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Introduction

Exclosures free of mammalian pests are valuable and popular sites for 

conservation and reintroduction of rare species in New Zealand and 

elsewhere.  Adaptation of existing pest-proof fence technology (Fig. 1) to 

Hawaiiôs unique environments would allow managers to permanently 

remove predators as well as ungulates from fenced sites.  Tests in 2002 

showed that XcluderÊ fences erected on crushed aóǕ (Fig. 2) were 

impassable to all pests tested except mice (Mus musculus; Table 1), which 

could exploit the small gaps between rocks and pass under the fencesô 

buried mesh skirt (Fig. 3).  We investigated mouse behavior in relation to 

this barrier and tested a modified fence for efficacy against mice, and thus 

against the full range of Hawaiiôs pest mammals.

Methods and Results

Phase 1:  Observations in 2002 

suggested that mice moved 

through the loose rock layer, and 

then under the mesh skirt once 

the mesh edge was encountered.  

The modification we tested was to 

seal the mesh skirt edge to the 

underlying rock using a dry mortar 

mix, tamped and compressed 

through the mesh, which would 

harden on exposure to rain and 

ambient moisture (Fig. 4).  In our 

tests the mix was wetted to hasten 

weathering (Fig. 5) before being 

covered with lava cobbles.

Discussion

Pest-free refugia have proved to be crucial conservation tools for imperiled snails, reptiles, seabirds, and forest 

birds in New Zealand.  Long-term and large-scale removal of rodents and predatory mammals has never been 

achieved on the main islands of Hawaiôi despite the potential ecosystem benefits.  Impediments have been 1) lack 

of barrier technology, 2) lack of eradication tools, and arguably 3) lack of belief in the potential benefit compared to 

the substantial cost.  

An effective barrier to all mammals, including mice, is obviously a pre-requisite.  With this modification, the 

XcluderÊ fence fulfills that need when the substrate is soil or crushed aóǕ.  How to efficiently eradicate all pests, 

including mice, from within such an area using the tools available in Hawaiôi is now the major R&D task.  To 

overcome the third impediment, a pest-free site must be established and the costs and benefits documented.
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Species Challenges Escapes

Feral Pig 1 0

Feral Cat 10 0

Mongoose 13 0

Black Rat 13 0

Mouse 13 7

Mouflon hybrid* 12 0

Figure 1. Xcluder KiwiÊ fence and 

schematic of components
Figure 2. Test pen at TNCôs Kona Hema 

Preserve, Hawaiôi 

Figure 3.  Mesh skirt (normally buried) shows 

gaps exploited by mice to pass under fence

Figure 5. Compressing and wetting the cement mix 

in the treatment tub.  Control bin had no cement seal

Figure 6. Tub containing aôǕcobbles 

(25-50 mm) and buried ñfenceò skirt

Mouse behavior in relation to the fence, the skirt, and the surrounding lava 

rubble was studied in transparent tubs (Fig. 6).  Six wild-caught mice were 

placed in an experimental (with cement seal) tub and six in a control tub lacking 

the seal, to simulate the 2002 tests.  Food, water, and shelter material were 

provided.  Mice were introduced to the simulated ñoutsideò of the fence in the 

afternoon and their success at escaping (crossing the barrier) scored the next 

morning (Table 2).  

Table 1.  Results of 2002 tests at Kona Hema

* tested by D. Goltz at separate sheep-fence test facility
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Table 2: Results of tub trials, cement seal vs. no seal

Behavioral observations:

ƷAll mice moved vertically down (mean depth 50 mm) between the cobbles and ñnestedò, often with food (Fig. 6).

ƷTo move horizontally, mice traveled on the surface between vertical movements.

Ʒ Mice were not observed to move horizontally under lava rubble except while in contact with the buried skirt

ƷEscaping mice found the edge of the buried skirt by chance.  The mesh created horizontal gaps, allowing 

movement under the skirt to the other side of the fence.

Methods and Results, Contôd

Phase 2: Based on the tub results, scaled-up tests were conducted in both 

a 1 x 1 m cage and an 8 m diameter Xcluder test pen, retrofitted with a 

cement skirt seal (Fig. 7).  The smaller cage allowed behaviors to be more 

easily observed, and the large pen was a realistic test of an installed fence.  

Mice were introduced in groups during daylight and left overnight with 

shelter, nesting material, water and food. A total of 36 mice were tested in 

the small cage, and 41 mice in the large pen over 4 days. 

The tails of the mice were painted yellow to enhance visibility (Fig. 8). Mice 

were observed during daylight and in darkness using night vision goggles 

and an infrared video camera. 

Figure 4. Dry mix of cement 

and lava gravel <6 mm (1:3 

ratio) applied to mesh edge

Figure 6.  Mouse exploring spaces between lava 

cobbles in test tub

Figure 7.  Sealing mesh edge of 1x1 m 

cage, and covering sealed mesh of 

large pen

Sherman traps baited with peanut butter and coconut, and surrounded by grass, were placed on the outer perimeter  

of the pens to catch any escapees (Fig. 9).  All test mice were recovered from the small pen, indicating that no 

escapes occurred (Table 3), but the innumerable hiding places in the approximately 50 m2of a'Ǖ rubble enclosed by 

the larger test pen made it impossible for us to recover all the mice introduced.  

No mice were caught in the perimeter traps, although identical traps and tracking tunnels inside the pen readily 

trapped and detected mice.  A complete final check of the fence and the re-exposed skirt showed no breaks, gaps or 

other potential escape routes.  We are therefore confident that no escapes occurred under the fence in the larger pen.

The cement seal required 2 kg of cement powder and 6 kg basalt fines (<6 mm diameter) per m of fence, which 

together would add less than $1/m in material cost to a fence installation.  

Behavioral observations:

Ʒ Individual mice showed distinct behaviors, some repeatedly 

climbing while others dug or shifted rocks as large as 15 mm 

diameter

Ʒ Mice sheltered in multi-animal nests, often under large rocks, 

surrounded with small rocks and grass apparently dragged into 

place

ƷAt night, mice easily climbed the 2 m high mesh fence and 

could roam horizontally over the entire fence surface.  They 

could not pass over the hood or through the 6 mm mesh.

Figure 8.  Mouse in small cage with tail 

painted yellow for better visibility

Figure 9. Sherman trap outside large pen

n Recovered Escapes

Small cage 36 36 0

Large pen 41 14 0*

Table 3.  Mouse trial results from small cage and 8 m test pen

*No escapes detected


