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Scales of measurement/approximation    
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• ‘Predicted impacts of climate change on New 
Zealand’s Biodiversity’ Lundquist et al. (2011) Pacific 
Conservation Biology 
• 7 of 67 references were actual climate change impacts in NZ 

• ‘Climate change, natural systems & their conservation 
in New Zealand’ McGlone et al. (2010)  
• listed 10 clear examples of climate change impacts, half of 

which were seabirds 
In: New Zealand Climate Change Centre 2010. Climate change 
adaptation in New Zealand: Future scenarios and some 
sectoral perspectives. Nottage et al. (eds), Wellington, 136 p. 
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Evidence of climate change 
impacts in NZ 
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2016 Royal Society Te Apārangi 
Climate Change implications for NZ 
 
http://royalsociety.org.nz/assets/documents/Climate-change-implications-for-NZ-2016-report-web3.pdf 



•In Environment Aotearoa 2015, Dr Jan Wright 
identified CC and rapid growth in dairying as 
twin threats to NZ’s environment 
•Prof Lesley Huges – regional IPCC lead author 
4th and 5th assessment reports – poor 
research record in NZ 
•NZ is largest emitter of GHGs in OECD yet has 
no long-term plan for Environment - March 
2017 OECD report on Evironmental 
Performance 

Beyond mild, maritime 
climate 
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Changing 
climate in 

NZ 
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http://www.mfe.govt.nz/sites/default/files/cli
mate-change-impact-map-a4.pdf 



Biggest climate-related 
threats to biota in NZ 
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•Rising sea levels 

•Freshwater availability 

•Ocean acidification 

•Extreme events 
• Droughts 
• Floods 
• Storms 

• Heat waves 
• Fires  
• Predictability, variability, magnitude 

 



How might species and 
ecosystems respond to climate 
change? 
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Modes of response to environmental change 
(Dawson et al. (2011) Science 332: 53-58 ) 

Toleration Habitat shift Migration Extinction 

Persistence at a 
site despite 
change 

Moving short 
distances 
(1-10 km) 

Moving 100 to 
1000 km 

Can involve 
population 
bottlenecks first 

Species adjust 
geographic 
location to track 
suitable 
environment 
 

Species adjust 
geographic 
location to track 
suitable 
environment 

10 
A species can respond in multiple modes 
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Integrated science of climate change 

biodiversity assessment 

Fig. 1, Dawson et al. 2011 Science 332: 53-58  

Empirical and 

observational 

Mechanistic 

Direct observations 

Images: Wikimedia commons and https://www.bgc-

jena.mpg.de/bgp/index.php/Main/JenaDroughtExperiment 

Paleoecological records Climate envelope models 

Population models 

Experimental manipulations 

Ecophysiological models 

SPA models water flux from Soil, through the Plant
to the Atmosphere

Meteorological Data
solar radiation, PAR
VPD, rainfall, CO2, wind
speed, air temperature

Soil water uptake

Sap flow
Stomatal conductance

Photosynthesis

Leaf water potential

Transpiration

Gross Primary Productivity

Soil water storage

INPUTS OUTPUTS

Soil Characteristics
% sand & clay, 
soil & root depth, 

initial water

Plant Characteristics
Ψmin, Vcmax, Jmax, hydraulic 
conductance, height, 

LAI & foliar N distribution, etc.
@ Leaf Scale

@ Canopy Scale

Canopy divided into
10 layers

Phenology
LAI, root biomass, foliar N



Clear examples of CC threat 

Images: http://www.forestandbird.org.nz/saving-our-environment/climate-change and 
http://www.landcareresearch.co.nz/publications/innovation-stories/2015-stories/mega-masts   

Shrinking alpine ecosystems Tuatara produce only male eggs 
in higher temperatures 

Rising sea levels squeeze coastal habitats 
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Increased frequency of mega masts -> 
increase of predator impacts 



•Reshuffling of ecosystems 

•Declines in ecosystem 
productivity and other ecosystem 
services 

•Responses of plants to rising CO2 

•Shifts in ecological processes like 
pollination 

• Interactions between CC and 
invasive species 
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Less clear examples 

Fragmentation of rare 
populations 



1. Improve knowledge and understanding 

2. Develop decision support tools and 
adaptation techniques 

3. Incorporate adaptation strategies into 
existing management 

4. Improve management and restoration of 
existing biodiversity 

5. Raise awareness and understanding 
14 

Strategies identified in Christie (2014) DOC report 
(Adapting to Climate Change: a proposed framework for the conservation of 
terrestrial native biodiversity in NZ) 



Biological Heritage NSC 
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The team – December 2016 

Tim Curran, Sarah Richardson, Kath Dickinson, Cathy Rufuat, 
Angus McIntosh, Helen Warburton, Richard White, James 
Renwick, Nicky Nelson, Charlie Clark, Jo Monks, Mike Clearwater, 
George Perry (not pictured), Margaret Stanley, Duane Peltzer, 
Souyad Boudjelas, Nick Waipara, (not pictured).  
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•We identified 45 pressing research topics 

Examples 
• Physiological limits of organisms 
• Impacts of cliamte change on kaitiakitanga 
• Can threatened coastal ecosystems migrate inland fast 

enough and still be connected? 
• How will species interactions change? 
• Identify vulnerable species and ecosystems  
• Additive effects of weather events – drought + fire, 

drought then flood 

• Long-term datasets 
• Where are the long term data? Who is responsible for 

data  
 

Our findings 
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• Large proportion of endemic species 

• Large proportion of fragmented populations 

 

•Greatest conservation threat is invasive species 

•Highly variable climate, highly coastal 

 

• Interactive effects likely to be main climatic 
influence – some are known but others unknown 
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Unique biota and environment of Aotearoa 



Species and populations Habitats and 
ecosystems 

Ecological processes 

Tuatara Braided rivers Mast seeding 

Titi Alpine systems Land cover change 

Mudfish Urban ecosystems Elevation of tree lines 

Archey’s Frog Tarns Fire and weeds 

Fragmented bird 
populations 

Coastal sand dunes 

Whitebait Long-lived systems 

Eels 

Soil biota 
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Vulnerabilities 
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Current threat to biodiversity Exacerbation due to climate change 

Invasive mammals 

Invasive plants 

Invasive insects 

Invasive pathogens 

Freshwater degradation 

More favourable conditions for reproduction 

New exotic weeds from Pacific region  

Increased chance of overwintering 

More pathogens arriving and interacting with other stressors 

Warming of lakes and streams boosts algal blooms 

Increased incidence of fire and rising sea levels cause further 
fragmentation 

Exposed to extreme events 

Habitat fragmentation 

Small, isolated populations 

Rare ecosystems Specific niche – may have nowhere to move 

Exacerbation of existing environmental problems  
- Freshwater quality and quantity 
- Arrival and survival of new pathogens and other introduced species 

(e.g. myrtle rust) 
- Further fragmentation and habitat degradation 

Extensive fires where vegetation is not adapted to fire (e.g. Port Hills fire) and 
extensive drought likely to cause huge shifts in ecosystems 



•Exacerbation of existing environmental problems  
• freshwater quality and quantity 
• Arrival and survival of new pathogens and other 

introduced species (e.g. myrtle rust) 
• Further fragmentation and habitat degradation 

•Extensive fires where vegetation is not adapted to 
fire (e.g. Port Hills fire) and extensive drought likely 
to cause huge shifts in ecosystems 

•Need to find ecological and cultural solutions 

•Watch this space 
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Conclusions 



What might we expect? 

Thursday, 20 September 2018 



Biggest climate-related threats to 
biota in NZ 
•Rising sea levels 

•Freshwater availability 

•Ocean acidification 

•Extreme events 
• Droughts 
• Floods 
• Storms 

• Heat waves 
• Fires  
• Predictability, variability, 

magnitude 
 

NZ’s terrestrial 
ecosystems 

•2 degrees warming 
• Tripling number of hot 

days 

•5-10% less rain 
• Tripling drought 

occurence 
• 4-6 months extreme fire 

danger in eastern NZ 
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http://www.fao.org/docrep/011/i0670e/i0670e10.htm 

Climate-induced forest dieback 
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Reports of dead trees from across country 
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Forest and Bird 
Magazine 
Winter 2017 



Can we detect drought impacts on native forests? 

• Remote sensing 
approach 

• MODIS NDVI and EVI 
products from USGS 

• Soil moisture deficit data 
from NIWA 
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NIWA’s soil moisture deficit 
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Russell forest NDVI values 
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Tree survivorship 

20/09/2018 35 http://ourauckland.aucklandcouncil.govt.nz/articles/news/2
016/12/clean-your-shoes-auckland-and-save-our-kauri/ 
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Annual frequency of extreme and very high forest fire danger under future climate. Source: Scion  



Combatting increased 
fire danger 
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https://theconversation.com/low-flammability-plants-could-help-our-homes-survive-
bushfires-53870 
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http://www.sanctuariesnz.org/projects.asp 



In summary 

•Need to consider CC in all conservation 
activities 

•Have contingency plans for extreme 
events 

•Drought, fire, rising sea levels are 
biggest threats 
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Thank you 

@LoraxCate 

Further reading: 
New Zealand’s Disappearing Forests 
New Zealand Geographic, August 2014 
https://www.nzgeo.com/stories/the-
future-of-our-forests/ 



Thursday, 20 September 2018 41 

https://teara.govt.nz/
en/map/11932/wildlif
e-sanctuaries 



Image: NZ Geographic 
https://www.nzgeo.com/stories/the-future-of-our-
forests/ 



2018 - 2027 

https://www.mpi.govt.nz/funding-and-programmes/forestry/planting-one-billion-trees/ 



One billion trees = 
0.03% of global total 
Down from 6 trillion since start of human 
civilisation  

15 billion trees lost each year globally 
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What type of trees? 

Appropriate trees listed on MPI website - 

•121 native species 

•26 introduced forestry species 
https://www.mpi.govt.nz/funding-and-programmes/forestry/planting-one-billion-trees/ 

Thursday, 20 September 2018 
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In summary 

1. One billion trees programme has potential to 
enhance landscapes and economy in many 
parts of Aotearoa 

2. Important to put the right tree in the right 
place – fill data deficiencies for best choices 

3. Consider multiple services of trees – water 
cyce modulation, carbon uptake and storage, 
biodiversity provision 

4. Include indigenous values, kaupapa Māori 
5. Essential to address threats 
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