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INTRODUCTION

Low-cost, portable, observation-class, underwater remotely operated vehicles (microROVs), which
can be transported and operated by a single user, are increasingly common tools in scientific,
industrial, commercial, and recreational ocean application. Over the last decade, the use of
microROVs has boomed; four microROV manufacturers were poised to ship over 10,000
“underwater drones” in 2018 (Thaler, personal observation). This nascent industry provides an
affordable underwater observation solution for marine science, conservation, education, and
citizen science programs, as well as community groups and other stakeholders wishing to conduct
independent marine environmental surveys and provides users with an opportunity to view marine
wildlife with minimal disturbance (Figure 1).

This surge in the availability of microROVs also presents several new challenges to marine
species. As more robots enter the water, often in the hands of inexperienced recreational users,
there is increased potential for detrimental human/marine mammal interactions. MicroROVs are
highly portable and have been identified as potential vectors for invasive species (Thaler et al.,
2015). MicroROVs are also capable of causing harm to fragile marine ecosystems from contact
with sensitive structures or tether entanglement. One possible outcome of increasing recreational
use of microROVs is the increased harassment of marine mammals. The availability of new tools
that allow people to approach and view marine mammals while maintaining their own safety has,
if managed poorly, the potential to significantly alter the behavior of marine mammals (Higham
etal,, 2014; Smith et al., 2016). An example of this is provided by the whale and dolphin watching
industry, which has developed rapidly world-wide, in some cases with demonstrably negative
impacts on targeted populations (Bejder et al., 2006; Barragan-Barrera et al., 2017). Consequently,
international policy bodies have been working toward a universal set of best practice guidelines for
cetacean viewing over the past decade (e.g., Ifiiguez, 2013; ACCOBAMS, 2016). Though not directly
comparable, similar discussions have happened over the use of uncrewed aerial vehicles operated
in close proximity to marine mammals (Thaler, 2014).
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FIGURE 1 | Top: An example of a microROV system (OpenROV Trident) with
20 m tether and topside control system. 15 cm ruler provided for scale.
Bottom left: Sea lions investigate a microROV off the California coast. Bottom
right: a blue whale approaches and swims past a stationary microROV during
a commercial whale watching excursion near Moss Landing, California. All
photos used with permission.

To better understand the potential risks and to establish
an anticipatory framework to minimize negative interactions
between MicroROV operators and marine mammals, we, a group
of six experts in microROVs and/or marine mammal tourism,
conservation, and ecology, conducted a self-guided series of
surveys to better identify the most likely and most damaging
sources of harmful interactions between microROVs and marine
mammals. We then established a set of best practice guidelines
for the responsible operation of microROVs in the presence of
marine mammals. Those guidelines, elaborated below, can be
summarized as:

1. Educate users about the potential negative consequences of
microROV operation in the presence of marine mammals.

2. Maintain situational awareness to avoid

unintentional contact.

. Maintain safe distances and avoid intentional contact.

4. Use microROVs as a tool to reduce the number of humans
and large passenger vehicles on or in the water.

5. Avoid deployment where marine mammals are already active
in an area.

W

METHODOLOGY

We deployed a highly-abridged version of the Delphi method,
an iterative survey technique that aims to establish general
consensus (Sumsion, 1998), amongst ourselves. A two-stage
online survey, distributed among the six co-authors of this
paper, was conducted using Google (Mountain View, California)

software. This approach was implemented in order to identify
broad agreement among co-authors, as well as critical points of
disagreement and, as group discussion had to be coordinated
across three continents, to establish an initial consensus
framework that permitted more efficient discourse. While this
approach does not produce a de facto “correct” answer, it does
generate a reliable assessment of group opinion, from which
consensus can emerge (Hasson et al., 2000).

In Survey 1, the authors were provided with an introduction
to the iterative study design and asked to independently provide
their assessment of the potential impacts of microROVs on
marine mammals. We then ranked the likelihood of an impact
occurring and the likelihood that those impacts would cause
injury to, or behavioral change in, marine mammals using a five-
point Likert scale. We also provided additional potential impacts.

In Survey 2, the authors reviewed the results of Survey 1 and
considered whether we agreed with the emergent consensus. The
outcome of these surveys was used as a launch point to further
discuss and clarify the potential impacts of microROV operation
in close proximity to marine mammals. Our conclusions
and recommendations, however, represent a consensus expert
opinion rather than empirically-tested observation and should be
interpreted as such.

ETHICS STATEMENT

This research did not require Institutional Review Board
approval. Participation was self-selected, and surveys did not
include sensitive personal questions. As this process was
implemented to assess consensus among the co-authors of this
paper, anonymity could not be maintained.

POTENTIAL IMPACTS

For harassment that includes direct contact between marine
mammals and microROVs, we considered collisions and
tether entanglement most likely to occur, while ingestion was
considered to be relatively less likely. If the microROV is lost
due to tether breakage, it could be ingested if it is within
an important feeding area, particularly for baleen whales that
engage in feeding behaviors which have resulted in contact with
unsuspecting humans at the surface (Pappas, 2019). Collisions
were not expected to be as likely to cause injury as either
entanglements or ingestion, and the size of the animal was
expected to be a major determinant in the potential for injury
as the relatively small mass of the microROV is unlikely to cause
direct harm to an animal several hundred orders of magnitude
larger than it.

For harassment that results in behavioral change through
indirect contact with marine mammals, light and noise produced
by the microROV were considered most likely to cause impacts
and alter behavior. The mere presence of the microROV
was also considered likely to alter behavior for some marine
mammals, such as sea lions (Zalophus spp.), that are curious
and may follow or investigate them (de Vere et al., 2017).
Though there are no current studies on how light and noise
produced by microROVs can impact marine life, one earlier
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study demonstrated that the presence of a large research ROV
had a detrimental effect on the feeding behavior of some
animals (Spanier et al., 1994).

Although the impacts of operator behavior can result
in both direct and indirect contact and harassment, we
considered operator behavior as a separate category. Actions
taken by the operator, such as whether or not to approach a
marine mammal, are intentional impacts, rather than innate
features of the equipment. Active, intentional harassment (e.g.,
pursuit/chasing of marine mammals) facilitated by access to
microROVs was considered likely to occur and likely to
result in both injuries and behavioral changes. Increased
density of both boats and equipment in the water was
also considered to have a high potential for impact. The
presence of the microROVs was also considered likely to
increase habituation to people, resulting in negative behavioral
changes. Operator actions can also result in unintentional
impacts, such as a marine mammal becoming entangled in
the tether.

We collectively agreed that as microROVs become more
available, they are more likely to be in the hands of untrained
users, which can confound best practices and requires general
user education. In addition, we determined that, while it may
seem as if a certain number of boat lengths [a standard
measuring tool used by marine mammal researchers (Dawson
et al., 2008)] is the appropriate distance to remain from
a marine mammal during directed activities, the submerged
microROV may be much closer. This scenario could present
challenges for enforcement officers, who can observe human
behavior on the surface but may not be able to track
submerged equipment.

GUIDELINES AND DISCUSSION

Based on the identified risks, we established a set of guidelines
for microROV operators to minimize their potential impact
on marine mammals. While several of these recommendations
mirror existing wildlife viewing regulations that protect marine
mammals in jurisdictions such as the exclusive economic zone
of the United States, we have intentionally structured these
guidelines to represent consensus best practices regardless of the
regulatory environment in which the microROV user operates.

Education

Central to any mitigation strategy involving diverse stakeholders,
ranging from professional to recreational, is user education.
The following are critical to establishing a responsible user
community: Ensuring all potential microROV users (1) not
only understand the laws and regulations for wildlife viewing
that apply to the jurisdiction in which they are operating,
but understand why those regulations are in place; and, most
importantly, (2) have internalized a stewardship ethic that
motivates them to respect the rationale behind those regulations
even when operating in regions where those regulations
are not enforced. This is most effective when it occurs at
point-of-sale or registration of the microROV. Thus, while
the additional four guidelines relate to the user, this first

one relates to the manufacturer. To most effectively convey
the potential harm that microROVs could pose to marine
mammals, the manufacturers are best positioned to educate
their user base by providing informational material with each
microROV sale.

Avoid Unintentional Contact by

Maintaining Situational Awareness

As some of the most disruptive outcomes of interaction between
marine mammals and microROVs are unintentional contact,
users must maintain comprehensive situational awareness of
their operating site, the location of their tether, and the presence
of any marine mammals. When an animal-initiated approach
is observed, users should first confirm that the microROV
tether is not in the path of approach and then either remain
stationary with thrusters powered down until the animal
passes or remove the vehicle from the water while causing
minimal disturbance.

Avoid Intentional Contact by Maintaining a

Safe Distance and Piloting Responsibly
When operated in close proximity to marine mammals,
microROVs should be treated no differently than any other
vehicle. Intentional contact with marine mammals is not only
highly disruptive but is illegal in some countries (Kindt and
Wintheiser, 1985). MicroROV operators should familiarize
themselves with local wildlife viewing regulations, always
maintain a safe distance (50 to 100 m; distances can be estimated,
where water visibility allows, by placing highly visible markers
on the tether to act as a scale) when piloting a microROV in
areas where marine mammals are present and maintain constant
awareness over the location of both the robots and marine
mammals. Where local regulations or professional standards
exist for local tourism, microROVs should not get closer than
the distances stipulated by local marine mammal approach
standards. Any direct contact between a microROV and a marine
mammal should be treated as an unacceptable encounter and
microROV operations should cease immediately. Maintaining a
safe distance will also mitigate the impact of noise produced by
the microROV.

Treat microROVs as a Tool to Reduce,
Rather Than Increase, Vehicle Density

MicroROVs present a powerful opportunity to allow a large
number of people to safely view marine mammals. Because
of this, it may be tempting to deploy multiple microROVs in
regions where marine mammals are known to aggregate, thus
increasing the risk of contact and behavioral alterations to the
target species. MicroROVs should be treated as tools to reduce
vehicle density by allowing multiple operators and viewers to use
a single microROV feed as an alternative to many divers in the
water or numerous tour boats. As multiple microROV's operating
in a small area also create hazards for the devices, operators
should adopt standards and protocols (such as “first-come, first-
served” commonly used at popular SCUBA diving locations) to
minimize microROV density.
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Minimize Deployment in Regions of Known

Ecological Importance to Marine Mammals
There are a number of locations that have been designated as
Marine Protected Areas or identified as “hotspots” for marine
mammals, year-round and seasonally, such as Kealakekua Bay
in Hawaii (spinner dolphins; Stenella longirostris; Timmel et al.,
2008; Tyne et al, 2015; Heenehan et al, 2017) or Samana
Bay in the Dominican Republic (humpback whales, Megaptera
novaeangliae; Mattila et al., 1994; Betancourt et al., 2012; Gleason
and Parsons, 2018). In addition, there are locations where marine
mammals are reliably sighted and engaged in normal behaviors,
such as foraging, mating, or nursing (e.g., California sea lions,
Zalophus californianus, in the Channel Islands, and northern
elephant seals, Mirounga angustirostris, at Aflo Nuevo State Park,
both in California; Heath and Perrin, 2009; Hindell and Perrin,
2009). Operators should refrain from deploying microROVs in
such areas, as well as in areas where marine mammals are
present in large numbers. In cases where the microROV is already
in the water, operators should recall the device if it becomes
likely that direct or indirect contact could occur. Operators
should always refrain from pursuing or otherwise interacting
with marine mammals. In cases where rare and vulnerable species
are observed (and particularly when engaged in critical behaviors
such as forging, mating, or nursing young), microROV users
should make every effort to remove their equipment from the
water without causing additional disturbance.

CONCLUSION

Low-cost microROVs present tremendous opportunities for
marine research, conservation, exploration, and recreation.
With these opportunities comes a responsibility to ensure that
microROV users minimize harm to the marine environment.
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