Boiga irregularis (Brown Tree Snake) Management Information
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1.0 Introduction
Guam's role as a trans-Pacific shipping hub and the tendency of snakes to seek refuge in cargo makes snake dispersal to neighbouring island ecosystems a high risk possibility (Fritts 1988; Fritts et al. 1999; Vice et al. 2003; Vice Engeman and Vice 2005). In 1995 the brown tree snake was listed by the US Department of Agriculture as among the top three pests requiring control and eradication. The fragility of island ecosystems means that the establishment of the brown tree snake in Hawaii could be an ecological disaster waiting to happen.
2.0 Preventative measures 
In 1993 Wildlife Services (WS) and the US Department of Agriculture began a programme to reduce the potential for snakes to accidentally enter Guam’s transportation system (see Engeman et al. 2002; Vice et al. 2005, in Stanford & Rodda 2007). WS has taken the primary role in this effort through trapping, oral toxicants, fence line searches and the use of BTS detection dog teams (Stanford & Rodda 2007). The protection of port facilities and the examination of outbound cargo and planes require an extensive but highly cost-effective effort; this effort has minimised the probability of snakes being transported from Guam to new locations (Stanford & Rodda 2007). 
To reduce the probability of the snake becoming established on neighbouring islands, the highest risk islands (Saipan, Oahu and Tinian) have established inbound interdiction protocols, emphasising dog-aided inspections of cargo from Guam. Sentinel traps have been placed within port areas in the Northern Mariana Islands to assist detection and capture of arriving brown tree snakes (Stanford & Rodda 2007).  Control measures are not 100% full-proof and snakes may hide in cargo only to exit at the cargo’s final destination (Stanford & Rodda 2007).

The Global Invasive Species Programme is fostering a cooperative effort among experts in Guam, Australia, Hawaii and USA in an effort to combat this pest. In 2002 a multi-agency Rapid Response Team was established to capture brown tree snakes introduced from Guam to neighbouring islands to prevent its spread. 
3.0 Physical Control 
A variety of modified crawfish or minnow traps have been used on Guam as snake traps (Vice Engeman & Vice 2005). Trapping snakes with live-mouse (Mus domesticus) lures is the principal control technique for this invasive species on Guam (Gragg et al. 2007). Approximately 2500 snake traps have been placed on Guam (Rodda et al. 2002) on vegetation or along security fences (Vice Engeman and Vice 2005). Longer snakes are more easily trapped and males are slightly more easily trapped than females (Boyarski et al. 2008). 

Rodda and colleagues (2002) found it possible to create small predator-free nature reserves using snake barriers and trapping methods. Campbell (1996, in Rodda et al. 2002) eliminated brown tree snakes from two one-hectare plots and found that lizard species showed a dramatic increase in abundance compared with similar snake-inhabited plots; within a year their numbers roughly doubled. The Campbell barriers brought attention to two acute problems: typhoons and rats. Rats chew holes in all things chewable and Guam is subjected to irregular but severe cyclonic storms which may damage barriers (Rodda et al. 2002).
Another area of concern identified in Campbell’s (1996) study is the potential for prey abundances to sharply increase inside barriers. Prey become more numerous in areas depleted of snakes and therefore any snake present inside an otherwise snake-free area has the option of either capturing abundant prey or entering a trap to get food. Thus, high prey abundances may depress snake trapping success. This problem may also affect efforts to eradicate an incipient population on a prey-rich island such as Saipan, where numerous brown tree snake sightings have been reported (Fritts et al. 1999, in Rodda et al. 2002).

The brown tree snake is an excellent climber making it difficult to construct a snake-proof barrier; Rodda and colleagues (2002) describe four classes of successful designs: temporary, bulge, masonry and vinyl. Bulge barriers are vulnerable to damage by strong typhoons, though they have a low initial cost. The vinyl barrier is durable, but the surface finish may degrade over time (surface finish keeps a snake from climbing the barrier). Masonry material is a pre-stressed moulded concrete design that is 100% successful in repelling snakes, impervious to rat and typhoon damage and has a fairly high initial cost (about USD 300 per meter). A conservative life expectancy of fifty years for the concrete barrier makes the cost reasonable (USD 6 per meter per year), but it is challenging to pay for this initial cost (Rodda et al. 2002). 

4.0 Chemical Control
One component of brown tree snake management on Guam is the use of toxic bait, consisting of acetaminophen inserted into a dead newborn mouse, which is placed in a bait station or fitted with a tiny parachute to allow it to drift into trees (Avery Tillman & Savarie 2004; Savarie et al. 2005; Westbrook and Ramos 2005). Hazards to nontarget species, especially the Mariana crow (Corvus kubaryi) which ingests mice, are of concern (Avery Tillman & Savarie 2004). 
Efforts are being made to develop attractants and repellents. Aerosolized essential oils from cedarwood, cinnamon, sage, juniper berry, lavender and rosemary as well as derivatives of food and flavor ingredients have all been demonstrated as effective irritants to repel brown tree snakes (Clark & Shivik 2002).
The use of methyl bromide at an application rate of 24 gMBm-3 was found to be an effective means of fumigating cargo to exterminate the brown tree snake (Savarie et al. 2005).
5.0 Biological Control

Historical evidence shows that the biological control of vertebrates is fraught with unacceptable risk. Cane toads and poisonous red-bellied black snakes may prey on the young of the brown tree snake occasionally but the introduction of either could conceivably cause more problems than it could potentially solve (Caudell et al. 2002), particularly in light of the devastating impacts of the cane toad (Bufo marinus) in Australia.
6.0 Integrated Pest Management (IPM)
Conservation actions on Guam should be directed towards an improved recruitment of flora indirectly affected by the brown tree snake, for example, via artificial pollination and/or planting (see Ecology Page Impacts information from Mortensen Dupont & Olesen 2008). Restoring conditions for natural pollination or managing reproduction of affected plants is critical in the long-term conservation of native vegetation on Guam (Mortensen Dupont & Olesen 2008). Efforts are now underway to conserve the few remaining larger areas of uniform forest vegetation, e.g. the conservation action plan Guam Comprehensive Wildlife Conservation Strategy (2005). 

7.0 References
For references please see the GISD Species Profile for Boiga irregularis (References Section).
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