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Editorial on the Research Topic

Before-After Control-Impact (BACI) Studies in the Ocean

INTRODUCTION TO BEFORE-AFTER CONTROL-IMPACT

METHODOLOGIES

The responses of marine organisms to changes in their environments can be studied using a
variety of methods. Captive studies are highly controlled approaches that measure one or more
parameters of interest in an enclosed area. Sample sizes are usually small, but experimental design
and measurement methods are more controllable than in natural environments. However, captive
experiments are not good models for the natural environment and cannot study the effects of large-
scale disturbances, human-driven or otherwise, on large marine organisms, populations of marine
organisms, or ecosystems.

The Before-After Control-Impact (BACI) methodology (Green, 1979; Stewart-Oaten and Bence,
2001) is commonly used in terrestrial and limnological ecology studies; they are non-randomized
methods that can employ a variety of statistical tests. BACI approaches include time and impact
factors, with a control site and a comparably impacted site, both represented by data before and
after the impact. The BACI approach makes it possible to account for any natural or preexisting
differences between the sites, and thus to estimate the “true” effect of an impact variable between
the control and the impacted site. “Before” can be either a “true” baseline for both sites, or just a
comparatively unimpacted situation; likewise, “control” can refer to a group either fully or partially
sheltered from the impact. Other approaches, such as studying only the present (post-impact)
situation, or even comparing the past and present situation in a single site or group, are less
powerful. These approaches cannot capture the variability due to differences in time elapsed or
location vs. the variability caused by the impact (Christie et al., 2020).

BACI methods have been applied in a variety of ocean studies (e.g., Francini-Filho and
Moura, 2008; Schmitter-Soto et al., 2018), but is not a well-known approach in the oceanography
community. BACI is not a perfect methodology, as site choice and sampling rate need to be
determined strategically (Smokorowki and Randall, 2017), but baseline studies before expected
large-scale impacts lend themselves to the “before” or “control” portions of BACI experiments.
Therefore, learning how to best implement BACI methodologies from other ecological fields and
applying them to the ocean could provide a common language for understanding human impacts.
The rationale for this Research Topic was to encourage wider use and standardization of BACI
in the ocean environment. It provides examples of BACI and related approaches used to study
acoustical and other impacts in the ocean, including six papers on the impacts of the COVID-19
pandemic on ocean sound, six other acoustical papers, and four papers on non-acoustical topics.
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SUMMARY OF COVID-19 PAPERS

The six papers that examined the impacts of the COVID-19
pandemic on ocean sound levels do not all strictly meet the
criteria to be considered BACI studies as laid out in Smokorowki
and Randall (2017), but they do provide important information
for managers of sound-producing activities. Specifically, the
COVID-19 pandemic provided more of a “reverse BACI,” or
“ICAB” (impact-control after-before) scenario with decreases in
sound from shipping and other human activities during the
early stages of the pandemic, relieving acoustical disturbance
on ecosystems for a short time. In each of these articles,
some reductions in ocean sound were observed, showing the
magnitude of sound reductions possible from management
measures to reduce ship traffic. The articles show that sound was
significantly reduced during the earlymonths of the pandemic (1)
at a cold-water coral reef under a passenger ferry route between
Norway and Sweden (De Clippele and Risch), (2) in a high-
traffic area for cruise ships in Glacier Bay National Park in Alaska
(Gabriele et al.), (3) in a sperm whale habitat in the Bahamas
(Dunn et al.), (4) at two sites in the Baltic Sea (Basan et al.),
(5) in the Monterey Bay National Marine Sanctuary (Ryan et
al.), and (6) in the Halifax Harbor of Nova Scotia (Breeze et al.).
Each paper used different methods to analyze changes, so the
results are not directly comparable. Ambient sound in the ocean
is thought to have increased 3 dB per decade (Hildebrand, 2009):
the same magnitude as the sound decrease reported in some of
these articles over a few months’ time. Studies published in other
journals have also found reductions in sound levels due to the
pandemic (Thomson and Barclay, 2020; León-López et al., 2021;
Pine et al., 2021).

SUMMARY OF NON-COVID ACOUSTICAL

PAPERS

Six papers took a more straightforward BACI approach of
measuring effects from an acoustical disturbance after a relatively
less disturbed state. Varghese et al. found that multibeam
echosounders in a beaked whale feeding area did not significantly
alter their preferred foraging location. Durbach et al. found
that minke whales altered their movement patterns and ceased
calling during naval sonar training. Bouchet et al. performed
a modeling study of the effects of naval sonar on tagged
cetaceans to measure their responses and is the sole paper in this
Research Topic to tackle the statistical implications of predicting
sampling uncertainty in behavioral responses. Fernandez-Betelu
et al. found that far-field impulsive sounds from pile driving
do not force coastal bottlenose dolphins to vacate their habitat,
but do affect their behavior, whereas Benhemma-Le Gall et al.
determined that harbor porpoises were displaced during pile-
driving activities and from associated construction vessel activity
for offshore wind farms. Burnham et al. found that vessel
management efforts put in place to reduce stress on Southern
Resident Killer Whales in the U.S. Pacific Northwest region

decreased sound levels in frequency bands important to killer
whale communication.

SUMMARY OF NON-ACOUSTICAL PAPERS

Four papers dealt with non-acoustical topics. Moland et al.
examined the successful recovery of the structure and function
of fish and lobster populations after 20 years of protection
in the North Sea. Methratta reviewed methods to study the
impact of offshore wind farms on various marine organisms by
comparing BACI to alternative designs such as distance-stratified
control-impact, before-after-gradient, and after-gradient (see
also Benedetti-Cecchi, 2001 for a discussion of “beyond BACI
methods”).Methratta is particularly useful for determining which
impact study style may be more pertinent than others for oceanic
research. Benoit and Fox-Kemper analyzed the impact of thermal
effluents in Narragansett Bay, Rhode Island, demonstrating the
effect of global warming over four decades. Finally, Stack et al.
used a “before-after” scale of hours in a tropical environment in
Australia, to show potentially detrimental behavioral changes in
humpback whales due to ecotourism activities.

CONCLUSION

Currently, a standard set of guidelines does not exist for
BACI studies in oceanography. Learning lessons from the ocean
and other environments where BACI methodology has been
applied (Underwood, 1994) will hopefully expedite formation
of an accepted set of protocols in ocean science to accurately
quantify disturbances and an ocean ecosystem’s subsequent
reaction. As climate change increases the rate of Arctic ice
recession, warms the upper ocean, acidifies large regions of
water, and expands oxygen minimum zones (IPCC, 2021), many
of these impacts could be studied using BACI methods. We
hope this Research Topic will lead to further development
of BACI methods for ocean research to gain a more holistic
understanding of anthropogenic effects on our planet. An
important highlight of these studies is the importance of baseline
measurements of important parameters before expected (e.g.,
windfarm construction) or unexpected (e.g., global pandemics
and other natural disasters) environmental changes occur.
Baseline studies are often the responsibility of governments
because the results may not fit the usual requirements of
experimental science. Such studies also should be funded by the
industries that create environmental disturbances, and carried
out by unbiased institutions and academia.
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