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Human encroachment upon wildlife habitat located within easily accessible state parks or on 
makes human disturbance a pressing issue in con- protected or private land (Jeffries et al., 2000). 
servation (e.g., Gill et al., 1996; St Clair et al., The factors influencing when harbor seals haul 
2010). Although many interactions with humans out appear to be site-specific but include season, 
do not result in wildlife mortality, animals typi- tide level, time of day, air temperature, wind 
cally perceive human activities as a predation speed, precipitation, and risk of terrestrial preda-
risk and respond to anthropogenic disturbance tion (Pauli & Terhune, 1987; Huber et al., 2001; 
stimuli by engaging in anti-predatory behaviors Nordstrom, 2002; Reder et al., 2003; Hayward 
such as fleeing, increased vigilance, and shifts et al., 2005). Despite their healthy population 
in habitat choice (Frid & Dill, 2002). However, status, harbor seals in the Salish Sea are still 
fleeing from a threat can also lead to fitness costs highly vulnerable to human activity and will flush 
such as energy loss and time diverted away from into the water from a haul-out site in response to 
essential activities. Thus, an animal’s response to motorized or nonmotorized (e.g., kayaks) boat 
a perceived threat presumably aims to optimize traffic or noise (Suryan & Harvey, 1999; Johnson 
the trade-off between the perceived advantage of & Acevedo-Gutiérrez, 2007; Cates & Acevedo-
avoiding predation and the costs of unnecessarily Gutiérrez, 2017). 
engaging in predator aversion behavior (Frid & Harbor seals in the Salish Sea are also vulner-
Dill, 2002). able to natural predators such as killer whales 

Repeated exposure to nonlethal human stimuli (Orcinus orca; London, 2006), coyotes (Canis 
over time can make wildlife tolerant to anthropo- latrans; Steiger et al., 1989), and occasion-
genic activities that would otherwise cause a costly ally bald eagles (Haliaeetus leucocephalus; 
change of behavior (Bejder et al., 2009). While Hayward, 2009). Bald eagles are attracted to seal 
this process of habituation to human activity is haulouts to feed on dead seal pups or placentas 
often assumed to be a beneficial response and is (Calambokidis & Steiger, 1985). They also oppor-
sometimes deliberately encouraged as a technique tunistically attack and prey on vulnerable live seal 
to improve education, study, and the efficiency of pups (Hayward, 2009; Lambourn et al., 2010) 
wildlife viewing tours (Nisbet, 2000; Bejder et al., and frequently disturb harbor seals, causing both 
2009; Knight, 2009), it may also negatively affect adults and pups to act alert or flush into the water 
the fitness of animals by increasing their predation (Suryan & Harvey, 1999). This flushing behavior 
risk from natural predators (Baudains & Lloyd, is consistent with the anti-predatory response of 
2007; Mccleery, 2009; Higham & Shelton, 2011). harbor seals to other threats (Terhune, 1985). 

Marine mammals are increasingly exposed to Harbor seals in the Salish Sea appear to have 
humans (Martínez et al., 2007). In the highly pop- an increased tolerance to vessels in areas of high 
ulated Salish Sea off British Columbia (Canada) disturbance (Cates & Acevedo-Gutiérrez, 2017); 
and Washington State (USA), harbor seals (Phoca however, it is unknown how these differences 
vitulina) are the most abundant and widespread in tolerance to humans affect their behavioral 
marine mammal species (Jeffries et al., 2000). response to natural predators. Due to their healthy 
There are more than 300 known harbor seal haul- population status, the numerous and varied loca-
out sites in the Salish Sea, some of which are tions of their haul-out sites, and their known 
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anti-predator response to bald eagles, harbor seals Observations at Gertrude and Eagle Islands 
in the Salish Sea are an ideal means to answer were taken from concealed viewing platforms 
questions about the effects of human exposure located on McNeil Island > 100 m from the harbor 
on wildlife. To examine the hypothesis that expo- seals. From these land-based platforms, seals were 
sure to humans reduces anti-predator response in viewed with a spotting scope (Fujinon Field Scope 
harbor seals, we compared the alert and flushing Super Ed 80; 20 to 60X zoom). Observations for 
behavior of seals in response to bald eagle activity all other sites were conducted from a 5.8-m inflat-
at sites with three different levels of vessel traffic. able boat anchored within view of the haulout 

We observed harbor seals at six known haul-out approximately 200 m away. We enforced a mini-
sites in the San Juan Islands and southern Puget mum adjustment period of 30 min before col-
Sound in Washington State (Jeffries et al., 2000; lecting behavioral observations at these sites to 
Figure 1). Human exposure levels (i.e., vessel traf- reduce any stress or alterations in behavior that 
fic) were determined based on preliminary obser- might have been caused by our approach. During 
vations and prior knowledge of the study area. boat-based observations, seals were viewed with 
Differences in vessel traffic between sites were binoculars (STEINER Commander Military, 
later confirmed through statistical analyses. We Northbrook, IL, USA; 7 × 50 C). All observations 
collected data on two low human-exposure sites: were conducted by the same observer and were 
Gertrude Island (47° 1' 57" N, 122° 39' 40" W) focused within the lower portion of the tide cycle 
and Smith Island (48° 19' 24"’ N, 122° 49' 18" W); when haul-out use is highest (Jeffries et al., 2000). 
two medium human-exposure sites: Peapod Rocks We recorded the number of boats/h within 500 m 
(48° 38' 30" N, 122° 44' 49" W) and Williamson from each site to estimate the level of human 
Rocks (48° 26' 58" N, 122° 42' 21" W); and two exposure. Boat distances were estimated using a 
high human-exposure sites: Eagle Island (47° 11' laser range-finder (± 1 m per yard up to 500 m) 
13" N, 122° 41' 46" W) and Spindle Rock (48° 35' and known distances to land-based reference 
17" N, 122° 48' 3" W). We observed harbor seals at points from the haul-out site
one haul-out site per day on weekdays from June We monitored the baseline behaviors (i.e., 
through September 2012 for approximately 4 h/d. behavior in the absence of a disturbance stimulus) 

Figure 1. Location of the six harbor seal haul-out sites within the San Juan Islands (A) and southern Puget Sound (B) regions 
of the Salish Sea in Washington State (USA) 
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of the entire haul-out site at 15-min intervals variable, human exposure as a fixed factor with 
using instantaneous scan-sampling to determine three levels (low, medium, and high), and site as 
how many seals showed alert or flush behav- a random factor. We used a Gaussian distribution 
iors (Martin & Bateson, 2007; Table 1). During and an identity link function, which are appropri-
the baseline intervals, we also recorded the total ate for continuous data. 
number of seals hauled out and the total number In the model for harbor seal baseline behavior, 
of pups. Baseline measurements were not taken if we tested the fixed effect of human exposure (low, 
a disturbance stimulus occurred within 2 min of medium, and low) as well as the random effects 
the count. We used instantaneous scan-sampling of haul-out site and total number of seals on the 
to determine the behavioral response of seals to proportion of harbor seals exhibiting alert behav-
five different bald eagle behaviors (Table 1). To iors (flushing behavior was too infrequent at base-
account for the rate of interaction between eagles line intervals to use for comparison). Because the 
and seals (i.e., eagle activity), we recorded seal response variables were binary, we used a bino-
responses to any of the five eagle behaviors and, mial distribution with a logit link function.
henceforth, refer to them as an “interaction,” To account for variation in harbor seal expo-
regardless of actual seal response. If more than sure to eagles, we assessed the level of eagle 
one eagle behavior occurred during a scan (e.g., activity at each haul-out site using the observed 
land and scavenge), the response of seals was ana- rate of interaction between eagles and seals (i.e., 
lyzed as one interaction. interactions/h). We divided the sites into our pre-

All data were analyzed using Generalized dicted low and high levels of overall eagle activity 
Linear Mixed Effect Models (GLMMs)—flexible, and ran a GLMM to assess whether the catego-
powerful tests that are useful for analyzing non- ries were statistically different. We used the total 
normal data and which allow for the inclusion of number of interactions/h as a response variable, 
both fixed and random effects (Bolker et al., 2008; overall eagle activity as a fixed factor with two 
Zuur et al., 2009). The model of best fit was deter- levels (low and high), and site as a random factor. 
mined using the lowest AICc value. To account for We used the Gaussian distribution and an identity 
uncertainty in model selection, we averaged all link. Because of the variation, we also used the 
models with ΔAICc < 2 and presented the result- level of eagle activity as a covariate in our anti-
ing parameter estimates and relative importance predatory response models. Odds ratios were cal-
of the model-averaged variables (Burnham et al., culated using the exponent of the model averaged 
2011; Symonds & Moussalli, 2011). All models regression estimates and associated 95% confi-
were fit using the lme4 package in program R and dence intervals. 
were averaged using the MuMIn package. We used two models to examine the behav-

To assess differences of human exposure ioral response of harbor seals to bald eagles. 
between sites, we grouped the sites into three To determine if seals became more vigilant, we 
categories based on a priori predictions. We ran examined the proportion of seals exhibiting alert 
a GLMM to assess whether the categories were behaviors in the absence of a flushing event. To 
statistically different using boats/h as the response investigate escape response, we examined the 

Table 1. Ethograms of bald eagle (Haliaeetus leucocephalus) and harbor seal (Phoca vitulina) behaviors

Eagle behavior Distinguishing characteristics

Glide Eagle glides or soars (i.e., wings do not flap) directly above the haulout

Powered flight Eagle has directed flight (i.e., wings flapping) directly above the haulout

Land Eagle lands or is landed on haul-out site (on ground or perched in tree)

Scavenge Eagle consumes afterbirth or dead seal 

Attack Eagle attempts to injure or kill live seal

Seal behavior Distinguishing characteristics

No reaction Animal does not visibly react to disturbance

Alert Animal’s head is raised and looking in the direction of the disturbance, animal is surveying 
its surroundings, or animal changes its position on the beach

Flush Animal flushes into the water from hauled-out position
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Table 2. Generalized Liner Mixed Model (GLMM) results for comparing level of human exposure, level of eagle activity, 
and harbor seal baseline behaviors across six haul-out sites in the Salish Sea 

Modela df AICc ∆AICc Weight

Human exposure

traffic ~ exposure + (site) 5 215.8 0.00 0.999

traffic ~ (site) 3 230.7 14.91 0.001

Eagle activity

interactions ~ activity + (site) 4 284.0 0.00 0.953

interactions ~ (site) 3 290.0 6.03 0.047

Baseline behaviors

alert ~ (seals) + (site) 3 1,574.8 0.00 0.747

alert ~ traffic + (site) + (seals) 5 1,577.0 2.17 0.253

a Random variables are indicated by parentheses.

presence or absence of flushing (i.e., > 1 harbor 
seal flush). Presence or absence of flushing was 
used instead of a proportion of hauled-out seals 
that entered the water because flushing is fre-
quently an “all-or-none” response in harbor seals 
(Terhune & Brillant, 1996). Both models included 
the fixed effects of human exposure and eagle 
activity. Given that all observations took place 
during pupping season and the fact that southern 
Puget Sound and the San Juan Islands have dif-
ferent birthing peaks (Huber et al., 2012), we also 
included the proportion of pups (i.e., total number 
of pups divided by total number of seals) as a 
fixed factor to represent time from peak pupping. 
Finally, both models included the random effects 
of haul-out site, total number of seals, and the 
daily rate of interaction between seals and eagles. 
Because the response variables were binary (i.e., 
no reaction vs alert, or no flushing vs flushing), 
we used a binomial distribution with a logit link 
function. Results are expressed as mean ± SE 

We completed 162 h of observations with 
approximately 25 h at each of the six sites. 
GLMMs confirmed the grouping of sites into 
three levels of human exposure: low (0.26 ± 0.12 
boats/h, mean ± SE, n = 2), medium (1.56 ± 0.38 
boats/h, n = 2), and high (6.07 ± 0.73 boats/h, n 
= 2 sites; Table  2). GLMMs also confirmed the 
grouping of sites into two levels of eagle activity 
(Table 2). Sites with high levels of eagle activity 
included Eagle, Gertrude, and Smith (3.96 ± 1.07 
interactions/h, n = 3), and sites with low levels of 
eagle activity included Peapod, Williamson, and 
Spindle (0.29 ± 0.16 interaction/h, n = 3). 

Harbor seals were more alert to eagles at sites 
with lower levels of human exposure and when 
higher percentages of pups were present as 

supported by the highest weighted model, includ-
ing the fixed factors of human exposure and pro-
portion of pups (Figure 2; Table 3). The proportion 
of pups was the most important of the model-
averaged variables, which is consistent with 
eagles’ preference to feed on placentas and dead 
pups (Hayward, 2009; Table 4). Human exposure 
was the second most important model-averaged 

Figure 2. Proportion of harbor seals (Phoca vitulina) 
exhibiting alert behaviors in response to bald eagles 
(Haliaeetus leucocephalus) at six sites in the Salish Sea 
relative to low, medium, and high exposure to vessel traffic 
(top) and to the proportion of pups present at the haul-out 
site (bottom). Outliers (values > 1.5 × interquartile range) 
on top panel are shown as open circles. 
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Table 3. GLMM results for harbor seal anti-predatory behavioral response to bald eagle interactions (alert or flush) in the 
Salish Sea. Responses are shown relative to the level of human exposure (traffic), the level of eagle activity (eagles), the 
proportion of pups present (pups), seal numbers (seals), haul-out site (site), and total eagle interactions per day (int/day).

Modela df AICc ∆AICc Weight

Proportion of alert seals in response to eagles

response ~ traffic + pups + (site)+ (seals)+ (int/day) 7 623.7 0.00 0.226

response ~ eagles + pups + (site)+ (seals)+ (int/day) 6 623.9 0.19 0.205

response ~ traffic + eagles + pups + (site) + (seals) + (int/day) 8 624.2 0.47 0.179

response ~ pups + (site)+ (seals)+(int/day) 5 625.1 1.40 0.112

response ~ traffic + (site) + (seals)+ (int/day) 6 625.3 1.62 0.100

response ~ (site)+ (seals) + (int/day) 4 625.6 1.88 0.088

response ~ eagles + (site)+ (seals) + (int/day) 5 626.6 2.89 0.053

response ~ traffic + eagles + (site) + (seals) + (int/day) 7 627.3 3.66 0.036

Presence/absence of flushing in response to eagles

response ~ eagles + (site)+ (seals)+(int/day) 5 112.0 0.00 0.327

response ~ (site)+ (seals)+(int/day) 4 112.9 0.87 0.212

response ~ traffic + (site)+ (seals)+(int/day) 6 113.9 1.85 0.130

response ~ eagles + pups + (site)+ (seals)+(int/day) 6 113.9 1.88 0.127

response ~ pups + (site)+ (seals)+(int/day) 5 115.0 2.99 0.073

response ~ traffic + eagles + (site)+ (seals)+(int/day) 7 115.6 3.53 0.056

response ~ traffic + pups + (site)+ (seals)+(int/day) 7 115.8 3.73 0.051

response ~ traffic + eagles + pups + (site)+ (seals)+(int/day) 8 117.2 5.14 0.025

a Random variables are indicated by parentheses.

variable for harbor seal alert response toward vigilance for eagles. This hypothesis is consis-
eagles (Table 4). Seals at our low human-exposure tent with several previous studies on the impacts 
sites were 2.11 times (95% CI: 1.03 to 4.32) more of human activity. For example, fox squirrels 
likely to show alert behaviors in response to eagles (Sciurus niger) in urban areas showed decreased 
compared to seals at our high human-exposure anti-predator behaviors in response to playback of 
sites, which suggests a decrease in vigilance of predator calls when compared to squirrels in sub-
harbor seals to bald eagles at sites with high levels urban or rural areas (Mccleery, 2009). Similarly, 
of human exposure (Figure 2). Furthermore, we slower escape responses and increased mortality 
did not observe differences in seal baseline behav- in chicks of the white-fronted plover (Charadrius 
iors (Table 2); this suggests that the increased alert marginatus) at sites with high levels of human 
behaviors of seals in response to eagles at our low recreation were hypothesized to be the result of 
human-exposure sites cannot simply be attributed habituation to human presence and increased 
to natural variation in vigilance among sites. predation by domestic dogs (Baudains & Lloyd, 

Differences in harbor seal alertness at study 2007). Finally, rangers at Kruger National Park 
sites that exhibited varying levels of boat traffic in South Africa have noted that tourism in the 
suggest habituation to humans could be occur- park, particularly related to roads and high levels 
ring. Without longitudinal data, we were unable of traffic, has led to an increased vulnerability to 
to definitively test for the process of habituation; predation in a variety of resident species (Freitag-
however, we believe that a transfer of habituation Ronaldson et al., 2003). 
from human to eagle stimuli offers the most par- The level of eagle activity was the most impor-
simonious explanation for why seals at haulouts tant variable explaining flushing behavior in 
with higher human exposure also showed less response to eagles (Table 3). Models for flushing 
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Table 4. Model-averaged parameter estimates, standard error (SE), and relative importance of variables explaining harbor 
seal anti-predatory behavioral response to bald eagle interactions (alert behaviors) in the Salish Sea; values based on Table 3 
averaged models.

Parameter Estimate SE Relative importance

(Intercept) -3.770 0.417 --

Pups  3.330 1.530 0.79

Traffic (Low)*  0.747 0.366 0.55

Traffic (Medium)  0.329 0.601 --

Eagles (Low)^ -0.779 0.505 0.42

*Traffic (High) was the reference category.
^Eagles (High) was the reference category.

behavior could not be averaged due to nonconver- to distinguish between predators as evidenced by 
gence, most likely driven by the small number of their stronger behavioral responses to mammal-
actual flushing events witnessed. Nevertheless, eating transient killer whale acoustics compared 
all flushing events (n = 17) occurred at the three to salmon-eating residents (Deecke et al., 2002). 
sites with high levels of eagle activity. We believe Harbor seals may even possess a threat image 
that the importance of eagle activity was driven of potential predators as evidenced by an experi-
by eagles providing stronger threat stimuli during mental study in which seal numbers declined at 
intermittent moments of intensity, such as close haulouts in the presence of a black bear model 
approaches during placenta scavenging or birth- but were unaffected by a control object of simi-
ing events, which were only observed at sites lar size and color (Nordstrom, 2002). We believe, 
with high eagle activity. This is consistent with however, that the relatively low risk of mortality 
predictions of the risk-disturbance hypothesis, associated with vessel traffic and eagle interac-
which suggests that fleeing (or flushing in the case tions might help to explain the generalized behav-
of harbor seals) is more likely to occur when a ioral response in our study. Given the healthy 
stimulus approaches more directly (Frid & Dill, population status and the preference of eagles to 
2002). Interestingly, multiple eagle-related flush- target primarily vulnerable pups for predation, 
ing events occurred at low human-exposure sites harbor seals in the Salish Sea are likely faced with 
without a placenta scavenging or pupping event weak selection for eagle predation. The idea that 
taking place; whereas the one unique flushing the transfer of habituation is more likely to occur 
event we observed at a high human-exposure site when the risk of mortality is low is consistent with 
involved a close approach of an eagle following the results of Mccleery (2009). 
a seal birth. These observations suggest that seals Furthermore, like other wildlife, harbor seals 
at the low human-exposure sites were more likely have evolved to react to generalized threat stimuli 
to flush in response to weaker disturbance stimuli (e.g., loud noises or quickly approaching objects). 
than those at high human-exposure sites. Had we This reaction allows them to respond to potential 
directly observed close approaches or pupping threats even if they are relatively new in their evolu-
events at all sites, we may have detected an effect tionary history—power boats, for example (Frid & 
of human exposure in addition to eagle activity. Dill, 2002). This reaction may also influence their 
Future studies should incorporate a measure of response to opportunistic predators, such as bald 
behavioral intensity (such as speed of approach or eagles, that only pose a threat to vulnerable indi-
distance between predator and prey) in addition to viduals at specific times of the year (Hayward et al., 
frequency of interaction. 2010). When faced with continuous, nonlethal threat 

The transfer of habitation hypothesis assumes a stimuli at our high human-exposure sites, however, 
generalized threat response from the prey. In other the negative energetic costs of anti-predator behav-
words, one would not expect an animal capable of ior may eventually cross a threshold and outweigh 
predator-specific responses to reduce their reac- the benefit, thus tipping the scale of the trade-off bal-
tion to a recognized high-risk threat. Harbor seals ance toward a reduced response (i.e., habituation).
are capable of responding to visual, auditory, and Mechanisms other than habituation might 
spatial cues, all of which are important aspects also explain the reduced vigilance at our high 
of predator recognition (Schusterman, 1982; human-exposure sites. Higher tolerance of harbor 
Renouf & Gaborko, 1988). Harbor seals are able seals at a given haul-out site may be the result of 
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permanent displacement of less tolerant individu- University and the Anacortes Kiwanis Society. 
als; however, this is unlikely. Evidence from tag- Activities were conducted under NMFS Permit 
ging suggests that harbor seals in the Salish Sea No. 16621-00 awarded to Alejandro Acevedo-
exhibit high site fidelity (e.g., Suryan & Harvey, Gutiérrez by the National Oceanic and Atmospheric 
1998; Hardee, 2008). Another possibility is that Administration.
constant flushing in response to boat traffic at the 
high human-exposure sites may have weakened Literature Cited
those seals and made them less willing and less 
able to respond to milder threats. This explana- Baudains, T. P., & Lloyd, P. (2007). Habituation and habi-
tion also seems unlikely given the relatively low tat changes can moderate the impacts of human dis-
energetic cost associated with flushing and the turbance on shorebird breeding performance. Animal 
healthy status of harbor seals in the Salish Sea. Conservation, 10(3), 400-407. https://doi.org/10.1111/
Considering that bald eagles are more likely to j.1469-1795.2007.-00126.x 
prey on premature or newborn pups, it is possible Bejder, L., Samuels, A., Whitehead, H., Finn, H., & Allen, 
that the age structure of pups at our haul-out sites S. (2009). Impact assessment research: Use and misuse 
affected the response of seals to bald eagles. To of habituation, sensitisation and tolerance in describ-
further clarify this effect, future studies should ing wildlife responses to anthropogenic stimuli. Marine 
estimate the age category of pups. Ecology Progress Series, 395, 177-185. https://doi.

The likelihood that increased tolerance to org/10.3354/meps07979 
humans can lead to an increased risk of natural Berger, S., Wikelski, M., Romero, L. M., Kalko, E. K., & 
predation makes it crucial to better understand Roedl, T. (2007). Behavioral and physiological adjust-
interactions between human activities and vari- ments to new predators in an endemic island spe-
ous predator–prey relationships. Our results pro- cies, the Galapagos marine iguana. Hormones and 
vide suggestive evidence of an effect of human Behavior, 52(5), 653-663. https://doi.org/10.1016/j.
exposure on harbor seal anti-predatory response. yhbeh.2007.08.004
Although harbor seal populations in the Salish Sea Bolker, B. M., Brooks, M. E., Clark, C. J., Geange, S. W., 
appear to be healthy (Department of Fisheries and Poulsen, J. R., Stevens, M. H. H., & White, J. S. (2008). 
Oceans Canada [DFO], 2010), it is unknown how Generalized linear mixed effect models: A practical 
a transfer of habituation might affect less healthy guide for ecology and evolution. Trends in Ecology and 
or less resilient species. Furthermore, habituation Evolution, 24(3), 127-135. https://doi.org/10.1016/j.tree. 
to humans might add an additional level of vul- 2008.10.008 
nerability for prey species facing novel predator Burnham, K. P., Anderson, D. R., & Huyvaert, K. P. (2011). 
situations such as an invasive or introduced preda- AIC model selection and multimodel inference in behav-
tor (e.g., Berger et al., 2007), a predator experi- ioral ecology: Some background, observations, and com-
encing a rapid population recovery (e.g., Grier, parisons. Behavioral Ecology and Sociobiology, 65(1), 
1982), or a shift in prey choice for a generalist 23-25. https://doi.org/10.1007/s00265-010-1029-6
predator (e.g., Rutz & Bijlsma, 2006). Given the Calambokidis, J., & Steiger, G. H. (1985). Bald eagles 
tendency for recreation and ecotourism industries feeding on harbor seal placenta in Glacier Bay, Alaska. 
to perceive habituation as a desirable process, the Journal of Raptor Research, 19, 145.
transfer of habituation hypothesis warrants further Cates, K., & Acevedo-Gutiérrez, A. (2017). Harbor seal 
investigation. Additional long-term studies are (Phoca vitulina) tolerance to vessels under different 
needed to test the hypothesis of habituation as a levels of boat traffic. Aquatic Mammals, 43(2), 193-200. 
low-impact activity. In the absence of those stud- https://doi.org/10.1578/AM.43.2.2017.193 
ies, managers may need to limit wildlife viewing Deecke, V. B., Slater, P. J. B., & Ford, J. K. B. (2002). 
in areas where the focal species is under threat of Selective habituation shapes acoustic predator recogni-
predation or facing a novel predation threat. tion in harbor seals. Nature, 420(6912), 171-173. https://

doi.org/10.1038/nature01030 
Acknowledgments Department of Fisheries and Oceans Canada (DFO). (2010). 

Population assessment Pacific harbour seal (Phoca 
We thank S. Jeffries and D. Lambourn of vitulina richardsi) (DFO Canadian Science Advisory 
Washington Fish and Wildlife for providing Secretariat Science Advisory Report 2009/011). Ottawa, 
access to haul-out sites. J. Bower and B. Miner ONT: DFO. Retrieved from www.dfo-mpo.gc.ca/ 
provided support and feedback throughout the Library/338997.pdf
study. Shannon Point Marine Center, D. Senner, Freitag-Ronaldson, S., Kalwa, R., Badenhorst, J., Erasmus, 
A. Hulbert, C. Moore, and E. D’Agnese assisted J., Venter, F., & Nel, F. (2003). Wilderness, wilder-
with data collection in the field. This manuscript ness quality management, and recreational opportuni-
was improved by comments from J. Gaydos. ties zoning within Kruger National Park, South Africa. 
This project was funded by Western Washington USDA Forest Service Proceedings, 23, 39-49.



680 Olson and Acevedo-Gutiérrez

Frid, A., & Dill, L. (2002). Human-caused disturbance stim- during 2009. Olympia: Washington Department of Fish 
uli as a form of predation risk. Conservation Ecology, and Wildlife.
6(1), 11. https://doi.org/10.5751/ES-00404-060111 London, J. M. (2006). Harbor seals in Hood Canal: 

Gill, J. A., Sutherland, W. J., & Watkinson, A. R. (1996). Predators and prey (Doctoral dissertation). 
A method to quantify the effects of human disturbance University of Washington, Seattle. Retrieved from 
on animal populations. Journal of Applied Ecology, 33, https://www.researchgate.net/profile/Josh_London/ 
786-792. https://doi.org/10.2307/2404948 publication/33515891_Harbor_seals_in_Hood_Canal_

Grier, J. W. (1982). Ban of DDT and subsequent Predators_and_prey/links/0f31752e2e3f40bf67000000/
recovery of reproduction in bald eagles. Science Harbor-seals-in-Hood-Canal-Predators-and-prey.pdf
(Washington), 218(4578), 1232-1235. https://doi.org/ Martin, P., & Bateson, P. (2007). Measuring behavior: 
10.1126/science.7146905 An introductory guide. Cambridge, UK: Cambridge 

Hardee, S. (2008). Movements and home ranges of University Press. https://doi.org/10.1017/CBO9780511 
harbor seals (Phoca vitulina) in the inland waters 810893 
of the Pacific Northwest (Master’s thesis). Western Martínez, M. L., Intralawan, A., Vázquez, G., Pérez-Maqueo, 
Washington University, Bellingham. Retrieved from O., Sutton, P., & Landgrave, R. (2007). The coasts of 
http://cedar.wwu.edu/cgi/viewcontent.cgi?article= our world: Ecological, economic and social importance. 
1008&context=wwuet Ecological Economics, 63(2), 254-272. https://doi.org/ 

Hayward, J. L. (2009). Bald eagle predation on harbor seal 10.1016/j.ecolecon.2006.10.022 
pups. Northwest Naturalist, 90(1), 51-53. https://doi. Mccleery, R. A. (2009). Changes in fox squirrel anti-predator 
org/10.1898/1051-1733-90.1.51 behaviors across the urban-rural gradient. Landscape 

Hayward, J. L., Galusha, J. G., & Henson, S. M. (2010). Ecology, 24(4), 483-493. https://doi.org/10.1007/s10980-
Foraging-related activity of bald eagles at a Washington 009-9323-2 
seabird colony and seal rookery. Journal of Raptor Nisbet, I. C. T. (2000). Disturbance, habituation, and man-
Research, 44(1), 19-29. https://doi.org/10.3356/JRR-08- agement of waterbird colonies. Waterbirds, 23(2), 312-
107.1 332. 

Hayward, J. L., Henson, S., Logan, C., Parris, C., Meyer, M., Nordstrom, C. A. (2002). Haul-out selection by Pacific 
& Dennis, B. (2005). Predicting numbers of hauled-out harbor seals (Phoca vitulina richardii): Isolation and per-
harbor seals: A mathematical model. Journal of Applied ceived predation risk. Marine Mammal Science, 18(1), 
Ecology, 42(1), 107-117. https://doi.org/10.1111/j.1365- 194-205. https://doi.org/10.1111/j.1748-7692.2002.tb010 
2664.2005.00999.x 28.x 

Higham, J. E. S., & Shelton, E. J. (2011). Tourism and wild- Pauli, B. D., & Terhune, J. M. (1987). Tidal and temporal 
life habituation: Reduced population fitness or cessation interaction on harbour seal haul-out patterns. Aquatic 
of impact? Tourism Management, 32(6), 1290-1298. Mammals, 13(3), 93-95. 
https://doi.org/10.1016/j.tourman.2010.12.006 Reder, S., Lyderson, C., Arnold, W., & Kovacs, K. (2003). 

Huber, H. R., Dickerson, B. R., Jeffries, S. J., & Lambourn, Haulout behaviour of high Arctic harbour seals (Phoca 
D. M. (2012). Genetic analysis of Washington State vitulina vitulina) in Svalbard, Norway. Polar Biology, 
harbor seals (Phoca vitulina richardii) using microsatel- 27(1), 6-16. https://doi.org/10.1007/s00300-003-0557-1 
lites. Canadian Journal of Zoology, 90(12), 1361-1369. Renouf, D., & Gaborko, L. (1988). Spatial matching to 
https://doi.org/10.1139/cjz-2012-0047 sample in harbour seals (Phoca vitulina). Biology of 

Huber, H. R., Jeffries, S. J., Brown, R. F., DeLong, R. L., & Behaviour, 13, 73-81. 
Vanblaricom, G. (2001). Correcting aerial survey counts Rutz, C., & Bijlsma, R. G. (2006). Food-limitation in a 
of harbor seals (Phoca vitulina richardsi) in Washington generalist predator. Proceedings of the Royal Society of 
and Oregon. Marine Mammal Science, 17(2), 276-293. London B: Biological Sciences, 273(1597), 2069-2076. 
https://doi.org/10.1111/j.1748-7692.2001.tb01271.x https://doi.org/10.1098/rspb.2006.3507 

Jeffries, S. J., Gearin, P. J., Huber, H. R., Saul, D. L., & Schusterman, R. (1982). Behavioral capabilities of seals 
Pruett, D. A. (2000). Atlas of seal and sea lion haulout and sea lions: A review of their hearing, visual, learning 
sites in Washington. Olympia: Washington Department and diving skills. The Psychological Record, 31(2), 125-
of Fish and Wildlife. 143. https://doi.org/10.1007/BF03394729

Johnson, A., & Acevedo-Gutiérrez, A. (2007). Regulation St Clair, J. J. H., Garcia-Pena, G. E., Woods, R. W., & 
compliance by vessels and disturbance of harbor seals Szekely, T. (2010). Presence of mammalian predators 
(Phoca vitulina). Canadian Journal of Zoology, 85(2), decreases tolerance to human disturbance in a breed-
290-294. https://doi.org/10.1139/Z06-213 ing shorebird. Behavioral Ecology, 21(6), 1285-1292. 

Knight, J. (2009). Making wildlife viewable: Habituation https://doi.org/10.1093/beheco/arq144
and attraction. Society and Animals, 17(2), 167-184. Steiger, G. H., Calambokidis, J., Cubbage, J. C., Skilling, 
https://doi.org/10.1163/156853009X418091 D. E., Smith, A. W., & Gribble, D. H. (1989). Mortality 

Lambourn, D. M., Jeffries, S. J., & Huber, H. R. (2010). of harbor seal pups at different sites in the inland waters 
Observations of harbor seals in southern Puget Sound of Washington. Journal of Wildlife Diseases, 25(3), 319-

328. https://doi.org/10.7589/0090-3558-25.3.319



681Human Effect on Anti-Predatory Response

Suryan, R. M., & Harvey, J. T. (1998). Tracking harbor 
seals (Phoca vitulina richardsi) to determine dive 
behavior, foraging activity, and haul-out site use. 
Marine Mammal Science, 14(2), 361-372. https://doi.
org/10.1111/j.1748-7692.1998.tb00728.x

Suryan, R. M., & Harvey, J. T. (1999). Variability in the 
reactions of Pacific harbor seals, Phoca vitulina rich-
ardsi, to disturbance. Fishery Bulletin, 97(2), 332-339.

Symonds, M. R. E., & Moussalli, A. (2011). A brief guide to 
model selection, multimodel inference and model aver-
aging in behavioural ecology using Akaike’s information 
criterion. Behavioral Ecology and Sociobiology, 65(1), 
13-21. https://doi.org/10.1007/s00265-010-1037-6 

Terhune, J. M. (1985). Scanning behavior of harbor seals on 
haul-out sites. Journal of Mammalogy, 66(2), 392-395. 
https://doi.org/10.2307/1381258 

Terhune, J. M., & Brillant, S. W. (1996). Harbor seal vigilance 
decreases over time since haul-out. Animal Behavior, 
51(4), 757-763. https://doi.org/10.1006/anbe.1996.0080

Zuur, A. F., Ieno, E. N., Walker, N. J., Saveliev, A. A., & 
Smith, G. M. (2009). Mixed effect models and exten-
sions in ecology with R. New York: Springer. https://doi.
org/10.1007/978-0-387-87458-6




