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SUMMARY

Diving is an ecologically important behaviour that provides air-breathing predators with
opportunities to capture prey, but that also increases their exposure to incidental mortality
(bycatch) in commercial fisheries. In this study, we characterised the diving behaviour of
26 individuals of three species, the black-browed albatross Thalassarche melanophris,
grey-headed albatross T. chrysostoma and light-mantled albatross Phoebetria palpebrata,
breeding at Bird Island, South Georgia. Individuals were tracked using Global Location
Sensor (GLS)-immersion loggers and time-depth recorders (TDRs) and, for two species,
Global Positioning System (GPS) loggers. Although the TDRs recorded 589 dives (defined
in this paper as submersion > 1 m), average dive depths and durations were just 1.30-1.49
m and 2.5-3.3 s, respectively, for the three species. In addition, many individuals (22% of
black-browed, 20% of grey-headed, and 57% of light-mantled albatrosses; total n = 9, 10
and 7 individuals, respectively) did not dive at all. Most dives occurred at the distal end of
foraging trips and were rare during the commuting phase. No dives took place in darkness,
despite long periods spent on water at night. The limited and shallow dive activity contrasts
with impressions from a previous study using capillary-tube depth gauges (which are less
accurate than TDRs) and has implications for the susceptibility of albatrosses to bycatch
on longlines. This study provides further support for regulations requiring night setting and
increased sink rates of baited hooks to help mitigate albatross bycatch.

1 Noting Article XIll(1)(c) of the Agreement on the Conservation of Albatrosses and Petrels, the
references included in the present document are made exclusively for academic/scientific purposes and
have no implications whatsoever for recognition of territorial sovereignty or the legal status of a state,
territory, area, or their authorities, where relevant.
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Abstract

Diving is an ecologically important behaviour that provides air-breathing predators with opportunities to capture prey, but
that also increases their exposure to incidental mortality (bycatch) in commercial fisheries. In this study, we characterised
the diving behaviour of 26 individuals of three species, the black-browed albatross Thalassarche melanophris, grey-headed
albatross T. chrysostoma and light-mantled albatross Phoebetria palpebrata, breeding at Bird Island, South Georgia. Indi-
viduals were tracked using Global Location Sensor (GLS)-immersion loggers and time-depth recorders (TDRs) and, for two
species, Global Positioning System (GPS) loggers. Although the TDRs recorded 589 dives (defined in this paper as submer-
sion> 1 m), average dive depths and durations were just 1.30-1.49 m and 2.5-3.3 s, respectively, for the three species. In
addition, many individuals (22% of black-browed, 20% of grey-headed, and 57% of light-mantled albatrosses; total n=9, 10
and 7 individuals, respectively) did not dive at all. Most dives occurred at the distal end of foraging trips and were rare during
the commuting phase. No dives took place in darkness, despite long periods spent on water at night. The limited and shallow
dive activity contrasts with impressions from a previous study using capillary-tube depth gauges (which are less accurate
than TDRs) and has implications for the susceptibility of albatrosses to bycatch on longlines. This study provides further
support for regulations requiring night setting and increased sink rates of baited hooks to help mitigate albatross bycatch.

Introduction

Many seabirds, including penguins, cormorants, alcids, div-
ing petrels and some shearwaters are considered special-
ist divers, often foraging at depths > 10 m, whereas most
other seabird species undertake only brief, shallow dives or
feed largely at the surface (Croxall and Prince 1980; Harper
1987; Navarro et al. 2014). As various types of fishing
gear (e.g. gillnets, trawls, pelagic and demersal longlines)
are set and operate at different depths, diving capability is
a key determinant of the likelihood of incidental mortal-
ity (bycatch) (Anderson et al. 2011; Zydelis et al. 2013;
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Crawford et al. 2017). Many seabird species are of high
conservation concern because of negative interactions with
fisheries (Phillips et al. 2016). As such, quantifying their
diving behaviour is fundamental to understanding not just
their ability to access prey, but also their susceptibility to
this anthropogenic threat.

Bycatch in commerecial fisheries is a main cause of popu-
lation declines in many albatrosses and large petrels (Phil-
lips et al. 2016). These species mature slowly, have high
adult survival, and low reproductive output, which means
any additional adult mortality—e.g., as bycatch—can have
major implications for demography (Thomson et al. 2015;
Pardo et al. 2017). Research on bycatch mitigation in com-
mercial fisheries has been extensive in recent years (Sulli-
van et al. 2018; Robertson et al. 2018; Jiménez et al. 2018).
In longline fisheries, use of bird-scaring lines (BSLs; also
called streamer or tori lines) aims to discourage birds from
targeting hooks during setting, and heavier line-weighting
regimes aim to sink baits more rapidly beyond their reach
(Jiménez et al. 2018). Baits may also be released below the
surface by a machine (Robertson et al. 2018), or devices
(such as Hookpods) used to cover the sharp section of the
hook until it reaches a particular depth (Sullivan et al. 2018;
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Goad et al. 2019). As pelagic and demersal longliners in the
Southern Hemisphere set 100 s of millions of hooks per year
(Clay et al. 2019), it is critical to know at what depths these
pose a threat to different seabirds to refine bycatch mitigation
strategies, including minimum line-weighting regimes and
aerial extents of BSLs. Information on diurnal activity pat-
terns, including diving, of seabirds can also inform policies
on restricting setting times.

In general, albatrosses appear morphologically to be
poorly adapted to diving. Indeed while the typical relation-
ship for most orders of seabirds is that maximum dive depth
scales positively with body mass, this does not apply in the
Diomedeidae (Navarro et al. 2014). Early studies of alba-
trosses deployed capillary-tube depth gauges to measure the
absolute maximum dive depth during the deployment period
(Prince et al. 1994), whereas more recently, time-depth
recorders (TDRs) have been used to record depth, duration
and shape of all dives (Hedd et al. 1997; Huin and Prince
1997). Dive depths recorded by capillary depth gauges were
unexpectedly high, ranging from mean + SD and absolute
maxima of 2.5 m+1.3 m and 4.5 m in black-browed alba-
trosses Thalassarche melanophris, to 4.7 m+3.4 m and
12.4 m, respectively, in light-mantled albatrosses Phoebe-
tria palpebrata, which led the authors to speculate that the
latter species was as proficient at diving as gannets (Suli-
dae) (Prince et al. 1994). Subsequent studies using TDRs
have recorded shallower diving in other albatrosses, with
mean and maximum dive depths of 0.6 m+0.2 m, and
2.5 m, respectively, in black-footed albatrosses Phoebastria
nigripes, and of 1.9 m+ 1.7 m and 7.4 m in shy albatrosses
T. cauta (Hedd et al. 1997; Kazama et al. 2019). A study of
three black-browed albatrosses using a back-mounted camera
with a pressure sensor also found that dives were infrequent
and shallow (mean depth 1.46 m) (Sakamoto et al. 2009).
Several studies have shown that capillary gauges overesti-
mate depth, possibly because of high pressures experienced
when birds hit the water at speed (Burger and Wilson 1988;
Hedd et al. 1997; Navarro et al. 2014). Nor do they record
dive frequency or duration, better indications of foraging
style and breath-hold capability. As capillary gauges only
record the single deepest dive during each deployment, this
inflates the importance of these outliers when drawing eco-
logical inferences. Therefore, TDRs allow more meaningful
ecological conclusions to be drawn.

A detailed understanding of albatross behaviour at sea
requires a combination of bio-logging devices. Global Posi-
tioning System (GPS) loggers, geolocators (Global Loca-
tion Sensor or GLS loggers) and satellite transmitters allow
habitat use to be determined, and saltwater immersion log-
gers allow flights and landings to be distinguished. Oppor-
tunistic foraging can be inferred by landings in the middle
of directional transits, and area restricted search by higher
turning rates and increased landings as the predator exploits
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a profitable patch of resources (Catry et al. 2004; Weimer-
skirch et al. 2007). Feeding attempts cannot be distinguished
from resting using immersion data, which is an important
limitation given albatrosses spend long periods on the water
overnight (Weimerskirch and Guionnet 2002; Catry et al.
2004; Phillips et al. 2005; Phalan et al. 2007). Albatrosses
were initially thought to be primarily nocturnal foragers, as
grey-headed T. chrysostoma and light-mantled albatrosses,
in particular, feed their chicks with substantial amounts of
vertically-migrating squid, and all species were observed
feeding at sea at night (Harper 1987; Prince and Morgan
1987). More recent studies propose that while some sit-
and-wait feeding occurs at night, this strategy is only used
because visual detection of prey is difficult in low light con-
ditions (Phalan et al. 2007; Weimerskirch et al. 2007). Fur-
ther evidence supporting largely diurnal foraging is that the
eyes of albatrosses are adapted for the visual pursuit of prey
in daylight (Martin 1998). Timing of activity has impor-
tant implications for conservation, as albatross bycatch is
reduced when longlines are set at night (Bull 2007; Jiménez
et al. 2020). Although immersion events can be interpreted
in different ways, dive events are almost certainly indica-
tive of feeding attempts, and their presence or absence can
clarify foraging style.

The main objectives of this study were to quantify and
contextualise dive events using both immersion and loca-
tion data, and to construct a more comprehensive picture
of albatross foraging behaviour in the breeding season. We
aimed to accurately characterise diving depth, duration and
frequency in three albatross species, including black-browed
albatrosses and grey-headed albatrosses (both frequently
caught in longline fisheries) and light-mantled albatrosses
(previously suggested to be the most proficient divers; Prince
et al. 1994). We hypothesised that typical dive depths for
these species would be much shallower than the maximum
depths previously reported using capillary gauges. As the
eyes of albatrosses are adapted for diurnal foraging (Martin
1998), and they are generally more active in daylight than
darkness (Phillips et al. 2007), we predicted that most dive
activity would occur during the day. Results are discussed
in the context of susceptibility to bycatch in longline fisher-
ies, and the implications for refining approaches to bycatch
mitigation.

Materials and methods

Device deployments

All devices were deployed at Bird Island, South Georgia
(54° 00’ S, 38° 03" W) on breeding birds during the aus-

tral summer 2009/10. Black-browed albatrosses (n=9)
and grey-headed albatrosses (n=10) were tracked during
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brood-guard, and light-mantled albatrosses (n=7) during
incubation, in all cases for a single foraging trip. Three
types of GPS logger were used: i-gotU GT-120 (Mobile-
Action Technology, Taiwan; 25 g), MiniGPSlog (earth &
OceanTechnology, Germany; 25 g) or MicroGPSlog (earth
& OceanTechnology, Germany; 10 g). These were usually
set to obtain a fix every 10 or 15 min and attached to mantle
feathers using fabric (Tesa®) tape. In addition, a combined
GLS-immersion logger (Mk19, British Antarctic Survey,
Cambridge, UK; 2.5 g) attached by a cable-tie to a plastic
ring was deployed on one tarsus, and a TDR (Cefas G35,
Cefas Technology Ltd, Lowestoft, UK; 2.7 g or 6.5 g), also
on a plastic ring, on the other tarsus. (Details of devices used
for each individual available in the electronic supplementary
material.) Attachment of devices took < 10 min. Maximum
instrument loads were < 1.5% of mean body mass, and hence
well below the threshold of 3% above which deleterious
effects are more common in albatrosses (Phillips et al. 2003).
TDRs had a 0.03 m depth resolution, and on black-browed
and grey-headed albatrosses recorded depth every 1 s for the
duration of the foraging trip. Those on light-mantled alba-
trosses recorded depth every 1 s on every third day. GLS-
immersion loggers tested for saltwater immersion every 3 s
and recorded every change of state from wet to dry and vice
versa that lasted 6 s or more, providing the timing of land-
ings and take-offs from the water. The calculated immersion
times included all time that the bird had its legs in the water
(i.e. resting, surface feeding, and diving). The term “diving”
hereafter refers only to events during which the tarsus of the
bird submerges to > 1 m depth.

Dive analysis

Depth data were manually corrected for a drifting surface
level. The dive threshold was set at 1 m depth (Navarro et al.
2014; Bennison et al. 2018), as this best reflects the accuracy
of the pressure sensor (1% at 10 bar device range). This
threshold also reduces noise associated with surface pres-
sure changes and wave action and ensures recorded ‘dives’
reflect prey capture attempts rather than other surface behav-
iours. We acknowledge that because the TDR was mounted
on the tarsus, a dive record of 1 m may represent a bird
whose head can access prey beyond this depth, given a body
length of ~0.8 m. Dive parameters (maximum depth, dura-
tion) were extracted for each dive. Uncertainty, particularly
at shallow depths, is hard to quantify without accurate data
on in-situ barometric pressure, but by using a 1 m threshold
we were able to more confidently remove false dive events
from analysis if they did not meet minimum criteria as fol-
lows: (i) start depth >0 m, (ii) depth change rate at the start
of the dive < 1 m/s, (iii) depth change rate at the end of the
dive <2 m/s, and (iv) depth change rate just before the start
of the dive <0 m/s, confirmed by visual inspection of all

dives. Dives were analysed using IGOR pro (Wavemetrics,
version 6.3, Portland, OR, USA). Mean depth, duration and
frequency of dives were calculated for each individual. A
Fisher’s exact test was used to compare the proportions
of non-divers between species. Dives were also assigned
to daylight (between sunset and sunrise), twilight (from
civil twilight to the nearest sunset or sunrise), and darkness
(between civil twilights) based on GPS location and time,
using standard astronomical calculations in the R package
SGAT (Sumner et al. 2009).

GPS and immersion analysis

GPS tracks were interpolated to 1-s intervals for behavioural
matching and 5-min intervals for visualisation using the R
package adehabitatLT (Calenge 2006), and the start and end
of each foraging trip was estimated to +5 min from GPS
locations, confirmed by immersion data (first wet event, as
albatrosses almost always bathe before departing on a trip;
Granadeiro et al. 2018). Immersion and dive events were
then matched by time to GPS locations interpolated at 1-s
intervals for black-browed and grey-headed albatrosses. GPS
data were unavailable for light-mantled albatrosses because
of battery depletion or water ingress into the devices. Total
immersion time was calculated for each trip. Immersion
events were categorised as occurring in daylight, twilight
or darkness in the same manner as dive events (described
above). Sample sizes varied between analyses in cases
where, for the same bird, one type of data was unavailable
(e.g. GPS). All processing of GPS tracks, summarising and
cleaning of data, descriptive statistics and mapping were
undertaken in R version 3.6.2 (R Core Team 2019). Values
are given as the mean + SD unless indicated otherwise.

Results

Average dive depths, durations and frequencies (per day
and per trip) for grey-headed and black-browed albatrosses
tracked during brood-guard, and light-mantled albatrosses
tracked during incubation from Bird Island (South Georgia)
are shown in Table 1. No dives were recorded for two of the
nine black-browed, two of the 10 grey-headed, and four of
the seven light-mantled albatrosses that were tracked. There
was no statistically significant difference between these
ratios (two-tailed Fisher’s exact test, P=0.28). The mean
maximum depths of diving individuals from all three species
were < 1.5 m, and the deepest dive for any bird was 6.0, 3.4
and 2.0 m for black-browed, grey-headed and light-mantled
albatrosses, respectively. Mean dive durations ranged from
2.5-3.3 s. Number of dives per trip and maximum dive
depths were highly variable between individuals (Fig. 1).
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Table 1 Summary of dive events for three albatross species tracked from Bird Island (South Georgia), in austral summer 2009/10. ‘Non-divers’
indicates birds for which no dive events were recorded by the TDRs. All values are means + SD unless otherwise stated

Dive duration
();

max duration

Species Breeding stage Dive depth (m);
max observed

depth

Dives per trip Dives per day n dives n birds tracked n (%) non-divers

Black-browed
albatross

Grey-headed
albatross

Light-mantled
albatross

Brood-guard 1.49+0.17;6.0 3.30+0.6; 15

Brood-guard 1.47+0.34;3.4 2.85+0.9;8

Incubation 1.30+0.32;2.0 2.50+009;5

36.55+53.79 17.83+27.15 329

22.50+44.74

NA

9 2 (22%)

9.13+16.62 225 10 2 (20%)

0.44+0.23 10 4 (57%)

Fig. 1 Dive depths recorded

from black-browed albatross

LMA

(BBA) grey-headed albatross
(GHA) and light-mantled
albatross (LMA) tracked from
Bird Island (South Georgia)
during the 2009/10 breeding
season. BBA and GHA tracked
during brood-guard, and LMA
tracked during incubation. Jitter
is used to emphasise variation
in a number of points (dives)
between individuals. Note that
for all species only the IDs of
birds that dived appear on the
plot
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Grey-headed albatrosses generally dived at the most distal
portions of foraging tracks, and travelled north of Bird Island
to the Antarctic Polar Front, whereas with one exception,
foraging and dives in black-browed albatrosses took place
closer to South Georgia (Fig. 2).

Average proportion of time spent immersed was
25.5+14.5% of brood-guard trips lasting 1.9 £0.7 days in
black-browed albatrosses (n=9) and 20.4 +2.6% of trips
lasting 2.8 + 0.4 days in grey-headed albatrosses (n=38);
in all cases, total time spent diving was <0.5% of the trip
(Fig. 3a). Light-mantled albatrosses (n=7) spent an aver-
age of 27.2+7.8% of incubation trips of 14.2 +5.0 days
immersed; total time spent diving was always <10 s
(Fig. 3b).

Of the total time that black-browed albatrosses (n=28)
spent on water, 42.7 +16.9% occurred during the day,
4.1 +3.4% during twilight, and 53.2 + 18.3% at night. In
grey-headed albatrosses (n=28), 25.2 +8.3% of immersion
occurred during the day, 2.8 +3.2% during twilight, and
72.0+10.5% at night. (Fig. 4).

@ Springer
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More than 95% of dives that could be matched to GPS
locations (n =308, black-browed albatrosses; n =219, grey-
headed albatrosses) occurred during daylight, with all others
(3.6% and 4.1% of dives for black-browed albatrosses and
grey-headed albatrosses, respectively) occurring during twi-
light. No dives were recorded in darkness.

Discussion

Here we integrate measures of albatross activity at sea,
combining geographic location, flights, landings, and
diving behaviour during the brood guard (black-browed,
grey-headed) and incubation (light-mantled) stages of the
breeding season. We provide detailed data on diving depths,
durations, frequencies and timing for albatrosses using
TDRs, and show that dives are infrequent, diurnal and shal-
low in all species. Indeed, albatrosses show greatly reduced
diving activity than might be inferred from the maximum
dive depths estimated using capillary depth gauges for these
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Fig.2 GPS tracks (grey), immersion events during the day (light blue
points), twilight (medium blue points) and night (dark blue points)
and dive events (red X) for black-browed albatrosses (left, n=28), and
grey-headed albatrosses (right, n=28) tracked from Bird Island, South

species at the same study site close to 30 years ago (Prince
et al. 1994).

Defining what constitutes a dive is critically important
when comparing dive metrics among species. Reaching prey
located at 0.5-0.7 m depths may only require a surface dive
for a large bird, whereas in smaller species where this dis-
tance is at least one—maybe two—times their body length, it
will represent a wing-propelled pursuit dive (Harper 1987).
Previous work on grey-headed albatrosses using TDRs con-
sidered a dive to be any record deeper than 0.1 m (Huin and
Prince 1997), whereas we only considered dives to occur
when the tarsus exceeded a threshold of 1 m (a common
threshold used in more in recent work using the same logger
type (albeit for deeper diving species), e.g. Navarro et al.
(2014), Bennison et al. (2018)). This not only better accounts
for levels of sensor accuracy and data noise, but we consider
it to be more ecologically appropriate as the average body
length of these birds is 0.8 m (Warham 1996). For a bird
of this size to record a tarsus depth> 1 m, we can be more
confident that we have measured a meaningfully different
behaviour than surface foraging. Moreover, all immersions
(whether or not they involve diving), can be recorded more

GHA

N

oMo de @
!,?
< R¥

X

;N\ ‘

200 km

30°W50°W 45°W 40°W 35°W 30°W
Longitude

Georgia (light green), during brood-guard in austral summer 2009/10.
NB: Continuous daylight immersion events covering large distances
do not represent fast on-water drifting, but rather repeated switching
between flight and landings, i.e. likely foraging (colour figure online)

efficiently and consistently using immersion sensors rather
than relying on shallow depth values recorded by a TDR.
The distinction between all landings and just dives is
important when drawing conclusions about physiology and
ecology. For example, Huin and Prince (1997) suggested that
in grey-headed albatrosses, the percentage of energy gained
by diving might be as high as 45%, whereas this seems unre-
alistic using a dive threshold of 1 m as in our study, because
three (30%) of the ten birds of this species that we tracked
dived < 5 times, and two (20%) did not dive at all. The most
common strategy for prey acquisition was, therefore, likely
to be feeding within 1 or 2 m of the surface, with occasional
dives (or “plunges”, as in Harper 1987) both while in tran-
sit and while undertaking area-restricted search, and rare
bouts of numerous successive surface dives, seen only in a
few individuals (e.g. see GHA 1320811, GHA 1145462 in
Fig. 1). Further work combining tracking with both TDRs
and stomach temperature probes is required to make any
claims about energy gain with certainty. Had these bouts of
successive dives occurred in areas with known fishing activ-
ity, it may have indicated vessel interactions; however, this
was not the case given there is a seasonal closure of fisheries
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Fig.3 Time spent diving (black), immersed (light blue) and flying
(grey) for: a individual black-browed (left panel) and grey-headed
(right panel) albatrosses tracked during brood-guard; and b) for indi-
vidual light-mantled albatrosses tracked during incubation from Bird

in the waters around South Georgia and no evidence for ille-
gal fishing in recent years (Tancell et al. 2016). For further
analyses of foraging habitat selection in these grey-headed
albatrosses, see Scales et al. (2016).

Our study affirms the large amounts of time spent feeding
at depths <2 m for these species, because diving was very
infrequent and shallow, and a high proportion of foraging

@ Springer

Island (South Georgia), in austral summer 2009/10. Note the square
root scale on the Y axis and variation in Y axis scale between panels a
and b (colour figure online)

trips was spent on the water’s surface. The absence of diving
overnight reinforces previous work noting the importance
of daylight foraging, despite the long periods of time on the
water at night (Catry et al. 2004; Phalan et al. 2007). The
proportion of time spent on the water was broadly similar
within and between species, although as in previous stud-
ies of at-sea activity patterns (Phalan et al. 2007; Mackley
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shades) and dry (light shades) during daylight (yellow), twilight
(grey) and darkness (blue), for individual black-browed (BBA) and

et al. 2011), there were very large differences in behaviour
between individuals (Fig. 2). The high variability in landing
and diving rates suggest possible individual specialisation,
and perhaps that diving is undertaken only by birds with
particular skills or preferences. Alternatively, the few indi-
viduals that dived numerous (> 100) times on a single trip
may have simply encountered a highly productive patch of
prey for which this technique allowed efficient exploitation
or that was driven upwards by subsurface predators. Further
tracking of multiple foraging trips by individuals over an
extended period might indicate if this large variation in dive
behaviour is due predominantly to extrinsic (e.g. prey avail-
ability) or intrinsic (e.g. energy needs) factors.

Energy requirements during brood-guard are higher than
during incubation: parents must meet both their own and
their chick’s energy requirements while foraging, are con-
strained to shorter and closer foraging trips, and wandering
albatrosses Diomedea exulans are known to lose mass dur-
ing this period (Weimerskirch and Lys 2000). Nonetheless,
there was no statistically significant difference in dive rates

1320592 7

1145462 7
1146494 7
1148957 7
1254305 7
1318625 7
1320811 7
1425604 7
1436905 7

Bird ID

grey-headed (GHA) albatrosses tracked during brood-guard from
Bird Island (South Georgia), in austral summer 2009/10 (colour fig-
ure online)

between species, even though the light-mantled albatross
in incubation appeared to dive less frequently than black-
browed or grey-headed albatross in brood-guard. Based
on immersion data, foraging bout lengths and frequencies
are broadly similar between incubation and brood-guard
(Weimerskirch and Guionnet 2002; Phalan et al. 2007), and
hence dive frequency and characteristics may also be com-
parable across breeding stages. Any potential effects of the
breeding stage on diving behaviour would need to be con-
firmed by further tracking.

Our results confirm that all three genera of small alba-
trosses (Phoebetria and Thalassarche, this study,; Phoe-
bastria, (Kazama et al. 2019)) are infrequent, short and
shallow divers compared with most other seabirds, reach-
ing < 1.5 m on average. In contrast, many shearwaters are
far more proficient, attaining mean maximum depths of
17.8 m Puffinus yelkouan, 9.6 m P. puffinus, and 15.9 m
Ardenna grisea (Shaffer et al. 2009; Péron et al. 2013; Shoji
et al. 2016), whereas the Calonectris shearwaters only dive
to mean depths of 1-2 m (Paiva et al. 2010; Matsumoto
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et al. 2012; Grémillet et al. 2014). The Procellaria petrels
are also proficient divers; grey petrels Procellaria cinerea
and white-chinned petrels Procellaria aequinoctialis reach
mean and absolute maximum diving depths, respectively, of
3.2+2.2mand 22 m, and 2.9 +2.4 m, and 17 m (Rollinson
et al. 2014, 2016).

Although they are mostly shallow divers, albatrosses are
clearly at high risk of bycatch behind longline vessels (Jimé-
nez et al. 2014; Phillips et al. 2016). In accordance with our
results indicating fewer landings and no diving in darkness,
night setting of longlines is known to significantly reduce
bycatch rates (Jiménez et al. 2020). In terms of compliance-
monitoring, night setting has the advantage over BSLs and
specific line-weighting regimes as a mandatory mitigation
measure, as it can be assessed remotely and in near real-time
by inferring fishing activity from satellite detected automatic
identification system (AIS) data on vessel movements (de
Souza et al. 2016). While one reason night-setting may be
successful is because albatrosses rarely forage nocturnally,
our results only apply to dive behaviour during the breed-
ing season when targeting natural prey. As such, they do
not necessarily indicate a physiological maximum and it is
possible that birds feeding behind vessels might dive deeper.
Further work could usefully involve tracking diurnal activity
patterns of albatrosses in contact with fisheries, as it cannot
be assumed that the patterns seen here are representative of
all populations or times of year.

In some regions, the smaller, deeper-diving Procellaria
petrels and Ardenna shearwaters bring baited hooks to the
surface, where they become accessible to albatrosses, put-
ting the latter at risk. Jiménez et al (2012) observed that
41% of albatrosses killed on longlines were hooked on
gear with which a medium-sized diving seabird had first
made contact. Similar dynamics were reported in Melvin
et al. (2014), where over half of the primary attacks (bait
brought to the surface by a diving Procellaria petrel) led
to a secondary attack on the bait, usually by an albatross.
Despite their poor diving abilities, Thalassarche albatrosses
are often the most frequently-killed surface-foraging birds
at feeding assemblages, indicating the critical importance
of mitigation designed to keep hooks beyond the reach of
deeper-diving birds (Petersen et al. 2009; Melvin et al. 2013,
2014). In feeding assemblages where white-chinned petrels
are the dominant species, a combination of two bird-scaring
lines, weighted branch lines and night setting has the poten-
tial to reduce seabird bycatch to near zero (Melvin et al.
2014). Further research into areas of spatial overlap between
deeper divers, threatened albatross species, and commer-
cial longline fisheries would better identify potential bycatch
hotspots where monitoring and mitigation efforts could be
focused. In addition, the use of additional tracking devices
such as high-resolution TDRs mounted on the head, accel-
erometers to reveal very shallow dives (Cianchetti-Benedetti

@ Springer

et al. 2017), or stomach temperature probes, which provide
information on the timing of ingestion and size of prey
(Catry et al. 2004), would provide insights into the prey cap-
ture rate and profitability of diving compared with feeding
close to the surface.
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