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Global marine species redistributions

Climate change is driving global species redistributions. In subtropical
& temperate oceans, primary responses are ‘range extensions’ into
new, typically poleward areas

Regional analyses of marine
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In Australia, home to two global ocean warming hotspots, 20-80% of
assessed marine species are shifting in the direction consistent with
climate change

Poloczanka et al. 2011

Lioyd etal. 2011

Reichert and Buchholz 2006
Dulvy et al. 2008

Simkanin et al. 2005
Yemane et al. 2014

135 140F  145E 150 155E

Rapid ocean warming in
SE Australia due

to a strengthening East
Australia Current
extension

Walsh et al. 2015

Perry etal. 2005

Poulard and Blanchard 2005
Peron et al. 2010 :

Free etal. 2019 ! ll=Australian Region
Barry etal. 1995 '

Fossheim et al. 2020

Caswell et al. 2020

Pecuchet et al. 2020 |

0% 20% 40% 60% 80% 100%
Proportion of species moving
with the direction of climate change

8/06/2022



8/06/2022

Citizen science and marine species redistributions in Australia

* 198 documented marine species range shifts around Australia, but

critical geographical and taxonomic knowledge gaps (Gervais,
Champion, Pecl 2021)

* ~20% of studies documenting these shifts used citizen science data

* Redmap (Range Extension Database and Mapping Project) was
launched in 2009 in TAS to collect unusual species sighted by the
public, expanded nationwide in late 2012.
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* Sightings w/ photo are logged through the website or smartphone
app & are validated by a species expert
* A species list of 204 potentially range-extending species is
maintained, each with a historic range boundary & ‘where to log’
* Sightings of non-listed species are also collected
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photo logged in Redmap https://www.redmap.org.au/species/1/89/
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Citizen science-based assessment of marine species

redistributions

A decision tree framework was developed to assess marine species range extensions in Tasmania with ]
Redmap data Rapid assessment of an ocean warming hotspot
reveals “high" confidence in potential species’
The method combines 1) confidence in species’ historical range limits, and 2) strength of evidence range extensions
provided by citizen science to estimate overall confidence in potential range extension for each species
assessed.
Methods & results published as a peer
Sten 1 TR reviewed article (Robinson et al. 2015)
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Redmap Tasmania Report Card (2013)

redmapo @
Four-page print and online versions designed

REDMAP TASMANIA to:

REPORT CARDM

Are marine species.
moving # o south?

1. Inform the public on how their data are
used & what it is telling us about
potential range shifts.

2. Acknowledge the importance of volunteer
contributions to the scientific community
through high quality research output.




A decade of Redmap out-of-range species sightings

Since 2012:

* Redmap has collected nationwide sightings of at least 82 species “out-of-range”

*  Other citizen science programs that complement Redmap data have developed Out-of-range species represented:

Reef Life Survey: species observations
collected by trained divers with
standardised methodology

iNaturalist (esp. Australasian fishes project) 2016-
species observations submitted w/ photo

Observations. Q

INaturalist

A citizen science-based assessment of marine species

redistributions in New South Wales

Current project: expand the “Report Card” assessment nationwide,
incorporating iNaturalist and Reef Life Survey data, leading with NSW

Series of workshops beginning in November 2021 to:

* Consider updates to original Robinson et al. 2015 methods based on advances in species
distribution research

* How to incorporate other citizen science data sources rigorously

* Representatives from Unis, state managers, museums, all three citizen science programs

Results: 94 species assessed in New South Wales, 23 with evidence of
potential range extension, 11 with high confidence
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New South Wales Report Card

HOW DO WE DETERMINE F SPECIES
ARE SPOTTED OUT-OF RANGE?
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NEW SOUTH WALES
REPORT CARD
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CITIZEN SCIENCE NELPS DETECT SPECIES RANGE SWIFTS

report cards

WHAT SPECIES ARE ON THE MOVE IN NEW SOUTH WALES?

b kany?

Four-pages designed to work as a
printed A3 folded leaflet as well as
on-screen
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After internal review & revisions, we shared draft report cards with:

« Citizen scientist (~12 each) users of iNaturalist & Redmap that contributed data to the

 Variety of stakeholders including dive clubs, state managers

rednma pe WHAT SPECIES ARE OM THE MOVE I HEW SOUTH WALES?
NEW SOUTH WALES
REPORT CARD
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SPOT. LOG. MAP.

NEW SOUTH WALES
REPORT CARD

Over the past decade, Redmap (Range Extension Database & Mapping Project) has recorded
out-of-range marine species with the help of observant citizen scientists across the state.
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The East Australian Current or EAC, which transports warm, tropical water T
south along the coast of New South Wales, has strengthened over the past
several decades. As a resull, south-eastern Ausiralia is ane of the fastest warming 1

regions of the world's oceans. In response to warming waters, some marine species
are extending their ranges south. In recent years, the New South Wales community
has spotted many species south of their usual ranges, for example:

| 4 In2013SCUBA divers first spotted a bed of the tropical branching coral
| (Pocillopora aliciae) near Sydney, which has been multiplying since. Several

tropical fishes have been spotted in the coral bed, including Dick's Damselfish
(Plectroglyphidodon dickill.
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NEW SOUTH WALES
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The East Australian Current or EAC, which transports warm, tropical water
south along the coast of New South Wales, has strengthened over the past

several decades. As a result, south

Australia is one of
regions of the world's oceans. In response to warming waters, some marine species
are extending their ranges south. In recent years, the New South Wales community

has spotted many species south of their usual ranges, for example:

In 2013 SCUBA divers first spotted a bed of the tropical branching coral

(Pocitiopora aliciae) near Sydney, which has been multiplying since, Several
tropical fishes have been spotted in the coral bed, including Dick's Damselfish

(Plectroglyphidodon dickill.
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Dogtooth Tuna [Gyrmnosarda unicolor] usually live in tropical waters north of the

Queensland border, but this highly prized fish has been surprising anglers and
spearfishers with several catches along the New South Wales coast since 2015.

Each spring, tropical juvenile fishes carried by the EAC appear along the New

South Wales coast. Now, these tropical recruits are being spotted much further

South than previously reported, for example the Bluespine Unicornfish (Naso
unicornis) near Narooma, about 340 km south of its recognised range limit.

Imag crodits: (11, Sear; (21D, ruz. (3 A Srean

CITIZEN SCIENCE HELPS DETECT SPECIES RANGE SHIFTS

Thank you to New South Wales' citizen scientists (beachcombers, boaters, divers, and fishers), who since 2012
have been logging “out-of-range” species sightings like those above with Redmap. These observations can
provide an early indication of how species distributions are changing, improving our ability to predict and prepare
for the challenges and opportunities range extending species may deliver. By contributing to citizen science
programs like Redmap, anyone with a camera can become an “ecological detective”, helping to uncover which
species are on the move and how their local region may be changing in response to ocean warming.
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HOW DO WE DETERMINE IF SPECIES
ARE SPOTTED OUT-OF-RANGE?
BANORA @
POINT

Sightings logged by citizen scientists are reviewed by species
experts for verification. Then, the location of sightings are
compared to each species’ distribution limits (established
from scientific sources as of 2012) to identify which species
were spotted beyond their known range boundaries over the
past decade. Here is a summary of this information across
the FIVE MARINE BIOREGIONS of New South Wales.

CITIZEN SCIENTISTS
logged unusual or out-

of-range species sightings

COFFS HARBOUR @)

out-of-range species observations
(see final page for more info)
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Out-of-range or
unusual SPECIES

REPORTS
NEWCASTLE @

MARINE SPECIES
tracked for out-of-
range sightings

ELPS DETECT SIS RANGE SHFTS.
SCIENTISTS
involved in
verifying species
identi
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HOW IS THIS INFORMATION USED?

Out-of-range observations provide significant
evidence of the possibility that a species'range is
MERIMBULA @ . extending. Based on factors like whether a species
was recorded in more than one year or season, the
data helps us assess the strength of evidence for
5 each species using a peer-reviewed [or scientifically
supported) analysis.
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. ] - ABOUT THE REDMAP
What is Redmap ; 4 NSW REPORT CARD

Redmap (Range Extension Database and Mapping Project) j[heplpaseottnisteporteardisipleting
invites members of the community to spot marine species G el e e ]
b £ to increase awareness of range shifting species.
that are outside of tl_welr usual range around Australia and log Along with Redmap sightings from 2012-2022,
photos on our website or smartphone app. “out-of-range” records were assessed from
two other citizen science projects (iNaturalist,
especially the Australasian Fishes project, and
Reef Life Survey).
GET INVOLVED For more info on the methods used please go to

redmap.org.au or follow the QR code below.

NEW SOUTH WALES
REPORT CARD

— WE'RE RELYING ON YOU!
Even though we have “High” confidence that some species have been extending their range south along the coast of New
South Wales, it is your observations as citizen scientists that are helping to assess how far beyond their known ranges
these species are found. Your continued efforts will help to determine if these “out-of-range" observations represent Lon
term patterns, and whether “Medium’” or “Low” confidence species are more likely to undergo a range shift in the future.
For more info and how to get involved - visit redmap.org.au

:".’.""'"ww"mf : e HAVE YOU SPOTTED AND PHOTOGRAPHED THESE SPECIES?

- IN NEW . »
EEEREET : = SOUTH WALES?

Blacktip Reef Shark Blackspot tuskfish

(Carcharhinus melanopi (Choerodon schoenteinii
SOUTH OF
SYDNEY?

Diamondscale Goatfish Doublesaddle butterflyfish

[Parupeneus ciliatus/ [Chaetodon ulietensis)
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'WHAT SPECIES ARE ON THE MOVE IN NEW SOUTH WALES?
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HAVE YOU SPOTTED AND PHOTOGRAPHED THESE SPECIES?

IN NEW
SOUTH WALES?

Blacktip Reef Shark Blackspot tuskfish Shark Mackerel

[ rerus)

NEW SOUTH WALES

REPORT CARD

ynus bicarinatus

SOUTH OF
SYDNEY?

Doublesaddle butterflyfish
CETITEN ACIENCE NELPS ORTRCT SFECIES RANSE SWFTS o

iNaturalist is an online social network where people can share,
identify, and learn about species sightings (not just out-of-range or
marine species), and help generate biodiversity data for scientists
along the way. www.inaturalist.org

MW DO WE BETERMINE i SPECIES
ARK SPUTTED 0UT OF RANSET

Reef Life Survey is a citizen science initiative in which trained
volunteer SCUBA divers conduct standardised underwater surveys
of biodiversity on racky and coral reefs around

Australia [and the world). www.reeflifesurvey.com
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Dissemination and Engagement

Facebook, Twitter, Insta, Redmap website

Please get in touch if you are interested in:

* Hard copies of the report card

¢ Signage —

Redmap signage along the NSW coast rolling out in
2022

8

Sign posted at Townsville Port

97% of people
surveyed say they trust|

97% the information they

get from Redmap

Sign at Orpheus Island Research station




Conclusions and next steps

Stages of a range extension

Pre-warming

Absence

« Citizen science can support early detection of
species range extensions

Extension
Pathway

Persistence

* Also facilitates two-way engagement on
climate change
Key role for citizen science data

* We used a ‘pre-registered’ list of ~200 species (AUS has over 4k spp of fishes alone) - definitely many
more range extensions occurring!

* Next steps - WA, TAS, and Nationwide Report Cards — nationwide planned as an AO poster
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