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Executive summary

This report updates the distribution maps for sixteen albatross and petrel Tedalg1) for the 2025
spatially explicit fisheries risk assessment model (SEFRA) for the CCSBT pelagic longline fisheries on
seabirds.

Tracking data for most species were requested from individual data owners via Bird Life International;
some tracking data were also received directly from Mew Zealandepartment of Conservation
(DOC)A review of the original distribution maps by world experts identified key tracking datasets to
be added and emphasis was given to obtaining those, with mixed suddgssipdate to the models
weighted the relative densities by mean colony size, which improved the distributions for all species.

Seabird data distributions were determined using spatial generalised additive models (&@Ms)
included a 3dimensional spatiotemporal spline model, which smoothed simultaneously across
position and date, fitted with a Tweedie distribution, where the estimated Tweedie parameter was
between X2, indicating a compound Poissgamma distributionAll models explained between §7

91% of the deviancalNeighting the tracks directlipy colony size produced better fits (in terms of
deviance explained and residyzdtterns) than models that did not include weightirichis approach

is also preferred on a theoretical badiy,reducing bias in observed distributions at a population level
resulting from differing levels of tracking data at a colony Ielieé models fit by including colony size

as an offset, weight y 3 S| OK 20 & SNII A 2y Q3or QyanglibiNdicolalnyi fade/ G 2
as an additional factor in the model produced much poorer fits than directly scaling the relative density
by mean colony size, i.e., residual patterns were worse and extremetigsnsere predicted at the
margins of the modelled spatial range (e.g. where no data existed).

Tracking data were not obtained for all the major breeding coldcfuiesixof the assessed seabird taxa.

For some of these colonies, quarterly predictions of spatial count were available from the study by
Carneiro et al. (2020)he colonies that needed augmentation made up 20% of the population for
Sooty albatross (Tristan da Cunha) and Atlantic yeflosed albatross (Gough), while size of the
colonies for the other four species ranged betweerl 1% of the total population.
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This reportupdates the distributiormaps for sixteen albatross and petrel tsfablel) for the 2025

spatially explicit fisherieask assessment model (SEFRA)the CCSBT pelagic longline fishedes
seabirds.

Tablel: Albatross and petrel taxa updated for the 2025 risk assessment.

Common name Scientific name
DAoAaz2yQa |tolGNR&AA Diomedea antipodensis gibsoni
Wandering albatross Diomedea exulans
Southern royal albatross Diomedea epomophora
Atlantic yellownosed albatross Thalassarche chlororhynchos
Blackbrowed albatross Thalassarche melanophris
Campbell blaclkrowed albatross Thalassarche impavida
Shy albatross Thalassarche cauta
Greyheaded albatross Thalassarche chrysostoma

{2dzi KSNY . dzf £t SND& | f 6 (Thalassarche bulleri bulleri

b2NIKSNY . dzt £t SNQ& I f ol (Thalassarche bulleri platei
Sooty albatross Phoebetria fusca
Lightmantled sooty albatross Phoebetria palpebrata
Grey petrel Procellaria cinerea

Black petrel Procellaria parkinsoni
Westland petrel Procellaria westlandica
White-chinned petrel Procellaria aequinoctialis
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2.1 Tracking data

Tracking data for most speci@s Tablel were requested from individual data owners via Bird Life
International some tracking data were als@ceived directlyfrom the New Zealandepartment of
ConservatioffDOC]Table2). Areview of the original distribution magsnpublishedpy world experts
identified key tracking datasets to be addadd emphasis was given to obtaining those, with mixed
successBecausehte risk assessment model is currently ofaliyadult birds, irrespective of breeding
status trackingdata were includeanly for adults orwherelife stagewasnot known

2.2 Data grooming

Tracking data were groomed following methods similar to those by Carneiro et al. (2020). Gaps
exceeding 24 hours were discarded by splitting the deployment into separate tracks. Each track was
interpolated regularly in time to obtain points that were eglyadpaced. Any points falling on land or
where speed of bird was in excess of 100 km per hour were removed. Tracks that incorrectly crossed
the 180° or 360° line were manually corrected. All points were then reassigned positions within a 0.25°
lat-lon gridcell.

Each track was handled individually. Because different tag types report data differently and to ensure
tag type did not have influence on the model, each point along the track was weighted by the time
between reports (half the time from the previous obsation + half the time to the next observation).
Weighted observations were converted from time in seconds to days. This then produced a weighted
count per day per track for a given 0.25°%lah grid cell and a given month. This weighting did not
remove isues that may occur if a tag type lasts longer, i.e., tracks with longer time series will have
more data. The observations in a cell were then summed and divided by the number of days spent in
that cell in that month. Values were then standardised by digdy the mean (values were between

0 and 1).The elative density of each track wdkan weighted by the mean colony sitaverage
number of breeding pai)gTable3), noting that various methods of weighting the relative deiesitby
colony size both within the spatial mode(ise., weighting each observati@ contribution to the
likelihood)or by directly weighting the data (as done here) were assefselest fit beforeapplying

the chosenweightingmethod. If only ore colony was present, data were not weighted by mean colony
size (e.g., Campell blabkowed albatross, Westland petijel

After each track was standardised, all values for all tracks in each cell and month were summed to
create a relative density of birds in each 0.259¢ex grid cell for a given month. By standardising each
track prior to aggregating, the characteristidsaofew, such as those birds that behaved differently,

did not dominate in the model. Using standardised mean weighted counts eliminated the need to
include a random effect in the model, which greatly sped up computation time, a necessity with the
number d birds and lalon cells that were modelled.

Data were autocorrelated because each observation in a track was not independent (an observation
at timet was correlated to the observation &il), but each complete track was treated independently
(i.e., each bird behaved independently).




2.3 Spatial models

Seabird data distributions were determined using spatial generalised additive models (GAMSs) that
included a adimensional tensor product smoother that smooths simultaneously across a location
(latitude and longitude) and time (month). Smoother specifiaadidreat space and time as being
dissimilar, by using different smoothing parameters to push th#inZensional spatial smoother
through time, where the smoother on the time component is fit with a cubic regression spline (see
Marra et al. 2011). The tempakr spline was specified to treat December and January as if they were
next to each other in time; hence, the predicted smoother was constrained in December to be near
the predicted smoother in January. The spatial smoother (Hagrnsional smooth on ldtide and
longitude) was fit using a Gaussian process (gp) smoother because it can deal with spatial
autocorrelation better than most other types of smoothers, while still varying smoothly within the
space dimension (Marra et al. 2011); cyclic smootherghfomspatial component may sometimes cause
problems and result in poor fits, with no structure (Wood 20W¥hen distributions needed to wrap
around the world, a cyclic smooth on longitude was often found to be a better fit.

Models were fitted to tracking data aggregated to-® S INBE S OSft t NIban®f dFzdzy D A @zi }
within the mgcvR package (Wood 2003, 2017) and a Tweedie distribution. Tweedie distribatens

a subfamily of exponential dispersion modefat have the abilityto replicate a wide range of
distributionsvia the powerfunction andwere preferred because they perform well when fitting to

data that are positive, continuous, and contain many zero observations (Jgrgensen T\®8&jlie

distributions model fits, residual patterns, percentage deviance explained, plots of partial fits, and

relative importance of parameters weiaspected,and the best model was chosen. Longitude was

typically in 0° to 360° space to keep positions crossing 180° near to each other, unless otherwise
specified. For birds that had a circumpolar distribution, the spatial spline was specified to wrap around

the dobe, i.e., treat 0° and 360° near to each other in space.

Expected densities were predicted intd-alegree cell resolution spatial grid for each month, but often
extremely small values were predicted at the margins of the distribution, which caused e.g., densities
to be predicted across continental boundaries where species were known not to occugssactoss

the southern tip of South America. A soap film smoother was tested, which distorts the film towards
the dataof highest occurrencehese smooths were constructed to not cross boundary features, such
as continents. However, this did not fullysmve the issue. A manual soap film boundary was thus
constructed, where values that were less than th& #@rcentile were set to 0 (values were less than
10°). Data were then aggregated at a 5 %ltat resolution. To remove data where only a few 1 ° lat
lon cells contributed to the 5 ° lddn cell, densities below the #(ercentile were again set to 0. This
resolved issues at the margins of the predicted distribution, such that predictions did not cross
continents.

Tracking data were not obtained for all the major breeding colonies of all the assessed seabird taxa
(Table 3. For some of these colonies, quarterly predictions of spatial count were available from the
study by Carneiro et al. (2020). For many taxa, the predictions of Carneiro et al. (2020) were
representative of juveniles as well ass#a foraging adults, wheas the current analysis was based

2y FRdzZ G RFEGFZT f0K2dAK / FNYSANRB SiG Ffd 6HAHAD
stagewer2 FiSy y20 @OSNE RAFTFSNBYy:GQd ¢KS /I NYySANR Si
were representative of density, but from closer inspection they were representative of mean count

per 5degree grid cell (i.e., not accounting for the area of eeelt) and, so, were in a comparable

format to the spatial predictions from the current study.




As such, it was decided to use the Carneiro et al. (2020) spatial predictions to plug some of the gaps in
tracking data by colonyf@ble3). This was achieved by merging the predictions from the current study
with those of Carneiro et al. (2020) after these had first been rescaled for colony size based on the
most recent estimate of breeding pairs. For each species for which the Carneiro(2020) layers

were used, this was achieved as follows:

1. Reproject the Carneiro layers to match the projection used for making predictions in the
current study (coordinate reference system = "+proj=laea +laB®@=lon_0=170").

2. Rescale the layers from Carneiro et al. (2020) and the current study to sum to the total
estimated adult population size for the respective colony, calculated as the total number
of breeding pairs for the colony.

3. For each month, sum all rasters across all colonies for which there was a prediction from
Carneiro et al. (2020) or from the current study. As per the description given by Carneiro
et al. (2020) for which the layers were for quarterly periods, the summaiption was
used for the months of December, January and February, autumn = March, April and
May, winter = June, July and August, and spring = September, October and November.

4. Rescale the monthly rasters so that each sumsto 1.

3 wSadzZ G a

3.1 Tracking data

Tracking data were obtained farany of themain breeding colonies fanostof the 16 speciesTables

2¢3). The amount of data receivedas an improvement over the previous distribution maps (Devine

et al. in press), where some missing colonies made up to 58% of the breedin@patial predictions

from Carneiro et al. (2020) augmented the predicted distributions of six spediggnentation was
0SOlFdzaS RIGF FTNRBY ONBSRAYy3I O02f2yASa gSNB-YAAaAAY
headed albatoss (PEI), lighhantled albatross (PEI), and sooty albatross (PEI), while information on

the remaining colonies was missing for only some of the moriths.information used from Carneiro

et al. (2020) for Sooty albatross (Tristan da Cunha) and Atlantic yedleed albatross (Gough) made

up 20% of the breeding pairs, while the size of the colonies for the other four species ranged between
1¢11% Table3).




Table2: Information on tracking data obtained, including number of datasets used (of those available in BirdLife Internationaljiataset identification number,
and number of tracks per colony and life stagEtack duration is the mean (standard deviation) in hours; NA indicates not enough data to estimate. Note that while
permission to data had been granted, not all data were included in the modelling but are included here for full transpar@€eayporal coverage does not include
information from juvenile or immature birds.PEI refers to Prince Edward Island. Juv indicates juvenile, Imm indicates immature.

No. tracks by

Common name No. used Dataset id by site life st No. tracks per colony Track duration (hrs) Temporal coverage
ife stage
DAoazyQa || 3 Adams: DOC Adult: 41 Adams: 63 Adult: 3262 (1576) JanuargSeptember
Juvenile: 22 Juvenile: 6427 (2248
Wandering albatross 43 (of 45) Kerguelen: 435, 1318, 132 Adult: 1766 lles Kerguelen: 8¢ Adult: 1741 (4035) lles Kerguelerall months
1(:12;6;143376’1413378, 11133135 11133241‘ 1115 Unknown: 4 lles Crozet: 63€ Unknown: 451 (208) lles Crozetall months
South Georgiad60, 461, 462, 463 Fledgling: 19 lle de la Possession: 1  Fledgling: 5801 (3462 lle de la PossessioNA
473, 1387, 1394, 1395, 1405, 188 Juvenile: 78  Bird Island (SGSSI): 10 Juvenile: 2502 (2425  Bird Island (SGSSi)t months
1888, 1889, 1890, 1891, 189. |mmature: 115 Marion Island: 153 Immature: 3908 (3361) Marion IslandJargSept
1893, 1895, 1896, |\2/|(;25’ 202643 Juv/Imm: 13 Macquarie Island: 8  Juv/Imm: 4040 (2050 Macquarie IslandDea;Mar
uarie:

) q. Non-breeding/site Nonbreeding/site unknown:
Marion Island (PEI): 465, 151 unknown: 7 AugiDec

1516, 1517, 1528, 2211

Nonbreeding/site unknown: 464
Southern royal 4 (of 4) Campbell Islands: 431, 556, 224 Adult: 56 Campbell: 66 Adult: 171501 (129635 All months

albatross 2266 Unknown: 10 Unknown: 296 (89)

Atlantic yellow-nosed 9 (of 10) At sea: 1412, 156( Adult: 128 Atsea: 11 Adult: 585 (438) At sea:OcigtMay
albatross Gough Island: 700, 1103, 110 Unknown: 7 Gough Island: 81 Unknown: 350 (335) Gough IslandOctgJan
1455 Immature: 3 Inaccessible Island: 1. Immature: 787 (796) Inaccessible Islan@cNov
Inaccessible Island: 150 Nightingale: 28 NightingaleOcigNov

Nightingale: 1105, 150
Greyheaded 21 (of 26) Marion Island/PEI: 1508, 150 Adult: 782 Bird Island: 451 Adult: 1689 (4375) Bird Islandall months
albatross 1514, 1515, 1527, 220 jyyenile: 28 Campbell Island: 91 jyyenile: 1870 (1314 Campbell Islancall months

Islas Ildefonso: 48¢ _ _ Islas Diego RamirelXiov¢Feb
e Fledgling: 1 Islas lidefonso: 1 Fedgling: 1228 (NA Islas IldefonsaNovember
Campbell Islands: 430, 1082, 21’ Macquarie Island: 1C Macql_Jarie IslandNov¢Jan
Islas Diego Ramirez: 484, 4! Marion Island: 191 Marion Islandall months
South Georgia: 459, 494, 495, 13¢
1390, 1391, 184t
Macquarie Island: 409, 49

Islas Diego Ramirez: 6
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No. tracks by

Common name No. used Dataset id by site life st No. tracks per colony Track duration (hrs) Temporal coverage
ife stage

Southern. dzf £ SN 3 Solander: 1 (DOX) Adult: 56 Solander: 20 Adults: 5813 (3273; Solander: MagAug
albatross Snares: 2 (DOC! Snares: 36 Snares: all months
b2NIGKSNY . 3 Motuhara: 2 (DO®) Adult: 81 Motuhara 79 Adult: 7484 (2351) Motuhara all months
albatross Chatham Island/Pyramid: 64 ThePyramid: 2 The Pyramid: Novembe
Shy albatross 9 (of 9) Albatross Island: 414, 440, 137 Adult: 171 Albatrossisland: 179 Adult: 377 (1294) Albatross Islandall months

1381 Fledgling: 26 Pedra Branca: 1] Fledgling: 697 (470  Pedra Brancaviar¢cApr, Noy

Pedra Branca: 416, 44 Juvenile: 6 The Mewstone: 20 Juvenile: 2944 (1012 Dec

The Mewstone: 415, 441, 137 Juv/imm: 6 Juv/imm: 2278 (315 The MewstoneNow,Aug

Campbell black 2 (of 2) Campbell Islands: 429, 217 Adult: 78 Campell Island: 7¢ Adult: 7479 (3013) All months

browed albatross

Blackbrowed 34 (of 46) Kerguelen: 426, 1295, 1296, 12¢ Adult: 2168 Beauchene Island: 6( Adult: 1549 (3133) Beauchene IslandielxApr,
albatross South Georgia: 457, 492, 493, 13¢ Fledgling: 2 | B}'(“’ 'S'alndi 822362 Fledgling: 2157 (345 B lsland HOC‘CDtEC
1388, 1389, 1537, 2004, 222 oo es Kerguelen: oo Ird Islandall months

Islas Diego Ramirez: 483, 4¢ Juvenile: 13 g Diego Ramirez: 11 Juvenile: 1119 (945 lles Kerguelerall months

Falkland Island/lslas Malvinas: 48 Immature: 276 Islas Albatros: 21 ~ Immature: 525 (1952) |slas Diego Ramireatl months
289a4905 291 ;;45 630 682. 60 Juv/imm: 3 Jeanne d'Arc Peninsule Juv/lmm: 2395 (473 except January and Septemb

664 6é5 8é9 9(’)1 11'148 i45 26 Islas Albatrosall months

’ ’ ’ ’ 1‘454 Macquarie Island: 9 Jeanne d'Arc PeninsulBeb,

Islas Albatros: 2275, 227 New Island: 700 Macquarie Islan dmg;g:‘;

Macquarie Island: 408, 44! Saunders Island: 25! New Island ”' h

Steeple Jason: 21 ew Islandall months

Saunders Islandill months

Steeple Jasorall months

Sooty albatross 13 (of 13) Marion Island: 651, 1512, 152¢ Adult: 311 Marion Island: 193 Adult: 1057 (1766) Marion Islandall months
2209 Unknown: 10 Crozet: 50  Unknown: 3150 (1556 Crozetall months

Crozet: 425, 131¢ Juvenile: 18 lle Amsterdam: 16 ~ Juvenile: 3527 (3511 lle AmsterdamDeaAug

lle Amsterdam: 606, 131:
Tristan da Cunha: 129
Gough Island: 420, 424, 12¢
PrinceEdward Island: 83¢

Tristan da Cunha: :
Gough Island: 7&
Prince Edward Island: :

Tristan da Cunha: Qgibec

Gough Islandall months

Prince Edward Islantilar¢Sept
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No. tracks by

Common name No. used Dataset id by site ife stage No. tracks per colony Track duration (hrs) Temporal coverage
Lightmantled sooty 15 (of 16) + Macquarie Island: 413, 44. Adult: 165 Macquarie Island: 14  Adult: 17802 (63904} Macquarie IslandNowJan
albatross ™ South Georgia: 444, 138 Unknown: 1 Bird Island: 62 Unknown: 2600 (NA! Bird IslandDecApr

Marion/PEl: 649, 650, 833, 151. Juvenile: 7 Heard Island: 6  Juvenile: 2207 (1429 Heard IslandDea;Mar
1530 Crozet: 8 CrozetJarcApr
Heard Island: 661 Kerguelen: 3 KerguelenNA
Crozet: 1306, 160¢ Campbell Island: 2( Campbell Islandall months
Kerguelen: 1309, 160 Canyon des Sourcil Canyon des Sourcils Noiagt
Campbell Island: 2245, 1 (D®C Noirs: 5 months
lle de la Possession: lle de la Possessioatl months
Marion Island: 48 Marion Islandall months
Grey petrel 4(of4)+1 Antipodes: 634 Adult: 59 Antipodes Islands: 4¢ Adult: 5640 (4367)  Antipodes Islandsall months
Gough: 1288,1 Unknown: 75 Gough Island: 31 Unknown: 5345 (4481 Gough Islandall months
Kerguelen: 1298, 160t lle Mayes: 37 lle MayesApr¢Feb
Marion: 1 lles Kerguelen: 7 lles KerguelenAprgJun
Marion Island: 10 Marion Islandall months
Black petrel 5(of5) +1 Little Barrier: 659 Adult: 83 Little Barrier Island: 13 Adult: 3819 (3508) Little Barrier Islandall months
Great barrier: 658, 949, 951, 226: Unknown: 80  Great Barrier Island: 16: Unknown: 2276 (2562 Great Barrier Islandall months
™ Juvenile: 13 Juvenile: 1178 (989
Westland petrel 6 (of 7) Punakaiki: 448, 683, 1449, 181 Adult: 333 Punakaiki: 333 Adult: 2837 (4004) All months
2236, 2237
White-chinned petrel 20 (of 20) Crozet: 434, 1314, 160 Adult: 315 Adams Island: 10z Adult: 4377 (5373) Adams IslandApr¢Feb
Kerguelen: 1317, 160° Unknown: 77 Antipodes Islands: 6¢ Unknown: 2337 (1852  Antipodes Islandsall months
SouthGeorgia: 438, 439, 138¢ Juvenile: 26 Bird Island: 102 Juvenile: 874 (835 Bird Islandall months

1396, 1500, 1558, 203:
Antipodes: 627, 635, 226l

Marion Island: 1582, 159:

New Island: 2029

Falkland Island/Kidney Island: 20:
Adams Island: 202

lles Crozet: 47
Kidney Island: S
Marion Island: 31
New Island: 5

lles Crozetall months

Kidney Islandall months
except Mar

Marion Islandall months

New Islandall months except
Mar (1 track in Sept)

“Data were provided by the New Zealand Department of Conservation (DOC).
“Data were provided by Jaimie Cleeland
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Table3:

Source of spatial information for the major breeding colonies of the assessed seabird taxa, the

mean colony size (number of breeding pairs), whether tracking data were availéhbl®irdLife International)
from the colony for the previous (2023) or current (2025) distribution mappiglult or unknown age tracks

only), and whether maps were available from Carneiro etal. (2020 Q Ay RA OF (i Sa

6 KAOK

used to make the final spatial distribution layer of each respective taxooting that permission had not
been obtained to use some datdNo spatial information wasavailablefor some colonies and these colonies
were thus not represented by the spatial layers produced by this assessma&he number of tracks may not

match Table 2 because some tracks were removed during grooroingplony site was unknown

Mean
Common name Colony colony size  Tracking2023 Tracking2025  Carneiro
DAO0az2yQa || Disappointment 244
Adams 4181 PTT 2*; GPS 0; PTT 41; GPS 0; Y
GLS 0 GLS 0
South Georgia 1278 PTT12*; GPS PTT 229; GPS Y
Wandering albatross (Islas Georgias del Sur) 66*, GLS 170 521", GLS 170
Prince Edward 1600
Marion 2668 PTT 3; GP4%; PTT 3; GPS
GLS O 150¢; GLS 0
Crozet 2324 PTT 479, GPS  PTT 479, GPS Y
29*; GLS 98 29*; GLS 98
Kerguelen 2252 PTT 44; GPS 0; PTT 44; GPS 0; Y
GLS 28 GLS 28
Macquarie 8 PTT12, GPS 0; PTT 4, GPS 0;
GLSA GLSA
Southern royal Enderby 47
albatross
Motu lhupuku/Campbell 5767 PTT17*; GPS 0; PTT52*; GPS,
GLD GLSL4*
Atlantic yellow-nosed Tristan da Cunha 15250
albatross
Inaccessible 2 000 PTT 0; GPS%18 PTT0; GPS*18
GLSO GLS 0
Nightingale 4000 PTT 0; GPS®28 PTT 0; GPS28
GLSO GLS 0
Gough 5 300 PTT 7; GPS 7 PTT 7; GPS Y*
GLS113 74%; GLL13
Middle & Stoltenhoff 250
Greyheaded South Georgia 18 475 PTT 36; GPS PTT 302, GPS Y
albatross (Islas Georgias del Sur) 64*; GLS 38 64, GLS 58
Islas Diego Ramirez 18 358 PTT50*; GPS 0; PTT 67, GPS 0;
GLSO GLS 0
Prince Edward 1506 Y*
Marion 8 180 PTT6; GP 6%, PTT6; GPS
GL5 191*; GL5
Crozet 6319
Kerguelen 6445
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Mean

Common name Colony colony size  Tracking2023 Tracking2025  Carneiro
Macquarie 100 PTT 9; GP3 PTT 9; GPS;
GLR GL2
Campbell 3672 PTT 5; GPS 2% PTT 5; GPS
GLY 24*; GLS 64
Islas lldefonso NA PTT 1, GPSO0; PTT 1, GPSO;
GLS 0 GLS 0
{ 2 dziil KSNY Hautere/Solander 4793 PTT452* GPS PTT20*; GPS 0;
albatross 97*; GLY.02* GLS 0
Tini Heke/Snares 8 700 PTT452*,GPS  PTT3*; GP$*, Y
97*; GLI02* GL28*
b2 NIi KSNY Motuhara/Forty-fours 16081 PTT452*, GPS  PTTLO*; GPS
albatros$ 97*; GLY02* 2% GLB*
Rangitatahi/Sisters 3273
Albatross Island 5585 PTT55*; GP); PTT55%; GPS
Shy albatross GLY 103; GLD
Pedra Branca 90 PTT6; GP®; PTT6*; GP9Y;
GLY GLY
Mewstone 9 660 PTTo*; GPY); PTT5*; GPY;
GLY GLY
Campbell black Motu lhupuku/Campbell 14129 PTT10*; GPS 0; PTTLO*; GP®;
browed albatross GLS 0 GL8*
Blackbrowed Falklands (Islas Malvinas) 474 219 PTT200* GPS  PTT200*; GPS Y
albatross 2*; GLR01* 485¢; GLR52*
SouthGeorgia 55119 PTT358% GPS PTT363; GPS Y
(Islas Georgias del Sur) 180% GLI82*  209; GLR26"
Islas Diego de Almagro 15594 PTT 13; GPS 0; PTT 13;GPSO0
GLSO GLS O
Islotes Evangelistas 4818
Islas Diego Ramirez 61749 PTTL3*; GPY; PTTLOO*; GPS Y*
GLSL5* 0; GLY5*
Islas lldefonso 54 284 PTT 26; GPS 0; PTT 26; GPS 0
GLS 0 GLS 0
Islote Albatros 104 PTTO; GPS38; PTTO; GPY.9%;
GLY GLY
Islote Leonard 545
Crozet 710
Kerguelen 2 880 PTT58*; GP9; PTT58*; GP®; Y
GL02* GL202*
Heard 600 PTT 10; GPS 0; PTT 10; GPS 0
GLSO GLSO
Macquarie, Bishop & Clerl 192 PTT9; GPS; PTT7*; GPS;
GL2 GL2
New Zealand Subantarctic 146
Gough 3750 PTT6*; GP.3%; PTT6*; GPS
Sooty albatross GLSH6* 13*; GL%6*
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Mean

Common name Colony colony size  Tracking2023 Tracking2025  Carneiro
Inaccessible 500
Nightingale 150
Stoltenhoff 37
Tristan da Cunha 2675 PTTO; GPS3*; PTTO; GPS3*; Y*
GLY GLY
Prince Edward 1500 PTT2*; GPS; PTT2*; GPY®; Y*
GLY GLY
Marion 2 000 PTT10*; GPS PTTL0*; GPS
59*%; GLD 183* GLD
Crozet 2144 PTT41*;, GP®; PTT41*; GPS);
GLY GLY
Amsterdam 394 PTT7*; GP; PTT/*; GPD;
GLY GLY
Lightmantled sooty  South Georgia 5000 PTT42*; GP0; PTT42*; GPS
albatross (Islas Georgias del Sur) CLY 20% GLD
Prince Edward 150 Y*
Marion 268 PTTL10*; GPS PTTL0*; GPS
10*; GL® 38* GLD
Crozet 2159 PTT4*; GP; PTT4*; GPY;
GLS* GLS*
Kerguelen 4 000 PTTO; GP®; PTTO; GP9®;
GLS* GLS*
Heard 350 PTTE; GPY; PTTe*; GP®;
GLY GLY
Macquarie 2150 PTT4*; GPS; PTTL4*; GPS;
GLS3 GLS3
Maukahuka/Auckland 5000
Motu lhupuku/Campbell 1600 PTT20;, GP9; PTT20*; GPY;
GLY GLY
Moutere 250
Mahue/Antipodes
Gough 17 500 PTTO; GPI5*,  PTTO; GPI5%; Y
Grey petrel GLal6* GLSL6*
Prince Edward & Marion 5000 PTTO; GP9Y; PTTO; GPY; Y
GLSL0* GLsL0*
Crozet 5500
Kerguelen 3400 PTT7*; GPY, PTT7*; GP®;
GL37* GLS37*
Amsterdam 7
Macquarie 252
Motu lhupuku/Campbell 98
Moutere 73 860 PTTO; GP9®; PTTO; GP9;
Mahue/Antipodes GLSH9* GLS19*
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Mean

Common name Colony colony size  Tracking2023 Tracking2025  Carneiro
Hauturuo-ToilLittle 620 PTT 0; GPS0; PTTO0; GPS0; ™
Black petrel Barrier GLSL3* GLSL3*
Aotea/Great Barrier 4 836 PTT 0; GP®*;,  PTT 0; GPED*; Y
GLD GLS112¢
Punakaiki 6 223 PTT20*; GPS PTT20*; GPS Y
Westland petrel 142* GLSB* 158* GLI51*
White-chinned petrel South Georgia 773 150 PTT23; GPL5; PTT23*; GPS Y
(Islas Georgias d&lur) GLS#2 15% GLS1*
Prince Edward 12 000 Y
Marion 24 000 PTT 0; GPAL*;  PTT 0; GPAL*;
GLSLO* GLSLO*
Crozet 44 428 PTT33*; GPS 0; PTT33*; GPS 0;
GLSLOo* GLSLO*
Kerguelen 234 000 PTT21*; GPS 0; PTT21*; GPS 0;
GL4* GL4*
Disappointment 153 000
Adams 28 300 PTT 0; GPS0; PTTO0; GPS0;
GLS102 GLSL02
Motu Thupuku/Campbell 22 000
Moutere 26 400 PTT O0; GPS0; PTTO; GPSO0; Y
Mahue/Antipodes GL®1* GL6*
New Island/Kidney Islarfd 55 PTTO0; GPS0; PTTO0; GPSO0;
GLSl4 GLSL4*

“ Distribution map was named Auckland Islands.

“Data from both colonies were merged into one distribution map.

§ Breeding pairs from (Reid et al. 2007).

8Previoudistribution maps did not differentiate between the two species.

3.2 Spatiotemporal models

The best models for all species included -@irfBensional spatiotemporal spline model, which
smoothed simultaneously across position and date, fitted with a Tweedie distribution, where the
estimated Tweedie parameter was betweeg?] indicating a compoundadissorgamma distribution
(Table4). Weighting thetracks directly by colony size produced better fits (in terms of deviance
explained and residual patterns) than models that did not include weighfihgs approach is also
preferred on a theoretical basis, in reducing bias in observed distribuaores population level
resulting from differing levels of tracking data at a colony Ielieé models fit by including colony size

as an offset, weigt y 3 S OK 20 & SNII A 2y Q3 or QyanglibiNdicolalnyi fade/ G 2
as an additional factor in the model produced much poorer fits than directly scaling the relative density
by mean colony size, i.e., residual patterns were worse and extremetigsnsere predicted at the
margins of the modelled spatial range (e.g. where no data existed). All models explained between 67
91% of the deviance.

Modelled predicted relative mean density by month anddgree grid cell are shown by species below,
while the Appendices@include:
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A spatial plot of alilngroomedtracking data locations for all life stages obtained by this
study, using separate colours for each colpny

A spatial plot of aljroomedand interpolated tracking data locations for only adults (or
where life stage was not specified), using separate colours forteack

A spatial plot of the density of processed tracking data locations by month, aggregated
by 1-degree grid cell; and

Model diagnostic plots, including a quantdeantile plot and model residuals plotted
spatially.
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Table4: Model formulation including information on the type of splines and smooth termestimated Tweedie parameter, and percent deviation explainédii S Q
AYRAOF(GS& | GSya2N) LINPRAzOG aYvY220KZ WwWILIQ Aa | ,DhidaaoEay WM GKBa aKWAY/G K3 SY @S
regression splinE g KSNB 020K WwOOQ FyR wOaQ aLX AySa IINB | GelLlS 27 LiSthaldeddreSR Odzo A O N
considered near to each other in space or time).

%

Species Tweedie’ Model formulation Dev.
DAoazyQa |ftol iNR&a 1.440 ~ te(lat, lon, month, d = ¢(2, 1), bs = c("gp","cc"), k=c(3,8,4)) 87.9
Wandering albatross 1.544 g GSofltGz t2yT Y2yiKZ R I' O6mMImME mMOI 810
Southern royahlbatross 1.530 ~ te(lat, lon, month, d = c(2, 1), bs = c("gp"), k=c(4, 12, 5)) 77.6
Atlantic yellownosed albatross 1.532 ~ te(lat, lon, month, d = ¢(2, 1), bs = c("gp","cc"), k=c(5, 3, 4)) 85.9
Blackbrowed albatross 1.695 ~ te(lat, lon, month, d &(1, 1, 1), bs = c("cs","cc","cc"), k=c(7, 20, 7)) 91.0
Campbell blackrowed albatross 1.321 ~ te(lat, lon, month, d = ¢(2, 1), bs = c("cs","cc"), k=c(4, 12, 4)) 69.1
Shy albatross 1.628 ~ te(lat, lon, month, d = ¢(2, 1), bs = c("gp","cc"), k=c(3))3, 87.8
Greyheaded albatross 1.587 g GSoflrGz t2y> Y2yiKZ R I' O6mMI mMI mMOZ 869
{2dzi KSNY . dzZf £t SNDa | o6l ( 1.364 ~ te(lat, lon, month, d = ¢(2, 1), bs = c("gp","cc"), k=c(4, 8, 5)) 67.1
b 2 NIi K S NJalbatratf f SN & 1.308 ~ te(lat, lon, month, d = ¢(2, 1), bs = c("gp","cc"), k=c(4, 8, 3)) 73.8
Sooty albatross 1.520 ~ te(lat, lon, month, d = ¢(2, 1), bs = c("gp", "cc"), k=c(5, 12, 4)) 77.0
Lightmantled sooty albatross 1.645 ~ te(lat, lon, month, d = c¢(1, 1, 1), bs = ¢("gp", "cc", "cc"), k = ¢c(7, 13, 7)) 78.5
Grey petrel 1.583 g GSoftlriz t2y3y Y2yGKZ R ' O6mMI MI MOZI 722
Black petrel 1.457 ~ te(lat, lon, month, d = ¢(2, 1), bs = c("gp","cc"), k=c(5, 7, 4)) 73.7
Westland petrel 1.522 g GSoflGz t2y> Y2yiKZ R I' O6mMI MI mMOZ 850
White-chinned petrel 1.631 g GSoflGz t2y> Y2yiKZ R I' O6mMI mMI mMOZ 683
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3.3 Speciesspecific results

331 DAo&az2yQa

Datasets received were from the New Zealand Department of Conservation (DOC). Four additional
RFEdGlFasSia KStR o0& . ANR[ATS
no response was received. These data included tracks tktanded along the southern coast of
Australia and slightly to the west of Australia, which would have expanded the predicted distribution
for several months, but noting that it was difficult to determine whether two of these datasets may
have already beeamong those received frorthe New Zealand DOQf the received data, no data
were from the OctobecDecember period and tracks were very limited in January and September.

Distribution maps fied from the data indicated a slight westward movement, along the southern
coast of Australia in JugBlovember Figurel). The Carneiro et al. (2020) distribution maps for the
Auckland Island colony (all four quarters) were used to augment the spatial distribution, which

I fo6lF GdNRaA&a

LY GSNYFGA2Y L

extended the distribution along the southern coast of Australia in most morkiigsi(e2).
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Figurel: DA 0 &2y QA& Diorhedda ank@dersis gibsonpredicted distribution by month Yellow

indicates low densities, and dark blue indicates high densities.
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low densities, and dark blue indicates high densities.

3.3.2 Wandering albatross

A response to data requestsas not received for only two datasets (of 45) that were requested
through BirdLife InternationalAll datasets identified by thexternalreview, including data from the
South Atlantic Ocean (e.g., South Georgia) weoeived Of the received data, dataere available
from the Macquarie colonynly from DecembeMarch, and from the Marion Island colorigr
Januay¢September; all other colonies had coverageer all months.

Distribution maps fied from the data indicated aircumpolar distribution for all months except
FebruargMarch, withdensest concentrations the south Atlantic (Falklands/South Grgia area) and
south Indian Ocean@-igure3). The distributionwas weighted (as a result of including weighting by
the mean colony sizépwards the Marion, Crozet, and Kerguelen colonies in the south Indian ©cean
these colonies make up approximately 70% of the populafldve Carneiro et al. (2020) distribution

maps were not used to augment the predicted distribution.
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Figure3: Wanderingalbatross Piomedeaexulang predicted distribution by month.Yellow indicates low
densities, and dark blue indicates high densities.

3.3.3 Southern royal albatross

The external revieWEdwards et al. 2025, Table Aid@ntified that additional datasets were required
because the previouanalysigDevine et al. in presslid not capture the circumpolar distribution of
this speciesRequests to uselladatasets available in BirdLife Internationaére granted for the
update, whichprovided information on the distribution across the south Pacific Odearmost
months Eigured). Coveragef all months was good, buevy few of the adult tracksircumnavigated
the globe, which meant that the distribution of the specigas limited exceptn the south Pacific
Ocearregion
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Figure4: Southern royal albatross§iomedea epomophorapredicted distribution by month.Yellow
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3.3.4 Atlantic yellownosed albatross

Additional datasets were required because the previous analysis did not captusp#tiotemporal
movementacross the south Atlantic Oceantake into account known foraging areas, e.g., Benguela
upwelling zonegee Table A.6 iBdwards et al. 2025Requests to use all datasets available in BirdLife
International were granted foall but one datasetTable2). No tracking data were availabile Juneto
Septemberall coloniespr for the mainbreeding colonyTristan da CunhaConvergence was an issue

with this model, which was solved hgjusting theweighting(mean colony size) to ibe mean of the
colonies in the data instead of the mean of all known breeding colonies (i.e., removing Tristan da Cunha
and Middle & Stoltenhoff)Table3).

The monthly distribution maps indicatedn eastward movement across the souiflantic Ocean
beginning inAugust with a return to South America by Ap(Figure5). Carneiro et al. (2020)
distributions were used to augment the predicted distributions for the Gough breeding ctdoml
months except OctobeDecember, i.e.omitting monthswhen theavailabletracking data had good
coverageg(Table 3, Figure)6This augmentation meant that proportion of the population remained
at the coast of African AprilgJuly(i.e., in the Benguela upwelling zore)d around Gough Island in
the first three quarters of the calendar yedtigure6).
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3.3.5 Blackbrowed albatross

The external review of the previous distributiomodelling(Devine et al. in pressjoted the lack of
tracking data from key colonies, including the Falkland Islands and southern &tdlanotedan

additional 12trackingdatasetsheld by BirdLife International that would improve the distributio®$

thoseidentified datasets, 9 were made available by data owners for the update, resultdg(of 46)
datasets being includeable2). In the available tracking data, a northwardncation in the south
Indian Ocean was apparent (see AppendixTEackinglatawere available fomost major coloniefor

all months butwas sparse fothe Islas Diego Ramirenlony(Table 3)

The additional tracking datanproved the updated distribution mapgarticularly in the south Indian
and Atlantic Ocean sectgrand downweightedthe distributiontowards the Australian Bigl{Eigure
7). The modelled distributions wergrcumpolar for Mayonly butaugmenting with the Islas Diego

Ramirez colony maps from Carneiro et al. (20@@rovedthe distributions for the south Pacific region
for all months Figure8).
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Figure8: Blackbrowed albatross Thalassarchenelanophrig predicted distribution by month, after
augmentation with the Islas Diego Ramirez colony distribution maps of Carneiro et al. (2020pw
indicates low densities, and dark blue indicates high densities.

3.3.6 Campbell blackrowed albatross

The previous version included data from only Februdmy. additional dataset was identifieds
necessanpy the expert revievand was included in the updatd@dble2). This expanded coverage to
all monthsand included a few tracks in the south Atlantic and Indian Ocean redibissappeared to
be one bird that flew south of South Amerjcerossed the Atlantic, flew to Antarctica, and then
returned to thesouthern Tasman SeBecause of the low relative densities in thesgls they were
not adequately modelle@see Appendix FThe final distribution map indicatemldistributionlocalised

to the south of New Zealand Octolagebruary, with distribution both westward into the south Indian
Ocean and eastward, towards South Ameriba,rest of the yea(Figure9).
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Figure9:
Yellow indicates low densities, and dark blue indicates high densities.

3.3.7 Shy albatross
The review by international experts identifiesix additional datasets that would improve the
distribution maps and included somweide-ranging tracks. Permission to use those data were given
(Table2). The review also noted that known foraging areas in the Indian Qeedoff the east coast
of South Africa were absent, but theBacking datawere from juveniles and thus not included in the
analysis (see Appendix.®ata for adults were only from the area around Tasmania and southern
coastalAustralia.This meant that theupdated predicted monthly distributiordid not differ greatly
from the previous versioexcept that tracks from Mewstone Island (the largest colony) were included

(Figurel0, see Appendix G
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3.3.8 Greyheaded albatross

The review by international expertsoted additional datasets that would improve the updated
distribution maps and included sonpoorly represented coloniePermission to uséur of these
datasetswere givenwhich includedhe Islas Diego Ramire2outh Georgia, and Marion Island colonies
(Table2), but permission was not received to uséher data identified as being kdgom Macquarie
and Marionisland.

Predicted distributions were largely circumpqlaut with some notable gaps in the distribution in the
south Indian Ocean region between Macdhay (Figurell). Augmentation with the Prince Edward
Island colony maps from Carneiro et al. (202@)cateda low-densitycircumpolar distributiorin all
months(Figurel?).
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339 { 2dzi KSNYy . dzf f SNR& |fol NRA&

The previous analys(®evine et al. in presgpuld not differentiate between Northern and Southern
. dzf £ SN& | f onbny NRtRedtracking QatagmisSheld by BirdLife International did not
differentiate between the twasubspeciesThe New Zealand DOC provided subspespegific tracking
data to enable each to be modelledgble2). Tracking data fromthe Snares colony was missing
information for December through March, andoin Solanderfor SeptembegFebruary.Despite
missinginformation for these months, the predicted distributi@mowed birds leavin§outh America
and migrating to New Zealand for the breeding seasopattern that was similar to that reportelly
Fischer et al. (2023Figurel3). Augmentation with the Carneiro et al. (2020) maps for fiber missing
months indicated a lower density of bisdwereat the breeding grounds iDecembe¢March (not
shown)than the noraugmented maps. The decision was made to not use the augmemapd.

30



£
9

L
7

LT
iy,
?'

it
0
05
i

2

A AN

T oSty

Bl Soa
e

LT

f%:zz?l
R
w%

-
Loyl
e
o
o
s

X

e

<
e
o
L

o
o

2,
S T S :
2% e s RS 23
SO || Al || At
ST 5 ,
!““‘“ Ui Es SR L "-‘.‘“\‘“‘ ",,":'?lt{.b:..

i
e
e

S
!

o
5
o
B
=

7

o
4%

>

%
o

e T
o e R T TR
\‘\3’,“;‘. \‘\%‘.,“’0.04,":: “““::1
£

oy
i
SR
e
SRy
e S
TSNS RN
? s e -
{ g B oty TR Sy P s R
e ST BUEERC TS LB T TN
(R e PRSI || s
R s et fiiee
s

It
,m

i
\““‘.‘..‘.‘s
R !
ot
el
o0

T ey
S

e o

VUL
e
e
e 7
L

T
e,
\\\\““‘“20“0.:",.

TR
\‘\‘\‘

iy

A
i
7

5
i
LA
RN o
RS n RS
TG 5 A, o DA
FERE Tl e e Phr L, o LAl Ao e s,
T Lt T )
LI LA, S e Ly
et HH R
i L i b e 4,
AR s, i ey MOS0, o i
MR e 7 | T h T R WM
RS N || \Sessse LW | s o
R NS W\
B P, B

i
T \\;t“‘:”'

e

S
e, i, A
TR e p Sy
Y, B i r

Figure13:{ 2 dzii K S NJalbatrdgé Th&dasdarzhe bulleri bulleripredicted distribution by month.Yellow
indicates low densities, and dark blue indicates higbknsities.

3310b2 NI KSNYy . dzf f SNR& |fol NRA&
All provided tracking data were from the larger of the two colonies (i.e., Motuh@raples 23).
Increasing the number of knots in the spatiotemporal smoother made no improvement to the
predicteddistribution; the model was not able to completely shift all birds from around New Zealand

to the South American coast in AuguBigurel4).
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3.3.11 Sooty albatross

Two additional tracking datasets were approved for use for this updatéich meanthat all available
datasets were use(Table2). Care was taken to use only data identified as sooty albattaksg into
consideration a comment from the external review (see Table A.6 in Edwards et al. PGKing
data included only a few tracks in July and September for the Prince Edward Island(2dlaaks in
total), and no information Januag@ctober for the Tristan da Cunha coldBytracks in total). Because
of thisand the low number of tracks fdwo of the larger colonigsthe Carneiro et al. (2020) maps
were used to augment the predicted distributions (all months) for these two colonfés.resulted in
more eastward distributions in the south Indian Ocdmatween September and March, and a raor
westwarddistribution SeptemberMarch in the South Atlantic (Figurescll®).
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3.3.12 Lightmantled sooty albatross

The review of the previous distribution mapping lacked data from the South Georgia, Crozet, and
Kerguelen coloniesThese dataand an additional dataset from the New Zealand D@n fthe
Campbell colonyere made available for the updaf€able?). The only dataset that was not available
was from Macquarie Island, which contained only three tradkacks were spare for the Marion
colony in SeptembeOctober. Distribution maps were augmented with the Prince Edward Island
colony maps in Carneiro et al. (2020), but because it was a small colony, it made little discernible
difference to the distribution maps (Figurescl'B). Lightmantled sooty albatross distriltions were
circumpolarin most months butfew tracks crossed the south Pacific OceaRebruary and March.
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3.3.13 Grey petrel

While ro additional datasets were available for the updh#malysis the update included weighting
by the mean colony size, which was not previously ddime Antipodes colongontained 70% of the
population, followed by Gough Islar{d7%) all other colonies made up a minor proportion of the total
grey petrel population(Table 3)Because of weighting the datthe distribution inthe south Indian
and Atlantic Oceans wae-emphasizedFigurel9). The Carneiro et al. (2020) distribution maps were
not used to augment the predicted distribution.

36



A

et L
iy

A

AL
A

LA o SO (0%
T TS

VA TS
e

" i
\ggg_“,m,’..;a
(-

X
e
““"‘6“‘:::1::: by,

I
‘}’__‘.w Y

R,

AN, )

‘:{:“x&w ! ““:“.‘
Ly

DRl

It
L
i
i

ey
o
S
CPcc

iy,
7

i
i

'

T

27
<
4

o
L
L
L

oty

R
A

e
o
3
A%
T
S

i

'z
o
%

s

s
3

=
i

b
%

o
i
bty

as
TR
P e
NN
i

S
i 73
J@l

7

B
I

oy
HEE
e
A
S

LT P
s By
N i

]

&
g

Sy

[

s
n

i S

e S e

'.'.O'zf’:t’:‘::“t\ e Y i

LA St g oy

TR S st

o e

sRREs
AN
AT
RS

W2

VLS
St
5 L5 h

A
e e

Figurel9: Greypetrel (Procellaria cinereapredicted distribution by month.Yellow indicates low densities,
and dark blue indicates high densities.

3.3.14 Black petrel

The external review noted that some tracks included in the previous distribution modelling may not
have been black petrel traclasd that this species should be absent from New Zealand in July through
September Permission was given to use all available datasets in BirdLife International and an
additionalset forAoteaGreat Barrier Island was provided by the New Zealand DaXleQ). The data
identified as black petrel included tracks souti8f°S (see Appendix Mecause these are predicting
probable distribution for a species, very low relative densities were prediateadnd New Zealand in
July, but the updated maps show that black petrels are now absent in August and September, having
migrated across the south Pacific Ocean to the coast of South Anaeadcaorthward(Figure20). The
spatial distribution was allowed to cross the equator to simulate movement of this species into the
northern hemisphereand along the coast of central Ameridde external review expressed concern
that data had not been adequately groomed because predictions had been allowed to extend into the
CaribbearSea. Raw data were closslyrutinized The movements were from four datasgsé tracks)

and were not associated with the equinox (as this can introduce errbrsie was nothing to suggest

that these data werenot real, and the datawere retainedin the analysisThis may, however, be an
issue with older GLS data and Iwigquire closer scrutinyir{cludingworking with experts) should
distribution maps be updated in the futurBlote that thegreatest predicted density was to the Pacific
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Oceancoast of South America (Jurteeptember)(Figure 20). The number of knots and model
formulation had not beerupdated, soimprovementto the distributionwas due to the addion of
three trackingdatasetsfor the Great Barrier Island colony and weighting by colony(3iakle4). The
Carneiro et al. (2020) distribution maps were not used to augment the predicted distribution.
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Figure20: Black petrel(Procellaria parkinsonipredicted distribution by month.Yellow indicates low

densities, and dark blue indicates high densities.

3.3.15Westland petrel
Two additional tracking datasets were provided for the updeaealysis which vastly improved the

modelled distributionsWestland petrets were distributed only around New ZealandJune andluly
andwere in high density along the South American co@siilé and Argentina) in Novemlgdiarch
(Figure2l). Tracking data supported the movement of birds around the tip of South America and to
the Argentinian coast (see Appendix @he external review noted thahis species should not be
present in New Zealand water in Janugviarch(see Table A.6 in Edwards et al. 202m)wever, the

raw tracking data indicated a large number of traeksund New Zealand at that time (see Appendix
0O).The Carneiro et al. (2020) distribution maps were not used to augment the predicted distribution.
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Figure21: Westland petrel(Procellaria westlandicapredicted distribution by month.Yellow indicates low
densities, and dark blue indicates high densities.

3.3.16 White-chinned petrel

Permission was granted to use all available tracking datasets in BirdLife Internéfiabkd2). The
external review noted thaknown foraging areasuch as the Benguela upwelling zone were not
present in the previous distributiond he current maps included an additional five datas€tacking
data indicated movement ofvhite-chinned petrels into this area between February and September
(see Appendix Pand the predicted distributionalso indicatedelatively high densities here between
April and AugustFigure22). However, distributions of the largest colony (South Georgahle3)

dominated the predicted distributionsHigure22). The Carneiro et al. (2020) distribution maps were
not used to augment the predicted distribution.
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Figure22: White-chinned petrel(Procellaria aequinoctialispredicted distribution by month.Yellow indicates

low densities, and dark bluéendicates high densities.
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Future iterations of the work presented could be improved through:

- Further inspection of older GLS tracks and potentially, where needed, reprocessing these using
improved techniques (e.g., Merkel et al. 204 ®robabilistic algorithm to process geolocation
data | Movement Ecology | Full Téxto reduce error. This could, for example, improve the
distribution of Black Petrels and Whithinned Petrels.

- Further increase of sample sizes if and when new tracking data becomes available. This could,

FT2NJ SEFYLX ST AYLINRGS (KS RAAGNROdziA2Yya 2F b2
further highlights which colonies would benefit most from future camee tracking efforts.
Wandering Albatrosses from Prince Edward Island, Atlantic Yabeed Albatross from
Tristan da Cunha, Grdyeaded Albatross from Crozet and Kerguelen, Ligamtled Sooty
Albatrosses from the Auckland Islands, Grey Petrels frormeGrand Whitechinned Petrels
from Disappointment and Campbell Island appear global tracking priorities.

- Some further reprocessing of the augmentation steps using the maps from Carneiro et al. 2020
to align resolutions.

- Exploration of how tracking intensity within species, but among colonies, could be further
accounted for.

5 101y26tft SRISYSYUa

The following list of individuals/organisations provided tracking data: Amanda FreédmarBertoldi
Carneiro Andrew WestgateAndy SchofieldAntje Steinfurth April Hedd Aurore Ponchon, Azwianewi
Makhado, Ben Dilley, Bindi Thomas, Chris Powell, Christina Hagen, Christopher Robertson, David
Gremillet, David Nicholls, David Thompsddominic RollinsgnElizabeth Bell, Ewan Wakefield,
Falklands Conservatioflavio QuintanaGraham RobertsonHenri WeimerskirchHarry Marshall

Jacob GonzaleRolis, JaimeCleeland, Javier Arata, Je@faude Stahl, John Arnould, Jose Pedro
Granadeiro Kalinka Rexelrluber,Kris Carlyonl.eandro Bugoni, Leigh Torréssley Thornel etizia
CampionjLorna DeppeNewZealand Department of Conservatifin particular Kath Walker, Graeme

Elliott, Graham Parker, Peter Moore, Brodie Philp, Theo Thompson, Chrissy Wickes, Jamie Darby, Mike
Bell, Carlos Zavalaga, Kate Simister, Matt Charteris, Samhita Bose, Igor Debski, Graeme Taylor, Olivia
Rowley, and Johannes Fischdtaul Sagar, Paul Scofield, Paulo Catry, Peter Ryeme Pistorius

Richard PhillipsRobert RonconiRosemary Gale®Ross Wanless, Scott Shaff€tefan Schoombie,

Steffen OppelSusan MicolTimothée Popart, Todd Landers, Trevor Glass, Wildlife Management
International Ltd. and William MontevecchiThe draft report was revieweby Darren StevensThis

work was funded byshearwater Analytics Ltd
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AppendixA DA O

Figure Al: Locations of ungroomed tracking data for all life stages, where different colours indicate different
colonies.

Figure A2: Groomed and interpolatedndividual tracksfor adult or unknown lifestages, where different
colours indicate differentbird identifiers (noting that colours will repeat)
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Figure A3: Log elative density by month, aggregated by°lat-lon grid cell Data were not weighted by

mean colony size because only one colony was present.
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Figure A4: Model diagnostic plotsresidualQQ plot (left) andmeanresidualpattern by hexagonal grid cell

(right).
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Appendix B Wandering albatross
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Figure B5: Locations of ungroomed tracking data for all life stages, where different colours indicate different
colonies.

Figure B6: Groomed and interpolated individual tracks for adult or unknown life stages, where different
colours indicate different bird identifiers (noting that colours will repeat).
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Figure B8: Model diagnostic plots: residual QQ plot (left) and mean residual pattern by hexagonal grid cell
(right).
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Appendix C  Southern royal albatross

FigureC9: Locations of ungroomed tracking data for all life stages, where different colours indicate different
colonies.

FigureC10: Groomed and interpolated individual tracks for adult or unknown life stages, where different
colours indicate different bird identifiers (noting that colours will repeat).
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FigureC11: Log relative density by month, aggregated by lat-lon grid cell. Data were not weighted by
mean colony size because only one colony was present
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Appendix D Atlantic yellownosed albatross
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FigureD.13: Locations of ungroomed tracking data for all life stages, where different colours indicate
different colonies.

FigureD.14: Groomed and interpolatedndividual tracks for adult or unknown life stages, where different
colours indicate different bird identifiers (noting that colours will repeat).
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FigureD.16: Model diagnostic plots: residual QQ plot (left) and mean residual pattern by hexagonal grid cell
(right).
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Appendix E Blackbrowed albatross

FigureE17: Locations oungroomed tracking data for all life stages, where different colours indicate
different colonies.

FigureE18: Groomed and interpolated individual tracks for adult or unknown life stages, where different
colours indicate different bird identifiers (noting that colours will repeat).
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FigureE20: Model diagnostic plots: residual QQ plot (left) and mean residual pattern by hexagonal grid cell
(right).
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Appendix F Campbell blackrowed albatross

FigureF.21: Locations of ungroomed tracking data for all life stages, where different colours indicate
different colonies.

FigureF.22: Groomed and interpolated individual tracks for adult or unknown life stages, where different
colours indicate different bird identifiers (noting that colours will repeat).
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FigureF.23: Log relative density by month, aggregated by lat-lon grid cell. Data were not weighted by
mean colony size because only one colony was present.
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FigureF.24: Model diagnostic plots: residual QQ plot (left) and mean residual pattern by hexagonal grid cell
(right).
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Appendix G Shy albatross

FigureG.25: Locations of ungroomed tracking data for all life stages, where different colours indicate
different colonies.

FigureG.26: Groomed and interpolated individual tracks for adult or unknown life stages, where different
colours indicate different bird identifiers (noting that colours will repeat).
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FigureG.28: Model diagnostic plots: residual QQ plot (left) and mean residual pattern by hexagonal grid cell
(right).
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Appendix H Greyheaded albatross
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FigureH.29: Locations of ungroomed tracking data for all life stages, where different colours indicate
different colonies.

FigureH.30: Groomed and interpolated individual tracks for adult or unknown lif¢ages, where different
colours indicate different bird identifiers (noting that colours will repeat).
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FigureH.32: Model diagnostic plots: residual QQ plot (left) and mean residual pattern by hexagonal grid cell
(right).

58



Appendix | { 2dz0 KSNY . dzZf £t SND& | fol (NRA&

Figurel.33: Locations of ungroomed tracking data for all life stages, whéifferent colours indicate different
colonies.

Figurel.34: Groomed and interpolated individual tracks for adult or unknown life stages, where different
colours indicate different bird identifiers (noting that colours will repeat).
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Figurel.35: Log mean weighted relative density by month, aggregated bdt-lon grid cell.

Figurel.36: Model diagnostic plots: residual QQ plot (left) and mean residual patternhgxagonal grid cell
(right).
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