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Biological invasions are a major component of global change

• Most mammals and half our flora are non-native species

• An ecological view of ‘impact’ is ⨍(distribution, abundance, effect)
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Turbelin et al. 2023 Perspect. Ecol. Cons. 21:143

Invaders caused $152 Billion USD damage 

(1980-2019) for NZ/Australia region

Wyse et al. 2018 NZJE 42:87

Storm tracks 

1875 - 2015 



Turbelin et al. 2023 Perspect. Ecol. Cons. 21:143

Invaders caused $152 Billion USD 

damage (1980-2019) for 
NZ/Australia region

Biological invasions are the 

fastest growing hazard



The New Yorker



Why do we manage biological invaders? 

• To eradicate, contain or reduce abundance of 

populations



Why do we manage biological invaders? 

• To eradicate, contain or reduce abundance of populations

What outcomes are sought?

• Biodiversity including vulnerable sites or species

• Disease management

• Safeguard economic activity

• Ecosystem condition (composition, structure, functions) 

• Carbon



Binney et al. 2021 Ecol. Monographs e01439

 

Bird (and plant) diversity increases with intensive long-

term (>7 yr) possum, rat and mustelid control



Q: Does management of mammal browsers increase C 

sequestration of indigenous forests?

Some propose major gains are likely. AI.

Most scientific/peer-reviewed studies 

demonstrate no or small effects.

Can decision makers be confident in C gains 
from management interventions?

Take home: some science principles required to 
claim management like attribution and 

permanence aren’t met.

0           
 



Tanentzap & Coomes 2012 Biol. Rev. 87:72

• Browser impacts can be positive or 

negative, and vary among species and 

systems.



• Impacts can be positive or negative, 

and vary among species and 

systems.

Tanentzap & Coomes 2012 Biol. Rev. 87:72

“One of the greatest limitations in deriving 

sensible estimates for the effects of herbivores 

on carbon cycling is quantifying the area and 

intensity of herbivory within a given region.”



Allen et al. 2023 NZ J Ecology 47:3503

Most studies (2010-2020 period) measure responses of 

birds or plant species to management, but not carbon
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Wardle & Peltzer 2017 Biol. Inv. 19:3301

Animal effects depend on other ecosystem processes



Kokatahi River (Westland) 

succession experiment excluding 

possums for 11 years

Prediction:

Removal of possums that eliminate 

palatable woody will retard 

succession

A New Zealand example…





+possums

11 years of succession

- possums



Wardle et al. 2007 Biol Lett 3: 479.



Prediction:
Removal of possums will retard 

succession

Instead:
Possums removed competitive herbs and 
grasses:  woody succession was more 

rapid when possums are present.

Bellingham et al. 2016 J. Ecol. 104:1505  



Indigenous forest plots are used to estimate forest C nationally

• Coomes et al. 2002 designed system 

based on NVS.

• Holdaway et al. 2017 (874 plots): old 

growth forest biomass +0.28 tC·ha−1 

yr−1; regenerating forests +2.78 tC 

ha− 1 yr− 1.

• Paul et al. 2021 (1036 plots): No 
change in total C stocks (227.0 ± 

14.4 tC·ha− 1 vs 227.2 ± 14.5 tC·ha− 1 

for 2002-2007, 2009-2014).



Mean change of -0.0005 Mg C ha-1 yr-1 

Bufford et al. 2025 LC4613 Report for DOC 

Most recent remeasurement yields similar results



Paul et al. 2021 Forest Ecosyst. 8:34

Carbon stock changes differ among forest-types



Preferred       Not selected      Avoided

Nugent et al. 2001; Forsyth et al. 2002; Peltzer et al. 2014

Infer browser effects from diet selection

• Deer and possum diet partly overlap 

• Possum omnivory and diet selection is problematic



A ‘best case scenario’ is exclusion



No difference in total ecosystem C with ungulate exclusion

Allen et al. 2023 Ecol Appl 33:e2836 



Large trees drive total carbon



• Most C gains are through succession or reforestation

• Challenging to show C gains that can be attributable 

to ‘wild animal’ control because gains are small 

compared to sink size or disturbance impacts

• Focus on animal control in broadleaved-hardwood 

successions, and restoration of successions in 

relatively wet (1000mm/yr), warm (>9°C MAT) areas. 

Major recommendations:



Ellis et al. 2024 Nature Comm. 15: 547

Science-based principles for Natural Climate Solutions

• Recent review of science principles

• Separate from policy or market 

considerations

• Principles treated like criteria

• Rank by confidence (IPBES)

• Helps to guide decision makers 
across scales



Prioritised schedule of science principles for NCS’s 

Measureable: reliable quantification of cumulative effectiveness.

Validated: cross-checked against standards or available methods.

Additional: attributable net change in C from baseline.

Permanent: durable removal (minimum 50 years?).

Material: scaling up and magnitude of effects on C.

Scalable: robustness of measurements across scales.

Leakage: perverse or negative outcomes are avoided.

Transparent: data, analyses and assumptions are accessible.

Peltzer et al. 2025 LC Report 2526-0025 for MfE 



Prioritised schedule of science principles for NCS’s 

Measureable: reliable quantification of cumulative effectiveness.

Validated: cross-checked against standards or available methods.

Additional: attributable net change in C from baseline.

Permanent: durable removal (minimum 50 years?).

Material: scaling up and magnitude of effects on C.

Scalable: robustness of measurements across scales.

Leakage: perverse or negative outcomes are avoided.

Transparent: data, analyses and assumptions are accessible.

Sustainable: biodiversity or co-benefits accrue.



Additionality/attribution and permanence require work

Additional: attributable net change in C from baseline.

Permanent: durable removal (minimum 50 years?).







Assessment Report on Invasive
Alien Species and their Control

www.ipbes.net Roy et al 2023

The Intergovernmental Science-Policy Platform

on Biodiversity & Ecosystem Services

#InvasiveAlienSpecies 
Assessment



Summary

• The case for managing browsers for C 

outcomes is weak, but is far stronger for 

biodiversity goals

• Huge variation occurs among forest-types

• Additionality and permanence are problematic

• Quality evidence is essential for understanding 

when and where interventions are having the 

desired outcomes.
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