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ABSTRACT

Mounting development of coastal and offshore aigagpanding and intensifying the human pressurénen
marine environment. Major contributors to this tive current push for offshore renewable energycasuas
more climate-friendly sources of power are souglak the continuation of demand for petroleum. Human
disturbance, including the noise almost ubiquitpasisociated human activity, is likely to incredse
incidence, magnitude and duration of adverse effectmarine life, including stress responses. Thase the
potential to induce fithess consequences for iddizis, which in turn can lead to consequencesegpdipulation
level. This is all in addition to more defined ingpgof human activities, such as bycatch or dickbienting.
While efforts are on-going to quantify the cumulatimpacts of the aggregate of human actions ommar
species or populations, regulators face the ctgdlef managing these accumulating and interactimgacts
with little scientific guidance. However, we considhat the introduction of a regular cycle for kigagions for
project authorisation provides a management strei¢hat offers an opportunity to address cumulativeacts
in the interim, while data collection moves forwaktere we discuss a number of management optiaikahie
in such a framework (and some beyond) that woulg lit, if not reduce, cumulative impacts of mple
human activities on marine species. These simpleagement steps may also form the basis of a rudanen
form of marine spatial planning and could be usesupport of wider ecosystem-based management.
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INTRODUCTION

Mounting human development of coastal and offshegéons is altering the marine environment in a benof
ways. These diverse activities, including comméstigping, oil and gas exploration and extractidredging,
fishing, hunting and the building of bridges, wiadhs and constructions, bring a variety of threats
pressures into marine ecosystems, ranging fromigddydisturbance to chemical pollution, as welhasse
pollution. For marine mammals, these impacts ngtatdlude ‘directed takes’ (including subsistencmting,
commercial and scientific whaling and killings teepent damage to property, e.g., fishing gear;defiénce or
due to perceived competition with fisheries), ‘thental takes’ (such as resulting from ship-strideed bycatch),
toxic loading (including bioaccumulation of PCBsduced foraging options (through reduced preylalvidity
as a consequence of fisheries activity, potentiaiations of food webs, or other factors) and e@gposure
(including behavioural avoidance and masking).

Most recently, interest in developing offshore neable energy sources promises to bring additiond) &
some cases, hew pressures into the marine envirgnivih regards to cetaceans and other marine nzspm
these new developments will bring increased notp@sure, both during construction and operatiod, an
possibly also increased entanglement and impdd (sith particular consideration of anchoring syss and
turbines respectively).

In addition to the more direct impacts, human disance in general has also been demonstrated ¢ hav
important energetic consequences (e.g., Williana.e2006), as well as to cause behaviourallyatisected
physiological responses in various species, inolyithrough fear and/or alarm responses (e.g., Bewale
Monaghan, 2004a; Gotz and Janik, 2011). Noise expar particular has been shown to affect levéls o
cortisol, the main mammalian stress hormone, insbn@y involving captive beluga and bottlenose Hilp
(Romano et al., 2004). Noise has also been implicatore recently in increasing cortisol levels ikl
cetacean (Rosalind et al., 2012). From researokhier species, including humans, it can be sedrirttimect
impacts arising from fear and stress responseba@am far-reaching fithess implications, such asciased
mortality risk and reduced reproductive output (eBgale and Monaghan, 2004a, 2004b; Clark andsgtiai)
2007; Passchier-Vermeer and Passchier-Vermeer,; B08i3ser et al., 2004; see also discussion in MMAC7;
Wright et al., 2007a, 2007b and references thergimhammals, cross-generational impacts can alsaduced



through maternal exposure at certain times in pgagy and lactation (see Romero, 2004; Romero atiérBu
2007).

Due to the myriad human impacts on the marine enwmient, including the large potential for the daimgg
consequences of aggregated chronic stress respomseagers in many parts of the world are now tryindeal
with the spectre of cumulative impacts. Accordinglynumber of new tools are being proposed andlolese to
help assess the overall impact of multiple threpbsures (e.g., the Population Consequences ofsiicou
Disturbance, PCAD, model: NRC 2005; the steppedathmodels discussed in Wright, 2011, etc.). Howeve
none of these are yet available as managementandlsll currently require considerable data, wichot yet
available in many cases. Despite this, managerarious parts of the world are mandated to find sevay to
identify, quantify and ultimately mitigate thesenmulative impacts.

In this paper, we offer some suggestions for mamage actions that could be implemented to mitigeaue:
minimise cumulative impacts from multiple humanities. Some may have been discussed or presented
elsewhere previously and we seek no credit fofdhmation of the following ideas. We merely seelptesent
them collectively. All can improve, or at least ued the worsening of, the situation for speciegapulations in
the face of growing exposure to human activitithoagh the precise extent of benefits from theéowsr options
may be unquantified. Although many of the followisgggestions can be applied to any human actiwity,
specifically consider the development of offshaeawable energy capacity. However, we hope thatthe
options may help managers of various human a&svitieet their legislative mandates while more etai
management tools are developed.

MANAGEMENT CYCLES

One of the simplest ways for managers to assessithalative impact of a number of projects is tdew them
at the same time well in advance of the proposéuiies. This can be achieved very effectivelyibstituting
management cycles, where applications for propbsethn activity in a given management area must be
submitted by a specific deadline so that they diameaconsidered simultaneously. While it coulddsgued that
this type of management framework is detrimentahtse proposing the activities (e.g., industryit asstricts
their flexibility, it is not unprecedented. For emple, the Greenland Bureau of Minerals and Petmjauhich is
the licensing body for offshore oil and gas expioraand production, has put an annual applicatiarie into
place for seismic surveys in the Greenlandic econ@xclusive zone (EEZ) area.

Not only does this type of management cycle presemagers with the opportunity to begin to address
cumulative impacts by assessing multiple proposefbets simultaneously, but it also has other hienefor
example, it is also possible for management agsrtcieequest that companies intending to submiliGgjons
for project approvals co-operate to produce oneprehensive environmental impact assessment (El&ydemn
them or at least by cooperating on the chapte@détg the locations and extent of activities amelrtpotential
impacts. For example, several companies could laujtint noise exposure model of the combined dies/(as
was suggested by the National Centre for Enviroriraed Energy, Aarhus University and now enforcethe
approval cycle for seismic surveys in the GreeriaBiEZ (see Kyhn et al., 2011 and also
http://www.bmp.gl/petroleum/approval-of-activitiefishore). Collaboration could also be mandated for
conducting impact studies or more widespread mangoThis not only clearly outlines the total posed
additional impact to the region, but also savesth@agement agency time and resources reviewing (or
producing themselves) numerous management docunwatthus highly recommend the use of management
cycles for major human activities in the marineismmvment, including not only oil and gas exploratand
extraction, but also the construction of renewaplergy installations. In particular, simultaneousjgct
consideration may be of particular use in assessiagfacilitating the rapid development of offshoezaewable
energies currently underway in Europe and likelgpgoead elsewhere. It should also provide regudatath a
mechanism for simultaneously comparing proposeijation from different applicants to ensure thattbe
available technology and practise are used byoatipanies.

MINIMISING EXPOSURE

Although not a new concept, we consider it againtivavhile to note that lower exposure rates anéleare
inherently less impactful than higher ones. Thaslyeplanning (and EIA) can facilitate avoiding esore of
particularly sensitive marine species when possibleid exposure of sensitive individuals or atsg#re time
periods when total avoidance cannot be achievestding very least, minimise exposure. This may be
particularly of use in selecting the location afiegvable energy installations, as well as the sdiegdaf high-
impact construction periods currently required@mdfarms. (It should be noted that due considerathust



still be given to the acoustic footprint of theigity to avoid impacts entirely, rather than simjiy physical
location, see Wright et al., 2011.)

Also noted elsewhere previously, the impact fropasure cannot be assessed through the monitoring of
behavioural reactions as non-responsive individoelyg be: (1) already more compromised than those rehct
freely; (2) reacting in unobserved ways; (3) unablenwilling to react; or (4) have learned to bketant of the
disturbance. As a consequence these individualsuttiayately be subjected to higher rates of lewdls
disturbance and thus suffer a greater impact thagetreacting in an overt manner (e.g., Beale amdaghan,
2004b; Williams et al., 2006; see also discussiomabituation and tolerance in Bejder et al., 208®ight and
Kuczaj, 2007; Wright et al., 2007a, 2007b).

CROSS-COMPANY COLLABORATION

As alluded to above, management cycles may betodedilitate cross-company collaboration and eabn.
This may be embodied in various forms, but perlwagesof the most useful is the creation of joint@syre
models in ElAs for all disturbing projects in thea (noise, fishing, dredging, etc.). Effects afiidual
projects cannot be effectively evaluated on a liseale, where the increase in potential effectbrexctly
proportional to the number of projects in an aregeig., the environmental impacts of the presefi¢eur
similar projects is directly equivalent to four Bmthe impact of a single project). Instead quatite models (or
at least qualitative assessments) taking accoutiffefent aspects of all the proposed projects betyer
combine and highlight the individual and cumulatiigks for the environment. By combining all thepiacts in
one model the industry itself can reflect on andnise different potential mitigation actionsiteduce
cumulative effects before submitting the EIA, rattien being enforced with specific mitigation dewis by
regulators at a later point in the application psxc This methodology may therefore add a new eleaie
freedom into the industry’s planning stage, in &#ddito making it easier for the management to sstee
cumulative effects. This approach can only be apldliy first enforcing a joint application deadlirmell in
advance of the projects, making it possible foritfuistry to prepare the model.

Similarly, cross-company mitigation measures can &k implemented. For example, this allows thttin®n
of periods without activity (e.g., silence) if repd. Likewise, concurrent area access to diffepamts of an
area can also be achieved (e.g., taking turnsismgesurvey in an area to reduce external noiseaiow for
lower source levels), while simultaneously ensuthmag other areas of important habitat are leftistndoed so
that animals may then always find refuge. It shphltlvever, be noted that there are several assonspti
underlying the effectiveness of this joint mitigati (1) that the different parts of an area areqfal importance
to the species of interest (or to the fauna inett@system in general, depending on the manageroah) (R)
that animals will perceive the disturbance as adhand respond appropriately by avoidance (seke B2207);
and (3) that animals are willing to move from oretf the habitat to another (see Lusseau, 2008s¢au and
Bejder, 2007).

ZERO-SUM MANAGEMENT

It is possible to consider the current level of &opfrom human activities to be the maximum thail e
allowed. This type of ‘zero-sum’ management meaasno additional impact can be added to a pojuiatr
region and that the impact of any new activity mhesbffset with a reduction in the impact from arirg
activities. Zero-sum management may be especiadjuli(or even necessary) for declining populatievisch
by definition can be assumed to already be overetameaning that any additional impact can onlgri@tate
the situation further.

It would also be appropriate here to consider dafecient populations to also be in decline to nigpical
precautionary management standards. Furthermonédasiconsideration should be given to small rentnan
populations that are not yet ‘recovered’ from tkeeasive impacts of earlier human activities (exgpny
mysticetes and other intensely hunted populatidnghis case, zero-sum management will preverit the
recovery from being slowed to a rate lower thas durrently. Finally, zero-sum management coust &le
applied to more healthy populations facing multighieeats to avoid sending them into decline, whichuld be
entirely possible if impact assessments or appligidjation measures are incorrect or inefficierdr@&sum
management of more healthy populations would atsib the potential for the emergence of dangerous
synergisms, especially in the face of the many ghaexpected with a changing climate.

Such a management regime has the advantage iia¢iently must consider and account for the ctierel
of fishing and other currently established humativiies in the area. Likewise, it will provide cstant



incentive, especially in expanding industries,@duce their impact on the environment to reducecangtraints
upon them by the introduction of other industriepmjects.

In order to achieve a zero-sum management strufduseildlife populations, some combination of the
following (and probably also other) measures cdagldised.

1) Areduction in the level of any existing directedte in the population. This will not reduce the aofs
of any new human disruption, but will instead ersaithigher survival rate in the population in gaher
Consequently, even if full extent of this mitigatimeasure is unknown, there will undoubtedly beemor
animals remaining in the population after the reidus than would otherwise have been. Likewise,
larger reductions in directed takes will reducedkerall cumulative impacts of the combined old and
new actions more than smaller ones.

2) Areduction in the levels of other activities thatve incidental impacts on the population of concer
such as fishing (e.g., to reduce bycatch) or atbestruction or development (e.g., to reduce tudée
exposure and/or habitat loss). Although this magdecially important during high-disturbance
periods (e.g., construction of a windfarm), it webalso be appropriate to offset long-term operation
and maintenance impacts. As above, large redubgtter than small reduction, better than no
reduction.

3) The implementation of ‘fallow’ (and by implicaticaiso ‘sacrificial’) years for certain, or all adties,
to allow for undisturbed reproductive cycles foe fhopulation of concern between high-disturbance
periods. It may be that paired fallow years araimegl to encompass an entire reproductive period,
from conception to birth and early development.

4) Anincreased requirement for undertaking baselioeitaring and controlled impact studies prior to
permitting new activities in an area, which wousiat in the allocation of authorised levels of atip
to the various industries and activities.

A hypothetical example related to marine mammaigdctbe a coastal area with the continuously on-goin
commercial fishing and dredging, where co-occurapglications for windfarm construction have been
submitted. Potential mitigation measures couldob€l) severely reduce or ban fishing and dredgirtipe time
of the windfarm construction throughout the ar@3;allow fishing and dredging to take plagghin a given
radius from the construction site, where that radibased on noise exposure levels from the agiiin
(assuming that marine mammals will avoid the arith moise exposure above a given noise level anyveay
(3) reduce the level of fishing on a permanentsasd limit dredging and windfarm construction very third
year. The first option would directly offset fisgimnd dredging against windfarm construction (qrtlyg
second measure will result in nearby areas witbd@itirbances, thereby minimising the size of theralv
exposed area and the third possibility institutesry protected from noise while offsetting the intpaf this
(and continuing windfarm access and operation)regia reduction in fisheries impact to the ecosyste
(including both prey abundance and bycatch).

FACILITATING FUTURE MANAGEMENT

Management agencies should require, at a very miminthat those undertaking development projectgecbl
data to determine the extent of the exposure faguttom their project (e.g., the amount of acaustiitput,
habitat loss or modification, chemical introductietc.) and, to the greatest extent possible, theaquences of
their actions for the populations or habitats ¢éiast. The latter may also require that basimlgichl research
is undertaken initially. Publication of the data,one form or another, should also be requiredidevdor public
dissemination of the results as well as facilitatdusion of the information into subsequent mamaget
decisions. This can be considered part of a long-fgocess to assess and reduce cumulative impactsrine
ecosystems, especially if monitoring occurs befdteing and after any short-term disruptions, arrisgoing

for an extended period through the operation of femilities.

CONCLUSIONS

We consider it possible to manage cumulative ingaattieast to some extent, in the absence oiffiglimation
regarding the population, the extent of exposuteutman activities, or the extent of the consequent¢hat
exposure. One very useful tool for this is the aapion cycle, which can then be utilised to fosterss-
company cooperation at all stages of their projéaisn application and impact assessment to project
completion and impact monitoring. This type of systoffers many benefits to both the regulatorsthad
ecosystems they are responsible for and has altesaty successfully implemented by at least one geamant
body. There are also some benefits to industryedk through the sharing of EIA costs, etc. In aiddi to this
framework shift, additional measures are availéblminimise cumulative human impact on marine sgeor



the environment. Despite the fact that some obtheve-mentioned management options may not be @opul
with all interest groups, they represent optiorzd thill unarguably reduce overall cumulative impiscone way
or another. There is no scientific support for thatck of use, especially in the management ofidieg), data-
deficient and substantially reduced populationduFato utilise them must thus be seen as a pallti-based
decision and not a scientifically-based one. Finalle abovementioned steps may well form a basitnma
spatial planning structure, which could be furtieveloped and extended to become part of a widmystem-
based management.
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