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146 BRAMLEY, KING AND INNES: CHAPTER 4 

Dickman (1991) suggested that competing insectivores (species of Sorex and 

Antechinus) might detect each other's presence using olfactory or auditory cues. 

In addition, Krasnov and Khoklova ( 1996) found that mice avoided the odours of 

midday jirds (Meriones meridianus) in Y maze tests. Midday jirds are gerbils 

that compete with mice and are strongly avoided by mice in the semi-desert 

grasslands where they coexist. Mice use volatile compounds (some of which are 

listed in Goodrich et al., 1990) in conspecific urine and faeces to communicate 

with conspecifics (Goodrich et al., 1990; Hurst et al., 1994; Hurst and Barnard, 

1995; Kavaliers and Colwell, 1993 and 1995). Mice are apparently able to 

discriminate heterospecific odour too, although this ability may not be innate 

(Dickman, 1992; Krasnov and Khoklova, 1996) and may depend on the test 

conditions (Garbe et al., 1993). In addition, laboratory mice have also shown an 

aversion to predator odours under some conditions (Garbe et al., 1993). Thus, it 

is possible that odours may be used, at least in part, to mediate interactions 

between mice and ship rats in New Zealand. 

Rats and mice are difficult to study in the wild, because they are small and 

nocturnal. Different species and age classes are not equally trappable in the same 

traps (King et al., 1996a; King and Moller, 1997). Furthermore, it seems likely 

that the presence and trapping rate of one species would influence the presence 

and trapping rate of the other species, as it does in some other sympatric rodent 

populations (Krasnov and Khoklova, 1996). The hypotheses we wished to test 

were also difficult to approach in the wild because they required manipulations 

not easily achieved on a landscape scale. Instead, we used wild-caught mice held 

in a laboratory to test four hypotheses. Our hypotheses were: (1) that mice 
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discriminate between their own odour and that of heterospecific rodents (ship rat, 

Norway rat, Rattus norvegicus, and kiore or Polynesian rat, R. exulans), and 

avoid heterospecific odour in a Y maze; (2) that mice are less active in the 

presence of a ( caged) ship rat and use areas that provided more cover when a rat 

was present; (3) that mice reduce their reproductive rate when continuously 

exposed to the scent of ship rats in their bedding and cage; and ( 4) that 

experience of an encounter with a ship rat makes mice more likely to avoid the 

odour of rats in future trials. We conducted three experiments to test these 

hypotheses using wild-caught and laboratory bred mice. 

METHODS 

Experimental Animals. We used a total of 18 wild-caught mice (divided into 

two groups of nine) in experiment 1 and an additional two (making 20) wild­

caught mice in experiment 2. Mice used in experiments 1 and 2 were caught in 

houses in Hamilton City or farms in the Waikato region, where they presumably 

coexisted with ship rats and/or Norway rats (Innes, 1990; Moors, 1990). Mice 

were caught using Longworth small mammal traps (Penlon Ltd, Abingdon, 

England) baited with chocolate, bacon or grains of maize. Wild-caught mice had 

spent up to 6 months in captivity before the experiments commenced. We tried 

to get wild mice to breed in captivity on four occasions, but were unsuccessful 

each time. Mice used in experiment 3 were Swiss strain white laboratory mice, 

bred by AgResearch Ruakura (Hamilton, New Zealand), and were 6-13 weeks 

old when the experiments began. The laboratory mice had not come into direct 

contact with rats of any kind. 
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When not participating in breeding experiments, all mice were housed 

individually in opaque plastic tubs with wire tops (40 x 27 x 15 cm deep) or in 

glass aquaria measuring 60 x 30 x 30 cm deep. During the breeding experiments, 

all mice were held in plastic tubs. The plastic tubs had previously housed kiore, 

but had been cleaned twice with hot water and Vircon, a low foaming, low odour 

detergent, before mice inhabited them. Wood shavings covered the bottom of the 

cages and aquaria as bedding. All mice were provided with cardboard or plastic 

tubes and a tin can to act as retreats, along with shredded paper as further bedding 

material. Shavings and paper were changed fortnightly for wild mice (to 

minimise disturbance) and weekly for white mice. All mice had ad libitum 

access to water and food (Sharpes Diet 86 rat chow, Sharpes Grains and Seeds, 

Lower Hutt, New Zealand). 

Experiment 1: Donor Odours. Sawdust bedding was collected from a total of 

75 animals (30 kiore, 21 ship rats and 24 Norway rats) weekly for two weeks 

(Bramley, Chapter 3). This bedding was tainted with urine and faeces, and was 

used as a "donor" source of the species odour for the trials. The bedding of three 

randomly chosen, same sex, conspecific individuals was pooled into plastic bags, 

sealed, and stored frozen for periods of up to eighteen months in the same freezer 

before the mice were tested. Nine of the mice were tested on 23 and 24 June 

1998; the remaining nine were tested on 16 and 17 July 1998. Mice tested in the 

second group of trials had encountered live ship rats 6-7 days previously 

(experiment 2). 

Experimental Tests. The wild-caught mice were kept on a constant 14: 10 

light:dark schedule, with lights on at 2000 hrs, at temperatures between 15 and 
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24°C. We used a 10 cm diameter semi-round Y maze made of PVC as a test 

arena for mice (Figure 1). The maze was ducted at the beginning of each choice 

arm to draw any odour down the arms and out of the maze. The extractor fan that 

sucked air through the maze expelled it outside the trial room. Approximately 

10 g of thawed bedding from donor rats was placed in one choice arm of the 

maze. Around 10 g of the animals' own (fresh) bedding was placed in the other 

choice arm as a control. The position of the donor bedding (left or right) was 

alternated. Each frozen odour had been allowed to thaw before use. Two 

identical mazes were used and after each test the maze was washed using Vircon 

soap powder and then towel-dried. 

Animals were collected one at a time from the captive colony and transported 

in their cages, in darkness, to a separate trial room. They were then transferred 

into the experimental arena illuminated with red light. When the animals were in 

the maze, the red light was turned off and all observations were completed using 

infra-red light sources. Mice were free to explore immediately, but we did not 

begin to record behaviours until 1 minute after the observer had left the room. 

This allowed the mice time to settle down after we had left. Each test was 15 

minutes long. Tests were recorded using a Videotronic Tri-Q CCD camera and 

Panasonic AG5260 video recorder. After each test, we returned each animal to 

its cage and then to the captive colony. 

Each group of nine mice was tested in a trial using the same randomised 

incomplete block design. The design used two blocks, and tested each group 

against the bedding odours of all three types of rat: ship, Norway and kiore. Each 

of the nine mice was randomly allocated to a position in each block, with the 



150 BRAMLEY, KING AND INNES: CHAPTER 4 

proviso that it did not meet the same donor species twice. This meant that each 

mouse was tested twice, against two different donor species odours (hence the 

"incomplete" block design). Each donor species was used six times in each trial, 

three times for each sex, using different bedding each time. The position of each 

donor odour was randomised within each block for each trial. Thus there were 

two trials, each trial lasted two days and tested nine animals. All nine animals 

were tested once on both days. 

Tests began one hour after the lights in the colony had gone off (1100 hrs) and 

continued sequentially until all animals had been tested. We recorded: (1) the 

time taken until the mouse visited each of the arms. A visit was defined as when 

the animal's body (not including the tail) was more than 5 cm down the arm; (2) 

the number of visits to the donor and control arms; (3) the time spent in each 

arm, and (4) a total activity score for each mouse, which was the number of visits 

to each arm summed together. Time measures were converted to a percentage of 

the total (15 minute) trial for analysis. The position of the donor bedding and the 

species of donor were recorded on the videotape after the trial, but were unknown 

to us when we scored the mouse's behaviour. 
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FIG. I: The Y Maze apparatus used to test mouse responses to rat odours. 
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Data Analysis. We used the Generalised Linear Model (GIM) function of 

MINIT AB ( version 12.1) to perform an analysis of variance for each of the 

variables we measured, specifying odour (1-3) and trial number (1 or 2) as fixed 

effects and mouse (1-18) as a random effect. This allowed us to determine 

whether mice responded differently to different rat odours, and also if recent 

experience with a live ship rat affected mouse behaviour. To obtain response 

variables, we subtracted the number of visits to the control arm, the time spent in 

the control arm and the time taken to approach the control arm from the 

equivalent measures for the odour arms. We then used a Wilcoxon signed ranks 

test to investigate differences in response to control and rat odours. 

Experiment 2. We carried out activity tests in a test arena made of two plastic 

bins measuring 710 x 490 x 295 mm deep with clear perspex lids (capacity of 70 

L, Figure 2). The bins were connected to each other by two round cardboard 

tubes ( diameter = 30 mm, length = 300 mm) so that mice could travel between 

them. Each bin was provided with shredded paper, two tin cans and two 

cardboard tubes to act as retreats. In one of the bins, a ship rat was restrained in a 

clear plastic cage (measuring 380 x 250 x 150 mm deep) with a wire top. A 

different ship rat (n=8) was used each day. The position of the rat (left or right 

bin) was alternated and the mouse was introduced to a randomly chosen side. All 

tests were recorded on video using the same equipment as described for 

experiment 1, but tests were recorded using dim red light and each test was 20 

minutes long. Each mouse was introduced into the arena twice on consecutive 

days, once in the presence of a rat and once alone, with the empty rat cage. Ten 
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randomly chosen mice received the rat treatment on their first introduction to the 

arena and ten on the second. 

Cardboard i-----..... ___....-::::: 
tube ~ 

Rat cage--.. --------1 

U1--~~ 

Shredded • 
paper~ 

Scale: 1 mm = 1 cm 

Tin\) 

FIG. 2: The two-sided arena used to test responses by mice to the presence of a 

ship rat. 

Five mice were tested per day, and trials for 10 mice took place between 29 

June and 2 July 1998. The remaining 10 were tested between 7 and 10 July 1998. 

In addition to recording the amount of time spent in each arena, w.e recorded the 

amount of time spent under cover in the arena and the amount of time spent in 

the open. Finally, when viewing the videos, we overlaid a 1 cm2 grid onto the 
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television screen and recorded the number of grid squares crossed by each mouse 

in each test. 

Data Analysis. Data from each mouse in the absence of a rat were subtracted 

from the equivalent scores when a rat was present. This produced a single score 

for each mouse for the three values we measured (time under cover, number of 

grid squares crossed and time in the open). The score could be negative 

(implying the mouse was more active in the absence of the rat) or positive 

(implying the mouse was more active in the presence of the rat). The scores were 

then analysed using the nonparametric sign test (Sokal and Rohlf, 1995) in 

MINITAB, version 12.1. 

Experiment 3. For our breeding experiments, 40 Swiss strain white mice were 

placed in opposite sex pairs within clean cages (40 x 27 x 15 cm deep plastic tubs 

with wire tops) on 21 July 1998 and provided with ad libitum water and food. 

These mice were matched for weight and maintained on a 12: 12 light schedule 

with lights on at 0600 hours and temperatures of 16-22 °C. Ten of the pairs were 

provided with clean sawdust and shredded paper as bedding. The bedding was 

changed weekly. The remaining ten also received different bedding every week, 

but were given bedding that had been used by ship rats until that morning (n=lO 

ship rats). The ship rats were also changed weekly. These mice also received 

clean shredded paper weekly, and all mice were provided with a cardboard tube 

to act as a retreat. The mice were allowed to mate normally, and 16 days after 

pairing the males were removed. We recorded: ( 1) the weights of the males 

when they were separated from the females; (2) the weights of the females at 

parturition and at weaning; (3) the number of days between pairing and the birth 
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of the litter; ( 4) the size of the litter, and (5) the weight of the litter at birth and at 

weaning (at 21 days old). We also recorded any incidences of infanticide. 

In order to check that laboratory mice showed responses similar to those of 

wild mice when presented with an odour from a ship rat, 10 female Swiss mice 

were tested in the Y maze used for experiment 1. These females had served as 

controls (i.e., they did not received bedding tainted with ship rat odour) in 

experiment 3. The female mice being tested were given approximately 10 g of 

ship rat bedding in one arm of the maze (alternated) and 10 g of their own 

bedding in the other, as in the earlier experiment. The mice were tested on 11 

September 1998, after their breeding experiments had concluded. Tests were 

recorded using the same equipment as in experiment l, and we collected the 

same information. Each test consisted of a one minute acclimation period and a 

15 minute test. The tests were conducted under natural light conditions during 

the day, since the laboratory mice had been handled in daylight during their 

breeding experiments and were normally diurnally active. 

Data Analysis. We used two sample t-tests to compare the weight of the 

males at removal, the weight of the females and the weight of the litter at 

parturition. The litter size was not normally distributed for the two groups, so we 

transformed each value by taking its square root. We were then able to compare 

the two samples using at-test. We were unable to normalise some data by 

transformation so we used Wilcoxon Mann-Whitney tests to compare the number 

of infants killed by each mother, the average weight of the pups per litter at 

weaning and the female weights at weaning. 
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We used the GLM procedure of MINITAB to check that Swiss strain mice did 

not differ from wild mice in their behavioural responses to ship rats. For each of 

the variables we measured, we created a model specifying odour and trial (1, 2 

(wild mice) or 3 (Swiss mice)) as fixed effects, and mouse as a random effect. 

We used Tukey' s tests to detect significant pairwise differences. 

RESULTS 

Experiment 1. The wild mice in a Y maze did not vary the number of visits to 

a donor odour according to the odour {F2,3,=l.28, P=0.31), nor did they vary the 

time in the rat odour arm (Fz.u=0.11, P=0.893), or the time taken to approach the 

rat odour {F2,3,=0.08, P=0.925). None of the other variables we measured varied 

significantly with odour. When we compared the responses of mice to rat-tainted 

bedding and their own bedding, we found that the proportion of time spent in the 

rat odour arm (mean=26.87% of trial, s.e.=2.39%) was higher than the proportion 

of time spent in the control arm (mean=l7.24% of trial, s.e=l.25%, Wilcoxon 

statistic=455.0, n=35, P=0.02). Mice also approached rat scented arms more 

quickly (mean=l.27 %, s.e.=0.33%) than control arms (mean=7.22%, 

s.e.=2.00%, Wilcoxon statistic =162.0, n=36, P=0.001). The number of visits to 

the odour was not significantly different from the number of visits to the control 

(Wilcoxon statistic=286.0, n=33, P=0.929). 

Experiment 2. Mice were less active (i.e., moved over fewer grid squares) 

when there was a rat in the arena (mean=l377 ±213 (s.e.) squares) than when 

they were alone (mean=2461 ±242 (s.e.) squares; Sign Test, 19 below, I above, 
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P<0.001). Mice also swapped sides of the arena less often when there was a rat 

present (mean=20.8± 3.7 (s.e.) in presence of rat, mean=28.6±2.6 (s.e.) without 

rat; Sign Test, 15 below, 2 equal and 3 above, P=0.008). Mice did not differ in 

the proportion of time spent on the side with a rat cage, regardless of whether the 

cage contained a rat (mean=0.60, s.e.=0.06) or not (mean=0.54, s.e.=0.03; Sign 

Test, 8 below, 12 above P=0.50). They also spent similar amounts of time out in 

the open, regardless of whether or not a rat was present (mean=939 seconds, 

s.e.=113 s with a rat, mean=l 170 s, s.e.=82.3 s without a rat; Sign Test, 14 

below, 6 above, P=0.11). 

Experiment 3. The weights of male mice at the time they were separated from 

the females did not vary according to whether the mice had been housed in rat­

treated or control cages (mean=38.1 g for both samples, s.e.=0.8 g for treatment 

group and s.e.=0.99 g for control group). The length of time between pairing and 

giving birth was similar for both groups (median=21.5 days for treatment mice 

and 22 .0 days for control mice; W=88.0, P=0.17). Female mice in both groups 

were of similar weights at parturition (mean=31.9 g, s.e.=0.9 g for treatment 

females and mean=32.9, s.e.=0.6 for control females; T=-0.94, P=0.36). The 

litter size was larger for mice that received rat bedding (mean=l 1.5, s.e.=0.5) 

than it was for control mice (mean=l0.3, s.e.=0.5; T=-23.01, P<0.001). There 

was a low overall level of infanticide: only four individual nestlings were eaten 

by three mothers in the treatment group and only one nestling was eaten in the 

control group. This difference between groups was not significant (W=l 15.5, 

P=0.13). The average weight of the pups at birth did not vary between the 

samples (T=-1.57, P=0.14), but may have differed at weaning (W=84.0, P=0.06), 
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when treatment pups weighed an average of 9.97 g each (s.e.=0.46 g), and control 

pups weighed an average of 10.84 g each (s.e.=0.40 g). The weight of the 

mothers at weaning was not significantly different between our treatment and 

control groups (mean=31.1 g, s.e.=1.1 g, and mean=33.2, s.e.=1.0 g respectively; 

W=89.5, P=0.25). The GLM showed that Swiss strain mice spent longer 

(mean=26.05, s.e.=6.48) in the control arm than wild mice did (Trial 1 

mean=l6.22, s.e.=8.01; Trial 2 mean=14.14, s.e.=2.64, F2.21=8.52, P=0.002, 

Tukey's T=3.71, P=0.004). 

DISCUSSION 

It would be advantageous for mice to be able to discriminate and avoid the 

odour of predators and competitors only if those animals exerted a strong 

selection pressure on them. We could find no study that listed mice as a food 

item in ship rat diet, although young mice are without hair and predation on 

young animals might not leave traces in the faeces. Sturmer (1988 unpubl.) is the 

only author to have studied three species of sympatric rodents (ship, Norway rats 

and kiore on Stewart Island), and he makes no mention of the much smaller kiore 

appearing in the diet of the other two rat species. All four species have been 

introduced to New Zealand relatively recently, and they may not have had enough 

opportunities (in time or space) to influence each others' evolution. If it is true 

that ship rats are significant predators and/or competitors of mice in New Zealand 

habitats, one might expect mice to avoid rats or the odours deposited by them. 

On the contrary, we found no evidence that mice use cues derived from olfactory 

deposits to avoid rats, even when the mice had recently been exposed to a live 



RESPONSES TO RATS BY MICE 159 

rat. This raises two possibilities: either mice cannot discriminate the odour of 

heterospecifics, or they can, but do not avoid them. Since the mice spent longer 

in each rat odour arm than in the control arms, and investigated odour arms more 

quickly, it seems likely that mice could discriminate among the odours. Wild 

mice did not avoid the odour of any of the three rodents with which they could 

coexist in New Zealand. It is possible that the age of the frozen samples accounts 

for our results, since volatile components can presumably be lost or altered over 

time (Perkin et al., 1995). It is not known how freezing would affect this 

decomposition process, but freezing is routinely used in preparation of 

conspecific odours for experiments (e.g., Mucignat-Caretta and Caretta, 1999). 

Furthermore, the Swiss mice in experiment 3 received bedding occupied by rats 

until the morning of testing and their responses were similar. 

It therefore seems unlikely that New Zealand mice use heterospecific odours 

as cues to avoid areas of their habitat. The method we used was similar to that of 

another study that demonstrated that mice do use heterospecific olfactory cues (to 

avoidjirds; Krasnov and Khoklova, 1996) and we obtained a different result. 

Krasnov and Khoklova ( 1996) could have employed more suitable controls 

(Mappes et al., 1998). The mice used by Krasnov and Khoklova (1996) received 

a clean-odour choice arm and a jird-odour choice arm in the Y maze. The use of 

clean or odour-free treatments is not a suitable control because it is not an equal 

but innocuous stimulus. Using odour-free controls can lead to spurious results 

(e.g., Ylonen and Ronkainen, 1994; Mappes et al., 1998). However, when more 

than one smell is presented in a maze, as in our experiments, there is the 

possibility that smells will merge and/or interact, producing misleading results 
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too. A better approach is that taken by Bramley et al. (Chapter 5), when we 

compared the response of rats to predator odours using herbivore odours as a 

control. Rats we tested experienced the treatment and control odours at different 

times against distilled water (no-odour) treatments in the other choice arm. 

Using the odour of other mice would have been an inappropriate control in this 

setting too, because mice use conspecific odours for communication (Goodrich et 

al., 1990; Hurst et al., 1994; Hurst and Barnard, 1995; Kavaliers and Colwell, 

1993). Thus mice would be faced with two different potentially meaningful 

odours in each test rather than a meaningful odour and an innocuous one. In that 

scenario it would be impossible to determine what the mice were responding to. 

A better way to run the experiments would have been to use an innocuous odour 

such as rabbit or guinea pig-tainted bedding as a control and tested mice against it 

in a separate test. Nonetheless, some conclusions can be drawn from our 

experiment. 

The mice we studied were less active in the presence of rats and swapped 

sides of the arena less, but their use of cover was unaffected. This may be 

because cover can reduce the detection and escape abilities of the prey species 

(Schooley et al., 1995). Our mice may have been stationary to avoid detection. If 

mice were introduced to the side of the arena where the rat was, they had little 

choice but to hide or freeze if they were to avoid detection. On the other hand, 

mice introduced to the rat-free side of the arena could escape detection by not 

venturing into the rat-containing side (i.e., by not swapping sides). 

Swiss mice differed from wild mice only in the amount of time spent in the 

control arm. Since the amount of time spent in each of the arms is essentially 
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independent (because mice could spend time in the first arm, which was not 

measured), this does not imply they spent less time in the rat-scented arm. Most 

measures were statistically insignificant, hence Swiss strain mice appear to be a 

suitable surrogate species for wild mice in this instance. We cannot explain the 

larger litter size of mice receiving rat-tainted bedding in our experiments, 

although the larger litter size may explain why treatment mice were smaller at 

weaning. The two variables are probably related since females could not devote 

infinite resources to the rearing of young, and the individuals in larger litters were 

likely to receive less food per individual than those in smaller litters. 

Stapp and Van Home (1996) checked whether odours mediated interactions 

between rodents living in prairie grasslands by conducting a live-trapping study 

using scented traps, and concluded they did not. Gumell and Little (1992) 

reached a similar conclusion for woodland rodents in Britain. However, 

Wuensch (1992) reported an innate aversion shown by laboratory mice to the 

odour of laboratory rats. This aversion was reduced by cross-fostering mouse 

nestlings to rat mothers. Stapp and Van Home (1996) suggested that stronger 

avoidance of odour cues might be observed in populations of rodents whose 

abundance cycles regularly. Many of the conclusions from the accumulated data 

on the responses of members of cyclic populations of voles are now in doubt 

(Wolffe and Davis-Born, 1997; Mappes et al., 1998). 

Competition between existing rodents in New Zealand is poorly understood 

and has not been studied in an experimental way. Nonetheless, competition has 

been implicated in determining the abundance and distribution of the rodents 

found in New Zealand (Watson, 1961; Taylor, 1975 and 1984). Kiore were the 
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first rodent introduced to New Zealand, possibly as long as 2 000 years ago 

(Holdaway, 1996). Since then, three more species have arrived with human 

voyagers, and different species assemblages are found on different islands and in 

different habitats (Atkinson and Moller, 1990; King et al., 1996a; King and 

Moller, 1997). Nowhere do all four species coexist in New Zealand, although 

they do elsewhere (e.g., Hawaii; Tomich, 1986). Mice and ship rats are both 

found more often on islands where Norway rats are absent (Taylor, 1984), but 

ship rats may have taken over from Norway rats as the most common rats on the 

main islands of New Zealand, at least in commensal habitats (Innes, 1990). 

Furthermore, the introduction of mice may account for the decline in kiore 

numbers and range (Taylor, 1975; Atkinson and Moller 1990). Competitive 

interactions will remain obscure until experiments are completed that place all 

four species in the same environment and observe and manipulate their 

interaction. Rebar and Conley (1983) used two-species experimental enclosures 

to define the microhabitat use between two species of heteromyid rodent, and 

were convincingly able to show a shift in habitat use when one species was 

removed. Brown and Munger (1986) and Dueser and Porter (1986) completed 

similar convincing experiments. This type of experiment is necessary to extend 

our understanding of the rodent pests that live in New Zealand and elsewhere. 

Experiments of this kind would also move our research forward from the straight 

descriptions of Taylor (1975 and 1984 ), Goodyear (1992), Haering and Fox 

(1995), King et al. (1996a), Tomblin and Adler (1998) and Bramley et al. 

(Chapter 2 in this thesis) towards an approach with more explanatory power. 
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Goodrich et al. (1990) recorded increases in the heart rate of mice exposed to 

volatile chemicals from conspecific faeces and urine. It is possible that changes 

which occur at a physiological level need not manifest themselves in behavioural 

changes such as the ones we recorded. It appears from our results in experiment 

2 that mice can perceive the risk when presented with a live rat, and respond 

behaviourally, but a heightened level or responsiveness to odours would not 

necessarily be quantifiable by our experiments. 

It seems most likely that the observed increase in mouse numbers when ship 

rats are removed (Clout et al., 1995; Innes et al., 1995; Miller and Miller, 1995; 

Brown et al., 1996) is due either to an increase in activity by mice already 

resident or a decrease in predation on young mice or both. So, the response is not 

odour mediated, and not a response affecting mouse reproduction. Opportunities 

for testing predation hypotheses directly will be limited because of ethical 

concerns (Huntingford, 1991). Nonetheless, properly designed and conducted 

experiments making use of large enclosures or experimental islands (as proposed 

by Veitch et al., 1992) would considerably enhance our. understanding of the 

interactions determining rodent communities both in New 2.ealand and world­

wide. 
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CHAPTER FIVE: THE RESPONSES TO PREDATOR ODOURS BY TWO 
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Abstract - If rats could be shown to reliably avoid the odours of predators, then 

conservation managers could manipulate this behaviour to exclude rats from 

important conservation sites. We evaluated the ability of six predator odours to elicit 

avoidance responses by wild-caught Norway rats (Rattus norvegicus) from two New 

Zealand populations (Kapiti Island and North Island). Kapiti Island is free of 

mammalian predators, while the North Island has established populations of felids, 

canids and mustelids. Three of the predator odours we used were real, and three 

were synthesised, volatile ingredients of real animal faeces or urine. We compared 

the rats responses to predator odours with their responses to three natural herbivore 

odours. We used a Y maze, and rats were offered the choice of an odour in one arm 

of the maze and distilled water in the other arm. Each choice arm was ducted near 

the maze junction to remove air and the odour. We recorded: (1) the time until the 
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rat visited each arm, (2) the number of visits to each arm, (3) the amount of time 

spent in each arm, and (4) a total activity score for each rat. Kapiti rats showed an 

aversion to five of the six predator odours, despite never having encountered them 

before. Kapiti rats visited herbivore odours more often than carnivore odours and 

were less active in the presence of carnivore odours than they were when tested with 

herbivore odours. In addition, Kapiti rats may have approached some herbivore 

odours more quickly than they approached carnivore odours. North Island rats, 

despite being predator experienced, did not show an aversion to any of the carnivore 

odours tested. Both samples of rats, but particularly the North Island group, showed 

high individual variation and the two samples differed only in the amount of time 

spent in the odour arm when exposed to cat faeces: Kapiti rats spent less time in the 

proximity of the odour. We conclude that predator odours are unlikely to be an 

effective management tool for all populations of this species of rat. 

Key words - Y maze, odour discrimination, predator odours, semiochemicals, 

avoidance behaviours, Rattus norvegicus, mustelids, red fox urine, Vulpes vulpes, 

Felis catus. 

INTRODUCTION 

Rats (particularly Rattus norvegicus, Berkenhout, Rattus exulans, Peale, and Rattus 

rattus L.) are both economic and public health pests. Rats are widespread globally 

and can reach particularly high densities on islands (Gliwicz, 1980). In New 

Zealand, populations of introduced rats in forests and on island wildlife sanctuaries 

pose a threat to many native species of bird, lizard and invertebrates because they eat 
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eggs, juveniles and adults as well as plants and seeds (Atkinson, 1985). To date, the 

control of rat populations has relied on extensive poisoning (Taylor and Thomas, 

1989; hmes et al., 1995) or localised trapping around sites of significance. Poisoning 

and trapping are currently effective but can be labour intensive and costly (Taylor 

and Thomas, 1989 and 1993; Innes et al., 1995). Poisoning is also indiscriminate in 

its effects and may affect non-target species (Spurr, 1979 and 1991), while traps are 

not equally successful for all age classes, sexes or species of rat (King and Moller, 

1997). 

Rats have been eradicated from some offshore islands in New Zealand, but such 

islands are always susceptible to reinvasion. In addition, ·rat populations readily 

evolve resistance to poisons via behavioural, physiological or ecological mechanisms 

(Berdoy and Smith, 1993; Brunton et al., 1993). This means the development of new 

technology to repel or exterminate rats is always a high priority (Wace, 1986; 

Burwash et al., 1998). 

Many rodents make foraging and reproductive decisions according to predation 

risk (Fenn and MacDonald, 1995; Randall et al., 1995; Ylonen and Ronkainen, 

1994). For some species, the smell of a predator may be sufficient to trigger a 

response (Ylonen and Ronkainen, 1994, but see Mappes et al., 1998 for a critique 

and opposing data). Many herbivores (see Mason et al., 1992 for a review) also 

avoid odours derived from the urine or scent glands of carnivores. Nolte et al. (1994) 

suggested that this aversion could be due to the sulphurous odours associated with 

meat digestion, which are present in the urine of carnivores. Prey may identify 

sulphurous odours and use them to assess predator diet (Nolte et al., 1994). This 

assessment of the predator diet may provide an indirect measure of risk, to which a 

species can respond. A version to predator odours appears to be innate in some 
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strains of laboratory rats and mice (Dell'Omo et al., 1994; Heale and Vanderwolf, 

1994; Zangrossi and File, 1994). Although habituation may reduce the observed 

response in some animals, or to some odours (Sullivan et al., 1985), predator odours 

can be long lasting in their effects. For example, Boag and Mlotkiewicz ( 1994) were 

able to exclude rabbits (Oryctolagus cuniculus) from their warrens for up to five 

months after treatment with lion (Panthera Leo) faeces. 

Predator odours may act as repellents if: ( 1) the prey species is alerted to the 

odour and avoids the area on the expectation of encountering a predator; and/or (2) 

the smell itself is aversive (Englehart and Muller-Schwarze, 1995). The first case 

relies on occasional reinforcement by a predator. The second suggests a more lasting 

repellent effect and would be more useful in the New Zealand situation, where many 

island populations of rats are unfamiliar with mammalian predators. An effective 

repellent should result in immediate and long lasting avoidance of the source of the 

odour (Sullivan et al., 1985). 

Our main aim was to determine whether odours derived from predators repelled 

wild-caught rats. We see at least two conservation applications for such a tool: ( 1) a 

general repellent may allow managers to keep rats from significant locations such as 

single trees or nests of rare species; and (2) repellents could be applied to possible 

invasion routes such as wharves on sanctuary islands. This might discourage rats 

landing from docked boats. To screen odours for potential use in field trials, we 

collected rats from two populations: Kapiti Island (40°51 'Sand 174°56'E), which is 

free of mammalian predators of rats, and various locations on the North Island, New 

Zealand, where mustelid, canid and felid carnivores are all present. We then tested 

their responses to both predator and non-predator odours in a Y maze with distilled 

water in the other (control) arm. By testing samples of predator-naive and predator-
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experienced rats with the same smells, we hoped to be able to determine whether 

experience with predators influenced the responses of wild Norway rats. By 

including the smell of predators never found in New Zealand, and a herbivore odour 

unlikely to be encountered in the wild, we expected to discover how important 

neophobia might be in determining rat responses. We also included both real urine 

and faeces and synthetic volatile constituents of urines to evaluate the potential of 

more easily available synthetic products as potential rat deterrents. 

METHODS 

Animals. All 25 animals used in the trials were adults, caught in live capture 

cage traps baited with peanut butter and apple, and had spent 1-33 weeks in 

captivity before the trials started. Fifteen of the animals were caught on Kapiti 

Island, on two traplines approximately 4.5 km apart. Ten of these animals were 

males and five were females. One male was blind in one eye when caught, but was 

still used in this study. One male died before the trials began, reducing our Kapiti 

sample to 14 rats. The other ten rats were collected from farms or houses on the 

North Island, eight around the Waikato region (at four sites within approximately 

40 km of each other) and two in Northland (both at the same site). Six were males 

and four were females. 

At the University of Waikato facilities, the animals were housed individually in 

plastic bottomed, wire cages (46 x 24 x 20 cm high). Rats had ad libitum access to 

water and food (Sharpes Diet 86 rat chow (Sharpes grains and seeds, Lower Hutt, 

New Zealand), occasional seed mixes and pieces of apple). Cages were provided 

with a can and a cardboard tube to act as retreats. Wood shavings covered the 
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bottom of the cages as bedding material. The bedding was changed weekly. The 

rats were kept on a constant 12:12 light schedule, with lights on at 2200 hrs, and 

temperatures between 15 and 24°C during the trials. Rats from Kapiti Island were 

tested in December 1996, those from the North Island in March 1997. The two 

groups of rats were not housed or tested simultaneously. 

Odours. The subjects responses to nine different odours were examined. Six of 

the odours were natural, from the faeces or urine of live animals, and three odours 

were commercially synthesised volatile ingredients of urine or faeces (provided by 

New Zealand Industrial Chemists, Gracefield, Lower Hutt, New Zealand). The 

natural odours were: cat (Felis catus) urine (provided by Five Cross Roads 

Veterinary Clinic, Hamilton, New Zealand), mongoose (Herpestes auropunctatus) 

faeces ( collected in Hawaii, provided by New Zealand Industrial Chemists), guinea 

pig ( Cavia porcellus) faeces, New Zealand white laboratory rabbit ( Oryctolagus 

cuniculus) urine and red deer (Cervus elaphus) urine. Artificially synthesised 

chemicals were provided as 1 % solutions in paraffin oil. Chemicals used were 

isopentyl methyl sulphide (IPMS, found in red fox, Vulpes vulpes, urine), n­

propylthietane {PT, found in mustelid anal sac secretions, and hence probably also 

in their faeces), and S-methyl, methyl butanol (SMMBO, found in cat urine). Thus 

there were 3 synthesised predator smells, 3 natural herbivore smells and 3 natural 

predator smells. Of the natural odours, one of the herbivore and two of the 

predator smells were from faeces. The cat and rabbit urine was collected via 

catheterisation of animals held at the Veterinary Clinic or at Waikato Polytechnic 

(Hamilton, New Zealand). Guinea pig faeces were collected from guinea pig cages 

at the Polytechnic. The deer urine was collected from animals kept at the deer unit 

of AgResearch Ruakura (Hamilton, New Zealand). Urine and faeces always came 
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from more than one donor animal, but only one donor was used at a time (i.e. 

samples were not pooled) except in the case of the deer urine. All natural odours 

were stored frozen. 
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Kapiti Island is a nature reserve that has no mammalian predators of rats or 

mammalian herbivores at present. However, earlier this century cats, dogs ( Canis 

familiaris), sheep (Ovis aries), goats (Capra hircus), cattle (Bos taurus), deer (Axis 

axis and Dama dama) and possums (Trichosurus vulpecula) were all found on the 

island (Cowan, 1992). Mammalian predators on the North Island include stoats 

(Mustela erminea), ferrets (Mustelafuro), weasels (Mustela nivalis), cats and dogs. 

There were also cows, sheep, goats and rabbits on many of the farms where rats 

were caught. There are no feral populations of Guinea pigs in New Zealand (King, 

1990) and it is unlikely any of the rats we used had ever come into contact with 

Guinea pig odour. 

Tests. Animals were collected one at a time from the captive colony and 

transported in their cages, in darkness, to a separate trial room. They were then 

transferred into an experimental arena illuminated with red light. While the 

animals were in the arena, we turned off the red light and completed all 

observations using infra-red light sources. Tests were videoed using a Videotronic 

Tri-Q CCD camera and Panasonic AG5260 video recorder. After each test, we 

returned the animal to its cage and then to the captive colony. 

We used a 10 cm diameter, semi-round Y maze made of PVC to examine the 

responses of both groups of rats to odours (Figure 1). The odour and control 

stimuli were presented inside an opaque glass container as either 0.1 ml of solution 

pipetted onto a 1 cm2 piece of Whatman filter paper or as 0.1 g of thawed faeces. 

Odours were presented in the maze with distilled water controls in the other choice 
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arm. The position of the odour (left or right choice arm) was alternated. The 

position of the odour (left or right) and the type of odour (numbered 1-9) were 

recorded on the video tape after the trial but were unknown to us when we scored 

the rats behaviour. 

'""'Guillotine 
door 

First arm 

All dimenstons in cm 

Mesh door 

FIG. 1. The Y Maze apparatus used to test rats responses to herbivore and predator 

odours. 
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We used three identical mazes and after each test we washed the maze using hot 

water and Vircon soap powder and then dried it with a towel. 

Rats from Kapiti Island were tested separately according to an incomplete block 

design using 18 blocks. North Island rats were tested according to a complete 

block design using 18 blocks. This means that as a group, Kapiti rats were tested 

against all nine odours, but each individual was tested with less than nine odours 

(hence an "incomplete" design), whilst each individual North Island rat was tested 

with all nine odours (hence a "complete" design). For both groups we tested, each 

block included five rats, and one block (of five rats and five odours) was tested per 

day. Each Kapiti rat was randomly allocated a position in six blocks (i.e., received 

each of six odours once over the 18 days of the trial). Each North Island rat was 

randomly allocated a position in nine blocks (i.e. received each of the nine odours 

once over the 18 days of the trial). Each odour was tested either 9 or 10 times in 

each trial. Tests began one hour after the lights in the colony had gone off (1100 

hrs) and continued sequentially until five animals had been tested. Each test was 

usually conducted within 40 minutes of the previous one. Prior to the start of each 

test, the rat was placed in the first arm, with the door shut, the video recorder was 

then started and we left the room. Rats were confined to the first arm for a five­

minute acclimation period. When the guillotine door (Figure 1) was opened (from 

outside the room), the rats were free to explore the maze for fifteen minutes. We 

recorded: (1) the time until the rat visited each of the arms (a rat was defined as 

making a visit when its head was more than 5 cm down the arm); (2) the number 

of visits to the odour and control arms; (3) the time spent in each arm; and (4) a 

total activity score for each rat, which was the number of visits to each arm 

summed together. 
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The day before being tested, each rat was introduced to the maze as outlined 

above, but in the absence of any odours. We recorded the same measures for each 

rat on videotape to detect any left or right bias and to establish that the rats would 

explore the maze. In the middle of the series of tests and at the end of the series, 

the rats were again introduced to clean mazes and their movements recorded. This 

was to check that each rat would still explore the maze in the absence of smells and 

that the rats had not developed a left or right preference during the trials. 

Recordings of rats in a clean maze were done after the day's tests ( on other rats) 

had concluded. 

Data Analysis. Data for the two groups of rats were analysed independently and 

then combined to look for population differences. We considered that the most 

important variable from a management perspective was the number of visits to 

each arm. We analysed the number of visits to each arm for each sample (i.e., 

Kapiti and North Island) using the Residual Maximum Likelihood procedure 

(REML) in the GENSTAT statistical package, and a square root transformation to 

stabilise the variance. We considered the odour to be a fixed effect and examined 

the differences between individual rats and blocks as random effects. The data 

were backtransformed to produce predicted means, which, along with the standard 

errors of the difference between these means (SEDs), are presented here. 

Since the number of visits to the odour and control arms were very similar, we 

considered that the predator odours might have affected visits to the control arm 

also. Because of this, and because rats could apparently discriminate herbivore 

odours from predator odours, we treated their behaviour in the presence of 

herbivore odours as a control and compared them it with their responses to predator 

odours in subsequent analyses. We also conducted a REML on the rats activity in 
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each test with the different odours to account for the fact that some rats "froze" 

immediately at the start of the test (i.e., they became motionless when first exposed 

to some of the odours) and as a result never left the first arm. 

All subsequent analyses were done using MINIT AB (Version 12.1). For the 

Kapiti rats, we used a Generalised Linear Model (GLM, a form of ANOV A), 

specifying rat as a random effect (factor) and using odour and block as fixed effects 

(predictors). Our data violated some of the assumptions of ANOV A (the data were 

not normal and the variances differed), but ANOV As are robust and can still 

provide interpretable results under such conditions (Underwood, 1981). We used 

Tukey's tests to detect significant differences between smells. For North Island 

rats, each of the measures was compared across different odours using a Friedman 

two-way analysis of variance by ranks test to determine whether rats responded to 

any of the smells differently to any of the others. This was possible because each 

of the North Island rats received all of the smells, whereas the individual Kapiti rats 

received only six of the nine odours (different individuals received different 

combinations of all nine odours). Whilst the GLM will give interpretable results, 

the Friedman two-way ANOV A by ranks is not constrained by the same 

assumptions, so is the more appropriate test to use. Each of the measures was 

compared using odour as the predictor, blocked by rat. When the Friedman test 

indicated significant differences among the samples, we used Wilcoxon Mann­

Whitney tests to compare the measures for each pair of smells. 

To determine whether rats had a left or right bias we counted the number of 

visits to each arm of a clean maze and compared the two using the Chi-square 

procedure. Finally, Wilcoxon Mann-Whitney tests were used to compare North 

Island rats responses to those of Kapiti rats for each of the variables we thought 
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might be significant, judged from the mean and variance of the samples. A P-value 

of 0.05 was taken to be significant in all cases. 

RESULTS 

Kapiti Rats. REML Analysis of Visits to the Odour. Rats avoided some of the 

predator odours when compared to the herbivore odours, but the number of visits to 

the control (distilled water) and the odour arm were similar for each smell (Table 

1). Table 2 presents the backtransformed average number of visits to each arm and 

the mean activity score when the odours are grouped into herbivore, real predator 

and synthesised predator odours. Rats did not appear to discriminate between real 

predator odours and synthesised predator odours, but they did react differently to 

herbivore odours. 

Generalised Linear Model. Initial exploratory data analysis of the mean and 

standard error values of males and females, and of choices based on the position of 

the smell (left or right choice arm) revealed considerable overlap. Sex and position 

were not significant in the REML model either; hence data were pooled for further 

analysis. In our REML and GIM analysis, we specified rat as a predictor, and 

thereby ensured that sex was considered implicitly in our models as an attribute of 

the rat. The only measure that may have varied significantly with odour was the 

time taken to approach the odour (F=2.06, df =8, P=0.06). Pairwise comparisons 

showed that the only odours that were different were deer urine (mean=49.93% of 

the trial elapsed before the odour was approached, s.e.= 15 .1 % ) and cat urine 

(mean=8 l .6% of the trial elapsed before the odour was approached, s.e.=12.4%, 

T=3.25, P=0.051). 
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TABLE 1: RESPONSES OF THE KAPm RATS TO THE NINE ODOURS TEsTED. • 

Odour Mean number of visits to Mean number of visits to Mean activity 

the control adjusted for rat the odour adjusted for rat adjusted for rat 

and block and block. an.d block 

Predator odours 

Cat faeces 1.9• l.4bc 3.21C 

Mongoose 1.5•b 2.lac 3.51C 

Cat urine 0.5b 0.4b 0.8bc 

Synthesised odours 

SMMBO 0.8ab l.2bc 2.0bc 

!PMS 1.8 ab 0.7bc 2.5bc 

PT 1.2 ab 0.5b l.8bc 

Herbivore odours 

Guinea pig 2.2· l.7bc 3.9· 

Deer urine 2.18 3.28 5.38 

Rabbit urine 1.4 ab 1,7bc 3.lac 

MaximumSED 0.67 0.73 1.22 

• Numbers presented are backtransformed values from a REML analysis. Means in the same 

column (of nine odours) marked with different letters are significantly different at the 0.05 level. 
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TABLE 2: RESPONSES OF THE KAPm RATS TO THE NINE ODOURS TESTED 

GROUPED BY SOURCE: 

Odour 

Real Predator 

Synthesised Predator 

Herbivore 

MaximumSED 

Mean number of visits to Mean number of visits to Mean activity 

the control adjusted for rat the odour adjusted for rat adjusted for rat 

and block and block and block 

1.3 1.3 a 2.5 

0.8b 1.3 a 2.lb 

2.2• 1.9• 4.18 

0.42 0.38 0.7 

• Numbers presented are backtransformed values from a REML analysis. Means in the same column 

marked by different letters are significantly different at the 0.05 level. 

Rats Use of a Clean Maze. Each rat explored an empty maze on three 

occasions. Kapiti rats made a mean number of 2.4 visits to the left arm (s.e.=0.3) 

and 2.4 visits to the right arm (s.e.=0.4). They made a total of 99 visits to the left 

choice arm and 100 to the right choice arm (X2=0.005, df= 1, ns ). Five of the rats 

remained in the first arm (ie. froze) on one of the three occasions. Thus rats did not 

appear to have a bias towards the left or right sides, and readily explored the maze 

in the absence of smells. 

North Island Rats. REML Analysis of Visits to the Odour. North Island rats 

differed in response to the odours presented when judged by the number of visits 

they made to the odour arm (Table 3). Rats often froze when exposed to any of the 

odours, and no one odour caused predictable freezing behaviour with activity levels 

similar for all smells (Table 3). Rat responses varied according to sex, but not 

odour (Table 4). 
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TABLE 3: RESPONSES OF1lIE NORTII ISLAND RATS TO 1lIE NINE ODOURS 

TESTED.° 

Odour Mean number of visits to Mean number of visits to Mean activity 

the control adjusted for rat the odour adjusted for rat adjusted for rat 

and block and block and block 

Predator Odours 

Cat faeces 2.1· 2.71 5.4• 

Mongoose 1.2 a 1.2 ab 2.4 ab 

Cat urine 1.1 a I.Ob 2.lb 

Synthesised Odours 

SMMBO 1.6" 2.o•b 3.6ab 

IPMS 1.0• 0.9b 1.9b 

PT 1.2 a 0.9b 2.lb 

Herbivore odours 

Guinea pig 2.6 8 1.9 ab 4.4ab 

Deer urine 1.2 a I.Ob 4.5b 

Rabbit urine 2.0 1 2.5•b 2.2 ab 

MaximumSED 0.85 0.81 1.57 

• Numbers presented are backtransformed values from a REML analysis. Means in the same 

column (of nine odours) marked with different letters are significantly different at the 0.05 level. 
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TABLE 4. RESPONSES OF THE NORTH lsLAND RATS TO THE NINE ODOURS 

TESTED GROUPED BY SOURCE AND BY SEX.• 

Odour Mean number of visits to Mean number of visits to Mean activity 

the control adjusted for rat the odour adjusted for rat adjusted for rat 

and block and block and block 

Real Predator 1.6 1.7 3.3 

Synthesised Predator 1.2 1.3 2.5 

Herbivore 1.9 1.8 3.7 

MaximumSED 0.49 0.47 0.91 

Male (n=6) 0.8b 0.9b 1.7b 

Female (n=4) 2.4• 2.3• 4.78 

MaximumSED 0.61 0.42 0.99 

• Numbers presented are backtransformed values from a REML analysis. Male and female means 

are significantly different from each other at the 0.05 level (indicated by letters), but the means 

according to source are statistically indistinguishable from each other. 

Friedman Two-way ANOVA by Ran/cs. Rats spent a larger amount of time in the 

control arm than in the odour arm when exposed to rabbit odour (mean in control 

arm=29.4%, s.e.=11.1 %, mean in odour arm=l3.2, s.e.=7.6, S=15.10, df=8, 

P=0.057). None of the other variables measured was affected by odour. 

Rats use of a clean maze. North Island rats made 1.7 visits to the left arm and 

1.6 visits to the right arm on average (s.e.=0.4 and 0.3, respectively). North Island 

rats made a total of 52 visits to the left choice arm and 49 to the right choice arm 

(x2=0.089, df=l, ns). Eight of the rats stayed in the first arm during one trial and 

two rats remained in the first arm on two of three occasions. Thus North Island rats 
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did not show a preference for the left or right arm, but all of them chose not to 

explore the maze at all on at least one occasion. 
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Comparison of the Two Populations. Both samples of rats showed a high 

degree of individual variation in all the variables we measured (Tables 1 and 3). 

On the basis of the means and standard errors, the two populations do not differ 

significantly in most of the variables we measured. North Island rats may have 

spent more time in the control arm (mean=29.4%, s.e.=11.1 %) during tests with 

rabbit urine than Kapiti rats (mean=S.0%, s.e.=2.5%), but this result was not 

significant at the 0.05 level (Mann-WhitneyW=I27.0, P=0.097). The amount of 

time spent in the odour arm when exposed to cat faeces differed between samples 

(Mann-Whitney W=126.0, P=0.037), because Kapiti rats spent less time in the 

presence of the odour than North Island rats (mean=2.3%, s.e.=0.7% and 

mean=18.4%, s.e.=6.6%, respectively). For all the other variables we measured, 

the two samples were statistically indistinguishable. 

DISCUSSION 

It appears extremely unlikely that predator odours would be an effective large­

scale management tool to protect rare species from rats in New Zealand or 

elsewhere. However, at least some populations of wild rats avoid some odours. 

Our results indicate that Norway rats might be able to differentiate the odours of 

carnivores from those of herbivores. Because Kapiti rats show more evidence of 

discrimination than North Island rats, it may be that this innate ability is weak or 

was not fully expressed in the context of this experiment. Several authors have 

shown that laboratory Norway rats are innately averse to predator odours (Heale 
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and Vanderwolf, 1994; Zangrossi and File, 1994; Perrot-Sinai and Petersen, 1997), 

but none has shown an innate aversion in a wild population that has never been 

exposed to predators. 

It is not obvious why a predator-naive population (Kapiti) should show more 

evidence of aversion than the predator-experienced one we sampled (North Island). 

We have considered several possible explanations: (1) perhaps the length of time 

spent in captivity influenced the results. If that was the case, then one would 

predict that rats that had been housed longer would show less response (e.g., Ward 

et al., 1996). However, the Kapiti rats had been confined longer than their North 

Island counterparts; (2) we cannot exclude a seasonal effect since the rats were 

tested at different times of the year. However this seems unlikely, as both groups 

had at least one week to acclimate to the standard light and temperature regime. 

This should have been long enough to phase-shift the rats and entrain them to the 

new light cycle (Palmer, 1976), and the rats had no other exogenous cues as to the 

actual season that we could detect; (3) the age of the rats may be important. On the 

basis of size, all except one of the rats was a mature adult when captured, and at the 

time of testing all were mature. The rats were not aged, but given that the length of 

time in captivity must correlate with age, Kapiti rats were probably, on average, 

older; (4) perhaps Norway rats are innately averse to predators, as evidenced by the 

predator naive Kapiti rats, but this aversion is modified by experience. Wuensch 

(1992) found that newborn mice (Mus musculus) fostered onto laboratory rats were 

more active in subsequent tests using wood chips scented with rat odour than those 

reared by conspecifics or deer mice (Peromyscus maniculatus). Rats raised in a 

farm setting would probably be exposed to a wide variety of predator odours from 

an early age, without necessarily encountering them directly. For example, all the 
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farms where we trapped rats had resident cats and dogs housed near where the rats 

were caught. Thus the odour of cats and dogs may have pervaded rat colonies 

without any risk of predation. If this were true then rats would habituate to odours 

while still young. If they subsequently failed to encounter a serious predation 

threat, then they may continue to ignore odours as they grow older. Such rats 

might be more likely to respond if they have been at risk of predation since leaving 

their nest (Tobin et al., 1995) or if the threat of predation is real and imminent ( e.g., 

Fenn and MacDonald, 1995). This would explain our results, since there was no 

real threat of predation in our trials. If rats and mice learn about risk from 

encounters with predators, then one would expect white laboratory mice and rats to 

habituate to predator odours in laboratory trials where there is no chance of death 

or injury, but they apparently do not (Zangrossi and File, 1994; Kemble and 

Bolwahnn, 1997). The effect of age and learning on rats responses to predator 

odours remains to be tested. 

Burwash et al. (1998) evaluated eight synthetic and one real odour for eliciting 

avoidance responses in wild-caught ship rats (R. rattus) using 100 subjects, testing 

each one once. They did not report any statistically significant changes in 

behaviour depending on odour, but concluded that Hawaiian ship rats did avoid 

predator odours (i.e., predator odours were biologically significant to rats) based on 

trends in their data. Tobin et al. (1995) had already shown in field trials that ship 

rats avoided mongoose-scented traps. Burwash et al. (1998) suggested that their 

lack of statistically significant results reflected the high individual variability 

shown by the rats, and that this individual variation had contributed to the global 

success of that species. High individual variability was also evident in our 
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experiments, and as indicated by Burwash et al. (1998), it may not have been 

reduced by a larger sample size. 

Kapiti rats appeared to generalise their aversive reactions to all predator odours, 

except mongoose faeces. This may be because urines are more effective than 

faeces at deterring herbivores (Sullivan et al., 1985, Nolte et al., 1994). Cat urine 

was more effective at decreasing activity than cat faeces in our experiments with 

Kapiti rats. Also, Kapiti rats showed an aversion to all the predator odours we 

tested (except mongoose faeces), despite the fact that all the odours they met were 

novel. Neophobia can explain some aversions in mice, particularly if the smell is 

pungent (Kemble and Bolwahnn, 1997), but can not explain the differing responses 

of Kapiti rats to herbivore and carnivore odours. We can not rule out the idea that 

neophobia was the reason that North Island rats chose to spend less time in the arm 

containing rabbit odour than the control arm, since we do not know the experience 

of each individual rat. However, no similar result was obtained for novel Guinea 

pig odour. 

Ward et al. (1996) found that recently caught wild hedgehogs (Erinaceous 

europaeus) showed a larger increase in oxygen consumption in response to badger 

(Meles meles) odour than individuals who had spent a longer time in captivity. 

Long-term captive hedgehogs were variable and inconsistent in their responses. 

However, they also reported that observable activity was not significantly 

correlated with oxygen consumption. Similarly, Cocke and Thiessen (1986) 

reported physiological changes in gerbils (Meriones unguiculatus) to cat odour that 

were not reflected in changes to locomotor activity. It is possible that the rats we 

studied were showing physiological responses that we did not measure that were 

not reflected in their behaviour. 
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The pungency of the odours presented may have contributed to our results 

(Kemble and Bolwahnn, 1997). The synthesised odours smelt much stronger to a 

human nose than the natural odours, and we attempted to partially control for this 

by using both natural cat urine and SMMBO, a synthesised component of cat urine. 

All of the natural odours were equally strong to our noses, but the strong avoidance 

of SMMBO, IPMS and PT shown by the Kapiti rats may have been because they 

were more pungent. However, real cat urine was as efficient at deterring rats as 

SMMBO. Also, the pungent odours were no more effective in deterring North 

Island rats than the less pungent natural odours. 

Garbe et al. (1993) found that the type of arena that mice were tested in affected 

their risk assessment behaviours (e.g., orientation to odour, time to approach, 

immobility, defensive burying etc) in response to odours. In their first 

experiments, in a purpose built arena, Garbe et al. (1993) reported no increase in 

risk assessment behaviours when laboratory mice were exposed to cat fur as one of 

four novel odours. In the second trial in the subjects' home cages, cat fur did cause 

an increase in risk assessment behaviours over the control odours. Y mazes or 

their variants are regularly used for odour discrimination tests (e.g. Krasnov and 

Khoklova, 1996) and represent an advantage over home cage trials because the 

subjects, at least potentially, have a "neutral" or no-choice area they can utilise, 

making time in each choice arm independent. The ducts removing air at the 

beginning of each choice arm in our apparatus should have created such a situation, 

where the rat had to reach the junction before encountering the odour, whereupon it 

would choose an arm. However, it is possible that the extractor fan was not 

removing all of the odour, and rats in the first arm may have been able to detect it. 

This would mean that they would have been effectively moving up wind towards 
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the odour, which may be why some rats froze in the first arm. Thus the distilled 

water control may not have served its intended purpose of an odour free choice. 

This problem is likely to affect many studies that make use of a Y maze or four­

arm (plus) maze apparatus. 

Tests of an animal's ability to discriminate carnivore and herbivore odours have 

been widely published, but results are often contradictory. For example, some 

authors have claimed that responses to odours by mice are innate (e.g., Zangrossi · 

and File, 1994) and others, using wild or wild-caught subjects, have claimed that 

they are not (e.g., Dickman, 1992; Krasnov and Khoklova, 1996). The issue has 

been further clouded because authors have used different measures to gauge 

avoidance, different experimental arenas, and at times the same behaviour has been 

interpreted differently by different authors (Burwash et al., 1998 and references 

therein). Many authors have also chosen to apply odours to food sources (e.g., 

Sullivan et al., 1985), while others have not. By testing our samples of rats in a Y 

maze, according to the same protocol, using the same odours, the same measures 

and by not including the complicating factor of food, we have avoided many of 

these difficulties in interpretation. The differences shown by our samples appear to 

be real ones. 

Sympatric, congeneric Kangaroo rats (Dipodomys) differ in their ability to 

discriminate snake odour (Randall et al., 1995). Strains of laboratory mice differ in 

their responses to odours (Dell'Omo, 1994) and it appears from our study that 

different results can also be obtained from different populations of the same species 

using the same measures and the same experimental protocol. Future studies 

should be directed at how individual experience affects rats responses, with the aim 

of contributing to an understanding of predator avoidance in mammals and 
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clarifying what biological phenomenon leads different populations, strains and 

congeneric species to exhibit such different responses. 

195 

Acknowledgements - Cheryl O'Connor and Jane Andrew helped design this experiment. Tony 

Woolhouse provided the odours and useful discussion. The analysis was aided by the contributions 

of graduate students from a 400 level Applied Statistics course at The University of Waikato, 

supervised by HVH. 

REFERENCES 

ATKINSON, 1.A.E. 1985. The spread of cornrnensal species of Rattus to oceanic 

islands and their effects on island avifaunas, pp 35-81, in P.J. Moors (ed.). 

Conservation of island birds: Case studies for the management of threatened 

island species. International Council for Bird Preservation Technical . 

Publications No. 3. 

BERDOY, M., and SMITH, P. 1993. Arms race and rat race: Adaptations against 

poisoning in the brown rat. Rev. Ecol. (Terre Vie) 48:215-228. 

BOAG, B., and MLOTKIEWICZ, I.A. 1994. Effect of odor derived from lion faeces 

on behavior of wild rabbits. J. Chem. Ecol. 20:631-637. 

BRUNTON, C.F.A., MACDONALD, D.W., and BUCKLE, A.P. 1993. Behavioural 

resistance towards poison baits in brown rats (Rattus norvegicus). Appl. 

Anim. Behav. Sci. 38: 159-174. 

BURWASH, M.D., TOBIN, M.E., WOOLHOUSE, A.O., and SULLIVAN, T.P. 1998. 

Laboratory evaluation of predator odours for eliciting an avoidance response 

in roof rats (Rattus rattus). J. Chem. Ecol. 24:49-66. 



196 BRAMLEY, WAAS AND HENDERSON: CHAPTER 5 

COCKE, R., and THmsSEN, D.D. 1986. Chemocommunication among prey and 

predator species. Anim. Learn. Behav. 14:90-92. 

COWAN, P.E. 1992. The eradication of introduced Australian brushtail possums, 

Trichosurus vulpecula, from Kapiti Island, a New Zealand nature reserve. 

Biol. Conserv. 61:217-226. 

DELL'OMO, G., FIORE, M., and ALLEVA, E. 1994. Strain differences in mouse 

response to odours and predators. Behav. Proc. 32(2): 105-116. 

DICKMAN, C.R. 1992. Predation and habitat shift in the house mouse, Mus 

domesticus. Ecology 73:313-322. 

ENGELHART, A., and MULLER-SCHWARZE, D. 1995. Responses of beaver 

(Castor canadensis Kuhl) to predator chemicals. J.Chem. Ecol. 21: 1349-

1364. 

FENN, M.G.P., and MACDONALD, D.W. 1995. Use of middens by red foxes: risk 

reverses rhythms of rats. J. Mamm. 76:130-136. 

GARBE, C.M., KEMBLE, E.D., and RAWLEIGH, J.M. 1993. Novel odours evoke 

risk assessment and suppress appetitive behaviors in mice. Aggress. Behav. 

19:447-454. 

GLIWICZ, J. 1980. Island populations of rodents: Their organisation and 

functioning. Biol. Rev. 55:109-138. 

REALE, V.R., and VANDERWOLF, C.H. 1994. Toluene and Weasel (2-

Propylthietane) odors suppress feeding in the rat. J. Chem. Ecol. 20:2953-

2958. 

INNES, J.G., WARBURTON, B., WILLIAMS, D.S., SPEED, H., and BRADFIELD, P. 

1995. Large-scale poisoning of ship rats (Rattus rattus) in indigenous 

forests of the North Island, New Zealand. N.Z. J. Ecol. 19:5-17. 



AVOIDANCE OF ODOURS BY NORWAY RATS 197 

KEMBLE, E.D., and BOLWAHNN, B.L. 1997. Immediate and long-term effects of 

novel odors on risk assessment in mice. Physiol. Behav. 61:543-549. 

KING, C.M. 1990. (Editor) The Handbook of New Zealand Mammals. Oxford 

University Press, Auckland, New 2.ealand. 

KING C.M., and MOLLER, H. 1997. Distribution and response of rats, Rattus 

rattus and R. exulans, to seedfall in New 2.ealand beech forests. Pac. 

Conserv. Biol. 3:143-155. 

KRASNOV, B., and KHOKLOVA, I. 1996. Discrimination of midday jird's odour 

by house mice. Anim. Behav. 52:659-665. 

MAPPES, T., KOSKELA, E., and YLONEN, H. 1998. Breeding suppression in voles 

under predation risk of small mustelids: laboratory or methodological 

artifact? Oikos 82:365-369. 

MASON, J.R., EPPLE, G., and NOLTE, D.L. 1992. Semiochemicals and 

improvements in rodent control, pp. 327-346, in, B.G. Galef, M. Mainardi 

and P. Valsecchi (eds.). Behavioral Aspects of Feeding: Basic and applied 

research in Mammals: 6th Workshop of the International School of 

Ethology, Ettore Majorana Centre for Scientific Culture, Erice, Sicily, Italy, 

8-14 June 1992. Harwood Academic Publishers, Chur, Switzerland. 

NOLTE, D.L., MASON, J.R., EPPLE, G., ARONOV, E., and CAMPBELL, D.L. 1994. 

Why are predator urines aversive to prey? J. Chem. Ecol. 20: 1505-1516. 

PALMER, J.D. 1976. An introduction to Biological Rhythms. Academic Press 

Inc. New York, USA. 

PERROT-SINAL, T., and PETERSEN, K. 1997. Exposure to predator odor reduces 

locomotor activity levels in adult male rats: Lack of effect of hippocampal 

lesion. J. Chem. Ecol. 23:2175-2186. 



198 BRAMLEY, WAAS AND HENDERSON: CHAPTER 5 

RANDALL, J.A., HATCH, S.M., and HEKKALA, E.R. 1995. Inter-specific variation 

in antipredator behavior in sympatric species of kangaroo rat. Behav. Ecol. 

Sociobiol. 36:243-250. 

SPURR, E.B. 1979. A theoretical assessment of the ability of bird species to 

recover from an imposed reduction in numbers, with particular reference to 

1080 poisoning. N.Z. J. Ecol. 12:23-32. 

SPURR, E.B. 1991. Effects of brushtail possum control operations on non-target 

bird populations. Acta XX /OC:2534-2545. 

SULLNAN, T.P., NORDSTROM, L.0., and SULLNAN, D.S. 1985. Use of predator 

odors as repellents to reduce feeding damage by herbivores I. Snowshoe 

Hares (Lepus americanus). J. Chem. Ecol. 11:903-919. 

TAYLOR, R.H., and THOMAS, B.W. 1989. Eradication of Norway rats (Rattus 

norvegicus) from Hawea Island, Fiordland, using Brodifacoum. N.Z. J. 

Ecol. 12:23-32. 

TAYLOR, R.H. and THOMAS, B.W. 1993. Rats eradicated from rugged Breaksea 

Island (170 ha), Fiordland, New Zealand. Biol. Conserv. 65:191-198. 

TOBIN, M.E., ENGEMANN, R.M., and SUGIHARA, R.T. 1995. Effects of 

mongoose odors on rat capture success. J. Chem. Ecol. 21:635-639. 

UNDERWOOD, A.J. 1981. Techniques of Analysis of Variance in experimental 

marine biology and ecology. Oceanogr. Mar. Biol. Ann. Rev. 19:513-605. 

WACE, N.M. 1986. The rat problem on oceanic islands - research is needed. 

Oryx 20:79-86. 

WARD, J.F., MACDONALD, D.W., DONCASTER, C.P., and MAUGET, C. 1996. 

Physiological response of the European Hedgehog to predator and 

nonpredator odour. Physiol. Behav. 60:1469-1472. 



AVOIDANCE OF ODOURS BY NORWAY RATS 199 

WUENSCH, K.L. 1992. Fostering house mice onto rats and deer mice: Effects on 

response to species odours. Anim. Learn. Behav. 20:253-258. 

YLONEN, H., and RONKAINEN, H. 1994. Breeding suppression in the bank vole as 

an antipredatory adaptation in a predictable environment. Evol. Ecol. 

8:658-666. 

ZANGROSSI, H. and FILE, S.E. 1994. Habituation and generalisation of phobic 

responses to cat odor. Brain Res. Bull. 33:189-194. 









CHAPTER SIX: LABORATORY AND FIELD EVALUATION OF 
PREDATOR ODOURS AS REPELLENTS FOR KIORE (RATI'US EXULANS) 

AND SHIP RATS (R. RATI'US). 

GARY N. BRAMLEY AND JOSEPH R. WAAS 

Department of Biological Sciences 

University of Waikato, Private Bag 3105 

Hamilton, New Zealand. 

Abstract - Predator odours may serve to stop rats entering conservation areas in 

New Zealand or to decrease predation, food consumption and other damage by 

rats in areas tainted with predator odour. We compared the efficacy of real 

predator odours and synthetic odours (derived from the urine and faeces of 

carnivores) as rat repellents with real herbivore odours as controls in a Y maze. 

Ship rats (Rattus rattus) and kiore or Polynesian rats (R. exulans) showed no 

aversion to any of the six odours we tested (real cat (Felis catus) urine and 

faeces, mongoose (Herpestes auropunctatus) faeces, n-propylthietane, S-methyl, 

methyl butanol and isopentyl-methyl sulphide)) when compared with herbivore 

odours. The herbivore odours we used were: red deer ( Cervus elaphus) urine, 

guinea pig (Cavia porcellus) faeces and white rabbit (Oryctolagus cuniculus) 

urine. However, ship rats may have avoided synthesised odours more than real 

ones. We applied two odours (S-methyl, methyl butanol and n-propylthietane) to 

purpose-built feeders in native forest but recorded no change in either visitation 

rate or duration of visits for rodents (rats and mice (Mus musculus)) or possums 

(Trichosurus vulpecula). The consumption of maize at feeders was strongly 
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correlated with the number and duration of possum visits, but only weakly with 

visits by rodents, and was unaffected by the odour associated with the feeder. It 

is unlikely that the odours we tested will be useful in deterring rodents or 

possums from areas where they have been removed for economic, public health 

or conservation reasons. 

Keywords - Rattus rattus, ship rat, semiochemicals, odour avoidance, predator 

odours, Polynesian rat, R. exulans, rat repellents, pest management. 

INTRODUCTION 

Predator-based repellents have been used experimentally to reduce damage to 

crops caused by wildlife (Sullivan et al., 1985a and 1985b; Boag and 

Mlotkiewicz, 1994) and food consumption by domestic herbivores (Amould et 

al., 1993). The behavioural and physiological responses of prey species to 

repellents include the avoidance of treated food and traps, freezing, hiding, 

analgesia and physiological arousal (reviewed by Kats and Dill, 1998). Burwash 

et al. (1998) tested eight artificially synthesised semiochemicals (and one real 

one) and, despite no statistically significant results, concluded from trends in 

their data that ship rats (Rattus rattus) avoid odours derived from carnivores. 

They went on to suggest that the application of such chemicals might reduce rat 

damage to the economically important macadamia nut (Macadamia integrifolia) 

crop in Hawaii, by causing rats to reduce their consumption. 

Mason et al. (1994) believed that volatile sulphurous compounds in the faeces 

and urine of carnivores derived from the digestion of meat mediated the 
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responses of prey animals, and this is supported by data (e.g., Nolte et al., 1994). 

Mason et al. ( 1994) used the term semiochemical to describe these sulphurous 

chemicals that provide biologically important information to other animals. They 

hypothesised that omnivores such as rats (genus Rattus) should be attracted to 

semiochemicals because they may provide them with reliable information on 

sources of food, whilst herbivores should be repelled from areas contaminated 

with semiochemicals to avoid encountering a predator; However, many authors 

have reported that rats avoid predator odours or show reduced activity in their 

presence (reviewed by Kats and Dill, 1998). 

Published accounts of mammals' ability to discriminate and avoid predator 

odours have been contradictory, in part because different authors have interpreted 

the same behaviour in different ways (Burwash et al., 1998 and references 

therein). Interpretations may have been further clouded because the efficacy of 

predator-based repellents varies with cover (Merkens et al., 1991) and different 

test arenas can produce different results (Garbe et al., 1993) and both these 

factors have varied in different trials. Rodent responses to semiochemicals might 

also vary with experience (e.g., Wuensch, 1992), although this remains untested. 

Furthermore, responses to semiochemicals appear to differ in different 

congeneric species, subspecies, strains and populations. For example, Bramley et 

al. (Chapter 5) showed that rats from a predator naYve population of Norway rat 

(Rattus norvegicus) avoided semiochemicals, but rats from another (predator 

experienced) population did not. Differences in laboratory mouse strains in 

response to predator odours have also been recorded (Dell'Omo et al., 1994). 

Furthermore, different strains of mouse have shown different responses to 
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intraspecific odours too. For example, Mus musculus musculus spent longer 

investigating semiochemicals deposited by other M. m. musculus individuals, 

whilst M. m. domesticus showed no such preference. The difference in response 

may be a precopulatory isolating mechanism that accounts for asymmmetric 

hybridisation between the two subspecies (Christophe and Baudoin, 1998). 

In addition to the variability found in different populations, subspecies and 

strains of rodent, some authors have used "no odour" treatments as a control for 

predator odours and in so doing have failed to provide adequate experimental 

controls. This may have produced erroneous results in some cases (see Wolff 

and Davis-Born, 1997, and Mappes et al., 1998, for a critique). 

In New Zealand, there are four species of rodent (roof or ship rat, Norway rat, 

Polynesian rat or kiore R. exulans and the house mouse\ All four species were 

introduced with human voyagers (Atkinson and Moller, 1990; Holdaway, 1996). 

Although the four species do not coexist in the same places (Atkinson and 

Moller, 1990) or habitats (King et al., 1996; King and Moller, 1997), all are 

regarded as pests because of their adverse effects on native wildlife and 

vegetation (Atkinson, 1985; Towns, 1991). Ship rats are most common on the 

two main islands of New Zealand (Innes, 1990) whilst kiore are limited to 

smaller offshore islands, having been replaced, firstly by Norway rats and then 

ship rats in most habitats on the two main islands (Atkinson and Moller, 1990; 

King and Moller, 1997). 

1 There are two species of house mouse recognised M. musculus and M. domesticus. Mice in 
New Zealand share morphometric characteristics with both species and await genetic 
determination (Murphy and Pickard, 1990). 
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Control of rodent populations has relied on extensive poisoning using second­

generation anticoagulants (MacDonald, 1984). In New Zealand, rat populations 

have been eradicated from offshore islands and greatly reduced in large areas of 

forest on the main islands using these poisons (Taylor and Thomas, 1993; Innes 

et al., 1995). Reinvasion to mainland management areas is rapid (Innes et al., 

1995) and the threat of reinvasion to often-visited island reserves is always 

present (Wace, 1986). Thus if rats could be shown to reliably avoid predator 

odours then this response could be exploited by conservation managers as part of 

an arsenal of techniques to protect native species from rats in New Zealand. It 

could also be economically useful since ship and Norway rats are two of the most 

serious worldwide pests of crops and stored foods and they harbour diseases like 

bubonic plague and typhoid (MacDonald, 1984). Repelling rats from areas such 

as zoological gardens and wildlife parks or sanctuaries may also prove beneficial 

to the animals living there. 

We determined whether two species of rat (lciore and ship rat) would 

discriminate and avoid odours derived from the urine and faeces of predators in a 

Y-shaped maze. Garbe et al. (1993) showed that mouse responses to odour 

varied with the kind of arena used. Also, when animals are housed in captivity 

there is always the possibility that their behaviour will change as a result of being 

held captive (Ward et al., 1996). Because of these important considerations, we 

also examined the responses of ship rats to two of the odours we used in our 

laboratory trials in the wild. The two semiochemicals we tested in our field trials 

(S-methyl, methyl butanol and n-propylthietane) had both proved effective in 

deterring Norway rats from Kapiti Island in laboratory trials (Bramley et al., 
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Chapter 5). Both the artificial semiochemicals we used are components of 

predator urine or faeces (cats, Felis catus, and mustelids respectively). Both 

these predators are found on the North Island of New Zealand. Thus it is likely 

that free-living rats on the North Island had encountered them or their odours 

before. All visits to feeders were recorded on videotape and thus we were also 

able to collect incidental observations on the avoidance behaviour of brush-tailed 

possums (Trichosurus vulpecula). 

METHODS 

Animals. Thirty animals were used in the laboratory trials: 15 kiore and 15 

ship rats. All animals were adults, and 10 of the ship rats and nine kiore were 

females. The ship rats were caught in cage traps baited with apple and peanut 

butter along the banks of the Waikato River at Tamahere, south of Hamilton City, 

North Island, New Zealand. Kiore were captured using traditional Maori pitfall 

traps on islands in the Hen and Chickens group near Whangarei, northern North 

Island, New Zealand, and supplied to us by the Ngati Wai tribal resource 

management group. Both groups of rats were collected between January and 

April 1997. 

At the University of Waikato facilities, the ship rats were housed individually 

in plastic bottomed, wire cages (46 x 24 x 20 cm high) and kiore were housed 

individually in plastic tubs with wire tops (40 x 27 x 15 cm deep). All animals 

had ad libitum access to water and Sharpes Diet 86 rat chow (Sharpes Grains and 

Seeds, Lower Hutt, New Zealand), occasional seed mixes and pieces of apple; 

kiore were also given fresh grass seed heads. Cages were provided with a tin and 
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a cardboard tube to act as retreats. We used wood shavings as bedding and 

changed it weekly. The rats were housed in two separate rooms and maintained 

on a constant 12: 12 light schedule, with lights on at 2200 hours. Temperatures in 

the rooms were between 16 and 24°C. Ship rats were tested in May 1997 and 

kiore in June 1997. 

Odours. We examined the subjects responses to nine different odours. Six of 

the odours were natural, from the faeces or urine of live animals, and three 

odours were the commercially synthesised volatile ingredients of urine or faeces 

(provided by New Zealand Industrial Chemists, Gracefield, Lower Hutt, New 

Zealand). The natural odours were: cat urine (supplied by Five Cross Roads 

Veterinary Clinic, Hamilton, New Zealand), mongoose (Herpestes 

auropunctatus) faeces (collected in Hawaii by A. Woolhouse of New Zealand 

Industrial Chemists), guinea pig faeces, New Zealand white laboratory rabbit 

(Oryctolagus cuniculus) urine and red deer (Cervus elaphus) urine. The cat and 

rabbit urine was collected via catheterisation of laboratory animals held at the 

Veterinary Clinic or Waikato Polytechnic (Hamilton, New Zealand). Guinea pig 

faeces were collected from the guinea pig cages at the Polytechnic. The deer 

urine was collected from animals kept at the deer unit of AgResearch Ruakura 

(Hamilton, New Zealand). Artificially synthesised chemicals were provided as 

1 % solutions in paraffin oil. Chemicals used were isopentyl methyl sulphide 

(IPMS, found in red fox, Vulpes vulpes, urine), n-propylthietane (PT, found in 

stoat and ferret anal sac secretions, and hence probably also in their faeces), and 

S-methyl, methyl butanol (SMMBO, found in cat urine). Thus there were three 

synthesised predator smells, three natural herbivore smells and three natural 
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predator smells. Of the natural odours, one of the herbivore and two of the 

predator smells were from faeces. Urine and faeces was always collected from 

more than one donor animal, but only one donor was used at a time (i.e., samples 

were not pooled) except in the case of the deer urine. All natural odours were 

stored frozen. 

Islands in the Hen and Chickens group are free of mammalian predators of 

kiore. Kiore are the only rat known to live there (Atkinson and Moller, 1990), so 

kiore collected there should be nai:ve to all the smells we tested. Ship rats 

collected on the North Island should be familiar with felids, canids and mustelids, 

which have long-established populations on the North Island of New Zealand. 

There were also cows, sheep, deer, goats and rabbits on farms near where the ship 

rats were caught. There are no feral populations of guinea pigs (Cavia porcellus) 

in New Zealand (King, 1990) and it is unlikely any of the rats we used had ever 

come into contact with guinea pig odour. 

In the field trials, odours were supplied as 5% WN impregnated in casein 

squares measuring approximately 30 x 30 x 5 mm high and weighing 4.8-5.2 g 

(New Zealand Industrial Chemists, Wellington, New Zealand). Only two odours 

were used in the field trials (SMMBO and PT). We chose to use 5% WN 

concentrations because we wanted the odours to be detectable at some distance in 

forest, and for them to persist for the whole length of the trial. The chemistry of 

herbivore urine and faeces has not been well studied (A. Woolhouse, New 

Zealand Industrial Chemists, Wellington, New Zealand, pers. comm.) and it was 

not possible to use synthetic herbivore derived odours as a control. Instead we 

used two other controls: odour-free casein squares applied to the feeder and no 
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casein squares. The casein squares had a slight odour of their own, and thus 

these controls represent an odour ( casein) and a no odour (no square) treatment. 

Maze Experiments. Animals were collected one at a time from the captive 

colony and transported in their cages, in darkness, to a separate trial room. They 

were then transferred into an experimental arena lit with red light. When the 

animals were in the arena, the red light was turned off and all observations were 

completed using a 20 cm diameter spotlight with an infra-red filter. The spotlight 

was powered by a Hitachi 12 V, 7 Ah, sealed lead-acid battery. Tests were 

videoed using a Videotronic Tri-Q CCD camera and a Panasonic AG5260 video. 

recorder. After being tested animals were returned to their cage and then to the 

captive colony. 

We used a Y maze made of PVC piping (10 cm in diameter) to examine the 

responses of both groups of rats to odours (Figure 1). The odour stimulus was 

presented inside an opaque glass container as either 0.1 ml of solution pipetted 

onto a 1 cm2 piece of Whatman filter paper or as 0.1 g of thawed faeces. Odours 

were presented in the maze with distilled water controls, presented in the same 

way, in the other choice arm. The position of the odour (left or right) and the 

type of odour (numbered 1-9) were recorded on the video tape after the trial, but 

were unknown to us when we scored the rats behaviour. Three identical mazes 

were used and after each test the maze was washed using hot water and Vircon 

soap powder and then towel dried. 
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First arm 

All dimensions in cm 

Mesh door 

FIG. 1: The Y maze apparatus used to test the responses of rats to the odour of 

predators and herbivores. 
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Ship rats and kiore were tested separately according to an incomplete block 

design using eighteen blocks. Each block consisted of five rats. One block (of 

five rats and five odours) was tested per day. Each rat was randomly allocated a 

position in six blocks (i.e., received each of the six odours once over the 18 days 

of the trial). Tests began one hour after the lights in the colony had gone off and 

continued sequentially until five animals were tested. Each test was usually 

conducted within 40 minutes of the previous one. Prior to the start of each test, 

rats were placed in the first arm of the maze, with the guillotine door shut (Figure 

1). The video recorder was then started and the observer left the room. After 

five minutes the guillotine door was opened (from outside the room) and the rats 

were free to explore the maze for fifteen minutes. We recorded: ( 1) the time until 

the rat first visited each of the arms. A visit was defined as occurring when the 

rat's head was more than 5 cm down the arm; (2) the number of visits to the 

odour and control arm; (3) the time spent in each arm; and (4) a total activity 

score for each rat, which was the number of visits to each arm summed together. 

The day before being tested, each rat was introduced to the maze as outlined 

above, but in the absence of any odours. We recorded the same measures for 

each rat on videotape to detect any left or right bias and to establish that the rats 

would explore the maze. In the middle of the series of tests and at the end of the 

series, the rats were again introduced to clean mazes and their movements 

recorded. This was to check that each rat would still explore the maze in the 

absence of smells and that the rats had not developed a left or right preference 

during the trials. Recordings of rats in a clean maze were done after the days 

tests ( on other rats) had concluded. 
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Field Experiments. Four feeding stations (Figure 2) were set up in each of 

seven different forests or forest remnants on the North Island. The feeding 

stations were positioned approximately 20 m from a central point, one each in a 

north, south, east and west direction. The seven forest sites were: Tahae Block 

(Pureora Forest Park), Pouakani Scenic Reserve (near Pureora), Yamdley's Bush 

(north of Te Awamutu), Walter Scott Reserve (29 km west of Te Awamutu), 

Whewell's Bush (Matangi), Te Kauri Scenic Reserve (Kawhia) and Te Tapui 

Scenic Reserve (13 km east of Matamata). The seven study areas were widely 

separated geographically. They also differed in topography, climate, altitude, 

aspect, geology, history, dominant vegetation and probably in rodent density and 

species composition too. We expected that each site would have ship rats and 

mice, but the relative densities of each species were unknown and we did not 

know whether or not Norway rats were present at any site. 

Each feeding station consisted of a feeder (made up of an inner PVC pipe 

(diameter=8 cm, 1 m tall) and an outer PVC pipe (diameter=20 cm, 1 m tall)). 

The inner pipe was filled with approximately 550 g of maize grains, and had two 

small holes cut at the bottom to allow the com to flow out. The larger pipe had 

three squares (10 x 10 cm) removed from the bottom to allow rodents access to 

the inner pipe (Figure 2). Each feeder was positioned on top of a 30 x 30 cm 

piece of black polythene·to protect the com from the ground's moisture and was 

held in place by guy ropes attached to surrounding vegetation or support poles. 

Each feeder was monitored by a Videotronic Tri-Q CCD camera positioned 

approximately 1.65 m above the ground, suspended on a tripod of three bamboo 

poles tied together at the top. 
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·Rat entry 

Polythene sheet~~ .. ~-:-:: <:·-.'·.'·:·I Outer pipe (200mm dia.) 
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x 30 c,m) :: : Of+· 1nn~r pipe (80mm dia.) 

Matze lfatnS p~!:-.,1 
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. . 
PLAN VIEW OF RAT FEEDER 

FIG. 2: A rat feeding station and camera used to record visits by rodents (rats and 

mice) and possums (Trichosurus vulpecula). Each feeder consisted of two PVC 

pipes, and odours were attached to the outside of the larger pipe, near the rat 

entrance. Four stations were positioned in each of seven forested areas. All four 

cameras were connected to a central time-lapse video recorder (see text). 
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The feeder and camera units were numbered according to their position with 

feeder and camera 1 being the northernmost one. Each camera was secured 

inside an inverted plastic bucket to protect it from the elements. On either side of 

the feeder (approximately 55 cm above the ground) a bank of 16 infrared light 

emitting diodes provided illumination for the cameras. These two light banks lit 

up an area of approximately 50 x 50 cm around the base of the feeder. The four 

cameras were connected via approximately 20 m of cable to a Panasonic WJ-420 

four-input screen splitter. The splitter was connected to a GYYR VHS timelapse 

recorder (Model TLC 1800X) set to record 48 hours on a 3-hour tape. The 

splitter, video recorder and camera control boxes were protected inside plastic 

boxes and covered with polythene to exclude water. The splitter and video 

recorder were connected to a Motormate PS-200-2 DC-AC power inverter. The 

power inverter, lights and cameras were connected to three 63 Ah Sonnenschein 

12 V lead acid batteries connected in parallel via a Grasslin 12 V electronic 

timer. 

Three casein squares impregnated with the odours were attached to the outer 

pipe of each feeder using plastic electrical insulation tape. A latin square design 

was used to assign odours to feeders. Study areas at each locality were located on 

the flattest ground we could find. On day 1 of a test, cameras and feeders were 

assembled and feeders were filled with a known amount of maize. The timer and 

video recorder were set to begin recording after dark and to stop recording before 

dawn. The exact length of recordings varied slightly with season. Once the 

system was in place, activity at each feeder was automatically recorded on 

videotape for the next three nights. After three nights we returned, weighed the 
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remaining com, added fresh com if required, removed the videotape and left the 

area for 10 nights. After 10 nights, we returned and removed the casein squares 

impregnated with odour and weighed any remaining com. We then wiped the 

outside of each plastic feeder with methyl alcohol to remove any remaining smell 

and allowed it to air dry. We refilled the feeders, re-set the video recorder and 

placed new casein squares impregnated with different odours on each feeding 

station. We video taped activity for a further three nights, and then returned and 

weighed the com again (replenishing it if necessary). We allowed the feeders to 

remain in situ for 10 more days. After this we reweighed any remaining com, 

then moved the feeders to the next site. Thus from each site we had six nights of 

recording from two sessions separated by 10 days. Each of the feeders had a 

different smell associated with it (according to our latin square design) in each 

test. We began these experiments on 20 December 1997 and concluded them on 

21 June 1998. We watched each video four times (focussing on one feeder 

during each viewing). We recorded the number of visits made by rodents (rats or 

mice) and brush-tailed possums (Trichosurus vulpecula) to each feeder and the 

duration of the visits. We then summed the number and duration of visits for: (1) 

the first night and (2) the three nights of each session. We separated our data in 

this way because subjects might habituate to the odours over the three days of a 

test. We also recorded consumption of maize on nights 1-3 and nights 4-10 of 

each session for each odour. 

Data Analysis. Maze Experiments. We used the Generalised Linear Model 

(GLM) function of MINIT AB (version 12.1) to investigate the responses of each 

species of rat in a Y maze. For each species and each variable, we created a 
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model that included the rat (numbered 1-15) and the block (numbered 1-18) as 

random effects and the odour as a fixed effect. We then grouped the odours into 

herbivore, real carnivore and synthesised carnivore and created models for each 

measure using odour type as a fixed predictor and rat and block as random 

predictors. We also created a model investigating the effect of sex on activity for 

each species. We used Tukey' s tests to discriminate pairwise differences where 

GLM results were significant. 

Field Experiments. To determine whether rats visited feeders differentially 

according to the treatments attached to them, we again used the GLM procedure. 

We created different models for each measure and specified the smell as a fixed 

predictor and location, test (1 or 2) and feeder (1-4) as random effects. To check 

that most maize consumption was by the rodent and possum visitors we recorded 

(and not by, for example, diurnal birds), we correlated the consumption on nights 

1-3 with the number of visits by rats and possums for those three nights in both 

sessions. 

RESULTS 

Maze Experiments. Exploratory data analysis showed that the number of 

visits to the arm containing the distilled water control were similar to the number 

of visits to the odour arm for both groups of rats. Thus we chose not to use the 

distilled water arm as a control because it was likely that the odour arm affected 

the subject's behaviour throughout the whole maze. Instead we used the data 

collected when rats were exposed to herbivore odours as the control. 
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In our experiments with kiore neither the odour, nor the odour type, 

significantly affected the variables we measured (Table 1). 
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TABLE 1: F-V ALUES RESULTING FROM GENERALISED LINEAR MODELS DESIGNED TO 

DETERMINE THE EFFECT OF SEMIOCHEMICALS ON KI ORE BEHAVIOUR.* 

Factor Activity Visits to Visits to Time in Time in Time to Time to 

odour control odour control approach approach 

odour control 

Fixed effects 

Odour 0.72 0.75 0.54 0.69 1.23 0.95 0.65 

Odour type 0.17 0.25 0.16 0.53 0.22 1.44 0.51 

Random effects 

Rat 2.29* 2.21* 2.15* 1.01 1.22 2.37* Z.55** 

Block 1.20 1.01 1.21 1.09 1.08 1.11 1.03 

*F-values marked with one asterix are significant at P::0.05, those marked with two asterixes are significant 

at P::0.01. Nine odours were tested in all: three real predator odours, three synthesised predator odours and 

three herbivore odours. The odours were each tested individually in one model as "odour" and then assigned 

into groups (real predator, synthesised predator and herbivore) for "odour type" in a second model to see if 

ship rats differed in responses according to odour source. 

In no case was the block significant either, which indicates that rat behaviour 

did not v~ significantly on different days. There was a high level of individual 

variation in the sample and the individual rat was a significant predictor for all of 

our measures except time in the odour arm (Table 1). Male kiore were more 

active (mean=9.89 visits, s.e.=l.56) than female kiore (mean=5.00 visits, 
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s.e.=0.87; F1,s9=8.66, P=0.004). The effect of sex is implicit in the designation 

"rat" in our model, and thus is already partially accounted for. 

One of the female ship rats escaped during her first test and could not be 

recaptured alive. Another female rat showed an abnormally high level of activity 

(approximately 230 visits to the left arm in a 15 minute trial) so was excluded · 

from the analysis. This reduced our sample size to 13 animals. Of the variables 

we measured, only the number of visits to the odour may have been affected by 

the odour type {F2,77=3. l, P=0.054) with herbivore and real predator odours being 

visited more often (mean=14.32 visits, s.e=2.38 and mean=l3.96, s.e.=l.78 

respectively) than artificially synthesised predator odours (mean=l0.33, 

s.e.= 1.89; T=2.26, P=0.07). All other variables were unaffected by odour or 

odour type (Table 2) but some behaviours (activity, number of visits to the 

control, time to approach the control; Table 2) were affected by the block 

number, indicating that rats behaved differently on different days. There was no 

trend in the behavioural changes through the period of the trial, for example rats 

did not become predictably more or less active as the trial progressed, rather they 

were more active on some days than they were on others. All measures, except 

the time spent in the odour and control arms, and the time to approach the smell, 

were significantly affected by the subject, indicating high individual variability. 

Ship rat activity was also affected by sex (F,,77=8.58, P=0.005). Female ship rats 

were more active than males (mean for males=17.4 visits, s.e.=3.06, mean for 

females=30.5 visits, s.e.=3.00). The effect of the sex of the rat is again accounted 

for in our models. 



ODOURS AS RAT REPELLENTS 221 

TABLE 2: F-V ALUES RESULTING FROM GENERALISED LINEAR MODELS DESIGNED TO 

DETERMINE THE EFFECT OF SEMIOCHEMICALS ON SlilP RAT BEHAVIOUR.* 

Factor Activity Visits to Visits to Time in Time in Time to Time to 

odour control odour control approach approach 

Fixed effects 

Odour 1.14 

Odour type 1.92 

Random effects 

Rat 

Block 

9.06** 

1.89* 

1.78 

3.1 

6.80** 

1.44 

1.05 

0.3 

5.67** 

1.91 * 

0.73 

0.24 

1.96 

0.84 

1.23 

0.43 

1.77 

0.71 

odour 

1.44 

1.67 

1.6 

1.42 

control 

1.13 

0.12 

3.44** 

2.05* 

* F-values marked with one asterix are significant at P=0.05, those marked with two asterixes are significant 

at P=0.01. Nine odours were tested in all: three real predator odours, three synthesised predator odours and 

three herbivore odours. The odours were each tested individually in one model as "odour" and then assigned 

into groups (real predator, synthesised predator and herbivore) for "odour type" in a second model to see if 

ship rats differed in responses according to odour source. 

Rats Use of a Clean Maze. Each rat explored an empty maze on three 

occasions. Kiore made a total of 104 visits to the left choice arm and 109 visits 

to the right choice arm (x2=0.12, df=l, ns). Seven of the rats remained in the first 

arm during their first experience in the maze. A further three rats remained in the 

first arm on two occasions, thus ten of the kiore (66%) chose not to explore the 

maze on at least one occasion. 

Ship rats made a total of 339 visits to the left choice arm and 361 to the right 

choice arm (X2=0.69, df=l, ns). Only two of the ship rats remained in the first arm 

on one occasion, and one of those two remained in the first arm on a second 
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occasion. We concluded that both species of rat readily explored the maze in the 

absence of odours, although kiore were more reluctant to explore the maze when 

they first experienced it and were less active overall. Neither species of rat 

showed a preference for one side of the maze. 

Field Experiments. On some occasions, either one of the cameras or the time­

lapse video recorder failed to work. Two of the cameras stopped recording after 

one night at Yarndley's Bush. During the second test at Yarndley's Bush, the 

video recorder stopped working after one night, thus reducing the number of 

feeding stations for which we had data for all three nights from 56 to 46. On 

some occasions maize weights were not recorded because the remaining maize 

became wet and heavy due to rain. These losses reduced our sample size for 

maize consumption on nights 1-3 from 56 to 50, and on nights 4-13 from 56 to 

52. 

Average maize consumption on days 1-3 varied between 120 g (at feeders 

with SMMBO) and 159 g (at feeders with odour free casein squares on them). 

The amount of maize consumed on days 1-3 of a test did not vary according to 

odour (F3,49=0.31, P=0.82), but more than five times as much com was eaten 

during the second test (mean=219 g, s.e.=30 g) as there was during the first test 

(mean=48 g, s.e.=10 g, F1,49=22.38, P=0.0001). Maize consumption for days 4-

13 of each test did not vary with smell either (F3.s1=0.36, P=0.78), but did vary 

with the test (again more maize was eaten in the second test, F3,51=7.48, P=0.009) 

and with the location (F6,s1=9.78, P=0.0001). The amount of maize consumed on 

days 4-13 varied from an average of 120 g at Pouakani Scenic Reserve to 519 g at 

Walter Scott Scenic Reserve. 
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The number of rodents visiting feeders on night 1 of a test did not vary 

according to the semiochemical that was attached to the feeder (means ranged 

from 4.0-7.1 visits per feeder, F3.55=0.8 l, P=0.49), but at some locations rat 

activity was generally higher (means ranged from 0.6-19.3 visits per location, 

F6,55=7.64, P=0.0001). The number of brush-tailed possums visiting on the first 

night of a test did not vary according to odour either (range of means 0.6-2.1 

visits per feeder, F3,55=1.72, P=0.18) but there was also more possum activity at 

some locations (means ranged from 0.1-2.4 visits per location, F6.ss=2.49, 

P=0.03). More possum visits were recorded during the first night of the second 

test (mean = 2.0 visits) than on the first night of the first test (mean =0.6 visits, 

Fi.,,=7.35, P=0.01). 

The number of rat and mouse visits over the three day test did not vary 

according to odour (range of mean values= 20.1-25.0, F3.4s=0.21, P=0.89), but 

did vary according to location (range of mean values= 1.0-60.9 visits, F6,4s=9.64, 

P=0.0001). The same was true for possums (range of means 4.1-5.8, F3,45=0.32, 

P=0.81 for odour, and range of means 0.4-12.3 visits, F6,45=7.49, P=0.0001 for 

location). The amount of time spent at each feeder by rats and mice on night one 

was not dependent on the odour attached to the feeder (means ranged between 

948s and 1578s, F3•55=0.17, P=0.92), although it did vary with location (range of 

means= 146-4030s, F6•55=3.46, P=0.007). Possums spent more time at feeders on 

the first night of the second test than they did on the first night of the first test 

(mean= 110s for night one, mean= 1130s for night two, F1,ss=I0.6l, P=0.002). 

The amount of time spent at feeders by possums on the first night of the second 

test did not vary according to smell (F3,55=2.12, P=0.11). 
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When we considered the total amount of time spent at a feeder during the 

three nights of video recording, location was the only significant predictor for 

rodents (means between 69s and 10279s, F6,45=3.72, P=0.006) and for possums 

(means between 77s and 8468s, F6,45=3.59, P=0.008). 

The total maize consumption at each feeder was strongly correlated with the 

number of possums that we recorded visiting the feeders (r=0.57, P=0.0001) but 

only weakly correlated with the number of rodents (r=0.20, P=0.17). The maize 

consumption on days 1-3 was weakly correlated with the amount of time rats and 

mice spent at a feeder (r=0.27, P=0.08), but strongly correlated with the amount 

of time pos~ums spent there (r=0.57, P=0.0001). The number of rodent visits and 

possum visits was unrelated (r=0.03, P=0.83), but the length of time spent at 

feeders by rodents was correlated with the length of time spent there by possums 

(r=0.332, P=0.02). 

DISCUSSION 

It might be expected that rats would be more likely to avoid the odours of 

predators that they encounter most frequently (Dickman, 1992) or those that pose 

the most significant threat (Jedrzejewski et al., 1993). We included both familiar 

and unfamiliar predators of ship rats in our laboratory experiment, yet neither 

species showed avoidance of any of the odours at the concentrations we used. It 

is obvious from both the field and laboratory experiments that semiochemicals 

would not be effective rat repellents in the sense that we envisaged. Not only do 

ship rats and kiore visit areas tainted with carnivore odours as often as they visit 

control areas (tainted with herbivore odours) in laboratory trials, they also spent 
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similar amounts of time and consumed similar amounts of food in treatment and 

control areas in field trials. 

Interestingly, the two species of rat we studied did not appear to be attracted to 

the predator odours, as predicted by Mason et al. (1994), either. This may be 

because they cannot tell the odours apart. However, ship rats may be able to 

discriminate at least some of the odours since they spent more time in arms 

containing odour~ from real predators or herbivores than they did in arms 

containing synthesised semiochemicals. Since the synthesised chemicals smelt 

stronger to the human nose than the real ones, it may be that this difference in 

behaviour is due to strength or pungency of the odour stimulus rather than the 

odour itself. Kemble and Bolwahnn ( 1997) reported that pungency alone could 

explain mouse aversion of novel chemicals, although this has not been tested for 

the species of rat we studied. The laboratory tests conducted by Burwash et al. 

(1998) used only one (familiar) real odour; the other eight were artificially 

synthesised. Burwash et al. (1998) do not report any dilution of their chemicals, 

and although they used small amounts (0.01 ml), the avoidance behaviour they 

report may be a response to strong novel odours, rather than avoidance of 

predator odours per se. The odours we used in our field trials were stronger than 

those we used in the laboratory trial, although they were familiar, and there was 

no effect on rat behaviour. Thus pungency alone cannot explain the different 

results reported by Burwash et al. (1998) and this study. Kiore showed no 

differences. in their responses to odours and it remains unknown whether they can 

discriminate between the odours we tested or not. 
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Discrimination tests for both species of rat would be useful because they could 

help to interpret their lack of avoidance behaviour. It seems likely that ship rats 

and kiore can distinguish the odours apart, because rats are generally well 

endowed with olfactory neurons (Nef, 1998). Furthermore, olfaction is 

considered to be one of the most important means of communication (Brown, 

1985) and orientation (Lavenex and Schenk, 1998) for rats. Olfaction has been 

well documented as a way of detecting predators for rodents (Kats and Dill, 

1998). In order to observe odour discrimination in the absence of an avoidance 

response, it may be necessary to determine whether rats can be trained to 

recognise the odour as significant by operant conditioning (e.g., Terry and 

Johanson, 1996). If the rats are able to discriminate predator odours from others, 

then it remains to be explained (1) why, in the context of our experiments, they 

ignore the information these semiochemicals can potentially convey, and (2) what 

methods they employ to detect and avoid predators in the wild. 

Cocke and Thiessen ( 1986) and Ward et al. ( 1996) both reported changes in 

the level of physiological arousal of animals (gerbils, Meriones unguiculatus, and 

hedgehogs, Erinaceous europaeus, respectively) in laboratory trials that were not 

manifested in behavioural changes. It is possible that the rats we studied were 

showing changes to their metabolism that we could not measure and future 

studies should consider this. 

Both the ship rats and the kiore we tested in laboratory trials showed a high 

degree of individual variation. Burwash et al. (1998) suggested that it is the high 

level of individual variability that has allowed ship rats to become such a globally 

successful species. Bramley et al. (Chapter 5) found that, despite high individual 
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variation, individuals from a predator-naive population avoided predator odours, 

whilst individuals that had presumably come in contact with predators showed no 

such aversion. They suggest that avoidance might be an innate behaviour for 

Norway rats, but that it might be modified by experience, with experienced rats 

being more accurate at assessing risk. This may also be true for ship rats, since 

the ship rats we studied had presumably encountered predators or their odours in 

the past. 

The kiore that we studied were from predator-free islands. They showed no 

innate aversion to odours. In order to make sense of these observations and 

understand the development of odour-mediated avoidance, experiments are 

necessary that manipulate the individual experience of the rats being tested. Only 

by knowing the experience of each individual being tested will experimenters be 

able to draw sensible conclusions about how responses to predator odours might 

vary with age or experience. The role individual experience plays in 

discriminating odours and responding to them has usually been studied by 

changing the background odour in the weaning period (e.g., Terry and Johanson, 

1996) or by cross-fostering (e.g.,Wuensch, 1992). Neither approach is suitable 

for studying predator avoidance. In order to mimic the experience of 

encountering a predator in the wild, and to allow meaningful ecological 

interpretations, it will be necessary to pair the presentation of a semiochemical 

with a negative stimulus. Measuring the number of presentations necessary to 

engender avoidance and the length of time individuals maintain avoidance 

responses post-experience would be useful in helping workers determine whether 

chemicals provide meaningful ecological information or not. 
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Laboratory studies have shown, usually with laboratory strains of Norway rat 

or house mouse, that odours are important for individual recognition (Gheusi et 

al., 1997), social interactions (Hurst et al., 1994; Hurst and Barnard, 1995), 

orientation in the home range (Lavenex and Schenk, 1998), feeding (Galef, 

1993) and mate selection (Kavaliers and Colwell, 1995). Laboratory studies have 

also shown that laboratory rats and mice recognise and avoid predator odours 

(see Kats and Dill, 1998, for a review). This reductionist laboratory approach has 

allowed significant progress in our understanding of rodent social systems. 

However, little is known about how wild populations of rat respond to either 

conspecific or heterospecific odours, and whether odours are used by wild rats 

and mice when exploring their home range. The few studies that have been 

conducted in the wild (Dickman, 1992; Gumell and Little, 1992; Stapp and Van 

Home, 1996) have produced contradictory results. Large enclosures represent a 

kind of middle ground between these two approaches, and have allowed 

successful manipulation of the presence, density and encounters of wild animals 

(e.g., Drickamer, 1997). In order to understand odour-mediated communication 

in small mammals, more field-based or enclosure experiments are necessary to 

determine the conditions under which semiochemicals are important (e.g., 

Merkens, 1991). 

We detected no preference for either side of the maze by ship rats or kiore, but 

the behaviour of ship rats appeared to change according to the experimental block 

they were assigned to. This change was unexpected but should have had only a 

minimal effect on our results since smells were positioned in blocks throughout 

the trial and rats were randomly assigned to blocks. Thus five randomly chosen 
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rats received one randomly chosen smell each on any given day, and any smell 

tested on a day when the rats were inactive would also have been presented to 

other rats on other days. 
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In the field trials we conducted, the one consistently significant predictor of 

maize consumption and visitation rate was the location of the test. This is 

probably because rodent and possum density varied at the different sites, and 

feeders in areas with more animals received more visits. It appears from our field 

trials that possums were unaffected by predator odours. This result contrasts with 

data reported by Woolhouse and Morgan ( 1995) who applied semiochemicals 

(one of which was PT) to pine (Pinus radiata) seedlings, and recorded a decrease 

in consumption by possums. It may be that propylthietane has an aversive taste. 

The strong correlation between maize consumption and possum visits implies 

that possums were eating most of our maize. Nonetheless, rodents also visited 

the feeders often, and since rodent and possum visits were not correlated ( either 

positively or negatively) it appears possums did not exclude rats and mice from 

visiting. The observed positive correlation between the amount of time spent at 

feeders for rats and possums is further support that neither species adversely 

affects the behaviour of the other. 

Rats and possums consumed more maize during the second test in an area 

than they had in the first test. This result is to be expected since resident animals 

have had longer to locate feeders and assess food palatability by the time the 

second trial began. 

It is apparent from this study and that of Bramley et al. (Chapter 5) that all 

rodents, even congeneric species, do not respond to predator odours in the same 
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way. Studies of the type outlined above looking at the development of aversion 

and manipulating experimental conditions such as cover and risk are needed to 

help clarify how heterospecific odours are used by different species, and under 

what conditions avoidance evolves and is maintained by a population. Future 

research should also focus on the effect of age on avoidance responses and what 

other antipredator strategies might operate under different conditions. 
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CHAPTER SEVEN: CONCLUSIONS 

Summary of Thesis Research. In this thesis, I have presented data on the 

coexistence of rats on Kapiti Island (Chapter 2) which showed that kiore and 

Norway rats were associated with different habitats over a five-year period (1992-

1996). Norway rats were associated with tall, open vegetation, in areas that were 

poorly drained and possibly steep. Kiore, on the other hand, were associated with 

dense, low vegetation on flat or slightly sloping, well drained land. 

Kiore produced more young per female (as evidenced by uterine scars and 

embryos) in kanuka and kohekohe forest and fewest in five-finger forest. Kiore 

were also larger in kohekohe forest and kanuka forest. Norway rats produced a 

similar number of young and reached similar sizes in all habitats I sampled. 

Kiore were least abundant in the areas where they were larger and most 

productive and I believe this indicates competition, with kiore excluded from the 

best habitat by the larger Norway rat. The resource the rats might be competing 

for is unknown, but is likely to be food or cover. 

Radio-tracking in an area of grass and shrubland, where both kiore and 

Norway rats lived, showed that kiore ~ad much smaller home ranges than 

Norway rats, and that their home ranges overlapped with other kiore and with 

Norway rats. The home ranges of Norway rats also overlapped, both with other 

Norway rats and with kiore. Kiore were associated with sites that excluded more 

light than Norway rats, which implies that they used sites that afforded them 

more cover than the sites chosen by Norway rats. I found only weak evidence 

that radio-carrying Norway rats and kiore avoided each other in my study area. 

239 
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All radio-tracked rats died within 10 days of poison (20 ppm brodifacoum) 

being distributed on Kapiti Island. The home ranges of rats did not appear to 

change post-poisoning. However rats eventually moved smaller distances 

between fixes then remained in one place for many hours before death. 

In laboratory trials (Chapter 3), kiore may have avoided the odour of other 

rats. It appears that kiore might be influenced by the odour of other rats when 

moving about their habitat. The other species of rat may not be deterred from 

exploring parts of their range by odour cues deposited by other species of rat. 

However, it should be noted that sample sizes were too small to produce 

definitive results. The sex of the test animal was an important predictor of most 

measures I used (but not for kiore), and it is possible that one sex relies on odours 

as cues more than the other sex. It is not obvious from my results which sex 

might be the most responsive, although female ship and Norway rats were more 

active in my trials. The use of odour cues by kiore might help explain the weak 

avoidance I recorded on Kapiti and the statistically significant negative 

correlation between kiore and Norway captures recorded earlier by Dick (1985, 

unpubl.). 

Odours do not appear to be mediating the interaction between ship rats and 

mice (Chapter 4). Mice apparently could not (or chose not to) distinguish the 

odour of ship rats from their own odour in activity tests, even when they had 

recently been exposed to a live rat. However, mice were less active when 

presented with a live ship rat in an experimental arena. Mice did not spend more 

time under cover or more time on the side of the arena away from the rat, 

therefore they may have been relying on crypticity rather than cover for 
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protection. Pairs of laboratory mice that were exposed to ship rat odour gave 

birth to larger litters than control (no odour) pairs. Pups from treatment pairs also 

weighed less (on average) at weaning than control pairs. 

Norway rats from Kapiti Island appeared to distinguish the odour of predators 

from that of herbivores and avoided predator-tainted areas, despite never having 

encountered any of the predators before (Chapter 5). However, Norway rats from 

the North Island did not avoid predator odours. Both samples showed a high 

level of individual variability and were statistically indistinguishable, despite the 

different results obtained for each group. Ship rats and kiore also showed no 

evidence of avoidance in either field or laboratory trials (Chapter 6), but there 

were differences between the two sexes for ship rats. It appears unlikely that 

free-ranging rats use predator odours as cues when exploring their habitat. It 

remains unknown how important predation is as a selective force for New 

Zealand rodents. 

Competition Between Rodents in New Zealand. The species of rodent I 

studied show a patchy distribution throughout New Zealand and the Pacific 

(Marshall, 1962; Taylor, 1984; Tomich, 1986; Atkinson and Moller, 1990). 

Communities of rodents on islands could simply be a sample of species drawn 

from those available (i.e., synanthropic species and others with good dispersal 

ability), weighted by island size, habitat complexity and species colonising ability 

according to biogeographic theory (Dueser and Porter, 1986). Taylor (1984) 

partially tested this assertion (he did not consider habitat) for the New Zealand 

islands by relating the distribution of rodents and their predators to the isolation 

and size of islands, the dispersal ability of each species, competition and 
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predation. He concluded the New Zealand data did not support the theoretical 

model depending only on isolation, rather that interspecific competition and 

predation had shaped rodent communities here. 

Dueser and Porter (1986) were able to quantify competition between rodents 

from a live trapping study. They found evidence of competition between many of 

the pairs of species they studied, but they considered it to be only weak. Dueser 

and Porter ( 1986) conducted an analysis similar to that of Taylor ( 1984 ), but also 

considered habitat. They believed that habitat was more important than 

competition in structuring rodent communities on Assateague Island (Virginia 

Barrier islands group, North America). 

Competition remains to be demonstrated between rodents in New Zealand. If 

it ever is, the role of habitat will become clearer, since at present it is not possible 

to say whether or not competition limits some species to habitats they do not 

prefer. The study by King et al. (1996a) and the work done by myself and others 

on Kapiti Island (Chapter 2 of this thesis) have provided the strongest evidence to 

date that competition between rodents is real. Both studies have shown that 

microhabitat use differs between sympatric species of rodent, and that different 

species are not equally common, nor do they recruit the same number of young, 

in all habitats. This does suggest competition between rodents for some limiting 

resource, but on the other hand, these instances could equally well be explained 

by larger species preying upon smaller species, or by different habitat 

preferences. Competitive interactions between species of rats must be studied 

both in the wild and in captivity (e.g., in large enclosures). These studies should 

manipulate the species composition and density to identify any changes in habitat 
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preference brought about when other species are present. Close investigation 

should also show whether rats kill other species of rats or mice, and at what stage 

individuals are most vulnerable. The ethical considerations of such experiments 

are beyond the scope of this discussion. 

The most obvious resources over which rodents could compete are food, 

living space and cover (Glass and Slade, 1980; Brown and Munger, 1985; 

Roberts and Craig, 1990). It will be necessary to identify resources over which 

rats compete; this will require quantifying resource availability. 

In terms of food as a potential resource, previous authors (summarised by 

Innes, 1990; Atkinson and Moller, 1990; Moors, 1990; and Murphy and Pickard, 

1990) have provided a considerable volume of information on rat and mouse diet. 

Studies are needed that set out to measure the availability of important diet items 

(such as lepidoptera larvae and grass seed) and then measure their use by each 

species, where possible, in both single-species and multi-species communities. 

Understanding the availability and use of resources by different species, and how 

use changes in the presence of other species, will allow workers to discriminate 

between the competing hypotheses of competition, predation and habitat 

preference suggested by my work. 

It remains unknown whether the mechanism of any competitive interaction is 

interference or exploitation. Rats and mice do not appear to avoid the odour of 

heterospecifics (Chapters 3 and 4). If interference competition is important in 

structuring rodent communities in New Zealand, then it is mediated by some 

more direct method (such as physical encounters or fighting) than odours alone. 
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Alternatively, exploitation competition could be involved, or some combination 

of the two dependent on the competing species concerned. 

It appears from trends shown by kiore when presented with heterospecific 

odour (Chapter 3), that kiore might be more responsive to heterospecific odours 

than other species of rat. The trends I have presented indicate that kiore (Rattus 

exulans) may avoid the odours of other rat species more than either ship rats (R. 

rattus) or Norway rats (R. norvegicus). If this were true, then one might predict 

that weaker competitors would be those most likely to respond to odours, since 

they are the most likely to lose any competitive encounter, and might reduce costs 

by avoiding better competitors all together. However, mice do not show an 

avoidance of ship rat odours consistent with this assertion (Chapter 4). The exact 

nature of the rat-mouse relationship remains unknown and it is also unclear 

whether mice are more efficient foragers than rats. Since kiore have been all but 

extirpated on the main islands (Atkinson and Moller, 1990), it would seem likely 

that they are weaker competitors than the other two rat species under New 

Zealand conditions. Mice have also spread over both main islands as kiore have 

declined (Atkinson and Moller, 1990). The study of rat responses to odours of 

other rats (reported in Chapter 3) needs to be replicated using larger samples and 

different populations, preferably using equipment and/or measures similar to my 

study so that the data are comparable. A suitable control for such experiments 

would be an innocuous odour such as rabbit faeces. Gumell and Little (1992) 

and Stapp and Van Home (1996) have concluded that odours are unimportant in 

regulating interactions between small mammals in woodland and prairie habitats 

respectively. A live trapping study using traps scented with the odour of other 
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rodents similar to that conducted by Gumell and Little ( 1992), on Stewart Island 

or the smaller Pearl Island (where all three species of rat coexist), might help 

illuminate the role of odours in determining habitat use there. Radio-tracking of 

rats and the recording of microhabitat use to detect differences between species 

on Stewart Island might aid our understanding by discovering habitat preferences. 

Careful manipulations of density or species composition in an area will be 

required to separate the effects of habitat preference from the effects of 

competition and predation. 

Placing individuals of different species in an enclosure, or on a small island 

(Veitch et al., 1992), and manipulating density (Glass and Slade, 1980; Dickman, 

1992), food supply (Brown and Munger, 1985), cover, and predation risk 

(perhaps indirectly by influencing light levels; Plesner-Jensen and Honess, 1995) 

would provide potentially interpretable results on the relative competitive 

abilities and interactions between species when they coexist. 

More studies of island rodents using radio-telemetry and measuring 

microhabitat use may demonstrate interactions and preferences, but future 

workers would most usefully contribute by moving beyond a descriptive 

approach and actively manipulating variables to test hypotheses. Better 

knowledge of the mechanisms that allow or facilitate coexistence (for example, 

niche separation or avoidance of other species) is necessary from both a 

theoretical and a management point of view. Questions concerning the 

competitive abilities (which species is most competitive?), habitat use (how do 

species use habitat when alone and when coexisting with other species?), diet 

(does diet change in the presence of other species?), behaviour (which species is 
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the most efficient forager?) and physiology (which species is the most 

energetically efficient?) of all four species of rodent require answering in order to 

understand rodent coexistence. Acquiring this knowledge will require some 

method of close monitoring of live individuals (probably radio-tracking or 

similar), and could perhaps most easily be achieved using large enclosures 

containing a known number of marked individuals. Any enclosure studies will 

require verification in the wild somewhere where more than one species lives. 

Rat Habitat Use. It appears from the work completed by myself and others on 

Kapiti Island (Chapter 2), that kiore and Norway rats use different habitats when 

they are sympatric, with kiore being more common in dense habitat, including 

grassland. Kiore were not most productive in grassland, however, which 

suggests a situation similar to that observed by King et al. (1996b) for mice (Mus 

musculus) sympatric with ship rats. In the populations King and her colleagues 

studied at Pureora Forest Park, mice were virtually limited to disturbed habitats 

with dense ground cover, especially a young pine plantation. Kiore have often 

been compared with mice. Kiore only coexist with mice on four islands in New 

Zealand (three of them> 7 000 ha in size), which suggests they may have very 

similar ecological requirements, at least in the presence of other rats (Atkinson 

and Moller, 1990). At Pureora, mouse reproduction rates (as evidenced by 

uterine scars), were no different between the pine plantations and the native 

forest, although age-class structure was. King et al. ( 1996b) interpreted this to 

mean there was a failure to recruit young mice in native forest where ship rats 

were common. This failure to recruit young may also explain some of our 

observations on Kapiti Island: kiore were more productive (shown by uterine 
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scars) in kohekohe and kanuka forest, but most common in grassland. This 

suggests either a failure to recruit young kiore in kohekohe and kanuka forest 

where Norway rats were common (Chapter 2), or movement from kohekohe and 

kanuka forest into grassland as rats age. I found no evidence of movement 

between habitats by rats on Kapiti, but can not rule it out, since no age data were 

collected (Chapter 2). Roberts and Craig (1990) also found differences in the 

annual production of young of kiore in different habitats on Tiritiri Matangi 

Island. In their study, kiore were most productive near human habitation (the 

lighthouse) followed by grassland and then forest. Females trapped in forested 

areas of Tiritiri Matangi were more likely to have survived winter and bred more 

often, compared with females trapped in grassland. These observations suggest 

that the productivity of kiore varies with habitat. Kiore are apparently more 

productive in areas that provide abundant food and cover. Norway rats might 

also be important in influencing kiore productivity, but whether this influence is 

due to competition, predation or both is unknown. 

I cannot rule out that ship rats eat mice in the wild, but mouse behaviour and 

reproduction in laboratory trials was unaffected by ship rat odours (Chapter 4). 

This indicates a more direct mode of interaction between ship rats and mice, i.e., 

mouse activity could be affected by the physical presence of ship rats, but not by 

their odour alone. This suggests that in areas of low ship rat density, mouse­

tracking indices are likely to be reliable (because there are few rats to exclude 

mice from tracking tunnels). The sudden (<5 days) increase in the tracking rate 

of mice when rats are removed recorded by Brown et al. ( 1996), is likely to be 

due to an increase in activity of mice when dense ship rat populations are 
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removed. The more prolonged increase in mouse detectability (up to 5 months) 

recorded by Clout et al. (1995), Innes et al. (1995) and Miller and Miller (1995), 

may be due to a more prolonged breeding response (King et al., 1996b ). This 

assertion could be verified by comparing mouse population parameters in areas 

with different densities of ship rats. This will require translocation of mice to 

areas where rats have been removed, or studies in large enclosures. Both 

methods would ensure that the presence and density of mice is known, and that 

any differences in detectability are due to differences in activity rather than 

numbers. 

The Effect of Predator Odours on Rat Habitat Use. Some populations of 

Norway rats are likely to show an innate avoidance to predator odours (Chapter 

5), but the response is not universal and there is great individual variability. This 

limits the utility of predator odours as rat repellents, because the avoidance will 

need to be demonstrated in every population before use. Furthermore, it is 

unlikely that all rats reaching island sanctuaries would avoid predator odours. 

Ship rats and kiore also show a high degree of individual variability (Chapter 6), 

but kiore do not appear to have the same innate aversion to predator odours 

shown by Norway rats. 

The odours I used in my experiments (Chapters 5 and 6) smelt stronger to me 

than the urine and faeces of real animals. It is possible, but it seems unlikely, that 

more effective repellency might be achieved using even stronger smells to 

provide a supernormal stimulus (e.g., Boag and Mlotkiewicz (1994) used lion 

(Panthera leo) faeces to repel rabbits (Oryctolagus cuniculus) from their warrens 
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for up to five months). However, strong, offensive odours would make 

conditions for human workers or visitors unpleasant. 

249 

From a theoretical point of view, more research is needed to determine how 

odour aversions develop, how they are either maintained or lost by individuals 

and populations, and whether responses to odours change with age. Experiments 

that expose young rats to the odour of predators paired with negative stimuli are 

required to simulate an escape from a predator. Varying the number of 

presentations and the time until rats are to be tested with the odours might 

indicate how many encounters are required to engender avoidance and how long 

the avoidance response persists. Varying the time between responses might also 

suggest how age affects responses. Varying the strength of the paired negative 

stimuli might indicate the level of risk necessary for the animal to show 

avoidance in the future. Occasional reinforcement for some animals prior to 

testing would indicate whether repeated exposure to the odour was necessary to 

maintain the avoidance response. 

Results from Chapters 3, 5 and 6 indicate that there is a difference in activity 

between sexes. My sample sizes were too small to detect whether both sexes 

respond in the same way, with their responses being different in magnitude, or 

whether the two sexes actually differ in response, with, for example, one sex 

avoiding predator odours and the other ignoring them. The difference between 

sexes in response to odours might prove a fruitful area for further research in 

order to understand development of odour aversion, since more active animals 

are more likely to be preyed upon (Norrdahl and Korpimaki, 1998). Thus the 

naturally more active sex might be more sensitive to odour cues than the less 
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active sex. Experiments similar to mine, but using larger samples of only one sex 

may be enough to illustrate differences. 

Research Methods. A Y maze was used in several of the experiments reported 

in this thesis because it appeared from the literature that Y mazes or four-arm 

mazes produced reliable results in odour discrimination tests (e.g.,Wuensch, 

1992; Krasnov and Khoklova, 1996). From my own results (particularly 

Chapters 5 and 6), I consider it important that future tests of odour discrimination 

test subjects against an innocuous odour in a separate test (i.e., at another time, 

not paired with treatment odours) as a control. An innocuous odour is necessary 

to provide animals with a similar stimulus (c.f. distilled water for example, which 

provides no stimulus; Mappes et al., 1998). It is necessary to separate the tests in 

time to avoid the mingling of odours (and responses) in each individual test. By 

using an incomplete ( or in one case a complete) randomised block design, I was 

able to reduce the sample size needed to detect significant differences 

substantially, because each individual was tested more than once. This allowed 

comparison of between-individual variation and saved time and effort in housing 

the animals and in data collection. Few authors have chosen to do this (e.g., 

Burwash et al., 1998, used 100 rats, but tested each one only once}, but it is an 

easy and practicable way to reduce the number of animals subjected to 

experimental treatments. This is important for animal welfare (Still, 1991; 

McConway, 1991), but is particularly important for the workers involved when 

the animals are wild-caught and difficult to capture and handle. There are more 

statistical tests designed to cope with complete block designs, hence they are 
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easier to analyse. Sample sizes for wild animals may still need to be larger than 

the sample sizes I used. 

Rodent Management. The most pressing research need from a management 

perspective is to determine what effect feral mice have on native ecosystems 

( other than beech (Nothofagus) forests, where their effects have been well 

studied; Fitzgerald et al., 1996 and the references therein). Studies on mice are 

needed because the impact of high mouse populations is unknown and mice 

living independently of humans are difficult to control. To understand the effects 

of mice on native wildlife, population studies of key native species that appear in 

mouse diets are required. So too is knowledge of resource availability and use by 

mice. Close monitoring (such as radio-tracking) of mice in native habitats to 

learn more about patterns of habitat use and ranging are required. Such studies 

will identify what native species are likely to be affected. Further studies should 

focus on key species thus identified to determine what effect mice have on 

populations of native flora and fauna. 

In order to manage rodent populations effectively in the long term, it is 

imperative that we understand natural population regulation. At present it is 

unknown whether rodent populations are regulated in a "top-down" or "bottom­

up" way (sensu Wratten, 1992). Kiore are not the most common wildlife pest in 

New Zealand, nor are mice. Surprisingly then, more is known about the 

population regulation of kiore and house mice in New Zealand than the other two 

species. It appears that kiore might be regulated in both ways - from the bottom 

by food supplies and shelter (Bunn and Craig, 1989; Roberts and Craig, 1990) 

and from the top by competition and perhaps predation by other species (Taylor, 
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1984; Chapter 2). Mice appear to be regulated from the bottom most of the time 

in some habitats (e.g., South Island beech forests; King, 1982; Fitzgerald et al., 

1996) and by predators or competitors in other habitats (broadleaf-podocarp 

forest at Pureora; King et al., 1996a, b). The method of population regulation has 

important implications for management, because the assumption by managers has 

been that regulation is bottom-up. Furthermore, because many operations aim to 

control more than one pest species in New Zealand, traps and poisoned foods are 

often distributed in winter or spring, when food could be expected to be limiting. 

If a species is limited in a top-down fashion in some habitats (as implicated for 

mice by King et al., 1996b), then it is likely that different control methods are 

necessary in different areas. The level of predation on rodent populations 

remains unknown. More basic population studies that examine causes of 

mortality, productivity and identify critical life history stages, are necessary to 

understand population regulation in a range of environments. Such studies will 

require the monitoring of live animals going about their normal lives rather than 

descriptive kill trapping studies, which allow inference of reproductive, but not 

mortality events. If predation is a relatively infrequent cause of mortality in New 

Zealand rodent populations, then that might explain why predator odours are not 

effective repellents for rats in forest (Chapter 6). 

Eradication of Rats on Kapiti Island. The data I presented in Chapter 2 

showed that, despite the presence of more than one species, all radio-carrying 

animals were killed by the aerial poison operation. Subsequent monitoring (R. 

Empson, pers. comm.) has shown that eradication is possible on large islands 

where Norway rats and kiore live if aerial distribution of bait is used. Rats were 
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eradicated from Kapiti despite the different habitat use I reported for the two 

species and the removal of baits for caching by Norway rats I recorded. The ID 

50 ( amount of poison ( or lethal dose) required to kill 50% of animals) for 

Norway rats ingesting brodifacoum is 0.27 mg/kg (the LOSO for kiore is 

unknown; R.Empson, pers.comm.). Nearly 32 tonnes of bait was dropped to kill 

the estimated 40 000 (maximum estimate, R. Empson, pers. comm.) rats on 

Kapiti. Less than 10% of this was necessary to kill 40 000 rats if it had all been 

ingested by rats. The large amount of bait used may have contributed to the 

success of the eradication. Because of the small home range size of kiore, and 

differences in microhabitat use exhibited by the two species, it appears that bait 

stations would have been prohibitively labour-intensive and unlikely to achieve 

success on Kapiti. 

Recommendations. Rat control is being achieved using current technology, 

and it is likely that this technology will be sufficient to eradicate rats from more 

offshore islands around New Zealand and elsewhere in the future. We should not 

expect that current technology will always be suitable. On the main islands of 

New Zealand it seems unlikely that current technology will continue to be 

effective in the long term, because populations that have frequently been subject 

to poison operations will develop resistance (Berdoy and Smith, 1993). 

Furthermore, toxins may persist and/or accumulate in the environment rendering 

their future use inappropriate. Management on the main islands is likely to rely 

on continuing production and application of new poisons, but research must also 

be directed in other areas, since the public regards poison application as 

increasingly unacceptable. More research of the kind identified in this chapter is 
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required to understand population control and behaviour to suggest alternative 

management strategies. The priorities for enhancing management are not 

necessarily the priorities for theoretical research, but regardless of the aim, more 

basic research is required to achieve long-term rodent control. What follows is 

my opinion of one useful direction for future research on live animals. 

1. The most urgent need is to identify the effect of mice on native invertebrate 

and plant communities (other than beech forest) in the wild when rats are 

removed. House mice are likely to be present, but undetectable, before rats 

are removed, but then appear to increase in number. Hence, it is important to 

determine the consequences of this increase for native plants and animals. 

Concurrent with this, the use of habitat by mice in relation to habitat 

availability could be quantified. It will probably be necessary to conduct this 

research in the absence of rats if sufficient numbers of mice are to be 

obtained. 

2. It is necessary to calculate the availability of habitats (food, dens, space) for 

rat species (particularly free-living ship rats) and quantify habitat use. Habitat 

preferences of different species can then be derived and compared. The 

extent and availability of habitat has previously been ignored in studies of 

habitat use and diet. This might allow more efficient targeting of bait and is 

likely to lead to insights into likely competitive interactions when species 

coexist. After quantifying individual species' habitat use, an investigation of 

the habitat use of species in enclosures or in the wild, comparing habitat use 

when alone and when in the presence of other species, is necessary. 
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3. More information is needed on the causes of rat and mouse mortality. This is 

likely to be collected incidentally in a study of habitat use. 

4. It is important to determine, as soon as possible, whether rats eat other rats 

and mice. If they do, it will be necessary to quantify the frequency of 

predation events. A sound knowledge of predation and competition events 

and their outcomes will allow workers to distinguish the relative importance 

of predation (by rats and other predators) and competition in shaping rodent 

communities in New Zealand. This knowledge can then be integrated with a 

knowledge of habitat use to provide a more satisfying explanation of rodent 

distribution than that given by Watson (1961) or Taylor (1984). 

5. Predator odours as deterrents do not appear to be a suitable management tool 

and further investigation may not contribute to rat management. However, 

almost nothing is known about the use of odours by rats in the wild and the 

conditions under which odours are important. The development and 

maintenance of odour aversion has not been studied. Testing animals of 

known age and experience with predator odours under different experimental 

conditions (mentioned above) is required. Training animals to recognise 

odours and then measuring how their r~sponses change over time (with and 

without reinforcement) may help explain the contradictory accounts already 

published and allow a deeper understanding of odours as a mechanism for 

communication amongst rodents. 



256 BRAMLEY: CHAPTER 7 

REFERENCES 

ATKINSON, 1.A.E., and MOLI'..ER, H. 1990. Kiore, pp. 175-192, in C.M. King 

(ed.). The Handbook of New Zealand Mammals. Oxford University Press, 

Auckland, New Zealand. 

BOAG, B., and MLOTKIEWICZ, J.A. 1994. Effect of odor derived from lion 

faeces on behaviour of wild rabbits. J. Chem. Ecol. 20:631-637. 

BERDOY, M., and SMITH, P. 1993. Arms race and rat race: Adaptations against 

poisoning in the brown rat. Rev. Ecol. (Terre Vie) 48:215-228. 

BROWN, K.P., MOLLER, H., INNES, J.G., and ALTERIO, N. 1996. Calibration of 

tunnel tracking rates to estimate relative abundance of ship rats (Rattus 

rattus) and mice (Mus musculus) in a New Zealand forest. N.Z. J. Ecol. 

20:271-275. 

BROWN, J.H., and MUNGER, J.C. 1985. Experimental manipulation of a desert 

rodent community: food addition and species removal. Ecology 66: 1545-

1563. 

BUNN, T.J., and CRAIG, J.C. 1989. Population cycles of Rattus exulans: 

population changes, diet and food availability. N.Z. J. Zool. 16:409-418. 

BURWASH, M.D., TOBIN, M.E., WOOLHOUSE, A.O., and SULLIVAN, T.P. 1998. 

Laboratory evaluation of predator odours for eliciting an avoidance 

response in roof rats (Rattus rattus). J. Chem. Ecol. 24:49-66. 

CLOUT, M.N., DENYER, K., JAMES, R.E., and MCFADDEN, I.G. 1995. Breeding 

success of New Zealand pigeons (Hemiphaga novaeseelandiae) in relation 

to control of introduced mammals. N.Z. J. Ecol. 19:209-212. 



CONCLUSIONS 257 

DICK, A.M.P. 1985. Rats on Kapiti Island. Coexistence and diet of R. 

norvegicus (Berkenhout) and R. exulans (Peale). Unpublished MSc. thesis, 

Department of Botany and Zoology, Massey University, Palmerston North, 

New 2.ealand. 

DICKMAN, C.R. 1992. Predation and habitat shifts in the house mouse, Mus 

domesticus. Ecology 73:313-322. 

DUESER, R.D., and PORTER, J.H. 1986. Habitat use by insular small mammals: 

relative effects of competition and habitat structure. Ecology 67: 195-201. 

FITzGERALD, B.M., DANIEL, M.J., FIT'ZGERALD, A.E., KARL, BJ., MEADS, 

M.J., and NOTMAN, P.R. 1996. Factors contributing to fluctuations in 

house mouse (Mus musculus) populations in hard beech (Nothofagus 

truncata) forest. J. Roy. Soc. N.Z. 26:237-249. 

GLASS, G.E., and SLADE, N.A. 1980. The effect of Sigmodon hispidus on spatial 

and temporal activity of Microtus ochrogaster: evidence for competition. 

Ecology 61:358-370. 

GURNELL, J ., and LITILE, J. 1992. The influence of trap residual odour on 

catching woodland rodents. Anim. Behav. 43:623-632. 

INNES, J.G. 1990. Ship rat, pp. 206-225, in C.M. King (ed.). The Handbook of 

New 2.ealand Mammals. Oxford University Press, Auckland, New 

2.ealand. 

INNES, J.G., WARBURTON, B., WILLIAMS, D., SPEED, H. and BRADFIELD, P. 

1995. Large-scale poisoning of ship rats (Rattus rattus) in indigenous 

forests of the North Island, New 2.ealand. N.Z. J. Ecol. 19:5-17. 



258 BRAMLEY: CHAPTER 7 

KING, C.M. 1982. Age structure and reproduction in feral New Zealand 

populations of the house mouse (Mus musculus) in relation to seed fall of 

southern beech. N.Z. J. 2',ool. 9:467-480. 

KING, C.M., INNES, J.G., FLUX, M., KIMBERLEY, M.O., LEATHWICK, J.R., and 

WILLIAMS, D.S. 1996a. Distribution and abundance of small mammals in 

relation to habitat in Pureora Forest Park. N.Z. J. Ecol. 20:215-240. 

KING, C.M., INNEs, J.G., FLUX, M., and KIMBERLEY, M.0. 1996b. Population 

Biology of small mammals in Pureora Forest Park: 2. The feral house 

mouse (Mus musculus). N.Z. J. Ecol. 20:253-269. 

KRASNOV, B., and KHOKLOVA, I. 1996. Discrimination of midday jird's odour 

by house mice. Anim. Behav. 52:659-665. 

MAPPES, T., KOSKELA, E., and YLONEN, H. 1998. Breeding suppression in 

voles under predation risk of small mustelids: laboratory or methodological 

artifact? Oikos 82:365-369. 

MARSHALL, J.T. 1962. Geographic distribution and color phases of Micronesian 

rodents, pp. 39-44, in T.I. Storer (ed.). Pacific Island rat ecology: Report of 

a study made on Ponape and adjacent islands 1955-1958. Bernice P. 

Bishop Museum Bulletin No. 225. Honolulu, Hawaii. 

MCCONWAY, K. 1991. The number of subjects in animal behaviour 

experiments: is Still still right?, pp. 35-38, in M. Stamp-Dawkins and M. 

Gosling (eds.). Ethics in Research on Animal Behaviour: Readings from 

Animal Behaviour. Published by Academic Press for the Association for 

the Study of Animal Behaviour and the Animal Behavior Society, London, 

England. 



CONCLUSIONS 259 

MILLER, C.J., and MILLER, T.K. 1995. Population dynamics and diet of rodents 

on Rangitoto Island, New Zealand, including the effect of a 1080 poison 

operation. N.Z. J. Ecol. 19:19-27. 

MOORS, P.J. 1990. Norway rat, pp. 192-206, in C.M. King (ed.). The Handbook 

of New Zealand Mammals. Oxford University Press, Auckland, New 

Zealand. 

MURPHY, E.C., and PICKARD, C.R. 1990. House mouse, pp. 225-242, in C.M. 

King (ed.). The Handbook of New Zealand Mammals. Oxford University 

Press, Auckland, New Zealand. 

NORRDAIIl., K., and KORPIMAKI, E. 1998. Does mobility of sex of voles affect 

risk of predation by mammalian predators? Ecology 79:226-232. 

PLESNER-JENSEN, S., and BONESS, P. 1995. The influence of moonlight on 

vegetation height preferences and trappability of small mammals. 

Mammalia 59:35-42. 

ROBERTS, M., and CRAIG, J.C. 1990. The demography of kiore, Rattus exulans, 

in three habitats. N.Z. J. Zool. 17:43-53. 

STAPP, P., and VAN HORNE, B. 1996. Do olfactory cues mediate interactions 

between rodents on northern shortgrass prairie? Can. J. Zool. 74:26-232. 

STILL, A.W. 1991. On the number of subjects used in animal behaviour 

experiments, pp. 27-34, in M. Stamp-Dawkins and M. Gosling (eds.). 

Ethics in Research on Animal Behaviour: Readings from Animal 

Behaviour. Published by Academic Press for the Association for the Study 

of Animal Behaviour and the Animal Behavior Society, London, England. 



260 BRAMLEY: CHAPTER 7 

TAYLOR, R.H. 1984. Distribution and interactions of introduced rodents and 

carnivores in New Zealand. Acta Zool. Fenn. 172:103-105. 

TOMICH, Q.P. 1986. Mammals in Hawaii: A synopsis and notational 

bibliography. Second Edition. Bishop Museum Press, Honolulu, Hawaii. 

VEITCH, C.R., FITZGERALD, B.M., INNES, J.G., and MURPHY, E.C. 1992. (eds.). 

Proceedings of the National Predator Management Workshop. Threatened 

Species Occasional Publication No. 3. Department of Conservation, 

Wellington, New Zealand. 

WATSON, J.S. 1961. Rats in New Zealand: a problem of interspecific 

competition. Proc. 9'h Pacific Science Congress 19: 15-16. 

WRAITEN, S. 1992. Population regulation in insect herbivores - top-down or 

bottom-up?. N.Z. J. Ecol. 16:145-147. 

WUENSCH, K.L. 1992. Fostering house mice onto rats and deer mice: Effects on 

response to species odours. Anim. Learn. Behav. 20:253-258. 


	1687_2R
	1688_2R
	1689_1L
	1689_2R
	1690_1L
	1690_2R
	1691_1L
	1691_2R
	1692_1L
	1692_2R
	1693_1L
	1693_2R
	1694_1L
	1694_2R
	1695_1L
	1695_2R
	1696a_2R
	1697_1L
	1697_2R
	1699_1L
	1699_2R
	1700_1L
	1700_2R
	1701_1L
	1701_2R
	1702_1L
	1702_2R
	1703_1L
	1703_2R
	1704_1L
	1704_2R
	1705_1L
	1705_2R
	1706_1L
	1706_2R
	1707_1L
	1707_2R
	1708_1L
	1708_2R
	1709_1L
	1709_2R
	1710_1L
	1710_2R
	1711_1L
	1711_2R
	1712_1L
	1712_2R
	1713_1L
	1713_2R
	1714_1L
	1714_2R
	1715_1L
	1715_2R
	1716_1L
	1716_2R
	1717_1L
	1717_2R
	1718_1L
	1718_2R
	1719a_1L
	1719a_2R
	1720_1L
	1720_2R
	1722a_1L
	1722a_2R
	1723_1L
	1723_2R
	1725_1L
	1725_2R
	1726_1L
	1726_2R
	1727_1L
	1727_2R
	1728_1L
	1728_2R
	1729_1L
	1729_2R
	1730_1L
	1730_2R
	1731_1L
	1731_2R
	1732_1L
	1732_2R
	1733_1L
	1733_2R
	1734_1L
	1734_2R
	1735_1L
	1735_2R
	1736_1L
	1736_2R
	1737_1L
	1737_2R
	1738_1L
	1738_2R
	1739_1L
	1739_2R
	1740_1L
	1740_2R
	1741_1L
	1741_2R
	1742_1L
	1742_2R
	1743_1L
	1743_2R
	1744_1L
	1744_2R
	1745_1L
	1745_2R
	1746_1L
	1746_2R
	1747_1L
	1747_2R
	1748_1L
	1748_2R
	1749_1L
	1749_2R
	1750_1L
	1750_2R
	1751_1L
	1751_2R
	1752_1L
	1752_2R
	1753_1L
	1753_2R
	1754_1L
	1754_2R
	1755_1L
	1755_2R
	1756_1L
	1756_2R
	1757_1L
	1757_2R
	1758_1L
	1758_2R
	1759_1L
	1759_2R
	1760_1L
	1760_2R
	1761_1L
	1761_2R
	1762_1L
	1762_2R
	1763_1L
	1763_2R
	1764_1L
	1764_2R
	1765_1L
	1765_2R
	1766_1L
	1766_2R
	1767_1L
	1767_2R
	1768_1L
	1768_2R
	1769_1L
	1769_2R
	1770_1L
	1770_2R
	1771_1L
	1771_2R
	1772_1L
	1772_2R
	1773_1L
	1773_2R
	1774_1L
	1774_2R
	1775_1L
	1775_2R
	1776_1L
	1776_2R
	1777_1L
	1777_2R
	1778_1L
	1778_2R
	1779_1L
	1779_2R
	1780_1L
	1780_2R
	1781_1L
	1781_2R
	1782_1L
	1782_2R
	1783_1L
	1783_2R
	1783a_1L
	1783a_2R
	1784_1L
	1784_2R
	1786_1L
	1786_2R
	1787_1L
	1787_2R
	1788_1L
	1788_2R
	1789_1L
	1789_2R
	1790_1L
	1790_2R
	1791_1L
	1791_2R
	1792_1L
	1792_2R
	1793_1L
	1793_2R
	1794_1L
	1794_2R
	1795_1L
	1795_2R
	1796_1L
	1796_2R
	1797_1L
	1797_2R
	1798_1L
	1798_2R
	1799_1L
	1799_2R
	1800_1L
	1800_2R
	1801_1L
	1801_2R
	1802_1L
	1802_2R
	1803_1L
	1803_2R
	1804_1L
	1804_2R
	1805_1L
	1805_2R
	1806_1L
	1806_2R
	1807_1L
	1807_2R
	1808_1L
	1808_2R
	1809_1L
	1809_2R
	1810_1L
	1810_2R
	1811_1L
	1811_2R
	1812_1L
	1812_2R
	1813_1L
	1813_2R
	1814_1L
	1814_2R
	1815_1L
	1815_2R
	1816_1L
	1816_2R
	1817_1L
	1817_2R
	1818_1L
	1818_2R
	1819_1L
	1819_2R
	1820_1L
	1820_2R
	1821_1L
	1821_2R
	1822_1L
	1822_2R
	1823_1L
	1823_2R
	1824_1L
	1824_2R
	1825_1L
	1825_2R
	1826_1L
	1826_2R
	1827_1L
	1827_2R
	1828_1L
	1828_2R
	1829_1L

