
From: Erin Diehm <erindiehm@hotmail.com> 
Sent: Monday, May 19, 2025 3:22 PM 
To: McNulty, Liza 
Cc: BMASP 
Subject: EIR NOP Comments on Berkeley Water Transportation Pier Ferry 
Attachments: Ferry EIR NOP_EDiehm_FINAL.pdf; Soundscape_of_the_anthropocene_ocean 

copy.pdf 

 
WARNING: This is not a City of Berkeley email. Do not click links or attachments unless you trust the sender and 

know the content is safe.  
Dear Ms. McNulty, 
 
Thank you for taking my input on the NOP for the EIR of the Pier-Ferry Project. Attached are my 
written comments.  
 
I am also attaching the article about noise pollution in the ocean that you had asked me share 
at the May 5th Community Scoping meeting, conducted via zoom. 
 
In case there are any issues accessing the 2 attached documents, I have also pushed them to 
my google drive, where they should be downloadable. 
(https://drive.google.com/drive/folders/1ufP96m-
XxSnS2cBPn259guEOZzkT36JN?usp=drive_link) 
 
Please let me know if there are any questions or issues. 
 
Best regards, 
Erin 
 

https://drive.google.com/drive/folders/1ufP96m-XxSnS2cBPn259guEOZzkT36JN?usp=drive_link
https://drive.google.com/drive/folders/1ufP96m-XxSnS2cBPn259guEOZzkT36JN?usp=drive_link
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May 19, 2025 
 
FROM: Erin Diehm 
 2316 Jefferson Ave 
 Berkeley CA 94703 
 erindiehm@hotmail.com 
 
TO: Liza McNulty, PE, Project Manager 
 City of Berkeley Parks RecreaSon & Waterfront Department 
 2180 Milvia Street, 3rd Floor 
 Berkeley, CA 94704 
 lmcnulty@berkeleyca.gov 
 
RE: Public Input on NOP of Dra[ EIR for Berkeley Water TransportaSon Pier Ferry 
 
Dear Ms. McNulty 
 
Thank you for taking my input on the NOP for the EIR of the Pier-Ferry Project and Waterfront 
Specific Plan. I am a Berkeley resident wriSng as a private ciSzen, in my own capacity. I have 
followed the planning effort at the Berkeley Waterfront closely since January 2018, when the 
findings for replacing the Berkeley Pier were shared with the public at the regular monthly 
meeSng of the Parks and Waterfront Commission. 
 
This submission addresses the following topics: 
 

OVERVIEW 
ALTERNATIVES 
BASELINE 
PARKING DATA & LATENT DEMAND 
BIOLOGICAL RESOURCES during a GLOBAL BIODIVERSITY CRISIS 
SITE VISITS for BIOLOGICAL RESOURCES 
STUDY BOUNDARY AND DATA for BIOLOGICAL RESOURCES 
ROAD MORTALITIES: COLLISIONS KILL BIRDS, MONARCHs, and COUNTLESS OTHER SPECIES 
LIGHT POLLUTION 
NOISE POLLUTION 
SHIP STRIKES 
ENERGY EFFICIENCY and GREEN HOUSE GASES 
SHORELINE DISTURBANCE and TURBIDITY 

 
OVERVIEW 
 
At the highest level, and from the very beginning, I remain concerned about the bifurcaSon of 
the planning efforts of the Pier/Ferry and the Waterfront Specific Plan (WSP). This arSficial split 
has hindered the accurate assessment of the cumulaSve impacts of the ferry and potenSal 
development in other areas of the Waterfront/Marina area  – including recreaSonal access, the 
environment, local & migratory species, equity, public health, and more. 
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The bifurcaSon of the Pier-ferry project from the WSP is a kind of piecemealing which is not 
allowed under CEQA law. For example, and more recently, in their presentaSon to the Parks, 
RecreaSon and Waterfront Commission at their regular meeSng in May 2025, Berkeley Staff 
described how overflow parking for the ferry would now be designated for the Skates parking 
lot and along Marina Boulevard. These locaSons had been illustrated in earlier versions of the 
WSP as the potenSal locaSon of a new hotel &/or parking.  Thus, the ferry and WSP are 
bleeding into each other and are truly one single project, and should be evaluated as such. 
 
ALTERNATIVES 
 
Тo adhere to CEQA law, the EIR should address potenSally feasible alternaSves, that may be 
environmentally &/or economically superior, including, but not limited to: 

1. a pier-only/no-ferry op.on – at the loca.on of the currently closed pier. UnSl its 
closure, the pier (and associated fishing) offered important recreaSonal opportuniSes 
and food security for many (valued in the millions of dollars, as documented by C. 
AnSnori Ph.D., et al1) Separately, on January 10, 2018 the results of a cost analysis for 
replacing just the pier (no ferry) were shared with the public at the Parks & Waterfront 
Commission.2  Numerous scenarios were cost-esSmated. Four of them ("Replacements" 
P8, P9, P10 and P11) ranged in cost from $21-24M with an encouraging longevity of "55 
to 70" years.  In spite of the hopefulness of these findings, discussion of a pier-only 
replacement did not conSnue and all further discussions of the pier involved the 
addiSon of a high-speed ferry.  Moreover, many in the community have expressed their 
support for a pier-only opSon; it should be included as an AlternaSve in the EIR.  

2. loca.ng the ferry terminal inside the Marina, on the North side of the interior of the 
Marina near the current-day DoubleTree, with a potenSally smaller ferry.  This locaSon 
offers several benefits: (a) environmentally, by eliminaSng the need for new harmful 
dredging on the western edge where the currently closed pier is located (outside the 
Marina), thereby minimizing the dredging for the project, (b) maintaining recreaSonal 
access, by having ferry users park in the dry-dock parking lot (on the north side), the lots 
on the south side of the Marina will remain open and the land designed for recreaSonal 
use on the south side will remain available to those users (recreaSonal access won't 
have been usurped by the ferry). 

 
BASELINE 
 
To ensure that the Baseline reflects the true current demand, and not an arSficially low one, the 
Baseline of recreaSonal usage should incorporate recent prior usage, prior to the closure of 4 

 
1 A newer version of this arJcle may be available from the authors. This is the version referenced above: "Fishing at 
the Berkeley Waterfront: What is it Worth?" by Camille AnJnori Ph.D. et al. San Francisco State University, Sept 12, 
2022., hXps://drive.google.com/file/d/14Gipko8qHsZxIFd4c6BHdiZzB8Pw-Alt/view 
2 Berkeley Municipal Pier RenovaJon AlternaJves. 
hXps://berkeleyca.gov/sites/default/files/documents/COB%20-%20AlternaJve%20Summary%20Table_edits.pdf 
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faciliSes that amracted many people to the Waterfront, namely: the fishing pier, Hs Lordships 
and its parking lot, the East dock, and the lot currently fenced off for use by parking 
enforcement.  The Baseline should not be based on usage in 2025 at the Sme of the NOP, when 
these 4 faciliSes are closed and inaccessible to the public, which drives down acSvity and would 
give an arSficially low, inaccurate assessment of true need and current usage. 
 
FOR EIR SCOPE: To ensure accurate and proper assessment of usage, the Baseline should be 
based on acSvity that includes (1) a reopened 2,000-[ pier, plus (2) the reopened Hs Lordships 
space & lot, plus (3) the reopened East dock, plus (4) the reopened lot currently fenced off for 
parking enforcement. 
 
PARKING DATA & LATENT DEMAND 
 
The current version of Kimelson's parking study for the pier-ferry project requires addiSonal 
work, because the scope of the data is insufficient. It doesn't include data for summer months 
(Smes of peak use) and it combines data across all locaSons, ignoring specific uses in specific 
locaSons and users' specific needs (like bringing equipment). The data also do not account for 
latent demand—specifically, the increase in visitorship that is reasonably expected following the 
restoraSon of the pier and the addiSon of new ameniSes in the marina area.  
 
FOR EIR SCOPE: Under CEQA, environmental review must consider foreseeable changes 
resulSng from a project, and increased acSvity and visitaSon due to enhanced public amracSons 
are both foreseeable and significant. Therefore, I request that the parking analysis be revised to 
include data for each individual lot, at Smes of day/year in the summer that reflect true peak 
usage, include when parking visitors bring with them equipment to use with the recreaSonal 
acSvity, and projecSons for latent demand, ensuring that the Environmental Impact Report fully 
reflects the project's likely impacts on parking availability and transportaSon infrastructure. 
 
BIOLOGICAL RESOURCES during a GLOBAL BIODIVERSITY CRISIS 
 
It is widely recognized that we are in a global biodiversity crisis. ScienSsts predict that on our 
current trajectory, nearly 40% of all species will face exSncSon by 21003.  Insects are in steep 
decline (e.g. up to a 75% loss if insect biomass since 1990, the "Insect Apocalypse"4; a 22% 
decline in bumerfly species from 2000-2022, plus an ongoing addiSonal 2% loss per year5). Birds 
are in trouble, too. Since the 1970s almost one-third of all birds have disappeared from the U.S.6 

 
3 "Expert perspecJves on global biodiversity loss and its drivers and impacts on people." by F. Isbell et al. in 
FronJers in Ecology and the Environment, July 18 2022. hXps://doi.org/10.1002/fee.2536 
4 "More than 75 percent decline over 27 years in total flying insect biomass in protected areas." by C. Hallmann, et 
al., in PLOS One, October 18, 2017.  hXps://doi.org/10.1371/journal.pone.0185809 
5 "Rapid buXerfly declines across the United States during the 21st century." by E. Edwards, et al. in Science, Vol 
287, Issue 6738, March 6, 2025.  hXps://www.science.org/doi/10.1126/science.adp4671 
6 "Nearly 3 Billion Birds Gone." by Cornell Lab of Ornithology. hXps://www.birds.cornell.edu/home/bring-birds-
back 
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and the recent State of the Birds7 found that virtually all species conSnue to decline, including 
Shorebirds and even Ducks (which had been a ray of hope in the past). 
 

 
Almost 1/3 of all birds have disappeared in the last 50 years 

from Cornell Labs, based on "Decline of North American Avifauna." Rosenberg et al (2019) 
 

 
State of the Birds 2025.8 Showing conJnued declines. 

† Shorebirds indicator trend has not been updated since 2019 
 
FOR EIR SCOPE: EIRs typically limit evaluaSon of Biological Resources to an extremely short list 
of formally listed species, which results in very few species being considered and the vast 
majority of others being ignored, potenSally pusng many in harm's way. Given the biological 
importance of the proposed project site (locally and regionally), coupled with the alarming 

 
7 "State of the Birds 2025"  hXps://www.stateoohebirds.org/2025/execuJve-summary/ 
8 ibid. 
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global declines in biodiversity, it is appropriate and I request that the EIR cast a wider net when 
evaluaSng which species to consider as a "Biological Resource", to include species that aren't 
listed (and are being considered for lisSng), and to evaluate comprehensive impacts of the 
proposed high-speed ferry system, including increased vehicle traffic to the Marina (and 
associated collisions with insects, birds, and wildlife), light polluSon, noise (above and below 
water), and more. 
 
SITE VISITS for BIOLOGICAL RESOURCES 
 
Migratory species may be present in some months and absent in others. If site visits occur when 
a migratory species aren't present, the impact on those species will be ignored. 
 
FOR EIR SCOPE: To ensure a comprehensive evaluaSon of Biological Resources under CEQA, I 
request that a number of site visits be conducted, across mulSple seasons and key biological 
windows. This approach is criScal to accurately document the presence or absence of migratory 
species, breeding acSvity, and other seasonally dependent ecological factors. Site assessments 
limited to a narrow Smeframe risk overlooking important biological indicators and could result 
in an incomplete or inaccurate impact analysis. 
 
STUDY BOUNDARY AND DATA for BIOLOGICAL RESOURCES 
 
The boundary of study as presented in the NOP is too small to accurately assess real impacts on 
Biological Resources by the proposed Berkeley ferry and the larger WETA ferry system. The 
boundary described in the NOP is limited to University Avenue, the proposed ferry Plaza, 3 
nearby parking lots, the Pier and waters nearby north and south; illustrated below (from the 
NOP): 
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Area of Study as proposed in the NOP, April 18, 2025. 
 
Birds and other species, readily move throughout the larger marina area, to forage, find nesSng 
material, hunt, and more. It is unreasonable to limit the boundary to such a small area and think 
it will assess the real impacts on nearby species. A bird that lives in Sylvia McLaughlin Eastshore 
State Park, or in the Marina, may forage in the vegetaSon at Shorebird Park or in the water 
along the shoreline affected by the high-speed ferry. The boundary should, therefore, be 
expanded. 
 
Ensuring adequate assessment is especially important because Berkeley's Waterfront/Marina is 
of high global ecological significance. It lies within the San Francisco Bay, the largest estuary on 
the West Coast and one of North America's most important... recognized as an internaSonal 
biodiversity hotspot... [and a] key stopover along on the Pacific"9  with millions of birds 
migraSng through at peak season. 
 
To evaluate the biological resources at the Waterfront, the EIR should use the globally-uSlized 
and -recognized ciSzen-science plaworms iNaturalist and eBird10 to ensure that all species 
inhabiSng the Marina/Waterfront area – year-round residents & migratory, listed & not-listed – 
are documented and adequately protected from unnecessary harm.  
 
iNaturalist data shows that 1,178 total species have been documented in the larger Berkeley 
Marina area, illustrated below11 (this includes 196 species of birds, not illustrated, but Filters 
can focus on avian species): 
 

 
iNaturalist. 1,178 total species documented in Marina area. 

 
9 "Audubon Projects, San Francisco Bay" hXps://www.audubon.org/california/projects/san-francisco-bay 
10 iNaturalist is used to document a wide range of species: birds, fish, mollusks, plants, insects, etc.;  
   eBird is used to document just bird species 
11 iNaturalist - to focus on a specific locaJon, in its name in the field "LocaJon" in upper-right. 
hXps://www.inaturalist.org/observaJons?place_id=62221&subview=map 
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Using filters to focus on just "Threatened" bird species, as defined by iNaturalist, shows 23 such 
bird species documented in the Marina Area, illustrated below: 
 

 
iNaturalist. 23 species of "threatened" birds documented in the Marina area. 
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eBird data12 shows that up to 231 species of birds have been documented in the area 
immediately surrounding the ferry project site, illustrated below: 
 

 
eBird.  130 species of birds documented at Hs Lordships area 

 

 
eBird.  152 species of birds documented at the Berkeley Pier 

 

 
eBird.  184 species of birds documented in the North Basin (of Sylvia Mclaughlin Eastshore SP) 

 

 
12 eBird hotspots - to focus on a specific locaJon, enter locaJon in upper-right field) hXps://ebird.org/hotspots 
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eBird. 199 species of birds documented in Berkeley Marina 

 

 
eBird. 226 species of birds documented at Cesar Chavez Park 

 

 
eBird. 231 species of birds documented at Sylvia McLaughlin Easthore State Park 

 
For each hotpot, a checklist can easily be printed to idenSfy species documented.  For example, 
here is the list of the 199 documented at the Berkeley Marina. 
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eBird. Checklist of the 199 birds documented at the Berkeley Marina. (1 of 4) 

 

 
eBird. Checklist of the 199 birds documented at the Berkeley Marina. (2 of 4) 
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eBird. Checklist of the 199 birds documented at the Berkeley Marina. (3 of 4) 

 

 
eBird. Checklist of the 199 birds documented at the Berkeley Marina. (4 of 4) 

 
In addiSon to iNaturalist and eBird, the Facebook Group "Nor Cal Birding" has documented 
bird species at the Berkeley Marina, including protect ones. For example, a pair of nesSng 
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White-Tailed Kites and their young were photographed in the Marina. The White-Tailed Kite is a 
CA listed species. 
 

 
Facebook Group "Nor Cal Birding". White-tailed Kites and their young documented at Berkeley Marina. (1 of 2) 

 

 
Facebook Group "Nor Cal Birding". White-tailed Kites and their young documented at Berkeley Marina. (2 of 2) 

 
The nesSng & feeding pamerns of birds and other creatures cover a broad area. For example, a 
bird that nests on the east side of the Marina, may hunt in Shorebird park. A snake that lives in 
the Sylvia Mclaughlin Eastshore State Park may crawl south across University Avenue to forage, 
but be killed by an oncoming vehicle while crossing the road. 
 
FOR EIR SCOPE:  To ensure a complete and adequate assessment, the EIR should not base its 
analysis of Biological Resources on on-site visits alone. Those visits are inherently limited in Sme 
and scope, making them insufficient to evaluate the presence of migratory species throughout 
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the year. To ensure a full and complete analysis of Biological Resources, reliable and more 
comprehensive data sources available online should be uSlized, too. I request that the EIR 
incorporate relevant data from iNaturalist and eBird in its evaluaSon Biological Resources. 
 
I also request that the study boundary for biological resources in the EIR be expanded to 
encompass the full range of habitat areas funcSonally connected to the project site, as many 
species rely on spaSally disSnct but ecologically linked areas for criScal life funcSons such as 
foraging, nesSng, and migraSon, and a narrowly defined boundary may fail to capture 
significant impacts on their survival.  I request that the expanded boundary cover the larger 
Waterfront area, including: 
 

• University Avenue, extending south to the South Basin shoreline 
• Sylvia McLaughlin Eastshore State Park 
• North Basin 
• Cesar Chavez Park 
• Berkeley Marina (landside and basin) 
• Shorebird Park & Seawall Area (formerly Hs Lordships and lot) 
• the Plaza, pier, and nearby waters 

 
Lastly, to ensure that potenSally significant impacts on biological resources are adequately 
assessed, I request that leading local conservaSon organizaSons are contacted for their input on 
the EIR, especially: 

• The Golden Gate Bird Alliance (hmps://goldengatebirdalliance.org) 
• Marine Mammal Center (hmps://www.marinemammalcenter.org) 
• East Bay Chapter of the California NaSve Plant Society (hmps://ebcnps.org) 

 
ROAD MORTALITIES: COLLISIONS KILL BIRDS, MONARCHs, and COUNTLESS OTHER 
SPECIES 
 
Wildlife-vehicle collisions are a major source of animal mortality, killing hundreds of millions of 
birds, bumerflies, and other species annually.13, For example, 
 

• "When averaging across model iteraSons, we esSmated that between 89 and 340 
million birds die annually from vehicle collisions on U.S. roads."14 

• "...some 4.7 million monarch [bumerflies]" died as a result of vehicular collision in the 
Central Funnel of southwestern Texas in the autumn of 2016 and 2017."15 

 

 
13 "Flight Doesn't Solve Everything: MiJgaJon on Road Impacts on Birds", by A Kociolek, et al. Chapter 33 
hXps://www.fs.usda.gov/psw/publicaJons/jacobson/psw_2015_jacobson001_kociolek.pdf 
14 "EsJmaJon of bird-vehicle collision mortality on U.S. roads." by ScoX Loss, Tom Will, and Peter Marra. in Wildlife 
Management, Vol 78, Issue 5, July 2014.  hXps://doi.org/10.1002/jwmg.721 
15 "Roadkill is a problem for monarch buXerflies. Can it be solved?" by Brandon Keim, in Anthropocene Magazine, 
February 20, 2019.  hXps://www.anthropocenemagazine.org/2019/02/monarch-buXerfly-roadkill-soluJons/ 
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Western monarchs (Danaus plexippus) are currently at extreme risk, with populaSons down 
99%. They face a 98%-99% probability of exSncSon by 2080 and, along with the Eastern 
populaSons, are being considered for lisSng as an Endangered Species.16  Monarchs have been 
documented throughout the Marina area: 
 

 
iNaturalist. DocumenJng the Monarch buXerfly at the Marina area. 

 
They have also been documented at nearby AquaSc Park over the past 10 years as part of the 
annual Western Monarch Count.17  Some of the individual monarchs seen at AquaSc Park may 
have visited the Waterfront/Marina area, and vice versa, traversing a habitat corridor. 
 

 
Monarch counts for the past 10 years taken at Berkeley's AquaJc Park 

 
16 "Save the monarch." on US Fish & Wildlife Service. hXps://www.fws.gov/iniJaJve/pollinators/save-monarch 
17 Western Monarch Count Map of Overwintering Sites. on Xerces Society website.  
hXps://westernmonarchcount.org/map-of-overwintering-sites/ 
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from Xerces Society, Western Monarch Count webpage18 
The Large Marble bumerfly (Euchloe ausonides) is in steep decline. In October 2023 the Xerces 
Society of Invertebrate ConservaSon peSSoned the U.S. Fish & Wildlife Service for protecSon 
under the Endangered Species Act: 
 

"California's large marble buKerfly is the most imperiled. 
Once present throughout each county in the Sacramento valley and San Francisco Bay 
regions, most remaining populaSons are relegated to beachfront areas along the San 
Francisco Bay... MulSple long-term bumerfly populaSon monitoring sites have 
documented the disappearance of this bumerfly subspecies..."19 

  
In spite of the declines, Large Marbles have been seen in the Waterfront/Marina area and 
documented on iNaturalist. Given its proximity to University Avenue, this species could be put 
at risk by increased vehicle traffic on University Avenue. 
 

 
iNaturalist. DocumenJng the Large Marble buXerfly at the Marina area. 

 
Several species of protected birds have also been documented at the Marina area. 
 
The proposed ferry project will increase traffic on University Avenue. Moreover, the recent 
repaving of University Avenue increases vehicle speeds. 
 
FOR EIR SCOPE:  I request that the EIR include in analysis of impact on Biological Resources, 
potenSal significant risks to monarchs, birds, and other creatures, due to collision with vehicles, 
especially along University Avenue. 
 

 
18 ibid. 
19 "Xerces Society Seeks Endangered Species Act ProtecJon For The Large Marble BuXerfly, A Once-Common 
Western Species", hXps://xerces.org/press/xerces-society-seeks-endangered-species-act-protecJon-for-large-
marble-buXerfly-once-common 
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LIGHT POLLUTION 
 
ArSficial Light At Night (ALAN) is a major environmental disruptor. 
 
ALAN can interfere with organisms at all levels – from those in the soil, to insects, aquaSc 
species20, birds, and even humans (where it is associated with certain kinds of cancers). ALAN is 
a major driver of global insect declines21. Light polluSon negaSvely impacts birds, too, 
disrupSng nesSng behavior and even bird global migraSons22 –birds are lured off course, into 
urban areas, where they face numerous threats. Birds making the flight for the first Sme are 
especially vulnerable.  
 
With the advent of energy-efficient LEDs, the cost of lighSng has greatly decreased causing the 
use of LEDs to proliferate. Global light polluSon is now increasing at 2% per year.23 DarkSky 
InternaSonal offers guidelines for outdoor lighSng24 outlining "5 Principles for Responsible 
Outdoor LighSng"25 
 
FOR EIR SCOPE:  The EIR should include a robust evaluaSon of all potenSal new light polluSon 
associated with the proposed ferry project and miSgaSons. It should include potenSally 
introduced light, as part of the proposed pier-ferry at just Berkeley, as well as across the enSre 
ferry system, including the exisSng 10 Terminals and the proposed 27 total future Terminals, to 
determine the true cumulaSve impacts of the WETA ferry system on our Bay environment. 
 
NOISE POLLUTION 
 
Whether all-electric or diesel, the WETA high-speed ferries contribute to the growing 
anthropogenic cacophony in the Bay waters. The arScle "The soundscape of the Anthropocene 
ocean"26 offers many helpful statements about the noise risks of the proposed high speed ferry 
system on marine life in the Bay, including this Outlook, 
 

 
20 "The AquaJc Light Show: How Light Impacts Life Beneath the Waves."  by Environmental Literacy Team. May 18, 
2025.  hXps://enviroliteracy.org/animals/how-does-light-affect-aquaJc-animals/#google_vigneXe 
21 "Light polluJon is a drive of insect declines." by A. Owens et al. in Biological ConservaJon, Vol 241, January 2020.  
hXps://www.sciencedirect.com/science/arJcle/abs/pii/S0006320719307797 
22 "Light PolluJon Poses Threat to MigraJng Birds." Dark Skies InternaJonal, May 9 2019.  
hXps://darksky.org/news/light-polluJon-poses-threat-to-migraJng-birds/ 
23 "Five Years of Satellite Image Show Global Light PolluJon Increasing at a Rate of Two Percent Per Year." Dark Skies 
s 
hXps://darksky.org/news/five-years-of-satellite-images-show-global-light-polluJon-increasing-at-a-rate-of-two-
percent-per-year/ 
24 "Advancing responsible outdoor lighJng." by DarkSky InternaJonal. hXps://darksky.org/what-we-do/advancing-
responsible-outdoor-lighJng/ 
25 "Five Principles for Responsible Outdoor LighJng." by DarkSky InternaJonal. 
hXps://darksky.org/resources/guides-and-how-tos/lighJng-principles/ 
26 "The soundscape of the Anthropocene ocean." by D. Duarte, et all, in Science, vol 371, No 6529, February 5 2021.  
hXps://www.science.org/doi/10.1126/science.aba4658 
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"Anthropogenic noise is a stressor for marine animals. Thus, we call for it to be included 
in assessments of cumulaSve pressures on marine ecosystems. Compared with other 
stressors that are persistent in the environment, such as carbon dioxide emimed to the 
atmosphere or persistent organic pollutants delivered to marine ecosystems, 
anthropogenic noise is typically a point-source pollutant, the effects of which decline 
swi[ly once sources are removed. The evidence summarized here encourages naSonal 
and internaSonal policies to become more ambiSous in regulaSng and deploying 
exisSng technological soluSons to miSgate marine noise and improve the human 
stewardship of ocean soundscapes to maintain a healthy ocean."27 

 
and regarding noise as polluSon, 
 

This "anthropogenic noise", (introduced by ferries and other sources), "is a pollutant 
that cannot be ignored... it must be miSgated to reduce human impacts"28 on the ocean 
soundscape and marine life. 

 
and regarding environmental review, 
 

"Anthropogenic noise is a stressor for marine animals. Thus, we call for it to be included 
in assessments of cumulaSve pressures on marine ecosystems."29, and, 
"Although our assessment shows that anthropogenic noise detrimentally affects marine 
animals, a lack of global syntheses of data has resulted in it being typically ignored in 
reviews of cumulaSve and/or global impacts of anthropogenic stressors on marine life"30 

 
The arScle includes an excellent graphic illustraSng the overlap between the sound producSon 
and hearing ranges of marine taxa and frequency ranges of selected anthropogenic sound 
sources: 
 

 
27 ibid. 
28 ibid. 
29 ibid. 
30 ibid. 
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From "The soundscape of the Anthropocene ocean"31. "Fig. 2. Sources and animal receivers of sound in the 
ocean soundscape. (B) Approximate sound producJon and hearing ranges of marine taxa and frequency ranges 
of selected anthropogenic sound sources. These ranges represent the acousJc energy over the dominant 
frequency range of the sound source, and color shading roughly corresponds to the dominant energy band of 
each source. Dashed lines represent sonars to depict the mulJfrequency nature of these sounds." 

 
Now let's look at WETA's current and proposed ferry system, in light of the anthropogenic noise 
that will be introduced to the Bay waters. At wriSng there are 10 Terminals but WETA's Business 
Plan idenSfies 26 total Terminals system-wide, stretching the length of the Bay, from Pimsburg-
AnSoch (in the north, on the Delta), all the way down south to Sunnyvale-San Jose-Milpitas (at 
the very southern reach of the Bay). 
 

 
31 ibid. 
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From WETA Business Plan32. Current Baseline Network, showing the 10 exisJng terminals as of (May 2025) 

 

 
From WETA Business Plan33. Proposed Core Network, showing 18 terminals. 

 

 
From WETA Business Plan34. Proposed Coverage Network, showing the 26 terminals. 

 
32 WETA 2050 Service Vision & Business Plan. hXps://sanfranciscobayferry.com/2050-service-vision-business-plan/ 
33 ibid. 
34 ibid. 
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With each new terminal, the noise polluSon introduced into the Bay environment by the WETA 
ferry system will increase. Given the frequency of routes and the reach of this system, the noise 
disrupSons could be significant, extensive and virtually Bay-wide, possibly introducing 
"harassment" of aquaSc species. 
 
FOR EIR SCOPE:  Pursuant to the California Environmental Quality Act (CEQA), which requires 
analysis of all potenSally significant environmental impacts of a proposed project, I request that 
the Environmental Impact Report (EIR) for the proposed high-speed ferry terminal in Berkeley 
include a thorough assessment of noise polluSon—both above and below water—generated by 
ferry operaSons – for both electric and diesel vessels. This analysis should address the specific 
impacts at the proposed Berkeley terminal, as well as the cumulaSve impacts associated with 
the current system of 10 terminals, as well as the full build-out of 26 terminals, as required 
under CEQA Guidelines §15130 regarding cumulaSve impacts. Given the well-documented 
sensiSvity of aquaSc and shoreline wildlife to noise polluSon, parScularly from high-speed 
vessels, the EIR must evaluate potenSal effects on local and migratory species, including those 
protected under state and federal law. This analysis is essenSal to ensure compliance with 
CEQA’s mandate to avoid or miSgate significant environmental impacts wherever feasible. 
 
SHIP STRIKES 
 
Ship strikes are a known disruptor and cause of death for aquaSc species. For example, 5 gray 
whales have recently stranded and died in the Bay Area. One was confirmed due to a ship 
strike35.  High-speed vessels, parScularly quiet electric ferries, pose an increased risk to whales 
and other aquaSc species due to reduced detectability.  The WETA ferry system currently has 10 
Terminals and plans to expand to 26 total. Every addiSonal Terminal, with mulSple routes per 
day mulSplies the threat to marine mammals and other wildlife. 
 
FOR EIR SCOPE:  I request that the EIR specifically evaluate the risk of ship strikes and other 
disrupSons due to turbulence on all aquaSc species, across the enSre ferry system, specifically, 
for ferries at (a) just the Berkeley site, (b) ferries cumulaSvely across the exisSng 10 Terminals, 
and (c) ferries cumulaSvely across the proposed expanded 26 Terminals.  
 
The Marine Mammal Center (hmps://www.marinemammalcenter.org) conducts important 
research on ship strikes. I request that the EIR team reach out to them for input and guidance 
on this important topic. 
 
ENERGY EFFICIENCY and GREEN HOUSE GASES 
 
At community meeSngs early-on in the planning of the proposed pier-ferry, we in the 
community (myself included) asked several Smes for informaSon about energy efficiency of the 

 
35 "Fioh dead whale found in San Francisco Bay" by Ryan Mense at KRON4, April 21, 2025. 
hXps://www.kron4.com/news/bay-area/fioh-dead-whale-found-in-san-francisco-bay/ 
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ferries. To date we have not received an answer. We want to know how much energy the ferries 
- diesel and electric - use per passenger mile (expressed as BTUs per passenger mile). We want 
to compare that efficiency with other forms of transit for crossing the Bay (e.g. BART, or a fully 
loaded bus) to determine if the ferry is the environmentally superior alternaSve. 
 
Second, while the ferry has been described as an all-electric "zero emission", the generaSon of 
the energy to supply the bameries will likely involve burning of fossil fuels off site, generaSng 
GHGs. In addiSon, many ferry riders will drive a gasoline-powered car to the Marina to take the 
ferry (instead of walking or biking to their local bus or BART stop), emisng GHGs. 
 
FOR EIR SCOPE: Pursuant to CEQA Guidelines § 15126.2(b) and Appendix F, I request that the 
Environmental Impact Report (EIR) for the proposed high-speed ferry terminal include a 
comprehensive analysis of energy use and energy efficiency associated with both the 
construcSon and operaSon of the project. This should include, but not be limited to, fuel 
consumpSon for ferry vessels, electricity and energy demands of terminal faciliSes, and any 
supporSng infrastructure. I request that the energy use (for the ferries, expressed as BTUs per 
passenger mile) be compared with other forms of transit across the Bay (e.g. BART). The 
analysis should evaluate whether the project would result in wasteful, inefficient, or 
unnecessary consumpSon of energy. 
I also request that a comprehensive evaluaSon of GHGs emimed, off-site for powering the 
ferries & their operaSons, as well as locally from the fuel for passenger vehicles. 
 
SHORELINE DISTURBANCE and TURBIDITY 
 
I remain extremely concerned that the proposed high-speed ferry system will significantly 
increase disturbance and turbidity along our Bay shoreline, degrading the biological stability of 
the shoreline and negaSvely impacSng biological resources, including benthic organisms, birds 
that hunt along the shallow shoreline and the fish that anglers depend on. 
 
FOR EIR SCOPE:  I request that the EIR for the proposed high-speed ferry terminal include a 
detailed analysis of the potenSal for increased shoreline disturbance and turbidity resulSng 
from ferry operaSons. This analysis should address localized impacts near the proposed 
terminal in Berkeley, including wake-induced erosion, sediment resuspension from vessel prop 
wash, and degradaSon of nearshore habitats. In addiSon, consistent with CEQA Guidelines § 
15130, the EIR should evaluate the cumulaSve impacts of the exisSng and proposed ferry 
system—currently 10 terminals and potenSally up to 26 in the future—on shoreline integrity 
and water quality throughout the Bay. Repeated vessel acSvity can contribute to long-term 
habitat degradaSon, reduced water clarity, and the loss of biologically important interSdal 
zones, parScularly in shallow or enclosed areas. 
 
 
Best regards, 
Erin Diehm 
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BACKGROUND: Sound is the sensory cue that
travels farthest through the ocean and is used
by marine animals, ranging from invertebrates
to great whales, to interpret and explore the
marine environment and to interact within
and among species. Ocean soundscapes are
rapidly changing because of massive declines
in the abundance of sound-producing animals,
increases in anthropogenic noise, and altered

contributions of geophysical sources, such as
sea ice and storms, owing to climate change.
As a result, the soundscape of the Anthro-
pocene ocean is fundamentally different from
that of preindustrial times, with anthropo-
genic noise negatively impacting marine life.

ADVANCES: We find evidence that anthropo-
genic noise negatively affects marine animals.

Strong evidence for such impacts is available
for marine mammals, and some studies also
find impacts for fishes and invertebrates, ma-
rine birds, and reptiles. Noise from vessels,
active sonar, synthetic sounds (artificial tones
and white noise), and acoustic deterrent de-
vices are all found to affect marine animals,
as are noise from energy and construction in-
frastructure and seismic surveys. Although there
is clear evidence that noise compromises hear-
ing ability and induces physiological and behav-
ioral changes in marine animals, there is lower
confidence that anthropogenic noise increases
the mortality of marine animals and the settle-
ment of their larvae.

OUTLOOK: Anthropogenic noise is a stressor
for marine animals. Thus, we call for it to be
included in assessments of cumulative pres-
sures on marine ecosystems. Compared with
other stressors that are persistent in the envi-
ronment, such as carbon dioxide emitted to
the atmosphere or persistent organic pollutants
delivered to marine ecosystems, anthropogenic
noise is typically a point-source pollutant, the
effects of which decline swiftly once sources are
removed. The evidence summarized here en-
courages national and international policies to
become more ambitious in regulating and de-
ploying existing technological solutions tomiti-
gate marine noise and improve the human
stewardship of ocean soundscapes tomaintain
a healthy ocean. We provide a range of solu-
tions that may help, supported by appropriate
managerial and policy frameworks that may
help to mitigate impacts on marine animals
derived from anthropogenic noise and pertur-
bations of soundscapes.▪
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Changing ocean soundscapes. The illustrations from
top to bottom show ocean soundscapes from before
the industrial revolution that were largely composed of
sounds from geological (geophony) and biological
sources (biophony), with minor contributions from
human sources (anthrophony), to the present Anthro-
pocene oceans, where anthropogenic noise and
reduced biophony owing to the depleted abundance of
marine animals and healthy habitats have led to
impacts on marine animals. These impacts range from
behavioral and physiological to, in extreme cases,
death. As human activities in the ocean continue to
increase, management options need be deployed to
prevent these impacts from growing under a “business-
as-usual” scenario and instead lead to well-managed
soundscapes in a future, healthy ocean. AUV, autono-
mous underwater vehicle.IL

LU
S
T
R
A
T
IO

N
:
X
A
V
IE
R

P
IT
A
/K

A
U
S
T

on F
ebruary 11, 2021

 
http://science.sciencem

ag.org/
D

ow
nloaded from

 

http://science.sciencemag.org/


REVIEW
◥

NOISE POLLUTION

The soundscape of the Anthropocene ocean
Carlos M. Duarte1,2*, Lucille Chapuis3, Shaun P. Collin4, Daniel P. Costa5, Reny P. Devassy1,
Victor M. Eguiluz6, Christine Erbe7, Timothy A. C. Gordon3,8, Benjamin S. Halpern9,10,
Harry R. Harding11, Michelle N. Havlik1, Mark Meekan8, Nathan D. Merchant12,
Jennifer L. Miksis-Olds13, Miles Parsons8,7, Milica Predragovic1, Andrew N. Radford11,
Craig A. Radford14, Stephen D. Simpson3, Hans Slabbekoorn15, Erica Staaterman16,
Ilse C. Van Opzeeland17, Jana Winderen18, Xiangliang Zhang19, Francis Juanes20

Oceans have become substantially noisier since the Industrial Revolution. Shipping, resource exploration,
and infrastructure development have increased the anthrophony (sounds generated by human
activities), whereas the biophony (sounds of biological origin) has been reduced by hunting, fishing,
and habitat degradation. Climate change is affecting geophony (abiotic, natural sounds). Existing evidence
shows that anthrophony affects marine animals at multiple levels, including their behavior, physiology, and, in
extreme cases, survival. This should prompt management actions to deploy existing solutions to reduce noise
levels in the ocean, thereby allowing marine animals to reestablish their use of ocean sound as a central
ecological trait in a healthy ocean.

S
oundscapes, defined as “ambient sound
in terms of its spatial, temporal, and fre-
quency attributes, and the types of sources
contributing to the sound field” (1), are
changing rapidly in the Anthropocene.

In contrast to the long-standing recognition of
the effects of anthropogenic sound in terres-
trial systems (2), the impacts of changing
ocean soundscapes on marine animals have
received relatively limited attention. This neg-
lect percolates reviews of cumulative stressors

(3, 4) and drivers of global change in the ocean
(5, 6), as well as scientific assessments (7) and
policy frameworks [United Nations Conven-
tion on Biological Diversity (UNCBD), UN Con-
vention for the Law of the Sea (UNCLOS), UN
Sustainable Development Goals (UN SDGs)]
aimed at improving ocean conservation and
sustainability. Given the rapid pace of change
in ocean soundscapes, we argue that there is
an urgent need to assess the evidence for im-
pacts of anthropogenic noise on marine life,
which will enable policy frameworks to miti-
gate human impacts on ocean soundscapes as
a necessary foundation for a healthy ocean.
Here, we review how the changing ocean

soundscape of the Anthropocene is affecting
marine life. We do so by first summarizing our
current understanding of the importance of
sound to marine animals and the components
and ecological relevance of undisturbed ocean
soundscapes. We show how ocean sound-
scapes are changing in the Anthropocene and
assess, on the basis of a systematic review of
four decades of published research, the evi-
dence for the resulting impacts on marine
animals. We then discuss how available solu-
tions, if supported by appropriate manage-
rial and policy frameworks, may help mitigate
impacts on marine animals that arise from
anthropogenic noise and perturbations of
soundscapes.

Hearing the ocean soundscape

Sound propagates relatively fast and far under
water, carrying information over greater spa-
tial scales than most other sensory cues such
as light or chemicals (8). As a result, marine
animals have evolved a wide range of re-
ceptors to detect sound, which have been well
studied for marine mammals but have been

only recently described for invertebrates, such
as jellyfish (9, 10) (Fig. 1). Hearing in marine
animals (Fig. 1) ranges from marine inverte-
brates, fishes, and reptiles, which perceive
sounds of relatively low frequency (generally
<5 kHz), to cetaceans, which can detect high-
frequency (up to 200 kHz) sound (Figs. 1 and
2B). The hearing range of marine animals is
a key determinant of their potential responses
to different components of ocean soundscapes
and their vulnerability to impacts from differ-
ent sources of underwater noise (Fig. 2B).
Before the Industrial Revolution, ocean

soundscapes were largely composed of sounds
from geological (geophony) and biological
sources, produced both intentionally and
unintentionally (biophony), with minor con-
tributions from human sources (anthrophony).
Understanding the contexts and relative con-
tributions of these sound sources provides key
insights into how anthropogenic changes to
ocean soundscapes may affect marine life and
the overall health of the ocean.
Weather conditions and geological processes

make important contributions to marine
soundscapes. Wind blowing over the ocean,
waves breaking, rain or hail falling onto the
sea surface, and gas bubbles vibrating, rising,
and bursting at the surface all generate char-
acteristic sound spectra [(11, 12); Fig. 2A]. In
polar regions, seasonal processes like ice melt-
ing, pressure cracking, and iceberg calving do-
minate soundscapes (13), and noise from
earthquakes, undersea volcanoes, and hydro-
thermal vent activity (14) potentially propagate
thousands of kilometers [(15); Fig. 2A]. Each
of these geophonic components produces sound
over different frequencies and spatial and tem-
poral scales (Fig. 2A), which is, therefore, per-
ceived differently by various types of animals
(Fig. 2B).
Marine animals intentionally produce sounds

ranging from infrasonic (<20 Hz) to ultra-
sonic (>20 kHz), although most are emitted
between 10 Hz and 20 kHz and are audible to
a wide range of taxa (Fig. 2B). These sounds
may be frequency and/or amplitude modu-
lated and can be emitted as single pulses or
occur in regular sequences or temporal pat-
terns, such as pulse trains of fish calls and
melodic phrases of whale songs. The contin-
uous singing of single individuals, the gregar-
ious chorusing of a group, or the collective
sounds of some animals foraging or moving
(e.g., urchins or crabs across a reef) can in-
crease sound levels in particular frequency
bands. Biophony may also be modulated by
changes in weather, currents, and other fac-
tors, exemplified by the cessation of fish cho-
rusing due to the passage of a hurricane (16).
Animals produce sounds for a range of rea-

sons, including navigation, foraging, agonistic
displays, territorial defense, mate attraction,
and reproductive courtship (17–19). For example,
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male toadfish guard benthic nests and produce
“hums” to attract females, rendering these
sounds key components of some night-time
soundscapes [e.g., (20, 21)]. Fishes—such as
Atlantic cod (Gadus morhua), croakers (Sci-
aenidae), and groupers (Serranidae)—use
sounds to gather in large aggregations and

coordinate spawning activities (22–24). Marine
mammals use vocal communication to aid in
mating, rearing of young, and group cohesion,
among other social (25) and feeding functions
(26). Pinnipeds produce sounds both in air and
under water that are associated with territorial
and mating behavior, particularly during the

breeding season (27). Bearded seals (Erignathus
barbatus), for example, produce frequency-
modulated trills, which are a major compo-
nent of Arctic soundscapes in spring (28).
Baleen whales produce low-frequency repro-
ductive and social calls that can travel across
ocean basins (29), with humpback whales
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Fig. 1. Evolution of hearing under water and timeline of scientific advances.
Evolution and timeline events are from (129). Hair cells as a mechanosensory
receptor for hearing appeared early in the evolution of animals (10), evolving
from invertebrate statocysts, which detect gravity and vibrations underwater, to
fish ears, which perceive sounds of relatively low frequency (<5 kHz). Some bony
fishes (Osteichthyes) have evolved ancillary hearing structures that connect the
ear with the swim bladder, increasing hearing bandwidth and sensitivity (25).
When marine tetrapods moved onto land, acoustic organs, adapted to hearing
sound as pressure waves (89), evolved to compensate for communication in air,

a lower-density medium, which slowed the movement of sound waves relative
to water. Impedance-matching structures, or tympanic middle ears, appeared
independently in reptiles, birds, and mammals (90), increasing the overall
sensitivity of hearing to exceed, in some mammals, 50 kHz. Further changes in
the pressure-sensing ear occurred as reptiles and mammals returned to the
ocean (130). In toothed whales, the middle ear evolved to receive sound passing
through the fatty tissues in the jaws, an effective means of conduction that
increases the upper hearing limit of these mammals to 200 kHz (131).
Ma, million years ago; y, years.
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A

B

Fig. 2. Sources and animal receivers of sound in the ocean soundscape.
(A) Stommel diagram showing the spatial extent and duration of selected biophony
(rounded gray squares), geophony (rounded blue squares), and anthrophony
(rounded yellow squares) events. Events (rounded squares) reflect the spatial and
temporal period over which signals or bouts of signals typically occur. Although some
sound sources, such as those used in hydrographic surveys, do not propagate
particularly far, survey efforts can cover a large spatial extent (an entire Exclusive
Economic Zone). “Dawn/dusk chorus” refers to the daily sounds produced by a

collection of species (e.g., fish, snapping shrimp). Shipping noise encompasses the
full range of spatial and temporal scales. (B) Approximate sound production and
hearing ranges of marine taxa and frequency ranges of selected anthropogenic sound
sources. These ranges represent the acoustic energy over the dominant frequency
range of the sound source, and color shading roughly corresponds to the dominant
energy band of each source. Dashed lines represent sonars to depict the
multifrequency nature of these sounds. Sources for the data displayed in the
figures are (9, 18, 25, 53, 75, 83, 131–139).
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(Megaptera novaeangliae) singing complex
songs as part ofmale reproductive displays that
have regional dialects and change over time (30).
Marine animals also produce mechanical

sounds, such as those produced by the impact
of different body parts on environmental sub-
strates (e.g., breaching, tail slaps), which often
convey information about body mass and size
(31) and movement and foraging behaviors
(32, 33). Sea urchins and parrotfishes, for ex-
ample, make scraping or crunching sounds as
a by-product of foraging that occur in pre-
dictable peaks associated with tidal or diur-
nal cycles (34, 35). Other animals use sound
to forage. Snapping shrimps produce a “snap”
sound to stun prey, which creates a loud
“crackling” sound that is present in many
coastal habitats that support dense colonies
of these shrimps (36). Odontocetes, such as
sperm whales (Physeter macrocephalus) and
various species of dolphins and porpoises,
also possess sophisticated biosonar systems
that produce sounds to echolocate, select, and
pursue prey under water (26).
The diversity, composition, and density of

the biophonic community are key components
of the soundscape ecology paradigm, which
seeks to identify habitats and assess their
health status using sound. An ecological role

for ocean soundscapes is supported by the
fact that many species use ocean soundscapes
as a cue to find their habitats at key life stages.
For example, larvae and juveniles of some
invertebrate and vertebrate reef species use
soundscapes as a navigational cue to locate
suitable settlement habitats (37). Indeed, the
distinctive sound-producing structures or
organs of marine animals provide, in many
cases, an acoustic fingerprint that aids their
identification within soundscapes, allowing
for inferences on their identity, behavior, and
sometimes relevant life history and physical
traits (38–40).
Advances in acoustic-recording technology

allow ocean soundscapes to be characterized
for longer periods of time and at greater depths
than previously possible (36). In parallel, new
tools for soundscape analysis facilitate both
species-specific call recognition and summa-
tive approaches to resolve the entire acoustic
spectrum. Despite this progress, the paradigm
that soundscapes can be used as proxies for
ecosystem health, developed for terrestrial
ecosystems (41), has been applied to the ma-
rine environment with only limited success
[e.g., (42, 43)]. In some cases, sound-pressure
levels in low frequencies correlate positively
with visual measures of fish diversity, coral

cover, and invertebrate abundance (44, 45).
Efforts to reduce the dimensionality of a com-
plex soundscape to a single number that
reflects the diversity or complexity of a sound-
scape [e.g., (46)] may provide useful biological
information (27, 42) but cannot be readily gen-
eralized, because the results obtained arehighly
sensitive to parameterization (47). Instead,
multiple indices relating to characteristics of
individual sounds can be combined to provide
an indication of the contribution of particular
sound types (48). Overall, assessments of ocean
soundscapes demonstrate a growing contribu-
tion of human activities across the ocean (Fig. 3).

The soundscape of the Anthropocene ocean

Human activity has altered biophony and
geophony and has, either deliberately or as a
by-product, added an increasingly prevalent
third component—anthrophony—across abroad
range of frequencies to ocean soundscapes
(2) (Fig. 2B). Examples of deliberate human
use of marine sound include seismic surveys
that produce high-energy, low-frequency, short-
duration sounds aimed at detecting the pres-
ence of petroleum and gas deposits below the
seafloor, as well as multibeam echosounders
and side-scan sonars that generally produce
high-frequency sounds to map the seabed and
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Fig. 3. Human pressures have altered ocean soundscapes at scales ranging from local to global. (A) Average sound level estimated globally from marine traffic
(at 100 Hz), based on average shipping activity directed from automatic identification system (AIS) data for 2014. (B) Sound-pressure levels pre- and
postdegradation at sites around Lizard Island in the Great Barrier Reef (62). (C) Sound levels in four different frequency bands in the Dutch North Sea, averaged
over 2 years [adapted from (140)]. (D) Boundaries of three-dimensional seismic surveys in northwest Australia (left) and seismic lines of two-dimensional surveys in
all Australian waters (right) since 1973 (data from wapims.dmp.wa.gov.au/wapims and https://nopims.dmp.wa.gov.au/nopims).
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detect organisms and particles in the water
column. These sensing techniques are, at times,
a major component of present ocean sound-
scapes in many areas, especially those holding
oil and gas reservoirs (49, 50), such as the con-
tinental shelf of northwestern Australia and
the North Sea (Fig. 3D). Across the ocean,
scientific surveys use similar tools to map the
seabed and identify geological features, fishers
use “fish finders” to search for schools of fish,
and navies use active sonars across a range
of frequencies to detect submarines and other
targets.
Much of anthrophony is an unintended by-

product of human activities (Figs. 2 and 3),
which are intensifying across the ocean. Over
the past 50 years, increased shipping has con-
tributed an estimated 32-fold increase in the
low-frequency noise present along major ship-
ping routes (51) (Figs. 2 and 3). Vessel noise is
prominent in many ocean regions even away
frommajor shipping lanes, owing to long-range
sound propagation at low frequencies, al-
though some areas display stable or even de-
creasing sound levels in targeted frequency
bands (52). Whereas vessel noise does not pro-
pagate as far in shallow coastal waters, the
higher vessel concentration often increases
noise considerably above ambient levels in
coastal regions.
Further anthrophony comes as an unin-

tended by-product of less frequent, but still
common, human activities associated with
coastal development and resource extraction.
Traffic on structures like bridges and airplanes
flying at low altitude over the ocean produce
low-level, continuous noise that can penetrate
under water (53). Pile-driving during the con-
struction of offshore wind farms can substan-
tially increase local sound levels (54), but the
operational noise of turbines tends to attenu-
ate below ambient levels of natural sound
within a few hundreds of meters of wind
farms (55). Similarly, construction and opera-
tion of oil and gas infrastructure (e.g., plat-
forms, pipelines) increase anthrophony (56).
The dynamic positioning systems (i.e., propel-
lers and thrusters) used to maintain the po-
sition of offshore structures, such as drilling
platforms, produce low-frequency noise (57).
Technology that scrapes the bottom of the
ocean—whether dredging the seafloor, har-
vesting minerals, or trawling for fisheries—
also generates low-frequency noise (58). Dyna-
mite fishing, designed to stun or kill reef fish
for easy collection, remains a major source of
blasting noise in Southeast Asia and coastal
Africa, and controlled detonation of bombs
dropped on the seafloor during World War II
continues, more than 70 years later, to be a
major source of disruptive and destructive
sound in the North Sea (Figs. 2 and 3). Explo-
sions of mines, missiles, and bombs during
naval warfare or military exercises also repre-

sent a source of destructive sound. On a small
scale, even coastal recreational activities—
such as small motorboats, swimming, SCUBA
diving, surfing, paddling, flying unmanned aerial
vehicles (drones), or fireworks—contribute an-
throphony to marine soundscapes (59–61).
Humans have also profoundly altered bio-

phony and geophony in ocean soundscapes.
Hunting of large marine animals, particularly
highly vocal whales and pinnipeds, which
began hundreds of years ago, has led to re-
duced and less diverse biophony in ocean
soundscapes of the present. Sound levels of
natural soundscapes decrease with the deg-
radation of kelp forests, seagrass beds, coral
reefs, and sponge beds, owing to fewer vocal-
izing animals (62–66). Biophony may also be
reduced where soundscapes are heavily pol-
luted by anthrophony as animals cease vocal-
izing or are displaced from ecosystems.
Climate change is increasing the number of

cyclones and marine heatwaves that degrade
marine habitats, which, in turn, may alter bio-
phony. For example, degradation of coral reefs
associated with these events dramatically
changes ambient soundscapes, with the al-
tered composition of the biotic community
reflected in reduced overall acoustic energy
and the complexity and diversity of reef sound-
scapes (46). Changes in the distributions of
species with ocean warming also shift bio-
phony. For example, reduced sea ice in the
Arctic allows the range expansion of temper-
ate whale species that compete for acoustic
niche space with Arctic species, such as beluga
whales (Delphinapterus leucas) (67). In addi-
tion, climate change directly affects the tem-
perature, heat content, and stratification of
the ocean, with sound traveling faster in a
warmer ocean, to the extent that long-range
acoustic transmissions have been used tomea-
sure large-scale ocean temperature and heat
content—a phenomenon thatW.Munk termed
“the sound of climate change” (68). Ocean
warming also affects geophony in polar areas
through decreasing sea ice cover, with the
soundscape of a progressively ice-free Arctic
Ocean departing from that of the ice-covered
Arctic Ocean of the past (69, 70). High sound
levels occur during periods of ice formation,
whereas polar soundscapes are very quiet in
the high-frequency range during periods of
solid ice coverage (71). Ice-free waters will also
likely lead to increased anthrophony through
greater ease of human access and activity (ship-
ping, fishing, and seismic surveys) in a warm-
ing Arctic Ocean. An increased inflow of
shallow “tongues” of warm, salty Pacific and
Atlantic waters into the Arctic Ocean is also
dramatically altering the acoustic environ-
ment by creating a local maximum in the
sound speed profile at the depths between
100 and 200m. Thiswater layer acts as a strong
acoustic duct, channeling sound across dis-

tances of 80 to 100 km (69), with comparable
effects reported in coastal areas receiving
glacial melt waters. In the tropics, climate
change may increase geophony levels because
of increasedwinds, rainfall on the surface, and
waves as the energy of tropical storms in-
creases. Greenhouse gas emissions also change
sound propagation in the ocean by decreasing
pH as CO2 levels increase, which is expected
to lead to a noisier ocean, owing to substan-
tial decreases in ocean sound absorption for
frequencies lower than about 10 kHz (72, 73).

Impacts of altered soundscapes in the
Anthropocene ocean

Initial awareness of the impacts of the altered
soundscapes of the Anthropocene ocean on
marine life derived from evidence of injuries
fromhigh-intensity noise. This initial evidence
focused on large iconic marine mammals (25)
but has been expanded to include links be-
tween noise frommilitary sonar, air guns, sub-
marine explosions, and seismic surveys and
hearing disabilities, mass strandings, and
mortality of a number of marine animals
(table S2).
Research on the ecological impacts of anthro-

phony has expanded to address the pervasive
and prevalent impacts of chronic exposure to
noise across vast spans of the ocean [table S2;
(74)] and the potential impacts of anthropo-
genic noise on fishes (75–79), invertebrates
(80, 81), and whole marine ecosystems (82).
Anthropogenic noise can interfere with nat-
ural auditory signal processing by marine ani-
mals, an effect termed “masking” (83), which
reduces their communication space [see (84)
for marine mammals, (85) for fishes]. Indeed,
anthropogenic noise overlaps with the fre-
quency band of hearing of marine animals
across increasingly broad areas of the ocean
(86–88) (Fig. 2). Masking of signals from
conspecifics or environmental cues indicating
the presence of prey or predatorsmay result in
loss of social cohesion, missed opportunities
for feeding, or failure to avoid a predator (25).
The frequency content of vessel noise (Fig. 2)

overlaps considerably with the hearing ranges
of marine fauna (20), particularly those with
sensitivity in relatively low-frequency ranges
[e.g., fishes, some marine mammals, and rep-
tiles (20, 25, 89–91)], where most of the noise
energy lies. Shipping noise has been reported
to disrupt traveling, foraging, socializing, com-
municating, resting, and other behaviors in
marinemammals (84); attenuate antipredator
behavior of young fishes, leading to increased
mortality and reduced ability to learn to avoid
predators in future encounters (79); and impact
the settlement and development of inverteb-
rates (85). A concurrent increase in anthro-
phony and decrease in biophony with habitat
degradation and declines in populations of
marine species also likely affects onshore
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larval movement patterns, and hence settle-
ment success, across a range of species.
Given the potential for anthropogenic noise to

detrimentally affect marine animals (82, 92, 93),
we examined the robustness and consistency
of the evidence for impacts of anthrophony
and other human alterations to ocean sound-
scapes on marine animals through a system-
atic assessment of the results on this topic
presented in the published literature (94). This
generated a total of 538 studies that attempted
to quantify the effects of anthropogenic noise
and perturbations of soundscapes onmarine
animals. We adopted the confidence scale of
the Intergovernmental Panel onClimateChange
(IPCC) (95) to reflect the robustness of the
evidence supporting various statements on
the extent of the impacts.
There was high confidence that anthropo-

genic noise negatively affectedmarine animals
(Fig. 4 and table S4). The evidence was strong-
est for marine mammals, for which 85 to 94%
of quantitative studies found significant ef-
fects, with 82 and 81% of studies finding
significant impacts on fishes and invertebrates,
respectively, and the two studies available for
reptiles and one of the two studies on marine
birds reporting significant impacts on these
animals (Fig. 4 and table S4). Noise from
vessels (94.9% report significant impacts),
sonars (90%), and acoustic deterrent devices
(91%) negatively affects marine animals, as
does noise from energy (8.23% of studies)
and construction infrastructure (82.3%) and
seismic surveys (74.4%) (Fig. 4 and table S4).
Available data provide ample evidence that
noise pollution compromises hearing ability
(90.6% of studies report significant impacts),
induces physiological changes (91.2%), and
elicits evasive actions and displaces marine
animals (83.9%) (Fig. 4 and table S4). By con-
trast, evidence for impacts of anthropogenic
noise on mortality and fitness of marine ani-
mals is weaker, with 35.2 and 50% of studies
reporting significant impacts, respectively
(Fig. 4 and table S4). All quantitative studies
conducted thus far provide evidence that
changes in biophony reduce the settlement of
marine larvae, but the number of quantitative
studies testing impacts on settlement remains
limited (n =7; table S4).
Our assessment revealed that despite the

large volume of literature on the impacts of
anthropogenic noise onmarine animals, there
is a paucity of quantitative assessments for
diving marine reptiles and seabirds and only
a limited number of studies on pinnipeds and
sirenians (Fig. 4). Likewise, the evidence sup-
porting that changes in biophony resulting
from habitat degradation reduce the settle-
ment of marine larvae on preferred habitats
was weakened by the few studies available.
The evidence for impacts on animals exposed
to multiple sources of anthropogenic noise was

also small, limiting the assessment for cumu-
lative impacts. In addition, we found a very
limited number of studies testing the effec-
tiveness of mitigation measures, which makes
it difficult to provide confidence on their per-
formance. This may preclude these mitigation
measures from being adopted by national and
international policies aimed at reducing the
impacts of anthropogenic noise onmarine life.
The gaps identified in our systematic review
underscore areas where research efforts should
focus to provide a comprehensive understand-
ing of the impact of anthropogenic noise on
marine animals, integrate these impacts to

assess population-level consequences from
chronic exposure to anthropogenic noise, and
deliver effective mitigation measures.
In addition to controlled experiments, glo-

bal disruptions offer an opportunity for se-
rendipitous observations of the effect of
anthropogenic noise on marine life at scale.
For instance, reduced ship traffic in the Bay of
Fundy, Canada, after the events of 11 September
2001 resulted in a 6-dB decrease in under-
water noise, particularly at frequencies less
than 150Hz,with some evidence suggesting that
this reduced stress in right whales (Eubalaena
glacialis) (96). Likewise, strategies to combat
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Fig. 4. Synthesis of the negative impacts of noise pollution on marine animals present in the literature.
The estimates provided here derive from a systematic literature review [(74), compare supplementary materials].
(A and B) Total number of studies found, split by (A) taxa (excluding birds and reptiles, which together accounted
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plus blue) that find a significant effect of noise (red). (C) Cumulative frequency curves over time of all
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COVID-19 infections, which involved confine-
ment of about 58% of the global human pop-
ulation, have also provided ample evidence of
an unusual expansion of the movements of
marine mammals and sharks to what were
previously busy, noisy waterways, such as
harbors and coastal urban areas, where they
are not regularly seen (97). This unusual be-
havior has been linked to reduced anthro-
pogenic noise during human confinement
(98, 99).
Marine animals may recover from and cope

with intense anthropogenic noise through
avoidance behavior or habituation (100, 101).
The former behavior is a common response of
marine animals to potentially damaging or
disruptive levels of anthrophony but may dis-
place species from important foraging grounds
(100) and is not always possible for species
that have high site fidelity and small biogeo-
graphical ranges, such as the critically endan-
gered Maui dolphin (Cephalorhynchus hectori
maui) (102), or slow-moving species, like ben-
thic invertebrates, which have a limited scope
to avoid noise. When hearing damage occurs
from loud noises, fish may recover better than
marine mammals because hair cells regrow in
fish but are unlikely to regenerate in mam-
mals (103). Avoidance behavior by fish in re-
sponse to the approaching sound of fishing
vessels is well documented (103). However,
this may also be induced by sounds from re-
creational boats, resulting in flight responses
and interruption of foraging, reproductive,
or vocalizing activities (104). Conversely, it is
possible that some predatory marine mam-
mals and large fishes may use the sound of
vessels as a “dinner bell” alerting of oppor-
tunities to depredate catch from fishing boats
(105, 106). These examples provide evidence
for behavioral plasticity or acclimation but do
not provide evidence for evolutionary adapt-
ation, which requires observational time scales
that have not yet been achieved in sound-
scape ecology.
Marine mammals may adapt to anthro-

phony, but the long life span and large home
ranges of many marine mammals render as-
sessment of adaptations to noise challenging.
For instance, some mammals—such as killer
whales (Orcinus orca), rightwhales (Eubalaena
spp.), andGuiana dolphins (Sotalia guianensis)—
and fishes have been shown to alter the source
level or frequency of vocalizations in order to be
heard, a phenomenon known as the Lombard
or cocktail party effect (107–110). Habituation,
in the form of increasing tolerance, has been
demonstrated for some species ofmarinemam-
mals and fishes (101, 111). In some situations,
habituation may be considered a reduced re-
sponse to stimuli that have no biological im-
portance on the individual being observed
(112), although disturbance involving a sen-
sory modality that is so fundamental to most

marine animals would not often be consi-
dered inconsequential.
Although our assessment shows that anth-

ropogenic noise detrimentally affects marine
animals, a lack of global syntheses of data has
resulted in it being typically ignored in reviews
of cumulative and/or global impacts of anthro-
pogenic stressors on marine life (3, 5, 6, 113)
and consequently by the high-level policy ini-
tiatives (e.g., UNCBD, UNCLOS, UN SDGs)
that these analyses inform. For instance, the
draft of the UN Law of the Sea “BBNJ” Agree-
ment on Biodiversity in Areas Beyond Nation-
al Jurisdiction (114) does not mention noise
among cumulative impacts, despite mandat-
ing an environmental impact assessment of
activities in the high seas and the fact that
anthropogenic noise was discussed at its 19th
session of the process in June 2018. The last
assessments of climate change impacts by the
IPCC (115) have yet to acknowledge the im-
pacts that climate change has on ocean sound-
scapes, whereas the recent IPCC report on
oceans and the cryosphere acknowledges noise
only in the context of increased human ope-
rations in the Arctic Ocean (116). Our review of
existing evidence (Fig. 4) shows that anthro-
pogenic noise should be included in assess-
ments of cumulative pressures on marine
ecosystems. Encouragingly, the Intergovern-
mental Science-Policy Platform on Biodiver-
sity and Ecosystem Services (IPBES) assessment
acknowledges the role of shipping noise as a
pollutant affecting marine life (117), but it
makes no attempt to rank its contribution
compared with other human impacts in the
context of multiple stressors in the marine
environment.

Pathways to healthy ocean soundscapes

Most anthrophony is “noise” in a biological
sense, because it is an unnatural and un-
wanted signal. The evidence reviewed here
shows that the impacts of human alterations
to ocean soundscapes are pervasive across all
ocean areas and detrimentally affect marine
life (Fig. 4 and table S4). Anthropogenic noise
is thus a pollutant that cannot be ignored and
must be addressed in policies to mitigate
human impacts on the oceans. This is partic-
ularly urgent given the growing focus on the
ocean-based economy, which is forecasted to
double its contribution to global gross domes-
tic product by 2030 (118). This economy in-
cludes many new industries, such as deep-sea
mining, that may be major sources of under-
water noise. A “business-as-usual” development
of the ocean-based economy will inevitably
lead to ever-increasing noise from more ship-
ping, coastal development, seismic surveys, mi-
litary operations, dredging, pile driving, and
deep-sea mining, likely contributing to in-
creasing impacts on marine biota (Fig. 4). Yet,
the High Level Panel for a Sustainable Ocean

Economy (www.oceanpanel.org) has not con-
sidered anthropogenic noise in either of the
Blue Papers addressing different dimensions
of actions required to achieve SDG14 (www.
oceanpanel.org/blue-papers), including that
on integrated ocean management (119). The
postponement, owing to COVID-19, of the
UN Oceans Conference to 2021 provides an
opportunity to consider the evidence sum-
marized here, showing that the contribution
of noise pollution to the declining status and
health of ocean ecosystems is likely substan-
tial [Fig. 4; (120)]. This is particularly timely,
given that 2020—and now, because of COVID-
19, 2021—is the International Year of Sound
(sound2020.org). There are, however, solutions
that can lead to healthier ocean soundscapes
in the context of a sustainable ocean economy.
Improvedhuman stewardship of ocean sound-

scapes requires regulatory frameworks de-
signed to manage sound within exclusive
economic zones and the high seas and pro-
mote the deployment of available techno-
logical solutions to reduce noise introduced
by human operations in the marine environ-
ment. Because species-sensitivity distribu-
tionmodels (120) have not yet been generated,
alternative approaches for the regulation
of anthropogenic noise must be developed.
However, unlike other sources of pollution,
anthropogenic noise is not persistent in the
environment once sources are removed. Con-
sequently, legislative actions to reduce anthro-
pogenic noise and incentivize the deployment
of existing technological solutions can have
near-immediate, positive effects.
It may be easier to instigate noise reduc-

tion of activities that produce sound as a by-
product (e.g., shipping, construction), rather
than intentionally (e.g., seismic surveys, mili-
tary activities), through technological and/or
regulatory measures, as demonstrated by re-
cent progress in the shipping industry. In 2014,
the International Maritime Organization ap-
proved voluntary guidelines for reducingunder-
water noise from commercial ships (www.imo.
org/en/MediaCentre/HotTopics/Pages/Noise.
aspx). These guidelines focused on design fea-
tures that could reduce the primary sources
of underwater noise, namely the propellers,
hull form, and on-boardmachinery. Following
these guidelines, in 2015, Maersk underwent a
retrofit of five large container ships and found
that reducing propeller cavitation decreased
low-frequency sound pressure levels by 6 to
8 dB while improving fuel efficiency (121). In
addition, the growing use of advanced mate-
rials, such as fiber-reinforced polymer compo-
sites, which have good dampening properties
and are also lighter—thereby requiring less
energy for propulsion—can also help to reduce
ship noise. Another potential noise-reduction
method is the use of electric motors which,
with the development of solar power and
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battery storage, are increasingly installed on
larger vessels (122). Although such technolog-
ical improvements are promising, it is the
ship-building companies, not necessarily the
shipping companies, that need to adopt them,
and there is currently no regulatory mecha-
nism to incentivize a transition (123).
The cross-boundary nature of marine eco-

systems and some sound sources (e.g., ship-
ping) means that international cooperation
is key. Yet, a review of 10major international
agreements that address noise (124) showed
that all but one are voluntary in nature or offer
both binding andnonbinding options formem-
ber nations; the exception is the European
Union’s Marine Strategy Framework Directive
(MSFD), which explicitly includes noise as a
stressor and mandates that European Union
member states monitor and mitigate noise
pollution as part of their efforts to obtain “good
environmental status.” A likely reason for the
noncommittal nature of international agree-
ments that address marine noise is the absence
of a compelling assessment of the evidence of
impacts, whichwe nowprovide (Fig. 4). There-
fore, we hope that the strong evidence sum-
marized here will increase the ambition of
national and international policies that regu-
late marine noise to achieve soundscapes
conducive to healthy oceans across exclusive
economic zones and the high seas.
Meanwhile, regulating the speed and routes

of ships can help reduce noise and/or divert
impacts away frombiologically sensitive areas.
For example, reducing steaming speeds for
noisy vessels in the major shipping route(s)
in the eastern Mediterranean from 15.6 to
13.8 knots led to an estimated 50% reduction
in the broadband noise from these vessels be-
tween 2007 and 2013 (125). A recent assess-
ment estimated that half of the total noise
radiated by the shipping fleet comes from
just 15% of the ships, particularly those with
source levels above 179 dB re 1 mPa at 1 m [i.e.,
relative to the reference pressure of 1 mPa root
mean square (126)]. Thus, a targeted approach
with focused incentives could substantially re-
duce shipping noise.Marine construction, par-
ticularly for offshore wind farms, is achieving
rapid advancements in noise-dampening tech-
nology. Acoustic barriers like bubble curtains
andnoise-abating sleeves have been introduced
in some European wind farms and can reduce
sound from pile driving by up to 15 dB (127).
Indeed, both the European Union’s MSFD and
the U.S. National Marine Fisheries Service en-
courage the use of such technologies. Finally,
the E&P Sound and Marine Life Programme,
funded by a number of oil and gas companies,
has invested in developing alternative techn-
ologies to seismic air guns (www.soundand-
marinelife.org/).Marine vibrators (“vibroseis”)
produce sounds that are nonimpulsive and
more narrow band in frequency than typical

seismic air guns, potentially removing some of
the more harmful acoustic attributes. Several
companies are developing prototype vibroseis
technology to be mounted on submarine ve-
hicles that would roam the seafloor. These ve-
hicles will use hydraulic systems to generate
force waves that penetrate the sediments and
deliver the required data while avoiding im-
pacts on animals in the water column (128).
As environmental constraints and impacts of
deep-sea mining are discussed, there is an op-
portunity to design instruments and proce-
dures that avoid impacts from noise before
commercial operations begin (128).
Mitigating climate change in accordance

with the most ambitious goals set by the Paris
Agreement (https://unfccc.int/process-and-
meetings/the-paris-agreement/the-paris-
agreement) will also help reduce further
impacts from climate change on geophony
and biophony. However, the recent IPCC
assessment of climate change impacts on
oceans and the cryosphere indicates that sea
ice will continue to decline, affecting sound-
scape features, and coral reefs will continue to
degrade even if those climate goals are met
(116), affecting biophonic components.
Sound is a fundamental component of the

sensory environment of marine ecosystems,
with animals across a broad range of taxa—
from jellyfish to marine mammals—perceiving
and using sound throughout their life history.
Global industrialization of the ocean has led
to the rise of anthrophony, whereas human
impacts on marine species and ecosystems
and the climate system have led to a decline in
biophony and alterations to geophony. Sub-
stantially modified ocean soundscapes, in
turn, have widespread impacts on the ecology
of the Anthropocene ocean. These impacts are
pervasive, affecting animals at all taxonomic
and trophic levels, and compounded with im-
pacts from other stressors, such as ocean
warming, acidification, habitat loss, and over-
fishing. Changing ocean soundscapes have be-
come the neglected “elephant in the room” of
global ocean change. In an era when societies
increasingly look to the “blue economy” as a
source of resources and wealth, it is essential
that ocean soundscapes be responsibly man-
aged to ensure the sustainable use of the ocean.
Solutions tomitigate anthropogenic noise, both
in terms of policy and technological measures,
are becoming available but remain challenging
(123, 124). Incorporation of these solutions in
internationally binding conventions would
pave the way for ocean soundscapes that
support healthier ecosystems under a sustain-
able ocean economy.
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anthropogenically produced sounds are affecting the marine soundscape.

 review the importance of biologically produced sounds and the ways in whichet al.more prevalent. Duarte 
threatened by an increasing cacophony in the marine environment as human-produced sounds have become louder and
to rely on sound production, transmission, and reception for key aspects of their lives. These important behaviors are 

Sound travels faster and farther in water than in air. Over evolutionary time, many marine organisms have come
An anthropogenic cacophony
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