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1. Supplementary methods

A full description of the R code used to simulate and analyse behavioural responses is given in [1]. The report can

be accessed from https://github.com/pjbouchet/brs_uncertainty/.

1

https://www.frontiersin.org/articles/10.3389/fmars.2021.674554/full
mailto:pb282@st-andrews.ac.uk
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2. Supplementary figures
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Figure S1: Dose-response curves estimated from the reduced Bayesian hierarchical model (single tag type), for a range of sample
sizes (N) and sampling errors (δ). The solid line represents the average posterior median across Ns = 100 simulations, followed
by the average 5%, 10%, 15% . . . and 95% credible intervals in darker to lighter shades of blue.
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Figure S2: Posterior estimates of parameters from the reduced model, including the location parameter relating to the mean
response threshold for all whales (µ), the scale parameters relating to the between-whale variation (φ) and the within-whale
between-exposure variation (σ), and the two contextual covariates considered (exposure history, α, and sonar signal type, β).
Circles and bars respectively denote the average posterior median and credible intervals across 100 simulations, for different
combinations of sample sizes (N) and sampling errors (δ). X-axis scales are expressed in dB (re 1µPa). Dashed lines mark the
true underlying values for each parameter.
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Figure S3: Dose-response curves estimated from the full Bayesian hierarchical model (multiple tag types, with varying errors),
for a range of sample sizes (N) and proportions of animals carrying satellite tags (PS-TAG). The solid line represents the average
posterior median across Ns = 100 simulations, followed by the average 5%, 10%, 15% . . . and 95% credible intervals in darker to
lighter shades of blue.
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Figure S4: Posterior estimates of parameters from the full model, including the location parameter relating to the mean response
threshold for all whales (µ), the scale parameters relating to the between-whale variation (φ) and the within-whale between-
exposure variation (σ), and the two contextual covariates considered (exposure history, α, and sonar signal type, β). Circles and
bars respectively denote the average posterior median and credible intervals across 100 simulations, for different combinations
of sample sizes (N) and tag ratios (i.e., proportion of satellite tags, PS-TAG, in %). X-axis scales are expressed in dB (re 1µPa).
Dashed lines mark the true underlying values for each parameter.



Bouchet et al. 2021 Page 6 of 9

0

10

20

30

40

2 5 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240

Range from noise source (km)

S
D

 in
 r

e
c
e

iv
e

d
 le

v
e

ls
 (

d
B

 r
e

1
μ

P
a

)

Figure S5: Variation in the uncertainty surrounding the estimated acoustic dose experienced by 1,000 simulated animals carrying
Argos-linked satellite tags, at incremental distances from a sonar source (located at distance = 0). Values are expressed as the
standard deviation (SD) in received levels across 10,000 candidate locations sampled within plausible error ellipses around each
individual, assuming spherical loss of the acoustic signal (see main text for details).
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3. Supplementary tables

Table S1: Summary of major controlled exposure experiments (CEEs) funded to date by the world’s Navies (see [2] for a compre-
hensive review). N represents the number of tagged animals, as reported in the literature at the time of the study/ies listed in the
Reference column. This excludes additional animals that may have been monitored through other means (e.g., passive acoustics,
visual follows). AUTEC: Atlantic Undersea Testing and Evaluation Center. 3S:Sea Mammals, Sonar, Safety. SOCAL: Southern
California. * Due to logistical difficulties and inclement weather conditions, no sonar exposures were actually conducted during
MED-09.

Name Location Year(s) Focal species N DTAG S-TAG Reference

AUTEC-BRS Bahamas (Atlantic) 2007–2008 Blainville’s beaked whales 8 X X [3]

MED-09* Balearic Islands, Alboran
Sea, Sardinia
(Mediterranean)

2009 Cuvier’s beaked whales,
long-finned pilot whale

2 X 7 [4]

3S/3S2 Norway, Svalbard (North
Atlantic and Arctic)

2006–2015 Killer, long-finned pilot,
sperm, humpback, minke,
and northern bottlenose
whales

30 X 7 [5–8]

SOCAL-BRS Southern California
(Eastern Central
Pacific)

2010–2015 Cuvier’s beaked whales,
Risso’s dolphins, several
large baleen whale species
(e.g., blue whales)

34 X 7 [9, 10]

Atlantic-BRS Cape Hatteras
(Northwestern Atlantic)

2017-
present

Cuvier’s beaked and
short-finned pilot whales

14 X X [11]
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Table S2: Number of Markov Chain Monte Carlo (MCMC) iterations discarded as burn-in under the reduced and full models. δ:
Uncertainty in measurements of the acoustic dose in the reduced model, expressed as a standard deviation (SD, in dB). P(S-TAG):
Proportion of animals carrying satellite tags in the full model (in %).

δ P(S-TAG) Burn-in

2.5 20 25,000

5 40 25,000

10 60 50,000

20 80 75,000

30 100 100,000
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