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Introduction
PG&E is proposing to conduct three-dimensional seismic surveys for the Diablo Canyon Power
Plant (DCPP) off the central coast during the fall of 2012. The survey will utilize noise sources
(air gun arrays) and hydrophone streamers, which will be towed behind a survey vessel. The tow
array will be approximately 6.4 km (4 mile) long and towed at a depth of approximately 9 to 10
meters (m) (29.5–32.8 ft). The air gun array will produce a peak sound pressure level (SPL) of
~250 dB re 1 Pa1. The survey will be conducted offshore in the area from Cambria to Port San
Luis at depths up to 427 m (1,400 ft) (Figure 1). The purpose of this paper is to examine the
potential short-term and long-term effects of the seismic surveys on fish and fish catches by
summarizing some of the existing literature on this subject. Data on the commercial catch
reported from the California Department of Fish and Game (CDFG) catch blocks in the survey
area shown in Figure 1 are also summarized.

Updates to Original Report – Version November 4, 2011
Revisions for November 29, 2011
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Added Addendum 1 that addresses issues raised during a November 2, 2011 meeting with
fishers at Port San Luis.



Added Addendum 2 summarizing data from Fish Block 1036.

Pa is the abbreviation for micro Pascals, a unit of measurement used in acoustic research.
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Deleted text on p.3 (shown as strikethrough) and replaced with text on p. 4 and Tables 1
and 2 in underline that summarize catch data for the months that testing will occur.



Renumbered tables in remainder of report to accommodate addition of Tables 1 and 2.



Corrected y-axis label on Figure 2 – Db to dB.



Made minor corrections including adding metric and English units when both not
presented, changed % to „percent‟, and made used of CDFG consistent through report.

Summary of Findings
The potential effects of high energy
offshore seismic surveys on different life
stages of fish can include direct mortality to
early life stages, but more frequently
involves changes in the behavior and
distributions
of
adult
populations.
Experimental studies have shown that
sounds from non-explosive survey devices,
such as air guns, are generally not lethal to
fish, and that significant physiological
effects are restricted to fish within a few
meters of the air guns. Adult and juvenile
fishes have differing susceptibility to effects
as compared to smaller planktonic fish eggs
and larvae, and pelagic juveniles. The
magnitude of any effects will be inversely
proportional to the distance from the sound
source (Figure 2).

Short Term Effects
The proposed 3-D seismic survey may have
short-term effects on fish catches, mainly
from changes in fish behavior, but any
extended effects on fish catches in an area
Figure 1. Proposed 3-D survey track lines. Brown
would likely be limited, at most, to a period
lines indicate where air gun emissions would occur,
of a few days after exposure. Trawling and
green lines indicate vessel tracks for turning. Grid
overlay is CDFG statistical catch blocks for
long-line experiments examining the
commercial fisheries.
duration of catch per unit effort (CPUE)
reductions in species such as hake, haddock,
and Atlantic cod have shown either no effects or effects lasting from 1-5 days depending on the
frequency and intensity of the sound sources. In all such experiments, natural variation in CPUE
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over time can mask any real effects caused by exposure to air gun sound sources, and the greater
the period of time between sound exposure and fishing effort the less confidence there is that
changes in CPUE can be attributed to the sound exposure alone.

260.00
Normal

Sound Level (dB)

240.00

Shallow Water

220.00
200.00
180.00
160.00
140.00
1

10

100

1000

10000

Distance from Source (m)
Figure 2. Transmission loss of sound generated from a source with an output of 250 dB.
Transmission loss under normal conditions assumes spherical spreading of the sound
waves with a loss of 20 log(R) where R is the distance from the source in meters (m). In
shallow water, transmission loss is more rapid and is shown here at 25 log(R). Source:
J.R. Nedwell, Subacoustech Ltd. http://www.subacoustech.com/research/report_bp.shtml.

The proposed survey area includes waters off the ports of Morro Bay and Port San Luis that have
significant commercial and recreational fishing resources. The species potentially affected and
their distributions in relation to the survey area must be considered when developing an
assessment of impacts. For example, hagfishes ranked third in value and second in weight among
all species reported from the catch blocks in the survey area, but this is a deep-dwelling bottom
species that is very unlikely to be affected by the seismic surveys. Very shallow-dwelling inshore
species such as cabezon and halibut also comprised a significant fraction of the catch but
similarly would be unaffected by the seismic testing because of their distribution inshore of the
areas where testing will occur. Also, the testing will only be conducted from September to
December. The areas of temporary exclusion of fishing by the survey activities are shown in
Figure 1. PG&E will further consult with the fishers in regards to short-term fishing effects. In
addition, the California State Lands Commission is making an independent assessment as part of
a project Environmental Impact Report pursuant to the California Environmental Quality Act.
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The potential for losses to commercial fishing during the testing were summarized by combining
the data from the CDFG catch blocks shown in Figure 1 in the area where the seismic testing
will occur with data from Catch Block 1036 presented in Addendum 2. The combined data
included areas not directly traversed by the testing and therefore overestimates the losses even if
no fishing occurred during the 4 months in the areas where testing was occurring. The 5-year
(2006–2010) average commercial landings for the 4 months during the testing totaled 476,157
lbs with a total value of $831,039 (Table 1). The totals in Table 1 exclude the catch for salmon
since it was only fished during 2 of the 5 years (2006 and 2007). The only recorded salmon catch
occurred during May–September, with no records of landings during October–December (Table
2). When the data for salmon in September 2006 are added to the totals based on the 5-year
averages for the other months, the total catch increases to 477,510 lbs with a total value of
$838,909.
Table 1. Average value and weight of total catch (fishes and invertebrates) for September–
December for 2006–2010 from CDFG catch data from blocks 601, 602, 603, 607, 608, 609,
610, 614, 615, 616, 617, 622, 623, 624, 625, 632, 633, and 1036. Catch data for salmon
were excluded from the calculations of the monthly averages since the only landings
occurred during 2 of the 5 years.

Month
Sep
Oct
Nov
Dec
Total

Average
Average
Monthly Catch Monthly Catch
by Weight (lbs)
by Value ($)
134,315
253,921
110,558
210,182
168,928
236,299
62,356
130,636
476,157
831,039

Table 2. Average value and weight of landings data for salmon by month for 2006 and
2007 from CDFG catch data from blocks 601, 602, 603, 607, 608, 609, 610, 614, 615, 616,
617, 622, 623, 624, 625, 632, 633, and 1036.

Month
May
Jun
Jul
Aug
Sep

Years Used in
Calculating
Averages
2006-2007
2006-2007
2006-2007
2006-2007
2006

Average
Average
Monthly Catch Monthly Catch
by Weight (lbs)
by Value ($)
3,911
24,265
2,282
15,605
1,166
6,029
140
948
1,353
7,870
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Long Term Effects
The timing of the proposed air gun surveys in fall 2012 would occur when seasonal abundances
of larval and pelagic juvenile rockfishes, a group that may be most at risk to such activities, are
very low (less than 0.3 percent of peak period). Data from plankton studies conducted at DCPP
and elsewhere along the California coast have shown that spring through early summer months
provide the most productive waters for larval production and growth. By fall, larval abundances
have decreased and young-of-the-year of many species of rockfishes have grown to a size where
they migrate inshore or settle to the bottom in locations that would reduce their direct exposure
to air gun emissions. In addition, scientific evidence does not suggest that air gun seismic survey
will cause long-term effects on abundances of larvae and or adult fish, such that no long-term
effects on commercial fishing from the seismic survey are anticipated.

Effects on Fish and Fish Catches
Experimental Studies on Fish
Experimental studies have indicated that sounds from non-explosive survey devices such as air
guns are generally not lethal to fish, and physiological effects have been reported for fish only
within a few meters of air guns. Pearson et al. (1992) studied behavioral response of rockfish to a
single air gun and stated that air guns were generally not lethal. However, Larson (1985 cited in
Wardle et al. 2001) stated that death of adults can occur during rapid rises in pressure over times
less than 1 ms, with peak pressures greater than 229 dB. Such a rapid rise time would only occur
very close to an air gun. An air gun array with sound pressure level (SPL) of 255 dB would
produce sound pressures below 229 dB at 20 m (66 ft) and with longer rise times would be well
below lethal limits (Wardle et al. 2001). Other studies have found that exposure to continuous
sound of 180 dB for 15 hours at frequencies from 20400 Hz can damage the sensory hair cells
that fish use for hearing, but exposure to the pulsed sounds used in seismic air gun surveys did
not have this effect (Davis et al. 1998).
Dalen and Knutsen (1986 cited in Davis et al. 1998) studied the impact of air gun arrays on fish
stock levels, and concluded that mortality and damage are limited to distances of less than 5 m
(16 ft) from the air guns, with most frequent and serious injuries at distances of less than 1.5 m
(5 ft). On a stock level they estimated a 0.018 percent worst case mortality per day, and
contrasted that level with a 515 percent per day rate of natural mortality. Eggs and larvae that
are closer than 3 m (10 ft) can be damaged by individual air guns, and Davis et al. (1998)
calculated that some mortality can occur at a distance of up to 5.5 m (18 ft) from the largest
array. They estimated a volume for a zone of lethality as 1,965 m3 (2,570 yd3) per shot, given a
typical air gun array of 0.049 to 0.065 m3 (3,000 to 4,000 in3). Holliday et al. (1987 cited in
Davis et al. 1998) found that 2-day old anchovy larvae were more sensitive compared to older
larvae and adults (Table 3).
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Dalen and Knutsen (1986 cited in Davis et al. 1998) found no effects to Atlantic cod eggs, larvae
and fry when received levels were 222 dB. Fish larvae in this experiment that were exposed to an
air gun with a SPL of 230 dB were damaged within a radius of 5 m (16 ft). Anchovy eggs were
severely damaged 0.5 m (1.6 ft) from the source with some damage at 5 m (16 ft). Survival at 10
m (33 ft) was close to that of controls (Kostyuchenko 1973 cited in Davis et al. 1998). In a
review by Turnpenny and Nedwell (1994 cited in Davis et al. 1998), transient stunning was
found in studies with sound intensities of 192 dB and mortalities occurred in the range of
230240 dB, but only when fishes and sensitive life stages such as eggs and larvae were in very
close proximity to the sound source (less than 2 m [6.6 ft]) (Table 4). Their review indicated that
at distances of 10 m (33 ft) effects were only detected at very low levels in fish eggs (increasing
mortality by 2.1 percent after 24 h relative to controls).
Table 3. Larval and adult anchovy mortality and damage from 75 to 90 kPa (217-220 dB re
1 Pa 0-peak). Data from experiments by Holliday et al. (1987 cited in Davis et al. 1998).
1

Stage

Effect

Notes

Peak Pressure (kPa)

Larvae

50% Mortality

2 d old

100

4 d old

75

Damage occurred

90

No damage

40

Adults (100 mm)

Swim bladder damage

Greenlaw et al. (1988) concluded that noticeable impacts on eggs and larvae of northern anchovy
would result only from multiple, close exposures to seismic arrays. Histological examination
found no evidence of gross morphological damage caused by exposure. Comparison of survival
with control groups showed subtle effects in younger (2–4 day) larvae. Exposure of adults
resulted in some damage to swim bladders, particularly for fish exposed at the surface where
water particle motion effects are pronounced, but no significant effects on otoliths were noticed.
Table 4. Summary of physical effects of noise on fish
from information presented in Turnpenny and
Nedwell 1994 (Table 1). All of the studies presented
in the table were done in close proximity (less than 10
m [33 ft]) to the sound source.
Effect

dB re 1 Pa0-P

Transient stunning

192

Internal injuries

220

Damage to eggs and larvae

220

Fish mortality

230-240
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Rockfish showed startle and alarm responses to 10-min exposures of an air gun but the effects
appeared to be transitory (Pearson et al. 1992). In five trials over 4 days in Estero Bay,
California, Pearson et al. (1992) found sound levels as low as 161 dB caused rockfish (blue,
olive, vermillion and black rockfish) to change swimming behavior. Shifts in vertical position
(up or down), alarm, and startle responses were also observed. Startle responses are flexions of
the body followed by rapid swimming, shudders, or tremors. Alarm responses are changes in
schooling behavior that presumably would lead to avoidance behavior. A threshold of about 180
dB elicited alarm responses. A threshold for startle responses for olive and black rockfish was
reported as between 200205 dB. Blue and black rockfish reacted as a group, possibly related to
their behavior as schooling fish species. Fish returned to pre-exposure behavior within minutes
suggesting that any effects on fishing would be transitory.
In a controlled experiment, high intensity sound damaged fish (pink snapper) ears when fish
were caged 515 m (1649 ft) away from an operating air gun (McCauley et al. 2003 cited in
Hastings and Popper 2005). Histological examination found evidence of severe damage to their
sensory epithelia as ablated hair cells, and there was no evidence of repair 58 days post exposure.
Fish were exposed to a single air gun with a source level of 223 dB which was 515 m
(1649 ft) distant from the caged fish at its closest point. The air gun operated at 6 pulses per
minute and was towed at a 5 m (16 ft) depth. The fish were unable to swim away as they were
caged, and video suggested they were attempting to escape. The actual impact on fish survival
from the damaged tissues is not clear. The authors suggest that disorientation may occur and as a
result there may be reduced fitness, and that other species may be either more or less sensitive.
The actual sound exposure that caused the damage was not quantified, because there were no
timed exposures.
In contrast to the McCauley et al. (2003) findings, Song et al. (2008) found that there was no
damage to the sensory epithelia of any of three freshwater fish species exposed to seismic air
guns. However, there were significant differences between the two seismic studies including air
gun size, number and operating pressure. The freshwater environment was shallower and may
have attenuated sound intensity more in comparison with the study conducted on the marine
snappers.
Experimental conditions in comparison to actual survey conditions
Extrapolation of experimental results to actual effects during surveys presents some uncertainties
due to differences in duration and intensity of exposure. Skalski et al. (1992) explained that
typical exposures under actual surveys are such that the sound level at any given location along a
trackline increases as the vessel approaches, peaks when the vessel is closest, and then decreases
as the vessel moves away. This regime of increase, peak, and decrease in sound pressure is
repeated as each trackline is performed with the intensity a function of distance from the location
of interest. They concluded that their experiments, in which they studied catchability of
rockfishes in responses to air gun emissions, adequately emulated the sphere of influence for a
typical seismic survey trackline.
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Christian and Bocking (2010) noted that the Pearson et al. (1992) studies were quite different
from an actual seismic survey in that the duration of exposure was much longer. When caged
European bass were exposed to multiple discharges with a source SPL of 256 dB, the air guns
were pulsed every 25 seconds over 2 hours. The minimum distance to the cage was 180 m (590
ft). Although no pathological injury was reported, Santulli et al. (1999 cited in Christian and
Bocking 2010) did find higher levels of cortisol, glucose, and lactate, biochemical parameters
that indicated more stress than in control fishes. Video data showed slight responses when the air
gun was as far away as 2.5 km (1.5 mi). When the array was within 180 m (590 ft) the fish
packed densely in the middle of the cage. Normal behavior returned after about two hours.
Wardle et al. (2001) suspended an air gun array close to a 7 m (23 ft) deep reef in a part of a
Scottish lake with 10–20 m (3366 ft) depths. They used a video camera to measure fish
responses and attempted to acoustically tag and track fish throughout the experiment but were
only able to track two when the air guns were operating. Guns were fired as the fish were passing
into the field of view of the video camera, and they were seen to side skip but to continue
swimming in the same direction which was often towards the gun with some fish estimated
within 1.5 m (5 ft) of the array. The researchers suggested that perhaps because the array was not
moving and there were no associated ship noises, the fish did not exhibit a directional response.
One of the two tagged fish that moved from 1030 m (3398 ft) from the array may have
responded to the visual cues of air bubbles that are generated with air gun pulses. Additionally, it
was pointed out that although sound levels generally followed a spherical spreading loss, signals
can be attenuated or obscured if a fish moves to the bottom or into weeds or rocks. Sonar
observations have suggested that fish attempt to move away from high sound levels (Slotte et al.
2004). A fish would need to move about 300 m (984 ft) to reduce the seismic sound levels about
50 dB (50 dB = 20 log 300) assuming spherical spreading of the energy. According to the
existing literature, the most likely scenario is that fish avoidance behavior would occur as the
seismic vessel approaches.
Seismic Survey Effects on Fisheries
Catch rate reductions during seismic surveys have been documented in several of studies. In a
briefing paper for the British Columbia Seafood Alliance, Peterson (2004) proposed several
changes in seismic survey protocols that could lessen impacts on fish and fisheries:
“The seismic survey process can be fine-tuned in a number of ways. These include:
loudness of the air gun bursts; their frequency and duration; the way they are aimed; and
the timing of the survey (e.g., with reference to fishing seasons or spawning or migration
timing).”
“Ramp-up or soft start procedures can be used, whereby sound is gradually increased,
not begun at full volume. Though these procedures are commonly used, and believed to
be useful in reducing impacts on fish by giving them time to take evasive action, there
have been no studies of their effectiveness.”
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Efforts to mitigate seismic survey interactions with fisheries have included:


Fishing industry observers or trained biological observers on board the seismic ships



Communication techniques that enable readjustment of surveys in the case of
encounters



No seismic surveys during times of migration or spawning of certain species



Establishment of survey-free spawning corridors and migration routes



Design of air gun arrays to reduce horizontal leakage



Compensation programs for gear damage and other fisheries impacts

Controlled experiments targeting rockfish near pinnacles off the central California coast
(Cambria to Pt. Sur) were conducted in 1986 using an air gun source of 223 dB that resulted in
ambient sound levels between 186191 dB (Skalski et al. 1992). They found a significant 47
percent reduction in catch per unit effort (i.e. fixed number of hooks and fishing time) occurred
immediately after sound production for rockfish in depths less than 119 m (390 ft). Three out of
five rockfish species showed a significant decreased catch. These were chilipepper, bocaccio and
greenspotted. In ancillary measurements using the same air gun deployment, fish aggregation
height decreased. They could not determine a change in aggregation area due to seismic stimuli.
Because the area could not be determined, they suggested that the decline in catch was not due to
dispersal but to a change in response to baited hooks. This study also explored short term effects.
There were 120 air gun discharges over 20 minutes during the first set of hooks. The majority of
change occurred in the first set results showing a quickly diminishing effect. However, the
source of 223 dB used was about 27 dB (~22 times pressure) less than the arrays that would
normally be used in a seismic survey.
Other studies document short-term and long-term effects on fisheries catches. Hirst and
Rodhouse (2000) compiled air gun long-range experimental observations and effects upon catch
rates of fish, squid, and crustaceans (Appendix A). Because of limited observations none of the
studies found effects on fish distributions lasting longer than 5 days. Findings of some of the
studies indicating reduced catches several kilometers from seismic survey operations have been
disputed. Gausland (2003) argued that that data from Engas et al. (1993) may have indicated a
decline in catch rates throughout the fishing area. He suggests that the only obvious change in
catch rates due to seismic surveying occurred in the immediate area surveyed.
Long-term effects have been suggested when densities increase away from the seismic survey
area. Slotte et al. (2004) described a 1999 study off western Norway with a 3-D survey using two
arrays, both of 20 air guns, fired every 25 m (82 ft) along 51 transects about 52 km (32 mi) long.
Acoustic abundances of pelagic fish (herring, blue whiting and other midwater species) were
recorded before and after the seismic testing. The distribution and abundance of pelagic fish
within the survey area and the surrounding waters up to 30–50 km (1931 mi) away were
mapped acoustically. The results suggested that only limited short-term behavioral effects
occurred. However, both blue whiting and other open-water fish species were found deeper
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coinciding with seismic survey activity, indicating that vertical movement rather than horizontal
movement could be a short-term reaction to seismic survey noise. The density of herring and
blue whiting was significantly lower within the seismic survey area, with increasing abundance
at distance from the seismic shooting. As the density was higher 20 km (12 mi) from the
shooting area, it was considered a long-term effect.
The 1999 Norwegian study of Slotte et al. (2004) appeared to support previous studies on cod
and haddock (Engås et al. 1996) and on blue whiting and other open-water species (Dalen and
Knutsen 1986). The authors concluded that the lower abundances associated with the seismic
activity supported the basis for management actions in Norway against seismic surveys on and
close to spawning grounds and over well-established migration routes to spawning grounds.
Engas et al (1996) expressed that the most pronounced indicators of the effects of seismic
surveys are the rapid drops in catches immediately after seismic surveying begins. They believed
decreased fish density measured on some of the acoustic transects is unlikely to be due to natural
shifts in horizontal distribution. Slotte et al. (2004) stated that the observed westward movement
of large masses of blue whiting and herring towards and into the survey area during a 3–4 day
break in the seismic shooting indicated that migrations will proceed as normal soon after a
seismic survey.
Potential Effects on Invertebrates
Christian and Bocking (2010) stated that, “In general, the limited studies done to date on the
effects of acoustic exposure on marine invertebrates have not demonstrated any serious
pathological and physiological effects.” However, an earlier review by Moriyasu et al. (2004)
found that nine quantitative studies showed five cases of immediate impacts and four cases of no
impact. However, many of the studies lacked rigorous examinations and lacked clear sound
measurements. They found that studies reported by La Bella et al. (1996), McCauley et al.
(2000) and Christian et al. (2003) contained the most useful information of the possible impacts
of air guns on invertebrates.
Crab fisheries are a major resource, and much like certain species of fishes, crabs have pelagic
larval stages the live offshore in the plankton for several weeks. Pearson et al. (1994) exposed
stage II larvae of Dungeness crab (Cancer magister) to single discharges from a seven-air gun
array and compared their mortality and development rates with those of unexposed larvae. They
found no statistically significant differences in immediate survival, long term survival, or time to
molt between the exposed and unexposed larvae, even those exposed within 1 m (3.3 ft) of the
seismic source. Christian et al. (2003) did not detect any effects on the behavior of snow crab
placed in cages at 50 m (164 ft) depth and exposed to sound levels of 197237 dB.
For caged squid subjected to a single air gun, McCauley et al. (2000) found alarm response at
156161 dB and a strong startle response (ink ejection and rapid swimming) at 174 dB. Lethal
effects have been observed for squid (Loligo vulgaris) at levels of 246252 dB after 311
minutes (Norris and Mohl 1983, summarized in Moriyasu et al. 2004).
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Before-After/Control-Impact (BACI) Study Designs
The studies that have examined seismic effects are somewhat equivocal due to the limited ability
to apply rigorous experimental designs to the studies. Popper and Hastings (2009) say that the
only useful studies on the effects of sound on fish behavior must be done with field observations
of movement before, during and for an extended time after exposure, with Wardle et al. (2001)
the closest example. Popper and Hastings (2009) point out that Slotte et al. (2004) used sonar
from vessels to observe fish movement and the fact that they used vessels may have contributed
to avoidance behavior by fish. Popper (2008) lists a number of areas where future improvement
is needed, one of which is the “poor quality experimental design and controls in many of the
studies to date.”
One possibility for examining possible long-term effects would be to use a Before-After/ControlImpact (BACI) study using fisheries catches in areas where seismic surveys have been
previously conducted. The BACI design (Stewart-Oaten et al. 1986) would test the hypothesis
that there were no effects resulting from the seismic survey. The design uses paired, concurrent
sampling of seismic survey and control stations, and statistically compares the mean differences
in abundance („deltas‟) between seismic and control stations before and after the survey. The
paired sampling events are used as replicate measures of the difference between control and
seismic survey areas under natural and treatment (disturbance) conditions. Data from the preoperation period are used as a baseline to detect changes occurring in the seismic survey
operation period. Estimates of the mean differences in abundance between survey and control
stations would be used to test for statistically significant changes between periods.
Application of the BACI model requires that populations in control and survey areas have similar
trends in abundance before a seismic survey disturbance. Absolute abundances need not be
equal, but changes in abundance between the two populations must track one another prior to the
disturbance. The differences among locations in the pre-survey period are tested to determine if
they tracked one another. If the deltas trended positively or negatively with time in the presurvey period, with the trend continuing into the survey period, the trend could be incorrectly
interpreted as having been caused by the seismic survey. A test for linear trends in the mean
differences for all locations in the pre-survey period is done by regressing the mean differences
against time. A suitable sample size would be required to find significant regressions.
Alternative measures could be used in a BACI model. Catch data provided by month and
geographic area (catch blocks) by the CDFG is one possibility. Another is to deploy cabled or
autonomous scientific echosounders recording backscatter from fish in digital format for a
number of months prior to, during and after the proposed survey takes place. In addition to using
the proposed survey in a BACI model for establishing long-term effects, it might be possible to
use prior seismic surveys. In California state waters there were roughly 49 lower energy sparker
seismic surveys in 20082009 whose survey reports are available (see Richard Greenwood,
greenwr.slc.ca.gov). Although an air gun array survey of the proposed magnitude has not been
conducted since 1984, there have been recent surveys conducted in federal waters whose records
are available.
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Commercial Fisheries Landings in the Study Region
Summary statistics were calculated for total catch of fishes and invertebrates from the CDFG
catch block data for the years from 2006–2010 for blocks 601–603, 607–610, 614–617, 622–625,
632, and 633 (refer to Figure 1). Summary statistics were calculated for the total catch as well
for just fishes, which should be more susceptible to acoustic energy due to sensitive anatomical
features in fishes for hearing and balance.
Total Catch by Year
Table 5 totals the value and weight across all of the blocks for individual years. Total catch
includes both invertebrates and fishes.
Table 5. Total value and weight of total catch (fishes and invertebrates)
and total fishes by year from CDFG catch block data.

Year
2006
2007
2008
2009
2010

Total Catch
Value ($)
Pounds
1,690,041
798,013
1,177,246
368,813
1,336,829
539,466
2,062,328
1,411,686
1,425,890
807,084

Total Fishes
Value ($)
Pounds
1,032,865
546,183
955,854
289,177
1,265,652
497,564
1,911,814
1,104,517
1,293,293
668,882
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Average Catch by Month
The following table presents the average value and weight from all of the blocks for 2006–2010.
There were large landings of Dungeness crab and prawns in 2006 and 2007 that decreased
considerably in the 2008–2010 period. As a result, the average landings for fishes may be a more
accurate estimate of the catch in the area over the 2006–2010 period. Alternatively, the average
catch over the 3 years from 2008–2010 could be calculated to provide a more representative
estimate of the current average catch from these blocks. Total catch includes both invertebrates
and fishes.
Table 6. Average value and weight of total catch (fishes and invertebrates)
and total fishes by month for 2006–2010 from CDFG catch block data.

Month
Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec

Total Catch
Average Average
Value ($) Pounds
101,365
48,862
123,053
54,740
54,031
38,438
45,751
25,565
158,901
62,454
162,290
69,985
136,531
48,322
156,494
70,508
186,579 102,305
147,586
79,883
167,259 136,955
98,626
46,996

Total Fishes
Average Average
Value ($) Pounds
83,268
41,737
88,759
40,646
30,569
28,471
20,899
17,877
133,235
53,487
137,841
55,879
132,408
45,358
144,199
65,324
170,848
91,514
129,486
67,451
138,587
70,436
81,796
43,083
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Catch by Month and Year

The following table presents the value and weight from all of the blocks by month for each of the
years from 2006–2010. Total catch includes both invertebrates and fishes. A summary is also
presented for just fishes.
Table 7. Value and weight of total catch (fishes and invertebrates) and
total fishes by month for 2006–2010 from CDFG catch block data.
2006

2007

Total
Total
Total
Month Value ($) Pounds Value ($)
Total Catch by Month and Years
Jan
93,300 51,747 87,592
Feb
154,030 56,025 101,630
Mar
99,700 41,679 42,303
Apr
74,338 24,819 55,689
May
196,744 62,609 185,396
Jun
215,652 80,543 131,780
Jul
103,846 24,038 122,526
Aug
117,949 58,702 128,097
Sep
174,552 149,730 138,835
Oct
183,388 97,387 64,528
Nov
188,947 109,499 72,593
Dec
87,594 41,234 46,276
Total Fish Catch by Month and Years
Jan
47,219 33,115 55,482
Feb
45,787 9,039 63,636
Mar
8,331 4,296 32,810
Apr
7,612 4,361
6,223
May
123,628 32,459 145,735
Jun
129,711 24,518 106,956
Jul
95,002 17,763 118,409
Aug
96,182 56,020 118,027
Sep
138,296 143,440 132,904
Oct
132,604 89,138 61,042
Nov
154,756 99,912 69,724
Dec
53,737 32,121 44,907

2008

2009

2010

Total

Total
Total
Total
Total
Total
Total
Total
Total
Total
Pounds Value ($) Pounds Value ($) Pounds Value ($) Pounds Value ($) Pounds
35,542
27,936
38,407
19,266
40,774
38,174
26,190
39,924
36,659
24,457
21,480
20,005

51,720
87,014
31,845
28,897
149,759
132,270
159,934
185,746
186,875
102,718
132,257
87,794

18,449
25,646
20,800
20,644
37,177
44,495
55,994
81,764
76,922
37,523
68,908
51,145

188,206
169,937
55,096
33,638
178,222
219,102
174,556
182,580
218,813
206,056
274,212
161,910

100,758
110,043
55,254
30,478
82,059
147,029
95,604
99,223
135,362
147,939
319,750
88,188

86,008
102,654
41,211
36,190
84,383
112,648
121,792
168,097
213,823
181,241
168,286
109,556

37,815
54,053
36,049
32,616
89,649
39,686
39,785
72,925
112,850
92,108
165,137
34,411

506,826
615,265
270,155
228,753
794,505
811,452
682,655
782,470
932,897
737,931
836,295
493,130

244,311
273,702
192,189
127,823
312,268
349,927
241,610
352,538
511,523
399,414
684,774
234,982

27,294
14,750
35,884
7,216
31,359
29,808
23,443
30,636
32,281
20,627
18,671
17,207

47,281
78,675
21,247
24,358
139,518
124,016
154,787
174,254
182,539
99,629
131,552
87,794

14,283
19,873
13,897
17,135
33,968
41,585
53,336
75,210
73,303
35,348
68,481
51,145

185,271
155,011
50,331
31,083
174,422
217,293
172,546
172,142
200,896
186,667
216,388
149,764

99,789
106,732
52,883
28,568
80,731
145,215
92,790
94,779
99,845
103,795
114,921
84,469

81,086
100,688
40,128
35,219
82,871
111,227
121,296
160,391
199,605
167,488
120,517
72,777

34,206
52,837
35,398
32,107
88,918
38,269
39,458
69,973
108,700
88,348
50,197
30,471

416,339
443,797
152,847
104,495
666,173
689,203
662,041
720,995
854,241
647,430
692,937
408,979

208,687
203,232
142,357
89,386
267,436
279,395
226,790
326,619
457,569
337,257
352,182
215,413
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Total Catch by Species
The following table presents the total value and weight for fishes from all of the blocks for the
years from 2006–2010 for the fishes comprising up to 99 percent of the total value.
Table 8. Total value and weight for fishes comprising up to 99 percent of the total value
from all of the CDFG catch blocks for the years from 2006–2010.

Fish Group
All Rockfishes
Sablefish
Hagfishes
Cabezon
Halibut, California
Lingcod
All Salmon
Sole, petrale
All Surfperch
Thornyhead, shortspine
Greenling, kelp
Sole, Dover
Bonito, Pacific
Seabass, white
Shark, thresher
Tuna, albacore
Swordfish
44 others
Total

Value ($)
3,007,863
1,413,677
790,158
479,460
131,570
128,463
74,088
71,412
66,635
62,855
37,236
37,026
28,936
24,518
18,912
16,906
13,079
56,684
6,459,477

Pounds
Landed
529,295
941,751
901,683
82,493
29,983
64,615
12,074
55,648
28,531
48,005
5,017
119,922
104,826
7,776
14,971
13,467
3,541
142,724
3,106,323

Percent by
Value
46.57
21.89
12.23
7.42
2.04
1.99
1.15
1.11
1.03
0.97
0.58
0.57
0.45
0.38
0.29
0.26
0.20
0.88

Percent
by Weight
17.04
30.32
29.03
2.66
0.97
2.08
0.39
1.79
0.92
1.55
0.16
3.86
3.37
0.25
0.48
0.43
0.11
4.59

Cumulative
Percentage
Value
46.57
68.45
80.68
88.11
90.14
92.13
93.28
94.38
95.42
96.39
96.96
97.54
97.99
98.37
98.66
98.92
99.12
100.00

Cumulative
Percentage
Weight
17.04
47.36
76.38
79.04
80.00
82.08
82.47
84.26
85.18
86.73
86.89
90.75
94.13
94.38
94.86
95.29
95.41
100.00

Larval Fish Abundances in the Study Area
The effects on fish larvae and eggs from the proposed seismic survey will be mitigated by
conducting the surveys during the fall months when the concentrations of fish larvae are
generally very low compared to the winter, spring, and early summer months. Studies at Diablo
Canyon on the abundances of fish larvae (mainly rockfishes, sculpins, and pricklebacks) found
that the highest concentrations of larvae (ca. 5,800 larvae per 1,000 m3 [264,172 gal]) occurred
in late April during spring upwelling conditions (Figure 3) (Ehrler et al. 2011). The lowest larval
concentrations (mainly kelpfishes and sculpins) occurred in mid-November with a sampled
abundance of approximately 20 larvae per 1,000 m3 (264,172 gal).
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Figure 3. Total concentrations of larval fishes per 1,000 m3 (264,172 gal) by survey for
entrainment and source water samples (adapted from Ehrler et al. 2011).

The potential for impacts on fish resources in the project vicinity is determined by the habitats,
distributions, and life histories of those species likely to be exposed to the sound sources
(Table 9). Species least likely to be affected are those with a strictly inshore distribution (e.g.,
surfperches and cabezon), deep dwelling soft bottom species (e.g., hagfishes, sablefish), and
open water species that may occasionally occur within the project boundaries but have primary
seasonal occurrences well offshore (e.g., albacore, swordfish).
Rockfishes comprise a diverse group of species with a wide geographical distribution along the
northeastern Pacific coast. Many of the species that are caught locally, particularly those that
comprise the commercial live-fish fishery and those caught in the recreational fishery, have
strictly inshore distributions (e.g. kelp rockfish, black-and-yellow rockfish). Other species
typically occur in deeper water and occur over rocky areas or in mid-water aggregations (e.g.,
squarespot rockfish) within the project area that would be at greater risk of impacts from seismic
testing activities. This varying distribution and abundance among rockfish species is reflected in
their larval distributions offshore of DCPP (Figure 4). In all cases, however, the larval and
pelagic juvenile stages of rockfishes mainly occur in the period of JanuaryJune (Love et al.
2002, Larson et al. 1994), which would minimize exposure of this critical life stage to potential
impacts from the towed air gun arrays.
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Table 9. Impact potential on commercial fish species from seismic testing based on distribution
and life history information
Species/Group

Primary Habitat(s)

Cabezon
Lingcod
Greenling, kelp
All Rockfishes
All Surfperch
Hagfishes
Halibut, California
Sablefish
Sole, petrale
Thornyhead, shortspine
Sole, Dover
Seabass, white
All Salmon
Bonito, Pacific
Shark, thresher
Tuna, albacore
Swordfish

rocky reefs
rocky reefs
rocky reefs
rocky reefs, kelp beds
rocky reefs, sand bottom
soft bottom
soft bottom
soft bottom
soft bottom
soft bottom
soft bottom
open water, kelp beds
open water
open water
open water
open water
open water

Distribution
Pelagic
Inshore Offshore larval stage
X
X
X
X
X

yes
yes
yes
yes
no
no
yes
yes
yes
yes
yes
yes
no
yes
no
yes
yes

X
X

X
X
X
X
X
X
X
X
X

X
X
X
X
X

Larval peak
months

Potential for Impacts
from seismic testing

Dec-Jan
Mar-Jun
Dec-Feb
Jan-Jun
Jan-Aug
Dec-Apr
Apr-Jun
Feb-May
May-Jun
Jun-Jul
Jul-Aug
-

low
low
low
low to moderate
low
low
low
low
low
low to moderate
low
low
low to moderate
low
low to moderate
low
low

Average larval concentration (# per 1,000 m 3)

120

S. mystinus
S. carnatus/chrysomelas
S. atrovirens
S. hopkinsi

100

80

60

40

20

0
E

S1

S2

S3

S4

S5

S6

Station

Figure 4. Larval rockfish concentrations per 1,000 m3 (264,172 gal) as a function of
distance from shore in JanuaryJune 2009. Station “E” <0.1 km from shore, “S6” 3.0
km from shore (from Ehrler et al. 2011).
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Summary Points


Fishing activities will need to be curtailed in the area where seismic surveying will
actively take place due to gear and vessel interactions.



Sound effects on fishing catches are somewhat equivocal because of the lack of
determination between natural movements and changes of fish and behavioral shifts due
to increased sound levels.



The proposed survey will most likely have little effect on long-term fish abundances.



Short-term fish catches may decline in the exclusion area if the fishers cannot relocate to
adjacent areas.



Larvae close to the surface where the air gun array is towed could be affected, but this
will be mitigated by the timing of the surveys during September–December when the
concentrations of fish larvae are generally very low compared to the winter, spring, and
early summer months.

The peer-reviewed literature showed that the data on the effects of high intensity sounds on fish
are somewhat limited. Popper (2008) listed these limitations in a report to the U.S. Navy
including:


Types of sources tested;



Effects of individual sources as they vary by such things as intensity, repetition rate,
spectrum, distance to the animal, etc.;



Number of species tested with any particular source;



The ability to extrapolate between species that are anatomically, physiologically,
and/or taxonomically, different;



Potential differences, even within a species as related to fish size (and mass) and/or
developmental history;



Differences in the sound field at the fish, even when studies have used the same type
of sound source (e.g., seismic air gun);



Poor quality experimental design and controls in many of the studies to date;



Lack of behavioral studies that examine the effects on, and responses of, fish in their
natural habitat to high intensity signals;



Lack of studies on how sound may impact stress, and the short- and long-term effects
of acoustic stress on fish; and



Lack of studies on eggs and larvae that specifically use sounds of interest to the Navy.
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Addendum 1
Responses to Issues Raised During a November 2, 2011
Meeting with Fishers at Port San Luis.
Comment: Several people expressed concern that the use of the air guns was similar to blasting
and would result in large numbers of dead fish.
Response: The air guns used in seismic testing have much lower peak pressures that rise
more slowly than the pressure levels that occur from the use of chemical explosives. The
short duration and rapid rise in pressure associated with the use of chemical explosives
such as dynamite, do result in large mortalities to fishes and likely any other aquatic
organisms in the vicinity of the blast. Studies on the effects of air guns have shown that
direct mortality has only been reported to occur to sensitive life forms such as eggs and
larvae that are in very close proximity to the energy or sound source. As mentioned in the
main body of the report, Dalen and Knutsen (1986 cited in Davis et al. 1998) reported
that any effects on eggs and larvae would represent only a small additional source of
mortality (0.018 percent worst case mortality per day) on the population level that should
not result in any chances to the adult population since total larval mortality for most
fishes exceeds 99 percent. Non-lethal, physiological effects of air gun testing on adult
fishes usually occurs as a result of damage to the sensory hair cells associated with the
inner ear (see reviews by Hastings and Popper 2005, Christian and Bocking 2010). Very
recent studies have shown that similar effects can occur in squid and octopus which have
sensory cell hairs similar to fishes (Andre et al. 2011).
Comment: Data from CDFG Catch Block 1036 was not included in the summary provided in
the report. Fishers stated that some report their catch from that larger block rather than the
smaller blocks.
Response: Data for Block 1036 has been requested from CDFG and will be included in a
future update to this report.
Question: Have ROVs or video been used to observe behavior and effects on fish from similar
towed arrays?
Response: There have studies that have recorded video of responses of caged fish. For
example, Wardle et al. (2001) used a video system to examine the behaviors of fish and
invertebrates on a reef in response to emissions from seismic air guns that were carefully
calibrated and measured to have a peak level of 210 dB re 1 μPa at 16 m from the source
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and 195 dB re 1 μPa at 109 m from the source. They found no permanent changes in the
behavior of the fish or invertebrates on the reef throughout the course of the study, and no
animals appeared to leave the reef. There was no indication of any observed damage to
the animals.
From Wardle et al. (2001), p. 1020: “The video tape recordings have the sound of the
guns firing recorded on the sound track and the fish, observed at the firing time, show a
reflex skip to one side and then continue swimming in their original direction. On the
evening of the 21st the gun rack was positioned so that the fish passing the camera were
swimming directly towards it, still invisible 90.4 m ahead of them. The guns were fired as
the fish were passing into the field of view of the TV camera, and they were seen to side
skip and continue swimming directly towards the gun. Fig. 12 shows a closer view of
saithe responding to the gun firing in event F7. On the 22nd, the gun rack was sunk to the
seabed (about 14m depth) and positioned so that it was visible ahead of the fish as they
passed the TV camera. The first firing of the guns when on the seabed involved a TV
view of many fish swimming from the camera towards the guns when they were fired.
All these fish were seen to skip and then turn away from the very visible explosion,
swimming back towards and past the TV camera. It was estimated that some of these fish
came from a point within 1.5m of the gun rack. The seabed, at this point, was composed
of fine sand and the firing of the G. guns caused a major visual stimulus for the fish as a
mushroom-shaped sand cloud was suddenly formed under the rising air bubbles. Then the
base of the cloud spread outwards from the explosion finally obscuring the TV view.”
“The evening following the last G. gun firing, TV observations showed the fish patrolling
the reef as they had on previous evenings. Previous studies at the same reef, including
individually tagged fish, had indicated that the same fish returned to patrol the reef every
evening, for up to 2 years (Sarno et al., 1994; Glass et al., 1992; Wyche, 1984). Their
results led us to assume that the fish observed each evening for 14 days before, during
and after the gun firings, were the same individuals following a daily routine and not new
arrivals to the reef from other areas.”
Question: Concerned about potential effects on reproduction. Will fish release eggs due to startle
response from air gun releases?
Response: The question may be referring to the possible pre-mature release of larvae
from rockfishes under stress, but since surveys occur in fall and rockfishes are gravid in
winter-spring, they would not be affected even if such a startle reaction occurred. Even
highly stressed fishes that are caught on hook and line typically do not pre-maturely
release developing eggs or larvae.
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Concerning free-floating eggs, the following from Hastings and Popper (2005), pg. 39:
“Kostyuchenko (1973) worked with marine fishes, none of which are related to the
species on the Pacific Coast, to determine the effects of seismic air gun sounds on eggs.
Kostyuchenko reported damage to eggs at up to 20 m from the source. Similarly, a
Norwegian group (Booman et al. 1996) investigated the effects of seismic air guns on
eggs, larvae, and fry and found significant mortality in several different marine species
(Atlantic cod, saithe, herring) at a variety of ages, but only when the specimens were
within about 5 m of the source, and the most substantial effects were to fish that were
within 1.4 m of the source.”
“There are a number of other gray literature studies of the effects of sound on developing
eggs and larvae; none provide conclusive evidence on this topic that is germane to most
Pacific Coast species. Indeed, one can conclude that there is a total dearth of material on
this topic and it is an area of research that needs rigorous experimental evaluation. In
summary, the few studies on the effects on eggs, larvae, and fry are insufficient to reach
any conclusions with respect to the way sound would affect survival.”
Although there is some uncertainty on the effects of the testing on eggs and larvae, the
testing will be done during the fall months when eggs and larvae are at the lowest
abundances of the year. Also, any additional mortality due to the testing would represent
a very small additional source of mortality to larval populations that span across large
areas of the coastline and have natural mortality rates that exceed 99 percent.
Comment: The commercial catch summary does not include salmon.
Response: Rather than using the catch block data, data on salmon landings in San Luis
Obispo County were retrieved from the Pacific States Marine Fisheries Commission
PacFIN database (www.pacfin.org) for the previous 10 years which showed landings
from every year except 2008 and 2009 (Table A1-1). The largest landings occurred in
2005 (Figure A1-1). The average landings over the prior 10 years adjusted to 2011
dollars was $238,470.
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Table A1-1. Chinook salmon landings in SLO County by year. Data from PSMFC/PacFIN 2011.
(Data from http://pacfin.psmfc.org/pacfin_pub/all_species_pub/woc_cw_cnty_csv.php queried on
November 7, 2011). Includes all catch blocks, not just those in the survey area.

Year
2011
2010
2009
2008
2007
2006
2005
2004
2003
2002
Average
excluding '08-'10

Round
Weight
(lbs)
13,235
161
17,257
12,814
188,589
73,479
27,249
150,630

Revenue in
Dollars
Unadjusted
$85,076
$925
$0
$0
$85,878
$71,193
$608,284
$251,397
$71,039
$251,998

69,036

$203,552

Revenue in
2011 Dollars Price ($)/lb
$85,076
$6.43
$961
$5.75
$0
$0
$93,878
$4.98
$79,959
$5.56
$705,323
$3.23
$301,264
$3.42
$87,469
$2.61
$316,323
$1.67
$238,470

$3.98

Price ($)/lb
(2011 CPI
adjusted)
$6.43
$5.97

$5.44
$6.24
$3.74
$4.10
$3.21
$2.10

# of
Trips
152
6
0
0
110
141
420
268
113
428

$4.47

233

# of Vessel
Identifiers
31
4
0
0
40
52
72
60
28
67
50
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Revenue (in 2011 dollars) for Chinook salmon
landed in San Luis Obispo County
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Figure A1-1. Chinook salmon landings ex-vessel revenue in 2011 dollars for SLO County by year.
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Addendum 2
Summary of Catch Data from CDFG Fish Block 1036
Introduction
At a public meeting convened by PG&E with representatives of the fishing community on
November 2, 2011 at Port San Luis, California, there was a request to include data from Fish
Block 1036 in summarizing catch from the area. This is a large reporting block that extends from
just north of Point Conception north to Pt. Piedras Blancas, and from shore out into deepwater. It
is usually used for reporting catches using gear that may extend over several fish blocks, such as
drift gill nets, or catches offshore from the smaller fish blocks (Figure A2-1). The data for the
block included a broad range of species including species from the shallow nearshore, such as
cabezon, as well as species that were likely caught offshore in deep water, such as swordfish and
bluefin tuna. This made it impossible to limit the data included in the summary based on species.
All of the data from the block that were recorded as being landed in the four local ports of San
Simeon, Morro Bay, Port San Luis / Avila Beach, and Oceano were included in the analyses.

Data Summary
Summary statistics were calculated for total catch of fishes and invertebrates from the CDFG
catch block data for the years from 2006–2010 for Block 1036 (refer to Figure A2-1). Summary
statistics were calculated for the total catch including invertebrates, as well for just fishes, which
should be more susceptible to acoustic energy due to sensitive anatomical features in fishes for
hearing and balance. Summaries of fish and invertebrates by species were also calculated.
Total Catch by Year
Table A2-1 totals the value and weight across Block 1036 for individual years. Total catch
includes both invertebrates and fishes.
Table A2-1. Total value and weight of total catch (fishes and invertebrates)
and total fishes by year from CDFG catch block 1036 data.

Year
2006
2007
2008
2009
2010

Total Catch
Pounds
Value
146,555
366,828
196,556
406,265
188,663
403,192
286,753
510,932
308,227
688,563

Fish Only
Pounds
Value
132,317
332,919
192,255
396,080
177,122
381,652
283,982
506,698
307,439
687,267
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Block 1036

Figure A2-1. Map showing location and boundaries of CDFG Fish Block 1036.
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Catch by Month and Year
The following table presents the value and weight from Block 1036 by month for each of the
years from 2006–2010 with the total by month and average across the 5 years. Total catch
includes both invertebrates and fishes. A summary is also presented for fishes only.
Table A2-2. Value and weight of total catch (fishes and invertebrates) and total fishes by month
for 2006–2010 with the total by month and average across the 5 years from CDFG Block 1036.
2006

2007

2008

2009

Month Pounds Value Pounds Value Pounds Value Pounds

2010

Total

Average

Value Pounds

Value Pounds

Value Pounds Value

33,496

6,108

18,270

34,047 110,878

6,809 22,176

15,981

Total Catch
1

3,955 24,633

2,860 14,685

2

5,217 28,382

3,884 15,771 12,353 36,767

3

2,514

5,981 12,210 15,413

9,101 12,518

8,815

9,940

15,907

40,208 112,808

8,042 22,562

3,510

6,487 19,847

38,669

47,182

79,068

9,436 15,814

91,019 14,091 18,204

4

22,257 25,904

923 13,747 17,362 19,875

23,756 14,396

23,075

70,455

5

24,697 46,702

3,623 17,369 20,112 50,071 23,193

37,401 25,990

46,939

97,615 198,482 19,523 39,696

6

8,577 24,861

4,849 27,269 18,175 35,483 24,442

28,980 32,360

63,518

88,403 180,111 17,681 36,022

7

5,167

7,067 18,985 24,455 47,663

20,994 49,578 116,469

96,210 214,079 19,242 42,816

8

9,561 28,487

9

9,969

181

7,534 19,794 13,589

9,942

8,127 27,355 20,466 44,638 28,450

44,289 34,584

81,755 101,188 226,525 20,238 45,305

6,241 20,649 18,817 49,913 14,475 34,750 75,272 141,671 46,601

97,595 161,405 344,577 32,281 68,915

10

21,052 52,545 50,428 87,018 27,839 63,140 32,986

62,176 21,073

11

33,302 84,514 51,113 84,731 13,380 21,734 19,558

37,372 42,513 116,851 159,865 345,202 31,973 69,040

12

48,102 153,377 312,980 30,675 62,596

4,015 14,202 33,397 46,835

7,026 19,271 27,123

58,329

5,239

21,413

76,799 160,050 15,360 32,010

1

3,662 23,950

2,395 13,039

7,394 19,513 13,524

33,429

6,097

18,193

33,071 108,124

6,614 21,625

2

4,293 26,744

3,784 15,471 10,110 29,021

15,940

9,872

15,848

36,835 103,023

7,367 20,605

3,510

6,487 19,739

38,527

39,931

65,297

7,986 13,059

83,735 13,306 16,747

Fish Only

3

229

386 11,145 12,444

7,454

4

20,074 21,587

0 12,203 15,351 19,875

23,756 14,378

23,041

66,530

5

19,109 34,098

3,623 17,369 18,110 45,451 23,093

37,268 25,852

46,790

89,787 180,975 17,957 36,195

6

7,740 22,849

4,695 26,499 17,772 35,062 24,442

28,980 32,205

63,276

86,854 176,667 17,371 35,333

7

5,102

7,067 18,985 23,523 46,725

20,994 49,496 116,416

95,101 212,991 19,020 42,598

8

9,388 27,540

43,686 34,569

99,904 223,945 19,981 44,789

9

6,161 20,169 17,617 48,023 14,327 34,615 74,668 140,802 46,485

9,872

0

5,308

8,776

9,912

7,650 26,640 20,244 44,385 28,052

81,692

97,213 159,259 340,822 31,852 68,164

10

20,841 51,282 50,428 87,018 27,765 63,070 32,506

61,392 20,994

11

32,612 82,789 50,464 83,758 13,380 21,734 19,549

37,372 42,513 116,851 158,518 342,504 31,704 68,501

12

3,105 11,656 33,387 46,835

6,986 19,271 26,075

56,592

5,239

48,006 152,534 310,767 30,507 62,153
21,413

74,792 155,767 14,958 31,153
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Total Catch by Species
The following table presents the total value and weight for fishes and invertebrates from Block
1036 for the years from 2006–2010 for the species comprising up to 99 percent of the total value.
Table A2-3. Total value and weight for fishes comprising up to 99 percent of the total
value from CDFG catch block 1036 for the years from 2006–2010.

Species
Sablefish
Total Rockfish
Swordfish
Halibut, California
Cabezon
Hagfishes
Seabass, white
Tuna, albacore
Sole, petrale
Lingcod
Salmon, Chinook
Shark, thresher
Thornyhead, shortspine
Greenling, kelp
Shark, shortfin mako
Opah
Sole, unspecified
Sole, sand
Flounder, starry
Louvar
36 Others
Totals

Pounds Value ($)
455,854 828,657
156,391 405,060
93,608 296,601
46,622 220,514
20,280 131,186
139,382 119,631
20,659
71,421
31,225
43,530
29,134
39,223
14,079
29,903
4,417
28,172
15,218
15,272
8,860
12,444
1,268
9,709
8,436
8,768
8,336
5,663
2,982
4,709
3,300
4,651
2,540
3,891
804
3,536
29,720
22,075
1,093,114 2,304,616

Percent
Cumulative Cumulative
by
Percent
Percent
Percent
Weight by Value
Weight
Value
41.70
35.96
41.70
35.96
14.31
17.58
56.01
53.53
8.56
12.87
64.57
66.40
4.27
9.57
68.84
75.97
1.86
5.69
70.69
81.66
12.75
5.19
83.44
86.85
1.89
3.10
85.33
89.95
2.86
1.89
88.19
91.84
2.67
1.70
90.86
93.54
1.29
1.30
92.14
94.84
0.40
1.22
92.55
96.06
1.39
0.66
93.94
96.73
0.81
0.54
94.75
97.27
0.12
0.42
94.87
97.69
0.77
0.38
95.64
98.07
0.76
0.25
96.40
98.31
0.27
0.20
96.67
98.52
0.30
0.20
96.98
98.72
0.23
0.17
97.21
98.89
0.07
0.15
97.28
99.04
2.72
0.96
100.00
100.00

ESLO2011-031.6 Rev. 11/29/2011
Pacific Gas and Electric  3-D Offshore Survey

4

Addendum 2 – November 29, 2011

Table A2-4. Total value and weight for invertebrates comprising up to 99 percent of the total
value from CDFG catch block 1036 for the years from 2006–2010.

Species
Crab, red rock
Crab, yellow rock
Crab, brown rock
Octopus, unspecified
Whelk, Kellet's
Sea cucumber, warty
Crab, Dungeness
Crab, rock unspecified
Crab, spider
Crab, tanner
Prawn, ridgeback
Prawn, spot
Total

Pounds Value ($)
4,905
4,502
87
162
447
674
0
1
137
96
233
139
47,880
17,384
11,896
8,976
44
46
15
30
1,581
988
3,939
642
71,164

Percent
Cumulative Cumulative
by
Percent
Percent
Percent
Weight by Value
Weight
Value
6.89
13.38
6.89
13.38
0.12
0.48
7.01
13.87
0.63
2.00
7.64
15.87
0.00
0.00
7.64
15.87
0.19
0.28
7.84
16.16
0.33
0.41
8.16
16.57
67.28
51.68
75.44
68.25
16.72
26.68
92.16
94.93
0.06
0.14
92.22
95.07
0.02
0.09
92.24
95.16
2.22
2.94
94.46
98.09
5.54
1.91
100.00
100.00

33,640
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Summary
The data from Block 1036 were combined with the data from the smaller catch blocks within the
seismic testing area to provide the total catch potentially affected by the testing. The monthly
averages shown in Table A2-5 do not include data on salmon since the only catch for salmon
was recorded in 2006 and 2007.
Table A2-5. Monthly average value and weight of total catch (fishes and invertebrates) for
2006–2010 from CDFG catch data from blocks 601, 602, 603, 607, 608, 609, 610, 614,
615, 616, 617, 622, 623, 624, 625, 632, 633, and 1036. Catch data for salmon were
excluded from the calculations of the monthly averages since the only landings occurred
during 2 of the 5 years.

Month
Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec
Total

Average
Average
Monthly Catch Monthly Catch
by Weight (lbs) by Value ($)
55,672
123,541
62,782
145,615
47,874
69,845
39,656
63,954
80,412
188,891
86,753
192,071
67,070
176,796
90,689
201,420
134,315
253,921
110,558
210,182
168,928
236,299
62,356
130,636
1,007,065

1,993,171

ESLO2011-031.6 Rev. 11/29/2011
Pacific Gas and Electric  3-D Offshore Survey

6

Appendix A

Appendix A. Compiled air gun long-range experimental observations and effects upon catch rates of fish, mollusks including squid, and
crustaceans. (Table 1 in Hirst and Rodhouse 2000).
Source level (dB re
1Pa)@1m
Species
Gadus morhua (Atlantic
Cod)

Melanogrammus
aeglefinus (Haddock)

Survey description and
water depth

(dB re 1Pa)@limit of
effect

Distance from source to
which effect occurred
(km)

CPUE reduction as %
of pre-shoot catch
period reduction lasted
(post-shooting)

Fishing type

Source

Continuous array survey
over 5 days, 3x10 nm
area covered
Water depth = 250–
280 m

250dB re 1Pa@1m
<160dB re 1Pa@ fish
location1

>333

Catch reduction 46–69%2
Lasting at least 5 days

Trawl

Engås et al., 1993

As above

250 dB re 1Pa@1m
160–165dB re 1Pa@
fish location1

Between 17 and 33

Catch reduction 17–45%3
Lasting at least 5 days

Long-lining

As above

>154

Catch reduction 55–79%
Lasting at least 24 hours5

Long-lining

Løkkeborg and Soldal,
1993

>9

Catch reduction 79%
Period of effect not
determined

By-catch in shrimp
Trawl

Løkkeborg and Soldal,
1993

Intermittent sleeve gun
array survey 40 hrs over
10 days, 2.25x2.25 nm
area covered
Water depth not given
Continuous sleeve gun
array survey, survey
length not given
Water depth = 200–
300 m
Continuous sleeve gun
array survey, survey
length not given
Water depth = 200–
300 m
Continuous sleeve gun
array survey over 9 hrs
on 2 days, 98 km covered
Water depth = 150–
250 m
Continuous array survey
over 5 days, 3x10 nm
area covered
Water depth = 250–
280 m

254dB re 1Pa@1m6
<175dB re 1Pa@fish
location1

>9

Catch reduced by 83%
Lasting ~24 hours

By-catch in shrimp
Trawl

Løkkeborg and Soldal,
1993

258dB re 1Pa@1m6

„Within surveyed area‟

Catch increased by
~525%
Lasting ~12 hours

By-catch in saithe Trawl

Løkkeborg and Soldal,
1993

250dB re 1Pa@1m
<160dB re 1Pa@fish
location1

>333

Catch reduction 70–72%1
Lasting at least 5 days

Trawl

Engås et al., 1993

As above

250dB re 1Pa@1m
<160dB re 1Pa@fish
location1

>333

Catch reduction 49–73%3
Lasting at least 5 days

Long-lining

As above
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Appendix A (continued). Compiled air gun long-range experimental observations and effects upon catch rates of fish, mollusks including squid,
and crustacea. (Table 1 in Hirst and Rodhouse 2000).
Source level (dB re
1Pa)@1m
Species

Survey description and
water depth

(dB re 1Pa)@limit of
effect

Distance from source to
which effect occurred
(km)

CPUE reduction as %
of pre-shoot catch
period reduction lasted
(post-shooting)

Fishing type

Source

Sebastes spp. (Rockfish)

Survey around rock
pinnacles(maximally 165
metres away) using a
single air gun during
3x20 minute long-line
soakperiods
Water depth = 82.3–
182.9 m

223 dB re 1Pa@1m
>186 dB re 1Pa@fish
location

Not determined

Catch reduction 52%
Effect period not
determined

Long-lining

Skalski et al., 1992

Merluccius merluccius
[large individuals >21
cm] (Hake)
Merluccius merluccius
[small individuals <21
cm] (Hake)
Illex coindetti (shortfinned squid)
Nephrops norvegicus
(Norway lobster)

6 profiles, 111.3 km fired
overall ~10–12 hours of
firing using air gun array
Water depth = 70–75 m

210dB re 1Pa@1m 7
149dBre 1Pa@fish
location1

Given width of study site
No effect at >1.15

No apparent catch
reduction 1 day after
prospecting

Trawl

La Bella et al., 1996

Squilla mantis (Mantis
shrimp)

6 profiles, 42.82 km fired
overall ~3.9–4.9 hours of
firing using air gun array
Water depth = 15 m

210dB re 1Pa@1m 7
147dBre 1Pa@fish
location1

Given width of study site
No effect at >1.35

No apparent catch
reduction 1 day after
prospecting

Gill nets

La Bella et al., 1996

Paphia aurea (Golden
carpet shell)
Anadara inaequivalvis
(ark shell) Bolinus
brandaris (murex)

6 profiles, 42.82 km fired
overall ~3.9–4.9 hours of
firing using air gun array
Water depth = 15 m

210dB re 1Pa@1m 7
147dBre 1Pa@fish
location1

Given width of study site
No effect at >1.35

No apparent catch
reduction 2 days after
prospecting

La Bella et al., 1996

1

Sound levels at which response elicited estimated by assuming spherical spreading (20 log10R) from source.
Estimated from Tables 1, 2, 5 and 6 in Appendix E in original study.
3
Effects measured to limit of measuring activity i.e. 33 km, effect probably extends beyond these limits therefore.
4
Distance to which effect measured being defined as the distance to which the catch rate/fleet (kg/fleet) would appear to be less than that before the air gun survey began (i.e. an
average of 2,500 kg/fleet). All data from the Frøyanes fleet as Frøde fleet did not fish prior to shooting.
5
Period of effect defined as period taken for catch rates to return to pre-shoot levels (i.e. 2,500 kg/fleet) for the Frøyanes fleet.
6
To allow estimation of the sound levels produced by air guns and air gun arrays, when these are not given, but volumes are, then an equation has been derived which allows
prediction from total gun volume. Air gun volume and zero to peak (z–p) sound levels in dB re 1µPa-m have been taken directly from Richardson et al.‟s (1996) compilation.
These levels have been converted to peak to peak (p–p) values by adding 6dB. A linear regression of sound level (dB re 1µPa-m) against log10 Total gun volume (V in litres)
giving the equation for conversion: dB re 1µPa-m = (14.86 log10V) + 229.71.
7
Intensity also quoted as 210 dB re 1µPa-m/Hz in the abstract of the source, these units would appear not to be in the correct form however, and have therefore been taken as
incorrect.
2
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