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Abstract

iNaturalist is a citizen science photographic database, which is an underutilized resource
in photographic identification research studies. Grey nurse sharks are critically endangered and
there is a lack of knowledge regarding the estimated population size, longevity, and interactions
with fisheries of this species off the coasts of Australia. To determine how photos submitted to
iNaturalist can be used in Carcharias taurus conservation, the photographs were evaluated on a
number of criteria including: location, date, visibility of spot patterns, visible sex characteristics,
and visible injuries. In total, 814 photographs of grey nurse sharks were obtained from the
iNaturalist database. Only 23.2% of the photographs in iNaturalist met the standards necessary
for Sharkbook.ai, but 35.6% were clear enough shots to provide valuable information for
locational, seasonal, and/or injury-based research. The most prominent injuries were scars, with
retained fishing gear a close second. The temporal data was only reliable in the contemporary
iNaturalist submissions—the archival photographs were not accurately time-stamped and
therefore were not included in seasonal assessments. The seasonal patterns shown by the
contemporary iNaturalist encounter dates are supported by known migratory patterns of grey
nurse sharks. The detection hotspots were primarily in the southern portion of the eastern range,
with significantly fewer encounters reported in Western Australia. iNaturalist is a valuable
general resource for Grey Nurse Shark research but lacks the expertise and knowledge necessary

from contributors to fully meet the needs of complex research objectives.
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1.0 Introduction

Citizen science is the collection of data by members of the general public and is a
growing resource for the tracking and counting of faunal populations (Aratjo et al., 2022; New
South Wales Department of Planning and Environment, 2022). Sites such as iNaturalist, Reef
Watch, Moths and Butterflies Australasia, and many others provide a platform for members of
the general public to contribute to data collection across many scientific disciplines.
Photographic identification is a growing method of study in biology and ecology, as it provides a
noninvasive opportunity to understand species’ population status and threats (Aratjo et al., 2022;
Pierce et al., 2018). Photographic identification can be used on a variety of species, so long as
individuals possess unique and recognizable markings and characteristics, such as whale sharks,
lizards, and zebras.

iNaturalist and other platforms are making photographic identification and citizen science
contributions much more viable and widespread research resources through the development and
improvements of Al technologies. With the improvement of Al technology, resighting of
individuals in photographic identification can be more accurately done by an algorithm in
addition to visual matching. Additionally, Al technologies are becoming more accurate in
identifying individuals at a species level, which improves the quality of contributions to citizen
science databases and supports identifications made by the general public.

iNaturalist is a citizen science organization based on peer-reviewed identification of
submitted photographs (Loarie, 2022). Citizen science contributions to photographic
identification studies can be valuable depending on the quality of the available photographs and

supplemental information (Aratjo et al., 2022).
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1.1 Brief Background on Carcharias taurus

Carcharias taurus, also known as Grey Nurse Sharks, Sand Tiger Sharks, or Spotted
Ragged-tooth Sharks, are found in temperate and tropical waters along continental shelves
worldwide (Heathcote, 2021; Bradford et al., 2018). They live in the North and South Atlantic
Oceans, and the Indian and Western Pacific Oceans (Bradford et al., 2018). The East Australian
population of C. taurus, as a result of their threatening appearance, was hunted significantly in
the 20" century (Heathcote, 2021). Eventually, C. taurus became the first species to be protected
in New South Wales by an act of the Australian parliament in 1984 (Heathcote, 2021). They are
relatively harmless to humans unless provoked, and eat small animals such as fish, squid, and
crustaceans (Heathcote, 2021).

C. taurus participate in intrauterine cannibalism, meaning that pups consume their
weaker litter mates after they hatch but before live birth (Hoschke & Whisson, 2016; Heathcote,
2021). C. taurus reach maturity at 4-6 years for males and 6-8 years for females and have two
uteri (Australian Government: Department of Climate Change, Energy, the Environment, and
Water, 2021). females only give birth to two pups every 2-3 years (Hoschke & Whisson, 2016;
Heathcote, 2021). These physiological quirks are a major factor in their struggle to recover their
population size in the aftermath of hunting and netting incidents (Australian Government:
Department of Climate Change, Energy, the Environment, and Water, 2021; Dwyer et al., 2023).

In Australia, C. taurus can be found in two distinct populations, one along the western
coast and the other along the eastern coast (Bradford et al., 2018). The East Australian C. taurus
population is the smallest of the two Australian C. taurus populations (Stow et al., 2006). The
East Coast population can be found from the southern coast of New South Wales to the southern

coast of Queensland (QLD) (Figure 1). The only known aggregation site for pregnant female C.
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taurus on the East Coast is at Wolf Rock, QLD, with a transitory aggregation site just south at

North Stradbroke Island, QLD (Dwyer et al., 2023).
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Figure 1. Map of the Eastern Australian Grey Nurse Shark habitat range. Adapted from Australian

Government: Department of Climate Change, Energy, the Environment, and Water, 2009.

C. taurus was assessed for the IUCN Red List of Threatened Species and classified as
critically endangered as of 2020 (Simpfendorfer, 2020). Due to genetic isolation from the
Western Australian and South African populations and sequential founder effects, the Eastern
Australian population of C. taurus has the lowest genetic variation out of all global populations
(Stow et al., 2006). This population has been declining for years as a result of human interaction
(hunting, fishing, and accidental catches in beach netting) and has yet to show significant signs
of recovery (Australian Government: Department of Climate Change, Energy, the Environment,
and Water, 2021; Dwyer et al., 2023).

Despite being a protected species, there is much unknown about the East Australian

population of C. taurus. Since there is no contemporary estimate of population size, researchers

Corckran 9



are unaware of how the species has recovered since the implementation of its protected status.
There is little information about how fishery threats to the eastern population have changed over
time. The ability of C. taurus to recover from injuries and retained fishing gear is unknown, and

the natural longevity of the species in the wild remains understudied.

1.2 Carcharias taurus and Photographic Identification

C. taurus 1s a good model species for citizen science contributions, as they are notably
peaceful and not dangerous to divers, live in easily accessible coastal waters, have high fidelity
to their aggregation sites, and are individually identifiable by their spot patterns (Van Tienhoven
et al., 2007). Individuals of C. taurus can be identified through the unique spot patterns and
scarring on the flank of the sharks (Bansemer & Bennett 2010).

Photographic identification has previously been used in C. taurus research by means of
systematic surveys to estimate population size and track the frequency of fishing gear-related
injuries (Bansemer & Bennett 2008; Bansemer & Bennett 2010). A large-scale photographic
identification project of C. faurus has not yet been completed due to many restricting factors,
including cost, range, and time demands. To collect the necessary data for a researcher-led
photographic identification project, researchers would need to be diving and photographing
individuals in the multiple hotspot locations in which C. taurus is commonly found over a long
period of time. There would also need to be one or more researchers with the time and expertise
to evaluate the photographs and the data either manually or by submitting them to an online
database.

There are multiple citizen science initiatives dedicated to expanding knowledge of C.

taurus population size, recovery, longevity, and movements in Australia, including but not
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limited to the Grey Nurse Shark Watch on iNaturalist and the Grey Nurse Shark Watch project

run by Reef Check Australia in Brisbane, QLD.

1.5 Aim of Study

The aim of this study is to assess the extent of iNaturalist as a resource for C. taurus
conservation in identification on a species level, rephotographing of individuals, spatial
accuracy, and seasonal patterns. A greater understanding of the population size and
demographics of the Eastern Australian C. taurus population would allow scientists to evaluate
the efficacy of current protective measures and continue monitoring the population and its
recovery. Understanding the uses and limitations of iNaturalist in C. taurus research can help
highlight the best use of iNaturalist data in both shark science and conservation and other
disciplines in biology and life science. Determining the strengths and weaknesses of specific
citizen science platforms will allow targeted and efficient use of data collected and contributed

by the general public in many future scientific endeavors.

2.0 Methods

2.1 Data Collection

A search was done on iNaturalist for C. faurus and narrowed down to observations
centered around Australia. The photographs classified as research grade observations—meaning
they were positively identified as a Grey Nurse Shark by multiple iNaturalist users and contain a
photograph, date, and location—were added to the Grey Nurse Shark Watch project on
iNaturalist. This Australian subsample was then sorted through to evaluate the extent of its

usefulness in Australian research on C. taurus.
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To determine how useful “citizen science” contributions to iNaturalist are to photographic
identification of Australian grey nurse sharks, encounters on iNaturalist were evaluated in five
categories: (1) if they are viable for identification on Sharkbook.ai, (2) if they had visible
injuries, (3) if their sex was determinable, (4) where the photo was taken, and (5) when the photo
was taken. For the photos classified as “viable”, the Sharkbook.ai algorithm requires three points
of reference: the beginning of the first dorsal fin, the pelvic fin, and the beginning of the second
dorsal fin (Figure 2). If a photograph from iNaturalist did not clearly show these three points of
reference from a side-facing right angle, it was determined as non-identifiable and was excluded

from individual identification analysis on Sharkbook.ai. Evaluation of photographs additionally

considered the clarity of the photograph and visibility of recognizable injuries.

e

Figure 2. An example of optimal shark positioning in a photo for spot mapping by the algorithm used by
Sharkbook.ai, with the flank perpendicular to the camera and the starts of the (A) first dorsal fin, the (B)
second dorsal fin, and the (C) pelvic fin clearly visible. Photo by iNaturalist user @MikeJonesDive, taken on

28 February 2021, at Long Reef Headlands, NSW.

2.2 Data Analysis
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The proportion of usable iNaturalist photographs by Sharkbook.ai standards was
calculated, as well as the proportion of injured sharks photographed. The types of injuries were
recorded, as well as the proportion of each injury type out of the total injury count. The temporal
data of three locations—Manly, NSW, Broughton Island, NSW, and North Stradbroke Island,
QLD—was compared with preexisting literature and knowledge of aggregation sites and times to
determine the accuracy of the iNaturalist encounter dates. Seasonal data was collected for these
three locations and examined to determine if there were any patterns in the number of C. taurus
photographed in those locations based on the time of year. Seasons were defined as follows:
Summer was December-February, Autumn was March-May, Winter was June-August, and

Spring was September-November.

3.0 Results

3.1 Time and Space

A total of 814 photographs were taken over 39 years, with 27 of those years actually
having photographs taken within that year. The distribution of submissions in the Grey Nurse
Shark Watch project on iNaturalist demonstrates an upward trend from the late 2000s and early
2010s going into the 2020s. The earliest dated photograph was from 1984, with another large

group of submissions in 1986 (Figure 3).
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Figure 3. The number of photographs of identified C. taurus in Australia by year, from 1984 to 2023.

The majority of the photographs of C. taurus submitted to iNaturalist in Australia were
from the East Coast, with only 29 (3.6%) being tagged as from the West Coast. There is a higher
density of photographs taken on the central coast of New South Wales as opposed to the coast of
South Queensland and South New South Wales (Figure 4). There is a small hotspot on the

southern Queensland coast around North Stradbroke Island and Moreton Bay.
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Australia

Figure 4. The spatial distribution of photographs of C. taurus in Australia submitted to iNaturalist as of 5

November 2023.

785 (96%) of the photographs of C. faurus taken and submitted to iNaturalist between
1984 and 5 November 2023 were from the East Coast. There is a strong suggestion of site
fidelity to the locations C. faurus were most commonly photographed at. Seal Rocks, NSW,
Manly, NSW, Broughton Island, NSW, North Stradbroke Island, QLD, Magic Point, NSW, and
Bushranger’s Bay, NSW were some of the most commonly reported sites on iNaturalist.

The month with the highest number of photographed encounters across Manly, NSW,
Broughton Island, NSW, and North Stradbroke Island, QLD, was August (Figure 5). The

majority of encounters photographed in Broughton Island, NSW, were photographed in autumn

(Figure 5B).
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Figure 5. (A) The number of photographs of C. taurus per season in Manly, NSW. (B) The number of
photographs of C. taurus season in Broughton Island, NSW. (C) The number of photographs of C. taurus

season in North Stradbroke Island, QLD.

3.2 Identifiable Characteristics

406 sharks photographed on iNaturalist were not photographed in a way that allowed for
a confident determination of their sex. More females were determined due to visible mating scars
or a clear view of the pelvic fins than mature males with visible claspers, but there were overall

more undetermined sharks than either male or female, and almost more sharks of undetermined

sex than both male and female combined.
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Figure 6. The number of C. taurus in Australia photographed on the iNaturalist database with visible sex

characteristics.

Out of 814 photographs of C. taurus on iNaturalist, 290 (35.6%) had clearly visible and
identifiable sharks, and 189 (23.3%) met the criteria for the Sharkbook.ai spot mapping
algorithm. Of the 814 photographs, 127 (15.1%) sharks had visible injuries. These injuries were
divided into 4 categories: retained fishing gear, scar, dead, and fin damage (Figure 7). As the
cause of death was not determinable for deceased sharks in this dataset, they were put into a

single category.
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Figure 7. The number of injuries on C. taurus in Australia recorded from iNaturalist by type of injury.

An individual shark photographed in Manly, New South Wales, on 21 January 2022 was
matched by visual spot-matching in the same location 4 months later on 29 May 2022 (Figure 8).
This shark was visually matched by recognizing the spot patterns on one photograph and
matching the corresponding spot on the alternate photograph with a red mark.

The individual in Figure 8 was not matched by the Sharkbook.ai algorithm scanTask for
spot mapping despite both photo A and photo B being submitted to the site and entered into the

spot-mapping program.
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Figure 8. The red markers highlight the matched spots on the left sides of the sharks. These photos were

matched as the same individual through visual identification.

(A) Photo of a juvenile C. taurus by iNaturalist user @buggersofoz taken on 29 May, 2022, at Manly, NSW,

AU. The Sharkbook.ai encounter ID is 643c2d6a-d91d-4218-8401-cal89b7cfesc.

(B) Photo of a juvenile C. taurus by iNaturalist user @biniek-io on 21 January, 2022, at Manly, NSW, AU.

The Sharkbook.ai encounter ID is ac64d8aa-1995-4df5-8b66-614bda882412.

4.0 Discussion

Evaluating the extent to which iNaturalist can be used as a citizen science resource in C.
taurus research and conservation supports the application of citizen contributions in science in
the most efficient manner. Determining which facets of C. taurus research benefit from data
submitted to citizen science platforms allows researchers to analyze and interpret the most useful
and accurate contributions of citizen science and direct fieldwork to areas in which citizen

science 1s more limited.

Corckran 19


https://www.sharkbook.ai/occurrence.jsp?number=643c2d6a-d91d-4218-8401-ca189b7cfe5c
https://www.sharkbook.ai/occurrence.jsp?number=ac64d8aa-1995-4df5-8b66-614bda882412

Site fidelity was very strongly supported by the iNaturalist photographs. Injury tracking
through photographic identification is possible with photographs in the iNaturalist collection, as
is the resighting of individuals. Seasonal movements can be tracked through photographs
submitted to iNaturalist, but archival photographs uploaded from before the launch of the

iNaturalist site are not as reliable as photographs taken since 2011 (Loarie, 2023).

4.1 External Injuries

External injuries, such as damage to dorsal fins, scars, or retained fishing gear, provide
important information in detecting trends in location and injuries incurred by grey nurse sharks.
More than a third of sharks photographed on iNaturalist had visible injuries. This statistic is
similar to the 29% of female sharks found on the East Coast between 2006 and 2008 with
fishing-related injuries in a 2010 study, but not to their findings that 52% of males had fishing-
related injuries (Bansemer & Bennett). The majority of sharks with visible injuries on
iNaturalist—fishing-related or otherwise—did not have visible claspers, conflicting with
Bansermer and Bennett’s findings that more males sustained injuries from interactions with
fishing gear (2010). This disparity may be due to the difficulty of distinguishing female sharks
from juvenile males without clear views of the dorsal fins; the majority of sharks with visible
injuries did not have visible enough sex characteristics to be confidently recorded.

Interestingly, none of the dead sharks photographed and included in the iNaturalist
database had major fin damage, but that may be a result of the small percentage of dead sharks
photographed overall. Only 0.85% of the total photographs submitted to the Grey Nurse Shark

Watch project on iNaturalist were photographs of dead sharks.
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4.2 Seasonal Trends

The majority of the photographs submitted to iNaturalist were from popular dive spots in
New South Wales, Australia, or South Queensland, Australia. The number of photographs per
site may be more due to the number of divers visiting those sites, and the same contributors
submitting photographs at their frequented spots. That being said, the locations in New South
Wales show an anticipated year-round presence of C. taurus, since those southern waters are
well within their eastern range (Australian Government: Department of Climate Change, Energy,
the Environment, and Water, 2009). The seasonal trends shown at North Stradbroke Island
(Figure 5:C) match the expected seasonal trends with the waters surrounding North Stradbroke
Island and Moreton Island being key aggregation sites for mature C. taurus during the Austral
winter (Dwyer et al. 2023). This geographic and seasonal data is helpful in understanding the
constraints of citizen science contributions to population monitoring research. The temporal data
from the submissions at North Stradbroke Island is supported by known aggregation times and
Carcharias taurus movement ecology (Dwyer et al., 2023). This accuracy in the dates attached
to these particular submissions allows researchers to confidently examine the temporal data and
take into consideration the photographed encounter in June, which is at the early end of
aggregation season. Further photographing of C. taurus during winter months at this East Coast
aggregation site could provide information to support the existing understanding of mating
season for this species or could support the expansion of the timeframe for when C. taurus gather

around North Stradbroke Island and Wolf Rock to mate.
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4.3 Long-Term Study

As the majority of the photographs were taken in the same popular locations, there is a
good chance of the rephotographing of individuals. As demonstrated by the individual
rephotographed in Figure 8, sharks that remain in or return to the same location have a chance of
being resighted. Since the 814 photographs in the Grey Nurse Shark Watch project were
submitted by 168 observers, it is likely that the photographers will be returning to the same dive
sites and continuing to submit photographs to be identified on iNaturalist. Despite only 23.2% of
the photographs being of a good enough quality and angle to be submitted to Sharkbook.ai, more
were visible enough to be recognized as rephotographed sharks (see: Shark A in Figure 8).
Additionally, photographing in the same regions is a good method to track the type and
frequency of injuries.

The long-term nature of a study using iNaturalist photographs allows for continued
monitoring of popular locations for C. faurus at a low cost. The number of individuals
photographed with visible injuries can continue to be recorded and any changes in the proportion

of sharks with visible fishing-related injuries can be observed.

4.4 Limitations and Future Work

The temporal data for photographs taken before the launch of iNaturalist in 2011 is less
reliable. All of the photographs submitted to iNaturalist and included in the Grey Nurse Shark
Watch project from 1984-1986 were from a single account associated with the project In Bygone
Dives project, which uploaded archival underwater photos for non-iNaturalist users. The
photographs from this account were submitted in batches at the same date and time as the other

photographs in their batch. All the photographs from 1984 were recorded as observed on 1 June
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1984, at 11:33 AM and all the photographs from 1986 were observed on 9 May 1986 at 10:58
AM. These photographs could not feasibly have been taken at the exact same time, suggesting
that the accuracy of their recorded day and month could be unreliable. The older photographs
that were taken before the launch of iNaturalist are valuable in terms of location data, possible
rephotographing of individuals, and possible abundance data, but not for seasonal trends and
evaluations.

The algorithm used by Sharkbook.ai is a useful tool in spot-mapping for many species of
shark, including C. taurus, but the strict positioning requirements for the algorithm to work
limits the proportion of photographs that are usable that were not taken without these specific
requirements in mind. The individual in Figure 8 was not matched to itself by the Sharkbook.ai
spot-mapping algorithm due to the angled position of the body in photo A. A limited number of
photographs in the iNaturalist collection were suitable for Sharkbook.ai due to clarity and angle,
but Sharkbook.ai is not the only valuable use for these photographs. The identification of
individuals and the algorithm matching for resighted sharks provide important information in C.
taurus studies, but spatial and temporal data can easily be gained from the iNaturalist
submissions without meeting the necessary parameters for the Sharkbook.ai algorithm.

While only one shark was recognized as a resighted individual during the course of this
study, that is less due to a lack of resighted individuals and more a lack of focus on visually
matching sharks within the iNaturalist collection. The 189 photographs uploaded to Sharkbook.ai
were entered into the scanTask Al matching system for spot-matching. Those results were not

reviewed in this evaluation due to time constraints and will be examined in the future.
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5.0 Conclusion

5.1 Carcharias taurus and Citizen Science

iNaturalist is a valuable resource in monitoring the East Australian population of C. taurus in
a variety of ways. A useful number of photographs were found to be the correct quality and angle
to be submitted to Sharkbook.ai for algorithm-based spot-matching. The many photographs, not
suitable for this algorithm, still provide useful information about the number and type of injuries
visible on photographed sharks and the seasonal presence of sharks at popular dive sites and the
known eastern aggregation site. The iNaturalist dataset also provides the opportunity for visual
matching of individual sharks that have been rephotographed in the same location.

The quality of data from iNaturalist relies on citizen science contributors knowing the angles
and visibility necessary for the photograph to be useful in research, as well as the accuracy of the
spatial and temporal data attached to the photograph. As shown by the majority of the
unidentifiable photographs from iNaturalist, divers and underwater photographers are more
likely to take dramatic shots from in front of or below the shark, or will not be close enough for
the photograph to clearly show any distinguishing features past the ones necessary to identify to
a species level. The contemporary photographs taken and submitted after the creation of
iNaturalist have more reliable temporal data, but the archival photographs uploaded years after

they were taken are less useful for seasonal movement research.

5.2 Citizen Science as a Resource

iNaturalist is one of many citizen science platforms available. The use of photographic
identification in research across biology and environmental science is rapidly increasing, as is the

Al technology used by many online databases to identify, match, and count different organisms.
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Citizen science projects are demonstrating a growing ability to assist in research tracking
migrations, population size and composition, and recovery from disturbances. A variety of
citizen science platforms and collections should be considered and evaluated for any
photographic identification study to determine if these free resources are able to provide useful
contributions to the study.

There are limitations to how useful citizen science can be depending on the needs of the
study and the data available on the citizen science platform in question, but a simple assessment
is worth the time spent to determine if the data available is satisfactory. Citizen science
contributions are free and while assessing their usefulness can take time, it is not overly

complicated and may provide valuable data that would have cost money to obtain otherwise.

5.3 Next Steps

The next steps in this project will be to assist the Sharkbook.ai spot-matching algorithm
for the 189 photographs that were submitted from iNaturalist and determine the number of new
individuals that were able to be identified from the iNaturalist dataset and how many were able
to be matched as rephotographed individuals. Additional research can be done by mapping the
number and type of recorded injuries to photographed sharks by location and time to determine if
there is a pattern related to when and where the sharks were spotted.

Further investigation into a possible relationship between the location and type/number of
visible injuries may be done. There could also be an additional evaluation of photographs to
possibly determine the life stage of individuals and the demographics of the East Coast C. taurus
population through photographs uploaded to iNaturalist. Lastly, a follow-up study comparing the
evaluation of the iNaturalist Grey Nurse Shark Watch with alternate citizen science projects such

as Reef Watch’s Grey Nurse Shark Watch in Queensland, Australia can be done.
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Appendix

Appendix A: iNaturalist photographs uploaded to Sharkbook.ai scanTask algorithm

Table 1. The iNaturalist submissions that met the criteria for Sharkbook.ai and were uploaded as encounters
and entered into the spot-mapping system.

URL

https://www.inaturalist.or
g/observations/1403665
4

https://www.inaturalist.or
g/observations/1312533
67

https://www.inaturalist.or
g/observations/2621980
7

https://www.inaturalist.or
g/observations/8697248
9

https://www.inaturalist.or
g/observations/8008877
8

https://www.inaturalist.or
g/observations/3733501
0

https://www.inaturalist.or
g/observations/3616896
5

https://www.inaturalist.or
g/observations/3607781
0

https://www.inaturalist.or
g/observations/2570352
4

https://www.inaturalist.or
g/observations/2250897
2

Identifiable

visible injuries sex

No

Dead

No

No

Scars

No

No

No

No

No

N/A

Location
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Island

Broughton
Island

Broughton
Island

Broughton
Island

Broughton
Island

Broughton
Island

Broughton
Island

State

NSW

NSW

NSW

NSW

NSW

NSW

NSW

NSW

NSW

NSW

date | EncounterID
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https://www.inaturalist.org/observations/14036654
https://www.inaturalist.org/observations/14036654
https://www.inaturalist.org/observations/14036654
https://www.inaturalist.org/observations/131253367
https://www.inaturalist.org/observations/131253367
https://www.inaturalist.org/observations/131253367
https://www.inaturalist.org/observations/26219807
https://www.inaturalist.org/observations/26219807
https://www.inaturalist.org/observations/26219807
https://www.inaturalist.org/observations/86972489
https://www.inaturalist.org/observations/86972489
https://www.inaturalist.org/observations/86972489
https://www.inaturalist.org/observations/80088778
https://www.inaturalist.org/observations/80088778
https://www.inaturalist.org/observations/80088778
https://www.inaturalist.org/observations/37335010
https://www.inaturalist.org/observations/37335010
https://www.inaturalist.org/observations/37335010
https://www.inaturalist.org/observations/36168965
https://www.inaturalist.org/observations/36168965
https://www.inaturalist.org/observations/36168965
https://www.inaturalist.org/observations/36077810
https://www.inaturalist.org/observations/36077810
https://www.inaturalist.org/observations/36077810
https://www.inaturalist.org/observations/25703524
https://www.inaturalist.org/observations/25703524
https://www.inaturalist.org/observations/25703524
https://www.inaturalist.org/observations/22508972
https://www.inaturalist.org/observations/22508972
https://www.inaturalist.org/observations/22508972

https://www.inaturalist.or
g/observations/2250873
7

https://www.inaturalist.or
g/observations/2245974
8

https://www.inaturalist.or
g/observations/2127186
1

https://www.inaturalist.or
g/observations/1742128
8

https://www.inaturalist.or
g/observations/1443827
4

https://www.inaturalist.or
g/observations/1440074
3

https://www.inaturalist.or
g/observations/1437604
4

https://www.inaturalist.or
g/observations/1433964
1

https://www.inaturalist.or
g/observations/1430901
7

https://www.inaturalist.or
g/observations/1430398
6

https://www.inaturalist.or
g/observations/1430375
4

https://www.inaturalist.or
g/observations/1424576
8

https://www.inaturalist.or
g/observations/1403648
0

Scars

Hook

Hook and line

No

No

No

No
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No

No

Scars

N/A
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Broughton
Island
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Island
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Island

Broughton
Island
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Island
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Island
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Island

NSW

NSW

NSW

NSW

NSW
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NSW
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https://www.inaturalist.org/observations/22508737
https://www.inaturalist.org/observations/22508737
https://www.inaturalist.org/observations/22508737
https://www.inaturalist.org/observations/22459748
https://www.inaturalist.org/observations/22459748
https://www.inaturalist.org/observations/22459748
https://www.inaturalist.org/observations/21271861
https://www.inaturalist.org/observations/21271861
https://www.inaturalist.org/observations/21271861
https://www.inaturalist.org/observations/17421288
https://www.inaturalist.org/observations/17421288
https://www.inaturalist.org/observations/17421288
https://www.inaturalist.org/observations/14438274
https://www.inaturalist.org/observations/14438274
https://www.inaturalist.org/observations/14438274
https://www.inaturalist.org/observations/14400743
https://www.inaturalist.org/observations/14400743
https://www.inaturalist.org/observations/14400743
https://www.inaturalist.org/observations/14376044
https://www.inaturalist.org/observations/14376044
https://www.inaturalist.org/observations/14376044
https://www.inaturalist.org/observations/14339641
https://www.inaturalist.org/observations/14339641
https://www.inaturalist.org/observations/14339641
https://www.inaturalist.org/observations/14309017
https://www.inaturalist.org/observations/14309017
https://www.inaturalist.org/observations/14309017
https://www.inaturalist.org/observations/14303986
https://www.inaturalist.org/observations/14303986
https://www.inaturalist.org/observations/14303986
https://www.inaturalist.org/observations/14303754
https://www.inaturalist.org/observations/14303754
https://www.inaturalist.org/observations/14303754
https://www.inaturalist.org/observations/14245768
https://www.inaturalist.org/observations/14245768
https://www.inaturalist.org/observations/14245768
https://www.inaturalist.org/observations/14036480
https://www.inaturalist.org/observations/14036480
https://www.inaturalist.org/observations/14036480

https://www.inaturalist.or
g/observations/1390480
0

https://www.inaturalist.or
g/observations/1388072
8

https://www.inaturalist.or
g/observations/1055582
0

https://www.inaturalist.or
g/observations/9975087

https://www.inaturalist.or
g/observations/5074892
3

https://www.inaturalist.or
g/observations/1739174
0

https://www.inaturalist.or
g/observations/1468417
6

https://www.inaturalist.or
g/observations/1450974
7

https://www.inaturalist.or
g/observations/1344615
6

https://www.inaturalist.or
g/observations/1507799
42

https://www.inaturalist.or
g/observations/2969622
4

https://www.inaturalist.or
g/observations/6346336
3

https://www.inaturalist.or
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8

https://www.inaturalist.or
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2
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https://www.inaturalist.org/observations/13904800
https://www.inaturalist.org/observations/13904800
https://www.inaturalist.org/observations/13904800
https://www.inaturalist.org/observations/13880728
https://www.inaturalist.org/observations/13880728
https://www.inaturalist.org/observations/13880728
https://www.inaturalist.org/observations/10555820
https://www.inaturalist.org/observations/10555820
https://www.inaturalist.org/observations/10555820
https://www.inaturalist.org/observations/9975087
https://www.inaturalist.org/observations/9975087
https://www.inaturalist.org/observations/50748923
https://www.inaturalist.org/observations/50748923
https://www.inaturalist.org/observations/50748923
https://www.inaturalist.org/observations/17391740
https://www.inaturalist.org/observations/17391740
https://www.inaturalist.org/observations/17391740
https://www.inaturalist.org/observations/14684176
https://www.inaturalist.org/observations/14684176
https://www.inaturalist.org/observations/14684176
https://www.inaturalist.org/observations/14509747
https://www.inaturalist.org/observations/14509747
https://www.inaturalist.org/observations/14509747
https://www.inaturalist.org/observations/13446156
https://www.inaturalist.org/observations/13446156
https://www.inaturalist.org/observations/13446156
https://www.inaturalist.org/observations/150779942
https://www.inaturalist.org/observations/150779942
https://www.inaturalist.org/observations/150779942
https://www.inaturalist.org/observations/29696224
https://www.inaturalist.org/observations/29696224
https://www.inaturalist.org/observations/29696224
https://www.inaturalist.org/observations/63463363
https://www.inaturalist.org/observations/63463363
https://www.inaturalist.org/observations/63463363
https://www.inaturalist.org/observations/49914308
https://www.inaturalist.org/observations/49914308
https://www.inaturalist.org/observations/49914308
https://www.inaturalist.org/observations/49914152
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https://www.inaturalist.org/observations/49914152
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https://www.inaturalist.org/observations/40010598
https://www.inaturalist.org/observations/40010598
https://www.inaturalist.org/observations/40010598
https://www.inaturalist.org/observations/40010013
https://www.inaturalist.org/observations/40010013
https://www.inaturalist.org/observations/40010013
https://www.inaturalist.org/observations/27136724
https://www.inaturalist.org/observations/27136724
https://www.inaturalist.org/observations/27136724
https://www.inaturalist.org/observations/22221995
https://www.inaturalist.org/observations/22221995
https://www.inaturalist.org/observations/22221995
https://www.inaturalist.org/observations/22221807
https://www.inaturalist.org/observations/22221807
https://www.inaturalist.org/observations/22221807
https://www.inaturalist.org/observations/22220784
https://www.inaturalist.org/observations/22220784
https://www.inaturalist.org/observations/22220784
https://www.inaturalist.org/observations/22132262
https://www.inaturalist.org/observations/22132262
https://www.inaturalist.org/observations/22132262
https://www.inaturalist.org/observations/5024051
https://www.inaturalist.org/observations/5024051
https://www.inaturalist.org/observations/164159707
https://www.inaturalist.org/observations/164159707
https://www.inaturalist.org/observations/164159707
https://www.inaturalist.org/observations/164159118
https://www.inaturalist.org/observations/164159118
https://www.inaturalist.org/observations/164159118
https://www.inaturalist.org/observations/150516634
https://www.inaturalist.org/observations/150516634
https://www.inaturalist.org/observations/150516634
https://www.inaturalist.org/observations/150515540
https://www.inaturalist.org/observations/150515540
https://www.inaturalist.org/observations/150515540
https://www.inaturalist.org/observations/148085412
https://www.inaturalist.org/observations/148085412
https://www.inaturalist.org/observations/148085412
https://www.inaturalist.org/observations/145818503
https://www.inaturalist.org/observations/145818503
https://www.inaturalist.org/observations/145818503

https://www.inaturalist.or
g/observations/1433501
80

https://www.inaturalist.or
g/observations/1105528
16

https://www.inaturalist.or
g/observations/1058243
14

https://www.inaturalist.or
g/observations/1784491
93

https://www.inaturalist.or
g/observations/1888729
44

https://www.inaturalist.or
g/observations/1129432
66

https://www.inaturalist.or
g/observations/6933623
4

https://www.inaturalist.or
g/observations/1052759
08

https://www.inaturalist.or
g/observations/1580310
83

https://www.inaturalist.or
g/observations/1051419
91

https://www.inaturalist.or
g/observations/8349447
0

https://www.inaturalist.or
g/observations/7973695
6

https://www.inaturalist.or
g/observations/4647782
4

https://www.inaturalist.or
g/observations/4770264
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https://www.inaturalist.org/observations/143350180
https://www.inaturalist.org/observations/143350180
https://www.inaturalist.org/observations/143350180
https://www.inaturalist.org/observations/110552816
https://www.inaturalist.org/observations/110552816
https://www.inaturalist.org/observations/110552816
https://www.inaturalist.org/observations/105824314
https://www.inaturalist.org/observations/105824314
https://www.inaturalist.org/observations/105824314
https://www.inaturalist.org/observations/178449193
https://www.inaturalist.org/observations/178449193
https://www.inaturalist.org/observations/178449193
https://www.inaturalist.org/observations/188872944
https://www.inaturalist.org/observations/188872944
https://www.inaturalist.org/observations/188872944
https://www.inaturalist.org/observations/112943266
https://www.inaturalist.org/observations/112943266
https://www.inaturalist.org/observations/112943266
https://www.inaturalist.org/observations/69336234
https://www.inaturalist.org/observations/69336234
https://www.inaturalist.org/observations/69336234
https://www.inaturalist.org/observations/105275908
https://www.inaturalist.org/observations/105275908
https://www.inaturalist.org/observations/105275908
https://www.inaturalist.org/observations/158031083
https://www.inaturalist.org/observations/158031083
https://www.inaturalist.org/observations/158031083
https://www.inaturalist.org/observations/105141991
https://www.inaturalist.org/observations/105141991
https://www.inaturalist.org/observations/105141991
https://www.inaturalist.org/observations/83494470
https://www.inaturalist.org/observations/83494470
https://www.inaturalist.org/observations/83494470
https://www.inaturalist.org/observations/79736956
https://www.inaturalist.org/observations/79736956
https://www.inaturalist.org/observations/79736956
https://www.inaturalist.org/observations/46477824
https://www.inaturalist.org/observations/46477824
https://www.inaturalist.org/observations/46477824
https://www.inaturalist.org/observations/4770264
https://www.inaturalist.org/observations/4770264

https://www.inaturalist.or
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g/observations/1625258
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g/observations/1359771
3
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g/observations/4644169

https://www.inaturalist.or
g/observations/1609352
6

https://www.inaturalist.or
g/observations/1390654
3

https://www.inaturalist.or
g/observations/1628596
24

https://www.inaturalist.or
g/observations/1643184
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https://www.inaturalist.or
g/observations/1342678
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g/observations/7648871
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https://www.inaturalist.org/observations/152197435
https://www.inaturalist.org/observations/152197435
https://www.inaturalist.org/observations/152197435
https://www.inaturalist.org/observations/8899490
https://www.inaturalist.org/observations/8899490
https://www.inaturalist.org/observations/8898701
https://www.inaturalist.org/observations/8898701
https://www.inaturalist.org/observations/86972490
https://www.inaturalist.org/observations/86972490
https://www.inaturalist.org/observations/86972490
https://www.inaturalist.org/observations/16252583
https://www.inaturalist.org/observations/16252583
https://www.inaturalist.org/observations/16252583
https://www.inaturalist.org/observations/13597713
https://www.inaturalist.org/observations/13597713
https://www.inaturalist.org/observations/13597713
https://www.inaturalist.org/observations/4644169
https://www.inaturalist.org/observations/4644169
https://www.inaturalist.org/observations/16093526
https://www.inaturalist.org/observations/16093526
https://www.inaturalist.org/observations/16093526
https://www.inaturalist.org/observations/13906543
https://www.inaturalist.org/observations/13906543
https://www.inaturalist.org/observations/13906543
https://www.inaturalist.org/observations/162859624
https://www.inaturalist.org/observations/162859624
https://www.inaturalist.org/observations/162859624
https://www.inaturalist.org/observations/164318424
https://www.inaturalist.org/observations/164318424
https://www.inaturalist.org/observations/164318424
https://www.inaturalist.org/observations/134267853
https://www.inaturalist.org/observations/134267853
https://www.inaturalist.org/observations/134267853
https://www.inaturalist.org/observations/76488716
https://www.inaturalist.org/observations/76488716
https://www.inaturalist.org/observations/76488716

https://www.inaturalist.or
g/observations/7648496
9

https://www.inaturalist.or
g/observations/4001007
8

https://www.inaturalist.or
g/observations/9239594
2

https://www.inaturalist.or
g/observations/4479594

https://www.inaturalist.or
g/observations/7031093
1

https://www.inaturalist.or
g/observations/6826485
3

https://www.inaturalist.or
g/observations/6802992
9

https://www.inaturalist.or
g/observations/6790664
4

https://www.inaturalist.or
g/observations/1845122
90

https://www.inaturalist.or
g/observations/7610119
7

https://www.inaturalist.or
g/observations/4978649
9

https://www.inaturalist.or
g/observations/4978644
8

https://www.inaturalist.or
g/observations/9029212
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https://www.inaturalist.org/observations/76484969
https://www.inaturalist.org/observations/76484969
https://www.inaturalist.org/observations/76484969
https://www.inaturalist.org/observations/40010078
https://www.inaturalist.org/observations/40010078
https://www.inaturalist.org/observations/40010078
https://www.inaturalist.org/observations/92395942
https://www.inaturalist.org/observations/92395942
https://www.inaturalist.org/observations/92395942
https://www.inaturalist.org/observations/4479594
https://www.inaturalist.org/observations/4479594
https://www.inaturalist.org/observations/70310931
https://www.inaturalist.org/observations/70310931
https://www.inaturalist.org/observations/70310931
https://www.inaturalist.org/observations/68264853
https://www.inaturalist.org/observations/68264853
https://www.inaturalist.org/observations/68264853
https://www.inaturalist.org/observations/68029929
https://www.inaturalist.org/observations/68029929
https://www.inaturalist.org/observations/68029929
https://www.inaturalist.org/observations/67906644
https://www.inaturalist.org/observations/67906644
https://www.inaturalist.org/observations/67906644
https://www.inaturalist.org/observations/184512290
https://www.inaturalist.org/observations/184512290
https://www.inaturalist.org/observations/184512290
https://www.inaturalist.org/observations/76101197
https://www.inaturalist.org/observations/76101197
https://www.inaturalist.org/observations/76101197
https://www.inaturalist.org/observations/49786499
https://www.inaturalist.org/observations/49786499
https://www.inaturalist.org/observations/49786499
https://www.inaturalist.org/observations/49786448
https://www.inaturalist.org/observations/49786448
https://www.inaturalist.org/observations/49786448
https://www.inaturalist.org/observations/9029212
https://www.inaturalist.org/observations/9029212
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g/observations/4975967
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g/observations/7448897
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https://www.inaturalist.org/observations/4975967
https://www.inaturalist.org/observations/4975967
https://www.inaturalist.org/observations/4906243
https://www.inaturalist.org/observations/4906243
https://www.inaturalist.org/observations/4770263
https://www.inaturalist.org/observations/4770263
https://www.inaturalist.org/observations/184779182
https://www.inaturalist.org/observations/184779182
https://www.inaturalist.org/observations/184779182
https://www.inaturalist.org/observations/178122522
https://www.inaturalist.org/observations/178122522
https://www.inaturalist.org/observations/178122522
https://www.inaturalist.org/observations/138919950
https://www.inaturalist.org/observations/138919950
https://www.inaturalist.org/observations/138919950
https://www.inaturalist.org/observations/119217321
https://www.inaturalist.org/observations/119217321
https://www.inaturalist.org/observations/119217321
https://www.inaturalist.org/observations/105305188
https://www.inaturalist.org/observations/105305188
https://www.inaturalist.org/observations/105305188
https://www.inaturalist.org/observations/74488979
https://www.inaturalist.org/observations/74488979
https://www.inaturalist.org/observations/74488979
https://www.inaturalist.org/observations/62992095
https://www.inaturalist.org/observations/62992095
https://www.inaturalist.org/observations/62992095
https://www.inaturalist.org/observations/61545012
https://www.inaturalist.org/observations/61545012
https://www.inaturalist.org/observations/61545012
https://www.inaturalist.org/observations/59760027
https://www.inaturalist.org/observations/59760027
https://www.inaturalist.org/observations/59760027
https://www.inaturalist.org/observations/52459106
https://www.inaturalist.org/observations/52459106
https://www.inaturalist.org/observations/52459106

https://www.inaturalist.or
g/observations/3623704
7

https://www.inaturalist.or
g/observations/2872294
6
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g/observations/1669874
72
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g/observations/2632070
1

https://www.inaturalist.or
g/observations/9122113
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g/observations/1034070
12
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g/observations/3913497
5

https://www.inaturalist.or
g/observations/7446582
3

https://www.inaturalist.or
g/observations/6378599

https://www.inaturalist.or
g/observations/1418790
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https://www.inaturalist.or
g/observations/1418790
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https://www.inaturalist.org/observations/36237047
https://www.inaturalist.org/observations/36237047
https://www.inaturalist.org/observations/36237047
https://www.inaturalist.org/observations/28722946
https://www.inaturalist.org/observations/28722946
https://www.inaturalist.org/observations/28722946
https://www.inaturalist.org/observations/166987472
https://www.inaturalist.org/observations/166987472
https://www.inaturalist.org/observations/166987472
https://www.inaturalist.org/observations/26320701
https://www.inaturalist.org/observations/26320701
https://www.inaturalist.org/observations/26320701
https://www.inaturalist.org/observations/9122113
https://www.inaturalist.org/observations/9122113
https://www.inaturalist.org/observations/131180758
https://www.inaturalist.org/observations/131180758
https://www.inaturalist.org/observations/131180758
https://www.inaturalist.org/observations/32091361
https://www.inaturalist.org/observations/32091361
https://www.inaturalist.org/observations/32091361
https://www.inaturalist.org/observations/103407012
https://www.inaturalist.org/observations/103407012
https://www.inaturalist.org/observations/103407012
https://www.inaturalist.org/observations/39134975
https://www.inaturalist.org/observations/39134975
https://www.inaturalist.org/observations/39134975
https://www.inaturalist.org/observations/74465823
https://www.inaturalist.org/observations/74465823
https://www.inaturalist.org/observations/74465823
https://www.inaturalist.org/observations/6378599
https://www.inaturalist.org/observations/6378599
https://www.inaturalist.org/observations/141879051
https://www.inaturalist.org/observations/141879051
https://www.inaturalist.org/observations/141879051
https://www.inaturalist.org/observations/141879050
https://www.inaturalist.org/observations/141879050
https://www.inaturalist.org/observations/141879050
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g/observations/1418790
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5
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8
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g/observations/1207967
55

https://www.inaturalist.or
g/observations/1205981
36

https://www.inaturalist.or
g/observations/1064304
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https://www.inaturalist.or
g/observations/8265803
6
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g/observations/1655186
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https://www.inaturalist.or
g/observations/4890438
4

https://www.inaturalist.or
g/observations/4890419
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https://www.inaturalist.org/observations/141879049
https://www.inaturalist.org/observations/141879049
https://www.inaturalist.org/observations/141879049
https://www.inaturalist.org/observations/58242645
https://www.inaturalist.org/observations/58242645
https://www.inaturalist.org/observations/58242645
https://www.inaturalist.org/observations/29174774
https://www.inaturalist.org/observations/29174774
https://www.inaturalist.org/observations/29174774
https://www.inaturalist.org/observations/29171637
https://www.inaturalist.org/observations/29171637
https://www.inaturalist.org/observations/29171637
https://www.inaturalist.org/observations/29058218
https://www.inaturalist.org/observations/29058218
https://www.inaturalist.org/observations/29058218
https://www.inaturalist.org/observations/120796755
https://www.inaturalist.org/observations/120796755
https://www.inaturalist.org/observations/120796755
https://www.inaturalist.org/observations/120598136
https://www.inaturalist.org/observations/120598136
https://www.inaturalist.org/observations/120598136
https://www.inaturalist.org/observations/106430462
https://www.inaturalist.org/observations/106430462
https://www.inaturalist.org/observations/106430462
https://www.inaturalist.org/observations/82658036
https://www.inaturalist.org/observations/82658036
https://www.inaturalist.org/observations/82658036
https://www.inaturalist.org/observations/165518640
https://www.inaturalist.org/observations/165518640
https://www.inaturalist.org/observations/165518640
https://www.inaturalist.org/observations/165518639
https://www.inaturalist.org/observations/165518639
https://www.inaturalist.org/observations/165518639
https://www.inaturalist.org/observations/103959029
https://www.inaturalist.org/observations/103959029
https://www.inaturalist.org/observations/103959029
https://www.inaturalist.org/observations/48904384
https://www.inaturalist.org/observations/48904384
https://www.inaturalist.org/observations/48904384
https://www.inaturalist.org/observations/48904198
https://www.inaturalist.org/observations/48904198
https://www.inaturalist.org/observations/48904198

https://www.inaturalist.or
g/observations/1436338
65
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g/observations/5135463
9
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g/observations/1503648
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https://www.inaturalist.or
g/observations/9818159
8
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g/observations/1403627
68

https://www.inaturalist.or
g/observations/1768853
34
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https://www.inaturalist.or
g/observations/1641833
40

https://www.inaturalist.or
g/observations/5203273

https://www.inaturalist.or
g/observations/4932021

https://www.inaturalist.or
g/observations/4729877

https://www.inaturalist.or
g/observations/1602909
46

https://www.inaturalist.or
g/observations/1510836
35
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https://www.inaturalist.org/observations/143633865
https://www.inaturalist.org/observations/143633865
https://www.inaturalist.org/observations/143633865
https://www.inaturalist.org/observations/51354639
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