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Marine mammals are vulnerable to a variety of acute and chronic anthropogenic stressors,
potentially experiencing these in isolation, successively and/or simultaneously. Formal
assessment of the likely impact(s) of the cumulative effects of multiple stressors on a
defined population is carried out through a Cumulative Effects Assessment (CEA), which is
a mandatory component of the Environmental Impact Assessment (EIA) process in many
countries. However, for marine mammals, the information required to feed into CEA, such
as thresholds for disturbance, frequency of multiple (and simultaneous) exposures,
interactions between stressors, and individual variation in response, is extremely limited,
though our understanding is slowly improving. The gaps in knowledge make it challenging
to effectively quantify and subsequently assess the risk of individual and population
consequences of multiple disturbances in the form of a CEA. To assess the current state
of practice for assessing cumulative effects on marine mammals within UK waters, 93
CEAs were reviewed across eleven maritime industries. An objective framework of thirteen
evaluative criteria was used to score each assessment on a scale of 13-52 (weak - strong).
Scores varied significantly by industry. On average, the aquaculture industry produced the
lowest scoring CEAs, whilst the large offshore windfarm industry (≥ 20 turbines) scored
highest, according to the scoring criteria used. There was a significant increase in scores
over the sample period (2009-2019), though this was mostly attributed to five industries
(cable, large and small offshore wind farms, tidal and wave energy). There was
inconsistency in the language used to define and describe cumulative effects and a lack
of routinely applied methodology. We use the findings presented here, along with a wider
review of the literature, to provide recommendations and discussion points aimed at
supporting the standardisation and improvement of CEA practice. Although this research
in.org March 2022 | Volume 9 | Article 8224671
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GRAPHICAL ABSTRACT | How are we

Hague et al. UK Marine Mammal Cumulative Assessments

Frontiers in Marine Science | www.frontiers
focused on how marine mammals were considered within UK CEAs, recommendations
made are broadly applicable to assessments conducted for other receptors, countries
and/or environments. Adoption of these proposals would help to ensure a more
consistent approach, and would aid decision-makers and practitioners in mitigating any
potential impacts, to ensure conservation objectives of marine mammal populations are
not compromised.
Keywords: cumulative effects assessment (CEA), cumulative impact assessment (CIA), anthropogenic activities,
management policy and practice, marine mammals, maritime industry
currently assessing cumulative effects for marine mammals in UK waters? A graphical abstract for Hague et al. (2022).
1 INTRODUCTION

In a global survey of more than 2000 scientists, understanding
the individual and interactive effects of cumulative stressors was
the top ranked research priority out of a possible sixty-seven
distinctive research questions, whilst developing approaches
for monitoring cumulative effects was ranked the fourth
highest priority (Rudd, 2014). The ongoing question of how to
address the complexity of multiple stressors has even been
described as one of the ‘holy grails’ of modern conservation
(Simmonds, 2018).

Cumulative Effects Assessment (CEA) and Cumulative
Impact Assessment (CIA) (hereafter collectively referred to
as CEA) are examples of methodical procedures that attempt
to address identify, predict and evaluate the significance
of multiple effects, or impacts, from one or multiple activities
on a specified receptor (Judd et al., 2015). The receptor
considered could be a species (e.g. harbour porpoise), group
of species (e.g. marine mammals) or habitat (e.g. benthic
in.org 2
environment). These assessments are usually completed as
part of an Environmental Impact Assessment (EIA), which is
one of the main tools utilised by regulatory agencies to ensure
that the environment, and the receptors it supports, are
adequately protected (Hawkins et al., 2020). The assessments
should identify the potential for stressors to individually
and cumulatively have significant effects on a receptor, and
if so, should make suggestions for appropriate mitigation in
order to ultimately reduce or prevent impacts (Judd et al., 2015).
In doing so, these assessments should ultimately make
human activities more sustainable (Duinker et al., 2013). In
this way, a CEA is regarded as having the potential to deliver the
most meaningful component of the EIA, in terms of providing a
more complete understanding of the overall consequences of the
development or activity (Cooper and Sheate, 2002).

In the UK, completing an EIA and an associated CEA is
mandatory for a number of specific project types and
activities. Whilst the regulations pertaining to EIA vary by
the industry that the project falls under (Figure 1), and in
March 2022 | Volume 9 | Article 822467
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some instances by devolved administration (Scotland, Wales and
Northern Island), the policy wording that outlines
the information required to be included in an EIA, including
for the consideration of cumulative effects, is identical
across the regulations (for example, 123456). This states
the requirement for; ‘a description of the likely significant effects
of the project and the regulated activity on the environment
resulting from … the cumulation of effects with other existing or
approved projects, taking into account any existing environmental
problems relating to areas of particular environmental importance
likely to be affected;… and the descriptions of the likely significant
effects on the factors … must cover the direct effects and any …
cumulative… effects of the project and the regulated activity. This
description must take into account the environmental protection
objectives established at EU or at national level which are relevant
to the project and the regulated activity’.
1The Marine Works (Environmental Impact Assessment) Regulations 2007, The
Marine Works (Environmental Impact Assessment) (Amendment) Regulations
2017 and The Marine Works (Environmental Impact Assessment) (Scotland)
Regulations 2017.
2 The Offshore Petroleum Production and Pipelines (Assessment of
Environmental Effects) Regulations 1999 (as amended) – replaced by the 2020
EIA Regulations: The Offshore Oil and Gas Exploration, Production, Unloading
and Storage (Environmental Impact Assessment) Regulations 2020.
3The Offshore Petroleum Production and Pipelines (EIA and other Miscellaneous
Provisions) 2017.
4Town and Country Planning (EIA) Regulations 2017, and The Town and
Country Planning (Environmental Impact Assessment) (Wales) Regulations
2017 and The Town and Country Planning (Environmental Impact
Assessment) (Scotland) Regulations 2017.
5The Electricity Works (EIA) (England and Wales) Regulations 2017 and The
Electricity Works (EIA) (Scotland) Regulations 2017.
6The Environmental Impact Assessment (Miscellaneous Amendments Relating to
Harbours, Highways and Transport) Regulations 2017.
7https://www.gov.uk/guidance/do-i-need-a-marine-licence
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These requirements cover a number of different types of activity
and projects. Some categories, known as Schedule A1 (or ‘1’)
projects, always require completion of an EIA and associated
CEA. Examples include projects that plan to extract over 500
tonnes per day of petroleum, or to construct an oil or gas pipeline
that is over 40 km long and over 800 mm in diameter. A second
category of project, Schedule A2 (or ‘2’), may first submit optional
screening documents to the appropriate authority, giving brief
details of plans and potential impacts. The authority will consider
whether it seems likely that the size, nature or location of the project
will mean it is likely to have significant environmental effects. If so,
then an EIA and associated CEA will be required. Example of
Schedule A2 projects include installation of a wind farm consisting
of more than two turbines, or an intensive fish farm that intends to
produce more than 10 tonnes of fish per year.

Whilst the policy requirements may be similar or identical across
industries and their respective sectors, each sector is managed by a
sector-specific regulator, which may also differ by administration,
and in turn may also have a different body from which they seek
advice, for example, a specific Statutory Nature Conservation Body
(SNCB). Regulators can provide support, publish associated
guidance to aid completion of EIAs and CEAs, and ultimately may
steer the requirements and standards of such assessments. However,
despite the regulations and regulatory support, CEAs are a long-
recognised area of weakness within the EIA process (Burris and
Canter, 1997; Cooper and Sheate, 2002; Gunn and Noble, 2011;
Duinker et al., 2013; Judd et al., 2015;Willsteed et al., 2018; Durning
and Broderick, 2019), with CEA practice recently described as
‘woefully deficient or simply absent’ (Sinclair et al., 2017). Whilst
standards and practice of CEA may vary by practitioner experience,
specific expertise, geography and role (Kågström, 2016; Foley et al.,
2017), assessing potential impacts of multiple stressors is, in itself, an
inherently difficult task. This is exacerbated, in most cases, by a
limited understanding of how receptors respond to various stressors,
FIGURE 1 | Legislative regimes pertaining to the requirement for an EIA, and associated CEA, for various maritime industries within UK waters. Note, there are
nuances in regulatory regimes and EIA requirements across devolved UK nations which are not captured within this figure. Thresholds for requirement of an EIA are
also nuanced, and may vary subject to screening, for example if the proposed project is in a ‘sensitive’ area. This figure is presented for high level illustrative
purposes only. Adapted from MMO Marine Licencing (2020)7.
March 2022 | Volume 9 | Article 822467
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and the associated thresholds for response. Whether or not some, or
all, of this information is available dictates where on the spectrum of
quantitative to qualitative a CEA can be, and how much expert
judgement has been relied upon in the absence of empirical evidence.
This ultimately may have implications on the associated confidence,
uncertainty and reproducibility of the assessment. Furthermore, it is
also largely unknown whether stressors interact in an additive
manner, to be greater than the sum of their parts (synergistic) or in
a diminishing manner to be less than the sum of their parts
(antagonistic) (Cocklin et al., 1992; Crain et al., 2008). The
approach has therefore often been to assess the impact of each
stressor separately assuming either no interaction and/or that
pressure-effect relationships are linear, which likely over- or under-
estimates impacts (Juddet al., 2015), rather than consideringmultiple
stressors together.However, in the context of thedefinitionofCEA, it
is evident that evaluating stressors separately does not constitute a
true assessment of cumulative effects.

1.1 Marine Mammals and Multiple
Stressors
Marine mammals are widespread in UK waters (Reid et al., 2003;
Hammond et al., 2013; Hammond et al., 2017), with all species
being vulnerable to acute and chronic anthropogenic disturbances
(Avila et al., 2018). Stressors are often not experienced in isolation
(either spatially or temporally), and instead an individual or group
may be simultaneously exposed to a number of stressors, from one
multi-stressor activity and/or from multiple activities occurring
simultaneously or consecutively. Responses to disturbance can be
reflected as temporary (Kyhn et al., 2015) or permanent avoidance
(Morton and Symonds, 2002), changes in behaviour [e.g. reduction
in foraging vocalisations (Pirotta et al., 2015a)], and in the longer
term may result in a change in population size, fecundity or health
(Pirotta et al., 2018). In more serious cases, the consequences of
anthropogenic disturbance may be fatal (Fernández et al., 2005).
The effects of experiencing multiple stressors at the same time,
either acute or chronic, are largely unknown for marine mammals,
mainly due to a paucity of data as marine mammals are inherently
difficult to study (Simmonds, 2018).

Currently, few quantitative tools exist to assist practitioners in
the assessment of potential impacts to marine mammals. Sparling
et al. (2017) detail and evaluate the sensitivities and utility of
common approaches to population level assessment. This review
identified two principal approaches: rule-based methods and
predictive population modelling. An example of a rule-based
methods, is Potential Biological Removal (PBR), which calculates
the number of deaths a population could sustain while ensuring the
population size remains at or above the ‘optimal sustainable
population size’ (e.g. Williams et al., 2016). Predictive models,
attempt to quantify the magnitude of impacts on a population
trajectory. Examples of predictive models specifically designed for
marine mammals include the interim Population Consequences of
Disturbance model (iPCoD) (King et al., 2015) and the harbour
porpoise (Phocoena phocoena) specific Disturbance Effects on the
Harbour Porpoise Population in the North Sea8 (DEPONS) model.
8https://depons.eu/
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iPCOD is based on a Leslie-matrix population model with the
impacts explicitly modelled in terms of their effect on the
population’s vital rates (fecundity and stage-specific survival).
DEPONS is an individual- or agent-based model where the
population consequences emerge from the results of simulations
of the effects of the impact on the behaviour and energy balance of
many individuals. Predictive models require a considerable amount
of information, including population demographics, energetics
parameters and estimates of disturbance response (e.g. the iPCOD
model requires an estimate of the relationship between days of
disturbance and individual survival and reproduction rates). This
requirement has limited satisfactory parameterisation of such
models for many marine mammal species (Harwood et al., 2016).
However, predictive models have been parametrised with
combinations of empirical information and knowledge acquired
through expert elicitation processes and implemented for some of
the species recorded within UK waters, including harbour porpoise
(Nabe-Nielsen et al., 2018; Cervin et al., 2020), grey seal
(Halichoerus grypus) (Silva et al., 2020), harbour seal (Phoca
vitulina) (Thompson et al., 2013), bottlenose dolphin (Tursiops
truncatus) (Pirotta et al., 2015b; Schwacke et al., 2017), minke whale
(Balaenoptera acutorostrata) (Christiansen and Lusseau, 2015),
long-finned pilot whale (Globicephala melas) (Hin et al., 2019),
sperm whale (Physeter macrocephalus) (Farmer et al., 2018) and
humpback whale (Megaptera novaeangliae) (Costa et al., 2016). For
many other species data limitations preclude such assessments.

Marine mammals are highly protected under a range of
international and national legislation, enabling protection at the
individual, population, species and site level. Furthermore, the status
of cetaceans and seals are key indicators used to assess progress
towards achieving Good Environmental Status, as part of the UK
Marine Strategy9. This strategy also outlines both the need to
evaluate potential cumulative impacts of anthropogenic pressures
on marine mammals, and to improve the overall evaluation process
of cumulative impacts (HMGovernment, 2012; Government, 2019).

The aim of this study was to review the current state of
practice for assessing cumulative effects on marine mammals
within UK waters, comparing practice between 2009 – 2019
across eleven maritime industries.

Following a review of CEA practice, we highlight examples of
best practice, as well as ongoing challenges and limitations of
conducting a CEA. From this, we provide recommendations to
improve future assessment practice broadly relevant to receptors
beyond marine mammals, and to other geographic regions. We use
marine mammals as the receptor of interest due to their high
conservation value and degree of legal protection, their vulnerability
to a variety of anthropogenic disturbances which occur in UK
waters (Avila et al., 2018), the identified knowledge gap of the
consequences of cumulative effects to marine mammals (Nelms
et al., 2021) and the strong correlation between their distribution
and areas of human impact (Pompa et al., 2011). The UK borders
one of the busiest maritime areas worldwide, the North Sea, an area
that is recognised as having many countries carrying out marine
activities in the region, and therefore an area where cumulative
effects are already a significant concern (Gușatu et al., 2021). It is
9https://moat.cefas.co.uk/introduction-to-uk-marine-strategy/
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therefore imperative to ensure such effects are being considered,
managed and mitigated in a broader, holistic manner. CEA is
mandatory for many, but not all, industries within UK waters
(Figure 1), and therefore this work utilises current CEA practice to
act as a knowledge provider for other marine industries and
countries that are yet to adopt CEA as part of their sustainable
management strategies.
2 METHODS

2.1 Scope of the Review
We collated Environmental Impact Assessments (EIAs),
Environmental Statements (ESs), Environmental Appraisals
(EAs) (hereafter, collectively referred to as EIAs) and any
associated documentation covering marine developments in
UK waters, published between 2009 and 2019. We did not
exclude any industries from the collation or review process,
and instead attempted to find EIAs and associated CEAs for as
many maritime industries as possible.

The devolved administrations hold and make available
records of such documents in different ways. For England and
Wales, the majority of these documents were available on the
National Infrastructure Planning (NIP) website10, an online
repository that holds applications for Nationally Significant
Infrastructure Projects (NSIPs). However, five years after a
project receives a decision from the Secretary of State, the
associated documents are removed from the NIP website, and
so the process to obtain these documents is more challenging.
For EIAs within Scottish and Welsh waters, we used the Marine
Scotland Information11 search engine and the Natural Resources
Wales public register12, respectively. There appears to be no
publicly available equivalent database for Northern Ireland,
consequently obtaining the appropriate documents was more
challenging, which is reflected in the number of CEAs reviewed
from Northern Ireland. EIAs were also collated from developer
websites, Tethys13, the Marine Management Organisation
Marine Case Management System14, The Crown Estate’s
Marine Data Exchange15 and the 4C Offshore Winds Database16.

Within the Department for Business, Energy & Industrial
Strategy (BEIS)17, the Offshore Petroleum Regulator for
Environment & Decommissioning (OPRED)18 make available
recently submitted EIAs related to oil and gas field development
on a dedicated webpage19, though after a short period of time the
documents are removed and replaced by a 1-4 page document
that summarises the reviewed EIA20. The latter summary
documents were not sufficient for the purpose of this review,
and so an online search was required to attempt to find the full
EIA. Where an online search was not successful, the relevant
10https://infrastructure.planninginspectorate.gov.uk/
11marine.gov.scot
12publicregister.naturalresources.wales
13https://tethys.pnnl.gov/
14https://marinelicensing.marinemanagement.org.uk/
15https://www.marinedataexchange.co.uk/
16http://www.4coffshore.com/offshorewind/
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authority (BEIS) was contacted to request missing
documentation, who directed the author to contact individual
oil and gas operators in the first instance, though individual
requests were not feasible within the timeframe of the review.

Oil and gas field decommissioning EIAs were downloaded
from OPRED21, which makes such EIAs accessible whilst the
associated ‘Decommissioning Programme ’ is under
consideration. Once a decommissioning programme has been
approved by OPRED, the EIA document is removed from the
website, again making the process to obtain these documents
more challenging.

Gaps in the repository were filled, where possible, by the
authors’ own resources, by further online searches (using terms
such as ‘Project Title + EIA’), or through direct requests to
colleagues. Whilst every effort was made to build a
comprehensive repository, we acknowledge that there are some
EIAs that may be missing from this analysis. The search resulted
in a total of 93 project EIAs and their associated CEAs, from
eleven marine industries.

2.2 Critical Evaluation Criteria
To ensure each CEA could be compared quantitatively, we
scored each CEA based on evaluation criteria developed and
outlined in Table 2 of Willsteed et al. (2018). The criteria within
the framework were developed following a review of legislative
documents where the assessment of cumulative effects is
explicitly or implicitly required, and a review of key cumulative
effects and marine ecosystem management literature and theory
[for further detail, refer to Willsteed et al. (2018)]. This
framework separates four categories (Procedure, Space and
Time, Pathways and Receptors and Cumulative Effects) into
twenty-one attributes used for evaluation. We discounted the
attributes that were not relevant for the purposes of our specific
aim (reviewing the current state of practice for assessing
cumulative effects on marine mammals), as these attributes
related to the scoping process rather than the CEA itself
(Attributes 6, 8, 12-15), or to effects in isolation (Attributes 6,
8), to the future condition of receptors (Attribute 16), or to the
assessment of cumulative effects on ecological connectivity
overall (Attribute 19). This resulted in final grading of the 13
remaining attributes (Supplementary Materials; Table 1).
Attributes were scored on a linear scoring system, where the
minimum score awarded was 1 (very weak), and thus the lowest a
CEA could score was 13. The highest an attribute could be
graded was 4 (very strong), and thus the highest a CEA could
score was 52. The primary reviewer (lead author) assessed all
CEAs (n = 93). To ensure scoring bias was negligible, 36 CEAs
were reviewed by at least one additional reviewer (a co-author).
17 https://www.gov.uk/government/organisations/department-for-business-
energy-and-industrial-strategy
18https://www.gov.uk/government/organisations/offshore-petroleum-regulator-
for-environment-and-decommissioning
19https://www.gov.uk/government/collections/eia-submissions-and-decisions-
2021
20https://www.gov.uk/guidance/oil-and-gas-environmental-statements-reviewed
21 https://www.gov.uk/guidance/oil-and-gas-decommissioning-of-offshore-
installations-and-pipelines#approved-decommissioning-programmes
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All reviewers are experienced in writing and/or reviewing EIAs
and associated documents, and are professionals associated with
policy and/or marine mammal science. No reviewers scored
CEAs where there was any potential conflict of interest (e.g.
reviewer had been involved in writing or providing advice to the
regulator). To ensure a baseline understanding of the Willsteed
et al. (2018) framework, all reviewers discussed how each
attribute should be interpreted and this helped ensure
continuity when implementing scoring criteria. The average
difference between the primary and secondary reviewers total
score was 3.8 (SD = 3.7, IQR = 4.4), with no bias towards higher
or lower scoring by the primary reviewer identified (the
secondary reviewers total score was higher for 53.3% of
reviewed CEAs, whereas the primary reviewer scored higher or
the same as the secondary reviewers on 44.4% and 2.2% of
occasions, respectively). Therefore, we are satisfied that the CEAs
that were not double reviewed will also be representative and any
scoring bias will be negligible. Where a CEA had been scored by
more than one reviewer, the average of the scores was taken
forward for the final analysis.

Alongside scoring each CEA according to the Willsteed et al.
(2018) framework, reviewers also collected information from
each CEA which would further the understanding of the state of
assessment practice, including the age of the CEA, data sources
used, guidelines followed and assessment methodology.

2.3 Statistical Analysis
A Kruskal-Wallis Test was used to check for differences in quality
scores between industries. This non-parametric test was selected as
the total scores were not normally distributed (Shapiro-Wilk test;
W = 0.92, p <0.005), with variance not equal across industry groups
(Levene’s test; F (10, 82) = 2.73, p = 0.005).

To check for changes in score over the ten-year study period,
we used a multiple linear regression model, where the ‘total CEA
score’ was the response variable and ‘Year’ and ‘Industry’ were
the predictor variables. The total scores were log-transformed, as
the scores were non-parametric with a moderately right skew
(skewness score: 0.53). The transformation improved the
skewness of the total score data (skewness score: 0.08), and the
linear model then fitted the assumption of homoscedasticity, and
the residuals were normally distributed. As n=1 for two of the
industries (dredging and oil or gas pipeline), their respective data
were excluded from the multiple linear regression analysis, as it
would not be possible to document trends based on only one data
point. For all other industries, n ≥5.

Analysis was undertaken in R (R Core Team, 2020), using
packages ‘moments’ (Komsta and Novomestky, 2015), ‘rstatix’
(Kassambara, 2021), and figures were created using packages
‘ggplot2’ (Wickham, 2016) and ‘tidyverse’ (Wickham et al., 2019).
3 RESULTS

We reviewed 93 marine mammal CEAs, completed between 2009
and 2019, covering 11 maritime industries [aquaculture (n = 7),
cable (n = 9), oil and gas decommissioning (n = 10), dredging (n =
1), harbour development (n = 8), oil or gas field development (n =
Frontiers in Marine Science | www.frontiersin.org 6
10), oil or gas pipeline (n = 1), offshore wind farm (OWF) large
(≥ 20 turbines, n = 22), OWF - small (≤ 19 turbines, n = 9), tidal
(n = 11), wave (n = 5)]. For clarity, the total score each CEA received
from the grading of the thirteen Willsteed et al. (2018) attributes is
simply referred to as the ‘score’. CEAs scoring between 13 and 22.5
were categorised as ‘very weak’, 23-32.5 ‘weak’, 33-42.5, ‘strong’ and
43-52 ‘very strong’ (Supplementary Materials; Table 1).

The results of the review are separated into four parts:
Overall Score, Assessment Procedure, Spatial and Temporal
Scale, and Cumulative Effects. The latter three correspond with
the three attribute categories of the Willsteed et al. (2018)
evaluative framework.

3.1 Overall Score
The average CEA score across the 93 CEAs was ‘weak’ (average =
24.9; range = 13 - 48) (Table 1). Overall, 75% (n = 70) of the
individual CEAs were ‘weak’ or ‘very weak’, whilst only 4% (n =
4) were ‘very strong’, all of which were large OWF CEAs.

3.1.1 Variation by Maritime Industry
Score varied significantly by industry (Kruskal-Wallis test: c2
(10) = 54.4, p = <0.005, n = 93) (Figure 2; Table 1). The effect
size was very large (as indexed by eta2[H] = 0.54), indicating
54% of the variance in score was explained by which industry
the CEA was attributed to. On average, the aquaculture
industry produced the lowest scoring CEAs (mean = 14.6;
range = 13 - 18.75; n = 7), whilst large OWF produced on
average the highest scoring CEAs (mean = 35.2; range = 17 -
48; n = 22) (Figure 2 and Table 1).

The higher the ranking of the CEA, the higher the average
number of pages the assessment (Table 1) (F-value (1,92) =
89.66, r2 = 0.48, p=<0.005). Furthermore, the average number of
pages of each CEA varied by industry (Table 1); large OWFs had
on average the lengthiest CEAs (mean = 24.2 pages; range = 0.5 -
53), whilst aquaculture CEAs were on average the shortest
(mean = 0.17 pages; range = 0 - 0.5).

3.1.2 CEA Scores Over Time
Overall, CEA scores improved significantly over time (F (9, 81) =
26.12, residual s.e. = 0.09, adjusted r2 = 0.71, df = 81, p = <0.005).
The best model to explain this change included industry as an
explanatory variable, which found that for five industries, scores
significantly improved over the study period. For cable, large and
small OWF, tidal and wave industries, CEA total scores increased
per year by 2.46, 1.80, 1.57, 2.09 and 1.56 points, respectively,
over the study period (all p = <0.005) (Table 1 and Figure 3).
The scores of CEAs from four industries did not significantly
change over time (aquaculture, decommissioning, harbour
development, oil or gas field development: all p = >0.05). Two
industries (dredging and oil or gas pipeline) could not be
assessed for change in score over time, as n=1.

3.2 Assessment Procedure
3.2.1 Definition, Methodology and Guidelines
Definition 26% (n = 24) of the CEAs provided no definition for
cumulative impacts or effects, a further 9% (n = 8) only provided
vague definitions. The most frequently used or para-phrased
March 2022 | Volume 9 | Article 822467

https://www.frontiersin.org/journals/marine-science
http://www.frontiersin.org/
https://www.frontiersin.org/journals/marine-science#articles


TABLE 1 | Average score for the thirteen attributes used to grade each Cumulative Effects Assessment (CEA), by industry (from Willsteed et al., 2018).
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Willsteed
et al.
(2018)
Attribute

Attribute description Average score

Aquaculture Cable Decom-
missioning

Dredging Harbour
Development

Oil or G
Developm

Total CEAs reviewed (n = 93) 7 9 10 1 8 10

1 The CEA explicitly defines cumulative in context of the CEA,
reflecting the three components of cumulative environmental
change

1.14 2.86 1.25 2.75 2.19 2.03

2 The purpose and scope of the CEA specifically are clearly set out
in the supporting documentation

1.11 2.58 1.13 3.50 1.84 1.78

3 The CEA documents and applies a clear, systematic CEA
methodology, from scoping through to mitigation

1.04 2.75 1.20 3.50 1.81 1.48

4 The assessment makes use of appropriate data, tools and
analytical methods, makes use of quantitative and qualitative
methods where data allows. Assumptions and uncertainties are
clearly stated and incorporated into the assessment

1.14 2.19 1.28 2.00 1.38 1.60

5 The conclusions of the CEA are accessible and are compiled in a
document that clearly states predicted impacts before and after
proposed mitigation measures, assumptions and uncertainties

1.32 2.31 1.20 2.75 1.41 1.78

7 The temporal extent of pressures associated with other activities
included in the CEA are identified by a scoping process and
documented

1.07 2.53 1.08 3.50 1.28 1.20

9 The spatial extent of pressures associated with other activities
included in the CEA are identified by a scoping process and
documented

1.25 2.47 1.08 2.00 1.50 1.43

10 The CEA applies appropriate temporal boundaries relative to the
receptors selected for assessment in the CEA

1.11 1.75 1.00 2.75 1.25 1.10

11 The CEA applies appropriate spatial boundaries relative to the
receptors selected for assessment in the CEA

1.14 2.08 1.03 2.00 1.50 1.18

17 The effects of multiple stressors from the proposed activity on
receptors are assessed

1.14 1.78 1.23 1.00 1.16 1.48

18 The effects of multiple stressors from the proposed activity and
other activities on receptors are assessed

1.11 1.94 1.15 2.50 1.44 1.43

20 A clear rationale for determining impact significance is presented
and conclusions clearly relate to predicted change against an
appropriate measure of population change

1.04 1.72 1.20 2.00 1.47 1.40

21 Uncertainty is explicitly considered and clearly identified 1.04 1.67 1.10 1.75 1.22 1.20
Average total score (Willsteed et al., 2018) (min, max score = 13, 52) 14.6 28.6 14.9 32 19.4 19
Predicted increase in total score, per year, during the study (only
reported if, p = <0.05)

2.46

Average number of CEA pages 0.17 5.54 0.69 1 0.94 0.53
Average number of sources used to define baseline per CEA 1.71 5.78 5.9 11 7.12 4.8
% of CEAs that provided a definition of cumulative effects/impacts 0 89 30 100 75 50
% of CEAs with significance based on professional judgement 100 67 100 100 100 90
% of CEAs that used maps to illustrate spatial scale of cumulative
effects

0 11 0 0 0 0

Boxes are shaded by score grade; white = very weak (average attribute score of 1 to <2), light grey/italic font = weak (average attribute score of 2 to <3), dark grey/bold font = s
six additional measures that contribute to CEA standard.
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definition was provided via the European Commission guidelines
(Hyder, 1999); “Cumulative impacts are impacts that result from
incremental changes caused by other past, present or reasonably
foreseeable actions together with the project”, which was presented in
41% (n = 38) of CEAs that did provide a definition.

Methodology Setting out the purpose and scope of the CEA
was on average the highest scoring attribute out of all the thirteen
Willsteed et al. (2018) attributes that were assessed, with three
industries (dredging, oil or gas pipeline and large OWF) all
scoring ‘strongly’ (indicated by the scoring of Att. 2).
Frontiers in Marine Science | www.frontiersin.org 8
Guidelines 70% (n = 65) of the CEAs referenced some type of
guidelines or documentation to guide the CEA process, with the
Chartered Institute of Ecology and Environmental Management
(CIEEM, previously IEEM) and the Institute of Environmental
Management and Assessment (IEMA) guidelines referenced 47 and
29 times, respectively.

3.2.2 Sources for Baseline Characterisation
Marine mammal baseline data The average number of sources
provided to characterise the baseline environment (i.e. marine
FIGURE 2 | Mean and median scores of marine mammal Cumulative Effects Assessments (CEAs) across maritime industries. Industries are grouped based on the
regulations associated with the required EIA and CEA (for more detail, see Figure 1). The industries that fall under the Marine Works (EIA) Regulations 2017
commonly also fall under the remit of other EIA Regulations, though the policy wording via other regulations is identical, hence only presenting the Marine Works (EIA)
Regulations here for clarity. The boxplot shows the median (line through box), mean (dot), and lower and upper hinges (first and third quartile). Widths of boxes are
proportional to the square-roots of the number of observations (CEAs reviewed) in the groups.
FIGURE 3 | Total score of each Cumulative Effects Assessment (CEA) over the 10-year study period, by maritime industry. Asterisks*** next to industry name are
displayed where change over time was significant, indicated by a multiple linear regression model, where p = <0.05.
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mammal presence, abundance and distribution) for the CEA was
7.64, with dredging, large OWF and tidal CEAs on average citing
the highest number of sources (11.0, 10.8, 9.73 sources,
respectively). In contrast, CEAs from the aquaculture industry
provided on average only 1.71 sources. ‘Very strong’ and ‘strong’
CEAs provided on average ≥11.7 sources of baseline information,
whilst ‘very weak’ CEAs provided on average 5 sources, and so
the overall CEA score did appear to be reflective of the number of
sources used to characterise the baseline environment. 3% (n= 3)
of CEAs cited zero sources and did not provide any information
on what their assessment considered as a baseline.

3.2.3 Effects Considered
Construction activity noise was the most frequently included
type of stressor within the assessed CEAs (45%; n = 42),
followed by vessel noise (29%; n=27). Often, there was an
initial qualitative discussion with regards to the likelihood of
occurrence of a number of potential sources of disturbance, and
subsequent justification as to which impacts were taken forward
into a more formal cumulative assessment. In this way, of the 426
times that potential sources of disturbance were considered in
the 93 CEAs, they were scoped out of further assessment on 213
occasions (50%), whilst 213 were formally assessed in some
way. Further assessment then consisted of either qualitative
discussion, a quantitative analysis, or a mixture of both
approaches (see 3.4.6 Quantitative vs. Qualitative). Potential
sources of disturbance may have been scoped out of inclusion
in the CEA due to, for example, potential effects being deemed
insignificant when experienced in isolation, or, lack of data or
knowledge precluding assessment.

3.3 Spatial and Temporal Scale
Spatial scale The two Willsteed et al. (2018) attributes that directly
considered the spatial scale of the CEA both scored ‘very weak’
(Att. 9: mean = 1.99; Att. 11: mean = 1.88) (Table 1). 43% (n = 40)
of CEAs did not explicitly state the spatial scale of the assessment.
14% (n = 13) of CEAs based their spatial boundary of pressures on
a threshold relevant to the marine mammal(s) included in the
assessment, using a defined boundary such as the reference
population or management unit (MU) extent (e.g. 13 CEAs used
the IAMMWG (2015) MU boundaries). Alternatively, 13% (n =
12) of CEAs defined the spatial scale of the assessment based on a
set distance from the project itself, ranging from 0.5 km to 100 km.

15% (n=14) of CEAs presented a map to demonstrate the spatial
scale of the project and to put into context the location of the
proposed activity in relation to other projects or developments, and/
or marine mammal distribution.

Temporal scale The two Willsteed et al. (2018) attributes that
directly considered the temporal scale of the CEA on average
both scored ‘very weak’ (Att. 7: mean = 1.91; Att. 10: mean =
1.48) (Table 1). 63% (n = 59) of CEAs did not explicitly state
the temporal scale of the CEA. 20% (n = 19) used the duration
of the project as the temporal scale for the CEA, some also with
the addition of a number of years post-project. Three CEAs
used a defined scale of 5, 6 or 7 years in advance, whilst 5% (n =
5) of CEAs used the ‘reasonably foreseeable future’ as a
temporal scale.
Frontiers in Marine Science | www.frontiersin.org 9
3.4 Assessment of Cumulative Effects
The conclusions of 25% (n = 23) of CEAs were accessible and
compiled clearly, with supporting assumptions partially or fully
addressed (indicated by scoring ≥3 for Att. 5). In contrast, 75%
(n = 70) of CEAs had conclusions which were scattered, difficult
to access, with the conclusions unclear (indicated by a score
of ≤2.9 for Att. 5).

Uncertainty Att. 21 considered whether ‘uncertainty is explicitly
considered and clearly identified’, and on average scored ‘very weak’
(mean = 1.5). For 68% (n = 63) of CEAs, uncertainty was not
explicitly considered (indicated by a score of ≤1.9 for Att. 21), and
for a further 27% (n = 25) uncertainty was referenced in the
methodology without being defined or formally considered within
the assessment itself (indicated by a score of >2 but ≤2.9 for Att. 21).
Only five CEAs clearly considered uncertainty within the
assessment (scored ≥3 for Att. 21), all were from large OWFs.

3.4.1 Considered Effects of Multiple Stressors
85% (n = 79) of CEAs considered only like-for-like stressors
together (i.e. construction noise together with vessel noise, rather
than construction noise together with vessel collision risk). 49% (n =
46) of CEAs did not consider the effects of their activity combined
with other activities (indicated by score of <2 for Att. 18) (Table 1).
No CEAs for aquaculture, oil or gas pipeline and decommissioning
industries considered multiple stressors of their activity combined
with other activities. Of the 51% (n = 47) of CEAs that did consider
the effects of multiple stressors from the project in question and
other activities, 14 of those provided a clear rationale for selection of
stressors with reference to marine mammals.

Interactions 16% (n = 15) of CEAs discussed the potential for
multiple impacts to interact (i.e. additive, synergistic,
multiplicative, compensatory or antagonistic), however this
was not formally assessed within any CEA.

3.4.2 Quantitative vs. Qualitative
The method to determine impact significance was qualitative, based
solely on professional judgement, for 71% of CEAs (n = 66). Only
6% (n = 6) of CEAs determined impact significance based on wholly
quantitative methods, all these were from large OWFs. 23% (n = 21)
used a combination, using quantitative analysis where feasible,
supported by professional judgement where quantification was
not possible. 100% of CEAs from aquaculture, decommissioning,
dredging, harbour development, small OWF and wave were solely
qualitative (Table 1). All CEAs that were categorised as ‘very weak’
were qualitative assessments. Only four of the 93 CEAs (4%) scored
a ‘very strong’ overall score, and of these, one used solely quantitative
methods, whilst three used a combination of qualitative and
quantitative methods.

77% (n = 72) of CEAs used no quantitative model to predict the
magnitude of effects. 21% (n = 20) of CEAs modelled cumulative
exposure to underwater noise, most frequently using either the
INSPIRE ‘fleeing animal’22, SPEAR or SAFESIMM (Donovan et al.,
2012) models, the latter of which is designed specifically for marine
mammals. 10% (n = 10) of CEAs modelled population
consequences of disturbance, using either iPCoD (n = 5),
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Population Viability Analysis (n = 4) or another stage-based
modelling approach (n = 1). Only large OWF used iPCoD within
their CEAs. A further eight CEAs described an awareness of and/or
an enthusiasm to utilise the iPCoD or DEPONS model to aid the
CEA process, however such models were described as not being
used due the complexity of the model, data required to parameterise
the model not being available (e.g. piling schedule), or, the model
not being available at the time of writing.
4 DISCUSSION

In the UK, CEA has been a required part of EIA practice for a
number of decades, with current understanding and ability to assess
cumulative impacts evolving substantially since assessment practice
began to gain traction in the 1970s (Hodgson and Halpern, 2018).
However, this review found differences in approach and varying
standards of CEAs between industries and over time (2009-2019),
according to the adopted scoring metrics. Before providing a
thorough discussion of these findings, it is important to highlight
the inherently difficult nature of completing a CEA. In some cases,
the challenges are industry specific (e.g. more/less data for impacts
relevant only to certain industries), whilst other challenges are
reflected across industries, receptors and CEA practice (e.g. lack
of knowledge on how stressors interact). It is therefore important to
bear such challenges in mind when considering the findings of
this review.

A caveat that we were not able to properly account for, but
should be considered when interpreting the results, is that the level
of detail required by the regulator for a CEA is usually proportionate
to the size of the project (Lonsdale et al., 2017). For example, smaller
scale projects may require less thorough CEAs. In some cases this
could be due to smaller predicted impact footprints, or more
localised activities (e.g. harbour maintenance and development),
meaning, proportionate to the predicted risk, the regulator may only
require a qualitative CEA, for example. This proportionality may be
reflected in a lower score, according to our scoring criteria, though
the CEA may in fact have fulfilled the regulatory requirements. We
were only able to account for this, in part, for the OWF industry
through categorisation of ‘small’ versus ‘large’ offshore wind farms.
Comparatively, CEAs from smaller OWFs did score less than larger
OWFs, on average, and were also shorter in terms of number of
pages (Table 1). The review also found higher ranking CEAs had on
average a higher number of pages. Previous work has struggled to
confirm a clear relationship between project spatial scale and EIA
length (Fernández et al., 2018), though Bond et al. (2014) found
good practice had been eroded through recent streamlining of
impact assessments themselves.

Further limitations to the review process itself are discussed in
Section 4.2.

4.1 Variation in Cumulative Effects
Assessment
4.1.1 Between Industries
To our knowledge, this review provides the first comparison of
CEAs across industries, and has highlighted a lack of
Frontiers in Marine Science | www.frontiersin.org 10
standardisation within UK practice when assessing potential
cumulative effects to marine mammals. The legislative wording
with regards to the requirements for an EIA and associated CEA
is identical or extremely similar for all but two (cable and
decommissioning) of the eleven industries considered in this
review (refer to Section 1 and Figure 1 for an overview of the
associated legislative regimes), yet there is a considerable
variation in average CEA score between industries. The
renewables industry (OWF, tidal and wave energy) scored the
highest, whilst CEAs from the aquaculture, decommissioning, oil
or gas field development, and harbour development industries
scored lowest. The disparity in scoring across industries may to
some degree be explained by differing interpretations of this
legislation by regulators and practitioners, with similar
disparities in interpretation and understanding reported within
Swedish cumulative effects practice (Wärnbäck and Hilding-
Rydevik, 2009). In the UK, the regulatory bodies who are
responsible for the implementation of the associated legal
requirements differ across industries and administrations. As
such, the application of the legislation, including the production
of associated guidance and support to improve practice, may also
vary between regulators. To ensure the interpretation and
application of the legislation is uniform across industries, we
recommend that regulators should publish guidance, in
conjunction with SNCBs, to support the production of CEAs
in the marine environment, which should be applicable and
adaptable to support the assessment process across relevant
industries. The guidance should be designed to achieve the
legislative requirements, whilst being adaptable enough to
allow practice to evolve with new knowledge and best available
science, and should aim to achieve effective cross-industry
cumulative assessment.

The siloed approach between industries to the regulation and
completion of these assessments has no doubt meant that
industries have missed opportunities to share best practice and
lessons learned. It is important to note that additional to the lack
of synergy between industries, there are long standing disparities
in the interpretation and approach to cumulative effects between
scientists and practitioners (Hodgson et al., 2019). For example,
scientific evaluations more commonly focus on the effects of
environmental pressures on species or ecosystems and track this
back to human activities, whilst policy-based CEA interpretation
considers the effects of activities, projects or plans (Judd et al.,
2015; Hodgson and Halpern, 2018). This disparity in
interpretation may have led to incompatibility in emerging
methodologies (Judd et al., 2015), with latest scientific evidence
or tools not necessarily suitable to support practical CEA
requirements or aid improvement of practice. The formation
of a collective cumulative effects community across science,
policy and practice could work to address the disjuncture
identified across these fields, fostering an improved and more
holistic understanding for all. Hodgson et al. (2019) suggest
cumulative effects research be formalised as a subdiscipline, with
the development of a community of practice, active
conversations and support opportunities such as workshops
and conferences. Such synergies could provide an ideal
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platform for innovative and applied research questions to be
addressed, with research led by practitioner requirements.
Examples of the success of this approach are evidenced by the
development of tools such as iPCoD (King et al., 2015).

To accompany and support a more standardised approach
across industries, the development of a systematic database used
as a source and archive for CEA associated guidance, data,
evidence and good practice would be highly beneficial (Clarke
Murray et al., 2014; Foley et al., 2017; Dibo et al., 2018; Durning
and Broderick, 2019; Hodgson et al., 2019; Caine, 2020). This
would provide a standard platform of activities and their
associated effects to be recorded, and when required,
incorporated within baseline characterisations and CEAs,
encouraging a more collaborative overall ‘CEA mindset’
(Sinclair et al., 2017; Gușatu et al., 2021). This would likely be
more cost effective than the current disjointed approach, where
data are not readily shared due to being commercially sensitive
and expensive to collect (Connelly, 2011). Further, sharing of
data with subsequent dissemination of long-term pre-, during-
and post-construction monitoring data would allow industries to
learn from past developments and improve the collective
knowledge of the true cumulative effects and consequent
impacts of consented projects (Masden et al., 2010; Hawkins
et al., 2017; Dibo et al., 2018; Caine, 2020).

Parallel to industry-level support through a cumulative effects
community, it is important that cumulative effects are also
addressed over the broader scale. The adoption of a more
‘integrated ocean management’ approach could provide a wider
holistic solution to the currently fragmented approaches between
industries and administrations (for a further discussion, see
Winther et al., 2020). If effective measures and an integrated
approach spanning all marine industries is in place at a wider
strategic scale then adverse cumulative environmental change at an
individual project level may be avoided (Gunn and Noble, 2011).
Such approaches would capture the incremental effects from smaller
projects and activities that are not subject to EIA (Cooper and
Sheate, 2004), which are unlikely to be captured by project-level
CEAs. Further, a strategic ocean management approach may
somewhat alleviate the, in some cases, disproportionate
expectations for individual projects to complete comprehensive
CEAs. This is especially important, as all industries considered in
this review exploit similar or directly adjacent areas of the marine
environment (Van den Burg et al., 2019), yet we document a great
disparity in their assessment of the potential impacts of multiple
stressors to marine mammals. A lack of standardisation is a notable
limitation of current management and conservation efforts.
Activities which may impact the same receptors and marine
space, either individually or cumulatively, should be subject to the
same rigour and standards when it comes to proportionately
assessing their potential impacts; long-term sustainability can only
be achieved if best practice is applied across all industries (Winther
et al., 2020).

4.1.2 Over Time
Notably, there was an increase in CEA scores over the sample
period, though this improvement was attributable to only five
Frontiers in Marine Science | www.frontiersin.org 11
industries [cable and renewables (large and small OWFs, tidal
and wave energy)], with four industries exhibiting no significant
improvement (aquaculture, decommissioning, harbour and oil
or gas field development). This may be a reflection on differing
levels of pressure imposed on each industry to improve and
evolve practice. For example, ‘newer’ industries (such as marine
renewables) have worked together to develop specific renewable-
focused guidelines to support the assessment of environmental
effects (e.g. RenewableUK, 2013), with parallel academic research
feeding into the evolving understanding of industry impacts (e.g.
Sparling et al., 2018; Whyte et al., 2020). In contrast, this pressure
and collective effort to improve practice may not be imposed on
‘older’ industries, hence not showing an improvement over time,
according to our scoring metrics.

4.1.3 Terminology
Previous research has found how (and if) practitioners initially
define ‘cumulative effects’ and ‘impacts’ to be one of the main
pre-cursors to subsequent inconsistency in practice (Cooper and
Sheate, 2002; Duinker et al., 2013; Foley et al., 2017). 26% and 9%
of the CEAs reviewed here provided either no definition or a
vague definition, respectively. This may be due to an uncertainty
by practitioners as to what cumulative effects are, and/or due to a
lack of universally utilised precise working definition (Baxter
et al., 2001; Cooper and Sheate, 2004; Duinker and Greig, 2006;
Gunn and Noble, 2011; Judd et al., 2015). Furthermore, historic
earlier definitions are now being recognised as insufficient
(Duinker et al., 2013), and so we support the persistent calls
for the establishment and widespread adoption of a consistent,
comprehensive, definition of impact and of cumulative effects,
based on best available science (Cooper and Sheate, 2002; Canter
and Ross, 2010; Judd et al., 2015; Foley et al., 2017), which is
complex enough to guide practice and scientific work (Duinker
et al., 2013), for example adoption of the definitions and concepts
outlined by Judd et al. (2015). It should be clear which effects
could contribute to cumulative impacts, and should be standard
practice to state which effects, impacts, pressures, sources and
receptors are investigated, in order to reduce the present
ambiguity (Cooper and Sheate, 2002; Foley et al., 2017;
Hodgson et al., 2019; Elliott et al., 2020).

4.1.4 Baseline Characterisation
Characterising the baseline using appropriate data and background
information is an essential part of the CEA process, as it not only
describes the level at which potential negative effects are being
assessed against, it also has implications for how significance is
evaluated (Clarke Murray et al., 2014). Ideally, the baseline should
describe species presence, including information on abundance,
distribution and seasonality, and should acknowledge existing and
potential stressors in the surrounding area.

Choosing a point in time at which to define the baseline is
challenging. Whilst using a historic non-affected environment
would be ideal (Masden et al., 2010; Clarke Murray et al., 2014;
Foley et al., 2017; Dibo et al., 2018), in practice this is extremely
challenging, with a survey of CEA practitioners across the Pacific
Rim finding that past conditions only tended to be included in the
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baseline definition by more experienced CEA consultants (Foley
et al., 2017). Instead, it is common practice to use current conditions
as the baseline (Bérubé, 2007; ClarkeMurray et al., 2014; Foley et al.,
2017), despite this approach not taking into account ‘shifting
baseline syndrome’. This is the phenomenon where each new
generation of scientists or practitioners uses the current
environment during their career as a baseline against which to
evaluate changes, which results in a gradual shift in baseline over
time, as each successive generation may use a more disturbed
benchmark than the last (Pauly, 1995). In terms of UK practice,
the regulations relevant to CEA and EIA in the UK (outlined in
Figure 1) suggest using the present environment as the baseline,
stating the explicit requirement for a description of the current
environmental state, along with an outline of how this may evolve in
future without the project. The regulations also state that this should
be based on relevant information and scientific knowledge, though
anecdotally the present review found the most up-to-date and/or
appropriate data and sources were not always utilised (taking into
account when the CEA was undertaken), with 3 of the reviewed
CEAs not providing any information on what their assessment
considered as baseline. For marine mammals around the UK, there
are a number of data sources that can aid in characterising the
baseline environment, these range from wider scale survey data [e.g.
SCANS surveys (Hammond et al., 2013; Hammond et al., 2017)], to
finer scale local data. Future practice should aim to ensure the most
appropriate sources are utilised.

4.1.5 Effects Considered
Impacts included in CEAs tended to be limited, focusing on similar
projects (e.g. an OWF only including other co-occurring OWF in
their CEA), or including only projects or stressors where there was
high confidence in the data available. Furthermore, many of the
CEAs reviewed only carried forward impacts that were deemed
significant in isolation into the CEA itself, similar to the findings of
Baxter et al. (2001) and Olagunju and Gunn (2013). Only including
impacts that the assessment deemed significant in isolation does not
take into account that two or more potential impacts concluded as
non-significant in isolation could result in significant cumulative
impacts (Clarke Murray et al., 2014). There is a growing body of
literature documenting how cumulative exposure to individual
stressors that were deemed non-significant, when considered
cumulatively result in biologically significant consequences for
marine mammals [e.g. bioaccumulation of organochlorines in
prey impacting reproductive health of NE Atlantic bottlenose
dolphins and killer whales (Orcinus orca) (Jepson et al., 2016)].
Furthermore, this review found potential sources of disturbance
may be scoped out from inclusion within the a CEA due to lack of
data or knowledge, limiting further assessment of potential
cumulative effects. However, only including stressors with
sufficient information, or indeed only similar projects, does not
truly reflect the real-world scenarios that marine mammals are
experiencing (e.g. chemical pollution), and so has implications for
the robustness of the assessment. Despite this being common
practice, 90% of surveyed practitioners agreed that all
disturbances should be considered when evaluating baseline
conditions (Dibo et al., 2018).
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4.1.6 Spatial and Temporal Scale
It is essential to define the extent of the focal area to determine
the scope of the assessment, and which activities and pressures to
include within the assessment (Judd et al., 2015). However
choosing the appropriate scale, spatially, temporally and in
terms of level of detail, is one of the key challenges to effective
assessment of cumulative effects (Therivel and Ross, 2007; Clarke
Murray et al., 2014), particularly for highly mobile species such
as marine mammals (Gușatu et al., 2021). Scale can be difficult to
define, for example, stressors at a global scale (e.g. climate
change) will impact on receptors at a local scale (Clarke
Murray et al., 2014). Similarly, the frequency and duration of
pressure(s) will influence the nature and scale of response by the
receptor (Judd et al., 2015). Within this review 63% and 43% of
CEAs did not explicitly state the temporal or spatial scale of their
assessment, respectively, meaning it was unclear how other
projects, stressors or activities were selected for inclusion
within the CEA in terms of their spatial and temporal proximity.

The appropriate spatial scale of a CEA is context specific and
so should be tailored to each project and to each source of
disturbance, as some impacts may be better suited to being
considered at a defined radius whereas some impacts may
require consideration at an ecological scale. For the latter, this
could correspond with the receptor’s range (Clarke Murray et al.,
2014), or be defined by receptor-specific ecological boundaries
(Dibo et al., 2018), though only 14% of CEAs reviewed defined
spatial boundaries with relevance to marine mammals [e.g.
marine mammal management units (IAMMWG, 2015) or seal
management units]. In contrast, 13% of CEAs assessed defined a
spatial parameter based on a set figure, e.g. a 5 km radius from
the project. This approach is more appropriate for certain
activities where a radius of disturbance can be defined (e.g.
piling noise), though may still not necessarily be appropriate
for mobile species. It is most common for spatial scale to be
defined using the footprint of expected impact or activity across
all CEA receptors (Foley et al., 2017), although in some cases this
may be more suitable for sedentary receptors or benthic habitats
rather than highly mobile or migratory species like marine
mammals or seabirds, therefore consideration to the ecology
and behaviour of the receptor is required.

In practical terms, the temporal scale of a CEA should
ideally accommodate the complete life cycle of all elements
of the project: exploration, construction, operation and
decommissioning (Lonsdale et al., 2017). In fact, surveyed CEA
professionals suggested a CEA should consider impacts beyond
the life cycle of a project itself (Dibo et al., 2018), as project
duration may not adequately consider that behaviour may
change over time in response to the action, and that this
change may be lagged (Masden et al., 2010). The consideration
of only high impact, short-term pressures (e.g. impact pile
driving) with the preclusion of the effects from persistent long-
term pressures does not represent the reality of the cumulative
pressures imposed on receptors. Nevertheless, the majority of
professional practice tends to scale their analysis based on the
duration of the proposed activity or impact only (Foley et al.,
2017). In the present review, it was found that when a temporal
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scale was defined, project duration was the most used temporal
limit (20%). This approach may be appropriate at a single project
level when there is evidence that the effect of the stressor
associated with the activity is alleviated when the activity
ceases [e.g. harbour seals re-distributed as per non-piling
within two hours of cessation of pile-driving activity (Russell
et al., 2016)]. However, where effects of stressors persist long
after an activity (e.g. permanent decline in gray whale habitat use
following an increase in human-induced disturbances from
fishing and other shipping activity; Findley and Vidal, 2002)
then this approach is not suitable. It is recommended, where
possible, that the best approach in defining a temporal scale for a
CEA should incorporate the length of time required for the
ecological components to recover (Masden et al., 2010; Foley
et al., 2015; Foley et al., 2017). The challenge here is that
receptors whose response is lagged to certain stressors may
mean the temporal boundary of the assessment extends
beyond the operational timeline of a project.

4.1.7 True Assessment of Multiple Stressors?
CEAs tend to consider cumulative effects in one of two ways;
either as multiple stressors from a single activity, or as single
stressors from multiple activities (like for like) (Clarke Murray
et al., 2014). Consideration of multiple stressors from multiple
activities is rare (Clarke Murray et al., 2014); indeed of the CEAs
reviewed 49% never considered multiple stressors from multiple
activities. Notably, this was completely absent in CEAs from the
aquaculture, decommissioning, and oil or gas pipeline industries.
85% of all CEAs reviewed considered only like for like stressors
together (e.g. construction noise together with vessel noise,
rather than construction noise together with vessel collision
risk). However, for marine mammals and other receptors, it is
unlikely that stressors are only experienced in this way, and so
this approach may not be representative of the impacts on
ecological components (Clarke Murray et al., 2014).

Only 16% of the CEAs discussed the potential for impacts to
interact, with the surrounding uncertainty associated with these
interactions never expressly considered. In practice it is often
necessary to assume effects interact only additively (or do not
interact at all), however it is important to acknowledge this
assumption, and the consequent potential for under- or over-
estimation of impacts which further affects the effectiveness of
any management or mitigation measures (Judd et al., 2015; Singh
et al., 2020). To address this knowledge gap, further empirical
research is required to identify and distinguish effects of single vs
multiple disturbances, and to build an understanding of how
stressors interact (whether additive, synergistic, multiplicative,
compensatory or antagonistic) in order for this aspect of the CEA
process to improve (Clarke Murray et al., 2014).

4.1.8 Methodology: Qualitative Versus Quantitative
There are some quantitative methods and tools being developed,
or already available, to assist the practitioner when assessing
cumulative effects on marine mammals, for example, the iPCoD
model (King et al., 2015; Booth et al., 2020), and other stepwise
quantitative approaches [e.g. Piet et al., 2021) (refer to Section 1.1
for further examples]. However, few CEAs reviewed used wholly
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quantitative methods to determine significance (6%, all from
large OWFs), and instead 71% relied on professional judgement
or did not describe how significance was determined. All CEAs
from aquaculture, decommissioning, dredging, harbour
development, small OWF and wave energy industries were
solely based on professional judgement. This is a higher
proportion than other reviews of CEA, one of which
documented 26% of CEAs described cumulative effects
qualitatively, whilst another documented 66% of CEAs relied
solely on expert judgement (Cooper and Sheate, 2002; Korpinen
and Andersen, 2016). Professional judgement has historically
been relied upon by necessity, due to the absence of established
thresholds of response or tools to aid the assessment process
(Cooper and Sheate, 2002; Connelly, 2011; Clarke Murray et al.,
2014; Lonsdale et al., 2017; Singh et al., 2020). For CEAs to be
robust, reliable and transparent, the onus is on practitioners to
support their judgements with the best available science.

Predictive models are a potential additional or alternative
method to professional judgement, and can be used as a tool to
simulate and predict the potential for significant impacts
(Duinker et al., 2013). Geographic Information Systems (GIS)
are another tool that can be extremely useful in facilitating the
CEA process (e.g. Lonsdale et al., 2020; Gușatu et al., 2021), but
again, only 15% of the reviewed CEAs presented a map as part of
the marine mammal CEA. Maps can be used to superimpose the
spatial extent of projects, activities and stressors with receptor
presence, to aid interpretation of potential impacts, in addition to
the quantitative analysis or qualitative assessment (e.g. Halpern
et al., 2008; Batista et al., 2014), and have been used to map
potential cumulative impacts on four marine mammal species in
the California Current (Maxwell et al., 2013) and cumulative
impacts on Hong Kong’s pink dolphins (Marcotte et al., 2015).

Uncertainty It is important that CEAs acknowledge the
limitations of their chosen approach, and are transparent in
how this contributes to the uncertainty and consequent
interpretation of the CEA outputs (Judd et al., 2015). In the
UK, including ‘details of difficulties (for example, technical
deficiencies or lack of knowledge) encountered compiling the
required information and the main uncertainties involved’ is
specifically outlined in the Marine Works (EIA) Regulations
20071 as a requirement to be included within the EIA and
associated CEA. Yet, only 5% of the CEAs reviewed explicitly
considered uncertainty (all from large OWFs). Considering the
high level of uncertainty surrounding marine mammal
individual and population responses to disturbance, and often
the uncertainty surrounding the stressor itself (e.g. definite
construction period), identifying and making decision-makers
aware of the degree of uncertainty associated with these
assessments is essential.

4.2 Limitations
While every effort was made to ensure this review was conducted in a
robust manner, there are some important caveats that should be
understood when considering the findings of this study. First and
foremost, we were not able to ascertain whether the scores given as
part of this review correlated with effectiveness of the assessment
themselves, though it is plausible that this is the case. CEAs were
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scored using a framework developed by Willsteed et al. (2018), to
allow comparison of scores across industries and through time. The
attributes of the framework were designed based around UK legal
obligations for CEA, principles of marine ecosystem approaches to
management and key principles of assessing cumulative effects, and
were trialled by Willsteed et al. (2018) to score benthic and fish and
shellfish ecology CEA chapters from the marine renewable energy
industry. As those same legislative requirements span nine of the
eleven industries reviewed, there may be a degree of bias in the
scoring criteria towards those, with bias against the decommissioning
and cable industries. However, it was felt that the attributes were
broad enough to represent a number of features that all CEAs should
include to be satisfactory (e.g. definition, quantitative methods, clear
methodology, uncertainty acknowledged) and as such we do not
expect this has significant implications on our findings.

This review assessed documents from all marine industries that
legally require CEA completion, and so we therefore expect these
findings to accurately reflect the state of CEA practice within UK
seas. However, there were differing levels of accessibility associated
with the documents reviewed across sectors, as has been noted by
other studies (Ball et al., 2013; Lees et al., 2016). Only one CEA was
found for the dredging and the oil or gas pipeline industries, despite
a thorough search. This may be a reflection of the rarity within that
industry to complete a CEA, or it may be a problem of access, but
without review of further CEAs from those industries it is not
possible to confirm whether the scores here are representative of
their respective industries practice. EIAs and their associated CEAs
are, in principle, public documents, and are inherently useful when
looking at how to improve future practice and address knowledge
gaps, and so we recommend accessibility to such documentation is
improved (Lees et al., 2016). Furthermore, where practical,
supporting documentation and data should be made available, as
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simply reviewing completed CEAs is not always enough to
determine the methods and tools practitioners have undertaken
(Foley et al., 2017). This may have led to an underscoring in the
present review, as the final document is often a summarised version
of a long, nuanced and complex process.

Finally, the scores of the reviewed CEAs do not account for
the scoping advice received from the regulator or statutory
advisors, or for the influence of practitioner expertise or
experience, which has previously been identified as a factor
that may influence CEA standards and practice within other
countries (Wärnbäck and Hilding-Rydevik, 2009; Kågström and
Richardson, 2015; Kågström, 2016; Foley et al., 2017). In some
cases, practitioners may be employed by project proponents,
which may lead to potential bias and/or conflicts of interest
(Duinker and Greig, 2006). Whilst we again could not consider
this in the present review, standardising practice through sharing
of guidance and minimum standards of approaches would
potentially somewhat alleviate this influence on CEA practice.
5 CONCLUSION

Cumulative Effects Assessment serves as a tool to estimate the
overall expected impact on a receptor of interest (Judd et al.,
2015). The aim of a CEA should be to provide decision-makers
with sufficient information to support consenting decisions
which ensure the sustainable development of marine spaces in
parallel with conservation of the receptors considered.
Inadequate or inclusive assessment of potential impacts can
lead to the consenting of developments and projects that put
significantly underestimated levels of stress on local marine
environments (e.g. King and Pushchak, 2008). The robustness
TABLE 2 | Recommendations to improve and standardise Cumulative Effects Assessment practice.

Approach
1. CEAs to consider multiple stressors from multiple activities or sources
2. All impacts initially considered through a risk screening and prioritisation process uniform across industries, documented by a clear audit trail
3. Temporal scale of each impact considered within the CEA based on the length of time required for the receptor to recover from that specific impact, with lags in

response time incorporated where required, as per the best available science/current knowledge
4. Spatial scale of the CEA tailored to the appropriate context per impact, taking into consideration the spatial range of the receptors and the scale of impacts, as per

the best available science/current knowledge
5. Where possible, use predictive models to assess cumulative effects, acknowledging caveats and surrounding uncertainties to the chosen approach. If this is not

possible and/or proportionate, ensure professional judgement is based upon best available science
6. Use of Geographical Information Systems as a tool to aid the CEA process, to demonstrate spatial and temporal overlap of multiple stressors
Transparency
7. Standard practice to state which impacts, effects, pressures, sources and receptors are considered and which are scoped out, with reasoning
8. Thorough and transparent description of CEA methodology
9. Transparency in describing the knowledge gaps, and the implications this has on uncertainty in the CEA process
Management
10. Consistency and standardisation regarding the assessment of cumulative effects across industries
11. Adaptive CEA management informed by regular reviews of CEA practice
Further work required
12. Development of a standard comprehensive definition of impact and effects
13. Systematic database used as a source and archive for CEA associated data, evidence, guidance and good practice
14. Synergies developed across science, policy and practice through the formation of a cumulative effects community. Support opportunities such as workshops and

conferences to provide platforms for active conversation which may aid development of innovative approaches and provide more holistic understanding
15. Development of thresholds for disturbance
16. Field research to identify and distinguish effects of single vs multiple disturbances, building further understanding of how stressors interact, coupled with the

development of tools and frameworks that allow findings to be integrated into assessments
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and validity of these assessments therefore plays a pivotal role in
the protection of marine mammals, and any other receptors,
from anthropogenic impacts.

We document a disparity in how cumulative effects are being
considered across the same marine space, with considerable
discrepancies in the efficacy of CEAs across maritime industries,
with some (aquaculture, harbour development, decommissioning
and oil or gas field development) not showing any signs of
improvement over the study period. Considering the findings of
this review and a wider consideration of the scholarly literature, we
offer recommendations (summarised in Table 2) which may go
some way to ensuring cumulative effects are considered in a
consistent manner, and appropriately mitigated for, across the
marine environment. In providing these recommendations, we
acknowledge the very significant challenges to doing CEA
well, and that a ‘one size fits all’ approach is not always
appropriate. Despite this, it is expected that these findings, and
recommendations, are broadly applicable to global CEA practice,
including industries and receptors within both the terrestrial and
marine environment. This is timely considering reviews of CEA
practice elsewhere have also found CEA implementation to be less
than satisfactory, with similar challenges to those identified in the
present review also reported elsewhere [e.g. in Canada (Baxter et al.,
2001; Duinker and Greig, 2006; Sinclair et al., 2017), the United
States (Ma et al., 2012; Schultz, 2012), Sweden (Wärnbäck and
Hilding-Rydevik, 2009), in the Brazilian Amazon (Athayde et al.,
2019) and in the Arctic (Kirkfeldt et al., 2017)].

This work highlights a siloed, sector by sector, non-uniform
approach to assessing cumulative impacts on marine mammals.
Future work could explore whether the variation in practice
highlighted here has in fact resulted in sustainable development
being non-uniform across UK industries and waters. Long-
term sustainability of the marine environment can only be
achieved if all industries work to the same standards in terms of
protecting the environment from significant harm (Winther
et al., 2020), and so we suggest the development of a
cumulative effects community approach in order to facilitate
standardisation in approaches and sharing of best practice.
Adoption of a more holistic, rather than fragmented, approach
would help to ensure the continued development of the marine
environment does not compromise the conservation of marine
mammals, and indeed other species and habitats.
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