
Aquatic Mammals 2012, 38(3), 279-289, DOI 10.1578/AM.38.3.2012.279

Responses of Steller Sea Lions (Eumetopias jubatus)  
to In-Air Blast Noise from Military Explosions

Mike W. Demarchi,1 Meike Holst,1 Dave Robichaud,1  
Mike Waters,2 and Alexander O. MacGillivray3

1 LGL Limited, environmental research associates, 9768 Second Street, Sidney, BC V8L 3Y8, Canada 
E-mail: demarchi@lgl.com 

2 Formation Safety and Environment, Building 199D, Room 302, Canadian Forces Base Esquimalt,  
PO Box 17000 STN Forces, Victoria, BC V9A 7N2, Canada 

3 JASCO Applied Sciences, Suite 2101, 4464 Markham Street, Victoria, BC V8Z 7X8, Canada

Abstract

The Steller sea lion (Eumetopias jubatus) is a spe-
cies of conservation concern and is protected from 
anthropogenic disturbances by federal legislation in 
Canada and the United States. Although the breed-
ing population has tripled since intensive culling 
ended ~40 y ago, conservation concerns persist due 
in part to the species’ vulnerability to anthropogenic 
factors, including noise. Published data on the nature 
and consequences of Steller sea lion responses to 
loud, impulsive noises such as explosions are sparse, 
yet useful where important haulouts are adjacent 
to such events. Herein, we document the short-
term behavioural responses of Steller sea lions on 
a winter haulout complex to military explosions on 
southern Vancouver Island, Canada, over a period 
spanning 1997 to 2010. Blasting activities have been 
ongoing for over 70 y, involving ordnance disposal 
and on-land demolition training with high explo-
sives—both of which disturb pinnipeds at nearby 
Race Rocks Ecological Reserve (RRER). Acoustic 
measurements confirmed that in-air noise reached 
levels capable of causing pinniped disturbance (i.e., 
> 109 dBF peak) but not injuries such as a perma-
nent threshold shift in hearing (i.e., < 149 dBF peak). 
Sea lions showed a significant increase in activity 
following blasting and were commonly displaced 
from haulouts. Within minutes of the disturbance, 
however, activity levels dropped sharply, and dis-
placed animals usually began returning to haulouts. 
Activity levels on the day after blasting were simi-
lar to levels on days prior to blasting. General linear 
models showed no evidence (2 models) or no con-
clusive evidence (1 model) of an effect of blasting 
on sea lion abundance. Repeated exposure to in-air 
blast noise has short-term effects on Steller sea lions 
at RRER. We speculate that long-term effects on 
sea lions using RRER are unlikely—especially con-
sidering the increase in the peak numbers of Steller 

sea lions at RRER in recent decades while blasting 
has been ongoing.
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Introduction

A segment of the eastern stock of Steller sea lions 
(Eumetopias jubatus) occurs year-round in the marine 
waters of British Columbia (BC), Canada. There are 
four breeding areas in BC, and a number of others 
between Cape Suckling, Alaska, and California, and 
these sea lions also use numerous other locations 
along the coast as year-round or winter haulout sites 
(Fisheries and Oceans Canada, 2011). Hauling out 
at non-rookery sites confers a number of benefits to 
sea lions, including rest; decreased risk of predation 
by killer whales (Orcinus orca); and opportunities 
for nursing, grooming, and social interaction. Race 
Rocks Ecological Reserve (RRER) is one of at least 
26 major haulout sites in BC that are used only by 
nonbreeding animals primarily during autumn and 
winter (Fisheries and Oceans Canada, 2011; LGL 
Limited, unpub. data); both sexes and all age-classes 
occur at RRER. Based on re-sight data from branded 
animals (Edgell & Demarchi, in press), RRER is 
used by Steller sea lions that breed in California, 
Oregon, and Alaska. The extent to which Steller sea 
lions from rookeries in BC use RRER is not known 
because no extensive branding or tagging studies 
have been conducted in BC. However, considering 
that the nearest rookeries in Canadian waters (i.e., 
Scott Islands) are closer than those in the U.S., we 
suspect that many of the Steller sea lions at RRER 
are from Canadian rookeries. Abundance of Steller 
sea lions in RRER varies by season and year, with 
counts ranging from 0 to 680 animals (Edgell & 
Demarchi, in press). However, the actual number 
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of animals that use RRER during peak years is 
expected to be considerably greater as they use 
RRER as a temporary stopover while moving into 
and out of the Salish Sea. RRER is also frequented 
by California sea lions (Zalophus californianus), 
harbour seals (Phoca vitulina), and northern ele-
phant seals (Mirounga angustirostris). 

The Steller sea lion is presently listed by the 
Committee on the Status of Endangered Wildlife 
in Canada (COSEWIC) as a species of Special 
Concern and is on Schedule 1 of the Canadian 
Species at Risk Act (SARA). It is the subject of 
a federal management plan that identifies acute 
noise disturbance as a management concern 
(Fisheries and Oceans Canada, 2011). In the U.S., 
the eastern stock of Steller sea lions, which extends 
from southeast Alaska to California, is listed as 
Threatened under the Endangered Species Act. 
Prior to garnering protection in Canadian waters 
under the Fisheries Act in 1970, and under the U.S. 
Marine Mammal Protection Act in 1972, Steller sea 
lions were extensively culled in an effort to reduce 
real or perceived conflicts with commercial fish-
eries (Fisheries and Oceans Canada, 2011). Since 
then, the eastern stock has increased through 2002 
(the year of the last range-wide survey) at a mean 
annual rate of 3.1% (Pitcher et al., 2007), and the 
number of breeding animals in Canadian waters 
has tripled (Fisheries and Oceans Canada, 2011).

At haulout sites, Steller sea lions are susceptible 
to disturbance and commonly enter the water when 
disturbed (e.g., Harestad, 1978; Lewis, 1987; Kucey, 
2005; this study). The adaptive significance of this 
response is unclear given that overall mortality risk 
is likely greater in water (e.g., killer whale preda-
tion, entanglement) than on land. However, such a 
response is appropriate in light of their vulnerabil-
ity to harm by humans with rifles. Beyond RRER, 
sea lions are commonly shot for First Nations’ sub-
sistence harvesting (e.g., as authorized under the 
Nisga’a Final Agreement and under Alaskan Native 
subsistence harvest agreements), animal control at 
aquaculture facilities (e.g., Hume, 2000; we note 
that in a recent review of human-caused mortality 
of Steller sea lions, Allen & Angliss 2012, indi-
cated by way of a pers. comm. with P. Olesiuk that 
aquaculture facilities in BC have been forbidden 
from shooting Steller sea lions since 2004; how-
ever, news reports of Steller sea lions being shot at 
aquaculture facilities do occur occasionally), and 
as perceived competitors with commercial fish-
ing interests. Lewis (1987) reported that neonate 
Steller sea lion pups on a rookery were trampled to 
death by adult sea lions fleeing humans approach-
ing by foot, but the extent of such mortality was 
low. Kucey (2005) documented numerous occa-
sions of Steller sea lion disturbance, but no conse-
quent injuries or mortalities were reported. Tershy 

et al. (1997) and Holcomb et al. (2009) concluded 
that human disturbance of California sea lions was 
short-term and localized. 

The Marine Mammal Regulations under the 
Fisheries Act prohibit people from disturbing any 
marine mammal in Canadian waters unless authority 
has been granted by the federal government. Those 
regulations are not based on empirical evidence of 
harmful effects of disturbance but, rather, on the 
premise that interfering with the normal life func-
tions of a marine mammal exposes it and its popula-
tion to risks. It therefore follows that conservation 
interests can be served by managing risk exposure. 
However, if the putative disturbance has no nega-
tive implications for population conservation, or 
even if the population consequences are sustainable, 
restricting human activities such as military training 
or ecotourism for the sake of preventing disturbance 
could have negative social or economic conse-
quences that might not be justified by the restric-
tions. That said, the use of best practices toward 
achieving environmental sustainability dictates that 
viable options to integrate human activities with the 
interests of marine mammal ecology should be iden-
tified and implemented whenever possible. 

Canadian Forces Base (CFB) Esquimalt and 
Canadian Forces Ammunition Depot (CFAD) of the 
Canadian Department of National Defence (DND) 
oversee exercises and operations involving explo-
sives in Marine Training and Exercise Area WQ at 
Rocky Point on southern Vancouver Island, BC. The 
Rocky Point property was selected and subsequently 
appropriated by the DND in 1955 as the site for the 
West Coast ammunition depot, thereby replacing the 
Colwood depot in Esquimalt Harbour (Mathews, 
2004). The training that occurs at Rocky Point has 
been ongoing for over 70 y and includes defensive 
exercises, service battalion training, and demolitions 
training (Ferg, 1996). Such training is imperative 
for those members of the Canadian Forces that are 
engaged in both domestic and foreign operations. 
To this day, Rocky Point is still the largest terrestrial 
training area under the administration of the CFB 
Esquimalt and plays an integral role in supporting 
the DND’s activities both on land and at sea. In order 
to aid in maintaining the current level of operational 
capability of the Canadian Forces, a high tempo of 
training is carried out at Rocky Point year-round and 
will continue into the foreseeable future. 

Military activities involving explosives are 
known to disturb Steller sea lions and other pinni-
peds at nearby RRER, and the in-air audiogram of 
Steller sea lion (Muslow & Reichmuth, 2010) con-
firms that blast noise is audible to this species. Ferg 
(1996) identified information gaps in our under-
standing of the implications of military training for 
Steller sea lion ecology in RRER. Since then, pin-
niped monitoring has taken place intermittently in 
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conjunction with DND activities. We selected the 
Steller sea lion as the focal species for this study 
because of the four species of pinniped that occur at 
RRER, it has the highest conservation status (listing) 
and has been observed to be the most responsive to 
acoustic disturbances. In support of this goal, the 
research objectives of this program were to docu-
ment the responses of Steller sea lions to military 
explosions and to quantify the short-term effects on 
the use of RRER by those animals. Depending on 
the nature of the short-term effects, the potential for 
long-term effects, which are far more complicated 
to measure and detect, might be gauged.

Materials and Methods

Study Area
Marine Training and Exercise Area WQ is located 
on Rocky Point, southern Vancouver Island, BC 
(48° 19'12" N, 123° 33'13" W). Two ranges within 
WQ are used for ordnance-based demolitions 
training: (1) the Whirl Bay Underwater Demolition 
Range and (2) the Bentinck Island Demolition 
Range (Figure 1). The Bentinck Island Demolition 
Range is used for above-water beach-clearing 
and obstacle-creation exercises (e.g., metal cut-
ting and the displacement and demolition of rocks 
and logs). The range is used for up to ~12 training 
courses per year, each spanning 1 to 4 d. With the 
exception of one or two night courses annually, all 
blasting occurs during daylight hours. 

During the study period, demolitions (aka 
projects) at Bentinck Island comprised up to a 
maximum of four slabs of C4 plastique. C4 is 
a white, plastic high explosive made of RDX 
(Royal Demolition Explosive; aka cyclonite or 
hexogen; chemical name, trinitrotriazine) and an 
inert plastic binder. On a typical day, one to three 
projects are detonated in a run (or series) with 
~30 s to 5 min or more between projects and ~15 
to 120 min between two to four runs (i.e., 4 to 
12 blasts in total). Some project locations have a 
direct line-of-sight to most of RRER, and others 
are separated to a modest degree by beach and 
island topography. The nearest haulout used by 
seals and sea lions in RRER is ~1.3 km from the 
blasting site at Bentinck Island. 

Surplus ordnance is disposed of on an as-
needed basis on the Christopher Point Ordnance 
Disposal Range, which has a line-of-sight to RRER 
(Figure 1). Up to 12 detonations can occur per day. 
Use of the range varies greatly among years, but 
it is typically used fewer than 25 d/y. The nearest 
haulout used by pinnipeds in RRER is ~2.0 km 
away from the detonation site at Christopher Point. 

The pinniped study area comprised the exposed 
portion of RRER (Figure 1). RRER is a complex 
composed of one island (Great Race Rock: 1.48 ha; 

48° 17'55" N, 123° 31'54" W) and a number of 
smaller rocky islets and reefs. To facilitate animal 
counts and account for the spatial separation of indi-
vidual haulouts within the RRER complex, the pin-
niped study area was subdivided into 14 sub-areas 
(haulouts) that varied in size and extent of use by 
pinnipeds. Terrestrial vegetation occurs only on 
Great Race Rock and consists of grasses and small 
forbs of both native and Eurasian origin. Great Race 
Rock has a number of buildings and infrastructure, 
including an automated light station operated by 
the Canadian Coast Guard. RRER is in the Salish 
Sea near the eastern end of Juan de Fuca Strait 
and is in the Nanaimo Lowland Ecosection of the 
Eastern Vancouver Island Ecoregion of the Georgia 
Depression Ecoprovince (Demarchi et al., 1990). 
The climate of the study area is mild, being moder-
ated by the Pacific Ocean. Tides are semidiurnal with 
strong diurnal inequality. Actual tide height ranges 
between -0.367 and 3.707 m (chart datum), and tidal 
flow through Race Passage can reach 13 km/h.

Acoustic Monitoring
In-air sound levels of blast noise reaching 
Great Race Rock were obtained using a Larson 
Davis System 824 logging sound level meter (SLM), 
equipped with a 0.64-cm free-field microphone and 
windscreen during 4 d in 2007. The SLM logged 
broadband sound levels at Great Race Rock during 
the blast noise trials. Pressure waveforms from the 
SLM microphone were digitally recorded at 48-kHz 
sampling rate with 24-bit resolution for subsequent 
spectral and waveform analysis. The microphone 
was oriented toward Bentinck Island in a line-of-
sight and was mounted on a tripod at a height of 
170 cm above ground level near the northern limit 
of Great Race Rock nearest Bentinck Island.

The recording system was calibrated at the start 
of each day using a Larson Davis CAL200 94/114 
dB re 20 µPa sound calibrator. The microphone 
was located ~1,950 m from the demolition area 
which is ~200 m (11%) farther from Bentinck 
Island than the main Steller sea lion haulout in 
RRER (i.e., “middle” rock; see Figure 1). The fol-
lowing three sound pressure level (SPL) metrics 
are presented: (1) peak SPL (the maximum instan-
taneous pressure level over the pulse duration), 
(2) impulse time-weighted SPL (i.e., the rms [root 
mean square] pressure level computed using a 35 
ms exponential time-weighted moving average); 
and (3) 1 s energy equivalent SPL (denoted Leq) 
(i.e., the maximum rms pressure level over a fixed 
1 s time window encompassing the pulse). The 
flat-weighted 1 s Leq was numerically equal to the 
unweighted sound exposure level (SEL) for expo-
sure to single blast events since the duration of 
the measured blast pulses was less than 1 s. Both 
flat-weighted (i.e., unweighted) and A-weighted 
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SPLs are presented, in units of dBF and dBA, 
respectively, in order to facilitate comparison of 
the results of this work to other studies.

A parabolic-equation-based atmospheric sound 
propagation model (INPM) was used to estimate 
the noise footprint of Bentinck Island blast opera-
tions. The model accurately computes frequency 
dependent sound propagation, accounting for 
diffraction, air turbulence, and ground interaction. 
Ground elevation data for the modeling area were 

obtained in the form of standardized 3 arc s resolu-
tion Digital Terrain Elevation Data (DTED) files. 
Atmospheric wind and temperature profiles were 
measured using a weather balloon probe launched 
from the CFB Esquimalt MetOc station (CWPF), 
located ~15 km northeast of RRER. A single balloon 
launch was performed between 0800 h and 1000 h 
local time on each day of noise measurements. 
Modeling was performed in standard 1⁄3-octave fre-
quency bands from 6.3 to 630 Hz.

Responses of sea lions to explosions 
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Figure 1. Southern Vancouver Island and vicinity, showing Rocky Point, Race Rocks Ecological Reserve (RRER) (bounded 
by the 20-fathom contour), and Marine Exercise and Training Area WQ (circle); general locations of standard demolition 
training and ordnance disposal sites are indicated.
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Sea Lion Monitoring
The study focused on demolitions conducted on 
Bentinck Island, but detonations on Christopher 
Point were occasionally monitored because of their 
potential to disturb pinnipeds. We did not conduct 
a thorough study of the underwater demolitions in 
Whirl Bay, though we know from previous work 
that the in-air noise levels of underwater explo-
sions are greatly reduced compared to in-air noise 
levels of above-water detonations (LGL Limited, 
unpub. data, 1997 to 2010). 

Observations of Steller sea lions on haulouts were 
made by two biologists using binoculars and a spot-
ting scope from atop the lighthouse on Great Race 
Rock (Bushnell 8 × 40; 15 to 45 × 60; ~30 m above 
sea level; ~650 m to farthest haulout) intermittently 
from 1997 to 1998, 2002 to 2003, and 2007 to 2010. 
On several occasions in 2008 it was necessary to 
count sea lions on part of one haulout from the water 
during daily boat trips to and from RRER because 
animals had shifted to a previously unused part of 
the haulout that was not visible from the tower. 
Most observations occurred during the peak of sea 
lion abundance, September to January. For Bentinck 
Island, monitoring was conducted on days prior to 
blasting (Pre-Blast BI), during blasting (Blast BI), 
and following blasting (Post-Blast BI), though not 
all Bentinck Island monitoring was part of such a 
sequence. For Christopher Point, monitoring only 
took place on days when detonations occurred. Pre-
Blast BI monitoring provided a measure of baseline 
conditions ≥ 1 d prior to demolition exercises or ord-
nance disposal. Post-Blast BI monitoring provided 
an indication of animal abundance and behaviour 
1 d after blasting. From the light tower, we main-
tained radio or visual contact with military person-
nel regarding the blasting schedule. Blasts, as heard 
by the observers, were noted to the nearest second. 

Morning (AM) and afternoon (PM) censuses of 
Steller sea lions in RRER (i.e., all haulouts) pro-
vided information about daily changes in the total 
number of animals using the study area. The morn-
ing census occurred prior to any blasting. With one 
exception, the afternoon census occurred after the 
last blast of the day. Only animals that were sup-
ported by terrestrial features (i.e., islands, islets, 
rocks, jetty, etc.) were counted because of the dif-
ficulties in seeing and counting animals in the water. 
Although some animals were hidden from view, in 
our opinion and based on our familiarity with the 
area (including views from the water during travel to 
and from the island), most (> 90%) hauled-out indi-
viduals were visible from the tower. Crowding also 
may have biased the estimates because some animals 
obscured our view of others—especially when they 
were resting in the prone position. Increased activity 
(e.g., heads up) sometimes resulted in a higher and 
more reliable sea lion count per a given haulout. 

Scan sampling of Steller sea lions on specific 
haulouts (sub-areas) within RRER allowed us 
to evaluate differences in behaviour and haulout 
density pre- and post-disturbance. Whereas the 
twice-daily census tallied all animals in RRER, 
scan samples comprised animals on a subset of 
haulouts in RRER, and, as such, the reactions of 
all Steller sea lions in RRER to disturbance stimuli 
were not monitored. Haulouts monitored for scan 
sampling were selected and sampled in the morn-
ing (prior to any blasting) and had ≥ 10 animals 
present during the first sample. Those haulouts 
were then monitored throughout the remainder of 
the day. Behaviour was defined as active or inac-
tive. An active animal was one with its head up, 
was moving about the haulout, or was engaged in 
social interaction as per Harestad (1978). Counts 
of Steller sea lions on sub-areas selected for daily 
monitoring prior to any blasting were usually 
made at ~30 to 60 min intervals during the obser-
vation period, plus additional counts were made 
immediately before and in the minutes following a 
run (or projects within a run if time between proj-
ects permitted). Post-blast counts were made soon 
after all animals entered the water or it was appar-
ent to the observer that movement to the water 
had largely ceased. Two visible measures of dis-
turbance were recorded: (1) the relative change in 
behaviour (i.e., activity level) and (2) the change 
in number of animals hauled out after a distur-
bance as compared with before the disturbance. 
The proportion of active animals (i.e., activity 
level) was calculated by dividing the number of 
active individuals by the total number in a given 
sub-area. Displacement from a given haulout was 
quantified by comparing sequential samples. 

Environmental data were collected periodically 
throughout all monitoring days. These data were 
recorded at the start and end of each day (approxi-
mately concurrent with the AM and PM census 
events), and whenever weather changed notably. 
Environmental parameters included air temperature, 
wind direction and speed, Beaufort sea state, swell 
height, cloud cover, precipitation, and tidal height. 
Swell height was recorded as a categorical vari-
able with four levels (none, low, medium, high). 
Precipitation was recorded as a categorical variable 
with five levels (none, fog, light rain, hard rain, 
snow). Wind data were obtained from Coast Guard 
instrumentation on the light tower. Hourly tide data 
were obtained from Fisheries and Oceans Canada 
for Victoria Harbour. 

Activity Analysis
Activity data were imported to MS Excel and 
SYSTAT 12 for graphing and statistical analyses. 
Activity data (percentages) were arcsine trans-
formed before analysis, and the homogeneity of 
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variance was examined using Levene’s test. Activity 
data were analyzed using ANOVA and Tukey HSD 
tests. Activity data were averaged over the course of 
a day because daily averages were more appropriate 
for statistical testing than individual values obtained 
from repeated observations of the same animals on 
the same day. To account for potential biasing effects 
of proportions resulting from samples with few ani-
mals, in addition to testing all records involving ≥ 1 
animal, we set an arbitrary minimum threshold of 10 
or 50 animals, depending on the analysis.

Census Analysis
Census data from eight monitoring sessions com-
prising consecutive pre-blasting (1 d), blasting (1 to 
4 d), and post-blasting (1 d) days were compared. 
In addition, census data were analyzed with gen-
eral linear models (GLM) using R, Version 2.13.2. 
Three such analyses were conducted, each using 
different predictive parameters to examine the 
effect of blasting. In the first analysis, a continuous 
blast parameter called “Blast Number” was used. It 
was the number of blasts that occurred leading up 
to the associated census observation. For all AM 
censuses, the Blast Number was 0. For PM cen-
suses, the Blast Number was the number of blasts 
that had occurred on the monitoring day prior to 
the census (PM Blast Number was 0 on non-blast-
ing days). In the second analysis, two categorical 
blasting parameters were used: (1) “Blast-day” 
(yes/no) and (2) “Census” (AM/PM). For this anal-
ysis, a statistically significant interaction between 
these two parameters would indicate an effect of 
blasting (i.e., the AM/PM sea lion counts would be 
expected to vary on days when blasting occurred 
but not on non-blast days). In the third analysis, a 
categorical blasting parameter called “Day-type” 
was used. Day-type categories included “pre-blast 
days,” “blast days,” and “post-blast days.” Because 
data from only 5 d of blasting on Christopher Point 
were collected, they were excluded from all three 
analyses. The first two analyses included 144 cen-
suses, recorded on 72 d (2/d) between 2002 and 
2010 (not all environmental data were collected in 
1997). Data for the third analysis were restricted to 
the PM censuses.

For all models, the number of sea lions hauled-
out was the response variable. As is typical when 
the response variable is a count, the models were 
initially run with a Poisson error distribution 
(Crawley, 2007). Initial tests showed strong evi-
dence of overdispersion (the residual deviance 
was much greater than the residual degrees of 
freedom), thus all subsequent models were run 
using an overdispersed Poisson error distribution 
(i.e., “quasi-Poisson”). 

As a starting point for all three analyses, the models 
included the full suite of environmental variables 

as covariates. Some environmental variables were 
included “as measured,” including air temperature, 
Beaufort sea state, cloud cover, and tide height. Both 
swell height and precipitation were recorded with too 
much precision, and categories needed to be pooled 
for analysis. Swell height was collapsed to three cat-
egories (none, low, and medium-high), and precipi-
tation was collapsed to two categories (yes and no). 
Wind was componentized into a “north-south wind 
speed” and an “east-west wind speed” for analysis. 
Componentization was done by taking the sine (or 
the cosine) of the recorded wind direction and multi-
plying it by wind speed. 

For these analyses, fully factorial models could 
not be evaluated due to over-parameterization and 
limited degrees of freedom (e.g., 3,069 degrees of 
freedom would be required to evaluate a fully facto-
rial form of the model in Analysis 1). It was there-
fore necessary to limit the “saturated” model to main 
effects and first-order interactions (Analysis 2 also 
included three-way interactions involving Blast-day 
and Census). Models were reduced in a stepwise 
progression by removing parameters one or a few at 
a time and evaluating the reduced model against the 
previous version. Reductions occurred in order of 
decreasing “significance,” starting with interactions 
before proceeding to the main effects. Main effects 
were not removed if they were involved in an inter-
action term that was retained in the model. F-tests 
were used for model comparison (since AIC could 
not be evaluated for models with overdispersed error 
distributions), and the reduced model was selected 
as the more parsimonious when no significant differ-
ence was observed. For each of the three analyses, a 
final model was selected. To test the significance of 
each model term, we fit models with and without the 
term and then compared the models using an F-test. 

Results

Acoustic Monitoring
Acoustic measurements were obtained on 
Great Race Rocks during 31 detonations of C4 
on Bentinck Island (Table 1). SPLs received at 
Great Race Rock were independent of charge size 
(r = 0.044, n = 31). Acoustic propagation modeling 
indicated that SPLs at those haulout areas in RRER 
that were closer to the demolition range (~1,300 
to 1,750 m cf. 1,900 m) would be within ±3 dB 
of SPLs measured at Great Race Rock, depending 
primarily on prevailing wind conditions. 

Sea Lion Activity
A total of 113 d of monitoring was conducted. No 
on-site night monitoring was conducted during this 
study, although a single blast at dusk (~2005 h) on 
12 September 2008 was viewed remotely via a 
webcam. That blast caused sea lions to raise their 
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heads, but none were observed moving to the water. 
Average activity levels were variable but tended to 
be greatest during Blast BI and lowest during Pre-
Blast BI; activity levels during Post-Blast BI and 
Christopher Point detonations were intermediate 
(Table 2). A comparison of the mean daily activity 
levels among days when no range or one range was 
active indicated a significant difference (F = 7.818, 
df = 3, 76, p < 0.001 for samples involving ≥ 50 
animals, and F = 8.078, df = 3, 95, p < 0.001 for 
samples involving ≥ 1 animal). Regardless of the 
minimum number of animals, pairwise compari-
sons showed that the only significant difference 
was the result of greater activity levels on Blast BI 
days vs Pre-Blast BI days (p < 0.001). 

Immediately following most blasts, activ-
ity levels spiked as animals raised their heads 
in response to the noise. None of our in-field 
observations or digital images suggested that the 
animals oriented toward the noise. Within minutes, 
activity levels of those animals remaining on the 
haulout dropped sharply and continued to dimin-
ish significantly with increasing time since the 
most recent blast (Figure 2; r = -0.322, p < 0.001, 

n = 1,087). By ~240 min since the most recent 
blast, average activity level approached the aver-
age level observed during Pre-Blast BI days (i.e., 
~30%; Table 2 & Figure 2), but actual levels were 
variable.

Blasting was the most predictable cause of dis-
placement, but Steller sea lions were observed 
to leave a haulout in response to approaching 
boats, swells washing over the haulout, pedestri-
ans on Great Race Rock, and unknown factors. 
Departure from a haulout was greatest on those 
days when blasting occurred on Bentinck Island or 
Christopher Point, but notable decreases in num-
bers, including complete haulout abandonment, 
were also observed on days prior to and after 
blasting on Bentinck Island (Figure 3). Similarly, 
increases in the number of sea lions on a given 
haulout were observed, including on days when 
blasting occurred. The distribution of data > 0 for 
the Bentinck category of Figure 3 shows that ani-
mals displaced by blasts commonly returned to the 
haulout. Note, however, that these haulout-specific 
counts do not account for animals that were dis-
placed but that hauled out elsewhere in RRER. 

Sea Lion Census
Four analyses were performed on the census data, 
and none provided evidence of significant effects 
of blasting on the numbers of Steller sea lions 
hauled out in RRER.

Eight monitoring sessions comprised consecu-
tive monitored days of Pre-Blast BI, Blast BI, and 
Post-Blast BI. Despite increases in activity levels 
and displacement from haulouts during blasting 
days, we observed both decreases and increases 
in the maximum count of any census during the 
day of Post-Blast BI monitoring as compared to 
the maximum count observed during the day of 
Pre-Blast BI monitoring or the first census on the 
morning of the first day of blasting (prior to any 
explosions) (Tables 3 & 4). Moreover, the highest 
counts (627 and 630) of the eight sessions were 
observed during the respective mornings of a Pre-
Blast BI day and a Post-Blast BI day during a 
single session in October 2009 (Table 3). 

For analysis GLM 1, the model examining the 
effects of Blast Number was reduced to its most 
parsimonious form (r2 = 0.16), including Beaufort 
sea state (p = 0.007), cloud cover (p < 0.001), air 
temperature (p = 0.006), and the cloud cover × 
air temperature interaction (p < 0.001). Models 
including Blast Number were not significantly 
better than those that excluded it, thus the simpler, 
reduced models were more parsimonious.

For analysis GLM 2, the model examining the 
effects of the Blast-day × Census interaction was 
reduced to its most parsimonious form (r2 = 0.23), 
including Blast-day (p = 0.006), swell height 

Table 1. Summary statistics of acoustic measurements of 
31 detonations (C4) on Bentinck Island as recorded on 
Great Race Rock (~1.9 km away) during 4 d in 2007; flat (F) 
and A-weighted (A) dB values are indicated. SPL is sound 
pressure level. Note that Leq values are equal to SEL (sound 
exposure level) in dB re 20 µPa2 • s for a single blast.

Sound parameter Min Max Mean

Peak SPL (dBF re 20 μPa) 114.5 128.5 121.7
Peak SPL (dBA re 20 μPa) 88.7 121.1 108.2
Impulse SPL (dBF re 20 μPa) 101.3 121.1 113.8
Impulse SPL (dBA re 20 μPa) 78.2 100.3 90.8
Leq (dBF re 20 μPa) 97.7 110.3 104.5
Leq (dBA re 20 μPa) 69.7 89.7 79.9

Charge size (kg) 0.4 2.2 1.3

Table 2. Average daily Steller sea lion activity levels during 
n days of each day-type for pre-blast, blast, and post-blast 
monitoring for Bentinck Island (BI), and detonations at 
Christopher Point; two results are presented: (1) activity sam-
ples involving ≥ 50 animals and (2) those with ≥ 1 animal.

 
 
 
Day type

Average
activity  

level 
(% active)

 
 
 

SD

 
 
 
n

Pre-Blast BI 28.9 (31.4) 14.83 (15.79) 32 (32)
Blast BI 47.3 (51.8) 13.89 (20.32) 34 (52)
Post-Blast BI 35.2 (44.8) 15.48 (15.47) 10 (10)
Christopher Point 34.6 (47.0) 17.65 (20.01) 4 (5)
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(p = 0.027), cloud cover (p = 0.002), Beaufort 
sea state (p > 0.05), air temperature (p = 0.049), 
and two interaction terms: Blast-day × Beaufort 
sea state (p = 0.002), and cloud cover × air tem-
perature (p = 0.007). Models that included the 
Blast-day × Census interaction were not signifi-
cantly better than those that excluded it, thus the 
simpler, reduced models were more parsimoni-
ous. Although the interaction term was of great-
est interest for this analysis, the Blast-day term 
was nevertheless retained in the final model. 
Specifically, the number of Steller sea lions 

was significantly and negatively affected by sea 
state on blast days (regardless of whether the 
observations were made in the morning before the 
blasts or in the afternoon after the blasting) but not 
on non-blast days. Reconfirming that Census was 
not an important factor, there was no significant 
difference between the final model and one which 
was expanded to include Census and the Census 
× Blast-day × Beaufort sea state interaction (p = 
0.490).

For analysis GLM 3, the model examining 
the effects of Day-type was reduced to its most 
parsimonious form (r2 = 0.15), including only 

Responses of sea lions to explosions 
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Figure 2. Proportion of active Steller sea lions vs minutes since most recent blast during monitoring in 1997 through 2010; 
trend line is based on a moving average over a period that includes 30 records. Includes records with ≥ 1 animal during days 
when the Bentinck Island Demolition Range or Christopher Point Ordnance Disposal Range were active (n = 1,087).

Table 3. Basic statistics concerning the number of Steller 
sea lions hauled out in Race Rocks Ecological Reserve 
(RRER) as recorded during morning (AM) and afternoon 
(PM) counts during eight monitoring sessions comprising 
consecutive pre-blast, blast, and post-blast monitoring of BI 
demolitions

Sea lion abundance

Time Min Max Mean   n

Pre-Blast BI AM 37 627 249   8
PM 70 455 251   8

Bentinck AM 14 463 164 16
PM   5 521 155 16

Post-Blast BI AM   8 630 226   8
PM 57 524 254   8

Table 4. Differences (increase, decrease) in the proportions 
and numbers of Steller sea lions hauled out in RRER as 
recorded during the maximum count during a Post-Blast BI 
day minus the maximum count during either a Pre-Blast BI 
Day or the first day when the BI range was active but prior 
to any blasting that day; n = 8 consecutive-day monitoring 
sessions.

 
Parameter

Change in  
proportion

Change in  
number

Minimum (i.e., decrease) -0.539 -160
Maximum (i.e., increase) 0.309 61
Mean -0.077 -14.75
Standard deviation 0.304 71.19



  Responses of Sea Lions to Explosions  287

swell height (p = 0.005). Models including Day-
type were not significantly better than those that 
excluded it, thus the simpler, reduced models were 
more parsimonious.

Discussion

During monitoring spanning 1997 through 2010, 
explosions in Military Training Area WQ led 
to increased activity levels and caused Steller 
sea lions to move from haulouts to water in 
RRER. The explosions produced received sound 
levels in RRER that exceeded the threshold level 
for behavioural responses of pinnipeds to in-air 
noise of 109 dBF (peak) as proposed by Southall 
et al. (2007), but they were well below the level 
of 149 dBF (peak) proposed as a threshold for 
injury (i.e., permanent threshold shift [PTS] in 
hearing) by those same authors. Consequently, the 
direct impacts of military training are believed to 
have been mediated via a behavioural, and not a 
physiological, pathway—although non-auditory 
physiological responses (e.g., stress) cannot be 
ruled out. The first visible response by a sea lion 

to a blast was typically the change from a prone 
or other relaxed position to an alert, head-up pos-
ture. Sea lions typically reacted to detonations on 
Bentinck Island or Christopher Point by quickly 
raising their heads and assuming an alert posture. 
In many instances, some or all of the animals 
then moved off the haulout and into the water. 
Thereafter, activity levels of those animals that 
remained on the haulout diminished within min-
utes of the disturbance as animals began returning 
to a prone position (Figure 2). Although the differ-
ence was not statistically significant, mean activity 
levels did suggest that there were some residual 
effects of disturbance during the post-blast moni-
toring day. If this was not a spurious observation, it 
could have been a result of ongoing recovery since 
blasting, increased sensitivity to other stimuli (e.g., 
weather, ecotour boats), or both.

There was no indication that blasting displaced 
a majority of sea lions from RRER. The maxi-
mum counts observed the first day after blasting 
were sometimes higher and sometimes lower than 
during the first count made ahead of any blasting 
on those days when the Bentinck Island range was 
active. Models showed no adverse effect of blast-
ing on sea lion census counts, except in conjunc-
tion with higher sea states. However, this latter 
result was likely spurious because the same trend 
was observed for census counts made before blast-
ing began on blast days. Other researchers have 
shown that pinnipeds leave haulouts in response to 
loud noises or other anthropogenic disturbances, 
but that numbers on haulouts returned to pre-dis-
turbance levels within timeframes of several hours 
to several days (e.g., Bowles & Stewart, 1980; 
Stewart, 1982, 1993; Stewart et al., 1994; Tershy 
et al., 1997; Holst et al., 2005, 2011; Kucey, 2005; 
ManTech SRS Technologies [MSRS], 2008; 
Holcomb et al., 2009). 

Steller sea lions are well adapted to the 
extremely harsh environmental conditions of the 
North Pacific, and severe marine weather can 
cause increased activity and haulout abandonment 
similar to the behavioural responses to explo-
sions (e.g., MWD, pers. obs., 9 September 2011). 
Although one might speculate that being hauled 
out confers a measure of protection against preda-
tion by killer whales, we only witnessed one pred-
atory event during 113 d of monitoring between 
1997 and 2010. However, the predominance of 
resident (i.e., fish-eating) as opposed to transient 
(i.e., mammal-eating) killer whales in the Salish 
Sea might, in part, explain this result.

Kucey (2005) documented that disturbance 
during scientific research (visiting haulout sites 
and branding animals or collecting scats) caused 
a significant short-term decline in Steller sea lion 
numbers at haulouts after the disturbance period. 

Responses of sea lions to explosions 
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Figure 3. Change in proportion on focal haulout site during 
scan samples by type of monitoring day; values > 0 denote 
an increase, and values < 0 denote a decrease. Only records 
with ≥ 10 Steller sea lions present during the previous scan 
sample in a given area are included. > 1 day Pre-Blast BI 
(Pre-Bentinck), n = 405; 1 d Pre-Blast Bentinck (1 Pre-
Bentinck), n = 215; Blast BI (Bentinck), n = 1,028; Post-
Blast BI (Post-Bentinck), n = 157; Christopher Point, n = 
56. Boxplots show median, quartiles, outside values (×), 
and far-outside values (°).
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Sixty percent of disturbed sites in her study reached 
full recovery within ~4.3 d after the disturbance. 
Lewis (1987) noted that disturbance of Steller 
sea lions at a breeding site during post-pupping 
censuses caused an increase in activity and female 
territoriality and aggression, as well as changes 
in the numbers of animals hauling out after dis-
turbance. Lewis also documented a decrease in 
numbers of sea lions in the disturbed area and an 
increase at a nearby undisturbed area. 

Lewis (1987) documented a negligible amount 
of Steller sea lion pup mortality as a result of 
trampling following human-caused disturbance. 
As part of a pup census, biologists walking 
through a rookery purposefully drove non-pups 
into the water. Of 483 pup carcasses examined, at 
least two but up to three (< 1%) were believed to 
have resulted from trampling; the two deaths due 
to trampling accounted for 0.03% of pups born 
that year. RRER is not a Steller sea lion rookery; 
and by the time pups arrive in late summer and 
early autumn, they are highly mobile and not as 
susceptible to trampling by adults as are neonates. 
No pup injury or mortality at RRER as a result of 
trampling by conspecifics has been documented 
during hundreds of hours of observations of 
numerous disturbance events since 1997.

In the absence of a large sample of radio-tagged 
animals, one cannot conclusively determine what 
proportion of the local population might be tempo-
rarily or permanently abandoning RRER follow-
ing each disturbance. Similarly, in the absence of 
a large number of marked animals, it is not possi-
ble to distinguish sea lions that return to a haulout 
after being displaced due to a blast from those 
returning from at-sea foraging or those migrat-
ing individuals that arrive at the haulout after, and 
independent of, blasting activity. In spite of these 
limitations, the increases in the number of animals 
on haulouts that were commonly observed after 
a recovery period following a disturbance event 
were greater than increases observed during 
non-blasting days. This strongly suggests that 
recently displaced animals, and not newly arriv-
ing migrants or animals returning from foraging 
trips, were returning to the haulouts. On a few 
occasions, we observed branded individuals leav-
ing and returning to a haulout. Additionally, for 
those years when enough counts were conducted 
to reveal a seasonal peak in numbers, the number 
of Steller sea lions at RRER increased steadily (r2 
= 0.672, p < 0.001, n = 17) from fewer than 10 ani-
mals in 1965 (Bigg, 1988) to at least 680 in 2009 
(Edgell & Demarchi, in press). That increase, at a 
time during which ordnance disposal and military 
training with high explosives occurred in Training 
Area WQ, provides further evidence that it is 
unlikely that military activities have caused any 

significant, long-term adverse effects on Steller 
sea lions using RRER. For greater certainty, by 
adverse effects we are referring to habitat exclu-
sion, injury, or mortality. Considering the forego-
ing, it is not surprising that non-injurious acous-
tic stimuli would cause short-term behavioural 
effects persisting for no more than a few hours or 
a few days.

In conclusion, blasting in Marine Training and 
Exercise Area WQ causes short-term disturbance 
of Steller sea lions in RRER, and such disturbance 
is regulated under the Fisheries Act. However, 
the disturbance appears to be reversible and of a 
magnitude that is not believed to have caused sig-
nificant adverse effects—at either a local scale or, 
by extension, a regional scale—for that segment 
of the eastern stock of Steller sea lions that occu-
pies RRER. Despite this, the use of best practices 
dictates that options to mitigate the disturbance 
effects of blasting and other human activities be 
employed whenever practical. For example, sea-
sonal blasting windows could be highly effective 
to the extent that overlap in blasting schedules and 
periods of peak sea lion abundance is reduced.
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