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Abstract

Variability in length & lactation and maternal association allows otariids flexibility to

buffer their young against changes in nutrition. It also increases the chance of their young
surviving to sexual maturity, which is particularly important in a declining species such

as Seller sea lions Eumetopias jubatys Timing of weaning is a critically important

event i n mammalian devel opment that can affe
life, and may hold the key to understanding the population dynamics of Steller sea lion
Unfortunately no studies have yet fully documented the behavioural ecology of Steller

sea lions outside of the breeding season.

The goal of my study was to document suckling behaviour over 13 consecutive
months to determine the timing of weaning for enahd female Steller sea lions under
three years of age at Southwest Brothers Island, Southeast Alaska (July 2004
2005). | also wanted to ascertain the haulout patterns and activity levels of the colony in
relation to season, prey availability, genof day, and weather. Finally, | sought to
evaluate the feasibility of using an automated, {iapse camera system to monitor sea

lions and its potential for future use.

Male Steller sea lions were found to suckle longer than females, with a greater
proportion of males than females suckling at one year. Time spent suckling declined with
age suggesting that the animals became more independent as they grew older, most likely
as they increased their ability to forage successfully on their own. MaléoseaHhat
remained with their mother for longer than one year may have had reduced exposure to
predation, and obtained more calories with less energy expenditure from milk, compared
to females that became nutritionally independent sooner. As a resulalyi provide
males with a chance to grow as big as possible, as fast as possible, and increase their

ability to hold a territory and have access to mates later in life.

The number of sea lions onshore at Southwest Brothers Island was influenced by
weatheron a daily timescale, but also displayed seasonal changes that may have been
related to prey availability and the timing of breeding. The colony abandoned the island
mid-March to midApril, coinciding with the herring spawn and eulachon runs, which are

high-fat species and spattemporally predictable prey. High daily variability in numbers



of animals at Southwest Brothers likely reflected movement of animals to and from other
nearby haulouts. Activity levels varied throughout the year, with propattjomore

animals resting in the summer and more animals engaged in low activities in the winter.
This suggests a higher behavioural expenditure of energy in the winter, contributing to

their need for high quality nutrition.

June and July is an optimumme to assess sea lion numbers due to the high number
of animals onshore at that time and a greater predictability in sea lion behaviour. The
counts obtained from the automatedtihe ps e camera systemb6s digi't
with counts obtained frondirect observation fr= 0.99). The direct counts were on
average 22% greater than the digital images. While direct observation is the best method
for obtaining a greater variety of data, the camera systems have a good potential to be
used to monitor $tler sea lions and other species when researchers cannot be physically

present.
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Chapter 1: General introduction: Weaning behaviour and haulout
patterns of a colony of Steller sea lions in an increasing population

Weaning behaviour

Many elements of the weaning process, such as the role of the mother or offspring in
initiating weaning, are poorly understood despite the critical importance of this event in
mammal i an devel opment and its affect on sub
(Counsilman & Lim, 1984; Martin, 1984Female otariids have a flexible period of

lactation and can forgo pupping in favour of nursing their current offspring for an
additional one or two years. Part of this f
alternate foraging trips at sea with nursing sessions on land throughout thenodfsprs

period of dependence.

The majority of otariid species have been observed nursing juvenile offspring (i.e. >
one year) at some point in tinjBonner, 1984)but none have been seen to successfully
raise two at the same time. Energetic constraints likely explain why a Steller sea lion
mother does not rear two effring simultaneouslyWinship, Trites & Rosen, 2002)
Most Steller sea lions are believed to wean sometime before their first bi(fPitietyer
& Calkins, 1981) Females that give birttvhile nursing a juvenile tend to reject the
newborn pup in favour of the older siblif§andegren, 1970Anecdotal field reports
have noted older Steller sea lions nursing, sometimes up to fosrofeage(Sandegren,
1970; Porter, 1997hlthough no attempt h&een made to quantify the proportion of the

population these animals represent.

The decline of Steller sea lions in the Gulf of Alaska and Aleutian Islands is thought
by some to be caused by a high mortality of juveniles at the time of weg@imk,
1994) An alternative hypothesis is that the population decline reflects an extended period
of nursng and a corresponding drop in birth raf€steset al, 2006) Both hypotheses

are contingent on the weaning process, which is poorly understood in Steller sea lions.

Despite the decline in the global population of Steller sea (Mdesrick, Loughlin &
Calkins, 1987)the eastern population of Steller sea lions has been increasing since the

1950s when population surveys began. Trends show that the current population is larger

1



than the histocal predecline abundance lev€Tlrites & Larkin, 1996) For the past 25

years, the eastern population has been increasing by an average rate of 3.1% per annum
with no sign & slowing (Pitcheret al, in press) This rate of increase is stiltell below

the theoretical maximum intrinsic rate of increase for pinnipeds, suggesting that other
factors may limit the population growth rgftcheret al, in press)It has been proposed

that increased juvenile mortality may be a source of the overall species decline which
would have a profound effect on populatidrajectories (York, 1994) However,
estimating population trends becomes complicated if highgotions of animals are not
weaning before each breeding season as previously thought and instead extend their

nursing time.

Factors that may influence extended lactation in pinnipeds, such as food availability,
have not been thoroughly investigated. Gdesation of circumstances in which extended
lactation occurs will aid in gaining an understanding of population dynamics. In
particular, determining when Steller sea lions wean in an increasing population may
provide insights into the decline of the westgopulation in the Gulf of Alaska and
Aleutian Islands.

My study sought to document the timing of weaning and period of nursing by
observing Steller sea lions for 13 consecutive months at a haulout in Southeast Alaska
(Fig.1.1) where the population hiasen increasing at a rate of 3.1% per anf{Ritcheret
al., in pres}. Observing a presumed healthy population was believed to offer insight into

a critical component of Steller sea lion life history.

| investigated weaning behaviour in relation to offspring age and sex by recording
time spent suckling and terminatoh o suckl i ng bouts. (1974al so ev:
theory of parenbffspring conflict by recordingll aggressive and passive interactions
between mother and offspring during suckling bouts. There has been widespread debate
over Tr i v(RBatesol, 1994 @anfray, 199p)imarily due to conflicting results
from previous studies fvch indicated little to no evidence for increased pacéispring
aggression related to weanifiartin, 1986; Jensen & Recén, 1989; Packard, Mech &
Ream,1992; Malm & Jensen, 1997)



Figure 1.1. Location of Southwest Brothers Island behavioural study site (57156 N,
13355 9.W

Haulout patterns

In addition to documenting the weaning process, alpeay field study also afforded an
opportunity to invesgate some general assumptions regarding site fidelity, haulout
composition, and seasonal activity patterns throughout the year. The time a pinniped
spends hauled out on land or foraging at sea has been associated with a number

influences including prey aiability, predator avoidance, thermoregulation, social



activity, and weather effect@Milinski & Heller, 1978; Trillmich & Mohren, 1981;
Schneider & Payne, 1983; Gentry & Kooyman, 1986; Costa, Croxall & Duck, 1989;
Watts, 1992; Moultoret al, 2002; Nordstrom, 2002; Kucey, 2005; Soto, Trites & #ria
Schreiber, 2006)Obtaining an understanding of individual behaviour provides better
insight into community level behavioural strategies. | therefore examined the haulout
patterns and activity levels of Steller sea lions in relation to environmentatsaand

season.

Automated timdapse camera systems

Observations of weaning behaviour and haulout patterns are generally done during the
breeding season by directly observing animals from blinds using binoculars. An
alternative approach is to use camgyastems that are often used to monitor wildlife and

aid in conducting population surveys. Cameras provide a means to obtain information
about a great number of animals over a wiglgging area and throughout all seasons, but
require validation before bay widely used. | therefore ran two camera systems that took
digital images of the colony once per hour throughout the year to assess the accuracy of a
local timelapse camera system. Simultaneous direct counts were also made of the
colony. To assess theauracy of this system, | later compared the digital counts with
direct counts and created a correction factor to account for animals missed in the digital

images.

Overview

The goals of my thesis were to 1) determine the timing of weaning and suckling

behaviour of male and female immature Steller sea lions between four months and three
years old; 2) examine seasonal and daily haulout patterns and activity levels of the
animals; and 3) evaluate the effectiveness in obtaining counts using an automated time

lapse camera system compared to direct observation.

My thesis is divided into three main chapters. Chapter 2 examines several aspects of
weaning behaviour such as time spent suckling, paféspring conflict, and whether



mother or offspring terminated éhsuckling bout. Chapter 3 investigates the haulout
behaviour of the sea lions seasonally over the course of one year, paying particular
attention to changes in proportion of age/sex classes by season, changes in activity levels,
and the influence of weagh variables on the number of sea lions hauled out through the
year. Chapter 4 evaluates the use of an automatedapse camera system with respect

to accuracy compared to direct counts and ease of use, and provides recommendations for

future use in filel studies and population monitoring.

The three primary chapters were written as independent manuscripts intended for
publication in the primary literature. As such there is some redundancy as they are all

based on the same study methodology, site, arelgamiod.

All field research was conducted under the U.S. Marine Mammal Permit1Al5
and the University of British Columb-iads Ani
0097.



Chapter 2: Mamads boys and i nbiagefdweardng n t
behaviour in asexually dimorphic species, the Steller sea lion

Introduction

Many elements of the weaning process, such as the role of the mother or offspring in
initiating weaning, are poorly understood despite the importance of this critical event in
mammalian devefament(Counsilman & Lim, 1984)The timing of weaning, which is

the end of parental casnd transition to nutritional independence, is believed to affect
subsequent aspects of the animal dés adul't
and may significantly affect the population dynamics of species that have variable
extended period®f nursing (i.e. >1 year). Many studies have examined cumulative
maternal investment and the role of the mother in initiating wedeigg, Ono, Boness

& Oftedal, 1987; Higginset al, 1988; Trillmich, 1990; Lee, Majluf & Gordon, 1991,
FestaBianchet & Jorgenson, 1998; Trites & PorteQ02; Milette & Trites, 2003)
Generally, studies of weaning behaviour have focused on domestic animals and small
terrestrial populationge.g. Martin, 1986; Jensen & Recén, 1989; Packard, Mech &
Ream, 1992; Malm & Jensen, 1996; Malm & Jensen, 19¢éw studies have
investigated the exact time of weaning and behavioural interactions between mother and
offspring in pinnipeds due to the difficulties involved with studying extended lactation
and icentifying individual pairs in wild populationgHiggins & Gass, 1993; Rosen &
Renouf, 1993; Tritest al, 2006)

Unl i ke most phocids (the 0 tlaons) bavesflexile s 6 ) ,
periods of maternal care because they do not have the body reserves to completely
nourish their pups and must conduct periodic foraging trips to replenish their fat stores
throughout the entire lactation peri¢g8chulz & Bowen, 2004)As such, femake may
suckle their young until shortly before they give birth again. Nine of the fifteen species of
otariids show flexibility in individual maternal investment strategies and have been
observed nursing offspring past their first birthdBpnner, 1984)Three species that do
not suckle yearlings are migratory (Nonthdur sealCallorhinus ursinus Subantarctic

fur seal Arctocephalus tropicalisand Antarctic fur seafrctocephalus gazel)a Pups

f

en

ot



from the previous season are not present on the rookeries of New Zealand fur seals
Arctocephalus forsterand there are imanplete data for two species (Guadalupe fur seal
Arctocephalus townsendind Juan Fernandez fur séattocephalus philipp)i Bonner

(1984) suggested the flexible lactation time may contribute to the complex social
structure of otariids. The greater sociability and generally larger size of otarigs m
result in terrestrial predators posing less of a threat than they do for some phocids and
therefore reduce pressure to wean quickly. Whether the mother or offspring finally

determines the end of maternal care is uncertain.

Tr i v @974)aheory of parenbffspring conflict proposed there would be
60di sagreement & over t hedtothenadfsprng asdefminatiensob ur c e s
parental care approached. If acquiring more resources gives the offspring an advantage in
terms of lifetime reproductive success, the offspring is expected to demand more
resources than the mother is selected to give.we ver a mot her ds own he
reproductive success may be jeopardized if she continues to provide increasing amounts
of nutrition. This conflict led Trivers to suggest that a measure of behavioural conflict
between the mother and offspring wabuhdicate the approach to weaning. This conflict
over when to wean would likely be exhibited as an increase in aggression of the mother
toward the young and an increase in unsuccessful suckling attempts by the young animal.
To date, few mammalian studibave investigated the role of the offspring in weaning
itself (Malm & Jensen, 1997pand mly one study has thoroughly investigated the role of

the offspring in weaning itself among otariid¢asse, 2004)

The sexbiased investment theory further suggests that differences may be observed
between male and female offspring during wear{ifrivers & Willard, 1973; Maynard
Smith, 1980; CluttosBrock, Albon & Guinness, 1981This theory has been extensively
debatedClutton-Brock & lason, 1986; Leimar, 1996; Hewison & Gaillard, 1999; Brown,
2001) and has become the basis for a number of ecologigalments(Cappozzo,
Campagna & Monserrat, 1991; Kretzmann, Costa & Le Boeuf, 1993; Birgersson,
Tillbom & Ekvall, 1998) In a sexually dimorphic species, a large body size in males is
presumed to confer a reproductive advantage that manifests itself in a higher lifetime
reproductive output. Males can sire many young per breeding season while females will

always be limitedo one at a time. Thus, adult females in good body condition should
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invest more heavily in male offspring over female offspring, while females in poor
condition should invest in a female offspring rather than produce an average male
(Trivers & Willard, 1973)

Steller sea lions have long been redngd as one of the most extreme sexually
dimorphic otariids that displays considerable variability in the age of weaning. Male pups
are known to be larger on average at birth than female (Mpgick et al, 1995;
Brandonet al, 2005) with mature males attaining sizes that are on average 1.3 times
longer andapproximately 2.4 times heavier than femaldénship, Trites & Calkins,

2001) Field observations of Steller sea lions have noted that some immature animals
remain with their mother andontinue to suckle for longer than one y¢Ritcher &
Calkins, 1981; Porter, 1997If a female continues to nurse her young for an additional
year, there areweer pups i n that yeardés cohort of
extended lactation on population dynamics, only one study has so far attempted to

document the timing of weaning in Steller sea liffr#teset al, 2006)

Trites et al. (2006) tested a widely held view that Steller sea lions weaned during
winter (Jani Mar). Piecing together a melange of eight sets of behavioural observations
recorded during the late 1990s from four haulout sites (one in Southeast Alaska and three
in the Gulf of Alaska) over four years and three seasons (winter, spring, and summer),
they concluded that Steller sea lions weaned near their first, second, or third birthdays
(June). They also concluded that most immature males during the late 1990s were
weaning at agawvo, with about half of the females weaning at age one, and the rest at age
two. Markresight models of marked animals in Southeast Alaska (R@DTD4) suggest

that most animals may now be weaning at two y@&ar®itcher, unpublished, ADF&G)

My study was designed to overcome the sleorhings of the metanalysis reported
by Triteset al. (2006) by continuously observing the weaning behaviour of Steller sea
lions at a yearound haulout forl3 consecutive months. | sought to more precisely
document the weaning process and quantify the proportion of sea lions weaning at one,
two, and three years of age as population growth in Southeast Alaska co(finciesr
et al, in press) The extreme case of sexual dimorphism among Steller sea lions also

afforded an oportunity to determine whether sbxased behavioural differences exist

an



among young animals during this stage of ontogeny. | aimed to determine the proportion
of animals suckling at one, two, and three years of age, and whether there were
differences betwen the sexes in the time spent with their mothers throughout the year.

Finally, | investigated whether there was observable behavioural evidence of the mother

or offspring initiating the weaning process.

Study site

My study was conducted from 6 July 20081 July 2005 in Frederick Sound, Southeast
Alaska on Southwest Brothers Island (65 6 N,5 51638 wher e a col ony o

lions consisting of both sexes and all age classes hauls oubyear (Fig. 1.1).

Observations were conducted with thd af spotting scopes and an unobstructed
view from a hidden blind 125 m from the haulout. This study site was selected based on
historical accounts and annual aerial census data, which indicated that high numbers of
animals from both sexes and all age stsswere present yeaound. The site was also
home to a number of animals that had been branded at breeding sites in Southeast Alaska
with a letter and three digits when they were approximately one month old by the Alaska
Department of Fish and GanfdDF&G, 1996; Merrick, Loughlin & Calkins, 1996)
which provided over 280 uniquely identifiable individuals of known sex ranging in age

between four months and eleven years during ouystud

Methods

Direct observations were conducted from 08:00 to 16:00 h each day and resulted in over
2,800 hours of observations over 13 months. The behaviour of all branded individuals
and the identity of their nearest neighbour was recorded every 15 singirg
instantaneous focal scan sampling (Appendix(Aljmann, 1974; Martin & Bateson,
1993) Behaviours recorded were resting, low active, playing, swimming, locomotion,
aggression, vocalization drsuckling (Appendix 2). Behaviours that did not fit into one

of these categories were scored as Oothero.



were noted as obscured. Suckling was defined as head positioned by teat or actively

searching for a nipe.

The nearest neighbour to the focal animal was defined as the closest animal within
one adult female body length (~2m). The nearest neighbours allowed me to compare time
the young animal spent with its mother compared to all other animals and whether i
changed over the year. Nearest neighbours were identified by age class as pups, juveniles,
adult females, subdult males (SAMSs), bulls, or mothers. If the focal animal was more
than one adult female body length from all other animals, it was recordaidres If
several animals were equidistant to the focal, then the nearest neighbour was marked as
0ot her 6. The mother of the focal ani mal C oL
behaviour was observed. This strict definition was used to eliminatpobsbility of
misidentifying an animal as being with its mother if it was simply near another adult
female. Except in rare instances, adult females provide milk only to their biological
young and not to other pups or juvenil@orter & Trites, 2004; Maniscaloet al, in

press)

One advantage of using branded individuals as focal animals was that | could be
confident of t he ani mal 06 sear iamdl eemdngst severalh r ou g h
observers. Additionall vy, observers wer e 0b
observations so no unintentional bias could be introduced. | began classifying the 2004
pups as juveniles (age ondhree years) on June 4, the medunthing date of the pups
from the Forrester Island complex where the majority of the focal animals were branded
(Pitcheret al, 2001)

Beginning in February, | recorded whether the offspring or the mother ended the
suckling bout. Suckling bouts were defined to end when either the mother or offspring
physically left the immediate area (~2m) because tigaifs@d the end of the opportunity
to suckle while they were associated. Additionally, | recorded whether each interaction
bet ween mother and offspring was Opassived
biting or loud vocalizations were consideraggressive, as were indirect interactions

such as the mother lying on her stomach or rolling over to prevent access to teats. Passive
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suckling interactions included all other behaviours such as resting and low active

behaviours.

All occurrences of abortis were recorded, in addition to all other disturbances
(Appendix 3). Events were classified as aircraft, vessel, bird, whale, unknown, and other.
Reaction of the animals to events was classified into three categories: detection, alarmed
and di sttueadteidondéébDeas scored if one or mor e
oriented it toward the potenti al di sturbance
moved from their resting area but did not er

than one amal entered the water.

Data analysis

Abundant movements of sea lions to and from my study site limited the consistency of
individuals observed. No individual animal was present throughout the entire year.
Sample size was also sometimes low due to unéspeeasonal movements that limited

the number of animals present during parts of the year. There also tended to be more
branded juvenile males present than females. | therefore compared proportions instead of

numbers for all statistical analyses.

Only anmals that were observed at least 10 times per month were included in the
statistical analyses to ensure that animals were not misclassified-asakiing animals
due to insufficient observation@rites et al, 2006) Seven animals were identified as
suckling following months when they were scored as-saoklers. It is unlikely these
ani mals had weaned and then subsequently O&6ur
scored as sucklers for the previous months.

| calculated the proportion of suckling to rsuckling animals in each age category
by month. Percentages were arcdiramsformed and compared using analysis of
variance with Tukey tests to determine when and where differences in suckling behaviour
were significaniZar, 1996) | compared immature males and females by month using a
paired ttest. An analysis of variance was performedasafely on males and females

with age in years as the independent variable and the proportion of branded animals that
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were observed suckling as the dependent variable. | also compared how suckling

behaviour and timing of weaning varied by age class arsbsea

The proportion of time that the immature animals engaged in suckling behaviour was
determined as a function of 1) time spent on shore, and 2) time spent onshore with their
mother (Trites et al, 2006) This second method allowed actual time in suckling
behaiour with mother to be compared with available opportunity. Only those animals
seen suckling at least once were included in the analysis to exclude weaned immature
animals and animals that only made a brief appearance at the haulout. Each observed
animalcontributed a single mean time spent in suckling behaviour for the entire year for
his or her corresponding age class. Percentages were drasisiermed and analyzed
by age class and season usingwa® ANOVA, and TukeyKramer tests were used to
determne when and where time in suckling behaviour diffgfZar, 1996) Interactions
between mother and offspring during nursing and at the end of a suckling bout were
compared using a Clsquared test with a Yates continuity correction. All statistical tests

were performed using-BLUS (2000).

Results
Proportion of animals engaged in sucklibghaviour & the influence of season

Significant differences were noted among age classes in the proportions offfpgles (
39.24, p < 0.0001and femalesK,, 2= 5.29, p = 0.01) engaged in suckling behavior (Fig.
2.1 Among females, proportions of dling pups and yearlings did not differ
significantly, nor was there a difference betwea&e proportions of yearlings and two
year olds observed suckling (Tukey testpwever, female pups drtwo-year olds did
differ significantly. In contrast, males sked significant difference between the
proportion of pups, yearlings, and twear olds engaged in suckling behavi¢liukey
test).
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Figure 2.1. Percent of branded animals observed suckling at Southwest Brothers Island
by age and sex in 2004/2005. Capital letters indicate statistical significance for each age
class. No statistical significance was found for male and female pups and two-year olds.
Male and female one-year olds are statistically different. Bars represent standard error.

No significant diference was noted between males and females when the sexes were
compared by age class for pups or4year olds but a significant difference was found
between males and females at one year (Fig. 2.1, paiestst p = 0.04). Less than 100%
of pups wereobserved suckling, possibly due to observer error or because some pups
visited our study site without their mothers. Additionally, some pups were observed only
during the spring and may have been weaned already. The implication of this is that
similar errd must be assumed in the proportions of yearling aneytao old age classes
observed suckling, such that the estimated proportion of animals suckling are likely

underestimated.

The proportion of branded animals engaged in suckling behaviour declined dur
late spring and early summer around their birthday (Fig. 2.2 B,C). Fewer pups and
yearlings were observed suckling in the spring. Examining composition by month

showed that males were more consistently observed than females (Fig. 2.2 A, Table 2.1).
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Figure 2.2. Sample size and proportion of animals suckling by sex at Southwest Brothers
Island each month. (A) Sample size (vertical bars) and the proportion of young males
observed (circles). (B, C) Proportion of all branded animals observed suckling that were
male and female. Increases in proportions of suckling yearlings and two-year olds
following the breeding season is presumed to reflect the return of mothers to the haulout
with their dependent offspring. A loess curve illustrates suckling trends (Loess ¥ = 0.25).
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Table 2.1. Proportion of branded animals observed suckling each month by sex, sample
size, and percent of sample size that were male.

Age Month of Females Males Total %
(months) observation Mean SE n Mean SE n N males
4 Sep 1.00 0.00 2 1.00 0.00 2 4 50
5 Oct 1.00 0.00 3 1.00 0.00 7 10 70
6 Nov 1.00 0.00 4 1.00 0.00 7 11 64
7 Dec 1.00 0.00 4 1.00 0.00 7 11 64
8 Jan 1.00 0.00 2 0.80 0.08 5 7 71
9 Feb 1.00 0.00 1 1.00 0.00 6 7 86
10 Mar 0.00 0.00 1 1.00 0.00 2 3 67
11 Apr - - 0 - - 0 0 -
12 May 0.20 0.08 5 0.67 0.16 3 8 38
13 Jun 0.00 0.00 3 0.75 0.11 4 7 57
14 Jul 0.14 0.05 7 0.86 0.05 7 14 50
15 Aug 0.00 0.00 1 0.50 0.08 6 7 86
16 Sep 0.60 0.10 5 0.67 0.04 12 17 71
17 Oct 1.00 0.00 3 0.82 0.04 11 14 79
18 Nov 0.67 0.16 3 0.88 0.04 8 11 73
19 Dec 0.40 0.10 5 0.86 0.05 7 12 58
20 Jan 1.00 0.00 2 1.00 0.00 4 6 67
21 Feb 1.00 0.00 1 0.80 0.08 5 6 83
22 Mar 0.00 0.00 1 0.83 0.06 6 7 86
23 Apr - - 0 - - 0 0 -
24 May 0.00 0.00 2 0.25 0.11 4 6 67
25 Jun 0.00 0.00 5 0.00 0.00 6 11 55
26 Jul 0.25 0.05 8 0.00 0.00 9 17 53
27 Aug 0.00 0.00 2 0.00 0.00 3 5 60
28 Sep 0.17 0.06 6 0.25 0.11 4 10 40
29 Oct 0.25 0.11 4 0.50 0.08 6 10 60
30 Nov 1.00 0.00 1 0.25 0.11 4 5 80
31 Dec 0.00 0.00 2 0.00 0.00 2 4 50
32 Jan 0.00 0.00 2 - - 0 2 0
33 Feb - - 0 - - 0 0 -
34 Mar - - 0 - - 0 0 -
35 Apr 0.00 0.00 1 - - 0 1 0
36 May 0.00 0.00 5 0.00 0.00 6 11 55
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Table 2.2. Proportion of branded Steller sea lion pups, yearlings, and two-year olds that
were observed suckling each season.

Season Pups Yearlings Two-year olds
% SE n % SE n % SE n
Summer - 46.43 9.42 28 6.06 4.15 33
Autumn 100.00 0.00 25 76.19 6.57 42 32.00 9.33 25
Winter 96.00 3.92 25 79.17 8.29 24 0.00 0.00 6
Spring 45.45 15.01 11 46.15 13.83 13 0.00 0.00 12

Calculating proportions of suckling animals by age class and season (surdume,
July, August; autumn September, October, November; winteDecember, January,
February; and spring March, April, May), a 2nvay ANOVA showed a significant effect
of age class (Fs= 67.21, p < 0.001) and season = 21.77, p < 0.001) but no
interaction between the twodk= 2.73, p > 0.05) (Table 2.2pifferences were noted
among the proportions of pups, yearlings and-y&ar olds observed sucklin@ukey
tes). A Tukey test further indicated a difference between all seasons except during

autumn and winter, and between spring and summer.

No two-yearolds were observed suckling after the autumn, and only about half the
pups observed in the spring continued to suckle. Data were not available for pups during
summer when they were born on rookeries. Pups were first observed at my study site at

the end ofAugust when they were brought by their mothers.

Time spent suckling & the influence of season

Mean time engaged in suckling behaviour as a function of time spent with their mother
decreased with age (pupsb6%, yearlings 51%, and tweyear oldsi 39%) but the
decline was not statistically significant (Table 2.3).
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Table 2.3. Proportion of time branded Steller sea lions were observed suckling as a
function of time present with their mother and of total time hauled out over the year and
by season. None of the apparent differences by age class over the year or by season
were statistically significant except yearlings with mother in spring and summer.

Pups Yearlings Two-year olds
% time SE n % time SE n % time SE n
With Mother year 55.88 1.54 14 50.92 1.42 15 39.29 3.49 4
summer - 45.54 3.33 7 43.48 7.31 2
autumn 57.40 2.34 12 48.75 1.98 11 38.00 3.96 4
winter 53.25 3.29 8 55.02 2.74 8 -
spring 62.00 4.85 3 74.07 5.96 3 -
Total Time  year 15.94 0.57 16 15.39 0.55 18 12.61 1.29 7
summer - 22.78 1.95 9 13.79 2.86 2
autumn 13.81 0.80 15 14.54 0.74 14 12.28 1.44 6
winter 16.97 0.85 11 12.85 0.89 9
spring 22.30 2.42 4 27.17 3.28 5

Analyzing time spent suckling as a function of time the young animals were present
with thdar mother using a &vay ANOVA showed no significant effect of age or an
interaction between age and season (Table 2.3, p > 0.05). However, there was an effect of
season (k5o = 3.38, p = 0.03). A Tukey test showed the effect due to the difference
betweenspring and summer. Analyzing time spent suckling as a function of total time
spent hauled out using anay ANOVA revealed no significant difference between the
age classes and seasd@nsior was any interaction noted between age and season (Table
2.3, p >0.05).

Analyzing time spent with mother as a function of time spent hauled out revealed no
significant difference over the year for each age class (p > 0.05), indicating time spent

with mother did not decline significantly over the year.

Parentoffspringconflict

A significant percentage (98.9%) of the 280 interactions recorded between mothers and
offspring were passive, with the mothers allowing the offspring to suckle with no
hindrance ¢ = 267.9, p < 0.001) while the remaining faweractions were recorded as

aggressive. The aggressive encounters recorded did not prevent the offspring from

suckling, and the offspring was observed suckling directly after the aggressive encounter.
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Offspring terminated the suckling bout by physicdiaving the mother in the
majority of situations observed (91.3%, = 15.5, p < 0.001p even though the teat

was still available. Terminations of suckling bouts were recorded 23 times and were
generally difficult to witness due to @hhigh number of animals hauled out and the
frequent disturbances by eagles looking for aborted fetuses. Females left the area before
their offspring on only 2 of the 23 documented terminations. No aggressive interactions

occurredd rather the females sirtypgot up and entered the water.

Reproductive failuré abortions

Eight abortions were witnessed on land over the months of January, February, and March
when the fetus would have been about three to five months developed. Abortions that
occurred overnightvere usually detected in the morning by the presence of blood and
tissue. However, we have no information on the proportion of abortions that may have
occurred in the water. Steller sea lions regularly travel to more than one haulout, which
makes it diffcult to estimate reproductive failure at a populaierel or even at a

communitylevel.

Eagle disturbances increased during the months of Decénidarch, ranging from
177 30 per month (Fig. 2.3) and constituted 84% of all bird disturbances and 7&% of
disturbances combined (vessels, killer whales, unknown, and aircraft). Eagle disturbances
from Decembefi March were associated with eagles flying low and landing on the
haulout searching for aborted fetuses and associated placentas. Eagle digunbgiage
T July were associated with eagles flying to and from their nest and loud territory

disputes.
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Discussion

Conducting direct behavioural observations of Steller sea lions at one site for 13
continuous months showed many animals were dependent omthteer until their third

year of life, with a high proportion of suckling yearlings and a propensity for males to
stay longer than females with their mothers. No significant conflicts were observed
between mothers and offspring, and no significant reéolustin suckling times was
recorded, suggesting that time of year, rather than age, was a stronger determinant for

weaning of pups and yearlings.
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Biases

My results must be interpreted in light of the limitations associated with the methods used
to measus the weaning process, as well as the variables that | was not able to measure
such as suckling ability of the offspring, motivation for suckling, experience and
physiology of the mother, her ability to release milk, smortritive suckling, and variation

in milk compositionsee Cameron, 1998, for a full reviewuckling observed during the
daytime might also not be an accurate reflection of what occurs at night. However, such
limitations should not impinge upon my general conclusions given that my study used
behavioural asociation with the mother as an indicator of dependence, and my questions

were not related to motivation or actual energy transfer.

Male versus female

The proportion of young males | observed suckling was more variable than that of the
females (compareifs. 2.2B and 2.2C). This might reflect males being more active than
the females, which would have resulted in them being recorded at the haulout for a
shorter duration or a greater likelihood of being missed all together. The peaks in
proportions of indiiduals suckling in Fig. 2.2B and especially 2.2C likely reflect the
return of mothers from rookeries with their dependent and twoeyear olds at the end

of summer.

Proportionally more males than females were observed suckling as they approached
their first birthdays (Fig. 2.2), suggesting that females tended to wean earlier than males.
Males may have stayed longer because their energy needs were higher than females, and
they could not obtain sufficient energy from foraging on their ¢Wites et al, 2006)

The apparent longgerm association between mothers and sons may have provided
males with more time to learn to forage, more calories with less energy expenditure for
increased growth, and may have reduced their exposure to predation. Testosterone may
further allow males to assimilate the energy in milk more efficiently than females
(Glucksman, 1981; Kretzmann, Costa & Le Boeuf, 198@8)ich would mean that even a

small amount of milk would provide a greater benefit to males.
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Differences in the way that males and females allocate energy towards growth have
been reported for Australian fur seafgctocephalus pusillus doriferuand Antarcit fur
seals Arctocephalus gazel)a (Arnould, Boyd & Socha, 1996; Guinet, Lea &
Goldsworthy, 2000; Arnould & Hindell, 2002)t appears that males preferentially
allocate energy toward building lean body mass, while females allocate more energy
towards the buildp of lipid stores. On average, males of both species have higher
weights than females even though males and females consume similar amounts of milk
(Arnould, Boyd & Socha, 1996; Arnould & Hindell, 2002)his suggests there is little, if
any, apparent difference in maternal investment with regards to nutditi@though
some have cited the observations of malésgoleeavier than females as evidence of sex

biased maternal investme(Trillmich, 1986; Cappozzo, Campagna & Monserrat, 1991)

The sexspecific difference in how young fur seals allocate energy suggests that
females will have proportionally more lipid stores than males at the time dfionat
independence. This in turn might result in a differential tolerance to environmental
variation. A young female that has difficulty finding or obtaining food will catabolize her
greater lipid stores, which provide twice the energy of protein casab¢Randall
Burggren & French, 19973nd therefore could increase her chances of survival. Males
may pay higher thermoregulatory costs during activities such as swimming because they
have proportionally less lipid for energy storage. The differences in growtkegstst
between males and females may further mean that it is more beneficial for males to stay
with their mother for as long as possible to supplement their diet, enhance their growth,
and buffer against environmental variation. The fact that Steller @es dire the most
dimorphic otariid specie@vith male pups being larger on average than females at birth
[Winship, Trites & Calkins, 2001; Brandaet al, 2005]) may also mean that this male
strategy has been selected to obtain the added resources they require to grow to such a

largesize.

Parentoffspring conflict

Bioenergetic models estimate that a nursing female Steller sea lion would require 70%

more food than a nenursing female if her young were completely dependent on her for
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nutrition (Winship, Trites & Rosen, 2002)The lack of observed aggression between

mother and offspring suggests the young obtained adequate nutrition either from the milk
alone, or by supplemengntheir milk intake with solid food. The absence of conflict

between the two in my study suggests that the mother and young obtained the nutrition

t hat each required such that there was no

resources as predicted byivers(1974)

A variety of animals have demonstrated little to no evidence of maternal aggressi
or indirect behavioural conflict between mothers and dependent young around the time of
weaning(e.g. cats: Martin, 1986; pigs: Jensen & Recén, 1989; arctic wolves: Packard,
Mech & Ream, 1992; dogs: Malm & Jensen, 199ffspring of such species have
generally been observed to terminate suckbogts as opposed to their mother ending
them, indicating that opportunity to suckle was not a limiting factor. In the case of young
sea lions, those that had stomachs full of milk and/or solid food would have had less
motivation to stay for more sucklingpportunities. Observations of New Zealand fur
seals have shown that pups terminate the suckling bouts the majority of ti{elésse,
2004) Similarly, anecdot al observations from
lions revealed offspring leaving the methmore often during nursing bouts. | also found
no evidence for increases in pareffspring conflict in the Steller sea lion to occur as the
time to the next breeding season approached. Nor did | note any decrease in access to
mot her 6 s t ecopmrtuaitiedas theliammkuntiohtime spent with their mother
did not decrease over the year. It therefore seems that Steller sea lion offspring wean

themselves.

Further evidence that Steller sea lions wean themselves comes from the observed
difference intiming of weaning of males and females. Mothers are unlikely to be aware
of the sex of their offspring and preferentially decide to wean females early and keep
males for an extra year. It seems more probable that males elect to stay with their mothers
becaise they can more readily meet their daily energy needs from milk rather than from
fish and cephalopds.
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When to wean?

Part of deciding when to begin taking solid food, how much to take, and when to cease
suckling completely is related to the relative doshefit ratio associated with suckling
versus obtaining and digesting solid fqdénsen & Recén, 198Malm & Jensen, 1996)
Animals may begin to forage on their own to fulfill their growing caloric needs if milk
does not provide the required nutrition and calories. Compensating with solid food has
been predicted to occur in pinnipeds, primates, andlatgguwhen the offspring reach

2.1 times their birth mass with weaning predicted to occur when they reach 4.0 times
their birth masqLee, Majluf & Gordon, 1991)Applying standardized growth curves
(Winship, Trites & Calkins2001) suggests that male Steller sea lions should start to
wean when they are 46 kg (2.8 months old) and be fully weaned when they are 88 kg (7.7
months old)d and that females should start to wean when they are 42 kg (3.8 months
old) and be fully weanedvhen they are 80 kg (10.4 months old). Contrary to the
theoretical predictions, males weaning on their birthdays are on average 5.7 times their
birth weight at one year, 7.0 times at two years and 8.6 times at three years, while
females that wean on thdairthdays are an average of 4.5 times their birth weight at one
year, 6.4 times at two years, and 7.8 times at three years. Thus there is considerable

disparity between the theoretical limits and the field observations.

At one year of age, male yearljgequire 15.0 + 3.8 kg of prey on a mixed diet of
fish species, while females require 11.0 + 2.7 (Wgnship, Trites & Rosen, 2002)
Expressed as percentage of body weight, male yearlings require about 12 + 3% of their
body weight per day, while females require 13 £ 3%. At two years, energy requirements
relative to body mass per day on a diet of mixed species drop to 11 + 2% for males and
females It increase in kilograms to 16.9 + 3.1 kg and 14.1 + 2.6 kg respectively. A
further decrease occurs at age three: 9 £ 2% for males and 10 £ 2% for females (increase
of 17.0 = 3.8 kg and 15.6 + 3.1 kg respectively). Rosen and TA@X®!)estimate that
the maximum average amount of food a yearling sea lion can consume is equivalent to
141 16% of their body mass and that young animals may not be able toheeaidily
energy needs if they were to consume primarily low energy prey species. They
hypothesize that even consuming moderately energy dense prey, juveniles are living

energetically on the edge. By prolonging weaning and providing her offspring wkh mil
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during this time, the adult female may buffer her young against nutritional hardship. The
greater relative energy needs of males may move them closer to the energetic edge and
may explain why more males than females elect to stay with their mothens &xtra

year.

Lactation is regarded as the most expensive aspect of materndlGodliesnan &
Thompson, 1988jnd is a period that mothers may wish to limit despite the clear benefits
for young animals to obtain more milk. However, Pond (1977) pointed out that extended
lactation might be preferred over extendestgtion for species whose food sources are
scattered and of low nutritional content. A longer lactation period should also be
preferred if the mother must travel long distances to obtain prey, and if the species must

rely heavily on speed and agility tapture prey and elude predat@®end, 1977)

Extending lactation beyond the next breeding @eas not a rare event among the
otariids and can impact their future reproductive success. For example, 29% of mature
Australian sea lionsNeophoca cinerdawere observed in one study to not pup each
breeding season, and opted to nurse their juveniletnatnext breeding seas@Higgins
& Gass, 1993) The Gadpagos fur seal Arctocephalus galapagoenyi®bserved in
another study with a dependent yearling or-giear old wagess likely to give birth than
those females without dependent yomglimich, 1986) In contrast, Maniscalcet al.

(2005) found Steller sea lions that did not pup or had lost their pup were less likely to
give birth the following season.

Extended lactation also occurs among terrestrial species. For example, observations
of red deer suggest that mothers that did not concgougld continue to nurse their
young calf the following breeding period, whereas she would likely wean the calf before
she gave birth if she did concei¢@luttonBrock, Guiness & Albon, 1982)

Time spent in suckling behaviour did not change significantly over the vyear,
suggesting that time of yeatas a stronger driving factor in determining the final stage of
weaning in Steller sea lions than was age of the animal. This is consistent with the
observations of Raw8uryanet al. (2004) | observed a sharp decline in the proportion
of animals suckling when 12 and 2donths old (Fig. 2.2B,C) suggesting that animals

suckled the entire year until their next birthday. Tyear olds (>24 months) were an
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exception and were not observed suckling beyond autumn when 28 months old. This

suggests the twygear olds may have beenmpletely independent by this time.

Mothers that will produce another pup while still nursing an offspring from a
previous year might abandon the yearling just before they return to the rookery to give
birth. Immature animals that accompany their mothersookeries may be forced to
wean or the yearling may ceabmpete their new sibling. The limited information
available on the behaviour of juveniles at the rookeries indicates that many of the females
were accompanied by nursing juveniles and that fesriak lost their pup were-feined
by their juveniled and that pups were occasionally rejected in favour of the juvenile
(Sandegren, 1970)

Population dynamics

An accurate estimate of the profion of the breeding population producing pups is key

to assessing population trajectories. My study has shown that sea lions at the Southwest
Brothers haulout were suckling up to age three but that most were weaned by age two. If
this site is representa@ of the larger population in Southeast Alaska, many females are
not having new pups each year (possibly due to reproductive failure as shown by the
observed abortions) and may be nursing their current young longer (possibly to buffer

them against enviranental fluctuations).

The eastern population of Steller sea lions has been increasing since the 1950s when
surveys began and trends show that the current population is the highest rétoteed
& Larkin, 1996) For the past 25 years, the eastern population has increased at an average
rate of 3.1% per annum as new rookeries have been established with some influx of
animals from the Gulf of Alask@itcheret al, in press) This rate of increase is still well
below the theoretical maximum misic rate of increase for pinnipeds, suggesting that
other factors may limit population growtRitcheret al, in press) Increased juvenile
mortality has been suggested as a source of the overall species decline, which would have
a profound effect on population trajectori€éork, 1994; Trites & Donnelly, 2003)
However, the low numbers of juveniles in the population could also be explathedef

animals were simply not being born due to their mothers continuing to nurse their
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juvenile and a high rate of reproductive failfigites et al, 2006) Additionally, about
45% of the population do not travel to rooker{@sites & Larkin, 1996)and not all
females that remain at the haulouts have dependent young.

Identifying the factors that extend lactation and weaning help to decipher the
dynamics of Steller sea lion poptibns. Results from my study also provide baseline
data for comparison with future trends and with other populations. My data indicate that
many females are nursing juveniles and are not raising a new pup each year. This factor

needs to be considered whestimating future population trends.

Future studies should investigate the causes of reproductive failure and why the sex
differences in weaning behaviour exist. In addition, weaning of juveniles at the rookery
should be investigated, and the proportioin females that do not invest in raising
offspring each year should be determined. Finally, a concerted effort should be made to
determine these parameters in both increasing and decreasing populations to fully assess
the role that delayed age at weaniag Iplayed in the decline and lack of recovery of sea

lions in the Gulf of Alaska and Aleutian Islands.

Summary

Behavioural observations related to weaning of Steller sea |Emsdtopias jubatys

were recorded for 13 consecutive months (July 200dly 2005) at Southwest Brothers
Island in Southeast Alaska to 1) document the age at weaning, 2) establish whether
parentoffspring conflict influenced the timing of weaning, and 3) determine whether
there was sebiased investment by mothers. Recorded obsiensincluded proportions

of knownaged animals suckling, antagonistic behaviours between mothers and their
young, and frequency of observed abortions. My observations were the first to be made
over an entire year and revealed a high number oféate dortions associated with a

high proportion of young continuing to suckle beyond their first birthday. The proportion
of males (75%) compared to females (44%) observed suckling at one year old suggests
that most females were weaned just before their firshday, while males were not
weaned until just before their second birthday. The insignificant level of conflict between

mother and offspring and the observation that offspring tended to end all suckling bouts,
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suggests considerable responsibility forf-setaning. All noted abortions occurred
during the winter months when the fetus was approximately three to five months
developed. Providing milk for an additional year presumably enhances the chance of the
juveniles surviving to sexual maturity. Having fenvbut healthier pups, may increase the
lifetime reproductive fitness of the adult female. Approximately half of female Steller sea
lions in Southeast Alaska may thus be giving birth biennially rather than annually as
previously thought. Such a reductionbirth rates could significantly curtail population
growth and have a profound effect on estimated population trajectories.
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Chapter 3: Year-long observations of haulout patterns and activity
levels of Steller sea lions at a yearound haulout site in Southeast
Alaska

Introduction

The time that pinnipeds alternate between foraging at sea and resting and socializing
onshore can be related to a variety of factors including prey availability, predator
avoidance, thermoregulation, and social actiyiilinski & Heller, 1978; Trillmich &
Mohren, 1981; Gentry & Kooyman, 1986; Costa, Croxall & Qut989; Watts, 1992;
Moulton et al, 2002; Nordstrom, 2002; Soto, Trites & Ar8shreiber, 2006)
Environmental covariates such as wind chill, intensity of solar radiation, cloud cover,
precipitation, and tide have also been associated with numbensiropgas onshore
(Schneider & Payne, 1983; Watts, 1992; Rogers & Bryden, 1997; Reddr 2003;

Kucey, 2005) Understanding the variables that influence haulout patterns is useful for
ganing insight into how animals respond to environmental conditions in relation 1o life
history challenges(Trites & Antonelis, 1994; Sepulveda, Oliva & Palma, 2001)
energetic regirements(Trillmich & Kooyman, 2001) and the effects of disturbance on
Steller sea lion numbers and behaviguti$en et al, 1984; Kucey, 2005)Understanding

how animals respond to climate is also needed to conduct census counts at appropriate
times using suitable corion factors that account for the animals not pre¢eatter,

1997; Frost, Lowry & Ver Hoef, 199%mall, Pendleton & Pitcher, 2003)

Careful monitoring is crucial to the future and management of Steller sea lions
(Eumetopias jubatyswhich have declined globally by over 85% since the late 1970s
(Merrick, Loughlin & Calkins, 1987; Trites & Larkin, 1996; Calkiret al, 1999)
Population surveys provide insight into breszhle sea lion population trends. However,
fine-scale monitoring provides a fagr understanding into community level behavioural

strategies, which may influence population dynamics.

Steller sea lions use two types of terrestrial sites: haulouts and rookeries. Haulouts
are primarily norbreeding, yearound sites, whereas rookerig® used only during the

summer breeding season to give birth, nurse young, and mate. Most behavioural studies
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have been conducted at rooker{8andegren, 1970; Gentry, 1974; Merrick & Loughlin,
1997; Milette & Trites, 2003)n contrast to yearound haulouts that have seldom been
studied(Porter, D97; Kucey, 2005and have never been directly observed for an entire
year. Behaviour of animals at haulouts may provide essential insight and clues into the

Steller sea lion decline.

| monitored a Steller sea lion haulout constantly for a year to dietetime degree of
site fidelity, haulout composition, and seasonal activity patterns. Mature females have
generally been believed to leave haulouts to travel to the rookeries to give birth during
the summer, and return with their pups in the fall. Numbgfsveniles, sukadult males
(SAMs) and adult males (bulls) are generally believed to remain relatively constant
throughout the year. | sought to test these assumptions, as well as determine the influence
of environmental factors on haulout patterns antividy levels of Steller sea lions.
Previous studies have examined the effect of different covariates on the number of sea
lions hauled out(Porter, 1997; Kucey, 2005but none of these studies had detailed

information abat weather, relying instead on modified Beaufort scales.

Studies investigating haulout patterns of pinnipeds have often been restricted in
space and time and therefore only collect a narrow range of information. My study was
designed to observe sea liooger thirteen consecutive months to determine the finer
effects of covariates on numbers of sea lions hauled out as well as the activity level of
each age/sex class and their response to environmental factors, time of the year, and

seasonal prey availalii

Methods

My study was conducted from 6 July 200431 July 2005 in Frederick Sound on

Southwest Brothers Island, Southeast Alaskal(5%y 6 N, 5 5163VB) , where a col
Steller sea lions consisting of both sexes and all age classes hauls eaupedFig.

1.1). This is one of the largest haulouts used by Steller sea lions in Southeast Alaska and

was considered to be representative of other sites used throughout the year. Observations
were conducted with the aid of spotting scopes and an unobstiietedrom a hidden

blind 125 m from the haulout.
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Over 2,800 hours of direct observations were conducted from 08:00 to 16:00 h each
day over the study period (the shortest period of daylight, which ensured a consistent
observation period throughout the geaOne observer collected data at a time, with 5
observers participating over the-tr®nth study. Each observer was trained in the lab and
the field prior to data collection to standardize the identification of age classes and
activity categories betweasbservers. All visible pups (<1 year), juvenile$ Jlyears),
adult females, SAMs, and bulls were counted from the blind every 30 minutes and data
recorded included total number of animals and number of animals in each activity
category (Appendix 3). Actity categories noted for each age/sex class were either active
(moving, playing, aggressive displays, intense vocalization, male copulation), low active
(small head movements, low level vocalizations, sitting up with eyes open, scratching
and grooming, feme copulation, nursing), resting (lying down, sleeping, sitting up with

eyes closed), or suckling (suckling or searching for nipple).

A Davis Vantage Pro weather station (model #6320C) collected detailed weather on
the hour and calculated apparent terapee indices (Appendix 4). As a precaution
against technical failure, weather was also estimated three times daily (at 08:00, 12:00,
and 16:00 h) using a modified Beaufort scale similar to that used by P88f)and
Kucey (2005) (Appendix 5). Data from the weather station was downloaded weekly to a

laptop computer.

Data analysis
Age/sex composition on the haulout

Proportions were arcsirteansformed ad analyzed using an analysis of variance and a
chi-square test for multiple proportions-P2US 2000) to compare the proportion of sea
lions hauled out by age/sex class. Proportions of pups, juveniles, adult females, SAMs
and bulls were analyzed separgtiel determine if their presence on the haulout varied by

season.
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Haulout trends

Generalized linear models are commonly used to assess haulout trends o(€aliking

et al, 1999; Frost, Lowry & Ver Hoef, 1999; Small, Pendleton & Pitc2803)and the

effects of environmental variablgS&urnell, 1996; Kucey, 2005) used a maximum
likelihood generalized linear model-@.US 2000) to inestigate the effect that different
covariates had on the number of sea lions hauled out at my site. Variables investigated
included heat index, temperature, wind chill, humidity, rain, rain rate, and THSW index
(temperature/humidity/sun/wind). The generall linear models were applied to daily

averages of weather variables and counts.

Age/sex class and activity state

A daily mean for each activity state (active, low active, resting, and suckling) was

calculated for the animals hauled out on shore biz ege/sex class.

Results
General trends

Daily mean numbers of animals hauled out at the haulout varied greatly throughout the
year, from a minimum of zero animals in spring to a maximum of approximately 350 in

summer and fall (Fig. 3.1A).
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Figure 3.1. Mean daily number of animals hauled out from August 04 i 05. A) total
animals B) pups, juveniles, and females C) SAMs and bulls. Data were smoothed with a
loess curve (¥ = 0.25).

The haulout was temporarily abandoned gradually in-Mégdch 2005 ér no
apparent reason. Sea lions slowly began to return ipApiid and were back to their pre
abandonment (Octobé&r December) numbers by early May. Numbers increased again
through June until the beginning of July 2005 at which point the animals begamgmo
to the other side of Southwest Brothers Island. This shift in movement of animals to the
opposite side of the island was observed in both years (i.e. July 2004 and 2005). Overall,
sea lions at Southwest Brothers were most abundant fromi NDsscemberat medium
density from January mid-March, and absent from midarchi May. Considerable

variability was noted in numbers on shore from one day to the next (Fig. 3.1A).

Plotting the number of animals hauled out by age class revealed that trends for pups
tended to lag behind those of adult females in the fall (Fig. 3.1B). Both age groups tended
to increase until the early autumn (October/November) reflecting their joint return from
the summer rookeries. Juveniles were present in their highest numbexg slummer,

and declined steadily throughout the autumn and winter, possibly reflecting the greater
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tendency for juveniles to disper¢RaumSuryanet al, 2002) SAMs and bulls were
present at consistently low numbers throughout the year and were most abundant during
summer(Fig. 3.1C).

Age/sex class composition by season

A 2-way ANOVA revealed a significant effect of age/sex class €607.87, p < 0.01)
and an interaction between season and age/sex class=(f63.89, p = 0.02). The
proportion of each age/sex class leduout differed significantly by season at Southwest
Brothers Island for pupst,= 38.42 p < 0.001) and juvenilesy, = 14.51, p < 0.01) but
not for femalesq?% = 1.12 p > 0.05), sutadult males¢® = 3.69, p > 0.05), or bullct,
=2.79, p > 0.0p(Fig. 3.2).
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Season

Figure 3.2. Average seasonal proportions and standard error of each age/sex class
hauled out at Southwest Brothers Island, Alaska from July 04 7 August 05.
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Number animals

Site Fidelity

Numerous marked focal animals visited Southwest Brothers thratigie yea® 141
immature (age 3), 54 adult females, and 66 males. 98% of marked males, 94% of
females, and 89% of immature animals were observed less than six months total. This
reflected differences in their overall fidelity to this site immature (1i 11 months),
females (17 7 months), and males (L 7 months) (Figure 3.3). The number of

consecutive months the animals were seen varied with each class.

60 B Immatures
¥ Females
>0 Males
40
30
20
10
0 m___ W

1 2 3 4 5 6 7 8 9 10 11 12

Consecutive Months

Figure 3.3. Number of marked animals observed at Southwest Brothers Island during
consecutive months. The majority of animals were present for only one month at a time.
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Figure 3.4. Mean daily proportion of animals in each activity class, and mean
temperature and rainfall. A) Total sea lions, B) Pups, C) Juveniles, D) Adult females, E)
Temperature, F) Rain. Activity was classified as resting (thick line), low active (thin line),
active (dotted line), and suckling (grey line). Data were smoothed with a loess curve (¥ =
0.25).
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Activity states

Seasonal behaviour patterns were generally similar amapg, puveniles, and adult
females(Fig. 3.3B,C, and D) despite seasonal changes in weather (Fig. 3.3E,F) and
numbers onshore (Fig. 3.3A).

Low active behaviours such as sitting with eyes open, head movements, and low
vocalizations tended to increase wittetonset of winter, while the proportion of time
spent resting decreased. Little seasonal change was noted throughout the year in the
frequencies of active behaviours such as moving, biting, and loud vocalizations. Pups
suckled consistently throughout tlyear until their birthdays in early JuriEig. 3.3B
assumed median pupping date of June 4 at the Forrester complex where most of our
branded animals were born [Pitclegral, 2001]) at which point they we classified as
juveniles. A smaller proportion of juveniles suckled compared to pups, with a higher
frequency of juveniles suckling in the winter than in summer (Fig. 3.3C). Adult females
increased the proportion of time they engaged in low active bmlravand decreased
their resting behaviours through the autumn and into the winter (Fig. 3.3D). However,
they reversed this trend from spring through summer (Fig. 3.3D).

Air temperatures ranged from a low-a0 C in January to a high of 2C in August,
with a grand average of 8 for the year (Fig. 3.3E). Rainfall totaled 1660 inches for the
year with the wettest month in December (369 inches) and the driest in August (23.6
inches). Combining air temperature, atmospheric pressure, and wind speeds &tecalcul
humidity, windchill, heat index, and THSW index (i.e. the weather perceived by the sea
lions) showed positive correlations with numbers of animals hauled out over the year
(Table 3.1). Daily rainfall and rain rate were the only variables that wersigroficant
predictors of numbers of sea lions hauled out over the year (Table 3.1). However,
analysis by season revealed both rain and rain rate to be significant factors in the summer
(Table 3.2). Temperature and indices related to temperature wergcaignin winter
and spring (Table 3.2).
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Table 3.1. Covariates affecting the number of sea lions hauled out from July 2004 7 July
2005. Intercepts and variable coefficients of the generalized linear models for each
respective covariate on the response variable of number of sea lions hauled out (n =
343). Significant coefficients are shown in bold.

Covariate Intercept  Variable Coefficient
THSW Index 471 0.025
Rain 4.86 0.007
Rain Rate 4.86 -0.001
Temperature 4.62 0.031
Humidity 3.75 0.014
Wind Chill 4,72 0.023
Heat Index 4.61 0.033

Table 3.2. Covariates affecting the number of sea lions hauled out each season from
July 2004 7 July 2005. Variable coefficients of the generalized linear models for each
respective covariate on the response variable of number of sea lions hauled out.
Significant coefficients are shown in bold.

Covariate  Autumn  Winter  Spring Summer

THSW Index  -0.04 0.05 0.30 -0.14
Rain -0.10 -0.10 -1.16 0.27
Rain Rate -0.04 0.00 -0.05 0.07
Temperature  -0.05 0.05 0.15 -0.18
Humidity 0.01 0.00 0.00 0.03
Wind Chill -0.04 0.05 0.13 -0.17
Heat Index -0.05 0.05 0.18 -0.17

Time of day

Considerable daily variability was noted in numbers of animals hauled out
throughout any give day. Standard error in mean daily counts ranged from 0.18 to 37.00
for the entire year. The greatest variability in hourly counts occurred in Jurie36B)9
sea lions), and the least in March; however there was no seasonal trend in daily
variability in nrumbers onshore. No distinguishable yearly or seasonal diurnal pattern was
detectable during the hours of 08:00 and 16:00 at this site, consistent with previous site
specific resultgKucey, 2005)
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Discussion

Southwest Brothers Island was chosen as a representativeoyadr Steller sea lion
haulout site where animals could be observed for 365 consealdiys to document
seasonal changes in sea lion behaviours and numbers that have bearing on assessing
population status. It is one of nearly 600 haulouts used by sea lions throughout their
range (283 in Southeast Alaska), and is the first to be obseoveal ¢onsecutive 13
months. Some of the conclusions drawn are likely specific to Southwest Brothers (i.e.,
abandonment in miMarch and movement in July), while other observations can likely

be applied range wide (i.e., variability of numbers onshore lameffect of weather on

sea lion behavior).

Although classified as a yeasund haulout, there was considerable seasonal
variation in numbers of sea lions that used the Southwest Brothers haulout, including a
period of time when sea lions abandoned itgdther. In all likelihood other Alaskan
haulouts that are classified as yeaund use sites are also equally dynamic with numbers
generally declining as the summer breeding season approaches, and increasing again in

the fall as adult females return witheir newborn pups.

Censusing Steller sea lions

Estimating population size of Steller sea lions is a core component of population
management that requires knowing when to census and what factors can influence the
numbers observed onshore. Observations fBmuthwest Brothers suggest time of day
and prevailing weather conditions had little effect on sea lion numbers, but that seasonal
shifts in sea lion distribution were most significant. Maximum numbers of sea lions
tended to be on shore during the breediegson (i.e. June) making this an optimum time

to countd and is when the majority of censuses take pldemighlin, Perlov &
Vladimirov, 1992; Friz & Stinchcomb, 2005)A second period of relative stability in sea

lion numbers was noted during winter (February), during which time a greater proportion
of animals were likely at sea feeding. The reduction in numbers on shore during winter
points to tle need to apply appropriate correction factors to estimate total population size

and account for missing animals.
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Current surveys take place during the breeding season on rookeries and haulouts
using a variety of methods, depending on the location (adaiad, or boabased)
(Loughlin, Perlov & Vladimirov, 1992) Correction factors for numbers of animals
missed during the survey have been estimated based embliés and mathematical
models (Trites & Larkin, 1996) however, trends in the size of the population are
commonly determined by using counts of pups andmgs over time by consistently
surveying spe ¢Frritt & Stinchdombe 2005pNunsbérs & sea lions at
haulouts are more variable than numbers at rookeries, andpsitdic variability is
considerablgKucey, 2005) It may be that trend sites are more informative than range
wide correction factors to deteme the health of the global population until speecific

correction factors can be determined.

Haulout behaviour at Southwest Brothers

The temporary abandonment of Southwest Brothers Island inFefiduary was
unexpected and may have been relatedhto deasonal availability of prey that was
outside the normal foraging range of my study animals. Most pinnipeds use terrestrial
sites outside of the breeding season to rest, moult, nurse and/or conserve energy
(Thompson, 1989; Thompsat al, 1989) In the case of Steller sea lions, haulout sites

are believed to be situated close to waters that are relatively shallow arahixes|

with higher average tidalpseds and lessteep bottom slopeBan, 2005) To have
animals abandon a regularly used site presumably refle@iberhte foraging strategy

rather than a random, opportunistic event.

Steller sea lions are known to target prey that are in dense spawning or migrating
groups such as Pacific herrinGlgpea harengus pallasicod Gadus macrocephalys
salmon, sandland@mmodytes hexaptefsnd eulachonThaleichthys pacificu&irad)
(Sinclair & Zeppelin, 2002; Sigler, Womble & Vollenweider, 200&Eulachon have an
unusually high energy content, spat@mnporal predictability, andccessibility (4D150m
depth), and are thought to be an important seasonal prey item for Steller sea lions
(Sinclair & Zeppelin, 2002; Sigler, Womble & Vollenweider, 20@4)a critical time of
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the year when energy dends are the highest such as wirdfinship, Trites & Rose,
2002; Kumagai, Rosen & Trites, 2006)

Eulachon are abundant in most major drainages from Southeast Alaska and generally
spawn from March to MagWombleet al, 2005) and may be what drew sea lions away
in mid-March. Along these lines, it is noteworthy that over 1000 animals were reported in
Lynn Canal in late March (L. Jemison, ADF&G, pers comm), wheth boe herring
spawn and eulachon runs generally od8igler, Womble & Vollenweider, 2004; Gende
& Sigler, 2006) It is also noteworthy that other predators including harbour seals and
seabirds agggate around eulachon ruiislarston, Willson & Gende, 2002)nd that
high variations of harbour seals hauled out at different sites throughout the year is
believed to be related to the presenceswfachon smel{Thompson, 1989)Eulachon
spawning runs are known to draw significant aggregations of Steller sea lions in
Southeast Alaska and may increase the energy intake of sea lions by as much as 90%
(Sigler, Womble & Volleweider, 2004)

The second unexpected change in sea lion numbers occurred during July 2004 and
July 2005, when animals slowly shifted to hauling out on the opposite side of the island.
This new haulout area featured a wiesting, shallowsloping gravel bach, and was in
sharp contrast to the jagged rocks and steep slope of their main haulout site. The new site
appeared to provide ample room for the juveniles to interact with each other and the
SAMs, which may have facilitated play, an essential part eflifie-history learning
process. Play is a way of learning specific behavioural patterns for later adult life such as
territory defense and fighting bouts, and may allow for a greater behavioural flexibility
later in life (Gentry, 1974)

The first year the sea lions exhibited this shift in local site fidelity, | assumed there
were some unusidi cause or motivation, but the following year, approximately a week
later, they began to move again. There were no major disturbances or severe weather
observed at the main site and the sea lions moved over gradually, with the bulls and
SAMs hauling out ifst, followed slowly by the rest of the colony. The shift in animal
abundance from the main haulout parallels to some extent the shift in breeding animals

from rookeries to nearby haulouts. Mature bulls have been noted to hold territories at
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haulouts dung summer and have been observed to copulate with feif@dembs &

Trites, 2006)and similar behaviour was noted at Southwest Brothers. Thus it is
conceivable that the breakdown of the main haulout might have reflected the movement
away from the territorial males towards immature males and less aggressiveiortsract
Sea lions are a gregarious species and preferentially haul out toff@dmry, 1970)

which may explain the gradual movement to the other &it¢he more animals that

hauled out, the increased likelihood that others would haul out there too.

A number of pinniped species have shown diurnal patterns in numbers @ shor
thought to be associated with foraging and air temperétereThompson, 1989Phoca
vitulina; Lydersen, 1991- Phoca hspidg Bengtson & Stewart, 1992 Lobodon
carcinophagusHorning & Trillmich, 1999- Artocephalus galapagoensiSoto, Trites &
Arias-Schreiber, 2006 Otaria flavescens In contrast, studies of other species have not
found any evidence of diurnal forag patterngi.e. ringed seatsBorn, Teilmann &

Riget, 2002) with dives occurring at all times of the day and ni@l&. Australian fur

seal Hindell & Pemberton, 199750ome studies have found daily haulout patterns which
suggest the cycle of arrival and departures observed is indicative of Steller sea lions
foragingat night(Sandegren, 1970; Withrow, 198Xucey (2005) found mixed results,

with time of day significantly influencing the number of sea lions hauled out at some
sites, but not diers. However, only a weak trend was found at Southwest Brothers during
daylight hours (08:00 16:00), even during winter when daylight was restricted to this
period. Numbers of animals hauled out at each hour of the observed day did not differ
over the yar or by season, indicating no diurnal pattern, which might be indicative of a

diversity of prey at all times.

The high thermoconductivity of watéwhich is 25x that of air, [Berta & Sumich,
1999]) means that thermoregulation is a particular challenge for séwoded animals
inhabiting the ocean. The challenge for pinnipeds in particular is to eeniseat in the
water and dissipate heat in air. Time of day, intensity of solar radiation, wind chill, cloud
cover, and precipitation all play a role in perceived ambient temperature and have been
found to correlate with the number of pinnipeds hauledbowtarious occasion$orter,

1997; Redeket al, 2003) Studies of pinnipeds have found differing results on the effect
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of weather on the number of animals hauled out, at times finding no correlations
(Grellier, Thompson & Corpe, 1996)

In general the effect of weather on pinnipeds appears to be site and latitude specific.
At low latitudes, warm, dry, calm weather appears to have the greatest influence
(Schneider & Payne, 1983; Redsral, 2003) while haulout behaviour at high latitudes
generally correlates negatively with whadill index, and numbers hauled out correlate
with mid-day when the temperature tends to be the warthee, Burton & Hindell,
1997; Rogers & Bryden, 1997; Moultost al, 2002; Rederet al, 2003) Haulout
behaviour appears to be species and site spewifich could complicate wideanging
population surveys. The highest numbers of animals were present at Southwest Brothers

Island in the summer months, which was also the warmest weather.

Proportions of animals engaged in low active behaviours increlasetd) the winter
while the proportion in resting behaviours decreased dramatically for females and
juveniles, with pups displaying a similar but weaker trend. Weather conditions were
more extreme in winter than in the summer, and the animals appedredtdhered by
sudden changes in weather conditions, as anecdotally reported in previous (studies
Sandegren, 1970; Withrow, 1982; Porter, 19%)mmer was the driest season and sea
lions numbers were affected by rain and rate of rainfall at this time. Major disturbances
due primarily to eagles looking for aborted fetuses and associated placentas occurred
almost daily during the winter (Fig. 2.3). The constant disturbances from eagles caused
major behavioural changes on the haulout, often causing animals to be more nedtless a

vigilant.

Diurnal cycles and weather can often be trumped by more pressing behavioural
requirements such as a femaleds need to nur s
safe placgAllen et al, 1984; Thompsoret al, 1989; lake, Burton & Hindell, 1997)

During the worst weather when the haulout was covered in ice, the few animals hauled
out were often fematpup nursing pairs. Haulout patterns of pinnipeds are often seasonal
and can be correlated with reproductive stagetloerdife-history stages such as molting
(Thompsoret al, 1989)and may vary with age clagslarkonen, Harding & Lunneryd,

1999) For example, male and ndmeeding female harbour seals spend longer periods of

42



time ashore during the molt than females who have just puppedranchotivated to

regain fat store6Thompsoret al, 1989)

Inter- and intraspecific variability in haulout patterns can be consideréBledsell,
1988; Thompsomt al, 1989; Born, Teilmann & Riget, 20023ome animals will always
be away from the haulout foraging, travelling, rafting, or playing. Different age and sex
clases often have different behaviours, which may make them more or less likely to be
observedMcLaren & Smith, 1985; Harkénen, Harding & Lunneryd, 1999; Redex,
2003)

Numbers of Steller sdans found on shore are influenced by a multitude of factors
at various times of the year and in differing ways. At this particular site, which was
previously thought to be a yesyund haulout, | discovered the animals abandoned it
possibly in favour ofa seasonally available, high fat prey. In contrast to the predictable
haulout patterns at rookeries that reflect strong site fidelity and the presence of females
with dependent pups and bulls maintaining breeding territ@@eatry, 1970; Sandegren,
1970) winter haulouts are more unpredictable, pdgsilue to seasonal access to prey
and a more flexible relationship with dependent offsp(igrter, 1997) Sitefidelity at
this site varied with each class of animals, the immature animals exhibiting the strongest
fidelity, followed by females and lastly males, most likely due to a combination of

dependence and other accessible sitedgear

The local movement around the island was particularly surprising and the
topographic features were the only obvious differences between the two locations on the
small island. The weather predictors justify the timing of annual aerial surveys during
sunmer and also showed that the level of detail on weather factors may not in fact be
required. The animals appeared to spend proportionally more time in low active
behaviours than resting during the winter compared with the rest of the year, which may

have mplications for nutritional requirements.

43



Summary

Numbers and behaviours of Steller sea lions were documented for 13 consecutive months
(July 200471 2005) at Southwest Brothers Island in Southeast Alaska to test general
assumptions about seasonal haufmitterns and the effects of weather on census counts.
Proportions of females, stddult males (SAMs), and bulls on shore did not change
significantly by season, unlike the proportions of pups and juveniles. Contrary to
assumptions that the haulout wasdise 6y @eamn d 6 , ani mals abandone
spring and preferentially hauled out on the opposite side of the island during both
summers of observation. Abandonment of the haulout was correlated with the timing of
the herring spawn and eulachon run, bwivement of sea lions to the other local site
could not be explained. Activity of animals on shore (active, low active, and resting)
varied by season, with animals in general displaying more activity in the winter than the
summer, which in turn correlatedith increased disturbances and extreme weather.
Generalized linear models showed that all indices of weather (THSW index, temperature,
humidity, wind chill, and heat index) influenced the number of animals hauled out over
the year, except for rainfall. dNdiurnal haulout pattern was noted at this site, over the
year or by season. Winter haulout patterns are less predictable than at other times of year
due to a combination of factors including weather, disturbance, seasonal prey availability,
and possiblymore flexible attendance patterns of motbHspring pairs. Surveying
animals during the breeding season, in the summer months may be the most effective
way to get accurate population estimates because the highest numbers of animals are
onshore. Althoughmy study was only conducted at one haulout site, results are likely
applicable to other haulout sites as Steller sea lion haulouts share many commonalties.
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Chapter 4: Steller Watch: Evaluation of an automated timelapse
camera system in relation to direct obseration of a gregarious pinniped
species, the Steller sea lion

Introduction

Cameras have long been used to monitor wildlife in the field, and circumvent the need for
placing observers in remote and sometimes hostile conditions. Aerial photographs have
beencommonly taken to monitor population trends in wrdaging, large groups of
animals such as Steller sea lioBsihetopias jubatysand California sea lionZ&lophus
californianug, and are generally accepted to be a more accurate method of surveying
animals than counting on land or from boats due to the topography of the haulout
(animals obscured by crevices and odd angles), dense aggregations of animals, movement
of highly gregarious species, disturbances, and movement of (hoatghlin, Perlov &
Vladimirov, 1992; Westlake, Perryman & Ono, 1997; Lowry, 1998)leo and time

lapse photography have also been used to evaluate movements of animals on time scales
of hours and day&llen et al, 1984; Thompson & Harwood, 1990; Maniscaétal, in

press) However, no system has yet been deployed to monitor sea lion numbers on
rookeries and haulouts in remote locations over an extended period of time émdeks

months).

The goal of my study was to assess the accuracy and reliability of an automated
time-lapse camera system developed by Scientific Fisheries Systems Inc., (Anchorage,
Alaska), and determine whether it can be used for future research to nsitegowhen
researchers cannot be physically present. The Scientific Fisheries camera system offers
the possibility of collecting census data and identifying marked animals on a longer more
site-specific basis than can be presently gathered from aeriabgriaphs. The system
was designed to have minimum impact on the environment and the animals, and to

sustain severe climate and interference from insects, birds, and mammals.
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Methods and study site

The study was conducted from 6 July 200481 July 2005 inFrederick Sound on
Southwest Brothers Island (875 6 N, 5 5163VB) , where a colony of
consisting of both sexes and all age classes hauls outopeat (Fig. 1.1). This haulout

was selected based on historical accounts and annual aesas @ata conducted by the

Alaska Department of Fish and Game (ADF&G), which indicated that animals from both
sexes and all age classes were present throughout the year. Direct counts were made with
the aid of spotting scopes by observers sitting in a llead to the cameras. Total counts

of animals hauled out onshore were conducted every hour, on the hour, fromi 08:00

16:00 daily (Appendix 4).

Two camera systems were bolted to rock 125 m in front of the haulout, and were
programmed to capture one imager hour, on the hour coinciding with the direct
counts (Fig. 4.1). The two camera systems consisted of Nikon CoolPix 5700 (5
megapixel) digital camera and a DigiSnap 2800 controller (Harbortronics, Gig Harbor,
WA). They were encased in a splash proot (SEMA 4X rated) containing moisture
absorption packets, and a 65Ah-gell battery powered the system which was recharged
during daylight by a 10W single crystal solar panel (Fig. 4.2). The 125 m distance to the
haulout did not allow a single camera fidly cover the haulout. The-Begapixel
cameras (Nikon CoolPix 5700) were replaced wihé&yapixel cameras (Nikon CoolPix
8700) in February 2005 to improve image resolution. This allowed the quality of images
taken with these two cameras to be compared.

A night vision scope (MultUse Minimonocular NVG), manufactured by Insight
Technology Incorporated, (NVMOO-A1/A2) was initially attached to one of the
cameras in order to have a daytime system and a nighttime system. This would have
allowed numbers ofea lions to be recorded on the haulout over-hd@4 period. After
encountering significant trouble with the range of the night scope and the quality of the
images, it was decided to simply have two daytime systems, allowing the two cameras to

be angledn such a way that the entire range of the haulout was photographed.
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Figure 4.1. Outside view of the automated time-lapse camera system on Southwest
Brothers Island.

Each day, the operational status of the camera was verified by looking through the
plexiglas window of the system to make sure the green light on the DigiSnap controller
was blinking. This indicated that the system was working correctly and capturing an
image each hour. Once per week, a laptop and USB connection were used to download
the mages. The images were then deleted from
maximum storage capacity. Each camera had an 8 GB memory card that could record
4,032 images of normal jpeg compression. Cameras were programmed to take one picture

per houri 24 pidures per day.
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Figure 4.2. Inside of the automated time-lapse camera system on Southwest Brothers
Island. The battery is on the left of the image, the camera and moisture absorption
packets on the right.

The number of sea lions in each photo eveubsequently counted on a computer
screen using Adobe Photoshop 5.0. The images were magnified and a red mark was
placed on each animal. Marks were counted to determine total animals present. Overlap
between the two images was calculated and subtracsadthe grand total. Due to the
large quantity of data, | took counts from a select number of images to compare with the
direct counts.

A two-sample pairedtest was used to check for significant differences in the means
between counts obtained from direabservation and those obtained from the digital
images. To analyze the accuracy of the system counts under optimal conditions, |
excluded images that were of poor quality, where the images did not cover the entire
haulout, and images where the overlagimie on the two systems was greater than five

minutes. Analysis was conducted on the total number of images counted, on images
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obtained from the Hband 8 megapixel cameras separately, and on images containing less
than or greater than 50 animals respetyi. The last analysis was done to account for
disparity in the ability of the observer to count few or many animals. Finally, to test for
an effect of experience counting and observing in the field, | compared the photo counts

obtained from an experientdeld counter with counts from an inexperienced counter.

Results and Discussion
System performance

Camera positioning in relation to the sun made a noticeable difference in picture clarity.
For exampl e, Camera 2 f acedr 0sophdte@as t marnd
than Camera 1. Moisture/rain often accumulated on the outside of the camera box during

or following bad weather and partially obscured animals on the haulout. However, all

images were clear once the moisture dried.

Clarity and resolutin of the Smegapixel camera images were better at dawn, dusk,
and early evening when contrast between the animals and haulout was better. There was
good coverage per camera of the haulout and the images showed the overall spatial
arrangement of the aninsalwell. Nursing/suckling behaviours were sometimes

distinguishable in the photographs.

In general, the resolution of thendegapixel camera was not fine enough to see all of
the animals. This meant the images had to be magnified significantly, to théhaoitite
animals in the photographs appeared as a collection of-caldtired, grainy pixels. The
sea lions were often difficult to distinguish from rock on heavily overcast or rainy days,
when it was foggy or snowing, when the sun reflected off therweteks, and wet
animals, when the sea lions were in shadows or in crevices, and when the animals were

darkly coloured (i.e., wet or pmaoulted pups).

Pups were generally difficult to distinguish in the photographs, especially in early
fall when they sti had premolt dark fur and they were small enough to be obscured by
other animals or the topography of the haulout. It was also sometimes difficult to

distinguish one sea lion from another when they were in a densely packed, large group.
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Suckling and ntsing behaviours can be obscured in these situations. Moving sea lions
appeared as smudges. Branded animals could occasionally be seen but were generally not

legible, and flipper tags were indistinguishable at this resolution.

The images from the-Biegapiel camera were noticeably sharper and clearer and
individual sea lions were easier to distinguish and required less magnification to be
counted. Branded animals were also more easily distinguished and their numbers could
sometimes be read if the brandednzal was positioned optimally (at 90 degrees to the
observer with left side visible). TherBegapixel camera solved many of the problems

presented by the-Begapixel camera.

Daily checks of both systems to see that they were working revealed that thascame
were reliable for most of the time but occasionally stopped working. Instructions that
were provided by Scientific Fisheries for maintaining and changing cameras were well
written and comprehensive. The camera systems only lasting impact on the reewiron
were the holes in the rock left by bolting the systems down. The casing itself was small
and painted grey and was therefore camouflaged from tourists and other people on the
water. They were completely waterproof and continued working even with affenbw
piled on top of the solar panel and when buffeted by extremely high wind speeds. The
moisture absorption packs that maintained a humfdily environment inside in the
systems were changed once in the year, and there was no interference iyt or

the systems from insects, birds or small mammals.

At one point in the year the sea lions decided to haul out directly beneath the
observation blind, and eventually came high enough up the rocks to lay next to (and on
top of) the camera systemss A result they inadvertently moved the camera boxes so the
angle was entirely off. Future deployments of the cameras should therefore ensure that all
bolts are tight enough to prevent movement once the systems are put in place and set to
the desired angle Another consideration is prevailing weather conditions while
downloading images. High winds and rain made it difficult to shelter the computer, cords,

and connections.

The camera systems stopped working on a number of occasions for no apparent

reason. Retarting the system by pushing theb@ot button on the outside of the box was
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rarely successful, which meant manuallybaoting the entire system. Manually- re
booting worked well except that it could only be done when the weather was dry, because
the etire system had to be opened. -BR®oting the system often changed the
programmed times for pictures to be taken Hy05minutes. Trying to coordinate the two
camera systems to take their images at the same time was sometimes difficult, since any
mistake mant waiting until the next hour to remove andpregram the cameras.
Voltage data on the systems was collected to check if power might have caused the
cameras to periodically stop, but did not offer an explanation. Nor did the times the

systems stopped wking correlate with light and weather conditions.

Comparison of counts

In general, counts made from the photograph were consistently lower than counts made
by direct observation (Fig. 4.3). Gregarious species can be difficult to count from a still
image,as shown by Alleret al. (1984)who used a filrrbased timdapse camera system

with an interval of one frame per minute and found that the camera was reliable for daily
trends but was not a reliable indicator of the actual number of pesdent. Direct
observations have the benefit of being able to more easily identify behaviours and see

shifting animals.

Table 4.1. Correction factors and standard error (%) for the 5- and 8-megapixel camera
systems when numbers of animals were above 50 and between 1i 50.

Counts SE Counts SE
Camera <50&>1 > 50
5 mgpx 62.68 1.25 70.92 1.49
8 mgpx 70.70 2.90 77.76 0.62

Counts from direct observation and from photographs on bodn& 8megapixel
cameras differed significantly (p < 0.001). While then8gapixel camera made the
resolution better for counting the images, the difference between ai@d¢image counts
was still significant. Correction factors were determined for the camera counts when

compared with the direct counts and were found to be quite good (Table 4.1). If cameras
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are set up at different sites, correction factors will havbetaletermined for each site

according to the position of the system and topography of the haulout.

The correction factor between counts of them&gapixel camera was high with &n r

= 0.99, suggesting the correction factor obtained would be consistelilyle (Figure

4.3).

Photo Counts

8 mgpx

5 mgpx

r =096

100

200

Direct Counts

250 300

Figure 4.3. A comparison of counts taken from direct observation and counts obtained
from 8 and 5 megapixel digital images.

There were no significant difference between the counts of the two inexperienced

countersP = 0.1861)However counts of sea lions in photographs made by a person who

had previously observed sea lions in the wild were significantly higher than counts made

by inexperienced counters. The inexperienced counters counted an average of 86% of the

sea lions seenybthe experienced field counter. Observers who have spent time in the

field counting and recording sea lion behaviour have knowledge of the subtleties in sea

lion shape and position, and are able to distinguish them from each other and their
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background. Tis suggests that experience must be taken into consideration when hiring

researchers to count animals in photographs.

Time-lapse digital camera systems may be limited to answering specific questions
about general trends in numbers and distributions apeaapto be well suited for
monitoring species where humans physically cannot observe and disturbance needs to be
at a minimum, such as the clgfde breeding nests of sea birds. They provide an index of
abundance within a limited field of view. At my studite, Steller sea lions moved
around the island on a consistent basis, often hauling out eaxjaesed rocks and areas

other than the main site, and even at one point directly on top of the camera systems.

The systems | tested needed surveillancenamiitoring to ensure they were running
properly which may not be an acceptable limitation if they need to be left independently
for long periods. A number of counts would have been missed if the camera systems had
been relied on alone, and other types mdbiimation such as changes in behaviour,
disturbances, predation attemptssighted animals, and human interactions could not be

extracted from the images.

Placement of the cameras is an important consideration when deploying automated
systems. Distanc® haulout must be considered with regards to resolution, clarity, and
range of the image in relation to the type of information that is being gathered. An image
taken above a haulout may be better than one pointed directly on, because the topography
of the rocks would not interfere with visibility and the animals would not be hidden
behind one another. However, the logistics of doing this for Steller sea lions are generally
difficult and site specific, given that most haulout sites are on remote roakypppings
with no trees for mounting cameréBan, 2005) Getting the systems high enough to
cover the entire space thfe haulout can be equally challenging. Thus, each site will have
a different set of advantages and limitations and would have to be assessed

independently.

Sitting and watching animals directly in the wild is an integral part of formulating
guestions ath gaining insight into lifehistory strategies. Human senses not only pick up
sight, but also sound, smell and touch, which the mind can integrate to provide a more

comprehensive, realistic understanding of the proximate causes of animal behaviour.
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Camerashave clear economic benefits over the establishment of staffed field camps.
However, the benefit of having a computerized system collecting information will often
beoutwei ghed by the advantages of human eyes a
6héwquestions that drive our curiosity and f

Summary

The automated camera system, designed by Scientific Fisheries Systems Inc. was
deployed from July 200# July 2005 on Southwest Brothers Island in Southeast Alaska

to evalaate its potential to monitor sea lion numbers on rookeries and haulouts over
extended periods, in remote locations. The system had no noticeable impact on the
environment or the sea lions, and severe climate and interference from insects, birds, or
mammalsdid not negatively affect it. Counts of animals from the digital images were
consistently lower than direct counts by field biologists, and averaged approximately
78% of the direct counts under optimal conditions. The linear model of the two methods
of caunting animals suggested the correction factor would be consistently relfable (r
0.99). Counts from photographs reflected generalusieetrends, but were not completely
accurate representations of actual animal movement due to its limited scopé&c Speci
data such as brand-sgghts and individual behaviours such as suckling/nursing will still
have to be gathered by direct observation. The camera systems may provide a novel
approach in the future to fill in gaps in counts and monitor sites when reseacannot

be physically present.
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Chapter 5 : General conclusions

The goals of my study were to document weaning behaviour in Steller sea lions, record
site-fidelity in relation to seasonal haulout patterns and activity levels, and evaluate an
automated timéapse camera system as a means to monitor use of local haulouts of
animals. In order to accomplish these goals, | conducted behavioural observations and
counts at a colony of Steller sea lions in Southeast Alaska for 13 consecutive months. A
weather station morded hourly environmental variables and a tlapse camera system

photographed the haulout every hour.

Weaning behaviour

My study revealed a high proportion of animals suckling beyond their first and even
second birthdays, with males showing a tengldnaemain associated with their mother
longer. | recorded no observable parefispring aggression and the offspring ended the
suckling bout more frequently than the female. The results shown in Chapter 2 suggest
that many females were not having a newyp each breeding season, opting instead to
continue nursing their current offspring. This flexibility in length of lactation may reflect
the sociability of this species and fluctuating prey resources, and may significantly affect

the population dynamicd &teller sea lions.

Haulout behaviour

The haulout patterns and activity levels of the colony were investigated over 13
consecutive months. The proportion of pups and juveniles making up the colony varied
significantly by season while proportions of fees®l SAMs, and bulls remained constant.

All animals abandoned the site from atthrch to midApril, when herring spawned and
eulachon arrived at the mouths of rivers. These two species are energy dense prey and
have a high spatitemporal predictability. Osr both summers of observation, the
animals changed their local site and hauled out on the opposite side of the island, a
topographically different area. No major disturbance was witnessed and the movement to

the new site appeared gradual and deliberatesifple explanation for this seasonal
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movement was apparent. Temperature and other indices were significant indicators of the
number of animals hauled out onshore. No diurnal haulout pattern during daylight hours

was found, in agreement with previous stésdconducted at this site.

Automated timéapse camera systems

| evaluated the efficacy and accuracy of the automatedléipse camera systems when
compared with direct counts. Even under optimal conditions, the counts of photographed
sea lions were 22 lower on average than counts made in the field. The systems
generally performed well when the weather was good, and the animals were hauled out in
their normal location. The cameras provide a novel means for future studies to keep track

of sitespecifictrends of animals when researchers cannot be physically present.

Strengths and weaknesses

Animals that live in a fluctuating environment need to adapt to constantly changing
conditions that affect their abilities to find food, avoid predators, and obtates.
Behaviour is one of the primary ways that animals adapt to the conditions they live in.
Behavioural studies are often difficult to carry out due to the often subjective nature of
categorizing what animals do. The behaviours and methods chosesvahdflanalysis

will influence the interpretation of results. Data obtained from focal animals may not be
entirely representative of the colony and
not be representative of the entire population of animals.yirstondy, not all animals

hauled out at the site were visible from our observation point. | assumed that the animals
within view were representative of the entire colony and that animals were not behaving

differently at areas that could not be seen.

Despit difficulties in conducting behavioural studies, my research is the first study
to conduct behavioural observations of one colony of Steller sea lions across all seasons
consecutively for an entire year. This allowed me the opportunity to have consistency
site, observers, and animals. The animals were more mobile than expected. It was

generally thought that there would be a core group of animals that would stay at the site
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consistently throughout the year, with others coming and going. Not only déshitinals

haul out at other areas and rocks around the island, but also data from our focal animals
revealed different animals remained at the site for variable lengths of time. This most
likely reflected seasonal availability of prey and the proximity dieothaulouts to my

study site.

Future studies

Research on weaning behaviour of otariids in the future would do well to use satellite
tags to track the movement of femaliéspring pairs. This information would clarify
whether they forage together and poialy allow the exact time of permanent separation

to be determined. Furthermore, behaviour at the rookeries during the breeding season
should be thoroughly investigated with regards to fealenilepup behaviour,
motheroffspring conflict, reproductie failure/loss of pup resulting in extended lactation,

and sexbiased behaviour to investigate the strategies of females that give birth to a new
pup and have a dependent offspring present. Further studies could take place at other sites
to determine theproportion of animals weaned at one and two years. Recommended
length of future weaning studies is one month which would ensure observing the
presence or absence of a mother with the young animal. Conducting a study before the
breeding season may be ina@te if weaning occurs at the rookery or if the mother lost

her pup early on and resumed nursing her previous dependent. October is the time when
most animals have returned from summer breeding rookeries to winter haulouts.
Therefore, observing sea lionsthis time would give confidence of whether the young

animal was independent or not.
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Appendix 1. Focal animal scans data sheets

FOCAL ANIMAL SCANS STELLER WATCH Michelle Marcotte
SW BROTHERS ISLAND 2004-2005 DATE (DD/MM/YY): OBSERVER:

First number- behaviour, Second number- association
TIME | 8:05|8:20| 8:35( 8:50 | 9:05 | 9:20 | 9:35| 9:50 |10:05/10:20|10:35(10:50{11:05[11:20|11:35|11:50

ANIMAL
1D
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FOCAL ANIMAL SCANS

STELLER WATCH

Michelle Marcotte

SW BROTHERS ISLAND 2004-2005 DATE (DD/MM/YY): OBSERVER:
First number- behaviour, Second number- association
TIME ]12:05[12:20(12:35|12:50{13:05|13:20]13:35|13:50({14:05|14:20]14:35[14:50| 15:05|15:20(15:35|15:50| 16:05
ANIMAL
ID
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Appendix 2. Animal behavioural codes at Southwest Brothers Island

GROUP BEHAVIOUR SCANS

ACTIVE (A) = moving, playing, aggressive displays, intengecalization, male
copulation

RESTING (R) = lying down, sleeping, sitting up with head pointed to sky veies
closed

LOW ACTIVE (LA) = small head movement, low level vocalization, sitting up with
eyes open, scratching/grooming, female copulation, rgirsin

SUCKLING = (S) suckling or searching for nipple

FOCAL SCANS

FOCAL SCAN BEHAVIOUR (1)

R =resting -lying down or head up with eyes closed

LA = low active -sitting up with eyes open, small head movements, low
vocalizations, scratching/grooming

PL =play -playing with objects (i.e. kelp) or with others

S = suckle -searching for nipple, suckling

Wa = water -swimming, playing in water on rock shelves, jumping in and out

M = Movement -moving around haulout, (walking)

A = aggressive -biting, hostile ineéractions, mock fighting, displays

V = Vocalization -loud vocalizations

O = other

99 = obscured -hard to make out individual, uncertain

FOCAL ANIMAL ASSOCIATION (2) (nearest neighbour)
1 alone

2 with juvenile

3 with mother

4 with mature female

5 with bull

6 with SAM

7 with other

The measure of association will be one adult female body length. If the animal is more
than one adult female body length from anyone else, it will be considered alone. If there
are several animals within on adult body lengthhe focal, the animal nearest to the
focal will be considered its associate. If several animals are equidistant to the focal, then
itowi | be marked as 6ot herod.
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Appendix 3. Disturbance data sheet

MISC. DISTURBANCE AND EVENTS Michelle Marcotte
SW BROTHERS 2004-2005 STELLER WATCH
DATE TIME | EVENT |REACTION HEf\DS HE(Z?DS #INTO | [VOCAL COMMENTS/ INITIALS

(DD/MM/YY) P Up | WATER f/¢ =

EVENT- Aircraft, Vessel, Bird, Whale(s), Unknown, Other
REACTION:

1. DETECTION- one or more animals with head raised and oriented toward potential disturbance
2. ALARMED- one or more animal move from its resting area, but did not enter the water

3. DISTURBED- more than one animal entered the water



Appendix 4. Group behaviour scans dta sheet (main haulout and other sites)
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