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ABSTRACT
Few quantitative data exist m  suring nocturnal burrow-nesting s¢ Hirds that were
heavily af :ted by predator introductions in the Aleutian Islands, e to challenges
associated with monitoring. I evaluated the feasibility of using automated recording and
recognition of call activity as a way to examine restoration. I assessed recording quality
and call  :ognition rate in the windy Aleutian environment, characteristic of remote
seabird | eding islands. With o1 7 3% of nights unusable due to wind noise, devices
were ex 2ly robust. 1used this1 thod to inventory call activity across the western
Aleutian Islands and relate patterns  recovery rate. [ fo 1d that nocturnal seabird
activity is positively related to tin  since eradication, however a number of other factors
render recovery rate complicated. order to encourage re-colonization I performed a
series of s ial attraction e:  :tir 5. Continued acoustic monitoring and artificial

attraction are required to promote population recovery throughout e Aleutian chain.
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recruitment rates (Lack 1968, Warh 1 1990, 1996), meaning that individuals lost to
predation cannot be quickly replaced (Moors and Atkinson 1984, Paulay 1994). When
non-native mammals are introduced into island ecosystems, populations of seabirds are
severely  uced, and small ground sting seabirds are often extirpated (McChesney and
Tershy 1998) or driven to extinction (e.g.. Guadalupe Storm-petrel Oceanodroma

macrodactyla; Jehl and Everett 1985).

1.1.3 Island Invaders in the Aleutians.

The Aleutian Islands have been invaded by many different predators including:
Norway Rats (Rattus norvegicus), Arctic Foxes (4lopex lagopus), House Mice (Mus
musculus), and ground squirrel (Sciuridae) (Ebbert and Byrd 2002). Foxes were first
introduced in the 1750s for the Russian fur trade, but the heyday for fox ranching
occurred in the early 20" century by American Enterprises when nearly every habitable
island (over 450) was stocked with foxes (Bailey 1993, Ebbert and Byrd 2002, Byrd et al.
2005). The highly adaptable Norway Rat has become established on 16 Aleutian Islands
due to accidental introductions durit  military occupation or establishment of fox farms
(Ebbert ar Byrd 2002). I pon hasrarely bi 1 quantified, but anecdotal evidence
indicates that insular seabird popr | ns were decimated after predator introductions

(Murie 1959, Bailey 1993, Byrd et al. 2005).

1.1.4 Island Restoration. —

1.1.4.1 Eradication of Island Invaders. —







Pelecanoic s urinatrix on N aIsland, New Zealand 10 years after House Mice

eradication; Miskelly and Taylor 2004).

1.1.4.2 Translocation.

Translocation involves moving chicks from their natal colony to a new site and
hand-rearing them to fledging (Serventy 1989) utilizing a key social behaviour of colonial
seabirds: imprinting to hatching site or natal philopz _, (Thibault 1993, Ovenden e dl.
1991). Ph Hpatric seabirds show low levels of dispersal {rom their natal site, a
characteristic ought to have evolved along with social organization and coloniality
(Stacey an Lignon 1991). When introduced predators extirpate philopatric seabirds, all
chicks tt ~ would imprint on and n to that colony are destroyed, resulting in no return
after eradication. In this case, seabirds can be translocated to re-establish populations
(Parker 2008, Griffith 1989). If¢ ; are translocated early enough in the imprinting
stage, they will recc 1ize the new site as the natal colony and return to breed as adults.
Translocation has been used for mair  avian species to re-establish populations at sites
where they were obliterated by intrc iced predators (e.g., Aleutian Cackling Goose
Branta hutchinsii leucopareia;, Byrd nd Springer 1976) or at new sites where the original
population is threatened by introd ed pred ors (e.g., Gould’s Petrel Prerodroma

leucoptera leucoptera; Pridell d C “ile 2001).

1.1.4.3 Social Attraction.
Many prospecting or pre-bre  ing colonial seabirds use “public or social

information™, the auditory, visual, and olfactory cues provided by the presence of
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National Wildlife Refuge b« 1n a fox eradication program and efforts accelerated after
consolid.  on of the Alaska Maritime NWR in 1980 (Ebbert and Byrd 2002).

Furthermo  the first successt rat dication in the Aleutians occurred at Rat Island in
2008 (W dseral 2009). Thishas ulted in a patchwork of islands with, without, and
at differer  stages of recovery from introduced predators, making the Aleutians an ideal

large-scale natural experiment to ' the recovery of seabirds (Ebbert and Byrd 2002,

Croll er al. 2005).

1.2.2 Nizki and Alaid Islands

Shemya, Nizki and Alaid Islands comprise the Semichi group in the Near Islands
among the western-most of the Aleutians (Fig. 1.1). Nizki and Alaid are frequently
joined by a sandbar at low tide, allowing access between islands (West 1987, Byrd et al.
1994). These small islands are extremely low with rolling hills generally under 60 m. In
the 1800s: d 700s Nizki/Alaid had a large and diverse population of breeding birds,
including seven endemics: 1 extensive waterfowl (Clark 1910, Murie 1937). Both
islands we  stocked with Arctic Foxes in 1911 and essentially all nesting bird
populatior  were drastically reduced or extirpated by 1937 (Murie 1937, Murie 1959,
Byrd et al. 1994). Foxes were removed from Nizki in 1969 and Alaid in 1975, among the

first successful eradications executed by the refuge.

1.2.3 Buldir Island

























acoustic a ysis due to their conspicuous vocal displays. which have been characterized
and linke  » context (e.g. Procellariidae; Robb er al. 2000). The ability of acoustic
devicesar c: recognition software to function in exposed conditions characteristic of
the Aleutians and most remote oceanic seabird colony sites was assessed. Activity levels
of pre-defined calls were used to construct relative indices « abundance for Leach’s and
Fork-taile Storm-petrels, Cassin Auklet and Ancient Murrelet among Aleutian Islands.

In Chapter 3, acoustic rect lings were used to compare recovery of nocturnal
seabirds across the western Aleutian lands. Relative indices of abundance were
compared 10ng islands with differing time periods since predator eradication in order to
determine eac species’ rate of reco y.

Finally, in Chapter 4, at a site where the recovery rate of nocturnal seabirds was
found to be low, olfactory and auditory social attraction cues combined with artificial

burrows were used in an attempt to ent ice storm-petrel re-colonization.
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In :field, Song Meters were placed according to criteria that included:
proximity to shoreline (50 — 150 m, close enough to appropriate seabird habitat. far
enough to  oid surf noise); elevation (<400 m); suitability of habitat for burrow-nesting
and other lonial seabirds; and shelter from wind. Song Meters were mounted on 1-
meter wooden stakes that were plac:  in the ground on vegetated headlands near the four
cardinal points of each island (Fig. = 1). A large volcano blocked passage to the east side
of Little Sitkin Island; the Song Meter here was instead placed to the northwest of the
island (Fig. 2.1). In 2008 Song Meters were placed on Amatignak, Little Sitkin. and
Buldir Islands from mid-June to early August (Appendix A). In 2009 Song Meters were
placed on Nizki/Alaid inste | of Lit : Sitkin throughout June and July, and the five other
Song Meters were placed in the same locations as 2008 on Amatignak and Buldir from
late May to early August. Afterre eving Song Meters from Amatignak and Little Sitkin
in 2008, we calculated the average recording quality for each site, observed
characteristics of sites with the best quality, and in 2009, placed Nizki/Alaid Song Meters

at sites with similar features.

2.2.4 Processing of Recor 1

R Hrding files (.wav) we uploaded for review using recognition software Song
Scope 2.3 (Wildlife Acoustics Inc.). Reco ng quality was evaluated and categorized
based on visual scans of spectrog . We scored each night on a scale from 1 to 5 based
on the amount of continuous broad band *white noise’ or wind noise that obstructed the

spectrograms. Categories for wind ¢  truction were: 1 - no background noise: 2 - light
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Recognition models could not be used at certain sites, for example at North Bight,
Buldir (see Results). Instead, we counted calls on 16 random nights, by visually scanning
spectrograms. Fork-tailed Storm-petrel flight calls and Leach’s Storm-petrel Chuckle
calls, whit  were especially abundant, were analyzed by subtracting periods of silence
trom a constant call rate. Both calls last for approximately 1 second each; resulting in a
constant | rate of 900 (60 * 15 for each 15 minute recording period), minus any
intermittent periods with no « ling.

To determine the number of nights a Song Meter would have to record in order to
capture nightly variation in call activity (minimum device nights in a season), we graphed
cumulative means for each of the 10st common call types (Leach’s and Fork-tailed
Storm-petrel Chuckle and flight call and Ancient Murrelet Chirrup call), at each site on
Amatignak Island (the only island with two years of data). We used a1 1dom numbers
table to select two nights (from a total of 92, 116, 95, and 106 nights at each site on
Amatignak, see Appendix A), took an average between numbers of calls on these nights,
and rep¢  :d this process 200 times :presenting 200 nights or approximately 7 months
of recordings), summing the cumulative means. We then observed on each graph, the

number of units it took for rando + to stabilize around the true mean (Figure 2.5).

2.2.5 Identifying and indexii  species
To characterize each i ind's noctu 1l seabird activity, we used a hierarchical
classification scheme based on the frequency of each call type identified by the

recognizers and noted during vis ans of recordings. We first identified simply
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inaccurate ' measured by such daytime surveys. Furthermore, beach surveys are often
brief, last g only a few days on islands that are visited infrequently (Byrd er al. 2005).
High vari  lity in number of nightly calls of each species (from zero Leach’s Storm-
petrel Chuckle calls to over 500 with Purr calls on the same Song Meter) indicates that
population figures of opportunistic surveys would be extremely skewed (Bailey 1978).
We therc sre conclude that Song Meters can act as a powerful, affordable tool.
complementing conventional monitoring techniques as a source of information to census
and monitor nocturnal seabird populations on remote islands.

Further work will be required to relate call activity to population numbers. It was
not possible to separate individual callers; therefore, here we evaluated relative
population status based on presence sence and abundance of raw call counts to compare
activity among islands. Additional approaches to be evaluated include: density functions.
correcting Hr recording qué y, and relating call frequency to known colony size (Borker
et al. 2010). Advanced work should address the feasibility ot quantifying numbers of
individuals present based on the unique features of each bird’s call. The calls of
nocturnal seabirds characteristically show extreme individual stereotypy (e.g.. Ancient
Murrelet Chi  ps, Joneser  1989; Leach’s Storm-petrel chatter calls, Robb e7 al.
2008). thi is apparent at the resolution of our recordings. As techniques become more
refined and processing methods more efficient, it may be possible for analysis to achieve
indexing at the individual level by recognition of stereotypical characteristics ot each

individual’s call.
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Nocturnal seabirds on Amatignak, Little Sitkin, and Nizki/Alaid were at a
completely unknown stage of recovery. Using acoustic recorders we shed some light on
which noc  nal birds were | sent, and using the known context of each call type we
attempted to interpret activity at each site. Whether numbers and diversity of nocturnal
seabirds w recover to pre-introduced prec or conditions is unknown. Our results
indicate these islands are recovering, because seabirds that were certainly excluded
by foxesa now breeding. However the rate of re-colonization and the mechanisms
behind it | ve, until now, gone unstudied. When introduced predators are eliminated, it
provides an excellent opportunity tc u ' patterns in re-colonization of affected
populations; knowledge that is es | to island conservation strategies. Conventional
monitoring techniques may not be s1 icient to examine these recovery patterns,
especially considering nocturnal : 1 other secretive species characteristic of the Aleutian
Islands. As recording technology automated recognition software advances, acoustic
monitoring can play an import 1t ) in studies of post-eradication island restoration on

hard-to-reach islands.
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Figure 2.4 alse n¢ tive rates incrc e (fewer calls identified by recognition models) as

the total number of calls of nocturnal species per night decreases.






HAPTER THREE
EVALUATING NOCTURNAL SEABIRD RECOVERY AFTER PREDAT(
ERADICATION IN THE WEST RN ALEUTIAN ISLANDS, ALASKA, USING

ACOUSTIC MONITORING

ABSTRACT

On oceanic islands, where € Hrts to eradicate introduced predators have increased over
the past few decades, there is an urgent need to identify factors affecting recovery of
seabird populations. Introd «dn nmalian predators have had devastating eftects on
colonial seabirds and other island -ifauna, and removal of these invasive species has
potentially large benefits to extir] ed or depleted populations. However, the rate and
means by which avian populations recover on islands after predator eradication have
gone largely unstudied. We used itomated acoustic monitoring to study patterns of
nocturnal  ibird recovery on islands with different time periods since introduced fox and
rat eradication in the western Aleutian Archipelago, Alaska. A total of 19 acoustic
recorders were deployed on six islar : during 2008 and 2009, comparing presence/
absence and call activity of different species. We found low nocti 1l call activity at
Kiska (9. 1s/64 device nights), an and where rats are still present, in contrast to
extremely high activity at the pristine colony of Buldir (approximately 95,140/14 device
nights). Also, we found inc  sir levels of call activity, from the lowest on Little Sitkin
(foxes removed 2000), to Amatignak (foxes removed 1991), to the highest on Kasatochi

(foxes removed 1984, volcanic eruption in 2008), but very low levels on Nizki/Alaid
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In summary, the objectives ¢ our study were to: 1) use activity indices based on
recorded vocalizations to survey the presence/absence of nocturnal burrow-nesting
seabirds across the western Aleutiar and evaluate patterns of recovery on islands with
differing - iods following predator eradication; 2) from observed patterns across sites,
identify f ors important to recovery; 3) examine the diversity of other avifauna
recorded and compare recovery r. :to  at of nocturnal seabirds; and 4) derive from the
combined results recommendations for island restoration and seabird population

management.

3.2 METHODS

3.2.1 Study sites

We assessed call activity of nocturnal seabirds across the western Aleutians with
16 automated acoustic recorders on  x different islands: three islands in 2008
(Amatigi k, Little Sitkinz | uldir) and five islands in 2009 (Amatignak, Nizki/Alaid,
Kasatochi, Kiska, and Buldir) (Ap;  lix A, Fig. 3.1). Islands were selected based on a
range of time periods since introdu | predator-eradication. All islands have typical
Aleutian habitat: treeless, windsv it, . smus/Umbel dominated sub-arctic grassland
tundra (Byrd ef al. 1994) and as a whole have a relatively uniform geologic, climatologic,
and marine environment (¢ ing 1991, Croll e al. 2005).

For comparative purposes, we placed one automated recording device in areas
with dense, active, nocturnal seabird burrows at North Bight, Buldir Is d (Appendix A).

Unlike most of the Aleuti: aldir (approximately 6.4 km lor  and 3.2 km wide, 657 m
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activity, v ile Chirrup, Chuckle, d male calls and distance to source had a slight
positive effect on call activity. There was more call activity when talus slopes or cliffs
and offshore islands were present, less call activity when no refugia were present, and
more activity when sites were close to oceanic habitat (Appendix C). Finally, similar to
Leach’s Storm-petrel Chuckle calls. iere was less call activity on nights with a full
moon.

Sit lar to Leach’s Storm-pe 1 Chuckle call activity, the Ancient Murrelet
Chirrup call model with the most support included all variables except Leach’s Storm-
petrel Chuckle calls and Fork-tailed :orm-petrel flight calls with 60.4 % of the total
weight among models and was 1.5t  es more likely than the global model. All variables
in the most parsimonious model had a significant effect on call rate, except distance to
Buldir (A] endix C). All continuous variables, including years since predator
eradicatic , distance to source, and island size and Song activity had positive eftects on
call activity. Estimated ma nal means cc d not be constructed due to maximum step-
halvings ‘:ached in the model prc 1 ng inflated values. However, it appeared as though

there was more activity at sites w 1 cliffs present, and at sites close to oceanic habitat.

3.3.3 Other Species Recorc  —

We recorded 22 other species (Table 3.6). Species such as Rock Sandpiper

(Calidris ptilocnemis) and Glaucc -winged Gull (Larus glaucescens) were recorded at
all sites. Lapland Longspur (Calcarius lapponicus) and Aleutian Cackling Goose \

(Branta hutchinsii leucopareia) were also recorded across most sites, although Lapland !
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individuals — Byrd ef al. 2005) is lieved to persist at Little Kiska Island near Kiska
Harbor. If predation pressure by rats were removed from the larger island of Kiska, this
sub-colony could provide individuals to re-colonize the main island.

We found that island size was included in top models explaining patterns in call
activity for all three species, suggest 2 that island size plays a role in nocturnal seabird
recovery. According to the theory of island biogeography, extirpation is more likely on
small isla s, and therefore post- cation re-colonization may take longer (MacArthur
and Wilson 1967). Seabirds: less kely to re-colonize smaller islands (such as
Nizki/Alaid), due to higher chances of complete extirpation from these islands when
predators are introduced.

We found that distar  from la : predator-free source colonies (Buldir and
Chagulak) and closest small sub-co iies (Gareloi, Rat, Agattu, and Koniuji - Byrd ef al.
2005) were included in the most monious models for all three species. None of the
nocturnal species tested are known to exhibit natal philopatry (Gaston 1994, Huntington
et al. 1996, Boersma and Silva 20 1) so individuals are free to evaluate other islands for
breeding, erefore, dispersal is expected play a major role in distribution. Dispersal
distance and rate is unknown for nocti  al burrow-nesting species, but is likely aftecting
recovery rate.

Social facilitation, or habitat selection based on information obtained from
conspecifics or ecologically similar :terospecifics, also affected the recovery rate of
some nocturnal species (Kress 1997, Monkkonen and Forsman 2002, Ward and

Schlossl 2004). Fork-tai 1Stc  petrel flight calls were positively related to both
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best opp  unity to quantify pre-fox d rat distribution of nocturnal seabirds on Aleutian
Islands, more of which are needed to evaluate modern recovery pattert  Further Song
Meter deployments should expand analysis to other islands across the / :utians in order
to tease 0 details and important factors impacting recovery. Also, at islands where site
characteristics do not allow for fast rates of recovery for nocturnal species, for example
on Nizki/Alaid, more extensive r 1agement may be required post-eradication. In is
case, social attraction techniques or  nslocation could be used to encourage a faster rate
of re-colonization. We suggest furtl  study into the mechanisms of seabird re-

colonization in order to facilitate the recovery of historically damaged populations.
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Scolopacidae

Troglodytidae

Bar-tailed Godwit
Limosal » ‘ca
Common Sandpiper
Actitis hypoleucos
Greenshank

Tringa nebular
Rock Sandpiper
Calidris ptilocnemis
Wandering T

Tringa ana
Wood ! ;T
Tringa !

Winter Wren

Troglodytes troglodytes

Total species

96
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Figure 3.2 Patterns in recovery of n  turnal seabirds in the western Aleutians. Nightly
call activity of Leach’s Storm-petrel, Ancient Murrelet, and Fork-tailed Storm-petrel on 6
islands. I nds from lefttor 1t ave increasing time periods since predator eradication
(Kiska still has rats resent; foxes r 10oved from Little Sitkin in 2000, Amatignak in

1991.Ka ochiin 284, and Nizki/Alaid in 1969/1975; and Buldir never had introduced

predators).
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social con aints (Podolsky and Kress 1989) and demographic factors (Warham 1990).
Thus there : now an urgent need for information regarding cues used in petrels” colony
formation behaviour.

Few attempts have been made to attract petrels to new sites using social attraction
and few projects have led to the establishment of a breeding colony at a new site
(Miskelly d Taylor 2004). Hov , it is widely known that storm-petrels are attracted
to artificial social cues and studies that have attempted to establish new colonies in this
way have been successful. Podol y and Kress (1989) lured Leach’s Storm-petrels to
abandoned sites in Maine using call playbacks and, within one season, found individuals
laying eggs in artificial burrows near speakers. Bolton e al. (2004) attracted Madeiran
Storm-petrels (Oceanodroma castrc using audio cues and similarly found that
individuals occupy artificial burrows closer to audio speakers. Grubb (1974) showed that
breeding Leach’s Storm-petrels nav ite to 1eir burrow using olfaction and are attracted
to their own nesting material, but ol :tion has not been used to date in social attraction
experiments.

T Aleutian Islands, Alaska are no exception to the trail of ecological devastation
following introductions of mamn | predators on formerly pristine oceanic islands.
Most islands were stocked with Arc : Foxes (4lopex lagopus) for the fur trade in the 19"
and 20" centuries and Norway Ra  Rartus norvegicus) were accidentally introduced to
several (Ebbert and Byrd 2002). C¢ sequ ly, the elimination or severe reduction of
Leach’s (Oceanodroma leucorhc . 1d  ork-tailed Storm-petrel (O. furcata) colonies on

islands used as fox farms was noted as early as 1937 (Murie 1959, Bailey 1993, Bailey
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were run Hr 21 nights in 2008 from 3 July — 6 August and for 34 nights in 2009 from
June 6 — 1ly 28. At 0030 h (approximate sunset) a toothpick was placed upright at the
entry to each burrow. On “playback™ nights, colony recordings (a medley of both storm-
petrel spe s calls) were broadcast on a TOA ER-2230 wireless megaphone from an ipod
shuttle frc 0030 h to 0500 h. On “playback and nesting material™ nights, in addition to
broadcast :calls, nesting n erial from the active storm-petrel colony on Buldir [sland
was placed in each burrow 1 20( and nesting material from the t-maze experiment was
placed in each burrow in 2009. Between 0530 h and 1100 h after each night, burrows
were checked for toothpick knockdowns or other signs of activity such as presence of
teathers or evidence of digging.

In order to analyze toothpick knockdowns as a function of years, sites, and
treatments we ran a GzLM with a P ison error structure and loglinear link. Data were
then broken down by year and a ¢ .M with a Poisson error structure and loglinear link

was run including only trei  2n’ n explanatory variable.

4.3 RESULTS

4.3.1 Playback

B¢ 1 Leach’s and Fork-tailed Storm-petrc  were strongly attracted to conspecific
playback. Within 10-15 min of | yback initiation, birds were actively circling and
calling. In both species, s” ific. :dy1 ire birds were caught on conspecific call
playback nights (Leach’s Storm-pe :l, G=317.9, df =4, P << 0.001; Fork-tailed Storm-

petrel G =105.5 df =4 P << 0.001). On conspecific playback nights that were especially
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knockdowns at site 2 (1.13 £ 0.26 EMM =+ SE) and less at site 1 (0.23 + 0.12) and more
knockdowns in 2008 (0.83 + 0.21) than in 2009 (0.37 £ 0.06).

When toothpick knockdowns were checked the morning after both “*playback™ and
“playback and material” nights in 2008, on five separate mornings (out of 9 playback
nights and 5 playback and ateri: rhts) freshly deposited storm-petrel feathers and
feces were observed on the plot. In )09, evidence of freshly dug burrows (dirt displaced
up to 15 cm) was observed, one at plot 2 and one at plot 3. In 2009, on a “playback and
material” night, at 0030 h whenn¢ g material was placed inside a burrow on plot 1 an
unidentified bird flew out. Except for this one occasion. no evidence was found of storm-

petrels inhabiting or taking up daytime residence in artificial burrows.

4.4 DISCUSSION

Pre-breeding storm-petrels in natural surroundings were strongly attracted to
playback of cor | :cific and hetero: cific calls, and Fork-tailed Storm-petrels were
attracted to conspecific odour in an experimental maze. Attracting individuals to artificial
burrows using these auditory and Ifactory cues was not as straightforward, with
significant results only in the second year of experimental attraction. Social attraction
experiments on Amatignak Island v ¢ highly successful in attracting pre-breeding and
prospecting storm petrels, but rer 1 nent of these individuals as breeders was not
achieved  our short-term experiment and deserves more discussion.

Our results show a strong | ction of both Leach’s and Fork-tailed Storm-petrels

to conspecific call playback, as in other storm-petrel species (Leach’s Storm-petrel:
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A n it may be possible to attract pre-breeding storm-petrels to abandoned
sites in the Aleutians, whether or not social attraction is a suitable method of speeding re-
colonizatic is yet to be determined. Playbacks and scented materials attracted many
birds, and ter just two seasons ¢ ouraged individuals to enter artificial burrows.
Consider g storm-petrel’s™ ea; at first breeding and the rge diffuse nature of
suitable I tat across the Aleutian Islands, storm-petrel attraction as a conservation tool
in the Aleutians may be more cost-effer ve on a longer time-scale. If this experiment
were to continue to a point where all pre-breeding birds reached an age appropriate for
recruitment, storm-petrels r  / have inhabited and bred in artificial burrows. There is
now a nee for research concerni :storation techniques for petrels, especially in the
Aleutian Islands, where stc  -pet  populations were decimated by introduced foxes.
This study represents a first step  srking towards producing a protocol by which burrow-
nesting seabirds can be resto | to their former breeding numbers across the Aleutian

chain.
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Table 4.1 Estimated Marginal Mean captures of Leach’s and Fork-tailed Storm-petrel
during five different playback treatments, showing higher captures during conspecific call
playback (N control = 20 sec increments of music, S control = silence, Leach’s =
playback of Chuckle and Purr cal ~ Fork-tailed = playback of flight and male calls, and

Colony = both Leach’s and Fork-tai 1 calls mixed).

95% Wald Confidence
Interval

Species Treatment  Mean SE Lower Upper

LESP Colony 4.81 0.321 4.18 5.44
Fork-tailed 0.42 0.0¢, 0.23 0.61
Leach's 6.61 0.381 5.86 7.35
N Control 0.30 0.079 0.14 0.45
S Cor ol 0.09 0.043 0.00 0.17

FTSP Colony 043 0.092 0.25 0.61
Fork-tailed 1.47 0.186 1.10 1.83
Leach's 0.17 0.058 0.06 0.29
N Control 0.14 0.052 0.04 0.25
S Control 007 0037 0.00 015
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efficient. Using acoustic recorde we confirmed breeding of seabirds on islands thought
to be abandoned due to fox fi 1ing when surveyed using conventional monitoring
techniques (boat surveys). Relative indices of abundance were constructed to compare

call activity between islands and sites.

Acoustic monitoring provided a cost and time effective way (placing devices to
collect data, rather than setting up an expensive field camp for biologists to collect data)
to collect large amounts of data that lowed comparison of relative nocturnal seabird
abundance and in some cases, conf 1ed breeding. Limitations of this new monitoring
system were recognized: pr  arily, hough acoustic recording provides a comparative
index of abun ince, it does not give opulation estimates. The relationship between call
activity and popt 1ition size is curre ly unknown and caution should be taken not to
confuse num! - ofcalls wi _ number of individuals. Future research should focus on
relating call activity to known pc tion size or identifying individual birds based on

differences in call features.

2) Using this new acoustic sur ethod to compare nocturnal seabird activity in the
western Aleutian Islands and ing differences in call activity to patterns and rates
of recovery.

Evidence that seabird populations :over after  noval of anthropogenic sources of
mortality (introduced predators) is often anecdotal. Most research has focused on the
negative impacts of introduced mammalian species on seabird populations. such as

decreasing hatching success and ad  : survival, and the likely positive impact eradication
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From a management persp tive my study is practical. The tested techniques can
be used w 1 any hard-to-measure s »ird in any island system around the globe.
Acoustic  :orders can be placed on islands before and after eradication to gather
information about nocturnal seabirds, and for islands that have low recovery, social
attraction can be used. This system represents a cheap and effective island conservation
strategy. Considering 52% of nocturnal burrow-nesting petrel species (family
Procellariidae) nesting on remote islands are threatened (Birdlife International 2008).

innovative conservation and restor ion techniques such as these are essential.
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detect important elements of tt  voc : ion and if it is too high, recognizers will be
more susceptible to background noise.

Maximum Complexity: limits the size of a recognition model to a specified number of
"states". [f vocalizations of interest are highly varied, consisting of many syllable types.
more comj :Xity may be required.

Maximum esolution: limits the size of spectral "feature vectors”. Vocalizations rich in
spectral complexity (broadband ¢ s) may require more resolution. Low quality
recordings may require low resoli to match poor spectral resolution.

Recognition model results (in Song Scope):

Cross Training/Total Training: shov the average and standard deviation of the "fit" of
excluded annotation ids (calls or *tri ing d a’ included when building the model) and of
all training data in the final )del. A low score may indicate that the generated model
may not accurately represent the vo  ization.

Model States: the size of the model.

Feature Vector: same as the Max. Resolution.

Syllable Types: the imber of different syl »le classes used to construct the final model.
State Us: : indicates the ave gez | indard deviation in the number of different states
traversed by each vocalization

Mean Symbols: indicates the average and standard deviation of the number of symbols
contained within each vocalization

Mean Duration: Indicates the ave and standard deviation of the duration of each

vocalizat’ 1
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Dynamic inge: 20dB

Maximum Complexity: 48; ¥ imum Resolution: 4

Recognizer Information —

Cross Training: 75.56% +/- 4.14% Total Training: 75.48 +/- 3.83%
Model States: 45 State Usage: 27 +/- 8

Feature Vector: 4 Mean Symbols: 63 +/- 14

Syllable Types: 7 Mean Duration: 1.14 +/- 0.22s

Total high quality calls used: 2

Total Field annotated calls used: 15 >m the Southern Song Meter, 2 from the Western
Song Meter, and 2 from the Norther Song Meter

Ancient Murrelet Chirrup er

Sample rate: 16,000Hz; FFT Size: 256; FFT Overlap: Y2

Frequency Min: 45 FFT bins (2812 Hz); Frequency Range: 60 (2812-5938 Hz)
Background Filter: 1s

Max Syllable: 50 (0.5 sec); Max Sy ble Gap: 30 (0.3 sec)

Max Song: 30 (3 sec)

Dynamic Range: 18dB

Maximum Complexity: 48; Maxi 1 :solution: 4

Recognizer I1 >rmation —

Cross Training: 71.97% +/- 2.63' ~ al Training: 72.63 +/- 2.36%
Model States: 46 State Usage: 24 +/- 8

Feature Vector: 4 Mean Symbols: ¢ +/- 10
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Fork-tailed Storm-petrel Flight Call recognizer 2 (for high background noise
situations)

Sample r: :: 12,000Hz; FFT Size: 256; FT Overlap: 2

Frequency Min: 45 FFT bins (2812 Hz); Frequency Range: 60 (2812-5938 Hz)
Background Filter: Is

Max Syll:  2: 50 (0.5 sec); Max Syllable Gap: 30 (0.3 sec)

Max Song: 30 (3 sec)

Dynamic Range: 18dB

Maximum Complexity: 48; Maxim  Resolution: 4

Recognizer Information —

Cross Training: 71.97% +/- 2.63' Tot: Training: 72.63 +/- 2.36%

Model States: 46 State Us: 24 +/-8

Feature Vector: 4 Mean Symbols: - +/- 10

Syllable Types: 7 Mean Dv  ion: 0.45+/-0.10's

Total hi; quality calls used: 5

Total Field annotated calls used: 3 from the Western Song Meter, 6 from the Eastern

Song Meter, and 2 from the Nortl Song Meter

*all other settings were kept at defai
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