of the sea floor in the deep sea and 
most deep-sea animals are well suited to living in and on them (Carney 2001; Gage 2001)  
 
Pressure rises in this transition zone and waters become dark, low in dissolved oxygen, and 
progressively colder.  Deep-sea water temperatures range from about 10°C at 200-m depth to 
about 2°C at depths greater than 3000 m (Carney 2001).  Increased pressure inhibits many 
enzymatic reactions (Somero 1998) such that the enzyme systems of shallow-water and deep-sea 
organisms differ.  Therefore, studies of the effects of various stressors on shallow-water 
organisms, including laboratory toxicity studies, probably are not applicable to deep-sea 
organisms.  The deep sea is dark, although many deep-sea organisms can detect and are attracted 
to light (Carney 2001).  Bioluminescence may be very important to organisms at depths greater 
than 1000 m.  Activities that change the optical properties of the water, such as increased 
turbidity during pipeline placement, may affect deep-sea organisms.  The concentration of 
dissolved oxygen in the water reaches a minimum at depths that vary among the oceans (Carney 
2001).  Any anthropogenic perturbation within this oxygen minimum zone that increases 
biological oxygen demand should be minimized (Carney 2001).  
 
An important feature of the deep sea is the benthic boundary layer (BBL), which limits contact 
between the water column above and the benthic substrate below (Carney 2001).  Water flow 
gradually decreases in the BBL as distance to the surface of the benthic substrate decreases.  The 
BBL typically is thin where the bottom topography is flat and thick where the topography 
becomes complex (Kontar and Sokov 1997).  The link between the BBL and the sea floor is 
strong, forming a unified system that should be studied as a single entity Carney (2001). 
 

6.1.2.1 Rocky Substrate Assemblages 
Rocky subtidal habitats in the Northern Study Area are not continuous, but occur in areas of 
bedrock outcroppings, seamounts, offshore islands, fragments of mid-ocean ridge, and rocky 
areas abandoned by rivers when sea levels were much lower (Garrison 1999).  Some of the most 
extensive rocky subtidal habitat occurs in offshore reefs such as Orford Reef in Oregon (Miller et 
al. 2007) or within the boundaries of the National Marine Sanctuaries of Cordell Banks and the 
Gulf of the Farallones.  These deeper rocky habitats attract benthic assemblages dominated by 
anemones such as Metridium spp., mollusks including many species of gastropods, and Pacific 
octopus.  Because these habitats are generally below the photic zone, the food web is dominated 
by the rain of plankton and detritus from the overlying waters.  In areas of high productivity 
(such as the upwelling zones), there is ample food to support a thriving benthic community.  
Other structures, such as shallow (less than 200 meters depth) offshore seamounts, often have 
lower levels of imported organic matter, resulting in lower benthic biomass (Garrison 1999).  
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7.7 FISHES OF HARD SUBSTRATES AND KELP BEDS 
Hard substrate, though it accounts for just a small fraction of total habitat in the Northern Study 
Area, provides important refugia and complex habitat for rich assemblages of species.  In the 
nearshore, kelp and rocky reef habitat is extremely productive.  While offshore, fish aggregate at 
seamounts, banks, and other benthic features where hard substrate and upwelling create 
conditions in which both invertebrate and fish species thrive (Koslow et al. 2000).  Banks and 
seamounts are often targeted by commercial fisheries, and are also often the focus of 
conservation efforts.  Heceta Bank, located around 15 to 30 miles off the Oregon Coast between 
Newport and Eugene at a depth of 180 to 400 feet, is a major commercial fishing area.  Cordell 
Bank is a 4.5-to-9.5-mile-long granitic bank located 18 miles west of the Point Reyes 
Lighthouse.  Cordell Bank supports more than 246 species of fish, including 44 species of 
rockfish, and is protected by a National Marine Sanctuary (Cordell Bank National Marine 
Sanctuary 2009). 

7.7.1 Rocky Intertidal 
The rocky intertidal areas of the Northern Study Area are highly productive and rich in 
macrophytes and invertebrates.  Fish species living in these habitats, especially tide pools, must 
be capable of enduring extreme physical and chemical conditions.  Intertidal fish protect 
themselves from surge and wave action by inhabiting holes, rock crevices, or algae (Cross and 
Allen 1993).  These areas are subjected to daily fluctuations of water level, temperature, and 
salinity.  
 
In general, the rocky intertidal is not ideal habitat for many fish in the Northern Study Area.  
While there may be some smaller fish, such as gobies (Gobiidea), pricklebacks (Stichaeidae), 
gunnels (Pholididae), and sculpins (Cottidae), that may take full advantage of the location (e.g., 
Yoshiyama and Cech 1994), most commercially important species in the area are likely to be 
hard-substrate species opportunistically using the substrate as the tide floods, rather than 
residents of the habitat (McCain et al. 2005).  Many of these harvested species are juveniles or 
are associated with algae growing on the hard substrate (e.g., Figure 7.3) (McCain et al. 2005).  

7.7.2 Rocky Reefs and Kelp Beds 
Rocky reefs are productive areas for fish biomass in the Northern Study Area, a fact that is 
reflected in their often being designated as HAPC throughout the region.  Most of the 
commercially important species are associated with these structures during multiple life stages 
(e.g., Figure 7.4; McCain et al. 2005).  Rockfish in particular are known for their association 
with hard substrate, and the lack of hard substrate can be a demographic bottleneck for many 
populations.  Rocky reefs and kelp beds provide physical structure for refuge or cover for 
predators and usually offer abundant food resources (invertebrates as well as harvested and 
unharvested fish).  It is also common for a small amount of hard substrate to change the 
community present in otherwise soft-bottomed habitats (Levin 1993).  
 
Macroalgal beds provide productive fish habitat in the Northern Study Area.  Many fish are 
known to associate with autotrophic communities (see Figure 7.5 and McCain et al. (2005) for 
commercial species), including canopy kelp beds like Nereocystis, as well as understory 
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macroalgal communities and seagrass meadows.  Like their rocky counterparts, these habitats 
can provide forage and refugia for many fish species and often concentrate biomass in an area.  
 
Factors that affect fish assemblage include depth, temperature, bottom type, vertical relief, and 
vegetative cover.  Climate change and temperature regime shift, such as ENSO and PDO, affect 
productivity and thus are critical factors in understanding the population dynamics of kelp forest 
assemblages (Stephens et al. 2006). 
 
Spawning and larval recruitment in kelp forests are not well understood.  Passive drift, active 
swimming of late stage larvae or early stage juveniles, or larval retention around reef habitat may 
be species-specific, and all play significant roles in the recruitment process (Stephens et al. 
2006).  
 
More than 150 species of fish can be found in and near kelp forests.  Taxa contributing the 
greatest biomass, numerical abundance, or species richness to the rock-reef and kelp-forest 
community are Acanthopterygians (spiny-finned fish), including Serranidae, Pomacentridae, 
Labridae, Kyphosidae, Embiotocidae, Scorpaenidae (especially Sebastes spp.), Hexagrammidae, 
Gobiidae, and Cottidae (Hobson 1994).  Colder-water species that dominate kelp forests north of 
Point Conception include rockfishes (Sebastes spp.), surfperches (Embiotocidae), greenlings 
(Hexagrammidae), and sculpins (Cottidae).  
 
Transient pelagic species from Clupeidae, Engraulidae, Scombridae, Carangidae, and Sciaenidae 
may play a significant role in the energetics of reef and kelp communities. 
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Figure 7.3. Species and life stages within the intertidal zone 
Source: Table scanned from McCain et al. (2005). 
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Figure 7.4. Species and life stages associated with hard and mixed hard/soft bottoms on the 
continental shelf.  

Source: Table scanned from McCain et al. (2005). 
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Figure 7.5. Species and life stages associated with rooted macrophytes, algae, and seagrasses in 
estuarine, intertidal, and continental shelf zones.   

Source: Table scanned from McCain et al. (2005).  
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7.7.3 Deep Reefs 
Ocean depths are relatively free of large-scale disturbances, allowing sediments to accumulate in 
large areas, making hard substrate relatively rare (Rex 1981).  When hard substrate is available, 
it can accumulate invertebrates like sponges that enhance the habitat complexity of the rocky 
reef.  These relatively complex deepwater reefs can attract fish populations that differ from those 
attracted to the surrounding soft-bottom substrate.  In surveys conducted on Heceta Bank 
(Oregon) from a manned submersible, researchers “identified four major habitats and associated 
benthic macro invertebrate and groundfish assemblages: (1) shallow rock ridges and large 
boulders (< 100 m deep) dominated by basket stars, juvenile rockfishes, yelloweye rockfish, and 
lingcod; (2) mid-depth small boulder-cobbles (100-150 m) dominated by crinoids, brittle stars, 
rosethorn, pygmy/Puget Sound, and canary rockfishes; (3) deep cobble (150-200 m) dominated 
by crinoids, brittle stars and various small rockfish species; and (4) deep mud slope (> 200 m) 
dominated by fragile urchins, sea cucumbers, shortspine thornyhead, and flatfishes” (Tissot et al. 
2007).  Another study (Yoklavich et al. 2000) found larger deep-sea rockfish were associated 
with high-relief structures (such as walls and caves) and smaller rockfish species were found in 
low-relief cobble, although it is unknown what part refugia from harvesting played in the size 
distributions.  These studies suggest that deepwater reefs can be productive habitats for fish 
populations not normally found on soft-bottom habitats at these depths.  

7.8 TROPHIC INTERACTIONS 
Fish in the Northern Study Area are intricately related to the food they eat and the organisms that 
consume them.  These trophic interactions define the energetic pathways of the marine food web.  
Numerical models of the Northern Study Area have been constructed to elucidate the interactions 
of the marine ecosystem by tracing the flow of energy through the food web (Preikshot 2005).  
The most common of these models are constructed using Ecopath (Pauly et al. 2000) modeling 
tools and have been used extensively to trace food relationships from lower levels of the food 
web (primary and secondary producers), to small tertiary consumers (usually small fish), through 
higher levels of the food web including top predator fish, marine mammals, and birds.  
Applications of Ecopath models can increase understanding of the impacts of harvest pressure, 
habitat loss, changes in freshwater flow, and other human activities (Pauly et al. 1998), as well as 
explain changes in the marine food web due to climate change (Watters et al. 2003).  
 
Top down threats to the marine food web resulting from increased fishing pressure coupled with 
climate change threaten fish stocks in the Northern Study Area and contribute to destabilizing the 
entire marine web through creating trophic cascade events that reverberate throughout the 
ecosystem (Casini 2008).  As fisheries agencies come increasingly under pressure to protect fish 
stocks through ecosystem-based management, the ability to understand trophic relationships has 
been used extensively to guide effective ecosystem assessments and harvest allocations (Watters 
et al. 2003).  
 
Marine animals typically prey on organisms that are readily available to them and that make 
energetic sense to chase down for food.  As fish stocks are depleted due to overharvest or 
changes in climatic conditions, predators prefer to switch prey and exploit other readily available 
stocks.  In the Northern Study Area, this alternative-prey hypothesis indicates that when forage 
fish are abundant, predatory fish like Pacific hake prey on forage fish rather than on juvenile 
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salmonids; however, as forage fish stocks decrease, exploitation pressure returns to salmon.  
Knowledge of the trophic relationships, coupled with predictive tools like numerical models can 
help explain feeding pressure on depressed salmon stocks in the Northern Study Area (Emmett 
and Sampson 2007).  

7.9 SUMMARY AND DATA GAPS 
Fish assemblages in the Northern Study Area are diverse and are affected by a wide range of 
environmental and human variables including access to marine and freshwater habitat, ocean 
circulation and upwelling, predation, and commercial and recreational fishing.  A number of fish 
stocks are listed by Federal and State authorities as threatened or endangered.  
 
State and Federal fisheries management agencies carry out annual stock assessments of some 
species to aid in setting future harvest allocations, or to monitor population levels in response to 
legally mandated needs to protect declining resources.  However, populations of the vast 
majority of fish in the Northern Study Area are never assessed.  In order to determine baselines 
of fish populations against which to measure future changes, additional broad and frequent 
monitoring for fish abundance of all species, in all habitats throughout the area, is needed, 
particularly of those species which are not exploited for commercial or recreational purposes.  As 
shown in Figures 7.3 through 7.5, the fish stocks and species of the Northern Study Area are very 
diverse; catch and abundance data are generally pooled over large areas, often at the state or 
regional level.  In order to delineate the habitat range or life history of each stock, monitoring 
data are needed that tie specific species and stocks to smaller home ranges and regions; these 
data will be needed to answer specific questions that will arise when siting infrastructure in the 
Northern Study Area.  Even less is known about the life history of all but a handful of fish 
species; data collection that delineates life history, including the location of larvae and juveniles 
seasonally, is needed for most marine and anadromous species in the region.  
 
A thorough understanding of the prey available to fish populations in the Northern Study Area is 
needed to determine the stressors that may affect fish populations.  Monitoring of prey 
populations, particularly zooplankton and ichthyoplankton, will help determine what resources 
higher trophic levels can draw upon.  Existing programs such as GLOBEC and CalCOFI could 
be expanded to focus on fish prey species throughout the Northern Study Area; current efforts 
are very limited in geographic and seasonal scope. 
 
As climate change effects become more prominent in the coastal and open ocean in coming 
decades, it will become more difficult to sort impacts on fish stocks due to new activities (such 
as renewable energy development) from those occurring due to climate change.  As a specific 
example, ocean acidification (Feely et al. 2008) is an emerging issue related to climate change 
that may have wide-ranging ecosystem effects and may lead to further shifts in climatic regimes, 
yet we understand little about the impact that lower pH levels will have on fish, their prey, or 
their habitats.  GLOBEC studies in proximity to the Northern Study Area (and limited sampling 
within the Northern Study Area) begin to address the impacts of climate change on selected fish 
species and their prey, but are very limited in geographic scope, as well as the species and size 
range of fish they sample (Peterson and Keister 2002).  Similarly efforts to understand changes 
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in pH in the ocean of the Northern Study Area are needed; expansion of current efforts by 
NOAA (Feely et al. 2008) are needed. 
 
As fisheries management shifts to an ecosystem-based approach, more data will be needed to 
understand the interactions between fish species, predators, prey, climate trends, ocean 
conditions, and human use impacts.  Key data needed include the life history, population 
dynamics, and population trends of fish species of interest and their prey over time, coupled with 
atmospheric and oceanic measurements of climate change, and effects of human activities in the 
coastal areas and at sea 
 
With salmon runs continuing to decline throughout the Northern Study Area more information 
on fish passage and turbine mortality at hydroelectric dams and barriers is needed in order to 
develop best management practices to mitigate impacts from hydroelectric projects in the study 
area’s major river systems.  With demand for electrical power and freshwater irrigation on the 
rise, it is important to understand the most effective and feasible way to ease pressure on 
threatened and endangered species.  As new plans to generate electricity in the OCS are 
considered, impacts on salmon and other species will have to be fully considered within the 
context of impacts from existing electrical resources. 
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15. PHYSICAL OCEANOGRAPHY 

15.1 EFFECTS ON AIR-SEA FLUX AND UPWELLING 
Friction between air flow and a rough surface, such as the ocean, leads to turbulent flow.  
Turbulent flow is the resulting chaotic motion of the air responsible for the transfer of 
momentum from the air to the ocean surface upon which the air is acting.  This process is called 
wind stress.  The turbulent air flow enhances the exchange of energy in the forms of momentum 
flux, sensible head flux, and latent heat flux.  While momentum energy flux depends primarily 
on the bulk speed difference between the air and water, sensible and latent heat fluxes also 
depend on the temperature differences between the atmosphere and water and these fluxes can go 
from air to ocean or ocean to air.  
 
Exchanges between the atmosphere and ocean are most easily measured in the atmospheric 
surface layer where the fluctuating vertical velocity transports fluid properties up and down.  The 
resulting Reynolds fluxes describe how momentum is transferred to the ocean from the 
atmosphere (wind stress) and how heat (both sensible and latent) is transferred to and from the 
ocean.  Wind stress depends on the square of the wind speed and the roughness of the surface 
(e.g., the coefficient of drag over flat desert plains is less than that over heavily forested 
mountains).  Compared to most land surfaces, the ocean has a relatively small drag coefficient.  
The ocean, however, is unique in that as winds increase the ocean surface becomes rougher and 
the drag coefficient increases.  Because of this variation, wind stress is usually calculated 
empirically and cannot be determined from basic principles.  Large and Pond (1981) provide an 
example of an empirically determined equation for wind stress.  Similarly, the transfer of energy 
as sensible heat (heating and cooling) and latent heat (evaporation) is also determined 
empirically. 
 
Since the coefficient of drag is typically smaller offshore than over land surfaces, ambient 
turbulence levels offshore are also lower offshore.  Typical values of turbulence intensity at 
turbine hub height (76 m) are six to eight percent offshore and 10 to 12 percent over land where 
turbulence intensity (I) is calculated as the standard deviation of wind speed over the wind speed 
(Barthelmie and Pryor 2006).  
 
Very little research is available on the effects of wind turbines and wave-energy-capturing 
(WEC) devices on air-sea flux and upwelling.  Research has been conducted, however, on wind 
turbine and wind park performance for existing wind parks in Europe (Barthelmie and Pryor 
2006).  Although this research is geared toward improving wind park performance rather than 
determining the effects on the air/sea environment, these studies do provide information on the 
effects that wind turbines have on wind speed, wind energy, and turbulence.  
 
Little is documented on the impacts of wind turbines on the physical setting.  The amount that 
wind turbines will affect air-sea flux (since they increase turbulence and decrease wind speeds) 
and whether these effects are significant is a data gap.  Wind turbines and WEC devices need to 
be monitored to determine how much they disrupt the air flow over the water surface and how 
much of the ocean surface is affected, in order to evaluate how wind turbines and WEC devices 
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Table 15.1. 
  

Energy production during trials for WEC devices deployed off Oregon, with incident energy flux of 21.2 
kW/m.  

 
From Behrens et al. (2008). 
 
To estimate the loss of wave energy incident on the nearshore and shoreline, an array of devices 
must be considered (Largier 2008).  The power output in Table 15.1 refers to the amount of 
energy captured by the device and not the energy lost by the wave.  More energy is likely lost by 
the wave than captured by the device.  A certain amount of wave energy will be lost by wave 
energy reflection, turbulence, and friction.  It is also likely that different devices will cause 
different amounts of wave energy loss.  In addition, all these factors will likely change in 
different wave climates. Table 15.1 is based on a 21.2 kW/m incident wave energy flux off 
Oregon.  Different regions will have different energy fluxes, wave periods, wave heights, and 
directional spectra.  All of these factors will have to be taken into account when deciding which 
type of devices will be chosen and how they will affect the amount of energy reaching the shore. 
 
As a WEC device extracts energy, wave heights will be reduced behind the device as the waves 
approach the shore.  Wave diffraction tends to cause wave energy to fill in behind the device 
causing a triangle-shaped reduction in energy (Behrens et al. 2008).  Diffraction is a process in 
which the energy of a wave is transferred along the wave crest, perpendicular to the direction of 
wave propagation (Figure 15.1).  The triangle-shaped reduction in energy behind a device is 
called a “wave shadow.” (Figure 15.1 shows only one side of the diffraction; therefore, it does 
not show the triangular shadow.)  At a certain distance behind the device (and past the apex of 
the wave shadow), the diffracted wave energy will begin to add constructively (Komar 1998).  
The wave period, wavelength, and device width will determine the length of the wave shadow. 
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Figure 15.1 Schematic of wave diffraction into the wave 

shadow behind a WEC device (or breakwater) 
that extracts 100 percent of the incident wave 
energy.  

In reality, only about 15 percent of the wave 
energy will be extracted.   

From Bedard et al. (2005). 
 
In instances where WEC devices line up perpendicular to the wave direction, the gap between 
devices, as well as the device itself, influence wave refraction and the redirection of wave 
energy.  The factors that influence wave diffraction are the width of the gap between 
obstructions, angle of wave approach, and wavelength.  For large gaps, incident waves pass 
through relatively unchanged.  For narrow gaps—on the order of one or two wavelengths—wave 
heights are significantly reduced (Penney and Price 1952).  Immediately behind a WEC device 
that extracts 10 percent of the wave energy flux, one can expect waves to be 10 percent less 
powerful (or wave heights to be reduced by 5.1 percent); the waves remain at full strength away 
from the device (Behrens et al. 2008).  At a certain distance down-wave from the device, the 
wave shadow will be filled in until energy is again homogeneous along the crest.  
 
If 10 percent-extraction WEC devices cover 10 percent of the alongshore length, then a general 
one percent loss in wave power (or 0.5 percent reduction in wave height) occurs at distances 
beyond the shadow zone (Largier 2008).  A localized minimum of wave energy along the 
shoreline will exist if the shoreline sits within the wave shadow.  If the shoreline is beyond the 
wave shadow, the homogeneous loss of energy at the shoreline will be a function of the 
proportional energy loss at each device and the spacing of the devices.  
 
A theoretical investigation of the energy loss due to one 2250-m-long and 1110-m-wide array of 
Pelamis devices in a commercial-scale plant design found that a 2-m significant wave height 
(15.2 kW/m wave energy flux) decreased to 1.7 m (11.8 kW/m energy flux) down-wave of the 
plant (Bedard et al. 2005).  This decline translates to a 22 percent reduction in wave energy and a 
12 percent reduction in wave height.  A total loss of no more than 5 to 10 percent of the initial 
energy would occur along a 12-km stretch of shoreline.   

15.3 EFFECTS ON CURRENTS AND LITTORAL PROCESSES 
Waves slow as they interact with the bottom in shallow water near the shore.  The interaction 
with the bottom begins at depths less than L/2 in which L is the wavelength.  Eventually, inshore 
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independent panel of scientists should be engaged to verify the effects, both positive and 
negative of the energy extraction efforts. 
 
In areas where wind and wave power extraction devices are currently in place, there is a critical 
need to monitor the physical environment to detect any developing environmental changes 
associated with the devices.  Environmental alterations are potentially different for a single 
device than they are for an array of devices (e.g. scour vs. group scour).  This type of information 
will help to frame potential impacts for planned device placements within the U.S. OCS.  In 
summary, key data gaps are: 
 

• Information on any decrease in wind turbulence and/or wind speed associated 
any devices.  This information is necessary to estimate any changes in air-sea 
flux.  

• Information on any decrease in surface currents.  This information could be 
used to estimate changes in upwelling. 

• Information on any decreases in mixing related to the structures or anchors.  
This information could be used to estimate any changes in water chemistry 
that might lead to changes in productivity, particularly in the area of the 
Columibia River plume or bathymetric features such as Hecate Bank.  See 
Chemistry, Plankton and/or Bethos chapters for more information. 

• Information on changes in wave heights, wave direction or incident angle.  
This information is important to estimate changes in littoral processes. 
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16. GEOLOGICAL OCEANOGRAPHY 
Renewable energy structures are expected to have little effect on most major geologic features of 
the continental shelf and slope, as the footprint size of the structures and foundations will be very 
small in comparison to geological features and will not provide forces large enough to disturb 
continental plates.  The offshore areas of the Northern Study Area are susceptible to undersea 
tectonic activity at the plate margins (Thurman 1994).  While offshore wind and hydrokinetic 
installations will have no effect on the occurrence or magnitude of plate slippage or resulting 
tsunamis, these devices may be affected by tectonic activity, resulting in equipment being torn 
from moorings and washed ashore, causing nearshore habitat damage (USDOI, MMS 2007).  
 
Offshore wind platforms and wave buoys, and their associated cables and anchors, may disrupt 
sediment transport in the nearfield, potentially causing changes in sediment deposition, erosion, 
and mass wasting (USDOI, MMS 2007).  Heavy rainfall along the Northern California coast 
caused by orographic lift over the coastal ranges, coupled with tectonic activity, weak bedrock, 
and oversteepened slopes, produces high rates of mass wasting and erosion, and high sediment 
bedload.  Sediment offshore of the Northern California coast is primarily derived from fluvial 
input and is funneled across the continental shelf by submarine tectonic folds and submarine 
canyons.  The heads of submarine canyons and gullies are affected by fluid flows due to fluid 
expulsion of interstitial water, rilling and aquifer flow, or the sediments may undergo slumping 
(Greene et al. 2002).  Pockmarks and rills are less common in water depths less than 300 m.  
Offshore wind and hydrokinetic installations may disrupt sediment transport, possibly triggering 
mass wasting in upper parts of submarine canyons or gullies.  However, the gullies along 
Northern California appear to be inactive, and are being filled and draped by turbidity flows of 
sediments from the Eel and Mad Rivers (Burger et al. 2003; Goff et al. 1996).   
 
Sedimentation rates along the Outer Continental Shelf of the more humid coastal areas of 
northern Oregon and Washington are higher than along similar environments offshore of 
southern Oregon.  Large mass-wasting events appear to be more common in the southern 
portions of the Northern Study Area, perhaps related to steeper slopes and more mobile material 
from the influence of large river fluxes such as the Columbia and Eel Rivers.  These large mass-
wasting events appear to be triggered by seismic activity rather than wave activity (MacAdoo 
and Watts 2004).  
  
Offshore of Northern California, active mobilization of sediment extends to at least 60 m water 
depth (Ogston and Stenberg 1999).  Seasonal long-period waves off Oregon mobilize sediment 
to a depth of 200 m (Burger et al. 2002).  Sediment on the continental shelf is generally thin and 
relict away from river sources.  Wave and offshore wind floating platforms and wave buoys have 
anchors and cables temporarily tethered to the sea floor (Musial 2008; USDOI, MMS 2007; 
USDOE 2009) that can scour unconsolidated and semiconsolidated sediment (USDOD, Army 
Corps of Engineers 2006).  Areas of the continental shelf that are near river inputs or are in 
seasonally defined current paths may be most susceptible to scour, potentially changing soft-
bottom habitat to hard bottom, and affecting benthic communities.  
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16.1 SUMMARY AND DATA GAPS 
Renewable energy structures are expected to have little effect on most major geologic features of 
the continental shelf and slope as the footprint size of the structures and foundations will be very 
small in comparison to geological features and will not provide forces large enough to disturb 
continental plates.  While offshore wind and hydrokinetic installations will have no effect on the 
occurrence or magnitude of plate slippage or resulting tsunamis, these devices may be affected 
by tectonic activity in the Northern Study Area, resulting in equipment being torn from moorings 
and washed ashore, causing nearshore habitat damage.  Offshore wind platforms and wave 
buoys, and their associated cables and anchors may disrupt sediment transport in the nearfield, 
potentially causing changes in sediment deposition, erosion, and mass wasting offshore in the 
Northern Study Area. 
 
Additional data are needed to determine the degree to which tectonic activity may affect offshore 
wind and wave installations in the Northern Study Area.  Estimates of potential secondary 
biological injury could be made from other infrastructure examples.  In addition, data are needed 
on sedimentation patterns that may be disrupted by the presence of platforms, cables, and 
anchors. 
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17. CHEMICAL AND GEOCHEMICAL OCEANOGRAPHY 
The Northern Study Area comprises a dynamic coastal and shelf area, with several large 
embayments including Grays Harbor, Willapa Bay and San Francisco Bay, numerous smaller 
river mouths and bays along the Oregon and Northern California coasts, and the influence of the 
Columbia River plume.  Effects on the chemistry and geochemistry of the region by pre-siting 
studies, deployment, operation, maintenance, and decommissioning of renewable energy facility 
in the Northern Study Area will depend on the specific location of the installations.  As discussed 
at length by a group of experts in 2008, the Northern Study Area’s sensitivities potentially 
include effects of energy removal on circulation patterns, changes in sediment transport patterns 
due to interception of wave trains and coastal currents by platforms and mooring structures, and 
the potential for leaching of chemicals, coatings and petroleum products from the structures and 
supply ships (Boehlert et al. 2008). 

17.1 EFFECTS OF ENERGY REMOVAL 
Chemical effects are of low concern for ocean waves and ocean currents, but of concern for all 
biological receptors (Boehlert et al. 2008; Wilson et al. 2007).  It is not known how many 
devices or at what density marine hydrokinetic installations might be deployed before adverse 
biological effects might be felt, due to chemical contamination.  Similarly, it is not known how 
wide-spread effects of chemical contamination might be (Boehlert et al. 2008).  Marine 
hydrokinetic energy and offshore wind structures and devices are expected to change near-field 
hydrodynamics, altering physiochemical parameters such as salinity, mixing, dissolved oxygen, 
and sediment resuspension, but only modeling results are available currently (Venugopal and 
Smith 2007) rather than observations.  (See Chapter 15 for Physical Impacts, and Boehlert et al. 
2008 Appendix 5 for a review of physical effects by Komar et al.)  The extent of sediment 
resuspension will depend on the seabed structure, the location, and the scale of arrays.  Shields et 
al. (2009) concluded some resuspension of sediment will occur, resulting in local increases in 
turbidity and potentially some geochemical consequences; however, more significantly, 
sedimentation patterns will be altered by the energy removal from the system.  The water depth 
at which renewable energy installations will be deployed in the Northern Study Area ensures that 
the footprint of the anchors will be small.  The small mooring footprint is likely to disturb bottom 
sediments minimally, resuspending sediments into the water column.  The sediment resuspension 
at depth is unlikely to have an effect on the water column nutrients, dissolved oxygen, carbonate 
system, dissolved gases, or other naturally occurring chemicals (Keil et al. 2004).  If there were 
significant contamination of offshore sediments by metals, toxic organics, or radionuclides, this 
level of resuspension might be of concern.  However, as shown in chapter 3 (Chemistry of NSA), 
there is very little contamination of OCS sediments in the Northern Study Area, with the 
exception of a designated weapons dumping site off Northern California (Bull 2005; Historical 
Research and Response Team 2001).  
 
In addition, the removal of energy from the system may increase water column stratification by 
slowing mixing processes and altering the ventilation of deepwater or the replenishment of 
dissolved oxygen, which would adversely impact marine life and fisheries (Komar et al. in 
Appendix 5 of Boehlert et al. 2008).  On the continental shelf, the subtle vertical mixing near the 
bottom observed by Hales et al. (2005) that leads to the usually high productivity of the more 
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northern waters of the Northern Study Area by supplying more iron nitrate could be monitored 
for changes. 

17.2 CHEMICAL CONTAMINANTS  
Boehlert et al. (2008) compiled a synopsis of the potential chemical impacts from marine 
hydrokinetic devices specific to the Northern Study Area.  Impacts of chemicals leaching or 
spilled from renewable energy devices and installations must be viewed in the context of the 
water chemistry of the region, as reviewed by Boehlert et al. (2008).  This study divided 
potential chemical impacts  into unintentional releases from leaks or spills and expected releases 
from antifouling paints or sacrificial anodes.  Oil spills or hydraulic fluid or fuel leaks from 
increased vessel traffic have a low probability of occurrence, but potentially a high impact.  
Antifouling and anticorrosion devices are known to release significant concentrations of 
dissolved metals (e.g., copper or zinc).  Boehlert et al. (2008) suggested such releases could be 
considered continually occurring.  However, the magnitude of any impacts is uncertain and will 
vary based on site-specific biogeochemical factors.  The range of chemical impacts will depend 
on the ultimate fate of the chemicals as a function of their chemical specific geochemical 
properties, which will drive the chemical speciation and transport or uptake by organisms.  
Additionally, select chemicals may persist in the environment, accumulate in biological tissue, 
and be transferred among trophic levels.  Finally, if a device breaks free and washes ashore, the 
location of any chemical impacts would shift from offshore habitat to shoreline habitat.  
 
The anticipated chemical releases resulting from the placement of wave and offshore wind 
devices in seawater include copper from antifouling paint, organics leaching from epoxy-based 
paints, and zinc from sacrificial anodes.  There are no studies on leaching from paints and 
coatings in the Northern Study Area; literature values on the mass of each chemical released 
under select environmental conditions could be used as guidance.  However, the leaching rates 
should be evaluated for specific environmental conditions, length of deployment, and other 
factors.  Valkirs et al. (2003) reported a copper leaching rate of 3.9 µg/cm2/day on paint formulas 
used on Navy vessels in San Diego, CA.  It is important to note that the leach rates must be 
specific to the depth, temperature, and redox conditions present at the installation.  Crecelius et 
al. (2007) noted the release of trace metals associated with barite drilling fluid was dramatically 
increased under anoxic sedimentary conditions, as the barium sulfate was reduced and associated 
metals released into the pore water.  While this study was specifically done to assess the 
chemical impacts of oil drilling fluids on marine sediments and may not be applicable for marine 
hydrokinetic structures, it highlights the importance of assessing the mobility of contaminants 
under the conditions present on the continental shelf and not assuming they will be similar to 
what is seen in nearshore environments.  Much literature (Borch et al. 2010, Eggleton and 
Thomas 2004) supports the varying mobility of chemical contaminants under different 
temperature, pressure, and redox conditions. 
 
Important biological responses can occur in nontarget species at sublethal exposures to chemical 
contaminants in the Northern Study Area (e.g. Katranitsas et al. 2003; Ahsanuliah and Williams 
1991; Drummond et al. 1973).  Many chemicals, including dissolved metals such as copper and 
zinc, are known to have sublethal effects on marine species’ sensory systems, growth, and 
behavior (Bonnard et al. 2009; Lang et al. 1980).  Chemicals from wave and offshore wind 
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installations may produce sublethal effects, either as direct effects of chemical exposures for 
target species or indirect effects.  For example, if a species is not directly affected by a chemical, 
its prey species may be, impacting the predator species by reduced prey availability.  
  
Because the structures or devices will act as artificial reefs, it is important to understand the 
chemical implications of the resulting change in organic matter conditions.  Although there are 
no studies specific to the Northern Study Area, Falcão et al. (2007) examined the effects of 
artificial reef (AR) structures off the southern coast of Portugal on biogeochemical processes and 
nutrient cycling.  Results of the two-year study showed that: (1) there was a significant 
exponential fit between organic carbon and chlorophyll a in reef sediment, suggesting an 
increase of benthic productivity; (2) organic carbon and nitrogen content in settled particles 
within the AR environment was about four times higher two years after reef deployment; and (3) 
nutrients and chlorophyll a in the water column were higher at the AR than the control site.  Two 
years after AR deployment, dissolved organic and inorganic compounds in near-bottom water 
were 30 to 60 percent higher, emphasizing benthic remineralization processes at the AR’s 
organically rich sediment.  These marked chemical changes in the ecosystem will result in 
changes in contaminant mobilization and can also result in conversion of some naturally 
occurring metals (either in the sediments or in the benthos congregating at the AR) to more toxic 
and bioaccumulative forms (e.g., conversion of mercury to methylmercury). 
 
Monitoring and laboratory mesocosm studies will be critical to assessing the direct and indirect 
impacts of chemicals, and should be tailored to the chemical and geochemical conditions of the 
Northern Study Area.  However, understanding the physiochemical changes to the ecosystem 
(e.g. reduced energy for sediment transport) requires a more complex modeling-based program.  
These programs will need to identify sensitive areas not only as a function of biota and habitat, 
but also with respect to water-column stratification or areas anticipated to be in the lower energy 
shadow of these structures (long-range sediment transport impacts).  Boehlert et al. (2008) 
proposed baseline monitoring before the installation of a device to include an analysis of the area 
of influence, as well as the physical location of the structure.  That study concluded that 
monitoring studies need to consider that while the impact of a single device may be subtle and 
hard to detect, the cumulative impact of dozens to hundreds of devices may be appreciable. 
 
The NOAA National Status and Trends Mussel Watch Program monitors and reports on 
concentrations and trends in approximately 140 contaminant analytes in the coastal U.S. and 
Great Lakes.  The 2008 Report “Mussel Watch: An Assessment of Two Decades of Contaminant 
Monitoring in the Nation’s Coastal Zone” (Kimbrough et al. 2008a) covers 1986-2005.  Of the 
17 metals and metalloids, the most accurate extensive data set is available for Arsenic, 
Cadmium, Copper, Lead, Mercury, Nickel, Tin and Zinc.  Of the organic contaminants, 65 PAHs 
are quantified.  PBDEs are being studied using archived tissue and current sampling (Kimbrough 
et al. 2008b).  Within the Northern Study Area there are 27 monitoring sites that vary from bays 
and estuaries to open coast. 
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17.3 EFFECTS OF INCREASED VESSEL TRAFFIC 
The potential negative effects of increased vessel traffic in the Northern Study Area include: a 
higher risk of discharges and spills, leaching of bottom paints (discussed in section 17.2), and 
increased atmospheric pollution from ship exhausts.  Repeated routine discharges from 
commercial vessels are likely to cause more adverse effects than potential but low frequency 
spills  Bottom paints are used on all seagoing vessels, including commercial vessels.  The effects 
of toxic chemicals leaching from the hulls of ships may pose a minor to moderate impact in 
enclosed areas.  Ship exhaust fumes from engines powered by fossil fuels will release a variety 
of chemicals into the atmosphere.  Exhaust fumes from fossil fuel engines significantly reduce 
air quality. 
 
Discharges from commercial vessels generally fall under the categories of bilge (water in the 
boat), fuel, lubricating and hydraulic fluids, cleaning agents, paint, and human waste.  Bilge 
water has potential to be the primary pollutant from increased boat traffic.  Bilge contains not 
just water but also chemicals from minor spills or leaks originating from engines or other 
machinery and general operations.  This can include anything liquid from the discharge 
categories.  The routine discharge from a single vessel will cause negligible impacts.  However, 
the cumulative effects over time could moderately impact the environment.  There is an 
information need to quantify the cumulative effects. 
 
Fuel is of concern because of the volume that is carried on vessels, measured in tens of tons for 
larger vessels.  The vast majority of spills are small (less than 7 tons); larger spills have been 
occurring with decreasing frequency since the 1970s (Talley 2003) a testament to increasing 
safety standards.  Lubricating and hydraulic fluids are typically oils with function-specific 
physical characteristics.  They are not typically carried in large quantities unless they are being 
transported for distribution.  Ocean vessel machinery may leak small amounts of oil from 
hydraulic or lubricating systems.  These discharges will frequently make their way to the ocean 
before the crew is aware of them.  The effect of these discharges is likely negligible to minimal. 
 
Cleaning agents generally are soap and solvents.  Soaps for use on ocean-going vessels tend to 
be formulated to be biodegradeable and pose little threat to the marine environment.  Solvents 
can also be formulated to be biodegradable, such as orange-based products.  However, 
biodegradeable solvents are not always effective for some applications and petroleum-based 
solvents are often necessary.  Even in the event of a small discharge of these solvents, the 
impacts would be small. 
 
Paints on vessels may include antifouling paint, interior paint and exterior paint, typically for 
metal surfaces and for maintenance purposes only.  The amounts on vessels would be very small 
and their impacts, if released, would be negligible based on volume. 
 
Seagoing vessels are a significant source of NOx, contributing more than 10% of the global 
tropospheric budget; surface NOx concentrations in heavily traversed ocean regions are 100 
times higher than background (Lawrence et al. 1999).  The authors modeled this NOx source and 
found it significantly increased surface ozone and hydroxyl radicals.  A side effect of this higher 
ozone and OH was a predicted decrease in methane concentrations.  
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Because shipping vessels remain in the shipping lanes which tend to be in international waters 
(the obvious exception being when approaching port), accidental or intentional oil spills will be 
at a distance of tens of kilometers offshore.  Further offshore, the environmental impact generally 
will be smaller than for a similar spill closer to shore where water is shallower and there is less 
potential for evaporation, dispersion and dilution.  Dilution is important particularly for the more 
toxic, volatile and soluble components (Engelhardt 1987).  The processes governing all but 
massive oil spills in the shipping lanes will be similar to those governing oil from natural seeps.  
In general, currents are largely along shore, thus it is the seabreeze that pushes oil toward shore.  
As a result, oil will tend to move toward shore in the afternoons, and offshore at night (Del 
Sontro et al. 2007).  Moreover, in general, because of the distance to shipping lanes (depending 
on the spill size) the more toxic and volatile components will be reduced, potentially 
significantly, before the oil arrives near shore.  This does not apply for coastal enclosed 
waterways and harbor spills such as the Cosco Busan Spill in November 2007 in San Francisco 
Bay. 
 
Because of the general shift in recent years toward heavier crude oils, increased vessel transport 
will increase the risk of accidental releases of dense oil that may sink to the bottom or break into 
oil droplets that rise very slowly (NRC 1999).  While understanding of the processes governing 
surface oil slicks have been studied for decades, research on the weathering and transport 
processes of sinking oil are largely unstudied, particularly for oils denser than seawater.  
Submerged oil may resurface and/or wash upon shorelines, e.g., the Motor Vessel Braer disaster 
1993 (Thorpe 1995) or remain submerged as in the Tanker Barge DBL-152 offshore of 
Louisiana in 2005 (Beegle-Krause et al. 2006).  Some literature has investigated the surface 
submerged droplet size distributions, reported to be primarily between 1 and 70-µm at sea with a 
mean diameter of 20 µm (Li and Garrett 1998).  In a flume tank, Delvigne and Sweeney (1988), 
found a larger mean diameter of 100 -170 µm with a dependency on viscosity.  Oil “puddles” on 
the sea bottom from the DBL-152 were centimeters thick. 

17.4 SUMMARY AND DATA GAPS 
The chemistry and geochemistry of the waters of the Northern Study Area may be affected by 
the removal of energy, causing changes in circulation, leading to changes in dissolved oxygen 
levels, salinity, and other water quality parameters, and perhaps changes in the marine food web. 
 
Offshore wind platforms, wave buoys and mooring structures may create changes in sediment 
transport patterns due to interception of wave trains and coastal currents, leading to changes in 
patterns of sediment settlement.  As there is relatively little contamination of coastal and offshore 
sediments by toxic material in the Northern Study Area, there is unlikely to be significant 
resuspension and redistribution of contaminants. 
 
Renewable energy installations and operations, as well as supply ships, have the potential for 
leaching of chemicals, coatings and petroleum products. 
 
Additional data are needed to better understand the correlation between energy removal from the 
system and any changes in dissolved oxygen, nutrients and other water quality parameters.  
Monitoring for alterations in nutrient supply and productivity changes is important, and areas of 
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the Northern Study Area have unusually high productivity (Hickey and Banas 2008).  Changing 
patterns of sediment transport also require further information to determine whether the 
redistribution of sediment types has an effect on other parameters, including those affecting 
marine organisms.  Data are needed to understand the effects and distribution of anti-fouling 
paints and coatings from renewable energy installations, and to examine the potential for 
deploying new paints and coatings that are effective against fouling organisms and harsh ocean 
conditions, while being less toxic to organisms.  
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Atmospheric Prediction System) or WXMAP (Global & Regional Weather Prediction Charts) 
and the regional high resolution model COAMPS (Couple Ocean / Atmosphere Mesoscale 
Prediction System).  These wind products are available at the Fleet Numerical website 
http://www.nrlmry.navy.mil. 
 
Wave Watch III (WW III) wave model outputs are available to the public through the U.S. Navy 
(https://www.fnmoc.navy.mil/public) and NOAA (http://polar.ncep.noaa.gov).  These model 
outputs provide information on significant wave height, swell wave height, wind wave height, 
peak wave period, secondary wave period, swell wave period, wind wave period, and whitecap 
probability.  LOLA is a coastal wave model available through the popular surfing website 
www.surfline.com.  Two wave models that are used by the scientific community are the 
Simulating Waves Near-shore (SWAN) model and the Delft3D-WAVE model.  

1.2 SEASONAL PATTERNS 

1.2.1 Winds 
The surface atmospheric pressure field drives surface winds.  Along the West Coast of the U.S. 
large-scale wind patterns are primarily driven by three persistent large-scale features in the 
surface pressure field: the North Pacific High, the Aleutian Low, and the Thermal Low.  The 
North Pacific High is a climatological mean surface high pressure pattern that is typically 
situated over the eastern North Pacific and drives the winds southward along the Southern Study 
Area.  The Aleutian Low is a mean surface low pressure pattern that is typically situated over the 
Gulf of Alaska and drives the winds northward along the northern regions of the Southern Study 
Area.  The Thermal Low is a mean surface low pressure pattern caused by local surface heating 
in the southwest United States and assists the North Pacific High in driving winds southward 
along the coast.  An example of these three pressure systems and surface wind stress during the 
Spring/Summer can be seen in Figure 1.5.  Note that these are “mean” pressure fields and do not 
necessarily represent the atmosphere at any point in time, as the atmosphere is very dynamic and 
constantly changing.  The calculated mean Aleutian Low pressure field is largely influenced by 
repeated low pressure cyclonic systems propagating across the Bering Sea and Gulf of Alaska.  
There is significant annual (or decadal) variability with the strength and position of these 
pressure fields.  Climatic oscillations such as the Pacific Decadal Oscillation (PDO) and El Niño 
Southern Oscillation (ENSO) can significantly alter the mean pressure and wind fields.  
 
Dry summers and mild winters characterize Southern California, with precipitation from passing 
storm systems.  Summers in the northern portion of the SCB, in the vicinity of the Santa Barbara 
Channel, are generally cloudy and cool, while further south in the SCB the summers are very hot 
and dry.  Topography along the mainland coast of the Santa Barbara Channel (Dorman and 
Winant 1995) blocks the upwelling favorable north winds, leading to strong wind stress curl in 
the vicinity of Point Conception. 
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Figure 1.5. Mean sea level pressure (mb) over the northeast Pacific during May 
through August 2001, from the NCEP Eta model.   

The North Pacific High = Hp, the Thermal Low = Lc, and the Aleutian 
Low = LA.  

From Bane et al. (2005). 
 
Dorman and Winant (1995) discuss the annual winds along the entire West Coast (Figure 1.6).  
Winant and Dorman (1997) discuss the annual cycle in wind stress and heat flux in detail.  The 
oceanographic response to the winds varies with the wind stress, which varies as a function of 
the square of the wind speed.  During summer, large surface gradients establish and are stable.   



















Chapter 1:  Southern Resources—Physical Oceanography 

486 

1.2.3 Water Properties 
Ocean temperature and salinity in the eastern Pacific are determined by the three source water 
masses and the air-sea energy exchange.  The three primary sources are the North Pacific 
Subarctic Water (PSW), North Pacific Central Water (PCW) and the North Pacific Equatorial or 
Subequatorial Water (PEW).  The water within the SCB is generally a mixture of PSW and 
PEW.  The higher-salinity PCW is generally found offshore of the SCB.  The seasonal trend for 
temperature and salinity in Southern California is fall/winter isopleths perpendicular to the shore, 
changing abruptly to isopleths parallel to the shore (Lynn et al. 2003) in spring/summer.  Over 
the long term, temperature is well correlated with climate variability, while salinity is dominated 
by interdecadal variability (Di Lorenzo 2003b) (see section 1.5 for further information). 
 
A more detailed discussion of temperature and salinity during the spring transition is found 
above in section 1.2.2 based on (Lynn et al. 2003).  The NOAA National Ocean Data Center 
(NODC) Levitus World Ocean Atlas 1998 provides mean fields derived from 1990-1997 data 
with coverage in a 1.0 degree latitude x 1.0 degree longitude grid available for monthly, 
seasonally and annual time periods.  CalCOFI also provides extensive data, including sections 
and surface contour maps in the annual data reports (Figure 1.11). 
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Figure 1.11. Sections of potential density, temperature and salinity along CalCOFI line 90 from the latest 

data report.   

Cruise was 2-5 July 2007.   
Source: (CalCofi 2008). 

1.2.3.1 Temperature 
The general temperature trend in the Southern Study Area is cooler water in the northern portion 
of the SCB and warmer water in the south.  Warmer water enters the SCB from the south, while 
cooler water enters with the CC from the north.  The seasonal range of temperature is about 12 
oC to 19 oC at the surface.  The range in temperature at the surface is larger at the surface (7 oC), 
with less variation at depth (about 4o C at 50 m) as shown in Figure 1.12 (Hickey et al. 2003).  
Warmest temperatures are along the coast, with cooler temperatures offshore and deeper. 
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1.3.2 Water Properties 

1.3.2.1 Temperature 
Warmer water is brought in to the SCB from the south, while cooler water is brought in from the 
north through the CC.  Subtidal temperature changes are primarily related to changes in the 
alongshore pressure gradient (Hickey et al. 2003) mentioned above.  Shifting the pressure 
gradient to brings warmer water poleward to the SCB, while the opposite changes bring colder 
water equatorward.  Local upwelling leads to cooler temperatures directly near the coast about 3-
5 times per year.  Longer term upper ocean CalCOFI temperature trends are correlated with PDO 
(Di Lorenzo et al. 2005) while salinity is not (see section 1.5.2 for further information on the 
PDO).  The concept of a large scale alongshore pressure gradient shifting the surface temperature 
field (Hickey 1993) suggests a connection between the PDO and this pressure gradient.  Caldiera 
and Marchesiello (2002) investigate sheltering effects of Catalina Island which leads to warmer 
water in the Catalina Island ‘wake.’  They suggest that lateral advection as discussed in Hickey 
et al. 2002 describes the large-scale temperature variability, but suggest that the warmer water 
characteristic of the SCB is directly related to daytime heating of the sheltered waters. 

1.3.2.2 Salinity 
Higher salinity water is brought in to the SCB from the south, while lower salinity water is 
brought in from the north through the CC.  On the Interannual scale, the salinity of the SCB is 
related to the balance of horizontal advection and wind-driven upwelling in the central and 
eastern portions of the North Pacific gyre through the NPGO (Schneider et al. 2005).  Which are 
the same forces that control salinity in the CC and SCB on the annual scale (see section 1.2.3). 

1.4 TIDAL AND SUPRATIDAL FLUCTUATIONS 
The tides are the periodic raising and lowering of the sea surface created by the gravitational pull 
of both the Sun and the Moon along with the centrifugal forces of the Earth/Moon and Earth/Sun 
rotating systems.  Because the orbits of the Moon around the Earth and the Earth around the Sun 
are both elliptical and at a declination, the potential of the tide-producing forces at a specified 
location on Earth's surface encompasses many frequencies with different magnitudes.  Each of 
these frequencies is labeled as a tidal constituent.  Approximately 380 frequencies have been 
identified although most can be ignored, since either their amplitudes are insignificant and/or 
their frequencies are high.  The two dominant tidal constituents along the Southern Study Area 
are the M2 principal lunar semi-diurnal and K1 luni-solar diurnal. 
 
The change in sea level associated with the tides acts like a shallow water wave propagating over 
the ocean basins since their wavelengths are on the order of thousands of kilometers.  These 
“tidal” waves are refracted by the sea floor and constrained by the continents.  The result is a 
complex tidal system called the amphidromic system.  There is a separate amphidromic system 
for each tidal constituent.  In the North Pacific Coast there are semi-diurnal and diurnal 
amphidromes associated with the M2 and K1 constituents (Luther and Wunsch 1975).  Both the 
M2 and K1 tides move as barotropic Kelvin waves around the amphidrome in a counterclockwise 
direction so that they propagate from south to north along the West Coast of North America.  For 
other constituents the amphidrome can be located in different locations and the tidal propagation 
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can be either clockwise or counterclockwise.  “Tidal” waves act like shallow water waves in that 
a particle of water on the surface of the ocean follows a vertically oriented elliptical path – when 
the crest of the wave passes over a fixed location the particle moves forward and when the 
trough of the wave passes the particle regresses.  The particle of water also has a component of 
motion perpendicular to the direction of the propagating wave, tracing out a horizontal ellipse.  
The resulting sea surface motions are the tidal currents.  The elliptical patterns traced by tidal 
motions are different than “tidal ellipses” that mentioned in the literature.  “Tidal ellipses” are 
the ellipse traced out by the vector describing the tidal motion.  
 
The Internal Waves on the Continental Margin (IWAVES) experiment (1996-1997) studied 
internal waves near Mission beach north of San Diego (Figure 1.13).  The goal was to study 
internal waves along the continental slope and shelf at three different time scales: diurnal, semi-
diurnal and high frequency (periods less than 1 hour) (Lerczak 2000).  Seabreeze commonly 
forces the diurnal internal waves (frequency = 1 cpd) (Lerczak et al. 2001a; Lerczak et al. 2001b; 
Lerczak et al. 2003).  At 37oN latitude, the local inertial frequency is close to diurnal; so 
significant motions are expected, leading to significant energy transfer into the ocean.  The 
barotropic tide interacts with the complex bathymetry in the SCB leading to large isopycnal 
(constant density) displacements and changes in the currents in the semi-diurnal frequency that 
are larger than the local barotropic currents.  The internal tide currents has a nonzero mean, so 
these currents could not be separated from the surface tidal currents (Lerczak et al. 2003).  
Higher frequency internal waves were observed to regularly propagate onshore in the vicinity of 
the study.    

 
Figure 1.13. IWAVES currents meter deployment array.   
From IWAVES website, http://iod.ucsd.edu/research/iwaves/. 

http://iod.ucsd.edu/research/iwaves/�
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Infragravity waves (ocean surface gravity waves, period = 20 to 200 s) moving onto the 
continental shelf north of San Diego were investigated north of San Diego near the Scripps 
Institution of Oceanography (Thomson et al. 2005; Thomson et al. 2006; Thomson et al. 2007) 
near two submarine canyons (Figure 1.14).  These infragravity waves are generally seen as 
modulations to the large surface gravity waves incident on coastline (period= 10 to 20 s).  These 
waves are involved with longshore circulation and sediment transport (Thomson et al. 2006).  
When incident on the beach, energy loss from these waves is higher on the low tide beach, than 
on the steeper high tide beach.  In waters 15 m or less, the interaction of ocean surface gravity 
waves transfers energy from low-frequency (infragravity) back to high frequency more 
effectively over the flatter, low tide surf zone (Thomson et al. 2006).  Submarine canyons act to 
both refract and reflect infragravity waves (Thomson et al. 2007). 

Figure 1.14. Diagram of bathymetry (dark> 100 m) and 
instrument array (symbols) used in the 
investigation of infragravity waves.  

From (Thomson et al. 2007). 
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1.5 INTERANNUAL FLUCTUATIONS 
The dynamics of the Southern California Current System change at a variety of longer 
timescales.  In the last couple of decades there has been an increased number of publications on 
large-scale interannual climatic fluctuations.  Observations of these fluctuations have been made 
possible by the growing length of data sets that are now able to resolve long period decadal 
oscillations.  The advent of new technologies such as remote satellite sensing and increased 
interest in climatology due to global warming has also aided the progress toward understanding 
these fluctuations.  Still, evidence of some fluctuations is weak.  The periods of many climatic 
fluctuations that have been observed are on the order of multiple decades, which are still difficult 
to resolve.  Many of the oscillations are statistically derived and their dynamics are often not 
completely understood.  
 
The interannual fluctuations that are covered in this section and affect the Southern Study Area 
are the El Niño Southern Oscillation (ENSO), La Niña Southern Oscillation, Pacific Decadal 
Oscillation (PDO), and the North Pacific Gyre Oscillation (NPGO).  Since these oscillations 
affect seasonal variability, they are also covered in section 1.2, Seasonal Patterns.  A number of 
indices are used to identify interannual fluctuations.  These indices use a combination of 
atmospheric and oceanographic observations such as sea surface temperature (SST), atmospheric 
sea level pressure (SLP), upper atmospheric pressure, sea level, precipitation, wind patterns etc.  
The most commonly used climatic indices are the Multivariate ENSO Index (MEI, Figure 1.15), 
Southern Oscillation Index (SOI) and the North Pacific Index (NPI).  The MEI is used in 
correspondence with the ENSO and the NPI is used in correspondence with the PDO.  As new 
data are collected and new analyses performed, more oscillations and indices are being 
discovered and presented in the literature.  This section focuses on the predominant and widely 
accepted oscillations and indices.  
 
Understanding these fluctuations in the atmosphere and ocean can aid in understanding changes 
in the biota that may not have an obvious cause.  For example, Funes-Rodriguez (Funes-
Rodriguez et al. 2006) found that mesopelagic fish larva along the coast of Baja could be 
grouped according to affinities for topical, subtropical and temperate conditions.  Combinations 
of these groups could be linked to ocean and climate parameters (plankton biomass, SST 
anomaly, upwelling and a multivariate El Niño index).  Variations in abundance of the tropical 
and temperate groupings were related to the El Niño/La Niña cycle.  Another example is the 
warming of the surface waters and the increased stratification of the water column over the 
CalCOFI time series inhibited upwelling (discussed in detail below), which most likely lead to 
the observed decrease in zooplankton biovolume seen in the SCB (Roemmich and McGowan 
1995b; McGowan et al. 2003; Hsieh et al. 2009).  The larger-scale North Pacific gyre cycles may 
be explained by a combination of the PDO and the North Pacific Gyre Oscillation (NPGO) (Di 
Lorenzo et al. 2008), as the NPGO is related to large scale chlorophyll-a distribution, which has 
been linked to fish catch (Ware and Thomson 2005; Rykaczewski and Checkley 2008).  Lluch-
Cota (Lluch-Cota et al. 2001) discussed long-term regime shifts that match the sardine 
abundance cycles (higher during warm periods, and much lower during cooler periods).  Mantua 
(Mantua et al. 1997) showed relations between the Pacific Decadal Oscillation (PDO) and 
salmon “boom and bust” cycles.  Understanding the physical environment is important for 
environmental management. 
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Figure 1.16. Mean sea level pressure with surface wind vectors climatology 
and composite-anomaly maps for El Niño and La Niña years.   

Base period 1959-97.  Blue (orange) indicates low (high) sea 
level pressure in the climatology column and anomalously low 
(high) in the El Niño and La Niña columns.  

From Shinker and Bartlein (2009) (c) American Meteorological Society.   
Reprinted with permission. 
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4.4 SPATIAL AND TEMPORAL PATTERNS OF PLANKTON 

4.4.1 Long-Term Fluctuations 
In the eastern Pacific several large-scale processes can affect the spatial and temporal patterns of 
plankton.  These changes in the plankton are usually a result of changes in the physical 
properties of the ocean currents.  The Pacific Decadal Oscillation is a large-scale physical 
process (see chapter 1) that has been linked to periods of increased and decreased productivity at 
many trophic levels.  This has been observed in the plankton communities in the Southern 
California Bight and current trends indicate a period of heightened productivity (Mullin et al. 
2003).  A mid-scale process that greatly affects plankton communities is the El Niño/southern 
oscillation (see chapter 1).  This change in water circulation patterns can effectively increase the 
ranges of species with affinities for warmer water and alter the community compositions in areas 
like the Southern California Bight where, because of its latitude, there is always a mix of species 
with southern and northern affinities (Rebstock 2002).  In addition to the change in species 
composition, lower productivity during El Niño years is common because of the suppression of 
upwelling water (Kahru and Mitchell 2000).  Suppression of water high in nutrients leads to 
lower production throughout the food web.  Also, on an annual basis, upwelling processes 
generate periods of high and low productivity.  Upwelling events change the physical and 
chemical properties of the water; this change results in a response in the plankton community 
(Rebstock 2002).  All of these fluctuations have observable impacts on the plankton 
communities; additionally, more and more research is showing further impacts on higher trophic 
levels. 
 
The standing stock of zooplankton in the Southern California Bight declined by 70 percent 
between the 1950s and the 1990s.  Roemmich and McGowan (1995a) analyzed CalCOFI 
samples from these two decades and found a large discrepancy in biomass.  One hypothesized 
explanation for this change is a correlated increase in sea surface temperatures.  The authors 
argue that the warming surface temperatures alter the upwelling regime and this change results in 
reduced nutrients in the surface waters.  This reduction of nutrients affects the productivity of the 
entire food web, as illustrated by lower zooplankton (Roemmich and McGowan 1995a, b).  A 
subsequent paper that analyzed the same samples as Roemmich and McGowan (1995a, b) 
confirmed the results but argued that the observations were due to a regime shift in the Southern 
California Bight.  Mullin et al. (2003) claim there was a regime shift in the 1970s, when 
productivity in the region declined and remained low for several decades.  This regime shift was 
believed to be associated with the El Niño/southern oscillation index and they further believe 
1999 marked the switch back to a more productive system (Mullin et al. 2003).  

4.4.2 Nearshore 
The nearshore region of the Southern California Bight is affected by both oceanic currents and 
terrestrial inputs.  Otero and Siegel (2004) found chlorophyll levels in the Santa Barbara Channel 
were correlated to terrestrial runoff inputs in the winter and upwelling favorable winds in the 
spring.  The chlorophyll response during the winter months follows the episodic nature of the 
runoff events, whereas concentrations in the spring through the fall are less volatile potentially 
due to the association with upwelling and sea surface temperature (Otero and Siegel 2004).  
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Zooplankton densities are higher nearshore than offshore.  Ohman and Hsieh (2008) found that 
juvenile and adult stages of the calanoid copepod Calanus pacificus are found in higher 
concentrations in nearshore regions during both spring and fall seasons.  Additionally, they 
found higher mortality rates in the nearshore and hypothesize that this is due to higher numbers 
of zooplanktivorous fish (Ohman and Hsieh 2008), suggesting that the food web is more 
productive inshore than offshore in the Southern California Bight. 

4.4.3 Transition Zone 
Hayward and Venrick (1998) identified a transition zone between the nearshore and offshore 
zones of chlorophyll in the Southern California Bight where sampling locations did not 
consistently fall into a defined regime.  The authors defined the boundary between these two 
regions as the inshore edge of the low-salinity front of the California Current (Hayward and 
Venrick 1998).  The fluctuating nature of the barrier, which is driven by the movement of the 
California Current (Hayward and Venrick 1998), creates a transition zone between the nearshore 
and offshore regions.  Venrick (1998) showed that the phytoplankton community composition at 
nearshore and offshore sites varied and there was a noticeable transition between the 
communities.  This transition zone was not consistent between years but was always present 
(Venrick 1998).  

4.4.4 Offshore 
In general, phytoplankton production offshore is relatively low, most often due to a lack of 
nutrients.  This trend of lower chlorophyll production can be seen in Otero and Siegel (2004), 
where a yearly series of monthly chlorophyll concentrations shows varying levels between the 
Channel Islands and the coastline and little production occurring offshore of the islands.  
Hayward and Venrick (1998) also describe this pattern and found the offshore zone to be 
oligotrophic, or generally unproductive, with low and relatively uniform chlorophyll 
concentrations throughout their offshore locations.  

4.4.5 Neuston 
The sea surface environment provides an important habitat for many commercially, 
recreationally, and ecologically important organisms.  This group of surface-dwelling organisms 
is commonly referred to as “neuston.”  Neuston can be broken up into three ecological groupings 
(Hempel and Weikert 1972): “euneuston” are full-time, permanent inhabitants of the surface 
layer and are often comprised of small invertebrates, such as ostracods and chaetognaths; 
“facultative neuston” refers to part-time inhabitants, which exhibit movement patterns, such as 
diel vertical migration; and “pseudoneuston” are organisms that comprise the uppermost part of 
their population’s vertical distribution in the water column.  Most phytoplankton species are 
found in the surface layer, as light is an integral resource to their growth, whereas zooplankton 
species can be found throughout the water column as they move vertically to maximize prey 
availability and minimize predation risk.  Fish eggs, fish larvae, and crustacean larvae comprise a 
significant portion of the neustonic community (Grant 1986).  The eggs of some fish and marine 
invertebrates are either positively buoyant or neutrally buoyant and are released in the surface 
layer.  These eggs will remain in the neuston while they develop.  The larval stages of some fish 
species appear to actively seek the surface layer by adjusting their swim bladders and therefore 
their bouyancy (e.g., sardines; Santos et al. 2006), while other species are noted as having larval 
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6. BENTHOS 

6.1 BENTHIC HABITATS AND ASSEMBLAGES 
Benthic habitats of the Southern Study Area provide numerous ecological services to the marine 
environment.  Organisms, particularly invertebrates, living in or on bottom substrates are 
referred to as “benthos.”  Benthic habitats may consist of both primary and secondary producers 
and serve as an important forage base to higher trophic levels.  Benthic organisms are also 
integral to ecological processes including the cycling of carbon, oxygen, and nutrients.  Marine 
habitats are characterized by composition of the substrate as well as by ecological community 
features and species assemblage.  
 
Several physical and environmental factors can influence the distribution and composition of 
organisms in a benthic habitat.  These factors include sediment type, grain size, bottom 
morphology, hydrodynamic conditions, depth, season, temperature, and salinity (Snelgrove and 
Butman 1994). 
 
Physical substrate characteristics of the benthic habitats in the Southern Study Area include 
unconsolidated sediment types (sand, gravel, and clay) and consolidated lithified sediment types 
(sedimentary bedrock and rocky outcroppings) (Thompson et al. 1993a).  Finer unconsolidated 
sands and clays are considered soft sediment habitats, while coarser gravel, rocks, and bedrock 
outcroppings are considered hard sediment habitats.  Habitats may consist of mixed soft and hard 
sediments.  Rocks and rocky outcroppings can be surrounded by patches of sand or clay, or 
covered by a thin veneer of fine sediments.  
 
Bottom morphology is a function of shape and elevation range.  Areas of high vertical relief tend 
to have irregular surface structure and high elevation ranges, whereas low vertical relief areas 
typically consist of uniform slopes and smaller ranges of elevation.  Hard-bottom areas and areas 
of high relief are generally structurally complex.  Increased structural complexity supplies 
organisms with several ecological provisions (e.g. predator refuge), leading to increased species 
diversity.  Such habitats are potentially more vulnerable and sensitive to the impacts of 
disturbance (Jennings et al. 2001). 
 
Seabed substrate composition and substrate mobility can indicate hydrodynamic energy level of 
the habitat.  Areas consisting of finer sands and clays typically indicate low energy and 
depositional conditions.  Areas consisting of coarser sands, gravels, and rocks are representative 
of higher wave and current energy and nondepositional conditions.  Hydrodynamic activity 
determines physical habitat stability, which directly influences organism assemblage.  Depth is 
an important factor in benthic composition and species distribution.  Light attenuation, impacts 
from natural disturbance, and hydrodynamic activity are all related to depth of the habitat 
(Thompson et al. 1993a). 
 
Benthic invertebrates inhabit the sea floor for a majority of their lifespan, although many species 
may have pelagic gametes or larval stages.  Benthic invertebrates can be broken into following 
size categories:  Microbenthos (2-50 μm) includes organisms such as protozoans; meiobenthos 
(50-300 μm) includes organisms such as nematodes, harpacticoid copepods, and ostracods; 
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macrobenthos (300-1,000 μm) includes organisms such as polychaetes and small bivalves; and 
megabenthos (greater than 1,000 μm) includes species such as large arthropods, bivalves, and 
gastropods.  Benthos can be epifaunal (living on the seabed surface) or infaunal (within the 
seabed sediments). Benthic invertebrates may be attached to substrates (sessile), or capable of 
moving (motile).  
 
Life history, feeding mechanism, and reproductive strategy of benthos in the Southern Study 
Area are diverse.  Some species exhibit slow growth over longer life spans, while others may be 
opportunistic, fast growing, short lived, and capable of reproducing several times a year.  Benthic 
invertebrates can be broadcast spawners, releasing eggs and sperm into the water column.  
Certain species may fertilize internally and brood their eggs or lay eggs on the benthic substrates. 
Larval and early life stages can be both benthic and pelagic.  Feeding types include filtering, 
predation, herbivorous grazing, and deposit (Thompson et al. 1993a). 
 
Some benthic invertebrate organisms (i.e. certain species of infaunal marine worms) can serve as 
indicators of stressed environmental conditions including habitat degradation, poor water quality, 
and physical disturbances.  Indicator species are typically fast-growing and possess high 
reproductive rates.  
 
There are several biological factors that influence benthic distribution including predation, 
differential recruitment, and population density.  It is difficult to isolate which variables have the 
greatest influence on species distribution.  Often benthic community structure and distribution 
are controlled by a combination of factors.  For these reasons benthic species distribution may be 
patchy over both temporal and spatial scales (Snelgrove and Butman 1994).  
 
This chapter characterizes the benthic habitats existing in shelf and nearshore areas and those in 
the deeper waters of the Southern Study Area.  Habitats found in estuaries and embayments are 
also discussed.  The shallow habitat types facing the open sea can be broken into rocky and 
sandy (intertidal and subtidal) categories.  The habitats existing in deeper areas are organized by 
assemblage in rocky substrates, soft sediments, and chemosynthetic communities.  Benthic 
recovery rates, commercially and recreationally important species, threatened and endangered 
species, and existing data gaps regarding benthic characterization in the Southern Study area are 
summarized. 

6.1.1 Shallow Intertidal and Subtidal Habitats and Assemblages 

6.1.1.1 Rocky Intertidal  
Approximately 10-15 percent of the mainland of Southern California coast is rock (Stephens et 
al. 2006).  In addition, the California Channel Islands, including Santa Cruz and Santa Catalina 
Island, consist largely of rocky shorelines.  The rocky shorelines that exist along the coast of the 
Southern Study Area are composed of high sedimentary cliffs leading into rocky intertidal zones 
having broad, gently sloping wave-cut benches.  Much of the rocky intertidal substrate is 
composed of many horizontal layers of poorly consolidated sandstone.  The intertidal zones have 
numerous crevices, surge channels, and pools that are primarily low-medium relief features 
(Engle et al. 2001).  There may be sand and gravel patches dispersed amongst and within the 
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stretches of rocky shoreline, or rocky surfaces can be continuous.  These intertidal areas can be 
flat or gradually sloping and topped with scattered rocks and boulders, and may have bedrock 
outcroppings.  Typically as the shoreline slopes toward the ocean, intertidal rocky reef is formed.  
Various widths of the intertidal reef have been observed.  At Point Loma, San Diego County, 
intertidal reef widths ranged from 5 to 100 m offshore (Engle et al. 2001). Intertidal reef areas 
are usually fully or partially exposed to ocean swells.  
 
Rocky intertidal reefs support diverse communities of both plant and animal species.  The 
intertidal rocky shore substrate forms a solid surface on which macroalgae and sessile 
invertebrates attach and hold firm against the forces of waves, wind, and currents (Blanchette et 
al. 2009).  In California, rocky intertidal zones are covered by large areas of primary produces 
(~70%) while filter feeders, consisting mainly of barnacles and mussels, cover as smaller area 
(~25%) (Blanchette et al. 2009).  Numerous, usually smaller invertebrates, including grazers, 
filter feeders, and predators, live within the cover and protection provided by the larger sessile 
plants and animals.   
 
Communities on the rocky shore are typically long-lived (decades) and have a high diversity of 
species.  Typically microhabitats and horizontal biological zonation occur. Intertidal “zones” 
include the high, middle, and low (Thompson et al. 1993a).  The exact tidal level at which these 
zones begin and end varies by shoreline. Often competition for space is observed in these 
communities.  Organisms in rocky intertidal habitats have adapted to live in extreme 
environmental conditions that can vary daily (exposure to moisture, air, heat, and sunlight).  
 
Biological distributions in rocky intertidal zones are influenced by several biological and 
physical factors.  There is a wide range of wave exposure in these areas.  Seasonal variation in 
water velocities may influence or limit macroalgal growth and composition (Engle et al. 1997). 
Schoch et al. (2006) state that wave runup is the most significant physical factor affecting 
community structure of rocky intertidal habitats.  Wave runup is the distance that water from 
breaking waves travels across the intertidal zone beyond the regions of normal still water tidal 
levels.  Runup brings water into areas that would otherwise be dry, providing food for animals 
and reducing the threat of desiccation.  Tidal range, substrate composition, slope, air and water 
temperature, upwelling, salinity, desiccation tolerance, and sand deposition are also significant 
mechanisms in influencing biota assemblage (Schoch et al. 2006).  A study performed on Santa 
Cruz Island showed strong positive correlation between intertidal filter-feeding invertebrate 
recruitment, abundance, and growth with sea surface temperature.  
 
Fluctuations in epibenthic coverage are common and dependent on season and climatic regime 
shifts such as El Niño.  Strong storm events and heavy surf can tear out patches of algae and can 
dislodge organisms and rocky substrate layers.  Heavy rain events can result in increased 
freshwater runoff, erosion, landslides, and sediment deposition, all potentially having negative 
impacts on the rocky shoreline (Engle et al. 2001).  
 
Many of the species in the rocky intertidal are broadcast spawners having pelagic eggs and 
larvae.  Recruitment success is highly dependent on larval transport and hydrodynamic 
conditions.  Pineda (1994) found that for Southern California barnacle species, temporal 
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variability in larval settlement rate may be related to larval pool and physical transport processes, 
while spatial variability may be associated with behavioral response and substrate availability.  
Broitman et al. (2008) examined the spatial variation of mussel and barnacle recruitment rates 
and their relationship to sea surface temperature for the entire West Coast.  The seasonal peak in 
recruitment for both organisms in Southern California occurred during summer months, 
suggesting a positive correlation between recruitment and sea surface temperature (Broitman et 
al. 2008). 
 
Top-down control by consumers on prey species has been demonstrated in several studies in 
rocky intertidal communities as reviewed by Menge (2000).  Menge (2000) suggests that bottom-
up trophic processes, ultimately controlled by oceanographic factors (currents, upwelling, 
nutrient availability, and rates of particle flux), also can be determinants of community structure.  
The joint effects of trophic top-down and bottom-up processes may play a significant role in 
rocky intertidal assemblage (Menge 2000).   
 
The northern border of the Southern Study Area is located along the transition zone between the 
Oregonian (cooler water) and Californian (warmer water) biogeographic regions.  The majority 
of the Southern Study Area exhibits typical Southern California warm water rocky intertidal 
species assemblage.  In the northern areas around Point Conception and San Luis Obispo, a 
unique mix of warm-temperate and cold-temperate rocky intertidal species can occur.  A few 
distinct differences exist between the organisms north and south of Point Conception (Engle et 
al. 1997).  Rocky intertidal algal communities north of Point Conception are characterized by 
coldwater species such as laminarialean brown algae and large, fleshy red algae, whereas 
communities south of Point Conception are dominated by warm water fucalean brown algal 
species and shorter, densely branched red algae (Engle et al. 1997).  For example, warm-water 
sea palms (Eisenia arborea) and rockweed (Hesperophycus harveyanus) are less common or 
absent north of Point Conception, while cold-water sea palms (Postelsia palmaeformis) increase 
in abundance in San Luis Obispo County (Engle et al. 1997).  Blanchette and Gaines (2007) 
found that intertidal communities north of Point Conception were dominated mainly by 
macrophytes, while mussels and barnacles were relatively scarce.  Conversely, intertidal 
communities south of Point Conception were dominated by mussels and barnacles, with a low 
abundance of macrophytes (Blanchette and Gaines 2007).  
 
For most of the Southern Study Area, the rocky substrates found in the high to middle intertidal 
zones are often covered by slippery algal films and hard crusts (Engle et al. 2001).  Sessile 
barnacles such as white acorn (Chthamalus spp.), acorn (Balanus glandula), and pink thatched 
(Tetraclita rubescens) barnacles can be found in the high to middle intertidal zones attached to 
hard surfaces. Motile algae grazers including periwinkles (Littorina spp.), turban snails (Tegula 
spp.), limpets (Lottia gigantean and Collisella spp.), and chitons (Nuttalllina spp.) are common 
inhabitants (Engle et al. 2001; Steinbeck et al. 2005).  In the middle intertidal zone, other sessile 
epifaunal organisms such as rockweed (Pelvetia fastigiata, Silvetia compressa, and 
Hesperophycus spp.), California mussels (Mytilus californianus), and goose barnacles (Pollicipes 
polymerus) can be found.  
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Red algal species are found in the middle intertidal zone.  The red algal assemblage creates a 
thick turf habitat that supports several invertebrate species including algal grazers.  These algal 
bands trap moisture and sediment, providing refuge for intertidal organisms including snails, 
limpets, crustaceans, worms, and beach fly larvae (Engle et al. 1997).  Typically in low 
depressions of the red algal turf zone and in tidepools, aggregating anemones (Anthopleura 
elegantissima) and sargassum weed (Sargassum muticum) can be found.  Coralline algae such as 
Corallina vancouveriensis and C. pinnatifolia may dominate the algal assemblage, but several 
other epiphytic species may anchor onto them.  In the northern regions of the Southern Study 
Area, several species of Irridaea can be found in the middle to lower intertidal zone (Steinbeck 
et al. 2005).  Bullard (2005) found that macrophyte cover and composition in the high to middle 
intertidal zone can vary from site to site along the Southern California coast.  These differences 
in abundance and species type can affect community productivity and hypothetically impact 
macrophyte contributions to the nearshore food web (Bullard 2005).  
 
The low intertidal zone along the outer reef is typically dominated by extensive meadows of 
surfgrass (Phyllospadix spp.) (Thompson et al. 1993a).  Brown algae (Egregia spp. and Eisenia 
spp.) also occur in lower intertidal areas in Southern California.  The cement tube worm 
(Phragmatopoma californica), the sea slug (Aplysia californica), the purple sea urchin 
(Strongylocentrotus purpuratus), predaceous sea stars, and various octopus species can be found 
in this zone. Boa kelp (Egregia menziezii) has been found in the low intertidal, but is more 
common in subtidal regions.  Engle et al. (2001) observed in San Diego County the occasional 
occurrence of a few typically subtidal species in the lower intertidal zone including green 
abalone (Haliotis fulgens), blue knobby stars (Pisaster giganteus), and bat stars (Asterina 
miniata). 
 
The rocky intertidal communities of San Luis Obispo County are known for their relatively 
pristine condition.  The 93-mile-long coast is mostly privately owned and undeveloped. 
Approximately 58 percent of the coastline is composed of rocky intertidal shore type.  A 
monitoring study in San Luis Obispo County (1995-1997) revealed relatively low numbers of 
black abalone (Haliotis cracherodii) and a decrease in California mussels (Mytilus californianus) 
as compared to previous decades (Engle et al. 1997).  Engle et al. (1997) observed a similar 
declines of these species at sampling sites in Santa Barbara County (1992-1997).  Observations 
at sites in Santa Barbara and the Channel Islands indicate that space once inhabited by abalone 
was being occupied by encrusting species such as sponges, tunicates, barnacles, and tube worms 
and predaceous sea stars (Engle et al. 1997).   
 
A survey in the early 1970s showed that bedrock intertidal reefs comprised less than 15 percent 
of the coastline of San Diego County, with the remainder consisting of sand, gravel, or cobble 
beaches (Smith et al. 1976).  Most rocky intertidal shores in the county occur on the Point Loma 
and La Jolla peninsulas, with relatively few isolated reefs farther north (Engle et al. 2001).  
Similarly, the shorelines of Orange County are dominated by sandy beach with small pockets of 
rocky substrate.  Historically, ochre sea stars (Pisaster ochraceus) and black abalone (Haliotis 
cracherodii) were present at these rocky intertidal areas but were both greatly reduced by disease 
(Blanchette et al. 2005; Miner et al. 2006).  For ochre sea stars, the population was able to 
rebound from rare in the early 1990s (Engle et al. 2001) to recovering in the 2000s (Blanchette et 
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al. 2005).  Blanchette et al. (2005) suggest that the increases in this species were a result of 
increased spawning and larval recruitment following the 1997-1998 El Niño event.  For black 
abalone, much of the loss to the population has not been recovered at sites where the largest 
declines were documented (see section 6.3; Miner et al. 2006).   
 
Long-term warming of the sea surface temperatures in the Southern Study Area has been 
associated with northward shifts in the ranges of southern species (Barry et al. 1995) and may be 
related to declines in rocky intertidal species such as black abalone, ochre sea stars, mussels, and 
boa kelp.  In addition, human-related activities including discharging pollution from point 
sources (outfalls, vessel spills) and nonpoint sources (storm runoff) may have negative impacts 
on rocky intertidal habitats. Roy et al. (2003) has demonstrated that human harvesting in the last 
century has led to declines in body sizes of rocky intertidal gastropod species.  For a detailed 
description of human visitation and harvesting impacts to Southern California rocky intertidal 
zones see Murray et al. (1999).  The decline in the ochre sea star population can be attributed to a 
“wasting” disease caused by a warm-water bacterium of the genus Vibrio (Engle et al. 2001).  
The black abalone decline may be associated with a “withering” syndrome that has caused 
widespread populations die-offs in the Southern Study Area (Engle et al. 2001).  The overall 
additive effects of withering syndrome, ocean warming, and overfishing have negatively 
impacted abalone populations in Southern California (Vilchis et al. 2005).  Smith et al. (2006) 
reported that mussel cover and biomass along the Southern California coast have declined 
markedly over the last several decades (40.2 percent loss in cover, 51.3 percent loss in biomass).  
Causes for the California mussel decline are not known but may include human harvesting, 
increased sea surface temperatures, and pollution.   

6.1.1.2 Sandy Beaches 
Exposed sandy beaches are the predominant shore type along the mainland coast of the Southern 
Study Area. Sandy beach composes 74 percent of the coastline of Santa Barbara County, 93 
percent of Ventura County, and 66 percent of Los Angeles County (Dugan et al. 2000b).  
Mainland beaches are heavily utilized by humans and are important tourist attractions in 
Southern California.  Fewer sandy beaches are found on the Channel Islands (52 percent of San 
Miguel, 33 percent of Santa Rosa, and 14 percent of Santa Cruz) and support lower human usage 
(Dugan et al. 2000b).  Several Channel Island beaches are important rookery sites for pinnipeds 
and nesting birds.  
 
Intertidal sand beach habitats are much less stable environments than rocky shores, due to the 
continual shifting of sand by wind, wave, and current actions.  Sandy beaches are typically high-
energy, dynamic, and erosive environments.  Seafloor structural complexity of these habitats is 
low.  Vertical profiles of sandy beaches can change with climatic regimes and seasonal shifts. 
Typically summer beach profiles are steeper than winter ones (Thompson et al. 1993a).  Exposed 
beach substrates are well sorted unconsolidated sand grains, devoid of finer grain sizes (clays, 
silts).  
 
Most sand-dwelling organisms are very motile.  Unlike the rocky intertidal zone, species will 
change position based on water level and tidal cycle.  Regardless, a varying degree of zonation of 
benthic organisms does occur in sandy habitats.  Certain species are typically found in higher and 
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lower zones.  Burrowing and locomotory ability play an important role in the zonation and 
distribution of invertebrates (Dugan et al. 2000a).  Sandy beach habitats have fewer resident 
invertebrates than do rocky shores.  Generally, the only flora found in this habitat are diatoms 
and other microscopic species, and bacteria associated with organic detritus in the sand.  The 
sand beach flora constitute a major food base for the numerous meiofauna (minute animals) that 
inhabit the interstitial spaces between sand grains (USDOI, MMS 2007).  
 
Macrophyte wrack cover is found in the high intertidal and swash zone.  Beach wrack consists of 
pieces of macrophyte and other flotsam washed ashore by the surf.  Macrophyte wrack is an 
important habitat component of sandy beaches.  Dugan et al. (2000b) found that macrofaunal 
invertebrate species richness and abundance were positively correlated with wrack cover.  Beach 
grooming practices that remove wrack from the high intertidal zone may have impacts on 
macrofaunal communities (Dugan et al. 2000b).  Additionally, invertebrates associated with 
macrophyte wrack are important forage items for shorebirds.  
 
Typical macrofaunal invertebrates found in the high intertidal zone include beach hoppers (an 
amphipod, Orchestoidea spp.), the isopod Excirolana chiltoni, and some infaunal polycheates 
(Stephens et al. 2006).  The middle intertidal zone is dominated by sand crabs (Emerita analoga 
and Lepidopa californica), the infaunal polycheate Nepthys californica, the snail Olivella 
biplicata, and the infaunal clam Donax gouldi (Stephens et al. 2006).  Species found in the lower 
intertidal zone include infaunal polychaetes and nemerteans, large sand crabs, and the pismo 
clam (Tivela stultorum). 
 
Species assemblage exhibits a large amount of temporal and spatial patchiness.  Spatial 
patchiness can be attributed to the physical shape, contour, slope and composition of the 
shoreline.  Manmade structures, areas of pooling water, drainage channels, lees of headlands, and 
vertical profile of the beach can all influence distribution (Thompson et al. 1993a).  Seasonal 
variability in abundance is evident in certain species.  For example, sand crabs are abundant in 
the summer and fall and virtually absent during the winter months (Thompson et al. 1993a).  
Hydrodynamics plays a key role in recruitment success of pelagic spawning invertebrates.  Diehl 
et al. (2007) found that the sand crab (Emerita analoga) recruitment pattern in the Southern 
California Bight was similar between years examined.  This suggests that the oceanographic cell 
south of Point Conception may yield a relatively consistent spatial recruitment pattern from year 
to year in contrast to northerly populations (Diehl et al. 2007).  

6.1.1.3 Rocky Subtidal  
Rocky subtidal habitats along the Southern California coast are patchily distributed and often 
fragmented by long stretches of sand.  The Southern California islands constitute a substantial 
fraction of the subtidal rocky habitat that exists in the Southern Study Area (Stephens et al. 
2006).  The primary rock type is sedimentary, which can be composed of sandstone, mudstone, 
or shale (Stephens et al. 2006).  Shallow rocky subtidal habitats of the Southern Study Area 
include fully submerged, high-relief folded sandstone outcroppings, low-relief sloped rocky 
platforms, and boulder or cobble fields.  The California islands consist of high relief volcanic 
reefs with walls, ledges, caves, and pinnacles (USDOC, NOAA 2008).   
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Depth and wave action are important influential factors of species distribution.  Growth rate of 
filtering organisms tends to be greater in areas with higher wave energy (Menge 1992; Mcquaid 
and Lindsay 2000).  Bottom surge produced by passing swells can dictate species assemblage. 
Large swells in shallow areas can remove weaker motile and sessile organisms and increase 
suspended sediments.  Suspended sand can act as an abrasive that scours organisms with each 
passing wave, or can settle out of the water column and bury organisms on the surface of the 
rock (Menge et al. 1994; Nelson et al. 2008).  Suspended sediments can also inhibit light 
penetration, negatively affecting macrophytes (Nelson et al. 2008).  These effects are intensified 
during storm conditions.  
 
Similar to rocky intertidal zones, subtidal rocky reefs consist of mainly epifaunal sessile species 
of macrophytes and invertebrates.  These sessile organisms do not actively forage; they rely on 
water movement for supply of nutrients and food.  Motile invertebrates inhabiting these areas 
typically are algal grazers that can withstand strong currents and wave velocities. 
 
The communities of two rock pinnacles (Diablo and Nifty Rocks) located in the Santa Barbara 
Channel (less than 30 m) were examined and several algal species were observed including 
filamentous red algae (Bossiella), encrusting algae (Lithothamnion), green clump algae, and 
brown algae (Continental Shelf Associates Inc 2005).  The six most dominant taxa on the rock 
outcrops included Corynactis californica, Chthalamus spp., barnacles (Balanus spp.), 
Anthopleura xanthogrammica, Ophiothrix spiculata, and mussels (Mytilus californianus) 
(Continental Shelf Associates Inc 2005).  Anemones (Anthopleura spp.) were also common 
(Continental Shelf Associates Inc 2005).  
 
Zonation of epifaunal species tends to be more vertical in orientation and depth dependent in 
rocky subtidal areas, as opposed to the dramatic horizontal zonation observed in the intertidal 
zone.  In general the tops of high-to-medium-relief rocky structures are dominated by encrusting 
bivalves such as rock oysters and mussels.  In mid to lower zones of the outcrop, patches of 
encrusting bryozoans, gorgonians, stony corals, and rock scallops are typical.  Near the bottom of 
the structure fewer species are present, but occasional stony corals, gorgonians, sponges, 
barnacles, and sea urchins can be found (Stephens et al. 2006).  Both red and purple urchins 
(Strongylocentrotus purpuratus and S. franciscanus) are common in subtidal rocky reef habitats, 
but tend to occupy different depth ranges.  For example, at Santa Catalina Island purple urchins 
are most abundant in shallow depths (less than 5 m), while red urchins are found at deeper 
intermediate depths (greater than 5 m) (Thompson et al. 1993a).  Purple urchins can withstand 
greater wave surge than red, therefore purple urchins are found at shallower depths (Thompson 
et al. 1993a).   
 
Giant kelp (Macrocystis pyrifera) easily colonizes hard substrates of rocky platforms; therefore, 
kelp forests are typically associated with nearshore subtidal rocky habitat.  Kelp provides 
increased vertical structure and complexity to rocky subtidal habitats (Schiff et al. 2000). M. 
pyrifera is the most common species of kelp occurring in the Southern Study Area and grows at 
depths between 5 to 30 m.  Growth of giant kelp is limited by light penetration (Schiff et al. 
2000). Kelp beds in Southern California are patchily distributed.  Larger forests can be found in 
the Santa Barbara area, on the Palos Verdes Shelf, near Point Loma, and around the Channel 
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of offspring production: direct production of juveniles (after internal fertilization) that are 
miniature adults, and indirect production of pre-juvenile stages (eggs and larvae) (DeMartini and 
Sikkel 2006).  Most fish species fall into the second category of pre-juvenile stage producers.  
These fish exhibit four general life stages: egg, larvae, juvenile, and adult.  Each of these can be 
broken down into further detailed sub-stages and duration of each stage varies by species.  
 
Factors that determine diet include body shape, feeding behavior, and capture and feeding 
mechanisms.  Capture and feeding mechanisms may be described as biting, suction and ram 
feeding, suspension feeding, and pharyngeal jaw crushing (Horn and Ferry-Graham 2006).  
Trophic categories include herbivores, detritivores, carnivores, and omnivores.  The carnivorous 
group can be broken up into zooplankton feeders, benthic invertebrate feeders, and piscivores 
(fish-eaters).  In the Southern Study Area, zooplankton feeders include anchovies (Anchoa spp,) 
and sardines (Sardinops spp).  Examples of benthic invertebrate feeders include several ground 
and flatfish species such as sole (Solea spp.).  Many of the larger pelagic species found in the 
Southern California Bight are strictly fish eaters including tuna (Thunnus spp.) and striped marlin 
(Tetrapturus spp.) (DeMartini and Sikkel 2006). 

7.3 COMMERCIAL AND RECREATIONAL FISHING 
There are several commercial and recreational fisheries in the Southern California Bight. Over 
100 species of fish are accounted for in the catch composition.  Commercial landings for the 
entire state of California in 2004 totaled 172 million kg (USDOI, MMS 2007).  Commercial 
fishing techniques include hook and line trolling, harpoon, longline, purse seines, traps, bottom 
trawl, and gill nets.  Purse seining is an important method of fishing for pelagic species, 
especially northern anchovy, sardine, tunas, mackerel, and bonito.  Bottom trawling targets 
groundfish including rockfish, flatfish, roundfish, and sharks.  Many of the highly migratory 
species, including billfish, tunas, dolphinfish, and sharks, are the target of both recreational and 
commercial hook and line fisheries, as well as commercial harpooning and longlining.  Dotson 
and Charter (2003) report that popular recreational fish species or species groups from 1959-
1998 included albacore, California barracuda, Pacific bonito, calico bass, rockfishes, yellowtail, 
and yellowfin tuna.  
 
In general, regime shifts have profound effects on fisheries and harvest in the Southern 
California Bight.  This was first observed in catch fluctuations of small pelagic fish (northern 
anchovies and sardines) in conjunction with El Niño events and the Pacific Decadal Oscillation 
(PDO) (Mann and Lazier 1996).  Similar fluctuation patterns are now emerging for larger-bodied 
fish such as salmon, various groundfish, and some tuna species (Lehodey et al. 2006).  The El 
Niño event of 1997-98 was partly responsible for significant decline in total commercial landings 
as compared to previous years (Hill et al. 1999).  Elevated temperatures altered seasonal 
availability of several commercial species (Hill et al. 1999).  The delayed onset of seasonal 
upwelling in spring 2005 and 2006 (Schwing et al. 2006) has been blamed for poor ocean 
conditions and biological productivity and recruitment failures in several populations 
(McClatchie et al. 2008).  It is not uncommon for fishers to redirect effort on underutilized 
species during such regime shifts (Hill et al. 1999).  
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In the Southern Study Area, populations of rockfish species (Scorpaenidae) have exhibited 
population decline, and accordingly, rockfish conservation and management efforts have 
intensified in the past several decades.  The decline is attributed to additive effects of climate 
change and fishing pressure (Bennett et al. 2004).  Low recruitment success was attributed to 
warmer seas and declines in zooplankton caused by a positive shift in the PDO coupled with 
frequent El Niño events in the years following 1977 (Bennett et al. 2004).  Dotson and Charter 
(2003) noted a decrease in recreational rockfish catch since the early 1980s followed by a shift in 
recreational effort toward less utilized species, including ocean whitefish, California 
scorpionfish, cabezon, and sanddabs, was observed.  
 
The shark fishery of the Southern California Bight has experienced patterns of boom and bust in 
the past several decades (Holts et al. 1998).  Notably, shark landings off the West Coast 
decreased by 25 percent in 1998 from earlier years (1980-1988) (Holts et al. 1998).  Extremely 
poor returns of salmon stocks in California have triggered the closure of much of the West Coast 
salmon fishery (McClatchie et al. 2008). 
 
Understanding the impacts of fishing activities on the ecosystem of the Southern California 
Bight is a growing field of research.  Removal of predators, due to commercial harvest, and the 
effects of weakened top-down control and ecosystem responses, is a current research focus 
(Halpern et al. 2006).  Bottom fishing and its effects on seafloor habitats of the Pacific Coast, 
especially those exhibiting high complexity and low recovery time, have been investigated in 
several studies and have become a management concern (Bellman and Heppell 2007; Jennings et 
al. 2005).  NMFS is engaged in seafloor mapping and furthering the development and definition 
of EFH designations in all U.S. coastal waters.  In addition, marine reserves and conservation 
areas are becoming popular management methods.  For example, Schroeder and Love (2002) 
found that densities of two species federally listed as overfished (cowcod and bocaccio) were 
substantially higher in a marine reserve area in Southern California as compared to areas open to 
fishing. 

7.4 THREATENED AND ENDANGERED SPECIES 
Endangered and threatened fish species that are listed under the Endangered Species Act (ESA) 
occurring in the Southern Study Area are the green sturgeon (Acipenser medirostris), the 
tidewater goby (Eucyclogobius newberryi), and the Southern California evolutionarily significant 
unit (ESU) of West Coast steelhead (Oncorhynchus mykiss) (Table 7.1).   
 

Table 7.1. 
  

Conservation status of all species of fish found in the Southern Study Area (CA DFG 2009) 

Species Federal Listing California Listing 
Green Sturgeon – southern population 
 Acipenser medirostris 

Threatened none 

Steelhead – Southern California 
populations 
 Oncorhynchus mykiss 

Endangered none 

Tidewater Goby 
 Eucyclogobinus newberryi 

Endangered none 
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Green Sturgeon - The green sturgeon is broadly distributed along the West Coast from Mexico 
to the Bering Sea.  Adams et al. (2002) determined that the green sturgeon is composed of two 
distinct population segments (DPS) that qualify as species under the ESA.  Following an updated 
status review in 2005, NMFS concluded that the northern green sturgeon DPS warranted listing 
only on the Species of Concern List and proposed that the southern DPS be listed as threatened 
under the ESA.  NMFS published a final rule listing the Southern DPS of the green sturgeon as 
threatened in 2006. 
 
Adult individuals spend most of their lives in nearshore oceanic waters, bays, and estuaries. 
Spawning occurs in deep freshwater rivers.  Adults migrate into freshwater areas for spawning in 
late winter.  Juveniles stay in freshwater and estuarine areas for 1 to 4 years.  Green sturgeon 
forage in estuaries and bays ranging from San Francisco Bay to British Columbia.  Due to the 
lack of embayments and estuarine habitat, the southern DPS is centered in central and northern 
regions of California, and individuals occasionally occur in the Southern Study Area.  Principal 
food items include benthic invertebrates such as shrimp, mollusks, and amphipods, although they 
will also consume small fish (Adams et al. 2002).  The decline of the southern DPS of the green 
sturgeon is primarily related to the reduction of the available spawning area to a limited section 
of the Sacramento River.  
 
Tidewater Goby - The tidewater goby was listed as endangered in 1994.  It is found only in 
shallow coastal lagoons, stream mouths, and shallow areas of bays in low-salinity waters of 
California.  The decline of the tidewater goby can be attributed to loss of saltmarsh habitat via 
upstream water diversions, dredging, changes in salinity, pollution, siltation, and urban 
development (USDOI, MMS 2007).  Competition from the introduced yellowfin goby 
(Acanthogobius flavimanus) is also a potential threat.  
 
Historically the tidewater goby occurred in several California coastal lagoons from San Diego 
County to Humboldt County.  In more recent years it has disappeared from most of these sites.  
Critical habitat has been designated in San Diego and Orange Counties.  Malibu lagoon is a 
small canyon mouth estuary that is home to the endangered goby (Lafferty et al. 1999; Dawson 
et al. 2001).  Tidewater gobies have been documented in water with salinity levels from 0 to 10 
ppt, temperature levels from 1.7 to 22.8°C (35 to 73°F), and water depths from 1.5 to 2.3 m 
(USDOI, MMS 2007).  This species may enter the marine environment when forced out of the 
lagoon by strong storms.  Primary diet items include small crustaceans, aquatic insects, and 
mollusks.  Spawning occurs year-round with distinct peaks in April and May. 
 
Steelhead - NMFS has listed 16 ESUs of West Coast anadromous salmon species as threatened 
or endangered. Each ESU is treated as a separate species under the Endangered Species Act.  
Steelhead are migratory anadromous rainbow trout.  The Southern California ESU steelhead 
inhabits streams and rivers from the Santa Maria River south to Malibu Creek, California 
(Behnke 1992).  Critical habitat for steelhead includes all accessible river reaches and estuarine 
areas from the Santa Maria Basin to Malibu Creek.  In the Point Arguello area, this would 
include the Santa Ynez River, San Antonio Creek, and the Santa Maria River.  Steelhead enter 
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their natal streams from November to April to spawn.  Juveniles migrate to sea usually in spring. 
Steelhead can migrate extensively at sea. 
 
Adults migrate to freshwater areas to spawn, and the resulting young fish eventually enter marine 
waters to mature.  A number of factors have contributed to the declines in populations of West 
Coast salmon species over recent decades, including natural conditions (e.g., drought 
conditions), water management activities (e.g., construction of dams and depletion of water 
supplies), overharvesting (both recreational and commercial), predation and competition from 
introduced nonnative species, and changes in water quality (USDOI, MMS 2007).  

7.5 FISHES OF THE PELAGIC ZONE 

7.5.1 Epipelagic 
The epipelagic zone, the water column covering the shelf and the upper 200 m of water 
overlying the slope and deep basin, is the largest habitat in the Southern California Bight and the 
home of 40 percent of the species and 50 percent of the families of fish (Allen and Cross 2006).  
This area can be further defined as the coastal or neritic epipelagic zone, which refers to the area 
from the surf zone to the continental shelf break, and the oceanic epipelagic zone, or the areas 
over the slope and deep basins.  
 
Epipelagic fish are adapted to a habitat void of physical structure or visual reference points.  The 
assemblage is composed of small suspension feeders (e.g., anchovies and sardines) as well as 
larger predators (e.g., tunas); many of which are commercially harvested.  Epipelagic fish 
typically exhibit schooling behavior and undertake long migrations to foraging areas (typically 
areas of upwelling) and spawning habitats (PFMC 2005).  Fish from this zone represent a mix of 
permanent residents and periodic visitors.  With the exception of several subtropical species, 
epipelagic fishes have extensive ranges, which cover most of the Pacific Region. Species 
considered highly migratory in the Pacific Ocean include tunas, swordfish, marlins, sailfish, and 
oceanic sharks (PFMC 2005).   
 
The majority of the coastal epipelagic zone is beyond the major direct impacts of tidal, wave, 
beach, and shoreline processes.  Many coastal pelagic species are found within a few kilometers 
of the shore including queenfish (Seriphus spp.), California barracuda (Sphyraena spp.), 
speckled sanddab (Citharichthys spp.), white croaker (Genyonemus spp.), walleye surfperch 
(Hyperprosopon spp.), and salema (Xenistius spp.) (Allen and Pondella 2006).  Small schooling 
herbivores in the coastal epipelagic zone include the deepbody and northern anchovy (Anchoa 
spp.), the Pacific sardine (Sardinops spp.), and the jack mackerel (Trachurus spp.).  Schooling 
predators found over the shelf and at the shelf break include Pacific bonito (Sarda spp.), 
yellowtail (Seriola spp.), tuna (Thunnus spp.) and Pacific pompano (Peprilus spp.).  Large 
solitary predators include sharks and swordfish (Cross and Allen 1993).  Movement patterns and 
data of predators such as the blue shark, salmon shark and shortfin mako sharks in the Southern 
Study Area can be accessed through the “Tagging of Pacific Pelagics” (TOPP) program (TOPP 
2009)  
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Northern anchovy (Anchoa spp.) is the most abundant epipelagic fish of the Southern California 
Bight (Cross and Allen 1993).  The population is centralized in the bight.  The majority of fish 
occur inshore in the northern part of the bight during the fall.  The fish move offshore and 
southeast with the onset of spawning in late winter.  Anchovies reach reproductive maturity in 
1to 2 years and generally live 3 to 4 years.  Spawning occurs below the cold, upwelled water 
found north of Point Conception.  The southern limit of the spawning area along the Pacific 
Coast is determined by phytoplankton concentrations.  The largest schools occur within 40 km of 
the coast over deep water, often over escarpments and submarine canyons (USDOI, MMS 2001).  
Anchovies form schools in the summer and fall months during the daytime at depths of 110 to 
183 m and rise to the surface at night.  In spring schools can be found at the surface during the 
day and disperse at night (USDOI, MMS 2001).  
 
Some coastal epipelagic fish species do exhibit temporal changes, and the most dominant 
movement pattern is dispersing offshore at night from nearshore diurnal schools (Allen and 
Pondella 2006).  Diel onshore and offshore migrations are common for certain species including 
adult queenfish (Seriphus spp.).  Other nocturnal nearshore species include white seabass 
(Atractoscion spp.), Pacific electric ray (Torpedo spp.), gray and brown smoothhound (Mustelus 
spp.), angel shark (Squantina spp.), leopard shark (Triakis spp.), bat ray (Myliobatis spp.), swell 
shark (Cephaloscyllium spp.), hornshark (Heterodontus spp.), and black croaker (Cheilotrema 
spp.) (Allen and Pondella 2006). 
 
Species found in the oceanic epipelagic zone of the Southern Study Area are active swimmers 
that are typically distributed worldwide in the temperate and tropical oceans (Allen and Cross 
2006).  Many of these species are permanent inhabitants of the oceanic epipelagic, although 
some can be found in shelf areas.  Oceanic epipelagic species can be broken into two groups, 
those found in the top 20 to 30 m of water and those in deeper portions.  Shallower species found 
in California waters include blackwing flyingfish (Hirundichthys spp.), Pacific saury (Coloabis 
spp.), blue sharks (Prionace spp.), basking sharks (Cetorhinus spp.), shortfin mako (Isurus spp.), 
ocean sunfish (Mola spp.), swordfish (Xiphias spp.), various species of tuna (Scombridae spp.), 
striped marlin (Tetrapturus spp.), and louver (Luvarus spp.).  Species typically associated with 
deeper waters include opah (Lampris spp.), oarfish (Regalecus spp.), cutlassfish (Trichiurus 
spp.), ragfish (Icosteus spp.), longnose lancetfish (Alepisaurus spp.), escolar (Gempylus spp.), 
and oilfish (Ruvettus spp.) (Allen and Cross 2006).  

7.5.2 Ichthyoplankton 
Ichthyoplankton consists of the eggs and larvae of fish species found among other planktonic 
organisms that are unable to counter the movements of their environment.  Most fish species are 
broadcast spawners and thus release eggs and sperm into the water column (Cross and Allen 
1993).  Additionally, demersal spawners that attach eggs to the substrate tend to have pelagic 
larvae.  Once fertilized the eggs and hatched larvae are moved around by diffusion and advection 
of oceanic currents.  Fertilized eggs are immotile, where as newly hatched larvae are capable of 
feeble movement and become more motile with development.  
 
Larval mortality and recruitment success are dependent on factors such as yolk sac quality, 
transport, turbulence, predation, and starvation (Cross and Allen 1993).  Because of the 
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susceptibility of young to ocean currents, the release location of eggs is an important mechanism 
in controlling the fate of resulting larvae.  Therefore fish species have developed to either take 
advantage of the dispersal properties of oceanic currents or try to avoid their influence.  One 
important component to larval dispersal is encountering areas of high productivity where larval 
fish can feed on phyto- and zooplankton blooms.  The timing of spawning events is often 
associated with seasonal blooms of productivity.  Larval fish, therefore, often inhabit the same 
parts of the water column as do other members of the water column community.  This includes 
time spent at the surface where phytoplankton production is high.  Most fish larvae found in the 
Southern California Bight are distributed in the upper layer of the water column, which includes 
the upper mixed layer and the thermocline (0-125 m) (Moser and Watson 2006).  Vertical 
migration to maximize prey availability and minimize predation is a well documented 
occurrence.   
 
One of the longest ichthyoplankton surveys on the West Coast continues to be conducted by 
scientists of the California Cooperative Oceanic Fisheries Investigations (CalCOFI).  This survey 
design has an offshore emphasis due to its original historical focus on sardine ichthyoplankton, 
although all species are identified.  Most of the data collected from this survey are from areas 
beyond the continental shelf and in the California Current System.  Approximately 160 families 
of fish are represented in the entire California Current region (Moser and Watson 2006).  In the 
CalCOFI data set, larvae of coastal pelagic fish species dominate the abundance but represent 
only 4 percent of the total taxa (Moser et al. 2001).  Midwater species have the most taxa (38 
percent) but are ranked second in abundance based on total larvae.  Midwater fish are considered 
an important component of California Current ichthyoplankton ecology.  Larvae of rocky-shore 
fishes contribute about one-fourth of the taxa but represent a very low percentage of total 
abundance.  In all regions of the offshore CalCOFI survey, the most abundant species found is 
the northern anchovy (Anchoa spp.), followed by the pacific hake (Merluccius spp.) and the 
California smoothtongue (Leuroglossus spp.).  Other top ranking species include rockfishes 
(Sebastes spp.), Panama lightfish (Vinciguerria spp.), northern lampfish (Stenobrachius spp.), 
Pacific sardine (Sardinops spp.), and jack mackerel (Trachurus spp.) (Moser et al. 2001). 
 
A recurrent group analysis of CalCOFI data from (1954-1960) revealed a Southern California 
Complex consisting of four recurrent groupings of mainly midwater species including snubnose 
blacksmelt (Bathylagus spp.) and myctophids (lanternfish) (Moser et al. 1987).  The Southern 
Complex consists of several California Current endemic species and of warm-water 
cosmopolites (Moser and Watson 2006).  Spawning occurs primarily in the warmer months. 
During El Niño warm regimes, larval abundance of the Southern Complex is increased due to 
expansion of geographic distribution northward and shoreward (Moser and Watson 2006).  A 
guide to the ichthyoplankton of the California Current region was published by Moser (1996).  
  
The coastal assemblage of ichthyoplankton is located on the continental shelf and shoreward 
(less than 200 m).  Over 400 species from over 100 families have been observed in the nearshore 
ichthyoplankton assemblage off the California coast (Moser and Watson 2006).  Nearshore 
species must remain near the coast during larval development to maintain adult populations.  
This can be challenging for species with long development times that get carried offshore, 
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especially during periods of intense upwelling (Moser and Watson 2006).  For many of the 
nearshore species, a shoreward transport mechanism is needed to keep recruitment rates high.  
 
The nearshore assemblage is dominated by Pacific sardine and herrings (Engraulidae), 
silversides (Atherinidae), croakers (Sciaenidae), and various flatfish (Paralichthyidae and 
Pleuronectidae). McGowen (1993) found that white croaker (Genyonemus spp.), northern 
anchovy (Anchoa spp.), sanddabs (Citharichthys spp.), California halibut (Paralichthys spp.), 
diamond turbot (Hypsopsetta spp.), and hornyhead turbot (Pleuronichthys spp.) were abundant 
between the 15-m and the 36-m isobaths.  For more detail regarding the ichthyoplankton 
assemblage of nearshore Southern California shelf areas refer to McGowen (1993).  
 
Spawning on the Southern California Bight shelf occurs in winter-spring (cool water), in 
summer-fall (warm months), or more or less evenly throughout the year (Moser and Watson 
2006).  The pelagic spawners in the nearshore shelf system exhibit the most seasonality, while 
demersal species tend to spawn year-round (Moser and Watson 2006).  Horizontal spatial 
distributions of ichthyoplankton in Southern California are primarily cross-shelf rather than 
alongshore.  As with offshore ichthyoplankton species, during El Niño warm regimes, nearshore 
warm-water species are more abundant and found further north along the California coast, 
although species whose ranges are centered in the Southern California Bight exhibit less 
response to warm and cold regime shifts (Moser and Watson 2006). 
 
Watson et al. (2002) performed an analysis of the ichthyoplankton community around the 
northern Channel Islands and Santa Barbara Channel.  This study found the community varied 
seasonally.  Another study that focused on the effects of the eddy within the Santa Barbara 
Channel found higher concentrations of larval fish during years with increased eddy activity 
(Nishimoto and Washburn 2002). 
 
Pacific sardine (Sardinops spp.) and the northern anchovy (Anchoa spp.) are commonly found in 
the ichthyoplankton of the Southern California Bight.  Both species are important forage fish and 
the targets of large commercial fishing industries.  Historically the Pacific sardine has been 
heavily overfished along the California coast.  Success of fishery regulations has become 
apparent through increased presence of individual species in the ichthyoplankton (Smith and 
Moser 2000).  A study by Checkley et al. (2000) found that sardine eggs were primarily 
associated with waters directly adjacent to the California Current, while anchovy eggs were 
found farther inshore in the Bight.  Checkley et al. (2000) hypothesize this distribution was 
associated with temperature and salinity of the water masses: sardines preferring the warmer 
water near the currents and anchovies preferring the cooler upwelled water (Checkley et al. 
2000).  McClatchie et al. (2008) report that the highest Pacific sardine larval abundance is found 
along the inner edge of the California Current at the edges of eddies.  In the Southern Study 
Area, sardine eggs were widely distributed, and were most abundant between San Diego and 
Avila Beach (McClatchie et al. 2008).   
 
Long-term data sets, such as CalCOFI, that exhibit shifts in sardine (Sardinops spp.) and 
anchovy (Anchoa spp.) ichthyoplankton abundance provide evidence of the interdecadal 
modulation of ENSO from the PDO.  In general, patterns of cool “anchovy regimes” and warm 
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“sardine regimes” are observed in the California Current System (Chavez et al. 2003).  The El 
Niño event occurring in 2006 was of moderate strength.  Spring 2007 CalCOFI cruise data 
showed that Pacific sardine larval abundance was relatively high and distributed in relation to the 
inner edge of the California Current and the edge of an eddy.  Northern anchovy larvae were 
relatively low in abundance (McClatchie et al. 2008).  
 
The relationship between the daily egg production and the average sea surface temperature (°C) 
during 1994 through 2005 indicated that in most years, except in 1997 and 2002, an increase of 
daily egg production coincided with an increase of sea surface temperature.  This relationship is 
consistent with the assertion that high temperature is favorable for the Pacific sardine (Jacobson 
and MacCall 1995), in particular in recent years. 
 
Bay and estuarine ichthyoplankton assemblages found in the Southern Study Area are typically 
smaller than assemblages found in northern Pacific or Atlantic estuaries.  Ichthyoplankton 
assemblages in these embayments typically consist of resident species with limited contributions 
from open coastal species (Moser and Watson 2006).  Ichthyoplankton found in bays and 
estuaries include gobies (Gobiidae), several species of anchovies (Engraulidae), silversides 
(Atherinidae), and blennies (Blenniidae).  Fish larvae in embayments are dominated by 
demersally spawning species.  It is thought that demersal species may be better able to resist 
transport out of the embayment environment because they remain near the sediments where 
outward transport is slower or bottom water flows into the estuary (Moser and Watson 2006). 

7.5.3 Neuston 
The sea surface environment provides an important habitat for many organisms commonly 
referred to as neuston.  Neustonic organisms are those that spend either part or all of their life 
cycles in the top layer of the water column. In addition to several types of invertebrates, fish eggs 
and larvae have been found to make up significant portions of neustonic communities (Grant 
1986).  Fish eggs are commonly part of this community, as they are often positively buoyant.  
There have been numerous larval fish observed in the surface layer, many of which are 
commercially and recreationally important, such as billfish, dolphinfish, and tunas (Hempel and 
Weikert 1972).  Larvae of most species are not consistently members of this community as they 
migrate vertically over the course of the day to maximize prey abundance and minimize 
predation.  Larval fish of some species appear to actively seek the surface layer by adjusting their 
swim bladders to become buoyant (e.g., sardines, Santos et al. 2006).  Certain species of fish are 
noted as having larval stages that are completely neustonic or surface dwelling (e.g. gurnards, 
(dactylopteridae)) (Cowen 2002).  The most common larval fish occurring in the Southern 
California Bight nesutonic layer by day are members of the family Exocoetidae (flying fish) as 
well as sauries (Scomberesocidae) and grunion (Atherinopsidae) (Gruber et al. 1982).  The 
effects of sea surface warming due to climate change on neustonic assemblages, especially fish 
larvae, are not well understood.  Vilchis et al. (2009) found from a study of eastern Pacific 
neustonic larval fish species performed over a 13-year period that assemblages in oligotrophic 
waters are more resilient to changes in the thermocline than are those found in regions of 
upwelling.  
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7.5.4 Mesopelagic and Bathypelagic 
The mesopelagic or midwater zone is from 200 to 1,000 m in depth and located over the shelf 
slope and deep basins.  The bathypelagic zone includes areas deeper than 1,000 m. Midwater 
trawling, oblique tows, and data from submersible expeditions are the main methods of fish 
collection from these areas.  Due to complexity of data collection, less is known about the fish in 
the mesopelagic and bathypelagic zones.  Fish species in these zones have large eyes, jaws and 
teeth, and feed on deepwater invertebrates.  Meso- and bathypelagic species spawn at depth and 
their eggs and larvae rise toward the surface.  Larvae of deepwater species utilize the 
zooplankton resources of the euphotic zone.  Juvenile and young fish then migrate back down to 
deeper waters.  
 
In Southern California waters, there are approximately 120 species of deepwater fishes, with 
only a few being of commercial importance (Cross and Allen 1993).  Fish species found in the 
shallower portions of the mesopelagic zone are silvery and may exhibit vertical migration to the 
thermocline at night (Neighbors and Wilson, Jr. 2006).  Fish in the deeper mesopelagic are 
mostly nonreflective, pinkish, or translucent.  Bathypelagic fish are generally black or red in 
coloration.  The meso- and bathypelagic zones are cold, dark, sparsely populated regions.  The 
only light present is created by bioluminescent organisms.  Typical species of these zones 
include eel-like fish (Zoarcidae), deep-sea smelts (Argentinidae), barracudina (Paralepididae), 
tubeshoulder (Platytroctidae), bristlemouths (Gonostomatidae), hatchetfish (Sternoptychidae), 
lanternfish (Myctophidae), blackchin (Neoscopelidae), bigscales (Melamphaidae), fangtooth 
(Anoplogastridae), and dreamers (Oneirodidae).  

7.6 FISHES OF SOFT SUBSTRATES 
Soft substrate is the most abundant benthic habitat type found in the Southern Study Area.  Areas 
consisting of soft substrate include bays and estuaries, surf zones, and the continental shelf and 
slope. “Soft substrate,” or “soft sediment,” refers to unconsolidated sediments ranging from fine 
silts and clays to coarse, well sorted sands.  Each of these soft sediment habitats supports a 
unique assemblage of pelagic, demersal, and benthic fish species.  
 
In the bays and estuaries of Southern California, bottom sediments range from fine silty clay to 
sands.  Typically estuaries are difficult environments to inhabit due to varying conditions such as 
dissolved oxygen and salinity.  However, estuaries also tend to be nutrient rich and have high 
levels of primary productivity (Allen et al. 2006).  Resident fish species are usually hearty and 
capable of surviving a wide range of environmental circumstances.  Embayments are used by 
fish as spawning sites, as nursery habitat, and for migration.  Several species of forage fish exist 
in these environments and serve as prey for many commercially valuable species.  
 
Southern California bays and estuaries are small and mainly marine in character, as they are fed 
by small seasonal rivers and streams (Allen et al. 2006).  Bays and estuaries found in the 
Southern Study Area include Carpinteria Marsh, Mugu Lagoon, Malibu Lagoon, Alamitos Bay, 
Anaheim Bay, Newport Bay, Los Penasquitos Lagoon, Mission Bay, San Diego Bay, and 
Tijuana Estuary.  The fish assemblages found in these systems are unique, in that there is a lack 
of a large freshwater component except during occasional winter floods (Allen et al. 2006).  Also 
there is a general lack of anadromous fish species.  The Pacific lamprey (Lampertra spp.) and the 
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Southern California ESU steelhead (Oncorhynchus spp.) are among the only anadromous species 
present.  The presence of the only catadromous fish, the striped mullet (Mugil spp.), also gives 
these assemblages further distinction (Allen et al. 2006).  Eelgrass beds provide important habitat 
for species such as bay and barred pipefish (Syngnathus spp.), shiner perch (Cymatogaster spp.), 
and giant kelpfish (Heterostichus spp.) (Allen et al. 2002).  Salt marsh channels are home to 
estuarine species such as the California killifish (Fundulus spp.) and longjaw mudsucker 
(Gillichthys spp.), whereas shallow mudflats are inhabited by several species of gobies including 
arrow, shadow, and cheekspot (Gobiidae spp.).  Topsmelt (Atherinopsis spp.), striped mullet 
(Mugil spp.), deepbody anchovy (Anchoa spp.), and slough anchovy (Anchoa spp.) can be found 
in the water column along the shoreline and in channels.  The deeper channels and benthic 
habitats are populated by common marine migrants and estuarine residents such as black perch 
(Embiotoca spp.), spotted sand bass (Paralabrax spp.), diamond turbot (Hypsopsetta spp.), 
juvenile California halibut (Paralichthys spp.), round stingray (Urolophus spp.), and barred sand 
bass (Paralabrax spp.) (Allen et al. 2002). 
 
Nearshore shallow surf zones offer soft sediment habitats to a variety of fish.  This environment 
is constantly moving and changing due to wave, tide, and shoreline processes.  The surf zone is 
turbulent and receives a high level of nutrient and detrital input, and supports large populations 
of small invertebrates (see chapter 6).  Even though energy expenditure is high in surf zones, 
several species of fish are attracted to it for foraging purposes (Allen and Pondella 2006).  
Exposed beaches are occupied by the following types of feeders: small active planktivores, 
roving substratum feeders, and piscivores.  The most numerically dominant species found in the 
Southern California surf zone include the northern anchovy (Anchoa spp.), silversides (jacksmelt 
and topsmelt, Atherinopsis spp.), juvenile queenfish (Seriphus spp.), and walleye surfperch 
(Hyperprosopon spp.).  Other species present include the California grunion (Leuresthes spp.), 
dwarf perch (Micrometrus spp.), deepbody anchovy (Anchoa spp.), barred surfperch 
(Amphisticus spp.), spotfin croaker (Roncador spp.), California corbina (Menticirrhus spp.), 
yellowfin croaker (Umbrina spp.), round stingray (Urolophus spp.), leopard shark (Triakis spp.), 
and gray smoothound (Mustelus spp.).  Benthic drift algae found adjacent to the surf zone 
provide an important habitat component for certain fish species.  Species associated with drift 
algae are the giant kelpfish (Heterostichus spp.), the spotted kelpfish (Gibbonsia spp.), and the 
kelp and barcheek pipefish (Syngnathus spp.) (Allen and Pondella 2006).  
 
The continental shelf gradually slopes seaward to the steep continental slope.  Typically the shelf 
is defined as seaward areas to the 200 m isobath.  Areas beyond the 200 m isobath are considered 
slope.  The mainland shelf along the Southern California coast is narrow (0.06-13 km) compared 
to northern shelf regions (less than 1-50 km) (Allen 2006).  Shelf areas also occur around the 
coastal islands of Southern California.  Soft sediments dominate the benthic habitat of the 
continental shelf and upper slope.  Sandy sediments are more common in nearshore areas of the 
shelf, while silt and clays can be found out toward the slope.  These expanses of soft sediment 
are typically low relief, with occasional rocky outcroppings, or biogenic reef structures.  The 
shelf assemblage (approximately 5 to 200 m deep) can be broken up into three regions: inner, 
middle, and outer.  Deepwater outer shelf and slope fish species are adapted to low temperatures, 
low dissolved oxygen, low light, and high pressure conditions.  Certain fish families have body 
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20. BENTHOS 
Benthic habitats and associated benthic invertebrates are important to the ecosystems of the 
Southern California Bight.  These benthic resources are likely to be affected by bottom 
disturbance, changes in water quality, habitat alterations, and contamination by pollutants. 
Anthropogenic threats to deep sea soft-sediment environments include disposal of wastes, deep-
sea fishing, oil and gas extraction, marine mineral extraction, pipeline and cable burial, and 
climate change (Glover and Smith 2003). 
 
Installation of offshore platforms includes pile driving, dredging (including trenching), and 
pipeline laying.  These construction activities result in physical habitat disturbance and 
alteration, degradation of water quality, and increased vessel traffic.  Pile driving and installation 
creates vibrations (and noise), suspends sediments, and physically alters substrates by displacing 
the existing sediments and replacing them with high-vertical-relief hard substrate (Michel et al. 
2007).  Dredging physically removes existing substrate and infaunal organisms, creates 
suspended sediment plumes, and potentially leaves the seabed in an altered state.  The largest 
modifications of benthic habitats will be associated with the laying of pipeline.  This has the 
potential to affect a large area and number of habitats as pipelines connect the offshore structures 
to the onshore terminals.  In general, benthic habitats consisting of long-lived, slow-growing, 
mostly epifaunal benthos are more sensitive to these effects than are habitats supporting fast-
growing short-lived, mostly infaunal species.   
 
Operational impacts on the benthos may result from fuel leaks and spills; discharge of drill 
cuttings, fluids, and produced water; habitat alteration due to increased structure on the seabed; 
and the leaching of chemicals from the installed structures (paints, antifouling agents).  Impacts 
of accidental fuel leaks on benthic habitats are discussed in Section 20.7. 
 
Removal of offshore platforms and pipelines involves many of the same procedures as does 
installation.  Impacts of decommissioning activities are assumed to be similar to those of 
construction, including effects from increased vessel traffic, sediment displacement, and 
suspended sediments.  During decommissioning, the structures and decks above the surface are 
taken apart and shuttled to disposal sites via barges.  The platform legs, wellheads, flare piles, 
conductors, submerged wells, caissons, and all other submerged structures then need to be 
removed to at least 5 m below the sea floor.  In many cases this requires explosive removal.  
There are several common explosive removal techniques including bulk explosive charges, 
configured bulk charges, and cutting charges (Viada et al. 2008).   

20.1 HABITAT ALTERATION  
The installation of structures will result in the direct physical removal and disturbance of benthic 
habitat.  As a result, all infaunal and sessile epifaunal organisms found in these substrates are lost 
via removal or crushing (USDOI, MMS 2007a).  Additionally, the majority of the motile benthic 
organisms are likely lost, but some larger organisms may be able to migrate out of the footprint.  
Jet plowing, trenching, and dredging associated with pipeline installation activities can leave the 
benthic habitat altered, ultimately changing the biological composition (Newell et al. 2004).  Pre-
disturbance conditions may not ever be reestablished, even if pipeline trenches or platform areas 
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A 4-year study conducted by Hyland et al. (1994) investigated impacts of drilling mud 
deposition off Point Arguello, California.  Increased levels of barium were found in the surface 
sediments and suspended particles; however, concentrations were below toxic thresholds.  
Therefore, observed modification of the benthos was attributed to physical mechanisms via 
particle loading, such as decreased feeding and respiration.  Hard- bottom taxa in adjacent areas 
showed reduced abundance in comparison to predrilling conditions due to deposition (Hyland et 
al. 1994).  In another study, Raimondi et al. (1997) demonstrated that drilling muds from an 
active platform off Southern California affected settlement of red abalone (Haliotis rufescens) 
larvae as well as survivorship and viability of adult cup coral (Paracyathus stearnsii).  High 
suspended sediments in the water can also casue behavioral changes in suspension feeders which 
retract their feeding appendages during time of high sediment concentrations (Battelle 1991).  
For a complete review of impacts as a result of drilling cutting and fluids please see the reports 
for the California OCS Monitoring Program: Assessment of Long-Term Changes in Biological 
Communities: Phase I (SAIC 1986), Phase II (Battelle 1991), and Phase III (SAIC and MEC 
1995). 

20.5 WASTEWATER 
Produced water, a waste product of oil production, is also discharged into the surrounding 
environment.  This fluid, which contains more salt than seawater, may also contain a multitude 
of contaminants.  Oil and gas reservoirs have a natural water layer that lies under the 
hydrocarbons.  During extraction, additional water is injected into the reservoirs to force oil to 
the surface.  At the surface, the water is separated from the hydrocarbons by treatment with 
various chemicals, and then discharged into the sea.  It has been shown that produced water can 
negatively affect the fouling community (epifaunal organisms attached to hard substrate) on 
nearby structures (NRC 2003).  Reduced growth or accumulation of contaminants in the fouling 
community is anticipated only in close proximity to the discharge.  Reproductive capability, 
embryonic development, and settling of pelagic stages of some epifaunal invertebrates, including 
sea urchins and mussels, may be affected depending on the degree of exposure (Cherr et al. 
1993; Cherr and Fan 1997).  These effects are likely to be localized and temporary.   

20.6 NOISE AND VIBRATION 
For all stages of the project, noise and vibrations are not known to cause adverse impacts to 
benthic communities.  Although some motile invertebrates may move away from noise and 
vibration sources like pile driving during construction, these effects would be temporary 
(USDOI, MMS 2007b).   

20.7 CHEMICAL CONTAMINATION AND OIL SPILLS 
Antifouling paints and coatings are used to keep organisms from growing on structures 
submerged in the water.  While some parts of an oil platform will not be affected by the presence 
of attached organisms, the use of antifouling paint on other parts has the potential to affect water 
quality and result in the bioaccumulation of metals and organics in lower-trophic-level 
organisms.  Most studies investigating this potential issue focus on marinas (Schiff et al. 2007), 
where pollutants from large surface areas covered in antifouling paint can have a measurable 
impact on the environment.  The large surface areas of the sources, and the protected (enclosed) 
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conditions, oil can be entrained into the water column as droplets.  Exposure to these 
microscopic entrained oil droplets may either mechanically impact benthic species (especially 
filter feeders) or act as a conduit for exposure to soluble and semi-soluble hydrocarbons (which 
may be taken up via the gills or digestive tract) (French-McCay 2009).  The components of oil 
that cause most toxic effects on benthic organisms are the low-molecular-weight aromatic 
compounds, particularly the polynuclear aromatic hydrocarbons (i.e., the PAHs) (Neff et al. 
1976; Rice et al. 1977;, Malins and Hodgins 1981; Neff and Anderson 1981; Anderson 1985; 
McAuliffe 1987; French-McCay 2002; NRC 2003).  Exposure to dissolved aromatics results in 
accumulation of toxins in tissues and disruption of cellular functions (French-McCay 2009).  
Uptake of less soluble PAHs has been related to many sublethal and chronic effects in benthic 
organisms (Neff et al. 1976; Malins and Hodgins 1981; Neff and Anderson 1981; NRC 2003).  
 
Shoreline and intertidal habitats are the most vulnerable to the adverse impacts of oil spills.  
Shorelines act as sinks as oil sticks to, persists in, and smothers intertidal habitats.  Hydrocarbon 
concentrations are elevated in sediments of oiled shorelines (Lee and Page 1997).  Degree and 
severity of impact are dependent on substrate type, oil type, volume of oil deposited, and 
thickness of oil coating on habitats (French-McCay 2009).  For a literature review on how these 
factors affect oiled shorelines see French-McCay (2009).  Numerous reports document 
suppression of intertidal invertebrate densities on visibly oiled shorelines (Burns et al. 1993; 
Garrity and Levings 1993; Clarke and Ward 1994; Ansari and Ingole 2002; Yamamoto et al. 
2003; Teruhisa et al. 2003; Andersen et al. 2008).  Heavy oiling occurring in rocky intertidal 
resulted in decreased density of invertebrates and vegetation (Teruhisa et al. 2003; Yamamoto et 
al. 2003).  If an oil slick settles into a protective embayment where seagrass and shallow habitats 
are found, reduction in dissolved oxygen and light, as well as toxic dissolved PAHs, can cause 
stress to primary producers and associated benthic organisms.  This may cause a reduction in the 
diversity or population of epifauna and benthic infauna associated with these habitats (USDOI, 
MMS 2007a, b). 
 
Should oil affect shallow subtidal soft and rocky bottoms that are open to the ocean, oil may or 
may not persist over, or in, the habitat for very long.  Exposure depends on physical conditions.  
Typically hydrocarbon concentrations in subtidal regions are orders of magnitude lower than that 
found in oiled shoreline sediments (Lee and Page 1997).  However, shallow subtidal areas may 
be subjected to relatively high oil entrainment rates and aromatic hydrocarbon concentrations if 
high-energy mixing and turbidity occur near the coast.  This can result in mortality of soft- and 
hard-bottom subtidal communities.  For example, during the North Cape spill (Rhode Island, 
1996), because of heavy surf conditions high concentrations of aromatic hydrocarbons took 
weeks to disperse (French-McCay 2003); millions of subtidal benthic organisms including 
lobsters and surf clams were killed. 
 
Oil spills in the offshore environment will have less of an adverse impact on benthic habitats 
than will spills in shallow areas and near shorelines.  Surface slicks occurring offshore can come 
into contact with benthic macrophytes that grow up to the surface, mainly kelp (see Chapter 7).  
In addition, the larval stages of several species of benthic invertebrates may come into contact 
with surface or entrained oil.  Some invertebrate species have larval stages that are explicitly or 
partially neustonic (i.e., sea surface dwelling).  In particular, crustacean larvae can be found in 
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the surface layer, including brachyuran crabs and spiny lobster (Young 1995; Reyns and 
Sponaugle 1999; Acosta and Butler 1999).  Direct contact of neuston with surface oil and 
entrained oil droplets is hypothesized to result in high mortality (Grant 1986).  Dissolved 
aromatic hydrocarbons can also impact pelagic larval stages of benthic invertebrates. 

20.8 RECOVERY OF BENTHIC HABITATS 

20.8.1 Oil Spills  
Recovery rates for different habitat types have been explored as part of remediation activities 
following spills.  A review of current information with respect to recovery after oiling can be 
found in French-McCay (2009).  In general for intertidal invertebrates, French et al. (1996) 
estimated that time for natural recovery is 3 to 5 years.  Several post-spill monitoring studies of 
rocky intertidal areas show that cleanup activities tend to increase recovery time (potentially up 
to 9 years) (Broman et al. 1983; Houghton et al. 1991; Rolan and Gallagher 1991).  In some 
cases, where the structure-forming species actually stabilizes the habitat, it is conceivable that 
permanent modification of that habitat could result from an acute incident (USDOI, MMS 2001).  
Rocky intertidal oiled areas left to recover naturally show improvement within 2 to 5 years (Sell 
et al. 1995).  Sandy beaches and mudflats can take anywhere from 1 to 5 years to fully recover 
after a spill event (French-McCay 2009).  Seagrass beds have been observed to recover within 7 
months of a spill (Keller and Jackson 1991); however, longer recovery estimates (several years) 
are more typically made (French-McCay 2009).  Recovery of benthic organisms and vegetation 
in oiled salt marsh habitat may take anywhere from 5 to 18 years (French-McCay 2009).  
Subtidal kelp forests of the Pacific Coast are quick to recover biomass after both natural (e.g. 
storms, grazing; Graham 2002) and pollution (e.g. oil and sewer spills; Moody 1990; Tegner et 
al. 1995) events.  Moody (1990) estimated that vegetative biomass in oiled kelp beds had 90 
percent recovered in 3 to 4 years.  However, after 14 years these habitats had not fully recovered 
to pre-spill diversity.   

20.8.2 Physical Disturbance  
The recovery rate of disturbed benthic habitats can be correlated to substrate type.  In general, 
soft sediments tend to recover faster than hard.  It is assumed that physical disturbances on soft-
bottom habitat cause only temporary changes in species abundance or composition.  Soft bottom 
infauna tends to repopulate or recolonize relatively quickly.  Changes caused by disturbance may 
be well within the natural variability of the resource.  The successional stages of soft sediment 
benthos occur over relatively short time periods.  The initial colonization community can peak in 
population density within 6 months of the disturbance (Newell et al. 1998).  The transitional 
community will establish and last anywhere from 1 to 5 years.  The final equilibrium community 
comprised of larger, long lived species can establish between 5 to 10 years post disturbance 
(Newell et al. 1998).  Successional stage duration in soft sediment habitats is highly dependent 
on grain size and water velocity (Newell et al. 1998).  Sandy areas exposed to high 
hydrodynamic energy are able to recover the quickest, as organisms living in these environments 
are well adapted to a dynamic environment, are generally short-lived, and are highly motile.  
Species in more stable soft-sediment habitats (finer sands and silty clays) may take slightly 
longer to recover than will those in sandier habitats, especially habitats that support epifaunal 
species such as sponges.   
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Because both nearshore and deep rocky habitats tend to support long-lived epifaunal 
communities (corals, sponges, etc.), recovery from disturbance in these areas requires a much 
longer time than does recovery in soft sediments.  In rocky substrates, recolonization of 
invertebrates from physical disturbances (e.g. anchor scars) is thought to occur initially by short-
range larval supply and growth of bordering species (Thompson et al. 1993).  Eventually motile 
predator-scavengers like echinoderms and larvae of long-range dispersal organisms such as 
hydroids and asteroids also colonize. 
 
Nairn et al. (2004) evaluated impacts from sand dredging operations in the Outer Continental 
Shelf and documented short-term loss and changes in the benthic community structure as a result 
of dredging.  A review of impact and recovery studies indicates that communities of comparable 
total abundance and diversity recolonize sites dredged for sand within several years.  Although 
these recolonized communities may be similar to pre-dredged sites in total abundance and 
species diversity, their taxonomic composition is often very different before and after dredging 
(Nairn et al. 2004).   
 
Newell et al. (1998) conducted a review of the impact of and seabed recovery from dredging 
activities in coastal waters.  They estimated that soft bottom consisting of silty clay and sand 
would recover in less than 1 year, gravel habitats would recover in 2-3 years, and rocky 
substrates would recover between 5 and 10 years.  

20.9 SUMMARY AND DATA GAPS 
The rocky intertidal shorelines of Southern California are some of the most ecologically valuable 
habitats on the West Coast.  They are also very vulnerable to the impacts of oil and gas 
development in addition to other natural and human-induced stressors.  Future research should 
include monitoring and measuring the response of rocky intertidal communities to additive 
effects of development, oil spills, climate change, and climate regime shifts.  
 
Benthic recovery of disturbed habitats is an important area of research.  Nairn et al. (2004) asks 
an important ecological question “Do the new benthic communities fill the same trophic function 
and provide the same energy transfer to higher trophic levels as did the original communities?”  
For this question to be answered, comprehensive information on pre- and post-disturbance 
processes must be documented.  These data gaps should be the focus of future seabed recovery 
studies.  If they do not, then the potential long-term and cumulative ecological impacts of 
disturbance may be far greater than predicted to date (Nairn et al. 2004). 
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21. FISH 
The fish assemblages found in the Southern Study Area are ecologically diverse and contain 
many commercially important populations.  Fish and essential fish habitat (EFH) for these 
species are likely to be affected by bottom disturbance, increased noise and vibrations, changes 
in water quality, entrainment and impingement from water intake and discharge, habitat 
alterations, and contamination.  
  
Installation of offshore platforms includes surveying, pile driving, dredging, and pipeline laying.  
These construction activities result in physical habitat disturbance and alteration, increased 
degradation of water quality, increased vessel traffic, increased noise and vibration, increased 
water usage, and additional discharges.  Surveys conducted around potential development sites 
will result in higher vessel traffic and some benthic modification from seabed core collection.  In 
addition, increased noise from sonar, core drilling, and seismic survey airguns may result from 
surveying activities.  Pile driving creates suspended sediments, noise, and vibration.  Installation 
of piles physically alters substrates by displacing the existing sediments of the seabed and 
replacing them with high vertical-relief hard substrate.  Dredging physically removes existing 
sediments and potentially leaves the seabed in an altered state.  Dredging also creates suspended 
sediment plumes and temporary periods of reduced water quality.  Jetting, trenching, or dredging 
associated with pipeline installation results in temporary reduction in water quality due to 
increased suspended sediments.  
 
During operations, impacts to fish populations may result from habitat alterations, drilling 
activities, produced water, seawater usage, and artificial lighting.  Removal of offshore platforms 
and pipelines includes many of the same procedures as the installation, although pile driving is 
not expected.  Impacts of decommissioning activities are assumed to be similar to that of 
construction.  Fish resources and essential fish habitat could be affected by increased vessel 
traffic, sediment displacement, suspended sediments, noise generated during dismantling, and the 
alteration and loss of habitat provided by the existing structures. 

21.1 HABITAT ALTERATION  
Removal of sediment and seabed disturbance can affect fish populations via loss of physical 
habitat and loss of forage items (crushed or removed benthic invertebrates), and can therefore 
modify assemblages.  Installation of platform supports may alter benthic habitat from low relief 
soft substrate to a hard, high vertical relief setting.  This may result in habitat loss for benthic fish 
species such as flatfish and a shift in assemblage toward more structure-preferring species (Love 
et al. 2003).  In dredged or trenched areas that are backfilled with substrate or left open and 
exposed (i.e. pipeline corridors), the benthic invertebrate forage base of many fish species may 
not recover to the pre-disturbance assemblage (Newell et al. 2004).  Therefore, fish species 
assemblages in the immediate area of pipeline corridors may be affected.  During construction, 
increased anchoring and mooring is expected.  Benthic habitat alterations due to temporary 
mooring blocks in the sea floor may attract several fish and invertebrate species that are 
associated with increased structural complexity and hard substrate.  Anchoring and anchor 
dragging can scar the sea floor and remove benthic forage species of many fish (Lissner et al. 
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1991).  For more detail on impacts to the benthic habitat and benthic invertebrate assemblage 
refer to section 20.1.  
 
Following installation of platforms, during the operational phase, the added structure to the 
seabed will promote the establishment of artificial reef habitat.  Fishes, including groundfish and 
pelagic species, would likely be attracted to the newly formed habitat complex.  Fish population 
numbers in the immediate vicinity of the platforms are likely to be higher than those in 
surrounding waters.  This habitat alteration has been observed and is well documented at several 
previously installed offshore structures in the Southern Study Area (USDOI, MMS 2005).  
Platforms supply hard bottom habitat that fosters growth of algae and sessile epifaunal 
invertebrates.  These biofouling organisms provide habitat and food for many motile 
invertebrates and fish.  Piles of biofouling bivalve shells tend to accumulate on the sea floor 
around the base of the platform (Schroeder and Love 2004).  These “shell mounds” provide areas 
of low to medium relief hard substrate. Several positive ecological and commercial impacts have 
been associated with artificial reef habitat including increased biodiversity and fisheries.  
Platforms and their surrounding habitat support ecological functions such as nursery, feeding, 
and spawning grounds (Helvey 2002; Love et al. 2003; Love et al. 2005).  Effects on diversity 
and fish abundance would be project-specific since they would be largely dependent on the 
prevalence of various types of habitats and fish species within surrounding areas (USDOI, MMS 
2007). 
 
Fishes using artificial reefs can generally be classified as either resident or transient (Love et al. 
2000).  Within the resident community, there are species directly dependent upon the biofouling 
community for food or cover, and species that appear attracted to the structures for cover but 
exhibit little trophic dependence on the biofouling community.  Most of the large predators 
around petroleum platforms are believed to be highly transient (Love et al. 2000).  Both pelagic 
prey and predator species are attracted to these structures.  
 
Of the 82 groundfish species federally managed in the Southern California Bight, 40 of them 
have been observed at Southern California platforms (Love et al. 1994; Love et al. 2000).  Some 
rare or overfished fish species attracted to such structures could be negatively affected if 
increased harvest were to result due to a concentration of fishing effort.  Of particular interest, 
approximately 32 species of the rockfish family (Sebastes spp.) are associated with platforms 
(Helvey 2002).  A tagging study done by Hartman (1987) found that most rockfish species were 
mostly localized around platforms, but did embark on small-scale movements to adjacent 
platforms. 
 
During decommissioning, the structures and decks above the surface are taken apart and shuttled 
to disposal sites via barges.  The platform legs, wellheads, flare piles, conductors, submerged 
wells, caissons, and all other submerged structures then need to be removed to at least five 
meters below the sea floor.  In many cases this requires explosive removal.  There are several 
common explosive removal techniques including bulk explosive charges, configured bulk 
charges, and cutting charges (Viada et al. 2008).  Injurious effects are caused by primary blast 
injuries or cavitations and the effects of rarefaction waves (Viada et al. 2008).  Vertebrates with 
gas-filled internal organs, such as swim bladders, are particularly vulnerable to explosions 
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(Govoni et al. 2008).  Thus, some degree of mortality of adult and large juvenile fish is expected. 
Two major zones of injury exist from blasting (Schroeder and Love 2004).  The first zone is 
roughly spherical and centered around the explosion.  Fish and organisms in this zone experience 
almost total mortality.  The second zone is in the shape of a shallow disk that is also centered 
around the explosion, but located near the surface of the water.  Fishes in this zone experience 
mortality from rapid swimbladder expansion as the initial shock wave reflects off the surface of 
the water (Schroeder and Love 2004).  Fishes without swimbladders may experience auditory 
damage or debilitating physiological stress (Schroeder and Love 2004).  The impact of an 
explosion on any organism is dependent on its distance from it.  Mortality as a function of 
distance in the blast zone is not well defined and is dependent on the force of the explosion 
(Schroeder and Love 2004).  Total mortality can be predicted with some accuracy if abundance 
and distribution of fish is known (O’Keefe 1984).  Govoni et al. (2008) found that larval fish are 
impacted by underwater explosions in the immediate area, but impacts are unlikely to affect fish 
at the population level. In addition contaminated sediments are likely to resuspend in the water 
column during removal of structures embedded in the sea floor (Schroder and Love 2004).  
 
Removal of platform structures will result in removal and displacement of artificial reef habitat 
and all associated organisms.  Fish composition shifts toward soft-sediment assemblages (if shell 
mounds are removed) or to an assemblage similar to a low relief cobble (if shell mounds are not 
removed) would result from total rig removal (Schroeder and Love 2004).  Recovery of these 
areas is defined by Schroeder and Love (2004) as the point at which the community of organisms 
at the site of impact is indistinguishable from adjacent communities in similar substrates.  A 
study carried out by MBC Applied Environmental Sciences (1987) estimated that the recovery of 
a soft sediment community around a decommissioned platform would take approximately 10 
years.  The site may or may not return to pre-impact conditions as a result of total rig removal.  
For more details regarding ecological impacts of various platform removal alternatives (i.e. 
partial removal, toppling, and no removal) see Schroeder and Love (2004).  Use of platforms by 
fishermen and recreational divers that develop as a consequence of the newly developed 
biological communities would also cease after decommissioning (USDOI, MMS 2007).  

21.2 SUSPENDED SEDIMENT AND SEDIMENTATION 
Direct effects of suspended sediments on juvenile and adult fish are expected to be minimal and 
temporary, as they are motile and can move out of the affected areas.  Planktonic fish eggs and 
larvae are affected by increased suspended sediments via gill clogging and other mechanisms 
(Wilber and Clarke 2001).  Mortality and sublethal effects are dependent on concentration and 
exposure duration (Wilbur and Clarke 2001).  Demersal fish eggs may be buried by deposition of 
suspended sediment, with mortality resulting from smothering.  Increased suspended sediments 
can also impact he food web, though effects are expected to be short-term and localized.  
Turbidity can result in short term decreases in photosynthesis effecting primary productivity 
(Vermaat et al. 1997) and deposition of suspended sediments can smother benthos leading to a 
temporary loss of forage items for fish species.  Increased suspended sediments resulting from 
drilling activities are discussed in section 21.4.  
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21.3 INCREASED VESSEL TRAFFIC AND WATER USAGE 
Entrainment and impingement of organisms is a major concern when utilizing sea water if the 
quantity of seawater use is large.  Major sources of consumption include intake for platform 
operations and shipping operations, both cooling water and ballast water.  Of these, ballast water 
is the largest component and impacts to the plankton communities will depend on the volume of 
ship traffic to any given location.  Cargo vessels take on or release large quantities of ballast 
water when on- and offloading.  This major consumption of water results in the entrainment of 
pelagic fish eggs and larvae, which are either killed or transported to a new location (USDOI, 
MMS 2007).  Small pelagic eggs and larval stages of fish can be entrained while medium sized 
organisms would be impinged at the intake.  Impacts to localized fish populations, via 
ichthyoplankton entrainment, have the potential to be significant if water usage is large and 
continuous over a long time period.  Additionally, loss of young individuals can have impacts on 
future production of the population and food web. 
 
Direct mortality of ichthyoplankton from vessel traffic has been documented in rivers and other 
enclosed systems (Killgore et al. 2001; Pearson 1989), with a good discussion of the background 
in Killgore (2000).  These effects can be from vessel generated turbulence and shear, impacts on 
the hull and propeller, abrasion, waves and drawdown (Pearson 1989).  Killgore et al. (2001) 
simulated propeller shear effects on riverine fish species with shear stress levels between 634 and 
5,743 dynes/cm2 (for comparison towboat propeller shear stress in navigable rivers can be 
greater than 5,000 dynes/cm2).  Mortality was linear with shear stress, and smaller larvae had 
higher mortalities than larger larvae.  However, comparable field data on vessel induced 
mortality is lacking; the following examples are from river systems.  Odum et al. (1992) found 
that handling mortality and variation in live larvae samples may have been larger than the vessel 
mortality effects.  Holland (1986) found damage to eggs but not to larvae or small fish.  
Gutreuter et al. (2003) developed a methodology for estimating mortality rates in confined river 
channels from mortality data sampled following towboats in combination with dispersion 
modeling, used by EPA in the 2007 decision that “towboat traffic is a source of incidental 
mortality to adult pallid sturgeon.”  Comparable studies are not available for coastal waters.  
Mortality estimates during critical fish reproduction and migration periods would be best for 
estimation of any effects. 
 
Another impact of water usage and increased vessel traffic is the transportation of species 
between water bodies.  The continued introduction of alien species is a major concern on the 
West Coast of the United States, with Los Angeles/Long Beach Harbor being one of the busiest 
ports in the country.  While species transport between the OCS and the mainland is not a major 
concern, as most species are likely to be found in both locations, any vessel originating from 
other locations could potentially bring new invasive species to the area.  Adverse impacts of 
invasive species include declining native populations and alterations in the food web (USDOI, 
MMS 2007). 

21.4 DRILLING MUDS AND CUTTINGS 
Drilling cuttings and fluids (muds) are discharged as part of exploratory and developmental 
drilling.  Cuttings are particles of crushed sedimentary rock that accumulate on the sediment 
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around the drill site.  Cutting piles can alter the physical state of the seabed which may lead to 
shifts in species assemblage and composition (Raimondi et al. 1997).  Drilling fluids are 
mixtures of many materials suspended in water which can locally decrease water quality by 
increasing suspended sediment and pollutant concentrations.  Fish eggs and larvae are potentially 
at risk, and adult fish populations can be impacted due to lost recruitment due to egg and larvae 
mortality, as well as to loss of benthic invertebrate forage base (Hyland et al. 1994).  

21.5 WASTEWATER  
Produced water, a waste product of oil production, is also discharged into the surrounding 
environment.  This fluid, which contains more salt than seawater, may also contain other 
contaminants.  Oil and gas reservoirs have a natural water layer that lies under the hydrocarbons. 
During extraction, additional water is injected into the reservoirs to force oil to the surface.  At 
the surface, the water is separated from the hydrocarbons by treating it with various chemicals, 
and then discharged into the sea.  There is little evidence of long-term extensive harm to the 
marine environment from produced water, although eggs and larval stages of fish may be at risk 
from produced water depending on exposure and concentration (Washburn et al. 1999).  

21.6 NOISE AND VIBRATION 
Distribution of fish surrounding a construction area would most likely be affected by noise.  
Noise impacts on marine life depend on loudness, the specific acoustic frequency pattern at a 
given location, the distance of an organism from a sound source, and an organism’s particular 
hearing sensitivity (USDOI, MMS 2000).  Pile driving during platform construction is the source 
of most concern for increased underwater noise and vibration.  The effects of sound from marine 
pile driving on fish are not well known.  Most fish would move away from such disturbance, but 
those close enough may be harmed or killed (Thomsen et al. 2006).  There have been some 
studies of exposure to pile-driving sounds, but the results were inconclusive (Hastings and 
Popper 2005).  The noise generated from pile driving could affect fishes for some distance 
surrounding the work location.  Some effects that have been observed include altered hearing 
and temporary behavioral changes, such as avoidance (Popper et al. 2006).  The research that has 
been done shows that the degree of damage may not be directly related to the distance of the fish 
from the pile, but to the received level and duration of the sound exposure (Popper et al. 2006).  
Certain fish with sensitive hearing and swim bladder adaptations may be more vulnerable 
(USDOI, MMS 2007).  In addition, increased noise levels are expected during construction 
activities due to increased vessel traffic, but only temporary effects to the nearby fish population 
are expected from vessel movements. 

21.7 ARTIFICIAL LIGHTING 
Platforms would be outfitted with operational night time lights.  Some fish species are nocturnal 
feeders and may be disturbed by lights shining on the surface, while other species could be 
attracted to artificial light (USDOI, MMS 2007).  However, there is little information available 
about the potential effects of such lighting on offshore fish populations (USDOI, MMS 2007).  
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21.8 CHEMICAL CONTAMINATION AND OIL SPILLS 
Antifouling paints and biocide coatings are used to keep organisms from growing on structures 
submerged in the water.  The use of antifouling paint on parts of the oil platform has the 
potential to impact the water quality by leaching chemicals which can bioaccumulate in lower 
trophic organisms in the immediate vicinity.  Fish that graze on biofouling organisms could 
potentially be at risk via bioaccumulation; but most studies investigating this potential impact 
focus on marinas (Schiff et al. 2007) where large surface areas covered in this paint can have a 
large impact on the environment.  The large source and the protected nature of waters around 
marinas result in high leaching rates and low flushing rates (Schiff et al. 2007).  Therefore this 
impact is likely to be negligible at offshore platforms, where leaching chemicals will be quickly 
diluted.   
 
Another source of toxicity could be due to subsurface exhaust from combustion engines.  The 
Food and Agriculture Organization of the United Nations warns “The damage caused by the 
propeller to the zooplankton is relatively low, but considerable losses may be caused by 
combustion engines whose exhausts are blown under the water surface”  
(http://www.fao.org/DOCREP/003/W3732E/w3732e0s.htm).  The supporting research was not 
quoted. There has been research on subsurface exhausts of 2-cycle engines (Tjärnlund et al. 
1995) that found significant toxicity in fish. 
 
Spills associated with offshore gas and oil development result mainly from vessel releases, 
platform blowouts, and pipeline breaks.  Currently there are several offshore oil operations 
conducted from platforms in Federal waters off the coast of Southern California.  To date, the 
largest oil spill from offshore oil operations in California was the 1969 80,000 barrel Santa 
Barbara spill (McCrary et al. 2003).  Only a few small spills have occurred since 1969.  The 
projections of oil production and exploration in the next few decades indicate increased risk of 
spill events (McCrary et al. 2003).  
 
Oil impacts all life stages of fish (eggs, larvae, juveniles, and adults), mainly through the uptake 
of the toxic dissolved components released in the water column.  Uptake mechanisms include 
ingestion of contaminated prey, as well as directly through the gills and epithelium.  Depending 
on turbulence from wind and wave action and other physical conditions, oil can be mixed into 
the water column (entrainment).  Exposure to microscopic entrained oil droplets may either 
mechanically impact fish species or act as a conduit for exposure to toxic dissolved components 
(French-McCay 2009).  Fish eggs and larval stages found near the sea surface are at risk of direct 
contact with floating slicks and entrained droplets in the wave-mixed layer.    
 
The most acutely toxic components of oil to fish are low molecular weight compounds, which 
are both volatile and soluble in water, especially the aromatic hydrocarbons (Neff et al. 1976; 
Rice et al. 1977; Malins and Hodgins 1981; Neff and Anderson 1981; Anderson 1985; 
McAuliffe 1987; French-McCay 2002; NRC 2003).  Exposure to dissolved aromatic 
hydrocarbons results in uptake and accumulation in tissue and disruption of cellular functions 
(French-McCay 2009).  Impact of aromatic hydrocarbon plumes on fish is dependent on 
exposure, physical conditions, oil type, concentration, and species sensitivity.  Because 
accumulation of toxic concentrations within tissues takes only hours to days before lethal levels 
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are reached, a high level of turbulence is required to dissolve quantities of aromatic 
hydrocarbons that would be sufficient to induce toxicity.  There is ample literature indicating that 
all aquatic biota will suffer adverse effects from uptake if exposure concentrations are high 
enough, and duration is long enough, for accumulation in tissues to become toxic (French-
McCay 2002).  
 
In some cases impacts on fish assemblages from aromatic hydrocarbon plumes would be 
measurable, but localized and temporary.  Population level impacts may result when spills occur 
in turbulent shallow-water areas (i.e. near shorelines) during spawning events.  Fish species that 
have localized spawning strategies, for example many rocky intertidal species (i.e. sculpin, 
blenny, and kelpfish), are most at risk (French-McCay 2009; Horn and Martin 2006).  In general, 
fish that spawn in intertidal and shallow habitats (i.e. California grunion) are more vulnerable to 
oil toxicity as compared to most offshore pelagic and demersal spawners.  However, pelagic fish 
species with neustonic (sea-surface dwelling) eggs and larval stages (i.e. members of the flying 
fish family, Exocoetidae) would be exceptions and highly vulnerable to exposure to spilled oil.  
 
Direct contact of floating oil with most organisms results in mortality via smothering.  Several 
species of fish have egg or larval stage(s) that are explicitly or partially neustonic.  In particular, 
larval stages of members of the flying fish family (Exocoetidae) inhabiting the Southern 
California Bight are neustonic (Gruber et al. 1982).  The direct contact of a surface slick and/or 
entrained oil droplets with neustonic eggs and larvae would result in high mortality (Longwell 
1977).  

21.9 HYDROGEN SULFIDE 
Release of hydrogen sulfide into the aquatic environment is possible when “sour” or sulfur-rich 
oil is discovered (USDOI, MMS 2002).  Most adult and juvenile fish will avoid areas of 
hydrogen sulfide contamination in the water column, but some mortality may result, dependent 
on concentrations and exposure.  Passive fish eggs and larvae in the plume are at most risk of 
contamination and mortality (USDOI, MMS 2002).  

21.10 THREATENED AND ENDANGERED SPECIES 
Species of special concern, including those on State and Federal threatened and endangered 
species lists, are generally more vulnerable to impacts of any sort.  Characteristics that result in 
the listing of these species, including low population numbers, poor reproductive success, limited 
habitat, small home ranges, and low genetic diversity, make them susceptible to disturbances in 
their environment.  As a result, threatened and endangered species are more likely to be 
negatively impacted by oil and gas development than nonlisted species.  Endangered and 
threatened fish species listed under the Endangered Species Act (ESA) occurring in the marine 
and estuarine habitats of the Southern Study Area are the green sturgeon (Acipenser medirostris), 
the tidewater goby (Eucyclogobius newberryi), and the Southern California evolutionarily 
significant unit (ESU) of West Coast steelhead (Oncorhynchus mykiss).  Of the three species 
discussed in the resources section (section 7.4) none are at an increased risk of disturbance due to 
offshore oil and gas installation, operation, or removal activities.  These three species are 
primarily found in coastal systems as opposed to offshore shelf areas where a majority of oil and 
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gas activities would take place.  Federal and State critical habitat designations for all three 
species are restricted to nearshore coastal waters, coastal lagoons, river mouths, estuaries, and 
shallow bays of the Southern Study Area (USDOI, USFWS 2008).  Nearshore construction 
activities in these areas, such as pipeline installation, may result in negative impacts to these 
species.  The highest risk for these animals occurs in the event of an oil spill. See section 21.8 for 
further detail on impacts of oil spills on fish species.  

21.11 SUMMARY AND DATA GAPS 
The rocky subtidal and intertidal areas of Southern California are some of the most ecologically 
valuable habitats on the West Coast.  The fish populations of these habitats are unique in their 
adaptations and survival strategies.  Because of their specialized nature, they are also very 
vulnerable to the impacts of oil and gas development in addition to other natural and human 
induced stressors.  Future research should include monitoring and measuring the response of 
rocky subtidal and intertidal fish communities to additive effects of development, oil spills, 
climate change, and climate regime shifts.   
 
Sensitivity of fish eggs and larvae to toxic, or potentially toxic, byproducts of oil and gas 
development such as produced water and drill cuttings is an area of research needing further 
attention.  
 

21.12 LIST OF LITERATURE CITED—FISH 
Anderson, J.W.  1985.  Toxicity of dispersed and undispersed Prudhoe Bay crude oil fractions to 

shrimp, fish, and their larvae.  API Publ. 4441.  Washington, DC: American Petroleum 
Institute. 52 pp. 

French-McCay, D.P.  2002.  Development and application of an oil toxicity and exposure model, 
OilToxEx.  Environmental Toxicology and Chemistry 21:2080-2094. 

French-McCay, D.  2009.  State-of-the-art and research needs for oil spill impact assessment 
modeling.  In: Proceedings of the 32nd Arctic and Marine Oil Spill Program (AMOP) 
Technical Seminar on Environmental Contamination and Response, Vancouver, BC, Canada.  
Emergencies Science Division, Environment Canada, Ottawa, ON, Canada: in press. 

Govoni, J.J., M.A. West, L.R. Settle, R.T. Lynch and M.D. Greene.  2008.  Effects of underwater 
explosions on larval fish: Implications for a coastal engineering project.  Journal of Coastal 
Research 24(2):228-233. 

Gruber, D., E.H. Ahlstrom and M.M. Mullin.  1982.  Distribution of ichthyoplankton in the 
Southern California bight.  California Cooperative Oceanic Fisheries Investigations 
(CalCOFI) Reports 23: 172-179. 

Gutreuter, S., J.M. Dettmers and D.H. Wahl.  2003.  Estimating mortality rates of adult fish from 
entrainment through the propellers of river towboats.  Transactions of the American Fisheries 
Society 132:646-661.  



Chapter 21:  Southern Impacts—Fish 

851 

Hartman, A.R.  1987.  Movement of scorpion fishes (Scorpaenidae: Sebastes and Scorpaena) in 
the Southern California Bight.  California Dept. of Fish and Game 73:68-79. 

Hastings, M.C. and A.N. Popper.  2005.  Effects of sound on fish. Subconsultants to Jones & 
Stokes, prepared for California Dept. of Transportation.  Contract No. 43A0139. 

Helvey, M.  2002.  Are Southern California oil and gas platforms essential fish habitat?  ICES 
Journal of Marine Science 59:S266-S271. 

Holland, L.E.  1986.  Effects of barge traffic on distribution and survival of ichthyoplankton and 
small fishes in the upper Mississippi River.  Transactions of the American Fisheries Society 
115:162-165. 

Horn, M.H. and K.L.M. Martin.  2006.  Chapter eight: Rocky intertidal zone.  In: Allen, L.G., 
D.J. Pondella, and M.H. Horn, eds. Ecology of marine fishes: California and adjacent waters.  
Berkeley, CA: University of California Press.  Pp. 205-226. 

Hyland, J., D. Hardin, M. Steinhauer, D. Coats, R. Green and J. Neff.  1994.  Environmental 
impact of offshore oil development on the Outer Continental Shelf and slope off Point 
Arguello, California.  Marine Environmental Research 37(2):195-229. 

Killgore, K., S.T. Maynord, M.D. Chan and R.P. Morgan, II.  2000.  Interim Report for the 
Upper Mississippi River–Illinois Waterway System Navigation Study: Evaluation of 
Propeller Induced Mortality on Early Life Stages of Selected Fish Species.  U.S. Army Corps 
of Engineers, ENV Report 30. 24 pp. 

Killgore, K., S.T. Maynord, M.D. Chan and R.P Morgan, II.  2001.  Evaluation of propeller-
induced mortality on early life stages of selected fish species.  North American Journal of 
Fisheries Management 21:947-955. 

Lissner, A.L., G.L. Taghon, D.R. Diener, S.C. Schroeter, and J.D. Dixon.  1991.  Recolonization 
of deep water hard substrate communities–Potential impacts from oil and gas development.  
Ecological Applications 1(3):258-267. 

Longwell, A.C.  1977.  A genetic look at fish eggs and oil.  Oceanus 20(4):46-58. 

Love, M.S., J.E. Caselle and L. Snook.  2000.  Fish assemblages around seven oil platforms in 
the Santa Barbara Channel area.  Fishery Bulletin 98:96-117. 

Love, M.S., J. Hyland, A. Ebeling, T. Herrlinger, A. Brooks and E. Imamura.  1994.  A pilot 
study of the distribution and abundance of rockfishes in relation to natural environmental 
factors and an offshore oil and gas production platform off the coast of Southern California.  
Bulletin of Marine Science 55:1062-1085. 

Love, M.S., D.M. Schroeder, and M.M. Nishimoto.  2003.  The ecological role of natural reefs 
and oil and gas production platforms on rocky reef fishes in Southern California: Synthesis of 
information.  U.S. Dept. of the Interior, United States Geological Survey, Biological 



Chapter 21:  Southern Impacts—Fish 

852 

Resources Division.  Prepared for U.S. Dept. of the Interior, Minerals Management Service.  
OCS Study MMS 2003-032. 

Love, M.S., D.M. Schroeder and W.H. Lenarz.  2005.  Distribution of Bocaccio (Sebastes 
paucispinis) and cowcod (Sebastes levis) around oil platforms and natural outcrops off 
California with implications for larval production.  Bulletin of Marine Science 77(3):397-
408. 

Malins, D.C. and H.O. Hodgins.  1981.  Petroleum and marine fishes: A review of uptake, 
disposition, and effects.  Environmental Science & Technology 15(11):1272-1280. 

MBC Applied Environmental Sciences.  1987.  Ecology of oil/gas platforms offshore California.  
U.S. Dept. of the Interior, Minerals Management Service, Pacific OCS Region, Camarillo, 
CA.  OCS Study MMS86-0094. 

McAuliffe, C.D.  1987.  Organism exposure to volatile/soluble hydrocarbons from crude oil 
spills–A field and laboratory comparison.  In: Proceedings of the 1987 International Oil Spill 
Conference.  Washington, DC:American Petroleum Institute.  Pp. 275-288. 

McCrary, M.D., D.E. Panzer and M.O. Pierson.  2003.  Oil and gas operations offshore 
California: Status, risks, and safety.  Marine Ornithology 31(1):43-49. 

National Research Council (NRC).  2003.  Oil in the sea III: Inputs, fates and effects.  
Washington, DC: National Academy Press.  446 pp. 

Neff, J.M. and J.W. Anderson.  1981.  Response of marine animals to petroleum and specific 
petroleum hydrocarbons.  Applied Science Publishers Ltd., London and Halsted Press 
Division, John Wiley & Sons, NY.  177 pp. 

Neff, J.M., J.W. Anderson, B.A. Cox, R.B. Laughlin, Jr., S.S. Rossi and H.E. Tatem.  1976.  
Effects of petroleum on survival respiration, and growth of marine animals.  In: Sources, 
effects and sinks of hydrocarbons in the aquatic environment.  Washington, DC: American 
Institute of Biological Sciences. Pp. 515-539. 

Newell, R.C., L.J. Seiderer, N.M. Simpson and J.E. Robinson.  2004.  Impacts of marine 
aggregate dredging on benthic macrofauna off the southern coast of the United Kingdom.  
Journal of Coastal Research 20(1):115-125. 

Odum, M.C., D.H. Orth and L.A. Nielsen.  1992.  Investigation of barge-associated mortality of 
larval fishes in the Kanawha River.  Virginia Journal of Science 43:41-45. 

O’Keefe, D.J. 1984. Guidelines for predicting the effects of underwater explosions on 
swimbladder fish.  Naval Surface Weapons Center, Final Report, Silver Spring, MD, NSWC 
TR 82-326. 



Chapter 21:  Southern Impacts—Fish 

853 

Pearson, W.D.  1989.  Environmental Impact Research Program: Environmental Effects of 
Navigation Traffic: Studies on Fish Eggs and Larvae.  Army Engineer Waterways 
Experiment Station Vicksburg, MS, Environmental Lab (abstract available only). 

Popper, A.N., T.J. Carlson, A.D. Hawkins, B.L. Southall and R.L.  Gentry.  2006. Interim 
criteria for injury of fish exposed to pile driving operations: A white paper.  Internet website: 
www.wsdot.wa.gov/NR/rdonlyres/84A6313A-9297-42C9-BFA6-
750A691E1DB3/0/BA_PileDrivingInterimCriteria.pdf.  Accessed May 2009. 

Raimondi, P.T., A.M. Barnett and P.R. Krause.  1997.  The effects of drilling muds on marine 
invertebrate larvae and adults.  Environmental Toxicology and Chemistry 16(6):1218-1228. 

Rice, S.D., J.W. Short and J.F. Karinen.  1977.  Comparative oil toxicity and comparative animal 
sensitivity.  In: Wolfe, D.A., ed.. Fate and effects of petroleum hydrocarbons in marine 
ecosystems and organisms.  New York: Pergamon Press.  Pp. 78-94. 

Schiff, K., J. Brown, D. Diehl and D. Greenstein.  2007.  Extent and magnitude of copper 
contamination in marinas of the San Diego region, California, USA.  Marine Pollution 
Bulletin 54(3):322-328.   

Schroeder, D.M. and M.S. Love.  2004.  Ecological and political issues surrounding 
decommissioning of offshore oil facilities in the Southern California Bight.  Ocean and 
Coastal Management 47:21-48. 

Thomsen, F., K. Ludemann, R. Kafemann and W. Piper.  2006.  Effects of offshore wind farm 
noise on marine mammals and fish. Prepared by Biola, Hamburg, Germany, for COWRIE, 
Ltd.  Internet website: http://www.offshorewind.co.uk.  Accessed May 2009.  

Tjärnlund, U., G. Ericson, E. Lindesjöö, I. Petterson and L. Balk.  1995.  Investigation of the 
biological effects of 2-cycle outboard engines’ exhaust on fish.  Marine Environmental 
Research 39:313-316. 

U.S. Dept. of the Interior, Minerals Management Service (MMS).  2000.  Environmental 
assessment of the Gulf of Mexico deepwater operations and activities.  U.S. Dept. of the 
Interior, Minerals Management Service, Gulf of Mexico OCS Region, New Orleans, LA.  
OCS EIS/EA MMS 2000-001. 

U.S. Dept. of the Interior, Minerals Management Service (MMS).  2002.  Gulf of Mexico OCS 
oil and gas lease sales 189 and 197, Eastern Planning Area, draft environmental impact 
statement, Vol. I: Chapters 1-8 and appendices.  U.S. Dept. of the Interior, Minerals 
Management Service, Gulf of Mexico OCS Region, New Orleans, LA.  OCS EIS/EA 2002-
056. 

U.S. Dept. of the Interior, Minerals Management Service (MMS).  2005.  Survey of invertebrate 
and algal communities on offshore oil and gas platforms in Southern California.  U.S. Dept. 
of the Interior, Minerals Management Service, Pacific OCS Region, Camarillo, CA.  MMS 
2005-070. 

www.wsdot.wa.gov/NR/rdonlyres/84A6313A-9297-42C9-BFA6-750A691E1DB3/0/BA_PileDrivingInterimCriteria.pdf�
www.wsdot.wa.gov/NR/rdonlyres/84A6313A-9297-42C9-BFA6-750A691E1DB3/0/BA_PileDrivingInterimCriteria.pdf�
http://www.offshorewind.co.uk/�


Chapter 21:  Southern Impacts—Fish 

854 

U.S. Dept. of the Interior, Minerals Management Service (MMS).  2007.  Programmatic 
environmental impact statement for alternative energy development and production and 
alternate used of facilities on the Outer Continental Shelf, Vol. I: Executive summary 
through chapter 4.  U.S. Dept. of the Interior, Minerals Management Service.  OCS EIS/EA 
MMS 2007-046. 

U.S. Dept. of the Interior, United States Fish and Wildlife Service (USFWS).  2008.  Endangered 
Species Program: Species Information.  Internet website: 
http://www.fws.gov/endangered/wildlife.html#Species.  Accessed June 2009. 

Vermaat, J.E., N.S.R. Agawin, M.D. Fortes, J.S. Uri, C.M. Duarte, N. Marba, S. Enriquez and 
W. Van Vierssen.  1997.  The capacity of seagrasses to survive increased turbidity and 
siltation: The significance of growth form and light use.  Ambio 26(8):499-504. 

Viada, S.T., R.M. Hammer, R. Racca, D. Hannay, M.J. Thompson, B.J. Balcom and N.W. 
Phillips.  2008.  Review of potential impacts to sea turtles from underwater explosive 
removal of offshore structures.  Environmental Impact Assessment Review 28:267-285. 

Washburn, L., S. Stone and S. MacIntyre.  1999.  Dispersion of produced water in a coastal 
environment and its biological implications.  Continental Shelf Research 19(1):57-78. 

Wilber, D.H. and D.G. Clarke.  2001.  Biological effects of suspended sediments: A review of 
suspended sediment impacts on fish and shellfish with relation to dredging activities in 
estuaries.  North American Journal of Fisheries Management 21:855-875.  

 
 

http://www.fws.gov/endangered/wildlife.html#Species�


Chapter 22:  Southern Impacts—Sea Turtles 

855 

22. SEA TURTLES 
Sea turtle populations have been devastated by the impacts of anthropogenic activities, resulting 
in the listing of all species as either threatened or endangered.  While fishing has the largest 
impact on these species, activities related to oil and gas development are also an important part 
of the cumulative impact (NRC 1985; NRC 2003).  Vessel strikes and oil platform removal are 
two sources of effects associated with oil and gas development that have important effects on 
these species.  Vessel strikes affect juveniles and adults at a medium impact level and oil 
platform removal affects mainly adults at a low level (Milton and Lutz 2003).  Other impacts 
may result from noise and vibration from drilling activities; wastewater discharge; accidental 
fuel leaks and spills; discharge of drilling cuttings, fluids, and produced water; and the leaching 
of chemicals from the installed structures (paints, antifouling agents).  

22.1 NOISE AND VIBRATIONS 
Installation of offshore platforms includes surveying, pile driving, dredging, and pipeline laying, 
all of which result in increased noise levels, degradation of water quality, and increased vessel 
traffic.  Before the installation of structures, activities associated with siting surveys may impact 
sea turtles.  Two methods of surveying are airgun surveys and side-scan sonar (USDOI, MMS 
2007).  Airgun surveys generate low-frequency noise that may be detectable to sea turtles whose 
hearing is limited to low frequencies (Lutz et al. 2003; USDOI, MMS 2007).  Side-scan sonar 
generates noise at a higher frequency and at a lower intensity than airgun surveys and is not 
likely to disturb normal activities.  Conversely, construction noise generated by pile driving is 
louder and audible over a broader band (USDOI, MMS 2007).  While these sounds could cause 
injury or changes in behavior, sea turtles are highly mobile and it is believed they would avoid 
construction activities and stay outside the range of auditory impact.  Operational noise and 
vibrations are not likely to be more than those generated during installation and thus a similar 
avoidance response is presumed. 
 
In environmental assessments of offshore activities, the National Marine Fisheries Service 
(NMFS) recommends that all noise sources be characterized, any impulsive underwater sound 
sources greater than 160 decibels relative to one micropascal (dB re 1 µPa) or any continuous 
underwater sound sources greater than 120 dB re 1 µPa be quantitatively described (e.g., in 
intensity, duration, or frequency range), and these be evaluated for potential impacts to sea 
turtles.  Pile driving is often considered the activity most likely to produce the loudest sounds, on 
the order of 200 dB re 1 µPa, measured at 30 m from the source (Michel et al. 2007). 
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Table 22.1. 
  

Sound Pressure Levels from Underwater Noise Sources 

Impact Type Sound Pressure Levels 
Potential Injury 180 dB re 1 µPa 
Potential Harassment from Impulsive Noise 166 dB re 1 µPa 
Potential Harassment from Continuous Noise 120 dB re 1 µPa 

Note: Evaluation of potential impacts is recommended by NMFS2. 
 
The removal of offshore platforms includes many of the same procedures as the installation.  The 
structures and decks above the surface are taken apart and shuttled to disposal sites via barges; 
this activity generates increased vessel traffic.  The platform legs, wellheads, flare piles, 
conductors, submerged wells, caissons, and all other submerged structures then need to be 
removed to at least 5 m below the sea floor.  In many cases, this requires explosive removal.  
There are several common explosive removal techniques, including bulk explosive charges, 
configured bulk charges, and cutting charges (Viada et al. 2008).  An explosion’s impact on any 
organism is dependent on the distance between the two.  Viada et al. (2008) review the potential 
sources and causes of impacts to sea turtles due to underwater explosions associated with the 
removal of oil and gas structures.  Noninjurious effects include acoustic annoyance and tactile 
detection or physical discomfort while injurious effects include damage to organs (Viada et al. 
2008).  Primary blast injuries are usually limited to gas-containing organs (lungs and auditory 
system), whereas cavitations, the rarefaction waves in the water column, mostly cause 
noninjurious effects or may increase the impact of a primary blast injury.  Nonlethal injuries 
include permanent damage to the auditory system, commonly leading to hearing loss, and lung 
hemorrhage.  Lethal injuries are a direct result of close proximity to the point of detonation and 
include extensive lung hemorrhage and associated gastrointestinal tract injuries.  Additionally, 
exposure to peak shock waves can result in brain damage and fractures to the skeleton (Viada et 
al. 2008).  Viada et al. (2008) summarize the little research conducted and sightings of injuries 
resulting from underwater explosions over the past 30 years. 

22.2 INCREASED VESSEL TRAFFIC 
Increased vessel traffic could be a large source of injury or mortality, especially if traffic is 
increased during peak times of migration.  Leatherbacks and loggerheads are commonly sighted 
foraging off the coast of Northern California in autumn months (Carretta et al. 2005; Peterson et 
al. 2006; USDOC, NMFS 2009) and since these species do not reside in this area, a migration 
route must exist between Northern California and warmer equatorial waters.  Increased numbers 
of turtles during migration events could lead to increased vessel strikes during these time 
periods.  It is not known how sea turtles are affected by the increased noise generated by 
increased vessel traffic, though it is assumed there must be some temporary impacts (USDOC, 
NMFS 2002).  Adult turtles may avoid areas of high traffic and dive at the approach of a vessel. 
 

                                                 
2 NOAA Program Planning and Integration, letter from Mr. Steve Kokkinakis, NEPA Coordination and 

Compliance, to Mr. Mark Prescott, U.S. Coast Guard, December 24, 2008. 
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Turtles are generally assumed to be unable to differentiate between prey items and debris in the 
water.  Experiments have shown them to strike at nonfood sources (Vargo et al. 1986), and gut 
content analyses found over 50 percent of turtles examined had consumed plastics (Boyle and 
Limpus 2008).  Rogue debris from vessels or platforms can entangle turtles or be mistaken for 
prey, and both can cause injury or death (NRC 1990; Lutz and Musick 1997; Lutz et al. 2003).  
While the dumping of plastics is prohibited, increased human activity ultimately leads to 
increased gear loss and accidental debris release.  
 
Vessels and platforms utilize bright lighting.  The age class most sensitive to artificial lighting is 
hatchlings, because they use light cues to orient their migration to foraging areas (Witherington 
and Martin 1996).  In addition to taking these animals away from their natural movements, the 
lights may also attract birds and fish that prey on the hatchlings, further reducing their survival 
rate (Michel et al. 2007). 

22.3 ENTANGLEMENT 
In conjunction with increased vessel traffic to and from installations, there are typically increased 
numbers of moored vessels around the installation site, which would increase the number of 
mooring lines in the water.  Turtles can become entangled and subsequently become injured or 
drown after striking a mooring line (Michel et al. 2007).  Since turtles are slow swimmers, it is 
not likely they will become entangled in the mooring lines of construction vessels if they are 
avoiding the area due to increased noise.  

22.4 DRILLING MUDS AND CUTTINGS 
Drilling cuttings and fluids are discharged as part of exploratory and developmental drilling.  
Cuttings are particles of crushed sedimentary rock that accumulate on the sediment around the 
drill site.  Drilling fluids are mixtures of many materials suspended in water or an oil-based 
medium.  While oil-based drilling fluids have never been permitted for discharge (NRC 2003), 
cuttings and water-based fluids could locally decrease water quality by increasing suspended 
sediment and pollutant concentrations.  Produced water, a waste product of oil production, is also 
discharged into the surrounding environment.  This fluid, which contains more salt than seawater 
and may also contain a multitude of contaminants, has been shown to negatively affect the 
fouling community on structures nearby (NRC 2003).  Negative effects on the fouling 
community, including reduced growth or accumulation of contaminants, are anticipated only in 
close proximity to the discharge.  This could indirectly affect turtles if they consume prey that 
had been contaminated by the drilling fluids and produced water.   
 
Localized and temporary decreases in water quality caused by suspension of sediments are not 
likely to have a major impact on sea turtles, since the turtles breathe air.  However, decreased 
visibility due to decreased water quality could impair navigation and feeding, but again it is 
presumed these animals will avoid construction areas.  

22.5 WASTEWATER 
Wastewater discharge could pose a problem if artificially warmed water is released into the 
environment on a regular basis.  The thermal effluent of power plants in San Diego and Los 
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Angeles has attracted year-round green turtle residents (USDOC, NMFS & USDOI, USFWS 
1998; Sahagun 2008). If platforms were providing a constant source of warm water they could 
attract individuals to the location.  Accidental fuel leaks are likely to affect turtles in the same 
way a spill would (see below); if turtles are seeking platforms for other reasons (e.g. increased 
prey abundances) the probability of exposure increases. 

22.6 CHEMICAL CONTAMINATION AND OIL SPILLS 
Antifouling paints and coatings are used to keep organisms from growing on structures 
submerged in the water.  While some parts of an oil platform will not be affected by the presence 
of attached organisms, the use of antifouling paint on other parts has the potential to affect water 
quality and cause bioaccumulation of metals and organics in lower trophic level organisms in the 
immediate vicinity.  Most studies investigating this potential issue focus on marinas, where 
pollutants from large surface areas covered in antifouling paint can have a large impact on the 
environment.  The large surface areas of the sources and the protected (enclosed) nature of these 
areas create a scenario with high leaching rates and low flushing rates (Schiff et al. 2007).  This 
is not likely to occur at offshore platforms, where leaching chemicals will be quickly diluted.  
While turtles may be attracted to these structures as sources of increased productivity, there is 
little chance the organisms living in the water column around these structures will be impacted 
by leaching chemicals.  
 
Oil spills occurring during construction, operations, and removal activities, as well as chronic 
releases of crude oil and petroleum products, can adversely affect sea turtles.  For a summary of 
the major oil spills where sea turtles have been affected, see Yender and Mearns (2003).  Chronic 
small discharges are also a concern with respect to sea turtles, because of exposure to tarballs. 
National Research Council (2003) summarizes the sources and quantities of petroleum entering 
the marine environment that contribute to the background levels of tarballs existing in all oceans.  
Oil and gas activities in offshore areas result in increased densities of tarballs from chronic and 
intentional discharges, as well as from accidental spills.  For turtles of all ages, ingestion of 
tarballs is a major issue because turtles eat anything that appears to be the same size as their 
preferred prey (Vargo et al. 1986).  Like other pollution sources, tarballs accumulate in 
convergence zones, where sea turtles are often found feeding.  Ingestion, both intentional 
(tarballs) and accidental (occurring when turtles surface in an oil slick), can result in starvation 
from gut blockage, decreased food absorption efficiency, absorption of toxins, buoyancy 
problems from buildup of fermentation gases, and many other effects (Milton et al. 2003).  
 
Exposure to oil and its effects have been widely studied in many types of organisms.  However, 
very little has been done to quantify exposure effects on sea turtles.  Much of the research on this 
issue was funded by BOEMRE and is reported in Vargo et al. (1986).  This synthesis suggests 
that toxic effects of oil exposure occur; however, these are often overlooked because they are 
small compared with the adverse impacts related to commercial fishing activities (Milton et al. 
2003).  
 
Exposure to toxic substances is likely to be most detrimental to the youngest stages.  While there 
are no nesting beaches along the coast of the Southern California Bight, the Pacific beaches of 
Mexico are important habitats for several species, including the endangered population of green 
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turtles (USDOC, NMFS & USDOI, USFWS 2007).  Oil spilled within the Southern California 
Bight could be transported south to these beaches and adversely affect nesting success.  
 
Effects of beach oiling include reduced hatching rates as well as developmental deformities 
(Fritts and McGehee 1982; Milton et al. 2003).  However, since nests are laid above the high tide 
water mark, the chance of oil reaching turtle eggs and hindering their development is small 
(Fritts and McGehee 1982).  Nonetheless, sea turtle nests could be destroyed during spill 
response and cleanup, unless carefully and successfully protected.  Beach oiling has the potential 
to increase the temperature at nesting sites, which has the potential to change the hatchling sex 
ratio, a temperature-dependent process.  More vulnerable to oiling are the females and hatchlings 
as they move between the beach and the water.  If oil is deposited on a beach, hatchlings can 
become oiled as they migrate from the nest to the water, which could lead to impaired 
movements and behaviors at sea.  Similarly, if females are oiled as they haul out of the water to 
nest, there is the potential for physical oiling of the female and the transfer of that oil to her eggs 
as she lays her nest.  
 
Oiling in the water column or at the surface is a risk for all ages of sea turtles, especially because 
turtles do not exhibit strong avoidance behaviors when encountering oil (Vargo et al. 1986; 
Milton et al. 2003).  In behavior experiments, Vargo et al. (1986) concluded that juvenile turtles 
visually detected the presence of surface oil and responded by surfacing to breathe in unoiled 
areas and by spending more time in deeper water.  However, turtles in these experiments were 
still oiled while breathing.  The authors also note that if floating macroalgae, a preferred habitat 
for turtles, is mixed with oil the visual cues could be misconstrued, resulting in increased oiling 
(Vargo et al. 1986).  
 
Contact with oil can irritate the skin and oil can get caught in the nostrils, mouths, and eyes of all 
age classes of turtles.  This can result in labored breathing, impaired vision, and the accidental 
ingestion of oil. Oil on the skin can irritate the soft tissue around the eyes, neck, and flippers.  
Exposure experiments showed skin continued to slough off for up to 2 weeks after exposure to 
oil, and full recovery took up to 3 weeks (Vargo et al. 1986).  Vargo et al. (1986) also found that 
physical oiling can also impair salt gland functions.  The salt gland regulates ion balances in the 
body and its failure hinders the transport of salt and fluids out of the body; loss of fluids could 
lead to physiological stress. 
 
Exposure to surface oil increases when more time is spent at the surface.  Hatchlings spend more 
time on the surface than older turtles and are therefore at higher risk for contact with oil slicks 
(Milton et al. 2003).  First, since smaller turtles have more limited motility they are often caught 
by the same currents as oil slicks and end up in convergence zones more frequently than 
juveniles or adults (Milton et al. 2003).  Finally, hatchlings would be the most vulnerable 
because only a small amount of oil is needed to completely coat them.  Additionally, once oiled, 
hatchlings may not be able to swim as well, which increases their predation risk.  
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22.7 AIR EMISSIONS 
Inhalation of vapor is of concern for turtles who exhibit diving behavior.  Turtles that are 
preparing for a dive will inhale a large volume of air before submerging.  Anything inhaled will 
then have a prolonged period of time to be absorbed or affect the animal.  Sea turtles have not 
been shown to exhibit avoidance behavior when surrounded by petroleum fumes (Milton et al. 
2003).  Volatile hydrocarbons in petroleum are of concern to human health and can occur in 
concentrations above human health standards in areas affected by freshly spilled unweathered oil 
(NRC 1985; USDOC, NMFS 2002), and so would be a concern for any sea turtles within an area 
where fresh unweathered oil is on the water surface.  

22.8 HYDROGEN SULFIDE 
Hydrogen sulfide (H2S) is a toxic gas that can be detected by humans at very low concentrations.  
Higher concentrations can damage the nervous system and be fatal.  H2S is produced naturally 
during the decay of organic material and is found in petroleum.  California air quality standards 
require that hydrogen sulfide remain below 0.03 ppm as a 1-hour average (Collins and Lewis 
2000).  While the concentration at which sea turtles are affected by hydrogen sulfide is not 
documented, the human guidelines are set conservatively and therefore acute exposures to 
concentrations below the human health standards are not likely to adversely affect these animals.  
Atmospheric H2S concentrations are not known to exceed human health standards after oil spills 
(NRC 1985). 

22.9 ALTERATION OF THE MARINE FOOD WEB 
The installation of rigid structures will increase the amount of hard substrate available to marine 
organisms for colonization.  It is likely that many of these facilities will be built in areas with 
soft sediments and therefore the addition of a hard structure creates new habitat (Battelle 2004).  
This has the potential to support localized communities in areas otherwise uninhabitable by 
certain species.  These new communities could offer a new source of food to sea turtles and 
attract them to oil platform locations.  If sea turtles are attracted to the platforms to feed, they are 
at a higher risk of consuming prey contaminated with toxins because the water in the vicinity of 
the platform will be degraded due to accidental and intentional releases of produced water, 
drilling cuttings and muds, and oil spills.  Thus the potential for bioaccumulation of toxins is 
increased when turtles are feeding in and around platforms (Milton et al. 2003; Gardner et al. 
2006).   
 
Sea turtles that feed in nearshore areas are at risk for consuming food contaminated by oil that 
has come ashore or fouled food items, such as oiled seagrasses.  Additionally, the accumulation 
of hydrocarbons and other toxins in lower trophic levels released in association with oil and gas 
activities can bioaccumulate and become a large source of these toxins to turtles (Milton et al. 
2003; Gardner et al. 2006).  This phenomenon can occur at coastal areas that have been affected 
by a major spill or at the oil platform, resulting from the release of oil or other pollutants.  
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22.10 SUMMARY AND DATA GAPS 
The Southern Study Area is home to green turtles and is part of a migration route for loggerheads 
and leatherbacks.  Development for oil and gas in this region has the potential to negatively 
affect these resident and transient populations.  Injury to these animals in this area could lead to 
reduced reproduction in other areas.  This is of particular concern for the endangered eastern 
Pacific green turtle population.  
 
There is a good body of literature that reports turtle life history and observations in the 
environment.  It is also known that direct encounters with oil can adversely affect turtles.  
However, little exists regarding specific behavioral changes that result from encountering 
floating oil, which might affect future exposure as well as migratory and reproductive behavior.  
Understanding how turtles respond to oil slicks would allow for much more accurate assessment 
of impacts.  Both short- and long-term data are needed to completely address this issue, as these 
long-lived individuals could cease to return to a given location if an oil slick had previously been 
encountered.  
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23. BIRDS 
There were 44 oil spills in California between the years of 1969 and 2001 that each resulted in 
the collection of at least ten oiled seabirds (Carter 2003).  About a quarter of those occurred in 
and around the Southern California Bight.  Seabird mortality due to oil spills is hard to estimate 
because evidence is often not readily available and only small amounts of oil are needed to have 
deadly effects on these populations (Carter 2003; Hampton et al. 2003; McCrary et al. 2003).  
The effects on birds due to oil and gas development and oil spills are discussed below.  

23.1 INCREASED VESSEL TRAFFIC 
Installation of offshore platforms includes surveying, pile driving, dredging, and pipeline laying, 
all of which result in increased noise levels, degradation of water quality, and increased vessel 
traffic.  The activities associated with support vessel traffic, helicopter flights, and barging can 
disturb birds at sea, but these effects would be limited to the immediate vicinity of the 
disturbance and would be very short in duration (e.g., a few minutes).  Vessel traffic of various 
types is common throughout the project area, and seabirds have most likely become habituated to 
this activity (USDOI, MMS 2001).  The seabirds that are likely the most sensitive to disturbance 
are those that are actively nesting.  Shorebirds and wading birds would not be as affected by 
these activities, because they are restricted to the shoreline.  
 
Helicopter flights can induce variable reactions by different species of birds.  Reactions vary 
with species, colony size, previous exposure levels, location, altitude, number of flights, etc. 
(Hunt 1985).  Disturbance by helicopters and low-flying aircraft can be a negative impact, 
although some seabirds may habituate to air traffic over time (Hunt 1985).  Increased effects may 
occur in nesting areas, where low-flying aircraft can disturb nesting birds, resulting in the 
abandonment of nests.  Although the nests may be abandoned for only a short time, this leaves 
the eggs or chicks exposed to the elements and predators.  This was observed at several common 
murre (Uria aalge) colonies in central California, where vessels within 50 m of the nests were 
found to induce the most flushing of adults (Rojek et al. 2007).  Birds that nest on offshore rocks 
and cliffs are especially vulnerable because they may accidentally cause their eggs or young to 
fall from cliff ledges when they take flight due to a low-flying helicopter (USDOI, MMS 2001).  
Helicopters may also disturb roosting birds, such as cormorants, gulls, and pelicans.  Due to the 
high background level of aircraft flight activity that occurs throughout much of the Southern 
Study Area, however, birds may be habituated to this type of disturbance (USDOI, MMS 2001).   
 
Increased vessel traffic results in a host of additional sources of risk to birds.  While the dumping 
of plastics is prohibited, increased human activity ultimately leads to increased gear loss and 
accidental debris release.  Birds can be injured or killed by rogue marine debris; birds either get 
entangled in it or mistake it for prey and consume it (Derraik 2002).  This risk goes up when 
birds are attracted to platforms and vessels as potential sources of food; near platforms and 
vessels they are more likely to encounter marine debris.  Similarly, with increased vessel traffic 
there is an increased risk for illegal discharges of oil from these ships.  These more frequent yet 
small releases of oil can have large negative effects on bird populations as only a small amount 
of oil is needed to compromise the integrity of feathers (Hampton et al. 2003; Wiese and 
Robertson 2004; French-McCay 2009).  Vessel traffic can also disturb and displace birds from 
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preferred habitats, which could then lead to permanent abandonment of the area and/or reduced 
reproductive success.  Disturbance by vessels can cause individuals to take avoidance flights, 
which expend energy and detract from feeding activity, resulting in further decreased energy 
stores (USDOI, MMS 2007). 

23.2 NOISE AND VIBRATIONS 
The effects of noise are not commonly mentioned in environmental impact statements for oil and 
gas development.  In general, it is assumed that construction and operational noise would cue 
avian resources to vacate the area and potentially avoid it entirely.  While this may not be a 
noteworthy impact in many areas on the Outer Continental Shelf, in the Southern California 
Bight, feeding, nesting, and roosting areas are located throughout the region.  These areas on and 
near the California Channel Islands are more likely to be affected by the noise associated with 
development because of their distribution throughout the bight and, thus, proximity to many of 
the areas available for lease.  Effects detected at these islands are of particular importance 
because the islands provide nesting areas for a large number of species.  Noise transmitted in the 
air due to pile driving and drilling will not likely cause more than minor effects of annoyance or 
avoidance.  However, underwater noise generated by these activities could have a larger effect 
on diving seabirds because during feeding they are completely submerged.  Varying responses to 
underwater sound in fish species have also been observed (Thomsen et al. 2006).  This could 
indirectly affect seabirds if fish populations avoid common feeding grounds by potentially 
lowering fishing success, which could lead to starvation, mortality, and/or reduced breeding 
success.  
 
Removal of offshore platforms includes many of the same procedures as does installation.  The 
structures and decks above the surface are taken apart and shuttled to disposal sites via barges.  
This activity generates increased vessel traffic.  The platform legs, wellheads, flare piles, 
conductors, submerged wells, caissons, and all other submerged structures then need to be 
removed to at least 5 meters below the sea floor.  In many cases this requires explosive removal.  
There are several common explosive removal techniques, including bulk explosive charges, 
configured bulk charges, and cutting charges (Viada et al. 2008).  The impact of an explosion on 
any organism depends on the distance between the two.  To be killed or injured by an explosion, 
a bird would have to be submerged at the exact moment of the explosion.  Birds at highest risk 
for injury are seabirds that forage underwater (USDOI, MMS 2001).  These include grebes, 
loons, shearwaters, scoters, and alcids.  Based on the damping effect of the explosions being 
below the sea floor and the very low probability that seabirds would be both submerged at the 
exact moment of an explosion and in close enough proximity to be killed or injured, the overall 
risk is low.  Gulls might be attracted to the area by the dead fish that result from underwater 
explosions, but gulls feed on the surface and would not be affected (USDOI, MMS 2001). 

23.3 INFRASTRUCTURE 
The platforms erected to support oil and gas development provide additional structure and light 
to the relatively flat and uniform horizon of the open ocean.  For seabirds these structures offer 
new stimuli, including habitat diversity and artificial sources of light (Wiese et al. 2001).  The 
above-surface structures can offer places to roost while the underwater structures can support 
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increased prey abundances.  Additionally, the lights can attract both seabirds and their prey at all 
hours.  The attraction of seabirds to these structures can result in increased risk of injury or death 
due to the exposure to small oil spills, collision with structures, and starvation.  Platforms are a 
source of chronic oiling to the environment; both accidental spills and intentional release of 
produced water can result in risky situations for birds in the area (Hampton et al. 2003; Fraser et 
al. 2006).  While these spills are usually small, even small amounts of oil have the potential to 
injure or kill a seabird because of the small amount of oiling that is lethal and multiple pathways 
of impact (Hampton et al. 2003; see below).  Seabird mortality due to collision with illuminated 
structures is common and heightened during inclement weather because birds are forced to 
reduce their altitudes and increase their flying densities (Wiese et al. 2001).  Birds can also 
become disoriented in the illuminated area and will not leave, even if food is not present.  This 
can result in death because of starvation.  A complete review of the risks to seabirds associated 
with offshore platforms can be found in Wiese et al. (2001).  
 
The amount of light associated with oil and gas development is high. Marine safety requirements 
result in bright lighting on vessels and platforms at night.  Flaring also produces such a high 
intensity of light that it can be identified in satellite imagery (Wiese et al. 2001; Longcore and 
Rich 2004).  The effects of artificial light on migratory behavior have been documented for 
centuries (Gauthreaux and Belser 2006).  Recent work has shown that the wavelength and 
intensity of the light can affect how birds respond.  Poot et al. (2008) found that green and blue 
light caused less disorientation than white and red light and that birds were more greatly affected 
on nights without other visual cues (e.g. moonlight, starlight).  The authors replaced all the lights 
on a platform in the North Sea with lights in the green spectrum and report that preliminary 
results indicate that far fewer birds are attracted to the platform (Poot et al. 2008).   

23.4 OIL SPILLS 
Birds are highly vulnerable to oil spilled in coastal and marine environments.  Oil spilled during 
construction, operation, and removal activities, as well as chronic releases of crude oil and 
petroleum products, can adversely affect all bird groups (Hampton et al. 2003; Fraser et al. 
2006).  The addition of structures and additional ship traffic increases the likelihood of vessel 
collisions and allisions of vessels with structures.  However, documentation on the probability of 
oiling and mortality of oiled birds is not readily available due to difficulties in obtaining 
estimates.  Accurate beach counts of dead animals are not enough, since many dead individuals 
sink or are consumed before being washed ashore (NRC 1985).  The Beached Bird Model (Page 
et al. 1990; Carter et al. 2003) has been used to estimate total mortality from counts of oiled 
animals in several large oil spill cases in the United States (e.g., Puerto Rican, Apex Houston, 
Exxon Valdez, Kure, New Carissa, Stuyvesant, Luckenback).  The calculations include 
corrections for losses at sea, losses on shorelines after beaching, background non-spill-related 
beaching rates, observational effort, and search success (Carter and Page 1989; Ford 1987; Ford 
et al. 1996; Ford et al. 2006).  Results of detailed studies provide data for estimating probability 
of oiling if a bird is present in the area swept by oil.  Despite physical oiling being a major 
pathway to injury or death, there is not a consistent relationship between spill volume and 
number of birds oiled (Hampton et al. 2003); better correlates with number of birds oiled are 
seabird density, wind direction and speed, wave action, distance to shore, and temperature 
(Burger 1993).  
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Oil can affect birds through several pathways, including direct oiling and ingestion of oil (NRC 
1985; NRC 2003).  When soiled by oil, plumage of most birds is compromised, resulting in the 
loss of the plumage’s ability to repel water and insulate the animal (Stephenson 1997).  Without 
this barrier birds are susceptible to drowning and hypothermia.  Birds are also at risk of ingesting 
oil.  Ingestion can occur when birds preen oil off of their plumage or when they consume prey in 
contaminated areas.  Once ingested, oil can have varying pathological effects, including hormone 
imbalances, impaired water-sodium ion transfer, and reduced egg laying (NRC 1985; NRC 
2003).  A review of petrochemical ingestion and the stress it causes on the immune system can 
be found in Briggs et al. (1997).  Oil exposure to the surface of eggs has also been shown to 
reduce the hatching rate (NRC 1985; NRC 2003).  
 
Once oiled, it is generally agreed that birds have a very low survival rate, even when rescue and 
cleaning are attempted (Bourne et al. 1967; Croxall 1977; Ohlendorf et al. 1978; Chapman 1981; 
Ford et al. 1982; Samuels and Lanfear 1982; Varoujean et al. 1983; Ford 1985; Fry 1987; Seip et 
al. 1991; Anderson et al. 2000).  Death may be due to loss of body heat, toxicity through the 
skin, or ingestion of toxins via grooming.  A study of the behaviors of rehabilitated California 
brown pelicans (Pelicanus occidentalis californicus) found that birds had lower survival, no 
breeding activity for two years, and delayed post-breeding dispersal in the first year (Anderson et 
al. 1996).  Another study found that two species, Cassins’ auklet (Ptychoramphus aleuticus) and 
wedge-tailed shearwaters (Puffinus pacificus), immediately abandoned the breeding colony after 
being oiled and fewer females returned the following breeding season (Fry 1987).  
 
The amount of oil needed to affect birds also varies with several factors, including species, oil 
type, and physical conditions.  See Clark (1984) and Jenssen (1994) for reviews of the literature 
on oil effects on aquatic birds.  One study found that when confined to oil, 1 g/m2 is 100 percent 
lethal to birds while 0.1 g/m2 is not enough to cause acute mortality (Varoujean et al. 1983).  
Another found that blue sheen (which is less than one micron thick; NRC 1985) is not harmful to 
seabirds (Peakall et al. 1985).  Jenssen and Ekker (1991a,b) studied the effects of exposure of 
eiders to oil of varying doses.  Greater than 20 ml of (crude) oil was the required dose for an 
effect on metabolism.  However, Jenssen and Ekker’s review of the literature revealed that an 
order of magnitude more oil is the required dose for significant and potentially lethal effects. 
French-McCay (2009) has estimated that the threshold thickness of oil needed to impart a lethal 
dose to bird is 10 microns (about 10 g/m2).  This has been verified by modeling analyses of well-
studied oil spills (French-McCay and Rowe 2004).  
 
Probability of oiling depends on behavior, distribution, and reproductive rate (Huguenin et al. 
1996).  Characteristics that make certain bird species susceptible to oiling include: spending 
large periods of time on the water, weak flying capability such that they dive often, having 
flightless feather-molting stages, diving foraging behavior, and roosting at night on the water 
(Speich et al. 1991).  Thus, the probability of encounter with the slick is related to the percentage 
of the time an animal spends on the water or shoreline surface, including any diel or oil 
avoidance behavior.  Birds that are found in high densities are at risk for large impacts because a 
small amount of oil can affect many individuals.  Similarly, colonial nesters are at greater risk 
because the birds congregate in high densities during the breeding season.  



Chapter 23:  Southern Impacts—Birds 

869 

 
Diving pelagic seabirds (alcids), diving coastal birds (pelicans, loons, grebes, cormorants, 
boobies), and waterfowl (diving ducks, dabbling ducks, brant) are all at high risk for physical 
oiling (Huguenin et al. 1996).  Theses groups are at high risk because they are frequently in 
contact with the surface due to their diving feeding behaviors.  Alcids may be the most 
vulnerable group because they spend additional time floating in offshore waters, breed in large 
colonies, and reproduce irregularly.  Diving coastal birds are at risk for similar reasons in 
nearshore waters. In addition to diving behavior, waterfowl are at risk for ingesting toxins 
because they consume intertidal invertebrates, which can bioaccumulate petrochemicals after a 
spill (Huguenin et al. 1996; Golet et al. 2002; Esler et al. 2002; Peterson et al. 2003).  
 
Aerial seabirds (albatrosses, petrels, fulmars, shearwaters), shorebirds (sandpipers, plovers, 
turnstones, phalaropes), and aquatic raptors (eagles, osprey) are at moderate risk for oiling 
(Huguenin et al. 1996).  Aerial seabirds spend much of their time flying above the water surface 
and therefore are not oiled in large numbers in oil spills.  Additionally, this group includes 
species known to avoid oil, such as fulmars (Lorentsen and Anker-Nilssen 1993).  Shorebirds 
and raptors are not at high risk for physical oiling at sea because they do not spend a lot of time 
in the water.  However, these groups can be oiled when the spill reaches the coastline.  Foraging 
activities along oiled shoreline increase the probability of oiling and once oiled the birds can 
transfer the oil to their nests, eggs, and offspring (Bowman et al. 1993).  Both groups are also at 
risk of ingesting oil while feeding in fouled areas or by consuming contaminated prey.  A model 
developed to investigate bioaccumulation of toxins in Santa Catalina bald eagles found most of 
the contaminants were consumed through sea lion carrion, but a significant portion was also 
consumed via fish resources (Glaser and Connolly 2002).  Scavenging behavior in bald eagles 
was observed after the Exxon Valdez spill in Alaska.  The eagles would scavenge other birds 
already disabled by the oil, consuming the oil in the process (Bowman et al. 1993).  This resulted 
in over a 10 percent loss to the Alaskan bald eagle population; it was also reported that 66 
percent of eggs had been contaminated by hydrocarbons (Bowman et al. 1993).  Reproduction 
potential returned to near normal levels two years after the spill and the population was projected 
to return to pre-spill levels four years after the incident (Bowman et al. 1993). 
 
Wading birds (herons, egrets, rails), gulls, and terns are the least sensitive groups.  Wading birds 
are at a lower risk for physical oiling because they walk through shallow water instead of sitting 
on it.  However, these species are still at risk for ingestion while cleaning themselves and 
potentially transferring oil to their nests, eggs, and offspring.  Coastal oiling can also reduce prey 
availability and force populations farther inland or result in starvation (Maccarone and Brzorad 
1995).  Gulls are adaptable and opportunistic, and can avoid oil.  However, this is uncommon. 
Studies have shown that while birds may sometimes try to avoid oil once they have experienced it, 
for the most part animals respond to overriding desires of obtaining food or other behaviors such 
that avoidance is negligible (Varoujean et al. 1983).  

23.5 AIR EMISSIONS AND HYDROGEN SULFIDE 
Inhalation of vapor is a concern for birds because they sustain a high breathing rate while in 
flight.  Volatile hydrocarbons in petroleum are of concern to human health and can occur in 
concentrations above human health standards in areas affected by freshly spilled unweathered oil 
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(NRC 1985; NRC 2003).  Therefore, this pathway is a concern for birds in the area where fresh 
unweathered oil is on the water surface.  
 
Hydrogen sulfide (H2S) is a toxic gas that can be detected by humans at very low concentrations 
(Collins and Lewis 2000).  Higher concentrations can damage the nervous system and be fatal. 
H2S is produced naturally during the decay of organic material and is found in petroleum.  
California air quality standards require that hydrogen sulfide remain below 0.03 ppm as a 1-hour 
average (Collins and Lewis 2000).  Seabirds are at risk for inhalation of hydrogen sulfide 
because they sustain a high breathing rate while in flight.  While the concentration at which 
seabirds are affected by hydrogen sulfide is not documented, the human guidelines are set 
conservatively and therefore acute exposures to concentrations below the human health standards 
are not likely to adversely affect these animals.  Atmospheric H2S concentrations are not known 
to exceed human health standards after oil spills (NRC 1985). 

23.6 THREATENED AND ENDANGERED SPECIES 
Species of special concern, including those on State and Federal threatened and endangered 
species lists, are generally more vulnerable to impacts of any sort.  Characteristics that result in 
the listing of these species, including low population numbers, poor reproductive success, limited 
habitat, small home ranges, and low genetic diversity, make them susceptible to disturbances in 
their environment.  As a result, threatened and endangered species are more likely to be 
negatively impacted by oil and gas development than nonlisted species.  Of the four bird species 
discussed in the resources section none are at an increased risk of disturbance due to installation, 
operation or removal activities as their habitat is protected by California and the United States to 
ensure no negative impacts to the species (USDOI, USFWS 2007).  The highest risk for these 
animals occurs in the event of an oil spill.  The light-footed clapper rail and the California least 
tern will be impacted only if the oil reaches shore where they nest and feed.  The California 
brown pelican and Xantus’ murrelet are at higher risk because these species feed at sea and 
therefore have the potential to come in contact with any spill, even if does not reach shore.  
Additionally, these species may be attracted to oil rigs as food resources can be concentrated in 
these areas. 

23.7 SUMMARY AND DATA GAPS 
Avian resources are some of the most sensitive to the effects of oil in their environment.  Due to 
their particular mechanisms for buoyancy and thermal regulation, they are at high risk even in 
situations where only a small amount of oil is present.  Assessment of impacts to this group is 
typically extensive including continued monitoring in heavily impacted areas such as Prince 
William Sound (Peterson et al. 2003).  
 
Avian mortality after oil spills continues to be difficult to quantify accurately because of the high 
motility of birds and the multiple pathways by which they are affected by oil exposure.  Accurate 
impact assessments are necessary to quantify loss to ecosystems, and models have offered some 
assistance with this problem.  However, because models are based on empirical data from 
historical spills, mortality estimates may still not be accurate for the situation at hand.  
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Assessments of the impacts of construction noise on birds are often not performed for 
environmental impact statements for oil and gas development.  However, adverse impacts may 
occur because birds are assumed to vacate an area of high noise; thus, this is an important topic 
in sensitive areas such as feeding and nesting sites.  These areas are integral in the breeding 
success of bird species and need to be considered.  Furthermore, many sea birds spend time 
diving underwater.  Sound travels much differently in the aqueous environment and the effects of 
sound on mammals and fish are of concern and so continue to be studied.  These studies should 
also extend to birds that spend time underwater and therefore may be affected by increased 
sound. 
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24. MARINE MAMMALS 
Oil and gas development activities, including initial exploration, construction, extraction, 
transport, possible spills, and decommissioning may affect marine mammals in several ways. 
Impacts are grouped into: (1) impacts of noise on marine mammals, including seismic surveys, 
construction (including drilling), vessel traffic and transport, and explosive impacts during the 
removal of structures; (2) impacts due to contact with oil (including ingestion) from spills or 
seepage; and (3) impacts of possible collisions with ships and other infrastructure due to 
construction, normal operations, and transport. 

24.1 IMPACTS OF NOISE 
Underwater noise can have physical and behavioral effects on marine mammals, such as hearing 
loss, discomfort, injury, masking of important sounds, and behavioral reactions such as fright, 
avoidance, or changes in communication or feeding behaviors (Hanson and Defran 1993; 
Richardson et al. 1995; Mccauley et al. 2000; Evans 2002; Finneran et al. 2002; Richardson 
2002; Gordon et al. 2004; Nowacek et al. 2007; Southall et al. 2007; Tyack et al. 2008).  Sources 
of noise during oil and gas development include: seismic surveys, ship traffic, construction 
including pile driving, helicopter traffic, explosions during demolition or removal, and normal 
pipeline and operations noise.  
 
Noise impacts focused on below are those that involve a specific type of sound source and it 
affects marine mammal behavior.  Some very loud sources of noise, primarily from seismic 
surveys, do have the potential to cause physical injury, however, these would likely only affect 
animals at very close range to the source.  Physical injury from exposure to noise can include: (1) 
loss of hearing through temporary and permanent threshold shift (TTS and PTS), (2) damage to 
hearing organs, (3) damage to other body tissues, and (4) physical impacts of stress from 
exposure to sound (Evans 2003).  Threshold levels for physical impacts have been developed for 
various species groups (Southall et al. 2007). 
 
Cetaceans vocalize and detect sounds for communication, orientation, predator avoidance, and 
feeding (Tyack et al. 2008).  Large baleen whales generate low-frequency sounds that travel long 
distances; in some cases, these sounds may travel across ocean basins (Stafford et al. 1998).  
Most baleen whales produce sounds in the frequency of 10 Hz to 10 kHz (Richardson et al. 
1995).  Toothed cetaceans produce short, ultrasonic clicks for navigation and echolocation from 
1 to 150 Hz (Richardson et al. 1995), delphinid toothed cetaceans also produce frequency-
modulated whistles, thought to be used for communication (Tyack et al. 2008).  Pinniped 
communication occurs in the frequency range of 50 to 60 Hz (Richardson et al. 1995).  
 
Researchers have conducted playback experiments on gray whales to examine short-term 
responses to a wide range of industrial noises (Malme et al. 1983; Malme et al. 1985; Malme et 
al. 1986; Dahlheim 1987; Malme et al. 1987; Richardson et al. 1995; Moore and Clarke 2002).  
Responses included changes in swimming speed and movement away from the noise, abrupt 
behavioral changes from feeding to avoidance, changes in calling rates, and changes in surface 
behavior.  Malme et al. (1986) reported there would be a 0.5 probability of avoidance by gray 
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whales when received sound levels exceeded about 120 dB for continuous noise or 170 dB for 
intermittent noise.  When various forms of potential disturbances were ranked, gray whales had a 
high probability of impact by noise from oil and gas development, especially from large tankers, 
dredges, and airgun arrays (Malme et al. 1986; Richardson et al. 1995; Moore and Clarke 2002). 

24.1.1 Seismic Surveys 
The effects of the intense noise produced by marine seismic surveys on marine mammals—
known for their acoustic sensitivity—is an issue of great concern (Richardson et al. 1995; 
Gordon et al. 2004; Nowacek et al. 2007).  The primary biological consequences of airgun noise 
on marine mammals are the physical/physiological effects and the disruptive impact of hazard 
avoidance on activities such as feeding, orientation, migration, and social behaviors (Richardson 
et al. 1995; Wartzok et al. 2003; Gordon et al. 2004). 
 
While the hearing sensitivity of most baleen whales is unknown, the presumption is that the 
highest sensitivity would be to frequencies similar to their own vocalizations.  Most energy 
produced by a seismic airgun ranges from 20 to 160 Hz; bowhead whales vocalize primarily in 
the range of 25 to 400 Hz.  Blue and fin whales produce sounds primarily at 10 to 60 Hz (Evans 
and Nice 1996; Evans 2002). 
 
Some marine mammals are more susceptible to noise from airguns than others (Tables 24.1 and 
24.2).  Factors that make some species vulnerable include (Evans 2002):  
 

 Species that vocalize using low-frequency sounds for communication, 
navigation, and locating prey; these sounds potentially travel hundreds of 
miles. 

 Whales with presumed hearing sensitivities that most directly overlap with 
airgun sound frequencies (20-160 Hz)  

 Endangered species, in particular, the North Pacific right whale (of which few 
exist) so that little is known about their abundance or distribution (Brownell et 
al. 2001).  

 Deep-diving species. In deep waters, sound may be more intense in specific 
water layers (e.g., the SOFAR channel) and transmitted for long distances 
(Evans 2002).  

 Species with migration routes or feeding areas that overlap with areas planned 
for seismic exploration. 
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Table 24.1. 

  
Cetacean Species With Potential Susceptibility to Seismic Surveys in the Southern Study Area 

Factor 
Blue 
whale 

Fin 
whale 

Sei 
whale 

Brydes 
whale 

Minke 
whale 

Hump‐
back 
whale 

Right 
whale 

Gray 
whale 

Sperm 
whale 

Beaked 
whales 

Killer 
whale 

Harbor 
porpoise 

Species that emit low‐
frequency sounds that 
travel long distances 

x  x  x  x  x  x             

Species for which  
hearing frequency 
overlaps with airgun 
frequencies 

x  x  x  x  x  x             

Endangered/Threatened 
species (ESA) 

x  x  x      x  x    x    x   

Deep‐diving species                  x  x     
Species with migration 
routes or feeding areas 
in areas of planned 
exploration 

          x    x        x 
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Table 24.2. 
  

Potential Susceptibility of Pinniped Species and Sea Otters to Seismic Surveys in the Southern Study Area 

Factor 
Harbor 
seal 

Calif sea 
lion 

Guad. 
fur seal 

Steller 
sea lion 

Elephant 
seal 

N. fur 
seal  Sea otter 

Species that emit low‐frequency 
sounds that travel long distances 

             

Species for which  hearing 
frequency overlaps with airgun 
frequencies 

x        x     

Endangered/Threatened species 
(ESA) 

    x  x      x 

Deep‐diving species          x     
Species with migration routes or 
feeding areas in areas of planned 
exploration 

x  x    x    x  x 
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Most research on the impacts of airgun noise has focused on just two species (Richardson et al. 
1995).  While some variation occurs in the behavioral effects at different intensities, bottom 
types, and depth and distance from the noise, it is clear that marine mammals do react to airgun 
noise.  In many cases, the animals’ behavior (i.e., migration, feeding) is interrupted and they 
move away from the area of seismic activity.  After the airgun noise has ceased, animals tend to 
return to the area. (Gordon et al. 2004) summarized observations of behavior change in marine 
mammals in response to airguns. 
 
While no bowhead whales live in the Northern Study Area, this species is probably the best 
studied in terms of seismic impacts due to the extensive amount of oil and gas exploration that 
has occurred in the Arctic (Reeves et al. 1984; Richardson et al. 1985; Ljungblad et al. 1988; 
Richardson et al. 1995; Richardson and Würsig 1997; Richardson 2002).  Bowhead whales are 
relevant since they are closely related to North Pacific right whales.  While it is not possible to 
study the impacts on this rare species directly, the effects on bowhead whales should be closely 
considered when evaluating impacts on the North Pacific right whales.  Long-range avoidance 
was observed for migrating bowheads, avoiding airgun noise to more than 20 km where received 
levels were 120 to 130 dB re: 1µPa rms (Richardson et al. 1999).  Behavioral changes in blow 
rates and dive times were also observed (Richardson et al. 1995). 
 
The other species that has been thoroughly studied for airgun impacts is the gray whale (Malme 
et al. 1983; Malme et al. 1986; Malme et al. 1987; Moore and Clarke 2002; Weller et al. 2006a; 
Weller et al. 2006b).  Controlled studies on gray whales migrating along the California coast 
showed that animals exposed to airgun noise slowed and moved away (received levels for 
avoidance by 10 percent, 50 percent and 90 percent of animals were 164, 170 and 190 dB re: 
1µPa rms (Malme et al. 1987; Gordon et al. 2004).  Changes in distribution and acoustic 
responses occurred during playback experiments in San Ignacio Lagoon, Mexico, in 1985 
(Dahlheim 1987; Schwarz 2002).  Most whales abandoned the breeding lagoon, apparently in 
response to the noise, though the whales returned and regularly inhabited this area in subsequent 
years (Jones et al. 1994).  Studies of western gray whales off Sakhalin Island, Russia, found 
similar results, with animals abandoning feeding areas during seismic activity (Weller et al. 
2006a; Weller et al. 2006b).  These studies suggest that disruption of feeding behavior could 
have a major impact on this species (Weller et al. 2006b).  
 
Researchers have also evaluated the impact of seismic activities on humpback whales (Malme et 
al. 1985; Mccauley et al. 2000; Au 2006), blue whales (Mcdonald et al. 1995), and sperm whales 
(Madsen et al. 2002; Madsen et al. 2006a; Miller et al. 2009).  Very little research has been done 
on the impacts of airguns on seals (Richardson et al. 1995; Harris et al. 2001).  
 
There is debate on whether a seismic survey was responsible for the death of two Cuvier’s beak 
whales in the Gulf of California in 2002 (Taylor et al. 2004; Cox et al. 2006).  This survey was 
conducted with a powerful airgun array on the RV Maurice Ewing, a vessel possibly associated 
with a stranding of beaked whales in the Galapagos Islands in 2000 (Gordon et al. 2004).  The 
uncertainties surrounding the beaked whale deaths exemplify the lack of understanding on the 
possible damage from airgun impulses. 
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Generally, the deep-diving odontocetes, such as beaked whales, sperm whales, and pygmy and 
dwarf sperm whales, may suffer impacts to their hearing under some conditions during routine 
seismic surveys.  For these species, the sound may prove more intense at particular water layers 
(i.e. SOFAR channel) and transmitted at long distances (Evans 2002).  They may, on occasion, 
be swimming directly below an airgun array, exposing them to maximal airgun output (USDOI, 
MMS 2006).  The potential for deleterious effects on these species is also higher because they 
spend less time at the surface; therefore, opportunities for the animals to become aware of the 
seismic vessel or for observers to note the animals’ presence and impose additional mitigation 
measures are lessened.  

24.1.2 Construction and Dredging 
Noise and activities associated with the construction of offshore facilities and pipelines could 
disturb marine mammals in the area.  Construction could disrupt normal behaviors (e.g., feeding, 
social interactions), mask calls from other animals, disrupt echolocation capabilities, and obscure 
sounds by predators (Richardson et al. 1995; USDOI, MMS 2006).  Consequently, the animals 
may leave the constructions area, either temporarily or permanently.  In cases for which the 
specific habitat is not essential to the animal, the effects are short term and sublethal.  When 
animals have a strong fidelity to the habitat within the construction area (i.e., prime habitat for 
mating, feeding, calving), however, the impacts would prove severe.  
 
Dredges make significant underwater noise during construction (Richardson et al. 1995).  One 
experimental study studied the impacts of dredging on bowhead whales.  Animals exposed to the 
strongest sounds (122 to 131 dB or 21 to 30 dB above ambient levels) showed obvious 
avoidance, including the cessation of feeding as well as moving away from the area (≥2 km 
away) (Richardson et al. 1990; Richardson et al. 1995).  Questions remain about whether some 
bowhead whales habituated to the sound of dredging during oil and gas development in the 
Beaufort Sea, although overall numbers of whales dropped after the onset of intensive drilling 
(Richardson et al. 1995).  During a project with constant dredging to keep a shipping channel 
open in a Baja lagoon, gray whales abandoned the lagoon during the years that this activity was 
in progress (Bryant et al. 1984; Thomson and Johnson 1996).  
 
Pile-driving effects have been documented recently in the installation of wind-energy facilities in 
northern Europe.  Visual surveys noted changes in harbor porpoise behavior up to 15 km from 
the construction site during the pile driving (Tougaard et al. 2003; Madsen et al. 2006b; 
Teilmann et al. 2006a; Teilmann et al. 2006b; Tougaard et al. 2006).  Also, changes in 
echolocation behavior were dramatic during pile driving (Henriksen et al. 2003; Carstensen et al. 
2006; Tougaard et al. 2006).  Researchers also documented changes in abundance and 
distribution for seals; fewer seals were observed at haul-out sites and were absent from the 
surrounding waters during the pile-driving phase of construction (Teilmann et al. 2004; 
Teilmann et al. 2006b; Tougaard et al. 2006).  Changes in activity levels returned to normal after 
the pile driving ceased (Tougaard et al. 2003; Madsen et al. 2006b; Tougaard et al. 2006).  When 
impact zones are modeled for pile-driving operations, these sounds are audible to harbor seals 
and harbor porpoises at long distances.  Calculated ranges extend more than 100 km, and perhaps 
up to 1,000 km, using the highest reported sound pressure levels and lowest measured 
transmission loss (Madsen et al. 2006b).  At these distances, marine mammals in deeper waters, 
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including those susceptible to low-frequency sounds such as beaked whales and baleen whales, 
would be affected (Mccauley et al. 2000; Richardson 2002; Gordon et al. 2004; Barlow and 
Gisiner 2006; Cox et al. 2006; Macleod and D'amico 2006; Weller et al. 2006a; Weller et al. 
2006b). 
 
For the most part, other construction activities, including the operation of small artificial islands, 
have not demonstrated major impacts on Arctic species (Richardson et al. 1995).  Some short-
term displacement of ringed and bearded seals occurred within a few kilometers of the area, but, 
overall densities of ringed seals were higher in the region.  Richardson et al. (1995) dismiss the 
impacts of artificial islands as insignificant.  

24.1.3 Drilling and Operation 
Noise produced during drilling and operation occurs at relatively low frequency, typically 
between 4.5 and 30 Hz (Richardson et al. 1995).  Potential effects on marine mammals include 
disturbance, such as changes in behavior and displacement, and the masking of calls from 
conspecifics or other natural sounds (e.g., from surf, predators).  The sounds used by odontocetes 
are frequencies that tend to be higher than those produced by offshore drilling and operation 
activities; these species, therefore, may not be sensitive to or affected by these sounds.  
Researchers should focus some attention on sperm whales and beaked whales.  These species 
have good low-frequency hearing and could be affected by drilling and production noise.  Effects 
would be similar to those for construction activities—primarily behavioral disruption and 
avoidance or displacement from the region surrounding the operating facility.  Because the 
mysticetes (which include the filter-feeding whales) possess good hearing sensitivity and 
vocalize at low frequencies (as described in Section 24.1) these species may be affected by 
drilling and production noise.  
 
While a few controlled playback studies have examined the impact of oil drilling on baleen 
whales (bowhead, gray, and humpback), little is known about other species and impacts have not 
been studied comprehensively (Richardson et al. 1995).  In general, these studies demonstrated 
that cetaceans avoid operation activities including dredging, drilling, and production (Richardson 
et al. 1995).  For gray whales migrating off California, studies have demonstrated behavioral 
reactions and avoidance of simulated sounds of drillships, semi-submersibles, drilling, and 
production platforms (Malme et al. 1983; Richardson et al. 1995).  Gray whales remain of 
particular concern because of their narrow migration route.  In winter, the entire population 
moves through the Southern Study Area during its southbound migration, again moving through 
the area in the spring traveling northbound (Rice 1965; Moore and Clarke 2002; Mate and 
Urbán-Ramirez 2003).  Gray whales have migrated past the oil platforms in the Santa Barbara 
Channel for decades and appear to have habituated to, or become tolerant of, the noise generated 
by these facilities, even though mysticetes up to 5 km away can hear these sounds (Moore and 
Clarke 2002). 
 
Very little research has taken place on the impacts on toothed whales or pinnipeds (Richardson et 
al. 1995).  Anecdotal reports exist of animals in the vicinity of oil drillsites (Richardson et al. 
1995).  Some data support seal tolerance to drillship noise, although one study found that ringed 
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seals densities were lower close to artificial islands during drilling operations (Frost et al. 1988).  
Ringed seals are closely related to harbor seals and impacts would likely be similar. 

24.1.4 Vessel Traffic and Transport 
Several studies have reported short-term behavioral effects of vessel traffic on marine mammals 
(Au and Green 2000; Nowacek et al. 2001; Erbe 2002; Moore and Clarke 2002; Williams et al. 
2002; Evans 2003; Buckstaff 2004; Foote et al. 2004; 2008; Jensen et al. 2008; Holt et al. 2009).  
Harbor porpoise are notoriously wary of boats and increased vessel traffic may be the cause of 
their disappearances from areas where they were once common, including Puget Sound, San 
Francisco Bay, the Baltic Sea, and the Wadden Sea (Leatherwood and Reeves 1983; Osborne et 
al. 1988).  Low-frequency noise (5-500 Hz) from commercial shipping is ubiquitous in the 
world’s oceans (Hildebrand 2005).  
 
While little is known about the long-term impacts of vessel traffic on marine mammals, in two 
cases researchers have speculated that increased vessel traffic may have affected long-term gray 
whale distribution.  Between 1975 and 1978, aerial surveys showed that about 60 percent of gray 
whales were using migration routes in Southern California farther offshore than the coast routes 
they used previously (Dohl and Guess 1979).  Between 1964 and 1983, seismic activity in this 
region was substantial (Malme et al. 1983), although many suggest that increases in noise and 
vessel traffic in this region was the cause of this migratory shift (Rice 1965; Mate and Urbán-
Ramirez 2003).  The second case focused on gray whales feeding in Clayoquot Sound off 
Vancouver Island.  Researchers found a sequential increase in gray whale foraging locations 
away from the major whale-watching port of Tofino over a three-year period (Duffus 1996).  
While determining if the whale-watching vessels contributed to or caused this shift in gray whale 
distribution was not possible, Duffus suggests a risk-aversive conservative management 
approach for regulating vessel traffic in gray whale feeding areas.  Long-term displacement has 
also been attributed to increased vessel traffic noise for humpback whales in Hawaii and 
southeastern Alaska (Richardson et al. 1995). 
 
In addition to changes in distribution during this study, gray whales also altered their 
vocalizations in response to outboard engine and oil-drilling sounds.  Four different measures of 
their calls were significantly higher than those measured under experimental conditions 
(Dahlheim 1987).  Whales adapted their calls in response to the noise, essentially “shouting” and 
calling more frequently to counteract the higher noise levels. 
 
The effects of helicopter noise have been examined for a few cetacean species (Richardson et al. 
1995; Patenaude et al. 2002; Nowacek et al. 2007).  Bowhead whales reacted to helicopter 
approaches that had altitudes of 150 m or less and lateral distances of 250 m or less (Patenaude et 
al. 2002).  

24.1.5 Explosions During Construction or Demolition 
The impact of explosives can prove quite devastating to marine mammals given their potential to 
induce blast injury and acoustic trauma (Ketten 1995; Richardson et al. 1995; Todd et al. 1996; 
Finneran et al. 2000).  Shock waves produced by explosions can cause severe injury and death to 
animals, although threshold levels are not well established (Richardson et al. 1995). 
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24.2 IMPACTS OF EXPOSURE TO OIL 
Direct exposure by marine mammals to oil occurs in several ways including major oil spills 
during drilling or transport and chronic low-level discharges of oil products.  Exposure to oil 
could affect marine mammals in many ways depending on the species, the location, nature, and 
magnitude of the spill, and the environmental conditions involved.  Exposure of marine 
mammals to oil can occur by direct contact, inhalation, and ingestion (including consumption of 
oiled prey).  The health effects of such exposure have been the subject of considerable research 
and reviews (Geraci and St. Albin 1990).  
 
Inhalation of toxic vapors from oil spills, especially in the early stages of a spill, may irritate or 
damage respiratory membranes, congest lungs, and cause pneumonia.  Inhaled volatile 
hydrocarbons may be absorbed into the bloodstream and accumulate in the brain and liver, 
leading to neurological disorders and liver damage (Geraci and St. Albin 1990).  Marine 
mammals would be most exposed to such toxic vapors just above the surface of an oil spill. 
 
Marine mammals can ingest oil in several ways, including incidental consumption of floating or 
submerged oil or oil-contaminated prey (Geraci and St. Albin 1990).  Spilled oil may also foul 
the baleen fibers of mysticete whales, temporarily impairing food-gathering efficiency or 
resulting in the ingestion of oil or oil-contaminated prey.  Ingested oil can remain within the 
gastrointestinal tract and be absorbed into the bloodstream, potentially irritating and destroying 
epithelial cells in the stomach and intestine.  Certain constituents of oil, such as aromatic 
hydrocarbons and polyaromatic hydrocarbons, are well-known carcinogens.  
 
An accidental oil spill may result in the localized reduction, extirpation, or contamination of prey 
species. Invertebrate and vertebrate species may become contaminated and subsequently expose 
marine mammals that feed on these species.  This situation occurred after the Prince William 
Sound oil spill and was extensively documented (Peterson et al. 2003).  Because benthic 
organisms (such as crustaceans and mollusks) accumulate oil compounds more readily and at 
higher levels than pelagic biota, the potential for ingesting oil-contaminated prey is greatest for 
benthic-feeding marine mammals.  
 
For cetaceans, direct contact with oil may irritate, inflame, or damage skin and sensitive tissues 
(such as eyes and other mucous membranes) (Geraci and St. Albin 1990).  Prolonged contact to 
petroleum products may: reduce food intake elicit agitated behavior; alter blood parameters, 
respiration rates, and gas exchange; and depress nervous functions.  Oil does not appear to 
adhere readily to or be absorbed through cetacean skin. 
 
A primary concern for marine mammals relying on fur for insulation is the loss of this insulation 
from fowling of the fur by oil.  Problems with fouling would be most acute for sea otters that rely 
heavily on fur for insulation, and, secondarily, for fur seals and sea lions that use both fur and 
blubber for insulation.  Along the Southern California coast, sea otters and northern and 
Guadalupe fur seals are the most vulnerable to oil fowling of fur.  These animals suffer risk of 
hypothermia as along with problems related to oil ingestion from attempting to groom and clean 
contaminated fur. 
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The detailed and long-term studies conducted in the wake of the 1989 Exxon Valdez oil spill 
represent one of the most thorough examinations of oil-spill consequences to the marine 
environment, including marine mammals (Loughlin 1994; Peterson and Holland-Bartels 2002; 
Peterson et al. 2003).  Sea otters were certainly the most dramatic and immediate marine-
mammal victims of the oil spill; approximately 2,650—about half the estimated population—
died due to oil exposure (Garrott et al. 1993).  Although the vulnerability of sea otters to oil was 
previously known due to their reliance on fur for insulation, sea otter mortality rates remained 
higher in oiled areas after the spill compared to before the spill and compared to unaffected 
areas.  This mortality apparently resulted from continued chronic exposure to oil (Peterson et al. 
2003).  The long-term impacts of oil on the survival of Prince William Sound sea otters were 
most evident in otters that were alive during the spill, but also occurred to a lesser extent in those 
born after the spill in the area of the spill (Monson et al. 2000).  
 
An estimated several hundred harbor seals also died from inhalation of oil fumes after the spill in 
Prince William Sound, although this number represented only a very small proportion of the 
population (Loughlin 1994).  Post-spill counts of harbor seals continued to decline; however, 
numbers had dropped prior to the spill, which complicates the assessment of how the spill 
contributed to these declines (Frost et al. 1999).  Declines in both resident and transient pods of 
killer whales also occurred after the spill, apparently from oil exposure (Loughlin 1994).  While 
acute effects of the spill were notable for some species, some of the long-term ecosystem 
consequences may prove to have the longest-reaching impact (Peterson et al. 2003). 
 
Oil-spill cleanup may also pose a risk to marine mammals.  Cleanup can expose animals to 
chemicals used in oil-spill response, such as dispersants.  Vessels involved in oil-spill response 
may also disturb the animals.  While some of the chemicals used in such a response are less toxic 
than the oil itself, they still may pose a risk and information on the effects of these chemicals on 
marine mammals is often unknown or uncertain.  The section on ship strikes below discusses the 
risk to marine mammals from vessels responding to oil spills. 

24.3 IMPACTS OF COLLISIONS WITH VESSELS OR INFRASTRUCTURE 

24.3.1 Ship Strikes 
Ship strikes by large vessels are a significant cause of mortality in some marine mammals 
species (Laist et al. 2001; Moore and Clarke 2002; Vanderlaan and Taggart 2007; Douglas et al. 
2008).  While injuries are most common with smaller vessels traveling slower than 14 knots, 
most lethal collisions occur with faster ships that exceed 80 m in length (Laist et al. 2001).  
Commercial vessels in the Southern Study Area travel to and from large ports in Long Beach, 
Los Angeles, and San Diego.  In the Pacific, reports of large whales hit and killed by ships 
include gray whales, fin whales, humpback whales, sperm whales, blue whales, sei whales, and 
Baird's beaked whales (Douglas et al. 2008).  

24.3.2 Entanglement in Cables 
Most types of oil and gas development require some use of cables and mooring lines to anchor 
structures, connect devices, and transmit power.  While extensive literature on marine mammal 
interactions with these types of lines does not exist, entanglement in nets and buoy lines for crab 
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and lobster gear has constituted a major source of mortality in cetaceans and is a major concern 
worldwide.  A scientific workshop on the ecological effects of wave energy development in the 
Pacific Northwest identified mooring and the attendant cables as the biggest ecological threat to 
cetaceans (Boehlert et al. 2008).  The primary concern is that cetaceans might strike them or 
become entangled. Additionally, gray whales might perceive large numbers of moorings as a 
barrier, and the resulting response could disrupt migration.  Thin or slack cables that could easily 
entangle animals pose the most serious risk. 
 
In the Pacific, harbor porpoise, harbor seals, gray whales, and humpback whales are the primary 
marine mammals killed by entanglement (Baird et al. 2002; Moore and Clarke 2002; Douglas et 
al. 2008).  Most of these cases involve entanglement in nets, but both gray and humpback whales 
also became entangled in single lines from crab pots.  Both humpback and right whales in the 
North Atlantic have become entangled in pot gear, most commonly in the buoy line that extends 
from the gear to the surface and next most commonly in the ground line that connects the pots to 
each other or the anchor to a pot (Johnson et al. 2005).   
 
Several strategies have been recommended to reduce possible entanglement, including limiting 
the number of lines, avoiding slack lines, and using acoustical pingers (Boehlert et al. 2008).  
Acoustic pingers dramatically reduce the entanglement rates of many eastern North Pacific 
cetaceans (Barlow and Cameron 2003), including beaked whales in offshore drift gillnets off 
California (Carreta et al. 2008) and harbor porpoises in coastal gillnets off Washington (Gearin 
et al. 2000). 

24.4 SUMMARY OF DATA GAPS  
Gaps in information for the Southern Study Area associated with the potential impacts of oil and 
gas development can be broken into two areas; gaps related to the status of marine mammals in 
the region; and those related to the potential impacts of oil and gas. 

24.4.1 Biological Data Gaps 
 

 Site-specific marine mammal abundance.  Marine mammal populations 
continue to change rapidly as noted in some species accounts.  BOEMRE-
sponsored surveys took place in the 1970s and 1980s and provided important 
information that is now out-of-date.  Current assessments of marine mammal 
abundance and trends used as the basis of the stock assessment reports on 
each species are based on several types of surveys and methodologies.  The 
Southwest Fisheries Science Center (SWFSC) conducted periodic vessel line-
transect surveys along the U.S. West Coast which are critical for gathering 
information on some of the widely dispersed and abundant cetaceans (Barlow 
and Forney 2007).  For some endangered large cetaceans, mark-recapture of 
photo-identified humpback and blue whales serves as the best basis for 
estimates of abundance and trends (Calambokidis and Barlow 2004).  For 
several other species, such as harbor porpoise and gray whales, specialized 
census techniques are used.  Pinniped abundance is best determined from a 
census of hauled-out animals.  Regardless of technique, up-to-date 
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assessments of population status are often not available for assessing the 
impacts of new activities and potential threats. 

 Lack of information on seasonal occurrence.  Most of the information on 
marine mammal occurrence and abundance from recent years comes primarily 
from summer and fall.  While these seasons are ideal for surveys of 
abundance, improving information on the occurrence of marine mammals in 
other seasons remains important to assess the impact of activities such as oil 
and gas development that may take place at other times of year.  Many marine 
mammals have strong seasonal migrations; even those that do not may have 
seasonal shifts in distribution (Douglas et al. In prep). 

 Data on species with greater vulnerability to oil and gas activities.  Data 
gaps exist on species most vulnerable to oil- and gas-related activities and 
may be the most critical for assessing impacts.  Sea otters are among the most 
vulnerable species because of their reliance on fur for insulation; this species 
suffered long-term impacts after oil exposure in Prince William Sound 
(Peterson et al. 2003).  Sea otters are considered a keystone species whose 
presence alters the environment and impacts other species.  Blue and fin 
whales are vulnerable to ship strikes from vessel traffic off Southern 
California.  Ship strikes of blue whales in fall 2007 in Southern California 
occurred at a level that exceeded the NMFS estimate of sustainable biological 
removal.  Killer whales may have been one of the more severely impacted 
species in Prince William Sound by the Exxon Valdez oil spill, although this 
conclusion is clouded by the possible other factors impacting killer whales 
(Peterson et al. 2003). 

24.4.2 Gaps in Research on Impacts 
Much of the research on the impacts of oil and gas on marine mammals took place in the 1970s 
and 1980s (Geraci and St. Albin 1990).  Many of the data gaps identified then still remain. Key 
remaining gaps include: 

 
 Data on long-term impacts of oil exposure.  As a result of the Exxon Valdez 

oil spill, researchers have extensively studies the impacts on marine mammals 
and conducted long-term follow-up studies (Peterson et al. 2003).  While 
these studies have identified subtle, potentially long-term impacts, some of 
results remain ambiguous and controversial. 

 Data on the impacts of underwater sound.  Some oil and gas development 
activities create loud underwater sounds, especially seismic surveys during 
exploration and underwater explosions during demolition of old platforms.  
While knowledge of underwater sound and the vulnerability of marine 
mammals to noise have increased dramatically, a great deal of uncertainty and 
controversy still exist.  The U.S. Navy has dramatically increased funding for 
studies of the impacts on Navy sonar.  The oil and gas industry, through 
programs such as the Joint Industry Program, have also funded research on 
marine mammal impacts.  Several important data gaps related to acoustics and 
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marine mammals still exist ((Boehlert et al. 2008) including: (1) identifying 
the  ambient sounds near a potential wave energy facility, and (2) determining 
the hearing sensitivity of cetacean and pinnipeds and how they respond to 
noise generated by a wave energy buoy or buoy array.   

 Improved determination of ship strike threat and ways to reduce their 
occurrence.  Ship strikes are a major threat to large whales, especially blue 
and fin whales, in areas such as the Southern California Bight where dense 
feeding areas occur near some of the busiest shipping lanes in the world.  
Extensive research and efforts to protect right whales in the North Atlantic 
from ship strikes resulted in some fairly simple (though not easy) ways to 
reduce strikes including shifting the location of some shipping lanes.  Gaps 
exist on where and when these strikes occur, why they occur, and what 
specific measures can reduce their occurrence. 
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25. ECOSYSTEM INTERRELATIONSHIPS 

25.1 ALTERATION OF THE MARINE FOOD WEB 
The installation of platforms adds artificial surfaces to ecosystem.  These added structures can 
promote the establishment of artificial reef habitat.  This habitat alteration has been observed and 
is well documented at several previously installed offshore structures in the Southern Study Area 
(USDOI, MMS 2005), as well as elsewhere.  Platforms provide hard substrates that foster growth 
of algae and sessile epifaunal invertebrates such as bryozoans, sponges, hydroids, barnacles, 
oysters, and mussels (Page and Dugan 1997).  Organisms that attach and grow on the piles and 
platform supports provide habitat and food for many mobile invertebrates and fish.  In addition 
to fouling organisms attached to the platform, benthic and pelagic species abundance below and 
surrounding the structure can be augmented.  For example large mussel mounds are found on the 
benthic substrates around many platforms in Southern California (Helvey 2002).  Richness and 
diversity of benthos tend to decrease with distance from the structure.  Studies carried out at 
artificial reefs established on oil and gas platforms have shown that fish are attracted to such 
structures (Gunter and Geyer 1955; Sonnier et al. 1976; George and Thomas 1979; Gallaway and 
Lewbel 1982; Love and Westphal 1990; Love et al. 1993).  The attraction of biota to artificial 
reefs and their longevity at particular structures vary depending upon the ecological role of the 
species in question, as well as environmental conditions.  Several positive ecological, 
recreational, and commercial impacts have been associated with artificial reef habitat creation, 
including increased biodiversity and fisheries.  These platforms create small, localized diverse 
ecosystems when built on shelf areas consisting of mostly low-relief, homogenous, soft-bottom 
habitat.  
 
Propagation of nonnative and invasive species is a potential negative impact of artificial reefs 
along the coast.  Increased number of, and decreased distance between, platforms may perpetuate 
a higher rate of island-hopping among organisms.  Introducing nonnative habitat to the open 
ocean gives species a pathway through which they can expand their range; this could be true for 
native and nonnative species.  The introduction of nonnative species is not a new issue for the 
Southern California Bight; however, continued vigilance aimed at keeping the number that 
become invasive to a minimum is of utmost concern.  Invasive species can permanently alter the 
ecosystems and food webs in which they invade, resulting in regional extinctions and decreases 
in productivity and biodiversity (Ruiz et al. 2000).  
 
Spilled oil has the potential to impact ecosystems in varying ways.  Physical oiling can result in 
simply the loss of biomass or, more seriously, the loss of species in the affected communities.  
Recovery rates for different habitat types have been explored as part of remediation activities 
following spills.  A review of current information can be found in French-McCay (2009).  In 
general for intertidal invertebrates, French et al. (1996) has estimated that time for natural 
recovery is 3 to 5 years.  Several post-spill monitoring studies of rocky intertidal areas show that 
cleanup activities tend to increase recovery time (potentially up to nine years) (Broman et al. 
1983; Houghton et al. 1991; Rolan and Gallagher 1991).  In some cases, where the structure-
forming species actually stabilizes the habitat, it is conceivable that permanent modification of 
that habitat could result from an acute incident (USDOI, MMS 2001).  Oiled rocky intertidal 
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areas left to recover naturally show improvement within 2 to 5 years (Sell et al. 1995).  Sandy 
beaches and mudflats can take anywhere from 1 to 5 years to fully recover after a spill event 
(French-McCay 2009).  Seagrass beds have been observed to recover within seven months of a 
spill (Keller and Jackson 1991); however, longer recovery estimates (several years) are more 
typically made (French-McCay 2009).  Recovery of benthic organisms and vegetation in oiled 
salt marsh habitat may take anywhere from 5 to 18 years to recover (French-McCay 2009).  
Subtidal kelp forests of the Pacific Coast are quick to recover biomass after both natural (e.g. 
storms, grazing; Graham 2002) and pollution (e.g. oil and sewer spills; Moody 1990; Tegner et 
al. 1995) events.  Moody (1990) estimated that oiled kelp beds had 90 percent recovered in three 
to four years.  However, after 14 years they had not fully recovered to pre-spill diversity. 
 
Oil toxicity from a spill may or may not have a profound effect on the aquatic ecosystem.  The 
toxicity of oil to organisms is largely due to exposure to and uptake of polyaromatic 
hydrocarbons (PAHs) (Anderson et al. 1974; Malins and Hodgins 1981; Neff and Anderson 
1981), with the effects of the mixture of hydrocarbons being additive (McCarty et al. 1992; 
Swartz et al. 1995; DiToro et al. 2000; French-McCay 2002).  Because accumulation of toxic 
concentrations within tissues takes hours to days before lethal levels are reached, only large 
spills of light crude oils and fuels would be expected to induce toxic effects on plankton (French-
McCay 2002).  However, even concentrations that create only sublethal effects on primary 
producers and other lower-trophic-level organisms can have lethal effects at higher trophic 
levels.  
 
Bioaccumulation is the accumulation of toxins in higher trophic organisms; the rate of 
accumulation depends on many factors, including uptake and metabolic rates (Neff 2002).  
Because the transfer of energy between trophic levels is inefficient, predators must consume 
large amounts of prey to meet their energy demands.  Thus, a small concentration of a toxin in 
prey items can lead to a significant accumulation of the toxin in higher predators.  In the 
Southern California Bight one of the most famous cases of bioaccumulation involves DDE (a 
derivative of DDT) and PCBs.  The mechanisms of toxin uptake for sea lions and bald eagles 
were modeled and results showed most of the accumulation came as a direct result of consuming 
contaminated prey that had lower individual concentrations of the chemicals than the predator 
(Connolly and Glaser 2002; Glaser and Connolly 2002).   

25.2 PATTERNS OF PREDATION, COMPETITION, AND DISEASE 
Alterations such as installation of piles and removal of surface substrates, leading to deepening 
and exposure of different subsurface sediments, can lead to shifts in biological composition 
(Newell et al. 1998).  Pipeline trenches that are backfilled with sediment similar to their original 
fill, or that allowed to naturally backfill over time, may or may not return to baseline conditions.  
Ecological services within disturbed sediments could be altered for many years depending upon 
the amount of disturbance, the size of affected areas, and the types of communities present 
(USDOI, MMS 2007).  Shifts in benthic invertebrate assemblage could affect demersal (bottom 
feeding) fish species that utilize the habitat for foraging.  In offshore habitats such as soft 
sediments, the effects of physical alteration are likely to be temporary as neighboring infaunal 
invertebrates can recolonize after installation.  However, in more sensitive areas, such as rocky 
reefs containing slow-growing epifaunal organisms, effects may be greater and recovery can take 
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longer.  Pre-disturbance conditions may never be reestablished even if pipeline trenches or 
platform areas are returned to their original physical makeup.  Diversity and abundance may be 
restored over time, but shifts in species composition may occur.  
 
At the ecosystem level effects of toxicity will vary in a similar manner.  Adverse impacts to 
plankton resources would be localized and temporary, as generation times are days to weeks, and 
recovery would be rapid.  At trophic levels with longer generation times, spills could have larger 
impacts such as reduced reproductive rates and increased mortality.  While this could have a 
serious impact at the population level, prolonged effects are not likely, because oil spills are 
temporary occurrences.  The largest bioaccumulation-related impacts are a result of continued 
contaminant release or persistence.  Because spilled oil of a finite volume weathers and 
eventually breaks down, bioaccumulation is not likely to be a major impact.  However, chronic 
discharges could lead to localized effects in areas immediately surrounding an outfall. 

25.3 SUMMARY AND DATA GAPS 
Ecosystem impacts of oil and gas production include lost biomass after a spill or construction 
activities.  Some modeling work has been performed to quantify this impact (French-McCay 
2009); however, more work quantifying this reduction is needed to fully understand the 
cascading effects.  In general, the creation of artificial reefs is perceived as a positive impact of 
offshore development.  This concept needs to be reevaluated in terms of bioinvasion pathways 
and the health of organisms found on these reefs.  These reefs may provide nonnative and 
potentially invasive species with enough habitat to allow them to increase their range and move 
into pristine habitats.  Additionally, fouling organisms found on these artificial structures could 
bioaccumulate toxins due to the close proximity to pollutants.  These toxins have the potential to 
move up the food web as predators are attracted to the artificial reefs because of the high 
concentration of biomass. 
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26. AREAS OF SPECIAL CONCERN 
The effects of oil and gas development on areas of special concern will be similar to effects on 
areas that are not designated.  However, particular attention should be paid to the reason for the 
special designation as it usually requires a unique circumstance and therefore unique potential 
for effects.  Potential impacts to the various categories of resources are reviewed in preceding 
chapters. 

26.1 CONTAMINATION OF PRISTINE AREAS 
Marine Protected Areas, and other protected habitats including estuaries and wetlands, will 
fundamentally be affected in the same manner as habitats that are not protected.  However, these 
areas have been designated to protect certain resources and therefore injury to these locations 
may have a greater impact than similar effects to undesignated areas.  Potential injuries, 
including lowered system productivity, loss of pristine habitat, and disturbance of sensitive 
species, could result from oil spills, sediment resuspension, and the degradation, modification, 
and removal of benthic habitats associated with the development of oil and gas.  The Channel 
Islands Marine Sanctuary (CINMS) was created to preserve and protect the unique habitats 
found around the islands (NMSP 2008).  Since 1980 CINMS has worked to protect and restore 
the natural habitats, ecological services, and biological communities.  An additional goal is to 
promote compatible use between resource protection and public use (NMSP 2008).  Therefore, 
the habitats of CINMS represent relatively undisturbed and highly productive habitats; because 
of this, any injury caused by human activity could result in less than 100 percent recovery 
regardless of restoration effort. 
 
The efficacy of Marine Protected Areas is currently under scrutiny.  One of the current debates is 
over their effects on fish stocks and fishery management.  Despite the continued discussion on 
whether they help or hurt the fishing industry, there is enough evidence to suggest that 
production within the reserves can augment lost production adjacent to the reserve (Halpern and 
Warner 2003).  In these areas of higher productivity than unprotected and unfished areas, adverse 
effects such as spills, sediment resuspension, and bottom habitat disturbance due to oil and gas 
development could produce larger impacts to both the protected and the unprotected ecosystems. 

26.2 RESUSPENSION OF SEDIMENTS AND DEPOSITS 
Archeological sites, including shipwrecks and anthropogenic artifacts, can be found throughout 
the Southern Study Area.  These areas provide additional physical barriers to the sea floor and 
are therefore not likely to be considered for oil and gas development.  However, if development 
took place in close proximity to these structures relocation could be necessary.  The movement 
of artifacts may be hindered by historical preservation issues but would not result in any 
additional sources of effects to the surrounding area.  On the other hand, the relocation of a 
shipwreck could include the movement of hazardous materials.  Some of the shipwrecks in the 
area could contain unleaked fuel or other hazardous materials.  If this is the case, any disturbance 
to the wreck could result in accidental release of these materials. 
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In casees where development occurs in close proximity to shipwrecks, but far enough from them 
to avoid a relocation issue, these historical structures could be covered by excess sedimentation.  
While this would be a benign effect to the structure, it could negatively affect viewing potential 
or preservation activities.  
 
Similar to shipwrecks, dumping grounds need to be assessed with care during the development 
for for oil and gas.  In most dumping cases, hazardous materials have been left on the bottom of 
the ocean, which means that any activity in the vicinity has the potential to disturb and 
potentially resuspend contaminated sediments.  This is of particular concern for weapons that 
were dumped in unrecorded locations and for development near known contaminated areas.  For 
instance, development near the Palos Verde Shelf, where known concentrations of contaminants 
are found in the sediments (USEPA 2003), would require extensive surveying to determine 
where contaminated sediments are and are not before any activities likely to cause resuspension 
(e.g. pile driving, drilling) could commence. 

26.3 SUMMARY AND DATA GAPS 
The Southern California Bight has been an active coastal zone for centuries.  In recent decades 
much of the sensitive land and water has received protection in the form of sanctuaries and 
reserves.  Similarly, artifacts of ancient and modern cultures can be found in this area and need 
to be protected and preserved.  To prevent accidental disturbance of these sensitive areas they 
need to be accurately mapped.  This can be a challenge, as not all historical locations have been 
discovered.   
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27. SOCIOECONOMIC IMPACTS 
This synthesis evaluates information on some components of social, economic, and cultural 
concerns of oil and gas exploration and development in the Southern Study Area.  The offshore 
part of the oil and gas industry in the Southern Study Area is found in four counties in California: 
Orange, Los Angeles, Ventura, and Santa Barbara.  
  
Southern California was the site of the earliest attempts at U.S. offshore oil production in 1896, 
when oil derricks were placed on piers along the coast at Summerland near Santa Barbara 
(Molotch and Freudenburg 1996).  The first offshore oil platform was installed in California in 
1956, when platform Hazel was constructed in State waters east of Santa Barbara.  Leasing in 
Federal waters off California began in 1966, and the first Federal platform, Hogan, was installed 
in 1967 (Molotch and Freudenburg 1996).  Federal offshore oil production has accounted for 
roughly two-thirds of California’s total offshore production in recent years (Kildow and Colgan 
2005).  
 
There has been no new offshore oil and gas development in the Southern Study Area since the 
early 1980s when a congressional moratorium prohibited oil and gas drilling along the East and 
West Coasts and in the eastern Gulf of Mexico.  The Federal offshore leasing program in the 
study area has been a source of controversy since the 1940s, and it continues to be so.  Social and 
political conflict has occurred as those who favor and oppose new oil and gas exploration and 
development confront one another.  The anger, distrust, and turmoil related to this conflict must 
be included among the impacts of offshore oil and gas development in the Southern Study Area.  
Moreover, the conflict has an economic as well as an emotional dimension; the activism and 
litigation employed by opposing parties involve significant time and out-of-pocket costs. 
 
The available information on the social and political conflict generated by offshore oil and gas 
exploration and development in the Southern Study Area is the main focus of this report because 
it encapsulates many of the social, economic, and cultural concerns of this development.  The 
conflict is examined in three separate contexts: evolving perceptions of and attitudes toward 
offshore oil and gas development among California residents (Section 27.1), the controversy 
within California’s fishing community over decommissioning options for obsolete offshore oil 
and gas facilities (Section 27.2), and the Federal-State conflict over development of offshore oil 
and gas resources (Section 27.3).  This discussion includes information needs for describing 
certain socioeconomic impacts of offshore oil and gas development.  
 
There is a wide range of other areas of social, cultural, and economic interests to be considered 
in environmental assessments of offshore oil and gas installations.  A number of additional areas 
of social, economic, and cultural concern are briefly summarized in Section 27.4. 

27.1 PUBLIC ATTITUDES AND PERCEPTIONS 
On January 28, 1969, less than 3 years after the first lease sale was held in the Southern Study 
Area, Union Oil’s Platform A in Federal waters off the Santa Barbara County coast spilled more 
than 3 million gallons of oil, which washed up along a 35-mile stretch of coastline.  The oil was 
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up to 6 inches thick on Santa Barbara’s popular beaches, and the ecological impact was dramatic.  
Rescuers counted 3,600 dead seabirds, and a large number of poisoned seals and dolphins were 
found along the shoreline (Clarke and Hemphill 2002).  
 
Now, after 4 decades, the impacts of the post-spill consequences for environmental policy 
outweigh historically the physical impacts of the spill itself.  Clarke and Hemphill (2002) list 
some of the tangible long-term outcomes that were the direct result or a consequence of the Santa 
Barbara oil spill, including the following: 
 

• A broad environmental grassroots movement was founded in the United 
States that included the first Earth Day in November of 1969.  

 
• A statewide initiative created the California Coastal Commission, which 

today has powerful control over human activities that impact California’s 
coastal areas. 

 
• President Nixon signed the National Environmental Policy Act of 1969, 

leading the way to the 1970 establishment of the Environmental Protection 
Agency. 

 
Moreover, the 1969 Santa Barbara oil spill reinforced public aversion to offshore drilling in most 
regions outside the Gulf of Mexico, leading to the moratorium on offshore development on the 
Outer Continental Shelf (OCS) beyond the western Gulf (Freudenburg and Gramling 2002).  One 
of the most potent objections to lifting the ban has been to remind Americans of the devastation 
that resulted from the 1969 oil spill (Bridgers 2007; Cruickshank 2008).  These far-reaching 
consequences of the 1969 Santa Barbara oil spill support the notion that sudden and catastrophic 
events can focus public awareness and influence subsequent policy (Birkland 1997; Birkland 
2000). 
 
For many long-term California residents the memories of the Santa Barbara oil spill caused by 
offshore drilling remain fresh (Brand 2008; Weintraub 2008; Welch 2008).  Moreover, 
opposition to renewed offshore oil and gas development has been sustained and reinforced by 
other oil and gas accidents, even though they may have not involved the OCS; for example, in 
what may be the largest petroleum spill in United States history, Unocal Corporation spilled as 
much as 20 million gallons of petroleum off California’s San Luis Obispo County over a period 
of 38 years, fouling the ground water, beach, and other habitats (Beamish 2000; Beamish 2001; 
Beamish 2002a; Beamish 2002b).  And in 2008, on the eve of the 40th anniversary of the Santa 
Barbara oil spill, the same platform responsible for the 1969 spill was the source of a small spill 
that caused minor environmental damage (Preston 2008).  
 
A key factor in the opposition to new oil and gas development may be the extraordinary value 
that a large majority of California residents place on the State’s beaches and ocean, as shown in 
statewide surveys (Public Policy Institute of California 2003).  Part of this strong desire to 
protect California’s ocean and coastal environments from further pollution is based on economic 
necessity—marine tourism and recreation is one of the major growth engines not only for the 
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coastal counties but also for the entire State (Resources Agency of California 1997; Kildow and 
Colgan 2005), and any potential negative changes in tourism, such as those associated with an oil 
spill, are of major concern.  California’s beaches have a high direct economic use value and 
regional economic impact (Lew and Larson 2005; Wiley et al. 2006; Leeworthy et al. 2007; 
Leeworthy and Wiley 2007) and generate large revenues for local, State, and Federal 
governments (King and Potepan 1997; King 1999). 
 
In recent years, opposition to offshore oil and gas development has also been fueled by a series 
of allegations of mismanagement and corruption aimed at the Federal program for collecting oil 
and gas royalties (U. S. Dept. of the Interior 2007b; U. S. Dept. of the Interior 2007a; U. S. Dept. 
of the Interior 2008).  These allegations received widespread media attention (Savage 2002; 
Andrews 2006; Andrews 2007), which nurtured public distrust of the Department of the 
Interior’s Bureau of Ocean Energy Management, Regulation, and Enforcement which spread to 
the Federal government as a whole, not to mention the oil industry. 
 
However, while some Californians remain steadfast in their resistance to new offshore oil and 
gas development, other State residents are questioning whether rigid opposition to drilling makes 
sense given that oil and gas are not going to phase out as energy sources anytime soon.  In 
addition, proponents argue that OCS oil and gas resources could make a substantial contribution 
to the national economy and national security (Hoyt 1995; Brown 2008; Casselman 2008; Kahn 
2008; Mara 2008; Mcguire 2008). 
  
Several California statewide surveys have been conducted to measure shifting public attitudes 
toward offshore oil and gas development projects.  In 1998, a clear majority (75 percent) of 
respondents opposed offshore oil development (Michaud et al. 2008).  The early 2000s showed a 
sharp increase in support for offshore oil and gas development; nevertheless, a 2002 poll 
conducted by the Public Policy Institute of California showed that a majority (59 percent) of the 
State’s residents continued to oppose more oil drilling off the California coast, even if it meant 
higher gasoline prices for California drivers (Baldassare 2002).  In 2008, however, the Public 
Policy Institute of California’s survey found that a slight majority (51 percent) of Californians 
favored more oil drilling off California’s coast (Baldassare et al. 2008).  
 
In an analysis of Californians’ opinions about offshore oil and gas development, Smith (2003) 
summarizes the trend data as follows: “…we do not see a public that is strongly pro-
environmental or anti-oil drilling. Instead, we see a public that responds to changes in the price 
of gasoline.  When gasoline prices were low or falling, public support for oil development fell; 
when gasoline prices were rising, public support for more drilling rose.”  The Public Policy 
Institute of California’s poll in 2008 coincided with a period of record-high gasoline prices, with 
California overtaking Hawaii for the State with the most expensive gas.  For further analysis of 
trends in the opinions of Californians about offshore oil drilling see Michaud et al. (2008); Smith 
(1995); Smith and Garcia (1995); Smith et al. (2005); and Smith (2002). 
 
Santa Barbara County represents an interesting microcosm of the broader shift in public opinion 
toward offshore oil and gas development.  The county is considered by some to be the 
“birthplace of the environmental movement” due to the 1969 Santa Barbara oil spill (Mcginnes 
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2005).  However, from their first days, offshore oil projects were generally unwelcome by many 
in Santa Barbara County.  As early as 1899, citizens of Santa Barbara displayed their antagonism 
by demolishing a derrick erected at Miramar Beach (Nevarez et al. 1998), and an offshore 
structure that an oil company attempted to build near Santa Barbara was razed in the 1920s 
(Molotch and Freudenburg 1996).  Following the 1969 oil spill, the opposition in Santa Barbara 
County to offshore oil development became stronger and more permanently organized (Michaud 
et al. 2008).  Pro-environmental sentiments in Santa Barbara County diffused through social 
networks of community and grassroots activists up and down the Pacific Coast (Morrill and 
Owen-Smith 2001).  Local environmental organizations founded soon after the spill, such as Get 
Oil Out (GOO), are still active, and the Santa Barbara area continues to boast a dense network of 
indigenous institutions that demonstrate the breadth of local environmental concerns (Nevarez 
1996).  It is this long-standing and deeply-felt environmentalism in Santa Barbara County, as 
opposed to the NIMBY (“not in my backyard”) syndrome, that is the basis of local opposition to 
offshore oil drilling (Smith and Michaud 2004; Smith et al. 2005; Michaud et al. 2008). 
 
However, the sentiments of Santa Barbara residents toward offshore oil and gas development are 
more complex than they may first appear.  In an analysis of the results of a 1998 survey, 
Michaud et al. (2008) found that Santa Barbara residents were actually more supportive of oil 
development than people living elsewhere in the State—controlling for the other independent 
variables—because many believe that the risks do not pose a threat to humans.  Bring Oil Back, 
a prominent Santa Barbara-based group founded several years ago as a direct challenge to GOO, 
counts among its members many self-described environmentalists who argue a range of issues to 
support their view: the improved safety record of the oil industry, the dangers of dependence on 
foreign oil, and the impact of revenue from increased oil production (Casselman 2008).  
 
In 2008, the Santa Barbara Planning Commission approved a controversial proposal to expand 
oil drilling from an offshore platform (Associated Press 2008).  The commission voted 4-to-0 
with one abstention to approve the Plains Exploration & Production Co. plan to tap a massive 
reserve potentially worth billions of dollars in the Santa Barbara Channel.  In addition, three 
local environmental and conservation groups have agreed not to sue to block drilling if the 
company promises to shut down its local operation in 14 years, to fund projects that offset 
carbon dioxide emissions, such as low-emission public buses, and to donate thousands of acres 
of land to conservation causes (Associated Press 2008; Deturenne 2008).  Also in 2008, in a 
highly publicized vote that took on national symbolic importance, the Santa Barbara County 
Board of Supervisors, on a 3-to-2 vote, authorized the County to send a letter to Governor 
Arnold Schwarzenegger requesting a repeal of the moratorium on offshore oil and gas leases 
(Barringer 2008; Santa Barbara County Board of Supervisors 2008).  However, it is important to 
note that the Santa Barbara City Council expressed its disagreement with County Board’s 
decision by voting 5-to-1 to ratify a resolution in support of a State and Federal moratoria on 
new offshore oil and gas leasing off the Santa Barbara coastline (Pacheco 2008; Santa Barbara 
City Council 2008).  This discord within Santa Barbara over offshore oil and gas development 
has been widely reported by the media (Barringer 2008; Foster 2008). 
 
The evolving public opinion in Santa Barbara toward offshore oil development illustrates the 
thesis put forward by Gramling and Freudenburg (2006) and others that attitudes and perceptions 
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are influenced by a complex set of economic, political, biophysical, and social factors that shape 
the people and culture of a given place and time.  A number of studies have applied this general 
thesis to historical analyses of oil development in Santa Barbara County (Lima 1994; Molotch 
and Freudenburg 1996; Nevarez et al. 1998; Sollen 1998; Paulsen et al. 2002), Ventura County 
(Paulsen et al. 1996), and San Luis Obispo County (Nevarez et al. 1996).  Similarly, studies have 
contrasted the different paths of oil development in Santa Barbara and Ventura Counties 
(Adamson and Bergstrom 1998; Molotch et al. 2000; Adamson 2005; Adamson 2008). 
 
Although there is a segment of California’s population that remains opposed to the local 
presence of any aspect of the offshore oil and gas industry, some socioeconomic impacts of the 
industry appear to have diminished in importance.  For example, while concern about the visual 
and aesthetic impacts of the above-water structures during oil and gas operations may have been 
an initial prominent reason for public objection to offshore drilling (Mineral Management 
Service 2001), there appears to be little concern today about these impacts.  In fact, the four oil 
drilling platforms a quarter-mile off the Long Beach shore, which are camouflaged by waterfalls, 
brightly colored cement towers, and a landscape of shrubs and palm trees, all dramatically 
lighted at night, have become an icon of local “kitsch,” still considered by some people to be 
ugly but enjoyed by others as part of the local color and a tourist attraction (Walters 2003; 
Schoch 2006).  The original design drawings and photographs of the “oil islands” have been 
displayed at the University Art Museum at California State University, Long Beach (California 
State University-Long Beach 2006).  
 
In addition, initial concerns about the “boom-bust cycle” often associated with extractive 
industries have been allayed as local oil-related firms adapt to declines in the oil industry in the 
Southern Study Area by diversifying into other realms (Molotch et al. 1998; Schmitt et al. 2003).  
Some economic offshoots are quite unexpected; for instance, one of the legacies of the oil 
industry is a burgeoning environmental consulting sector in the Santa Barbara area (Beamish and 
Paulsen 2000). 

27.2 COMMERCIAL AND RECREATIONAL FISHERIES 
The social conflict engendered by offshore oil and gas development in the Southern Study Area 
extends not only to the pre-lease and production stages of development, but also to the 
termination phase.  Polarized views can be seen over the topic of decommissioning of obsolete 
offshore oil and gas processing facilities and sites (Schroeder and Love 2004).  Several oil 
platforms in the Southern Study Area are expected to be decommissioned over the next few 
years, and all existing platforms are expected to cease production by 2025.  Issues about the 
disposition of these platforms once decommissioned—that is, whether they are sunk offshore 
(typically referred to as the “rigs-to-reefs” option) or salvaged onshore—has become a highly 
contested issue (County of Santa Barbara Planning and Development Energy Division 2005), 
especially within the commercial and recreational fishing community. 
 
Conflicts between commercial fisheries and offshore oil and gas operations in the Southern 
Study Area surfaced as early as the 1940’s (USDOI, MMS 2001).  Potentail onflicts include 
preclusion from fishing grounds, damage to or loss of fishing gear, and lethal and sub-lethal 
impacts to fish resources resulting from offshore oil and gas activities.  While many of the 
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conflicts have been mitigated through oil and gas industry funding of programs, direct payment 
to fishermen for lost fishing opportunity and damaged or lost gear, and better communication, a 
number of commercial fishing organizations continue to be actively opposed to offshore drilling 
(Frumkes 2002).  In 2008, for example, when there was a concerted push for more offshore 
drilling, the board of the Pacific Coast Federation of Fishermen's Associations reaffirmed its 30-
plus years of opposition to offshore drilling (Grader and Spain 2008).   
 
Trawlers are concerned that the rigs-to-reefs decommissioning option might result in lost 
platform materials that could damage their nets (Southern California Trawlers Association 1998).  
Further, platforms are a potential navigational hazard, and avoiding unmarked obstacles is 
difficult, even with the aid of modern navigational equipment (Frumkes 2002).  Commercial 
fishers have allied themselves with anti-oil environmental activists who argue that leaving 
portions of platforms in the ocean constitutes “ocean dumping” (Athanassopoulos et al. 1999; 
Frumkes 2002).  Moreover, complete removal of the platforms would serve as a “catharsis” for 
those California residents who have spent decades of fighting offshore oil and gas development 
(Camozzi 2007). 
 
On the other hand, West Coast anglers have long enjoyed the fishing action around the oil 
platforms, which act as fish aggregating devices (Frumkes 1998; Curcione 2000).  Leaving the 
platform structures in place would create artificial reefs that would continue to attract fish.  It is 
also important to note that there are other proposed uses of decommissioned platforms, including 
converting them into experimental fish farms (Brown et al. 2004; Santa Barbara News-Press 
2004a; Santa Barbara News-Press 2004b) or even offshore prisons (Wallace 2000). (See 
Schroeder and Love (2004) for other creative suggestions.) 
 
The rigs-to-reefs concept could also represent a significant cost saving for oil production 
companies.  Most of the facilities in California do not lend themselves to conventional 
decommissioning methods without heavy costs (Twachtman 1997).  The commonly reported 
cost estimate of removing the remaining platforms is $2.5 billion (Frumkes 2002).  In addition, 
the potential cumulative impact of onshore disposal on public landfill capacity should be 
examined as part of the decommissioning process (Lima 1997). 
 
In a 2001 State-funded survey of a sample of Californians, two of three respondents approved of 
turning offshore oil rigs into artificial reefs after production stops (Futch 2001).  However, unlike 
states bordering the Gulf of Mexico, in California enhancement of recreational opportunities may 
be insufficient justification for the rigs-to-reefs initiative.  The difference lies in societal 
perception of the oil industry, which, in turn, has been shaped by the distinct ecological and 
political contexts of the Gulf of Mexico and California (Mcginnis et al. 2001; Frumkes 2002).  
Further discussion on the debate surrounding the conversion of oil rigs to artificial reefs, with 
focus on oil rigs near Santa Barbara, can be found in Rothback (2007) and Schroeder and Love 
(2004). 

27.3 PUBLIC POLICY AND GOVERNANCE 
The development of offshore oil and gas resources in the United States has been marked by 
extensive and recurrent conflict between the Federal government and the affected states and 
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localities.  These conflicts, which began in the 1940s, have involved questions of resource 
ownership, management control, spillover effects on adjacent communities, and the distribution 
of benefits.  The Federal-State conflict over offshore oil and gas development, referred to by 
some as the Seaweed Rebellion, has been the subject of a number of recent studies (Gramling 
1996; Hershman 1996; Lester 1996; Fitzgerald 2000; Fitzgerald 2002; Fitzgerald 2004).  The 
underlying source of the conflict is that the benefits of offshore energy development, which 
include increasing the domestic supply of energy, preserving jobs, generating Federal revenues, 
and reducing the trade deficit, are national in scope, while the costs of offshore energy 
development, such as adverse socioeconomic and environmental impacts are borne by the coastal 
states and communities (Fitzgerald 2002). 
 
Fitzgerald (2004) provides a history of the conflicts between California and the Federal 
government regarding OCS energy development and analyzes the Ninth U.S. Circuit Court of 
Appeals decision in State of California v. Gale Norton.  In that 2002 case, the Ninth Circuit 
upheld a district court decision that the California Coastal Commission has the authority under 
the Federal Coastal Zone Management Act to review an extension of offshore oil drilling leases 
that the Federal government granted to oil companies (State of California v. Gale Norton 2002).  
Over the years, the California Coastal Commission has voiced strong opposition to any new 
leasing of frontier areas of the California coast for oil and gas extraction. 
 
More recently, the issue of the availability of OCS lease areas off the California coast has 
provoked statements of opposition to offshore oil and gas development from most of the State’s 
top political leaders, as well as from representatives of both of the State’s U.S. Senators and 23 
members of Congress.  In 2008, for example, Assembly Joint Resolution 51 expressed the 
California State Legislature's opposition to any new Federal energy policy legislation that opens 
up the California, Oregon, and Washington coasts to offshore oil drilling (California State 
Legislature 2008), and in a 2006 letter to Acting Secretary of the Interior, Governor Arnold 
Schwarzenegger reaffirmed his long-held support for a Federal moratorium prohibiting new 
leases and exploration for oil and gas off the California Coast (California Office of the Governor 
2006).  Similarly, California Congressman Mike Thompson criticized a draft Bush 
Administration proposal to open up 2 million acres off the coast of Mendocino for oil 
exploration in 2014, and in early 2009, Congressman Thompson introduced legislation that 
would permanently prohibit oil and gas drilling off the coasts of Mendocino, Humboldt, and Del 
Norte Counties (Thompson 2009).  However, other California legislators, such as Congressman 
Richard Pombo, have supported drilling for oil and gas off the coast of California (Coile 2005). 
 
Another area of Federal-State conflict involves the Federal revenues from offshore leases that are 
statutorily allocated among certain coastal states and other government accounts.  California and 
other states with oil and gas development off their shores in Federal waters have been seeking a 
larger portion of the Federal revenues generated in those areas.  They particularly want more 
assistance for coastal areas that may be most affected by onshore and near-shore activities that 
support offshore oil and gas development (Humphries 2008).  The Gulf of Mexico Energy 
Security Act of 2006 expanded revenue sharing for only four Gulf States—Alabama, 
Mississippi, Louisiana, and Texas. 
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The issue of revenue sharing has been complicated by the aforementioned allegations of 
mismanagement and corruption aimed at the Federal program for collecting oil and gas royalties.  
In California, much of the controversy has centered on the system of valuation of oil produced 
from Federal leases.  This high-profile issue for the Bureau of Ocean Energy Management, 
Regulation, and Enforcement and oil and gas industry involved as much as $2 billion nationwide 
in royalties shared by Federal and State government (U.S. Congress 1996).  In 1996, an 
interagency task force assembled by the U.S. Dept. of the Interior concluded that the major oil 
companies’ use of posted prices in California to calculate Federal royalties was inappropriate and 
recommended that the Federal oil valuation regulations be revised (Interagency Task Force 1996; 
U.S. General Accounting Office 1998).  According to reports by the public interest group, 
Project on Government Oversight (1995; 1996), the valuation system resulted in the loss of 
millions of dollars of royalties for California; this loss had negative implications for the State’s 
public schools, as California law requires all royalties be credited to the State Schools Fund.  
 
In response to the criticism of oil valuation standards, the Bureau of Ocean Energy Management, 
Regulation, and Enforcement (BOEMRE) undertook two major oil valuation rulemakings 
leading to promulgation of regulations, in 2000 and again in 2004, that significantly changed oil 
valuation and withstood legal challenge.  In 2007, a report issued by the Subcommittee on 
Royalty Management (2007) recommended further changes to aspects of royalty management 
activities administered by BOEMRE to ensure public confidence.  In addition, the Justice 
Department has reached settlements with oil companies of approximately $440 million to resolve 
claims of underpayment of oil royalties (U.S. Dept. of Justice 2001). 

27.4 ADDITIONAL AREAS OF SOCIAL, CULTURAL, AND ECONOMIC INTEREST 
There is a wide range of other areas of social, cultural, and economic interests to be considered 
in environmental assessments of offshore oil and gas installations.  Because these areas have not 
been addressed in detail during this literature synthesis, they are briefly described below, 
together with information needs for identifying and describing potential impacts.  

27.4.1 Economic Development  
The total number of jobs created from any new offshore oil and gas development in the Southern 
Study Area is one of the first things the State or an adjacent county will ask about.   Particulalry 
attractive are the generally high wages earned by oil and gas industry workers.  For example, the 
average worker in the oil and gas industry worker in the Tri-County Area (Santa Barbara, 
Ventura, and San LuisObispo) typically earns approximately eighty-seven percent more than the 
average worker in the Area (USDOI, MMS 2001). 
 
In addition to direct employment impacts, employment may be indirectly fostered through 
secondary economic effects, including indirect impacts (e.g., changes in interindustry purchasing 
patterns) and induced impacts (e.g., changes in household spending patterns).  Input-output 
models, such as IMPLAN, an economic input-output software package and data set developed by 
MIG, Inc., can be used to estimate total job creation including multiplier impacts of a proposed 
project at different scales.  The IMPLAN input-output model also provides other measures of 
economic activity, such as output (dollars’ worth of production) and regional income (the sum of 
worker wages and salaries plus business income and profits).  
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The IMPLAN model as received from the vendor may not accurately reflect the offshore oil and 
gas production sector for a particular area.  To model a specific industry, IMPLAN can be 
recalibrated, i.e., new first-round input requirements for the various stages of oil and gas 
exploration and development can be developed.  For example, to determine the economic effects 
of the offshore gas industry on Mobile County, the rest of Alabama, and the combined 
economies of Louisiana and Texas, Plater et al. (2000) developed an IMPLAN input-output 
model specific to Coastal Alabama and Destin Dome OCS exploration, development, and 
production.  The IMPLAN results combined with estimates of industry expenditures on offshore 
gas development drove a spreadsheet model that estimated the impacts on employment, 
population, and personal income resulting from the Coastal Alabama offshore gas industry. 
 
In addition, in the late 1990s, BOEMRE developed a new framework for estimating regional 
economic impacts that recognizes regional differences but provides for a consistent approach to 
the development of models for all coastal areas and for different levels of analysis (Coffman et 
al. 2009; Dismukes et al. 2003).  Contractors for the BOEMRE subsequently created the MAG-
PLAN (MMS Alaska-Gulf of Mexico Modeling using IMPLAN) economic model, a Microsoft 
ACCESS-based, 2-stage input-output model using IMPLAN multipliers, to estimate 
employment, personal income, and similar economic impacts from OCS activities.  In the 
broadest terms, MAG-PLAN consists of two stages and requires an Exploration & Development 
(E&D) scenario to run. E&D scenarios are estimates of the oil-and-gas-related activities that are 
likely to occur as the result of a proposed action such as a lease sale or collection of lease sales.  
The first stage of MAG-PLAN estimates the level of spending (by sector and location), and the 
second stage uses IMPLAN multipliers to convert the spending into estimates of employment, 
personal income, etc. (Coffman et al. 2009). 

27.4.2 Infrastructure and Services 
There are large port facilities along the coast of the Southern Study Area that could provide 
necessary construction support for offshore oil and gas development.  Consequently, it is 
expected that any impacts to port and transportation systems would be negligible to minor. 

27.4.3 Transportation and Navigation 
Depending on the location, number, and array of platforms installed, offshore oil and gas 
development facilities could potentially conflict with the rights of navigation enjoyed by marine 
users.  An assessment must be conducted to determine if areas selected for development impact 
existing water navigation or transportation routes.  
 
Collection of marine traffic data in the vicinity of a proposed project could include current 
activity by military craft (Navy and Coast Guard); commercial business craft (freighters, tug 
boats, fishing vessels, ferries, and cruise passenger ships); commercial recreational craft (cruise 
ships and fishing/sight-seeing charters); research vessels; and personal craft (fishing boats, house 
boats, yachts, and other pleasure craft).  Possible data sources of marine traffic in the vicinity of 
a proposed project include Vesseltracker.Com (2009).  Information on the types of navigation 
hazards that offshore oil and gas development may pose is available from collision incident data 
collected by the Minerals Management Service (2008). 
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Impacts to commercial and recreational boating would be addressed through a full navigation 
risk assessment, often coordinated with the U.S. Coast Guard.  Tuholski et al. (2002) describe a 
standard approach to risk assessment that seeks to identify hazards as sources of risks and then 
examines how the hazards might give rise to accidents.  Accidents are categorized both in terms 
of the severity of their effects (i.e., consequences in terms of harm to people or the environment, 
damage to assets, and other economic losses) and the likelihood of the harm occurring.  In 
addition, mitigation measures to reduce risks to more acceptable levels are identified. 

27.4.4 Recreation and Tourism 
The main recreation and tourism activities that could be affected by construction and operation 
of an offshore oil and gas facility would be sightseeing, diving, and recreational fishing.  The 
extent of impacts would depend on the proximity of offshore oil and gas facilities and activities 
to recreational use areas.  These impacts can be negative, such as increased vessel traffic, 
exclusion areas, and visual effects, and positive, such as enhanced recreational fishing 
opportunities for certain species that are attracted by the introduction of hard substrates.  
 
Information needs to describe direct and indirect impacts to recreational fishing within the 
footprint of an offshore oil and gas installation are discussed in Section 27.5.2.  The most 
significant potential for adverse effects on both tourism and recreational areas may be from 
visual effects of the project.  Thus, the visualization impact analysis described in Section 27.5.1 
will be an important component of an environmental assessment.   
 
Coastal and beach recreation and associated tourism could be temporarily affected by offshore 
oil and development activity if campground facilities are used as temporary housing sites for 
inmigrant construction workers, or beaches or campgrounds are closed due to offshore to 
onshore pipeline construction (USDOI, MMS 2001).  Effects to recreation and tourism would be 
location specific and may vary seasonally.  If these disruptions occurred to a heavily used coastal 
area during the summer, which is the peak season for beach recreation and tourism, the result 
could be substantial economic losses. 
 
An oil spill from OCS production could have temporary and long-term effects on coastal and 
beach recreation and associated tourism by changing use patterns (USDOI, MMS 2001).  
Depending on the size of the oil spill, it could result in partial or complete closure of water-
oriented recreational facilities.   Moreover, there may be a perceptually degraded period when 
the beach is physically clean yet the memory of the accident is fresh enough that the quality of 
the experience may be somewhat degraded.  Effects to recreation and tourism would be location 
specific and may vary seasonally.  Should such disruptions occur to a heavily used coastal area 
during the summer, which is the peak season for beach recreation and tourism, the result could 
be substantial economic costs.  

27.4.5 Safety and Lifestyle 
The nature of offshore oil and gas development—extraction of volatile substances sometimes 
under extreme pressure in a hostile environment—means accidents occasionally occur.  Incidents 
such as the 2004 leak of flammable natural gas and toxic hydrogen sulfide which led to the 
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evacuation of 39 workers from an oil platform off Ventura County underscore the occupational 
dangers of offshore oil and gas development (Kelley 2004; Kelley 2005).  The U.S. Coast Guard, 
as well as other maritime organizations, has reported that human error has a significant impact on 
the operation of offshore oil facilities (Bmt Designers & Planners 2007).  Attendees at the first 
International Workshop on Human Factors in Offshore Operations noted the need to review past, 
current, and future actions to lower the risk and the number of human factors related to possible 
incidents in offshore operations (International Workshop on Human Factors in Offshore 
Operations 1996).  The 2002 workshop brought together six key work groups to develop a set of 
guidelines, tools, and references to reduce risk and improve safety and production performance 
(Second International Workshop on Human Factors in Offshore Operations 2002).  
 
Despite the dangers and other drawbacks of offshore oil and gas employment, such as long 
periods away from home, many individuals find the work rewarding and personally satisfying.  
One attraction, of course, is the level of compensation—in recent years there has been a shortage 
of qualified individuals in the oil and gas industry, thus companies are offering generous salaries 
and fringe benefits to attract and retain employees (Showalter 2005).  However, it is also the 
challenging lifestyle that many women as well as men accept and embrace (Haldane 1999; Romo 
2000; Kelly 2001; Shrimpton and Storey 2001).  
 
Under authority established in the Outer Continental Shelf Lands Act of 1953, as amended, and 
pursuant to a memorandum of understanding between the two agencies, the BOEMRE and Coast 
Guard regulate safety on fixed OCS facilities.  BOEMRE regulates the structural integrity of 
fixed OCS facilities, and USCG regulates marine systems, such as lifesaving, navigation 
equipment, and workplace safety and health.  In February 2002, the USCG issued a final 
regulation that authorized the BOEMRE to perform inspections on fixed facilities engaged in 
OCS activities on their behalf and to enforce USCG regulations applicable to those facilities.  
The Outer Continental Shelf Lands Act also requires that the BOEMRE and Coast Guard 
investigate major accidents, deaths, serious injuries, major fires, and major spillages, as well as 
lesser accidents. 

27.4.6 Military Use Areas 
Offshore oil and gas facilities would vary in size and location, but may be large enough to create 
a substantial exclusion area for military uses.  A number of recent articles have discussed the 
controversy surrounding the compatibility of offshore oil and gas drilling with military missions 
in the Gulf of Mexico (Associated Press 2005; Goode 2005; Hogg 2008).  However, impacts to 
military operations are expected to be negligible as long as developments are coordinated with 
the U.S. Department of Defense. 

27.5 AVAILABLE INFORMATION & DATA GAPS 

27.5.1 Visual Resources and Aesthetics 
Depending on the proximity of proposed offshore oil and gas development to the coastline, 
impacts on seascapes may be an initial prominent reason for public objection, especially for 
large, manned platform facilities.  Both construction and operation of an offshore oil and gas 
facility could potentially cause visual impacts.  Visual impacts associated with the development 
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of offshore oil and gas facilities include the presence of the drilling platforms, navigational 
lighting on the platforms, and marine vessels and helicopters for maintenance activities.  
 
Description of the visual resources potentially affected by proposed facilities involves 
establishing landscape types and scenic quality in the areas in which platform facilities would be 
located, followed by an assessment of the potential sensitivity to changes in the visual 
environment, including the likely number of viewers.  Visual impact assessments will need to be 
conducted for selected viewpoints that include historic properties and onshore recreational sites 
(mostly beaches) and offshore sites.  These assessments should include field surveys to collect 
information on seascape quality, sensitivity, value, and capacity to accommodate change of these 
viewpoints.  In addition, computer-generated simulations and photomontages can illustrate how 
the facility would appear under different conditions. Guidance documents (Department of Trade 
and Industry 2005; National Research Council 2007) that have been developed on how to 
address seascape and visual impacts during environmental reviews for offshore wind parks 
would also be applicable to offshore oil and gas development. 

27.5.2 Commercial and Recreational Fisheries 
A potential impact of offshore oil and gas development is the creation of space-use conflicts with 
commercial and recreational fisheries.  The significance of space-use conflicts can be assessed, 
in the case of commercial fisheries, by examining the spatial and temporal nature of typical 
fishing activities.  Databases maintained by the Pacific States Marine Fish Commission 
(PSMFC) are useful in this respect.  The Pacific Fisheries Information Network (PacFIN) 
provides timely and accurate data essential for effective fisheries management.  The PacFIN 
central database includes fish-ticket and vessel registration data provided by the Washington, 
Oregon, and California State fishery agencies.  In addition, State fishery agencies supply species 
catch composition and catch by area proportions that are developed from their port sampling and 
trawl logbook data systems.  Groundfish catches are supplied by species, gear type, and area.  
Ex-vessel per-pound prices are provided also by species and gear type along with revenue 
estimates.  The spatial resolution of these data is typically the geographical management unit. 
Finer spatial resolution, 10-by-10-degree blocks, subject to confidentiality constraints, can be 
obtained by submitting a custom data request to the PacFIN database manager.  The Fisheries 
Economics Data Program, also maintained by the PSMFC, is useful in conducting such an 
assessment because it is responsible for conducting annual industry cost and effort surveys. 
 
The West Coast Groundfish Observer Program, operated by the National Marine Fisheries 
Service (NMFS) Northwest Fisheries Science Center, places observers on commercial fishing 
vessels to monitor and record catch data, including species composition of retained and discarded 
catch.  The objective of this program is the provision of accurate accounts of total catch, bycatch, 
and discards associated with different fisheries and fish stocks. 
 
Taken together, the above data sources facilitate evaluation of the potential impacts of offshore 
oil and gas development on commercial fisheries.  While these data sets contain extensive 
information on catch, there are limited data on fishing effort, catch per unit of effort and 
harvesting costs both spatially and temporally.  Research to address these data deficiencies 
would improve the ability to evaluate the impacts of energy-related activities. 
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With respect to recreational fisheries, spatial conflicts can be assessed using the Pacific 
Recreational Fisheries Information Network (RecFIN) database. California and NMFS contribute 
to the database maintained by the PSMFC.  RecFIN is designed to integrate State and Federal 
marine recreational fishery sampling efforts into a single database that provides data on catch, 
effort, economics, and fisher demographics.  To meet the objectives of the program, the 
California Department of Fish and Game conducts an onsite survey of effort and an access-point 
intercept survey for catch per unit of effort data.  Other survey methods include a license-based 
angler directory telephone survey of effort, an onsite survey of pier/dock fishing, and access-
point intercept surveys to collect catch per unit of effort data from angler and boat operators. 
 
The Marine Recreational Fisheries Statistics Survey (MRFSS) generates independent estimates 
of effort and catch through two separate survey components, a bimonthly household telephone 
survey, and a continuous onsite, access-point intercept survey of angler fishing trips. RecFIN 
expands on this coast-wide overview of marine recreational catch and effort to incorporate all 
State and Federal sampling programs into on integrated system.  In the Pacific MRFSS, an 
average of 40,000 anglers is interviewed each year at fishing sites upon completion of their trip.  
Data on species caught, lengths and weights, various demographics and trip activity data and 
economic data are collected from each angler.  About six separate State data collection projects 
are conducted, with sampling levels up to 20 percent of the angler trips targeted on specific 
fisheries and fishing modes in specific areas.  These State data are integrated with MRFSS data 
by RecFIN to provide coast wide marine recreational catch and effort data for use by State and 
Federal fishery agencies and the public.  As with the PacFIN data, finer resolution data sets can 
be obtained from the RecFIN database manager. 
 
Environmental Impact Statements and Environmental Assessments produced for Pacific Fishery 
Management Council management proposals contain a wealth of information that can be used, 
when coupled with the databases discussed above, to support the assessment of offshore oil and 
gas development projects.  While there is an abundance of spatial and temporal catch 
information in the environmental reviews prepared by the Council and NMFS, catch per unit of 
effort and cost information is sparse.  This deficiency limits the use of these documents in 
examining potential fisheries impacts of offshore oil and gas development. 
 
A tool that may be useful for data collection and analysis is Open OceanMap, developed by 
Ecotrust.  Using a web-based interface, Open OceanMap allows analysts to collect and compile 
ecological and economic data through an intuitive stakeholder interview process (Ecotrust 2009).  
The survey results can then be incorporated into spatial and economic analyses.  Ecotrust used 
this geographic information system technology to help to estimate potential fishery impacts of 
proposed marine protected area networks developed in California’s Marine Life Protection Act 
process (Scholz et al. 2008; Steinback & Kruse 2009). 
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28. SUMMARY OF OIL AND GAS IMPACTS 
The development of oil and gas will lead to a set of disturbances to the physical and biological 
components of the Southern Study Area.  Some activities may not result in noticeable effects; 
however, all alterations to the environment must be considered in order to accurately assess the 
changes these anthropogenic activities will produce. 

28.1 INSTALLATION, OPERATION, AND REMOVAL 
Installation of offshore platforms includes surveying, pile driving, dredging, and pipeline laying, 
all of which result in increased noise levels, degradation of water quality, and increased vessel 
traffic.  Increased turbidity may result from construction activities; the degree of impact depends 
on suspended sediment concentration, sediment type (grain size), and length of exposure.  Vessel 
traffic results in a multitude of alterations to the environment which have the potential to cause 
impacts; increased anchoring and mooring lines, increased potential for ship strikes, and 
increased entrainment and impingement of organisms, among other factors, have the potential to 
negatively impact individual organisms, species, and the food web on the whole.  Removal of 
offshore platforms includes many of the same procedures as their installation.  The structures and 
decks above the surface are taken apart and shuttled to disposal sites via barges, which generates 
increased vessel traffic.  The platform legs, wellheads, flare piles, conductors, submerged wells, 
caissons, and all other submerged structures then need to be removed to at least five meters 
below the sea floor.  
  
Operational impacts may occur, resulting from fuel leaks and spills; discharge of drill cuttings, 
fluids, and produced water; habitat alteration due to increased structure; and the leaching of 
chemicals from the installed structures (e.g., paints, antifouling agents).  Drilling cuttings and 
fluids are discharged as part of exploratory and developmental drilling.  While oil-based drilling 
fluids have never been permitted for discharge, cuttings and water-based fluids could decrease 
water quality locally by increasing suspended sediment and pollutant concentrations and 
reducing light availability.  Produced water, a waste product of oil production, is also discharged 
into the surrounding environment.  This fluid, which contains more salt than seawater and may 
also contain a multitude of contaminants, has been shown to negatively affect the fouling 
community on structures nearby.  The added structure resulting from installed platforms 
promotes the establishment of artificial reef habitat.  This can influence biological processes both 
above and below the water surface. This habitat alteration has been observed and is well 
documented at several previously installed offshore structures in the Southern Study Area.  Oil 
development produces hydrogen sulfide (H2S), an odorless, toxic gas. H2S is produced naturally 
during the decay of organic material and is found in petroleum.  Antifouling paints and coatings 
are used to keep organisms from growing on structures submerged in the water.  The use of 
antifouling paint has the potential to impact the water quality by leaching chemicals that can 
bioaccumulate in lower trophic organisms in the immediate vicinity.  

28.2 OIL SPILLS 
Spills of any kind, large or small, can have impacts on marine organisms and can affect the 
environment through several pathways.  One way is through physical contact and the uptake of 
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toxic dissolved chemicals.  The effects of physical oiling include smothering, irritation, impaired 
locomotion, contamination of offspring, inadvertent consumption, and death.  The most sensitive 
groups to oil spills are birds and fur-bearing mammals; contact with only a small amount of oil 
can impair the thermal regulation barriers of mammals (fur) and birds (feathers).  
 
In addition to physical impairments resulting from being coated in oil, organisms can also be 
affected by changing water quality conditions and toxic effects of hydrocarbons.  The toxicity of 
oil to plankton, as well as to larger organisms, is largely due to exposure to and uptake of 
polycyclic aromatic hydrocarbons (PAHs), with the effects of the mixture of hydrocarbons being 
additive.  This influx of PAH has the potential to affect the chemical composition of the area, in 
addition to its affects on the biological community by direct toxicity and bioaccumulation 
throughout the food web.  
 
 



Chapter 29:  Southern Impacts—Summary of Data Gaps 

931 

29. SUMMARY OF DATA GAPS 
This chapter summarizes the data gaps for each oceanographic discipline covered in the report, 
including both resources and impacts, which are identified separately within each discipline, 
where sufficient detail warrants.  For more detail, refer to the “Summary and Data Gaps” section 
of each chapter. 

29.1 PHYSICAL OCEANOGRAPHY 

29.1.1 Resource Data Gaps 
Winds and currents have a distinct seasonal cycle, and scientists are learning more about the 
shorter-term variations, such as short-term coastally trapped wind reversals, and longer-term 
cycles that are influenced by the larger Pacific Ocean setting.  Predictions of the circulation of 
currents in the Southern Study Area work well in the mean, but sudden shifts or reversals in 
winds and currents can be challenging if not impossible to predict.  Further understanding of the 
dynamics related to both longer and shorter circulation time scales could improve simulations 
and predictions of changes in dependent biological systems and trajectories of any potential oil 
spills.  
 
Information at a variety of scales in extending our understanding of long-term trends and 
providing information on seasonal transitions in the Southern California Current Syestem 
(SCCS).  Continuing long-term observations, such as the CalCOFI data, will improve our 
understanding of changes in the SCCS.  Observations are needed to confirm how changes in the 
California Current System overall related to changes in the Southern California Bight. 

29.1.2 Impact Data Gaps 
Subtidal temperature changes are correlated with the large scale along-shore pressure gradient 
while upper ocean CalCOFI temperature trends are correlated with PDO.  Salinity, though not 
correlated with the PDO, is correlated with the NPGO.  The latter correlation suggests that sea 
surface temperature may be locally forced (by wind and heat flux), while salinity is forced more 
remotely.  More observational data at a variety of scales is needed to understand the connection 
between cyclical variations (e.g. El Niño, PDO, NPGO), water column properties, and the 
dynamics in the SCB. 
 
Development of efficient computation codes to allow engineers to test proposed structures with 
the local circulation would allow agencies to evaluate structures before they are constructed.  
Engineering developments that allow oil and gas development with minimal infrastructure would 
also assist in reducing the secondary effects such as sediment scour, increases in local turbidity 
and habitat alteration that are caused by changes in water flows.  The ability to extend this tupe 
of model to an array of structures would allow evaluation of the potential of invasives to utilize 
structures for migration. 
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29.2 GEOLOGICAL OCEANOGRAPHY 

29.2.1 Resource Data Gaps 
Data gaps include: (a) high-resolution bathymetric mapping of offshore features and 
identification and dating of mass-wasting features; (b) quantification of erosion and sediment-
distribution changes related to climate change; (c) causes and temporal changes in fluid and gas 
expulsion related to leakage of hydrocarbon structures or hydrate disassociation; (d) 
determination of the effects of bedform migration on the shallow shelf; and (e) understanding the 
sustainable limits of oil and gas removal in areas of natural seeps; in particular, the levels at 
which removal will begin to mobilize underwater slides.   

29.2.2 Impact Data Gaps 
Sediment transport could be affected by oil and gas facilities, resulting in changes to some 
bedforms and turbidity currents, which in turn could affect some geological processes including 
the movement of sediment in and out of submarine canyons, and shoreline forms subject to 
erosion.  Observations and analysis are needed to understand the role storms play in forcing 
sediment mobilization and transport and the effect of storm stress on the seafloor in the vicinity 
of oil and gas seafloor infrastructure. 
 
There is a concern that if sufficient oil and gas reserves, and associated water and sediment, are 
removed, then slides and mass movements of sediment could occur.  Since no observations have 
been done to determine this cause and effect, monitoring infrastructure and potential slide areas 
is needed.  In addition, sufficient removal of reserves could result in localized seafloor collapse, 
so monitoring is needed. 
 
Additional data is needed in order to understand the sustainable limits of oil and gas removal in 
areas of natural seeps; in particular, to understand the levels at which removal will begin to 
mobilize underwater slides.   

29.3 CHEMICAL OCEANOGRAPHY 

29.3.1 Resource Data Gaps 
While the waters of the inner shelf in the study region have been thoroughly explored, the outer 
shelf and basins of the study region have been remarkably poorly explored.  Recent discoveries 
of massive hydrate mounds, pockmarks, asphalt volcanoes and chemosynthetic communities in 
the study region underscore this point.  The application of modern technology, such as 
autonomous underwater vehicle (AUV)-based imaging surveys, along with submarine and 
remotely operative vehicle (ROV)-based exploration, would greatly increase knowledge of the 
deep benthic communities and ecosystems that exist in the study region. 
 
With the exception of the well-studied Coal Oil Point seeps, the literature concerning the 
locations and nature of offshore seepage for the study regions is insufficient by modern 
standards.  A concerted effort to positively identify and precisely locate seeps, and to collect oil 
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and gas samples therefrom, would provide several benefits.  Regions that are particularly poorly 
documented include the Santa Maria Basin and the offshore basins throughout the study region.  
 
Methane is a potent greenhouse gas, with a global warming potential approximately 25-fold 
greater than that of CO2 when averaged over the lifetime of the molecule.  Distinguishing natural 
versus industrial emissions and understanding the fate of submarine emissions from natural or 
production operations may prove beneficial to the BOEMRE.  This would also provide important 
information about the biogeochemistry of methane in the sea. 
 
The potential for formation of dead zones in the waters of the study region is remote but also 
important.  This region contains a strong suboxic zone in the intermediate waters, and the 
potential for oxygen deprivation in the surface waters should be considered.  The geologic record 
suggests that waters of the Santa Barbara Basin may have become sulfidic in the past. 

29.3.2 Impact Data Gaps 
The weathering patterns of complex organic materials such as well cuttings, crude oil, or 
components of produced water remain only partially understood.  Key questions include the 
pathways by which many compounds are broken down, and the toxicity potential of numerous 
intermediates present at low concentration.  Targeted studies are needed that consider the fate of 
such compounds, with an emphasis on the natural compounds present in the study region.  
 
Hydrogen sulfide gas and its ionic forms—sulfide and bisulfide—are abundant in many offshore 
oil and gas reservoirs and are toxic to most organisms.  The fate of sulfide released into the 
ocean as a result of offshore operations should be further considered.  Furthermore, organosulfur 
compounds that are abundant in many native oils of the region should be further investigated to 
determine their fate and impacts. 
 
Leaching of biologically active chemicals (e.g. from paints and antifouling coatings), including 
butyltins (DBT, MBT and TBT), cadmium, copper, manganese, nickel, and zinc is a concern in 
coastal waters and sediments.  Previous work indicates that butyltins have the potential to be 
distributed widely, and deeper sediments should be investigated.  Baseline and monitoring 
studies of release rates and accumulation copper, butyltin and potentially other trace metals in 
water, tissues, and sediment would help to fill this gap.  Monitoring for effects needed to include 
not just mortality associated with these chemicals, but also changes in species abundance and 
movement.   
 
Complete platform removal during decommissioning will lead to a local benthic species 
composition shift toward a soft sediment community (if the shell mound is removed) or to a 
community similar to one inhabiting areas with low-relief cobble (if the shell mound is left in 
place).  Major issues identified include the likelihood that contaminated sediments are 
resuspended in the water column as well as the damage to soft sediment communities. 
 
The negative effects of increased vessel traffic in the Southern California Bight include a higher 
risk of discharges and spills, leaching of bottom paints, and increased atmospheric pollution from 
ship exhausts.  While the processes governing surface oil slicks have been studied for decades, 
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the weathering and transport processes of sinking oil are largely unstudied, particularly for oils 
denser than seawater.  There is an information need to quantify the cumulative effects of toxic 
chemicals leaching from the hulls of ships and ship exhaust fumes from engines powered by 
fossil fuels. 
 
Produced waters contain metals and dissolved hydrocarbons that must be reduced as much as 
possible before the effluent can be discharged to the sea.  Studies show clearly that sublethal 
effects can occur at anticipated concentrations within 100 m of any produced watered discharge 
in the offshore California OCS.  Also, while radium isotopes have been identified in produced 
waters from oil production wells in the Gulf of Mexico and terrestrial locations throughout the 
United States, no data were available on produced waters in the SCB. 
 
An issue of public interest is whether offshore oil production reduces rates of natural petroleum 
seepage and can thus be considered as a factor mitigating impacts of offshore oil activity.  This 
issue requires additional scientific consideration. 

29.4 PHYTOPLANKTON, ZOOPLANKTON, PELAGIC INVERTEBRATES 

29.4.1 Resource Data Gaps 
Cross-shelf comparisons of chlorophyll production and phytoplankton are common for this 
region.  However, little work has been done to quantify the change in the zooplankton 
community over similar spatial scales.  While it is noted that the offshore regions are fairly 
oligotrophic and do not support the same abundances, there has not been a comprehensive look 
at community dynamics.  These dynamics are well-studied off the coasts of Oregon and Northern 
California, but they have not been widely investigated in the Southern California Bight. 
 
Vertical spatial variability also needs to be further explored.  The CalCOFI cruises sample for 
zooplankton by sampling over the entire water column.  While this data set is an excellent 
resource, it does not allow for depth-stratified analyses.  Further research would help to classify 
the neuston community in the Southern California Bight, which would be the most impacted 
portion of the plankton community in the event of an oil or gas spill. 
 
Information on larger pelagic invertebrates is not complete.  Gelatinous species are important 
parts of the marine food web as they can be predators and competitors with larval fish.  Larger 
species represent a separate branch of the food web, in which production consumed becomes 
unavailable to fish and other members of the traditional food web.  Information regarding this 
community is needed to fully assess production within the system and potential impacts of 
offshore oil and gas development.  

29.4.2 Impact Data Gaps 
Larger pelagic invertebrates are more susceptible to development activities and spills because 
they have slower growth rates and smaller populations, and may not continuously reproduce.  
Toxicity of oil and PAHs to this group has not been widely studied.  This is an important data 
gap, as several species are commercially harvested.   
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29.5 MACROPHYTES 
There is little updated information that describes seagrasses and other coastal macrophyte 
habitats in as much detail as presented in Murray and Bray (1993).  In addition, more research is 
needed to determine the best methods for removing oil that do not significantly harm or alter the 
recovery rates of these highly productive, and increasingly rare, habitats.  

29.6 BENTHOS 

29.6.1 Resource Data Gaps 
Further investigation of top-down and bottom-up ecological processes in rocky intertidal habitats 
is needed.  Understanding these processes can be important in revealing determinants of 
community structure.  Increased attention by researchers and funding agencies to benthic–pelagic 
coupling would dramatically enhance understanding of the dynamics of coastal rocky 
ecosystems.  Such investigations will augment data existing on zonation of intertidal and subtidal 
rocky areas. 
 
Further investigation of response to variation in the presence or loss of kelp in subtidal rocky 
habitats is necessary.  This would increase understanding of the ecological processes that 
structure the Californian kelp forest communities.  In addition, the large differences in benthic 
invertebrate recruitment rates across biogeographic scales highlight the need for better 
understanding of larval response to ocean circulation patterns.   
 
Deep-sea habitat exploration and characterization are an important future research need 
especially when considering the effects of anthropogenic threats (i.e. increased deep-sea fishing, 
oil and gas exploration, and ocean warming).   

29.6.2 Impact Data Gaps 
Benthic recovery of disturbed habitats is an important area of research.  An important ecological 
question is: Are the benthic communities that develop after a disturbance supply the same food 
web services (e.g. energy transfer) as the original communities?  For this question to be 
answered, comprehensive information on pre- and post- disturbance processes must be 
documented.  These data gaps should be the focus of future seabed recovery studies.   

29.7 FISH 

29.7.1 Resource Data Gaps 
Further understanding of existing distributional patterns and fish biogeography in the Southern 
Study Area and regions to the north is needed.  Assessment of effects of climate change on fish 
distributions will be dependent on quality of long-term data sets, species range data, ecosystem 
response information, and trends in short-term climatic regime shifts.  Continued long-term, 
standardized, fisheries-independent quantitative studies should be undertaken, examining 
populations of groundfish and pelagic fish stocks.   
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Comparative studies of rocky intertidal fishes and their subtidal relatives is an important future 
research topic.  It is important to understand how residents of the rocky intertidal differ and what 
adaptations have been developed to enable them to live in such a demanding environment.  
Future research should also include monitoring and measuring the response of rocky subtidal and 
intertidal fish communities to additive effects of development, oil spills, climate change, and 
climate regime shifts.   
 
The effects of climate change on kelp forest species composition are an important data gap.  As 
sea surface temperatures increase, and various species ranges are either limited or extended, it 
will be important to understand how kelp forest communities are affected, and how the loss of 
kelp habitat affects various associated fish species. 
 
Trophic cascades, as well as top-down and bottom-up effects in the food web, are important 
research topics in addressing how fishery exploitation, climate change, and coastal and offshore 
development can impact ecosystems of the Southern Study Area. 

29.7.2 Impact Data Gaps 
Sensitivity of fish eggs and larvae to toxic, or potentially toxic, by-products of oil and gas 
development such as produced water and drill cuttings is an area of research needing further 
attention. 

29.8 SEA TURTLES 

29.8.1 Resource Data Gaps 
While much more information about these long-lived species is becoming available with the 
advancement of satellite-telemetry technology, little remains known about their post-hatchling 
stages.  Additionally, comprehensive population estimates are hard to compile because of the 
solitary nature and wide distribution of individuals. 

29.8.2 Impact Data Gaps 
There is a good body of literature that reports turtle life history and observations in the 
environment.  It is also known that direct encounters with oil can adversely affect turtles.  
However, little information exists regarding specific behavioral changes that result from 
encountering floating oil, which might affect future exposure as well as migratory and 
reproductive behavior.  Understanding how turtles respond to oil slicks would allow for much 
more accurate assessment of impacts.  Both short- and long-term data are needed to completely 
address this issue, as these long-lived individuals could cease to return to a given location if an 
oil slick had previously been encountered.  

29.9 BIRDS 

29.9.1 Resource Data Gaps 
Comprehensive reports on seabirds and shorebirds are readily available; however, the light-
footed clapper rail is one of the only marshbirds for which there is a recurring census in the 
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Southern Study Area.  Many bird populations have declined due to reduction and degradation of 
habitat, and therefore would benefit greatly from monitoring programs.  

29.9.2 Impact Data Gaps 
Avian mortality after oil spills continues to be difficult to quantify accurately because of the high 
motility of birds and the multiple pathways by which they are affected by oil exposure.  Accurate 
impact assessments are necessary to quantify loss to ecosystems, and models have offered some 
assistance with this problem.  However, because models are based on empirical data from 
historical spills, mortality estimates may still not be accurate for the situation at hand.  
 
Assessments of the impacts of construction noise on birds are often not performed for 
environmental impact statements for oil and gas development.  However, adverse impacts may 
occur as a result of the assumed behavior to vacate an area of high noise; thus, this is an 
important topic in sensitive areas such as feeding and nesting sites.  These areas are integral in 
the breeding success of bird species and need to be considered.  Furthermore, many sea birds 
spend time diving underwater.  Sound travels much differently in the aqueous environment than 
in air, and the effects of sound on mammals and fish are of concern and so continue to be 
studied.  These studies should also extend to birds that spend time underwater and therefore may 
be affected by increased sound. 

29.10  MARINE MAMMALS 

29.10.1 Resource Data Gaps 
Key data gaps for marine mammals include: (a) continued assessments of marine mammal 
abundance due to their changes in population status; (b) better information on seasonal 
occurrence; (c) baseline data at finer spatial scales than currently available for locations where 
activities are planned; and (d) data on species with greater vulnerability to oil and gas activities 
or which are endangered, including sea otters and northern fur seals, coastal bottlenose dolphins, 
and blue, fin, and humpback whales. 

29.10.2 Impact Data Gaps 
Much of the research on the impacts of oil and gas on marine mammals took place in the 1970s 
and 1980s.  Many of the data gaps identified then still remain. Areas requiring additional study 
are: (a) better understanding of long-term impacts of oil exposure; (b) better understanding of the 
impacts of underwater sound (some of this work should focus on the hearing sensitivity of 
marine mammal species); and (c) improved determination of ship strike threat and ways to 
reduce their occurrence.   

29.11 ECOSYSTEM RELATIONSHIPS 

29.11.1 Resource Data Gaps 
Whole-ecosystem evaluations are uncommon because they require large data sets taken over 
many years to make analysis worthwhile.  This is a time-consuming and expensive procedure.  
The Southern California Bight has been relatively well studied by projects including the 
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California Cooperative Oceanic Fisheries Investigation (CalCOFI) and the work done by the 
Channel Islands Marine Sanctuary. Continuation of these valuable studies will allow monitoring 
and analysis of the effects of climate change and further development of offshore oil and gas. 

29.11.2 Impact Data Gaps 
Ecosystem impacts of oil and gas production include loss of biomass after a spill or construction 
activities.  Some modeling work has been performed to quantify this impact; however, more 
work quantifying this reduction is needed to fully understand the cascading effects.  In general, 
the creation of artificial reefs is perceived as a positive impact of offshore development.  This 
concept needs to be reevaluated in terms of bioinvasion pathways and the health of organisms 
found on these reefs.  These reefs may provide nonnative and potentially invasive species with 
enough habitat to allow them to increase their range and move into pristine habitats.  
Additionally, fouling organisms found on these artificial structures could bioaccumulate toxins 
due to the close proximity to pollutants.  These toxins have the potential to move up the food 
web as predators are attracted to the artificial reefs because of the high concentration of biomass. 

29.12  AREAS OF SPECIAL CONCERN 
In recent decades much of the sensitive land and water in the Southern Study Area has received 
protection in the form of sanctuaries and reserves.  Similarly, artifacts of ancient and modern 
cultures can be found in this area and need to be protected and preserved.  To prevent accidental 
disturbance of these sensitive areas they need to be accurately mapped.  This can be a challenge 
as not all historical locations have been discovered.   

29.13  SOCIOECONOMICS 
The significance of space-use conflicts can be assessed, in the case of commercial fisheries, by 
examining the spatial and temporal nature of typical fishing activities.  Databases maintained by 
the Pacific States Marine Fish Commission (PSMFC) are useful in this respect.  The Pacific 
Fisheries Information Network (PacFIN) provides timely and accurate data essential for effective 
fisheries management.   
 
The West Coast Groundfish Observer Program, operated by the National Marine Fisheries 
Service (NMFS) Northwest Fisheries Science Center, places observers on commercial fishing 
vessels to monitor and record catch data, including species composition of retained and discarded 
catch.  The objective of this program is the provision of accurate accounts of total catch, bycatch, 
and discards associated with different fisheries and fish stocks. 
 
Taken together, the above data sources facilitate evaluation of the potential impacts of offshore 
oil and gas development on commercial fisheries.  While these data sets contain extensive catch 
information, there are limited data on fishing effort, catch per unit of effort and harvesting costs 
both spatially and temporally.  Research to address these data gaps would improve the ability to 
evaluate the impacts of energy-related activities. 
 
With respect to recreational fisheries, spatial conflicts can be assessed using the Pacific 
Recreational Fisheries Information Network (RecFIN) database.  California and NMFS 
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contribute to the database maintained by the PSMFC.  RecFIN is designed to integrate State and 
Federal marine recreational fishery sampling efforts into a single database that provides data on 
catch, effort, economics, and fisher demographics.   
 
The Marine Recreational Fisheries Statistics Survey (MRFSS) generates independent estimates 
of effort and catch through two separate survey components, a bimonthly household telephone 
survey, and a continuous onsite, access-point intercept survey of angler fishing trips.  
 
 

 




