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SUMMARY 

The ACAP database is the central repository for abundance data for ACAP species, yet 

these data are disparate and subject to a range of errors and idiosyncrasies. We developed 

a standardised framework for processing and modelling abundance data of ACAP species, 

consisting of 1) updating definitions of metrics, methods, and errors, and restructuring data, 

2) standardising error corrections and incorporation of uncertainty, 3) converting annual 

breeding pairs into mature individuals, and 4) modelling of trends through a bespoke R 

package (ACAPT). Our framework then enabled population size and trend estimates 

comparable across space, time, and species, and facilitated IUCN Red List and ACAP 

High Priority Population assessments. We processed and modelled abundance data (471 

counts) for 10 New Zealand endemics (3 Diomedea, 5 Thalassarche, and 2 Procellaria 

species), which varied in data quality, time-series length (38-91 years), and life-history 

characteristics. Our results revealed complex, contrasting population trends within New 

Zealand’s marine mega-avifauna. All Diomedea species exhibited ongoing declines (-35% 
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since 1980, -21% since 2006). Trends of Thalassarche species varied; two species 

declined, one of which drastically (Salvin’s Albatross; T. salvini; -31% since 1980, -6% 

since 2006), but one species remained stable, and one has increased. Both Procellaria 

petrel species showed long-term increases, and one species warrants downlisting. These 

contrasting trends cumulated in a net change of 1,400 (-187,300; 94,400) mature 

individuals since 1980, equating to a relative change of 0% (-17%; 17%) suggesting 

considerable uncertainty. Since 2006, declines became more certain with a net loss of -

19,200 (-53,200; 35,800) mature individuals, equating to a relative change of -3% (-10%; 

4%). Our framework and the resultant estimates represent a major advance in 

understanding and communicating the divergent fates of these seabirds. In doing so, we 

provide a crucial step towards mitigating losses and ultimately reversing the identified 

declines. 

RECOMMENDATIONS 

We recommend that PaCSWG: 

1. Endorse the updated definitions of metrics, count methods, and errors for ACAP 

abundance data in Table 1-3. 

2. Endorse the proposed abundance data processing and modelling framework, 

consisting of standardised approaches to 1) generate baseline uncertainty and 

account for sampling error, 2) account for detection error where possible, 3) 

account for occupancy error to ensure breeding pairs as the primary abundance 

metric, 4) account for phenology-related error using breeding success data, 5) 

convert breeding pairs to mature individuals using breeding probability 

estimates, and 6) modelling trends through the custom-built R package ACAPT. 

3. Review the proposed IUCN Red List Criterion A2/A4 assessments under 

different timelines and different statistical approaches for the case studies and 

recommend the most suitable approach and associated uplisting/downlisting 

proposals. 

4. Review the criteria for identifying ACAP High Priority Populations and agree on 

an appropriate λ and time period criterion while considering uncertainty. 

5. Recommend that AC assigns resource in the AC Work Programme to improve 

the ACAP database data structure, mirroring the examples in the 

Supplementary Tables, through clearer separation of metrics, methods, and 

error treatment, and incorporation of additional auxiliary data. 

6. Recommend that AC commits resource in the AC Work Programme to extend 

these analyses for the remaining ACAP species. 

7. Request AC updates the Terms of Reference of the Intersessional Group on 

ACAP Trends to continue work on, among others, 1) the standardisation of 

ACAP High Priority Population assignments, 2) spatial analyses of trends 

through integration of tracking data, and 3) the development of ACAP science 

communications materials illustrating the trend analyses, for inclusion in future 

ACAP products. 

8. Request ACAP to advise BirdLife International on IUCN Red List Assessments 

of ACAP species by 1 October 2026. 
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Un marco estandarizado para el procesamiento de datos 
sobre abundancia de albatros y petreles y la modelización 

de sus tendencias a lo largo de varias décadas 
 

RESUMEN 

La base de datos del ACAP es el repositorio central de datos sobre abundancia para las 

especies del ACAP. Sin embargo, estos datos son dispares y están sujetos a una serie de 

errores e idiosincrasias. Desarrollamos un marco estandarizado para el procesamiento y 

la modelización de datos sobre abundancia de especies del ACAP que consiste en 1) 

actualizar las definiciones de métricas, métodos y errores, y reestructurar los datos, 2) 

estandarizar las correcciones de errores y la incorporación de la incertidumbre, 3) convertir 

las parejas reproductoras anuales en ejemplares maduros, y 4) modelizar las tendencias 

a través de un paquete R personalizado (ACAPT). Luego, nuestro marco permitió realizar 

estimaciones de tamaño y tendencia de las poblaciones comparables en el espacio, el 

tiempo y las especies, y facilitó las evaluaciones de la Lista Roja de la UICN y las 

poblaciones de mayor prioridad del ACAP. Procesamos y modelizamos datos sobre 

abundancia (471 conteos) para 10 especies endémicas de Nueva Zelanda (3 de 

Diomedea, 5 de Thalassarche y 2 de Procellaria), que variaron en calidad de datos, 

longitud de la serie temporal (de 38 a 91 años) y características de la historia de vida. 

Nuestros resultados revelaron tendencias poblacionales complejas y contrastantes dentro 

de la megaavifauna marina de Nueva Zelanda. Todas las especies de Diomedea 

presentaron una disminución continua (-35 % desde 1980, -21 % desde 2006). Las 

tendencias de las especies de Thalassarche variaron; dos especies disminuyeron, una de 

ellas drásticamente (Thalassarche salvini; -31 % desde 1980, -6 % desde 2006), una se 

mantuvo estable y otra aumentó. Las dos especies de petreles Procellaria registraron 

aumentos a largo plazo, y una de ellas justifica una reclasificación a una categoría de 

menor riesgo en la lista. Estas tendencias contrastantes se acumularon en un cambio neto 

de 1400 (-187 300; 94 400) ejemplares maduros desde 1980, equivalente a un cambio 

relativo del 0 % (-17 %; 17 %), lo que sugiere una incertidumbre considerable. Desde 

2006, las disminuciones se volvieron más ciertas con una pérdida neta de -19 200 (-

53 200; 35 800) ejemplares maduros, lo que equivale a un cambio relativo de -3 % (-10 %; 

4 %). Nuestro marco y las estimaciones resultantes representan un avance importante en 

la comprensión y comunicación de los destinos divergentes de estas aves marinas. Al 

hacerlo, proporcionamos un paso crucial hacia la mitigación de las pérdidas y, en última 

instancia, la reversión de las disminuciones identificadas. 

RECOMENDACIONES 

Recomendamos que el GdTPEC tome las siguientes medidas: 

1. Aprobar las definiciones actualizadas de métricas, métodos de conteo y 

errores para los datos sobre abundancia del ACAP en las Tablas 1 a 3. 

2. 2. Aprobar el marco propuesto para el procesamiento y modelado de datos 

sobre abundancia, que consiste en enfoques estandarizados para 1) generar 

incertidumbre de base y tener en cuenta el error de muestreo, 2) tener en 
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cuenta el error de detección cuando sea posible, 3) tener en cuenta el error 

de ocupación para que las parejas reproductoras sean la principal métrica de 

abundancia, 4) tener en cuenta el error relacionado con la fenología utilizando 

datos de éxito reproductivo, 5) convertir las parejas reproductoras en 

ejemplares maduros utilizando estimaciones de probabilidad de reproducción 

y 6) modelar las tendencias a través del paquete R personalizado ACAPT. 

3. Revisar las evaluaciones propuestas del Criterio A2/A4 de la Lista Roja de la 

UICN según diferentes cronogramas y distintos enfoques estadísticos para 

los estudios de caso y recomendar el enfoque más adecuado y las propuestas 

asociadas de reclasificación a categorías de mayor o menor riesgo. 

4. Revisar los criterios para identificar las poblaciones de mayor prioridad del 

ACAP y acordar un criterio de λ y período de tiempo apropiado, teniendo en 

cuenta la incertidumbre. 

5. Recomendar que el CA asigne recursos en el Programa de Trabajo del 

Comité Asesor para mejorar la estructura de datos de la base de datos del 

ACAP, imitando los ejemplos en las Tablas Suplementarias, con una 

separación más clara de las métricas, los métodos y el tratamiento de errores, 

y la incorporación de datos auxiliares adicionales. 

6. Recomendar que el CA asigne recursos en el Programa de Trabajo del 

Comité Asesor para extender estos análisis a las demás especies del ACAP. 

7. Solicitar que el CA actualice los Términos de Referencia del Grupo 

Intersesional sobre las Tendencias del ACAP para continuar trabajando, entre 

otros asuntos, en 1) la estandarización de las asignaciones de poblaciones 

de mayor prioridad del ACAP, 2) análisis espaciales de tendencias mediante 

la integración de datos de rastreo y 3) la elaboración de materiales de 

comunicación científica del ACAP que ilustren los análisis de tendencias para 

su inclusión en futuros productos del ACAP. 

8. Solicitar al ACAP que asesore a BirdLife International sobre las evaluaciones 

de la Lista Roja de la UICN de las especies del ACAP para el 1 de octubre de 

2026. 
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Un cadre standardisé pour le traitement des données 
d’abondance des albatros et des pétrels et la modélisation 

de leurs tendances pluri-décennales 
 

RÉSUMÉ 

La base de données de l’ACAP est le dépôt central des données d’abondance des espèces 

de l’ACAP ; toutefois, ces données sont hétérogènes et sujettes à divers types d’erreurs et 

de particularités. Nous avons développé un cadre standardisé pour le traitement et la 

modélisation des données d’abondance des espèces de l’ACAP, comprenant : (1) la mise 

à jour des définitions des indicateurs, des méthodes et des erreurs, ainsi que la 

restructuration des données ; (2) la standardisation des corrections d’erreurs et l’intégration 

de l’incertitude ; (3) la conversion des couples reproducteurs annuels en individus matures ; 

et (4) la modélisation des tendances à l’aide d’un package R dédié (ACAPT). Ce cadre a 

permis d’obtenir des estimations de la taille des populations et de leurs tendances 

comparables dans l’espace, dans le temps et entre espèces, et a facilité les évaluations de 

la Liste rouge de l’UICN et des populations hautement prioritaires de l’ACAP. Nous avons 

traité et modélisé des données d’abondance (471 comptages) pour 10 espèces 

endémiques de Nouvelle-Zélande (3 Diomedea, 5 Thalassarche et 2 Procellaria), 

présentant des variations en termes de qualité des données, de longueur des séries 

temporelles (38–91 ans) et de caractéristiques du cycle de vie. Nos résultats ont révélé des 

tendances démographiques complexes et contrastées au sein de la mégafaune aviaire 

marine de Nouvelle-Zélande. Toutes les espèces de Diomedea ont présenté des déclins 

continus (-35 % depuis 1980, -21 % depuis 2006). Les tendances des espèces de 

Thalassarche variaient : deux espèces ont décliné, dont une fortement (albatros de Salvin ; 

T. salvini ; -31 % depuis 1980, -6 % depuis 2006), tandis qu’une espèce est restée stable 

et une autre a augmenté. Les deux espèces de pétrels Procellaria ont montré des 

augmentations à long terme, et l’une d’entre elles justifie un déclassement. Ces tendances 

contrastées ont abouti à un changement net de 1 400 (-187 300 ; 94 400) individus matures 

depuis 1980, soit une variation relative de 0 % (-17 % ; 17 %), ce qui indique une incertitude 

considérable. Depuis 2006, les déclins sont devenus plus certains, avec une perte nette de 

-19 200 (-53 200 ; 35 800) individus matures, soit une variation relative de -3 % (-10 % ; 

4 %). Notre cadre et les estimations qui en résultent représentent une avancée majeure 

dans la compréhension et la communication des trajectoires divergentes de ces oiseaux 

marins. Ce faisant, nous apportons une contribution essentielle aux efforts visant à atténuer 

les pertes et, à terme, à inverser les déclins identifiés. 

RECOMMANDATIONS 

Nous recommandons que le PaCSWG : 

1. Approuve les définitions mises à jour des indicateurs, des méthodes de 

comptage et des erreurs pour les données d’abondance de l’ACAP figurant aux 

tableaux 1 à 3. 

2. Approuve le cadre proposé pour le traitement et la modélisation des données 

d’abondance, consistant en des approches standardisées visant à : (1) générer 
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l’incertitude de référence et prendre en compte l’erreur d’échantillonnage ; (2) 

prendre en compte l’erreur de détection lorsque cela est possible ; (3) prendre 

en compte l’erreur d’occupation afin de garantir que les couples reproducteurs 

constituent la principale mesure d’abondance ; (4) prendre en compte l’erreur 

liée à la phénologie à l’aide de données de succès reproducteur ; (5) convertir 

les couples reproducteurs en individus matures à l’aide d’estimations de 

probabilité de reproduction ; et (6) modéliser les tendances à l’aide du package 

R dédié ACAPT. 

3. Examine les évaluations proposées des critères A2/A4 de la Liste rouge de 

l’UICN selon différents horizons temporels et différentes approches statistiques 

pour les études de cas, et recommande l’approche la plus appropriée ainsi que 

les propositions correspondantes de reclassement 

(rehaussement/déclassement). 

4. Examine les critères permettant d’identifier les populations prioritaires élevées 

de l’ACAP et convenir d’un λ approprié ainsi que d’un critère de période, tout 

en tenant compte de l’incertitude. 

5. Recommande que le Comité consultatif alloue des ressources dans son 

programme de travail afin d’améliorer la structure des données de la base 

ACAP, en s’inspirant des exemples figurant dans les tableaux supplémentaires, 

notamment par une séparation plus claire des indicateurs, des méthodes et du 

traitement des erreurs, ainsi que par l’intégration de données auxiliaires 

supplémentaires. 

6. Recommande que le Comité consultatif consacre des ressources dans son 

programme de travail afin d’étendre ces analyses aux autres espèces de 

l’ACAP. 

7. Demander au Comité consultatif de mettre à jour le mandat du groupe 

intersessionnel sur les tendances de l’ACAP afin de poursuivre les travaux 

portant notamment sur : (1) la standardisation de l’identification des populations 

prioritaires élevées de l’ACAP ; (2) les analyses spatiales des tendances 

fondées sur l’intégration de données de suivi ; et (3) le développement de 

supports de communication scientifique de l’ACAP illustrant les analyses de 

tendances, en vue de leur intégration dans les futurs produits de l’ACAP. 

8. Demande à l’ACAP de conseiller BirdLife International sur les évaluations de 

la Liste rouge de l’UICN concernant les espèces de l’ACAP d’ici au 1er octobre 

2026. 
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ABSTRACT 93 

Generating estimates of population size and trends for marine megafauna is challenging due 94 

to the difficulty of obtaining coherent abundance data across space and time. The Agreement 95 

on the Conservation of Albatrosses and Petrels (ACAP) is the central repository for 96 

abundance data of albatross and selected petrel species. However, these data are disparate 97 

and subject to a range of errors and idiosyncrasies. We first developed a standardised 98 

framework for processing and modelling abundance data of ACAP species, consisting of 1) 99 

updating definitions of metrics, methods, and errors, and restructuring data, 2) standardising 100 

error corrections and incorporation of uncertainty, 3) converting annual breeding pairs into 101 

mature individuals, and 4) modelling of trends through a bespoke R package (ACAPT). Our 102 

framework then enabled population size and trend estimates comparable across space, time, 103 

and species, and facilitated IUCN Red List and ACAP High Priority Population 104 

assessments. We processed and modelled abundance data (471 counts) for 10 New Zealand 105 

endemics (3 Diomedea, 5 Thalassarche, and 2 Procellaria species), which varied in data 106 

quality, time-series length (38-91 years), and life-history characteristics. Our analyses 107 

highlighted the flexibility of our framework and improved conservation status assessments. 108 

Our results revealed complex, contrasting population trends within New Zealand’s marine 109 

mega-avifauna. All Diomedea species exhibited ongoing declines (-35% since 1980, -21% 110 

since 2006). Trends of Thalassarche species varied; two species declined, one of which 111 

drastically (Salvin’s Albatross; T. salvini; -31% since 1980, -6% since 2006), but one 112 

species remained stable, and one has increased. Both Procellaria petrel species showed 113 

long-term increases, and one species warrants downlisting. These contrasting trends 114 

cumulated in a net change of 1,400 (-187,300; 94,400) mature individuals since 1980, 115 

equating to a relative change of 0% (-17%; 17%) suggesting considerable uncertainty. Since 116 

2006, declines became more certain with a net loss of -19,200 (-53,200; 35,800) mature 117 

individuals, equating to a relative change of -3% (-10%; 4%). Our framework and the 118 

resultant estimates represent a major advance in understanding and communicating the 119 

divergent fates of these seabirds. In doing so, we provide a crucial step towards mitigating 120 

losses and ultimately reversing the identified declines.  121 
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1. INTRODUCTION 166 

Understanding population size and trends is a fundamental objective of conservation 167 

biology, particularly in the face of the ongoing, human-induced biodiversity loss (Ceballos 168 

et. al 2015). However, obtaining confident estimates of abundance and trends for marine 169 

megafauna is particularly difficult (e.g., Dulvy et al. 2024), which is problematic given the 170 

accelerating global defaunation of marine ecosystems (e.g., Paleczny et al. 2015, Pacoureau 171 

et al. 2021, Edgar et al. 2024). Decades of industrial-scale sampling coupled with highly 172 

advanced statistical models (e.g., stock assessments) have been dedicated to estimating 173 

abundance and trends for marine megafauna of commercial interest, such as tunas and 174 

billfishes (Juan-Jorda et al. 2022) and, historically, whales (Baker & Clapham 2004). 175 

Despite these efforts, obtaining accurate estimates remains challenging (e.g., Edgar et al. 176 

2024). Yet, some marine megafauna species return to land to breed (e.g., sea turtles, 177 

pinnipeds, and seabirds), creating opportunities for collecting abundance data at 178 

breeding/aggregation sites (Paleczny et al. 2015, LaReu et al. 2021, Hays et al. 2024). 179 

However, marine megafauna species are usually also characterised by highly complex life 180 

histories (e.g., Weimerskirch 2018, Roast et al. 2023), creating considerable challenges to 181 

inferring true trends from abundances observed at terrestrial breeding/aggregation sites (e.g., 182 

Oppel et al. 2021). Despite these challenges, abundance estimates are crucial for marine 183 

megafauna conservation, as, for example, conservation status (e.g., Sherley et al. 2020ab, 184 

IUCN 2012) or (fisheries) risk assessments (e.g., Edwards et al. 2023, Anon. 2025, Bell et 185 

al. 2025) are highly dependent on these data and their accuracy. Consequently, obtaining 186 

estimates of abundance and trends of marine megafauna, including for seabirds, remains a 187 

global conservation priority. 188 

Like all marine megafauna, seabirds are charismatic, culturally and ecologically 189 

important, and highly threatened (Dias et al. 2019, Jones et al. 2025), yet estimates of seabird 190 

abundance and trends that are comparable across space, time, and species remain elusive. 191 

Paleczny et al. (2015) highlighted a ~70% decline in seabird abundance during 1950-2010 192 

yet did not ensure direct comparability among abundance data. Fischer et al. (2024) also 193 

highlighted ongoing, long-term declines in New Zealand albatross and petrel populations, but 194 

equally did not ensure direct comparability. Not ensuring comparability among counts is 195 

problematic as this omission risks propagation of errors (e.g., due to differing metrics, 196 

methods, and count timings), ignores uncertainty, and prevents confident insights into trends 197 

and conservation status.  198 
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Among seabirds, albatrosses and large petrels are of particular conservation concern, 199 

predominantly due to the global impacts of bycatch and invasive species (Phillips et al. 200 

2016), leading to the ratification of the Agreement on the Conservation of Albatrosses and 201 

Petrels (ACAP) in 2004 (Cooper et al. 2006). Obtaining abundance data for these species are 202 

particularly challenging as they breed on the most remote, hostile, and inaccessible islands on 203 

the planet (Phillips et al. 2016, Rodrigues et al. 2019) and thus individual counts are often 204 

extremely costly (e.g., New Zealand invested >$400,000 USD in a single year to obtain 205 

abundance data for nine species; CSP 2025). To overcome these challenges, various methods 206 

are used to estimate albatrosses and petrel abundance, including from the ground, vessels, 207 

airplanes, helicopters, drones, and satellites (e.g., Poncet et al. 2006, Robertson et al. 2008, 208 

Fretwell et al. 2017, Frost et al. 2025, Elliott et al. 2025). These counts, however, are rarely 209 

conducted at the same time and consequently count metrics (e.g., nests, breeding adults, eggs, 210 

or chicks) also vary, including among counts of the same species at the same breeding site 211 

(Parker & Rexer-Huber 2020b, Wolfaardt & Phillips 2020). Due to these different count 212 

methods, metrics, and timings, abundance data of albatrosses and petrels are subject to 213 

several different sources of error and inconsistent accounting thereof. Consequently, count 214 

data of ACAP species are disparate and subject to considerable idiosyncrasies. A 215 

standardised framework is thus required to process these challenging count data to 1) obtain 216 

comparable abundance estimates, 2) enable unified modelling of their trends, and ultimately, 217 

3) gain comparable insights into their conservation status.  218 

Here, we developed a standardised framework to process and estimate albatross and 219 

petrel abundance and model their multi-decadal trends. We illustrate the utility and flexibility 220 

of our framework by providing the first comparable estimates of abundance for ten albatross 221 

and petrel species endemic to New Zealand. Our approach is applicable to a wide range of 222 

other seabird species, and our trend model is applicable to a wide range of animal species. 223 

Consequently, our work paves a way forward towards obtaining better estimates of marine 224 

megafauna and their fates around the globe.  225 
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2. METHODS AND MATERIALS 226 

Our framework to process and model abundance data (i.e., counts) of albatrosses and petrels 227 

consisted of five distinct steps: 1) restructuring existing data and redefining metrics, 228 

methods, and errors, 2) standardising incorporation of uncertainty and error corrections to 229 

express all data in a uniform metric: annual breeding pairs at the start of the breeding period, 230 

3) converting annual breeding pairs into mature individuals, 4) modelling of trends, and 5) 231 

assessing their conservation status. Below, we detail the methodology for each step (section 232 

2.1-2.6), after which we present ten case studies (section 2.7) using data from ten albatrosses 233 

and petrel species endemic to New Zealand (Antipodean Albatross Diomedea antipodensis, 234 

Northern Royal Albatross D. sanfordi, Southern Royal Albatross D. epomophora, Campbell 235 

Albatross Thalassarche impavida, Buller’s Albatross T. bulleri, White-capped Albatross T. 236 

steadi, Chatham Albatross T. eremita, Salvin’s Albatross T. salvini, Westland Petrel 237 

Procellaria westlandica, and Black Petrel P. parkinsoni).   238 

 239 

2.1. Definitions of metrics, methods, and errors, and developing a suitable data 240 

structure 241 

ACAP is the central repository for abundance data for all 31 albatross and petrel species 242 

listed on its Annex 1 and collates these data in a centralised database (the ACAP database 243 

from hereon; ACAP 2025a). For each count, location (breeding site and part-site), year, 244 

method, reliability, accuracy, and reference are recorded. Breeding site is defined as an 245 

individual island or a specific colony on the mainland (but the definition takes conservation 246 

management into account too) of which part-sites are subsections (e.g., specific study or 247 

index areas within a larger colony; Wolfaardt & Phillips 2020). Year refers to a biologically 248 

relevant year, which varies between species depending on their phenology, and as per ACAP 249 

convention, the calendar year in which chicks fledge is recorded. Method is expressed as A-250 

H, each letter representing a different method (and sometimes metric and error(s) accounted 251 

for), reliability is recorded as 1-5 each representing a different category of error estimation 252 

or absence thereof, and accuracy scores consist of “high” (≤10% of stated figure), “medium” 253 

(≤50%), or “low” (≤100%) (ACAP 2009). In 2025, the database held 3,884 counts across 254 

two centuries (1871-2025) for all 31 ACAP species, and 815 (21%) counts across eight 255 

decades (1951-2025) for the ten species endemic to New Zealand (ACAP 2025a,b). 256 

We reviewed the data structure within the ACAP database and its utility using an 257 

anonymous online questionnaire (https://forms.gle/k7uBuBpRDz3k5qAUA), an expert 258 

https://forms.gle/k7uBuBpRDz3k5qAUA
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elicitation following a modified Delphi process (Hemming et al. 2018), and several online 259 

discussions during 2024-2025. In total, 39 experts on albatross and petrel counts from 260 

around the world (including all ACAP Population and Conservation Status Working Group 261 

members) were invited, and 17 (44%) provided insights. Feedback highlighted key concerns 262 

with the current data structure of the ACAP database: 1) recording of the count metric is 263 

unclear, and method, metric, and error(s) are often conflated, 2) methods, metrics, and errors 264 

are poorly defined and open to multiple interpretations, 3) the reliability score is of limited 265 

utility and is also conflated with method and metric, and 4) accuracy scores were interpreted 266 

differently by experts when requested to express their beliefs numerically, with responses 267 

differing depending on whether surface or burrow/crevice nesters were considered. 268 

 To address the identified concerns, we revised the structure of the ACAP abundance 269 

data and updated definitions of key terms. Specifically, we 1) explicitly separated the target 270 

metric, the count method, and the associated errors (whether accounted for or not), 2) agreed 271 

on updated definitions for metrics (and the hierarchy therein), methods, and errors (Table 1-272 

3, Fig. 1-2), 3) defined a standardised framework for how metric, method, and errors 273 

interacted for surface and burrow/crevice nesters by mapping all logical combinations within 274 

a decision tree (e.g., a vessel-based count of birds on ground (BOG) of crevice/burrow 275 

nesters is physically impossible), and 4) updated the numerical representation of the ACAP 276 

accuracy scores based on the mean elicited values (for counts of surface nesters, “high” 277 

≤10% of the stated figure,  “medium” ≤33%, and “low” ≤67%; for burrow/crevice nesters, 278 

“high” ≤16%, “medium ≤46%, “low” ≤88%). We did not redefine the spatial or temporal 279 

resolutions of counts in the ACAP database, and we agreed that 1) breeding site represents 280 

the finest spatial resolution for abundance data, and 2) the year, as per ACAP convention, 281 

represents the finest temporal resolution. While a breeding site is usually defined as an 282 

island or specific colony in the ACAP database, we here integrated monitoring 283 

considerations as well. For example, if two breeding sites are usually monitored at the same 284 

time (e.g., because they are closely located, neighbouring islands), we consider them jointly 285 

as a single breeding site to increase efficiency (i.e., Little Solander and Solander data were 286 

processed as Solander Islands data, instead of separately).  287 

 288 
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 289 
Fig. 1. Schematic illustrating the different metrics for both surface and burrow/crevice 290 
nesters and how they relate to each other, creating a hierarchy (Table 1). BP: annual 291 
breeding pairs, AOS: apparently occupied sites, BOG: birds on ground, NS: nest sites, C: 292 
chicks. Note the non-target Pterodroma petrel among the target Procellaria petrels to 293 
highlight the challenge of mixed-species colonies. 294 

 295 

Following these adjustments to the structure of the ACAP database abundance data, 296 

we recorded annual abundance data at the breeding site level for the ten ACAP species 297 

endemic to New Zealand. For each record, we documented the metric in which the count 298 

originally was conducted and ultimately expressed in, method(s) applied, and errors 299 

accounted or unaccounted for, as well as the updated ACAP accuracy score, additional 300 

auxiliary data (e.g., date, relation to phenology, and breeding success (section 2.2.3), and 301 

breeding probability (section 2.3)), and references (Supplementary Tables 1-22). This 302 

reformatting exercise required revisiting the original publications or reports. In doing so, we 303 
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regularly identified additional abundance data not currently captured in the ACAP database, 304 

which we then also included in our data. Specifically, we identified 177 additional counts for 305 

these ten species, leading to a total data set of 471 annual breeding site counts (note the 306 

ACAP database records counts of part-sites separately, while we combined these). 307 

Ultimately, our restructuring resulted in improved and more transparent datasets suitable for 308 

standardised processing and modelling of long-term trends and conservation status 309 

assessments (section 2.2-2.5). 310 

 311 
Table 1. Updated, standardised definitions of metrics for counts of albatrosses and petrels. 312 
See Fig. 1 for a graphical representation.  313 
Metric 

(acronym) 

Description Example 

Annual 

Breeding 

pairs (BP) 

The number of pairs successfully laying an egg in the 

yearA the count is conducted. For this metric, the presence 

of an egg or chick will usually need to be confirmed 

systematically. This is the ACAP standard metric in which 

species abundance is expressed. This metric is sometimes 

referred to as occupied nest sites or expressed in number 

of eggs but to ensure consistency, is referred to as BP 

hereafter. 

Wolfaardt & 

Phillips 2020, 

Elliott et al. 

2025, Rexer-

Huber et al. 2025 

Apparently 

occupied nest 

sites (AOS) 

The number of birds that appear to be breeding, e.g., 

because they are sitting on a nest or occupying a burrow, 

but the contents thereof have not been confirmed, in the 

yearA the count is conducted. Nest site is defined as the 

location of where the adult bird sits on the egg or chick. 

This metric is sometimes referred to as apparently 

breeding adults, but to ensure consistency, is referred to as 

AOS hereafter. 

Baker et al. 

2023, Stevens et 

al. 2024 

Birds on 

ground 

(BOG) 

The number of birds on the ground present in the yearA 

the count is conducted, regardless of 1) whether they are, 

or appear to be, breeding, 2) whether they are, or appear 

to be, associated with a nest site, and 3) regardless of their 

age (i.e., this metric can include immatures, prebreeders, 

non-breeders, and breeders).  

Hayes et al. 2021 

Nest sites 

(NS) 

The number of nest sites (e.g., burrows) present in the 

yearA the count is conducted regardless of their contents. 

Parker & Rexer-

Huber 2020b, 

Bell et al. 2017 

Chicks (C) The number of chicks present in the yearA the count is 

conducted. Chicks are defined as young birds on the nest 

site between hatching and fledging age. 

Frost 2017, 

2024, 

 
A Year refers to a biologically relevant year, which varies between species depending on the species’ 314 
phenology. As per ACAP convention, the year stated reflects the year in which chicks fledge.   315 
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Table 2. Updated, standardised definitions of count methods for albatrosses and 316 
petrels. 317 
Method (acronym) Definition Example 

Ground count (GC) Count of the target metric from the ground, 

including the use of aids such as tally 

counters, GPSs, burrowscopes, or RFID 

readers. 

Waugh et al. 2020, 

Mischler et al. 2025,  

Vantage point count 

(VPC) 

Count of the target metric from a ground-

based vantage point, including the use of aids 

such as binoculars or photography and 

orthomosaics. 

Cuthbert & Sommer 

2004, Stevens et al. 

2024, Mischler et al. 

2025 

Aerial count – using 

fixed-wing (ACfw) 

Count of the target metric on the ground from 

a fixed-wing plane including the use of aids 

such a photography and orthomosaics. 

Fisher 1966, 

Robertson et al. 

2008, Frost 2017 

Aerial count – using 

helicopter (ACheli) 

Count of the target metric from a helicopter 

including the use of aids such a photography 

and orthomosaics. 

Baker et al. 2023, 

Frost et al. 2025 

Aerial count – using 

UAV (ACUAV) 

Count of the target metric from an unmanned 

aerial vehicle (UAV; e.g., drone or aerial 

kite), usually using photography and 

orthomosaics. 

Rexer-Huber et al. 

2025, Virtue et al. 

2025 

Aerial count – using 

satellite imagery 

(ACsat) 

Count of the target metric under consideration 

from satellite imagery. 

Fretwell et al. 2017, 

Attard et al. 2025 

Vessel-based count 

(VBC) 

Count of the target metric from a vessel at 

sea, including the use of aids such as 

binoculars or photography. 

Poncet et al. 2006, 

Rexer-Huber et al. 

2020 

  318 
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Table 3.  Updated, standardised definitions of common A sources of error in counts of 319 
albatrosses and petrels. Overarching sources of error are indicated by Ѱ, subcategories 320 
thereof are indicated by ѱ. ↓ indicates an underestimate, ↑ indicates an overestimate. 321 
Source of 

error 

(symbol) 

Definition Impact 

on 

estimate 

Example 

Sampling 

error  

(Ѱs) 

The error associated with counting only a sample of the 

population and associated decisions (e.g., randomisation, 

representativeness, and coverage). 

↓↑ Elliott et al. 

2016 

Detection 

error  

(Ѱd;ѱobs) 

The error associated with the probability of not detecting 

the target metric, despite it being present, including 

obstruction error (ѱobs) when the metric under 

consideration is being obstructed from view. When using 

some methods (e.g., ACsat) false positives (objects 

incorrectly counted as birds) can also occur as well. 

↓(↑) Parker & 

Rexer-Huber 

2020b 

Occupancy 

error  

(Ѱo; ѱABA, 

ѱBOG & ѱocc) 

The error associated with the probability of counting the 

target metric as a different metric. This error category 

consists of different sub-categories (Fig. 1 & 2): 

- Counting AOS (e.g., birds appearing to breed, while not 

actually breeding, sometimes referred to as pretend-

breeders or triers) as BP (ѱABA). Relevant to both 

surface and burrow/crevice nesters. Example: BP ~ 

Bin(AOS, ѱABA).  

- Counting loafers (birds not associated with a nest site) 

as BP or AOS (ѱBOG). Relevant to surface nesters only. 

Example: AOS ~ Bin(BOG, ѱBOG); BP ~ Bin(BOG, 

ѱBOG ∙ ѱABA).  

- Counting NS (e.g., burrows) as BP or AOS while not 

actually being occupied (ѱocc). Relevant to both surface 

and burrow/crevice nesters. Example: AOS ~ Bin(NS, 

ѱocc); BP ~ Bin(NS, ѱocc ∙ ѱABA).  

For burrow/crevice nesters, ѱocc (and ѱABA) are often 

quantified when assessing the proportion of counted nest 

sites/burrows that contain the target species and target 

metric (often referred to as burrow occupancy). In certain 

cases, this error can include other species (e.g., because 

burrow contents were not checked). 

↑ Poncet et al. 

2006, 

Robertson et 

al. 2008, 

Walker et al. 

2020, Baker 

et al. 2023, 

Rexer-Huber 

et al. 2025 

Phenology-

related error  

(Ѱp;ѱlay & 

ѱfail) 

The error associated with the probability of not counting 

the target metric, because the nest failed prior to the count 

(ѱfail) or because the egg had not been laid at the time of 

the survey (ѱlay). Both sub-categories of phenology-

related error can occur within the same count, if the count 

period spans a long enough time. 

↓ Frederick et 

al. 2006, 

Poncet et al. 

2006, Elliott 

et al. 2025 

A Other sources of error raised included observer error (i.e., the error associated with different observers 322 
conducting counts; Parker & Rexer-Huber 2020b) and interpretation error (i.e., the error associated with the 323 
potential incorrect retrospective interpretation of the count data). While these errors do occur, they appear less 324 
common, and when the four common sources of error are accounted, the associated uncertainty should capture 325 
the less common sources of error as well.  326 
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 327 
Fig. 2. Decision tree illustrating the interaction of metric (Table 1), method (Table 2), and 328 
errors associated with counts of albatrosses and petrels (Table 3). BP: annual breeding pairs, 329 
AOS: apparently occupied sites, BOG: birds on ground, NS: nest sites, C: chicks (Fig. 1). 330 

Symbols indicate the importance of accounting for errors: (✓) = important, depending on 331 

context; ✓ important; ✓✓ crucially important. Numbers following tick marks indicate the 332 
equations in section 2.2 that should be applied. spec indicates that specific, custom, context-333 
dependent approaches may be necessary, see case studies for examples thereof.  334 
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2.2. Standardised error corrections and incorporation of uncertainty 335 

We applied a series of equations and models to standardise the disparate ACAP count data 336 

and prepare them for the standardised modelling of trends. Depending on how the target 337 

species was counted, through which metric the count was expressed, and following the 338 

decision tree in Fig. 2, we 1) incorporated baseline uncertainty and accounted for sampling 339 

error Ѱs, 2) accounted for detection error Ѱd where possible, 3) accounted for occupancy 340 

error Ѱo when required, and 4) accounted for phenology-related error Ѱp. This approach 341 

ensured that all adjusted counts were ultimately expressed in the standardised number of 342 

breeding pairs at the start of the breeding period while accounting for uncertainty. We 343 

completed step 1, 3, and 4 using a standardised approach consisting of several hierarchical 344 

models that were fit jointly to the data as required (see below). However, we could not 345 

develop a standardised methodology to account for Ѱd (step 2), and as such, specific, 346 

custom, context-dependent approaches were included in our hierarchical framework where 347 

possible (see section 2.7). In our framework, we accounted for Ѱo (step 3) and Ѱp (step 4) 348 

separately but in parallel. This contrasts with some prevailing assumptions held on Ѱo (e.g., 349 

AOS = BP, and ѱABA changes predictably over time; Poncet et al. 2006, Robertson et al. 350 

2008, Baker et al. 2023) and we provide additional analyses in Supplementary Material 1 to 351 

justify our parallel approach. It should be noted that our standardised framework did not 352 

seek to overwrite any existing, already applied, efforts to account for errors (e.g., see Elliott 353 

et al. 2025, Rexer-Huber et al. 2025). Rather, our processing and standardisation steps are 354 

intended to enable the accounting for errors and incorporation of uncertainty where this has 355 

not yet been done, to ensure that abundance data are comparable, ultimately enabling 356 

estimates of trends. A glossary of all acronyms and symbols used in our framework can be 357 

found Table 4.   358 
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Table 4. Glossary of acronyms and symbols. 359 
Acronym/symbol Brief description (Section; Table; Figure) 

Count metrics  

BP Annual breeding pairs (2.1; Table 1; Figure 1, 3) 

AOS Apparently occupied sites (2.1; Table 1; Figure 1, 3) 

BOG Birds on ground (2.1; Table 1; Figure 1, 3) 

NS Nest sites (2.1; Table 1; Figure 1, 3) 

C Chicks (2.1; Table 1; Figure 1, 3) 

Count methods  

GC Ground count (2.1; Table 2) 

VPC Vantage point count (2.1; Table 2) 

ACfw/ ACheli / 

ACUAV /ACsat 

Aerial count from a fixed-wing plane / a helicopter / an unmanned aerial vehicle / a 

satellite (2.1; Table 2) 

VBC Vessel-based count (2.1; Table 2) 

Errors  

Ѱs Sampling error (2.1; Table 3) 

Ѱd Detection error (2.1; Table 3) 

ѱobs Obstruction error, subcategory of Ѱd (2.1; Table 3) 

Ѱo Occupancy error (2.1; Table 3; Figure 3) 

ѱABA Counting AOS as BP, subcategory of Ѱo (2.1; Table 3; Fig. 1 & 4) 

ѱBOG Counting BOG as AOS or BP, subcategory of Ѱo (2.1; Table 3; Fig. 1 & 4) 

ѱocc Counting NS as AOS or BP, subcategory of Ѱo (2.1; Table 3; Fig. 1 & 4) 

Ѱp Phenology-related error (2.1; Table 3) 

ѱfail Error caused by nests failing prior to count, subcategory of Ѱp (2.1; Table 3; Fig. 5) 

ѱlay Error caused by eggs being laid after count, subcategory of Ѱp (2.1; Table 3) 

Data processing  

𝜌𝑡,𝑖 Reported abundance of sample regardless of metric (2.2.1) 

𝜉𝑡,𝑖 Proportion of the breeding site counted (2.2.1) 

𝛲𝑡,𝑖 Extrapolated abundance of total breeding site regardless of metric (2.2.1) 

𝑛𝑡,𝑖  Extrapolated abundance of total breeding site with standardised uncertainty regardless 

of metric (2.2.1; Table 4; Fig. 3) 

𝑆(𝑎𝑡,𝑖) Scaling factor associated with the ACAP accuracy score (2.2.1; Table 4; Fig. 3) 

bp𝑡,𝑖 Number of nests for which egg/chick presence has been confirmed in (sub-)count 

(2.2.3) 

aos𝑡,𝑖 Total number of AOS regardless of nest contents in (sub-)count (2.2.3) 

bog𝑡,𝑖 Number of birds on the ground in (sub-)count (2.2.3) 

m𝑡,𝑖 Number of apparent partners next to AOS (2.2.3) 

ns𝑡,𝑖 Number of nest sites checked (2.2.3) 

n𝑡,𝑖(,𝑘)
bs  Number of nests monitored for breeding success that were successful (2.2.4) 

o𝑡,𝑖(,𝑘)
bs  Nests monitored for breeding success (2.2.4) 

𝑓𝑡,𝑖(,𝑘) Annual breeding success (fecundity) (2.2.4; Figure 4) 

𝜃𝑡,𝑖(,𝑘) Count timing in relation to the species’ phenology (2.2.4; Fig. 5) 

𝛩𝑖(,𝑘) Duration of total breeding period (or phenological stage k) (2.2.4; Fig. 5) 

𝜐𝑡,𝑖(,𝑘) Start time of count in relation to the species’ phenology (2.2.4) 

𝜔𝑡,𝑖(,𝑘) End time of count in relation to the species’ phenology (2.2.4) 

𝑦𝑖,𝑡 Standardised abundance estimate, as derived from the data processing steps, expressed 

in BP at the start of the incubation period (2.2.5) 

M𝑖,𝑡 Mature individuals (2.3) 

𝑝𝑖(,𝑡)
𝑏  Breeding probability (2.3) 

𝑠𝑖(,𝑡) Sex ratio (2.3) 

Trend model  

𝑁𝑡(,𝑖) Abundance of breeding site i in year t as derived through trend model Eq. 5 (2.4) 

𝜆𝑡,𝑖 Annual growth rate (2.4) 

q Mean log growth rate (2.4) 

𝑥𝑡,𝑖 Logarithm of 𝑁𝑡,𝑖 (2.4) 

𝑟𝑡,𝑖  Logarithm of 𝜆𝑡,𝑖 (2.4) 
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Acronym/symbol Brief description (Section; Table; Figure) 

ζ𝑖,𝑡 Standardised component variance, as derived from the data processing (2.4) 

Conservation 

assessments 

 

CR Critically Endangered (2.5.1) 

EN Endangered (2.5.1) 

VU Vulnerable (2.5.1) 

NT Near Threatened (2.5.1) 

LC Least Concern (2.5.1) 

GL Generation length (2.5.1) 

𝑅𝑡 Fractional overall population change over predefined time period of 3 GL 

T Predetermined reference time interval based on GL 

𝛿 Number of years within T during which abundance estimates are available 

W Time window (e.g., 2005-…) 

Indexing  

t Year: 1, 2, 3, … (the calendar year during which fledging occurs) 

i Breeding site: 1, 2, 3, … 

k Phenological stage: incubation, guard, post-guard 

 360 

2.2.1. Incorporating baseline uncertainty and accounting for sampling error 361 

Many counts of albatrosses and petrels (and seabirds in general) are recorded without 362 

explicit, consistent or comparable expressions of uncertainty. This is particularly common in 363 

abundance data, as absolute censuses of all breeding sites are essentially non-existent 364 

(Parker & Rexer-Huber 2020b, Wolfaardt & Phillips 2020). However, communicating 365 

uncertainty associated with counts of these species is challenging due to the idiosyncrasies 366 

associated with the data. Most counts of ACAP species consist of a single figure (e.g., Sagar 367 

& Stahl 2005, Mackley et al. 2025), though some estimates are paired with efforts to express 368 

uncertainty mathematically (e.g., Waugh et al. 2020, Frost et al. 2025). Even if uncertainty 369 

is expressed, some approaches represent only a subset of the uncertainty in the count 370 

methodology (e.g., a single assumption in the estimation process), rather than the full 371 

uncertainty surrounding the actual count (e.g., Moore et al. 2012, Elliott et al. 2025). 372 

Moreover, even if uncertainty is quantified, the resulting estimates may not be comparable 373 

across years (e.g., Elliott et al. 2016 vs. Elliott et al. 2025). Finally, many counts of 374 

albatrosses and petrels are conducted at smaller study or index sites, which are assumed to 375 

be representative of the larger breeding site population (e.g., Moore et al. 2012, Mischler et 376 

al. 2025), yet there is no standardised mechanism to incorporate information on what 377 

proportion of the overall population is counted (e.g., 1% vs. 10%), and how this proportion 378 

affects uncertainty surrounding the counts, i.e., sampling error Ѱs.  379 

Here, we formulate a standardised approach to incorporating baseline uncertainty 380 

surrounding counts of albatrosses and petrels in a consistent and comparable manner to 381 

overcome the challenges of the disparate data subject to varying idiosyncrasies while 382 
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simultaneously accounting for Ѱs. Specifically, we applied Eq. 1 to all counts, which 383 

leveraged 1) the accuracy scores within the ACAP database (ACAP 2025b) representing an 384 

existing semi-standardised mechanism that qualitatively reflects prior beliefs in uncertainty, 385 

and 2) knowledge on the proportion of a breeding site that is counted. This approach 386 

assumes that the proportion of the overall breeding site counted does not influence the 387 

accuracy score of the count. This assumption is appropriate, as high accuracy counts of 388 

small proportions are common in the ACAP database.  389 

 390 

1. 𝛲𝑡,𝑖 = (
𝜌𝑡,𝑖

𝜉𝑡,𝑖
 ) 391 

𝑛𝑡,𝑖 ~ N(𝛲𝑡,𝑖, 𝜏𝑡,𝑖
𝑛 ) 392 

𝜏𝑡,𝑖
𝑛 =  

1

𝑆(𝑎𝑡,𝑖) ∙ 𝛲𝑡,𝑖
2 +

(1 − 𝜉𝑡,𝑖)

𝜉𝑡,𝑖
2 ∙ 𝛲𝑡,𝑖

 393 

in which 𝛲𝑡,𝑖 is the extrapolated abundance in year t at site i (irrespective of the metric the 394 

count is expressed in, see section 2.2.3), 𝜌𝑡,𝑖 is the reported abundance, 𝜉𝑡,𝑖 is the known 395 

proportion of the breeding site that has been counted, 𝑛𝑡,𝑖 is the extrapolated abundance, 396 

truncated below 𝛲𝑡,𝑖, with standardised uncertainty expressed through precision 𝜏𝑡,𝑖
𝑛 , and 397 

𝑆(𝑎𝑡,𝑖) is a scaling factor that was identified iteratively to define asymptotes matching prior 398 

beliefs associated with the ACAP accuracy scores (section 2.1, Table 5, Fig. 3). For 399 

example, for a count of 5,000 BP of a surface nester categorised as “High Accuracy”, our 400 

modified Delphi-expert elicitation (Hemming et al. 2018) identified that the true value of 401 

abundance should fall within 10% of the reported value, and thus, that uncertainty bounds 402 

should equate to 4,500-5,500 based on the held prior beliefs, provided a large enough 403 

proportion of the population was counted. We calculated the values of 𝑆(𝑎) reported in 404 

Table 5 iteratively in order to meet the identified prior beliefs assuming 100% of a 405 

population was counted. For a graphical representation, see Fig. 3.   406 

 407 

Table 5. Scaling factors used in Eq. 1 to translate qualitative uncertainty into numerical 408 
uncertainty using the accuracy score categories within the ACAP database. 409 
 Surface nesters Burrow/crevice nesters 

Accuracy score % within stated value 

(expert elicited) 

S(a) % within stated value 

(expert elicited) 

S(a) 

High 10% 0.0026 16% 0.0067 

Medium 33% 0.0283 46% 0.0551 

Low 67% 0.1169 88% 0.2016 
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 410 

Our approach leverages an asymptotic function that generates uncertainty around the 411 

count based on the pre-assigned accuracy category and proportion of the breeding site 412 

counted. This approach thus enables the generation of uncertainty in a standardised fashion, 413 

while adhering to the principle that counting a larger proportion of a breeding site reduces 414 

uncertainty (e.g., Elliott et al. 2016) - up to a certain extent - while retaining the prior 415 

information on count accuracy contained within the ACAP database. In most cases, we 416 

treated 𝜉𝑡,𝑖 as fixed. However, in certain cases the fraction of the overall population was 417 

uncertain (e.g., Imber 1987, Bell et al. 2022), and we therefore constructed informed priors 418 

to incorporate the additional uncertainty surrounding 𝜉𝑡,𝑖. We applied Eq. 1 to all counts to 419 

incorporate standardised baseline uncertainty, while simultaneously accounting for Ѱs. As 420 

uncertainty was expressed as a function of 𝜉, we only included counts in which 𝜉𝑡,𝑖 > 0.01 421 

(i.e., counts that covered more than 1% of the breeding site’s population). 422 

 423 

 424 

Fig. 3. Graphical representation of Eq. 1 applied to hypothetical counts of a surface and a 425 
burrow/crevice nester breeding site with a population size of 5,000 BP (horizontal black line). 426 
Shaded areas represent the uncertainty (represented by 95% CIs) as produced by Eq. 1 under 427 
varying ACAP accuracy scores (𝑆(𝑎)) and proportions of the population counted (𝜉 428 
 429 

2.2.2. Accounting for detection error 430 

Imperfect detection of target metrics is an inherent, ubiquitous challenge in ecological 431 

monitoring, and is common for ACAP species, and thus, detection error Ѱd is a common 432 

source of error associated with counts of albatrosses and petrels (Parker & Rexer-Huber 433 

2020b, Wolfaardt & Phillips 2020). The target metric can be obscured from view during 434 
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counts for various reasons, which are species-, site-, and context-dependent; thus, Ѱd can be 435 

subject to considerable variation among counts. However, in general, Ѱd is a more important 436 

consideration for the more cryptic burrow/crevice nesters (e.g., burrowing petrels; Parker & 437 

Rexer-Huber 2020b) than surface nesters (e.g., albatrosses; Wolfaardt & Phillips 2020) (Fig. 438 

2), yet cliff-nesting albatrosses can also be subject to considerable detection challenges 439 

(Ryan et al. 2009). Common approaches to address Ѱd for individual counts include distance 440 

sampling and repeat surveys in a mark-resight framework, comparing multiple methods (e.g. 441 

ground counts of an aerial-count block), or by perpendicular validation transects (Buckland 442 

et al. 2001, Walker & Elliott 2005, Frederick et al. 2006, Parker & Rexer-Huber 2020b). 443 

 However, to date, no approaches exist to account for Ѱd retrospectively that 444 

effectively allows for improved comparability across counts, space, time, and species, and 445 

we were equally unable to identify an explicit standardised step in our framework to do this. 446 

It may be possible to infer Ѱd for counts retrospectively when Ѱd has been estimated for the 447 

same breeding site and species in previous/subsequent counts. Yet even if comparable 448 

information on Ѱd exists, care needs to be taken to ensure that the area of extrapolation 449 

remains comparable (Parker & Rexer-Huber 2020b). However, if no prior data exists, 450 

quantifying Ѱd may prove highly challenging due to the site-, species-, observer- and 451 

context-specific nature of this source of error (Parker & Rexer-Huber 2020b, Wolfaardt & 452 

Phillips 2020). Expert elicitations may provide some general solutions to estimate Ѱd 453 

retrospectively (Fischer et al. 2020) including for a specific form of Ѱd, obstruction error 454 

ѱobs, but such approaches are time consuming and remain case- and context-specific. 455 

 We here follow the decision tree in Fig. 2 and we assume that the uncertainty 456 

incorporated through Eq. 1 is sufficient to account for Ѱd for situations and species that 457 

inherently have a high detection probability (e.g., surface-breeding Diomedea albatrosses for 458 

which ground-counting Ѱd has been shown to be >0.95; e.g., Walker & Elliott 2005, Rexer-459 

Huber et al. 2024). In other cases (i.e., counts that are not ground or aerial counts of surface 460 

breeders), we either used averages of previously reported Ѱd (e.g., Buller’s Albatross VPCs; 461 

section 2.7.5) or count-specific modified Delphi expert elicitations (e.g., White-capped 462 

Albatross VBCs; section 2.7.6; Hemming et al. 2018, Fischer et al. 2020). Through this 463 

approach, we still attempted to account for Ѱd where it was pressing to do so, while not 464 

overly inflating uncertainty for counts in contexts when detection is known to be high. 465 

 466 
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2.2.3. Accounting for occupancy error 467 

Another common source of error associated with counts of albatrosses and petrels is 468 

occupancy error Ѱo. The ACAP convention is to express abundance in annual breeding pairs 469 

(BP, i.e., the number of pairs successfully laying an egg in the year the count is conducted; 470 

Table 2; Wolfaardt & Phillips 2020). However, abundance of ACAP species can be expressed 471 

in range of other metrics (Fig. 1). For example, surface-nesters, like albatrosses, have the habit 472 

of being present on the breeding site, and even occupying nest sites, despite not actively 473 

breeding, and such individuals typically consist of a virtually indistinguishable mix of 474 

immatures, pre-breeders, non-breeders, and failed breeders (e.g., Stahl & Sagar 2006, 475 

Wolfaardt & Phillips 2020). This phenomenon is subject to local, diurnal, intra- and 476 

interannual variation (e.g., Poncet et al. 2006, Robertson et al. 2008, Walker et al. 2020, Baker 477 

et al. 2023). Consequently, counts of surface breeders, particularly from aerial, vantage point, 478 

or vessel-based counts, are often expressed in BOG or AOS, as it is not possible to confirm 479 

nest contents and therefore obtain a direct count in BP (Wolfaardt & Phillips 2020). Similar 480 

challenges occur for burrow/crevice nesters, like burrowing petrels (Parker & Rexer-Huber 481 

2020b). While it is not possible to count these species as BOG, counts of nest sites with (AOS 482 

or BP) or without (NS) confirmation that the target species indeed occupies them are common 483 

(Fig. 1). Even when the target species has been confirmed to occupy the burrow, it is still 484 

required to confirm the presence of an egg or chick to obtain a count expressed in BP as, 485 

similar to surface nesters, burrow/crevice nesters can occupy nest sites without actively 486 

breeding (Parker & Rexer-Huber 2020b, Waugh et al. 2020). Thus, for both surface and 487 

burrow/crevice nesters, adjustments to any counts expressed in metrics other than BP are 488 

required to obtain uniform, directly comparable, abundance data. 489 

 490 
Fig. 4. Hierarchy of abundance metrics for ACAP species and how these can be converted to 491 
the standard, BP. BP: annual breeding pairs, AOS: apparently occupied sites, BOG: birds on 492 
ground, NS: nest sites, C: chicks. Equations illustrate Eq. 2ABC (and Eq. 3 for converting C 493 
into BP). Note, BOG is relevant to surface nesters only (Fig. 1).  494 
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 495 

To overcome the vexing challenge of Ѱo, we leveraged the logical hierarchy of 496 

abundance metrics together with information contained in sub-counts associated with 497 

abundance counts to enable conversions of AOS, BOG, and NS into BP. The different 498 

abundance metrics are inter-related and follow a hierarchy (e.g., not all AOS equal BP, but 499 

all BP equal AOS; Fig. 4). This hierarchy logically guides conversions of other metrics into 500 

BP, provided information exists to enable these conversions. This information is typically 501 

collected in sub-counts associated with overall abundance counts. Examples of such sub-502 

counts are ground transects of surface nesters concurrent to wider aerial counts to obtain a 503 

ratio of BP:AOS (e.g., Elliot et al. 2025, Frost et al. 2025, Rexer-Huber et al. 2025), close-504 

up photographs during aerial counts to obtain a ratio of BOG:AOS (Baker et al. 2023), or 505 

burrow scoping transects/plots of burrow/crevice nesters during wider ground counts to 506 

obtain ratios of BP:NS or AOS:NS (e.g., Rexer-Huber et al. 2023). Here, we developed a 507 

hierarchical framework of binomial GLMMs (with logit-link functions) to leverage the 508 

information contained in such sub-counts to standardize accounting for Ѱo. Specifically, we 509 

specified 1) a GLMM to adjust AOS to BP through estimates of ѱABA (Eq. 2A), which is 510 

relevant to both surface and burrow/crevice nesters, 2) a GLMM to adjust BOG to AOS 511 

through estimates of ѱBOG (Eq. 2B), which is relevant to surface nesters only, and 3) a 512 

GLMM to adjust NS to AOS through estimates of ѱocc (Eq. 2C), which is relevant to both 513 

surface and burrow/crevice nesters (Table 3, Fig. 1 & 4). We used these GLMMs in 514 

combination as required (e.g., to adjust NS to BP we combined Eq. 2A and 2C). Ѱo is 515 

subject to breeding site, local, diurnal, intra- and interannual variation in an apparently not 516 

(fully) predictable manner (e.g., Supplementary Material 1; Poncet et al. 2006, Robertson et 517 

al. 2008, Stahl & Sagar 2006, Walker et al. 2020, Baker et al. 2023, Elliott et al. 2025, 518 

Rexer-Huber et al. 2025, Thompson 2025), and thus we simply indexed Eq. 2A-C per year t 519 

and breeding site i and modelled each conversion using random effects as following: 520 

 521 

2A.  bp𝑡,𝑖 ~ Bin(aos𝑡,𝑖,  ѱ𝑡,𝑖
𝐴𝐵𝐴) 522 

logit(ѱ𝑡,𝑖
𝐴𝐵𝐴) =  𝛼𝑖

𝐴𝐵𝐴 + 𝜀𝑡,𝑖
𝐴𝐵𝐴

 523 

𝜀𝑡,𝑖
𝐴𝐵𝐴 ~ N (0, 𝜎𝑡,𝑖

𝐴𝐵𝐴−2
) 524 

 525 

in which bp𝑡,𝑖 is the number of nests in which the presence of an egg or chick has been 526 

confirmed in (sub-) count c (e.g., during ground transects; Frost et al. 2025), aos𝑡,𝑖 is the 527 
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number of apparently occupied sites checked for the presence of an egg or chick in the same 528 

(sub-) count, ѱ𝑡,𝑖
𝐴𝐵𝐴 is the count-specific adjustment for AOS to BP, 𝛼𝑖

𝐴𝐵𝐴 is the equation 529 

intercept, and 𝜀𝑡,𝑖
𝐴𝐵𝐴 is a count-specific random effect with precision 𝜎𝑡,𝑖

𝐴𝐵𝐴−2
 to be estimated 530 

from the data.  531 

 532 

2B.  aos𝑡,𝑖 ~ Bin(bog𝑡,𝑖 − m𝑡,𝑖,  ѱ𝑡,𝑖
𝐵𝑂𝐺) 533 

logit(ѱ𝑡,𝑖
𝐵𝑂𝐺) =  𝛼𝑖

𝐵𝑂𝐺 + 𝜀𝑡,𝑖
𝐵𝑂𝐺

 534 

𝜀𝑡,𝑖
𝐵𝑂𝐺  ~ N (0, 𝜎𝑡,𝑖

𝐵𝑂𝐺 −2
) 535 

 536 

in which aos𝑡,𝑖 is the number of apparently occupied sites in (sub-) count c (e.g., in close-up 537 

images; Baker et al. 2023), bog𝑡,𝑖 is the number of all birds on the ground in the same (sub-) 538 

count, m𝑡,𝑖 is the number of apparent partners to apparently occupied sites in the same sub-539 

count, ѱ𝑡,𝑖
𝐵𝑂𝐺 is the count-specific adjustment for BOG to AOS, 𝛼𝑖

𝐵𝑂𝐺 is the equation 540 

intercept, and 𝜀𝑡,𝑖
𝐵𝑂𝐺 is a count-specific random effect with precision 𝜎𝑡,𝑖

𝐵𝑂𝐺−2
 to be estimated 541 

from the data. Eq. 2B can be combined with Eq. 2A to adjust BOG to BP directly (e.g., 542 

Elliott et al. 2025, Rexer-Huber et al. 2025). Note, birds of unknown status should be 543 

excluded from Eq. 2B (e.g., Baker et al. 2023, Frost et al. 2025).  544 

 545 

2C.  aos𝑡,𝑖 ~ Bin(ns𝑡,𝑖,  ѱ𝑡,𝑖
𝑜𝑐𝑐) 546 

logit(ѱ𝑡,𝑖
𝑜𝑐𝑐) =  𝛼𝑖

𝑜𝑐𝑐 + 𝜀𝑡,𝑖
𝑜𝑐𝑐

 547 

𝜀𝑡,𝑖
𝑜𝑐𝑐 ~ N(0, 𝜎𝑡,𝑖

𝑜𝑐𝑐−2
) 548 

 549 

in which aos𝑡,𝑖 is the number of apparently occupied sites in (sub-) count c (e.g., burrow 550 

scoping transects), ns𝑡,𝑖 is the number of nest sites in the same (sub-)count, ѱ𝑡,𝑖
𝑜𝑐𝑐 is the count 551 

specific adjustment for NS to AOS, 𝛼𝑖
𝑜𝑐𝑐 is the equation intercept, and 𝜀𝑡,𝑖

𝑜𝑐𝑐 is a count-552 

specific random effect with precision 𝜎𝑡,𝑖
𝑜𝑐𝑐−2

. Eq. 2C can be fused with Eq. 2A to adjust NS 553 

directly to BP (e.g., Rexer-Huber et al. 2023). We used vague priors for all intercepts (𝛼 ~ 554 

N(0,0.001), where 0.001 refers to precision) and standard deviations (𝜎𝑡,𝑖 ~ Uniform(0,3)). 555 

For breeding sites where the sub-count data covered ≤25% of the abundance count time 556 

series, we removed 𝜀𝑡,𝑖, as exploratory analyses highlighted that estimates with such limited 557 
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data and high incidence of imputing became uninformative (e.g., ѱ𝑡,𝑖
𝐴𝐵𝐴 ranged 0-1 when 558 

𝜀𝑡,𝑖
𝐴𝐵𝐴 was included). 559 

Our approach to address Ѱo overcomes shortfalls of using simple ratios derived from 560 

sub-counts, which are often based on small sample sizes and do not acknowledge 561 

uncertainty explicitly (e.g., Frost et al. 2025), and which have been used to correct 562 

abundance estimates in other years (e.g., see Walker et al. 2020 vs. Baker et al. 2023). 563 

Instead, our approach incorporates uncertainty surrounding Ѱo (and therefore ѱ𝑐
𝐴𝐵𝐴, ѱ𝑐

𝐵𝑂𝐺, 564 

and ѱ𝑐
𝑜𝑐𝑐), allows for inference of Ѱo for abundance counts for which no data on Ѱo was 565 

collected while increasing uncertainty, and vice-versa, enables for incorporation of 566 

information from years during which sub-counts did take place but no abundance counts 567 

were conducted (rarer but possible).  568 

 569 

2.2.4. Accounting for phenology-related error 570 

Albatrosses and petrels generally breed in remote locations that are difficult to reach, and 571 

this creates challenges to consistently conduct counts that coincide with the target species’ 572 

ideal count time (i.e., early incubation; Wolfaardt & Phillips 2020). As the timing of counts 573 

often varies across years, this introduces another common source of error: phenology-related 574 

error Ѱp. Most importantly, as nests fail over time from incubation onwards, the number of 575 

BP, AOS, NS, or C that can be counted is reduced relatively predictably: ѱfail (e.g., 576 

Frederick et al. 2006, Rexer-Huber et al. 2020, Thompson 2025). We accounted for ѱfail in a 577 

standardised manner by leveraging the principles of daily nest survival models (e.g., Fischer 578 

et al. 2021, Rexer-Huber et al. 2021, Thompson 2025), together with any data that was 579 

available on nests monitored to derive annual breeding success of the target species (i.e., the 580 

probability that a laid egg turned into a fledged chick), and insights into the timing of each 581 

specific count in relation to the target species’ phenology. Note, nests monitored for 582 

breeding success usually consist of a smaller sample of overall abundance counts, so we 583 

necessarily assumed that the observed breeding success data was representative of the 584 

overall breeding site. Specifically, we applied the following binomial GLMM framework to 585 

account for ѱfail for each breeding site i for each year t a count was conducted: 586 

 587 

3A. n𝑡,𝑖
bs ~ Bin(o𝑡,𝑖

bs, 𝑓𝑡,𝑖) 588 

logit(𝑓𝑡,𝑖) =  𝛼𝑖
𝑓

+ 𝜀𝑡,𝑖
𝑓

 589 
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𝜀𝑡,𝑖
𝑓

 ~ N (0, 𝜎𝑡,𝑖
𝑓 −2

) 590 

ѱ𝑡,𝑖
𝑓𝑎𝑖𝑙

= 𝑓𝑡,𝑖

𝜃𝑡,𝑖
𝛩𝑖  591 

𝜃𝑡,𝑖 ~ U(|𝜐𝑡,𝑖 − 1|, 𝜔𝑡,𝑖 + 1) 592 

 593 

in which n𝑡,𝑖
bs is number of nests monitored for breeding success that were successful (i.e., 594 

produced a fledgling), o𝑡,𝑖
bs is the total number of nests monitored for breeding success, 𝑓𝑡,𝑖 is 595 

the breeding success (fecundity) estimate, 𝛼𝑖
𝑓
 is the equation intercept, 𝜀𝑡,𝑖

𝑓
 is an annual 596 

random effect on breeding success with precision 𝜎𝑡,𝑖
𝑓 −2

 estimated from the data, 𝛩𝑖 is the 597 

total breeding period (in weeks, rounded to the nearest integer, values for which were 598 

sourced from the literature), and 𝜃𝑡,𝑖 is the timing the count took place in relation to the 599 

mean lay date of the breeding site of the target species (in weeks, rounded to the nearest 600 

non-negative integer), which was uniformly distributed between start time 𝜐𝑡,𝑖 and end time 601 

𝜔𝑡,𝑖 of the count. We incorporated additional variation by subtracting 1 week of 𝜐𝑡,𝑖 and 602 

adding one week to 𝜔𝑡,𝑖, to acknowledge that species’ breeding phenology can fluctuate 603 

from year to year (e.g., Lewis et al. 2012). We chose to express timings in weeks instead of 604 

days as to not portray an inflated level of precision. We used vague priors (𝛼𝑖
𝑓
~ N[0,0.001] 605 

and 𝜎𝑡,𝑖
𝑓

 ~ U[0,3]) unless otherwise stated (see section 2.7). In short, through Eq. 3 we first 606 

estimated breeding success f which we then used within a hazard function to estimate the 607 

likely nest failure that had occurred at the time the count took place (Fig. 5).  608 

 609 

Fig. 5. Graphical representation of Eq. 3A (black) and Eq. 3B (orange). Dotted lines indicate 610 
changes between phenological stages with differing 𝑓𝑘 for Eq. 3B. 611 
 612 
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Equation 3A relies on the assumption of an exponential hazard function, meaning 613 

that the rate of breeding failure is considered a consistent function of time (Fig. 5). In many 614 

cases, this assumption may have been violated (e.g., due to increased failures during adverse 615 

weather events or during specific phenological stages; Cleeland et al. 2020, Rexer-Huber et 616 

al. 2021). Occasionally, sufficient monitoring data exists to obtain survival estimates for 617 

individual phenological stages (i.e., incubation, guard, or post-guard respectively; Rexer-618 

Huber et al. 2021, Thompson 2025). When such data exists, Eq. 3A can be adapted to 619 

estimate ѱ𝑡,𝑖
𝑓𝑎𝑖𝑙

 as a product of the different stage-specific survival estimates 𝑓𝑘,𝑗, enabling 620 

the incorporation of differing rates of breeding failure for each phenological stage (Fig. 5; 621 

Thompson 2025) as:   622 

 623 

3B. n𝑡,𝑖,𝑘
bs  ~ Bin(o𝑡,𝑖,𝑘

bs , 𝑓𝑡,𝑖,𝑘) 624 

logit(𝑓𝑡,𝑖,𝑘) =  𝛼𝑖,𝑘
𝑓

+ 𝜀𝑡,𝑖,𝑘
𝑓

 625 

𝜀𝑡,𝑖,𝑘
𝑓

 ~ N (0, 𝜎𝑡,𝑖,𝑘
𝑓 −2

) 626 

ѱ𝑡,𝑖,𝑘
𝑓𝑎𝑖𝑙

= 𝑓𝑡,𝑖,𝑘

𝜃𝑡,𝑖,𝑘
𝛩𝑖,𝑘  627 

𝜃𝑡,𝑖,𝑘 ~ U(|𝜐𝑡,𝑖,𝑘 − 1|, 𝜔𝑡,𝑖,𝑘 + 1) 628 

ѱ𝑡,𝑖
𝑓𝑎𝑖𝑙

= ∏ ѱ𝑡,𝑖,𝑘
𝑓𝑎𝑖𝑙

𝑘

 629 

 630 
Our approach to address Ѱp thus leverages existing data on species’ breeding success 631 

and knowledge on phenology. Additionally, the approach in both Eq. 3A and Eq. 3B allows 632 

for inference of breeding success for years during which no specific breeding success 633 

monitoring took place, but for which abundance counts are available, and vice-versa, allows 634 

for incorporation of information for years during which breeding success monitoring took 635 

place, but no abundance counts were conducted. We applied Eq. 3AB to all counts of 636 

albatross and petrel species, where possible, depending on whether the required data were 637 

available (see section 2.7, Table 7). It should be noted that when both active and failed nests 638 

are reported, Eq. 3 should be only fit to active nests (e.g., Sagar et al. 2014), as it would 639 

otherwise result in double-accounting for failed nests. Eq. 3 can be extended with additional 640 

fixed effects on f to incorporate additional nuance, e.g., known environmental impacts (see 641 

Northern Royal Albatross, section 2.7.2, for an example). For breeding sites where breeding 642 

success data covered ≤25% of the abundance count time series, we removed 𝜀𝑡,𝑖
𝑓

, as 643 
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preliminary analyses highlighted that estimates with such limited data and high incidence of 644 

imputing became uninformative (i.e., 𝑓𝑡,𝑖 ranged 0-1 when 𝜀𝑡,𝑖
𝑓

 was included). In scenarios 645 

where abundance was expressed in both BP/AOS + failed nests (e.g., Bell et al. 2017, Bell 646 

2022), we excluded counts of failed nests, as it is unclear for how long failed nests remain 647 

noticeable, and once Eq. 3 is applied to BP/AOS, all failures will be accounted for. Where 648 

no breeding success data existed, we used informative priors for 𝑓𝑡,𝑖 either based on 649 

published figures, or closely related species where necessary. Species- and breeding-site-650 

specific approaches are detailed in Table 4. For our rationale on why we applied Ѱo (Eq. 2) 651 

and (Eq. 3) in parallel, see Supplementary Material 1. 652 

Through Eq. 3AB we developed a standardised solution for counts that were 653 

conducted at varying times after mean laying, ѱfail. However, a different form of Ѱp can 654 

occur: the error that is associated when counts are conducted prior to all eggs having been 655 

laid, ѱlay (Wolfaardt & Phillips 2020). In scenarios where counts are conducted around 656 

laying, but prior to mean lay dates, conversions using the count date and the mathematical 657 

distribution of the lay period of the species and breeding site can be applied to adjust the 658 

count (e.g., Elliott et al. 2025, Rexer-Huber et al. 2025). As counts subject to ѱlay are 659 

relatively rare, we adhere to the count-specific approach applied to such instances instead of 660 

developing a second standardised model for ѱlay. 661 

 662 

2.2.5. Hierarchical modelling to account for various sources of error 663 

In our standardised abundance processing framework, various sources of error can be 664 

accounted for simultaneously. Specifically, after accounting for Ѱs to incorporate baseline 665 

uncertainty, and obtaining an abundance estimate of the total breeding site in the original 666 

metric at the time of the count through Eq. 1, i.e., 𝑛𝑡,𝑖, the outputs of Eq. 2 and 3, and, if 667 

applicable, appropriate estimates of Ѱd can be combined to convert 𝑛𝑡,𝑖 into the desired 668 

standardised measure of abundance for ACAP species, i.e., BP at the beginning of the 669 

breeding season, 𝑦𝑡,𝑖, as following:  670 

 671 

4. 𝑦𝑡,𝑖 =

𝑛𝑡,𝑖

Ѱ𝑡,𝑖
𝑑 ∙Ѱ𝑡,𝑖

𝑜

Ѱ
𝑡,𝑖
𝑝  672 

 673 
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In which Ѱ𝑡,𝑖
𝑑  is either considered 1.000 if it warrants to do so (i.e., if Eq. 1 has already 674 

provided sufficient uncertainty) or estimated through a custom approach (section 2.2.2), Ѱ𝑡,𝑖
𝑜  675 

is expressed as either  ѱ𝑡,𝑖
𝐴𝐵𝐴 (e.g., for a AC of AOS of albatrosses),  ѱ𝑡,𝑖

𝐵𝑂𝐺 (e.g., for a VPC of 676 

BOG of albatrosses),  ѱ𝑡,𝑖
𝑜𝑐𝑐 (e.g., for a GC of NS of a burrow-nesting petrel), or a combination 677 

thereof (section 2.2.3), and Ѱ𝑡,𝑖
𝑝

 is usually expressed as ѱ𝑡,𝑖
𝑓𝑎𝑖𝑙

 (section 2.2.4). While Eq. 4 here 678 

is formulated to sequentially account for Ѱd, then for Ѱo, and then for Ѱp, conversions of 𝑛𝑡,𝑖 679 

to 𝑦𝑡,𝑖 will produce the same result if Eq. 4 is formulated in a different order. The order as in 680 

Eq. 4 however is beneficial in scenarios where breeding success has traditionally been 681 

estimated through metrics other than BP (e.g., Robertson 1991, Scofield 2011) as this 682 

approach allows for first adjusting to BP, then calculate fi,t, and thus ѱ𝑡,𝑖
𝑓𝑎𝑖𝑙

, and then 683 

estimating yt,i if so required (e.g., Section 2.7.2). Through this equation, the various equations 684 

accounting for errors are combined hierarchically within the same modelling framework. 685 

Ultimately, our approach enabled us to convert all counts of ACAP species into abundance 686 

data truly comparable across time, space, and species.  687 

 688 

2.3. Conversions from annual breeding pairs to mature individuals 689 

Abundance data on albatrosses and petrels is recorded in annual breeding pairs (ideally, or 690 

derivatives thereof; Table 1) as per ACAP convention, yet other global conservation processes 691 

require abundance to be expressed in mature individuals, including BirdLife International and 692 

the International Union for the Conservation of Nature (IUCN) Red List (IUCN 2012, 693 

BirdLife International 2025). Mature individuals are defined as individuals known, estimated 694 

or inferred to be capable of producing offspring, excluding juveniles, senescent individuals, 695 

suppressed individuals, or individuals in subpopulations whose densities are too low for 696 

fertilization to occur (BirdLife International 2025). Note, this definition does not allow for 697 

gradual exclusion of senescent individuals a function of age (e.g., Froy et al. 2013), but we 698 

did not seek to update this widely used definition. To elevate the utility of the abundance data 699 

collated in the ACAP database for wider global conservation processes, including Red List 700 

assessments (IUCN 2012) and fisheries risk assessments (e.g., Edwards et al. 2023, Anon. 701 

2025), we also transformed the standardised annual breeding pair estimate, 𝑦𝑡,𝑖, (see section 702 

2.2) into an estimate of mature individuals as part of our overall framework.  703 

 Albatrosses and petrels have some of the most complex life histories of all bird species 704 

(Carneiro et al. 2020, Oppel et al. 2022, Richards et al. 2024), and as such, transforming 705 
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annual breeding pairs into mature individuals requires careful consideration. For example, at 706 

least 32% of ACAP species are semi-biennial or biennial breeders once mature, and thus, 707 

transformations to mature individuals requires incorporation of breeding probability (the 708 

probability than an adult female lays an egg in a given year; Edwards et al. 2023). 709 

Furthermore, some species exhibit skewed sex-ratios due to sex-specific impacts on adult 710 

survival (Weimerskirch et al. 2005, Awkerman et al. 2007, Gianuca et al. 2019, Richard et al. 711 

2024), which requires further consideration beyond breeding probabilities within these 712 

transformations. Building upon the approach by Edwards et al. (2023), we established two 713 

equations for transformations of annual breeding pairs (i.e., the metric in which y𝑡,𝑖 is 714 

expressed) to mature individuals M: 715 

 716 

5A. M𝑡,𝑖 =
2∙y𝑡,𝑖

𝑝𝑖
𝑏  717 

5B. M𝑡,𝑖 =
(

1

𝑠𝑖
)∙y𝑡,𝑖

𝑝𝑖
𝑏  718 

 719 

In which 𝑝𝑖
𝑏 refers to the annual breeding probability (which can be indexed on t if such data 720 

exist, see below), and 𝑠𝑖 is the sex ratio (which also can be indexed on t if such data exist). s 721 

should be skewed towards the less abundant sex, so that if there is a deviation from a 50:50 722 

ratio, s < 0.5. To establish an approach for conversions to M suitable for application within 723 

our wider standardised framework, we evaluated both equations using data on Antipodean 724 

Albatross (D. a. antipodensis) from the Antipodes and Gibson’s Albatross (D. a. gibsoni) 725 

from Adams Island, two biennially breeding taxa with a skewed sex ratio that has become 726 

evident after a population crash in 2005 (e.g., Richards et al. 2024) for which conversions to 727 

M are not straightforward.  728 

To evaluate both conversions, we relied on the long-term capture-mark-recapture 729 

(CMR) data for Antipodean Albatross (including the Gibson’s Albatross subspecies) and 730 

contrasted M estimates derived thereof using multi-state modelling (Elliott et al. 2025, Rexer-731 

Huber et al. 2025) with estimates derived from Eq. 4A and 4B. We sourced BP from the 732 

ACAP database and extracted CMR-based estimates of 𝑝𝑡,𝑖
𝑏  (i.e., annually varying) and 733 

estimates of 𝑠𝑖 pre- and post-2005 from Elliott et al. (2025) and Rexer-Huber et al. (2025) 734 

which we used to construct informative priors, specified via mean and precision (𝑠≤2005
𝑎𝑛𝑡𝑖𝑝𝑠

 ~ 735 

N(0.491, 10000); 𝑠≥2006
𝑎𝑛𝑡𝑖𝑝𝑠

~ N(0.403, 2500); 𝑠≤2005
𝑔𝑖𝑏𝑠𝑜𝑛𝑠

~ N(0.487, 7500); 𝑠≥2006
𝑔𝑖𝑏𝑠𝑜𝑛𝑠

~ N(0.423, 736 
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1500)). Annual variation captured in 𝑝𝑡,𝑖
𝑏  is a product of in-depth multi-event CMR modelling 737 

and such information is not available for all populations of albatrosses and petrels. We 738 

therefore also repeated both equations with a fixed 𝑝𝑖
𝑏 using informative priors for the periods 739 

pre- and post-2005: (𝑝𝑏
≤2005

𝑎𝑛𝑡𝑖𝑝𝑠
~ N(0.501, 1500); 𝑝𝑏

≥2006

𝑎𝑛𝑡𝑖𝑝𝑠
~ N(0.450, 150); 𝑝𝑏

≤2005

𝑔𝑖𝑏𝑠𝑜𝑛𝑠
 ~ 740 

N(0.583, 150); 𝑝𝑏
≥2006

𝑔𝑖𝑏𝑠𝑜𝑛𝑠
 ~ N(0.600, 300)).  741 

 742 

 743 

Fig. 6. Comparison of CMR-derived estimates of M (black lines) with two BP-to-M 744 
conversions using time-varying (AC) and fixed pb (BD) for Antipodean (AB) and Gibson’s 745 
Albatross (CD). The dotted vertical line indicates the population crash in both breeding sites 746 
after which a different s was applied. 747 

 748 

The results of our evaluation (Fig. 6) indicated that, if a population has an even sex 749 

ratio, the simpler conversion, Eq. 4A, provides adequate approximations for M, but if a 750 

skewed sex ratio is present, Eq. 4A results in an underestimate of M, and Eq. 4B provides a 751 

more adequate estimate. Both conversions could be readily applied to years for which CMR-752 

based M estimates did not exist (early 1990s), enabling longer time series, while incorporating 753 

uncertainty. However, when using fixed pb instead of time-varying pb estimates, uncertainty 754 

increased substantially, to the extent that the improvements provided by incorporation of s 755 

were no longer beneficial, resulting in an arguably lower performance of Eq. 4B. Based on 756 
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this evaluation, we converted BP into M using Eq. 4A if no evidence exists for a skewed sex 757 

ratio, or using Eq. 4B, if such evidence exists and time-varying pb estimates were available.  758 

It should be noted that these estimates of M do not incorporate juveniles and pre-759 

breeders (sub-adults) as per the definition of mature individuals (BirdLife International 2025). 760 

To incorporate those life-stage classes, further advanced modelling approaches, such as 761 

matrix population models (Waugh et al. 2015, Pardo et al, 2017) or integrated population 762 

models (e.g., Ventura et al. 2021, Oppel et al. 2022, Richard et al. 2024), are required, for 763 

which the necessary data is generally sparser.  764 

 765 

2.4. Standardised modelling of trends 766 

Once the albatross and petrel abundance data was adjusted to be comparable across time, 767 

space, and species, we fit custom Bayesian state-space models to timeseries of each breeding 768 

site of each species to obtain standardised trend estimates. Specifically, we developed a 769 

bespoke Bayesian state-space trend model that we fit through the custom R package ACAPT, 770 

which allowed for the necessary flexibility and considerations when working with extremely 771 

long-lived species such as albatrosses and petrels (Bird et al. 2020), which we built on the 772 

generalised state-space decision support tool JARA (Winker et al. 2020, Sherley et al. 773 

2020a,b). Fundamentally, both JARA and our own state-space model enable the modelling of 774 

trends of multiple abundance timeseries simultaneously even if those timeseries span different 775 

time periods, contain missing values, and have different scales through a hierarchical process 776 

that separates process variation from observation error (Winker et al. 2020). Our trend model 777 

was structured as follows:  778 

 779 

6. 𝑁(𝑡+1),𝑖 = 𝜆𝑡,𝑖 ∙ 𝑁𝑡,𝑖 780 

 𝜆𝑡,𝑖~LogN(𝑞, 𝜎𝑞
2) 781 

 𝑁𝑡 =  ∑ 𝑁𝑡,𝑖𝑖  782 

 783 

In which 𝑁𝑡,𝑖 is the trend model estimated population size for breeding site i and year t 784 

(expressed as either BP or M), 𝜆𝑡,𝑖 is the annual growth rate, with mean log growth rate 𝑞 that 785 

is constant and common to all breeding sites, constant variance 𝜎𝑞
2, and total population size 786 

𝑁𝑡. In log space, our trend model can be expressed in the form of a normal random walk: 787 

 788 

 𝑥(𝑡+1),𝑖 = 𝑥𝑡,𝑖 + 𝑟𝑡,𝑖 789 
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 𝑟𝑡,𝑖 ~ N(𝑞, 𝜎𝑞
2) 790 

 𝑦𝑡,𝑖~LogN(𝑥𝑡,𝑖, 𝜎𝑦
2 + 𝜁𝑡,𝑖

2 ) 791 

 792 

In which 𝑥𝑡,𝑖 equals Log(𝑁𝑡,𝑖), 𝑟𝑡,𝑖 equals Log(𝜆𝑡,𝑖), 𝑦𝑡,𝑖 is the standardised abundance 793 

estimate as derived through the steps detailed in sections 2.2-2.3 for breeding site i at year t 794 

with mean 𝑥𝑡,𝑖 and variance consisting of the count-specific variance 𝜁𝑡,𝑖
2  as derived through 795 

the processes in sections 2.2-2.3, and additional variance common to all surveys 𝜎𝑦
2. We used 796 

vague priors, specified via mean and precision (𝑞 ~ N(0, 0.01), 𝜎𝑞
−2 ~ Gamma(0.01, 0.01), 797 

and 𝜎𝑦
−2 ~ Gamma(0.01, 0.01)) and the initial year in each timeseries was specified as 798 

𝑥𝑡0𝑖~N(𝜇𝑡0𝑖, 𝜏𝑡0𝑖
−1). We assumed that q as constant over time. In exploratory analyses, we 799 

varied our model specification by defining q either as an additional random walk, a smoothed 800 

cubic spline, or a linear model. These variations of our model became problematic with 801 

intermittent data (i.e., unrealistically high extents of uncertainty), a feature that is common of 802 

ACAP abundance data, and thus the simplest formulation in which 𝑞𝑡 was treated as constant 803 

was considered the most appropriate. Our trend model up to this point is essentially identical 804 

to the trend model implemented through JARA (Winker et al. 2020, Sherley et al. 2020a,b), 805 

but our approach as implemented through ACAPT deviates when estimating overall 806 

population change for the conservation status assessments as we do not implement the 807 

lognormal bias correction that JARA uses (see section 2.5).  Our trend model can be freely 808 

accessed and used through the custom R package ACAPT via 809 

https://github.com/SWotherspoon/ACAPT. For more information on ACAPT, see 810 

Supplementary Material 3 & 4. 811 

We fit our trend model in Eq. 5 to all our standardised breeding site timeseries of the 812 

ten case studies both in terms of BP and M to estimate trends in both metrics and through 813 

summing the estimates of individual breeding sites, we provide estimates of current 814 

population size in BP and M per species regardless of the duration since the last count at a 815 

given breeding site. Furthermore, to evaluate overall trends on a genus level, we reran our 816 

trend model across the breeding sites of Diomedea, Thalassarche, and Procellaria species in 817 

our case studies jointly (M only). Finally, to provide overall insights into the fate of New 818 

Zealand’s endemic large Procellariiform community, we reran our trend model across all 819 

breeding sites jointly (M only). Consequently, our flexible trend model provided the 820 

opportunity to obtain unprecedented insights into multi-decadal fates of ACAP species and 821 

has the potential to facilitate various conservation status assessments. 822 

https://github.com/SWotherspoon/ACAPT
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 823 

2.5 Conservation status assessments 824 

 825 

2.5.1 IUCN Red List assessments 826 

The IUCN Red List is the world's most comprehensive conservation status assessment, 827 

providing key insights into species’ extinction risk and through this, guide conservation 828 

prioritisation and policy (IUCN 2025). IUCN Red List categories are assigned through 829 

several objective criteria relevant to populations and their extinction risk (IUCN 2012). The 830 

categories Critically Endangered (CR; extremely high risk of extinction), Endangered (EN; 831 

very high risk), and Vulnerable (VU; high risk) jointly indicate that a species is threatened, in 832 

contrast with Near Threatened (NT; not threatened now, but is likely at risk in the near 833 

future) and Least Concern (LC; not threatened). A key assessment criterion, Criterion A, is 834 

population trend over three generation lengths (GL; the average age of parents of the current 835 

cohort). The other criteria evaluate geographic range in the form extent of occurrence and/or 836 

area of occupancy (Criterion B), small population size in decline (Criterion C), very small 837 

population (Criterion D), and direct estimates of extinction probability (Criterion E). Each 838 

criterion consists of several sub-criteria, which for Criterion A revolve around the causes of 839 

population reduction and period over which the reduction is estimated (Table 6). 840 

 841 

Table 6. Overview of IUCN Red List Criterion A, its four sub-criteria, and what percentage 842 
of population reduction results in what Red List category (IUCN 2012). GL = generation 843 
length, CR = Critically Endangered, EN = Endangered, VU = Vulnerable, NT = Near 844 
Threatened.   845 
Sub-

criteria  

Brief description CR  EN VU NT 

A1 Population reduction estimated over 3 GL in 

the past, for which causes are clearly reversible 

and understood and have ceased. 

≥90% ≥70% ≥50% ≥25% 

A2 Population reduction estimated over 3 GL in 

the past, for which causes may not have ceased 

or may not be understood or may not be 

reversible. 

≥80% ≥50% ≥30% ≥20% 

A3 Population reduction projected to be met over 3 

GL in the future. 

≥80% ≥50% ≥30% ≥20% 

A4 Estimated and/or projected population 

reduction over 3 GL, where the time period mst 

include both the past and the future, and for 

which causes may not have ceased or may not 

be understood or may not be reversible. 

≥80% ≥50% ≥30% ≥20% 

 846 



PaCSWG9 Doc 03      

Agenda Item 5.1, 5.2 

39 

All ACAP species have been assessed on the IUCN Red List, but most are due for re-847 

assessment (BirdLife International 2025) and to address this shortcoming, we built upon  848 

JARA (Winker et al. 2020, Sherley et al. 2020ab) and modelled population trends within our 849 

R package ACAPT in such a fashion that our results also provided insights into IUCN Red 850 

List re-assessment against Criterion A. For ACAP species, Criterion A is the most crucial 851 

criterion as 1) most species are showing long-term, ongoing, and concerning declines and 852 

causes thereof have generally not yet ceased (Fischer et al. 2024, ACAP 2025b), 2) ACAP 853 

species range extremely widely and thus geographic range is mostly relevant to single island 854 

endemics, 3) most populations exceed 10,000 (VU under Criterion C) and thus also 1,000 855 

(VU under Criterion D) (ACAP 2025b), and 4) direct estimates of extinction probability only 856 

exist for a select few species (e.g., Genovart et al. 2016, Oppel et al. 2022, Richard et al. 857 

2024). We focussed on assessing species against Criterion A4 (Table 6) as this 3 GL “moving 858 

window” is the most flexible of the four sub-criteria and the most relevant for species with 859 

extremely long GLs that usually are not fully covered by the available timeseries (e.g., 3 GL 860 

for Antipodean Albatross approximate a century; Table 7). However, for some species, very 861 

long timeseries that cover 3 GL do exist, enabling assessments against Criterion A2. 862 

Specifically, we modelled population change in mature individuals M to facilitate the 863 

Criterion A assessments as following: 864 

 865 

7. 𝑅𝑡 = (
𝑀𝑡

𝑀𝑡−𝛿
)

𝑇

𝛿 866 

 𝑡 𝜖 𝑊 867 

 868 

In which 𝑅𝑡 is the (fractional) overall population change over a predetermined reference time 869 

interval T based on GL (e.g., 75 based on a GL of 25), 𝛿 is the number of years within T for 870 

which abundance estimates as derived through the trend model are available (e.g., 20), and W 871 

is the time window (e.g., 2005-2080). We specified three different W to facilitate three 872 

different Red List assessment approaches: 1) the full timeseries available up to 3 GL and 873 

inferred forwards to obtain 3 GL (if 3 GL were fully covered, this equated to an assessment 874 

against Criterion A2), 2) the last GL and then inferred for the next 2 GL (Criterion A4), and 875 

3) the last 20 years and then inferred forward up to 3 GL (Criterion A4). We included the 876 

latter assessment approach as 20 years is the ACAP standard time period to provide 877 

statements on population change; ACAP 2025b). We sourced GL estimates for each of our 878 

case study species directly from BirdLife International (2025) after an update of Bird et al. 879 
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(2020) (Table 7). These calculations were conducted in our custom R package ACAPT. We 880 

report both the median of 𝑅𝑡 as well as the density-based approach (c.f. JARA; Winker et al. 881 

2020) to facilitate discussion on what the most appropriate Red List category assignment 882 

would be per species (noting that preliminary data explorations highlighted that the zero-883 

bound on the lower end, and the absence of a boundary on the upper end of 𝑅𝑡 had the 884 

potential to bias category assignments either towards CR or LC in cases of high uncertainty).  885 

 Our approach to calculating population change and assigning Red List categories 886 

against Criterion A slightly diverges from the approach in JARA (Winker et al. 2020, Sherley 887 

et al. 2020a,b). Specifically, our approach deviates from JARA in the projection component 888 

required for Eq. 7. The projection approach incorporated in JARA ignores the propagated 889 

uncertainty for individual abundance estimates yet results in unrealistically high uncertainty 890 

unless the lognormal bias correction is applied. We favoured a projection approach grounded 891 

in the observed trend from the known history when projecting, acknowledging the 892 

uncertainty of individual abundance estimates, without a lognormal bias correction. We 893 

believe that this approach provides more transparency, even if it ultimately comes at the cost 894 

of higher uncertainty.  895 

 896 

2.5.2 ACAP High Priority Population assessments 897 

Next to the IUCN Red List conservation status assessments, ACAP has its own conservation 898 

prioritisation mechanism in which it identified High Priority populations of ACAP species 899 

(ACAP 2025b). A population (i.e., breeding site) can be considered an ACAP High Priority 900 

population if it 1) holds ≥10% of the world population of the species, 2) is at risk of fisheries 901 

bycatch, and crucially, 3) has been declining at a rate ≥3% per annum for 20 years (ACAP 902 

2025b). While these criteria are objective, ACAP High Priority populations have not 903 

uniformly been identified in a standardised fashion, and designation has largely been driven 904 

by ACAP Members making a case for candidate High Priority populations. Our standardised 905 

modelling of trends of ACAP species provides an opportunity for standardised designation of 906 

ACAP High Priority populations as well, and we showcase this through our case studies. 907 

Specifically, we identified which breeding sites hold ≥10% (Table 7), consulted the literature 908 

to identify which species are at risk from fisheries bycatch, and most importantly, adapted W 909 

and T in Eq. 6 to reflect the last 20 years, applying the equation at the breeding site level 910 

rather than the species level. If a population met the first two criteria and the median of 𝑅20 911 
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fell below 45.6% (3% population decline means 𝜆𝑡,𝑖 = 0.970, and 1-0.97020 = 0.456), we 912 

proposed that this population be considered an ACAP High Priority population.  913 

 914 

2.6 Model implementation 915 

We completed the Bayesian modelling underpinning our framework in two steps. The first 916 

step, the series of hierarchical models enabling the standardised error corrections, explicit 917 

incorporation of uncertainty (section 2.3), and the conversion into M (section 2.4), was 918 

completed in OpenBUGS (Spiegelhalter et al. 2014). Within this first step, we ran our 919 

hierarchical models for 100,000 iterations using two MCMC chains with a burn-in of 50,000 920 

iterations. Evaluation of trace plots and 𝑅̂ < 1.05 indicated successful convergence of all 921 

monitored parameters. We then extracted median, SD (which we converted into CV), and 922 

95% credible intervals (CrI) from the 100,000 posterior samples for each standardised count 923 

for yt,i (so BP) and Mi,t. We used the median and the CV for the second modelling step, the 924 

modelling of trends and the subsequent conservation prioritisations assessments through the 925 

custom R package ACAPT. This second step was implemented using the Bayesian modelling 926 

programme JAGS (Plummer 2003) within R (R Core Team 2024). Within this second step, 927 

trend models were run for 10,000 iterations using four MCMC chains with a burn-in of 5,000 928 

iterations, which were sufficient to achieve model convergence, confirmed through posterior 929 

predictive checks. We report medians and 95% CrIs from the 20,000 posterior samples for all 930 

trend estimates obtained through ACAPT. We explicitly chose to separate the hierarchical 931 

modelling in OpenBUGS and the trend modelling in ACAPT, rather than fully integrate these 932 

two, to ensure that 1) any of the preparatory steps did not have possibly overly inflated 933 

impacts on the overall trend estimates and 2) that ACAPT remained a more general trend 934 

modelling package like its predecessor JARA (Winker et al. 2020).  935 

For reporting purposes, population changes are initially presented as changes over the full 936 

time series, since 1980 (as not all time series started at of prior to 1970, which would have been the 937 

preferred staring point, e.g., see Pacoureau et al. 2021, Juan-Jorda et al. 2022, Dulvy et al. 2024), 938 

and since 2006 (i.e., the last 20 years as per ACAP convention; ACAP 2025b). However, for the 939 

evaluations against IUCN Red List Criterion A, changes are presented over the full time series up to 940 

3GL, the last GL, and since 2006. For the ACAP High Priority Population evaluation, change was 941 

only assessed since 2006 as per ACAP convention (ACAP 2025b). 942 

 943 
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2.7 Case studies 944 

We illustrate the utility of our framework to process and model abundance data of albatrosses 945 

and petrels using ten New Zealand endemics from 22 breeding sites (Fig. 7). These case 946 

studies vary in terms of data availability, quality, and time span (39-91 years, mean = 53 947 

years) as well as life history characteristics, such as breeding probability (e.g., Carneiro et al. 948 

2020, Edwards et al. 2023), and generation length (e.g., Bird et al. 2020). Thus, these case 949 

studies enable a thorough evaluation of how the framework could overcome different 950 

challenges associated with idiosyncratic and disparate abundance data of a range of species. 951 

Below, we provide overviews of each case study (Table 4). We refer to place names of 952 

breeding sites at first mention using both te reo Māori/traditional names and English. 953 

Thereafter, we will revert to the former whenever possible (e.g., there is no known te reo 954 

Māori name for Disappointment Island or the Western Chain islets as a collective).  955 

 956 
Fig. 7. Breeding sites of Diomedea albatrosses (squares), Thalassarche albatrosses (circles), 957 
and Procellaria petrels (triangles) endemic to New Zealand (in relation to the 2,000 m depth 958 
contour; grey lines). Symbol size approximates relative colony size; place names are given in 959 
te reo Māori/traditional names | English. 960 
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 961 
2.7.1. Antipodean Albatross (Diomedea antipodensis) 962 

The Antipodean Albatross is arguably the best studied seabird species in New Zealand. We 963 

collated data for this species from the three key breeding sites (Moutere Mahue | Antipodes 964 

Island for ssp. antipodes, Adams and Disappointment Island for ssp. gibsoni) across 1969-965 

2025, which jointly cover >99% of the overall population (Table 4; Supplementary Table 1-966 

3). Counts for this species have largely been conducted annually following standardised 967 

protocols since the mid-1990s using GCs at designated study and index sites on Moutere 968 

Mahue and Adams Island (representing 2.8-14.9% and 2.6-9.5% of the breeding sites, 969 

depending on study site combinations, respectively). These counts have documented 970 

concerning declines in both breeding sites from the mid-2000s onwards (e.g., Elliott et al. 971 

2025, Rexer-Huber et al. 2025), which resulted in the species being listed as EN on the IUCN 972 

Red List in 2018 (BirdLife International 2025) and the Moutere Mahue population as an 973 

ACAP High Priority Population in 2017 (Walker & Elliott 2017). Full island counts, however, 974 

are rare and were only conducted in the 1960s, 1970s and 1990s (Robertson 1975, Walker & 975 

Elliott 1999, 2005), and recently, when the world’s largest ACUAV enabled the total breeding 976 

site estimates on Moutere Mahue and Adams Island (Elliott et al. 2024, 2025, Rexer-Huber et 977 

al. 2024, 2025). In contrast, the Disappointment Island colony has only been counted three 978 

times, through a combination of GC, VPC, and ACheli (Robertson 1975, Baker & Jensz 979 

2014a). This species also breeds on Motu Ihupuku | Campbell Island and Rangihaute / 980 

Rangiāuria | Pitt Island, but both populations are very small (<1% of the world population 981 

combined) and counts are irregular and incomplete (Miskelly et al. 2008, Mischler et al. 982 

2025), so we did not include these data in our analyses. 983 

 Most Antipodean Albatross counts required minimal adjustments, as most of the 984 

reported counts were already aligned with our framework in the original references (e.g., 985 

Elliott et al. 2025, Rexer-Huber et al. 2025). As typically Ѱd > 0.950 for this species (Walker 986 

& Elliott 2005), we did not explicitly account for detection and assumed that Eq. 1 would 987 

suffice to address this error. Moutere Mahue counts were not adjusted for Ѱp during 1978-988 

2023, while the Adams Island counts were not adjusted for Ѱp during 1973-1996. 989 

Consequently, we used an annually varying model (Eq. 3A) to make the necessary 990 

adjustments for ѱfail. The Disappointment Island counts required adjustments for Ѱo and Ѱp, 991 

for which we used the intercepts of the Adams Island models (Eq. 2AB & 3A, respectively). 992 

Both the Moutere Mahue and Adams Island populations have a known history of skewed sex-993 

ratios (Elliott et al. 2025, Rexer-Huber et al. 2025), and, as data enabling insights on time-994 
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varying pb exist for both, we applied conversions from yt,i to Mt,i that specifically accounted 995 

for these factors (Eq. 5B). No pb data for Disappointment Island exists and thus we used the 996 

model intercept for Adams Island for the conversions on Disappointment Island (Eq. 5A).  997 

 998 

2.7.2. Northern Royal Albatross (D. sanfordi) 999 

We collated count data for the three Northern Royal Albatross breeding sites, the privately-1000 

owned Motuhara | Forty-fours and Rangitutahi | Sisters archipelagos within the Chatham 1001 

Islands and the Pukekura | Taiaroa Head colony on the Otago Peninsula – the world’s only 1002 

“mainland” albatross colony (jointly comprising >99% of the world population), over a 1003 

remarkably long period: 1936-2026 (Table 4; Supplementary Table 4-6). Pukekura is small 1004 

(<1% of the global population), but its accessibility has resulted in a truly unique time-series: 1005 

a virtually continuous GC census of >90 years, documenting every breeding attempt since the 1006 

establishment of the breeding site in the 1930’s (Richdale 1939, Robertson 1993, DOC 1007 

unpubl. data). This breeding site is subject to concerted management and breeding success is 1008 

maximised through targeted interventions (e.g., predator control, artificial incubation, and 1009 

cross fostering; Robertson 2001, Richard et al. 2015). Both Chatham Islands breeding sites on 1010 

the other hand are challenging to access, but hold >99% of the species’ population. Both sites 1011 

have been counted intermittently, with periods of concerted effort during the 1970s, 1990s, 1012 

2000s, and 2020s. Counts are predominantly completed as ACfw, with both breeding sites 1013 

counted simultaneously, but GCs do occur (e.g., Frost 2017, 2024, Bell 2024). Therefore, 1014 

counts are expressed in BP, AOS, BOG, and C. In 1985, a severe storm stripped most soil and 1015 

vegetation from the Motuhara (and to a lesser extent, Rangitutahi), caused near-complete 1016 

breeding failure, and disrupted the alternating cycle of this biennial breeder, making trends 1017 

difficult to detect, at least for a period (Roberston 1991, 1998). Both sites have been subjected 1018 

to multiple counts within years to compare counting methods (e.g., GCs vs ACfw vs ACsat), 1019 

which included the establishment of study quadrats representing 11% of the breeding site, but 1020 

direct comparability between methods remained challenging (e.g., Scofield 2011, Baker et al. 1021 

2017, Bell 2021, Frost 2022). Despite irregularity, environmental stochasticity, and differing 1022 

methods, these data indicated concerning declines over time (e.g., Bell et al. 2018), resulting 1023 

in the species being listed as EN in 2000 (BirdLife International 2025).  1024 

 Uniquely, the Pukekura time-series represents continuous monitoring of all breeding 1025 

attempts and is thus expressed as all BP at the start of the breeding period for the entire 1026 

breeding site. Therefore, no adjustments were required apart from applying Eq. 1. For the 1027 
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Chatham Island breeding sites, we first selected the counts that required the least data 1028 

processing for years during which >1 count was conducted. Then, as Bell et al. (2018) 1029 

estimated Ѱd > 0.950 (on Rangitutahi), as is typical for Diomedea albatrosses, we did not 1030 

explicitly account for imperfect detection and assumed that Eq. 1 would suffice. Less than 1031 

25% of counts on both the Motuhara and Rangitutahi provided explicit data on ѱBOG despite 1032 

BOG being the common metric of counting this species and thus we used an intercept only 1033 

model to first transform BOG into AOS through Eq. 2B. Only two counts provided explicit 1034 

data on ѱABA and thus we used these two data points to generate a uniform prior to then 1035 

transform AOS into BP as per Eq. 2A. The traditional metric to express counts of Northern 1036 

Royal Albatrosses on the Chatham Islands is not BP, and f is estimated through whole 1037 

breeding site counts of chicks (e.g., Robertson 1991, Frost 2017), and thus, obtaining accurate 1038 

estimates of f was not straightforward. Pukekura estimates could not be used as this site is 1039 

subject to management targeted to maximize f (e.g., DOC Coast Otago Operations 2026). 1040 

Consequently, we first transformed all counts into BP, and then used the BP estimates at the 1041 

time of the count and whole island counts of chicks to obtain f. We then included a fixed 1042 

effect for the years 1989-2000 to capture the substantial impacts of the severe storm on the 1043 

productivity of both sites (Roberston 1991, Scofield 2011, Bell et al. 2018). After these steps, 1044 

we successfully applied Eq. 3A to estimate BP at the start of the breeding season for both 1045 

breeding sites, i.e., yt,i. Finally, as the only information on pb for this species is based on the 1046 

Pukekura long-term CMR dataset, we used the information contained in Richard et al. (2015) 1047 

and Edwards et al. (2025) to first devise an informative prior for years without storm impacts 1048 

(N[0.567,125]). We then used the long-term f estimate during 1989-2000 of both Chatham 1049 

Island sites with the estimates pb of failed and successful breeders in Richard et al. (2015) to 1050 

devise a second informative prior for pb for years with storm impacts for both Chatham Island 1051 

sites during 1989-2000 (N[0.664,125]). No evidence exists for skewed sex ratios in this 1052 

species and thus we applied Eq. 5A to convert yt,i to Mt,i for all three breeding sites. 1053 

 1054 

2.7.3. Southern Royal Albatross (D. epomophora) 1055 

We collated count data for two Southern Royal Albatross breeding sites, Motu Ihupuku | 1056 

Campbell Island and Enderby Island (jointly comprising >99% of the world population) over 1057 

a notably long period: 1943-2025 (Table 4; Supplementary Table 7-8). These two breeding 1058 

sites contrast in size, with Motu Ihupuku holding >99% of the overall population and Enderby 1059 

Island holding <1%. This contrast is reflected in the count data, with Enderby Island GCs 1060 
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typically covering the entire site, and being repeated almost annually since 1993 1061 

(Childerhouse et al. 2003), while Motu Ihupuku counts (GCs, sometimes combined with 1062 

VPCs) were more intermittent and irregular, with full island counts being conducted roughly 1063 

every decade until the mid-2000s (Moore et al. 1997, 2012). However, standardised study and 1064 

index site GCs (representing 2.5-25.7% of the Motu Ihupuku population, depending on 1065 

combinations) provided additional, more regular data since the late 1980s up to 2026, which 1066 

recently highlighted a substantial population decline (Mischler et al. 2025). This species also 1067 

breeds on Adams Island, but the population is minute (<1% of the world population) and 1068 

counts are irregular and incomplete (Elliott et al. 2025), so we did not include these data in 1069 

our analyses. 1070 

To standardise the Southern Royal Albatross data, we first selected the counts that 1071 

required the least amount of adjustment in the few years that several counts were conducted 1072 

on Enderby and then we fit Eq. 1 to both the Enderby and the Motu Ihupuku time series. 1073 

Various studies have shown that Ѱd > 0.950 for GCs of this species (e.g., Moore et al. 1997, 1074 

2012, Mischler et al. 2025) and thus for GCs, we did not explicitly account for imperfect 1075 

detection and assumed that Eq. 1 would suffice. However, Ѱd < 0.950 for VPCs on Motu 1076 

Ihupuku (Moore et al. 1997, 2012), and thus we used the few estimates that exist to construct 1077 

an informative prior for ѱ𝑉𝑃𝐶
𝑑  (U[0.720-1.000]) to account for imperfect detection in VPCs 1078 

(1958-1983 and 1995). Similarly, those older VPCs did not account for Ѱo and these counts 1079 

consisted of an indistinguishable mix of BP, AOS, and BOG. Data on ѱABA and ѱBOG for this 1080 

species is rare (e.g., Baker et al. 2014, 2020) thus, we used an intercept-only formulations of 1081 

Eq. 2A and 2B to estimate ѱABA and ѱBOG, respectively. Some counts from Motu Ihupuku were 1082 

paired with explicit estimates of ѱfail (Moore et al. 2012), and these original adjustments were 1083 

carried over. Where no adjustments had been made, we fit a time-varying model to existing f 1084 

data from Motu Ihupuku to estimate annually varying ѱfail through Eq. 3A. However, no 1085 

detailed data on f exist from Enderby (Childerhouse et al. 2003) and thus we used the f 1086 

intercept estimate from the Campbell data to adjust the Enderby Island counts. Information on 1087 

pb for this species is limited, and thus we used the little information contained in Waugh et al. 1088 

(1997), Moore et al. (2012), and Edwards et al. (2025) to construct an informative prior 1089 

(N[0.515,100]), and as no evidence exists for a skewed sex ratios in this species, we applied 1090 

Eq. 5A to convert yt,i to Mt,i for all three breeding sites. 1091 

 1092 

2.7.4. Campbell Albatross (Thalassarche impavida) 1093 
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TBC 1094 

 1095 

2.7.5. Buller’s Albatross (T. bulleri) 1096 

We collated data for the four major Buller’s Albatross colonies, Hautere | Solander and Tini 1097 

Heke | Snares Islands in the New Zealand Subantarctic (ssp. bulleri) and the Motuhara and 1098 

Rangitutahi in the Chatham Island archipelago (ssp. platei) (jointly comprising >99% of the 1099 

world population) across 1969-2025 (Table 4, Supplementary Table 10-13). The Tini Heke 1100 

population has been studied intensively since 1948 (e.g., Sagar et al. 2000, Francis & Sagar 1101 

2012). Population counts, consisting of a combination of GCs and VPCs started in 1969, but 1102 

varied across years depending on what sections were counted (study and index areas on North 1103 

East Island cover 1.4-18.5% depending on their combination), and full archipelago counts 1104 

have been intermittent (i.e., 1969, 1992, 1997, 2002, 2014, 2019, and 2020; Sagar et al. 1999, 1105 

Sagar & Stahl 2005, Sagar 2014, Thompson & Sagar 2020). The remote and difficult to 1106 

access Hautere, Motuhara, and Rangitutahi populations, the latter two of which are privately-1107 

owned, have been counted sporadically using a variety of approaches (GCs, VPCs, ACheli and 1108 

ACfw; e.g., Baker et al. 2017, Bell 2021, Frost et al. 2025). Of these three, only Motuhara 1109 

holds established index plots (representing 1.8-3.9%; Bell 2021, 2023, 2026), while the other 1110 

two breeding sites are largely counted at a full island or archipelago level. Buller’s 1111 

Albatrosses also breed on Rosemary Rock in the Three Kings archipelago (ssp. platei; Rayner 1112 

et al. 2020), but the population is minute (<1% of the world population) and counts are 1113 

irregular, so we did not include these data in our analyses. 1114 

For Hautere and Tini Heke counts (i.e., ssp. bulleri), we incorporated baseline 1115 

uncertainty and extrapolated all counts to breeding site level through Eq. 1. Attempts have 1116 

been made to estimate Ѱd for various Hautere counts (0.900-0.960) and Tini Heke VPCs 1117 

(0.900-0.950) (Sagar & Stahl 2005, Thompson et al. 2017, Thompson & Sagar 2020) and so 1118 

we incorporated these estimates explicitly through informed uniform priors. For the Tini 1119 

Heke, we separated the sections of each count that were conducted using GCs and those that 1120 

were conducted using VPCs using Thompson & Sagar (2020) and Sagar (unpubl. data) and 1121 

adjusted the latter only. Most of the AC from Hautere were already adjusted from BOG to 1122 

AOS in the original references (e.g., Frost et al. 2025), but none accounted for ѱABA and so we 1123 

sourced data on Hautere transect counts (Baker & Jensz 2014b, Thompson et al. 2017, Frost 1124 

et al. 2025) and applied Eq. 2A to these data to account for ѱABA retrospectively while 1125 

incorporating further uncertainty as all transect counts were based on small sample sizes 1126 
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(Frost et al. 2025). As no direct data on ѱABA from Tini Heke was directly available (despite 1127 

the detailed work on this topic; Stahl & Sagar 2006), we used the intercept estimate from 1128 

Hautere to adjust the Tini Heke VPCs (as these produced data expressed in AOS as well). 1129 

Subsequently, we sourced the data on f from Hautere (JC Stahl unpubl. data) and Tini Heke 1130 

(Sagar & Stahl 2005) and applied Eq. 3A to these data to account for ѱfail for all Hautere 1131 

counts and the Tini Heke VPCs only. We did not adjust the GCs on Tini Heke as signs of 1132 

failed nests (e.g., eggshells, dead chicks etc.) remain in place for an unusually long time under 1133 

the forest canopy on this breeding site and thus data had already been adjusted for this source 1134 

of error (P. Sagar pers. comm.). Finally, we formulated an informative prior based on 1135 

Edwards et al. (2025) for pb (N[0.800, 250]), which was based on the information contained 1136 

in Fu & Sagar (2016). We then used this prior to transform yt,i into Mt,i through Eq. 5A for 1137 

both breeding sites, as there is no indication for a sex bias in any population and no further 1138 

information to differentiate pb among sites.  1139 

For Motuhara and Rangitutahi counts (i.e., ssp. platei), we did not adjust for Ѱd as the 1140 

habitat on these islands differs considerably from Hautere and Tini Heke and Bell et al. 1141 

(2018) estimated Ѱd at 0.996-0.999 on Rangitutahi. As such, for these two islands, we 1142 

assumed that the uncertainty incorporated through Eq. 1 was sufficient. Motuhara and 1143 

Rangitutahi counts have been expressed in virtually all possible metrics over the years and as 1144 

such it was necessary to estimate ѱABA, ѱBOG, and ѱocc, but data for the estimation of these 1145 

parameters were sparse, partially as potentially definitions of failed and empty nests differed 1146 

between teams (alternatively the situation has changed on the islands over time; e.g., Fraser et 1147 

al. 2010 vs. Bell 2026). We sourced five estimates with data for ѱABA, three for ѱBOG, and four 1148 

for ѱocc (Fraser et al. 2010, Baker et al. 2017, Bell 2026). Based on how these were 1149 

distributed among the years in the timeseries, we used Eq. 2A (ѱABA) and Eq. 2C (ѱocc) while 1150 

accounting for annual variation for Motuhara but used an intercept-only model for Eq. 2B 1151 

(ѱBOG) for Motuhara. As almost all data on Ѱo originated from Motuhara instead of 1152 

Rangitutahi, we used intercept only models for Eq. 2ABC for the latter breeding site. 1153 

Information on f for Motuhara and Rangitutahi is exceptionally sparse and only one estimate 1154 

that covers the entire breeding period exists (fused from two different sources; Bell 2021, 1155 

Frost et al. 2021), which we used to construct a mildly informed prior (N[0.510,50]) for 1156 

integration into Eq. 3A. We then used the same approach (i.e., the same prior for pb within Eq. 1157 

5A) as for Hautere and Tini Heke, as no information for Motuhara or Rangitutahi on pb exists, 1158 
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nor is there any indication for a sex imbalance. Subsequently, all counts were expressed in yt,i 1159 

and Mt,i suitable for the our trend modelling steps.  1160 

 1161 

2.7.6. White-capped Albatross (T. steadi) 1162 

Population counts and trends of this species, the most numerous albatross species in New 1163 

Zealand, have been subject to considerable debate, as trend estimates vary considerably 1164 

depending on how error adjustments are applied (see Walker et al. 2021 vs. Baker et al. 1165 

2023). We collated data for the three major White-capped Albatross colonies, Disappointment 1166 

Island, Southwest Cape on Maukahuka | Auckland Island, and Logan Point on Adams Island 1167 

(jointly comprising >99% of the world population), across 1973-2021 (Table 4, 1168 

Supplementary Table 14-16). All three colonies are difficult to survey, and counts have been 1169 

conducted intermittently and irregularly (although regular counts did occur during 2007-2018; 1170 

Baker et al. 2023), using a variety of different methods, including GCs, VPCs, VBCs, ACheli 1171 

and ACUAV. While a study area exists on the largest colony (Castaway Bay representing 1172 

~4.7% of the Disappointment Island colony), this area is not fully geographically demarcated, 1173 

is largely used for demographic studies, and has not been widely used as an index count site 1174 

(Walker et al. 2021, Parker et al. 2024). White-capped Albatrosses also breed on Bollon’s 1175 

Island off Antipodes Island (Tennyson et al. 1998), the Western Chain Islets (Miskelly et al. 1176 

2001), and Motuhara (Bell et al. 2017), but these populations are very small (<1% of the 1177 

world population) and counts are very rare, so we did not include these data in our analyses. 1178 

Furthermore, we note that this species recently bred on the Diego Ramirez archipelago in 1179 

Chile (Suazo et al. 2024), but we continue to treat this species as a New Zealand breeding 1180 

endemic here. 1181 

 We fit Eq. 1 to all White-capped Albatross counts under the assumption that the 1182 

incorporated uncertainty would also cover the associated Ѱd. However, the 1973 VBCs, some 1183 

which were combined with GCs and VPCs, were documented with rough uncertainty 1184 

estimates (Robertson 1975), but required further Ѱd adjustments due to the influence of this 1185 

error on VBCs (Fig 2; e.g., Rexer-Huber et al. 2020). To address this gap, we completed an 1186 

online modified Delphi expert elicitation (https://forms.gle/kXCoSfzbGkAPzYvZ9; 1187 

Hemming et al. 2018) with 11 experts familiar with the breeding sites. After round two, we 1188 

aggregated the provided four-point estimates to derive priors following Fischer et al. (2022) 1189 

for the Disappointment Ѱd
VBC: β(9.044, 2.681) and the Southwest Cape Ѱd

VBC: β(6.388, 2.585) 1190 

(corresponding to modes of 0.771 and 0.711, respectively). Due to the small population size 1191 

https://forms.gle/kXCoSfzbGkAPzYvZ9
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and considerable uncertainty surrounding the Logan Point VBC in 1973, no attempts were 1192 

made to infer Ѱd for this count. We then used all available data on ѱABA (Walker et al. 2021, 1193 

Parker et al. 2022, Elliott et al. 2023) and ѱBOG (Walker et al. 2021, Parker et al. 2022, Baker 1194 

et al. 2023, Elliott et al. 2023) to fit to Eq. 2A and Eq. 2B, respectively, each while 1195 

accounting for interannual effects. As virtually all information on ѱABA and ѱBOG were 1196 

obtained on Disappointment Island, we followed the approach from Baker et al (2023) and 1197 

considered these values representative for the other breeding sites as well. Despite this 1198 

shortcoming, this approach still allowed us to transform counts expressed in BOG or AOS 1199 

into BP while incorporating uncertainty explicitly. We collated all available data on f (e.g., 1200 

Thompson & Sagar 2008ab, Francis 2012, Frost 2026) and fit Eq. 3A to these. As only three 1201 

of the six years for which data on f were available covered years in the abundance timeseries 1202 

(i.e., <25% of the time series), we used an intercept only model to obtain yt,i. Again, we did 1203 

not differentiate between different breeding sites due to data limitations. Finally, we sourced 1204 

the only available estimate of pb for White-capped Albatross from Francis (2012), and 1205 

constructed an informative prior (N[0.680, 250]) to convert the generated yt,i into Mt,i using 1206 

Eq. 5A to obtain both standardised abundance metrics required for our trend models. 1207 

 1208 

2.7.7. Chatham Albatross (T. eremita) 1209 

Counts of this species, the rarest of the New Zealand endemic albatrosses, are rare and 1210 

intermittent. In general, this species is one of the least studied albatross species globally, 1211 

which is in part caused by the extreme difficulty of accessing its main breeding site, Te Tara 1212 

Koi Koia | the Pyramid within the Chatham Islands archipelago, which is privately owned 1213 

(Bell et al. 2017, Bell 2026). We collated the intermittent and irregular abundance data for 1214 

this breeding site across 1965-2026 (Table 4, Supplementary Table 17). Data were 1215 

predominantly collected between 2000 and 2026 during GCs with a small proportion of VPCs 1216 

(Bell et al. 2017), aside from two early counts, a VBC in 1965 (Dawson 1973) and an ACfw in 1217 

1973 (Robertson et al. 1991). All counts covered the entire island, and no abundance index 1218 

sites exist (although there are two study areas for demographic studies; Bell et al. 2017). 1219 

During 2014-2018, the site was visited to translocate pre-fledging chicks to main Chatham 1220 

Island in order to establish a second colony, but no abundance data were collected during 1221 

these visits, and ultimately, no second colony was established through these translocations, as 1222 

all chicks that survived to maturity recruited back to the source site (or the Western Chain; 1223 

Bell 2026, P Sagar unpubl. data). A few Chatham Albatross pairs also breed on the Western 1224 
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Chain islets (Miskelly et al. 2001), but their number is so small (<1% of the world population) 1225 

and counts are rare, so we did not include these data in our analyses. 1226 

Chatham Albatross counts were almost entirely expressed in NS rather than BP, 1227 

despite indications that NS do not equal BP (Robertson et al. 2003, Bell et al. 2017). For 1228 

2000-2026, Ѱd was considered sufficiently high that we did not explicitly account for 1229 

detection and assumed that Eq. 1 would suffice. For these counts, the proportion counted 1230 

through VPCs was known and thus this was subtracted to derive 𝜉 for Eq. 1 and simplify 1231 

subsequent steps. The 1965 VBC and 1973 ACfw each had existing Ѱd estimates, but these 1232 

were potentially inaccurate (Dawson 1973, Robertson et al. 1991). We therefore completed an 1233 

online modified Delphi expert elicitation (https://forms.gle/79gRwTEzwEViXgUD6; 1234 

Hemming et al. 2018) with nine experts familiar with the breeding site. We aggregated the 1235 

obtained four-point estimates following Fischer et al. (2022), including the original Ѱd 1236 

estimates (obtaining a total of six estimates), to derive updated beta-distributed priors for the 1237 

Ѱd associated with the VBC and ACfw (β[7.119, 4.079], β[18.200, 2.870], corresponding to 1238 

modes of 0.636 and 0.864, respectively). While interpretation of empty vs. failed nests 1239 

appeared to have changed over time, all GCs recorded nest contents (e.g., Fraser et al. 2011, 1240 

Bell et al. 2017, Bell 2026), enabling direct interpretation of BP, and thus no adjustments of 1241 

Ѱo for these data were required. However, the VBC and ACfw presumably recorded AOS (as 1242 

no landings took place) and to convert these into BP in the absence of species-specific data, 1243 

we calculated the mean of the intercept estimates for ѱABA for both White-capped and Salvin’s 1244 

Albatross as the most closely related species, and then used this estimate in Eq. 2A. Similarly, 1245 

no breeding success data exists for Chatham Albatross, but it may mirror the closely related 1246 

Salvin’s Albatross, which also breeds on similar substrates (Bell et al. 2017). Thus, to account 1247 

for ѱfail, we generated an informative prior using all available data on f for Salvin’s Albatross 1248 

(N[0.352,250]); Thompson 2025), after which we fit Eq. 3 to all Chatham Albatross counts. 1249 

Finally, also no data pb exists for Chatham Albatross and thus we used the informative priors 1250 

we had generated for pb for the two most closely-related species, White-capped and Salvin’s 1251 

Albatross (N[0.680, 250]), and N[0.927,100], respectively) and averaged these, after which 1252 

we fit Eq. 4A to all counts. Following these steps, all Chatham Albatross data were in a 1253 

suitable, comparable format to enable the coherent modelling of trends. 1254 

 1255 

2.7.8. Salvin’s Albatross (T. salvini) 1256 

https://forms.gle/79gRwTEzwEViXgUD6
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Counts of this species, the second-most numerous albatross species in New Zealand, are 1257 

uncommon and intermittent, and depending on how early counts are interpreted, trend 1258 

estimates vary considerably, leading to contrasting conservation status assessments (IUCN 1259 

Red List = VU, New Zealand Threat Classification System = CR; BirdLife International 1260 

2025, Robertson et al. 2021). We collated data for the two major Salvin’s Albatross breeding 1261 

sites, the Bounty Islands | Moutere Hauriri, and the Western Chain Islets (jointly comprising 1262 

>99% of the world population) across 1979-2026 (Table 4; Supplementary Table 18-19). 1263 

Salvin’s Albatross breeding sites are characterised as densely populated, but barren, isolated 1264 

granite rock stacks that are extremely difficult to access and survey, and thus various methods 1265 

have been used to obtain abundance data, ranging from GCs, to ACfw and ACheli, to more 1266 

recently, ACUAV (Thompson 2025). The largest Salvin’s Albatross population is located on 1267 

Moutere Hauriri (97% of the global population), and while whole archipelago counts have 1268 

been conducted (as ACs), there has been a focus on Proclamation Island in some years due to 1269 

the accessibility of this islet (10.3% of the breeding site) (Parker & Rexer-Huber 2020a, 1270 

Mattern 2022, 2024ab). The smaller breeding site, the Western Chain islets, consists of two 1271 

main islets (Toru; 66.7%; and Rima; 33.3%) which have largely been counted through GCs 1272 

(Sagar et al. 2014, Thompson 2025). Salvin’s Albatrosses also breed on Te Tara Koi Koia, 1273 

but in such low numbers (<1% of the world population; Bell et al. 2017) that we did not 1274 

include these data in our analyses. Furthermore, we note that this species also breeds on 1275 

Penguin Island and Apôtres Island in the Crozet Archipelago, but these populations are 1276 

extremely small (<1%) (Jouventin 1990; Weimerskirch et al. 2018), and thus we continue to 1277 

treat this species as a New Zealand breeding endemic here. 1278 

 While almost all counts of Salvin’s Albatross could be processed and adjusted 1279 

relatively straightforwardly through our standardised framework, the 1979 Bounty Islands GC 1280 

needed additional consideration. Specifically, Robertson & van Tets (1982) estimated a 1281 

density of 0.5 BP/m2 and then extrapolated across all suitable areas (15.3 ha). This approach 1282 

may have produced an overestimate due to sampling in high density areas only, the 1283 

assumption of uniform density, and an absence of high-resolution maps to enable fine-scale 1284 

delineation of suitable areas (Amy & Sagar 2013, Thompson 2025). It was not possible to re-1285 

evaluate the densities in 1979. Instead, we updated the delineation of suitable areas by placing 1286 

a 2 m2 circular buffer around each manually identified Salvin’s Albatross BOG in high-1287 

resolution UAV footage of the entire archipelago collected in 2023 and 2025 (Mattern 2022, 1288 

2024a, 2024b), merging all buffers, recalculating the mean area between both years (9.85 ha), 1289 
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and ultimately repeating the original extrapolation (see Thompson 2025 for details). We then 1290 

assigned the lowest ACAP accuracy score to this count to further acknowledge the 1291 

continuing, unsurmountable uncertainty.  1292 

After this additional work, we followed our framework step by step as outlined above. 1293 

Salvin’s Albatross breeding sites are barren in nature, and Amey & Sagar (2013) estimated Ѱd 1294 

> 0.990 on Moutere Hauriri, so we did not explicitly account for detection and assumed that 1295 

Eq. 1 would suffice. We then collated all information on Ѱo obtained through transects or 1296 

close-up photographs (e.g., Amey & Sagar 2013, Baker & Jensz 2018) and fit Eq. 2A and Eq. 1297 

2B to the collated data on ѱABA and ѱBOG, respectively, allowing us to convert BOGs into BPs, 1298 

while allowing for annual variation. All counts from the Western Chain were obtained during 1299 

GCs and expressed in BP and thus this step was not necessary for this breeding site. As 1300 

Salvin’s Albatross is one of the few species for which stage-specific f values have been 1301 

quantified, we were able to account for Ѱp through Eq. 3B (Thompson 2025). However, the 1302 

number of years for which fk has been quantified are few, and thus, we used the mean fk across 1303 

years to account for Ѱp. Specifically, we used the information in Thompson (2025) on Tk and f 1304 

to construct informative priors (finc = N[0.562,125], fguard = N[0.960,30000], fpost-guard = 1305 

N[0.697, 600]) and use these in Eq. 3B. Information on f has been obtained from Moutere 1306 

Hauriri only and to date no estimates for the Western Chain are available, and thus we used 1307 

Moutere Hauriri f to adjust both sites. Finally, the only information available on pb for 1308 

Salvin’s Albatross is based on three years of research on Toru islet (Sagar et al. 2011). We 1309 

used the data contained in Sagar et al. (2011) to fit a binomial GLMM with a logit-link 1310 

function to estimate pb and construct an informative prior (N[0.927,100]), which we included 1311 

in Eq. 5A to estimate M for all counts (Thompson 2025). Following these steps, all Salvin’s 1312 

Albatross data were in a suitable format to allow for the modelling of trends. 1313 

 1314 

2.7.9. Westland Petrel (Procellaria westlandica) 1315 

We collated data covering 1974-2019 for the sole breeding site Westland Petrels, Punakaiki, 1316 

on the Te Waipounamu | the South Island of New Zealand (Table 4, Supplementary Table 1317 

20). The species breeds in a rugged area across ~28 sub-colonies that can be difficult to 1318 

access, define, and may change over time (Waugh et al. 2020). Due to these challenges, 1319 

population counts for this species are rare and gaps in the timeseries are common and long. 1320 

Counts can only realistically be conducted as GCs, but despite this commonality, differences 1321 

between counts remained in terms of timing, correction for Ѱo, and subsequent extrapolation 1322 
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steps (Wood & Otley 2013, Baker et al. 2020, Waugh et al. 2020). Consequently, 1323 

considerable uncertainty surrounded most data. Nevertheless, Waugh & Wilson (2017) 1324 

successfully argued that the species should be uplisted to EN on the IUCN Red List due to the 1325 

perceived impact of extreme weather events on the fragmentation of breeding habitat.  1326 

Westland Petrel GCs during 2002-2005 and 2010, were not documented with 1327 

sufficient information to disentangle individual count years, and thus we used 2003 as a mid-1328 

point for these counts (Wood & Otley 2013). No Westland Petrel GCs explicitly accounted 1329 

for Ѱd (e.g., through distance sampling) and since we were unable to identify a unified 1330 

mechanism to incorporate Ѱd retrospectively, we attempted to acknowledge the absence of 1331 

accounting for this error by downscaling the accuracy of all counts by one category. All 1332 

Westland Petrel GCs have been accompanied with some efforts to account for Ѱo. However, 1333 

some GCs explicitly accounted for ѱABA and ѱocc (2003 and 2019; Wood & Otley 2013, 1334 

Waugh et al. 2020), while the other GCs only accounted for ѱocc (e.g., Baker et al. 2020). 1335 

Consequently, we used the data reported in Baker et al. (2020) to model ѱABA and information 1336 

in Waugh et al. (2020) to construct an informative prior (N[0.480,200]), which we then fused 1337 

into an overall estimate for Westland Petrel ѱABA = 0.658 (0.570-0.743). We then used this 1338 

overall estimate within Eq. 2A to adjust all counts that had not explicitly accounted for this 1339 

source of error. Breeding success in this species may have changed over time (Bartle 1985, 1340 

Freeman & Wilson 2002, Waugh et al. 2006, 2020) and thus we used the available 1341 

information on multi-year averages in Freeman & Wilson (2002) to generate an informative 1342 

prior for f1974-1975 (N[0.390, 100]), Waugh et al. (2006) to generate a prior for f2003 (N[0.620, 1343 

700]), and Waugh et al. (2020) to generate a prior for f2007-2019 (N[0.685, 80]). We then used 1344 

these different estimates to account for ѰP in Eq. 3A, while explicitly incorporating change in 1345 

f over time. Only limited information was available on Westland Petrel pb. Specifically, two, 1346 

quite different deterministic estimates were available (Waugh et al. 2015, Waugh & Wilson 1347 

2017), which we used to construct a uniform prior (U[0.460,0.768]) and estimate M for the 1348 

1974-2011 counts. However, recently, more data has been collected due to the perception that 1349 

pb has changed and thus we used recent (2021-2024) intensive burrow monitoring data (K 1350 

Simister unpubl. data) together with a binomial GLMM with a logit-link function to obtain an 1351 

updated estimate for pb = 0.706 (0.693-0.720) and estimate M for the 2019 count. No 1352 

evidence exists for a skewed sex ratio in this species (e.g., Waugh et al. 2015) and thus we 1353 

used Eq. 5A for all estimates of M. Following these steps, all Westland Petrel data (both in yt,i 1354 

and Mt,i) were in a suitable format to allow for the modelling of trends. 1355 



PaCSWG9 Doc 03      

Agenda Item 5.1, 5.2 

55 

 1356 

2.7.10. Black Petrel (P. parkinsoni) 1357 

This species has been subject to a long-standing and ongoing population study at its largest 1358 

breeding site, Aotea | Great Barrier Island, since 1996 (Bell et al. 2025), rendering it one of 1359 

the best studied species of its genus, rivalled only by White-chinned Petrel (P. aequinoctialis) 1360 

studies in other ocean basins (e.g., Dasnon et al. 2022). We collated data across 1977-2025 1361 

for the two Black Petrel breeding sites, Aotea | Great Barrier Island (~87%) and Te Hauturu-1362 

o-toi | Little Barrier Island (~13%) which jointly hold 100% of the world population (Table 4; 1363 

Supplementary Table 21-22). Note, the first count for both sites was here labelled as 1977 as a 1364 

midpoint of the 1972-1975, 1977, 1979, and 1982-1983 counts that could not be disentangled 1365 

(Imber 1987). The two breeding sites contrast in their data availability, with Aotea having 1366 

been monitored annually for >20 years (e.g., Bell & Sim 2000, Bell et al. 2025), while only 1367 

two data points exist for Hauturu (Imber 1987, Bell et al. 2016). Only one comprehensive 1368 

effort to estimate the true population of the entirety of Aotea exists, spanning three years of 1369 

GCs (2019-2021; Bell et al. 2022), which we here used to scale all other counts (i.e., calculate 1370 

𝜉). Aside from this effort, GCs on Aotea are usually conducted using nine census squares 1371 

within the traditional Mt Hirakimata study area (𝜉 = 2.3%). However, during 1996-1998, only 1372 

three census grids existed, representing <1% of the breeding site population, which we 1373 

therefore excluded from processing in our framework (see section 2.2.1). Occasionally, 1374 

stratified transect GCs have been conducted throughout the wider study area (𝜉 = 53%), and 1375 

these data have provided contrasting results when directly compared to data from the census 1376 

grids (e.g., Bell et al. 2013, 2018). When both were available, we favoured counts that 1377 

represented a larger proportion of the breeding site, i.e., transects. We excluded area-based 1378 

extrapolations using the census-grids only due to the known bias of these grids towards high-1379 

density areas (e.g., Bell & Sim 2000, Bell et al. 2013, 2018). The two data points that exist for 1380 

Hauturu were both obtained through GCs, of which only the latter consisted of concerted 1381 

efforts using transects and dog surveys (Bell et al. 2016). Other Black Petrel work has taken 1382 

place on Hauturu (e.g., Bell et al. 2011, 2015), most of which involved using existing study 1383 

burrows, but as the proportion study burrows represent is unknown, we could not collate 1384 

additional abundance data for this site. Using two data points to estimate trends is far from 1385 

optimal, but we include the Hauturu data here for completeness’ sake (and posterior 1386 

predictive checks did not indicate any poor fit of the trend model).  1387 
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Modern Black Petrel GCs explicitly accounted for Ѱd, e.g., through distance sampling 1388 

(Bell et al. 2022) and several other counts have gone through great lengths to maximize Ѱd, 1389 

e.g., through the use of petrel detection dogs (e.g., Bell et al. 2015, 2016). As we did not 1390 

identify a unified mechanism to incorporate Ѱd retrospectively, we did not explicitly account 1391 

for this error. However, we did adjust the ACAP accuracy score of some counts to reflect the 1392 

lack of specific accounting for Ѱd. Specifically, following comparison with the latest transect 1393 

counts (Bell et al. 2022), the 2005 and 2010 transect counts in the 35 ha study area were re-1394 

categorised Low accuracy and the 2013 and 2017 transect counts in the same area were re-1395 

categorised as Medium accuracy. Furthermore, to acknowledge the uncertainty of the 1977 1396 

Aotea and Hauturu counts (Imber 1987), we used expert judgement to adjust 𝜉 using uniform 1397 

priors (𝜉Aotea = U[0.333-0.531], 𝜉Hauturu = U[0.250-0.500]). Black Petrel GCs on both Aotea 1398 

and Hauturu have always been accompanied with concerted efforts to count BP directly while 1399 

accounting for Ѱo (ѱocc ∙ ѱABA specifically; Bell et al. 2016, 2022, 2025), and thus the original 1400 

efforts were carried over for both sites rather than applying retrospective adjustments through 1401 

Eq. 2AC. However, generally, Black Petrel counts were not adjusted for Ѱp, even though 1402 

virtually all counts from Aotea and even some Hauturu counts are accompanied with data on f 1403 

(Bell et al. 2016, 2025). Consequently, we fit a time-varying model to f data from Aotea and 1404 

to estimate annually varying ѱfail through Eq. 3A. Due to the limited data for Hauturu, we 1405 

only used the f intercept estimate to adjust the one Hauturu count that needed it (2016). 1406 

Concerted population modelling has been conducted for Black Petrels as well (e.g., Zhang et 1407 

al. 2020), but annual estimates of pb, not conditional on breeding success, are not currently 1408 

available. Thus, we used information contained in Zhang et al. (2020) to construct an 1409 

informative prior (N[0.719,7000]). As no evidence exists for a skewed sex ratios in this 1410 

species, we applied Eq. 5A to convert yt,i to Mt,i for both breeding sites.  1411 
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Table 6. Overview of data and processing steps for the ten New Zealand endemic albatrosses and petrels that are listed on ACAP Annex 1. 1412 
Proportions of total population are based on the most recent estimates. For definitions of acronyms see Table 4. Bold breeding sites indicate that 1413 
they contain ≥10% of the species’ population. Numbers in brackets indicate equations applied (see main text and Table 3). ~ O indicates that 1414 
original approaches in the source references were carried over, ~ t indicates that time-sensitive models were used to apply year-specific estimates 1415 
to make corrections/transformations, ~ α indicates that mean estimates from models were applied due to limited data, ~ U indicates the 1416 
application of uniform priors, ~ N indicates the application of normal priors, ~ β indicates the application of beta-distributed priors. GL is based 1417 
on a BirdLife International (2025) update of Bird et al. 2020. For further details, see the Supplementary Tables for each species. 1418 

Species Breeding site Prop. 

pop. 

Time 

series 

No. 

counts 

Metric Method Ѱd Ѱo  

(Eq. 2) 

Ѱp  

(Eq. 3AB) 

pb  

(Eq. 5AB) 

s  

(Eq. 5B) 

GL 

Antipodean 

Albatross 

Moutere Mahue | 

Antipodes I. 

42% 1969-

2025 

32 BP, 

BOG 

GC, VPC, 

ACUAV 

- ѱBOG∙ѱABA ~ O 

 

ѱfail ~ O (1969, 2024-

2025) 

ѱfail ~ t (1978-2023) 

(3A) 

~ t (5B) ~U (pre- 

& post-

2005) 

31 

Adams I. 54% 1973-

2025 

34 BP, 

BOG 

GC, VPC, 

ACUAV 

- ѱBOG∙ѱABA ~ O 

 

ѱfail ~ t (1973-1996) 

(3A) 

ѱfail ~ O (1997- 2025) 

~ t (5B) ~U (pre- 

& post-

2005) 

Disappointment I. 4% 1973-

2014 

3 BP, 

AOS 

GC, VPC, 

ACheli 

- ѱBOG∙ѱABA ~ α 

(Adams; 2AB) 

ѱfail ~ α (Adams; 3A) ~ α (Adams; 

5A) 

- 

Northern 

Royal 

Albatross 

Motuhara | 

Fortyfours 

38% 1972-

2026 

30 BP, 

AOS, 

BOG, C 

GC, ACfw, 

ACsat 

- ѱABA ~ U (2A) 

ѱBOG ~ α (2B) 

ѱfail ~ t + fixed effect 

for storm impacts (3A) 

~N (with/ 

without storm 

impacts (5A) 

- 28 

Rangitutahi | 

Sisters 

61% 1972-

2025 

30 BP, 

AOS, 

BOG, C 

GC, ACfw, 

ACsat 

- ѱABA ~ U (2A)  

ѱBOG ~ α (2B) 

ѱfail ~ t + fixed effect 

for storm impacts (3A) 

~N (with/ 

without storm 

impacts (5A) 

- 

Pukekura | Taiaroa 

head 

<1% 1938-

2026 

91 BP GC - - - ~N (5A) - 

Southern 

Royal 

Albatross 

Motu Ihupuku | 

Campbell I. 

>99% 1958-

2026 

29 BP, 

AOS 

GC, VPC ѱd
vpc ~ 

U 

ѱABA ~ α (2A) 

ѱBOG ~ α (2B) 

 

ѱfail ~ O (1995-1996, 

2005-2009) 

ѱfail ~ t (1958-1994, 

1997-1999, 2020-2026) 

(3A) 

~N (5A) - 27 

Enderby I. <1% 1943-

2026 

41 BP, 

AOS 

GC, ACheli - - ѱfail ~ α (3A) ~N (5A) - 

Campbell 

Albatross 

Motu Ihupuku | 

Campbell I. 

100% 1943-

2025 

TBC TBC TBC TBC TBC TBC TBC - 21 

Buller’s 

Albatross 

Hautere 

| Solander I. 

13% 1985-

2024 

6 AOS, 

BOG, C 

GC, VPC, 

ACheli 

ѱd
vpc ~ 

U 

ѱABA ~ t (2A) ѱfail ~ t (3A) ~N (5A) - 24 

Tini Heke | 

Snares Is. 

28% 1969-

2025 

39 BP, 

AOS,  

GC, VPC ѱd
vpc ~ 

U 

ѱABA
VPC ~ α (2A) ѱfail

VPC ~ t (3A) ~N (5A) - 
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Species Breeding site Prop. 

pop. 

Time 

series 

No. 

counts 

Metric Method Ѱd Ѱo  

(Eq. 2) 

Ѱp  

(Eq. 3AB) 

pb  

(Eq. 5AB) 

s  

(Eq. 5B) 

GL 

Motuhara | 

Fortyfours 

49% 1972-

2026 

11 BP, 

BOG, 

AOS, 

NS 

GC, VPC, 

ACfw 

- ѱABA ~ t (2A) 

ѱBOG ~ α (2B) 

ѱocc ~ t (2C) 

ѱfail ~ N (3A) ~N (5A) - 

Sisters | 

Rangitutahi 

9% 1972-

2018 

6 BP, 

AOS, 

BOG, 

NS 

GC, ACfw - ѱABA ~ α (2A) 

ѱBOG ~ α (2B) 

ѱocc ~ α (2C)) 

ѱfail ~ N (3A) ~N (5A) - 

White-

capped 

Albatross 

Disappointment 

I. 

95% 1973-

2018 

16 BOG GC, VPC, 

ACheli, 

VBC 

ѱd
VBC 

~ β 

ѱABA ~ t (2A) 

ѱBOG ~ t (2B) 

ѱfail ~ α (3A) ~N (4A) - 22 

Southwest Cape 5% 1973-

2021 

15 BOG GC, VPC, 

ACheli, 

ACUAV, 

VBC 

ѱd
VBC 

~ β 

ѱABA ~ t (2A) 

ѱBOG ~ t (2B) 

ѱfail ~ α (3A) ~N (4A) - 

Adams I. <1% 1973-

2018 

13 BOG GC, VPC, 

ACheli, 

VBC 

- ѱABA ~ t (2A) 

ѱBOG ~ t (2B) 

ѱfail ~ α (3A) ~N (4A) - 

Chatham 

Albatross 

Te Tara Koi Koia 

| Pyramid 

100% 1965-

2026 

14 AOS, 

NS 

GC, VPC, 

ACfw, 

VBC 

ѱd
VBC 

~ β, 

ѱd
AC ~ 

β 

ѱABA ~ α (1965-

1974) (2A) 

 

ѱfail ~ N (3A) ~N (4A) - 21 

Salvin’s 

Albatross 

Moutere Hauriri 

| Bounty Is. 

97% 1979-

2025 

11  GC, ACfw, 

ACUAV 

- ѱABA ~ t (2A) 

ѱBOG ~ t (2B) 

ѱk
fail ~ N (3B) ~N (4A) - 21 

Western Chain 3% 1977-

2026 

8  GC, ACfw, - - ѱk
fail ~ N (3B) ~N (4A) - 

Westland 

Petrel 

Punakaiki 100% 1974-

2019 

8 BP, 

AOS, 

NS 

GC - ѱABA ~ (N ∙ α) 

(1974-1975, 

2007-2011) (2A) 

ѱocc ~ O (1974-

1975, 2007-2011) 

(2C) 

ѱocc∙ѱABA ~ O 

(2003, 2019) 

(2AC) 

ѱfail ~ N (1974-1975, 

2003, 2007-2019, 

separately) (3A) 

~ U (1974-

2011) (4A) 

~ α (2019) (4A) 

- 18 

Black Petrel Aotea| Great 

Barrier I. 

85% 1977-

2025 

31 BP, NS GC - ѱocc∙ѱABA ~ O ѱfail ~ t (3A) ~ N (4A) - 16 

Hauturu | Little 

Barrier I. 

15% 1977-

2016 

2 BP, NS GC - ѱocc∙ѱABA ~ O ѱfail ~ α (3A) ~ N (4A) - 

1419 
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3. RESULTS  1420 

 1421 

Our standardised framework to process and model abundance data of ACAP species performed 1422 

well, with the necessary flexibility, and ensured that all abundance data available for our case 1423 

studies were subjected to standardised error corrections resulting in unified expression of data 1424 

in BP at the start of the breeding season (Supplementary Table 1-22), after which data were 1425 

converted into M, both of which allowed for the standardised modelling of trends.  1426 

 1427 

3.1 Population trends 1428 

 1429 

3.1.1. Diomedea albatrosses 1430 

Antipodean Albatross abundance declined from an estimated 21,594 (10,857; 45,216) 1431 

breeding pairs (BP) in 1969 to 8,425 (7,180; 10,037) BP in 2025, which equated to a net 1432 

change of -36,162 (-86,242; -13,356) mature individuals (M), or a relative change of -49.1 (-1433 

66.4; -29.3) %, over the entire timeseries, and a net change of -11,168 (-13,398; -9,359) M, or 1434 

a relative change of -23.0 (-23.4; -22.5) % in the last 20 years (Fig. 8AB; Table 7). This 1435 

collapse was predominantly driven by large declines on Adams Island between the 1970s and 1436 

1990s, followed by further declines on both Adams Island and Moutere Mahue in the mid-1437 

2000s.  1438 

Northern Royal Albatross abundance changed from an estimated 5,067 (1,678; 10,605) 1439 

BP in 1936 to a peak in abundance at 6,502 (4,601; 8,729) BP in 1993, after which a decline 1440 

became apparent, leaving 3,981 (2,779; 5,351) BP in 2026 (Fig. 8DC). The trend equated to a 1441 

net change of 4,835 (-17,356; 8,557) M. or a relative change of 48.5 (-47.3; 291.0) %, over 1442 

the entire timeseries, indicating that this species most likely increased since the beginning of 1443 

last century, but that there is a possibility of a considerable decline as well. However, in the 1444 

last 20 years, Northern Royal Albatrosses suffered a net change of -2,817 (-2,994; -2,626) M, 1445 

equating to a relative change of -16.0 (-18.6; -13.4) % (Table 7). This decline was pronounced 1446 

on Motuhara in particular, but the Rangitutahi population declined as well. 1447 

Similar to its northern sister species, Southern Royal Albatross abundance changed 1448 

from an estimated 1,679 (693; 3,955) BP in 1943 to a peak in abundance at 8,396 (6,969; 1449 

10,156) BP in 2005, after which a decline became apparent, leaving 6,450 (5,250; 7,948) BP 1450 

in 2026 (Fig. 8EF). The trend equated to a net increase of 19,394 (16,741; 18,894) M, or a 1451 

relative change of 208.8 (42.5; 578.6) %, over the entire timeseries. However, Southern Royal 1452 

Albatrosses suffered a net change of -6,336 (-6,525; -5,852) M, or a relative change of -19.8 (-1453 
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25.0; -14.9) %, in the last 20 years (Table 7). This decline was predominantly driven by 1454 

declines on Motu Ihupuku, while the small Enderby population continued to slowly increase. 1455 

 1456 

 1457 

Fig. 8. Standardised abundance and trend estimates of Antipodean (AB), Northern Royal 1458 
(CD), and Southern Royal Albatross (EF) expressed in breeding pairs per breeding site 1459 
(ACE) and total mature individuals (BDF). Symbols with error bars (ACE) represent yt,i 1460 
(annual breeding pairs) estimates produced through the standardised processing and 1461 
modelling framework (step 2.2) expressed in medians with 95% CrIs. Trend lines and 1462 
translucent ribbons represent ACAPT trend model estimates (also expressed in medians with 1463 
95% CrIs). Note y-axes vary between species. 1464 
  1465 
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Table 7. Absolute (net) and relative change in mature individuals (M) since 1980 and 2006 1466 
(i.e., the last 20 years), per species, genus, and overall (in median; 95% CrIs). 1467 
Species Absolute change 

since 1980 

Rel. change 

since 1980 (%) 

Absolute change 

since 2006 

Rel. change 

since 2006 (%) 

Antipodean 

Albatross 

-20,316 

 (-44,369; -7,422) 

-35.1 

(-50.4; -18.7) 

-11,168  

(-13,398; -9,359)  

-23.0 

(-23,4; -22,5) 

Northern Royal 

Albatross 

-2,769  

(-5,613; -1,003) 

-15.7 

(-22.6; -8.0) 

-2,817  

(-2,994; -2,626) 

-16.0 

(-18,6: -13.4) 

Southern Royal 

Albatross 

8,796  

(6,569; 11,692) 

52.0 

(50.3; 53.6) 

-6,336  

(-6,525; -5,852) 

-19.8 

(-25.0; -14.9) 

Diomedea total -14,289  

(-43,412; 3,266) 

-15.5 

(-28.4; -2.8) 

-20,321  

(-22,917; -17,837) 

-20.7 

(-22.6; -18.7) 

Buller’s Albatross 26,107  

(15,400; 29,172) 

45.9 

(19.1; 68.9) 

13,212  

(10,737; 15,484) 

18.9 

(17.7; 19.2) 

Campbell 

Albatross 

TBC TBC TBC TBC 

White-capped 

Albatross 

7,585  

(-23,691; 21,864) 

3.3 

(-6.6; 14.4) 

-23,228  

(-39,540; 1,577) 

-8.8 

(-18.6, 0.05) 

Chatham 

Albatross 

1,561  

(-3,511; 3,514) 

13.1 

(-16.7; 52.0) 

1,793  

(819; 3,594) 

15.4 

(8.6; 25.9) 

Salvin’s Albatross -47,416  

(-146,577; -7,701) 

-31.3 

(-9.4; 52.0) 

-7,150  

(-7,524; -4,908) 

-6.2 

(-6.4; -4.9) 

Thalassarche 

total 

-12,162  

(-158,379; 46,848) 

-2.7 

(-30.5; 21.2) 

-15,373  

(-35,507; 15,746) 

-3.4 

(-9.1, 2.3) 

Westland Petrel 14,833  

(6,407; 24,338) 

331.1 

(180.3; 406.7) 

9,125  

(2,690; 18,401) 

89.6 

(50.8; 94,7) 

Black Petrel 13,026  

(8,053; 19,986) 

205.6 

(110.2; 348.1) 

7,394  

(2,485; 19,498) 

61.8 

(31.5; 104.6) 

Procellaria total 27,859  

(14,460; 44,324) 

257.6 

(140.1; 371.8) 

16,519  

(5,175; 37,899) 

74.6 

(39.3; 99.6) 

Total 1,408  

(-187,331; 94,438) 

0.3 

(-16.6; 16.9) 

-19,175  

(-53,248; 35,808) 

-3.3 

(-10.1; 3.9) 

 1468 

3.1.2. Thalassarche albatrosses 1469 

Buller’s Albatross abundance increased from an estimated 19,408 (11,629; 34,792) BP in 1470 

1969 to 32,958 (26,056; 41,989) BP in 2026 (Fig. 9AB). This trend equated to a net increase 1471 

of 31,263 (16,114; 35,078) M, or a relative change of 60.3 (20.2; 96.2) %, over the entire 1472 

time series and 13,212 (10,737; 15,484) M, or 18.9 (17.7; 19.2) %, in the last 20 years (Table 1473 

7). While generally all four Buller’s Albatross breeding sites showed increases across the 1474 

entire time series, for Tini Heke, this increase sharply stagnated around the mid-2000s and 1475 

reverted to a slow decline, contrasting with the other breeding sites. 1476 

White-capped Albatross abundance changed from an estimated 78,906 (44,751; 1477 

137,867) BP in 1973 to a peak in abundance of 93,410 (70,642; 129,510) BP in 2002, after 1478 

which a shallow decline may have become apparent, leaving 81,625 (57,533; 116,719) BP in 1479 

2021 (Fig. 9DC). The trend equated to a net change of 7,333 (-55,915; 35,177) M, or a 1480 
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relative change of 3.2 (-14.3; 25.4) %, over the entire timeseries, highlighting considerable 1481 

uncertainty around the fate of this species. However, uncertainty decreased more recently, and 1482 

White-capped Albatrosses suffered a net change of -23,228 (-39,540; 1,577) M, or a relative 1483 

change of -8.8 (-18.6; 0.05) %, in the last 20 years (Table 7). This decrease was 1484 

predominantly driven by declines on Disappointment Island, but the Southwest Cape 1485 

population appeared in decline as well. 1486 

Contrasting with most other species, Chatham Albatross abundance on the sole breeding 1487 

site at Te Tara Koi Koia remained nearly unchanged, with an estimated 4,273 (2,238; 8,066) 1488 

BP in 1965 and an estimated 5,388 (4,189; 6,871) BP 2026, equating to a net change of 2,777 1489 

(-2,935; 4,760) M, or a relative change of 26.1 (-14.4; 86.3) %, over the entire time series, and 1490 

1,793 (819; 3,593) M, or a relative change of 15.4 (8.6; 25.9) %, in the last 20 years (Fig. 1491 

9EF, Table 7).  1492 

Salvin’s Albatross abundance declined from an estimated 72,098 (36,342; 146,793) BP 1493 

in 1973 to 48,285 (35,107; 66,763) BP in 2026 (Fig. 9GH), which equated to a net change of -1494 

49,747 (-174,483; -3,819) M, or a relative change of -32.4 (-4.9; -54.3) %, over the entire 1495 

timeseries, and a net change of -7,150 (-7,524; -4,908) M, or a relative change of -6.2 (-6.4; -1496 

4.9) %, in the last 20 years (Table 7). This concerning decrease was predominantly driven by 1497 

declines on the large Moutere Hauriri population, but the small Western Chain population has 1498 

shown declines since the mid-1990s as well. 1499 

 1500 

3.1.3. Procellaria petrels  1501 

Westland Petrel abundance increased from an estimated 1,909 (912; 4055) BP in 1974 to 1502 

6,430 (3,981; 13,255) BP in 2019 (Fig. 10AB). This growth equated to a net increase of 1503 

15,802 (6,553; 29,071) M, or a relative change of 450.2 (331.7; 458.7) %, over the entire 1504 

timeseries, and 9,058 (2,688; 17,094) M, or a relative change of 89.6 (50.8; 61.8) %, in the 1505 

last 20 years (Table 7). This increase appeared to be predominantly driven by the count in 1506 

2019 and considerable uncertainty surrounded the trajectory of this species. 1507 

 Black Petrel abundance changed from an estimated 1,691 (822; 3,540) BP in 1977 to 1508 

6,883 (4,439; 10,834) BP in 2026 (Fig. 10AB). This growth equated to a net increase of 1509 

13,466 (8,366; 20,307) M, or a relative change of 228.4 (113.9; 418.2) %, over the entire 1510 

timeseries, and 7,393 (2,485; 19,498) M, or a relative change of 61.8 (31.5; 99.6) %, in the 1511 

last 20 years (Table 7). This increase was surrounded by considerable uncertainty, similar to 1512 
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its sister species, yet the uncertainty surrounding the Black Petrel population trajectory was 1513 

driven by the low representativeness of counts rather than low temporal resolution. 1514 

 1515 

 1516 

Fig. 9. Standardised abundance and trend estimates of Buller’s (AB), White-capped (CD), 1517 
Chatham (EF), and Salvin’s Albatross (GH), expressed in breeding pairs per breeding site 1518 
(ACEG) and total mature individuals (BDFH). Symbols with error bars (ACEG) represent yt,i 1519 
(annual breeding pairs) estimates produced through the standardised processing and 1520 
modelling framework (step 2.2) expressed in medians with 95% CrIs. Trend lines and 1521 
translucent ribbons represent ACAPT trend model estimates (also expressed in medians with 1522 
95% CrIs). Note y-axes vary between species.  1523 
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  1524 
Fig. 10. Standardised abundance and trend estimates of Westland (AB) and Black Petrel 1525 
(CD) expressed in breeding pairs per breeding site (AC) and total mature individuals (BD). 1526 
Symbols with error bars (AC) represent yt,i estimates produced through the standardised 1527 
processing and modelling framework (step 2.2) expressed in medians with 95% CrIs. Trend 1528 
lines and translucent ribbons represent ACAPT trend model estimates of mature individuals 1529 
(also expressed in medians with 95% CrIs). Note y-axes vary slightly between species. 1530 
 1531 
3.2 Conservation assessments  1532 

 1533 

3.2.1. IUCN Conservation status 1534 

When evaluating each species against IUCN Red List Criterion A, different species fell into 1535 

different categories depending on what section of the timeseries in the past was considered 1536 

and what statistical approach was used to identify the right category. Some species’ timeseries 1537 

were sufficiently long enough to enable evaluation against Criterion A2 (Northern and 1538 

Southern Royal Albatross, Campbell Albatross, and Black Petrel), but as most evaluations 1539 

were made against Criterion A4, results refer to this criterion unless explicitly stated 1540 

otherwise. For evaluations of species against other criteria, see Table 8. 1541 

Antipodean Albatross (currently EN) was evaluated as EN, both when using a density-1542 

based or a median approach, for each of the different observation periods used in the 1543 

assessment (Fig. 11), highlighting a high degree of certainty associated with the species’ 1544 

conservation status. The timeseries for Northern Royal Albatross (EN) was sufficiently long 1545 
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to enable assessments against Criterion A2 and against this criterion, the species’ status was 1546 

evaluated as LC. Under Criterion A4, the species’ status was categorised as EN when using 1547 

the last 20 years of observed data in the assessment (both for the density-based and median 1548 

approach). The timeseries for Southern Royal Albatross (VU) was also sufficiently long to 1549 

enable evaluations against Criterion A2, under which, the species was categorised as LC. 1550 

Under Criterion A4, the species was also evaluated as LC regardless of the statistical 1551 

approach and period used in the assessment, despite the recent onset of considerable declines, 1552 

highlighting the uncertainty that surrounds the number of mature individuals of this species 1553 

(possibly driven by limited information on pb).  1554 

 1555 
Figure 11. IUCN Red List evaluations using Criterion A for Antipodean (top row), Northern 1556 
Royal (middle row), and Southern Royal Albatross (bottom row) based on population change 1557 
evaluated over the entire timeseries available up until 3 generation lengths (GL) (left column), 1558 
over the last GL (middle column), or over the last 20 years (right column). Legends provide 1559 
percentual allocation of densities into IUCN Red List categories; vertical lines represent 1560 
medians. The total timeseries for Northern and Southern Royal Albatross were long enough 1561 
(>3GL) to enable evaluation against Criterion A2, while for Antipodean Albatross, evaluation 1562 
using the total timeseries represents another assessment approach under Criterion A4, as the 1563 
timeseries did not cover the full 3GL. 1564 
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 1565 

Figure 12. IUCN Red List evaluations using Criterion A for Buller’s (top row), White-capped 1566 
(second row), Chatham (third row), and Salvin’s Albatross (bottom row) based on population 1567 
change evaluated over the entire timeseries available up until 3 generation lengths (GL) (left 1568 
column), over the last GL (middle column), or over the last 20 years (right column). Legends 1569 
provide percentual allocation of densities into IUCN Red List categories; vertical lines 1570 
represent medians. The total timeseries for all species were insufficiently long to cover full 1571 
3GL and thus all evaluation approaches fall under Criterion A4. 1572 
  1573 
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 Buller’s Albatross (currently NT) was evaluated as LC regardless of the period of 1574 

observations under Criterion A2 and the statistical approach employed (Fig. 12), highlighting 1575 

the long-term stability and increases in this species (bar the recently declining Tini Heke 1576 

population). White-capped Albatross (NT) was evaluated as LC regardless of the period of 1577 

observations used under the density-based approach. However, when using the median 1578 

approach and the last 20 years of data, the species was evaluated as NT, capturing the recent 1579 

onset of a shallow decline. Chatham Albatross (VU) was evaluated as LC regardless of the 1580 

period of data used and the statistical approach employed, highlighting the long-term stability 1581 

of this species at its sole breeding site. Salvin’s Albatross (VU) was evaluated as EN when 1582 

using the density-based approach for the entire timeseries, but as LC when using more recent 1583 

sections of the timeseries. When using the median approach, the species was evaluated as VU 1584 

regardless of the section of the timeseries used.  1585 

 1586 

 1587 

Figure 13. IUCN Red List evaluations using Criterion A for Westland (top row) and Black 1588 
Petrel (bottom row) based on population change evaluated over the entire timeseries available 1589 
up until 3 generation lengths (GL) (left column), over the last GL (middle column), or over 1590 
the last 20 years (right column). Legends provide percentual allocation of densities into IUCN 1591 
Red List categories; vertical lines represent medians. The total timeseries for Black Petrels 1592 
was long enough (>3GL) to enable evaluation against Criterion A2, while for Westland 1593 
Petrel, the evaluation using the total timeseries represents another assessment approach under 1594 
Criterion A4, as the timeseries did not cover the full 3GL. 1595 
 1596 
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Westland Petrel (currently EN) was evaluated as LC category regardless of the period 1597 

under assessment and the statistical approach (Fig. 13). However, Fig. 13 also highlighted the 1598 

high degree of uncertainty associated with this species, despite the reasonable confidence in 1599 

an increasing trend. The timeseries for Black Petrel (VU) was sufficiently long to enable 1600 

assessments against Criterion A2 and against this criterion, the species’ status was evaluated 1601 

as LC regardless of the statistical approach. Under Criterion A4, Black Petrel (VU) also fell 1602 

into the LC category regardless of the period under consideration or the statistical approach 1603 

employed.  1604 

 1605 

Table 8. IUCN Red List categories per species under each Criterion. 1606 

Species Current 

Status 

(key crit.) 

Highest cat. 

under A2 

(median; 

density) 

Highest cat. 

under A4 

(median; 

density) 

B C D E Proposed 

category 

Antipodean Albatross EN (A4) - EN; EN TBC TBC TBC TBC EN 

Northern Royal 

Albatross 

EN (A4, 

B2) 

LC; LC EN; EN TBC TBC TBC TBC EN 

Southern Royal 

Albatross 

VU (D2) LC; LC LC; LC TBC TBC TBC TBC  

Campbell Albatross VU (D2) TBC TBC TBC TBC TBC TBC  

Buller’s Albatross NT (D2) - LC; LC TBC TBC TBC TBC  

White-capped 

Albatross 

NT (A4) - NT; LC TBC TBC TBC TBC NT 

Chatham Albatross VU (D2) - LC; LC TBC TBC TBC TBC VU 

Salvin’s Albatross VU (D2) - VU; EN TBC TBC TBC TBC  

Westland Petrel EN (B2) - LC; LC TBC TBC TBC TBC VU 

Black Petrel VU (D2) LC; LC LC; LC TBC TBC TBC TBC VU 

 1607 

Criterion A is not the sole Criterion under consideration when assessing species for the 1608 

IUCN Red List and the restricted nature of several species assessed here also need to be taken 1609 

into consideration (Table 8). For example, Southern Royal Albatross, Chatham Albatross, 1610 

Westland Petrel, and Black Petrel all warrant listing as VU under … TBC.  1611 

 1612 

 1613 

3.2.2. ACAP High Priority Populations 1614 

TBC 1615 

 1616 

4. DISCUSSION 1617 

We here present the most comprehensive and coherent approach to evaluate albatross and 1618 

petrel abundance in New Zealand to date, which provided fully comparable insights across 1619 

space, time, and species, while incorporating uncertainty explicitly, thereby providing a 1620 
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considerable advancement in our ability to understand the fates of these species. By 1) 1621 

incorporating prior information on count accuracy, 2) adjusting for imperfect detection where 1622 

needed, 3) transforming different proxy metrics into the primary abundance metric (annual 1623 

breeding pairs), and 4) inferring the proportion of failed nests, our abundance data processing 1624 

framework ensured that each individual count was transformed into the number of breeding 1625 

pairs at the beginning of the breeding period. Using further auxiliary information on breeding 1626 

probability, we then provided abundance data expressed in mature individuals as well, as 1627 

required for conservation (IUCN 2012) and fisheries risk assessments (e.g., Edwards et al. 1628 

2023, Anon. 2025). Following the generation abundance estimates, comparable across 1629 

species, time, and space, we formulated a flexible trend model through our bespoke R 1630 

package ACAPT that enabled us to infer population trends for each breeding site and 1631 

therefore species, while incorporating uncertainty associated with individual counts. Our 1632 

trend models have documented, in unprecedented detail, the dynamics of the albatrosses and 1633 

large petrels endemic to New Zealand, highlighting the complex fates of these species. Our 1634 

results in part provide further documentation of the extinction crisis as announced by ACAP 1635 

in 2025 (ACAP 2025c), have great relevance to conservation assessments, and add to the 1636 

insights necessary to reverse the documented declines. Furthermore, the framework we 1637 

developed here provides the stepping stone towards obtaining similarly detailed insights into 1638 

the population trajectories of all 31 ACAP species, and perhaps, ultimately, all seabird 1639 

species. 1640 

 1641 

4.1 Abundance data processing and insights into future monitoring and reporting 1642 

Our abundance processing framework mirrors the modelling approach used in integrated 1643 

population models by utilising various related sources of information, through which analysis 1644 

results are greater than the sum of all parts. Integrated population models fuse different 1645 

datasets across potentially different timeseries to enable more coherent insights into the 1646 

dynamics of populations while incorporating uncertainty, accounting for covariance among 1647 

demographic parameters, and providing a flexible platform for integrating further auxiliary 1648 

information to capture relevant biological information, including environmental variables, 1649 

effects of inbreeding, and/or density-dependence (e.g., Schaub & Abadi 2000, Zipkin & 1650 

Saunders 2018, Armstrong et al. 2021, Richard et al. 2024). Similarly, leveraging data 1651 

beyond abundance ensured a high level of confidence in our estimates while retaining 1652 

flexibility within our analysis approach. Sub-models within our framework leveraged 1) 1653 
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available information on the status of individuals to enable the transformation of proxy 1654 

metrics to annual breeding pairs while incorporating uncertainty, even for years during which 1655 

no direct data were available, 2) data on number of fledged chicks to estimate breeding 1656 

success and back-cast to estimate the number of annual breeding pairs at the start of the 1657 

breeding period, and 3) information on the number of breeding individuals to estimate 1658 

breeding probability and ultimately, the number of mature individuals in the population, 1659 

while acknowledging the biennial nature of some of the species under consideration. These 1660 

sub-models proved highly flexible, enabling the integration of nuanced information to 1661 

achieve higher accuracy where required. For example, we accounted for the development of a 1662 

skewed sex ratio in Antipodean Albatross populations (Elliott et al. 2025) when estimating 1663 

mature individuals. We also flexibly accounted for the temporary impact of a catastrophic 1664 

storm event on Northern Royal Albatross demographics (Robertson 1991, 1998). Similarly, 1665 

we capitalised on the unique data available for Salvin’s Albatross stage-specific breeding 1666 

success (Thompson 2025) when adjusting for nest failure. However, data in many cases were 1667 

limited and thus we had to resort regularly to using informative priors. While the use of 1668 

informative priors is not unusual (e.g., Edwards et al. 2023, Anon. 2025), parameter estimates 1669 

rooted in data are certainly preferred. Considering the comprehensive nature of our analyses, 1670 

our framework provides opportunities to reflect on current data availability and what 1671 

monitoring and reporting considerations for these species are relevant for the future. 1672 

 ACAP has guidelines for counts of both surface nesters (Wolfaardt & Phillips 2020) 1673 

and burrow/crevice nesters (Parker & Rexer-Huber 2020b), both of which are valuable 1674 

resources, and our analyses of abundance data here build on this advice. Specifically, the 1675 

optimum recommended approach consists of annual monitoring (including counts) of 1676 

representative study sites/plots/quadrats in combination with full breeding site counts every 1677 

5-10 years (Wolfaardt & Phillips 2020). Our modelled trajectories support this 1678 

recommendation as still the best approach for obtaining the ideal abundance data. However, 1679 

our results suggest that the representative study sites should exceed 10% of the breeding site 1680 

population due to the nature of decreasing uncertainty under the asymptote specified in Eq. 1 1681 

(which mirrors the Poisson error distribution patterns, equally inflecting around 10%; Elliott 1682 

et al. 2016). The impact of the uncertainty generation for counts that only represent small 1683 

fractions is particularly evident for Buller’s Albatross on Tini Heke and Black Petrel on 1684 

Aotea (Fig 9A & 10A), both of which would benefit from increased coverage of their 1685 

representative study sites (at least for abundance data). Some of the species analysed here are 1686 
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monitored annually, but not for abundance (e.g., Westland Petrels; Simister et al. 2023) and 1687 

thus would benefit from the establishment of abundance study sites as well (e.g., in the form 1688 

of plots or quadrats). Our work also revealed which species and sites should be considered 1689 

the highest priority for obtaining updated abundance estimates to reduce uncertainty, White-1690 

capped Albatrosses at Disappointment Island and Westland Petrels at Punakaiki. 1691 

Furthermore, it should be noted that when annual abundance monitoring is not possible, it is 1692 

preferable to conduct counts in several successive years at larger time intervals rather than 1693 

single counts over smaller time intervals, partially due to the impact breeding probability 1694 

variation can have on single counts (Wolfaardt & Phillips 2020), and partially due to decrease 1695 

in uncertainty as propagated through our trend model. ACAP also recommends to clearly 1696 

record the unit (or metric) of counts (Wolfaardt & Phillips 2020), but despite this 1697 

recommendation, it remained a challenge to interpret some counts due to the lack of detail. 1698 

Ideally, each count has an exact description of what was counted and how the count metric(s) 1699 

fit into the definitions of abundance metrics presented here. Finally, Wolfaardt & Phillips 1700 

(2020) and Parker & Rexer-Huber (2020b) recommended to count albatrosses and petrels as 1701 

closely as possible to the end of laying, and this recommendation is supported by our work 1702 

here as well. As such, our work here supports previous recommendations through increased 1703 

statistical rigor, which will hopefully reduce uncertainty in the future. 1704 

The ACAP database (ACAP 2025b) has been fundamental to our analyses, and while 1705 

our study underscores its importance, it also revealed several avenues for improving this 1706 

crucial resource and ensuring its continued relevance and utility. Our work suggests that the 1707 

database is not exhaustive, even for some very well studied species. Specifically, 38% of the 1708 

counts collated here were not in the ACAP database and as such further effort for other 1709 

species and breeding sites are required to ensure comprehensive coverage. More pressingly 1710 

though, the current data structure within the ACAP database is not fully fit for the purpose of 1711 

transparently archiving abundance data. The most problematic aspect of the current data 1712 

structure appeared to be the conflation of metric, method, and errors accounted or not 1713 

accounted for. Clear, coherent definitions of metrics, methods, and errors were also lacking. 1714 

Further challenges included the limited utility of the reliability score (which also is conflated 1715 

with method and metric) and differing numerical interpretations of the ACAP accuracy score. 1716 

Our framework has provided solutions to each of these challenges. We coin more transparent 1717 

definitions of metrics, methods, and errors (Table 1-3), which subsequently allow for clear 1718 

separation between the three in the data structure (Supplementary Table 1-22). Furthermore, 1719 
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while we discarded the reliability score, we formulated a numerical approach using the 1720 

ACAP accuracy score to communicate prior beliefs on uncertainties associated individual 1721 

counts. The approach in Eq. 1 appeared a promising avenue going forward, with applications 1722 

extending beyond solely ACAP species, but the accuracy scores still rely on being entered 1723 

consistently by those archiving counts. Further improvements could consist of providing clear 1724 

definitions of what Low, Medium, and High counts consist of (i.e., what combination of 1725 

metric, method, and timing, and other additional considerations would result in which score). 1726 

Our data structure allowed for more transparent recording of metadata as well. The current 1727 

ACAP database does not have the option to record count dates (and how these relate to the 1728 

species’ phenology) or how representative (i.e., 𝜉) a count is, and both should be considered 1729 

crucial additions. Finally, our formulated data structure also enabled the recording of 1730 

auxiliary data that proved the strength of our modelling approach. 1731 

To capitalise on the power that the joint modelling of abundance and demographic 1732 

information beyond abundance in our framework highlighted, recording relevant auxiliary 1733 

data in the ACAP database should be considered as well. Key additional data could include 1) 1734 

the number of NS/BOGs/AOS/BPs counted in transects (e.g., Frost et al. 2025), close-up 1735 

photographs (e.g., Baker et al. 2023), or burrow inspections (Bell et al. 2025) for each 1736 

species, site, and count where possible. Recording this information would enable more 1737 

precise estimation of BP even if abundance is recorded in other metrics (i.e., through Eq. 2 or 1738 

future adaptions thereof). Similarly, recording the number of nests monitored and number of 1739 

chicks that have fledged from these (or eggs hatched, chicks survived till post-guard, and 1740 

subsequently fledged for higher resolution data; Fischer et al. 2021, Thompson 2025) for 1741 

each species, site, and year where possible. Such records would not only provide a clear 1742 

record of breeding success within the ACAP database but would also allow for more precise 1743 

back-casting of abundance to the start of the breeding period c.f. Eq. 3. ACAP already 1744 

recommends assessing nest failure in sample plots alongside counts (Wolfaard & Phillips 1745 

2020) and thus integrating data obtained through these into the ACAP database would present 1746 

a logical next step. Finally, additional recording of the number of individuals in a population 1747 

as estimated through mark-resight/capture-mark-resight modelling (Elliott et al. 2025, Rexer-1748 

Huber et al. 2025) would be beneficial to more precise estimation of pb as well through Eq. 5, 1749 

but such estimates rely on significant amounts of data and considerable analysis efforts. 1750 

However, if such data are available, and the mark-resight/capture-mark-resight analyses are 1751 

undertaken for other purposes, reporting the estimated number of adults in the study 1752 
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population (Elliott et al. 2025, Rexer-Huber et al. 2025) would be highly beneficial for 1753 

further integration of different data sources in abundance analyses such as ours.  1754 

To enable recording of auxiliary data in the ACAP database in the most useful 1755 

manner, data should be reported as data summaries, rather than reported estimates alone. 1756 

Particularly challenging are estimates presented as multi-year means only or conditional 1757 

estimates. It may not be possible to properly integrate the latter into the current formulation 1758 

of our analysis framework (e.g., pb for successful or failed breeders, without reporting overall 1759 

pb; e.g., Waugh et al. 2015, Fu & Sagar 2016). Similarly, compound estimates, e.g., recording 1760 

NS and BP only for burrow/crevice nesters for informing ѱocc ∙ ѱABA only in combination 1761 

(Rexer-Huber et al. 2023) or BOG and BP only for surface nesters informing ѱBOG ∙ ѱABA 1762 

only in combination (Elliott et al. 2025, Rexer-Huber et al. 2025), should be avoided where 1763 

possible, as such reporting misses a step in the occupancy metric hierarchy (Fig. 4). However, 1764 

we recognize that this may be challenging in certain scenarios (e.g., Thompson 2025). 1765 

Ideally, summaries are recorded to the finest resolution possible (e.g., for Ѱo: 967 BOG, 865 1766 

AOS, 850 BP; c.f. Baker et al. 2017) alongside estimates, as this would enable the inclusion 1767 

of these auxiliary data in the ACAP database in a manner that would allow for direct 1768 

integration into the data processing steps clarified here.   1769 

 Finally, we also identified a key area for future study and improvement of our data 1770 

standardisation and processing framework. Firstly, despite our best efforts, we were unable to 1771 

formulate a standardised approach that enables accounting for Ѱd in counts that have not done 1772 

so originally. We have attempted to overcome this challenge by using informative priors 1773 

when other counts reported Ѱd estimates (e.g., Sagar & Stahl 2005), by increasing uncertainty 1774 

surrounding counts through downscaling the associated ACAP accuracy score in Eq. 1, or by 1775 

applying custom adjustments for specific counts through formal expert elicitations (Hemming 1776 

et al. 2018). While these custom approaches are powerful (e.g., Fischer et al. 2020), they are 1777 

also time consuming and place considerable burden on experts and thus are only suitable 1778 

when it is most pressing to account for Ѱd, e.g., for VBCs. Ideally, a similar standardised 1779 

approach mirroring our process for accounting for Ѱo (Eq. 2) and Ѱp (Eq. 3) would be 1780 

developed for Ѱd, enabling retrospective adjustments. Secondly, we formulated the 1781 

proportion of the population 𝜉 being directly representative of the population of the breeding 1782 

site to enable extrapolation in Eq. 1. However, extrapolation is often based on density 1783 

calculations and surface area estimations particularly with burrow/crevice nesters, which can 1784 

be particularly sensitive to various considerations including 2D vs. 3D surface extrapolations 1785 
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(Parker & Rexer-Huber 2020b). Our approach’s strength is its simplicity, yet future work 1786 

could investigate how to integrate density-based estimation processes into our framework, 1787 

which may hold a potential solution to the challenge of retrospectively accounting for Ѱd 1788 

(e.g., by integrating distance-sampling; Buckland et al. 2001).  1789 

 1790 

4.2 Trend modelling through ACAPT  1791 

TBC 1792 

 1793 

4.3 Long-term albatross and petrel trends in New Zealand 1794 

Our analyses build upon previous multi-species work (e.g., Fischer et al. 2024) and 1795 

underscore the concerning, long-term, and ongoing declines of several ACAP species 1796 

endemic to New Zealand, but also provide improved nuance. Previous work had not 1797 

integrated uncertainty in both the underlying abundance data and the trend models, and as 1798 

such, our overall results appear less severe than those reported in Fischer et al. (2024). 1799 

Nevertheless, our results have several commonalities with previous work, and while the 1800 

underlying causes of the documented trends were not a focus of our analyses, some insights 1801 

can be gained from the literature and will hopefully guide future work to provide detailed 1802 

insights into causes, and, ultimately, conservation actions. 1803 

A common theme of both our and previous work is the continuing collapse of the 1804 

Diomedea albatross populations in New Zealand. While the ongoing and dire status of the 1805 

Antipodean Albatross has been well documented and studied (e.g., Richard et al. 2024, 1806 

Rowley et al. 2024, Elliott et al. 2025, Rexer-Huber et al. 2025), the more recent, but 1807 

apparently equally severe declines of Northern and Southern Royal Albatross has received 1808 

less attention. The demise of the Antipodean Albatross is tightly linked to bycatch in pelagic 1809 

longline fisheries, particularly in the high seas of the Tasman Sea and the southwestern 1810 

Pacific east of New Zealand (Richard et al. 2024, Rowley et al. 2024, Anon. 2025). However, 1811 

the impact of bycatch of royal albatrosses in pelagic longline fisheries is less well understood, 1812 

and direct links may be more difficult to establish as these species are susceptible to bycatch 1813 

in both trawl fisheries and longline fisheries (Edwards et al. 2023), including off the 1814 

Patagonian Shelf (Jimenez et al. 2014, Tamini et al. 2020) and South Africa (Petersen et al. 1815 

2009, Rollinson et al. 2017). In addition, the distribution of both species is circumpolar 1816 

(Morten et al. 2025) and as such, both species may encounter various fleets in various 1817 

jurisdictions around the Southern Ocean that jointly impact upon their populations. 1818 
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Irrespective of the pelagic causes of their declines, what is clear is that the conservation gains 1819 

achieved for Southern Royal Albatross through the invasive species eradications on Motu 1820 

Ihupuku and the resultant restoration of this breeding site (Towns & Broome 2010, Brown et 1821 

al. 2023), are now coming undone. Similarly, both Chatham Island strongholds for Northern 1822 

Royal Albatrosses have now recovered from the impacts of the severe storm in the 1980s 1823 

(Roberston 1991, 1998, Bell 2026) and while sufficient time has passed for demographic 1824 

impacts from this storm to be no longer evident, both populations are still declining. Clearly, 1825 

more concerted monitoring of all three species, as well as more concerted efforts to mitigate 1826 

bycatch in the relevant fleets is required to stem the current declines. The key fleets that 1827 

impact Antipodean Albatross are known (Richard et al. 2024, Rowley et al. 2024), but they 1828 

are not for the two royal albatrosses, and this should be seen as a research and conservation 1829 

priority.  1830 

Contrasting with the Diomedea albatrosses, not all Thalassarche albatrosses exhibited 1831 

declines, and some species showed stable or increasing trends. Of the four Thalassarche 1832 

species evaluated, Salvin’s Albatross exhibited the most severe decline. In terms of net 1833 

abundance loss, this species may be the most impacted of all New Zealand endemic ACAP 1834 

species. Yet, despite our best efforts to align challenging, historic records (e.g., Robertson & 1835 

van Tets 1982) with modern counts, the extent of loss remains surrounded by uncertainty, and 1836 

the population on Moutere Hauriri continues to show considerable interannual variation. 1837 

Notably, the latest count on the smaller Western Chain Islets also suggested further 1838 

concerning declines. The underlying causes of the suspected demise of this species are 1839 

uncertain. Neither breeding site suffers from the presence of any invasive species, and the 1840 

species is not commonly caught in pelagic longline fisheries, unlike the Diomedea 1841 

albatrosses, but can be subject to considerable trawl bycatch (Adamse et al. 2019, Edwards et 1842 

al. 2023, Anon. 2025). It is possible that the use of net-sonde cables in trawl fisheries in the 1843 

1980s and 1990s underpinned the decline of this species, which would align with the 1844 

apparent semi-stabilisation of the species’ trend following the ban of these cables in New 1845 

Zealand in 1992 (Bartle 1991, Adamse et al. 2019). However, most of the observed 1846 

mortalities associated with net-sonde cables in the New Zealand trawl fleet were assigned to 1847 

the White-capped Albatrosses (Bartle 1991), so uncertainty remains prominent. White-1848 

capped Albatrosses are the most abundant albatross species in New Zealand, and their trends 1849 

have been subject to considerable debate in the literature, with some analyses showing non-1850 

significant declines, while others indicated a catastrophic population collapse (e.g., Walker et 1851 
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al. 2021 vs. Baker et al. 2023). Our analyses provide a more nuanced understanding of the 1852 

fate of this species, suggesting that the species may recently have started to decline, i.e., a 1853 

middle ground between previous analyses. However, the last count of this species at its 1854 

stronghold on Disappointment Island dates to 2018 (Baker et al. 2023). Mortality estimates in 1855 

New Zealand domestic fisheries alone exceed 2,600 adults annually (Edwards et al. 2023) to 1856 

which several thousand mortalities caused by high seas fisheries should be added (e.g., 1857 

Rollinson et al. 2017, Peatman et al. 2019, Anon. 2025). Therefore, reigniting previous 1858 

efforts to quantify the species’ abundance (next to demographics; Parker et al. 2024) appears 1859 

a global research priority. Contrasting with its two sister species, the small Chatham 1860 

Albatross population has remained remarkably stable for the entire ~60-year time series 1861 

available, indicating that this species is potentially at carrying capacity at its sole breeding 1862 

ground, and is not too impacted by bycatch in New Zealand (Edwards et al. 2023) or South 1863 

American waters (Quinones et al. 2022). Of the four Thalassarche species analysed here, 1864 

Buller’s Albatross has shown the most positive trend, but this trend, at least in recent years, 1865 

appears largely driven by the Chatham Island breeding sites. In contrast, the Tini Heke 1866 

population has apparently been in decline since the mid-2000s, showing a similar population 1867 

trajectory as both Antipodean Albatross populations, albeit less severe. Adult survival 1868 

continues to be low for this population (Sagar et al. 2025) and thus continuing declines 1869 

appear likely for this population. The contrasting trend of the Tini Heke population further 1870 

highlights the challenges that seabird bycatch in the Tasman Sea (where this population 1871 

forages more prominently than the other populations; Fischer et al. 2023) is causing for New 1872 

Zealand ACAP species (Anon. 2025).  1873 

A surprising result of our analyses were the consistent, long-term increases of the two 1874 

endemic Procellaria species. Both species are considered at a reasonably high risk of 1875 

suffering population level impacts due to bycatch (Edwards et al. 2023), and thus these trends 1876 

contradict current perceptions. While trends for both species evaluated here remain 1877 

surrounded by considerable uncertainty, there is supporting evidence for increasing trends in 1878 

both species. For both species, adult survival is reasonably high, particularly Westland Petrels 1879 

(Waugh et al. 2015). Additionally, for both species, terrestrial threats appeared to have 1880 

decreased over the last 50 years. Westland Petrel chicks were harvested at least until the mid-1881 

1950’s (Wilson 2016, Waugh & Wilson 2017), a practice which since has ceased. Black 1882 

Petrels may have benefited from improved predator control on Aotea and the complete 1883 

eradication of invasive predators from Hauturu (Veitch 2001, Wade & Veitch 2019). 1884 
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Furthermore, considerable efforts have been invested into reducing seabird bycatch in 1885 

demersal longline fisheries, at least in the north of New Zealand, to relieve pressure on Black 1886 

Petrels (Goad & Williamson 2015, Goad & Debski 2017). Consequently, it is not unlikely 1887 

that the presented trends are a true reflection of reality, but ideally, our abundance trends are 1888 

corroborated with supporting demographic studies (e.g., an update of Zhang et al. 2020) and 1889 

further, high-quality abundance estimates in the near-future, to reduce uncertainty.  1890 

 The abundance trends presented here provide a stepping stone to better understand 1891 

and communicate the fate of these charismatic species. Our results are a considerable 1892 

improvement on previous studies (e.g., Fischer et al. 2024). Our approach offers the 1893 

opportunity to improve the nature of seabird abundance assessments and bring understanding 1894 

of seabird abundance closer in line with abundance insights into other marine megafauna 1895 

communities (e.g., Pacoureau et al. 2021, Juan-Jorda et al. 2022, Dulvy et al. 2024). Next 1896 

steps should clearly focus on expanding our analyses to all ACAP species to provide 1897 

complete and coherent insights into the population trajectories of all albatrosses and large 1898 

petrels. Furthermore, considering similar efforts that have been completed for other species-1899 

groups (e.g., Che-Castaldo et al. 2017, Talis et al. 2023, Sherley et al. 2019, 2024) obtaining 1900 

continuous time-series for all seabird species, may be possible, and would indeed result in 1901 

seabird abundance assessments mirroring those of other marine mega-fauna communities. An 1902 

additional future opportunity includes the provision of these continuous timeseries to 1903 

fisheries risk assessments to disentangle the improvements that bycatch mitigation may 1904 

afford species from the reduced number of individuals available for capture due to the decline 1905 

of populations (e.g., Anon. 2025). Perhaps more importantly though, our trends estimates 1906 

provide more tangible and communicable metrics to the general publics to illustrate the on-1907 

water impact of the current extinction crisis (ACAP 2025c). 1908 

 1909 

4.4 Conservation status assessments 1910 

Our work also resulted in the most detailed IUCN Red List assessments of these 10 New 1911 

Zealand endemics to date. However, despite the documentation of concerning, long-term 1912 

declines of these long-lived, highly k-selected species (e.g., Bird et al. 2020), no direct IUCN 1913 

Red List changes have become evident either through the density-based approach or the 1914 

median approach for assigning categories. The most prominent change may be the proposal 1915 

to downlist Westland Petrels from EN to VU, as the species appears to be increasing and the 1916 

argument fragmentation of the breeding sites should not be used under Criterion B for a 1917 
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wide-ranging species like a seabird (Waugh & Wilson 2017). The lack of obvious uplisting 1918 

candidates may be caused by the challenges of assigning IUCN Red List Categories while 1919 

incorporating uncertainty. The combination of a left-hand zero-bound, the lack of a right-1920 

hand bound, and uneven categories renders assigning categories probabilistically challenging, 1921 

particularly when uncertainty abounds. This challenge is particularly obvious for Southern 1922 

Royal Albatross, an extremely long-lived species which may has lost ~20% of its population 1923 

in the last 10-20 years (i.e., <1 GL), yet our assignments do not exceed VU. This apparent 1924 

contradiction may be caused by the lack of information on pb causing uncertainty to increase 1925 

rapidly, particularly when forecasting. As such, further integration of abundance data and 1926 

demographic data should be encouraged to reduce uncertainty (and where data do not exist, 1927 

as is the case for Southern Royal Albatrosses, data collection should be prioritised). Similar 1928 

challenges and apparent contradictions between the documented declines and the suggested 1929 

IUCN Red List statuses are evident for Salvin’s and White-capped Albatrosses, and both 1930 

should be prioritised for future data collection and model updates. It should be noted that 1931 

JARA included an additional measure to address the challenges posed by probabilistic 1932 

allocation of IUCN Red List categories. Specifically, JARA assigns NT in cases where 1933 

threatened categories contain >50% of the iterations but LC contains the highest percentual 1934 

allocation (Winker et al. 2020). It does not appear that this rule would have applied in any of 1935 

our case studies, yet it would be worth considering including such a step for ACAPT as well. 1936 

An alternative explanation for the apparent contradiction between lack of uplisting and 1937 

documented declines could be that the previous IUCN Red List assignments have been too 1938 

pessimistic and only now that populations have declined further, do they warrant the status 1939 

that they had already been assigned. This may be the case for, for instance, Northern Royal 1940 

Albatross (Fig. 9). Finally, our conservation status assessments through ACAPT also bear 1941 

relevance and opportunities for local Red List assessments (e.g., Roberston et al. 2021).  1942 

 1943 

ACAP High Priority Populations. TBC 1944 

 1945 

6. CONCLUSION  1946 

 We presented the most comprehensive abundance assessment of albatrosses and petrels in 1947 

New Zealand to date. Our work built upon decades in the field across the most remote and 1948 

inhospitable islands on the planet, representing the investment of generations of scientists 1949 

into the understanding of these seabirds. We coined updated definitions, designated an 1950 
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improved data structure, designed a novel data processing framework, and developed a 1951 

flexible trend model implemented through our bespoke R package. These combined 1952 

advancements resulted in trend estimates and assessments of conservation status comparable 1953 

across space, time, and species, illuminating over half a century of abundance change in the 1954 

seabird capital of the world. Our work illustrated and quantified the concerning, long-term, 1955 

and ongoing declines affecting Diomedea albatrosses and Salvin’s Albatross, and placed 1956 

these declines alongside other, less impacted, species that appeared to have benefited from 1957 

decades of conservation investments (e.g., predator eradications and improvements in 1958 

bycatch mitigation). These estimates provide a path towards improved monitoring, reporting, 1959 

research prioritisations, further expansions of the analyses presented here, and investigations 1960 

into the underlying causes of uncovered trends. Most importantly however, our work presents 1961 

the opportunity to both communicate the current fate of these species and to develop and 1962 

enforce strategies that reverse declines to once again ensure that all albatrosses and petrels 1963 

species thrive.  1964 
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SUPPLEMENTARY MATERIAL 1.  2438 

 2439 

Are there predictable intra-annual patterns in the proportion of apparently occupied 2440 

sites that can be integrated into the abundance data processing framework?  2441 

 2442 

In our abundance data processing framework, we apply Ѱo and ѰP in parallel (Fig. 2) where 2443 

relevant (e.g., counts of AOS conducted after mean laying). This contrasts with a widespread 2444 

assumption that Ѱo and Ѱp are inherently linked, particularly for ѱABA. Various studies on 2445 

albatrosses have argued that the number of apparently occupied sites may increase over time 2446 

as a function of nest failure (e.g., Poncet et al. 2006, Robertson et al. 2008, Baker et al. 2023, 2447 

Frost et al. 2025). Some studies have attempted to investigate the influence of various factors 2448 

on the proportion of non-breeders, apparently breeding adults, and/or BOGs present on 2449 

colonies throughout the breeding period to better understand intra-annual change in ѱABA. For 2450 

example, Stahl & Sagar (2006) showed that the proportion of Buller’s Albatross BPs 2451 

compared to BOGs (ѱBOG ∙ ѱABA) remained stable during incubation and chick-rearing despite 2452 

the onset of nest failures. Walker et al. (2020) illustrated that annual variation, not intra-2453 

annual variation, had the greatest influence on the proportion of White-capped Albatross BP 2454 

compared to AOS (ѱABA). Elliott et al. (2024, 2025) and Rexer-Huber et al. (2024, 2025) 2455 

illustrated that the proportion of BPs compared to BOGs (ѱBOG ∙ ѱABA) also does not vary in a 2456 

predicable manner for both subspecies of Antipodean Albatross. Thus, a range of studies 2457 

have indicated the importance of considering species-specific, diurnal, and interannual 2458 

variation as well as any intra-annual variation in occupancy error, but no study has been able 2459 

to show conclusively that the proportion of non-breeders, apparently breeding adults, and/or 2460 

BOGs present on colonies changes predictably throughout the breeding period. 2461 

 We leveraged all the information we collated on Ѱo for our case studies 2462 

(Supplementary Tables 1-22) to explicitly investigate if Ѱo is subject to predictable intra-2463 

annual patterns. Specifically, we used data from 48 albatross sub-counts quantifying BP as a 2464 

proportion of AOS (ѱ𝐴𝐵𝐴) to fit a Bayesian binomial GLMM with a logit-link function: 2465 

 2466 

1. bp𝑐 ~ Bin(aos𝑐,  ѱ𝑐
𝐴𝐵𝐴) 2467 

logit(ѱ𝐴𝐵𝐴) = 𝛼𝐴𝐵𝐴 + 𝜃𝑠
𝛽𝐴𝐵𝐴

∙ 𝑠𝑠,𝑐 ∙ 𝑡𝑐 + 𝜀𝑦,𝑐
𝐴𝐵𝐴 2468 

 2469 
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In which bp𝑐 is the number of BP counted per sub-count c investigating Ѱo, aos𝑐 is the 2470 

number of AOS counted per sub-count, 𝛼𝐴𝐵𝐴 is the model intercept, 𝜃𝑠
𝛽𝐴𝐵𝐴

 is a design-matrix 2471 

of species-specific fixed effects on intra-annual variation, 𝑠𝑠,𝑐 is the species under 2472 

consideration, 𝑡𝑐 is the timing (in relation to species-specific phenology of the count), and 2473 

𝜀𝑦,𝑐
𝐴𝐵𝐴 is a random annual effect. Thus, we leveraged the information-sharing ability of 2474 

Bayesian statistics, while investigating if there are general patterns in intra-annual variation 2475 

in ѱABA.  2476 

 The results of this supplementary analysis are illustrated in Supplementary Figure 1., 2477 

which highlight that the majority of the species included in this analysis did not show any 2478 

significant intra-annual patterns in ѱABA and highlighted uncertainty above all. Antipodean 2479 

Albatross did show a significant intra-annual pattern in ѱABA , in which the proportion of BP 2480 

in relation to AOS increases as the breeding period progresses, presumable as pre-breeders 2481 

become less common on the colony. Salvin’s Albatross showed a similar significant pattern, 2482 

but this potentially requires more investigation and the Salvin’s Albatross sample size was 2483 

particularly small <5 data points. 2484 

 2485 

 2486 

Supplementary Figure 1. Model estimates of the proportion breeding pairs in relation to 2487 
apparently occupied sites (ѱABA) over the course of the breeding period for six species of 2488 
albatross. Dashed lines indicate non-significance. 2489 
  2490 
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Our additional analysis in combination with the pre-existing body of evidence 2491 

illustrates the lack of strong evidence for predictable intra-annual patterns in ѱABA. 2492 

Consequently, the most parsimonious approach to account for ѱABA (and by extension Ѱo) is 2493 

to use random effects within relatively simple binomial GLMMs that adjust individual counts 2494 

using model estimates of ѱABA without additional attempts to incorporate intra-annual effects, 2495 

i.e., as per Eq. 2ABC. Naturally, there are clear, predictable intra-annual patterns in Ѱp (Fig. 2496 

4), and thus, we account for this source of error while incorporating intra-annual patterns. 2497 

Ultimately, we therefore accounted for these two counter-acting sources of error (Ѱo results 2498 

in overestimation, Ѱp results in underestimation) in parallel, but separately.    2499 

 2500 
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SUPPLEMENTARY MATERIAL 2. DATA TABLES 
 
Antipodean Albatross 
 
Supplementary Table 1. Antipodes Island counts of Antipodean Albatross (ssp. antipodensis), including count methods, metrics, and error specifications, as well as subsequent 
standardised data 𝑦𝑖,𝑡 expressed in BP at the start of the breeding season (for which superscript numbers refer to equations in main text applied). * Indicates counts not (yet) included in the 
ACAP database. 

Year Method Counted 
metric 

Part site Reported 
raw 

count 

Count 
date 

Weeks 
post μ 

layA 

f pb Ѱs Ѱd Ѱp Ѱo 𝝅 B Acc. 
category 

Reported 
adjusted count 

Reported 
adjusted 

metric  

Standardised 
abundance 

(𝒚𝒊,𝒕) 

References 

1969* VPC & GC BOG & BP Antipodes I. 1,867 7 Feb – 
1 Mar 

2-5 NA NA NA 0.688C ✓; ? 0.333C 1.000 Unknown 
(low) 

5,000-8,000C BP 6,500 
(2,170-10,840) 

Warham & Bell 
1979; Walker & 
Elliott 2005 

1978* GC C Antipodes I. 1,096 Nov-
Dec 

40-49 NA NA - - - NA 0.333C Unknown 
(low) 

3,800C BP 5,384 
(1,776-9,604) 

Bell 1978; Walker 
& Elliott 2005 

1994 GC BP Antipodes I. 4,635 Feb 1-5 0.748 NA NA - - NA 1.000 Medium - - 4,727 
(3,175-6,283) 

Walker & Elliott 
2005 

1995 GC BP Antipodes I. 5,757 Feb 1-5 0.748 NA NA - - NA 1.000 Medium - - 5,858 
(3,921-7,795) 

Walker & Elliott 
2005 

1996 GC BP Antipodes I. 5,148 Feb 1-5 0.791 0.538 NA - - NA 1.000 Medium - - 5,234 
(3,496-6,967) 

Walker & Elliott 
2005 

1997 GC BP Antipodes I. 3,167 Feb 1-5 0.797 0.497 - - - NA 0.612 Medium - - 5,258 
(3,511-7,004) 

Walker & Elliott 
2005 

1998 GC BP SA, MCBA 694 5-19 
Feb 

2-4 0.748 0.535 - (0.985D) - NA 0.121 High 5,736 BP 5,845 
(4,535-7,146) 

Walker & Elliott 
2005 

1999 GC BP SA, MCBA 621 5-19 
Feb 

2-4 0.626 0.472 - (0.985D) - NA 0.121 High 5,132 BP 5,271 
(4,037-6,514) 

Walker & Elliott 
2005 

2000 GC BP SA, B32, 
MCBA 

711 5-19 
Feb 

2-4 0.774 0.472 - (0.985D) - NA 0.148 High 4,740 BP 4,890 
(3,891-5,876) 

Walker & Elliott 
2005 

2001 GC BP SA, B32, 
MCBA 

744 5-19 
Feb 

2-4 0.784 0.571 - (0.985D) - NA 0.147 High 4,960 BP 5,147 
(4,120-6,177) 

Walker & Elliott 
2005 

2002 GC BP SA, B32, 
MCBA 

931 5-19 
Feb 

2-4 0.678 0.448 - (0.985D) - NA 0.147 High 6,207 BP 6,487 
(5,286-7,679) 

Walker & Elliott 
2005 

2003 GC BP SA, B32, 
MCBA 

1,009 5-19 
Feb 

2-4 0.731 0.518 - (0.985D) - NA 0.147 High 6,727 BP 7,004 
(5,758-8,251) 

Walker & Elliott 
2005 

2004 GC BP SA, B32, 
MCBA 

1,220 5-19 
Feb 

2-4 0.719 0.474 - (0.985D) - NA 0.146 High 8,133 BP 8,535 
(7,089-9,979) 

Walker & Elliott 
2005 

2005 GC BP SA, B32, 
MCBA 

1,010 5-19 
Feb 

2-4 NA 0.483 - (0.985D) - NA 0.146 High 6,733 BP 7,086 
(5,811-8,371) 

Walker & Elliott 
2005 

2007 GC BP SA, B32 246 Feb 1-5 0.575 - - - - NA 0.056 High 4,393 BP 4,530 
(2,147-6,909) 

Elliott & Walker 
2017 

2008 GC BP SA, B32 300 Feb 1-5 0.655 0.618 - - - NA 0.056 High 5,357 BP 5,490 
(2,894-8,105) 

Elliott & Walker 
2017 
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Year Method Counted 
metric 

Part site Reported 
raw 

count 

Count 
date 

Weeks 
post μ 

layA 

f pb Ѱs Ѱd Ѱp Ѱo 𝝅 B Acc. 
category 

Reported 
adjusted count 

Reported 
adjusted 

metric  

Standardised 
abundance 

(𝒚𝒊,𝒕) 

References 

2009 GC BP SA, B32 218 Feb 1-5 0.550 0.283 - - - NA 0.056 High 3,893 BP 4,016 
(1,798-6,253) 

Elliott & Walker 
2017 

2010 GC BP SA, B32 207 Feb 1-5 0.660 0.366 - - - NA 0.056 High 3,696 BP 3,788 
(1,658-5,959) 

Elliott & Walker 
2017 

2011 GC BP SA, B32 196 Feb 1-5 0.517 0.413 - - - NA 0.056 High 3,500 BP 3,618 
(1,506-5,738) 

Elliott & Walker 
2017 

2012 GC BP SA, B32, 
MCBA 

544 Feb 1-5 0.557 0.397 - - - NA 0.144 High 3,627 BP 3,896 
(3,001-4794) 

Elliott & Walker 
2017 

2013 GC BP SA, B32, 
MCBA 

478 Feb 1-5 0.567 0.466 - - - NA 0.144 High 3,187 BP 3,425 
(2,596-4,247) 

Elliott & Walker 
2017 

2014 GC BP SA, B32, 
MCBA 

535 Feb 1-5 0.681 0.453 - - - NA 0.143 High 3,567 BP 3,831 
(2,943-4,718) 

Elliott & Walker 
2017 

2015 GC BP SA, B32, 
MCBA 

450 Feb 1-5 0.527 0.412 - - - NA 0.143 High 3,000 BP 3,253 
(2,447-4,068) 

Elliott & Walker 
2017 

2016 GC BP SA, B32, 
MCBA 

483 Feb 1-5 0.667 0.532 - - - NA 0.143 High 3,220 BP 3,457 
(2,632-4,297) 

Elliott & Walker 
2017 

2017 GC BP SA, B32, 
MCBA 

369 5-10 
Feb 

2 0.804 0.365 - - - NA 0.142 High 2,460 BP 2,628 
(1,915-3,336) 

Elliott & Walker 
2017 

2018 GC BP SA, B32, 
MCBA 

509 5-10 
Feb 

2 0.660 0.564 - - - NA 0.142 High 3,393 BP 3,644 
(2,780-4,502) 

Elliott & Walker 
2018 

2019 GC BP SA, B32, 
MCBA 

471 5-10 
Feb 

2 0.590 0.458 - - - NA 0.142 High 3,140 BP 3,384 
(2,562-4,205) 

Elliott & Walker 
2019 

2020 GC BP SA 75 15-28 
Mar 

7-9 0.615 0.397 - - - NA 0.028 High 2,679 BP 2,876 
(75-6,758) 

Elliott & Walker 
2020 

2021 GC BP SA, B32, 
MCBA 

307 5-10 
Feb 

2 0.625 0.465 - - - NA 0.096 High 3,198 BP 3,259 
(2,087-4,421) 

Walker & Elliott 
2022 

2022 GC BP SA, B32, 
MCBA 

438 5-10 
Feb 

2 0.723 0.497 - - - NA 0.141 High 2,920 BP 3,148 
(2,359-3,943) 

Walker & Elliott 
2022 

2023 GC BP SA, B32, 
MCBA 

487 6-12 
Feb 

2 0.711 0.466 - - - NA 0.140 High 3,247 BP 3,528 
(2,678-4,383) 

Parker et al. 2023 

2024* GC & 
ACUAV 

AOS Antipodes I. 2,766 2 Feb – 
2 Mar 

2-5 0.681 0.500 - (0.980D) ✓E ѱABA = 0.698 
(0.489; 0.872)E 

0.824 High 3,383  
(3,182; 3,585)F 

BP 3,384 
(3,044-3,723) 

Rexer-Huber et al. 
2024 

2025* GC & 
ACUAV 

AOS Antipodes I. 4,389 25 Jan-
10 Feb 

0-2 NA NA - - ✓E ѱABA = 0.600 
(0.324; 0.723)E 

0.985 High 3,546  
(3,048; 
4,044)F 

BP 3,546 
(3,192-3,901) 

Rexer-Huber et al. 
2025 

A Mean lay is ~24 Jan and breeding period is considered ~50 weeks. B Proportion of breeding site based on retrospective assessment based on full island drone counts in Rexer-Huber et al. 2024, 2025.C Retrospectively estimated in Walker & Elliott 2005. D Ed 
estimated but deemed negligible and not included in reported adjusted count. E Day-specific ѱlay ∙ ѱfail estimates were included for each daily count. F Based on habitat-related extrapolation.  
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Appendix Table 2. Adams Island counts of Antipodean Albatross (ssp. gibsoni), including count methods, metrics, and error specifications, as well as subsequent standardised data 𝑦𝑖,𝑡  
expressed in BP at the start of the breeding season (for which superscript numbers refer to equations in main text applied). * Indicates counts not (yet) included in the ACAP database. 

Year Method Counted 
metric 

Part site Reported 
raw 

count 

Count date Weeks 
post μ 

layA 

f pb Ѱs Ѱd Ѱp Ѱo 𝝅 B Acc. 
category 

Reported 
adjusted 

count 

Reported 
adjusted 

metric  

Standardised 
abundance 

(𝒚𝒊,𝒕) 

References 

1973* GC BP Adams I.  7,000 Early Feb 3-4 NA NA - 0.195C - NA 1.000 Unknown 
(low) 

20,000C BP 21,040 
(6,928-35,150) 

Robertson 1975, 
Walker & Elliott 2002 

1991 GC & 
VPC 

BP RR, AA, AB 3,531 Early Feb 3-4 0.648 NA - - - ✓; ? 0.754 High - - 4,832 
(4,337-5,329) 

Walker & Elliott 2002 

1993 GC & 
VPC 

BP RR, AA, AB 3,746 Early Feb 3-4 0.778 NA - - - ✓; ? 0.754 High - - 5,066 
(4,551-5,583) 

Walker & Elliott 2002 

1994 GC & 
VPC 

BP RR, AA, AB 3,433 Early Feb 3-4 0.713 0.606 - - - ✓; ? 0.754 High - - 4,667 
(4,187-5,149) 

Walker & Elliott 2002 

1995 GC, VPC 
& ACheli 

BP & AOS RR, AA, AB 4,750 Early Feb 3-4 0.634 0.704 - - - ✓; ? 0.754 High - - 6,510 
(5,850-7,173) 

Walker & Elliott 2002 

1996 GC BP SA 200 Early Feb 3-4 0.644 0.618 - - - NA 0.029 High - - 7,119 
(1,342-12,880) 

Walker & Elliott 2002, 
Elliott et al. 2016 

1997 GC, VPC 
& ACheli 

BP & AOS Adams I. 6,993 23-31 Jan 2-3 0.676 0.622 NA (0.994)
D 

ѱlay ∙ ѱfail = 
0.944 

✓; ? 1.000 High 8,414 BP 6,992 
(6,293-7,689) 

Hamilton et al. 2000, 
Walker et al. 2002, 
Elliott et al. 2016 

1998 GC BP RR, AA, FS 791 25 Jan – 20 
Feb 

2-6 0.637 0.604 -  ѱlay ∙ ѱfail = 
0.991 

NA 0.095 High 8,436 BP 8,324 
(6,358-10,300) 

Walker et al. 2002, 
Elliott et al. 2016 

1999 GC BP RR, AA, FS 743 3 Jan – 6 
Feb 

0-4 0.612 0.564 - - ѱlay ∙ ѱfail = 
0.996 

NA 0.095 High 7,886 BP 7,818 
(5,907-9,720) 

Walker & Elliott 2005, 
Elliott et al. 2016 

2000 GC BP RR, AA, AB, 
FS 

1,556 Jan 0-3 0.521 0.404 - ✓; ? ѱlay ∙ ѱfail = 
0.982 

NA 0.259 High 4,904E BP 6,010 
(5,225-6,792) 

Walker & Elliott 2005, 
Elliott et al. 2016 

2001 GC BP RR, AA, FS 675 Jan 0-3 0.650 0.684 - - ѱlay ∙ ѱfail = 
0.956 

NA 0.095 High 7,463 BP 7,106 
(5,301-8,909) 

Walker & Elliott 2005, 
Elliott et al. 2016 

2002 GC BP RR, AA, FS 714 Jan 0-3 0.620 0.513 - - ѱlay ∙ ѱfail = 
0.965 

NA 0.095 High 7,822 BP 7,510 
(5,649-9,373) 

Walker & Elliott 2005, 
Elliott et al. 2016 

2003 GC BP RR, AA, FS 784 Jan 0-3 0.530 0.604 - - ѱlay ∙ ѱfail = 
0.991 

NA 0.095 High 8,362 BP 8,255 
(6,299-10.220) 

Walker & Elliott 2005, 
Elliott et al. 2016 

2004 GC BP RR, AA, FS 862 Jan 0-3 0.540 0.603 - - ѱlay ∙ ѱfail = 
0.975 

NA 0.095 High 9,345 BP 9,072 
(6,990-11,150) 

Walker & Elliott 2005, 
Elliott et al. 2016 

2005 GC BP RR, AA, FS 429 Jan 0-3 0.379 0.476 - - ѱlay ∙ ѱfail = 
0.949 

NA 0.095 High 4,778 BP 4,518 
(3,118-5,908) 

Walker & Elliott 2005, 
Elliott et al. 2016 

2006 GC BP RR, AA, FS 279 Jan 0-3 0.255 0.460 - - ѱlay ∙ ѱfail = 
0.818 

NA 0.095 High 3,605 BP 2,940 
(1,834-4,039) 

Elliott & Walker 2013, 
Elliott et al. 2016 

2007 GC BP RR, AA, FS 400 Jan 0-3 0.243 0.533 - - ѱlay ∙ ѱfail = 
0.930 

NA 0.095 High 4,545 BP 4,206 
(2,865-5,554) 

Elliott & Walker 2013, 
Elliott et al. 2016 

2008 GC BP RR, AA, FS 318 Jan 0-3 0.326 0.570 - - ѱlay ∙ ѱfail = 
0.933 

NA 0.095 High 3,605 BP 3,345 
(2,156-4,533) 

Elliott & Walker 2013, 
Elliott et al. 2016 

2009 GC BP RR, AA, FS 386 Jan 0-3 0.242 0.634 - - ѱlay ∙ ѱfail = 
0.906 

NA 0.095 High 4,503 BP 4,060 
(2,742-5,381)) 

Elliott & Walker 2013, 
Elliott et al. 2016 

2010 GC BP RR, AA, FS 383 Jan 0-3 0.310 0.656 - - ѱlay ∙ ѱfail = 
0.977 

NA 0.095 High 4,144 BP 4,031 
(2,726-5,338) 

Elliott & Walker 2013, 
Elliott et al. 2016 
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Year Method Counted 
metric 

Part site Reported 
raw 

count 

Count date Weeks 
post μ 

layA 

f pb Ѱs Ѱd Ѱp Ѱo 𝝅 B Acc. 
category 

Reported 
adjusted 

count 

Reported 
adjusted 

metric  

Standardised 
abundance 

(𝒚𝒊,𝒕) 

References 

2011 GC BP RR, AA, FS 425 Jan 0-3 0.432 0.624 - - ѱlay ∙ ѱfail = 
0.970 

NA 0.095 High 4,630 BP 4,472 
(3,100-5,858) 

Elliott & Walker 2013, 
Elliott et al. 2016 

2012 GC BP RR, AA, FS 379 Jan 0-3 0.417 0.665 - - ѱlay ∙ ѱfail = 
0.907 

NA 0.095 High 4,419 BP 3,988 
(2,685-5,289) 

Elliott & Walker 2013, 
Elliott et al. 2016 

2013 GC BP RR, AA, FS 492 23-31 Jan 2-3 0.497 0.696 - - ѱlay ∙ ѱfail =  
0.948 

NA 0.095 High 5,486 BP 5,181 
(3,680-6,692) 

Elliott & Walker 2013, 
Elliott et al. 2016 

2014 GC BP RR, AA, FS 430 23-31 Jan 2-3 0.302 0.553 - - ѱlay ∙ ѱfail = 
0.909 

NA 0.095 High 5,000 BP 4,529 
(3,126-5,922) 

Elliott & Walker 2014, 
Elliott et al. 2016 

2015 GC BP RR, AA, FS 381 23-31 Jan 2-3 0.419 0.661 - - ѱlay ∙ ѱfail = 
0.938 

NA 0.095 High 4,292 BP 4,012 
(2,702-5,315) 

Walker & Elliott 2015, 
Elliott et al. 2016 

2016 GC BP RR, AA, AB, 
FS 

1,628 23 Jan – 9 
Feb 

2-5 0.676 0.656 - ✓; ? ѱlay ∙ ѱfail = 
0.952 

(ѱBOG ∙ ѱABA = 
0.740)F 

0.259 High 5,385E BP 6,283 
(5,477-7,101) 

Elliott et al. 2016, 
Baker et al. 2017 

2017 GC BP RR, AA, FS 424 23-31 Jan 2-3 0.677 0.529 - - ѱlay ∙ ѱfail = 
0.946 

NA 0.095 High 4,736 BP 4,461 
(3,070-5,842) 

Walker et al. 2017 

2018 GC BP RR, AA, FS 475 Jan 0-3 0.576 0.574 - - ѱlay ∙ ѱfail = 
0.971 

NA 0.095 High 5,169 BP 4,999 
(3,533-6,479) 

Rexer-Huber et al. 
2019 

2019 GC BP RR, AA, FS 403 23-31 Jan 2-3 0.544 0.636 - - ѱlay ∙ ѱfail = 
0.953 

NA 0.095 High 4,471 BP 4,243 
(2,902-5,592) 

Rexer-Huber et al. 
2019 

2020 GC BP RR, AA, FS 376 23-31 Jan 2-3 NA 0.478 - - ѱlay ∙ ѱfail = 
0.962 

NA 0.095 High 4,133 BP 3,959 
(2,659-5,248) 

Rexer-Huber et al. 
2020 

2022 GC BP RR, AA, FS 428 23-31 Jan 2-3 0.736 NA - - ѱlay ∙ ѱfail = 
0.953 

NA 0.095 High 4,746 BP 4,505 
(3,120-5,888) 

Parker et al. 2022 

2023 GC & 
ACUAV 

BP RR, AA, FS 481 23-31 Jan 2-3 0.599 0.749 - - ѱlay ∙ ѱfail = 
0.960 

(ѱABA = 
0.729)G 

0.095 High 5,296 BP 5,063 
(3,583-6,551) 

Walker et al. 2023 

2024 ACUAV BOG Adams I. 5,559 21 Jan – 25 
Feb 

2-7 0.468 0.533 - - ✓G ѱBOG ∙ ѱABA = 
0.540 (0.350; 

0.880)H 

0.794 High 4,130 
(3,904-4,361) 

BP 4,130 
(3,715-4,539) 

Elliott et al. 2024 

2025* ACUAV BOG Adams I. - 13 Jan-2 
Feb  

0-3 NA NA - - ✓G ѱBOG ∙ ѱABA = 
0.670 (0.360-

0.900)H 

0.590 High 4,865 
(4,793-4,929) 

BP 4,864 
(4,377-5,350) 

Elliott et al. 2025 

A Mean lay is ~10 Jan and breeding period is considered ~50 weeks. B Proportion of breeding site based on full island counts completed in 1997 and then updated in 2025 (Elliott et al. 2025). C Retrospectively estimated by Walker & Elliott 2002 by repeating the 
methodology in 1997. D Estimated but considered negligible. E Estimated but without the counts at AB included in the extrapolation. F Estimated during aerial survey trials. G Estimated during drone trials. H Day-specific ѱlay ∙ ѱfail estimates were included for 
each daily count. 
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Appendix Table 3. Disappointment Island counts of Antipodean Albatross (ssp. gibsoni), including count methods, metrics, and error specifications, as well as subsequent standardised 
data 𝑦𝑖,𝑡 expressed in BP at the start of the breeding season (for which superscript numbers refer to equations in main text applied). * Indicates counts not (yet) included in the ACAP 
database. 

Year Method Counted 
metric 

Part site Reported 
raw 

count 

Count 
date 

Weeks 
post μ 

layA 

f pb Ѱs Ѱd Ѱp Ѱo 𝝅 Acc. 
category 

Reported 
adjusted 

count 

Reported 
adjusted 

metric  

Standardised 
abundance 

(𝒚𝒊,𝒕) 

References 

1973 GC BP Disappointment 
I. 

200 6 Jan & 
15 Feb 

0-5 NA NA - - - - 1.000 Unknown 
(Low) 

- - 207 
(68-346)1,2 

Robertson 1975 

1993 GC & 
VPC 

BP & AOS Disappointment 
I. 

- 17-18 
Jan 

1 NA NA - - - 0.911 1.000 Medium 226 BP 229 
(154; 305)1,2 

Walker et al. 2021 

2014 ACheli AOS Disappointment 
I. 

463 20 Jan 1 NA NA - - - (ѱBOG ∙ ѱABA = 
0.560)B 

1.000 Unknown 
(Low) 

452 AOS 293 
(97; 497)1,2,3 

Baker & Jensz 2014A 

 A Mean lay is ~10 Jan and breeding period is considered ~50 weeks. B Ѱo measured on Adams Island on the same day but not included in this count (Walker et al. 2021). 
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Northern Royal Albatross 
 
Table 4. Motuhara | Fortyfours counts of Northern Royal Albatross, including count methods, metrics, and error specifications, as well as subsequent standardised data 𝑦𝑖,𝑡 expressed in 
BP at the start of the breeding season (for which superscript numbers refer to equations in main text applied). * Indicates counts not (yet) included in the ACAP database. Bold indicates 
count selected for inclusion in the data processing framework in scenarios where >1 counts were completed in a year. 

Year Method Counted 
metric 

Part site Reported 
raw 

count 

Count date Weeks 
post μ 

layA 

f pb Ѱs Ѱd Ѱp Ѱo 𝝅 B Acc. 
category 

Reported 
adjusted count 

Reported 
adjusted 

metric  

Standardised 
abundance 

(𝒚𝒊,𝒕) 

References 

1954* GC BP Motuhara 2,000 1 Feb  - - - - - NA 1.000 Unknown 
(Low) 

- -  Dawson 1955, 
Robertson 1991 

1972* ACfw C Motuhara 1,752C Sep 42-46 - - NA - - NA 1.000 Unknown 
(Low) 

- -  Robertson 1991,  
Rebergen 2000 

1973* ACfw BOG Motuhara 3,285 28 Nov 2 
 

0.557 D - NA - - ѱBOG = 0.688 E 1.000 Unknown 
(Low) 

- -  Robertson 1991, 
Rebergen 2000 

1974* ACfw BOG Motuhara 3,450 F 24 Oct 0 0.446 D - NA - - ѱBOG = 0.688 E 1.000 Unknown 
(Low) 

- -  Robertson 1991 

1975* ACfw BOG Motuhara 2,846 28 Nov 2 0.609 D - NA - - ѱBOG = 0.688 E 1.000 Unknown 
(Low) 

- -  Robertson 1991,  
Rebergen 2000 

1989* ACfw C Motuhara 719 25 Sep 45 - - NA - - NA 1.000 Unknown 
(Low) 

- -  Robertson 1991,  
Rebergen 2000 

1990* ACfw BOG Motuhara 4,562 2 Dec 3 0.027 D - NA - - ѱBOG = 0.650 E 1.000 Unknown 
(Low) 

- -  Robertson 1991, 
Rebergen 2000 

1991* ACfw BOG Motuhara 4,520 2 Dec 3 0.091 D - NA - - ѱBOG = 0.650 E 1.000 Unknown 
(Low) 

- -  Robertson 1991, 
Rebergen 2000 

1992* ACfw C Motuhara 118 28 Aug 41 - - NA - - - 1.000 Unknown 
(Low) 

- -  Rebergen 2000 

1993* ACfw BOG Motuhara 5,982 3 Dec 3 0.038 D - NA - - - 1.000 Unknown 
(Low) 

- -  Rebergen 2000 

1994* ACfw BOG Motuhara 2,178 20 Dec  5  - - NA - - - 1.000 Unknown 
(Low) 

- -  Rebergen 2000 

1995* ACfw BOG Motuhara 5,542 1 Dec 2  0.133 D - NA - - - 1.000 Unknown 
(Low) 

- -  Rebergen 2000 

1996* ACfw BOG Motuhara 3,828 5 Dec 3 0.181 D - NA - - - 1.000 Unknown 
(Low) 

- -  Rebergen 2000 

1997* ACfw BOG Motuhara 3,893 5 Dec 3 0.098 D - NA - - - 1.000 Unknown 
(Low) 

   Rebergen 2000 

1998* ACfw BOG Motuhara 4,893 30 Nov 2 0.344 D - NA - - - 1.000 Unknown 
(Low) 

   Rebergen 2000 

1999* ACfw BOG Motuhara 3,570 23 Nov 1 0.254 D - NA - - - 1.000 Unknown 
(Low) 

   Rebergen 2000 

2000* ACfw BOG Motuhara 1,957 27 Dec 2 0.449 D - NA - - - 1.000 Unknown 
(Low) 

   Rebergen 2000 

2007 ACfw BOG Motuhara 1,879 10 Dec 4 0.542 D - NA - - - 1.000 High - -  Scofield 2011 
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Year Method Counted 
metric 

Part site Reported 
raw 

count 

Count date Weeks 
post μ 

layA 

f pb Ѱs Ѱd Ѱp Ѱo 𝝅 B Acc. 
category 

Reported 
adjusted count 

Reported 
adjusted 

metric  

Standardised 
abundance 

(𝒚𝒊,𝒕) 

References 

2008 GC 
 
ACfw 

BP 
BOG 

Motuhara 2,125 
2,212 

29 Nov 
29 Nov 

2 
2 

0.479 
0.460 D 

- 
- 

NA 
- 

- 
- 

- 
- 

ѱABA ∙ ѱBOG = 
0.961 

- 

1.000 
1.000 

High 
High 

- 
- 

- 
- 

 Scofield 2011 

2009 ACfw BOG Motuhara 2,055 28 Nov 2 0.504 D - NA - - - 1.000 High - -  Scofield 2011 
2010 ACfw BOG Motuhara 2,692 28 Nov 2 0.402 D - NA - - - 1.000 High - -  Scofield 2011 
2016 ACsat BOG Motuhara 2,632 12-19 Feb 13-14 - - NA - - - 1.000 Medium - -  Fretwell et al. 2017 
2017 ACfw 

 
GC 
ACsat 

BOG 
 
BP 
BOG 

Motuhara 
 
Motuhara 
Motuhara 

1,803 
 

1,400 
2,533 

23 Nov 
 

8 Dec 
20 Dec 

1 
 

3 
5 

0.580 G 
 

0.716 
- 

- 
 

- 
- 

NA 
 

NA 
NA 

- 
 

- 
- 

- 
 

- 
- 

ѱBOG = 0.943 H 

ѱBOG = 0.864 I 

ѱABA =0-916- 
0.957 

- 

1.000 
 

1.000 
1.000 

Medium 
 
Medium 
Medium 

1,581 
(1,502-1,661) 

- 
- 

AOS 
 

- 
- 

 Baker et al. 2017, 
Frost 2017 
M Bell et al. 2017B 
 

2018 ACfw BOG Motuhara 1,850 4 Dec 3 0.667 G - NA 
 

- - ѱBOG = 0.967H 1.000 High 1,789 
(1,704-1,874) 

AOS  Frost 2019, 2021A 

2020 ACfw C Motuhara 1,059 15 Sep 44 - - NA - ✓ J NA 1.000 High 1,203 C  Frost 2021A 
2021 ACfw 

 
GC 

BOG 
 
BP 

Motuhara 
 
NRA1-5 

1,782 
 

146 

18 Dec 
 

28 Jan 

5 
 

11 

- 
 

- 

- 
 

- 

NA 
 

- 

- 
 

- 

- 
 

- 

ѱBOG = 0.954H 

 
- 

1.000 
 

0.110 

High 
 
High 

1,696 
(1,616-1,779) 

- 

AOS 
 

- 

 Frost 2021B 
 
Bell 2021 

2022 GC 
ACfw 

BP 
BOG 

NRA1-5 
Motuhara 

148 
1,705 

29 Jan 
1 Feb 

11 
11 

- 
- 

- 
- 

- 
NA 

- 
- 

- 
- 

NA 
ѱBOG = 0.957H 

0.110 
1.000 

High 
High 

- 
1,604 

(1,501-1,704) 

- 
AOS 

 

 Bell 2022 
Frost 2022 

2023 GC 
ACfw 

BP 
BOG 

Motuhara 
Motuhara 

1,498 
2,366 

13 Dec 
20 Dec 

4 
5 

0.804 
0.692 G 

- 
- 

NA 
NA 

- 
- 

- 
- 

NA 
ѱBOG = 0.748H 

1.000 
1.000 

High 
High 

- 
1,744  

(1,461-2,041) 

- 
AOS 

 Bell 2023 
Frost 2024A 

2024 ACfw 
 
GC 

BOG 
 
BP 

Motuhara 
 
Motuhara 

2,178 
 

1,472 

9 Dec 
 

20 Jan 

4 
 

10 

- 
 

- 

- 
 

- 

NA 
 

NA 

- 
 

- 

- 
 

- 

ѱBOG = 0.944H 
 

NA 

1.000 
 

1.000 

High 
 
High 

1,853  
(1,770-1,939) 

- 

AOS 
 

- 

 Frost 2024B 
 
Bell 2024 

2025* GC C NRA1-5 134 24 Feb 15 - - NA - - NA 0.110 High - -  M Bell unpub. 
2026* GC BP Motuhara 1,344 1 Dec 2 - - NA - - NA 1.000 High - -  Bell 2026 

A Mean lay date ~ 14 Nov and breeding period is considered ~46 weeks (Robertson & Richdale 1993). B Proportion represented by aerial study grids NRA1-5 based on 2023-2024 averages (Bell 2023, Frost 2024A, Bell 2024). C Robertson (1991) only reports C for 
all Chatham Islands breeding sites in 1972, so mean proportion between breeding sites over 1973-1975 was used to allocate chicks to breeding sites. D Calculated using BOG rather than BP.  E Robertson (1991) applies two estimates of ѱBOG based on Pukekura 
data as an academic exercise, but these estimates were not based on local data, and counts are considered expressed in BOG. F Disagreement between Robertson (1991) and Rebergen (2000) on this count and we favoured the original count here. G Calculated 
using AOS rather than BP. H Based on close-up photographs. I Based on ground transects. J Adjustments made based on Pukekura fledging curve (Frost 2021A).   
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Table 5. Sisters counts of Northern Royal Albatross, including count methods, metrics, and error specifications, as well as subsequent standardised data 𝑦𝑖,𝑡 expressed in BP at the start of 
the breeding season (for which superscript numbers refer to equations in main text applied). * Indicates counts not (yet) included in the ACAP database. Bold indicates count selected for 
inclusion in the data processing framework in scenarios where >1 counts were completed in a year.  

Year Method Counted 
metric 

Part site Reported 
raw 

count 

Count date Weeks 
post μ 

layA 

f pb Ѱs Ѱd Ѱp Ѱo 𝝅 B Acc. 
category 

Reported 
adjusted count 

Reported 
adjusted 

metric  

Standardised 
abundance 

(𝒚𝒊,𝒕) 

References 

1954* GC BP Little Sister 1,000 26 Dec  - - - - - NA 0.395 Unknown 
(Low) 

- -  Dawson 1954, 
Robertson 1991 

1972* ACfw C Little & Big 
Sister 

848C Sep 42-46 - - NA - - NA 1.000 Unknown 
(Low) 

- -  Robertson 1991 

1973* ACfw BOG Little & Big 
Sister 

1,996 28 Nov 2 
 

0.261 D - NA - - ѱBOG = 0.688 E 1.000 Unknown 
(Low) 

- -  Robertson 1991,  
Rebergen 2000 

1974* ACfw BOG Little & Big 
Sister 

2,500F 24 Oct 0 0.517 D - NA - - ѱBOG = 0.688 E 1.000 Unknown 
(Low) 

- -  Robertson 1991, 
Rebergen 2000 

1975* ACfw BOG Little & Big 
Sister 

1,868 28 Nov 2 0.417 D - NA - - ѱBOG = 0.688 E 1.000 Unknown 
(Low) 

- -  Robertson 1991 

1976* ACfw C Little Sister 446 ? 37-46G - - - - - NA 0.395 Unknown 
(Low) 

- -  Robertson & Gales 
1998 

1989* ACfw C Little & Big 
Sister 

380 25 Sep 45 - - NA - - NA 1.000 Unknown 
(Low) 

- -  Robertson 1991, 
Rebergen 2000 

1990* ACfw BOG Little & Big 
Sister 

3,763 2 Dec 3 0.204 D - NA - - ѱBOG = 0.650 E 1.000 Unknown 
(Low) 

- -  Robertson 1991, 
Rebergen 2000 

1991* ACfw BOG Little & Big 
Sister 

3,380 2 Dec 3 0.270 D  - NA - - ѱBOG = 0.650 E 1.000 Unknown 
(Low) 

- -  Robertson 1991, 
Rebergen 2000 

1992* ACfw BOG Little Sister 1,101 30 Nov 1 0.262 D - NA - - - 1.000 Unknown 
(Low) 

- -  Robertson & Gales 
1998, Rebergen 2000 

1993* ACfw BOG Little & Big 
Sister 

4,428 3 Dec 3 0.096 D - NA - - - 1.000 Unknown 
(Low) 

- -  Robertson & Gales 
1998, Rebergen 2000 

1994* ACfw BOG Little & Big 
Sister 

3,133 20 Dec  5  0.227 D - NA - - - 1.000 Unknown 
(Low) 

- -  Robertson & Gales 
1998, Rebergen 2000 

1995* ACfw BOG Little & Big 
Sister 

3,816 1 Dec 2  0.343D - NA - - - 1.000 Unknown 
(Low) 

- -  Robertson & Gales 
1998, Rebergen 2000 

1996* ACfw BOG Little & Big 
Sister 

2,902 5 Dec 3 0.268 D - NA - - - 1.000 Unknown 
(Low) 

- -  Rebergen 2000 

1997* ACfw BOG Little & Big 
Sister 

3,535 5 Dec 3 0.292 D - NA - - - 1.000 Unknown 
(Low) 

   Rebergen 2000 

1998* ACfw BOG Little & Big 
Sister 

3,764 30 Nov 2 0.351 D - NA - - - 1.000 Unknown 
(Low) 

   Rebergen 2000 

1999* ACfw BOG Little & Big 
Sister 

3,396 23 Nov 1 0.221 D - NA - - - 1.000 Unknown 
(Low) 

   Rebergen 2000 

2000* ACfw BOG Little & Big 
Sister 

2,774 27 Dec 2 0.293 D - NA - - - 1.000 Unknown 
(Low) 

   Rebergen 2000 

2007 ACfw BOG Little & Big 
Sister 

3,509 10 Dec 4 0.439 D - NA - - - 1.000 High - -  Scofield 2011 
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Year Method Counted 
metric 

Part site Reported 
raw 

count 

Count date Weeks 
post μ 

layA 

f pb Ѱs Ѱd Ѱp Ѱo 𝝅 B Acc. 
category 

Reported 
adjusted count 

Reported 
adjusted 

metric  

Standardised 
abundance 

(𝒚𝒊,𝒕) 

References 

2008 ACfw BOG Little & Big 
Sister 

3,389 29 Nov 2 0.213 D - NA - - - 1.000 High - -  Scofield 2011 

2009 ACfw BOG Little & Big 
Sister 

3,397 28 Nov 2 0.288 D  - NA - - - 1.000 High - -  Scofield 2011 

2010 ACfw BOG Little & Big 
Sister 

3,052 28 Nov 2 0.404 D - NA - - - 1.000 High - -  Scofield 2011 

2016 ACsat BOG Little & Big 
Sister 

1,805 29 Dec 13-14 - - NA - - - 1.000 Medium - -  Fretwell et al. 2017 

2017 ACfw 
 
ACsat 

BOG 
 
BOG 

Little & Big 
Sister 
Little & Big 
Sister 

3,269 
 

2,578 

23 Nov 
 

20 Dec 

1 
 

5 

0.394 H 
 

- 

- 
 

- 

NA 
 

NA 

- 
 

- 

- 
 

- 

ѱBOG = 0.932I 

 
- 

1.000 
 

1.000 

Medium 
 
Medium 

2,824  
(2,718-2,931) 

AOS 
 

- 

 Baker et al. 2017, 
Frost 2017 

2018 GC 
 
ACfw 

BP 
 
BOG 

Little & Big 
Sister 
Little & Big 
Sister 

2,092 
 

2,165 

30 Nov-4 
Dec 

4 Dec 
 

2-3 
 

3 

0.457 
 

0.448 H 

- 
 

- 

NA 
 

NA 

1.000 
 

- 

- 
 

- 

ѱABA = 0.941 

 
ѱBOG = 0.982J 

ѱBOG = 0.970K 

1.000 
 

1.000 

High 
 
High 

- 
 

2,130 

- 
 

AOS 

 M Bell et al. 2018 
 
Frost 2019, 2021A 

2020 ACfw C Little & Big 
Sister 

739 15 Sep 44 - - NA - ✓K 
 

NA 1.000 High 840 C  Frost 2021A 

2021 ACfw 
 

BOG 
 

Little & Big 
Sister 

2,392 18 Dec 
 

5 - 
 

- 
 

NA 
 

- 
 

- 
- 

ѱBOG = 0.953J 

ѱBOG = 0.959K 
1.000 

 
High 
 

2,298 
(2,168-2,435) 

AOS  Frost 2021B 

2022 ACfw BOG Little & Big 
Sister 

1,841 1 Feb 11 - - NA - - ѱBOG = 0.944J 

ѱBOG = 0.942K 
1.000 High 1,668 

(1,517-1,843) 
AOS  Frost 2022 

2023 ACfw BOG Little & Big 
Sister 

2,733 20 Dec 5 0.569 H 
 

- NA - - ѱBOG = 0.741J 

ѱBOG = 0.844K 
1.000 High 2,405 

(1,922-2,991) 
AOS 

 
 Frost 2024A 

2024 ACfw BOG Little & Big 
Sister 

2,795 9 Dec 4 - - NA - - ѱBOG = 0.906J 

ѱBOG = 0.953K 
1.000 High 2,469  

(2,333-2,609) 
AOS  Frost 2024B 

2025* GC C Little Sister 517 26 Aug 41 - - - - - NA 0.395 High - -  Bell 2026 
A Mean lay date ~ 14 Nov and breeding period is considered ~46 weeks (Robertson & Richdale 1993). B Proportions between both islands based on 2007-2024 average. C Robertson 1991 only reports C for all Chatham Islands breeding sites in 1972, so mean 
proportion between breeding sites over 1973-1975 was used to allocate chicks to breeding sites. D Calculated using BOG rather than BP. E Robertson (1991) applies two estimates of ѱBOG based on Pukekura data as an academic exercise, but these estimates 
were not based on local data, and counts are considered expressed in BOG. F Disagreement between Robertson (1991) and Rebergen (2000) on this count and we favoured the original count here. G Without information on count date, assumed to have occurred 
between 1 Aug and 30 Sep. G Calculated using AOS rather than BP. H Estimated using close-up photographs. I Estimated on Big Sister using close-up photographs. J Estimated on Little Sister using close-up photographs. K Adjustments made based 
on Pukekura fledging curve (Frost 2021A). 
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Table 6. Pukekura counts of Northern Royal Albatross, including count methods, metrics, and error specifications, as well as subsequent standardised data 𝑦𝑖,𝑡  expressed in BP at the start 
of the breeding season (for which superscript numbers refer to equations in main text applied). * Indicates counts not (yet) included in the ACAP database. 

Year Method Counted 
metric 

Part site Reported 
raw 

count 

Count date Weeks 
post μ 

layA 

f pb Ѱs Ѱd Ѱp Ѱo 𝝅  Acc. 
category 

Reported 
adjusted 

count 

Reported 
adjusted 

metric  

Standardised 
abundance 

(𝒚𝒊,𝒕) 

References 

1936* GC BP Pukekura 1 Continuous B 0 - - NA - - NA 1.000 High - -  DOC unpub. 
1937* GC BP Pukekura 1 Continuous B 0 - - NA - - NA 1.000 High - -  DOC unpub. 
1938* GC BP Pukekura 2 Continuous B 0 - - NA - - NA 1.000 High - -  DOC unpub. 
1939* GC BP Pukekura 4 Continuous B 0 - - NA - - NA 1.000 High - -  DOC unpub. 
1940* GC BP Pukekura 5 Continuous B 0 - - NA - - NA 1.000 High - -  DOC unpub. 
1941* GC BP Pukekura 3 Continuous B 0 - - NA - - NA 1.000 High - -  DOC unpub. 
1942* GC BP Pukekura 5 Continuous B 0 - - NA - - NA 1.000 High - -  DOC unpub. 
1943* GC BP Pukekura 2 Continuous B 0 - - NA - - NA 1.000 High - -  DOC unpub. 
1944* GC BP Pukekura 3 Continuous B 0 - - NA - - NA 1.000 High - -  DOC unpub. 
1945* GC BP Pukekura 6 Continuous B 0 - - NA - - NA 1.000 High - -  DOC unpub. 
1946* GC BP Pukekura 0 Continuous B 0 - - NA - - NA 1.000 High - -  DOC unpub. 
1947* GC BP Pukekura 3 Continuous B 0 - - NA - - NA 1.000 High - -  DOC unpub. 
1948* GC BP Pukekura 3 Continuous B 0 - - NA - - NA 1.000 High - -  DOC unpub. 
1949* GC BP Pukekura 4 Continuous B 0 - - NA - - NA 1.000 High - -  DOC unpub. 
1950* GC BP Pukekura 5 Continuous B 0 - - NA - - NA 1.000 High - -  DOC unpub. 
1951* GC BP Pukekura 6 Continuous B 0 - - NA - - NA 1.000 High - -  DOC unpub. 
1952* GC BP Pukekura 7 Continuous B 0 - - NA - - NA 1.000 High - -  DOC unpub. 
1953* GC BP Pukekura 4 Continuous B 0 - - NA - - NA 1.000 High - -  DOC unpub. 
1954* GC BP Pukekura 6 Continuous B 0 - - NA - - NA 1.000 High - -  DOC unpub. 
1955* GC BP Pukekura 6 Continuous B 0 - - NA - - NA 1.000 High - -  DOC unpub. 
1956* GC BP Pukekura 6 Continuous B 0 - - NA - - NA 1.000 High - -  DOC unpub. 
1957* GC BP Pukekura 6 Continuous B 0 - - NA - - NA 1.000 High - -  DOC unpub. 
1958* GC BP Pukekura 6 Continuous B 0 - - NA - - NA 1.000 High - -  DOC unpub. 
1959* GC BP Pukekura 6 Continuous B 0 - - NA - - NA 1.000 High - -  DOC unpub. 
1960* GC BP Pukekura 3 Continuous B 0 - - NA - - NA 1.000 High - -  DOC unpub. 
1961* GC BP Pukekura 5 Continuous B 0 - - NA - - NA 1.000 High - -  DOC unpub. 
1962* GC BP Pukekura 4 Continuous B 0 - - NA - - NA 1.000 High - -  DOC unpub. 
1963* GC BP Pukekura 6 Continuous B 0 - - NA - - NA 1.000 High - -  DOC unpub. 
1964* GC BP Pukekura 6 Continuous B 0 - - NA - - NA 1.000 High - -  DOC unpub. 
1965* GC BP Pukekura 7 Continuous B 0 - - NA - - NA 1.000 High - -  DOC unpub. 
1966* GC BP Pukekura 7 Continuous B 0 - - NA - - NA 1.000 High - -  DOC unpub. 
1967* GC BP Pukekura 6 Continuous B 0 - - NA - - NA 1.000 High - -  DOC unpub. 
1968* GC BP Pukekura 8 Continuous B 0 - - NA - - NA 1.000 High - -  DOC unpub. 
1969* GC BP Pukekura 9 Continuous B 0 - - NA - - NA 1.000 High - -  DOC unpub. 
1970* GC BP Pukekura 8 Continuous B 0 - - NA - - NA 1.000 High - -  DOC unpub. 
1971* GC BP Pukekura 8 Continuous B 0 - - NA - - NA 1.000 High - -  DOC unpub. 
1972* GC BP Pukekura 7 Continuous B 0 - - NA - - NA 1.000 High - -  DOC unpub. 
1973* GC BP Pukekura 10 Continuous B 0 - - NA - - NA 1.000 High - -  DOC unpub. 
1974* GC BP Pukekura 7 Continuous B 0 - - NA - - NA 1.000 High - -  DOC unpub. 



PaCSWG9 Doc 03      

Agenda Item 5.1, 5.2 

101 

Year Method Counted 
metric 

Part site Reported 
raw 

count 

Count date Weeks 
post μ 

layA 

f pb Ѱs Ѱd Ѱp Ѱo 𝝅  Acc. 
category 

Reported 
adjusted 

count 

Reported 
adjusted 

metric  

Standardised 
abundance 

(𝒚𝒊,𝒕) 

References 

1975* GC BP Pukekura 10 Continuous B 0 - - NA - - NA 1.000 High - -  DOC unpub. 
1976* GC BP Pukekura 6 Continuous B 0 - - NA - - NA 1.000 High - -  DOC unpub. 
1977* GC BP Pukekura 10 Continuous B 0 - - NA - - NA 1.000 High - -  DOC unpub. 
1978* GC BP Pukekura 8 Continuous B 0 - - NA - - NA 1.000 High - -  DOC unpub. 
1979* GC BP Pukekura 7 Continuous B 0 - - NA - - NA 1.000 High - -  DOC unpub. 
1980* GC BP Pukekura 9 Continuous B 0 - - NA - - NA 1.000 High - -  DOC unpub. 
1981* GC BP Pukekura 8 Continuous B 0 - - NA - - NA 1.000 High - -  DOC unpub. 
1982* GC BP Pukekura 11 Continuous B 0 - - NA - - NA 1.000 High - -  DOC unpub. 
1983* GC BP Pukekura 9 Continuous B 0 - - NA - - NA 1.000 High - -  DOC unpub. 
1984* GC BP Pukekura 11 Continuous B 0 - - NA - - NA 1.000 High - -  DOC unpub. 
1985* GC BP Pukekura 12 Continuous B 0 - - NA - - NA 1.000 High - -  DOC unpub. 
1986* GC BP Pukekura 11 Continuous B 0 - - NA - - NA 1.000 High - -  DOC unpub. 
1987* GC BP Pukekura 18 Continuous B 0 - - NA - - NA 1.000 High - -  DOC unpub. 
1988* GC BP Pukekura 15 Continuous B 0 - - NA - - NA 1.000 High - -  DOC unpub. 
1989* GC BP Pukekura 19 Continuous B 0 - - NA - - NA 1.000 High - -  DOC unpub. 
1990* GC BP Pukekura 22 Continuous B 0 - 0.567C NA - - NA 1.000 High - -  DOC Coastal Otago 2026 
1991* GC BP Pukekura 15 Continuous B 0 - 0.567C NA - - NA 1.000 High - -  DOC Coastal Otago 2026 
1992* GC BP Pukekura 17 Continuous B 0 - 0.567C NA - - NA 1.000 High - -  DOC Coastal Otago 2026 
1993* GC BP Pukekura 19 Continuous B 0 - 0.567C NA - - NA 1.000 High - -  DOC Coastal Otago 2026 
1994* GC BP Pukekura 20 Continuous B 0 - 0.567C NA - - NA 1.000 High - -  DOC Coastal Otago 2026 
1995 GC BP Pukekura 23 Continuous B 0 - 0.567C NA - - NA 1.000 High - -  DOC Coastal Otago 2026 
1996* GC BP Pukekura 21 Continuous B 0 - 0.567C NA - - NA 1.000 High - -  DOC Coastal Otago 2026 
1997* GC BP Pukekura 18 Continuous B 0 - 0.567C NA - - NA 1.000 High - -  DOC Coastal Otago 2026 
1998* GC BP Pukekura 24 Continuous B 0 0.458 D 0.567C NA - - NA 1.000 High - -  DOC Coastal Otago 2026 
1999* GC BP Pukekura 12 Continuous B 0 - 0.567C NA - - NA 1.000 High - -  DOC Coastal Otago 2026 
2000* GC BP Pukekura 11 Continuous B 0 - 0.567C NA - - NA 1.000 High - -  DOC Coastal Otago 2026 
2001* GC BP Pukekura 20 Continuous B 0 - 0.567C NA - - NA 1.000 High - -  DOC Coastal Otago 2026 
2002* GC BP Pukekura 24 Continuous B 0 0.174 D 0.567C NA - - NA 1.000 High - -  DOC Coastal Otago 2026 
2003* GC BP Pukekura 34 Continuous B 0 0.774 D 0.567C NA - - NA 1.000 High - -  DOC Coastal Otago 2026 
2004 GC BP Pukekura 17 Continuous B 0 0.588 D 0.567C NA - - NA 1.000 High - -  DOC Coastal Otago 2026 
2005* GC BP Pukekura 30 Continuous B 0 0.655 D 0.567C NA - - NA 1.000 High - -  DOC Coastal Otago 2026 
2006* GC BP Pukekura 17 Continuous B 0 0.500 D 0.567C NA - - NA 1.000 High - -  DOC Coastal Otago 2026 
2007* GC BP Pukekura 15 Continuous B 0 0.786 D 0.567C NA - - NA 1.000 High - -  DOC Coastal Otago 2026 
2008* GC BP Pukekura 21 Continuous B 0 0.400 D 0.567C NA - - NA 1.000 High - -  DOC Coastal Otago 2026 
2009 GC BP Pukekura 32 Continuous B 0 0.563 D 0.567C NA - - NA 1.000 High - -  DOC Coastal Otago 2026 
2010 GC BP Pukekura 21 Continuous B 0 0.762 D 0.567C NA - - NA 1.000 High - -  DOC Coastal Otago 2026 
2011 GC BP Pukekura 30 Continuous B 0 0.700 D 0.567C NA - - NA 1.000 High - -  DOC Coastal Otago 2026 
2012 GC BP Pukekura 31 Continuous B 0 0.548 D 0.567C NA - - NA 1.000 High - -  DOC Coastal Otago 2026 
2013 GC BP Pukekura 36 Continuous B 0 0.694 D - NA - - NA 1.000 High - -  DOC Coastal Otago 2026 
2014* GC BP Pukekura 32 Continuous B 0 0.742 D - NA - - NA 1.000 High - -  DOC Coastal Otago 2026 
2015* GC BP Pukekura 32 Continuous B 0 0.813 D - NA - - NA 1.000 High - -  DOC Coastal Otago 2026 
2016 GC BP Pukekura 35 Continuous B 0 0.743 D - NA - - NA 1.000 High - -  DOC Coastal Otago 2026 
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Year Method Counted 
metric 

Part site Reported 
raw 

count 

Count date Weeks 
post μ 

layA 

f pb Ѱs Ѱd Ѱp Ѱo 𝝅  Acc. 
category 

Reported 
adjusted 

count 

Reported 
adjusted 

metric  

Standardised 
abundance 

(𝒚𝒊,𝒕) 

References 

2017 GC BP Pukekura 38 Continuous B 0 0.632 D - NA - - NA 1.000 High - -  DOC Coastal Otago 2026 
2018 GC BP Pukekura 33 Continuous B 0 0.394 D - NA - - NA 1.000 High - -  DOC Coastal Otago 2026 
2019 GC BP Pukekura 51 Continuous B 0 0.529 D - NA - - NA 1.000 High - -  DOC Coastal Otago 2026 
2020 GC BP Pukekura 45 Continuous B 0 0.727 D - NA - - NA 1.000 High - -  DOC Coastal Otago 2026 
2021 GC BP Pukekura 41 Continuous B 0 0.732 D - NA - - NA 1.000 High - -  DOC Coastal Otago 2026 
2022 GC BP Pukekura 36 Continuous B 0 0.694 D - NA - - NA 1.000 High - -  DOC Coastal Otago 2026 
2023 GC BP Pukekura 49 Continuous B 0 0.653 D - NA - - NA 1.000 High - -  DOC Coastal Otago 2026 
2024 GC BP Pukekura 45 Continuous B 0 0.733 D - NA - - NA 1.000 High - -  DOC Coastal Otago 2026 
2025* GC BP Pukekura 44 Continuous B 0 0.864 D - NA - - NA 1.000 High - -  DOC Coastal Otago 2026 
2026* GC BP Pukekura 47 Continuous B 0 - - NA - - NA 1.000 High - -  DOC Coastal Otago 2026 

A Mean lay date before 1968 = 15 Nov, 1978-2000 = 12 Nov, >2000 = 10 Nov and breeding period is considered ~46 weeks (Robertson 1993, DOC unpub.). B Breeding site virtually continuously monitored since its establishment and thus no clear count date 
apply, and instead breeding attempts are assumed to be recorded at or near laying (DOC unpub.). C Reported here but not included in any of the models for other breeding sites as Pukekura breeding success is manipulated to achieve maximum f through 
management (Robetson 2001, Richard et al. 2015) D Multi-year average estimated by Richard et al. (2015). 
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Southern Royal Albatross 
 
Supplementary Table 7. Campbell Island counts of Southern Royal Albatross, including count methods, metrics, and error specifications, as well as subsequent standardised data 𝑦𝑖,𝑡  
expressed in BP at the start of the breeding season (for which superscript numbers refer to equations in main text applied). * Indicates counts not (yet) included in the ACAP database. 

Year Method Counted 
metric 

Part site Reported 
raw 

count 

Count 
date 

Weeks 
post μ 

layA 

f pb Ѱs Ѱd Ѱp Ѱo 𝝅 B Acc. 
category 

Reported 
adjusted 

count 

Reported 
adjusted 

metric  

Standardised 
abundance 

(𝒚𝒊,𝒕) 

References 

1958 GC & 
VPC 

BP, AOS 
& BOG 

Campbell I. 2,278 7 Jan-19 
Feb 

4-11 0.743 - NA - - - 1.000 Medium - - 

 

Westerkov 1963, Dilks 
& Wilson 1979, Dilks & 
Grindell 1983 

1966*C GC & 
VPC 

BP, AOS 
& BOG 

Campbell I. 3,216 C Nov-Jan 0-8 0.639C - NA - - - 1.000 Unknown 
(Low) 

- - 

 

Guard 1968, Paul & 
Surrey 1969, Moore et 
al. 1997a, Waugh et al. 
1997 

1969 GC & 
VPC 

BP, AOS 
& BOG 

Campbell I. 4,344 8-26 Jan 5-7D - 0.510 NA - - - 1.000 Medium - - 

 

Taylor et al. 1970, 
Dilks & Wilson 1979, 
Waugh et al. 1997 

1971* GC & 
VPC 

BP, AOS 
& BOG 

Campbell I.,  
South of fence 

1,709 31 Jan-
10 Mar 

8-14 0.610 - - - - - 0.361 Unknown  
(Low) 

- - 
 

Dilks & Wilson 1979, 
Moore et al. 1997a 

1976 GC & 
VPC 

BP, AOS 
& BOG 

Campbell I. 5,336 12 Dec-
14 Feb 

2-8D - - NA - - - 1.000 Medium - - 
 

Dilks & Wilson 1979, 
Moore et al. 1997a 

1977 GC & 
VPC 

BP, AOS 
& BOG 

Campbell I. 4,906 1 Jan-13 
Feb 

4-8D - - NA - - - 1.000 Medium - - 
 

Dilks & Wilson 1979, 
Moore et al. 1997a 

1978 GC & 
VPC 

BP, AOS 
& BOG 

Campbell I. 4,208 23 Dec-
11 Feb 

3-10 - - NA - - - 1.000 Medium - - 
 

Dilks & Dunn 1978, 
Moore et al. 1997a 

1980 GC & 
VPC 

BP, AOS 
& BOG 

Campbell I. 4,575 23 Dec-
15 Jan 

3-11 - - NA - - - 1.000 Medium - - 
 

Wilson & Elliott 1981, 
Moore et al. 1997a 

1981 GC & 
VPC 

BP, AOS 
& BOG 

Campbell I. 4,493 29 Dec-7 
Feb 

4-9 - - NA - - - 1.000 Medium - - 

 

Wilson & Elliott 
1981, 
Moore et al. 1997a 

1983 GC & 
VPC 

BP, AOS 
& BOG 

Campbell I. 4,243 14 Jan-
11 Feb 

6-10 - - NA - - - 1.000 Medium - - 

 

Dilks & Grindell 1983, 
Moore & Moffat 1990, 
Moore et al. 1997a 

1988 GC BP Col, Moubray 472 3-8 Jan 4-5 0.744 - - - - NA 0.089  Medium - -  Moore & Moffat 1990 
1992 GC BP Col, Moubray 534 Early Jan 4-6 0.782 - - - - NA 0.089  Medium - -  Moore et al. 1997a 
1993 GC BP Col, Moubray 587 1-7 Jan 4-5 - - - - - NA 0.089  Medium - -  Moore et al. 1997a 
1994 GC BP Col, Moubray 605 Early Jan 4-6 0.815 - - - - NA 0.089  Low - -  Moore et al. 1997a 
1995 GC & 

VPC 
BP, AOS 
& BOG 

Campbell I. 6,308 10 Jan-5 
Feb 

5-9 0.765 0.520E NA ѱd
GC =0.967, 

ѱd
VPC = 0.867 

ѱfail = 
0.943-
1.000 

- 1.000 Medium 6,939-
7,302 

BP 

 

Moore et al. 1997ab, 
2012, ACAP 2009 

1996 GC (& 
VPC) F 

BP Campbell I. 7,787 4 Jan-6 
Feb 

5-9 0.769 0.520E NA ѱd
GC = 0.998, 

ѱd
VPC = 0.720-

0.770  

ѱfail = 
0.960-
1.000 

 
 - 

1.000 Medium 8,075-
8,414 

BP 

 

Moore unpub., Moore 
et al. 1997a, 2012, 
ACAP 2012 
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Year Method Counted 
metric 

Part site Reported 
raw 

count 

Count 
date 

Weeks 
post μ 

layA 

f pb Ѱs Ѱd Ѱp Ѱo 𝝅 B Acc. 
category 

Reported 
adjusted 

count 

Reported 
adjusted 

metric  

Standardised 
abundance 

(𝒚𝒊,𝒕) 

References 

1997 GC BP Col, Moubray, 
Faye, Paris, Honey 

2,121 26 Nov-
19 Feb 

0-11 0.778 0.520E - 0.996 - NA 0.257  Medium 8,250-
8,560 

BP 

 

Moore unpub., ACAP 
2012, Moore et al. 
2012 

1998 GC BP Col, Moubray, 
Faye, Paris, Honey 

2,247 Jan-Feb 4-12 0.797 0.520E - 0.990 - NA 0.257  Medium - - 

 

Moore unpub., ACAP 
2012, Moore et al. 
2012 

1999 GC BP Col, Moubray, 
Faye, Paris, Honey 

2,323 Dec-Jan 0-8 - - - 0.992 - NA 0.257  Medium - - 
 

Moore et al. 2012 

2005 GC BP Col, Moubray, 
Faye 

1,311 1 Jan-20 
Feb 

4-11 0.705 - - 0.997  ѱfail = 
0.943 

NA 0.163  High 8,300-
8,700G 

BP 
 

Moore et al. 2012 

2006 GC BP Col, Moubray, 
Faye 

1,184 1 Jan-15 
Feb 

4-11 0.726 - - 1.000 ѱfail = 0.880 NA 0.163  High 8,300-
8,700 G 

BP 
 

Moore et al. 2012 

2007 GC BP Col, Moubray, 
Faye, Paris, Honey 

1,916 21 Dec-
17 Feb 

3-11 0.682 - - 1.000 ѱfail = 0.943 NA 0.257  High 8,300-
8,700 G 

BP 
 

Moore et al. 2012 

2008 GC BP Col, Moubray, 
Faye, Paris, Honey 

1,987 31 Dec-
20 Feb 

4-11 0.621 - - 1.000 ѱfail = 0.907 NA 0.257  High 8,300-
8,700 G 

BP 
 

Moore et al. 2012 

2009 GC BP Col, Moubray, 
Faye, Paris, Honey 

2,204 21 Dec-9 
Feb 

3-10 - - - - ѱfail = 0.942 NA 0.257  High 8,300-
8,700 G 

BP 
 

Moore et al. 2012 

2020 GC BP Col 104 12-16 
Mar 

14 - - - - (ѱfail = 
0.759)G 

NA 0.025  High 137 BP 
 

Mischler 2020 

2023 GC BP Col 49I 16 Feb 11 - - - - - NA 0.012H Medium - - 
 

Mischler & Wickes 
2023 

2024 GC BP Col, Moubray, 
Faye, Paris, Honey 

1,480 3 Dec-7 
Feb 

0-9 0.667 - - 0.987 - NA 0.257 High - - 

 

Mischler et al. 2024, 
Fischer & Thompson 
2025 

2025* GC BP Col, Moubray, 
Faye, Paris, Honey 

1,502 5 Dec-4 
Feb 

0-9 0.655 - - 1.000 - NA 0.257  High - - 

 

Mischler et al. 2025, 
Fischer & Thompson 
2025 

2026* GC BP Col, Moubray, 
Faye, Paris, Honey 

1,564 14 Dec-
22-Jan 

1-7 - - - - - NA 0.257 High - -  Mischler et al. in prep. 

A Mean lay is ~3 December (Waugh et al. 1997). B Proportions estimated based on 2004-08 means. C Only a multi-year estimate for 1965-1968 available, here labelled 1966 (Moore et al. 1997b). D Weeks since laying directly sourced from Dilks & Wilson 1979 
instead of calculating based on reported survey dates. E Multi-year estimate available only (Moore et al. 2012). F Only a very small section of the overall island was counted using VPCs due to recognition of inadequacies in this count method (Moore et al. 
1997a) and thus considered negligible here. G Multi-year estimate only reported (Moore et al. 2012). G Estimate based on previous counts and thus not include here and instead repeated to enable propagation of uncertainty. H Only part of part site counted and 
subsequently survey effort was used to estimate proportion of part site counted (Mischler & Wickes 2023). 
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Supplementary Table 8. Enderby Island counts of Southern Royal Albatross, including count methods, metrics, and error specifications, as well as subsequent standardised data 𝑦𝑖,𝑡 
expressed in BP at the start of the breeding season (for which superscript numbers refer to equations in main text applied). * Indicates counts not (yet) included in the ACAP database. Bold 
indicates count selected for inclusion in the data processing framework in scenarios where >1 counts were completed in a year.  

Year Method Counted 
metric 

Part site Reported 
raw 

count 

Count date Weeks 
post μ 

layA 

f pb Ѱs Ѱd Ѱp Ѱo 𝝅 Acc. 
category 

Reported 
adjusted 

count 

Reported 
adjusted 

metric  

Standardised 
abundance 

(𝒚𝒊,𝒕) 

References 

1943* B GC BP Enderby I. 8 ? C ? C - - NA - - - 1.000 Unknown 
(Low) 

- -  Bell 1963, French et al. 
2020 

1954 GC BP? Enderby I. 3 12-23 Mar 14-16 - - NA - - NA 1.000 Unknown 
(Low) 

- -  Falla 1954, Dell 1954, 
Childerhouse et al. 2003 

1963* GC BP? Enderby I. 10 ? C ? C - - NA - - NA 1.000 Unknown 
(Low) 

- -  Taylor 1971, 
Childerhouse et al. 2003 

1966* GC BP Enderby I. 15 Jan 4-8 - - NA - - - 1.000 Unknown 
(Low) 

- -  Taylor 1971, 
Childerhouse et al. 2003 

1973 GC BP Enderby I. 17 ? C ? C - - NA - - NA 1.000 Unknown 
(Low) 

- -  Russ 1974, 
Childerhouse et al. 
2003, French et al. 2020 

1974* GC BP Enderby I. 20 5-20 Dec 1-3 - - NA - - - 1.000 Unknown 
(Low) 

- -  Russ 1974, 
Childerhouse et al. 2003 

1980* GC BP Enderby I. 16 31 Jan 8 - - NA - - NA 1.000 Unknown 
(Low) 

- -  Mitchell & Ensor 1986, 
French et al. 2020 

1981* GC BP Enderby I. 15 ? C ? C - - NA - - NA 1.000 Unknown 
(Low) 

- -  Bell 1982, Childerhouse 
et al. 2003 

1982* GC BP Enderby I. 16 4 Feb 9 - - NA - - NA 1.000 Unknown 
(Low) 

- -  French et al. 2020 

1988* GC BP Enderby I. 33 7-15 Feb 9-11 - - NA - - NA 1.000 Unknown 
(Low) 

- -  Taylor 1988, 
Childerhouse et al. 2003 

1993 GC BP Enderby I. 32 Late Dec-
Feb 

3-12 - - NA - - NA 1.000 High - -  Childerhouse et al. 2003 

1994* GC BP Enderby I. 45 Late Dec-
Feb 

3-12 - - NA - - NA 1.000 High - -  Childerhouse et al. 2003 

1995* GC BP Enderby I. 52 Late Dec-
Feb 

3-12 - - NA - - NA 1.000 High - -  Childerhouse et al. 2003 

1996* GC BP Enderby I. 55 Late Dec-
Feb 

3-12 0.740D - NA - - NA 1.000 High - -  Childerhouse et al. 2003 

1997* GC BP Enderby I. 47 Late Dec-
Feb 

3-12 0.740D - NA - - NA 1.000 High - -  Childerhouse et al. 2003 

1998* GC BP Enderby I. 56 Late Dec-
Feb 

3-12 0.740D - NA - - NA 1.000 High - -  Childerhouse et al. 2003 

1999* GC BP Enderby I. 42 Late Dec-
Feb 

3-12 - - NA - - NA 1.000 High - -  Childerhouse et al. 2003 

2000* GC BP Enderby I. 67 Late Dec-
Feb 

3-12 - - NA - - NA 1.000 High - -  Childerhouse et al. 2003 

2001 GC BP Enderby I. 41 Late Dec-
Feb 

3-12 - - NA - - NA 1.000 High - -  Childerhouse et al. 2003 
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Year Method Counted 
metric 

Part site Reported 
raw 

count 

Count date Weeks 
post μ 

layA 

f pb Ѱs Ѱd Ѱp Ѱo 𝝅 Acc. 
category 

Reported 
adjusted 

count 

Reported 
adjusted 

metric  

Standardised 
abundance 

(𝒚𝒊,𝒕) 

References 

2002* GC BP Enderby I. 69 Late Dec-
Feb 

3-12 - - NA - - NA 1.000 High - -  Childerhouse et al. 2003 

2003 
GC BP Enderby I. 54 1 Dec-20 

Mar 
0-15 - - NA - - NA 1.000 High - -  Wilkinson unpub. 

2004 GC BP Enderby I. 55 ? C ? C - - NA - - NA 1.000 High - -  DOC unpub. 
2005 GC BP Enderby I. 56 ? C ? C - - NA - - NA 1.000 High - -  DOC unpub. 
2006 GC BP Enderby I. 66 ? C ? C - - NA - - NA 1.000 High - -  DOC unpub. 

2007 
GC BP Enderby I. 49 3 Dec-26 

Feb 
0-12 - - NA - - NA 1.000 High - -  Chilvers 2007 

2008 GC BP Enderby I. 64 ? C ? C - - NA - - NA 1.000 High - -  DOC unpub. 
2009 GC BP Enderby I. 53 ? C ? C - - NA - - NA 1.000 High - -  DOC unpub. 
2010 GC BP Enderby I. 57 ? C ? C - - NA - - NA 1.000 High - -  DOC unpub. 
2011 GC BP Enderby I. 38 ? C ? C - - NA - - NA 1.000 High - -  DOC unpub. 
2012 GC BP Enderby I. 77 ? C ? C - - NA - - NA 1.000 High - -  DOC unpub. 
 
2013 

ACheli 
GC 

BOG 
BP 

Enderby I. 
Enderby I. 

74 
52 

17 Jan 
17-31 Jan 

6 
6-8 

- 
- 

- 
- 

NA 
NA 

- 
- 

- 
- 

ѱBOG = 0.761 
- 

1.000 
1.000 

High 
High 

54 
- 

AOS 
- 

 Baker & Jensz 2013 

2014 ACheli 
GC 

BOG 
BP 

Enderby I. 
Enderby I. 

80 
52 

20 Jan 
8-15 Feb 

7 
10-12 

- 
- 

- 
- 

NA 
NA 

- 
- 

- 
- 

ѱBOG = 0.768 
NA 

1.000 
1.000 

High 
High 

63 
- 

AOS 
- 

 Baker et al. 2014A 

2015 
GC BP Enderby I. 60 28 Jan-16 

Mar 
8-15 - - NA - - NA 1.000 High - -  DOC unpub. 

2016 
GC BP Enderby I. 44 Late Dec-

Feb 
3-12 - - NA - - NA 1.000 High - -  DOC unpub. 

2017 ACheli 
GC 

BOG 
BP 

Enderby I. 
Enderby I. 

69 
47 

21 Jan 

26 Jan 
7 
7 

- 
- 

- 
- 

NA 
NA 

- 
- 

- 
- 

ѱBOG = 0.851 
ѱBOG = 0.839, 
ѱABA = 0.904 

1.000 
1.000 

High 
High 

57 
- 

AOS 
- 

 Baker et al. 2020 

2018 GC BP Enderby I.  
 

49 

Late Dec-
Feb 

3-12 - - NA - - NA 1.000 High - -  DOC unpub. 

2019 GC BP Part of 
Enderby I. 

29 Late Jan–
early Feb 

7-10 - - - - - NA 0.740 E Low 39 BP  DOC unpub. 

2023 GC AOS Enderby I. 49 27 Dec 3 - - NA - - ѱABA = 0.959 1.000 High 47 BP  DOC unpub. 
2024 GC BP Enderby I. 63 17-30 Dec 2-4 - - NA - - NA 1.000 High - -  DOC unpub. 
2025* GC BP Enderby I. 56 19-23 Dec 2-3 - - NA - - NA 1.000 High - -  DOC unpub. 
2026* GC BP Enderby I. 70 19 Dec- 

13 Jan 
2-6 - - NA - - NA 1.000 High - - 

 
DOC unpub. 

A Mean lay is ~3 December (Waugh et al. 1997. B Only a multi-year estimate for 1941-1945 available, here labelled 1943 (French et al. 2020). C For unknown count dates prior to the formalisation of the methodology (Childerhouse et al. 2003) the full range of 
reported count dates (0-16 post mean laying) is used, after the formalisation of the methodology, the prescribed survey time period (3-12 weeks post mean laying) is used. D Multi-year estimate only reported (Childerhouse et al. 2003). E Incomplete coverage of 
the island corrected using the mean distribution of nesting area in 2023 and 2024 (P Frost unpub.). 
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Campbell Albatross 

TBC 
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Buller’s Albatross 

Table 10. Hautere | Solander counts of Southern Buller’s Albatross (ssp. bulleri), including updated count methods, metrics, and error specifications, as well as subsequent standardised 
data for ACAP IG Trends. Superscript numbers refer to numbered equations in main text applied to standardise counts. * Indicates counts absent from the ACAP database. 

Year Method Counted 
metric 

Part site Reported 
raw 

count 

Count 
date 

Weeks 
post μ 

layA 

f pb Ѱs Ѱd Ѱp Ѱo 𝝅B Acc. 
category 

Reported 
adjusted 

count 

Reported 
adjusted 

metric  

Standardised 
abundance 

(𝒚𝒊,𝒕) 

References 

1985 GC C Little 
Solander 

143 Late July 26 - - - 0.960 ѱfail = 
0.696C 

NA 0.067 Unknown 
(Low) 

205 BP  Cooper et al. 1986, Sagar & 
Stahl 2005 

1996 ACheli & 
GC & 
VPC 

AOS Great & Little 
Solander 

? D 15-22 
Feb 

4-5 0.703 - - - - ѱBOG = 0.965 0.633E Unknown 
(Low) 

2,625 AOS  Sagar et al. 1999, Sagar & 
Stahl 2005, Stahl unpub. 

2002 ACheli & 
GC & 
VPC 

BOG Great & Little 
Solander 

? D 20 Feb-8 
Mar 

4-7 0.676 - NA ѱd
VPC = 

0.900-0950 
- ѱBOG = 0.800 

(0.760-0.850) 
1.000 Unknown 

(Low) 
4,912 

(4,628-
5,145 

AOS  Sagar & Stahl 2005, Stahl 
unpub. 

2014 ACheli BOG Little 
Solander 

182 20 Jan 0 - - - - ѱlay = 
0.420 

ѱBOG = 0.970 
ѱABA = 0.805 

0.067 Medium 305 AOS  Baker & Jensz 2014B 

2016 ACheli & 
GC & 
VPC 

BOG Great & Little 
Solander 

6,852F 25-29 
Feb 

5-6 - - NA ѱd
VPC = 

0.950 
- ѱBOG = 0.813 

ѱABA = 0.821G 
1.000 Medium   5,620 AOS  Thompson et al. 2017 

2024* ACheli BOG Great & Little 
Solander 

6,761 9 Mar 7 - - NA - - ѱBOG = 0.969 
ѱABA = 0.611G  

1.000 Unknown 
(Medium) 

5,377 
(5,234-
5,523) 

AOS  Frost et al. 2025 

A Mean lay date used 21 Jan based on “late January in Sagar & Warham (1998). B Proportion represented by Little Solander based on average proportion across the full site counts (1996, 2002, 2016, and 2024). C Based on a multi-year f estimate covering 1996, 
1997, 2002, and 2003 (Sagar & Stahl 2005). D Adjusted counts of AOS only reported. E Some colonies on Big Solander were missed in 1996 (Sagar & Stahl 2005). F Raw counts of BOGs only reported for ACheli counts (86%) of the survey, but not for GC or VPC. G 
ѱABA

 reported but not incorporated in the reported estimates due to small sample sizes.  

 
Table 11. Tini Heke | Snares counts of Southern Buller’s Albatross (ssp. bulleri), including updated count methods, metrics, and error specifications, as well as subsequent standardised 
data for ACAP IG Trends. Superscript numbers refer to numbered equations in main text applied to standardise counts. * Indicates counts absent from the ACAP database. 

Year Method Counted 
metric 

Part site Reported 
raw 

count 

Count 
date 

Weeks 
post μ 

layA 

f pb Ѱs Ѱd Ѱp Ѱo 𝝅B Acc. 
category 

Reported 
adjusted 

count 

Reported 
adjusted 

metric  

Standardised 
abundance 

(𝒚𝒊,𝒕) 

References 

1969 GC & 
VPC 

AOS & BP North-east Is., 
Alert Stack 

4,024 11-19 
Feb 

3-4 - - - 0.950 C 0.929 C - 0.931 High 4,448  AOS & BP  Warham & Bennington 
1983, Sagar et al. 1999, 
Sagar & Stahl 2005 

1970* GC BP Mbay 90 ? D 3-14 D - - - - ✓; ? NA 0.014 Unknown 
(high) 

- -  Sagar & Stahl 2005 

1971* GC BP Mbay 83 ? D 3-14 D - - - - ✓; ? NA 0.014 Unknown 
(high) 

- -  Sagar & Stahl 2005 

1972* GC BP Mbay 77 ? D 3-14 D - - - - ✓; ? NA 0.014 Unknown 
(high) 

- -  Sagar & Stahl 2005 

1975* GC BP Mbay 84 ? D 3-14 D - - - - ✓; ? NA 0.014 Unknown 
(high) 

- -  Sagar & Stahl 2005 

1977* GC BP Mbay, Rback 102 ? D 3-14 D - - - - ✓; ? NA 0.019 Unknown - -  Sagar & Stahl 2005 
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Year Method Counted 
metric 

Part site Reported 
raw 

count 

Count 
date 

Weeks 
post μ 

layA 

f pb Ѱs Ѱd Ѱp Ѱo 𝝅B Acc. 
category 

Reported 
adjusted 

count 

Reported 
adjusted 

metric  

Standardised 
abundance 

(𝒚𝒊,𝒕) 

References 

(high) 
1983* GC BP Mbay 85 ? D 3-14 D - - - - ✓; ? NA 0.014 Unknown 

(high) 
- -  Sagar & Stahl 2005 

1992 GC & 
VPC 

AOS & BP North-east Is., 
Alert Stack, 
Broughton I. 

7,683 5-17 Mar 6-8 0.758 - NA 0.953-
0.977 E 

- - 1.000 High - -  Sagar et al. 1994, Sagar 
& Stahl 2005 

1993 GC & 
VPC 

AOS & BP N Prom, Mbay  1,326 2-9 Mar 6-7 0.756 - - 0.976-
0.988 E 

✓; ? - 0.180 High - -  Sagar & Stahl 2005 

1994 GC & 
VPC 

AOS & BP N Prom, Mbay  1,350 2-9 Mar 6-7 0.674 - - 0.976-
0.988 E 

✓; ? - 0.180 High - -  Sagar & Stahl 2005 

1995 GC & 
VPC 

AOS & BP N Prom, Mbay  1,390 2-9 Mar 6-7 0.682 - - 0.976-
0.988 E 

✓; ? - 0.180 High - -  Sagar & Stahl 2005 

1996 GC & 
VPC 

AOS & BP N Prom, Mbay  1,258 2-9 Mar 6-7 0.686 - - 0.976-
0.988 E 

✓; ? - 0.180 High - -  Sagar & Stahl 2005 

1997 GC & 
VPC 

AOS & BP North-east Is., 
Alert Stack, 
Broughton I. 

8,242 2-14 Mar 5-7 0.761 - NA 0.956-
0978 E 

- - 1.000 High - -  Sagar & Stahl 2005 

1998 GC & 
VPC 

AOS & BP N Prom, 
Mbay, Rback 

1,460 2-9 Mar 6-7 0.671 - - 0.976-
0.988 E 

✓; ? - 0.185 High - -  Sagar et al. 1999, Sagar 
& Stahl 2005 

1999 GC & 
VPC 

AOS & BP N Prom, 
Mbay, Rback 

1,539 2-9 Mar 6-7 0.644 - - 0.976-
0.988 E 

✓; ? - 0.185 High - -  Sagar & Stahl 2005 

2000 GC & 
VPC 

AOS & BP N Prom, 
Mbay, Rback 

1,504 2-9 Mar 6-7 0.712 - - 0.976-
0.988 E 

✓; ? - 0.185 High - -  Sagar & Stahl 2005 

2001 GC & 
VPC 

AOS & BP N Prom, 
Mbay, Rback 

1,666 2-9 Mar 6-7 0.735 - - 0.976-
0.988 E 

✓; ? - 0.185 High - -  Sagar & Stahl 2005 

2002 GC & 
VPC 

AOS & BP North-east Is. 
Alert Stack 

8,165 25 Feb-2 
Mar 

5-6 0.772 - - 0.959-
0980 E 

✓; ? - 0.931 High 8,713 AOS & BP  Sagar & Stahl 2005 

2003 GC & 
VPC 

AOS & BP N Prom, 
Mbay, Rback 

1,724 2-9 Mar 6-7 0.863 - - 0.976-
0.988 E 

✓; ? - 0.185 High - -  Sagar & Stahl 2005 

2004 GC & 
VPC 

AOS & BP N Prom, 
Mbay, Rback 

1,903 2-9 Mar 6-7 0.727 - - 0.976-
0.988 E 

✓; ? - 0.185 High - -  Sagar & Stahl 2005 

2005 GC & 
VPC 

AOS & BP N Prom, 
Mbay, Rback 

2,001 Feb-Mar 2-10 - - - 0.976-
0.988 E 

✓; ? - 0.180 High - -  Sagar unpub. 

2006 GC BP Mbay, L & U 
Punui 

289 6-9 Apr 11 - - - - ✓; ? NA 0.027 High - -  Sagar & Thompson 2007 

2007 GC BP Mbay, L & U 
Punui 

269 4-8 Apr 10-11 - 0.580-
0.840 F 

- - ✓; ? NA 0.027 High - -  Sagar & Thompson 2007, 
Francis & Sagar 2012 

2008 GC BP Mbay, L & U 
Punui 

271 Late Mar-
late Apr 

8-14 - - - - ✓; ? NA 0.027 High - -  Sagar et al. 2009 

2009 GC BP Mbay, L & U 
Punui, Rback 

249 6-12 Apr 11-12 - - - - ✓; ? NA 0.032 High - -  Sagar et al. 2009 

2010 GC BP Mbay, L & U 
Punui, Rback 

227 8-15 Apr 11-12 - - - - ✓; ? NA 0.032 High - -  Sagar et al. 2010 
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Year Method Counted 
metric 

Part site Reported 
raw 

count 

Count 
date 

Weeks 
post μ 

layA 

f pb Ѱs Ѱd Ѱp Ѱo 𝝅B Acc. 
category 

Reported 
adjusted 

count 

Reported 
adjusted 

metric  

Standardised 
abundance 

(𝒚𝒊,𝒕) 

References 

2011 GC BP Mbay, L & U 
Punui, Rback 

255 Late Mar-
late Apr 

8-14 - - - - ✓; ? NA 0.032 High - -  Sagar et al. 2012 

2012 GC BP Mbay, L & U 
Punui 

285 21-27 
Apr 

13-14 - - - - ✓; ? NA 0.027 High - -  Sagar et al. 2012 

2013 GC BP Mbay, L & U 
Punui 

241 11-29 
Apr 

11-14 - - - - ✓; ? NA 0.027 High - -  Sagar 2014 

2014 GC & 
VPC 

AOS & BP North-east Is., 
Alert Stack, 
Broughton Is. 

8,704 22 Feb – 
4 Mar 

5-6 - 0.566-
0.833 F 

NA 0.962-
0.981 E 

- - 1.000 High - -  Sagar 2014, Fu & Sagar 
2016 

2015 GC BP Mbay, L & U 
Punui 

253 23-29 
Mar 

9-10 - - - - ✓; ? NA 0.027 High - -  Sagar 2015 

2016* GC BP Mbay, L & U 
Punui 

241  Late Mar-
late Apr 

8-14 - - - - ✓; ? NA 0.027 High - -  Sagar et al. 2017 

2017 GC BP Mbay, L & U 
Punui 

281 3-6 Apr 10-11 - - - - ✓; ? NA 0.027 High - -  Sagar et al. 2017 

2019 GC & 
VPC 

AOS & BP N Prom, W 
Coast, Rback, 
E Coast, 
Broughton I. 

3,668 2-10 Mar 6-7 - - - 0.976-
0.988 E 

- - 0.469 High - -  Thompson & Sagar 2020, 
Sagar unpub. 

2020 GC & 
VPC 

AOSX & 
BP 

S CoastG, 
Mbay, L & U 
Punui,  2,668 

11-17 
Mar 

7-8 - - - 0.973-
0.986 E 

- - 0.228 High - -  Thompson & Sagar 2020, 
Sagar unpub. 

2022 GC BP Mbay, L & U 
Punui 303 

27 Mar-
10 Apr  

9-11 - - - - ✓; ? NA 0.027 High - -  Thompson & Sagar 2022 

2023 GC BP Mbay, L & U 
Punui, Rback 269 

25 Mar-7 
Apr 

9-11 - - - - ✓; ? NA 0.032 High - -  Thompson & Sagar 2023 

2024 GC BP Mbay, L & U 
Punui 185 

7-16 Apr 11-12 - - - - ✓; ? NA 0.027 High - -  Sagar et al. 2024 

2025* GC BP Mbay, L & U 
Punui 227 

10-15 
Apr 

11-12 - - - - ✓; ? NA 0.027 High - -  Sagar et al. 2025 

A Mean lay date used 21 Jan based on “late January in Sagar & Warham (1998). B Proportions based on means calculated using the 1992, 1997, and 2014 full islands counts (Sagar & Stahl 2005, Sagar 2014). C Ѱd and Ѱp reported but not used to correct counts 
(Warham & Barrington 1983). D Dates unknown so full range during which counts have been conducted used. E Ѱd calculated using the estimate Ѱd

VPC = 0.900-0.950, the assumption that Ѱd
GC = 1.000, and the proportions of each method per count as reported 

in Thompson & Sagar (2020) with additional insights (P Sagar unpub). F Multi-year estimates only reported, and ranges are based on separate estimates of pb for breeders and non-breeders (Francis & Sagar 2012, Fu & Sagar 2016). G Only 72% of the South Coast 
section was counted (Thompson & Sagar 2020; Sagar unpub.).  
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Table 12. Motuhara | Fortyfours counts of Northern Buller’s Albatross (ssp. platei), including updated count methods, metrics, and error specifications, as well as subsequent standardised 
data for ACAP IG Trends. Superscript numbers refer to numbered equations in main text applied to standardise counts. * Indicates counts absent from the ACAP database. 

Year Method Counted 
metric 

Part site Reported 
raw 

count 

Count 
date 

Weeks 
post μ 

layA 

f pb Ѱs Ѱd Ѱp Ѱo 𝝅B Acc. 
category 

Reported 
adjusted count 

Reported 
adjusted 

metric  

Standardised 
abundance 

(𝒚𝒊,𝒕) 

References 

1972* GC BP? Motuhara 16,000 January 9-13 - - - - ✓; ? ✓; ? 0.985 Unknown 
(Low) 

- -  Robertson 1991 

2008 GC NS Motuhara 15,238 13-19 
Nov 

2-3 - - - - - ѱocc = 0.886 
ѱABA = 0.714 

0.985 HighC - -  Scofield et al. 2008, 
Thompson 2019 

2009 GC NS Motuhara 14,674 9-11 Nov 1-2 - - - - ѱfail = 0.915 ѱocc = 0.942 
ѱABA = 0.691 

0.985 HighC - -  Fraser et al. 2009A, 
Thompson 2019 

2010 GC NS Motuhara 14,185 1-8 Dec 4-5 - - - - ѱfail = 0.957 ѱocc = 0.917 
ѱABA = 0.857 

0.985 HighC - -  Fraser et al. 2010A, 
Thompson 2019 

2017 ACfw 
 
 
GC 

BOG 
 
 
NS 

Motuhara + 
stack 1-4 
 
Motuhara + 
stack 1-4 

15,702 
 
 

17,682 

23 Nov 
 
 

5-7 Dec 
 

3 
 
 

5 

- 
 
 

- 

- 
 
 

- 

NA 
 
 

NA 

- 
 
 

- 

- 
 
 

ѱfail = 0.791 

ѱBOG
AC = 0.983, 

ѱBOG
GC = 0.895, 

ѱABA
GC = 0.983 

- E 
 

1.000 
 
 

1.000 

Medium 
 
 
Medium 

13,771 
(13,537-
14,006) 

 
13,047 

BP 
 
 

BP 

 Baker et al. 2017 
 
 
Bell et al. 2017, Baker et al. 
2017 

2018* ACfw BOG Quadrats 1-5 304 4 Dec 5 - - - - -E ѱBOG = 0.974 0.019 Unknown 
(High) 

296 AOS  Frost 2019 

2021* GC NS Quadrats 1-10 647 19-31 
Jan 

11-13 
 

0.510F - - - - E (ѱABA = 0.674G) 0.038 Unknown 
(High) 

489 BP  Bell 2021, Frost et al. 2021C 

2022H GC NS Quadrats 1-10 709 29 Jan 13 - - - - - E - E 0.038 High 510 BP  Bell 2022, Frost 2022 
2023 GC NS Motuhara 15,809 10-12 

Dec 
6 - - - - ѱfail = 0.721 - E 0.985 High - -  Bell 2023 

2024 GC NS Quadrats 1-10 611 18 Feb 16 0.573I - - - ѱfail = 0.573 -E 0.038 High 322 BP  Bell 2024 
2026* GC & 

VPCJ 
NS Motuhara 14,224 28 Nov-1 

Dec 
4 - - - - ѱfail = 0.673 ѱocc = 1.000K 

ѱABA = 1.000K 
0.985 High - -  Bell 2026 

A Mean lay date used 31 Oct (ACAP 2012). B Proportions of quadrats based on means calculated using the 2008, 2009, 2017, 2023, and 2026 full island counts, with additional insights on the offshore stacks from the 2017 count (Fraser et al, 2009A, 2010A, Bell 
et al. 2017, Bell 2023, 2026). C Recorded as High accuracy in the ACAP database but here adjusted to Medium due to the lack of in situ marking during counts (M Bell pers. comm.) and the fact that the quadrat counts for the same years have also been recorded 
as Medium.  E Without clear separation between empty and failed nests and explicit statement if statement whether empty nests were occupied or not, assessing Ѱo is not possible. F f estimated using a composite of field-based (Bell 2021) and camera-based 
(Frost et al. 2021) estimates. G Camera-based assessment of ѱABA but not used in the estimates of BP (Frost et al. 2021). H ACfw and ACUAV of quadrats completed as well on 1 Feb but not included here as these counts were completed for comparative purposes, 
rather than count purposes and thus GC are considered here. I f estimated at hatching (Bell 2024). J 1.6% of the overall count conducted using VPCs so 1.6% of the reported BP are AOS, but given this small proportion, the overall count is treated as BP (Bell 2026). 
K estimated in the index plots and multiple instances recorded of two eggs being present in nests, indicating that more breeding pairs than nest sites may be present, but due to the nature of probabilities, here treated as 1.000 (Bell 2026).  
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Table 13. Rangitutahi | Sisters counts of Northern Buller’s Albatross (ssp. platei), including updated count methods, metrics, and error specifications, as well as subsequent standardised 
data for ACAP IG Trends. Superscript numbers refer to numbered equations in main text applied to standardise counts. * Indicates counts absent from the ACAP database. 

Year Method Counted 
metric 

Part site Reported 
raw 

count 

Count 
date 

Weeks 
post μ 

layA 

f pb Ѱs Ѱd Ѱp Ѱo 𝝅B Acc. 
category 

Reported 
adjusted 

count 

Reported 
adjusted 

metric  

Standardised 
abundance 

(𝒚𝒊,𝒕) 

References 

1972 GC BP? Little & Big 
Sister 

2,000 January 9-13 - - NA - ✓; ? ✓; ? 1.000 Low - -  Robertson 1991 

1996* GC BP Little Sister 565 Late Nov 3-4  - - - - NA 0.219 Unknown 
(Low) 

- -  Bell et al. 2018 

1997* GC BP Little Sister 636 Late Nov 3-4  - - - - NA 0.219 Unknown 
(Low) 

- -  Bell et al. 2018 

2005 GC NS? Little Sister 200 27 Jan 13  - - - - - 0.219 Unknown 
(Low) 

- -  Scofield unpub. 

2017 ACfw BOG Little & Big 
Sister 

2,692 4 Dec 5 - - NA - - ѱBOG = 0.978 1.000 Medium 2,366 
(2,269-
2,464) 

BPC  Baker et al. 2017 

2018 GC NS Little & Big 
Sister 

3,158 30 Nov-4 
Dec 

4-5 - - NA 0.999-
0.996 

ѱfail = 0.637-
0.752 

ѱocc∙ѱABA = 
0.965 

1.000 Medium 3,158 BP  Bell et al. 2018 

A Mean lay date used 31 Oct (ACAP 2012).B Proportions calculated using all counts during which both islands were counted (1972, 2017, and 2018). C ѱABA estimated on Motuhara during GCs (Baker et al.2017).  
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White-capped Albatross 
 
Supplementary Table 14. Disappointment Island counts of White-capped Albatross, including count methods, metrics, and error specifications, as well as subsequent standardised data 
𝑦𝑖,𝑡  expressed in BP at the start of the breeding season (for which superscript numbers refer to equations in main text applied). * Indicates counts not (yet) included in the ACAP database.  

Year Method Counted 
metric 

Part site Reported 
raw 

count 

Count 
date 

Weeks 
post μ 

layA 

f pb Ѱs Ѱd Ѱp Ѱo 𝝅B Acc. 
category 

Reported 
adjusted 

count 

Reported 
adjusted 

metric  

Standardised 
abundance 

data (𝒚𝒊,𝒕) 

References 

1973* GC, VPC, 
VBC 

BOG Disappointment 
I. 

60,000 15 Feb 13 - - NA 0.771  
(0.504-
0.952)C 

- - 1.000 Unknown 
(Low) 

- -  Robertson 1975, Walker et 
al. 2020 

1985 ACheli BOG Disappointment 
I. 

71,799 18 Feb 14 - - NA - - ѱBOG∙ѱABA = 
0.670-720D 

1.000 High 50,259 BP  Walker et al. 2021 

1993 ACheli BOG Castaway Bay 3,740 22 Jan 10 - - - -  ѱBOG∙ѱABA = 
0.670-720D 

0.047B High - BP  Walker et al. 2021 

2002 ACheli BOG Disappointment 
I. 

125,476 21 Feb 14 - - NA -  ѱBOG∙ѱABA = 
0.670-720D 

1.000 Medium 87,833 BP  Walker et al. 2021 

2007 ACheli BOG Disappointment 
I. 

110,649 16 Dec 4 0.622E - NA - - ѱBOG = 0.990F 1.000 High 109,543G  AOS  Thompson & Sagar 2008a, 
Francis 2012, Walker et al. 
2021, Baker et al. 2023 

2008 ACheli BOG Disappointment 
I. 

86,080 13 Dec 4 - - NA - - ѱBOG = 0.995 
(ѱABA = 0.810) H 

1.000 High 85,650 G  AOS  Walker et al 2020, Baker et 
al. 2023 

2009 ACheli BOG Disappointment 
I. 

91,694 14 Dec 4 - - NA - - ѱBOG = 0.982 
(ѱABA = 0.935) H 

1.000 High 90,044 G  AOS  Walker et al 2021, Baker et 
al. 2023 

2010 ACheli BOG Disappointment 
I. 

72,275 3 Dec 3 - - NA - - ѱBOG = 0.986 1.000 High 71,263 G  AOS  Walker et al 2021, Baker et 
al. 2023 

2011 ACheli BOG Disappointment 
I. 

72,635 15 Dec 4 - - NA - - ѱBOG = 0.987 1.000 High 71,691 G  AOS  Walker et al 2021, Baker et 
al. 2023 

2012 ACheli BOG Disappointment 
I. 

93,752 11 Jan 8 - - NA - - ѱBOG = 0.929 1.000 High 87,096 G  AOS  Walker et al 2021, Baker et 
al. 2023 

2013 ACheli BOG Disappointment 
I. 

111,312 14 Jan 9 - - NA - - ѱBOG = 0.866 1.000 High 96,396 G  AOS  Walker et al 2021, Baker et 
al. 2023 

2014 ACheli BOG Disappointment 
I. 

89,552 20 Jan 9 - - NA - - ѱBOG = 0.777 1.000 High 69,582 G  AOS  Walker et al 2021, Baker et 
al. 2023 

2015 ACheli BOG Disappointment 
I. 

96,864 14 Jan 9 - - NA - - ѱBOG = 0.942I 
(ѱABA = 0.849-

0.851)H 

1.000 High  91,246 G  AOS  Walker et al 2021, Baker et 
al. 2023 

2016 ACheli BOG Disappointment 
I. 

91,554 13 Jan 8 - - NA - - ѱBOG = 0.901I 
(ѱABA = 0.775) H 

1.000 High 82,490 G  AOS  Walker et al 2021, Baker et 
al. 2023 

2017 ACheli BOG Disappointment 
I. 

85,510 19 Jan 9 - - NA - - ѱBOG = 0.900 1.000 High 76,959 G  AOS  Walker et al 2021, Baker et 
al. 2023 

2018* ACheli BOG Disappointment 
I. 

95,688 5 Jan 7 0.263E - NA - - ѱBOG = 0.892J 1.000 High 85,354 G  AOS  Rexer-Huber et al. 2019, 
Walker et al. 2021, Baker et 
al. 2023, Frost 2026 

A Mean lay is ~15 Nov. B Based on multi-year average proportions calculated from Walker et al. 2021. C Estimated through expert elicitation following modified Delphi protocol. D Ѱo based on 1993 ground counts (Walker et al. 2021). E Additional f estimates exist 
for 2006 (0.526; Thompson & Sagar 2008a), 2022 (0.467; Elliott et al. 2023, Frost 2026), and 2023 (0.727, based on chicks only; Frost 2026). F ѱBOG based on multi-year average (Baker et al. 2023). G Adjusted counts from Baker et al. 2023, additional adjusted 
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counts available in Walker et al. 2021. H ѱABA estimates available in Francis 2012, Parker et al. 2017, and Walker et al. 2021, but not included in Baker et al. 2023, of which the 2008 estimate originates from SW Cape. I Additional ѱBOG estimates available in Parker 
et al. 2017 and Walker et al. 2021 but not included in Baker et al. 2023. J Further Ѱo estimates available in Parker et al. 2022 and Elliott et al. 2023. 

 
Supplementary Table 15. South-west Cape (Maukahuka | Auckland Island) counts of White-capped Albatross, including count methods, metrics, and error specifications, as well as 
subsequent standardised data 𝑦𝑖,𝑡 expressed in BP at the start of the breeding season (for which superscript numbers refer to equations in main text applied). * Indicates counts not (yet) 
included in the ACAP database.  

Year Method Counted 
metric 

Part site Reported 
raw 

count 

Count 
date 

Weeks 
post μ 

layA 

f pb Ѱs Ѱd Ѱp Ѱo 𝝅B Acc. 
category 

Reported 
adjusted 

count 

Reported 
adjusted 

metric  

Standardised 
abundance data 

(𝒚𝒊,𝒕) 

References 

1973* GC, VPC. 
VBC 

BOG SW Cape 4,000 Early Feb 12-13 - - NA 0.712 
(0.397-
0.939B 

- - 1.000 Unknown 
(Low) 

- -  Robertson 1975, Walker 
et al. 2020 

1993 ACheli BOG SW Cape 3,000 Late Jan 
– Feb 

10-14 - - NA -   1.000 Low - -  Robertson & Gales 1998 

2007 ACheli BOG SW Cape 6,548 16 Dec 4 - 0.680 
(0.580; 
0.810) 

NA - - (ѱBOG = 0.990) D 1.000 High 6,483  AOS  Francis 2012, Walker et 
al. 2021, Baker et al. 
2023 

2008 ACheli BOG SW Cape 4,786 13 Dec 4 0.627 0.680 
(0.580; 
0.810) 

NA - - Eaba = 0.810 
(ѱBOG = 0.995) D 

1.000 High 4,762  AOS  Francis 2012, Thompson & 
Sagar 2008b, Baker et al. 
2023 

2009 ACheli BOG SW Cape 5,264 14 Dec 4 - 0.680 
(0.580; 
0.810) 

NA - - (ѱBOG = 0.982) D 1.000 High 5,169  AOS  Francis 2012, Baker et al. 
2023 

2010 ACheli BOG SW Cape 4,161 3 Dec 3 - 0.680 
(0.580; 
0.810) 

NA - - (ѱBOG = 0.986) D 1.000 High 4,103  AOS  Francis 2012, Baker et al. 
2023 

2011 ACheli BOG SW Cape 4,370 15 Dec 4 - - NA - - (ѱBOG = 0.987) D 1.000 High 4,313  AOS  Baker et al. 2023 
2012 ACheli BOG SW Cape 5,846 11 Jan 8 - - NA - - (ѱBOG = 0.929) D 1.000 High 5,431  AOS  Baker et al. 2023 
2013 ACheli BOG SW Cape 6,571 14 Jan 9 - - NA - - (ѱBOG = 0.866) D 1.000 High 5,690  AOS  Baker et al. 2023 
2014 ACheli BOG SW Cape 5,542 20 Jan 9 - - NA - - (ѱBOG = 0.777) D 1.000 High 4,306  AOS  Baker et al. 2023 
2015 ACheli BOG SW Cape 4,741 14 Jan 9 - - NA - - (ѱBOG = 0.942) D 1.000 High 4,466  AOS  Baker et al. 2023 
2016 ACheli BOG SW Cape 4,893 13 Jan 8 - - NA - - (ѱBOG = 0.901) D 1.000 High 4,409  AOS  Baker et al. 2023 
2017 ACheli BOG SW Cape 5,436 19 Jan 9 - - NA - - (ѱBOG = 0.900) D 1.000 High 4,892  AOS  Baker et al. 2023 
2018* ACheli BOG SW Cape 5,834 5 Jan 7 - - NA - - (ѱBOG = 0.892) D 1.000 High 5,204  AOS  Baker et al. 2023 
2021* ACUAV BOG East gulch 764 22 Mar 18 - - NA - - ѱBOG = 0.955  0.220B High 730 AOS  R. Sagar unpub. 

A Mean lay is ~15 Nov. B Proportion of the east gulch estimated using 2016-2018 ACheli (Baker unpub.). C Estimated through expert elicitation following modified Delphi protocol. D ѱBOG based on estimates from Disappointment Island. 
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Supplementary Table 16. Adams Island counts of White-capped Albatross, including count methods, metrics, and error specifications, as well as subsequent standardised 
data 𝑦𝑖,𝑡 expressed in BP at the start of the breeding season (for which superscript numbers refer to equations in main text applied). * Indicates counts not (yet) included in the 
ACAP database.  

Year Method Counted 
metric 

Part site Reported 
raw 

count 

Count 
date 

Weeks 
post μ 

layA 

f pb Ѱs Ѱd Ѱp Ѱo 𝝅 Acc. 
category 

Reported 
adjusted 

count 

Reported 
adjusted 

metric  

Standardised 
abundance data 

(𝒚𝒊,𝒕) 

References 

1973* ? B BOG Logan Point 200 Early Feb 12-13 - - NA ? - - 1.000 Unknown 
(Low) 

- -  Robertson 1975, Walker 
et al. 2020 

1993 ACheli BOG Logan Point 100 Late Jan 
– Feb 

10-14 - - NA - - - 1.000 Medium - -  Robertson & Gales 1998 

2008 ACheli BOG Logan Point 79 13 Dec 4 - - NA - - (Eloaf = 0.995) C 1.000 High                79  AOS  Baker et al. 2023 
2009 ACheli BOG Logan Point 131 14 Dec 4 - - NA - - (Eloaf = 0.982) C 1.000 High              129  AOS  Baker et al. 2023 
2010 ACheli BOG Logan Point 132 3 Dec 3 - - NA - - (Eloaf = 0.986) C 1.000 High              130  AOS  Baker et al. 2023 
2011 ACheli BOG Logan Point 117 15 Dec 4 - - NA - - (Eloaf = 0.987) C 1.000 High              115  AOS  Baker et al. 2023 
2012 ACheli BOG Logan Point 178 11 Jan 8 - - NA - - (Eloaf = 0.929) C 1.000 High              165  AOS  Baker et al. 2023 
2013 ACheli BOG Logan Point 215 14 Jan 9 - - NA - - (Eloaf = 0.866) C 1.000 High              186  AOS  Baker et al. 2023 
2014 ACheli BOG Logan Point 184 20 Jan 9 - - NA - - (Eloaf = 0.777) C 1.000 High              143  AOS  Baker et al. 2023 
2015 ACheli BOG Logan Point 193 14 Jan 9 - - NA - - (Eloaf = 0.942) C 1.000 High              182  AOS  Baker et al. 2023 
2016 ACheli BOG Logan Point 176 13 Jan 8 - - NA - - (Eloaf = 0.901) C 1.000 High              159  AOS  Baker et al. 2023 
2017 ACheli BOG Logan Point 171 19 Jan 9 - - NA - - (Eloaf = 0.900) C 1.000 High              154  AOS  Baker et al. 2023 
2018* ACheli BOG Logan Point 194 5 Jan 7 - - NA - - (Eloaf = 0.892) C 1.000 High              173  AOS  Baker et al. 2023 

A Mean lay is ~15 Nov. B Reported as a potential VBC in Roberston (1975) but VPCs may also have been conducted. Unclear if Logan Point can be seen during a VBC. C ѱBOG based on estimates from Disappointment Island.   
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Chatham Albatross 
 
Supplementary Table 17. Te Tara Koi Koia | Pyramid counts of Chatham Albatross, including count methods, metrics, and error specifications, as well as subsequent standardised data 𝑦𝑖,𝑡  
expressed in BP at the start of the breeding season (for which superscript numbers refer to equations in main text applied). * Indicates counts not (yet) included in the ACAP database.  

Year Method Counted 
metric 

Part site Reported 
raw 

count 

Count 
date 

Weeks 
post μ 

layA 

f pb Ѱs Ѱd Ѱp Ѱo 𝝅B Acc. 
category 

Reported 
adjusted 

count 

Reported 
adjusted 

metric  

Standardised 
abundance 

data (𝒚𝒊,𝒕) 

References 

1965* VBC AOS Te Tara Koi Koia 
| Pyramid 

2,000 17 Oct 6 - - NA 0.636  
(0.349-0.878)B 

- - 1.000 Unknown 
(low) 

2,500 BP  Dawson 1973 

1973* ACfw AOS Te Tara Koi Koia 
| Pyramid 

3,965 28 Nov 11 - - NA 0.864 
(0.693-0.971)B 

- - 1.000 Unknown 
(low) 

4,200 BP  Robertson et al. 1991 

2000 GC & 
VPCC 

NS Te Tara Koi Koia 
| Pyramid 

5,333 25 Nov-5 
Dec 

11-13 - - NA - - (ѱocc = 0.590) D 1.000 High - -  Robertson et al. 2003 

2001 GC & 
VPCC 

NS Te Tara Koi Koia 
| Pyramid 

5,326 6-10 Dec 13-14 - - NA - - (ѱocc = 0.650) D 1.000 High - -  Robertson et al. 2003 

2002 GC & 
VPCC 

NS Te Tara Koi Koia 
| Pyramid 

5,304 30 Nov-9 
Dec 

12-13 - - NA - - (ѱocc = 0.710) D 1.000 High - -  Robertson et al. 2003 

2004* GC & 
VPCC 

NS Te Tara Koi Koia 
| Pyramid 

5,341 3-12 Dec 12-14 - - NA - - (ѱocc = 0.610) D 1.000 Unknown 
(High) 

- -  Robertson et al. 2004 

2006 GC & 
VPCE 

NS Te Tara Koi Koia 
| Pyramid 

5,206 28 Jan-
13 Feb 

20-23 - - NA - (Ѱfail = 
0.931) 

(ѱocc = 0.396) 1.000 High - -  Fraser et al. unpub. 

2007 GC & 
VPCE 

NS Te Tara Koi Koia 
| Pyramid 

5,412 22-28 
Jan 

19-20 - - NA - (Ѱfail = 
0.987) 

(ѱocc = 0.448) 1.000 High - -  Fraser et al. unpub. 

2008 GC & 
VPCE 

NS Te Tara Koi Koia 
| Pyramid 

5,247 19-29 
Nov 

10-12 - - NA - (Ѱfail = 
0.960) 

(ѱocc = 0.753) 1.000 High - -  Scofield et al. 2008 

2009 GC & 
VPCE 

NS Te Tara Koi Koia 
| Pyramid 

5,407 22 Nov-7 
Dec 

11-13 - - NA - (Ѱfail = 
0.967) 

(ѱocc = 0.702) 1.000 High - -  Fraser et al. 2009B 

2010 GC & 
VPCE 

NS Te Tara Koi Koia 
| Pyramid 

5,194 9-12 Dec 13-14 - - NA - (Ѱfail = 
0.970) 

(ѱocc = 0.505) 1.000 High - -  Fraser et al. 2010B 

2011 GC & 
VPCE 

NS Te Tara Koi Koia 
| Pyramid 

5,245 24-30 
Nov 

11-12 - - NA - (Ѱfail = 
0.973) 

(ѱocc = 0.702) 1.000 High - -  Fraser et al. 2011 

2017 GC & 
VPCF 

NS Te Tara Koi Koia 
| Pyramid 

5,296 9-13 Nov 9-10 - - NA - (Ѱfail = 
0.744) 

(ѱocc = 0.966) 1.000 High - -  M Bell et al. 2017A 

2026* GC & 
VPCG 

NS Te Tara Koi Koia 
| Pyramid 

5,227 8-13 Nov 9-10 - - NA - (Ѱfail = 
0.666) 

- 1.000 High - -  Bell 2026 

A Mean lay is ~7 Sep based on M Bell et al. 2017A. B Estimated through a modified Delphi expert elicitation, in which the original value was included as one of the estimated values. C 0.04% of the population was counted through VPC (Roberson et al. 2003). D 

Empty nests and failed nests not differentiable. E 11.0-11.9% of the population was counted through VPC. F 14.0% of the population was counted through VPC. G 8.9% of the population was counted through VPC. 
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Salvin’s Albatross 
 
Supplementary Table 18. Moutere Hauriri | Bounty Island counts of Salvin’s Albatross, including count methods, metrics, and error specifications, as well as subsequent standardised 
data 𝑦𝑖,𝑡 expressed in BP at the start of the breeding season (for which superscript numbers refer to equations in main text applied). * Indicates counts not (yet) included in the ACAP 
database.  

Year Method Counted 
metric 

Part site Reported 
raw 

count 

Count 
date 

Weeks 
post μ 

layA 

f pb Ѱs Ѱd Ѱp Ѱo 𝝅B Acc. 
category 

Reported 
adjusted 

count 

Reported 
adjusted 

metric  

Standardised 
abundance 

data (𝒚𝒊,𝒕) 

References 

1979 GCC BP Moutere 
Hauriri 

76,352 7-20 Nov 9-11  - NA - - NA 1.000 Low 49,250C BP  Robertson & van Tets 1982, 
Amey & Sagar 2013, 
Thompson 2025 

1998 GC BP Proclamation 
I. 

3,065 12-16 
Nov 

10  - - >0.990 - (ѱBOG∙ѱABA = 
0.668 D;  ѱABA = 

0.627 D) 

0.103 High - -  Clark 1998, Amey & Sagar 
2013, Thompson 2025 

2005 GC BP Proclamation 
I. 

2,634 16-23 
Nov 

10-11  - - >0.990 - (ѱBOG∙ѱABA = 
0.579 D) 

0.103 High - -  Amey & Sagar 2013, 
Thompson 2025 

2011 ACfw BOG Moutere 
Hauriri 

42,832 12 Oct 5  - NA - - -E 1.000 High 31,786G BP  Baker et al. 2014B, Thompson 
2025  

2012 GC BP Proclamation 
I. 

2,211 14 Nov 10  - - >0.990 - (ѱBOG∙ѱABA = 
0.622 D;  ѱABA = 

0.790 D) 

0.103 Low - -  Amey & Sagar 2013, 
Thompson 2025 

2014 ACfw BOG Moutere 
Hauriri 

53,893 23 Oct 7  - NA - - ѱBOG = 0.826 D 
ѱABA =0.899 D 

1.000 High 39,995 BP  Baker et al. 2014B, Thompson 
2025 

2019 ACfw BOG Moutere 
Hauriri 

60,419 25 Oct 7 0.350  
(0.230-0.480) F 

 

- NA - - ѱBOG = 0.716G 
ѱBOG = 0.648 D 
ѱABA =0.724 D 

1.000 High 26,955 
(26,626-
27,283) 

BP  Sagar et al. 2018, Baker & Jensz 
2019, Thompson 2025 

2020 ACUAV BOG Proclamation, 
Spider, Tunnel 
Is. 

12,684 28 Oct 8 0.350  
(0.230-0.480) F 

-  - - -H 0.272 High 5,962 
(5,200-
6,595) 

BP  Parker & Rexer-Huber 2020, 
Thompson 2025 

2023* ACUAV BOG Moutere 
Hauriri 

69,709 10-15 
Nov 

5-6 0.350  
(0.230-0.480) F 

- NA - - - 1.000 High - -  Mattern 2022, Thompson 2025, 
Mattern 

2024* ACUAV C Depot, Tunnel 
Ruatara, 
Proclamation, 
Spider Is. 

11,546 31 Jan 21 0.350  
(0.230-0.480) F 

- - - - NA 0.777 Medium - -  Mattern 2024a, Thompson 
2025 

2025* ACUAV BOG Moutere 
Hauriri 

50,789 13 Oct 6 0.350  
(0.230-0.480) F 

- NA - - ѱBOG = 0.746 D 
ѱABA =0.903 D 

1.000 High - -  Mattern 2024b, Thompson 
2025 

A Mean lay date used 4 Sep (Thompson 2025). B Proportions based on averages across all full breeding site counts (Thompson 2025). C Robertson & van Tets 1979 extrapolation proved challenging and required additional spatial re-analyses (see main text and 
Thompson 2025). D Estimated during ground transects. E Ѱo estimate from 2014 used rather than concurrent data.F  Only Multi-year mean estimates could be derived through daily-survival modelling of remote camera data (Thompson 2025). G Estimated from 
close-up photographs. H Ѱo estimate from Sager et al. (2018) used rather than concurrent data.  
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Supplementary Table 19. Western Chain islets counts of Salvin’s Albatross, including count methods, metrics, and error specifications, as well as subsequent standardised data 𝑦𝑖,𝑡  
expressed in BP at the start of the breeding season (for which superscript numbers refer to equations in main text applied). * Indicates counts not (yet) included in the ACAP database. Bold 
indicates count selected for inclusion in the data processing framework in scenarios where >1 counts were completed in a year. 

Year Method Counted 
metric 

Part site Reported 
raw 

count 

Count 
date 

Weeks 
post μ 

layA 

f pb Ѱs Ѱd Ѱp Ѱo 𝝅B Acc. 
category 

Reported 
adjusted 

count 

Reported 
adjusted 

metric  

Standardised 
abundance 

data (𝒚𝒊,𝒕) 

References 

1977 GC BP Rima 122 21 Nov 11 - - - - - NA 0.333 High - -  Sagar 1977, Thompson 2025 
1984 GC C Toru, Rima 585 Feb 21-25 - - NA - - NA 1.000 High - -  Miskelly 1984, Thompson 

2025 
1996 GC 

GC 
BP 
BP 

Toru 
Rima 

1,021 
189 

5 Oct  
8 Nov 

4 
9 

- 
- 

- 
- 

NA 
NA 

- 
- 

- 
- 

NA 
NA 

0.667 
0.333 

High 
High 

- -  Clark 1996, Thompson 2025 
Clark 1996, Thompson 2025 

2009 GC BP Toru, Rima 1,195 6-7, 16 
Oct 

5-6 - 0.927  
(0.662-0.997)C 

NA - - NA 1.000 High - -  Sagar et al. 2011, Thompson 
2025 

2010 GC BP Toru, Rima 1,116 30 Sep, 2 
Oct 

4 - 0.927  
(0.662-0.997)C 

NA - - NA 1.000 High - -  Sagar et al. 2011, Thompson 
2025 

2011 GC BP Toru 780 28-29 
Sep 

3-4 - 0.927  
(0.662-0.997)C 

- - - NA 0.667 High - -  Sagar et al. 2011, Thompson 
2025 

2015 ACheli 
GC 

BOG 
BP 

Toru, Rima 
Toru, Rima 

2,307 
1,125 

 
17 Oct 

 
6 

- 
- 

- 
- 

NA 
NA 

- 
- 

- 
- 

- 
ѱBOG = 0.667D 
ѱABA =0.877 D 

1.000 
1.000 

High 
High 

1,486 
- 

AOS 
- 

 Baker et al. 2015 
Sagar et al. 2014, Thompson 
2025 

2026* GC BP Toru 415 1 Nov 8 - - - - - NA 0.667 High - -  Rexer-Huber et al. in prep. 
A Mean lay date used 4 Sep (Thompson 2025). B Proportion based on average proportion across the full site counts. C  pb re-estimated by Thompson (2025). D Estimated during ground transects.  
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Westland Petrel 
 
Supplementary Table 20. Punakaiki counts of Westland Petrel, including count methods, metrics, and error specifications, as well as subsequent standardised data 𝑦𝑖,𝑡  expressed in BP at 
the start of the breeding season (for which superscript numbers refer to equations in main text applied). * Indicates counts not (yet) included in the ACAP database.  

Year Method Counted 
metric 

Part site Reported 
raw 

count 

Count date Weeks 
post μ 

layA 

f pb Ѱs Ѱd Ѱp Ѱo 𝝅B Acc. 
category 

Reported 
adjusted 

count 

Reported 
adjusted 

metric  

Standardised 
abundance 

data (𝒚𝒊,𝒕) 

References 

1974* GC AOS Punakaiki 818 Apr-Jul 0-10 0.390  
(0.200; 
0.630)C 

- - - - ✓; ? 0.810 Unknown 
(Low) 

818 AOS  Best & Owen 1976, Freeman 
& Wilson 2002, Wood & Otley 
2013 

1975* GC AOS Punakaiki 2,000 
(1,000; 
5,000) 

?D ?D 0.390  
(0.200; 
0.630)C 

- - - - ✓; ? 1.000 Unknown 
(Low) 

2,000  
(1,000; 
5,000) 

AOS  Bartle 1985, Marchant & 
Higgins 1990, Freeman & 
Wilson 2002, Wood & Otley 
2013 

2003 
(2002-05; 
2010) E 

GC NS Punakaiki 12,843 Oct-Dec 19-26 0.620 
(0.542; 
0.698)F 

- - - - ѱocc
 ∙ ѱABA = 0.303 
(0.264; 0.342) 

0.977 Medium G 2,954-
5,137 

BP  Waugh et al. 2006, Wood & 
Otley 2013, Waugh & Wilson 
2017 

2007* GC AOS Punakaiki 5,476 
(4,511; 
6,443) 

15 May - 
15 Jun 

0-3 - 0.460 G - - - ѱocc
 = 0.435 

(0.405; 0.465) H 
(ѱABA = 0.837) I 

0.536 Medium G 2,385 
(2,220; 
2,549) 

AOS  Waugh & Wilson 2017, Baker et 
al. 2020 

2008* GC AOS Punakaiki 4,718 
(3,587; 

5847) 

17-28 Mar; 
12-23 May 

0 - 0.460 G - - - ѱocc = 0.299  
(0.257; 0.341) 

0.596 Medium G 1,403 
(1,085; 
1,718) 

AOS  Waugh & Wilson 2017, 
Baker et al. 2020 

2011 GC AOS Punakaiki 
4,334 

(3,327; 
5346) 

17 Jan– 
3 Feb; 

23 May- 
2 Jun 

0-1 
 

- 0.460 G - - - ѱocc
 = 0.546 

(0.505; 0.587) 
0.693 Medium G 2,289  

(1,975; 
2,628) 

AOS  Waugh & Wilson 2017, 
Baker et al. 2020 

2019 GC BP Punakaiki 31,306 Jul-Aug 8-14 0.685 
(0.469; 
0.901)J 

0.768  
(0.670; 
0.844)K 

- - - ѱocc
 = 0.385 

(0.340; 0.500), 

ѱABA = 0.480 
(0.337; 0.623)L 

0.886 High G 6,223 
(5,478; 
6,968) 

BP  Waugh et al. 2015, 2020 

A Mean lay is ~23 May. B Proportion calculated based on sub-colonies counted and their population size using information from Wood & Otley (2013) and Waugh et al. (2020). C 1976-1996 average. D Dates of count unknown, and thus date range of the 1974 count 
was used instead. E Count effort distributed across 2002-2005, with some additional effort as 2010, but information provided in Wood & Otley (2013) is insufficient to disentangle individual survey years and as such 2003 is used here as a midpoint for Wood & 
Otley (2013). F 1995-2003 average. G Downscaled one accuracy category in the modelling framework to acknowledge the lack of accounting for Ѱd. H 2007-2014 average. I 2008-2011 average. J ѱABA considered negligible in Baker et al. (2020). K 2010-2019 average. 
L 1995-2012 average. M 2015-2019 average.  
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Black Petrel 
 
Supplementary Table 21. Aotea counts of Black Petrel, including count methods, metrics, and error specifications, as well as subsequent standardised data 𝑦𝑖,𝑡 expressed in BP at the start 
of the breeding season (for which superscript numbers refer to equations in main text applied). * Indicates counts not (yet) included in the ACAP database.  

Year Method Counted 
metric 

Part site Reported 
raw 

count 

Count date Weeks 
post μ 

layA 

f pb Ѱs Ѱd Ѱp Ѱo 𝝅B Acc. 
category 

Reported 
adjusted count 

Reported 
adjusted 

metric  

Standardised 
abundance 

data (𝒚𝒊,𝒕) 

References 

1977C GC BP Aotea 500-
1,000C 

-C -C - - NA - - - 0.333-
0.531D 

Unknown 
(Low) 

- -  Imber 1987 

1996 GC NS 3 census grids 43 ? 5-12 0.869 0.719  
(0.690-0.742) E 

- - - ѱocc ∙ ѱABA 
= 0.535 

0.008 F High 23 BP NA F Bell & Sim 2000A, Bell et 
al. 2025 

1997 GC NS 3 census grids 53 ? 5-12 0.686 0.719  
(0.690-0.742) E 

- - - ѱocc ∙ ѱABA 
= 0.660 

0.008 F High 35 BP NA F Bell & Sim 2000A, Bell et 
al. 2025 

1998 GC NS 3 census grids 52 21 Jan-24 
Feb 

6-11 0.772 0.719  
(0.690-0.742) E 

- - - ѱocc ∙ ѱABA 
= 0.673 

0.008 F High 35 BP NA F Bell & Sim 2000A 

1999 GC NS 6 census grids 95 25 Jan-28 
Feb 

7-12 0.708 0.719  
(0.690-0.742) E 

- - - ѱocc ∙ ѱABA 
= 0.684 

0.015 High 65 BP  Bell & Sim 2000B 

2000 GC NS 9 census grids 118 17 Jan-23 
Feb 

6-11 0.671 0.719  
(0.690-0.742) E 

- - - ѱocc ∙ ѱABA 
= 0.695 

0.023 High 82 BP  Bell & Sim 2000C 

2001 GC NS 9 census grids 121 15 Jan-16 
Feb 

6-10 0.816 0.719  
(0.690-0.742) E 

- - - ѱocc ∙ ѱABA 
= 0.628 

0.023 High 76 BP  Bell & Sim 2002 

2002 GC NS 9 census grids 124 25 Nov-5 
Dec 

0 0.763 0.719  
(0.690-0.742) E 

- - - ѱocc ∙ ѱABA 
= 0.645 

0.023 High 80 BP  Bell & Sim 2003A 

2003 GC NS 9 census grids 130 4-18 Dec 0-2 0.600 0.719  
(0.690-0.742) E 

- - - ѱocc ∙ ѱABA 
= 0.577 

0.023 High 75 BP  Bell & Sim 2003B 

2004 GC NS 9 census grids 132 1-12 Dec 0-1 0.793 0.719  
(0.690-0.742) E 

- - - ѱocc ∙ ѱABA 
= 0.583 

0.023 High 77 BP  Bell et al. 2005 

2005 GC NS Mt Hobson 
study area (35 
ha) 

192 ? 0-12G 0.750 0.719  
(0.690-0.742) E 

✓ ✓ - ѱocc ∙ ѱABA 
= 0.575 

0.531 Low G 1,126  
(814-1,438) 

BP  Bell et al. 2007, 2018 

2006 GC NS 9 census grids 147 1-11 Dec 0-1 0.706 0.719  
(0.690-0.742) E 

- - - ѱocc ∙ ѱABA 
= 0.626 

0.023 High 92 BP  Bell et al. 2009 

2007 GC NS 9 census grids 148 ? 0-2G 0.812 0.719  
(0.690-0.742) E 

- - - ѱocc ∙ ѱABA 
= 0.649 

0.023 High 96 BP  Bell et al. 2025 

2008 GC NS 9 census grids 149 11-18 Dec 1-2 0.710 0.719  
(0.690-0.742) E 

- - - ѱocc ∙ ѱABA 
= 0.624 

0.531 High 93 BP  Bell et al. 2011 

2009 GC NS 9 census grids 151 ? 0-2G 0.698 0.719  
(0.690-0.742) E 

- - - ѱocc ∙ ѱABA 
= 0.636 

0.023 High 96 BP  Bell et al. 2025 

2010 GC NS Mt Hobson 
study area (35 
ha) 

298 ? 0-12G 0.732 0.719  
(0.690-0.742) E 

✓ ✓ - ѱocc ∙ ѱABA 
= 0.566 

0.531 Low G 1,010 (698-
1,322) 

BP  Bell et al. 2010, 2018 

2011 GC NS 9 census grids 153 ? 0-2G 0.605 0.719  
(0.690-0.742) E 

- - - ѱocc ∙ ѱABA 
= 0.627 

0.023 High 96 BP  Bell et al. 2025 

2012 GC NS 9 census grids 154 ? 0-2G 0.820 0.719  
(0.690-0.742) E 

- - - ѱocc ∙ ѱABA 
= 0.578 

0.023 High 89 BP  Bell et al. 2025 
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Year Method Counted 
metric 

Part site Reported 
raw 

count 

Count date Weeks 
post μ 

layA 

f pb Ѱs Ѱd Ѱp Ѱo 𝝅B Acc. 
category 

Reported 
adjusted count 

Reported 
adjusted 

metric  

Standardised 
abundance 

data (𝒚𝒊,𝒕) 

References 

2013 GC NS Mt Hobson 
study area (35 
ha) 

510 ? 0-12G 0.809 0.719  
(0.690-0.742) E 

✓ ✓ - ѱocc ∙ ѱABA 
= 0.567 

0.531 Medium I 2,587  
(1,026-4,148) 

BP  Bell et al. 2013, 2018 

2014 GC NS 9 census grids 158 6-13 Dec 0-2 0.685 0.719  
(0.690-0.742) E 

- - - ѱocc ∙ ѱABA 
= 0.601 

0.023 High 95 BP  Bell et al. 2014 

2015 GC NS 9 census grids 163 6-15 Dec 0-2 0.683 0.719  
(0.690-0.742) E 

- - - ѱocc ∙ ѱABA 
= 0.620 

0.023 High 101 BP  Bell et al. 2015 

2016 GC NS 9 census grids 166 2-14 Dec 0-2 0.626 0.719  
(0.690-0.742) E 

- - - ѱocc ∙ ѱABA 
= 0.645 

0.023 High 107 BP  Bell et al. 2016B 

2017* GC NS Mt Hobson 
study area (35 
ha) 

298 Feb 8-12 0.670 - ✓ ✓ - ѱocc ∙ ѱABA 
= 0.582 

0.531 Medium I 2,427  
(1,713-3,140) 

BP  Bell et al. 2018 

2018 GC NS 9 census grids 177 12 Jan-9 
Feb 

5-9 0.636 - - - - ѱocc ∙ ѱABA 
= 0.542 

0.023 High 96 BP  Bell et al. 2020 

2019 GC NS 9 census grids J 177 7 Jan-13 
Feb 

4-10 0.696 - - - - ѱocc ∙ ѱABA 
= 0.576 

0.023 High 102 BP  Bell et al. 2020 

2020 GC NS High quality and 
core medium 
quality habitat J 

293 Jan-Feb 4-12 0.715 -- ✓ ✓ - ѱocc ∙ ѱABA 
= 0.452-

0.462 

0.900-
1.000 K 

Medium 4,336  
(3,770-4,993) L 

BP  Bell et al. 2020, 2021, 
2022A 

2021 GC NS 9 census grids J 192 8 Jan-1 Feb 5-8 0.724 - - - - ѱocc ∙ ѱABA 
= 0.604 

0.023 High 116 BP  Bell et al. 2022A 

2022 GC NS 9 census grids 195 19 Dec- 
8 Feb 

2-9 0.774 - - - - ѱocc ∙ ѱABA 
= 0.656 

0.023 High 128 BP  Bell et al. 2022B 

2023 GC NS 9 census grids 196 28 Nov-5 
Dec 

0 0.563 - - - - ѱocc ∙ ѱABA 
= 0.607 

0.023 High 119 BP  Bell et al. 2023 

2024* GC NS 9 census grids 198 4-14 Dec, 
7-28 Feb 

0-12 0.703 - - - - ѱocc ∙ ѱABA 
= 0.611 

0.023 High 121 BP  Bell et al. 2024 

2025* GC NS 9 census grids 200 13-18 Dec, 
22 Jan-4 

Feb 

1-8 0.650 - - - - ѱocc ∙ ѱABA 
= 0.600 

0.023 High 120 BP  Bell et al. 2025 

A Mean lay ~ 7 Dec (Imber 1987, Bell et al. 2025). B Proportions for census grids were calculated using the 2019-2021 population estimate as a baseline, assuming that this estimate itself represented ~0.95 of the total population (Bell et al. 2022A), proportions 
of the 35 ha Mt Hobson study area was calculated using a retrospective estimate of the overall Aotea population based on the proportion of the census grids and the most accurate estimate of the study area (Bell et al. 2018). C Based on fieldwork during 1972-
1975, 1977, 1979, and 1982-1983 across breeding seasons, and as such, the median year, 1977, was chosen here as the representative year (Imber 1987).  D estimated using expert judgement (Bell pers. comm.). E Only multi-year (1996-2016) estimates available 
(Zhang et al. 2020). F Due to the large uncertainties associated with counts that represent <1% of the breeding site, these counts are not included in the trend modelling (see main text). G Initially recorded High in the ACAP database but based on comparison with 
other counts and re-analyses (e.g., Bell et al. 2018), best re-categorised as Low. H When count date is not available, we assumed that census block counts would take place during Dec and that transect counts took place during Dec-Feb (Zhang et al. 2020). I 
Initially recorded High in the ACAP database but based on comparison with other counts and re-analyses (e.g., Bell et al. 2018), best re-categorised as Medium. J Across 2019-2021, the most robust population estimate was generated (Bell et al. 2022A), which 
we here assign to the middle year (2020), while we use the census grids and extrapolation to estimate the overall population in the other two years (2019 and 2021), rather than disaggregating the robust overall estimate. K Bell et al. (2022A) could not estimate 
the population in low quality habitat and suggested that <500 BP would remain in the hinterland and as such, we built additional uncertainty into the estimate through 𝜋. L The truncated, high and core-medium quality habitat estimate is used here (Bell et al. 
2022A).  
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Supplementary Table 22. Hauturu counts of Black Petrel, including count methods, metrics, and error specifications, as well as subsequent standardised data 𝑦𝑖,𝑡  expressed in BP at the 
start of the breeding season (for which superscript numbers refer to equations in main text applied). * Indicates counts not (yet) included in the ACAP database.  

Year Method Counted 
metric 

Part site Reported 
raw 

count 

Count 
date 

Weeks 
post μ 

layA 

f pb Ѱs Ѱd Ѱp Ѱo 𝝅 Acc. 
category 

Reported 
adjusted 

count 

Reported 
adjusted 

metric  

Standardised 
abundance 

data (𝒚𝒊,𝒕) 

References 

1977B * 
GC BP Hauturu 50-100 -B -B - - NA - ? - 0.250-

0.500C 
Unknown 
(Low) 

- -  Imber 1987 

2016 GC BP Hauturu 170 28 Apr- 
19 May 

20-23 0.852 - NA - - ѱocc ∙ ѱABA = 0.559 1.000 Medium 620 BP  Bell et al. 2016A 

A Mean lay ~ 7 Dec (Imber 1987, Bell et al. 2025). B This estimate is based on fieldwork during 1972-1975, 1977, 1979, and 1982-1983 across breeding seasons, and as such, the median year, 1977, was chosen here as the representative year (Imber 1987). C 
estimated using expert judgement (Bell pers. comm.).  
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