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Oceans absorb 80% of heat

Rhein et al., 2013

‘Global warming’ is mostly marine!

Climate change is largely marine

Most of my research is on 
warming oceans and how 

that affects marine species & 
ecosystems



Understanding of how 
marine species & 
ecosystems are 

affected by climate 
change

Broad engagement 
and communication on 
marine climate change

Assessing vulnerability 
& developing 

adaptation options for 
marine industries & 

communities

Three over-arching research themes 

Impacts Adaptation Engagement



Impacts Adaptation

Engagement & participation

• Different scales – international, 
national, local

• Some projects firmly in one 
areas, others across all

• Lots of local collaborators

• Often a focus on climate-driven 
changes in species distribution



Climate-driven species 
re-distribution

• What do we know?

• What are we doing about it?

• What can we do / do better?



‘Small’ temperature increase so far – but large changes in 
species distribution 

• Small temperature 
changes leading to large  
shifts in distribution

• Major implications for 
ecosystems, conservation 
& human well-being

• Pervasive, ongoing & 
accelerating

• Complicated!



Small changes in the physical environment 
have large biological impacts
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Biological processes & thermal response curves

24oC is a critical 
temperature

From Camacho et al 2006

Small environmental changes can make a 
big difference

24oC – maximum 
performance

1oC makes a huge 
difference!!

Why does 1 or 2o degrees lead to a large 
biological change?



Poleward expansion of sea urchins causing loss of kelp forests in Tasmania (Ling et al 2009)

1-2°C ↑ in temp can have a large impact 
on habitat

>12oC during winter (August)

Urchin barrenKelp bed



Change in beaver distribution has caused problems for 
Inuvialuit salmon fishers in Tuktoyaktuk, Canada

1-2°C ↑ in temp can have a large impact 
on land/sea interactions



1-2°C ↑ in temp can have a large impact 
on predator/prey interactions

Dulvy et al., 2008
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North Sea fishes shifting deeper to cooler waters – to ‘keep pace’ with their preferred temps



Puffins preferred prey shifted deeper & 
pipefishes invaded 

“At UK colonies a major increase in the  presence 
of pipefish in seabird diet was  usually associated 
with poor or catastrophic  breeding success”

Harris, et al (2007) A major increase in snake pipefish (Entelurus aequoreus) in northern European seas since 2003:Potential implications for seabird 
breeding success. Marine Biology, 151, 973-983.



Climate-driven global re-distribution 
of species

• Greatest where 
climate has 
warmed the most 

• 17km dec-1 on land • 72 km dec-1 in ocean 

(Poloczanska et al. 2013)



Variation in timing & pace of species shifts

• Not all species can/will 
shift

Equator/north (warmer)

Polewards/south (cooler)



Variation in timing & pace of species shifts

• Not all species can/will 
shift

• Species shift at different 
rates

• Species can also change 
where they live for many 
reasons

• Some changes harder to 
detect than others –
species detectability

Equator/north (warmer)

Polewards/south (cooler)



Variation in rate and magnitude of shifts

• Measuring different stages of range extension (Bates, Pecl et al 2014)?

• DIRECT (thermal tolerance) and INDIRECT (species interactions) effects

• Species are not simply tracking thermal preferences
• Complex ecological interactions 
• Habitat limitations
• Possibly connectivity (eg current flows, van Gennip, Popova, Yool, Pecl et al  2016)



Species traits influence rate of range shift

Traits & temperature explained 
58% variation in shift rate

Sunday, Pecl et al 2015

Widely distributed 
species are moving 

faster

Lower trophic level shifting faster -
greater range extensions in 

herbivores with medium-sized 
ranges



Large % of species shifting within a region 

Between 25-85% of species 
shifting where they  live



Pecl et al 2017 Science

25-85% species shifting & implications can be substantial 



Why do these shifts in distribution matter?

Ecosystem structure & function Food security

Human health

CultureFeedbacks to the climate system

Livelihoods



• Global Strategies (Pecl et al 2017)

• Country/Federal Gov level                   
(Pecl et al in prep)

• High Seas (Sumby, Pecl et al in prep)

• Regional fisheries adaptation 
(Government level-very little!)

• Human local community level 
adaptation (Pecl et al in prep)

• Conservation approaches           
(Bonebrake et al Pecl 2017)

What are we doing about ‘Species on the Move’?

Miller et al 2017



Pecl et al Science 2017



• Access to natural resources change
• Change in distribution of pathogens, pollinators, 

parasites
• Forests, wetlands, coastal areas particularly 

important for vulnerable people in rural areas

• Moose (1)
• Bumblebee (3)
• Coffee (4)
• Skipjack tuna (9)
• Oil sardine (25)
• Etc etc

‘Species on the move’ interacts with almost EVERY SDG but not 
explicitly considered in any SDG 



Local - importance of marine environment 
& climate change to Tasmania

• Highest value of seafood 
nationally

• Seafood contributes 1/3 value 
of agricultural production

• Most diverse communities of 
temperate marine life

• Considered a region of 
potential biodiversity decline

• High participation rate 
(29.3%) in recreational fishing



Our marine ‘backyard’ – warming almost 4 x global 
average

One of the fastest warming regions globally and will likely remain so in the future.

Animation courtesy of CSIRO



Several dozen coastal fish species exhibited major 
distributional changes in Tasmania (Last et al 2011, Sunday 
et al 2015, Robinson et al 2015 - www.redmap.org.au)

50% intertidal species monitored have moved poleward
in Tasmania over last 50 years (Pitt et al 2010)

Local changes associated with 
temperature increase

85% of seaweeds found further poleward on east 
coast from 1940 (Wernberg et al 2011)

‘New’ octopus species, first recorded in 2006 and now 13% 
of commercial fishery (Ramos et al 2014a & b)

Poleward expansion of sea urchins causing loss of 
kelp forests in Tasmania (Ling et al 2009)



Significant changes linked to warming on the 
east coast of Tasmania

Pecl et al in prep



• Limited Government action on fisheries globally (Miller et al 2017)

• BUT in Tasmania significant actions by non-Government marine groups (over 20 
actions!, Pecl et al in prep)

• Individuals, organisations and communities may adjust their behaviour more 
readily?

In response…lots of frameworks, principles, 
planning…but is there any action?



Many ‘autonomous’ or ‘bottom-up’ adaptation actions

Charter operators advertising 
Kingfish trips

Changes to product handling & 
landing practices 

Capacity building, practice change, systems for communicating & acquiring info, 
warning & observing systems, technology (typology adapted from Biagini et al 2014)

Pecl et al in prep

Changing farming practices – eg only 
growing juvenile oysters in POMS-infected 

areas over winter

Seasonal forecasting - early warning of 
challenging conditions and the need for 

changes in farm management 



Climate change will bring opportunities as 
well as negative implications

• Some increases in 
abundance will be 
favourable

• Some changes in 
distribution will be 
positive 

• HOWEVER, even 
opportunities may 
require 
management to 
ensure maximising 
these

www.redmap.org.au



Adaptation to climate change is 
complicated & messy

• Not a lot of government level structured 
planned adaptation action

• Low awareness / understanding of non-
government adaptations

• Multi-sector, multi-stakeholder, competing 
values & interests

• Winners and losers, trade-offs, value-based 
decisions….. who makes the decisions? 

• Interdisciplinary, participatory & integrated 
approaches essential



Some implications of climate-driven biodiversity changes 
cannot be adapted to 

Used with 
permission from Dr 

Emma Lee, 
trawlwulwuy

woman of 
tebrakunna country 

and Research 
Fellow at CMS UTAS 

When kelp and weed beds are dying and the maireener rainbow kelp shells are 
depleted in rapid numbers, then women feel the cultural loss of governance 
and connections to sea country (see tebrakunna country and Lee 2017).



Making the most of it

• Fascinating & unprecedented learning opportunity for ecology & evolution
• We can learn more from marine species than terrestrial 
• Need holistic & comprehensive understanding 

• Catalyst for respect, collaboration, exchange & integration of Indigenous, Industry, 
Community-based and formal/academic science

• ‘Species on the move’ – visual – opportunity for engagement & education on 
climate change (eg citizen science project www.redmap.org.au)



Thanks!

Professor Gretta Pecl, Gretta.Pecl@utas.edu.au, @GrettaPecl

Please join us for the second 
interdisciplinary international 

Species on the Move 
conference in July 2019

www.speciesonthemove.com

mailto:Gretta.Pecl@utas.edu.au


60,000 km coastline

3-4 million fishers

2 million dives per year

1000’s of naturalists / beach combers

200+ species being monitored

80+ scientists

26+ institutes
8.6 million
smartphone users 
in Australia

11.7 million
Facebook users 
in Australia



•Areas of rapid ocean warming (top 10% change inSST) (Hobday and Pecl, 2014)
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