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Overview

Working towards a healthy moana
through co-development with iwi
partners.

Casestudy:St arfish out brf

Harbour.
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Cadeveloping with iwi partners towards a

healthy Moana.

ID and engage
relevant
Stage 1 stakeholders
Research
Co-developed
Sege L

] Te Awe K@uku (1991) kaupapa MUori principles
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Cadeveloping with iwi partners towards a
healthyMoana

ID and engage

Stage 1 relevant

stakeholders

Research
Stage 3

Stage 4
|
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Cadeveloping with iwi partners towards a

healthyMoana

ID and engage

Stage 1 relevant

stakeholders

1) Why are there so many seastars?
guestions
Stage 3 2) How do we best manage seastars to
encourage recovery of the mussel beds?
Stage 4

J
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Cadeveloping with iwi partners towards a
healthyMoana

ID and engage

Stage 1 relevant

stakeholders

Research
Stage 3

Stage 4
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Cadevelopingvith iwi partners towards a
healthyMoana

ID and engage

Stage 1 relevant

stakeholders

Research
Stage 3

Stage 4
]
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Cadeveloping with iwi partners towards a

healthyMoana

ID and engage

Stage 1 relevant

stakeholders

Research
guestions
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Stage 4 Dissemination
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Cadeveloping with iwi partners towards a

healthy Moana

ID and engage

relevant
Stage 1 stakeholders
Research 1) Is it feasible to remove seastars and if so, which
S| removal strategy works best?
S’[age 3 2) Would removing seastars improve mussel
recovery?

Stage4 3) Are there potential 6re

seastar predation?
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Cadeveloping with iwi partners towards a
healthy Moana

ID and engage

Stage 1 relevant

stakeholders

Research
Stage 3

Stage 4
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Cadeveloping with iwi partners towards a

healthyMoana

ID and engage

I
Stagel

Research ' |
guestions

_ Report findings back to Co-developed
Stage 3 implementation ourr @ kdirangahau framework
and collectively work on
Dissemination recommendations for
Stage 4 - seastar management
] for @e&hiwa Harb
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Cumulative effects & tipping points
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Multiple stressors and multiple effects

- - Nutrients
Physical Sedimentation Plastics
disturbance Suspended g
sediment
Alteration - .
. »| Changes to Toxic
1 of benthic \ .
: habitat movement- contaminants
Species \] connectivity \
removal N 77 A
Temperature
Behavioural /
- it changes :
Species addition \g / \ Alteration of food
/ .| quantity and quality
Diseases, / /
parasites Changes in chemical balances
v ¥ and elemental cycles
National

Biodiversity loss
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Landbased pollutants

National

Photos: Simon Thrush, Candida Savage and Drew Lohrer SCICNTE Bt i
Challenges f




Tipping points cascade

+ Terrestrial Sediment
Switch to net N fixation
+ N retention
+ Adsorbed N&P
release
+ Turbidity
=+ planktonic micro &
macroalgae
+ Benthic hypoxia
- Permeability
+ Hydrogen sulfide
- Local ray & shorebird
population

+ Terrestrial Sediment

+ Adsorbed N&P ¢ Bare sedimicnts
release - Shift in Mac.
+ N retention Community
+ Turbidity * Loss of many
- Permeability ecosystem services
- Benthic PP
+ planktonic micro &
macroalgae
+ OM decomposition >35 % Mud
+ Benthic hypoxia
- Local ray & shorebird . "
population + Terrestrial Sediment
Shellfish Die-off + Adsorbed N&P release
+ N recycling
2 cm Layer + Turbidity
- Permeability
- Juvenile bivalve
+ Terrestrial Sediment recruitment
- Denitrification - Macrofauna abundance
+ Adsorbed N&P rel - Biodiversity
+ Turbidity - Benthic PP
- Macrofauna abundance + Terrestrial Sediment - O, penetration
- Biodiversity - Denitrification
+ Adsorbed N&P release
+ Chlorophyll & OM
+ Terrestrial Sediment _ l;:er(;:::;;lsity :
+ Denitrification :> - O, penetration | Ko ngd moana
.. + Chlorophyll & OM 3 % Mud - Macrofauna abundance ; whakauka
(Amanda Vieillard 2020, UOA PhD) |+ Macrofauna abundance ” Biotubation |




Stressor Interactions interaction networks

Clear estuaries Turbid estuaries

Ave, daily

- Ave. daily
max PAR

max PAR

Nutrient
addition

Austrovenus Austrovenus

Maocomono Macomono

Thrush et al (2021); Ecological Applications
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Stressors that remove structure or biomass from the
food web
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Feedbacks and recovery lags
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¥

Allee effects

Bottleneck

’ s > vV
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. 0 : % ¢ ; : : Time
Context dependent shifts in kelp Sediment legacies in estuaries Hewitt et al. 2022; Frontiers in Ecology and
ecosystems Evolution National |
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Why we worry about the ecology and how this can help

with cut through

People on Q In general, water flows downhill )
land creating [2. People with different pr

Mul-tiple People along the river ecosystem and their actio
Environmetal@@ D08 adding more MESS domain impact people, e

Simulatenou I o MEss o X services in other domains
Stressors ~
Pollutants
washed down !

MS SS

stream =
d , A People on the coast and sea
La“ y., & PoIIutants A creatmg more MESS
LN _.= washeddown
Freshwater streary I I -

=—  Avaluing nature

Sea

AA shift to a restorative focu
ADemocratizing the science

People managing the MESS

| People managing the MESS |
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Ecological knowledge does not work in a vacuum

Fragmentation

Uncertainty
and change

« Emerging issues
« Wicked problems

Figure 3.5
Overview of common challenges for ocean governance National ST ACIE
s ”
UNESC@OC/European Commissiaz021 SCICNCE
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Linking ecological knowledge to opportunity

ATipping points
AContext dependency m
AEcological networks

AFeedback loops EBV
ARecovery lags

AMulti-scale m
Interactions

A Shifting from BUA and its
path dependency

A Inclusive and forwardboking
policy development

A Relevance to response
A Community engagement

Al t A3ayYyYSYld 6A0GK
and Kaitiakitanga

A Management Actions
A Blue Economies
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Stress focus to response foclMSP

Human Activity Human Activity

Human Activity

v

y

Stressor

Stressor

v

Cumulative
effects

v

Ecosystemn

Capacity to
address
ecological
change?

STAKEHOLDERS CREATING
A BLUEPRINT FOR THE COAST

MNational

SCIieNCE

Challenges

woodsholeqgroup



https://woodsholegroup.wordpress.com/author/woodsholegroup/

Setting limity = Avoiding risk

1 We need to move to managing cumulative
effects through knowledge of ecosystem
processes

{1 National guidelines are insensitive to
cumulative effects

1 One size fits all measures are unlikely to protect
against tipping points

1 Meaningful action is desperately need to
advance integrative management.

1 The windows of opportunity to effect change
and maintaining critical ecosystem services are
closing. \ations
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Time/space

Concentration/ load/ extraction




A future focus

O
Turning the tide of
Restoration biodiversity loss
Response to
® climate change
educing threats Pathways to
g ecological
sustainability
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Making decisions on options and opportunities to

recover seafloor species and habitats

Present environmental conditions will support the species selected

R

No individuals remaining Legacy environmental conditions
prevent passive recovery
Remaining but not at
Nearby locations can prowde Adults sufficient size or density

suﬁ'ment adult recruits mobile N / \

Sufficient density .
. Habitat
g Neﬁ}j\t/“e’ﬁllzdl”t but not size Jrafacted
ast recover
of habitat ’ T Bo:)t:e:fck .o
Nearby locations can recovery as gtro
provide sufficient larval rate
or juvenile recruits \ Adults brood no
\ larval or juvenile
dispersal
Allee effects result | ~ Larvae or juveniles /
in bottleneck or no | Present most of the year Moderate

recovery of

habitat driven b . . ] .
growth rates y Hewitt et al in press. Frontiers in

/ \ Ecology and the Environment

Moderate recovery of National

habitat driven by Lag created by time to SCICNTE TEraas | Ko nga moana
growth rates recruit and reach adult size Challenges

recovery Short-generation times
Fast growth rate

SEAS : whakauka




Managing for ecosystem resilience and recovery

Time scale of
ecosystem response
and/or duration of
stressor

: >
Spatial extent

i = ? HiihI
Low, GladstonéSallagher et al. in prep S -
SCICNCE T raai

Level of risk Challenges

SEAS




Ecological footprints and recovery time scales

How does the ecosystem recover when the stressor tap is turned off?

Disturbance effected fast processes Disturbance effected slow processes
Open coast
P
g
3]
3
s
Open estuary -‘E Time
[
5
€
g
>
[0
©
o
v
Estuary with causeway
GladstoneGallagher, Low et al.
in prep
\ 4 SCIENCE Bl vty
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Multiple roles for empirical ecology

AExamination with networks is possible but its essential its
Informed by an understanding of multippgocesses

AAs cumulative effects inhabit a world of indirect effects and the
propagation of effects across networksong-term observation
of natural ecosystems wgitical

AReal world examples help to build understanding, reduce
uncertainty and focus management actions
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Marine ecosystem risk assessments

National
SCieNCE

Challenges

LGeneraIised Likelihood-Consequence (GLC) |

{Ecological Risk Assessment for the Effects of Fishing (ERAEF)

* Level 1 - Scale Intensity Consequence Analysis (SICA)

* Level 2 - Productivity-Susceptibility Analysis (PSA)

* Level 3 - Sustainability Assessment for Fishing Effects (SAFE)
* Residual Risk Analysis (RRA)

Areview of risk assessment
i | f ksf ' '
Management Strategy Evaluation (MSE) econreaaed MM ent
\ (EBM) in Aotearoa New Zealand

Qark DE, Gladstone-Gallagher R, Sephenson F e

LSpatially Explicit Fisheries Risk Assessment (SEFRA) ©

Bayesian Network (BN)
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Risk assessments for EBM

FromHolsmaret al. (2016)

A Multiple ecosystem components |} %= | A Threshold responses
ﬁ ﬁ](t)gzléti:ourlltsural and economic valu zg; i ;\ 2 Spatial outputs
Biological risk Socio-econom ic risk R e C Ove ry
é Fe(f dbr:xcl;fs t ﬁ«% = 2 Different knowledge types
habitats ~. . 1
Indirect efrects L Estimates of uncertainty
;g;h:f_':""’:m"" ﬁf ﬁl—*;:mmunmu
Sl 2 i
cived: 11 July 2021 | Revised: 26 November 2021 | Acceped:
::Rs:::,“ e e e ' WILEY

Risk assessment for marine ecosystem-based
management (EBM)

DanaE. Clark’ © | Rebecca V. Gladstone-Gallagher” © | Judi E. Hewitt**© | National )
Fabrice Steph ‘0 | J . Ellis® SCIiCNCE SUSTAINABLE { Ko nga moana
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Managing for ecosystem resilience and recovery

A) Managing for recovery B) Risk of ecological shift ” ncertainty
I A
Reduce + let o .
recover Active intervention

Reduce + let recover| Active intervention

Reduce + let recover

Depth of response footprint
Depth of response footprint
Depth of response footprint

Monitor for further change

)
Spatial extent Spatial extent Spatial extent
HiihI HiihI
Level of risk Level of uncertainty

Low, Gladstond&sallagher et al. in prep National

Sc ieNCE SUSTAINABLE Ko ngd moana
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Risk assessment

@ El S —
Loss of resilience L High

ow

S E2 *:—
Loss of slow component
E3 —:h

v
Likelihood of noradditive responses
O K
Loss of components central to feedbacks

= S ——
—

Isolation of area

E6
Size of area

<

P1
Multiple stressors False Tru

P2 q
Presence of chronic and accumulating stressors
False Trug

Stressor legacies

X
@ —:I:—

Stressor dispersal potential

GladstoneGallagher et al. in prep




Scenario Athere is increasing cumulative impactsithangateau
estuary where cockles arddacomonaare the dominant structuring

organism. The estuary is beginning to experience increasing sedimentdtion
and nutrient from changes in surrounding catchment. Losses in shellfisip
species and build up of legacy sediments have not occurred yet, but the
stressors in other places are known to leave legacies

14

se

Risk assessment

:23 E1 e —
Loss of resilience | High

ow

D e o —
Loss of slow component
N, E3 —:*

Likelihood of noradditive responses

©E4

Loss of components central to feedbacks
ES

Isolation of area |
y E6 _:#
Size of area

P1
Multiple stressors ~ False Tru

P2 _:qO
Presence of chronic and accumulating stressors ' ‘
x Stressor legacies False ru
o _:I_ GladstoneGallagher et al. in prep

Stressor dispersal potential




D

Risk assessment

SO —

Loss of resilience  Low High

D e —
Loss of slow components

N

O
&

X
AIs

E3

Likelihood of noradditive responses
E4 _:*

Loss of components central to feedbacks

E5
Isolation of area

E6 —:ﬁ
Size of area

Pl
Multiple stressors ~ False True
P2 _:+
Presence of chronic and accumulating stressors
False Tru

Stressor legacies

e —

Stressor dispersal potential

Scenario Brhe Manukau estuary has received decades of

accumulation of mud, heavy metals and nutrients and in some plj
the shellfish species have been lost or abundances diminished. |
some places there are still good areas of shellfish, but the stressg
regimes are predicted to continue to accumulate, and legacies of
sediments are not reducing. Further turbidity is reducing resilienc

HCES

b of

the ecosystem to nutrients




Ecosystem state

Trajectories through time witho action

Ecosystem state

Ecosystem state

[

Scenario AVhangateau No

»
>

”\3\2\\%\

v

v

action to mitigate leads to
multiple tipping points and
degradation through time

Scenario B ManukauThe
ecosystem begins at quite low
ecosystem function because a
tipping point has most likely
already occurred. No action to
mitigate results in further tipping
points as stressors accumulate

Both scenarios result in decline and end up in the same
place eventually, but the number of tipping points and the
rate of decline depends on a combination of where the
system started from and the stressor regimes they

experience




Ecosystem state

Trajectories through time witiReduce and
let recover

[

Ecosystem function

Scenario AVhangateau ¢
M Reduction of stressors halted

further degradation and because

f S3FOASa ¢SNByQi

improvement occurred over time

Ecosystem function

»
>

v

Scenario B ManukatReduce and let
recover prevented any further tipping
points but there was no improvement in
ecosystem state due to ecological and

/_1_\’\/2'\3/\/ stressor legacies

v

Reduce and let recover prevents further degradation,
but only results in improvement in systems where
legacy impacts are not blocking recoverthese

legacies depend on the historical stressor regimes and
also the nature of the ecosystem

SN

e

S

CI



Ecosystem state

Trajectories through time witlActive
intervention/restoration

[

Ecosystem function

Scenario AVhangateau Active

»

Ecosystem function

/

v

v

reseeding of shellfish along with
stressor reduction built resilience
against future perturbations (like
climate change) and sped up
improvement

Scenario B ManukatActive
restoration of shellfish beds and
reduction of stressors slowly
improves things, but high
uncertainty due to the efficacy
of the restoration methods in an
initially highly degraded place

Active restoration is needed to drive
improvement in situations where legacies have
blocked recovery, however, recovery will be
slower and uncertainty higher in areas that were

highly degraded




Conclusions

B) Risk of ecological shift Q Uncertainty
A

Risk Assessments:

A Consider cumulative effects
A Recognition of ecological complexity
A Application of ecological theory
A Uncertainty & management

Depth of response footprint
Depth of response footprint

»
>

Spatial extent Spatial extent
Low HiihI
Level of risk Level of uncertainty
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Spatial planning tools

Spatial prioritisation of seascape
164°0'0"E 1 72°?'0"E . 180°0'0"176°0'0"W 168°0'0"W
8 BTP_mean_HIST CLL_mean_HIST sQ —
Spatial layers for l{ i b &l\ y éﬁzzz
_bl?dlvetrSlty features of ] \Nugy/ . o\ . 3000 1 / Candidate management areas \
In ereS o 4 ' i 0} 08 " 06
A Species/taxa T B ? > | . N / ;
distribution T ’J ‘ . g7 B b4
A Diversity (e.qg., . ) 38700 1 g ’ £
richness) % {Sl_mean_Hle” LEI_mean_HIST I 'l, ‘..~.> o
A Functional groups x}“{\ﬁ Rk woes1 S 4 : — |
A Cultural/industry ¢ NS . N o 00 B R &
value é E"w_ o s g: ’:,‘ = T Egg:ggg:/o 16¢ o | /
3 25 - 50% I=]
2 _t.i : °0'0"S - : / o] -25% % |
| W soovs - L
B Top 2-5% ~1500000 500000 0 500000 1000000
I Top 2% k /
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Accounting for Impact of stressors

Keratoisis Condition
Habitat suitability Relative condition

A Applied to discount highly
modified areas

A One layer (stressor) per
biodiversity layer

A No accounting for areas
lost (e.g., recovery
potential)
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