












7 

information needed to advise the National Marine Fisheries Service’s proposed rule guiding 
acoustic deterrent use. By providing insight into the effects of seal bomb use on cetacean 
species of concern, fisheries and regulatory agencies may be able to collaborate to avoid 
high impact times and locations while maintaining efficient fishing practices. 

Background 

National Marine Sanctuaries 

Located off the coast of southern and central California, the Channel Islands and Monterey 
Bay National Marine Sanctuaries are home to endangered species, vital marine habitats, 
and historically and culturally significant resources. It is the goal of NOAA’s Office of 
National Marine Sanctuaries (ONMS) to protect all resources found within sanctuary 
bounds. 

Channel Islands National Marine Sanctuary 

Established in 1980, the Channel Islands National Marine Sanctuary (CINMS) protects 1,470 
square miles of ocean surrounding the four Northern Channel Islands and Santa Barbara 
Island. CINMS boundaries extend from the mean high tide to six nautical miles offshore 
around each of the islands (National Marine Sanctuary Foundation, 2021). Located just 
below Point Conception in the Southern California Bight, CINMS is the confluence point of 
the colder California Current and the warmer California Countercurrent. The mixing of 
these two systems creates unique conditions in the Santa Barbara Channel. Wind patterns 
in the Channel drive upwelling and force cold, nutrient-rich water to the surface, which 
increases primary production. For this reason, the Channel is home to expansive forests of 
giant kelp (Macrocystis pyrifera), as well as eelgrass (Zostera) and surfgrass (Phyllospadix 
scouleri) (National Parks Service, 2017). These algal species provide a three-dimensional 
habitat structure for a variety of marine invertebrates, fish, and elasmobranchs. In addition 
to its ecological importance, CINMS also has a rich cultural history. The Channel Islands are 
a historically significant place for the Chumash Native Americans, who were the only native 
inhabitants of the islands. 

Monterey Bay National Marine Sanctuary 

Monterey Bay National Marine Sanctuary (MBNMS) extends from Cambria up to San 
Francisco, protecting nearly a quarter of California’s coast. The sanctuary extends from 
mean high tide to anywhere from 30 to 50 miles offshore, for a total of 6,094 square miles 
of protection. This sanctuary is home to a diverse ecosystem that supports 36 species of 
marine mammals, 180 species of shorebirds and seabirds, as well as diverse invertebrate 
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Hydrophone Locations within BIAs 

Figure 18: Hydrophone locations and 

Biologically Important Areas for blue 

whales, gray whales, humpback 

whales, and harbor porpoises along 

the California Coast in July. 

Figure 19: Hydrophone locations and 

Biologically Important Areas for blue 

whales, gray whales, humpback 

whales, and harbor porpoises along 

the California Coast in November. 
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Cetacean Distribution Maps 
During the summer, when fishing pressure is at its highest in Northern California and in 
some areas around CINMS, pressure either overlaps with or borders areas experiencing 
predicted high-density distributions of the Risso’s dolphin and four endangered cetaceans– 
the sperm whale, northern right whale, blue whale, and fin whale (Figures 21, 22, 23, 24). 
During November, when fishing pressure is the highest in Southern California, the Risso’s 
dolphin, endangered fin whale, and blue whale all overlap with high squid fishing pressure 
(Figures 20, 23, 24). 

Figure 20A. Modeled 

fishing pressure (MaxEnt 
probability surface  >.5) 
and the area of the 

predicted top quartile of 
mean density 

(animals-km2) of Risso's 

dolphins in July. 

Figure 20B. Modeled 

fishing pressure (MaxEnt 
probability surface  >.5) 
and the area of the 

predicted top quartile of 
mean density 

(animals-km2) of Risso's 

dolphins in November. 
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Figure 21A. Modeled 

fishing pressure (MaxEnt 
probability surface  >.5) 
and the area of the 

predicted top quartile of 
mean density 

(animals-km2) of sperm 

whales in July. 

Figure 21B. Modeled 

fishing pressure (MaxEnt 
probability surface  >.5) 
and the area of the 

predicted top quartile of 
mean density 

(animals-km2) of sperm 

whales in November. 
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Figure 22A. Modeled 

fishing pressure (MaxEnt 
probability surface  >.5) 
and the area of the 

predicted top quartile of 
mean density 

(animals-km2) of northern 

right whales in July. 

Figure 22B. Modeled 

fishing pressure (MaxEnt 
probability surface  >.5) 
and the area of the 

predicted top quartile of 
mean density 

(animals-km2) of northern 

right whales in November. 
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Figure 23A. Modeled 

fishing pressure (MaxEnt 
probability surface  >.5) 
and the area of the 

predicted top quartile of 
mean density 

(animals-km2) of blue 

whales in July. 

Figure 23B. Modeled 

fishing pressure 

(MaxEnt probability 

surface  >.5) and the 

area of the predicted 

top quartile of mean 

density (animals-km2) 
of blue whales in 

November. 
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Figure 24A. Modeled fishing 

pressure (MaxEnt probability 

surface  >.5) and the area of 
the predicted top quartile of 
mean density (animals-km2) 
of fin whales in July. 

Figure 24B. Modeled fishing 

pressure (MaxEnt probability 

surface  >.5) and the area of 
the predicted top quartile of 
mean density (animals-km2) 
of fin whales in November. 
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Discussion 

Conversations with Squid Fishermen 

To better understand the complexities of the CA market squid fishing industry, squid 
distribution, and the perception of seal bomb use, we reached out to two separate 
commercial fishermen for comment. The Ventura Harbor Marine and Commercial Fisheries 
Manager graciously put us in contact with someone directly involved with the squid fishing 
industry for our first conversation. Based out of Ventura and Monterey harbors, this 
fisherman was delighted to speak with students conducting research around an industry 
that his family has been working in for generations. 

There were many takeaways from this discussion, some of which were unbeknownst to us 
despite extensive literature review. Most notable is that squid fishing now occurs all hours 
of the day, differing from the industry’s historic night-only fishing operations. This is likely 
due to an increase in industry competition and aggressive fishing tactics, as squid fishing 
vessels are now traveling from Alaska and Baja California to fish in California waters. This 
squid fisherman also claimed that fishing operations seem to be more aggressive in 
Monterey than in the Channel Islands region. This is most likely due to the geographical 
size of Monterey Bay in comparison to the Santa Barbara Channel where squid fishers are 
concentrated inside of the bay, and further supports our results of higher fishing pressure 
occurring in Monterey during the summer months (May-August), compared to the Channel 
Islands. Lastly, this squid fisherman had very strong opinions on the use of seal bombs. He 
stated that his fleet only use seal bombs as a method of pinniped deterrence, however, the 
pinnipeds often hear seal bombs as “dinner bells” and rather than be deterred by the 
devices, they are attracted to the sound. This raises the question, why keep using seal 
bombs if they are having the opposite effect desired? He stated that he and his crew would 
prefer to not use seal bombs, as they are very expensive, sometimes running as much as 
$500 per case. Unfortunately, he noted that seal bombs are essential to squid fishing 
operations due to the extreme nuisance of pinniped interference and he does not foresee 
their use halting anytime soon. 

The second squid fisherman we had the pleasure of speaking with owns a squid fishing 
vessel as well as a recreational fishing boat in the Channel Islands (Oxnard) harbor. He was 
happy to speak with us about our research surrounding the CA market squid industry and 
our conversation with him provided many key takeaways, although differing from the 
insights provided by the first fisherman we spoke to. A positive piece of information he 
provided is that he believes there is a significant amount of squid spawning occurring 
within marine reserve boundaries, suggesting the efficacy of the CA marine reserve 
network. Interestingly, it was noted by this fisherman that seal bombs are essential to the 
CA market squid industry as a method to steer squid into their purse seine nets. In this 
case, seal bombs potentially increase fishing efficiency because when they are used as a 
steering mechanism, their nets are in the water for a shorter period of time. This allows 
fishers to use less fuel and reduce their potential bycatch impact on non-target species. 
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Lastly, this fisherman had an interesting opinion on seal bombs, stating he believed they 
should be rebranded as “squid bombs,” because his crew doesn’t necessarily use them as 
pinniped deterrents at all. He believes that a name change would reduce the negative 
connotation associated with acoustic deterrent use. 

The anecdotal information we have gathered from people working in the squid fishing 
industry serves to bolster the need for our analysis, the utility of our findings, and the 
discussion surrounding the implications of our results found below. 

Implications of Results 

Spatiotemporal Squid Dynamics 

It is important to note discrepancies with location and time when drawing conclusions 
about changes in seal bomb use. Previous research from Krumpel et al. (2021) provides 
valuable insight when compared with our research. Results from that study show that seal 
bomb occurrence was much higher in Southern California than occurrence recorded in 
northern parts of the state. This is likely compounded by less recording effort in Monterey 
Bay and greater numbers of active hydrophones in Southern California. 

Generally, Northern California experiences higher fishing pressure in the summer months, 
and Southern California experiences higher fishing pressure in the winter months. This 
generalization lines up with the information we gathered from squid fishermen, as the 
squid population and resulting fishing pressure shift further south in the colder months 
and further north in the warmer months. Additionally, during El Niño years, the 
survivorship of squid massively decreases due to above-average surface and subsurface 
water temperatures. According to accounts from the fishermen, squid are often starved 
and anemic during El Niño years with a noticeable decline in body mass. This account of 
negative impacts on squid from El Niño effects is reflected in the total catch across the 
entire California market squid fishery, which tends to exhibit a sharp decline in post-El Niño 
years (Figure 25). 
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Figure 25. Time series of the total catch (lbs) of market squid across all fishing blocks (2005 - 2018). 
Total catch exhibits a slight lag effect with a sharp decline in post-El Niño (ENSO) years. 

A persistent and widespread marine heatwave (warm water “blob”) was experienced 
throughout the California Current system between 2015 and 2017. This warm anomaly is 
evident in elevated sea levels (Figure 26). This event had large implications for squid 
distribution and abundance, with large die-off events and reduced spawning occurring 
throughout northern and southern California (CWPA 2020). During this El Niño event, the 
survivorship of squid may have been higher in the Channel Islands region compared to 
Monterey due to the warmer sea surface temperature experienced at northern latitudes. 
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Figure 26. Hovmoller plot showing changes in sea level along satellite radar altimeter ground tracks 
in the California Current region between 2010 and 2020. Red colors indicate positive sea level 
anomalies caused by anomalously warm conditions. Credit: John Ryan, Monterey Bay Aquarium 
Research Institute. 

Seasonal trends from CDFW ticket landing data show squid catch is highest in the fall and 
winter with peaks in October and November. Smaller but notable peaks occur in the 
summer months through June and July. This trend is echoed through the VIIRS vessel 
detection data. Vessel detections peak in November and December, with smaller but 
significant peaks in June and July. These results agree with prior knowledge of high fishing 
pressure in Southern California during the winter months and in Northern California during 
the summer months. 

While these two datasets show agreement in overall seasonal trends, analysis from the 
Bland Altman statistical test shows that VIIRS vessel detections severely underpredict 
fishing pressure, and likely seal bomb activity as well. This is expected, since the Joint Polar 
Satellite System (JPSS) spacecraft, which includes the Suomi National Polar-orbiting 
Partnership (S-NPP) and houses the VIIRS instrument, passes over twice daily and 
observations are taken from just one of those times; between 8:00 AM and 11:00 AM. The 
Global Fishing Watch processing selects a single flyover to account for seal bombs, only 
capturing a small portion of the fishing activity occurring over the course of the entire day. 
Similarly, cloud cover may also mask some fishing activity. Coastal California and the 
Channel Islands are often covered in dense fog in the mornings, which may interfere with 
the morning satellite pass over time. With these two limitations in mind, it is then 
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understandable that VIIRS, while preserving spatial accuracy, underestimates the 
magnitude of squid fishing activity along the California coast. 

In contrast, CDFW ticket and landing data more accurately illustrate the magnitude of squid 
fishing effort in our study area, however, these data have a much coarser spatial 
resolution. Because fishing blocks are inherently much larger, reported landings give only a 
rough idea of fishing activity location. Additionally, fishers typically will not disclose 
locational information or identify landing blocks with complete accuracy to prevent further 
competition in the industry. When considering which dataset is “better” for analyzing 
fishing pressure in relation to seal bomb use, it is important to note that neither dataset 
can be used as a perfect one-to-one correlation. Results from regression analysis of seal 
bombs with both fishing pressure datasets show that CDFW has a stronger relationship 
with seal bomb use, while VIIRS data has an understandably lower correlation. This tells us 
that while patterns of fishing pressure are useful to expand analysis, roughly, there is no 
substitute for more comprehensive hydrophone data when tracking seal bomb use 
geographically and temporally. 

Spatiotemporal Seal Bomb Dynamics 

With seal bomb detection data from the MARS hydrophone in Monterey Bay and the 
CINMS B HARP hydrophone in Southern California (both extending from 2015 to 2021), 
there is an interesting comparison to be made between the two long term datasets in static 
locations (Figure 27). This longer-term view also supports the consideration of additional 
influences on seal bomb use. 

Figure 27. Comparison of seal bomb detections over time between the MARS hydrophone in 
Monterey Bay, and the CINMS-B hydrophone in the Santa Barbara Channel (2015 - 2020). 
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For exam
ple, beyond the typical sum

m
er peak in seal bom

b detections in the M
onterey Bay 

region, an exceptionally high num
ber of explosions w

ere detected during July 2020 (Figure
 

28), w
hen the CO

VID
-19 pandem

ic w
as strongly influencing hum

an activities including trade
 

and eco-tourism
. The possibility of elevated seal bom

b use during this early period of 
CO

VID
 im

pact w
as raised by both N

O
AA researchers and private and non-profit 

organizations during 2020. These longer records of observations perm
it exam

ination of the
 

potential dim
ension of pandem

ic influences on hum
an behavior. 

Figure 28. G
oogle AI detections of seal bom

b detonations at M
ARS in M

onterey Bay N
ational M

arine
 

Sanctuary from
 2015 - 2021. Credit: John Ryan, M

onterey Bay Aquarium
 Research Institute. 

In addition to com
paring the tw

o N
ational M

arine Sanctuaries, our analysis of the 2018 -
2020 period w

hen SanctSound hydrophones becam
e active revealed areas of high seal 

bom
b use w

ithin each individual sanctuary. 

In M
BN

M
S, M

ay 2020 experienced the peak of 1,573 seal bom
b detections at hydrophone

 
M

B-01, located in the center of M
onterey Bay. Sim

ilarly, in July 2020 there w
as a peak of 

over 2,000 seal bom
b detections from

 the M
ARS hydrophone just outside of M

onterey Bay. 
These recordings are in close spatial and tem

poral proxim
ity to each other and are

 
significantly higher than the 100-500 range that is com

m
only recorded for m

ost of the year 
and across the other M

BN
M

S hydrophones. These results corroborate our findings from
 

the M
axEnt m

odel and the assessm
ent of VIIRS and CD

FW
 ticket landing data, w

hich
 

indicate that fishing pressure and seal bom
b use are higher in northern California in the

 
sum

m
er m

onths. These results also indicate m
uch higher seal bom

b use in M
BN

M
S w

hen
 

com
pared to the CIN

M
S hydrophones in the sam

e tim
e period. For exam

ple, even M
B-02, 

w
hich typically experiences low

er than average detections for M
BN

M
S, show

ed seal bom
b

 
detections in the m

id 200s, w
hich is a high value relative to m

ost CIN
M

S hydrophones. 
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Our result of southern California experiencing higher fishing pressure and predicted seal 
bomb use in the winter months was confirmed through analysis of the CINMS hydrophone 
data. While there was one occurrence of high seal bomb use in July 2020 at the CINMS C 
HARP hydrophone, our records show that use was predominantly higher in the winter 
months during the 2018 - 2020 period. During this time frame, there were two notable 
peaks of seal bomb detections at the CINMS C HARP hydrophone and the CI-03 SanctSound 
hydrophone. The peak number of seal bomb detections in CINMS was far smaller than in 
MBNMS despite there being a higher “listening effort”, with more active hydrophones in 
and around the Santa Barbara Channel. These findings agree with our assessment of 
southern California experiencing higher fishing pressure and seal bomb use in the winter 
months; however, it also indicates that seal bomb use is comparatively much lower in 
CINMS than MBNMS at these specific locations. Generally, the number of detections for 
CINMS hydrophones was often below 100 and rarely exceeded 200 seal bomb detections 
per month, which is much lower than the MBNMS hydrophones which often record 
thousands of seal bomb detections. In addition, peak seal bomb use was much lower in 
CINMS than in MBNMS. For example, 329 seal bombs were detected at NRS-05, on the 
backside of Santa Cruz Island, in November 2018. Similarly, in December of 2019, there 
were 346 seal bombs detected at CI-03, near Santa Barbara Island. 

An interesting case at Santa Barbara Island (CI-03 hydrophone) illustrates a discrepancy 
between fishing pressure and seal bomb detections. From 2019-2020, over 250 seal bombs 
were detected at this hydrophone, however, there are no VIIRS vessel detections around 
the island within that date range or historic CDFW landing receipts in the surrounding 
fishing blocks. This indicates that there may be a possibility of discrepancies in squid catch 
locational reporting, or that seal bombs are being used outside of the CA market squid 
fishery. From our discussions with local squid fishermen, seal bombs are not commonly 
used in other fisheries except the sardine fishery. However, it is possible that some seal 
bomb detonations recorded at Santa Barbara Island can be attributed to Commercial 
Passenger Fishing Vessels that take recreational fishers to the islands and are known to 
occasionally use seal bombs. Our conversation with fishermen also informed us that squid 
are not commonly found around Santa Barbara Island, due to the surrounding rocky 
substrate not providing the conditions needed for squid spawning. Another possible 
explanation may be that the detections occurring around Santa Barbara Island are a result 
of ocean conditions and seafloor bathymetry, allowing for seal bombs used around the 
northern Channel Islands to be heard all the way from the hydrophone located on the 
north side of Santa Barbara Island. Further analysis using a propagation model and a 
comparison with NRS-05, the hydrophone located on the backside of Santa Cruz Island, 
would help to clarify this issue. 

Cetacean Impact 

This study did not address direct physical damage to marine mammals as a result of seal 
bomb detonations. While there is some important preliminary research suggesting impact 
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from seal bombs and other impulsive acoustic sounds, there is little research describing 
the proximity and physical damage to marine mammals from seal bomb detonations 
specifically. Research identifying acoustic impact to high, low, and medium frequency 
cetaceans indicates that impulsive sounds can cause damage to the inner ear, known as 
either Permanent Threshold Shifts (PTS) and Temporary Threshold Shifts (TTS) depending 
on the severity of the damage (NMFS 2018). Future studies across specific species will be 
important in understanding if and at what distance seal bomb detonations are causing PTS 
or TTS, and whether this impact constitutes a violation of the Marine Mammal Protection 
Act. Our results focus on behavioral shifts including avoidance as assessing physical harm 
as described through PTS and TTS is outside of the scope of this study. 

Impacts from acoustic pressure can likely cause displacement of cetaceans (Simonis et al. 
2020). Those that are displaced from their “primary habitat” may experience decreased 
foraging success and survival. According to Simonis et al. (2020), harbor porpoise 
populations may be negatively affected by seal bomb detonations. Expanding from these 
observations, when cetaceans’ primary habitat is in close proximity to or overlapping with 
seal bomb detonations it is likely that they will exhibit some avoidance behavior. When 
considering implications to cetacean species, it is noted that there may also be some 
positive benefits of avoidance behavior. Because seal bombs are generally used within 
depths of 100 meters, cetaceans may be deterred out of shallow water environments. 

These considerations, in the context of our MaxEnt results which predict areas of high 
squid fishing activity, illustrate the potential for cetaceans to be impacted by acoustic 
detonations beyond biologically important areas that directly overlap or are in close 
proximity to areas of high fishing pressure. However, the question still remains as to 
exactly how sensitive are cetaceans to picking up seal bomb detonations compared to 
hydrophones or other acoustic data collection technology. 

When southern California fishing pressure is highest in November - January, we see 
surprisingly little conflict with cetacean presence with our analytical approach. The only 
observable BIA overlap during this time of year occurs with the gray whale when the 
species are migrating south through the Channel Islands. However, the cetacean 
distribution maps using data from Becker et al. (2020) reveal that there is also a high 
overlap with the Risso’s dolphin and the endangered fin whale. Conversely, when northern 
California fishing pressure is highest in the summer months, there is an overlap with all 
four target species’ BIAs (blue whale, gray whale, humpback whale, and harbor porpoise), 
indicating a high probability for acoustic impacts in this area and during this time. 
Additionally, there is a summer overlap with the Becker cetacean distribution maps for all 
four endangered whales (sperm whale, northern right whale, blue whale, and fin whale). 
Regardless of ESA classification, all marine mammals are protected under the MMPA, 
therefore this information poses the question of whether or not “take” is occurring with 
seal bomb use overlap and whether that take is legally allowed in sanctuary boundaries. 
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This further supports the need for our analysis and the review of the NMFS proposed rule 
on seal bomb use. 

The coast of southern California is an important feeding habitat for blue whales in October, 
according to the species distribution models used in this study. It is important to note here 
that other species distribution models indicate a high probability of blue whale presence 
around the Channel Islands during the summer and fall (Calambokidis et al. 2015). 
Similarly, hydrophone data from SanctSound regularly detects blue whales during the fall 
and summer as well. Concurrently, our analysis suggests October is the start of high squid 
fishing pressure around the Channel Islands, with noticeable peaks in fishing pressure and 
seal bomb use occurring in November. If the squid fishing season begins early or if 
changing environmental conditions cause squid populations to spawn earlier, there may be 
an increased acoustic impact on blue whales in the future. When assessing cetacean BIA 
“hotspots”, there are multiple locations where all four species are in close proximity to 
regions of high fishing pressure. There are additional regions where the blue whale and 
humpback whale also overlap with areas of high fishing pressure. 

Sanctuary Management 

Implications for Proposed Rule 

This analysis of the geographical overlap of seal bomb use, cetacean distribution, and their 
biologically important areas provides an opportunity to create recommendations that 
bolster the effectiveness of the NMFS proposed rule for safely deterring marine mammals. 
Currently, this federal guidance allows for the use of legal, non-lethal impulsive acoustic 
deterrent methods, therefore allowing the use of seal bombs. The proposed rule indicates 
that seal bomb users must visually assess the area surrounding their vessel beforehand to 
avoid potential impact to marine mammals and other non-target species. Additionally, the 
rule states that seal bomb use is restricted when visibility is less than 100 meters (e.g., at 
night or with thick fog). However, our findings indicate that seal bomb use may impact 
cetaceans within a much larger spatial radius than will likely be assessed by seal bomb 
users. Our findings also indicate that peak seal bomb use occurs at night and into the early 
morning which may violate the NMFS proposed rule restricting use to times with >100 
meters of visibility. It is unlikely that conducting a marine mammal visual assessment at 
night will be sufficient due to lack of sunlight. 

Under section 101(a)(4)(A), the MMPA currently allows the owner of fishing gear and catch 
to use measures that deter marine mammals from damaging fishing gear, catch, and 
personal property, as long as those measures do not result in death or serious injury of marine 
mammals. Our findings show the potential for direct and indirect impact to cetaceans in the 
areas that seal bomb use and cetacean presence overlap. In addition, sound propagation 
allows for extended overlap, as the anthropogenic sounds created by seal bombs have the 
ability to travel far distances underwater. This creates cause for concern, as this may 
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constitute “take” under the MMPA and the ESA. If seal bomb use is indeed causing serious 
injury to nearby pinnipeds through temporary and permanent auditory threshold shifts, 
the cumulative effects of seal bomb use may violate this section of the MMPA. However, 
section 101(a)(4)(B) of the MMPA provides fishers with protection from liability for “take” by 
specifying that any actions taken to deter marine mammals that are consistent with 
guidelines are not a violation of the MMPA. Proposed guidance and specific measures, 
however, are not mandatory. If death or serious injury to a marine mammal occurs from 
deterrent use, the protection of liability from this section would not apply and the “take” of 
the affected marine mammal would constitute a violation of the MMPA. 

With these regulations in place, it is essential that NOAA consider all potential violations of 
the MMPA, ESA, and the proposed rule for safely deterring marine mammals. The findings 
from this research project serve to highlight regions of central and southern California that 
experience overlap of high seal bomb use and cetacean presence, therefore, presenting 
potential areas that may experience “death or serious injury of marine mammals”. Further 
research is needed to adequately evaluate the direct impacts that seal bombs may pose to 
cetacean behavior and physiology, however, seal bomb use may still pose indirect threats 
to nearby cetaceans that ultimately lead to serious injury or death. With these factors in 
mind, the seal bomb “limitation zones” we have identified may stregthen the efficacy of the 
NMFS proposed rule if factored in and identified. 

In addition, our conversations with squid fishermen have brought to our attention the 
possibility for an alternate use of seal bomb acoustic deterrents. If “steering” squid is a 
trend across multiple squid fishing vessels and the unpermitted use of seal bombs is 
dominant to their permitted use, this may open up the possibility of new strategic 
management options. Clarifying the intention of seal bomb use may shift the focus of 
future research and the goals of marine sanctuary management to address how to steer 
California market squid in a less harmful manner. If seal bombs are predominantly being 
used as a steering mechanism, this raises a couple of questions. How does this change the 
legality of their use? How does this affect the relationship between impacts from use and 
potential “take” of marine mammals under the MMPA? Will this require seal bombs to be 
removed from the NMFS list of “acoustic deterrents”? 

Implications for Continued Monitoring 

While the SanctSound project ended in 2022, continued monitoring through passive 
acoustic listening stations will be an important component of ongoing ocean noise 
management within sanctuaries. Based on our analytical findings that suggest fishing 
pressure does not fully encompass seal bomb use, the best way to continue monitoring 
seal bombs is through hydrophone collected acoustic recordings. Analysis from MARS and 
CINMS B & C hydrophones show the value of long-term static listening station locations 
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which allow for comprehensive analysis through time. Additional locations that are 
important for passive acoustic monitoring would be sites to the south of Santa Cruz and 
Santa Rosa Islands near the current location of NRS-05. 

Assumptions and Limitations 

Detecting seal bombs from passive acoustic data is largely a subjective process that may 
include human error during the manual confirmation of seal bombs. Multiple people from 
different agencies worked to process the data used in this project, which introduces varying 
levels of error. 

MaxEnt is a powerful tool for predicting ranges based on environmental conditions, 
however, as with all models, it has limitations. Our analysis used presence-only data from 
VIIRS vessel detections. As discussed previously, this underrepresents fishing pressure, 
sometimes significantly, along the California coast. While MaxEnt is equipped to handle 
presence-only data and does not require absence data to run a successful model, it cannot 
fully reflect the extent of squid fishing effort. It is therefore important to acknowledge that 
the predicted “high probability of squid fishing” is likely conservative and spatially 
under-representative of actual fishing pressure. 

The Santa Barbara Channel and Monterey Bay are regions of extremely high biodiversity. 
Our analysis of cetacean overlap using Biologically Important Areas only considers four 
species in the west coast region due to data limitations. Therefore, this analysis is not 
comprehensive of all species present in areas of high fishing pressure, so some impacted 
species may be left out of this analysis. While the Becker models begin to address this data 
gap, the underlying assumptions between datasets make for an indirect comparison. 

When using the BIA and Becker species distribution datasets, there are some obvious 
discrepancies and loss of accuracy in data summarization. It is important to note that the 
distribution maps group June - early December under the “fall/summer” category, so 
specific monthly movements and less-used habitat are lost in summary. Additionally, the 
distribution maps are only displaying the probabilistic highest density of areas for each 
species, meaning that there are other areas of use not displayed within the maps. BIA 
migration patterns also do not guarantee presence at a specific time. This study can 
therefore only be applied to the population level, not individuals. 

Finally, some species may be more sensitive than others. For example, Risso's dolphins’ and 
toothed whales’ primary prey species are squid, making impact and proximity to seal 
bombs more likely for those species. Furthermore, our analysis does not account for 
differences in hearing between species. Krumpel et al. (2021) suggests that marine 
mammal size can also affect the acoustic impact experienced by an organism. 
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Considerations for Future Analysis 

We recommend future research be conducted to study how seal bombs impact Temporary 
and Permanent Threshold Shifts in cetaceans and pinnipeds and how they might change 
other important behaviors such as breeding, feeding, and migration. This may provide 
insight on the specific species that are most likely to be physically impacted by acoustic 
deterrent use. Additionally, further research on the physiological capabilities of cetaceans 
to hear underwater acoustic deterrents is needed. This could shed light on whether 
cetaceans or passive acoustic monitoring systems are better suited for hearing, or picking 
up, anthropogenic ocean noise. 

This study highlights the importance of passive acoustic monitoring systems using a broad 
geographic range. The difficulties matching temporal ranges of acoustic data across 
multiple regions also emphasizes the value of having static hydrophone locations through 
time. Understanding changes in the ocean soundscape is also best analyzed across a long 
time period to better understand long-term impacts. Therefore, we recommend that future 
data collection focuses on implementing a static and standardized deployment schedule. 

This project also highlights how regions with increased monitoring are critical for improving 
our understanding of anthropogenic impacts on marine soundscapes. The proposed 
Chumash Heritage National Marine Sanctuary in central California will be monumental for 
protecting many marine organisms and ecosystems that are at risk of being harmed by 
increased human activity and climate change. If created, the proposed sanctuary will bridge 
an important spatial data and physical gap between the Channel Islands and Monterey Bay 
National Marine Sanctuaries. Future research should prioritize sound monitoring within 
this area in order to connect the two sanctuaries’ monitoring efforts and provide robust 
recommendations for tri-sanctuary management. 

Recommendations 

Immediate Action 

We suggest establishing seasonal seal bomb limitation zones in hot spot areas of northern 
California in the summer to lessen the probability of cetacean impact. This could take many 
forms, including a ban on seal bomb use for specific areas, a limit on the number of seal 
bombs cases that a single vessel can purchase at one time, or a requirement for the usage 
of alternate types of pinniped deterrents. There is less urgency for establishing a southern 
California winter limitation zone; however, there is still a presence of endangered fin 
whales, Risso’s dolphins, and other marine mammals (Appendix H) that are likely to 
overlap with high squid fishing pressure. We suggest that these limitation zones be 
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embedded within NOAA’s proposed rule on pinniped deterrence as it undergoes further 
review. 

In addition, sound propagation expands acoustic overlap well beyond geographic overlap. 
In order to better understand the potential impacts from seal bomb use to cetaceans, this 
analysis could be further supported with sound propagation modeling. To factor in varying 
seafloor bathymetry and oceanographic conditions, we suggest NOAA creates a sound 
propagation model for each individual hydrophone location. 

Future Action 

As sea surface temperatures warm, both the squid spawning season and migration 
patterns of cetaceans are likely to shift. In addition, the CA sea lion population has 
increased in recent years. If the population continuously increases, this may lead to more 
seal bomb usage by the squid fishing industry in an attempt to keep up with the increasing 
pinniped population. This may cause more interactions between cetaceans, pinnipeds, and 
areas of high squid fishing pressure, resulting in a higher impact over time. 

We suggest further research be conducted on how future sea surface temperature, 
migration patterns, and population abundance may change over time to observe these 
potential impacts. Furthermore, we suggest incorporating other species distribution 
models predicting cetacean presence in and around high-impact areas to increase the 
accuracy of our predicted impact. This may result in changed or additional precautionary 
seal bomb limitation zones and periods. 

Conclusions 

Well-managed national marine sanctuaries can provide substantial benefits and play a key 
role in protecting threatened and endangered marine species. However, to be successful, 
they require the consideration of all potential impacts to coastal and marine resources, 
including anthropogenic noise. Analysis of marine soundscapes can help resource 
managers and government agencies like NOAA provide guidance on national marine 
sanctuary use that actively protects the migratory species that visit them and the sanctuary 
resources that are conserved within their boundaries. 

The results of the spatial and temporal analysis conducted in this report confirm that high 
fishing pressure and increased seal bomb use occurs during the fall and winter in the 
Channel Islands National Marine Sanctuary, while peak fishing pressure and seal bomb use 
occurs during the summer in the Monterey Bay National Marine Sanctuary. Additionally, 



60 

recorded seal bomb detections are noticeably higher in MBNMS than CINMS. Our research 
also found that fishing pressure cannot be used as a complete one-to-one proxy for seal 
bomb use. Satelite-derived detections of fishing activity severely underpredict seal bomb 
use and while CDFW recorded landings data provide a better proxy for seal bomb use, they 
cannot substitute the efficacy of using hydrophones for identifying seal bomb detections. 
Passive acoustic monitoring systems will provide the best tools for understanding the 
future temporal and spatial dynamics of seal bomb use, as well as predicting future impact 
on cetaceans. 

While this study does not definitively identify whether seal bomb acoustic deterrent use 
constitutes a violation of the MMPA, our results indicate that there is significant overlap 
and close proximity of cetaceans and seal bomb use in both MBNMS and CINMS. Our 
findings of seal bomb use near non-target species emphasize the need for further research 
on how seal bombs directly and indirectly impact cetaceans and pinnipeds. These nuances 
are complex and the species mentioned in this report will likely require more than the 
proposed guidance for long-term protection, however, creating a well-planned 
management strategy for marine mammal deterrent use is a meaningful starting point and 
could provide benefits to these irreplaceable species in the long term. 
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Appendix 

Appendix A. Sea surface temperature data processing in ArcGIS Pro Model Builder. 

Appendix B. Bathymetry Reclassification 
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Appendix C. Chlorophyll-a data processing in ArcGIS Pro Model Builder. 

Appendix D. MaxEnt output of probabilistic squid fishing pressure by month 
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Appendix E. Model Statistics from MaxEnt outputs 

Month AUC Presence points Omitted or Retained 

1 0.766 54 Retained 

2 0.660 32 Retained 

3 0.642 12 Omitted 

4 0.547 18 Omitted 

5 0.581 26 Omitted 

6 0.753 63 Retained 

7 0.712 53 Retained 

8 0.744 21 Omitted 

9 0.574 18 Omitted 

10 0.729 78 Retained 

11 0.828 105 Retained 

12 0.795 100 Retained 
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Appendix F. Raster calculator tool- Seasonal Fishing Pressure 

Appendix G. BIA overlap with binary reclassification of high fishing pressure 

January February 



Biologically Important Areas 

Blue "tale 

Gray whale 

Humpback whale 

Hamor porpoise 

Fishing Presson, 
■ High fishing pressure 

Biologically Important Areas 

Blue whale 

Gray whale 

Humpback \\1tale 

Hamor porpoise 

" ' 

t 

C tr 

fl' 

t 

• lo • 

Biologic~· Important Areas 

Blue \\tale 

Gray whale 

Hmnpback \\1tale 

Harbor porpoise 

Fishing Pressure 
■ High fishing pressure 

Biologic~· Important Areas 

Blue whale 

Gray \\tale 

Humpback "1tale 

Harbor porpoise 

Fishing Pressure 

■ High fishing pressure 

t 

"' 

.,, 

>' 

t 
l 

69 

March April 

May June 



Biologic~· Important Areas 

Blue "ilale 

Gray whale 

Humpback \\hale 

Harbor porpoise 

Fishing Pressure 

■ High fishing pressure 

.... 

Biologically Important Areas 

Blue whale 

Gray whale 

Hmnpback "ilale 

Harbor porpoise 

Fishing Presson, 

■ High fishing pressure 

.... 

u 

f 

t 
l 

" ' 

f 

t 
l 

,,, 

Blologlcally Important Areas 

Blue \\ilale 

Gray whale 

Humpback \\ilale 

Harbor porpoise 

Fishing Pressure 

■ High fishing pressure 

Biologic~- Important Areas 

Blue \\ilale 

Gray \\ilale 

Humpback\\ilale 

Harbor porpoise 

Fishing Pressure 

■ High fishing pressure 

.... 

f 

• 

'" 

-- "' ,._ 

" 

70 

July August 

September October 



                                                               

Important Areas 

Blue whale 

Gray whale 

,.i Humpback \\hale 

Harbor porpoise 

Fishing Pressure 

■ High fishing pressure 

To Quartilt of:\lnn Dtnsity(animals-km') 
StnpedDolphm 

FishingPttssure 
■ High fohing Pres~ure 

~ 

'- A· 

• 

Blologk~· Important Areas 

Blue \\hale 

Gray whale 

Humpback \\hale 

Harbor porpoise 

Fishing Pressure 

■ High fishing pressure 

~ Q111nu~ or;,, In■ l)rai;l1yt11oim111-k,m1) . ....,,,.,..,. 
f'hlll■ a:Pn'.ii\11n 

■ H,..,...,._ 

c,t 

~ 
~--- -

-- ,_,' 

71 

November December 

Appendix H. Becker population distribution models with binary reclassification of high fishing 

pressure 
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Appendix I. Maxent omission rate, areas under curve (AUC) and variable response curves 
July and November results are in the body of the report. March, April, May, August, and 

September were omitted based on model performance and lack of data. They are not 
shown here. 
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June 

Marginal Response Curves: One Variable Model Response Curves: 

October 

Marginal Response Curves: One Variable Model Response Curves: 
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December 

Marginal Response Curves: One Variable Model Response Curves: 

Appendix J.  Link to GitHub Repository 

All code for processing and analyzing the data outside of MaxEnt and ArcGIS maps can be 

found in the repository below. 

https://github.com/BrennieDev/sealbombsquad 

https://github.com/BrennieDev/sealbombsquad
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