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Objective: There has been considerable research on impacts of vertebrate pesticides on non-target species in New Zealand. Here we review this research, focusing
on 1080 bait targeted at possums, with the aim of making recommendations that can be actioned to reduce non-target impacts. Four key areas emerged from the
literature where greatest advances can be made in reducing non-target impacts: bait quality, bait presentation, repellents and toxin choice.
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Bait Quality

Bait Presentation

Bait Size:

Pastes and Gels:

• Seven large bird species (i.e. kokako, weka, kaka) ate baits as large as 6 g, the largest offered to them1. Baits larger
could deter these species.
• Carrot baits screened: fragments <2 g removed2,3. Cereal baits: sizes range from <1 g to >10 g weight2 – high variability
is unacceptable.
• More birds found dead after aerial 1080 operations using carrot compared to cereal baits1.

• Pastes commonly used in ground control operations on earth “spits”22, or on tin or cardboard for easy
removal at the end of the operation3.
• Stock is removed from the control area.
• Ground dwelling birds are susceptible to poisoning using these methods, therefore use stronger repellents,
different presentation methods, or lay paste above ground level to reduce impacts.

Bait Shape:
• No literature found investigating bait shape to deter non-target species.

• Gel and gel blocks can be used in purpose built bait stations23, nailed to trees or posts out of reach of many
non-target species.

Toxin Concentration:

Macroencapsulation & Microencapsulation:

• Concentrations of at least 0.15% 1080 and 0.8% cholecalciferol achieves maximum kill rates (90-95%).

• Feratox ® (macroencapsulation) is used in bait bags and stations24. Placement out of reach of non-target

• Efficacy is reduced if bait becomes damp or partially degraded4, therefore apply during forecast spells of dry weather.

species important.

• Sub-lethally poisoned animals becoming bait-shy, bait remains longer in the environment, increasing exposure time of
non-target species to poisons – ensure bait concentration is high enough to kill target pests.

• However, this may result in overdosing, increasing secondary poisoning risks25.

• Microencapsulation slows onset of symptoms, reducing bait-shyness in sub-lethally poisoned animals25.

Bait Stations:
• Spacing at 150 m with pre-feeding achieved the same efficacy as spacing at 100 m when located 1.5 m
above ground26.

Non-Target Species Repellents

• Spacings of 100 m in small forests and pine plantations are recommended27.
• Pre-feeding with non-toxic baits achieved similar possum kills as aerial 1080 drops28.

Tastes & Scents:

• Where stock is present bait stations 2 m above ground level; otherwise a height of 35 cm is ideal29.
3,5,6

• Cinnamon oil currently added at 0.1 - 0.15% w/w to baits

.

Aerial Application Rates:

• For 7 bird species, the repellent effect of cinnamon worked for 1 day but then wore off1.
• North Island robins regurgitated cinnamon coated mealworms7.

• Dramatically improved by the use of GPS3.

• 50% fewer invertebrates were found on cinnamon lured baits8.

• Aerial application rates of 3kg/ha equally effective as 10kg/ha30.

• Suggested increasing cinnamon oil strength to 0.3% w/w (Morgan pers. comm. in6).

• Trickle sowing combined with pre-feeding uses 80% less bait than current application rates. This is equal
to an application rate of 0.3kg/ha31.

• Other promising repellents include: aniseed lure9; citronella oil, eucalyptus oil, neem oil, DEET, DMP, and alpha
cypermethrin as invertebrate repellents6; dimethyl anthranilate (DMA), decreased cattle feed eaten by birds10; neem at
1.5% concc repelled European starlings11; caffeine on rice seed decreased black bird consumption12.
• A deer repellent has been successfully developed, and was found to decrease the risk to robins from carrot bait13, and
did not increase mortality of robins and tomtits13,14.

Choice of Toxin

• Brodifacoum and other second generation anticoagulants are extremely persistent. Widespread, repeated
use of second generation anticoagulants should therefore be avoided.
• Toxic baits currently dyed green. Initial studies conducted on fowl15 found green dye decreased the amount of bait eaten • First generation anticoagulants such as diphacinone that are less persistent, used alone or in combination
in this species.
with cholecalciferol, trapping or cyanide should be used in preference to brodifacoum on mainland sites.
• More recent studies found differing results.
• Cholecalciferol is reported to have a lower risk of secondary poisoning, and bird species appear less
susceptible to this than 10805.
• Overall, light, medium and dark blue dyed baits16,17,18,19,20 were most repellent to a variety of species.

Colours:

• 1080 rapidly biodegrades in the environment and does not bioaccumulate.

• Blue and green dye does not adversely affect cereal bait acceptance by possums21.

Recommendations
● Abandon the use of carrot baits

● Pre-feed with non-toxic baits

● Trickle feeding with pre-feed used where appropriate

● Dye baits blue rather than green

● Standardise bait weight to at least 6 g, if not larger

● Bait stations 2 m above ground if stock is present, 35 cm above ground otherwise

● Consider toxin choice based on advantages, disadvantages, operation and non-target species present

● Increase cinnamon oil concentration to 0.3%w/w

● Bait station design to minimise bait spillage and non-target species interference

● Bait station spacing at 150 m intervals with pre-feeding in forests, or 100 m intervals in small forests and pine plantations

Whio – Graeme Dainty
Kokako – Rogan Colbourne/DoC

References
1. Spurr EB 1993. Feeding by captive rare birds on baits used in poisoning operations for control of brushtail possums. New Zealand Journal of Ecology 17: 13-18.
2. Spurr EB, Powlesland RG 1997. Impacts of aerial application of 1080 on non-target native fauna. Science for Conservation 62. Department of Conservation 31 p.
3. Morgan DR, Hickling G 2000. Techniques used for poisoning possums. In Montague TL ed The Brushtail Possum. Manaaki Whenua Press, Lincoln, New Zealand Pp. 143-153.
4. Henderson RJ, Morriss GA 1996. Sub-lethal poisoning of possums with acute pesticides used in bait stations. Proceedings of the Forty Ninth New Zealand Plant Protection Conference, Quality Hotel Rutherford, Nelson, New Zealand, 13-15
5. Eason CT, Warburton B, Henderson R 2000. Toxicants used for possum control. In Montague TL ed The Brushtail Possum. Manaaki Whenua Press, Lincoln, New Zealand Pp. 154-163.
6. Spurr EB, McGregor PG 2003. Potential invertebrate antifeedants for toxic baits used for vertebrate pest control. Science for Conservation 232. Department of Conservation 36 p.
7. Powlesland RG, Knegtmans JW, Marshall ISJ 1999. Costs and benefits of aerial 1080 possum control operations using carrot baits to North Island Robins (Petroica australis longipes), Pureora Forest Park. New Zealand Journal of Ecology 23: 149-15
8. Spurr EB, Drew KW 1999. Invertebrates feeding on baits used for vertebrate pest control in New Zealand. New Zealand Journal of Ecology 23: 167-173.
9. Styche A, Speed H 2002. Rodent bait preferences in non-target birds. Internal Series 40. Department of Conservation 11 p.
10. Mason RJ, Glahn JF, Dolbeer RA, R.F. RJ 1985. Field evaluation of dimethyl anthranilate as a bird repellent livestock feed additive. The Journal of Wildlife Management 49: 636-642.
11. Mason JR, Matthew DN 1996. Evaluation of neem as a bird repellent chemical. International Journal of Pest Management 42, 47-49.
12. Avery ML, Werner SJ, Cummings JL, Humphrey JS, Milleson MP, Carlson JC, Primus TM, Goodall MJ 2005. Caffeine for reducing bird damage to newly seeded rice. Crop Protection 24: 651-657.
13. Ross J., Henderson R., McGaw S. 2006. Assessing bird responses to cereal and carrot baits coated with deer repellent. Report for Animal Health Board. Project number: R-80568-06. 16pp.
14. Ross J. 2007. Aorangi forest park - tomtit impact monitoring following possum control using 1080 bait containing deer repellent. Report for Enviro Research Limited. Project number: R-80671. 7pp.
15. Caithness TA, Williams GR 1971. Protecting birds from poisoned baits. New Zealand Journal of Agriculture 122: 38-43.

Pukeko – KJ Wilson

Kereru – M. Schotborgh

16. Hartley L, O'Connor C, Waas J, Matthews L 1999. Colour preferences in North Island robins (Petroica australis): implications for deterring birds from poisonous baits. New Zealand Journal of Ecology 23: 255-259.
17. Hartley L, Waas J, O'Connor C, Matthews L 2000. Colour preferences and colour baited consumption by weka Gallirallus australis, an endemic New Zealand rail. Biological Conservation 93: 255-263.
18. Avery ML, Humphrey JS, Decker DG, McGrane AP 1999. Seed colour avoidance by captive red-winged blackbirds and boat-tailed grackles. The Journal of Wildlife Management 63: 1003-1008.
19. Brunner H, Coman BJ 1983. The ingestion of artificially coloured grain by birds, and its relevance to vertebrate pest control. Australian Wildlife Reserve 10: 303-310.
20. Tershy BR, Breese D 1994. Color preference of the island endemic lizard Uta palmeri in relation to rat eradication campaigns. The Southwestern Naturalist 39: 295-297.
21. Day TD, Matthews LR 1999. Do colours that deter birds affect cereal bait acceptance by possums (Trichosurus vulpecula)? New Zealand Journal of Ecology 23: 261-266.
22. Eason CT 2002. Sodium monofluoroacetate (1080) risk assessment and risk communication. Toxicology 181: 523-530.
23. Morgan DR 1999. Risks to non-target species from use of a gel bait for possum control. New Zealand Journal of Ecology 23: 281-287.
24. Thomas M 2005. Feratox and Feracol as alternatives to brodifacoum for possum control. Internal Series 200. Department of Conservation 24 p.
25. Marsh RE 1990. Microencapsulation of rodenticides. Proceedings of the Fourteenth Vertebrate Pest Conference 1990, 62-64.
26. Thomas M, Fitzgerald H 1995. Bait-station spacing for possum control in forest. Science for Conservation 5. Department of Conservation 10 p.
27. Henderson RJ, Brown JA, Thomas MD, McAuliffe RJ 1999. Use of ground-level or elevated bait stations for possum control. Proceedings of the Fifty Second New Zealand Plant Protection Conference, Auckland Airport Centra, Auckland, New
Zealand, 10-12 August, 1999. August, 1996.
28. Thomas M 1994. Possum control in native forest using sodium monofluoroacetate (1080) in bait stations. Proceedings of the 47th New Zealand Plant Protection Conference 107-111.
29. Morgan DR 2004. Enhancing maintenance control of possum populations using long-life baits. New Zealand Journal of Zoology 31: 271-282.
30. Morgan DR. 1994. Improving aerial control of possums by precision bait delivery. Proceedings of the 16th Vertebrate Pest Conference, 287-292.
31. Nugent G., Warburton B., Clayton R., Thomson C., Coleman M. 2007. Multispecies 1080 poisoning: Killing more pests with few baits. Multispecies Pest Control Workshop, November 2007, Christchurch New Zealand.

