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Water fluxes in kauri forest (**  kauri

experiment
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Schematic diagram of water flux
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represent fluxes of water
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!EVIdencg of climate change ol |
Impacts in NZ

* ‘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)

e 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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2016 Royal Society Te Aparangi Eis
Climate Change implications for NZ

http://royalsociety.org.nz/assets/documents/Climate-change-implications-for-NZ-2016-report-web3.pdf

WITH UNIQUE ECOSYSTEMS

LIVING ON COASTS
N
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Beyond mild, maritime JElEE: scrence
climate

°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
A4th and 5t 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



Climate change impacts on New Zealand

Changing
climate in
NZ

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




Biggest climate-related [ | . v
threats to biota in NZ

* Rising sea levels
* Freshwater availability
* Ocean acidification

* Extreme events
* Droughts
* Floods
* Storms
* Heat waves
* Fires
* Predictability, variability, magnitude
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How might species and
ecosystems respond to climate
change?

20/09/2018
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Modes of response to environmental change
(Dawson et al. (2011) Science 332: 53-58 )

Toleration Habitat shift Migration Extinction
Persistence ata  Moving short Moving 100 to Can involve
site despite distances 1000 km population
change (1-10 km) bottlenecks first
Species adjust Species adjust
geographic geographic
location to track location to track
suitable suitable
environment environment

A species can respond in multiple modes

10



Empirical and
observational

Mechanistic

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

Paleoecological records

Direct observations

Climate envelope models

INPUTS Canopy divided into OUTPUTS
" 101a
Meteorological Data avers P @ Canopy Scale
solar radiation, PAR ,
, rainfall, CO,, win e
spee rature

Transpiration

Gross Primary Productivity

Soil water storage

@ Leaf Scale

Stomatal conductance
Photosynthesis
Leaf water potential

soil & root depth,
initial water

Ecophysiological models

Experimental manipulations

Population models

Images: Wikimedia commons and https://www.bgc-
jena.mpg.de/bgp/index.php/Main/JenaDroughtExperiment
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Clear examples of CC threat RO ‘
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Tuatara produce only male eggs
in higher temperatures

< s

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

increase of predator impacts

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

12



Less clear examples

Fragmentation of rare
populations
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* Reshuffling of ecosystems

* Declines in ecosystem
productivity and other ecosystem
services

* Responses of plants to rising CO,

* Shifts in ecological processes like
pollination

* Interactions between CC and
Invasive species

13
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Strategies identified in Christie (2014) DOC report

(Adapting to Climate Change: a proposed framework for the conservation of
terrestrial native biodiversity in NZ)

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
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Biological Heritage NSC

NEW ZEALAND'S
BIOLOGICAL
HERITAGE

Mgd Koiora
Tuku ho

National

SCIeNCE

Challenges

20/09/2018 15
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Tim Curran, Sarah Richardson, Kath Dickinson, Cathy Rufuat,
Angus Mclntosh, 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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Our findings

* 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?
* |[dentify 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 v
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Unique biota and environment of Aotearoa

* 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

18



Vulnerabilities
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Species and populations | Habitats and Ecological processes
ecosystems

Tuatara

Titi

Mudfish
Archey’s Frog

Fragmented bird
populations

Whitebait
Eels
Soil biota

Braided rivers Mast seeding

Alpine systems Land cover change
Urban ecosystems Elevation of tree lines
Tarns Fire and weeds

Coastal sand dunes

Long-lived systems

19
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: Alpine
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Understanding
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Current threat to biodiversity

Invasive mammals

Invasive plants

Invasive insects

Invasive pathogens
Freshwater degradation
Habitat fragmentation
Small, isolated populations

Rare ecosystems

[3YY»] THE UNIVERSITY OF

AUCKLAND |
NEW ZEALAND SCIENCE

Exacerbation due to climate change
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

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
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Conclusions

* 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

22
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What might we expect?

Thursday, 20 September 2018



Biggest climate-relate EEEa t6- v

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

e 4-6 months extreme fire
danger in eastern NZ

24



Climate-induced forest dieback

Localities with increased forest movtality related to climatic stress from drought and high temperatures

Drought-induced mortality of Pinus Climate-induced mortality of Pinus
¥ is, A i\, Spain (April 2006) sylvestris, Valais, Switzerland (1998)

Pinus yunnanensis stand, Yunnan
Provinge, Ching, showing mortality
induced by a drought that resulted in
of Tomicus y is jis

and Tomicus minor shoot beetles
from 2003 to 20085 (July 2005)

Sewere mortality of overstorey aspen | Populus
tremuloides) following the 2001-2002 drought
in the parkiand zone of Saskatchewan, Canada
{August 2004)

Drought-induced death of Acacia
aneura, eastern Australia (2007)

Maortality after warmn drought in the early 20005, Jem
United States: left, Pinus ponderosa mortality (July 2008); right, mass mortality of
Pinus edulis and seattered Juniperus monosperma survivers (May 2004)

A dust storm blows
through a stand of
Acacia aibida in the
Senegalese Sahel
where dieback was
doeurnented in the last
half of the twentieth

century {1893)

Mortality of Nothofagus dombeyi in mixed

N. dombeyi-Austrocedrus chilensis stand,
induced by & warm droughtin 19881899,
northern Patagonia, Argenting (September
2004)
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Dieback and decline of Juniperus
procera, Saudi Arabia (March 2008)

P GONTALRE

oy e 2 iy S S A 51,250 — http://www.fao.org/docrep/011/i0670e/i0670e10.htm
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A big drink for Tane Mahuta

Search keywords

Opinion Sport Business Rural Life & Leisure

One of the world's most famous trees is dying for a drink but Waipoua iwi say
quenching Tane Mahuta's thirst could hasten rather than hold off the giant's
demise.

New Zealand's biggest tree is visited by thousands of tourists a year and is an icon
of the county's largest remaining kauri forest.

Waipoua Forest Trust conservator Stephen King plans to dump 40,000 litres of
water around the tree, with half of that task already carried out.

Mr King said the tree is shedding abnormal amounts of foliage and showing other
signs of stress caused by the 70-year record drought. The forest has had only a
tenth of its normal rainfall so far this year.

"Once the tree is very stressed then [disease] can take a hold,” Mr King said.

Trust members have trucked the water from nearby Wairau Stream tributaries. The
water would simulate an autumn dousing and prevent shock when the region's
normal heavy winter rainfall arrived, he said.

But while the novel thirst quencher has raised international awareness about kauri
vulnerability and the drought's far reaching effects, the forest's ancestral guardians
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Gardening with giants

Amid urgent calls for more Government funding to stop the deaths of our iconic
trees, there are steps you can take to help halt the spread of “the HIV of kauri”.

By Xanthe White In Ecologic, Gardens W Print (P share

@ tena

Although the recent drought was
worrying for many gardeners,
ironically when it came to kauri

‘) Kauri Dieback ¢ Leave a Comment

dieback disease, the conditions
favoured the trees. The small
chromista, or slime mould, that has
been attacking these giants is water-
dependent. In its reproductive stage, it
forms a small tail that propels it
through water in the soil, enabling it to
spread from tree to tree. Closely
related to algae, each organism is
130th of a millimetre wide. Hundreds
of these micro-organisms may exist in
a single grain of soil, and like many
phytophthora, they are part of the
unnoticed pulse of life at work underground. This particular branch — although identified as a
chromista — is so far unnamed.

Amature kauri in Auckland’s Waitakere Ranges. Photo/David
White

You are unlikely to notice much change to the kauri until it's badly affected. This is because the
chromista first invades the roots, then enters the tree through its vascular system, eventually
taking over the whole tree and causing it to die.

Chromista is an effective organism, says Auckland Botanical Gardens education officer Rebecca
Stanley, a trained botanist who spent six years studying kauri dieback with the Auckland
Regional Council.

Photos
1 comment
0 0
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Kauri icons threatened by inaction

Kathryn Powley

Environment

A veteran conservationist and
resident of Waipoua Forest says a
lack of government funding is
jeopardising iconic kauri forests.

Waipoua Forest Trust conservator
Stephen King was "very
frustrated” with the slow progress
and lack of funds to stop kauri
dieback disease.

Dieback-affected Kauri at Albany. Photo / Doug Sherring

As reported in the Herald on
Sunday last week, a fungus-like
kauri-killing disease called
phytophthora taxon agathis has been detected on tracks in the 12,000ha
rainforest, prompting Te Roroa iwi to consider a ban.

Dieback spreads along tracks in dirt on people's shoes, in rain run-off and by pigs. It
kills kauri by entering the root system and ringbarking the tree.

“One of the big faults of the response is it has been Wellington driven. It's very
frustrating.”

King wanted a laboratory set up at Waipoua to speed up testing. So far only a third
of sites had been tested, due to a lack of funding. King said tracks in Waipoua
needed improving or closing.
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Tane Mahuta earns a drink

Friday 12 Apr 2013 5:56 a.m.

¥ Join the discussion

The drought is affecting manuka, kanuka and kauri

CIE o | Tweet o] B share| o

Related
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Reviving the garden after the summer drought? Spare a thought for those trying to

PRINT
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New Zealand World Sport Business Entertainment Weather Latest Video

Iconic Tane Mahuta thrown a lifeline after drought

By Helen Castles
Published: 2:43PM Thursday April 11, 2013 Source: ONE News

Email this article  Print this article Textsize + - GER (22| wweet| 2

Drastic measures to save iconic Tane Mahuta
sSource: ONE News

00:00

New Zealand's oldest Kauri tree has been thrown a lifeline after suffering through the long, dry
summer.

Around forty thousand litres of water will be pumped into the Waipoua Forest in Northland
over the next three days in an effort to restore Tane Mahuta - the 2,400-year-old Kauri tree.

iwitness ict of the drought has seen the tree form excessive foliage in the past few months and
1s layer is drying up.
WEATHER
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refresh the country's largest kauri, it's taken them about two weeks' work with a hose.

>Budget 2014: New

TVNZ OnDemand
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Figure 2: Projected mid-range changes in annual mean rainfall (in %) relative to 1990.
The changes shown are on average of the results of 12 climate models for a mid-range IPCC emissions scenario.

Projected annual mean

precipitation change Projected annual mean

between 19801999 and ; precipitation change

2030-2049" : between 1980-1999 and
% 2080-2099"
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What's killin
the swamy fgrest?

The sudden collapse of a rare forest remnant in the Wairarapa illustrates the fragility
of our wetlands in the face of New Zealand's current water crisis.

O bt e,

i couso of &
#Mﬂhaunmlolmwlnswm

QE2 Trust's Wairarapa represantative snd plant expert Traver
Apart

A toal of 249
neluce

most of the.
Trovor and the owners believe one or more factors are

. of only 1.5ha.
24 kahikstes with girths at chest height up ta 1.4m, ikely
bb‘»mml‘!g]ﬂo’mﬂ'@
Queen Elizaboth Trust (QE2] covenant and was formerly
1 Council s

causing the collapse:
Climate factors: Eastern Wairarapa experiences (egular
droughts, Incuding the one that extended from the
summer of 5 through the following winter 10 the
summer of 2015716 Was this sufficently prolonged end
W, isi of

2 Koy Native Ecosystom (KNE).

The concerned owners of the fand, Barrie Cook and
Sarah Barton, have been trying to work out the source of
the problem so the remaining trees can be saved.

Tho swamp forest is in tho Whakatomotomo Valley, in
the southem Wairarapa, next to the small Turanganui River
that drains the wester slopes of the Aorangi Range. It's
one of only two forest remnants of its kind in the lower
Whakatomotomo Valley.

Y n

4 trouble
in 2015, when considerable kiekie vine die-off along with
, st ol Duckp the
4

' he proposed that his ditch network should feed into a
1o continue to channel water

climate change? But i the trees had survived previous
droughts thioughout theirlong e, why would thay be

dying now?
Historical factors: Much efiort aver the years has been
imade to make the land in the valley more suitable for
farming, including some channelling of the river and
drainage of paddocks. A local man pointed out that, 30
years ago, he had dug ditches to drain the once swampy
‘off the southern comer of the forest. Back then,

I channel in the forest

Forest and Bird

Magazine
Winter 2017

i

he m 1g1¢ of

TIRITIRI MATANG! ISLAND

wildlife sanctuary

10 the forest. This did not happen. Was this enough in itself

Sippiel uthern,
summer, some rimu outside of the
stross. One is now dead, and the others are

1o start pushing the forest towards the brink?

Water take: The groundwater in the narrow valley is
i ithin what Greater Wellington District Council

3l Taranganu Aquifer 1.t s fed by water movi

" ganeralfarm use, and specific consented use or i
| Could excessive water take be causing the problem?

the valley in the Turanganui River and through the:
and by rainwater. From this comes water for domestic use,

16| Forest & Bird Te Rac ot Taiso

20/09/2018
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Can we detect drought impacts on native forests?

* Remote sensing
approach

« MODIS NDVI and EVI
products from USGS

e Soil moisture deficit data
from NIWA

MSc studet ” Assoc Prof
Kshama Jay Gao
Awasthi

29
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NIWA’s soil moisture deficit

Soil Moisture Deficit

25
2
15
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2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
B Russell W Waitakere M Hunua Coromandel M Pureora MTaupo MAbel B Fiordland
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Soil Moisture Deficit

SCIENCE

32



BYEYE)] THE UNIVERSITY OF
AUCKLAND
e Whare Wananga o Tamaki Makaurau
NEW ZEALAND SCIENCE

Russell forest NDVI values

Standardised NDVI

March 2013
1.2 1.2
1 21
P S 08 I
< O.
0.8 i U I g I I I
I 206
0.6 o
: S04
c
0.4 g o2 I I .
0.2 0 =
January February March April
- |
0 Months
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
E min M max mean E min M max mean
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NDVI-standard NDVI-standard NDVI-standard

NDVI-standard

Russell Waitakere
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PROTECT OUR KAURI

RESPECT THE RAHUI

o \ -
il.govt.nz/articles/news/2.
016/12/clean-your-shoes-auckland-and-save-our-kauri/
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(a) Baseline (b) 2040

A

e Data Locations

(c) 2090
P,

o

1 2 3 6 8 10 12 15 18 20 25 30 35 40 [days]

Annual frequency of extreme and very high forest fire danger under future climate. Source: Scion
36



Combatting increased
] AUCKLAND
fire danger

Te Whare Wananga o Tamaki Makaurau ‘
NEW ZEALAND SCIENCE

https://theconversation.com/low-flammability-plants-could-help-our-homes-survive-
bushfires-53870

37
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http://www.sanctuariesnz.org/projects.asp
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ln summary

*Need to consider CC in all conservation
activities

*Have contingency plans for extreme
events

*Drought, fire, rising sea levels are
biggest threats

Thursday, 20 September 2018 39
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Further reading:
New Zealand’s Disappearing Forests
New Zealand Geographic, August 2014
https://www.nzgeo.com/stories/the-
future-of-our-forests/
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%~ Closed sanctuary

Te Hauturu-o-Toi/
Little Barrier Island
Nature Reserve

W~ Fenced sanctuary
¥ Mainland island

%" Open sanctuary
Moehau Kiwi Sanctuary

Moutohora (Whale Island)
Wildlife Management
Reserve

Te Urewera
Mainland Island

Sanctuary Mountain Maungatautari

Bushy Park Sanctuary

Kapiti Is. Nature Reserve

Mana Island Scientific Reserve ! Boundary Stream
Motuara Island Sanctuary ¥ Mainland Island
Cape Sanctuary
Farewell Spit Nature Reserve
Pakaha Mount Bruce

National Wildlife Centre
L Wainuiomata Mainland
WELLINGTON Island

Brook Waimarama Sanctuary

Rotoiti Nature Recovery Project

Zealandia

Hurunui Mainland Island

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

TODAY'S FOREST
COVER

BEFORE EUROPEAN
SETTLEMENT

CROPLAND &
GRASSLAND

M EXOTIC FOREST
W NATIVE FOREST

* ok

N

x

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

forests/



2018 - 2027

One billion trees - Reclaiming our forest heritage together

“'5 abﬂut= “ requn’es: Policy Seedlings Labour Land Infrastructure Processing/Products

5 ' i; aude o B ) E

Our environment

B, It’s a 10 year programme:

Our regions
Scaling-up to one billion trees over 10 years

Additional planting enabled by the programme
» to date
1 Additional planting the programme will need to
deliver, approach for delivering the planting yet
Qur people to be confirmed
Baseline forecast of trees to be planted
[including replanting)

Average annual planting over 10 years

Number of trees planted

20,000,000

2018 2009 2020 2021 2022 2023 2024 2025 2026 2027

https://www.mpi.govt.nz/funding-and-programmes/forestry/planting-one-billion-trees/
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One billion trees =
0.03% of global total

Down from 6 trillion since start of human
civilisation
15 billion trees lost each year globally

0000000000
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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/
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Relationship between annual evapotranspiration and rainfall
for different vegetation types. After Zhang et al. (1999).
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ln 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 Maori
5. Essential to address threats



