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THE EFFECTIVENESS OF AN ESTABLISHED SANCTUARY ZONE FOR
REDUCING HUMAN DISTURBANCE TO AUSTRALIAN SEA LIONS
(NEOPHOCA CINEREA) AT CARNAC ISLAND, WESTERN AUSTRALIA

CHANDRA P. SALGADO KENT and BRETT CRABTREE

Centre for Marine Science and Technology, Curtin University of Technology, Perth, Australia

This study tested the effectiveness of a recently established sanctuary zone on Carnac Island (Western
Australia) in reducing human disturbances to Australian sea lions (Neophoca cinerea). Several methods
of recording behaviors were also tested to clarify their adequacy for detecting human disturbances.
Observations made between March 2005 and September 2006 (98 observations over 16 days) indi-
cated that a wireless camera was effective for monitoring sea lions unobtrusively, and continuous and
instantaneous observations were both generally effective in monitoring levels of human disturbance.
The sanctuary zone was ineffective in that sea lions hauled out more often in the adjacent recreational
zone, even though the sanctuary was established based on previous observations. This study concluded
that sea lions are more likely to haul out where environmental attributes along a beach are suitable.
Because environmental conditions are variable over time, a fixed sanctuary zone will only aid in reduc-
ing impacts when conditions are suitable in that zone. The authors recommend that future sanctuaries

should include entire stretches of useable beach to be effective.
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Introduction

This study investigated impacts from human pres-
ence associated with recreation and tourism on the
Australian sea lion (Neophoca cinerea) while hauled
out on Carnac Island Nature Reserve (Western Aus-
tralia) after the establishment of a sanctuary zone.
Wildlife tourism is ever expanding across Australia
and, given that the city of Perth has the highest per
capita boat ownership in Australia, Carnac Island

provides an ideal site to study the effects of marine
mammal tourism on Australian sea lions (Orsini,
Shaughnessy, & Newsome, 2006; D. I. Walker,
Lukatelich, Bastyan, & McComb, 1989).

The Australian sea lion (Neophoca cinerea, fam-
ily Otariidae) is an endemic species, restricted to
southern and southwestern Australia (Shaughnessy,
Dennis, & Seager, 2005; Gales, Cheal, Pobar, & Wil-
liamson, 1992). This species suffered past population
decline during the 19th and early 20th century from

Address correspondence to Chandra P. Salgado Kent, Centre for Marine Science and Technology, Curtin University of Technology, GPO
Box U1987, Perth, West Australia 6845; Tel: +61 (8) 9266 3104; Fax: +61 (8) 9266 4799; Email: c.salgado@cmst.curtin.edu.au


http:www.cognizantcommunication.com

30 SALGADO KENT AND CRABTREE

commercial harvesting (for meat and leather), from
which it has not been able to fully recover (Gales,
Haberley, & Collins, 2000; Ling, 1999; Shaughnessy,
1999). According to G. Walker and Ling (1981),
the range of the Australian sea lion distribution in
the past extended from the Abrolhos Islands (28°S,
114°E) right around to the east coast of Australia at
Queenscliff (38° 17'S, 144° 42'E) in Victoria (Fig. 1).
The current range extends from the Abrolhos islands
to just east of Kangaroo Island (35° 47'S, 138° 17'E)
(Ling & Walker, 1978). Since protection in 1892
(Gales et al., 2000), colonies of fur seals have been
recovering successfully (from 7,100 animals in 1990
in Western Australia to 15,100 in 2000) (Gales et al.
2000), but there is no evidence for a similar increase
of Australian sea lions (total population estimated at

9,300-11,700 animals in 2005) (Department of Con-
servation and Land Management [CALM], 2004;
Shaughnessy et al., 2005; Gales et al., 2000;), and
in fact it is not known whether the population may
in fact be declining. Because of its small population
size and endemicity the species was listed as rare by
the Seal Specialist Group of the Species Survival
Commission in 1993 (Shaughnessy et al., 2005), and
because of the small breeding population has been
suggested to be highly vulnerable to local extinctions
(Orsini, 2004), and in fact is listed as “vulnerable”
under the Commonwealth’s Environment & Biodi-
versity Protection Act (Department of the Environ-
ment, Water, Heritage and the Arts, 2008).

Current pressures that affect the Australian sea lion
and many other pinniped species are generally from
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Figure 1. Approximate past and present distribution of the Australian sea lion (A) (DEC, 2004;
modified from Ling & Walker, 1978); and study area, showing the sanctuary and recreational zones
(B) (adapted from the Carnac Island Management Plan; CCWA & CALM, 2003). SN: Sanctuary
north zone, SB: Sanctuary boundary zone, RB: Recreational boundary zone, RS: Recreational

south zone.
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indirect factors, which are often associated with indus-
tries such as fisheries and tourism (Kirkwood et al.,
2003). Although today’s fisheries do not directly target
seals or sea lions, impacts occur as a consequence of
poor fishing practices that result in bycatch, entangle-
ment of waste from boats such as synthetic material,
nets, and lost fishing gear (Page et al., 2004). Other
indirect effects apart form tourism include depletion
of sea lions’ natural diet such as fish and crustaceans,
or impacts causing an alteration in their natural behav-
ior (relying on food from trawling nets to feed), and
impacts caused by low flying aircrafts over breeding
and haul-out sites (Shaughnessy, 1999). Observed
responses to this type of disturbance include animals
fleeing to the sea, which could cause trouble during the
breeding season as mothers may not be able to relocate
their pups (Shaugnessy, 1999). Also instances of sea
lion pups drowning in lobster pots (Gales et al., 1992),
boat-caused injuries and deaths (Orsini, 2004), and in
more extreme cases instances of spearing or shooting
(CALM, 1992) have been documented. Only recently
have impacts from underwater man-made noise been
included in studies on impacts to marine mammals
(Salgado Kent & McCauley, 2006).

With respect to ecotourism, the industry has
increased rapidly in recent years (Kirkwood et al.,
2003). Tourism can be seen as both beneficial and
detrimental. Beneficial effects occur from creating
greater public awareness and instilling a public
desire to conserve (Gales, Hindell, & Kirkwood,
2003). However, tourism can be detrimental as it can
degrade the ecological value of a site and may cause
the wildlife to move away from a site or decrease
in number (Gales et al., 2003). Tourists feeding ani-
mals, for example, disrupts natural behavior of sea
lions. When tourists feed animals they feel they are
communicating with nature (Orams, 2002). Orams,
(2002) found that feeding marine mammals on the
West Coast of the US could lead to animals becoming
dependent upon being fed and has in fact resulted in
numerous pinniped attacks on humans. With more
specific relevance to the Australian sea lion, CALM
(1992) reported that scuba divers were hand feed-
ing sea lions on Seal Island (Western Australia) to
encourage them into the water. Beach visitors on the
Island were also feeding animals in order to interact
with the sea lions (CALM, 1992).

Pinniped tourism is also usually associated with
large numbers of tourists visiting sea lion (or seal)

haul-out sites (Cassini, 2001). The most popular
site in Australia for pinniped tourism is at Seal Bay
on Kangaroo Island, where visitation has increased
from 20,000 tourists per annum in the 1970s to over
100,000 per annum in the late 1990s (Gales et al.,
2003). Because accessibility to viewing sites is a
major factor for successful pinniped tourism, the
most common tourist destinations are those with
close proximity to human population centers. CALM
(1992), Orsini (2004), and Orsini et al. (2006) found
this was the case at islands around Perth (Western
Australia), where, for example, approximately
70,000 people visiting Penguin Island. The island
is only 12.5 ha in size and experiences 3,500 people
on the island on the busiest days (CALM, 1992).
Orsini et al. (2006) also found high visitation occur-
ring on Carnac Island (Fig. 1), which has an area of
19 ha. For such a small area Carnac Island receives
approximately 13,000 visitors on land per year and
20,000-30,000 in the eastern bay (Orsini, 2004;
Orsini et al., 2006).

Many preferred sea lion haul-out sites tend to be
located at beaches on offshore islands, which is often
due to the absence of human impacts and terres-
trial predators (Stevens & Boness, 2003). Tourism,
however, often targets pinniped haulout sites (shore
areas—beaches, rocky shores—that sea lions use
consistently throughout the year to come to shore),
and consequently there is increasing competition for
space between tourists and sea lions. Seal Island (in
the Shoalwater Island chain, Western Australia), for
example, may have from 2 to 35 animals including
adult and subadult males (CALM, 1992). The island
is less than 3 ha in size and therefore has very limited
beach area (~40 m in length). Before closing public
access to the island, CALM (1992) recorded high
numbers of people and sea lions using the beach
simultaneously (e.g., up to 60 people and 16 boats on
the beach area with 22 sea lions at one time) (CALM,
1992). The seriousness of the effect of tourism on
sea lions resulted in closure of public access to Seal
Island (CALM, 1992).

Similar disturbance to sea lions from human
visitation has been confirmed at Carnac Island
(Orsini, 2004; Orsini et al., 2006). Carnac Island has
a limited beachfront area, hence large numbers of
boats and human visitors have the potential to cause
competition for space. This potential became evident
when sea lions were observed to leave the beach or
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reduce their time spent hauling out when humans
were close in proximity (Orsini, 2004; Orsini et al.,
2006). Orsini (2004) suggested that in the longer
term there could be a risk of sea lions abandoning
the site altogether. As a result, a sanctuary zone was
established by DEC (the Department of Environment
and Conservation in Western Australia—formerly
known as the Department of Conservation and Land
Management or CALM) on the northern end of the
beach, restricting human visitation to the southern
end (the recreational zone).

For informed management decisions regarding the
protection of key haul-out sites, not only is an un-
derstanding of the ecology and behavior of sea lions
important, but so is an understanding of the effective-
ness of sanctuary zones. This study aimed at testing
the effectiveness of the sanctuary zone established
on Carnac Island. Specifically, it aims to address
the following question: Is the establishment of the
sanctuary zone resulting in significantly decreased
human disturbance to sea lions at Carnac Island?
For the establishment of a sanctuary to be effective:
firstly, human activity in the general area where the
sanctuary zone is located must be high enough to be
causing human disturbances to sea lions; secondly,
the zone must be largely left undisturbed by human
presence or activity; and thirdly, a significant pro-
portion of sea lions must use the zone. Hence, we
examined the effectiveness of the sanctuary zone by
testing the following hypotheses:

1. There are fewer humans using the sanctuary zone
established on Carnac Island than the recreational
zone (regardless of time of day or month).

2. The number of sea lions is greater within the
sanctuary zone than in the recreational zone
(regardless of time of day or month).

3. Sealion responses to human disturbance (mea-
sured by the number and duration of behavioral
events associated with vigilance) are higher
within the recreational zone than in the sanctu-
ary zone during high human visitation periods,
but are low inside the sanctuary zone regardless
of human visitation period.

4. The time sea lions spend resting is less outside
of the sanctuary zone during high human visita-
tion periods than during low human visitation
periods, but is low inside the sanctuary zone
regardless of human visitation period.

To test these hypotheses, several methods for col-
lecting data (on numbers and behaviors of sea
lions) were tested and compared to identify the
most useful for the purposes of this study. The first
of these included a comparison of behavioral data
based on continuous observations with those based
on instantaneous observations. Continuous observa-
tions involve recording the duration of behaviors,
while instantaneous observations result in a count
of behavioral events, the number of times a behavior
was instigated (Terhune & Brillant, 1995). Currently,
there are no data to indicate that these two types of
observations are interchangeably or whether one
is more suited for recording human disturbance to
sea lions than the other. The second set of methods
tested included a comparison of data collected by
in situ field observations with those made remotely
using a wireless video camera, and a comparison. In
situ field observations have the advantage of close
proximity to the subjects under observation, but may
cause artifacts to be introduced into the data, from
the presence of the observer (Tershy, Breese, & Croll,
1997). Furthermore for studies on islands or remote
areas, remote observations using a camera are more
cost-effective for long-term studies, because they do
not require travel to the site (by boat or car).

The Study
General Methods

Study Site. Carnac Island is one of six islands off
the coastline around Perth (WA) where male Aus-
tralian sea lions are known to haul out. The island
(Fig. 1) is located 8 km southwest of Fremantle,
and is an A class nature reserve (Abbot, Marchant,
& Cranfield, 2000). The management purpose of
the reserve is “the conservation of flora and fauna
and recreation” by “ensuring that the passive recre-
ation activities that are permitted on the island do
not compromise the island’s conservation purpose”
(Conservation Commission of Western Australia and
Department of Conservation and Land Management
[CCWA & CALM], 2003). Carnac Island provides
an ideal site to study Australian sea lions and pos-
sible effects from human interaction because of its
close proximity to Perth (the largest city in Western
Australia). Also, the recently established sanctuary
zone created on the northern end of the beach (~120
m of beach), restricting human visitation to the
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southern end (recreational zone; ~150 m of beach),
allows comparison of human disturbance between
protected and nonprotected areas.

Data Collection and Analysis. All observations
during the study were conducted between 0900
and 1600 hours on days between March 2006 and
September 2006, depending upon weather and
logistics. Field observations were conducted at a
distance greater than 15 m from the sea lions, using
binoculars to ensure that observer presence did not
introduce significant artifacts in the data (Orsini,
2004; Orsini et al., 2006). Data were recorded both
on a spreadsheet and voice recorder to ensure ac-
curacy. Replicates for each experiment were vari-
able and dependent on time available on the island
(see Fesults section for information on replicates).
All statistical analyses were done using Statistica
5.5 (© StatSoft Inc.). Analyses included ANOVAs
(repeated-measures ANOVAs where levels of factors
were considered nonindependent) for factor analy-
sis, paired z-test for comparison of nonindependent
means, and simple regression analysis for testing
the significance of correlations between variables
(details of each analysis are in relevant Results sec-
tions below). The assumption of homogeneity of
variance for parametric statistics was tested using
Levene’s test, and normality was tested using the
Kolomogrov-Smirnoff test. In cases where data were
heterogeneous, they were log or square root trans-
formed until the test of homogeneity was not signifi-
cant (p>0.05). For repeated-measures ANOVAs, in
the few cases where the assumption of homogeneity
of variances was still not met after transformation,
data were checked for sphericity with Machley’s
test, and the Greenhouse Geisser correction factor
was applied (StatSoft, Inc. 1984-1994).

Behavioral Observations. For behavioral obser-
vations throughout this study, sea lions were selected
randomly within each of the zones (sanctuary or
recreation). Random selection was done by count-
ing the total number of sea lions on the beach at the
time of observation, designating a number to each
animal, and then using a random number generator
to select a sea lion. No sea lion was sampled twice.
Behaviors recorded included “look,” “lift head,”
“sit up,” “rest,” and “readjustment.” Time spent at
rest (not doing any of the other behaviors) was also
recorded. Behavioral observations were made over

20-minute periods. Behaviors were defined in the
following way:

e  “Look’: asealion looked directly at the stimulus
without lifting its head off the sand,

e “Lifthead”: asealion lifted its head off the sand
to look at the stimulus,

e “Situp”: asealion sat upright facing the stimu-
lus or near it,

e “Rest”: a sea lion was observed lying motion-
less with its head resting on the sand and eyes
closed,

e “Readjustment”: a sea lion showed slight move-
ments such as raising a flipper (for thermo-
regulation) or a slight roll or turn to readjust its
posture, or when a sea lion performed an action
such as a look, lift head, or sit up, but no stimulus
causing disturbance was present or noticeable.

Comparison of Methods for Collecting Data

Comparison of Instantaneous and Continuous
Behavioral Cbservations. Sea lion behaviors were
recorded using instantaneous and continuous obser-
vations simultaneously during high visitation periods
in the recreational and sanctuary zones. Continuous
observations involved recording the cumulative
time spent doing behaviors, while instantaneous
observations involved counts of the number of
times behaviors were initiated (over each 20-minute
period). Behaviors recorded included “look,” “lift
head,” and “sit up.”

Comparison of Remote Observations Using a
Wireless Camera to Field-Based Observation. Data
were collected using two methods: 1) direct observa-
tion in the field, and 2) observation from a monitor
based at the DEC (Fremantle, WA) fed real-time
video from a wireless camera (an Axis 213 PTZ net-
work camera with 4x zoom) based at Carnac Island
(the distance between the camera and the opposite
end of the study area was approximately 270 m; see
Fig. 1 for location). One observer was based at the
island, while the other was based at the DEC office.
Simultaneous observations were coordinated by
following a timetable and communicating by mobile
phone. Data were collected on numbers of sea lions
and their behaviors (“lift head,” “sit up,” “rest,” and
“readjustment”) using both continuous and instan-
taneous methods. Abundance was recorded in the
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recreational and sanctuary zones every 30 minutes
after arrival to the island, and behavioral observations
were made between counts of sea lions.

Assessment of the Effectiveness of the
Sanctuary Zone

Abundance, distribution, and behavioral data
were collected within the sanctuary zone and in the
recreational zone, as well as at high and low human
visitation times. To distinguish between high and
low visitation the number of people on the beach and
number of boats present were recorded. Low visitation
was defined as the presence of less than 10 boats and
no humans on the beach, while high visitation was
defined as human presence on the beach and greater
than 10 boats within approximately 50 m of the beach.
The numbers of sea lions sampled within the recre-
ational zone and within the sanctuary zone, and during
high and low visitation, were kept balanced so that
sufficient replicates were collected for analyses.

Sea Lion Abundance and Distribution. Two sets
of data were collected. The initial collection was
for assessing distribution in terms of presence of
sea lions within the sanctuary versus recreational
zone (field based), while the subsequent collection
was more detailed so that numbers were recorded
in four similarly sized sections along the beach
(referred to as sanctuary north, sanctuary boundary,
recreational boundary, and recreational south; Fig.
1). These subsequent observations were done using
the wireless camera and were only done during low
visitation periods (due to limited time). Counts of
animals and their locations were made every 0.5 hour
(consistent with previous counts).

Number and Distribution of Human Visitors and
Their Relationship to Sea Lion Abundance and
Distribution. Field-based counts of the number
of people on the beach and numbers of boats pres-
ent within approximately 50 m of the beach were
made every 0.5 hour throughout each day of field
observations during low and high human visitation
periods in the recreational and in the sanctuary zone.
Counts were consistent with those for sea lions so
that numbers of human visitors could be related to
numbers of sea lion using the beach.

Disturbance of Sea Lions by Human Visitation. To
assess the impact of human presence on sea lions,

four behaviors (“rest,” “look,” “lift head,” and “sit
up”’) were monitored using continuous and instanta-
neous observations, and the stimulus for the behavior
noted (human disturbance, another sea lion, seagulls,
or no apparent cause).

Results

Comparison of Methods for Collecting Data

Comparison of Instantaneous and Continuous Be-
havioral Observations. Results from 13 independent
20-minure observations made between March 19
and September 29, 2006 showed that a significant
linear correlation was found between the two tech-
niques with respect to the behavior “look” [r=0.89,
F(1,10)=44.13, p<0.001] (Fig. 2). A power (chi-
square) fit was slightly better, but an exponential
fit was worse [r=0.92, F(1,10)=270.73, p<0.001;
and r=0.70, F(1,10)=22.86, p<0.01, respectively].
Because continuous observations were measured
as cumulative duration over 20-minute periods,
the better fit using a power function indicates that
an increase in the number of looking events was
related to an increased duration of looking events.
One observation was particularly high (18 events,
254 seconds), which appeared to be influencing
the correlation; however, deleting it from the data
set did not significantly change the strength of the
correlation (linear r=0.77). A significant linear cor-
relation was not found between the two techniques
for the behavior “lift head” [r=0.26, F(1,11)=0.83,
p>0.05] (Fig. 2), and “situp” [r=0.26, F(1,5)=0.35
p>0.05] (Fig. 2). Power and exponential fits for
“look™ and “lift head” were as poor as linear fits,
indicating that duration of behaviors was simply
more variable.

Comparison of Remote Observations Using a
Wireless Camera to Field-Based Observation. Data
were collected on a single day (June 21, 2006) due
to limited access to the island on other days. How-
ever, because observations using the two techniques
were simultaneous and of the same subjects (indi-
vidual sea lions), 1 day of observations was deemed
adequate. Based on 20 observations (10 using each
method), there were no significant differences in
the number of sea lions counted using the camera
and in the field in any of the tests (total number of
sea lions, sea lions only in the sanctuary, and sea
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Figure 2. Relationship between continuous (cumulative duration/20 minutes) versus instantaneous observations (number of events/20
minutes) of Australian sea lions conducting the behaviors “look,” “lift head,” and “sit up” (some data points on the figure overlap each

other).

lions only in recreational zone). Similarly, there
were no significant differences between wireless
camera and field measurements of instantaneous
and continuous observations in the number of
times sea lions performed the behaviors “rest,”
“readjust,” “lift head,” and “sit up” (Table 1). The
behavior “look” was too subtle to be detected with
the wireless camera.

Assessment of the Effectiveness of the Sanctuary
Zone at Carnac Island

Sea Lion Abundance and Distribution. A total
number of 64 counts of sea lions over 17 days was
made between March 1 and September 29, 2006.
Replicates for analysis were mean counts per day to
ensure independence of the data. The mean number
of sea lions per day was greater in the recreational
zone than in the sanctuary zone [three-factor ANOVA
with visitation level, time block and zone as factors:
F(1,10)=20.94, p<0.001] (Table 2-A), regardless of
human visitation level or time period (in blocks from
0900-1100, 1100-1300, and 1300-1500 hours), and
regardless of month [two-factor ANOVA with month
and zone as factors: F(1,10)=31.97, p<0.001] Table
2-B, Fig. 3).

A total of 14 counts were made over a period of
7 days September 9 through September 29, 2006
within four zones along the beach (“recreation
south,” “recreation border,” “sanctuary border,”
and “sanctuary north”) (Fig. 4). Numbers of sea

lions differed among the four zones [F(3,5)=15.24,
p<0.001] Table 2-C), with numbers significantly
higher in the recreational south zone (Tukey’s post
hoc test).

Table 1

Comparison Between the Mean Number of Australian Sea
Lions Counted Using the Wireless Camera and In-Field Ob-
servations (Total Number, Number in Recreational Zone, and
Number in Sanctuary Zone) Using Paired #-Tests

Technique Mean ¢-Value (df=9) p-Value

Numbers of sea lions

Total number camera 21.6 -1.00 ns
field 21.7
Recreation camera 12.2 0.00 ns
field 12.2
Sanctuary camera 9.40 -1.00 ns
field 9.50
Instantaneous behavioral observations
Readjustment camera 5.9 -0.69 ns
field 6.1
Lifting head camera 1.1 1.00 ns
field 1.0
Sit up camera 10.0 0.00 ns
field 9.50
Continuous behavioral observations
Rest camera 94.36 -1.04 ns
field 95.14
Readjustment camera 3.53 1.12 ns
field 2.74
Lift head camera 0.44 1.17 ns
field 0.38
Sit up camera 1.70 0.26 ns
field 1.68
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Table 2

Summary of Significant Effects for ANOVAs of Numbers of Sea Lions (Humans for the Fourth Analysis) and

Their Behaviors

Effect daf F-Value
A. Number of sea lions
Visitation level (high, low) 1,10 ns
Time block (0900-1100, 1100-1300, 1300-1500) 2,10 ns
Zone (recreational, sanctuary; repeated measure) 1,10 20.94 %%
Visitation level x Time block 2,10 ns
Visitation level x Zone 1,10 ns
Time block x Zone 2,10 ns
Visitation level x Time block x Zone 2,10 ns
B. Number of sea lions
Month (March, April, June, July, August, September) 5,10 ns
Zone (recreational, sanctuary; repeated measure) 1,10 31.97%**
Month x Zone ,10 ns
C. Number of sea lions
Month (August, September) 1,5 ns
Zone (recreational south, recreational mid, sanctuary mid, sanctuary north; repeated measure) 3,15 15.24%**
Month x Zone 3,15 ns
D. Number of humans
Time block (0900-1100, 1100-1300, 1300-1500) 1,15 11.93%**
Zone (recreational, sanctuary; repeated measure) 1,15 22.38%**
Time block x Zone 1,15 ns
E. Time spent resting
Visitation level (low, high) 1,48 15.50%:%*
Zone (recreational, sanctuary) 1,48 ns
Visitation level x Zone 1,48 ns
F. Number of instantaneous events*
Zone (recreational, sanctuary) 1,26 33.69%:**
Disturbance type (human, other; repeated measure) 1,26 14.27%**
Behavior (look, lift head, sit up; repeated measure) 2,389 18.97*
Zone x Disturbance type 1,26 17.67%**
Zone x Behavior 2,389 ns
Behavior x Disturbance type 1.6,41 ns
Zone x Behavior x Disturbance type 1.7,41 ns
G. Duration of continuous behaviors*
Zone (recreational, sanctuary) 1,25 6.81%
Disturbance type (human, other; repeated measure) 1,25 4.73*
Behavior (look, lift head, sit up; repeated measure) 2,29.5 ns
Zone x Disturbance type 1,25 5.90*
Zone x Behavior 2,29.5 ns
Behavior x Disturbance type 1.2,29.8 ns
Zone x Behavior x Disturbance type 1.2,29.8 ns

Replicates were mean observations per day. Repeated measures ANOVAs were used where levels of factors were considered

nonindependent.

*Greenhouse Geisser correction applied (SoftCom Inc., 1984-1994).

Number and Distribution of Human Visitors and
Their Relationship to Sea Lion Abundance and
Distribution

Numbers of Human Visitors in the Sanctuary and
Recreational Zones. Human visitors were counted
on April 1, 2005, and between March 1 and April 30,
2006. There were more humans in the recreational
zone than in the sanctuary zone [5.4+1 and 2.3+0.5

(mean=+SE), respectively; F(1,15)=22.38, p<0.001]
(Table 2-D), regardless of the time block, but more
people were present in the afternoon between 1300 and
1500 hours than between 0900 and 1100 or 1100 and
1300 hours [two-factor ANOVA with time and zone as
factors: F(1,15)=11.93, p<0.001] (Table 2-D, Fig. 5).
The number of human visitors was linearly related to
the maximum number of boats anchored off the island
[r=0.71, F(1,24)=24.87, p<0.001] (Fig. 6).
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Relationship Between Human and Sea Lion Pres-
ence. There was a positive relationship (although
weak) between the number of visitors in the recre-
ational zone and the number of sea lions within the
sanctuary zone (which was reflected in significant
relationships between the number of sea lions within
the sanctuary zone and the total numbers of visitors
and maximum number of boats) (Table 3). The rela-
tionship was not complemented with an equivalent
negative relationship between the number of sea lions
within the recreational zone, so a conclusion that
sea lions were moving to the sanctuary as a result
of human presence in the recreational zone cannot
be supported. Furthermore, a positive relationship
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Figure 4. Haulout preference of Australian sea lions among the
four zones on the main beach at Carnac Island (mean+ 1 SE).
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Figure 5. Mean number of human visitors during time blocks
between 0900 and 1500 hours during high human visitation in
March and April in the sanctuary and recreational zones at Carnac
Island (mean+1 SE).

between the number of sea lions in the recreational
zone and the number of humans in the same zone
indicates that sea lions simply occurred in both zones
during high visitor presence, but humans occurred
to a lesser extent in the sanctuary zone.

Disturbance of Sea Lions by Human Visitation

Time Resting. The total number of observations
made was 26 (13 in the sanctuary and 13 in the rec-
reational zone) collected on days between the March
19 and September 29, 2006. The time sea lions spent
resting was significantly lower during high human
visitation periods than during low visitation periods,
regardless of whether sea lions were in the sanctuary
or recreational zone [two-factor ANOVA with visita-
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Figure 6. Relationship between human visitors and the maximum
number of boats at Carnac Island.
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Table 3

Summary of Correlations Between the Number of Human Visitors and

the Number of Sea Lions

Sea Lions in Sea Lions in Total

Recreational Sanctuary Sea Lions
No. of Humans r F(24) r F(24) r F(24)
Total visitors 0.11 ns 0.412 6.15% 0.23 ns
Recreational zone 043  6.03* 0.59 13.97%%* 0.23 ns
Sanctuary zone 0.24 ns 0.12 ns -0.28 ns
Maximum boats 0.23 ns 0.41 4.96* 0.01 ns

tion and zone as factors: F(1,48)=15.50, p<0.001]
(Table 2-E, Fig. 7). Time spent resting was highly
related (inversely) to time spent responding to human
disturbance [r=-0.96, F(1,60)=780.35, p<0.001],
but only weakly to time spent responding to other
disturbances (sea gulls and other sea lions) [r=-0.31,
F(1,59)=6.12, p0.05]. On average sea lions spent
99.9+0.06% of time resting during low visitation,
and 95.8 £1.09% during high visitation periods.

Behavioral Responses to Disturbance at High
Visitation. Due to the little disturbance that was
occurring during low visitation, observations were
focused only on high visitation periods for this
part of the study. The mean number of behavioral
events (instantaneous counts) in response to human
disturbance was significantly greater than events in
response to other disturbances (mainly seagulls and
other sea lions) (Table 2-F, Fig. 8). Disturbances
occurred more often in the recreational zone than
in the sanctuary zone, and were mainly “look” and
“lift head.” Analysis of duration (based on continu-
ous observations) of these behaviors reflected the
same patterns as from instantaneous counts (between
zones and between disturbance stimuli), but a signifi-
cant difference in duration among the three behaviors
(“look,” “lift head,” “sit up”’) was not evident (Table
2-G) because the variability was too high.

Discussion

Comparison of Instantaneous and Continuous
Behavioral Observations

While instantaneous and continuous behavioral
observations were related, this study demonstrates
that the relationship between frequency and dura-
tion of behaviors was dependent on the behavior
observed. There was a strong relationship between

continuous and instantaneous observations with
regard to the behavior “look,” regardless of the func-
tion fit to the data. The strongest fit was the power
function, however, which reflected an increasing in
duration of this behavior with increasing number of
events (because correlations were based on cumula-
tive time over the 20-minure period). Observations
made using the two methods for “lift head” and “sit
up” were not related, which indicated that measures
of frequency and duration for these behaviors were
noninterchangeable. A larger sample size for these
behaviors (particularly “sit up” because it occurred
rarely) may have increased the power of the test.
Behavioral studies conducted by many other au-
thors have used both methods (Terhune & Brillant,
1995), but some have opted to use only one method
(Terhune & Brillant, 1995 used continuous; and
Cassini, 2000, and Orsini, 2004, used instantaneous
counts). This study found that while changes in
some behaviors were detected by both methods,
changes in other behaviors were only detected by one

Mean time spent resting / 20 min

High Low High Low

Recreational zone Sanctuary zone

Figure 7. Mean time Australian sea lions spent resting/20-minute
observation periods during high and low human visitation periods
in the recreational and sanctuary zones (mean= 1 SE).
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Figure 8. Mean number and duration of Australian sea lion behavioral events caused by distur-
bances from humans and other animals (seagulls and sea lions) in the recreational and sanctuary

zones during high human visitation (mean+ 1 SE).

method and not by the other. As a result, in choosing
behavioral observation methodology the objectives
of a study should be evaluated carefully, and either
instantaneous counts or continuous observations, or
both, should be made accordingly.

Comparison of Remote Observations Using a
Wireless Camera and Field-Based Observation

Remote observations using a wireless camera
were accurate for monitoring the number of sea lions
present on Carnac Island, as well as their behaviors.
The small (and insignificant) variation that occurred
was due to the camera’s stationary position, hence at
particular angles sand dunes or rock ledges prevented
direct viewing of individual animals. During high
wind conditions (generally greater than 15 km/h)
the camera shook, causing blurring of video at high
magnification so that more subtle movements could
not be detected (such as “lift head”).

Results from this study are consistent with the
study by Sease, Taylor, Loughlin, and Pitcher
(2001), who found that a video camera was a suit-
able method for recording steller sea lion numbers
in Alaska (and specifically for providing back-up

data records). The use of a wireless camera can
be particularly advantageous to remove artifacts
caused by observer presence. In a study by Tershy
et al. (1997) in Mexico, high densities of sea lions
on a small island responded to anyone who landed
on the island (including researchers). The use of
remote cameras in future studies will likely increase
the accuracy of collecting representative sea lion
behavioral data, and in fact could be useful for col-
lecting unbiased typical tourist behavior (because
researchers are not visible).

Assessment of the Effectiveness of the Sanctuary
Zone at Carnac Island

The intention of the sanctuary zone created at the
northern end of the beach on Carnac Island was to
allow sea lions to haul out free from human distur-
bance in an area where the majority (71%) had been
observed to haul out during Orsini’s study conducted
in 2003 (Orsini, 2004; Orsini et al., 2006). In this
study the majority of sea lions observed used the
southern recreational zone, regardless of visitation
levels (77.51% in the recreational zone, compared
to 22.49% in the sanctuary zone). In fact, the south-
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ern most end of the southern recreational zone was
preferred (68.36% at the recreation south, 17.75% at
the recreation border, 10.47% at the sanctuary border,
and 3.42% at the sanctuary south). Orsini (2004) and
Orsini et al. (2006) suggested that haul-out site pref-
erence observed during his study was likely linked
to seaweed accumulation on the northern shoreline.
This study demonstrates that areas of use are vari-
able. Rather than the haul-out site depending upon
spatial location, site choice is most likely linked to
environmental factors.

During low human visitation, the percentage of
time spent resting in the recreation and sanctuary
zones was high—99.87% and 99.93%, respective-
ly—and similar in both zones. The small numbers of
disturbances recorded during low visitation periods
were from other sea lions or seagulls. Sea lions spent
approximately 4-6% less time resting during high
visitation than during low visitation periods due to
greater time spent responding to human disturbances.
Greatest vigilance behaviors occurred during high
human visitation periods and in the recreational zone,
although significant disturbance also occurred in the
sanctuary zone. Based on finding in this study, the
sanctuary zone appears to be providing some level
of protection (due to signs posted for visitors to
read), although not complete protection. Responses
to human disturbance appeared to be more consistent
in frequency than in duration in both zones, which
means that people that did not heed signs and en-
tered the sanctuary zone disturbed sea lions for a
similar period of time as those who remained in the
recreational zone.

Disturbance were similar to those observed by
Orsini (2004), where there was either ongoing low-
level disturbances causing vigilance behaviors such
as “look™ and ""lift head” (Fig. 9A) or higher level
disturbances from closer interactions resulting in a
“situp” behavior (Fig. 9B), change of location, or in
some circumstances an aggressive responses such as
barking or lunging. Vigilance behaviors are defined
as those where an animal seeks to investigate its sur-
roundings, interrupting the ongoing activity in which
it has already engaged in (Quenette, 1990). Orsini
(2004) and Orsini et al. (2006) showed that ongoing
low-level disturbances occurred within 15 m causing
vigilance associated behaviors such as looking in the
direction of source of disturbance, lifting their heads
(usually associated with a visual scan), or sitting up-

Figure 9. Disturbances occurring to a group of Australian sea
lions: (A) low level in the recreational zone, and (B) high level
in the sanctuary zone.

right to gain height (Orsini, 2004). The higher level
responses were a result of direct disturbances from
inappropriate recreational activities close to animals
or visitors trying to provoke responses from sea lions
(which are usually resting or sleeping). These activi-
ties generally caused sea lions to retreat away from
the disturbances or caused more aggressive behavior
such as huffing, flaring nostrils, and lunging towards
the stimulus (Orsini, 2004). Results from this study
confirm previous findings related to impacts of tour-
ism on pinnipeds in other areas of Western Australia
and around the world. For example, Cassini (2001)
observed strong responses (such as sit up or retreat)
when tourists came within approximately 10 m of
South American fur seals (Arctcephalus australis).
Kovacs and Innes (1990) found that tourist presence
significantly altered female harp seals’ behavior, and
human presence often resulted in harp seals leaving
the area (retreating) and pups unattended.

Human visitation on Carnac Island during this
and previous studies (Orsini 2004) is changing the
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amount of time available for sea lions to recuperate
significant energy lost while traveling to and from
foraging grounds. The impact of human disturbance
is ultimately related to energy recuperation require-
ments while hauling out. The Australian sea lion
(Neophoca cinerea) is a generalist, meaning it is an
opportunistic feeder. The sea lion’s diet consists of
fish, squid octopus, cuttlefish, lobster, and even occa-
sionally birds and turtles (Gales & Cheal, 1992; Ling
1992). Prey is mainly found in the benthos, meaning
that sea lions must spend a great deal of time diving
deep, and require high oxygen exchange to achieve
this. In contrast, epipelagic (middle to surface)
feeders spend less time (and energy) diving than
benthic feeders. According to Costa, Carey, Kuhn,
Weise, Shaffer, and Arnould (2004), Australian sea
lions at Seal Bay (Kangaroo Island, South Austra-
lia) expended more energy than most other otariid
benthic feeders when foraging at sea, and concluded
that Australian sea lions were close to exceeding
their physiological dive limit. A follow-up study
confirmed the idea that these sea lions have to work
hard to exploit benthic habitats in waters around
their breeding site (Costa & Gales, 2003). The au-
thors concluded that the Australian sea lion is at the
limit of its natural foraging capacity. These findings
point to the fact that the species is highly sensitive to
pressures on daily activity, including significant time
spent recuperating depleted energy while hauled out
on land resting. Hence, haul-out sites are considered
vital to pinnipeds that spend a lot of time foraging
for energy recuperation (Orsini, 2004).

At Carnac Island, a sanctuary zone established
to limit the impacts of tourism (and maximize time
spent resting) appeared to result in some reduction
in human visitation within that area, but overall the
sanctuary was not effective in that preferred haul-
out locations changed since the establishment of
the sanctuary zone. The authors recommend that
sanctuary zones in the future should include entire
stretches of useable beach to be effective. Further-
more, to maximize the chances of providing adequate
protection for a population, a broad understanding
of the general ecology and behavior of sea lions
continues to be necessary. Implementing effective
sanctuary zones can help to limit some pressures, but
ultimately their contribution in protecting a popula-
tion is not known, especially given that the effects of
cumulative impacts (across all sources) have not been

ascertained. Commitment to work on a multilevel
scale is critical for allowing a broader understand-
ing of the problem. For example, an assessment of
sea lion movement patterns and energy budgets will
provide an understanding of the extent to which the
species is being stretched to its limit energetically.
As a result, the extent to which protection needs to
be applied can be determined and implemented, so
that population recovery becomes possible.
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