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ABSTRACT 

Feral house mice (Mus musculus) are well established throughout New Zealand. They are a 

potential pest species about which comparatively little is known, especially with respect to 

invertebrate populations where we might expect impact through predation to be highest. In this 

study I sought to model the potential local impact of feral house mouse on naturally occurring 

invertebrate populations. This was achieved by estimating consumption rates needed to meet 

daily energy demand, as determined in laboratory trials on both summer and winter-acclimatised 

mice captured upon coastal sand dunes just south of Dunedin, New Zealand. 

Mouse density was estimated four times a year between Dec 1996 and Dec 1997 using mark

recapture techniques. Estimates varied from 7 mice.ha-I (Dec, 1996) to 16 mice.ha-I (Sept, 

1997). Males predominated during live-trapping and sex-related differences in hind foot and 

tail length were found. Most mice ceased breeding in winter and estimated mean litter size was 

comparatively small (5.1 ± 1.7) although postpartum fertilisation was evident. Nocturnal 

activity prevailed and range lengths averaged 57 .6 m ± 10.3 m with pregnant and/or lactating 

mice being over-represented among those mice making movements of greater than 150 m. 

Stomach analysis revealed that mice were omnivorous although diet was biased towards 

invertebrates. More stomachs contained invertebrate material in summer whereas plant material 

was encountered significantly more often in winter. Lepidopteran (Noctuidae) and Coleopteran 

(Elateridae) larvae were important dietary constitutes but this importance varied significantly 

with season. The greater occurrence of Araneae remains in stomachs of reproductively active 

female mice in summer suggest that they might be an important food during female 

reproduction . 

Winter acclimatisation involved changes in several thermoregulatory physiological parameters 

(basal metabolic rate and minimum thermal conductance and possibly body mass). Such 

adjustments are consistent with genotypic or developmental adaptation to cold and constitute 

energy saving mechanisms is response to high energy demand under conditions of low or 

mediocre food availability. Average daily metabolic rates varied little between seasons 

(summer, 2.69 ml.min-I; winter, 2.60 ml.min-I) while temporal changes in oxygen demand 

mimicked activity patterns of free-living mice. Energy assimilation efficiency of sunflower 

kernels (Helianthus annuus) was high and daily energy expenditure of winter-acclimatised mice 

was comparatively low (29.6 kJ.d-1). 

Invertebrate consumption per mouse per day at Ocean View Reserve was estimated to be 4.37 

g.d-1 (dry mass) in summer (Dec-May) and 4.23 g.d-1 (dry mass) in winter (Jun-Nov) which 
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corresponds to a annual population consumption of 19.39 kg.ha-1.y-l (dry mass). The results 

of this study clearly illustrate the potential significance of mouse predation upon invertebrate 

populations in coastal habitats in New Zealand. They highlight the need for detailed research 

into the largely ignored potential impact of mice on endemic invertebrate populations in New 

Zealand. Lepidopteran larval species appear to be particularly susceptible to mouse predation. 
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1.1 GENERAL INTRODUCTION 

1.1.1. TAXONOMIC STATUS 

House mice (kiore-iti) are members of the diverse Muridae family. They are closely related to 

the three other rodent species present in New Zealand (the ship, Norwegian and Polynesian 

rats) in that they all belong to the same subfamily. Considerable confusion surrounds the 

taxonomic status of house mice in New Zealand, which has resulted from recent re-examination 

of the Mus musculus complex. Some authors (eg. Marshall & Sage, 1981) recognise at least 

two species globally (Mus musculus Linnaeus 1758 and Mus domesticus Rutty 1772) while 

others limit the distinction to the subspecies level (Hunt & Selander, 1973). There has been no 

genetic analysis of New Zealand populations (Murphy & Pickard, 1990) but it seems most 

likely that Mus domesticus Rutty from Britain colonised New Zealand in the early days of 

European settlement. Nevertheless, house mice will be continued to be referred to as M. 

musculus in the present study because of this taxonomic ambiguity. 

1.1.2. INTRODUCTION 

The house mouse seems to have been the first rodent to become intimately associated with man 

and has fully exploited its commensal niche as evident by a global distribution. This 

coexistence is believed to have began perhaps 8,000 to 10,000 years ago on the steppes of 

Central Asia (Schwarz & Schwarz, 1943). These small and secretive mammals possess 

immense reproductive potential (Bronson, 1984) making them particularly favourable subjects 

for biomedical research and testing (Lane-Petter, 1976). The benefits derived from the use of 

the laboratory mouse as a research tool is however, offset by their pest status in many 

situations. Commensal mice are a well known pest, eating and spoiling all types of food 

intended for human consumption, destroying packages, sacks and fabrics of all kinds, 

damaging buildings and furniture. They are in addition, carriers of various human diseases ( eg. 

salmonellosis, plague, pseudotuberculosis, yersiniosis) (Berry, 1970) and are therefore, of 

public health concern. 

In some regions of the world they also thrive away from human habitation. In this feral pattern 

they can be found in a surprising diversity of habitats. In New Zealand, feral house mice have 

become well established since they were first noticed in the Bay of Islands in 1830 (Gutherie

Smith, 1953). They have become ubiquitous throughout the mainland and many offshore 

islands (Wodzicki, 1950; Taylor, 1978a), ranging from shoreline to snowline (over 1300 min 

Craigieburn Forest Park, King, 1982). Mice are more widespread in New Zealand than in 
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Europe but are similar in that periodic population increases resulting in quite high local densities 

often correlate with short-term fluctuations in local food availability (eg. Jensen, 1982; Murphy, 

1992). These irruptions are markedly smaller than those which intermittently occur in cereal 

growing areas of southern and eastern Australia. In these areas, associated losses can range 

from $77,000 to an excess of $39 million depending upon plague severity (Singleton & 

Redhead, 1989). 

The impact of mice on New Zealand's native biota is poorly known. Mice are eaten by many 

native and introduced animals in New Zealand (see Murphy & Pickard, 1990) and may even 

constitute a main prey item in predator diet (Fitzgerald & Karl, 1979). However, it is unclear as 

to whether mice are important as alternative prey during periods of food scarcity although 

population irruptions of mice in southern beech forests can set off increased predation of forest 

fauna (O'Donnell & Phillipson, 1996). Mice themselves are likely to have had, and still be 

having, a significant impact through predation on New Zealand's native fauna and flora. There 

is increasing evidence to suggest that mice may pose a threat to the unique reptile fauna of New 

Zealand despite the low occurrence of reptiles in mouse diet (eg. Badan, 1986; Miller & Miller, 

1995). Newman (1994) attributed the decline of the threatened McGregor's skink (Cyclodina 

macgregori) on Mana Island in the late 1980s to increased predation by M. musculus, while 

mice were also observed eating Copper skinks (C. aenea) in pitfall traps. Pickard (1984) found 

that in some months, skinks made up over 20% of the mouse diet on Mana Island and anecdotal 

evidence of mouse predation on the common skink (Leiolopisma nigriplantare polychroma) and 

common gecko (Hoplodactylus maculatus) was also noted by Newman (1984). 

The impact of house mice on native plants is largely unknown but may also be considerable. 

Laboratory trials show that feral mice will readily consume the nutritious parts of hard beech 

seed (Nothofagus truncata) although Fitzgerald et al., (1996) failed to find beech seed in large 

samples of mice stomachs (n=773). It could of course be argued that when feeding on beech 

seed the mice are not hungry and therefore, rarely caught using conventional trapping methods. 

Damage and destruction to soil seedbanks, tree seed and young shrubs attributable to mice has 

been previously noted in New Zealand (Wodzicki, 1950; Newman, 1994). House mice may 

also effect the natural regeneration of indigenous kauri (Agathis australis) strands and rimu 

(Dacridium cupressimum) (Wodzicki, 1963; Beveridge, 1964; Badan, 1979). On Marion 

Island in the sub-Antarctic, mice have severely restricted the aerial cover of the moisture

sensitive sedge, Uncinia compacta, due to harvesting of seeds (up to 100% removal) (Chown & 

Smith, 1993). Dispersal of viable seeds by mice from various exotic weed species throughout 

New Zealand has also been investigated (Williams et al., 1998, Joint New Zealand/Australian 

Ecological Societies Meeting, 24-27 Nov, Dunedin, 1998). 
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Invertebrates are often predominant in the diet of feral house mice despite their omnivorous 

feeding habits (Landry, 1970). The significance of mouse predation upon naturally occurring 

invertebrate populations in New Zealand has been overlooked in the past with present day 

knowledge largely based on anecdotal evidence. This is presumably because we have a limited 

knowledge of the biology of invertebrate species present in New Zealand and often find it 

difficult to separate the effects of mice from those of other introduced predators. The little 

available information suggests that the extent of invertebrate predation by mice can be 

substantial. Bull, (1967) found that mice depleted 25-33% of the estimated population of the 

large New Zealand weevil (Lyperobius huttoni) in one study area and captures of the Cook 

Strait giant weta (Deinacrida rugosa) increased markedly after the removal of mice on Mana 

Island (Newman, 1984). Mice may also have contributed to the decline of the rare and 

endangered chafer beetle (Prodontria lewisi) (Brignall-Theyer, 1998) on open grassland in 

Central Otago, New Zealand. On Marion island, the biomass of Pringleophaga moth larvae was 

significantly lower (between two and eleven times) than in similar habitats on nearby Prince 

Edward Island where there are no mice (Rowe-Rowe et al., 1989). 

One approach not employed previously in New Zealand which could be used to quantify the 

impact of small mammals in various ecosystems involves combining information on energetics 

with ecological data. This approach became popular in the early 1960's with the advent of the 

International Biological Programme (IBP) and developed into the field of "ecological energetics" 

(Grodzinski & Wunder, 1975). Energetic studies are interested primarily with how animals 

partition assimilated energy among a variety of competing behavioural and physiological 

demands ( eg. maintenance metabolism, growth, reproduction and thermoregulation). The 

success of this 'energy partitioning' will largely determine the significance of small mammal 

populations in different ecosystems and gives estimates of their daily energy demand 

(Grodzinski & Wunder, 1975). These estimates can in tum be used to determine food intake in 

the field. Knowledge of this kind may enable ecologists to determine more precisely the 

ecological role of small mammal populations in various ecosystems which have application to 

control measures. 

1.2 OBJECTIVES 

The primary objective of this study was to quantify the energy requirements of a population of 

feral house mice and use this estimate to model the impact of mice on naturally occurring 

invertebrate populations. This objective will be accomplished by estimating consumption rates 

needed to meet individual daily energy demand as determined within the laboratory. The 

proceeding four chapters of this thesis tackle the following sub-objectives while chapter six 

combines the results from these sub-objectives to achieve the primary objective. 
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• Investigate population demographics with emphasis on calculation of population size and 

activity patterns (Chapter 2). 

• Describe the general diet of mice in the field and examine the potential influence of 

season, gender and reproductive status on mouse diet (Chapter 3). 

• Establish maintenance metabolism costs and daily energy demand (average daily 

metabolic rate) over a range of ambient temperatures using open-flow respirometry 

(Chapter 4). 

• Conduct feeding trials in order to determine consumption, digestibility and assimilation 

of food items consumed in the wild. This method also gives another measure of daily 

energy demand (daily energy expenditure) (Chapter 5). 

1.3 STUDY AREAS 

1.3.1. GENERAL DESCRIPTION 

Ocean View Recreational Reserve (45°56'S, 170°2l'E) and Big Stone Road (45 58'S, 

170°18'E) are both coastal sites situated just south of Dunedin, New Zealand (Fig. 1.1). The 

two sites are separated by a distance of 4.2 km and were chosen because they possess an 

abundance of vascular ground cover (Fig. 1.2) which is thought to be important to feral 

populations of house mice in New Zealand. 

Big Stone Road (BSR) 

This site is situated on a marginal coastal strip of sand dunes (50-100 min width) which runs 

adjacent to Taieri Mouth Road (Figs. 1.2a; 1.3a). The marginal strip originates at the Brighton 

township and extends south. A live-trapping grid was established beside the intersection 

between Taieri Mouth Road and Big Stone Road which proceeds inland from this point (NZS 

145-007687 to 145-015692; Figs. 1.2a; 1.3a). This study site will be referred to from this point 

in the text as 'BSR' (Big Stone Road). Taieri Mouth Road (8-10 min width) is a major feature 

of the area and constitutes a major transport route which carries approximately 50-60 vehicles 

on any given day. 

A distinct ecotone (termed the "road edge verge") is evident either side of Taieri Mouth Road 

which encroaches several metres into the adjacent vegetation. The dunes at BSR are currently 

managed by the Department of Conservation (DoC) and are subjected to a variety of 

modification pressures which are generally associated with public usage (fire, clay & asphalt 

dumping, horse riding and motor-cycle operation). Within the grid the topography is 

undulating in nature and characterised by numerous small hollows of bare quartz sand which 
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have arisen from wind erosion and by a number of counter dunes; low ridges of sand < 2 m in 

height left behind by the advance of foredunes (ie. dunes directly adjacent to the sea). These 

fore dunes consist of loess and schist (Johnson, 1981 ), and are 2-4 m in height. Stable sand

hills occur sporadically inland, some of which are up to 6 min height. 

Ocean View Recreational Reserve 

Ocean View Recreational Reserve (NZS 144-037707 to 144-048712) is a coastal strip (150-300 

min width) situated 15 km south of Dunedin, New Zealand. Managed by the Dunedin City 

Council and formerly owned by the Crown until 1955, the reserve is roughly rectangular in 

shape and comprises 15 ha of predominantly sand dune habitat. Camping, fires and dogs are 

prohibited within the reserve. Residential houses and a tar-sealed road (Brighton Road) 

separate the reserve from the agricultural areas located inland (Fig. 1.3b ). Immediately south of 

the reserve is a rocky headland which separates it from Brighton. The topography at Ocean 

View Reserve is generally similar to that described for BSR although a larger fore dune region 

is evident. A small tidal stream divides the reserve and several walking tracks (0.5-2.5 m in 

width) originating from Brighton Road are prominent (Fig. 1.3b). 

1.3.2. CLIMATE CHARACTERISTICS 

Meteorological data was obtained from official records kept at Dunedin Aero weather station 

(NZS 144-925719) which is located 11 km north-west of Ocean View Reserve. Ambient shade 

temperature at ground level upon the sand dunes at Ocean View Reserve was recorded hourly 

using a temperature data logger connected to a external thermocouple (Stow Away; model 

XT108-39+ 122°C). A summary of climatical data obtained from these sources during the 

sampling period is given in Table 1.1. House mice were exposed to a cold dry winter 

alternating with a warm and wet summer. Rainfall during summer (Dec-Feb) was twice that 

recorded during winter (Jun-Aug) but ambient temperatures during the former were higher by a 

average of 8.8°C (Table 1.1). 

Total rainfall between Dec 1996 and Nov 1997 was 707 mm and was particularly low in June 

(8.2 mm) and ground frosts were frequently recorded in winter (Table 1.1 ). Substantial ranges 

in daily temperatures were recorded in all seasons but were most pronounced during summer 

and spring (Fig. 1.4). The lowest temperature recorded was -6.1°C (June 1997) while the 

highest temperature was 38.1 °C (Nov 1997). Mice inhabiting these dunes could therefore be 

exposed potentially to a wide range of ambient temperatures. Large temperature ranges at low 

altitudes are unusual in New Zealand (Sansom, 1984) and were probably the result of El Nifio 

which elevated summer temperatures. 
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1.3.3. FLORA 

Both Sites 

New Zealand has over 300,000 ha of sand dunes but only a small proportion of this is 

considered to be close to its original state (Taylor & Smith, 1997). Most of the dune 

ecosystems in New Zealand today have been replaced by exotic pine forests and introduced 

pasture grasses (Newsome, 1987). Marram grass (Ammophila arenaria) represents one of these 

species and dominantes the flora present at both study sites (Fig. 1.2). This scenario is typical 

of what is found in all but a few dunelands within the Otago Region (M. Hilton, pers. comm). 

Marram grass was originally planted on New Zealand dune systems to promote stability 

(Cockayne, 1911) but is now generally regarded as an invasive weed that has caused local 

extinction of native sand-binding grasses (eg. Pingao), or in some cases is still actively 

threatening them (Given, 1981). Two distinct plant communities are evident at both study sites 

which reflects the gradual procession of events in harmony with the increasing stability of the 

substratum: the fore dunes marking the unstable commencement and the fixed inland sand-hills 

representing the stable climax. 

Vegetation upon the fore dunes is open and dominated by marram grass although large areas of 

eroding free-draining sand are present and species richness is consequently low. Originally the 

endemic and threatened, dune-building cyperad Pingao (Desmoschoenus spralis), would have 

dominated the fore dunes (Given, 1981) but now occurs as a few scattered patches. The native 

sand tussock (Paa triodioides) also occurs infrequently at both sites. 

Plant communities away from the unstable fore dunes are again dominated by marram grass 

which stands about 1 m high in an erect sward in summer. Wind, rain and seasonal die back 

flatten the grass to a mat (0.3 m high) in winter and early spring. Introduced pastoral grasses 

become increasingly frequent inland and are widely dispersed along with shrub, fern and 

scrambler species (particularly Pohuehue and bracken fern). Occasional taupata, flax and lupin 

are seen throughout. Ngaio, bush lawyer and gorse are dominant on the road edge verge at 

BSR (Figs. 1.2a; 1.3a). The complete list of flora present and identified at both sites is given 

in Table 1.2. 
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1.3.4. FAUNA 

Both Sites 

House mice were the only rodents trapped at Ocean View Reserve. Hedgehogs (Erinaceus 

europaeus) were occasionally caught in live-traps at Ocean View Reserve, particularly in 

summer. European rabbits (0-ryctolagus cuniculus cuniculus) were present at both study sites 

(as indicated by numerous burrows and faecal pellets) and were especially abundant at the 

northern end of Ocean View Reserve. Rats (probably Rattus norvegicus) were present at BSR 

but were live-trapped infrequently (Appendix 1). Mammalian predators of mice (eg. Mustela 

spp. and feral cats) were not caught or detected (through either direct observation or via 

detection of faecal pellets), although they were not specifically trapped for. Avian species 

known to prey on mice (eg. Australasian harrier, New Zealand falcon) were also not observed 

within the confounds of either study site. The common skink (Oligosoma maccanni) was noted 

near the northern end of the trapping grid at BSR. Invertebrate abundance at both study sites is 

unknown, although, the use of pitfall traps revealed the presence of numerous ground dwelling 

insects belonging principally to Coleoptera (beetles), Orthoptera (weta), Diplopoda (millipedes), 

Dermaptera (earwigs) and Collembola (springtails). Various species from the class Arachnida 

(spiders) were also well represented. A noticeable drop in invertebrate capture rates was evident 

during winter (pers. obs.). Other arboreal and aerial invertebrate species were undoubtedly also 

present. 

1.4 PERMITS 

This research was completed under a University of Otago Ethics Committee permit No. 90-96. 

Trapping at Ocean View Reserve was completed under a Dunedin City Council permit (RPL 

15/14 PP:JEB) while a DoC permit (Reserves Act 1977) was obtained before live-trapping was 

conducted at BSR. 
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FIGURE 1.1 

Location map showing the greater Dunedin area and position of study sites. 
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FIGURE 1.2 

Views of the two study areas, showing the similarities in general topography and vegetation. 

(A) BSR site and (B) Ocean View Reserve looking north up trap lines G and H. 
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(A) (B) 

FIGURE 1.3 
Aerial photographs showing placement of (A) trapping grid at BSR (scale = 1 :2500; area 
covered by diagonal white lines), and (B) trapping lines (G, Hand I) at Ocean View Reserve 

(scale = 1 :4000). 
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Mean daily temperature range (0 C) upon the sand dunes at Ocean View Reserve during 

summer (A), autumn (B), winter (C), and spring (D). Error bars represent± 1 SE. 
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TABLE 1.1 

Seasonal analysis of ambient temperature, rainfall and frost days recorded at Ocean View 

Reserve during 1997. Mean temperature values are given by the number of degree days (mean 

daily temperature multiplied by the number of days in each season). Minimum (min), maximum 

(max) and the temperature range for each season are also given. Frost days are defined as those 

in which ambient temperature dropped below zero °C for two consecutive measures (ie. over a 

one hour period). 

Season Degree Temperature (°C) Rainfall Frost 

Days (mm) Days 

Mean Min Max Range 

Summer 764.64 13.56 6.48 25.05 18.57 254 3 

(Dec 96-Feb 97') 

Autumn 146.97 7.72 3.93 11.46 8.07 177.2 0 

(Mar 97-May 97') 

Winter 406.12 4.80 0.37 10.17 9.80 109.6 41 

(Jun 97 -Aug 97') 

Spring 902.86 9.28 2.81 17.77 14.96 166.2 13 

(Sep 97-Dec 97') 
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TABLE 1.2 

Prominent plant species collected and identified from both study sites. 

GRASSES: 

Ammophila arenaria (Marram Grass) 

Agrostis stolonifera (Creeping Bent) 

Dactylis glomerata (Cocksfoot) 

Cortaderia richardii (Toetoe) 

Holcus lanatus (Yorkshire Fog) 

Poa triodioides (Sand Tussock) 

Poa annua (Annual Poa) 

Alopecurus geniculatus (Foxtail) 

FERNS: 

Pteridium esculentum (Bracken fern) 

Solanum laciniatum (Poroporo) 

RUSHES: 

Leptocarpus similis (Jointed Wire Rush) 

Desmoschoenus spralis (Plngao) 

HERBACEOUS PLANTS: 

Taraxacum officinale (Dandelion) 

Cirsium arvense (California thistle) 

Phormium tenax (NZ flax) 

Acaena anserinifolia (Bidibid) 

Chenopodium glaucum (Coastal goosefoot) 

WOODY PLANTS: 

TREES: 

Myoporum laetum (Ngaio) 

CLIMBERS & SCRAMBLERS: 

Muehlenbeckia australis (Pohuehue) 

Rubus cissoides (Bush Lawyer) 

Bromus willdenowii (Broom) 

SHRUBS: 

Rosa rubiginosa (Sweet brier) 

Hebe elliptica (Coastal Koromiko) 

Coprosma repens (Taupata) 

Ulex europaeus (Gorse) 

P!a,gianthus divaricatus (Saltmarsh 

ribbon wood) 

Lupinus arboreus (Tree lupin) 

SEDGES: 

Isolepis nodosa (Knobby clubrush/Wiwi) 
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CHAPTER Two 

DENSITY ESTIMATES, POPULATION 
DEMOGRAPHICS & ACTIVITY PATTERNS 

2.1 
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2.1 INTRODUCTION 

Dramatic fluctuations in numbers are characteristic of many rodent populations. House mice 

are opportunistic colonisers well adapted to living in a variety of feral and commensal habitats. 

They have the ability to respond quickly to changes in food supply and their numbers vary 

accordingly. Densities of up to 13 mice/m3 have been recorded in com ricks (Southern & 

Laurie, 1946) and Newsome (1970) found that densities of approximately 1100/ha were 

reached in Australian wheat fields after additional food was provided. Populations of house 

mice in New Zealand inhabiting natural habitats are found at comparatively lower densities, but 

their numbers can still fluctuate widely over relatively short time periods. For instance, in 

association with masting in southern beech forest (Nothofagus spp.) (eg, Fitzgerald, 1978; 

Murphy, 1992). 

The majority of information on the ecology of feral house mice in New Zealand has come from 

populations occupying habitats that provide relatively little ground cover (eg. beech forests) 

(Fitzgerald, 1978; Fitzgerald eta!., 1981; King, 1982; 1983; Murphy, 1992). Comparatively 

higher densities have however, also been noted in habitats characterised by thick vascular 

ground cover (eg. Pickard, 1984; Alterio, 1994; King et al., 1996). Density estimates of feral 

house mice in New Zealand have historically been determined utilising fixed lines of snap traps. 

These provide information on changes in relative abundance, breeding and age structure but 

have not been calibrated in New Zealand (Brown et al., 1996) and are likely to incorporate 

considerable sampling error. Arguably one of the most accurate ways of obtaining a measure 

of animal density is to utilise mark-recapture techniques. These techniques have a long history 

of use in ecology and give estimates of absolute density. In New Zealand they have been 

infrequently employed because they are expensive and time consuming. 

A problem directly related to the high use of snap-trapping indices in New Zealand is the near 

absence of inf()rmation on the movement and activity patterns of feral house mice. Only 

Fitzgerald et al., (1981) gives information concerning the spatial organisation and social 

structure of feral house mouse in New Zealand and other material appears to be limited to 

unpublished work completed by Murphy (1989) and Pickard (1984). Knowledge on the 

movements and activity patterns of any pest species is essential for understanding dispersal and 

distribution, for determining the demands on habitat, and for designing appropriate population 

control strategies during periods of population increase. 

The ecology of a feral house mouse population inhabiting coastal sand dunes was investigated. 

Emphasis was placed on monitoring seasonal changes in absolute density utilising mark

recapture techniques. Information on movement and activity patterns from this population was 

also obtained. 
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2.2 METHODS 

2.2.1. LIVE-TRAPPING 

Trapping Protocol 

Ninety two Elliott A collapsible aluminium live-traps (33 x 10 x 9 cm) (Elliott Scientific 

Supplies, Australia) were laid out on a rectangular trapping grid (23 x 4) on coastal sand-dunes 

at the Big Stone Road (referred to herein as BSR) (section 1.3 for site characteristics). The grid 

covered an overall area of 1.485 ha and was densely covered with vegetation dominated by 

marram grass (Ammophila arenaria) (Fig. 1.2a). About one-quarter of the traps were located 

amongst fore dunes (ie. dunes directly adjacent to the sea) which supply minimal ground cover. 

All traps on the grid were set without prebaiting for five consecutive nights in each of 5 

seasons; summer (December) 1996, autumn (March), winter (June), spring (September) and 

summer (December) 1997. 

A single trap was placed at each intersection on the grid (15 m apart), and its position 

permanently marked by the application of flagging tape to surrounding vegetation. Traps were 

placed at the 'best' or 'most likely' spot for capturing mice ( eg. near logs, holes or rocks and in 

runways through vegetation) within 1 m of each trap station. Each trap was baited with a 

mixture of peanut butter and rolled oats. Nesting material (shredded paper) was also provided 

for insulation. Traps were examined daily during each 5 day trapping session (between 0800 

and 1100 hours) and note taken of whether traps were sprung, unsprung, baited or unbaited 

(Appendix 1). 

Falsely sprung traps were reset by opening the door and the cause of disturbance inferred 

where possible. New bait was added if necessary and nesting material was removed and 

replaced if wet. All mice captured on the grid were extracted at the point of capture using a 

polythene bag. Weight was determined to the nearest half gram using a Persola Balance (Oskar 

Ltidi & Basal), and a record of sex, reproductive status and trap number was made. All mice 

were individually marked at time of first capture and released near the trap in which they were 

caught. Other relevant information (eg. pelage condition and colour, scars) was also noted. 

Sex Determination 

Recognition of sex in adult house mice is a relatively simple process as both sexes exhibit 

distinctive external sexual characters (Fig. 2.1), although these differences tend to be less 

prominent in juveniles. The distance between the anus and the urethral orifice is greater in 

males than females. In addition, the vagina in very young females is completely covered within 

translucent layer of skin (such individuals are known as imperforate). 
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urethral orifice 
vaginal orifice 

FIGURE 2.1 

2.4 

---penis 

~'--- scrotal sac 

External sexual features of female (A) and male (B) house mice. Drawing adapted from Cook 

(1965). 

Age Categorisation 

Obtaining an accurate measure of mouse age is often difficult. Several methods have been used 

to classify mice into specific age classes based on various morphological characters. These 

include body weight (eg. Delong, 1967), head and body length (eg. Newsome, 1969), wear of 

molar teeth (Lidicker, 1966) and dry eye lens weight (Berry & Truslove, 1968). Most studies 

in New Zealand have used tooth wear as a relative index of age as it is the most practical 

method of aging house mice. However, any tooth-wear aging system should only be derived 

in relation to the specific population being studied as the rate of tooth-wear can vary for 

different habitats (Bellamy et al., 1973). In addition, toothwear can only be determined on 

autopsy, meaning that live mice in mark-recapture experiments cannot be aged using this 

method. 

I used a relatively crude classification by defining only 3 age classes of mice; infant, juvenile 

and adult according to body weights ('!{,7.5 g, infant; 7.6-12.5 g, juvenile; >12.5 g, adult 

respectively). These weight classes have been recognised by previous workers (eg. Laurie, 

1946; Crowcroft & Rowe, 1961) and correspond approximately to ages of 25 days or less, 

between 26 and 50 days, and over 50 days respectively (Crowcroft & Rowe, 1961). 

Criteria For Assessing Reproductive Status 

An accurate assessment of breeding condition in mice of either sex requires invasive 

examination of internal sexual features which is not possible during live-trapping studies. In 

the present study the reproductive status of each animal was based on visual examination of 

external sexual characters, as outlined below: 
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Males - the position of the testes was used as an indicator of reproductive status in this 

study despite doubts over reliability. The position of the testes was scored as abdominal, 

partly abdominal or scrotal. Males were considered to be reproductively active if the 

testes were scrotal. 

Females - the vagina was recorded as imperforate or perforate, and the mammae as not 

visible, visible, or prominent. The relative size of enlarged nipples along with associated 

balding areas were used to assess the progress of reproductive condition. Lactation was 

accepted only if milk could be expressed from the mamrnae. Pregnancy was tested for by 

palpating the abdomen. Females were considered to be reproductively active if they were 

pregnant or lactating but not if the vagina was perforated only as it is a unreliable indicator 

of reproductive condition (Myers, 1974). 

Marking Technique 

Studies which utilise mark-recapture techniques require that all animals caught during the first 

sampling session be individually marked to allow for subsequent identification. Marks must 

not affect the likelihood of individuals being later represented in the sampled population and it is 

important, although not vital, that animals do not lose marks between consecutive sampling 

periods. Several marking methods have been used on mice, the most popular options being 

rings (eg. Tanton, 1965), ear punching (eg. Berry, 1968), ear tags (eg. DeLong, 1967) or a 

combination of ear tags and toe clipping (eg. Crowcroft & Jeffers, 1961; Rowe et al., 1963). 

The few documented studies in New Zealand which have marked feral mice have done so using 

the latter method (Pickard, 1984; Efford et al., 1988), or toe-clipping alone (Murphy, 1989). 

In the present study mice were marked by clipping fur from the pelage. This is a relatively 

simple, non-invasive process which requires minimal handling time. It was felt that the use of 

other marking techniques may hinder the normal movements of mice in the sampling area which 

is characterised by dense areas of vascular vegetation. Fur clipping is however, only a short

term form of marking as subsequent moulting renders further identification impossible. 

Consequently, comparisons of individual capture histories between trapping seasons, and 

hence recruitment, mortality and survivorship rates could not be determined. 

The marking system chosen is an adaptation of that first described by Abrahamsson ( 1965) 

who devised a method to identify crayfish. The pelage of captured mice was scissor clipped 

and/or shaved (Phillips electric hair shaver, model MS-T 168A) on up to three of six 

predetermined areas (3 dorsal and 3 ventral), each one having a corresponding numerical value 

(Fig. 2.2). In this way the pelage of recaptured mice was simply observed for shaven area (s) 

and the corresponding numerical values summed to give the identity of a particular individual. 

The electric shaver was only used to removed fur from the dorsal surface (areas 8, 16, and 32) 
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as fur on the ventral side was shorter and proved more difficult to shave. No evidence was 

found to indicate that fur shaving and/or clipping resulted in subsequent scarring, swelling or 

tenderness to the underlying tissue. 

Density Estimates 

The number of mice living on the grid at BSR was estimated by four methods. The first two 

methods, Schnabel's (1938) maximum likelihood model and Schumacher-Eschmeyer's (1943) 

modified version are closed population models. In essence these models are time variation 

models (Mt) as described by Pollock et al., (1990) in that they do not allow for a trap response 

or heterogeneity in capture probabilities but instead assume that every animal in the population 

has the same probability of capture at each sampling time. Population estimates for both 

Schnabel and Schumacher-Eschmeyer and their appropriate 95% confidence intervals were 

calculated using the computer program SCHNABEL (in Krebs, 1989). 

The third method, Minimum Number Alive or MNA (Krebs, 1966) is an enumeration technique 

which is determined directly from the tag returns. This method is commonly utilised as a base 

estimate because it yields a "real" number. The fourth method involved running individual 

capture histories for each trapping session through the mark-recapture program MARK (White 

&@irnham, in press). This program constructs a range of models which differ in the manner 

in which capture probability is modelled. As well as providing abundance estimates for each 

model, MARK contains a model selection procedure which enables the choosing of the most 

appropriate model for a particular data set. 

Assumptions Of Population Estimators 

All of the population models used in this study have underlying assumptions which must hold 

if an accurate estimation of population size is to be obtained. 

The Schnabel and Schumacher-Eschmeyer (E-S) population estimators are constrained by the 

following set of assumptions: 

1. The population is closed to additions (births and/or immigrants) and deletions (deaths 

and/or emigrants). That is, population size (N) remains constant. 

2. All animals are equally likely to be captured in each sample (ie. equal catchability). 

3. Marking individuals does not affect their catchability. 

4. Animals do not lose marks between the consecutive sampling periods. 
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(Drawing by Ken Miller) 

FIGURE 2.2 

Schematic drawing showing how feral house mice were individually identified during mark

recapture trapping sessions. Shaved areas (in black) are given for both the ventral (A) and 

dorsal (B) surfaces. The numerical value corresponding to each area is also presented. The 

identity of a individual was simply determined by summing the numerical values corresponding 

to each shaven area (ie. mouse number 12 = 4+8). A potential total of 126 mice (63 males and 

63 females) could be uniquely marked using this technique. 
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Estimates produced by MARK are made under the same assumptions as those listed above. 

However, the major advantage of analysing mark-recapture data using MARK is that it 

generates a variety of models which allow for sources of variation which affect equal 

catchability. There are three potential sources of variation which may alter capture probabilities: 

( 1) heterogeneity ( capture probability in any sample is a property of the animal and may vary 

between animals in the population), (2) trap response (ie. trap-happy or trap-shy animals), and 

(3) temporal variation or variation among sampling periods (Pollock et al., 1990). 

The assumption of the MNA estimate is: 

That animals caught both before and after, but not during, the sampling period are 

assumed to be present but not captured (ie. all emigration is permanent and therefore 

indistinguishable from death). 

Because the MNA estimate is an enumeration technique, its reliability is dependent largely on 

the proportion of mice which become marked. Hence, as with the Schnabel and Schumacher

Eschmeyer estimates, MNA is also confounded by the problems of differential trapability. 

2.2.2. MOVEMENT & ACTIVITY PATTERNS 

Information on range length, movement, and activity patterns was obtained by live-trapping 

mice at BSR. This information was not obtained during mark-recapture experiments because 

recapture rates were too low. Live-trapping was conducted on the same grid previously 

established for mark-recapture experiments and trapping protocol was identical to that described 

in section 2.2.1. except for the following modifications: 

The trapping programme was separated into nine separate trapping sessions which were all 

conducted between April 8 and April 26, 1997. Traps were set for eight hours during each 

trapping session and checked at two hourly intervals. The time of capture was noted for all 

mice caught during each trapping session. All captured animals were processed as during the 

mark-recapture study (section 2.1.1.). For recaptured mice, the distance moved from the 

original point of capture was also noted. Trapping sessions were completed in groups of three, 

each one separated by eight hours. Range length was calculated by connecting straight lines 

between sites of capture and measuring the length that they encompassed. Range area could not 

be determined because the majority of mice caught tended to move along trap-lines rather than 

between them, making the calculation of range area awkward (ie. one rather than two 

dimensional). 
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2.2.3. SNAP-TRAPPING 

Trapping Protocol 

2.9 

Mice were snap-trapped at Ocean View Reserve in winter (July) and summer (December) 1997 

to obtain dietary information (Chapter 3) and indices of abundance (section 1.3 for site 

characteristics). Two rodent trap-lines (G = inland dunes & H = fore dunes), each of forty 

traps, were placed 10-15 m apart and laid on either side of a walking track running the length of 

the reserve (roughly 400 m total length) (see Fig. 1.3b). Variation in trap spacing resulted from 

uneven terrain and patchy vegetation. Both trap-lines were separated from the walking track by 

approximately 5 m. A single break-back snap-trap (Supreme Eziset, Australia) baited with a 

mixture of peanut butter and rolled oats was placed at each trap station. All traps were set 

without prebaiting inside plastic ice-cream containers to minimise disturbance from weather and 

non-target species. Containers were stapled to the substrate and hidden within 2 m of a 

permanent site marker. 

Traps were inspected daily, taking note of whether traps were sprung, unsprung, baited or 

unbaited (Appendix 2). Falsely sprung traps were reset, rebaited if required and noted as 

having been disturbed. For each captured individual, station position, sex, age, weight, and 

reproductive status was determined using methods described below. Standard morphological 

measurements were recorded (section 3.2.2. & Appendix 2). A third trap-line (I) was 

established at the southern end of the reserve. This line consisted of nine trap stations, with a 

trap spacing of 10 m and was established to determine the presence of mice on dunes separated 

from the main reserve area by a tidal stream (Fig. 1.3b). Mice caught on trap-line 'I' were 

included in dietary analysis but were excluded when determining the relative abundance (see 

below) of mice at Ocean View Reserve. 

The capture rate for the first three days of each sampling period provides an index of relative 

abundance (ie. the numbers of captures per 100 trap nights; C/100 TN), corrected for 

unavailable traps (Nelson & Clark, 1973). Capture frequency was taken to be linearly related 

to the abundance of mice, a fair assumption at frequencies below 20C/100 TN (Caughley, 

1977). 

Sex and Age Determination & The Formulation Of Age Categories 

All mice snap-trapped were sexed in an identical fashion to that described previously (section 

2.2.1.). and mice were again assigned to age classes on the basis of body weight (section 

2.2.1.). 
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Criteria For Assessing Reproductive Status 

2.10 

The reproductive status of all snap trapped mice was assessed on the basis of the following 

criteria: 

Males - were considered reproductively active if macroscopic tubules were present in the 

cauda epididymis (Laurie, 1946). 

Females - relative uterus size (recorded as either 'thread' (thin), 'string' (intermediate), 

'cord' (thick) or pregnant); presence or absence of lactation (accepted only if milk could 

be expressed from the mammae); number of embryos and number of visible uterine scars 

(if distinct). Females were considered reproductively active if uterine scars were present, 

or if they were pregnant or lactating. Litter size was determined from the number of 

visible embryos (Pelikan, 1981) although this is likely to be an underestimate because 

embryos are not visible to the eye for the first quarter of the 20-day gestation period 

(Laurie, 1946). Females were classified as reproductively inactive if they had a thread 

uterus. 

2.2.4. STATISTICS 

Data was analysed using Chi-square (X2) tests of independence, student's t -tests, and 

ANOVA's. These tests were performed on the statistical computer package MINITAB (Minitab 

Inc. 1991). Analyses of variance were executed using General Linear Models. Pregnant 

females (live-trapped n=14, snap-trapped n=16) were excluded in analysis of weight unless 

stated otherwise. All tests were performed at the 5 % level of significance. 

2.3 RESULTS 

2.3.1. TRAP DISTURBANCE & STATISTICS 

A total of one hundred and thirty nine house mice were live-trapped at BSR during the 5 

trapping sessions conducted between December 1996 and December 1997. Captures on the 

grid varied with season and a high number of mice caught in winter (44%) were captured on 

line 4 of the trapping grid which runs through sparsely vegetated fore dunes (Fig. 2.3). In 

other seasons the majority of mice were caught in the middle of the grid (lines 2 and 3) and 

were infrequently captured on line 1 of the grid (road edge verge) (Fig. 2.3). A total of one 

hundred and eight mice were snap-trapped at Ocean View Reserve during two trapping sessions 

conducted in 1997 (Jul, n=55; Dec, n=53). Captures again varied between trapping lines and 

were highest on line 'G' which accounted for 62% (n=67) of total captures. The success of 

trap lines varied significalty with season. Trap-line 'G' was more successful in summer (x2 = 
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4.125, df=l, P<0.05) while captures on line 'H' were signifcantly higher in winter (x2 = 

4.591, df=l, P<0.05). 

Trap disturbance during snap-trapping was a problem, particularly in summer when 44% of 

traps were disturbed (Fig. 2.4). Most of the traps that did not catch a mouse had been 

disturbed and invertebrates (especially slaters and snails) were the major offenders. Live

trapping sessions were in contrast, conducted with minimal disturbance to traps and of those 

traps in which a mouse was not caught on any given night, less than 10% were disturbed (Fig. 

2.4). Multiple captures (where more than one mouse was caught at the same time in the same 

trap) were recorded on eight separate occasions (autumn n=2; winter n=3; spring n=3) during 

live-trapping, but were absent during snap-trapping. In all cases only two mice were captured 

together and half of these were male-male pairings. Only immature juvenile mice were caught 

together in autumn (Mar) whereas most of the multiple captures recorded in winter (Jun) and 

spring (Sep) involved pairings of older mice (>12.5 g). One pair were caught together on two 

consecutive nights during spring (Sep). 

2.3.2. POPULATION ESTIMATES 

Live-Trapping 

A summary of the results calculated from all population estimators used in this study is 

presented in Table 2.1. Population estimates of mice at BSR varied considerably between the 

different models used to calculate them although the error bars of each estimate overlapped 

(Table 2.1). Estimates calculated from both the MNA and MARK models were similar 

throughout the year but were distinct from those calculated using the Schnabel and S-E models. 

The estimates produced from the latter two models were substantially higher than the MNA and 

MARK estimates (especially at higher densities) and incorporated considerably greater error due 

to low recapture rates during live-trapping sessions (Table 2.1; Fig. 2.5). Note that errors are 

not symmetrical about estimates of population size. In examining the differences between the 

four estimators, the question of how well the assumptions are being met is important. 

Model 1 was found to have the lowest QAICc coefficient of the six models generated by 

program MARK from individual trap histories and was subsequently chosen as the basis for the 

MARK-generated estimates (Table 2.1). This model is equivalent to the trap response model 

(Mb) described by Pollock et al., (1990) and the "removal" method (Seber, 1982), except that 

in this case an animal is not physically removed but is considered removed after initial capture. 

Model I allows for variation in capture probabilities resulting from trap responses but not 

variation resulting from heterogeneity or temporal variation within the sampled population. The 

selection of this model suggests the presence of a trap response in the sampled population at 

BSR. Calculated capture and recapture probabilities show that mice were on average 37% less 
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likely to be recaptured after initial capture (Table 2.3). Low numbers of recaptures (Fig. 2.5) 

coupled with positively biased Schnabel and S-E estimates further support this claim (see 

Pollock et al., 1990 for explanation). 

A trap response violates two assumptions (equal catchability and marking affects) which 

undermines the validity of using the Schnabel and S-E estimates on BSR recapture data. The 

MNA enumeration technique is also likely to be biased because its reliability is largely 

dependent on the proportion of mice which become marked. Estimates derived under model 1 

by program MARK account for a trap response and it would seem advisable to use these when 

calculating the density of feral house mice at BSR. If this is done, a distinct seasonal pattern of 

mouse density over the sampling period (Dec 1996 to Dec 1997) is evident. The population 

increased to a peak in spring (Sep) 1997 of 26 mice.ha-I and subsequently decreased to a low 

in summer 3 months later-when mouse density equalled 12 mice.ha-I. 

Population estimates are usually converted into density estimates by dividing grid area by the 

effective trapping area (ETA). This raises two problems: (i) what is the actual area sampled by 

the traps, and (ii) identifying the 'transient animals' that are only temporarily in the area during 

the experiment. There is no one generally accepted way of estimating ET A but the method 

devised by Dice (1938) is the most commonly utilised for small mammal? This method was 

used in the present study, and ETA was calculated by adding a boundary strip half as wide as 

the average range length (section 2.3.8.). Adjusted estimated densities were; 8.1 mice.ha-I 

(summer 1996), 13.6 mice.ha-I(autumn 1997), 14.4 mice.ha-I (winter 1997), 16.0 mice.ha-I 

(spring 1997) and 7.0 mice.ha-I (summer 1997). 

Snap Trapping 

Density indices at Ocean View Reserve in winter (Jul) and summer (Dec) 1997 were 12.1 

C/lOOTN (number of captures = 35) and 10.3 C/lOOTN (number of captures = 21) 

respectively. 



1. 

Ir 

Density Estimates. Population Demographics & Activity Patterns 2.13 

December 96' (N=26) 15 m -
ABCDEFGHIJ KLMNOPQRSTUVW 

~I It I tttJt It I I 11 l I Iltt It 
rrrrr1111i1t11 tit I r++t 1 
June 97' (N=43) 

S t b 97' (N 54) el! em er = 
" I .... 

~ 
December 97' (N=31) 

I I I 1 I t I I I I I I 1 I I I f I t I I f I 
Number of Captures: 

-=5•=4•=3•=2•=1 
FIGURE 2.3 

Seasonal distribution and frequency of captures over five consecutive nights upon a live

trapping grid at BSR. Sample sizes for session are given in parenthesis. 
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f;] Trap undisturbed 

tsSI Bird or rat caught 

D Bait taken & sprung 

Ill Not sprung, bait taken 

• Sprung, bait not taken 

The fate of traps which did not catch a mouse. Numbers above each column represent the total 

number of traps set which could potentially capture a mouse. 
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TABLE2.1 

Minimum Number Alive (MNA), MARK (estimate under model 1 ± 95% CI), Schnabel 

(estimate ± 95% CI) and Schumacher-Eschmeyer (S-E) (estimate ± 95% CI) population 

estimates for the grid at BSR. 

Month MNA MARK (model 1) Schnabel S-E 

Dec 1996 16 17.0 < 19.8 < 46.0 11.2 < 19.8 < 37.2 14.3 < 19.5 < 30.6 

Mar1997 33 33.0 < 33.0 < 35.0 31.2 < 58.1 < 117.3 40.3 < 57.7 < 101.6 

Jun 1997 35 35.0 < 35.0 < 37.0 38.1 < 71.0 < 172.9 50.8 < 69.0 < 107.9 

Sep 1997 38 38.5 < 39.0 < 46.0 35.3 < 56.0 < 93.3 31.5 < 58.1 < 33.3 

Dec 1997 17 17.0 < 17.0 < 18.0 11.7 < 19.1 < 33.1 16.6 < 19.1 < 22.6 
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TABLE2.2 

Test for goodness of fit of models generated for BSR mark and recapture data by program 

MARK. Models are arranged in order of best fit as measured by the Akaike Information 

Criterion quotient (QAICc) which weights the deviance and precision (via number of 

parameters). 

Model Model QAICc Number Of Deviance 

Number Description Parameters 

1 Behaviour, but no time effects - 4.103 12 126.082 

2 Time varying capture but not - 2.879 28 93.326 

recapture 

3 No time effect, constant 8.291 9 144.672 

behaviour effect across season 

4 Time effects for both cap/recap 9.843 43 72.673 

5 Time effect but no behaviour 12.139 20 10.3981 

6 No time or behaviour effects 80.325 10 214.646 

TABLE2.3 

Parameter estimates (initial capture (P) and recapture (C) probabilities, abundance (N)) and their 

respective 95% confidence intervals generated by Model 1. Where superscript I = Dec 1996 ; 2 

= Mar 1997; 3 = Jun 1997; 4 = Sep 1997 and 5 = Dec 1997. 

Parameter Estimate 95 % Confidence Intervals 

Lower Upper 
pl 0.267 0.084 0.593 
p2 0.611 0.479 0.731 
p3 0.603 0.473 0.720 
p4 0.518 0.373 0.659 
pS 0.630 0.438 0.788 

Cl 0.256 0.144 0.414 

c2 0.081 0.043 0.149 

C3 0.068 0.035 0.131 

C4 0.134 0.084 0.208 

cs 0.241 0.148 0.367 

NI 19.771 17.000 46 
N2 33.000 33.000 35 
N3 35.000 35.000 37 
N4 38.479 39.000 46 
NS 17.000 17.000 18 
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FIGURE 2.5 

Frequency of capture upon the live-trapping grid at BSR presented by season. Sample sizes are 

given in parenthesis. 
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2.3.3. SEX RATIO 

2.18 

Males significantly outnumbered females by 1.78 to 1 (89:50) in the pooled live-trapped sample 

(n=139). The preponderance of males during live-trapping was consistent in all seasons except 

in March 1997 when the sex ratio was approximately even (Table 2.4). In contrast, females 

outnumbered males by 1.16 to 1 (58:50) in the pooled snap-trapped sample at Ocean View 

Reserve (n=108) although this difference is not statistically significant (Table 2.4). Sex ratios 

of live-trapped adult and juvenile mice were biased towards males but only significantly for 

adult mice (adults, X2 = 19.931, df=l, P<0.001; juveniles, x2 = 0.857, df=l, P>0.05). There 

were no significant differences between age classes of snap-trapped male and female mice 

(adults, x2 = 0.320, df=l, P>0.05; juveniles, x2 = 3.620, df=l, P>0.05). The sex ratios of 

infant mice(:::;; 7.5 g) of both live and snap-trapped mice were not analysed because of small 

sample sizes. 

TABLE2.4 

Sex ratios of live-trapped and snap-trapped mice. Chi square (X2) tests of independence were 

performed to test for statistically significant differences. * denotes significance at P<0.05 and 

** denotes significance at P<0.01 

Trapping Male Female Ratio x2 Values 

Period 

• Live-Traps 

Dec '96 11 5 2.2:1 4.50 * 
Mar '97 17 16 1.06:1 0.06 

Jun 22 13 1.69: 1 4.62 * 
Sep 26 12 2.16:1 10.31 ** 
Dec 13 4 3.25:1 5.76 * 
Total 89 50 1.78:1 21.88 ** 

• Snap-Traps 

Jul '97 25 30 1.2: 1 0.91 

Dec 25 28 1.12: 1 0.34 

Total 50 58 1.16: 1 1.19 

2.3.4. BODY MEASUREMENTS 

Weight 

No significant differences in body weight between male and female mice were found during 

either the live (t = -1.523, df=123, P=0.130) or snap-trapping (t = -0.924, df=90, P=0.512) 
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studies. Weights were therefore pooled for the two sexes and mean weights are presented with 

their respective frequency distributions in Figure 2.6. There was no significant difference in 

body weight of mice caught at the two study sites when weights were pooled for the two sexes 

(t = -0.395, df=214, P=0.693). Body weight at BSR varied significantly with season (F4,115 = 

7.72, P<0.001) and this effect was independent of sex. 

Live-trapped mice were lightest in autumn (Mar) (mean, 13.8 g ± 0.5 g) and heaviest in spring 

(Sep) (mean, 18.6 g ± 0.3 g ). The heaviest individual was caught in autumn, a 27 g pregnant 

female. The lightest mice live-trapped were both 7.5 g, reproductively inactive males caught in 

summer 1996 and autumn 1997. Snap-trapped mice caught in summer 1997 were significantly 

heavier than those caught in winter (Jul) (t = 2.103, df=94, P=0.023) (Fig. 2.6b). The 

heaviest mice snap-trapped were caught in December (24 g) while the lightest mice snap-trapped 

were also caught during this trapping session (6.5 g, reproductively inactive, one of each sex). 

Head-Body, Tail & Hind Foot Length 

Sex-related differences in hind foot and tail length were found when trapping session were 

combined (hind foot length, t = 2.7, df=106, P=0.008; tail length, t = 3.103, df=l06, 

P=0.003). Tail length varied considerably between sexes with the longest values being 

recorded from males in December 1997 (Table 2.5). Comparatively less variation in hind foot 

length was noted but again males possessed the longest measurements in both seasons (Table 

2.5). 

2.3.5. AGE DISTRIBUTION 

Large proportions of adult mice were found in all trapping sessions conducted at both BSR and 

Ocean View Reserve (Fig. 2.7). A pronounced seasonal trend in the occurrence of juvenile and 

infant mice was observed at BSR strongly suggesting seasonal recruitment (also see section 

2.3.6.). Increasing densities at BSR in autumn (Mar) were associated with an substantial 

increase in the occurrence of juvenile mice (39%) and both infant and juveniles were absent 

from the population during subsequent sampling. Infant and juvenile mice were also snap

trapped infrequently at Ocean View reserve and infants were only trapped in Dec 1997 (3.7%, 

n=2). 
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FIGURE 2.6 

Seasonal weight frequency distribution of live-trapped (A) and snap-trapped (B) feral house 

mice. Means ± 1 SE are given for each trapping session and their respective sample sizes are 

presented in parenthesis. Pregnant females were excluded from analysis. 
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TABLE2.5 

Mean body measurements of snap-trapped mice caught at Ocean View Reserve. Means are 

expressed with ± 1 SE and sample size are shown in parenthesis. 

Body Measurement Trapping Session 

Jul '97 Dec '97 

• Head-Body length 

(mm) 

Male 70 ± 1.1 (25) 69.8 ± 1.4 (25) 

Female 68.6 ± 0.9 (30) 64.5 ± 2.6 (12) 

Combined Sexes 69.2 ± 0.7 (55) 68.3 ± 1.0 (53) 

• Tail length (mm) 

Male 73.1 ± 1.8 (25) 78.2 ± 1.2 (25) 

Female 75.2 ± 1.1 (30) 74.3 ± 2.5 (12) 

Combined Sexes 74.3 ± 1.0 (55) 78.6 ± 0.2 (53) 

• Hind Foot length (mm) 

Male 17.6 ± 0.3 (25) 18.2 ± 0.2 (25) 

Female 17.4 ± 0.3 (30) 17.6 ± 0.4 (12) 

Combined Sexes 17.5 ± 0.2 (55) 18.2 ± 0.2 (53) 
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Percentage of live (BSR) and snap (Ocean View Reserve) trapped mice in each age category. 

Sample sizes are given in parenthesis. 
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2.3.6. SEASONALITY OF BREEDING 

2.23 

Mice at BSR showed a distinct pattern of seasonal breeding and the low number of 

reproductively active mice captured from both sexes in winter (Jun) and spring (Sep) indicates 

that breeding all but ceased during the winter months (Fig. 2.8). Of the 50 female mice live

trapped, 28% were pregnant and a further 14% were lactating while 21 % of the 89 males 

captured had scrotal testes. The greatest proportion of breeding females captured were found in 

summer (Dec) 1997 (75%, n=3) with comparatively high numbers also being noted in summer 

1996 (60%, n=3) and autumn (Mar) 1997 (63%, n=lO) (Fig. 2.8). Pregnant mice were caught 

between December 1996 and June 1997, and then again in December 1997, whereas lactating 

mice were found in March, September and December 1997 (Fig. 2.9). 

Female mice at BSR were reproductively active for the whole year but based on periods when at 

least 50% were pregnant or lactating, the season of intense reproductive activity only lasted 

about 4 months (December to the end of March). However, pregnant and/or lactating females 

were caught in April (section 2.3.7.) suggesting that breeding extends beyond the end of 

March. Reproductively active males at BSR were most abundant in December 1996 and 1997 

(46% and 54% respectively) and their occurrence in the sampled population is similar to the 

seasonal pattern described above for females although breeding appeared to end comparatively 

earlier (Fig. 2.8). Like their female counterparts, reproductively active males were scarce in 

June (5%, n=l) and September (15%, n=3). Based on periods when at least 50% had scrotal 

testes, the period of intense reproductive activity would be restricted to December 1997 (54% ). 

However, 46% of males were reproductively active in December 1996 and a further 27% had 

testes which were only partly abdominal. 

A seasonal breeding pattern is also evident at Ocean View Reserve although further sampling is 

needed to confirm this. Only 3% of females caught in winter (Jul) were reproductively active 

compared with 61% (n=17) in summer (Dec) (Fig. 2.8). Of these, 16 (95%) were pregnant 

(Fig. 2.9). All females caught in winter had 'thread' (thin) uteri (n=29) and males caught at the 

same time (n=23) showed no signs of reproductive activity. Breeding males were also found in 

lower numbers in winter at Ocean View Reserve 8%, (n=2) (Fig. 2.8). Evidence of postpartum 

fertilisation was found at both BSR and Ocean View Reserve. A single mouse live-trapped in 

winter at BSR was noted to be both pregnant and lactating while another female was pregnant 

and possessed a perforated vagina. Thirty-one percent (n=5) of pregnant females snap-trapped 

at Ocean View (31 % ) were also found to be lactating. 
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Proportion of female mice that were pregnant ( o) or lactating ( • ). Mice that were both 

lactating and pregnant at the time of capture (live-trapped n= 1; snap-trapped n=5) were placed 

in both categories. Sample sizes given in text. 
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2.3.7. SEXUAL MATURATION 

2.25 

The median weight of reproductively active mice was 18.5 g (n=41) and 20.2 g (n=31) for live 

and snap trapped mice respectively. This difference is non-significant (t = -0.824, df=72, 

P=0.413). At both study sites, the mean weight of active males was slightly greater than that of 

their female counterparts although these differences were again non-significant (BSR, t = -1.27, 

df=39, P=0.215; Ocean View, t = -0.069, df=27, P=0.945). The lightest reproductively active 

mouse captured at BSR was a pregnant juvenile weighing 10.5 g, who was caught in autumn 

(corresponds to age class 2 as defined by Lidicker, 1966) whereas the lightest reproductively 

active female caught at Ocean View Reserve was 17 g and was caught in July. 

The mean number of mouse embryos per female at Ocean View Reserve was 5 .1 ± 1. 7 (range 

3-8, n=16). A large number of pregnant females (n=15, 94%) at Ocean View also showed 

signs of having bred more than once, having both embryos and fresh uterine scars, or a large 

number of uterine scars per female (mean=2.76 ± 1.03, range=l-4, n=l6) (Fig. 2.10). Only 

one (3.3%) of the thirty females caught in winter had uterine scars. There was a significant 

correlation between female body weight and number of uterine scars (Fig. 2.11), with the 

number of uterine scars per reproductively active female increasing with weight (F1,16=16.81, 

P<0.05). No evidence was found to indicate that the number of embryos per reproductively 

active female was related to weight (r2 = 0.083). 
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FIGURE 2.10 

Number of embryos and uterine scars per mature female mouse at Ocean View Reserve. 

Eligible females from both trapping season were pooled (total n=l 7). 
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The relationship between number of uterine scars and weight of female mice at Ocean View 

Reserve (n=18). 

2.3.8. MOVEMENT & ACTIVITY PATTERNS 

Movement 

Mean range length of individual mice was 57.6 m ± 10.3 m (range 0-255 m, n=20) as 

determined by the distance between successive captures. Range lengths did not vary 

significantly between the sexes (t = 1.72, df=49, P=0.092) and values were subsequently 

pooled and are presented in Figure 2.12. Mice frequently moved only 0-15 m between 

successive captures indicating the presence of distinct home ranges and 84% of movements 

were less than 105 meters in distance. 
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Frequency of distances moved (metres) between successive captures by feral house mice caught 

at BSR in trapping sessions conduction between April 8 and April 26, 1997 (n=20). 
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FIGURE 2.13 

Distances moved between successive captures of reproductively active females (n=7) and their 

respective proportions in each distance category. Mice were captured during three trapping 

sessions conducted between April 8 and April 26, 1997. Number of captures in each distance 

category is given in parenthesis. 

Pregnant and/or lactating mice were over-represented among those mice making movements of 

greater than 150 m between successive captures (71 % compared with a mean of 36% in the 

general population) (Fig. 2.13). A tar-sealed road (8-10 min width) which I estimate to carry 

about 50-60 vehicles on any given day bordered the grid on the eastern side (Fig. 1.3a). This 

road appeared to influence the movements of mice living adjacent to it as mice were frequently 

captured on the same trapping line of the grid. Auxiliary studies conducted in Dec 1996 

indicated that mice rarely moved across this road to areas of open pastoral habitat. 

Activity Patterns 

Mice at BSR were mainly nocturnal as indicated by the number of captures recorded during 

sampling conducted in complete darkness (approximately 2150 to 0700 hrs) (Fig. 2.14). 

Based on the number of captures, mice appeared to prefer foraging in the period immediately 

after sunset (8-10 pm) although diurnal activity was evident (6-12 pm) (Fig. 2.14). The 

majority of mice captured during the day were heavy (ie. 27 g) females that were either 

pregnant and/or lactating at the time of capture. Many individuals were caught several times at 

different localities during a single night and temperature did not appear to affect the activity 

patterns of mice as shown by the number of captures. 
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FIGURE 2.14 

Daily activity patterns of feral house mice caught at BSR (April 8-26), expressed as the number 

of initial captures (n=22) and recaptures (n=51). Sunset and sunrise were at 2150 and 0700 hrs 

respectively. 

2.4 DISCUSSION 

2.4.1. HABIT AT PREFERENCE, CHOICE OF POPULATION ESTIMATOR & DENSITY 

Mice were unevenly distributed at both study sites. The majority were caught in dunes 

dominated by marram grass and other exotic grass species which are extremely vigorous. 

Vegetation of this type provides substantial ground cover which appears to be an important 

environmental parameter in New Zealand (eg. Newman, 1994; Alterio, 1994; King et al., 

1996). However, mice at both study sites were found in greater number during winter on the 

fore dunes, a distinct ecotone characterised by sparse vegetation and large areas of bare sand 

resulting from soil instability. Alterio (1994) reported that invertebrates were particularly 

abundant in areas of bare sand between ungrazed sand dunes at Boulder Beach, on the Otago 

Peninsula. The greater number of mice caught within the fore dunes during winter may be 

reflective of distribution differences in invertebrate abundance. This is presumably important to 

mice during winter when many food supplies are probably scarce and/or unavailable . 

Eight multiple captures were noted at BSR. Only immature mice were caught together m 

autumn (Mar) which concurs with reports given in Berry 1968. The occurrence of multiple 

captures during live-trapping indicates a close association between foraging pairs as they would 

need to enter traps at exactly the same time for both to be captured. Mice captured together were 

not necessarily interested in mating in the present study as half of the multiple captures 

consisted of male-male pairings. The preponderance of juveniles in multiple capture events 

coupled with biases caused by the use of break-back traps (ie. larger mice are caught more 
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easily than smaller ones; Laurie, 1946) might explain why no multiple captures were obtained 

with snap-traps. 

The choice of mark-recapture technique depends, to a large extent on the degree to which data 

conform to the various assumptions of different models (Seber, 1982). All models used to 

estimate absolute density are closed population models which assume that population size 

remains constant. Biological populations, however, are rarely completely closed and the best 

evidence for population closure is biological rather than statistical. In this study, mouse 

populations trapped over five days were regarded as effectively closed given the observed 

patterns of captures (unmarked mice were seldom caught towards the end of each session) and 

short trapping period in relation to the animal's life-history. Trapping and/or marking can affect 

an animal's probability of recapture. This is termed a "trap response". Pickard (1984) found 

that mice marked ( ear tags/toe clipped) on Mana Island were trap-happy but concluded that this 

had little effect on population estimates because the average probability of capture (P=0.7606) 

was greater than 0.5 (see Carothers, 1973). 

Mice were trap shy in the present study and the average probability of capture over all five day 

sampling periods was only 0.5258. Trap shyness could result from marking technique, food 

availability, density or social structure. Olfactory cues may also play a part as males are known 

to produce a strong odour of acetamide (Lane-Petter, 1976). Estimates produced by the 

Schnabel and S-E models grossly overestimated population size during periods of increase 

whereas the MNA method gave similar estimates to those generated by MARK (model 1) which 

compensates for a trap response. This was not unexpected as MNA estimate are often useful 

when numbers are particularly low and recaptures infrequent (Seber, 1982). Trap responses 

appear to be prominent in most biological populations (Tanaka, 1980) yet methods devised for 

their detection are only rarely applied to mark-recapture data despite the frequent use of leg 

ringing, toe clipping and ear punching. 

An annual cycle of mouse density was evident at BSR although further sampling is required to 

confirm this. This cycle is characterised by low summer mouse densities (Dec 1996, 14 

mice.ha-I; Dec 1997, 12 mice.ha-I) followed by a phase of population increase which was 

detected initially in autumn (22 mice.ha-I) and remained comparatively high during subsequent 

trapping sessions conducted in winter (24 mice.ha-I) and spring. These absolute density 

estimates are substantially higher than those reported for other mainland populations in New 

Zealand (3-6.3mice.ha-I, Murphy, 1989; 0.55-3.3 mice.ha-I, Fitzgerald et al., 1981) but lower 

than those reported on Mana Island (11-62 mice.ha-I; Pickard, 1984). 

Density indices obtained from snap-trapping show that the number of mice at Ocean View 

varied little between July and December 1997 (Jul 1997 = 12.1 C/100 TN; Dec 1997 10.3 

C/100 TN). Accounts of mouse abundance in coastal habitats (scrub/grasslands/dune lands) in 
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New Zealand are few, and the density indices obtained vary considerably both within and 

between different areas (Table 2.6). Mice at Ocean View were found at notably lower densities 

than those listed in Table 2.6. Caution is required when comparing snap-trapping results as an 

index of density between different studies because trapping regimes vary (ie. trap spacing, 

number of traps and type). Despite potential inaccuracies, it is clear that mice are particularly 

abundant in many coastal areas of New Zealand as several values listed in Table 2.6 are 

substantially higher than density indices obtained in years of good beech (Nothofagus spp.) 

seeding (eg. King 1982, 1983; Murphy, 1992). 

TABLE2.6· 

Density indices (C/100 TN) of feral house mice inhibiting coastal habitats in New Zealand. 

Location C/100 Trapping Sessions Month Year Source 

TN 

Mabel Is. 100 1 Mar 1986 E.C. Murphy 

( coastal scrub) (unpubl.) 

Farewell Spit 26-57 1 Mar 1976 Taylor 

(scrub/sand) (1978b) 

Mana Is. 0 - 130.2 12 Monthly 1981-82 Pickard (1984) 

( coastal scrub) 

Otago Peninsula 3 - 14 t Nov 1992 Alterio (1994) 

(sand/grasslands) 

Ocean View 10.3 - 2 Mar& 1997 Present study 

Reserve 12.1 Dec 

(sand/grasses) 

t unspecified 

2.4.2. AGE DISTRIBUTION, BODY MEASUREMENTS & SEX RATIO 

Age structure reflected seasonal breeding pattern at both BSR and Ocean Vie,w Reserve. The 

occurrence of infant and juvenile mice peaked in autumn which is typical of feral rodent 

populations in New Zealand (Murphy & Pickard, 1990). Infants and juveniles were not 

captured during spring (Sept) at BSR despite the presence of breeding individuals in the 

captured population. A lack of recruitment at the start of the breeding season has been reported 

in New Zealand (Fitzgerald 1978; King, 1982; Murphy, 1989) and is characteristic of rodent 

species that exhibit annual fluctuations in numbers. Murphy ( 1989) suggests that food 

shortages are likely to explain the lack of recruitment in spring and early summer. Breeding 

females inherit additional energetic demands (Perrigo & Bronson, 1985) which are probably 

offset by increased consumption of high protein foods (Bamford & Redhead, 1987b). Insects 

were encountered less often in the stomach contents of mice caught in winter (section 3.3.2.) 



Density Estimates, Population Demographics & Activity Patterns 2.31 

suggesting that their limited abundance and availability may play an important role in 

recruitment. 

Morphological measurements differ in mice of the same age living in different environments. 

However, uncertainty regarding the age of mice in the present study along with potential biases 

resulting from the use of specific trap types renders comparisons with other populations 

somewhat ambiguous. Despite this, some broad patterns were evident at BSR with seasonal 

weight distributions modelling the progressive aging of young mice who first entered the 

trapable population in autumn (March). Sex-related differences in hind foot and tail length 

were noted. Tail length is considered the most sensitive indicator of the environmental 

temperature during post-natal development of mice; the higher the temperature the faster the 

growth rate and the longer the adult tail (Berry, 1970; Berry & Jakobson, 1975). Tail length 

varies considerably between mouse populations in New Zealand (Murphy and Pickard, 1990) 

but differing measuring techniques make comparisons difficult (Jewell & Fullagar, 1966). 

Significantly more males than females were live-trapped at BSR and this pattern remained 

constant through most seasons. In contrast, females outnumbered males by 1.6 to 1 (58:50) at 

Ocean View Reserve. Males are typically over-represented in trapped populations of house 

mice in New Zealand (eg. Pickard, 1984; Efford et al., 1988; Miller & Miller, 1995; King et 

al., 1996), although Gibson (1973) caught significantly more females than males (83:59) in 

commensal populations of mice. Efford et al., (1988) ascribed deviations from an even sex 

ratio to transitory differences in trapability rather than an uneven population sex ratio. 

Alternatively, males may encounter more traps than their female counterparts because of larger 

home ranges (Fitzgerald et al., 1981). Uneven sex ratios overseas have been attributed to 

quicker migration of males (Pelikan, 1981). The results of this study suggest that trap type 

may also be an important factor with males being less likely to be trapped in snap-traps and 

females less likely in live-traps. 

2.4.3. REPRODUCTION 

It would appear that the majority of mice at both study sites ceased breeding during winter 

(May-July). Most feral populations of house mice have a definite breeding season (Berry, 

1970) and in New Zealand breeding normally ceases in winter (eg. Badan, 1979; Pickard, 

1984; Miller & Miller, 1995) although mice have been found to breed throughout the year (eg. 

King, 1982; Efford et al., 1988; Murphy, 1992). The season of intense female reproductive 

activity at BSR was predicted to last about 4 months (Dec-Mar) although several females in 

breeding condition were captured during trapping conducted in April (section 2.3.6.). The 

male breeding season was also most intense in summer (Nov-Dec) but its duration is difficult to 

quantify as the proportion of breeding males caught in each season only exceeded 50% during 

Dec 1996. Pryor & Bronson (1981) concluded that male reproductive condition only declines 
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seasonally under severe environmental conditions and food availability (whether nutritional or 

energetic) may be an important factor (Bronson, 1979). A combination of these factors is the 

most likely explanation of seasonal breeding patterns evident at both BSR and Ocean View 

Reserve. 

The mean litter size of pregnant mice at Ocean View Reserve was 5.1± 1.7 (range 3-8, n=l6) 

which is notably lower than those listed in Murphy & Pickard (1990) who summarised the 

range and mean litter sizes of feral mouse populations in New Zealand. Only one study in New 

Zealand has recorded smaller litters (mean 5.0, n=27, R.H. Taylor, unpubl; cited in Murphy & 

Pickard, 1990) and more recent studies by Miller & Miller, (1995; mean 6.7, n=l9) and King 

et al., (1996; mean 6.0, n=28) further highlight the small size of litters in this study. Mean 

litter size varies both within (Efford et al., 1988) and between studies in New Zealand but no 

clear patterns are evident. Berry (1968) concluded that litter sizes of some British and west 

European populations are determined principally by the size of the mother whereas Pelikan 

(1981) states that periods of maximum day length will produce the largest litters. Several 

studies in New Zealand (Gibson, 1973; Badan, 1979; King, 1982) including the present study 

have found no evidence to suggest a relationship between mouse age and litter size. Living 

conditions may be an important factor as mice reared from wild stocks in the laboratory produce 

fewer and smaller litters at -3°C (Barnett, 1973). 

2.4.4. MOVEMENT AND ACTIVITY PATTERNS 

Mice in the present study ranged an average of 57.6 ± 10.3 m between consecutive captures in 

April, 1997. This is notably more than ranges reported in previous studies in New Zealand 

(Murphy, 1989; Pickard, 1984) and overseas (Lidicker, 1966; DeLong, 1967; Berry, 1968). 

Breeding condition (Krebs et al., 1995), trapping regime (Tew et al., 1994) and density 

(Fitzgerald et al., 1981) may all affect the movements of small mammals. Corp et al., (1997) 

found that wood mice (Apodemus sylvaticus) living on sand dunes ranged further than their 

counterparts in deciduous woodlands. The comparatively low availability of food on the sand 

dunes was considered to be an important factor explaining this differences. In the present study 

breeding females were found to be over-represented among those mice making movements 

greater than 150 m. It is unlikely that such movements are representative of dispersal although 

several studies have reported increases in dispersal during similar periods (autumn) (Lidicker, 

1966; DeLong, 1967; Murphy, 1989). The ranges of breeding female mice are known to be 

larger than non-breeding females (Corp et al., 1997; Krebs et al., 1995), perhaps because of 

the high energetic cost of reproduction for females (Pryor & Bronson, 1981 ). 

Capture rates increased notably during night sampling reinforcing the view that feral house mice 

are predominantly nocturnally active. Mouse activity peaked immediately after sunset (between 

2000 & 2200 hrs) and similar peaks in activity occur in other small mammals (Berry, 1970). 
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Interestingly, most copulation in laboratory mice takes place between 2000 and 0100 hrs 

(Berry, 1970). Diurnal activity was noted and occurred most frequently just after sunrise 

(between 0600 and 1200 hrs). Diurnal activity is rarely reported in feral house mice so the 

question is why should a predominantly nocturnal species exhibit diurnality? A large 

proportion of mice displaying diurnal activity were pregnant and/or lactating. Corp et al., 

( 1997) found a similar trend when comparing the ranging behaviour of woodmice inhabiting 

sand dunes and deciduous woodlands in north-eastern Scotland. They found that diurnal 

forays from the nest were only conducted during the breeding season. 

Balancing the duration of both reproductive and foraging activities during the breeding season 

is critical. Mice must allocate enough time to foraging activities or a negative energy balance 

may result, but if too much time is allocated to foraging, reproductive success will presumably 

be diminished. Diurnality presumably offers limited advantages as the probability of 

encountering a mate is unlikely, while predation pressures potentially increase. However, 

pregnancy and lactation are energetically stressful conditions for house mice (Myrcha et al., 

1969; Myrcha 1975) which suggests that diurnal activity may be necessary to obtain sufficient 

energy in a situation where nocturnal foraging time may be limited and energy demands 

elevated. 
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CHAPTER THREE 

DIET ANALYSIS 

3.1 
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3.1 INTRODUCTION 

Feral house mice (Mus musculus L.) were once misconceived to be a granivorous mammal 

(Lidicker, 1966; Whitaker, 1966). Recent studies however, have shown that mice tend to 

consume a wide variety of foods with invertebrates (mainly arthropods) making up a large 

component of the diet irrespective of habitat ( discussed in Fitzgerald et al., 1996). House mice 

have a ubiquitous distribution in New Zealand (Taylor, 1978a) and have been identified as 

having a potential impact on a variety of native and endangered invertebrate species through 

predation (eg. Bull, 1967; Ramsey, 1978). Despite this, little quantitative information exists on 

house mouse diet in New Zealand or their impact on any invertebrate population. Concern 

about this lack of knowledge was expressed during the 1978 symposium on the ecology and 

control of rodents in New Zealand's nature reserves but since then little new information has 

been published. 

Badan (1979, 1986) investigated the diet of house mice in three forests near Auckland (one 

kauri and two pine plantations) and food preferences of captive house mice have been analysed 

by Murphy (1992). Fitzgerald et al., (1996) analysed stomach contents of house mice at 

Orongorongo Valley near Wellington (predominantly hard beech, Nothofagus truncata), and 

Dugdale ( 1996) described the biologies of 40 + Lepidoptera (moth) species who have canopy 

dwelling larvae which drop to the litter to pupate. Approximately 20+ of these attain a body 

length greater than 10 mm and hence are attractive to mice (Dugdale, 1996). House mice are 

established on many of New Zealand's offshore islands yet their diet on such islands has only 

been documented in two cases; Pickard (1984) on Mana island and Miller & Miller (1995) on 

Rangitoto island. 

New Zealand has over 300,000 ha of sand dune habitat (Taylor & Smith, 1997) which may 

harbour several specialised native invertebrate species (eg. Patrick, 1994). High densities of 

house mice are found in some coastal areas (section 2.4.1.) suggesting that their impact through 

predation may be substantial. However, the feeding habits of mice inhabiting these areas 

remain relatively unknown. This chapter describes the general diet of feral house mice 

inhabiting coastal sand dunes. The individual and/or combined effects of season, gender and 

reproductive status on diet composition were also investigated because these factors are all 

known to influence daily energy demands of feral house mice (eg. Mutze et al., 1991). 
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3.2 METHODS 

3.2.1. STUDY SITE AND TRAPPING PROTOCOL 

Mice were snap trapped on coastal sand dunes at Ocean View Reserve, just south of Dunedin, 

New Zealand (scetion 1.3 for site characteristics). Vegetation within the reserve is typical of 

that found in most coastal areas of Otago with marram grass (Ammophila arenaria) 

predominating (Fig. 1.2b). Break-back traps (Ezeset Supreme, Australia) were set during 

winter (July) and summer (December) 1997 and baited with a mixture of rolled oats and peanut 

butter (Appendix 2). Site characteristics and environmental parameters have been described 

elsewhere (section 1.3) along with trapping procedures and criteria used to assess reproductive 

and breeding status (section 2.2.3.). 

3.2.2. AUTOPSY 

Storage 

Standard body measurements were recorded after which specimens were immediately placed 

individually into vials containing 70% alcohol to preserve the body for later dissection. 

Following dissection, specimens were placed into air-tight bags and stored at -7°C (± 1 °C) 

within a laboratory freezer. All specimens were checked for the presence of ectoparasites (those 

present on the pelage) prior to dissection. Collected specimens were counted and preserved for 

later identification using taxonomic keys given in Berry (1970) and McDaniel (1979). 

Standard Measurements 

Upon autopsy, standard morphological measurements of tail length (by the "hanging tail" 

method of Jewell & Fullager, 1966) head-body length, and hind foot length were made to the 

nearest millimetre. For tail and head-body length the mouse was placed on a measuring board. 

A probe was placed hard against the base of the tail and the distance from the tail tip and nose 

tip to the probe was recorded. A list of these measurements can be found in Appendix 2. 

Dissection 

Individuals were dissected immediately upon arrival into the laboratory. This was undertaken 

to ensure the retention of stomach content. The stomach was separated from the rest of the 

alimentary canal by cutting the oesophagus one centimetre above the stomach and cutting at least 

two centimetres below the duodenum. Internal parasites (those within the stomach) were 
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collected, counted and later identified from generic description given in Yamaguti (1961) and 

Anderson et al., (1975). All mice were refrozen immediately after dissection. 

3.2.3. IDENTIFICATION OF STOMACH CONTENTS 

The proportion of foods eaten by some rodents has been shown to differ considerably 

depending upon which end of the intestinal tube is analysed (Hansson, 1970). Analysis of 

stomach contents was chosen over faecal analysis in the present study because faecal analyses 

may over-estimate items that are resistant to digestion, and under-estimate or even omit items 

that are quickly digested. 

The stomach of each mouse was split open, the contents placed in a petri dish containing a small 

amount of 70% alcohol, distributed as evenly as possible, and viewed under a binocular 

microscope. In some cases, sub-samples of stomach contents from selected mice were viewed 

at higher magnification when necessary to confirm the identity of food items. Stomach contents 

were divided into either invertebrate or plant matter. 

Invertebrates were classified to family level and where possible to genera. Leg appendages of 

invertebrates were frequently encountered in stomachs and their distinctive size, shape and 

colour proved useful during the identification process. CSIRO (1991) was also particularly 

useful in the general identification of insect material. 

Invertebrate material was placed into one of the following 8 categories: 

(1) Lepidoptera Larvae- These were well preserved and large fragments were often 

encountered. Examination of ventral and anal prolegs, uniordinal mesoseries, and tactile setae 

located within sclerotised exoskeleton enabled identification to family level. Dugdale's (1996) 

key and comparisons with field material further aided in identification. 

(2) Coleoptera- Predominantly beetle larvae from the family Elateriodae. Distinctive colour 

(pale brown) of sclerotised exoskeleton enabled easy recognition of larvae. Again large 

fragments were often encountered. Distinct leg appendages (in terms of colour and shape) 

facilitated in the recognition of weevils present in stomachs. These probably belonged to 

Curculionidae, a family of weevils often found in association with dune vegetation (CSIRO, 

1991). Weevils were not placed into a separate category because their low occurrence in 

stomachs did not justify it. 

(3) Hemiptera - Wings and leg appendages from Fulgoroidea, a diverse superfamily of 

planthoppers were encountered. Members of this superfamily possess distinctively shaped leg 

appendages and wing venation which aided further identification. 
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(4) Orthoptera - Recognised by the presence of leg appendages which have distinct striated 

colour patterns. Comparisons with field specimens revealed that these leg appendages belonged 

to cave weta (Rhaphidophoridae). 

(5) Collembola - Remains found in stomachs were compared with material collected from the 

field. Examination of specific taxonomic characters (namely antenna) aided further 

classification. 

(6) Diptera - A tiny head capsule indicated the presence of this food category in stomachs. 

Greater magnification was needed to identify this head capsule to the Family level. Larval 

forms were not encountered. 

(7) Araneae- Leg appendages were frequently encountered with their distinctive orange chitin 

enabling easy recognition. Carapaces (bearing eight eyes anteriorly), unsegmented abdomens 

and pedipalps (modified copulatory organs of males) belonging to this category were also 

encountered. 

(8) Annelida- Although only fragments were encountered, recognition of this food type was still 

possible by the appearance of soft, uniformly segmented body sections. 

Identification of plant material was based on size, arrangement and shape of starch grains and 

the appearance of cuticle, epidermis and seed coat. Identification was facilitated by the 

collection of reference material taken from the field at the time and place of capture. This was 

only partially useful as plant material was generally well masticated. 

Plant material was placed into one of the following 3 categories: 

(1) Seeds - Recognised by the fragmented remains of seed coats and/or by the colour and 

texture of the endosperm. Characteristic cell patterns and hair formations of seed coats and 

cuticles enabled classification of seeds to generic and in some cases to species level (L. 

Russell, Botany Dept, Otago University advised in the recognition of specific cell types). 

Illustrations provided in Wilson, (1994) and Lambrechtsen, (197 5) also aided in the 

identification process. All seed species identified within mouse stomachs were placed within 

this category. 

(2) Leaf - The green colour usually associated with leaf remains was absent from mouse 

stomachs making its presence difficult to detect. Preservatives used during storage are often 

found to have this effect on leaf material eaten by feral house mice. Some recognition of leaf 

material was possible by observing venation patterns, stained stems and loose strains of leaf 

material. 
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(3) Unidentifiable Plant Material- Consisted of a heterogenous mixture of plant fragments 

whose masticated remains made positive identification and classification to any resolution or 

category difficult. This material was not categorised within the unidentified category as its 

origins were clearly "plant-like". 

3.2.4. STOMACH ANALYSIS 

Procedures used to quantify stomach contents are reviewed by Hansson ( 1970) who also 

discussed sources of error inherent in any analysis of stomach contents. A problem common to 

the identification of stomach contents of mammalian carnivores is that individual counts of prey 

items cannot be obtained. This was also the case in the present study and quantitative estimates 

of dietary composition were consequently analysed in two ways: 

1. Frequency of Occurrence 

Food items were recorded as being present or absent in each stomach. The frequency at 

which different items appeared in stomachs (frequency of occurrence) was calculated for 

each sample by expressing the number of stomachs in which an item appeared as a 

percentage of the total number of stomachs (Hansson 1970). This method of analysis has 

been utilised by the majority of studies which have documented dietary habits of feral mice. 

2. Relative (volumetric) Quantity 

A disadvantage of analysing dietary data using the frequency of occurrence method is that it 

will underestimate the importance of food items which may occur in large quantities and 

tends to overestimate food items which may occur in small quantities (Hansson 1970). 

Therefore, a measure of the contribution of each food item was investigated further via a 

visual estimate of the relative (volumetric) quantity of the main food items present in the 

contents of each stomach using a subjective scale of zero to four where: 

0 = represents none seen 

1 = trace amounts only 

2 = a few small particles present 

3 = food items common, occupying approximately 25-50% of the stomach, and 

4 = abundant, greater than half of stomach 

The food index value for each food category was then calculated using Badan's ( 1979) adapted 

version of Taylor and Green's (1976) formula, where 

Dietary index (DI)= 
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With: 

2:C = total number of stomachs examined. I,s = total score for food category. 

A grid of 1 cm2 units was placed beneath petri dishes to aid in the estimation of volumetric 

contribution of different food groups. Stomach weights were not obtained because of the large 

amount of unidentifiable material present in most stomachs. Empty stomachs were excluded 

from all analyses and all remaining stomachs were used in the description of the general mouse 

diet. 

3.2.5. STATISTICAL ANALYSIS 

The effects of season, gender and reproductive status on consumption of food categories was 

analysed statistically by applying logistic linear modelling to response data (proportion of 

sample in which an food item was found) using the logistic procedure (PROC LOGISTIC) 

from the statistical package SAS 6.10 (SAS Institute Inc., 1989). This method was preferred 

over nonparametric statistics because response data were influenced by several sources of 

variation at once and nonparametric tests are rather poor at handling more than one variable at a 

time (Sokal & Rohlf, 1981; C. Thompson. pers comm). 

A series of logistic regression models were fitted for each food category, using combinations of 

the variables of interest (season, gender and reproductive status). This procedure 

accommodates for unbalanced sample sizes and allows for testing of the effects of an individual 

variable, while controlling for possible confounding effects of the other variables. A test for the 

significance of each variable is given by comparing the deviance statistics (-2 log likelihood) for 

appropriate models. See Harraway ( 1995) for further details on statistical methodology. 

The effects of season, gender and reproductive status on some food categories (Diptera, 

Colembola and Annelida) was not investigated statistically because they were encountered rarely 

in stomachs. Low numbers of reproductively active mice in winter also prevented the 

quantification of reproductive status effects on consumption of food categories. Consequently, 

Chi square (X2) tests of independence were employed to test for any significant differences in 

occurrence of food items in stomach contents between reprodcutievly active and reproductievly 

non-active mice. A test for a season*reproductive status interaction in the consumption of 

Lepidopteran larvae also could not be analysed statistically because of the same reason. In all 

tables, significant differences were assumed if P< 0.05. 
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3.3 RESULTS 

3.3.1. OVERALL DIET COMPOSITION 

The stomach contents of 102 mice were examined and analysed (6 were empty) (Appendix 3). 

Stomach contents were generally well masticated, especially plant material. Stomach contents 

were rarely well preserved and a low level of identification resulted for some food categories 

(Table 3.1). Plant material was found in 86 percent and invertebrate remains in 90 percent of 

stomachs. However, invertebrate remains accounted for almost twice the volumetric 

contribution of plant material (Table 3.2). 

Food categories of insect origin represented the top two food items consumed by mice in terms 

of percentage occurrence aqd quantity (DI score) (Table 3.2). Lepidopteran larvae (Noctuidae) 

represented the greatest percent occurrence and DI score of any single food category (Table 

3.2). Coleopteran larvae (Elateridae) and Araneae (spiders) were also major invertebrate food 

constituents. Other invertebrate food types identified were; a head capsule from a small kelp fly 

(Tethinidae ), adult weevils (Curculionidae ), planthoppers (Delphacidae ), cave weta 

(Rhaphidophoridae), springtails (Sminthuridae) and earthworms (Oligochaeta). All of these 

represented only minor constituents in mouse diet as indicated by their occurrence and 

volumetric contribution in stomach contents (Table 3.2). 

Of the plant material, seeds and unidentifiable plant matter predominated in stomachs followed 

by leaf remains. Seeds and unidentifiable plant matter were encountered considerably more 

often and in larger amounts than leaf material but these values were still lower than those 

observed for the major invertebrate food categories present (Table 3.2). Seeds found in mouse 

stomachs were Holcus lanatus (Yorkshire Fog), Alopecurus arborea (Kneed Foxtail) and 

Ammophila arenaria (Marram grass). All of these seeds belong to the large family of grasses 

(Gramineae) and are common at Ocean View Reserve. None of these seeds were consumed in 

large amounts. 

All stomachs examined contained unidentifiable, well-masticated material, often in large 

amounts (Table 3.2). The unknown effects of differential rates of digestion between initial 

capture and dissection may have contributed to the large occurrence and quantity of 

unidentifiable matter present. A large amount of this unidentifiable matter was attributed to 

insect flesh and seed endosperm having a similar texture and colour which made distinguishing 

between the two difficult. Vertebrate remains (eg. bones, feathers, scales or flesh) were not 

encountered. Loose fur was encountered often and was identified as mouse fur (Brunner & 

Coman, 1974). Mites (Insecta: Acarina) were found in stomachs in summer and were identified 

as Eulaelaps stabularis (Koch). A single louse (Insecta: Anaplura) was present in one stomach. 
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TABLE3.l 

Taxonomic status of food items present in stomach contents of feral house mice collected from 

Ocean View Reserve. Taxa listed are those which were most recognisable and dominated the 

insect orders. n= 102. t indicates where further identification was impossible. 

Kingdom Phylum Order Family Taxon & Common 

Name 

Animalia Arthropods Diptera Tethinidae kelp flies 

Lepidoptera Noctuidae moth larvae 

Coleoptera Elateridae beetle larvae 

Curculionidae adult weevils 

Herniptera Delphacidae planthoppers 

Orthoptera Rhaphidophoridae cave weta 

Collembola Srninthuridae springtails 

Araneae t spiders 

Annelida Annelidae t earthworms 

Plantae Tracheophyta Angiospermae Gramineae Holcus lanatus Yorkshire Fog 

Angiospermae Grarnineae Alopecurus arborea Kneed foxtail 

Angiospermae Grarnineae Ammophila arenaria Marram grass 
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TABLE3.2 

Frequency of occurrence and Dietary Index scores (DI) of food categories present in stomach 

contents of feral house mice collected from Ocean View Reserve. n= 102. Frequency of 

occurrence values expressed with± 1 SE. Empty stomachs were excluded. 

Food Category Frequency of Occurrence Dietary 

(%) (± 1 SE) Index (DI) 

• Invertebrate: 

All Invertebrate 90.00 (± 4.8) 199.99 

Diptera 2.94 (±1.6) 1.47 

Lepidopteran larvae 66.67 (± 4.6) 67.16 

Coleoptera 64.70 (± 4.6) 66.66 

Hemiptera 7.84 (± 2.6) 5.39 

Orthoptera 11.76 (± 3.1) 6.86 

Collembola 1.96 (± 1.3) 0.98 

Araneae 58.82 (± 4.8) 49.51 

Annelida 3.92 (± 1.8) 1.96 

• Plant Material: 

All Plant 86.60 (± 4.9) 111.34 

Seed (all species) 55.88 (± 4.8) 39.22 

Leaf 34.31 (± 4.6) 22.55 

Unidentified Plant 61.76 (± 4.7) 51.47 

• Unidentified 100 168. 14 
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3.3.2. INFLUENCE OF SEASON, GENDER & REPRODUCTIVE STATUS ON DIET 

COMPOSITION 

Invertebrate Versus Plant Material 

Seasonal variations were found in the general diet of mice. Significantly more stomachs 

contained invertebrate material in summer than in winter (x2=8.279, df=l, P<0.01) whereas 

plant material was encountered significantly more often in winter (x2=7.I4, df=l, P<0.01). 

Evidence of seasonal divisions in the general consumption of invertebrates and plant material is 

given in Figure 3.1 although the low occurrence of stomachs containing exclusively invertebrate 

or plant contents indicates that a large number of mice within Ocean View Reserve utilise both 

plant and invertebrate material throughout the year. 
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FIGURE 3.1 

Seasonal variation in stomachs containing exclusively plant or invertebrate material expressed as 

the number of stomachs in which an item appeared as a percentage of the total number of 

stomachs. Fifty one stomachs were examined in each season. ** denotes significance at P< 

0.01. Errors represent± 1 SE. 

Invertebrate Categories 

The statistical significance of season, gender and reproductive status effects on the occurrence 

of invertebrates encountered in mouse stomachs is summarised in Table 3.3. Lepidopteran and 

Coleopteran larvae were important dietary constituents of mouse diet. Their importance 

however, varied strongly with season (Fig. 3.2a) as their remains were encountered 
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significantly more in summer (Table 3.3; Fig. 3.2a). Differences in relative volumetric 

quantities (DI scores) also reflect strong seasonal influences (Fig. 3.2b). Seasonal variation in 

the consumption of moth and beetle larvae respectively remained significant after variation due 

to reproductive status and gender, was accounted for (Table 3.3). Weak evidence of a seasonal 

influence on the occurrence of Orthoptera present in stomachs was noted although this 

difference was not statistically significant (Table 3.3). 

Gender did not have an significant impact on the occurrence of invertebrate food categories 

eaten by house mice (Table 3.3; Fig. 3.3a), and again DI scores reflect this (Fig. 3.3b). 

Reproductive status significantly affected the occurrence of moth larvae in mouse stomachs, but 

again became non significant after seasonal variation was accounted for (Table 3.3). 

Reproductive status, did however have a significant effect on the occurrence of Araneae in 

stomachs (Table 3.3). Chi square tests of independence revealed further that Araneae were 

more frequently eaten by active females than non active females during summer (y} = 8.239 df 

= 1 P<0:01) (Fig. 3.4b). Active males in summer also consumed more spiders than non-active 

males (Fig. 3.4a) but this difference was not significant (x2 = 2.561, df = 1 P>0.05). 

Plant Categories 

The frequency of occurrence of seeds, leaf and unidentified plant material in mouse stomachs 

did not vary significantly with season (Table 3.3; Fig. 3.2a). All plant categories, however, 

were encountered more often and in greater quantity in winter (Fig. 3.2) which reflects a 

general increase in the utilisation of plant material by house mice during this period. Seeds 

were the second most often encountered food category present in mouse stomachs in winter, 

behind the occurrence of unidentified plant material (Fig. 3.2). Gender and reproductive status 

differences for all plant categories were non-significant (Table 3.3; Figs. 3.3; 3.4). 

Interactions 

Two tests for interaction effects were completed and results are presented in Table 3.3. A 

season*gender interaction for the occurrence of Coleoptera in mouse stomachs was non 

significant as was the test for a gender*reproductive status interaction in the consumption of 

Araneae (Table 3.3). These results confirm that variation in the occurrence of either beetle 

larvae or Araneae caused by a single variable (season, gender, reproductive status) is 

independent of other factors. 
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TABLE4.3 

Computed P-values summarising the individual and combined effects of season, gender and reproductive status on the occurrence of food 

categories encount~red in stomachs of feral house mice trapped from Ocean View Reserve (n=102). Values were calculated using the 

logistic procedure PROC LOGISTIC. Regression models that analysed more than one variable at a time (i.e. those that control for possible 

confounding effects) are presented with the controlled variable given last (e.g. the 'season/gender 'model tests for season effects while 

controlling for any possible confounding gender effects). Variables involved in interaction analyses are given in the text (section 4.3.2). * 

denotes significance at 0.05 %, ** denotes significance at 0.01 %. 

Food Logistic Regression Model Type 
Category Season Gender Repro. Season/ Gender/ Season/ Repro. Stat/ Interactions 

Stat Gender Season Repro Stat. Season 

Diptera t t t t t t t t 
Lepidoptera 0.0001 ** 0.6718 0.001 ** 0.0001 ** 0.701 0.0001 ** 0.361 t 
Coleoptera 0.007 ** 0.071 0.140 0.007 ** 0.0688 0.024* 0.975 0.232 

Hemiptera 0.133 0.277 0.216 0.125 0.259 0.314 0.597 t 
Orthoptera 0.060 0.854 0.248 0.072 0.882 0.135 0.860 t 
Collembola t t t t t t t t 

Araneae 0.107 0.317 0.0004 ** 0.1005 0.295 0.810 0.0016** 0.272 

Annelida t t t t t t t t 
Seed 0.318 0.456 0.567 0.310 0.442 0.413 0.964 t 
Leaf 0.531 0.815 0.772 0.528 0.805 0.577 0.956 t 

Unident. Plant 0.152 0.186 0.344 0.142 0.173 0.274 0.825 t 

Note: 

t Were not analysed statistically because they were either encountered rarely in stomachs or were not significant after initial analysis involving a single variable. 
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3.14 

D Winter 
(N=51) 

• Summer 
(N=51) 

D Winter 
(N=51) 

• Summer 
(N=51) 

Seasonal analyses of stomach contents collected from feral house mice at Ocean View Reserve. 

Result expressed as (A) the number of stomachs in which an item appeared as a percentage of 

the total number of stomachs and (B) dietary index (DI) values. Logistic linear modelling was 

applied to frequency of occurrence values to determine significant season differences in the 

consumption of food items present in stomachs. ** denotes significance at P< 0.01. Errors 

represent± l SE. Sample sizes are given in legend captions. Empty stomachs were excluded 

from the analysis. 
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3.15 

D Male 
(N=45) 

• Female 
(N=57) 

D Male 
(N=45) 

• Female 
(N=57) 

Gender analyses of stomach contents collected from feral house mice at Ocean View Reserve. 

Results expressed as (A) the number of stomachs in which an item appeared as a percentage of 

the total number of stomachs and (B) dietary index (DI) values. Logistic linear modelling was 

applied to frequency of occurrence values to determine significant gender differences in the 

consumption of food items present in stomachs. Errors represent ± 1 SE. Sample sizes are 

given in legend captions. Empty stomachs were excluded from the analysis. 
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3.16 

D Non Active 
(N=l2) 

II Active 
(N=ll) 

D Non Active 
(N=l l) 

II Active 
(N=l7) 

Effect of reproductive status on stomach contents from feral house mice collected in summer 

(Dec, 1997) from Ocean View Reserve. Results expressed as the number of stomachs in which 

an item appeared as a percentage of the total number of stomachs for males (A) and females (B). 

Chi square (X2) tests of independence were used to determine statistically significant differences 

between active and non active individuals. ** denotes significance at P< 0.01. Errors 

represent± 1 SE. Sample sizes are given in legend captions. Empty stomachs were excluded 

from the analysis. 
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3.3.3. PARASITE FAUNA 

Three species of parasites were detected on feral house mice collected from Ocean View Reserve 

(Table 3.4; Appendix 4 ). Two of these species were ectoparasites, found in the pelage of mice. 

The first, a mite Eulaelaps stabularis (Koch) (Acarina: Laelapidae) was found on 9% (10/108) 

of mice examined. Abundance and intensity of E. stabularis infection was greatest during 

summer (twelve mites were recorded from one host in summer) (Appendix 4). E.stabularis 

belongs to the subfamily Laelapinae, whose members are well-known because of their 

involvement with transmission of certain disease organisms (ie. plague, tularaemia, relapsing 

fever and some rickettsial infections) (CSIRO, 1991). 

TABLE3.4 

Parasite fauna collected from mice at Ocean View Reserve during 1997. Prevalence (proportion 

of host), intensity (average number of parasites per infected host) and abundance (average 

number of parasites per host (including uninfected hosts)) measures are given. 

Distribution Siphonaptera Acarina Nematoda 

Measure Leptopsylla segnis Eulaelaps stabularis Mastophorus muris 

• Summer (n=51) 

- Prevalence 0.07 0.07 0.16 

- Intensity 1.75 4.5 3.77 

-Abundance 0.12 0.32 0.60 

• Winter (n=51) 

- Prevalence 0.18 0.11 0.036 

- Intensity 1.5 1.6 2.5 

-Abundance 0.27 0.18 0.09 

The second ectoparasite species found infecting mice was the cosmopolitan mouse flea 

Leptopsylla segnis (Schonherr) (Siphonaptera: Leptopsyllidae), which was encountered in 

summer on 13 % (14/108) of mice. Prevalence and abundance of L. segnis infection was 

greater in winter but intensity was greater in summer (Table 3.3). Low numbers of mice (4.6 

% ) were found to be infected with both L. segnis and E. stabularis. The nematode 

Mastophorus muris (Nematoda: Spiruridae) was found in the stomachs of 10% (11/108) of 

mice and packed the whole stomach in several cases. Seasonal variation was found in nematode 

prevalence, as the proportion of hosts infected with M. muris increase significantly in summer 

(X2 = 9.828, df=l, P<0.001). Other parasite species may have also been present as the rest of 

the alimentary canal was not dissected ( especially nematodes and digenea). 
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3.4 DISCUSSION 

3.4.1. DIET COMPOSITION 

Feral house mice at Ocean View Reserve are omnivorous although diet is biased towards 

invertebrates (Table 3.2). This is shown by the frequent occurrence of both invertebrate and 

plant material within mouse stomachs (Table 3.1). When invertebrates were prevalent in the 

diet, insects were dominant, especially Lepidopteran (Noctuidae) and Coleopteran (Elateridae) 

larvae which were important in terms of both frequency of occurrence and volumetric 

contribution. Arachnids were also frequently encountered and often consumed in large 

amounts, but to a lesser extent than moth and beetle larvae. The main constituents of plant food 

were seed fragments and unidentified plant matter, although their occurrence in mouse stomachs 

was lower than that of the more frequent invertebrate categories. 

Lepidopteran larvae dominate the diet of feral house mice in a variety habitats both overseas, 

and in New Zealand (eg. Table 3.5). Even in cultivated habitats moth larvae are frequently 

preyed upon despite the availability of more readily exploitable foods (eg. Whitaker, 1966; 

Bomford, 1987a; Houtcooper, 1978). Arachnids have also been frequently reported as present 

in mouse stomachs (Table 3.5) although their frequency of occurrence in the present study has 

only been bettered by Copson (1986) who found spiders in 67% of stomachs sampled from 

mice on Macquarie Island. Arachnids were frequently found in stomachs of house mice on 

Marion Island caught between August and October but were only sustained in their diet during 

this period (Gleeson & van Rensburg, 1982). 

Beetle larvae were often encountered in stomachs during the present study. This is in direct 

contrast to previous studies where beetle larvae were rarely encountered (eg. Table 3.5). 

However, Brignall-Theyer (1998) found Coleopteran remains in 100% of mouse droppings and 

these remains formed 57% of the dropping composition by weight in mice inhabiting sandy 

open grasslands in Central Otago, New Zealand. It may be that factors unique to a sandy 

environment that explain why beetle larvae are such an important dietary item. Adult weevils 

eaten by mice in the present study (Curculionidae) have been found in previous dietary studies 

(Whitaker, 1966; Gleeson & van Rensburg, 1982; Rowe-Rowe et al., 1989) and Bull (1967) 

found evidence of heavy mouse predation upon a large New Zealand weevil. 
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TABLE3.5 

Comparison of food items encountered in stomachs of feral house mice with their relative 

importance expressed as the number of stomachs in which an item appeared as percentage of the 

total number of stomachs (ie. frequency of occurrence). 

Source Present 1 2 3 4 5 6 7 

Study 

Habitat sand hard pine& coastal cultivated dry vascular lava 

dunes beech kauri grassland fields Heathland Flora (45 spp.) slopes 

Sample size 102 830 711 179 478 36 108 405 

Diptera 2.94 a b a 2.1 b 8 b 

Lepidoptera 66.6 50.2 65.6 a 43.7 b 30 -70 

larvae 

Coleoptera 64.7 13.2 b a 3.8 b < 10 -60 

Hemiptera 7.8 a b b 1.9 b a b 

Orthoptera 11.7 17.1 b a a b a a 

Collembola 1.9 a b a 0.2 b < 10 b 

Araneae 58.8 44.6 b b 0.8 b 67 -50 

Annelida 3.9 a 3.5 a 1.3 b < 10 b 

Seed 55.5 76.4 46.3 b 42 10.4 -15 b 

Leaf 34.3 a 18 a b 31 b b 

Uni.Plant 61.7 a b a 10 14.4 50 b 

Vertebrate a a a a 6 a 7 1 

Sources: I = Fitzgerald et al., (1996); 2 = Badan (1979; 1986); 3 = Miller & Miller (1995); 4 = Whitaker (1966); 5 = 

Norton (1987); 6 = Copson (1986); 7 = Gleeson & van Rensburg (1982). a= Food item not encountered. b = Food item 

encountered but specific value not stated or incorporated with other food categories encountered. 
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Earthworms and snails may form the greatest percentage biomass of terrestrial invertebrates in 

any area but no snail remains were found in mouse stomachs, and earthworms were present 

only occasionally. However, ease of digestion (except for the radula and shell) probably results 

in their underestimation as a dietary constituent. Furthermore, the subterranean habits of 

earthworms result in them seldom being available for mice as prey (Ramsey, 1978). Springtails 

are highly abundant within the reserve (pers. obs) but were only eaten by mice in trace 

amounts. Kelp flies and weta have been found previously in the diet of mice (Whitaker, 1966; 

Copson, 1986; Chown & Smith, 1993; Fitzgerald, et al., 1996) but have never predominated. 

It has been suggested that mice may affect the regeneration of native sand binding species (eg. 

plngao) planted within the fore dunes at Ocean View Reserve by excessive consumption of 

seeds (P. Pope. pers. comm). Only three species of seeds were positively identified in mouse 

stomachs (Table 3.1) and all were eaten in trace amounts despite appearing to be abundant 

throughout the reserve. The effects of mice on native fore dune vegetation would therefore 

appear to be minimal. However, seed fragments were an important dietary constituent in winter 

and their importance, probably underestimated, as seed endosperm and insect flesh was often 

difficult to distinguish. Mice may, therefore, have a significant effect on native flora at Ocean 

View Reserve by consuming seeds and young shoots during periods of high population 

density. Furthermore, seeds are an important dietary component for house mice in general and 

several species present at Ocean View Reserve are eaten by other populations of feral house 

mice (Whitaker, 1966; Houtcooper, 1978; Gleeson & van Rensburg, 1982; Copson, 1986). 

Lizard and bird remains were not consumed by mice in the present study. Laboratory trials 

demonstrate that mice will eat starling eggs and dead nestlings (Moors, 1978) and they have 

also been found to eat lizards (Whitaker, 1978; Pickard, 1984; Newman, 1994). However, 

both lizards and birds (eggs or nestlings) are rarely eaten by mice in New Zealand (Murphy & 

Pickard, 1990; Table 3.5). Low lizard biomass coupled with a lack of ground nesting birds at 

Ocean View Reserve probably accounts for the complete absence of vertebrate remains in 

mouse stomachs. Trace amounts of E. stabularis and L. segnis were encountered and a single 

louse was also ingested. These ectoparasites along with mouse fur were presumably ingested 

during grooming. 

3.4.2. FACTORS EFFECTING DIET 

Seasonal variation was found in the diet of feral house mice at Ocean View Reserve. Although 

mice were predominantly insectivorous throughout the year, the degree to which mice relied 

upon insects to meet their dietary requirements varied significantly with season. Both moth and 

beetle larvae were encountered significantly more frequently in summer. This seasonal pattern 

of consumption has been described elsewhere (Whitaker, 1966; Houtcooper, 1978; Badan, 
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1979; Pickard, 1984; Copson, 1986) and further supports the view that lepidopteran larvae are 

an important invertebrate food source for feral mice, especially in summer. 

In winter (June-August) many plants (mostly grasses) shed their seeds within Ocean View 

Reserve and an increase (although not a significant one) in the utilisation of these seeds by mice 

as a food resource was found. Other studies have also found an similar seasonal pattern of 

increased seed consumption by feral house mice during winter (Houtcooper, 1978; Watts & 

Braithwaite, 1978; Badan, 1986; Tann et al., 1991). However, the availability and abundance 

of seeds and other food items eaten by mice within the reserve was not measured in the present 

study and it is difficult to determine whether the importance of seeds as a dietary constituent 

mimics their seasonal availability within the reserve. 

There are two likely reasons why moth and beetle larvae (and in general invertebrates) were 

eaten more in summer than in winter by feral house mice in the present study. Firstly, the 

nutritional value (food quality) of insect larvae is generally high due to a substantial fat content 

(Redford & Dorea, 1984; Golley, 1961) and increased larval consumption is probably reflective 

of a increased number of reproductively active mice in the population whose energetic demands 

are comparatively greater than non-active individuals (eg. Myrch et al., 1969). Secondly, 

although differences in nutritional value may affect an animals' choice between two specific 

prey items, the availability and abundance (food quantity) of prey probably determines the type 

of prey. taken by most invertebrate-eating mammals. Invertebrate abundance is likely to be 

lower in winter as ambient temperatures were comparatively lower (Table 1.1). At temperatures 

below their preferred range insects become increasingly less active making them less likely to 

become prey of mice. Furthermore, many invertebrates have stages of dormancy during winter 

in which pupae bury themselves deep underground (CSIRO, 1991). 

Reichman (1975; 1977) has cited several studies showing that other factors beside those 

mentioned above may also affect the occurrence of various food items in an animal's diet. 

These may include ease of handling, palatability, moisture content, and odour of the available 

food resources. In addition larval forms usually have a smaller amount of chitin, are less well 

defended than adults of the same species and are easier to catch once detected (Redford & 

Dorea, 1984). The size of prey has also been suggested as an important factor in prey selection 

by New Zealand rodents (Ramsey, 1978). In the present study, one or more of these factors 

coupled with the relative seasonal influences of nutritional factors (food quality) and availability 

of invertebrates (food quantity) results in a subsequent change in the feeding habits of mice 

towards increased invertebrate consumption during summer. 

This study is the first to investigate the effects of reproductive status on the consumption of 

individual food items eaten by feral house mice in New Zealand. Significantly more 

reproductively active females in summer consumed spiders than non active females, suggesting 
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that they are an important food during female reproduction. Reproductive status did not 

significantly effect on the occurrence of any food items encountered in stomachs of male mice. 

This might be expected as the basic energetic costs of reproduction are higher for the female 

than the male (eg. Perrigo & Bronson, 1985). It is likely, however, that reproductively active 

females simply consume spiders in greater frequency rather than actively select them as prey 

items because the energy content of these unidentified spiders is not likely to be higher than that 

of other arthropods (Redford & Dorea, 1984). 

Increases in the quality of foods consumed by house mice has been implicated in triggering the 

onset of breeding. Tann et al., ( 1991) found a pulse of invertebrate material in the diet of house 

mice in wheat fields just before the start of breeding and wild mice housed in the laboratory 

have improved breeding performance if their diet is supplemented with invertebrates 

(mealworms) when the base diet is rice grain (Bomford, 1987b). In New Zealand the 

reproductive performance of feral house mice is affected by the quantity of food resources, as 

large increases in mouse density have been correlated with beechmast (Fitzgerald, 1978; King, 

1982, 1983; Murphy, 1992). However, mice have yet to be shown to eat much beech seed in 

the wild (Fitzgerald et al., 1996) and there is some evidence that factors other than the quantity 

of seeds may be important in generation of high mice numbers (Fitzgerald et al., 1996; 

Lawrence, 1997). 

One of these factors suggests that arthropods associated with the forest litter may supply the 

food base for a mouse irruption rather than beech seed. The relationship between numbers of 

Tingena epimylia, a litter feeding moth, and mouse numbers in a Orongorongo Valley, near 

Wellington supports this theory (Fitzgerald et al., 1996). The results of the present study 

provide further evidence that the abundance of arthropods (moth larvae and spiders) may play 

an important role regulating mouse numbers in New Zealand beech forests. Further dietary 

analyses are needed to clarify any potential relationship. 

3.4.3. PARASITISM OF MICE 

The parasitic mesostigmatic mite Eulaelaps stabularis and the cosmopolitan mouse flea 

Leptopsylla segnis, were found in the pelage of house mice at Ocean View Reserve. They were 

present on 9 and 13 percent of mice respectively. Both have been found previously on feral 

mice in New Zealand (Gibson, 1986; Smit, 1979; Pickard, 1984; Efford et al., 1988). Little 

information exists on the distribution of E. stabularis in New Zealand although Efford et al., 

( 1988) recorded them on feral house mice on Mana Island. L. segnis is known to be widely 

distributed throughout the North and South Islands (Smit, 1979). The gut nematode 

Mastophorous muris was found in 10% of mouse stomachs. M. muris has been noted 

previously in stomachs of feral house mice in New Zealand (Pickard, 1984; Miller & Miller 
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1995); in both studies infection by M. muris was substantially higher (42% and 22% 

respectively) than that reported in the present study. 
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CHAPTER FOUR ABBREVIATIONS 

SA= Summer-Acclimatised 

WA= Winter-Acclimatised 

V02 = Rate of Oxygen Consumption 

RMR = Resting Metabolic Rate 

BMR = Basal Metabolic Rate 

ADMR = Average Daily Metabolic Rate 

FMR = Field Metabolic Rate 

TNZ = Thermoneutral Zone 

T1c = Lower Critical Temperature 

V02min = Minimum Rate of Oxygen Consumption 

V02max = Maximum Rate of Oxygen Consumption 

C = Thermal Conductance 

Ta= Ambient Temperature 

Tb= Body Temperature 

4.2 
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4.1 INTRODUCTION 

House mice (Mus musculus) are among the most widespread of all mammals (Murphy & 

Pickard, 1990) and are of particular interest in terms of energetics and thermoregulatory biology 

because of their small size. A large surface area to volume ratio favours rapid heat exchange 

with the environment. In addition, mammals of this size have a low capacity for body 

insulation (Bradley & Deavers, 1980), or for carrying body energy reserves (Bronson et al., 

1991). However, house mice maintain a high and constant body temperature (range 34-40 °C, 

Hart, 1951) at most environmental temperatures. At low temperatures this requires a 

substantial increase in metabolism (Kleiber, 1961) and fuelling this increase places large 

demands on several physiological variables (eg. respiration, food intake) (Schmidt-Nielsen, 

1990). In seasonal environments, the energy expended on thermoregulation would be expected 

to increase during winter with the onset of cooler temperatures. Such an elevation in energy 

costs occurs at a time of year when food resources are often scarce or unavailable. 

To overcome this potential energy imbalance many mammals utilise strategies to minimise 

energy expenditure (eg. hibernation, migration). Feral house mice, however, usually remain 

active during the winter by making adjustments to their physiology. There have been a great 

many studies concerning the effects of prolonged exposure (acclimation) of house mice to cold 

temperatures in the laboratory (eg. Barnett, 1965; Chaffee & Roberts, 1971) but comparatively 

few studies on seasonal acclimatisation (acclimatisation refers to modifications in an animal 

stimulated by seasonal changes in the field). The few studies that have investigated 

acclimatisation-related changes in feral house mice have reported changes in several parameters 

associated with thermoregulation (see Berry et al., 1969; Jakobson & Moore, 1971; Jakobson, 

1981). Such adjustments may influence breeding patterns (Berry & Jakobson, 1975) and 

winter survival in some populations (Jakobson, 1978). Feral house mice are common in New 

Zealand (Taylor, 1978a) but little is known about how they acclimatise to varying 

environmental conditions although the energetics of captive mice derived from wild stock has 

been documented (Winterbourn, 1973). 

In this study, it was my intention to investigate whether the thermal physiology of M. musculus 

sampled from a wild population varied with season. This was achieved by comparing a range 

of parameters associated with thermoregulation. Several measures of energy metabolism were 

calculated, including average daily metabolic rate (ADMR). It was hypothesised that 

metabolism would differ between animals caught in different seasons. Specifically, that winter

acclimatised mice will possess comparatively lower rates of oxygen consumption at all ambient 

temperatures and relatively low energy and food demands. 
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4.2 METHODS 

4.2.1. ANIMAL SOURCE & MAINTENANCE 

4.4 

Eight reproductively inactive feral house mice (Mus musculus L.) were live-trapped at Ocean 

View Reserve during two trapping sessions (section 1.3 for site characteristics). Thirty Elliott 

'A' collapsible aluminium live-traps (Elliott Scientific Supplies, Australia) were set each night, 

on two previously established trapping lines (section 2.2.3.) which run through sand dunes 

dominated by marram grass (Ammophila arenari). The mice studied during summer ("summer

acclimatised", SA) were captured in mid January 1997 and those which were studied during 

winter ("winter-acclimatised", WA), were captured at the end of July 1997. Each seasonal 

sample unintentionally consisted of seven adult males and a single female. All individuals were 

released back into the field at the completion of respirometry trials and excluded from all other 

analyses. 

On the day of capture mice were transported directly to the Department of Zoology 

(approximately 25 km away) and placed individually into standard mouse cages (45 x 23 x 10 

cm) lined with hardwood sawdust and shredded paper bedding. All cages were made up of 

white polypropelene with metal tops and were stacked on racks. Food (rat pellets - Reliance 

Stock Foods, Dunedin) and water was available ad lib. This diet was supplemented with fresh 

apple, carrot and unsalted peanuts on a regular basis. Unless stated otherwise all individuals 

were maintained at 20 ± 1 °C under a 12L: 12D photoperiod regime. All experiments 

commenced no more than 4 days after the day of capture to minimise time available for 

acclimation. 

4.2.2. APPARATUS & PROTOCOL- RESTING & BASAL METABOLISM 

Rate of oxygen consumption (V02) was determined in 8 SA and 8 WA mice using an open

flow respirometry system (Fig. 4.1). Individual mice were deprived of food for 12 hours, 

weighed(± 0.1 g) and transferred into a Perspex (Plexiglas) respirometry chamber (volume 400 

ml). The floor of the respirometry chamber was covered with hardwood sawdust taken from 

the mouse's holding pen. Ambient temperature (Ta) was held constant by placing the 

respirometry chamber inside a controlled-temperature incubator (INL-401-01 ON, Gallenkamp) 

maintained at a constant temperature(± 0.1°C) of either 5, 15, 25, 30, 32 or 35°C. Air was 

dried by passing it over silica gel and then drawn at a constant rate (300 ml.min-1) though the 

respirometry chamber. 

Gas leaving the respirometry chamber was again dried and then passed through an Ametek S-

3/I oxygen analyser (Applied Electrochemistry, Pittsburgh) to determine oxygen content. The 

oxygen analyser was calibrated prior to each measurement by drawing ambient air ( oxygen 
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content = 20.95%) through the respirometry system. A voltage output from the oxygen 

analyser, representing the oxygen content of the gas leaving the respirometry chamber was 

converted to ,a digital signal and stored on a micro-computer once every 3 seconds. After a 

measurement period of two hours mice were removed from chambers and body temperature 

(Tb) (to the nearest 0.1 °C) immediately determined by inserting a copper-constantan 

thermocouple connected to a digital thermometer (751-K, Digitron) 1 cm into the rectum. Any 

elevation in Tb resulting from stress during this procedure was minimised by reducing handling 

times and by applying vaseline to thermocouple ends between measurements. 

On each sampling day oxygen consumption was determined in two individuals at each of three 

Ta's for any individual consecutively (Appendix 5). Sampling days were separated by at least 

24 hrs. All measurements were conducted during daylight hours (10 am-4 pm) as the activity 

and metabolism of house mice from the same population is known to undergo circadian 

fluctuations (Fig 4.5). Minimum oxygen consumption (taken to represent Resting Metabolic 

Rate (RMR)) by a given mouse at a given Ta was taken as the mean of the five lowest 

consecutive measures within the two hour measurement period. The thermoneutral zone (TNZ) 

was defined as the range of temperatures within which oxygen consumption was minimum and 

independent of ambient temperature. The mean of the lowest oxygen consumption values 

within this thermoneutral zone was taken to represent the basal metabolic rate (BMR = 

minimum metabolic rate of post-absorptive normothermic individual). The lower limit of the 

TNZ (the lower critical point (T1c) which is defined as the temperature below which an animal 

must increase it's heat production in order to remain normothermic), was estimated as the 

intersect between the regression of V02 on decreasing Ta below TNZ and BMR (see Kleiber, 

1961). 
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4.2.3. APPARATUS & PROTOCOL - ADMR & CIRCADIAN RHYTHM 

Except for the following changes, the apparatus and experimental protocol employed to 

measure average daily metabolic rate (ADMR) were identical to those used to calculate RMR: 

Animals were placed individually into a large (volume 7000 ml) respirometry chamber. Within 

this chamber, food (rat pellets, carrots and unsalted peanuts) and water were available ad lib 

and shredded paper was provided for bedding. In both seasonal samples, V02 was measured 

over a period of 52 hours, beginning two hours prior to the onset of dusk and finishing two 

hours after dawn. A one hour period was allowed for the animal and open-flow respirometry 

system to settle down before the recording apparatus was started. Because of the longer 

sampling duration, the oxygen content of the gas leaving the respirometry chamber was only 

determined and recorded at 30 second intervals. 

All measurements were performed under conditions mimicking as closely as possible those 

experienced by feral house mice at the time of capture. Accordingly, Ta and photoperiod were 

adjusted during respirometry trials using meterological data (section 1.3.2.). All measurements 

involving SA mice were conducted at 15°C (± 0.1 °C) under a 16L:8D photoperiod, whereas 

measurements on WA mice were conducted at 7°C (± 0.1 °C) under a 9L: l 5D photoperiod. For 

each individual mouse, minimum (V02min: mean of the five lowest consecutive measures), 

diurnal and nocturnal metabolism (mean V02 during their respective photoperiods), maximum 

metabolism (V02max: mean of the five highest consecutive measures), and ADMR (mean of a 

24-hour period) were determined (Appendix 5). All mice were weighed at the beginning and 

end of each run. 

4.2.4. ANALYSIS 

V02 was calculated from the flow rate of air into the respirometry chamber and the difference in 

oxygen content between air entering the respirometry chamber (20.95%) and gas leaving the 

respirometry chamber. V02 was then determined using the relevant equation (3a) from Withers 

(1977) assuming a non-protein respiratory quotient of 0.85 which has a corresponding energy 

expenditure equivalent to 20.36 kJ.ml 02-1. All estimates of V02 were converted to mean 

levels per minute and corrected to STPD (standard temperature and pressure of dry air). Wet 

thermal conductance (C) (including evaporative water loss) in ml.02.0 c-1 was calculated 

according to equation 3 given in McNab (1980). Essentially, C was calculated as V02 divided 

by the body-ambient temperature differential. The mean of the five lowest consecutive 

measures within each two hour measurement period were taken to represent V02 during 

calculation of thermal conductance. 
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Body mass has profound effects on the biology of animals (see Schmidt-Nielsen, 1990) and 

both BMR and minimum thermal conductance (minimum C) scale allometrically with body 

mass across many mammalian species. Both thermoregulatory parameters were compared with 

predictions from body mass based on allometric equations generated through regression 

analysis of previously published data. Data used in regression analysis were as follows; BMR: 

122 species of Rodentia using the equation log1o(ml02/g-hr)=0.697-0.33 l log10(g) from 

Hayssen & Lacy, 1985; Minimum C: 19 species of Muridae using the equation log10(ml02/g

hr)=0.760-0.840 log10(g) from Bradley & Deavers, 1980. 

4.2.5. STATISTICS 

Student's t-tests were used to assess the statistical significance of differences between group 

means. To ensure a normal distribution, ratio data was arc-sine transformed. All results are 

given as means(± 1 SE). Least squares regressions were employed to illustrate the effect of Ta 

on V02, and a two-way analysis of variance (AN OVA) with season and Ta as factors was used 

to test for effects on V02 recorded from SA and WA animals. Analyses of covariance 

(ANCOVA) were performed using season as a factor and Ta as a covariate. This revealed the 

presence of significant slope effects between SA and WA 'animals, and if these were not 

significant whether intercept effects occurred. Statistical analyses were performed on the 

computer packages MINITAB (Minitab Inc. 1991). Analyses of variance and covariance were 

executed using General Linear Models. All tests of significance were at the 5% level. 

4.3 RESULTS 

4.3.1. RESTING & BASAL METABOLIC RA TES 

Body weight varied significantly between mice from different seasons with SA mice being 

considerably heavier than their WA counterparts (SA, 20.7 g; WA, 15.4 g; t14= 4.005, 

P<0.001). RMR of both SA and WA mice was independent of Ta between 30 and 35°C (SA, 

F2,21=0.74; P=0.537; WA, F2,21=1.26, P=0.305) and this temperature range was taken to 

represent the TNZ (Fig. 4.2). RMR was significantly affected by Ta (F5,g4=l 14.72, P<0.001) 

and season (F1,84=154.80, P<0.001) and increased linearly with decreasing Ta at and below 

the T1c (30°C; Fig. 4.2). There was no significant interaction between Ta and season in their 

effect on RMR (Fs,s4= 1.28, P=0.282). The equations for the regression lines calculated for 

RMR on Ta below the T1c were as follows: 

SA mice, y=2.835-0.0621x, r2=0.899; F1,30=267.71, P=0.001 

WA mice, y=2.097-0.051 lx, r2=0.893; F1,30=249.66, P=0.001 
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FIGURE 4.2 

The dependence of resting oxygen consumption (ml.min-I) on Ta (°C) in SA (A) and WA(•) 

house mice from Ocean View Reserve. Each point represents the mean ± 1 SE of 8 

individuals. The solid lines denote the least squares regression of resting V02 on Ta at and 

below 30°C (see text). Dotted lines(······) denote BMR whereas the dashed lines(----) denote 

the extrapolated regression lines to temperatures on the abscissa. 

The slope and intercept of these equations differed significantly (season, FI,6o=49.86, 

P=0.030; temp*season, F 1,60=4.86, P=0.031) indicating a differing relationship between 

RMR and Ta in SA and WA mice. Within the TNZ, the BMR of WA mice was significantly 

higher (by 53%) than that of SA mice (0.888 ± 0.04 ml.min-I cf. 0.468 ± 0.07 ml.min-I, t7 = 

3.56 P<0.001). However, mean BMR of WA mice was significantly lower (by 9% ± 3.2, 

t6=56.97, P<0.001), while that of SA mice was significantly higher (by 43% ± 5.7, l6=63.33, 

P<0.001) than their respective allometrically predicted values. These deviations were 

significantly different between seasons (t12=3.30, P=0.006). Seasonal differences in RMR at 

T as below the T1c were even more pronounced with V02 of resting SA mice being 

comparatively,higher (67% at 25°C, 74% at 15°C and 71 % at 5°C; Fig. 4.2). 

4.3.2. THERMAL CONDUCTANCE 

C calculated from mice from both seasons was stable at Ta's below the T1c but increased 

exponentially at Tas above this point (Fig. 4.3). All metabolism-temperature curves 

extrapolated to temperatures on the abscissa overestimated the Tb of house mice (SA, 40°C, 

WA, 43°C, Fig. 4.2) which was 35.6 ± O. l4°C (see below). A significant decrease in C with 

decreasing Ta below the T1c was found (SA, F3,3g =12.86, P<0.001; WA, F3,3g=6.58, 

P<0.001) (Fig. 4.3). Mean minimum C for SA mice was similar to that for WA mice (SA, 

0.237 ± 0.01 ml.02.°C- 1; WA, 0.235 ± 0.01 ml.02.°C- 1; t14=0.082, P=0.936). Differences 

between minimum C and that predicted on the basis of body mass were found and a significant 
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elevation (16% ± 5.08%) in SA mice was recorded (l6=3.94, P<().001). In contrast, minimum 

C from WA mice was only marginally different to that predicted on the basis of body mass and 

differences were not significant (0.6% ± 0.62% increase, l(j=0.20, P=0.85). Deviations were 

significantly different between seasons (t12=3.30, P=0.006). 

4.3.3. REGULATION OF BODY TEMPERATURE 

The average rectal temperature of mice was 35.6 ± 0.14°C (SA, 36.2°C ± l.6°C, range 33.9-

40.00C, n=48; WA, 35.3°C ± l.8°C, range 3 l.5-38.4°C, n=48). To investigate effects of 

season and Ta on Tb, a two-way ANOVA with season and Ta as factors was performed. 

Results of this analysis show that body temperatures of WA mice were significantly higher than 

those obtained from SA animals (FI,84=7.26, P=0.008) (Fig. 4.4). Ta also significantly 

affected Tb (F1,g4=4.03, P=0.003) but the pattern of this effect is unclear and Tb's obtained 

from mice in both seasons were confined to a narrow temperature range (Fig. 4.4). There was 

no significant interaction between season and Ta in their efffect on Tb (F5,g4= 0.52, P=0.75). 

4.3.4. AVERAGE DAILY, MINIMUM AND MAXIMUM METABOLISM 

Differen~s in body mass between groups were found and SA mice were considerably heavier 

than (here WA counterparts (tI4= 3.018, P<0.001). Accordingly, actual and mass specific 

valueibf MR, minimum, maximum, nocturnal and diurnal V02 are summarised in Table 

4.1. V02min corresponds to RMR while ADMR represents the mean level for the daily cycle of 

metabolism as shown in Figure 4.5. Mean ADMR, V02min and V02max did not differ 

significantly between seasons (ADMR, tI4= -0.485, P=0.635; V02min tI4= -1.312, P=0.210; 

V02max, tI4= -1.312, P=0.309). Seasonal mass specific V02 measures were also not 

significantly different (ADMR, tI4= -2.062, P=0.058; V02min, t14= -1.173, P=0.260; 

V02max, t14= -1.826, P=0.089) (Table 4.1). 

The ratio between mean V02min and mean V02max for both SA and WA mice was similar 

(SA, 2.18; WA, 2.29). Mean V02min in both seasons is similar to RMR recorded at similar 

T as given earlier (SA, 1.80 ml.min-I cf. 1.84 ml.min-1 at 15°C; WA, 1.834 ml.min-I at 5°C cf. 

1.65 ml.min-I at 7°C) (Table 4.1). Mean V02max was 45% higher than RMR recorded at 

Ta=l5°C (4.02 cf. 1.80 ml.min-1) from SA mice and was over eight times greater than their 

BMR (Table 4.1). Differences between these variables in WA mice are slightly less 

pronounced although mean V02max was still over four times that of BMR (Table 4.1 ). 

4.3.5. CIRCADIAN PATTERN OF OXYGEN CONSUMPTION 

Considerable changes in V02 were observed during a 24 hour period and a distinct daily 

rhythm is visible (Fig. 4.5). This rhythm reflects the nocturnality of both SA and WA mice. 
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An increase in V02 is observed close to sunset in both SA and WA mice and continues 

throughout their respective dark phases (Fig. 4.5). Within both seasonal samples, mean 

nocturnal V02 was significantly higher than mean diurnal V02 (SA, tis= - 9.486, P<0.001; 

WA, tis= -12.721, P<0.001) and remains higher after differences in body mass are accounted 

for (Table 4.1). The ratio between mean nocturnal and diurnal V02 was similar between 

seasons (SA, 1.20; WA, 1.29). The pattern of activity shows one definite peak in each 

seasonal sample. The timing of these peaks differ between mice sampled from different 

seasons (Fig. 4.5). V02 peaked near midnight for SA mice whereas WA mice were most active 

during late evening (1800 hrs) which corresponds roughly to the onset of darkness. 
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FIGURE 4.3 

The dependence of wet thermal conductance'(ml.02• °C-l) on Ta (°C) in SA (.A.) and WA(•) 

house mice from Ocean View Reserve. Each point represents the mean ± 1 SE of 8 

individuals. 
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FIGURE 4.4 

The dependence of body (rectal) temperature on Ta (°C) in SA (.A.) and WA (•) house mice 

from Ocean View Reserve. Each point represents the mean ± 1 SE of 8 individuals. 
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TABLE4.1 

Daily metabolic rates (ml02min·l) of SA and WA house mice collected from Ocean View 

Reserve. Values given represent the mean (± 1 SE) of 8 individuals in each seasonal sample. * 

denotes a significant difference between seasons at P<0.05 and** denotes significance at 

P<0.01. 

SA Mice WA Mice 
Uncorrected Mass Specific Uncorrected Mass Specific 

Ambient 15.0 (± 0.1) 7.0 (± 0.1) 

Temperature (°C) 

Photoperiod 16L:8D 9L:15D 

• Body Mass (g) 22. l (± 0.98)** 15.5 (± 1.26) 

• Minimum V02 

- actual 1.84 (± 0.13) 0.085 (± 0.01) 1.65 (± 0.06) 0.090 (± 0.09) 

-%ofRMR 102 98 90 76 

-%ofBMR 393 198 185 300 

• Maximum VOi 

- actual 4.02 (± 0.19) 0.185 (± 0.01) 3.78 (± 0.10) 0.227 (±0.02) 

-%ofRMR 223 213 206 191 

-%ofBMR 859 430 425 757 

•ADMR 

- actual 2.69 (± 0.16) 0.124 (± 0.01) 2.60 (± 0.06) 0.155 (± 0.01) 

-%ofRMR 150 143 142 130 

-%ofBMR 575 288 292 517 

• Nocturnal V02 3.06 (± 0.17) 0.141 (± 0.01) 2.83 (± 0.04) 0.171 (± 0.01) 

•Diurnal V02 2.55* (± 0.02) 0.117 (± 0.01) 2.19 (±0.07) 0.131 (± 0.01) 
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Circadian pattern of oxygen consumption (ml.min-1) of SA (A) and WA(•) house mice from 

Ocean View Reserve. Oxygen consumption was obtained from SA and WA mice with a mean 

body mass of 22.1 g and 15.5 g respectively. Trials were conducted at 7.0°C (± O.l°C) for 

WA mice and 15.0°C (± 0.1 °C) for SA mice. Each curve represents the mean (± 1 SE) of 8 

individuals. The horizontal solid bars at the top of the graph indicate the timing of the dark 

periods for WA and SA mice. 
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4.4 DISCUSSION 

4.4.1. SEASONAL CHANGES IN THERMAL BIOLOGY 

Winter Ta's at Ocean View Reserve are considerably lower than those recorded in summer 

(mean decrease of 8.7°C) and large daily fluctuations in temperature have also been recorded 

(Fig. 1.4). A preponderance Jor 81,cturnal activity by house mice inhabiting these dunes 

(section 2.3.8.) potentially exposes them to Ta's considerably lower than those in which resting 

energy demands are at a minimum. Analyses of food items encountered in stomach contents 

also indicate that the availability of high quality foods may be limited during the cooler winter 

months (section 3.3.2.). The energetic constraints imposed by these environmental factors 

must pose a serious ecological challenge to feral house mice at Ocean View Reserve. The 

results of this study indicate they overcome these environmental challenges by adjusting their 

thermal biology. 

I found a marked reduction of RMR in SA mice. SA mice also showed a significantly lower 

BMR (47%) than that recorded from WA mice. However, BMR scales allometrically with 

body mass across mammal species and many authors believe that body mass is the most 

important factor determining BMR (Kleiber, 1961; Hayssen & Lacy, 1985). Any deviation in 

BMR from values predicted on the basis of body mass are considered to have an adaptive value 

(McNab, 1986; Haim & Izhaki, 1993). The mean BMR of WA mice was significantly lower 

while the mean BMR of SA mice was significantly higher than that predicted on the basis of 

body mass. A low BMR in WA mice suggests a pressure to reduce basal energy demand and 

may constitute an energy saving mechanism in response to high energy demand under 

conditions of low or mediocre food availability (McNab, 1986; Webb & Skinner, 1996). This 

reduction may ultimately be an important survival mechanism as feral house mice in other 

populations inhabiting cooler climates have comparatively low BMR's (see Richardson et al., 

1994; Webb et al., 1997). 

Few studies have determined BMR from feral populations of house mice although a winter 

decline in BMR has been reported previously (Berry et al., 1969; Jakobson & Moore, 1971; 

Jakobson, 1978) (Table 4.2). Unfortunately, this is not a consistent response as some feral 

populations resemble cold-acclimated laboratory strains of house mice who generally elicit 

higher metabolic rates at all temperatures (Triggs, 1977 cited in Jakobson, 1981 ). 

Furthermore, mean metabolic response to a cold test differs not only between species but within 

species (see Hart, 1971) and may vary greatly between successive weekly samples of mice 

(Jakobson, 1981 ). In the present study, mean BMR of WA mice fell towards the lower quarter 

of the values given in Table 4.2 once body mass differences had been accounted for by quoting 

all data as a proportion of allometrically predicted values. However, food habits and possibly 
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climate may exert an influence on BMR in endotherms (McNab, 1986) making comparisons 

between studies difficult. 

Seasonal changes in thermal conductance were also detected. Mean minimum C was 

significantly higher in SA mice compared to values predicted on the basis of their body weight. 

This difference is not evident in WA mice indicating that winter mice are better insulated than 

their SA counterparts. A low C is consistent with genotypic or developmental adaptation to 

cold (Casey et al., 1979). If C is constant and at a minimum below the T1c, and Tb remains 

stable, then the regression line of RMR on Ta should intersect the abscissa at Tb and have a 

slope equal to whole body wet C (Bradley & Deavers, 1980; McNab, 1980). In the present 

study, C decreased significantly with decreasing Ta below the T1c. It was therefore not 

unexpected that both seasonal metabolism-temperature curves extrapolated to temperatures on 

the abscissa overestimated the Tb of house mice. This suggests that below the T1c, the animals 

effected a gradual transition from increasing C to increasing metabolism. A similar transition 

has also been noted in a number of other small mammals (eg. McNab, 1979; Weiner & 

Heldmaier, 1987). 

Some small mammals utilise daily torpor as a mechanism of reducing energy expenditure 

during unfavourable periods (eg. insectivorous bats; Schmidt-Nielsen, 1990). Torpid animals 

show a marked reduction in Tb and V02 (Schmidt-Nielsen, 1990) and feral house mice have 

been reported in this state previously (Morton, 1978). There was no evidence of any reduction 

in Tb or V02 in the present study and the mean Tb of feral house mice sampled at Ocean View 

Reserve was 35.6 ± 0.14°C. This lies within the range known to apply in house mice at most 

Ta's (Hart 1951 ). Like all homeotherms, house mice normally regulate their Tb within a 

narrow temperature range which varies little despite large differences in Ta. Summer Tb's were 

significantly lower than winter values. This reduction of Tb in SA mice was however, only 

marginal (36.2°C ± l.6°C cf. 35.3°C ± l.8°C) and becomes less pronounced at lower Ta's (Fig. 

4.4). SA mice were considerably heavier than their WA counterparts which was also noted in 

other trapping seasons (sections 2.3.4. & 4.3.4.). A lower body mass in winter will elevate 

further energy expenditure (per gram of body mass). This elevation, however, will be 

countered by a reduced need for food due to lower body mass which will decrease overall 

energy demand. 

From the results of this study it may be concluded that seasonal acclimatisation in the house 

mouse involves changes in both heat production and dissipation. Acclimatisation to winter 

conditions includes: a decrease in both BMR and mass-specific minimum C. These 

adjustments are intrinsically linked to survival ability as most mortality in mice is temperature 

dependent (Berry, 1970). 
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TABLE4.2 

Basal metabolic rates (ml.min-I) obtained from feral house mice. Predicted values were 

calculated allometrically from regressions generated of previously published data (see section 

4.2.4. for details). Sources are ranked in chronological order. 

Parameter and Source Population Body Mass Measured % Predicted 
(g) Values 

• Pearson ( 194 7) Swarthmore 17.0 0.482 87 

• Jakobson & Moore ( 1971) Skokholmls 

- autumn ( 1968) 20.0 0.774 125 

- winter (1969) 20.0 0.761 123 

• Jakobson (1978) Isle of May 

- winter (1971-2) 19.6 0.653 107 

- winter (1972-3) 19.7 0.685 112 

• Winterbourne (1973) New Zealand 25.0 0.384 54 

• Gorecki et al., ( 1990) Bulgaria 18.6 -·· 0.818 128 

• Gorecki et al., (1990) Poland 13.2 1.087 214 

• Richardson et al., (1994) Wilsconsin 11.2 0.355 77 

• Webb et al., (1997) Marion Is 21.2 0.510 72 

• Present study New Zealand 

-SA mice 20.7 0.468 143 

-WA mice 15.3 0.888 91 
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Within nature, a mouse would be expected to exercise its complete battery of adaptability within 

the limits of it's genotype, both physiological and behavioural. Seasonal changes in brown fat 

weight and haemoglobin levels (Berry & Jakobson, 1975) have been noted in feral house mice 

but their relationship to survival probability is unclear. Food hoarding (Barnett et al., 1984; 

Webb et al., 1997), huddling (Pearson, 1947) and the use of burrows (Berry, 1968) are all 

strategies employed by house mice to modify their heat loss and thus conserve energy. 

Whether mice at Ocean View Reserve utilise one or more of these behavioural strategies is 

unknown although incidental observations of mice excavating burrows in the laboratory have 

been made. It is unlikely that the pattern of winter acclimatisation described herein will remain 

constant from year to year. 

4.4.2. ADMR & CIRCADIAN RHYTHM: 

ADMR represents the measure of metabolism under laboratory conditions that is most relevant 

to free-living animals (Grodzinski & Wunder, 1975). It is considered more ecologically 

valuable than BMR because mammals in the field are only occasionally under basal conditions 

(ie. post-absorptive, quiescent and in thermo neutrality). Accordingly, ADMR is much greater 

than BMR and free-living mammals usually have ADMR's 2-4 times higher than their BMR 

(Caughley & Sinclair, 1994). In the present study, mean mass-specific ADMR in both seasons 

was considerably higher than the respective BMR's. ADMR for SA mice was over twice as 

high as BMR whereas the ADMR for WA mice was over five times BMR. The magnitude of 

these differences is greater than those given in previous studies (Pearson, 1947; Winterboum, 

1973) which can be attributed to higher ADMR's obtained in this study (compare to Pearson, 

1947; Grodzinski, 1966). Comparisons are however, complicated by differences in 

experimental protocol. 

Mean ADMR did not differ significantly between SA and WA. However, ADMR in WA mice 

exceeded its corresponding allometrically predicted value (see Grodzinski & Wunder, 1975) by 

17% (predicted value= 1.36 ml.min-1). For mice to maintain a higher than predicted ADMR in 

winter must be energetically expensive and may explain why BMR was reduced in these 

individuals. It is also now possible to measure the energy metabolism (termed field metabolic 

rate, FMR) of free-living mammals using the 'doubly labelled water' method. FMR's have 

been calculated in a number mammals (see Nagy, 1994) including house mice (Rowe-Rowe et 

al., 1989; Mutze et al., 1991). In the present study, FMR was not calculated because of high 

financial costs associated with its determination. Despite this, mean ADMR was higher than 

predicted FMR of rodents of identical body mass (Table 6.1 & section 6.2.1.). 

Marked changes in V02 were observed during a 24 hour period and distinct rhythm is visible 

which is encouraging because it indicates that experimental procedures have not upset daily 

rhythms that exist in the feral animals. As expected, house mice showed a significant elevation 
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of mean V02 during the active phase of their diel cycle. The main factors likely to be 

responsible for this nocturnal elevation of V02 are food intake and activity. Metabolism 

increases may be linked with the assimilation of food after a meal (specific dynamic action or 

the calorigenic effect of food). Mice were seldom observed consuming food during the day 

despite food being available ab lib and specific dynamic action can therefore only be assumed to 

be integral to nocturnal V02. However, the second possible factor was activity and it seems 

more likely as there is a general preponderance for nocturnal activity in this population. 

Furthermore, this nocturnal elevation of V02 falls in close agreement to periods of greatest 

activity reported in the field (see section 2.3.8.). 

Seasonal differences in mean nocturnal V02 were non-significant despite differences in the 

pattern of V02 during this phase of their diel cycle (Fig. 4.5). It could be argued that changes 

in photoperiod explain this difference as during the winter, when nights are shorter, the 

probability of a mouse being active for the full duration of a measurement is comparatively 

smaller. The ratio between mean nocturnal and diurnal V02 was similar (SA, 1.20 cf. WA, 

1.29). This ratio gives a comparative measure of 'nocturnality', where a ratio of more than one 

reflects nocturnality and less than one, diurnality (Pearson, 1947). Captive house mice in this 

study were comparatively more nocturnal than many other small mammals, including several 

closely related species (see Pearson, 1947; Grodzinski, 1966). However, the validity of using 

this ratio as a tool for comparisons is debatable because it does not differentiate between an 

animal that was slightly more active all night and one that was extremely active for a short 

period during the night. Finally, SA mice were significantly more active during the day 

compared with WA mice. This result might be associated with the diurnal activity recorded in 

the field (section 2.3.8.) although this difference is not reflected in seasonal measures of 

ADMR. 
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CHAPTER FIVE ABBREVIATIONS 

SA= Summer-Acclimatised 

WA= Winter-Acclimatised 

FMR = Field Metabolic Rate 

I = Food Intake ( energy consumed with food) 

AE = Assimilation efficiency(%) 

DE= Digestive efficiency (%) 

A = Amount of energy assimilated 

D = Amount of energy digested 

F = Amount of energy lost through faeces 

U = Amount of energy lost through urine 

DEE= Daily Energy Expenditure 

5.2 
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5.1 INTRODUCTION 

Total energy expenditure must be covered by an equal intake of food if an animal is to remain in a 

steady state (ie. maintain body mass). Consequently, food intake in many animals is remarkably 

well adjusted to energy expenditure (Mayer & Thomas, 1967) and varies in accordance to the 

energetic demands of the individual. The major energetic demand in most endothermic animals is 

the generation of body heat for thermoregulation (Kleiber, 1961). Furthermore, small mammals 

like the house mouse (Mus musculus L.) have limited ability to carry insulation (Bradley & 

Deavers, 1980) and thermoregulatory this demand would be expected to increase in winter with the 

onset of cooler temperatures. Problems of energy balance during winter are also often exacerbated 

by reductions in food availability. Ambient temperatures vary considerably with season upon the 

sand dunes at Ocean View Reserve (Fig. 1.4) and the thermal biology of house mice inhabiting 

these dunes adjusts accordingly (Chapter 4). Similar adjustments in total food intake, digestive 

and assimilation efficiencies of natural foods might also be expected as the availability of high 

quality foods presumably decreases during the cooler winter months. 

Assimilated energy (A) or energy flow, as it is often referred to, constitutes an important concept 

in ecosystem theory (Grodzinski & Wunder, 1975) and much of the effort expended by "The 

International Biological Programme" (IBP) was based on analysis of energy flow through 

ecosystem components. Small mammal (those from 2-500 g in weight; Bourliere, 1975) 

populations constitute one such component and may function as control gates rather than major 

processors of energy. Energy assimilated from food can be expressed by two well-known 

bioenergetic equations: 

Where 

A = assimilated energy 

A=R+P 

or 

A=I-F- U 

R = respiration (energy used for maintenance) 

P = production ( energy incorporated into animal tissue) 

I= food intake (energy intake, often called gross energy or consumption) 

F = energy lost in the faeces 

U = energy lost in the urine 

Equation 1 

Equation2 

Equation 2 is by far the most widely used in small mammal studies and quantification of this 

equation is usually carried out using the balance method. The classic balance method is carried out 



Assimilation Efficiency 5.4 

within a metabolic cage under laboratory conditions, where all food consumed and all faeces and 

urine produced are measured (see Drozdz, 1975). With such a method both digestibility and 

assimilation of energy, organic matter, or any other nutrient can be determined. Digestive and 

assimilation efficiencies are also often calculated for comparative purposes. The utilisation of food 

energy by animals can also be determined in natural conditions using the 'ash-trace' method (see 

Grodzinski & Wunder, 1975). This involves the collection of faecal pellets from animals caught 

in snap traps located in the field which are later analysed for ash or the content of some element as 

a natural marker (see Drozdz, 1968). This method however, only allows the digestibility of 

organic matter to be assessed and has several underlying assumptions which limit its application 

(see Johnson & Groepper, 1970). 

Another technique now often employed to determine energy flow through animals is the 'doubly

labelled water' method (eg. Rowe-Rowe et al., 1989; Mutze et al., 1991). This method gives a 

direct measure of total energy expenditure (termed field metabolic rate; FMR) in free-living animals 

by comparing the turnover rates of isotopes of oxygen (typically 180) and hydrogen (tritium or 

deuterium), thereby estimating carbon dioxide production. Disadvantages of this method, 

however, include potentially high financial costs and the need to recapture the study animal (see 

Lifson & McClintock, 1966; Nagy, 1980). Moreover, the doubly-labelled water method only 

provides a single integrated measure of energy expenditure and additional assumptions are 

required to address questions about the energetics of specific behaviours or behavioural patterns. 

The main objective of this study was to determine the intake, digestive and assimilation efficiencies 

of natural foods eaten by feral house mice. This was achieved by conducting feeding trials within 

the laboratory. Seasonal changes in these parameters were investigated and daily energy 

expenditures (DEE) calculated. It was hypothesised that energy expenditure would differ between 

animals caught in different seasons. Specifically, that lower ambient temperatures and food 

availability in winter would be reflected by lower food intake, but elevated digestibility and 

assimilation efficiencies. 

5.2 METHODS 

5.2.1. ANIMAL SOURCE & MAINTENANCE 

Reproductively inactive feral house rmce were live-trapped upon sand dunes at Ocean View 

Reserve (section 1.3 for site characteristics). Live-trapping was conducted in 1997 during January 

('summer-acclimatised', SA mice) and July ('winter-acclimatised', WA). The collection of mice 

in the field along with their maintenance in captivity was identical to that described elsewhere (see 

section 4.2.1.). All experiments commenced no more than 3 days after the day of capture to 
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minimise time available for acclimation and mice were released back into the field at the completion 

of feeding trials. 

5.2.2. EXPERIMENTAL PROTOCOL 

Mice were presented with a range of test foods including marram and yorkshire fog seeds, moth 

and mealworm larvae, and cave weta. However, mice would only consume sunflower kernels 

(Helianthus annuus) in sufficient quantities to maintain body mass. Consequently, the energy 

intake, digestibility and assimilated energy of sunflower kernels was calculated and this was 

achieved according to the Drozdz (1975) balance method. A single feeding trial was performed on 

each seasonal sample of mice. Each trial was completed in 10 days and was divided into two main 

periods; the first or preliminary period (3 days) in which mice were fed sunflower kernels along 

with rat pellets, and the second or experimental period ( 4 days) where mice were provided with a 

preweighed amount of sunflower kernels alone. All mice were weighed before and after the 

experimental period. 

Introductory and experimental periods for each trail were separated by a 14 hour period of food 

deprivation with another 14 hour period of food deprivation immediately following the main 

experimental period. Food deprivation periods were conducted so that as far as possible mouse 

guts were empty at the start of the experimental period and that all faeces within the gut at the end 

of the experimental period were voided and available for collection. Sawdust but not bedding was 

removed during the experimental period as it proved difficult to separate crumbs and faeces from 

the hardwood sawdust. A separate feeding area was created by placing a single perspex partition 

inside each cage at the beginning of each experimental period in a further attempt to ease the 

separation of faeces and uneaten food fragments. 

Faeces and uneaten food were collected from cages at the end of the final food deprivation period, 

separated, dried in a vacuum oven at 65°C for 3 days and weighed (Metler Toledo PR/SR 

balances). Food items were milled and duplicate samples bombed in a ballistic Gallenkamp bomb

calorimeter to determine energy content (methodology given in Millar & Payne, 1959). The 

energy content of faeces was also determined in this manner. 
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5.2.3. CALCULATIONS 

Food intake, faecal and urinary energy (F & U), digestive efficiency (DE), assimilation efficiency 

(AE) and daily energy expenditure (DEE) were calculated using the following equations: 

DE= (I-F)/1 Equation3 

AE= I-(F+U) Equation4 

DEE= I-F-U-stored energy Equation5 

These were calculated with the rate of energy assimilation estimated by assuming a loss of 

energy in the urine equivalent to 3% of digested energy (Drozdz, 1968; 1975; Grodzinski & 

Wunder, 1975). It is also necessary to take individual losses or gains of body weight into 

consideration when calculating DEE. In the present study, an increase in body mass was 

corrected for by subtracting nine kcals (29.288 kJ) per gram of mass gained. In the case of a 

body mass loss the energy equivalent of burned fat tissue, seven kcals per gram (29.288 kJ.g), 

was added to the digested energy (explanation given in Drozdz, 1975). 

5.2.4. STATISTICS 

All results are expressed in kilojoules (kJ) and are presented as means (± 1 SE). Student's t

tests were utilised to assess the significance of differences between group means. Least squares 

regressions were employed to investigate the relationship between body weight and elements of 

the food balance. All statistical analyses were performed using MINITAB (Minitab Inc. 1991). 

All tests were preformed at the 5% level of significance. 

5.3 RESULTS 

The SA sample consisted of five males and a single female whereas the WA sample consisted of 

five females and two male mice. All mice sampled in both seasons were classified as adults 

(> 12.5 g, section 2.2.1.) except for one WA female who weighed 11.81 g. Mean weight of WA 

mice measured just prior to feeding trials were similar to that recorded from SA mice (t11= -1.498, 

P=0.162) Energy intake, digestibility and assimilation of sunflower kernels by feral house mice in 

different seasons are summarised in Table 5.1. The energy content of this diet was generally high 

(mean, 35.4 kJ.g, range 30.9-38.6 kJ.g; n=26) (Appendix 6). Consumption of sunflower kernels 

varied considerably both within and between seasonal samples (SA mean, 9.10 g, range, 6.71-

10.33 g; WA mean, 4.65 g, range, 1.47-5.97 g) and was significantly higher in SA mice (tu= 
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-5.079, P<0.05). Accordingly, total food intake per day varied significantly with season and was 

greater in SA mice (df11= -4.299, P<0.001) (Table 4.1). 

Body mass was a poor predictor of daily food intake in both seasons (SA, r2=0.027, F1,4=0.l l, 

P=0.756; WA, r2=0.271; F1,5 = 1.86, P=0.231) and seasonal differences in mass specific food 

intake were non-significant (t11= -3.024, P=0.011) (Table 5.1). Mean digestibility efficiency 

(DE) was 90.8% ± 1.4% (range, 85-95%) in SA mice and 83.7% ± 3.2% (range, 70-91 %) in WA 

mice. This difference was statistically significant (t11= -2.563, P=0.013) (Table 5.1). Body 

weight did not correlate well with DE in both seasons (SA, r2=0.014, F1,4=0.06, P=0.824; WA, 

r2=0.185; F1,5= 0.20, P=0.674). Mean assimilation efficiency (AE) in both seasons (SA, 88.0% 

± 1.5%, range, 82-92%; WA, 81.4% ± 3.2%, range, 68-89%) was slightly lower than mean DE 

(Table 5.1). Seasonal differences in AE (6.6% on average) were non-significant (t11= -1.781, 

P=O. l 025). Body weight was again a poor predictor of assimilation coefficients (SA, r2 = 0.036, 

F1,4=0.15, P=0.747; WA, r2=0.033; Fi,s=0.17, P=0.699). 

Energy ingested with food was not completely assimilated by house mice and small amounts of 

energy were lost as urine and faeces (Table 5.1, Appendix 6). The total amount of faeces 

produced by SA mice was not significantly different to that of WA mice (df11= -0.949, P=0.363). 

In contrast, the mean loss of energy in urine was substantially higher in SA mice (t11= -4.061, 

P<0.001). This result was not unexpected as energy losses through urine were estimated as solely 

3% of digested energy. Changes in body mass during experimental periods were noted and 

ranged from a loss of 1.01 g to a maximum gain in body mass of 1.85 g. These changes in both 

seasons, however, were minimal if averaged (Table 5.1). Mean DEE corrected for changes in 

body mass in SA mice (60.62 kJ.d-1 ± 5.92 kJ.d-1) is significantly higher than that calculated for 

WA mice (29.62 kJ.d-1 ± 5.44 kJ.d-1; t11 = -3.857, P=0.003) (Table 5.1). DEE within the WA 

sample varied considerably (8.60-45.29 kJ.g) whereas individual DEE in SA mice always 

exceeded 40 kJ.g. Body mass was a poor indicator of DEE (SA, r2=0.405, F 1,4= 2.72, 

P=0.175; WA, r2=0.131, F1,5=0.75, P=0.425). 
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TABLES.I 

Food intake, digestibility and assimilation of sunflower kernels by summer-acclimatised (SA, n=6) 

and winter-acclimatised (WA, n=7) house mice. Means (± 1 SE) are given. Animal weights were 

obtained just prior to experimentation. Differences between group means were tested with 

unpaired student t-tests. * denotes significance at P<0.05 while** denotes significance at P<0.01. 

DEE denotes Daily Energy Expenditure. 

Elements of the Season Seasons 

Food Balance SA Mice WA Mice Combined 

Body Mass (g) 19.83 (± 1.4) 17 .20 (± 1.0) 18.52 (± 1.2) 

Energy Intake with food (kJ.d-1) 77.1 ** (± 5.0) 42.8 (± 5.9) 59.95 (± 5.5) 

Food Intake per gram (kJ.g.d-1) 3.98 (± 0.4) 2.46 (± 0.3) 3.22 (± 0.4) 

Faeces (kJ.d-1) 6.9 (± 4.1) 5.9 (± 2.5) 6.40 (± 3.3) 

Urine (kJ.d-1) 8.4 ** (± 0.7) 4.4 (± 0.7) 6.40 (± 0.7) 

Digestive efficiency (%) 90.8 * (± 1.4) 83.7 (± 3.2) 87.25 (± 2.3) 

Assimilation efficiency (%) 88.0 (± 1.5) 81.4 (± 3.2) 84.7 (± 2.4) 

Weight Changes (g) 0.76 (± 0.5) 0.66 (± 0.2) 0.70 (± 0.4) 

Corrected DEE (kJ.d-1) 60.6** (± 5.9) 29.6 (± 5.4) 45.1 (± 5.7) 
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5.4 DISCUSSION 

5.4.1. FOOD PREFERENCE DURING FEEDING TRIALS 

In this study it was my intention to determine how much of the energy consumed in the food is 

assimilated by feral house mice at Ocean View Reserve and how much is excreted. This 

necessitates the determination of food intake (energy consumed with food), digestibility and 

assimilation of natural foods. A large majority of these 'natural foods' were however, rejected by 

feral house mice during feeding trials and the mice in general, appeared to be very susceptible to 

disturbance when held in captivity (Lane-Petter, 1976; Berry, 1970; Winterboume, 1973). 

Captive house mice were also uninterested in consuming invertebrate test foods (live or otherwise) 

which is surprising considering the predominance of these high quality foods in the diet of mice 

caught from the same population (Chapter 3). It is of concern therefore, that invertebrates are 

rarely employed during feeding trials conducted with rodents as most are at least partly 

omnivorous in their feeding habits (Landry, 1970). 

Feral house mice were however, successfully maintained in captivity on a diet of sunflower 

kernels. Seeds in general have a high caloric value (22 kJ.g, Caughley & Sinclair, 1994; 35.4 

kJ.g, present study) which is connected to their high protein content (22.2%; Bomford & 

Redhead, 1987b). This amount of protein is higher than that suggested for adequate growth (12-

14%) in mice by K.napka (1983) who reviewed a number of studies on mouse nutrition. A large 

proportion of this energy is potentially available to mice as concentrated diets are characterised by a 

low fibre content which increases digestibility (Drozdz, 1968; Grodzinski & Wunder, 1975). 

Furthermore, the concentration of several minerals in sunflower kernels (especially potassium) 

(Burlingame et al., 1997) compare favourably to concentrations found in standard laboratory diets 

(K. Garrott. pers com). It seems likely therefore, that a combination of these factors make this 

diet attractive to captive house mice which concurs with findings given in Bomford and Redhead, 

(1987b) who were also able to nurture feral house mice in captivity on a similar diet. 

5.4.2. ASSIMILATION EFFICIENCY & ELEMENTS OF THE FOOD BALANCE 

Knowledge of energy flow through small mammal populations is important for impact 

assessments and may permit a better understanding of the laws governing energy management in 

nature. House mice are one such 'small mammal' and intermittent widespread plagues of feral 

mice often cause substaintial economic losses (eg. Singleton & Redhead, 1989). DesB~tis, few 

studies have determine how efficiently feral house mice utilise their food and even leJs have done 

this using natural foods (Table 5.2). In this study, SA mice consumed sunflower kernels in 

significantly greater amounts than their WA counterparts (and accordingly had greater energy 
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intake). This difference however, is non-significant if mass specific food intake values are 

compared (Table 5 .1). These values are slightly lower than those given in other studies 

(Winterbourn, 1973; Johnson & Groepper, 1970; Myrcha, 1975) which probably reflects 

differences in the ecological origin of house mice. For example, food requirements of feral house 

mice would be expected to be comparatively lower than those of laboratory mice, who are not 

adapted to low food availability or ambient temperatures. This is simply because laboratory-reared 

strains of Mus are reared over many generations under ideal conditions with unlimited nutritious 

food and constant warm temperatures which approximate those of thermal neutrality. 

Digestion and assimilation values of sunflower kernels are similar to reported values given for 

other foods in previous studies (Table 5.2). Digestion and assimilation efficiencies are generally 

high for house mice (between 75 to 95%) (Table 5.2) but most values may be of limited ecological 

use as test foods are often highly concentrated (eg. laboratory chow) which increases digestion and 

assimilation (eg. Grodzinski & Wunder, 1975). For example, digestibility and assimilation 

coefficients for other mice (Genus Apodemus) fed a range of herbivorous diets are low in 

comparison to values obtaiijed from house mice (see Turcek, 1956; Drozdz, 1968, 1970). Other 

factors potentially affecting the digestion and assimilation efficiency include the rate and volume of 

food consumed, age and physiological condition of the animal (Grodzinski & Wunder, 1975). 

Mean digestive efficiency was significantly higher in SA mice which may reflect changes in gut 

morphology (ie. SA mice may have larger stomachs) as the capacity of the alimentary tract is 

thought to limit the process of food digestion (see Koteja, 1996). Changes in gut size and 

intestinal enzyme activity have also been associated with changes in current energy demand or food 

quality (Hammond & Diamond, 1992). If seasonal values are combined, mean assimilation 

efficiency (84.7%) is slightly higher than values given for a range of other omnivorous small 

mammals (average 75-77) (Grodzinski & Wunder, 1975) but is within the range stated to apply for 

most carnivorous mammals (80-90%; Green & Eberhard, 1979). 

5.4.3. DAILY ENERGY EXPENDITURE 

DEE calculated for SA mice was significantly higher than that for WA mice (60.6 kJ.d-1 cf. 29.6 

kJ.d-1). Subsequently, differences in other elements of the food balance were found as both food 

intake and digestibility coefficients were significantly elevated in SA mice (Table 5.1). These 

differences are likely to reflect seasonal changes in energetic costs which are ultimately linked to 

fluctuations in environmental parameters (eg. temperature, food availability). 
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TABLES.2 

Digestibility and assimilation of various diets in reproductively inactive laboratory and feral house 

mice, expressed as the percentage of energy or organic matter consumed. Where B denotes the 

balance method (laboratory estimate) and T, the tracer method (field estimate). Source numbers 

refer to; (1) Winterbourn, 1973; (2) Johnson & Groepper, 1970; (3) Myrcha, 1975 (sexes 

combined and averaged in each age group). t denotes where a value is either not given or, where 

the methodology employed prevents it's calculation. 

Diet 

Sunflower 

seeds 

Sheep nuts 

Dog biscuits 

Sheep nuts 

Dog biscuits 

Purina mouse 

chow 

Standard 

granulated MSL 

food 

a = 1 month of age 

b = 4 months of age 

c = 7-8 months of age 

d =9-11 months of age 

Method 

B 

B 

B 

B 

B 

B 

B 

T 

B 

B 

B 

B 

Body 

Weight 

(g) 

19.8 (SA) 

17.2 (WA) 

> 20.0 

> 20.0 

< 20.0 

< 20.0 

16.0 

16.0 

14.8a 

25.Ib 

28.3C 

31.2d 

Digestibility Assimilation Source 

coefficient ( % ) coefficient ( % ) 

range mean range mean 

85-95 90.8 82-92 88.0 Present 

70-91 83.7 68-89 81.4 Study 

t t t 85.0 (1) 

t t t 77.0 

t t t 85.0 

t t t 76.0 

t 79.5 t t (2) 

91-94 92.0 t t 
76-80 78.3 76-79 77.6 (3) 

76-82 79.5 76-83 79.1 

81-85 83.0 79-85 81.8 

79-87 83.2 79-86 82.4 
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Food requirements might be expected to be lower in WA mice as they may be adapted to lower 

ambient temperatures and lower food availability in winter. In contrast, SA mice can sustain 

comparatively higher DEE (31 kJ.d-1 in this study) because ambient temperatures are higher (9°C 

on average) which in tum, presumably increases invertebrate abundance and availability. If this is 

indeed the case, the time spent active by SA mice might also be expected to increase as house mice 

have little energy reserves (Bronson et al., 1991) which necessitates a continuing need for 

relatively large quantities of food. 

Accordingly, diurnal activity was noted during regular trap inspections conducted in April 1997 

and mean diurnal oxygen consumption was significantly higher in SA mice (sections 2.3.8. & 

4.3.5.). Energetic costs linked to maintenance were also substantially higher (43%) in SA mice 

than those predicted on the basis of body mass which may be in response to elevated DEE. 

Hence, the depression of DEE in winter represents just one strategy employed by feral house mice 

at Ocean View to minimise energy expenditure during unfavourable periods. This finding is in 

accordance with both laboratory (eg. Barnett, 1965) and field studies (eg. Jakobson, 1978) which 

indicate that both cold tolerance and winter survival is dependent upon a range of physiological 

and behavioural adaptations. 
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6.1 INTRODUCTION 

Precise information on the damage, direct and indirect, inflicted by house mouse populations is 

extremely difficult to obtain and few critical assessments of losses have been quantified. Feral 

house mice (Mus musculus L.) are a potential pest species in New Zealand about which 

comparatively little is known, although they have been identified as having a potential impact on 

a variety of endangered endemic species through predation (Murphy & Pickard, 1990). 

However, evidence for house mice having a significant detrimental impact on any endangered 

population is anecdotal, especially with respect to invertebrate populations where we might 

expect impact through predation to be highest (eg. Bull, 1967). What follows is an estimate of 

energy requirements and hence, in part, the potential environmental impact of a free-living 

population of house mice inhabiting coastal sand dunes. This is in accord with the primary 

objective of this study. 

6.2 IMPACT MODEL 

The impact of feral house mice on the biota of sand dunes at Ocean View Reserve (section 1.3 

for site characteristics) was modelled using relevant information presented in previous chapters 

relating to measures of daily energy demand (Chapters 4 & 5), dietary habits (Chapter 3), 

assimilation efficiency (Chapter 5) and population density (Chapter 2). This information was 

incorporated into the following equation to obtain estimates of daily food consumption: 

Daily Food 
Consumption = 

(g.ha-1) 

Daily Energy x 
Demand 

(kJ) 

1 

Assimilation 
Efficiency (%) 

Caloric Value of Food (kJ.g) 

Population 
X Density 

(mice.ha-I) 

Pronounced seasonal changes were evident in many of the parameters used in this equation and 

daily consumption rates were estimated in both summer-acclimatised (SA) and winter

acclimatised (WA) mice. All information used to model this impact was obtained from mice at 

Ocean View Reserve with the exception of population density data, which were obtained from 

the nearby population at Big Stone Road. The following is an explanation and justification of 

the components used and integrated during this impact assessment. 

6.2.1. DAILY ENERGY DEMAND 

Daily energy demand was estimated by two methods, respirometry (section 4.2.3.) and feeding 

trials (section 5.2.1.). It was therefore possible to compare these results (Table 6.1) and to 
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contrast them with estimates of field metabolic rate (FMR) from other house mouse populations 

based on an allometric equation generated through regression analysis on 33 rodent species 

(Nagy, 1987). DEE was lower than ADMR in SA mice. This was expected as ambient 

temperature (Ta) was higher thus reducing energy requirements for thermoregulation (Table 

6.1 ). The difference between DEE and ADMR was much greater in WA mice presumably 

because the temperature difference was also much greater (Table 6.1). ADMR did not differ 

between SA and WA mice despite WA mice being maintained at a much lower Ta (Table 6.1 ). 

The most likely explanation for this is that additional thermoregulatory demands in WA mice 

were counter balanced by higher levels of insulation (ie. lower minimum thermal conductance) 

in these animals (section 4.3.2.). 

This hypothesis also fits with the reduced DEE of WA mice compared to SA animals despite 

both groups being maintained at the same ambient temperature (Table 6.1). Examination of the 

predicted FMR (33%) from a rodent of the same body mass highlights the extent of this winter 

reduction of DEE as do comparisons with rates determined from other house mouse 

populations (39.8 kJ.d-1, Nagy, 1987; 65.8 kJ.d-1, Rowe-Rowe et al ., 1989; 49.2 kJ.d-1, 

Mutze et al., 1991). ADMR estimates of daily energy demand (summer, 78.8 kJ.d-1; winter, 

76.2 kJ.d-1) were used to model the impact of mice at Ocean View Reserve because, they were 

conducted at 'mean' climatic temperatures and correspond closely to daily patterns of activity in 

the field (Fig. 6.1). 

6.2.2. DIETARY HABITS, ASSIMILATION EFFICIENCY & CALORIFIC VALUE OF 

FOOD 

The dietary habits of house mice at Ocean View Reserve have been described in detail (Chapter 

3) and seasonal changes in the occurrence of the most important food items (Lepidopteran and 

Coleopteran larvae) were found (section 3.3.2.) Invertebrates were rejected by mice during 

feeding trials (section 5.4.1.) and there is an absence of information regarding the energy 

assimilation efficiency of house mice feeding on invertebrates. However, Nagy et al., (1978) 

recorded an energy assimilation efficiency of 87% in the insectivorous marsupial Antechinus 

stuartii fed on meal worm (Tenebrio molitor) larvae and carnivorous mammals generally have 

assimilation efficiencies that range from 80-90% (Green & Eberhard, 1979). Therefore, a 

mean assimilation efficiency of 85% was assumed for Mus musculus feeding on invertebrates. 

Consumption of "plant material in general" was estimated based on values of assimilation 

efficiency of sunflower kernels (Helianthus annuus) determined within the laboratory (SA, 

81.4% ; WA, 88.0% ). Seeds are an important dietary constituent during winter for mice at 

Ocean View (section 3.3.1.), but it should be noted that sunflower kernels were not 

encountered in the stomach contents examined. 
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TABLE6.l 

Daily energetic requirements (kJ.d-1) for summer-acclimatised (SA) and winter-acclimatised 

(:,NA) mice from Ocean View Reserve as determined by respirometry (average daily metabolic 

rate; ADMR) and feeding trials ( daily energy expenditure; DEE). Field metabolic rates (FMR) 

were predicted allometrically from previously published data (Nagy, 1987). All values are 

expressed as means ± 1 SE and sample sizes are given in parentheses. 
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SA Mice 

15 

22.1 ± 0.9 

78.8 ± 4.8 (8) 

55.4 ± 2.7 (33) 
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19.8 ± 1.4 

60.6 ± 5.9 (6) 

47.7 ± 2.2(33) 
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WA Mice 

7 

15.5 ± 1.3 

76.2 ± 2.0 (8) 

42.1 ± 1.3 (33) 

20 

17.2 ± 1.0 

29.6 ± 5.4 (7) 

44.4 ± 1.4 (33) 
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FIGURE 6.1 

Relationship between average daily metabolic rate (ADMR) in SA (A) and WA(•) mice and 

activity patterns of feral house mice. Each ADMR curve represents the mean (± 1 SE) of 8 

individuals and were obtained from SA and WA mice with a mean body mass of 22.1 g and 

15.5 g respectively. 
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It is important to know the energy content of prey items in order to convert estimates of daily 

energy demand to grams of food. Information of this kind is scarce but the energy content of 

Pringleophaga larvae, a flightless moth has been determined (20.8 ± 0.7 kJ.g-I dry matter) 

along with the weevil, Ectemnorhinus similis (20.8 ± 0.7 kJ.g-I dry matter) (Rowe-Rowe et 

al., 1989). Both species are important dietary constituents for feral house mice (Gleeson & van 

Rensburg, 1982; Rowe-Rowe et al., 1989; Chown & Smith, 1993). These values approximate 

those calculated by Redford & Dorea (1984) for a range of invertebrate prey whose mean body 

composition was equivalent to an energy content of 21.7 kJ.g-I (if ants and termites are 

excluded). An energy content of 21.2 kJ.g-I dry matter of invertebrates was assumed in the 

present study as obtained from averaging the values given above. The mean energy content of 

sunflower kernels was 35 kJ.g-I (Appendix 6). 

6.2.3. DENSITY ESTIMATES 

Mark-recapture techniques were used to obtain measures of absolute density and estimates 

derived under model 1 (Mb) using program MARK (Chapter 2). These were used to 

extrapolate consumption rates per mouse to the population level. The average of three 

population censuses conducted during summer (Dec 1996, 8.1 mice.ha-I; Mar 1997, 13.6 

mice.ha-I, Dec 1997, 7.0 mice.ha-I) was 9.6 mice.ha-I. Mean mouse density in winter was 

calculated to be 15.2 mice.ha-I (Jun 1997, 14.4 mice.ha-I; Sept 1997, 16 mice.ha-I). 

6.3 ESTIMATED IMPACT 

A summary of the estimated impact of mice on the biota at Ocean View Reserve is given in 

Table 6.2 along with critical components of the assessment model. It was estimated that any 

given mouse needs to digest and assimilate 92.71 kJ.d-I in summer and 89.65 kJ.d-I in winter 

in order to meet their daily energy demand if it is assumed that mice fed solely on a diet of 

invertebrates. Daily invertebrate consumption per mouse would therefore need to approximate 

4.37 g.d-I (dry mass) in summer and 4.23 g.d-I (dry mass) in winter (Table 6.2). Both values 

are slightly higher than daily feeding rates predicted for free-living rodents of the same body 

mass. Annual invertebrate consumption at Ocean View was estimated to be 19.39 kg.ha-I.y-I 

(dry mass). The impact of mice on plant material was comparatively lower and plant 

consumption was lowest in summer (Table 6.2). Mice feeding solely on a diet of sunflower 

kernels were required to assimilate 96.81 kJ.d-I in summer and 86.59 kJ.d-1 in winter to 

maintain energy balance. Estimated daily consumption of sunflower kernels was lower than 

daily feeding rates predicted for rodents of the same body mass in both seasons (Table 6.2). 

Annual consumption of sunflower kernels was estimated to be 11.70 kg.ha-l.y-1 (dry mass). 
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TABLE6.2 

Estimated consumption of feral house mice on invertebrates and plant material at Ocean View 

Reserve showing all values used in model. Expected feeding rates were predicted 

allometrically from previously published data (Nagy, 1987). 

Food Category Summer Winter 

(Dec-May) (Jun-

Invertebrates Seeds Invertebrates Seeds 

Alone Alone Alone Alone 

• Average daily metabolic rate (kJ.d-1) 78.80 78.80 76.20 76.20 

• Assimilation efficiency (%) 85 81.40 85 88 

• Individual consumption (g.d-1) 4.37 2.77 4.23 2.47 

• Expected consumption (g.d-1) 3.45 3.45 3.0 3.00 

• Population density (mice.ha-1) 9.60 9.60 15.20 15.20 

• Population consumption (g.ha-1.d-l) 41.95 26.59 64.30 37.54 

• Seasonal consumption (kg.ha-1)* 7.66 4.85 11.73 6.85 

* = estimated consumption over 182.5 days 

6.4 VALIDITY OF IMPACT ASSESSMENT 

The impact of the mouse population at Ocean View Reserve on invertebrates and plant material 

was ascertained directly from consumption rates based on assimilation efficiencies and 

measures of daily energy requirements (ADMR and DEE). Obviously the estimates have their 

limitations but it should be noted that most of these result from a discernible lack of available 

information on parameters critical to calculations (ie. entomological surveys; assimilation 

efficiency and energy content of specific prey items encountered in stomach contents). 

Estimates of daily energy demand were only calculated for non-reproductive individuals as 

laboratory studies indicate that reproduction can increase maternal mass-specific energy intake 

(+57%, Myrcha et al., 1969) and metabolic rate (+21%, Myrcha, 1975). Thus, impact 

estimates presented in Table 6.2 exclude the costs of breeding which could be significant. 

Estimated consumption rates also assume that mice feed solely on either invertebrates or plant 

material, but not both. This, however, conflicts with dietary analyses which show that mice at 

Ocean View Reserve are omnivorous (section 3.3, Table 3.2). Estimates of population 

consumption rates if a omnivorous feeding pattern is assumed would be expected to lower than 

those calculated for mice feeding solely on invertebrates. 

The accuracy of impact estimates will depend primarily upon the estimation of population 

numbers as errors will affect estimates in direct relation to their magnitude. For example, 
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consumption of invertebrates was estimated to be comparatively greater in winter which reflects 

greater population density (Table 6.2). This conflicts with seasonal trends noted during 

analysis of stomach contents (section 3.3.2.). Given the variation inherent in population 

estimates, I suggest that greater merit should be placed on individual daily consumption rates. 

Most errors in estimating conditions which the mice are exposed to will only affect a certain 

percentage of daily energy requirements. Differences in energy content of invertebrate prey 

species are likely to be minimal (Redford & Dorea, 1984) but the energy content of different 

plant constituents is known to vary considerably (Golley, 1961). Therefore estimates of 

invertebrate consumption (Table 6.2) are likely to be more realistic measures of predation rates 

in the field and this view is supported by the similarity between estimated daily consumption 

rates presented in Table 6.2 and those predicted using allometric equations from rodents of 

identical body mass. 

6.5 IMPACT OF MICE ON INVERTEBRATES AT OCEAN VIEW 

The impact of small mammal populations on an ecosystem is largely dependent upon food 

availability because recruitment is generally determined by food supply. This appears to be the 

case in New Zealand as peaks in mouse abundance tend to correlate with increases in the 

availability of highly nitrogenous foods (Badan, 1986; Murphy, 1992; Fitzgerald et al., 1996). 

The food available for rodents has already been estimated in several forest and grassland 

ecosystems during studies conducted as part of the International Biological Programme (IBP). 

In various types of forest this constitutes only a small amount ( 4-13 % ) of the total primary 

production (Grodzinski & Wunder, 1975). Still, it is clearly evident that ecosystems with a 

higher amount of plant food available (grasslands and cultivated fields) have higher rodent 

densities (Grodzinski et al., 1966). The impact of mice at Ocean View Reserve is difficult to 

quantify because the biomass and availability of prey items within the reserve is unknown. 

Nevertheless, estimated annual invertebrate consumption is substantial (19.39 kg.ha-1.y-l, dry 

mass) and is likely to be an underestimate as mice are renowned for their wasteful feeding 

habits and it is often assumed that rodents in general destroy twice as much food as they eat 

(Grodzinski & Wunder, 1975). 

Rowe-Rowe et al., (1989) estimated the impact of feral house mice on invertebrates of Marion 

Island by incorporating dietary and energy metabolism information with estimates of biomass 

of preferred prey species. Total invertebrate consumption by mice was estimated to be 39.4 

kg.ha-ly_l (dry mass). Their findings coupled with those of the present study (14.89 kg.ha-

1.y-1, dry mass) indicate that feral house mice may still be having a detrimental impact on many 

invertebrate species in many habitats. Evidence suggests that this impact might be most severe 

on Lepidopteran larval species (Rowe-Rowe et al., 1989; Dugdale, 1996). In New Zealand, 

the endemic moth, Agrotis innominata Hudson (Noctuidae: Noctuinae) is often found at the 
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base of marram grass upon sand dunes and the nocturnal feeding habits of their larvae (Patrick 

& Green, 1991) may render them particularly susceptible to mouse predation. A. innominata. 

and other ecologically significant noctuid moths (Tmetolophota phaula and Persectania aversa) 

have been reported upon dunes just north (St Clair Beach) of Ocean View Reserve (Patrick & 

Green, 1991). The high occurrence of Lepidopteran larvae in the diet of mice in this and other 

studies (section 4.4.1.) suggests this predation upon Lepidopteran larvae by mice has the 

potential to be significant, especially in light of comparatively high mouse densities noted in 

some coastal habitats of New Zealand (section 2.4.1.). 

Muehlenbeckia is prominent in large patches at both Ocean View Reserve and Big Stone Road. 

This type of vegetation provides suitable habitat for a wide diversity of Lepidoptera, especially 

those dependent on Muehlenbeckia, including copper butterflies (Lycaena salustius), the leaf 

mining momphid Zapyrastra calliphana and many litter feeding members of the Oecophoridae 

family (Patrick, 1994). The endemic Katipo spider (Lactrodectus katipo) has also been noted in 

dunes at St Clair Beach (B. Patrick, pers. comm). The potential for widespread predation by 

mice on native invertebrates at this site is therefore apparent. It is however, difficult to quantify 

this impact in the present study because of the masticated nature of stomach contents which 

prevented positive identification of prey species beyond the family level. The effects of 

unnatural predation may not be confined only to insect numbers as many of these invertebrates 

are likely to be important decomposers, playing a role in the cycling of nutrients for primary 
C 

production. The result' of this study emphasise the importance of invertebrates in the diet of 

feral house mice in coastal sand dunes in New Zealand. Furthermore, they highlight the need 

for detailed research into the largely ignored impact of mice on endemic invertebrate populations 

in New Zealand. 

6.6 FUTURE RESEARCH 

The outstanding success of house mice in colonising new environments has made them a 

favoured subject of great interest to physiologists. This interest, however, has largely not 

extended to New Zealand and little information on the physiology of feral house mice exists. 

Understanding the ecological energetics of feral house mice might provide information useful to 

their control during periods of population increase and permit quantitative analysis of their 

impact on the native biota of New Zealand. There is enormous scope for further research and 

the following ideas are what I consider to be research priorities: 

I. To quantify the impact of mice (and other rodents) on the invertebrate fauna of New 

Zealand requires knowledge of the biology of both rodents and the invertebrates. Such 

information is rarely available to conservation managers and this problem needs to be 

addressed. 



')y' 

( 
I 

I 

i, t 

' ' 

General Discussion 6.9 

2. How feral mice allocate energy among maintenance metabolism, growth, reproduction 

and thermoregulation is virtually unknown in New Zealand. Energy metabolism of free

living animals (utilising the doubly-labelled water technique) could be calculated and 

incorporated into a time-energy budget (utilising radio-telemetry). A study of this nature 

conducted prior, during and post beech masting might yield information with important 

ecological implications. 

3. The pattern of winter acclimatisation demonstrated in this study may, or may not be, 

unique to this particular population. Thermoregulatory physiological parameters could be 

examined in other free-living populations of mice inhabiting coastal areas of conservation 

value (eg. Kaitorete Spit, Canterbury, see Patrick, 1994). 

4. Patterns of winter survival in house mice, and the resulting physiological adaptations, 

may differ between consecutive years. This study was conducted over a short time period 

and studies of longer duration with larger sample sizes are needed to further understand 

patterns of adaptability in feral populations of house mice in New Zealand. 

5. There is a lack of information concerning the digestibility and assimilation efficiency of 

mice feeding on natural diets or the energy content of these diets. A controlled experiment 

examining mouse productivity on a variety of natural diets would be useful. 



References 7.1 

i ,, 
! 

REFERENCES 

i . 

· l 
l 

? j 



' 
l 

1 
l 

'! 

References 
Abrahamsson, S.A.A. (1965). A method of marking crayfish Astacus astacus Linne in 

population studies. Oikos 16: 228-231 

7.2 

Alterio, N.J. (1994). Diet and movements of carnivores and the distribution of their prey in the 

grassland around yellow-eyed penguin (Megadyptes antipodes) breeding colonies. 

Unpublished MSc thesis, University of Otago, Dunedin, New Zealand 

Anderson, R. C., Chabaud, A.G. & Willmott, S. (1975). CIH Keys To The Nematode 

Parasites of Vertebrates. No. 3. Part 2. Commenwealth Agricultural Bureaux. Bucks 

England. Pp 30 

Badan, D. (1979). The ecology of mice (Mus musculus L.) in two forests near Auckland. 

Unpublished MSc thesis, University of Auckland, Auckland, New Zealand 

Badan, D. (1986). Diet of the house mouse (Mus musculus L.) in two pine and a kauri forest. 

New Zealand Journal of Ecology 9: 137-141. 

Barnett, S.A. (1965). Adaptation of mice to cold. Biological Review 40: 5-51 

Barnett, S.A. (1973). Maternal processes in the cold-adaption of mice. Biological Reviews 48: 

477-508 

Barnett, S.A., Bammer, G., & Mackay, C.E. (1984). Nest building or hoarding? Effects of 

novelty and environmental temperature on the behaviour of wild house mice, with a brief 

review. Experimential Animal Behaviour 3: 1-8 

Bellamy, D., Berry, R.J., Jakobson, M.E., Lidicker, W.Z., Morgan, J., & Murphy, H.M. 

(1973). Aging in an island population of the house mouse. Age & Ageing 2: 235-250 

Berry, R.J. (1968). The ecology of an island population of the house mouse. Journal of Animal 

Ecology 37: 445-470 

Berry, R.J.(1970). The natural history of the house mouse. Field Studies 3: 219-262 

Berry, R.J., & Truslove, G.M. (1968). Age and eye lens weight in the house mouse. Journal 

of Zoology, London 155: 247-252 

Berry, R.J., & Jakobson, M.E. (1975). Adaptation and adaptability in wild-living house mice 

(Mus musculus). Journal of Zoology, London 176: 391-402 

Berry, R.J., Jakobson, M.E., & Triggs, G.S. (1969). Metabolic measurements on an island 

population of the house mouse during the period of winter mortality. Journal of 

Physiology 201: 101-102P 

Beveridge, A.E. ( 1964 ). Dispersal and destruction of seed in Central North Island podocarp 

forest. Proceedings of the New Zealand Ecological Society 11: 48-55 

Bomford, M. (1987a). Food and reproduction of wild house mice I: Diet and breeding seasons 

in various habitats on irrigated ceral farms in New South Wales. Australian Wildlife 

Research 14: 183-196 

Bamford, M. (1987b). Food and reproduction of wild house mice. III. Experiments on the 

breeding performance of caged house mice fed rice-based diets. Australian Wildlife 

Research 14: 207-218 



,-

> 

References 7 .3 
Bourliere, F. (1975). Mammals, small and large: the ecological implications of size. Pp 1-8. In: 

Small Mammals:Their Productivity And Population Dynamics. F.B. Golley, K. 

Petrusewicz & L. Ryszkowski (Eds). Cambridge University Press, Cambridge 

Bradley, S.R., & Deavers, D.R. (1980). A re-examination of the relationship between thermal 

conductance and body weight in mammals. Comparative Biochemistry & Physiology 

65A: 465-476 

Brignall-Theyer, M.E. (1998). Potential vertebrate predators of the Cromwell chafer 

beetle, Prodontria lewisi. Unpublished MSc thesis, University of Otago, Dunedin, New 

'.Zealand 

Bronson, F.H. (1979). The reproductive ecology of the house mouse. Quarterly Review of 

Biology 54: 265-299 

Bronson, F.H. (1984). The adaptability of the house mouse. Scientific America 250: 90-97 

Bronson, F.H., Heideman, P.D., & Kerbeshian, M.C. (1991). Lability of fat stores in 

peripubertal wild house mice. Journal of Comparative Physiology B 161: 15-18 

Brown, K.P., Moller, H., Innes, J., & 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. New Zealand Journal of Ecology 20: 271-275 

Brunner, H., & Coman, B. (1974). The Identification Of Mammalian Hair. Inkata Press 

Proprietary Ltd, Melbourne 

Bull, R.M. (1967). A study of the large New '.Zealand weevil, Lyperobius huttoni Pascoe 1876 

(Coleoptera: Curculionidae, Molytinae). Unpublished MSc thesis, Victoria University of 

Wellington, Wellington, New '.Zealand 

Burlingame, B.A., Milligan, G.C., Spriggs, T.W., & Athar, N.A. (1997). Concise New 

Zealand Food Composition Tables. New '.Zealand Institute for Crop & Research Limited 

Carothers, A.D. (1973). The effects of unequal catchability on Jolly-Seber estimates. 

Biometrics 29: 79-100 

Casey, T.M., Withers, P.C., & Casey, K.K. (1979). Metabolic and respirometry responses of 

artic mammals to ambient teml?.eratures during summer. Comparative Biochemistry & 

Physiology 64A: 331-341 

Caughley, G. (1977). Analysis Of Vertebrate Populations. London, John Wiley & Sons 

Caughley, G., & Sinclair, A.R.E. (1994). Wildlife Ecology and Mangement. Blackwell 

Scientific Publications 

Chaffee, R.R.J., & Roberts, J.C. (1971). Temperature acclimation in birds and mammals. 

Annual Review of Physiology 33: 155-202 

Chown, S.L. & Smith, V.R. (1993). Climate change and the short-term impact of feral house 

mice at the sub-Antarctic Prince Edward Islands. Oecologia 96: 508-516 

Cockayne, L. (1911). Report On The Dune-Areas Of New Zealand: Their Geology, Botany & 

Reclaimation. Department of Lands, Wellington, New '.Zealand, Pp 76 

Cook, M.J. (1965). The Anatomy OJ The Laboratory Mouse. Academic Press Inc (London), 

Pp 66 



'1 
i 
I 

References 7.4 
Copson, G.R. (1986). The diet of the introduced rodents Mus musculus L. and Rattus rattus 

L. on Subantarctic Macquarie Island. Australian Wildlife Research 13: 441-445 

Corp, N., Gorman, M.L., & Speakman, J.R. (1997). Ranging behaviour and time budgets of 

male wood mice Apodemus sylvaticus in diferent habitats and seasons. Oecologia 109: 

242-250 

Crowcroft, P., & Rowe, F.P. (1961). The weights of wild house mice (Mus musculus) living 

in confined colonies. Proceedings of the Zoological Society of London 136: 177-185 

Crowcroft, P., & Jeffers, J.N.R. (1961). Variability in behaviour of wild house mice (Mus 

musculus L.) towards live traps. Proceedings Of The Zoological Socitety of London 

177: 573-582 

CSIRO (1991). The Insects Of Australia. Melbourne University Press, Victoria 

DeLong, K.T. (1967). Population ecology of feral house mice. Ecology 48: 611-634 

Drozdz, A. (1968). Digestibility and assimilation of natural foods in small rodents. Acta 

Theriologica 12: 367-389 

Drozdz, A. (1975). Metabolic cages for small rodents. Pp 346-351. In: Methods for Ecological 

Bioenergetics. W. Grodzinski, R.Z. Klekowski, & A. Duncan (Eds). IBP Handbook 

No. 24. Blackwell Scientific, Oxford 

Dugdale, J.S. (1996). Natural history and identification of litter-feeding Lepidoptera larvae 

(Insecta) in beech forest, Orongorongo Valley, New Zealand, with especial reference to 

the diet of mice (Mus musculus). Journal of the Royal Society of New Zealand 26: 251-

274 

Efford, M.G., Karl, B.J., & Moller, H. (1988). Population ecology of Mus musculus on 

Mana Island, New Zealand. Journal of Zoology, London 216: 539-563 

Fitzgerald, B.M. (1978). Population ecology of mice in New Zealand. Pp 163-171. In: The 

Ecology And Control of Rodents In New Zealand Nature Reserves. P.R. Dingwall, 

I.A.E. Atkinson, & C.Hay (Eds). Department of Lands & Survey, Information Series No 

4 

Fitzgerald, B.M., & Karl, B.J. (1979). Foods of feral house cats (Felis catus L.) in forest of 

the Orongorongo Valley, Wellington. New Zealand Journal of Zoology 6: 107-126 

Fitzgerald, B.M., Karl, B.J., & Moller, H. (1981). Spatial organisation and ecology of a 

sparse population of house mouse (Mus musculus) in a New Zealand forest. Journal of 

Animal Ecology 50: 489-518 

Fitzgerald, B.M., Daniel, M.J., Fitzgerald, A.E., Karl, B.J., Meads, M.J., & Notman, P.R. 

(1996). Factors affecting the numbers of house mice (Mus musculus) in hard beech 

(Nothogfagus truncata) forest. Journal of the Royal Society of New Zealand 26: 237-249 

Gibson, R.N. (1973). Reproduction of the house mouse, Mus musculus L., in the 

Christchurch area. Mauri Ora 1: 43-48 

Gibson, R.N. ( 1986). Some ectoparasites on rodents in New Zealand. I. Fleas (Insecta: 

Siphonaptera). Mauri Ora 13: 81-92 



\ 

0 
i 
i 
' 

r 

References 7 .5 
Given, D.R. (1981). Rare And Endangered Plants OJ New Zealand. Wellington, A.H. & A.W. 

Reed, Pp 386 

Gleeson, J.P., & van Rensburg, P.J.J. (1982). Feeding ecology of the house mouse (Mus 

. musculus) on Marion Island. South African Journal of Antarctic Research 12: 34-39 

Golley, F.B. (1961). Energy values of ecological materials. Ecology 42: 581-584 

Gorecki, A., Meczeva, R., Pis, T., Gerasimov, S., & Walkowa, W. (1990). Geographical 

variation of thermoregulation in wild populations of Mus musculus and Mus spretus. Acta 

Theriologica 35: 209-214 

Green, B., & Eberhard, I. (1979). Energy requirements and sodium and water turnovers in two 

captive marsupial carnivores: the Tasmanian devil, Sarcophilius harrisi, and the native cat 

Dasyurus viverrinus. Australian Journal of Zoology 27: 1-28 

Grodzinski, W. (1966). Bioenergetics of small mammals from the Alaskan Taiga Forest. Lynx 

6: 47-51 

Grodzinski, W., & Wunder, B.A. (1975). Ecological energetics of small mammals. Pp 173-

204. In: Small Mammals: Their Productivity And Population Dynamics. F.B. Golley, K. 

Petrusewicz & L. Ryszkowski (Eds). Cambridge University Press: Cambridge 

Gutherie-Smith, H. (1953). Tutira; The Story OJ A New Zealand Sheep Station. (Third 

edition). W. Blackwood & Sons, Edinburgh and London. xxxi + 444, Pp 

Haim, A., & Izhaki, I. (1993). The ecological significance of resting metabolic rate and non

shivering thermogenesis for rodents. Journal of Thermal Biology 18: 72-81 

Hammond, K.A., & Diamond, J. (1992). An experimental test for a ceiling on sustained 

metabolic rate in lactating mice. Physiological Zoology 65: 952-977 

Hansson, L. (1970). Methods of morphological diet micro-analysis in rodents. Oikos 21: 255-

266 

Harraway, J. (1995). Regression Methods Applied. University of Otago Press, Dunedin, New 

Zealand, Chapter 9 

Hart, J.S. (1951). Calorimetric determination of average body temperature of small mammals 

and its variation with environmental conditions. Canadian Journal of Zoology 29: 224-

233 

Hart, J.S. (1971). Rodents. Pp 1-149. In: Comparative Physiology OJThermoregulation. II: 

G.C. Whittow (Ed). New York, Academic Press 

Hayssen, V., & Lacy, R.C. (1985). Basal metabolic rates in mammals: taxonomic differences 

in the allometry of BMR and body mass. Comparative Biochemistry & Physiology 81A: 

741-754 

Houtcooper, W.C. (1978). Food habits of rodents in a cultivated ecosystem. Journal of 

Mammalogy 59: 427-430 

Hunt, W.G., & Selander, R.K. (1973). Biochemical genetics of hybridisation in European 

house mice. Heredity 31: 11-33 



'' 
I 
I' 
1. 

I 

f 
I' 
' ' ,'f 

,1 

I > 

I 
r 

/ 

' ~ 

References 7.6 
Jakobson, M.E. (1981). Physiological adaptability: the response of the house mouse to 

variations in the environment. Symposia of the Zoological Society of London 47: 301-

355 

Jakobson, M.E. (1978). Winter acclimatisation and survival of wild house mice. Journal of 

Zoology, London 185: 93-104 

Jakobson, M.E., & Moore, R.E. (1971). Season and metabolic rate in house mice on an island. 

Journal of Physiology, Paris 63: 296-299 

Jensen, T.S. (1982). Seed production and outbreaks of non-cyclic rodent populations in 

deciduous forest. Oecologia 54: 184-192 

Jewell, P.A., & Fullagar, P.J. (1966). Body measurements of small mammals: sources of error 

and anatomical changes. Journal of Zoology, London 150: 501-509 

Johnson, P.N. (1981). Recreation Reserves - Island Park & Westwood: Botanical Report. 

Botany Division, DSIR Dunedin, New Zealand 

Johnson, D.R. & Groepper, K.L. (1970). Bioenergetics of North Plains rodents. 

American Midland Naturalist 84: 537-548 

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. New Zealand 

Journal of Zoology 9: 467-480 

King, C.M. (1983). The relationships between beech (Nothofagus sp.) seedfall and 

populations of mice (Mus musculus) and the demographic and dietary responses of stoats 

(Mustela erminea), in three New Zealand forests. Journal of Animal Ecology 52: 141-

166 

King, C.M., Innes, J.G., Flux, M., & Kimberley, M.O. (1996). Population biology of small 

mammals in Pureora Forest Park: 2. The feral house mouse (Mus musculus). New 

Zealand Journal of Ecology 20: 253-269 

Kleiber, M. (1961). The Fire Of Life. Pp 177-216. Wiley, New York 

Knapka, J.J. (1983). Nutritional. Pp 447. In: The Mouse In Biomedical Research. Vol. III. 

Normative Biology, Immunology and Husbandry. H.L. Foster, J.D. Small, & J.G. Fox 

(Eds).Academic Press, New York 

Koteja, P. (1996). Limits to the energy budget in a rodent, Peromyscus maniculatus: Does gut 

capacity set the limit? Physiological Zoology 69: 994-1020 

Krebs, C.J. (1966). Demographic change in fluctuating populations of Microtus californicus. 

Ecological Monographs 36: 239-273 

Krebs, C.J. (1989). Ecological Methodology. New York. Harper & Row 

Krebs, C.J., Kenny, A.J., & Singleton, G.R. (1995). Movements of feral house mice in 

agricultural landscapes. Australian Journal of Zoology 43: 293-302 

Lambrechtsen, N.C. (1975). What Grass Is That? A Guide To The Identification Of Some 

Introduced Grasses In New Zealand. (Second Edition). New Zealand Department of 

Vegetative Characters. Scientific & Industrial Research, Information Series No 87 



! ! ., 
'-.j 

) 

\,J..,. 

References 7. 7 
Landry, S.O. (1970). The rodents as omnivores. Quartly Review Biology 45: 351-372 

Lane-Petter, W. (1976). The laboratory mouse. Pp 193-204. In: The UFAW Handbook On The 

Care And Management Of La.boratory Animals. (Fifth Edition). Churchill Livingston, 

Edinburgh London & New York. Pp 635 

Laurie, E.M.O. (1946). The reproduction of the house mouse (Mus musculus) living in 

different environments. Proceedings of the Royal Society of London 133: 248-281 

Lawrence, B.L. (1997). A review of the relationship between beechmast (Nothofagus species), 

stoats (Mustela erminea) and mohua (Mohoua ochrocephala). Unpublished Diplomia of 

Wildlife Management Project, No 91. University of Otago, Dunedin, New Zealand 

Lidicker, W.Z. (1966). Ecological observations on a feral house mouse population declining to 

extinction. Ecological Monographs 36: 27-50 

Lifson, N., & McClintock, R. (1966). Theory and use of turnover rates of body water for 

measuring energy and material balance. Journal of Theoretical Biology 12: 46-74 

McDaniel, B. (1979). How To Know The Mites And Ticks. Brown Company Publishers, 

Iowa, USA 

McNab, B.K. (1979). Climatic adaptation in the energetics of heteromyid rodents. Comparative 

Biochemisty & Physiology 62A: 813-820 

McNab, B.K. (1980). On estimating thermal conductance in endotherms. Physiological 

Zoology 53: 145-156 

McNab, B.K. (1986). Food habits, energetics, and the reproduction of marsupials. Journal of 

Zoology, London 208: 595-614 

Marshall, J.T., & Sage, R.D. (1981). Taxonomy of the house mouse. Symposia of the 

Zoological Society of London 47: 15-25 

Mayer, J., & Thomas, D.W. (1967). Regulation of food intake and obesity. Science 156: 335-

337 

Millar, D.S., & Payne, P.R. (1959). A ballistic bomb calorimeter. British Journal of Nutrition 

13: 501-508 

Miller, C.J., & Miller, T.K. (1995). Population dynamics and diet of rodents on Rangitoto 

Islands, New Zealand, including the effect of a 1080 poison operation. New Zealand 

Journal of Ecology 19: 19-27 

Minitab Inc. (1991). Minitab Reference Manual. MacIntosh version, (Third Edition). Release 

8. Minitab Inc. 

Moors, P.J. (1978). Methods for studying predators and their effects on forest birds. Pp 47-56. 

In: The Ecology And Control of Rodents In New Zealand Nature Reserves. P.R. 

Dingwall, I.AB. Atkinson, & C.Hay (Eds). Department of Lands & Survey, Information 

Series No 4 

Morton, S.R. (1978). Torpor and nest-sharing: their ecological significance in an insectivorous 

marsupial, Sminthopsis crassicaudata, and the house mouse Mus musculus. Journal of 

Mammalogy 59: 569-575 



r 

'; 

References 7 .8 
Murphy, E.C. (1989). The demography of an island and mainland population of house mice in 

the Marlborough Sounds, New Zealand. Unpublished PhD thesis, Victoria University of 

Wellington, Wellington, New Zealand 

Murphy, E.C. (1992). The effects of a natural increase in food supply on a wild population of 

house mice. New Zealand Journal of Ecology 16: 33-40 

Murphy, E.C., & Pickard, C.R. (1990). House mouse. Pp 225-245. In: The Handbook Of 

New Zealand Mammals. C.M. King (Ed). Oxford University Press, Auckland, New 

Zealand 

Mutze, G.J. (1991). Mouse plagues in South Australian ceral-growing areas. III. Changes in 

mouse abundance during plague and non-plague years, and the role of refugia. Wildlife 

Research 18: 593-604 

Mutze, G.J., Green, B., & Newgrain, K. (1991). Water flux and energy use in wild house 

mice (Mus domesticus) and the impact of seasonal aridity on breeding and population 

levels. Oecologia 88: 529-538 

Myers, J.H. (1974). Genetic and social structure of feral house mouse populations on Grizzly

Island, California. Ecology 55: 747-759 

Myrcha, A. (1975). Bioenergetics of an experimental population of individual laboratory mice. 

Acta Theriologica 20: 175-226 

Myrcha, A., Ryszkowski, L. & Walkowa, W. (1969). Bioenergetics of pregnancy and 

lactation in white mouse. Acta Theriologica 15: 161-166 

Nagy, K.A. (1980). CO2 production in animals: analysis of potential errors in the doubly 

labeled water method. American Journal of Physiology 238: R466-R473 

Nagy, K.A. (1987). Field metabolic rate and food requirement scaling in mammals and birds. 

Ecological Monographs 57: 111-128 

Nagy, K.A. (1994). Field bioenergetics of mammals: What determines field metabolic rates? 

Australian Journal of Zoology 42: 43-53 

Nagy, K.A., Seymour, R.S, & Lee, A.K., & Braithwaite, R. (1978). Energy flow and water 

budgets in free-living Antechinus stuartii (Marsupialia: Dasyuridae). Journal of 

Mammalogy 59: 60-68 

Nelson, L., & Clark, F.W. (1973). Correlation for sprung traps in catch per effort 

calculations of trapping results. Journal of Mammalogy 54: 295-298 

Newman, D.G. (1994). Effects of a mouse, Mus musculus, eradication programme and habitat 

change on lizard populations of Mana Island, New Zealand, with special reference to 

McGregor's skink, Cyclodina macgregori. New Zealand Journal of Zoology 21: 443-456 

Newsome, A.E. (1969). A population study of house-mice temporarily inhabiting a South 

Australian wheatfield. Journal of Animal Ecology 38: 341-360 

Newsome, A.E. (1970). An experimental attempt to produce a mouse plague. Journal of 

Animal Ecology 39: 299-312 



/ 

': 

. ~. 

7 

References 7. 9 
Newsome, P.J.F. (1987). The Vegetative Cover Of New Zealand. Water and Soil Directorate, 

Minstry of Works and Development: Wellington, Pp 153 

Norton, T.W. (1987). The ecology of small mammals in north-eastern Tasn;iania II. Pseudmys 

novaehollandiae and the introduced Mus musculus. Australian Wildlife Research 14: 

435-441 

O'Donnell, C.F.J., & Phillipson, S.M. (1996). Predicting the incidence of mohua predation 

from seedfall, mouse and predator flucutations in beech forest. New Zealand Journal of 

Zoology 23: 287-293 

Patrick, B.H. (1994). Lepidoptera of Kaitorete Spit, Canterbury. New Zealand Entomologist 

17: 52-63 . 

Patrick, B.H., & Green, K.J. (1991). Notes on Agrotis innominata Hudson (Lepidoptera: 

Noctuidae). New Zealand Entomologist 14: 32-36 

Pearson, O.P. (1947). The rate of metabolism of some small mammals. Ecology 28: 127-145 

Pelikan, J. (981). Patterns of reproduction in the house mouse. Symposia of the Zoological 

Society of London 47: 205-229 

Perrigo, G. & Bronson, F.H. (1985). Sex differences in the energy allocation strategies of 

house mouse. Behavioural Ecology & Sociobiology 17: 297-302 

Pickard, C.R. (1984). The population ecology of the house mouse (Mus musculus) on Mana 

Island. Unpublished MSc thesis, Victoria University of Wellington, Wellington, New 

'.Zealand 

Pollock, K.H., Nichols, J.D., & Brownie, C., & Hines, J.E. (1990). Statistical inference for 

capture-recapture experiments. Wildlife Monograph Series 107: 1-97 

Pryor, S., & Bronson, F.H. (1981). Relative and combined effects of low temperature, poor 

diet and short daylength on the productivity of wild house mice. Biology of Reproduction 

25: 734-743 

Ramsey, G.W. (1978). A review of the effect of rodents on the New Zealand invertebrate 

fauna. Pp 89-95. In: The Ecology And Control of Rodents In New Zealand Nature 

Reserves. P.R. Dingwall, I.A.E. Atkinson, & C.Hay (Eds). Department of Lands & 

Survey, Information Series No 4 

Redford, K.H., & Dorea, J.G. (1984). The nutritional value of invertebrates with emphasis on 

ants and termites as food for mammals. Journal of Zoology, London 203: 385-395 

Reichman, OJ. (1975). Relation of desert rodent diets to available resources. Journal of 

Mammalogy 56: 731-751 

Reichman, OJ. (1977). Optimisation of diets through food preferences by Heteromyid rodents. 

Ecology 58: 454-457 

Richardson, C.S., Dohm, M.R., & Garland, T. ( 1994). Metabolism and thermoregulation in 

crosses between wild and random-bred laboratory mice (Mus domesticus). Physiological 

Zoology 67: 944-975 



j, 

> 

References 7.10 
Rowe, F.P., Taylor, E.J., & Chudley, A.H.J. (1963). The numbers and movements of house 

mice (Mus musculus L.) in the vicinity of four com-ricks. Journal of Animal Ecology 

32: 87-97 

Rowe-Rowe, D.T., Green, B., & Carfford, J.E. (1989). Estimated impact of feral house mice 

on Sub-Antarctic invertebrates at Marion Island. Polar Biology 9: 457-460 

Sansom, J. (1984). The Climate And Weather Of Southland. The New Zealand Meteorological 

Service, Ministry of Transport, Wellington, New Zealand 

SAS Institute Inc. (1989). SAS/STAT User Guide. Version 6. (Fourth Edition).Cary, 

North Carolina 

Schmidt-Nielsen, K. (1990). Animal Physiology: Adaptation And Environment. (Fourth 

Edition). Cambridge University Press. 

Schnabel, Z.E. (1938). The estimation of the total fish population of a lake. American 

Mathmatical Monthly 45: 348-352 

Schumacher, F.X., & Eschmeyer, R.W. (1943). The estimation of fish population in lakes or 

ponds. Journal of Tennessee Academic Science 18: 228-249 

Schwarz, E., & Schwarz, H.K. (1943). The wild and commensal stocks of the house mouse 

(Mus musculus Linnaeus). Journal of Mammalogy 24: 59-72 

Seber, G.A.F. (1982). The Estimation of Animal Abundance And Related Parameters . 

(Second Edition). Charles Griffin & Company Ltd, London 

Singleton, G.R., & Redhead, T. (1989). House mouse plagues. Pp 418-433. In: Mediterranean 

Landscapes In Australia: Mallee Ecosystems And Their Management. J.C. Noble, & 

R.A. Bradstock (Eds). CSIRO: Melbourne 

Smit, F.G.A.M .. (1979). The feas of New Zealand (Siphonaptera). Journal of the Royal 

Society of New Zealand 9: 143-232 

Sokal, R.R., & Rohlf, F.J. (1981). Biostatistics. (Second Edition). Freeman, San Fransico 

Southern, H.N., & Laurie, E.M.O. (1946). The house mouse (Mus musculus) in corn ricks. 

Journal of Applied Ecology 15: 134-149 

Tanaka, R. (1980). Controvesial problems in advanced research on estimating population 

densities of small rodents. Researches on Population Ecology 9: 83-94 

Tann, C.R., Singleton, G.R., & Coman, B.J. (1991). Diet of the house mouse, Mus 

domesticus , in the Mallee Wheatlands of North-western Victoria. Wildlife Research 18: 

1-12 

Tanton, M.T. ( 1965). Problems of live-trapping and popualtion estimation for the wood 

mouse, Apodemus sylvaticus (L.). Journal of Applied Ecology 34: 1-22 

Taylor, R.H. (1978a). Distribution and interactions of rodent species in New Zealand. Pp 

135-141. In: The Ecology And Control of Rodents In New Zealand Nature Reserves. 

P.R. Dingwall, I.A.E. Atkinson, & C.Hay (Eds). Department of Lands & Survey, 

Information Series No 4 



l 

> 

References 7.11 
Taylor, R.H. ( 1978b ). In discussion to: B.M. Fitzgerald, Pp 173. Population ecology of mice 

in New Zealand. In: The Ecology And Control of Rodents In New Zealand Nature 

Reserves. P.R. Dingwall, I.A.E. Atkinson, & C.Hay (Eds). Department 9f Lands & 

Survey, Information Series No 4 

Taylor, K.D., & Green, M.G. (1976). The influence of rainfall on diet and reproduction in four 

African rodent species. Journal of Zoology, London 180: 367-389 

Taylor, R., & Smith, I. (1997). The State Of New Zealand's Environment. G.P. Publications, 

Wellington, New Zealand, Chapter 8, Pp 8 

Tew, T.E., Todd, I.A., & MacDonald, D.W. (1994). The effect of trap spacing on population 

estimates of small mammals. Journal of Zoology, London 233: 340-344 

Turcek, F.S. (1956). Quantitative experiments on the consumption of tree seeds by mice of the 

species Apodemusflavicollis. Annales Societatis zoologbottanicae Fennicae Vanamo 10: 

50-59 

Watts, C.H.S., & Braithwaite, R.W. (1978). The diet of Rattus lutreolus and five other 

rodents in South Victoria. Australian Wildlife Research 5: 47-57 

Webb, P.I., & Skinner, J.D. (1996). Physiological adaptation to aridity in the bushveld gerbil, 

Tatera leucogaster. Journal of Zoology, London 238: 693-701 

Webb, P.I., Ellison, G.T.H., Skinner, J.D., & Van Aarde, R.J. (1997). Are feral house mice 

from sub-Antarctic adapted to cold ? International Journal of Mammalian Biology 62: 58-

62 

Weiner, J., & Heldmaier, G. (1987). Metabolism and thermoregulation in two races of 

Djungarian hamsters: Phodopus sungorus sungorus and P.s. campbelli. Comparative 

Biochemistry & Physiology A86: 639-642 

Whitaker, J.O. (1966). Food of Mus musculus, Peromyscus maniculatus bairdi and 

Peromyscus leucopus in Vigo County, Indiana. Journal of Mammalogy 47: 473-486 

Whitaker, A.H. (1978). The effects of rodents on reptiles and amphibians. Pp 75-86. In: The 

Ecology And Control of Rodents In New Zealand Nature Reserves. P.R. Dingwall, 

I.A.E. Atkinson, & C.Hay (Eds). Department of Lands & Survey, Information Series No 

4 

White, G.C., & Burnham, K.P. In Press. Program MARK: Survival estimation from 

populations of marked animals. Bird Study 

Winterboum, M.J. (1973). Energetics of captive house mice (Mus musculus L.) fed two 

different foods. Mauri Ora 1: 147-155 

Wilson, H.D. 1994. Stewart Island Plants. Field Guide. Manuka Press, Christchurch, New 

Zealand 

Withers, P.C. (1977). Measurement of V02, Vco2, and evaporative water loss with a flow

through mask. Journal of Applied Physiology 42: 120-123 

Wodzicki, K.A. ( 1950). Introduced mammals of New Zealand. New Zealand Department of 

Scientific & Industrial Research Bulletin 98: 102-106 



~. 

l 

; .,, . . , 
f 

' . 

I 

/ 

,. 

References 7.12 
Wodzicki, K.A. (1963). Introduced mammals in New Zealand forests. Acta Biologica 

Cracoviensia - Series Zoologia 6: 111-134 

Yamaguti, S. (1961). Systemia Helminthum. The Nematodes Of Vertebrates. Volume III, Part 

1. Interscience Publishers, Inc. New York, Pp 598 

I 



Appendices 8.1 

I I ,,.l 

APPENDICES 

1. MARK-RECAPTURE FIELD DATA 

2. SNAP-TRAPPING FIELD DATA 

3. DIET DATA 

4. PARASITE DATA 

5. RESPIROMETRY LABORATORY DATA 

6. CALORIMETRY DATA 

,: 

,· 



' 

::1 
/: 

t 

r' : 

.{ ,, 
I, 

> 

'· 

Appendices 

APPENDIX 1. - MARK-RECAPTURE FIELD DATA 

Summer (Dec), 1996 

12/12/96 v.neck 
12/12/96 capture B2 d.back 16 F 
12/12/96 capture F2 d.tail 32 M 
12/12/96 spr, bait nt F4 
13/12/96 capture S3 d.sho.back 24 F 
13/12/96 capture C3 d.shou 8 M 
13/12/96 capture B3 d.back 16 F 
13/12/96 capture E2 d.back.tail 48 M 
13/12/96 spr, bait nt E4 
13/12/96 capture G2 v.hind 2 M 
13/12/96 n. spr. bait t H2 
13/12/96 capture K2 v.tail 4 M 
13/12/96 capture W2 d.shou.tail 40 M 
13/12/96 capture WI d.shou.back.tail 56 M 
13/12/96 capture HI v.neck.d.tail 33 M 
14/12/96 spr, bait nt B2 
14/12/96 n. spr. bait t G3 
14/12/96 n. spr. bait t G4 
14/12/96 capture F2 v.neck.d.back 17 F 
14/12/96 capture 12 v.neck. I F 
14/12/96 capture W2 d. back. tai I 48 M 
14/12/96 capture Pl v.tail 4 M 
15/12/96 capture U2 d.shou.back 24 F 
15/12/96 capture W2 d.back.sho 18 M 
15/12/96 capture RI v.neck I F 
16/12/96 capture U3 d.shou 8 M 
16/12/96 capture H2 d.tail. v.tail 36 M 
16/12/96 capture E2 d.back.v.neck 17 F 
16/12/96 capture T2 v .neck.hind 3 F 
16/12/96 capture W2 d.shou. v .hind 10 M 
16/12/96 capture Ml v.neck F 
16/12/96 capture Bl d.back.tail 48 M 

8.2 

A 20.0 
A 21.0 

rain 
A 22.0 A (pregnant) 
A 15.0 NA (partly) 
A 20.0 NA (irnperforate) dead in trap 
A 15.0 NA (abdominal) 

rain 
A 14.5 NA (abdominal) 

insects 
A 17.0 A (scrotal) 
I 7.5 NA (partly) 
A 21.5 NA (scrotal) 
A 21.0 NA (scrotal) 

insects 
insects 

A 18.5 A (pregnant) 
A 12.5 NA (imperforate) 
A 15.0 NA (abdominal) 
A 17.0 A(scrotal) 
A 22.0 A (pregnant) 
A 21.0 A(scrotal) 
A 12.5 NA (imperforate) 
A 15.0 NA (partly) 
A 14.0 NA (scrotal) 
A 18.5 A (pregnant) 
A 18.0 A (pregnant) 

.A 13.0 NA (abdominal) 
A 12.5 NA (irnperforate) 

15.0 NA (abdominal) 
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Autumn (April), 1997 

20/4/97 capture 
20/4/97 capture HI 32 F 9.5 rain, mild 
20/4/97 b. taken. nt.sp K2 mouse 
20/4/97 b. taken. nt.sp J2 mouse 

20/4/97 b.nt.spr El rain 
r,. 

20/4/97 b.taken. nt.spr H2 rain 

I 20/4/97 b.taken. nt.spr F2 rain 
>· 20/4/97 capture E2 white patch.l.sho F A 20.0 A(pregnant) 

I 20/4/97 capture Bl d.shou 8 F J 10.5 NA(imperforate) 
I:).-

20/4/97 capture A3 d.tail.back 48 M J 8.0 NA(abdominal) 

' ' 20/4/97 capture D3 d.back.shou 24 F J 12.0 NA(imperforate) 
l;'.1\ 

1 20/4/97 capture F3 white neck.reg F A 17.0 A(pregnant) 

I j 20/4/97 capture I3 v.tail 4 M A 19.0 NA(partly) 
''.>'. 20/4/97 capture M3 v.hind 2 M J 9.0 NA(abdominal) 

I, 20/4/97 capture 03 d.tail.back.shou 56 F A 27.0 A(preg/lact) 

I 20/4/97 capture P3 d.back.v.tail 20 F A 17.0 A(lactating) 

I 20/4/97 capture T4 d.back.v.hind 18 F A 20.0 A(pregnant) 
t 20/4/97 capture 04 v.neck M A 25.0 A(scrotal) 

20/4/97 capture H4 d.shou.v.hind 10 M J 8.0 NA(abdominal) 

20/4/97 capture G4 d.shou.v.neck 9 M A 14.0 NA(partly) 
' i 20/4/97 capture E4 scar F A 18.0 A(lactating) 
I ;,l 20/4/97 capture L2 d.back.v.neck 17 M J 12.5 NA(abdominal) 

' 20/4/97 capture 02 cut neck region F A 19.0 A(pregnant) 
!. 20/4/97 b.nt.sprung Q2 rain 

20/4/97 capture V2 d. tail. v .hind 34 M A 17.5 NA(partly) ., 
20/4/97 capture QI v.tail.neck 5 M A 16.0 NA(partly) 

r 

20/4/97 capture Ml v.hind.neck 3 M A 23.0 A(scrotal) 

21/4/97 capture Fl d.back.shou 24 F J 12.0 NA(imperforate) 
21/4/97 capture U4 d.back.v.hind 18 F A 20.0 A(pregnant) 

,). 21/4/97 capture T3 d.slash M J 8.0 NA(abdominal) 

21/4/97 capture T3 v.slash M J 8.0 NA(abdominal) 

21/4/97 capture L3 d.slash F A 17.0 A(lact.perfor) 
21/4/97 capture J3 v.tail.hind.neck 7 M 11.5 NA(abdominal) 
21/4/97 capture G2 white neck.reg F A 17.0 A(pregnant) 
21/4/97 capture C2 d.tail.v.neck 33 F A 20.0 A(pregnant) 
21/4/97 capture L2 d.back. v .neck.hind 19 F A 16.0 NA(perforate) 
21/4/97 capture Q2 d.tail.shou 40 M A 18.0 NA(partly) 
21/4/97 capture SI v.hind 2 M 9.0 NA(abdominal) 

I 
22/4/97 capture T3 d. x spot F 10.5 A (pregnant) 

1-1 22/4/97 capture L2 d.back.v.neck 17 M 12.5 NA(abdominal) 
23/4/97 capture 14 cut tail M A 16.5 NA(partly) 

It 23/4/97 capture U3 btw ears F J 11.5 NA(imperforate) 

f 
23/4/97 capture U3 v.slash M 8.0 NA(abdominal) 
23/4/97 capture T3 white d.shou M 7.5 NA(abdominal) 

I 
23/4/97 capture J3 btw ears F J 8.0 NA(imperforate) 
23/4/97 capture Q2 d.tail.shou 40 M A 18.0 NA(partly) 

IT 
23/4/97 capture V2 d.tail. v .hind 34 M A 17.5 NA(partly) 
24/4/97 capture U3 v.slash M J 8.0 NA(abdominal) 

1. 
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Winter (Jun), 1997 

UA'fE ·fKAI' 
STATUS 

18/6/97 bt taken, nt spr 
18/6/97 capture 

18/6/97 bt taken, nt spr 
18/6/97 capture 
18/6/97 capture 
18/6/97 capture 
18/6/97 capture 
18/6/97 capture 
18/6/97 capture 
18/6/97 capture 
18/6/97 capture 
18/6/97 capture 
18/6/97 capture 
18/6/97 capture 
18/6/97 capture 
18/6/97 capture 
18/6/97 capture 
18/6/97 capture 
18/6/97 capture 
18/6/97 capture 
18/6/97 capture 
18/6/97 capture 
18/6/97 capture 
18/6/97 capture 
19/6/97 capture 
19/6/97 capture 
19/6/97 capture 
19/6/97 capture 
19/6/97 capture 
19/6/97 capture 
19/6/97 capture 
19/6/97 capture 
19/6/97 capture 
20/6/97 capture 
20/6/97 capture 
20/6/97 capture 
20/6/97 capture 
20/6/97 capture 
20/6/97 capture 
21/6/97 capture 
21/6/97 capture 
21/6/97 capture 
21/6/97 capture 
22/6/97 spr, bt taken 
23/6/97 capture 
24/6/97 capture 

TKAI' 
POSITION 

El 
DI 
A2 
C4 
E4 
F4 
F4 
G4 
G4 
K4 
N4 
P4 
R4 
S4 
F3 
E3 
D3 
M2 
N2 
P2 
VI 
Ui 
UI 
Tl 
84 
14 
K4 
V3 
U3 
13 
A3 
i:1 
QI 
H4 
K4 
M4 
N3 
E3 
Tl 
EI 
K4 
N3 
Tl 
Li 
K4 
Tl 

M• ISINAKY 
# 

- -
d.tail 32 

- -
d.back 16 
d.shou 8 

d.tail.back 48 
d.tail.shou 40 

d.shou.back 24 
v.neck I 
v.hind 2 

d.back.v.hind 18 
d.tail. v.neck 33 

d.slash -
d.back. v.neck 17 
v .neck.hind 3 

v.tail 4 
d.shou. v .neck 9 
d.shou.v .hind IO 

v.tail.hind 6 
v.neck.tail 5 

d.tail.v.hind 34 
d.neck & bum -

d.tail.v.tail 36 
d.back. v.tail 20 

v .neck.hind.tail 7 
d.shou.back 24 

v.hind 2 
d.tail.shou.back 56 
d.tail.shou.v.tail 44 

btw ears -
d.shou.v.tail 12 

d.shou. v .tail.hind 14 
d.back.v.tail.hind 22 

v.hind 2 
d.cross -

d.tail.shou. v .hind 42 
d.shou. v .hind 10 

v.tail 4 
d.h shape -
d.t shape -
v.hind 2 
cut ear -

d.tail.v.tail 36 
- -

tail tip missing -
d.back.v.tail 20 

8.4 

.,.,,.,. AG~ wi,, • "1>r'KU. Ml:SC. 
(g) STATUS 

- - - - -
M A 14.00 NA(partly) mice 
- - - -
F J 8.00 NA(irnperforate) mice 
F A 18.50 NA(perforate) 
M J 12.00 NA(abdominal) 
F A 16.00 NA(imperforate) 
F J 11.00 NA(imperforate) very cold 
M A 13.00 NA(abdominal) wet & windy 
F A 21.00 NA(perforate) 
M A 14.00 NA(abdominal) 
M A 14.00 NA(abdominal) 
F J 11.00 NA(imperforate) 
F A 17.00 A(pregnant) 
F A 13.00 NA(irnperforate) 
M J 12.00 NA(abdominal) 
M A 20.00 NA(abdominal) 
M A 20.00 NA(partly) 
M A 17.00 NA(partly) 
M A 18.00 NA(partly) 
M A 22.00 NA(partly) 
M J 10.00 NA(abdominal) 
M A 22.00 A(scrotal) 
M A 20.00 NA(partly) 
M A 15.00 NA(partly) overcast 
F J 11.00 NA(irnperforate) mild night 
F A 21.00 NA(perforate) no rain 
F A 14.00 NA(irnperforate) 
F A 20.00 A(pregnant) 
M A 15.00 NA(partly) 
M J 10.50 NA(abdominal) 
F A 14.00 NA(irnperforate) 
F A 22.00 A(preg/perforate) 
F A 21.00 NA(perforate) overcast 
M A 15.00 NA(abdominal) rain overnight 
F A 14.50 NA(imperforate) 
M A 20.00 NA(partly) 
M J 12.00 NA(abdominal) 
M A 17.00 NA(partly) 
M A 18.00 NA(partly) 
F A 21.00 NA(perforate) very windy 
M J 10.20 NA(abdominal) 
M A 22.00 A(scrotal) 
- - - - bird 

M A 20.00 NA(partly) windy 
M A 20.00 NA(partly) overcast 

I 
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Spring (Sept), 1997 

• /9/97 capture NA(ab onunal) 
23/9/97 capture d.shou F A 19.0 A(lactating) 
23/9/97 capture Bl d.tail 32 F A 20.0 A(lactating) 
23/9/97 capture E4 d.tail.back 48 M A 20.5 A(scrotal) 
23/9/97 capture G4 d.tail.shou 40 F A 17.0 NA(imperforate) 
23/9/97 capture 14 d.back.shou 24 M A 18.5 NA(abdominal) 
23/9/97 capture K4 v.neck M A 20.0 NA(partly) 
23/9/97 spr, bt tak L4 Rabbits 
23/9/97 capture P4 v.hind 2 M A 20.0 NA(partly) 
23/9/97 nt spr, bt tak R4 ? 
23/9/97 capture S4 d.shou.v.hind 10 M A 19.0 NA(partly) 
23/9/97 capture P3 d.shou. v .neck 9 M A 19.5 NA(partly) 
23/9/97 capture L3 d.tail.v.neck 33 M A 21.0 A(scrotal) 
23/9/97 capture H3 d.back.v.neck 17 M A 22.0 NA(partly) 
23/9/97 spr, bt tak A2 insects 
23/9/97 capture B2 d.back. v .hind 18 M A 22.0 NA(partly) 

./ 
23/9/97 capture D2 d.tail.v.hind 34 M A 22.0 NA(partly) Cold overnight 
23/9/97 capture E2 d slash F A 19.0 NA(imperforate) wet &windy 

h 23/9/97 capture E2 btw ears M A 18.0 NA(abdominal) 
23/9/97 capture F2 v.neck.hind 3 F A 21.0 NA(imperforate) 

I • ,J 23/9/97 capture H2 I. ear snipped M A 18.0 NA(abdominal) 
T1j 23/9/97 capture P2 d.tail.shou. v.hind 42 M A 18.0 NA(abdominal) I . 23/9/97 capture WI d slash M A 22.5 A(scrotal) 
/, 23/9/97 capture 01 d.back.shou. v.hind 26 M A 19.5 NA(abdominal) 

';i; 
23/9/97 capture NI btw ears F A 17.0 NA(imperforate) 

24/9/97 capture Bl v.tail 4 M A 20.0 NA(abdominal) Fine overnight 
t· 24/9/97 capture L4 v.tail.hind 6 M A 13.5 NA(abdominal) Slight frost 

I"· 
24/9/97 capture S4 d.tail.v.neck 33 M A 21.0 A(scrotal) 
24/9/97 capture U3 d.shou.v.tail 12 M A 17.0 NA(abdominal) 

i\.. 24/9/97 capture A2 d.tail.v.tail 36 M A 25.0 A(scrotal) 

I 24/9/97 capture D2 d slash F A 19.0 NA(imperforate) 
24/9/97 capture J2 d.tail.back 48 M A 20.5 A(scrotal) 

r 24/9/97 capture L2 d.back. v.tail 20 M A 14.0 NA(partly) 
24/9/97 capture 02 d.shou. v .hind 10 M A 19.0 NA(partly) Sand 

24/9/97 capture P2 btw ears F A 17.0 NA(imperforate) 
everywhere 
(esp. line 4) 

24/9/97 capture W2 d slash M A 22.5 A(scrotal) 

t ' 
24/9/97 capture 01 d. back. shou. v .hind 26 M A 19.0 NA(abdominal) 
24/9/97 capture NI snipped tail F A 18.5 NA(imperforate) 
25/9/97 capture HI d.back.tail.shou 56 F A 16.0 NA(imperforate) Fine overnight 
25/9/97 capture Bl d.shou.v.tail.hind 14 F A 15.0 NA(imperforate) 
25/9/97 capture U3 d.tail.shou. v .tail 44 F A 14.0 NA(imperforate) 

i· 25/9/97 capture Q3 d.back. v.tail.hind 22 F A 18.5 NA(imperforate) 
25/9/97 capture H3 I. ear snipped M A 18.0 NA(abdominal) 
25/9/97 capture A2 d.t shape M A 18.0 NA(partly) 
25/9/97 capture 02 cut on belly M A 19.0 NA(partly) 

,t 26/7/97 spr, bt taken Bl 

I 26/7/97 capture U3 d.tail.shou 40 F A 17.0 NA(imperforate) 

.\ ':: 26/7/97 capture M3 d.tail.v.hind 34 M A 22.0 NA(partly) 

( I 26/7/97 capture J3 v.tail 4 M A 20.0 NA(abdominal) 

( ,·, 26/7/97 capture J3 d.back.v.tail 20 M A 14.0 NA(partly) 
I! 26/7/97 capture A3 d.back.tail.shoo.v.hin 58 M A 15.0 NA(partly) 
'! d 

f : 
26/7/97 capture A2 d.tail.v.tail 36 M A 25.0 A(scrotal) 
27/9/97 capture HI d.tail.back. v.hind 50 M A 18.0 NA(partly) 

>- 27/9/97 capture HI v.tail.hind.neck 7 F A 18.0 NA(imperforate) 
I 

I , 27/9/97 capture U3 d.back.sho.v.tail 28 M A 17.0 NA(abdominal) 
27/9/97 capture N3 d.tail.v.neck 33 M A 21.0 A(scrotal) 
27/9/97 capture SI v.tail 4 M A 20.0 NA(abdominal) 
27/9/97 capture SI d.back.v.tail 20 M A 14.0 NA(partly) 

I 
I 

J> 

;, 

:,. 
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Summer (Dec), 1997 

DA 'E 'RAP 
STATUS POSITION 

5/12/97 nt spr, bt taken GI insects 
5/12/97 nt spr, bt taken A3 insects 
5/12/97 nt spr, bt taken K2 mouse poo 
5/12/97 capture El d.middle 16 M A 18.0 NA (partly) 
5/12/97 spr, bt taken DI 
5/12/97 capture A4 d.tail 32 F A 18.0 NA (imperforate) 
5/12/97 capture D4 d.sho 8 M A 18.0 A (scrotal) ,, 
5/12/97 capture K4 v.hind 2 M A 18.0 NA (partly) 
5/12/97 capture M4 d.mid.tail.v.hind 50 M A 19.0 A (scrotal) r 
5/12/97 capture 04 d.mid.tail 48 M A 18.0 A (scrotal) 
5/12/97 capture T3 btw ears M A 16.0 NA (abdominal) 
5/12/97 capture 13 d.middle.sho 24 M A 17.0 NA (abdominal) 

5/12/97 capture C3 v.tail 4 M A 20.0 A (scrotal) 
5/12/97 spr, bt taken A2 rat 
5/12/97 capture C2 d.tail.v.hind 34 M A 16.5 A (scrotal) 
5/12/97 capture S2 d.tail.v.tail 36 F A 18.0 A (lactating) 
5/12/97 capture V2 d slash M A 18.0 A (scrotal) 

r 6/12/97 spr, bt taken Fl rat 
6/12/97 capture Q4 d.middle.tail 48 M A 18.0 A (scrotal) cold showers 
6/12/97 capture U4 btw ears M A 16.0 NA (abdominal) 

\ 6/12/97 spr, bt taken A2 rat 
r·':-- 6/12/97 capture Q2 d.middle. v.hind 18 M A 21.0 A (scrotal) I 

1 

7/12/97 II d.sho.v.tail 12 F A 22.0 A(pregnant) capture 
r ~ 7/12/97 capture B4 d.sho 8 M A 18.0 A(pregnant) 

7/12/97 capture K4 d.mid.tail.v.sho 50 M A 19.0 A (scrotal) 
7/12/97 capture Q4 d.middle.tail 48 M A 18.0 A (scrotal) 
7/12/97 capture P3 d.middle 16 F A 22.0 A (lactating) 
7/12/97 capture 13 d.rniddle.sho 24 M A 17.0 NA (abdominal) 
7/12/97 spr, bt taken A3 rat 

' . 7/12/97 spr, bt taken A2 rat 
7/12/97 capture F2 v.tail 4 M A 20.0 A (scrotal) 
7/12/97 capture T2 d.middle.v.tail 20 M A 18.0 NA (abdominal) 
7/12/97 capture Ul d.slash M A 18.0 A(scrotal) 

t 8/12/97 capture V4 d.tail.sho 40 M A 20.0 NA (abdominal) 
8/12/97 capture 03 d.middle.tail 48 M A 18.0 A (scrotal) 
8/12/97 capture C3 v.tail 4 M A 20.0 A (scrotal) 
8/12/97 spr, bt taken A2 rat 
8/12/97 capture P2 d.tail.v.tail 36 F A 18.0 A(lactating) 
9/12/97 capture 14 d.mid.tail.v.hind 50 M A 19.0 A (scrotal) 

•• 9/12/97 capture E3 v.tail 4 M A 20.0 A (scrotal} 
9/12/97 capture T2 d.middle.v.tail 20 M A 18.0 NA (abdominal) 

r 

' ' 

' ' 
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APPENDIX 2. SNAP-TRAPPING FIELD DATA 

Summer (Nov) - 1997 

OUSE OS1Tl0N (mm 
# 

HEAD-TAIL TAIL HIND FOOT 
} . 

18 11 97 I l 8. 8. 
18/11/97 2 G7 M 22.00 A A(PREG) 70 71 19 '.• 18/11/97 3 Gi4 F 17.50 A A(PREG) 72 76 19 

~ 
18/11/97 4 G25 M 18.50 A NA 64 69 18 
18/11/97 5 G33 M 22.00 A A(PREG) 66 82 19 
18/11/97 6 G38 M 20.50 A NA 71 75 18 

·1 18/11/97 7 H40 M 18.00 A NA 65 86 20 
19/11/97 8 GI M 18.50 A NA 80 81 17 

:,.-\ 19/11/97 9 HS M 18.50 A NA 77 81 18 
19/11/97 10 G6 M 21.00 A NA 76 80 18 
19/11/97 II GIO M 20.00 A NA 77 74 17 ... 
19/11/97 12 Gl5 M 19.00 A A 79 79 19 

r 19/11/97 13 G37 M 21.00 A A 81 75 19 
19/11/97 14 12 F 19.00 A NA 80 78 18 
19/11/97 15 16 M 19.00 A A 79 74 17 

i 
20/11/97 16 H8 M 19.00 A NA 70 89 19 
20/11/97 17 GIO F 19.50 A A(PREG) 75 88 18 

I 
20/11/97 18 G32 F 14.00 A NA 69 74 20 .},~ 

20/11/97 19 G34 F 11.00 J NA 64 75 17 
20/11/97 20 G39 F 24.00 A A(PREG/L) 69 77 16 p 
20/11/97 21 G40 M 21.00 A A 75 81 18 
21/11/97 22 Gl4 F 14.50 A NA 62 77 16 
21/11/97 23 G22 M 21.00 A NA 73 80 18 
21/11/97 24 G25 M 14.50 A NA 60 72 19 
21/11/97 25 G40 F 21.50 A A(PREG) 70 79 17 
22/11/97 26 G33 F 21.50 A A(PREG) 61 80 19 

,r ' 
22/11/97 27 H38 M 15.50 A NA 59 85 16 
23/11/97 28 GI F 15.00 A NA 67 80 18 

~ . 23/11/97 29 Gil F 17.50 A A(PREG) 70 87 17 
23/11/97 30 Gl8 M 19.50 A NA 68 83 19 
23/11/97 31 H29 F 10.50 J NA 53 64 17 t 23/11/97 32 17 M 21.00 A A 70 78 18 
24/11/97 33 G25 F 14.50 A NA 57 70 17 
24/11/97 34 H39 F 20.00 A A(LACT) 70 85 18 
24/11/97 35 G40 M 16.00 A A 67 78 18 
25/11/97 36 G6 F 20.00 A A(PREG) 65 85 18 
25/11/97 37 G7 F 18.50 A A(PREG) 69 88 20 
25/11/97 38 G28 F 19.50 A A(PREG) 70 80 20 ,, ' 25/11/97 39 G40 M 21.00 A A 68 77 18 
26/11/97 40 G24 F 13.50 A NA 59 73 17 

1 • 26/11/97 41 G25 F 14.50 A NA 62 79 18 
26/11/97 42 G42 M 12.50 A NA 59 72 17 

t 27/11/97 43 Gil F 24.00 A A(PRO.VAG) 68 85 20 
27/11/97 44 G26 F 23.50 A A(PREG/L) 68 86 20 
28/11/97 45 G26 M 20.00 A A 68 86 20 
28/11/97 46 12 F 6.50 I NA 52 54 16 
28/11/97 47 16 F 21.50 A A(PREG/L) 59 75 17 >,. 
28/11/97 48 17 M 19.50 A A 70 84 19 
29/11/97 49 12 M 6.50 I NA 54 62 16 

r . ..;: 29/11/97 50 H50 F 17.50 A A(PREG) 70 86 19 
i 

29/11/97 51 G46 F 19.00 A A(PREG/L) 70 82 19 

ri 29/11/97 52 G40 F 22.50 A A(PREG/L) 71 86 19 
29/11/97 53 H24 F 18.50 A A(PREG) 70 79 19 

Mean I .16 6 . .I 
Stdev F = 28 3.89 7.08 6.90 1.18 

> ' 
SE M=25 0.53 0.97 0.95 0.16 

> • 

,,. 

> ' 

> > 
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Winter (July) - 1997 

OSlTl (mm 
STATUS 

HEAD-TAIL TAlL HINDFOOT 

7 97 I 6 
7/7/97 2 G3 M 15.00 A NA 72 75 17 
7/7/97 3 G4 F 17.00 A NA 79 85 18 
7/7/97 4 GIO M 17.00 A NA 74 74 18 .. 7/7/97 5 Hll M 12.00 J NA 71 62 17 
7/7/97 6 G14 M 14.00 A NA 66 75 17 
7/7/97 7 G33 M 16.00 A NA 72 77 19 
7/7/97 8 H35 F 15.00 A NA 67 79 17 
7/7/97 9 H36 F 17.00 A NA 65 72 19 
7/7/97 10 14 M 15.00 A NA 72 75 20 
7/7/97 11 18 M 14.00 A NA 64 70 16 
8/7/97 12 HI F 13.00 A NA 69 67 17 
8/7/97 13 G3 F 14.00 A NA 65 70 17 
8/7/97 14 G4 F 15.00 A NA 65 75 15 
8/7/97 15 H6 F 17.00 A A 71 78 18 
8/7/97 16 G7 M 16.00 A NA 67 80 18 
8/7/97 17 H9 M 19.00 A NA 78 80 19 

l 8/7/97 18 G17 M 14.00 A NA 65 76 19 
8/7/97 19 HIS F 17.00 A NA 68 80 18 
8/7/97 20 G20 F 16.00 A NA 67 83 17 
8/7/97 21 G27 M 15.00 A NA 67 77 19 
8/7/97 22 H28 F 13.00 A NA 64 69 16 

r~ 8/7/97 23 G34 M 17.00 A NA 72 72 16 
8/7/97 24 H37 F 17.00 A NA 69 80 18 ,, 8/7/97 25 G40 F 13.00 A NA 74 77 16 
8/7/97 26 I4 F 11.00 J NA 64 65 18 

)" 8/7/97 27 I8 M 16.00 A NA 70 75 19 
8/7/97 28 19 M 18.00 A NA 71 72 15 
9/7/97 29 HI F 15.00 A NA 70 80 18 

I 9/7/97 30 G6 F 15.00 A NA 74 77 17 
I 9/7/97 31 H27 F 12.00 J NA 72 65 15 
f. > 9/7/97 32 G29 F 13.00 A NA 65 79 18 

9/7/97 33 G30 M 16.00 A NA 64 80 18 .. 9/7/97 34 G39 M 16.00 A NA 74 77 18 
9/7/97 35 I8 M 20.00 A A 84 76 17 

I/ 1017/97 36 H3 F 15.00 A NA 75 78 17 
1017/97 37 G3 F 16.00 A NA 70 72 17 
1017/97 38 G7 M 17.00 A NA 74 35 18 
1017/97 39 G9 F 14.00 A NA 69 74 17 
1017/97 40 H12 M 20.00 A A 74 85 18 
1017/97 41 Gl3 F 16.00 A NA 65 80 17 
1017/97 42 G21 F 17.00 A NA 77 78 19 

~' 1017/97 43 G24 F 16.00 A NA 65 78 19 
1017/97 44 H37 M 17.00 A NA 75 78 20 

t ' 
1017/97 45 16 F 18.00 A NA 76 86 21 
1117/97 46 G3 F 16.00 A NA 66 70 17 

; 1117/97 47 H12 F 14.00 A NA 60 64 15 
1117/97 48 H17 F 18.00 A NA 72 73 17 
11/7/97 49 G21 F 17.00 A NA 65 72 16 
11/7/97 50 G24 M 19.00 A NA 64 70 15 
11/7/97 51 H27 M 18.00 A NA 62 74 15 

~ .. 11/7/97 52 H35 M 20.00 A NA 70 69 16 
11/7/97 53 G36 M 20.00 A NA 57 69 18 
1117/97 54 G40 F 13.00 A NA 60 76 18 r w 11/7/97 55 16 M 17.00 A NA 71 75 17 

t! Mean F=30 15.84 69.22 4.27 17.47 
Stdev M=25 2.16 5.19 7.51 1.41 
SE 0.29 0.70 1.01 0.19 

"' 
f<·)o' 

I'-

I, • 

:, > 

t 
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Appendices 

APPENDIX 3. DIET DATA 

Frequency of Occurrence 

Season Mice No. IJ L t:L cw 

Summer I 0 0 0 u 
2 0 I I 0 
3 0 I I 0 
4 0 I 1 0 
5 0 I I 0 
6 0 I I 0 
7 0 I I 0 
8 0 I 0 0 
9 0 I 0 0 
10 0 I I 1 
II 0 I I 0 
12 0 I 0 0 
13 0 1 I 0 
14 0 I I I 
15 0 I 0 0 
16 0 I 0 0 
17 0 1 I 0 
18 0 1 I 0 
19 0 1 I 0 
20 0 I 0 0 
21 0 I I 0 
22 0 I I 0 
23 0 I l 0 
24 0 I I I 
25 0 I I I 
26 0 I I 0 
27 E E E E 
28 0 1 I I 
29 0 I 0 I 
30 0 1 I 0 
31 0 I I 0 
32 0 I 0 0 
33 0 I 0 0 
34 0 I I 0 
35 0 I 0 0 
36 0 1 0 0 
37 0 I I 0 
38 0 I I 0 
39 0 I I 0 
40 0 0 0 0 
41 0 I 0 0 
42 0 I 0 0 
43 0 1 0 0 
44 0 I I 0 
45 0 1 I 0 
46 0 1 0 0 
47 0 1 I 0 
48 0 I I I 
49 E E E E 
50 0 I 0 0 
51 0 I 0 0 
52 0 I I 0 
53 0 I I 0 

Winter I 0 0 0 0 
2 0 0 I 0 
3 0 0 0 0 
4 0 I 0 0 
5 0 I I 0 
6 0 0 0 0 
7 0 0 I 0 
8 0 0 0 0 
9 0 I I 0 
10 0 0 0 0 
11 0 I 0 0 
12 0 0 I 0 
13 0 0 0 0 
14 0 0 0 0 
15 0 0 0 0 
16 0 0 1 0 
17 0 0 0 0 
18 0 I I 0 
19 I I I 0 
20 E E E E 
21 0 0 I 0 
22 0 0 0 0 
23 0 0 0 0 
24 0 I I 0 
25 0 I 0 0 
26 0 0 0 0 
27 0 I I 0 
28 E E E E 
29 0 I I 0 
30 0 0 I 0 
31 0 0 0 0 
32 0 I I 0 
33 0 0 I 0 
.14 0 I I 0 
J.'i 0 0 I 0 
36 0 0 0 0 
37 I 0 0 0 
38 0 0 0 0 
.19 I I I 0 
40 0 I I I 

H M 

0 0 
I 0 
0 0 
0 0 
0 0 
0 0 
0 I 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 I 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
E E 
I 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
E E 
0 0 
0 0 
0 0 
0 0 
0 0 
I 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
I 0 
0 0 
0 0 
0 0 
0 0 
I 0 
0 0 
E E 
I 0 
0 0 
0 0 
0 I 
0 0 
0 0 
0 0 
E E 
0 0 
I 0 
0 0 
0 0 
0 0 
I 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

8.9 

0 t...U AC A s LE Unid uma 
Plant 

0 u 0 0 I I 0 I 
0 0 I 0 0 0 0 I 
0 0 I 0 0 0 0 I 
0 0 0 0 I I 0 I 
0 0 I 0 0 0 0 I 
0 0 1 0 I 0 I I 
0 0 0 0 I 0 I I 
0 0 0 0 0 0 I I 
0 0 0 0 I I I I 
0 0 I 0 I 0 I I 
0 0 I 0 0 0 0 I 
0 0 1 0 I I I I 
0 0 I 0 I I I I 
0 0 I 0 0 0 I I 
0 0 0 0 I 0 1 I 
0 0 0 0 I 0 I I 
0 0 I 0 0 0 1 I 
0 0 0 0 0 0 I 1 
0 0 0 0 I I I I 
I 0 I 0 I 0 I I 
0 0 I 0 0 0 0 I 
0 0 I 0 I 0 I I 
I 0 I 0 0 I 0 I 
0 0 I 0 I 0 0 I 
0 0 I 0 0 I 0 I 
0 0 1 0 0 I 0 I 
E E E E E E E E 
0 0 I 0 0 0 0 I 
0 0 0 0 I I 0 I 
0 0 I 0 0 I I I 
0 0 0 0 0 0 0 I 
0 0 1 0 0 0 I I 
0 0 I 0 0 0 0 I 
0 0 I 0 I 0 I I 
0 0 0 ... --0 0 0 I I 
0 0 I 0 1 I 0 I 
0 0 I 0 0 0 0 I 
0 0 I 0 I 0 0 I 
0 0 I 0 I I I I 
0 0 0 0 I I 1 I 
I 0 0 0 I 0 0 I 
0 0 0 0 I I I I 
0 0 I 0 I 0 I I 
0 0 I I 0 0 I I 
0 0 I 0 0 0 1 I 
0 0 0 0 0 0 0 I 
0 0 I I 0 0 0 I 
0 0 I 0 0 0 0 I 
E E E E E E E E 
0 0 0 0 0 0 I I 
0 0 I I I 0 I I 
0 0 I 0 I I I I 
0 0 I I I 0 0 I 
0 0 I 0 I I I I 
I 1 I 0 1 0 0 I 
0 0 0 0 I I 1 I 
0 0 0 0 I 0 I I 
0 0 I 0 I 0 0 I 
0 0 0 0 I I I I 
I 0 I 0 0 1 I I 
0 0 0 0 0 0 I I 
I 0 I 0 I I 0 I 
0 0 0 0 I I I I 
0 0 0 0 I 0 I I 
0 0 0 0 0 0 1 I 
0 0 I 0 I 1 I I 
0 0 I 0 I I 0 1 
0 0 I 0 I 0 I I 
0 0 0 0 0 0 I I 
0 0 0 0 I I 0 I 
0 0 0 0 0 0 I I 
0 0 0 0 I 0 0 I 
E E E E E E E E 
I 0 0 0 I 0 I I 
0 0 I 0 0 0 I I 
0 0 0 0 0 I 0 I 
0 0 I 0 0 I I I 
0 0 0 0 0 0 I I 
0 0 0 0 I 0 I 1 
0 0 I 0 I 0 I I 
E E E E E E E E 
0 0 0 0 I 0 0 I 
0 0 I 0 0 0 I I 
0 0 I 0 I 0 I I 
0 0 I 0 0 0 I I 
0 0 I 0 I I I I 
0 0 I 0 0 0 I I 
0 0 0 0 I I 0 I 
0 0 I 0 0 I I I 
0 0 I 0 0 0 I I 
0 0 I 0 I 0 I I 
0 0 I 0 0 0 0 I 
I 0 I 0 I I I 1 
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l 0 0 
42 0 I 0 0 
43 0 0 0 0 
44 0 I I I 
45 0 I 0 0 
46 0 0 0 0 
47 0 0 0 0 
48 0 I I 0 
49 0 0 I 0 
50 0 0 l I 
51 E E E E 
52 0 0 0 0 
53 E E E E 
54 0 I I 0 
55 0 0 0 0 

'UM 68 6 l. 
% OCCURENCE 2.94 66.67 54.90 9.80 
- I SE 1.64 4.60 4.84 2.88 

Where: 
• O = food item not present; • I = food item present 
• E=Empty 

Dietary Index (DI) 

Season Mice No. u L CL cw 

Summer I 0 0 0 0 
2 0 2 3 0 
3 0 2 3 0 
4 0 3 I 0 
5 0 2 3 0 
6 0 I I 0 
7 0 I I 0 
8 0 4 0 0 
9 0 I 0 0 
IO 0 I 3 3 
11 0 2 4 0 
12 0 2 0 0 
13 0 2 3 0 
14 0 2 2 2 
15 0 3 0 0 
16 0 4 0 0 
17 0 2 4 0 
18 0 I I 0 
19 0 2 2 0 
20 0 3 0 0 
21 0 3 4 0 
22 0 3 4 0 
23 0 I 2 0 
24 0 2 I I 
25 0 2 4 I 
26 0 I I 0 
27 E E E E 
28 0 4 4 I 
29 0 I 0 I 
30 0 3 2 0 
31 0 I 2 0 
32 0 2 0 0 
33 0 I 0 0 
34 0 I I 0 
35 0 l 0 0 
36 0 I 0 0 
37 0 I 3 0 
38 0 3 4 0 
39 0 2 4 0 
40 0 0 0 0 
41 0 3 0 0 
42 0 I 0 0 
43 0 3 0 0 
44 0 3 I 0 
45 0 I 2 0 
46 0 4 0 0 
47 0 I 4 0 
48 0 3 4 2 
49 E E E E 
50 0 4 0 0 
51 0 2 0 0 
52 0 2 I 0 
53 0 I I 0 

Winter I 0 0 0 0 
2 0 0 0 0 
3 0 0 0 0 
4 0 I 0 0 
5 0 I I 0 
6 0 0 0 0 
7 0 0 I 0 
8 0 0 0 0 
9 0 3 I 0 
I 0 0 0 0 0 
11 0 I 0 0 
12 0 0 I 0 

l 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 I 
0 0 l 
0 0 0 
E E E 
0 0 0 
E E E 
0 0 I 
0 0 0 
8 

7.84 2.94 11.76 
2.61 1.64 3.14 

H M 

0 0 
I 0 
0 0 
0 0 
0 0 
0 0 
0 I 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 l 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
E E 
I 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
E E 
0 0 
0 0 
0 0 
0 0 
0 0 
I 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

8.10 

l l 
0 I 0 I 0 0 1 
0 I 0 0 0 0 I 
0 0 0 I 0 0 I 
0 0 0 I 0 I I 
0 0 0 I I I I 
0 0 0 0 I 0 I 
0 0 0 I 0 0 I 
I 0 0 I 0 0 I 
0 I 0 0 0 I I 
E E E E E E E 
0 0 0 0 0 I I 
E E E E E E E 
0 l 0 0 l I I 
0 0 0 I 0 I I 

6 
1.96 58.82 34.31 100 
1.35 4.82 4.61 0.00 

u cu AC A :s LE Unid Unid 
Plant 

0 0 0 0 I I 0 4 
0 0 3 0 0 0 0 1 
0 0 4 0 0 0 0 I 
0 0 0 0 I I 0 4 
0 0 2 0 0 0 0 3 
0 0 2 0 2 0 3 4 
0 0 0 0 I 0 I 4 
0 0 0 0 0 0 I 3 
0 0 0 0 I I 4 4 
0 0 2 0 I 0 I I 
0 0 2 0 0 0 0 2 
0 0 2 0 2 2 2 4 
0 0 3 0 I I 2 4 
0 0 2 0 0 0 I 4 
0 0 0 0 2 0 I 3 
0 0 0 0 l 0 I I 
0 0 2 0 0 0 I 4 
0 0 0 0 0 0 I 4 
0 0 0 0 I I I 3 
I 0 I 0 I 0 3 4 
0 0 I 0 0 0 0 2 
0 0 I 0 I 0 I 2 
0 0 I 0 0 I 0 4 
I 0 I 0 2 0 0 4 
0 0 2 0 0 I 0 4 
0 0 2 0 0 4 0 4 
E E E E E E E E 
0 0 4 0 0 0 0 I 
0 0 0 0 2 I 0 4 
0 0 I 0 0 I I 4 
0 0 0 0 0 0 0 4 
0 0 l 0 0 0 I 4 
0 0 I 0 0 0 0 4 
0 0 I 0 l 0 I 4 
0 0 0 0 0 0 I 4 
0 0 l 0 2 2 0 4 
0 0 2 0 0 0 0 4 
0 0 2 0 l 0 0 l 
0 0 l 0 l 2 I 2 
0 0 0 0 2 3 0 4 
l 0 0 0 l 0 0 2 
0 0 0 0 2 I I 4 
0 0 I 0 I 0 I 3 
0 0 l I 0 0 I 4 
0 0 l 0 0 0 2 4 
0 0 0 0 0 0 0 I 
0 0 2 I 0 0 0 2 
0 0 2 0 0 0 0 2 
E E E E E E E E 
0 0 0 0 0 0 I 4 
0 0 2 I I 0 I 4 
0 0 2 0 I I I 4 
0 0 2 I 2 0 0 4 
0 0 I 0 I I I 4 
I I 2 0 I 0 0 4 
0 0 0 0 2 2 2 4 
0 0 0 0 I 0 2 4 
0 0 I 0 2 0 0 4 
0 0 0 0 I 2 2 4 
I 0 3 0 0 I 2 4 
0 0 0 0 0 0 2 4 
I 0 2 0 I I 0 4 
0 0 0 0 I I 3 4 
0 0 0 0 3 0 4 4 
0 0 0 0 0 0 2 4 
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L 
14 0 0 0 0 0 0 0 0 I 0 I I 0 4 
15 0 0 0 0 0 0 0 0 2 0 I 0 2 4 
16 0 0 4 0 0 0 0 0 0 0 0 0 I 2 
17 0 0 0 0 0 0 0 0 0 0 I I 0 4 
18 0 4 I 0 I 0 0 0 0 0 0 0 I 3 
19 I I 2 0 0 0 0 0 0 0 3 0 0 4 
20 E E E E E E E E E E E E E E 
21 0 0 2 0 I 0 I 0 0 0 l 0 2 4 
22 0 0 0 0 0 0 0 0 l 0 0 0 I 4 
23 0 0 0 0 0 0 0 0 0 0 0 I 0 4 
24 0 2 I 0 0 l 0 0 2 0 0 2 4 4 
25 0 3 0 0 0 0 0 0 0 0 0 0 2 3 
26 0 0 0 0 0 0 0 0 0 0 l 0 2 4 

~. 27 0 l I 0 0 0 0 0 3 0 l 0 I 4 
28 E E E E E E E E E E E E E E 

t 29 0 2 l 0 0 0 0 0 0 0 3 0 0 4 
30 0 0 4 0 I 0 0 0 2 0 0 0 3 2 
31 0 0 0 0 0 0 0 0 l 0 I 0 2 4 
32 0 l 3 0 0 0 0 0 2 0 0 0 I 2 
33 0 0 l 0 0 0 0 0 l 0 2 I 2 4 
34 0 2 I 0 3 0 0 0 l 0 0 0 2 4 
35 0 0 l 0 0 0 0 0 0 0 l l 0 4 
36 0 0 0 0 0 0 0 0 2 0 0 I 3 3 .. 37 l 0 0 0 0 0 0 0 I 0 0 0 I 4 
38 0 0 0 0 0 0 0 0 l 0 2 0 I 4 

~ 39 I I 4 0 0 0 0 0 2 0 0 0 0 I 
40 0 I I I 0 0 l 0 I 0 2 2 2 4 
41 0 0 0 0 0 0 2 0 2 0 I I 2 4 
42 0 2 0 0 0 0 0 0 2 0 I 0 0 1 
43 0 0 0 0 0 0 0 0 2 0 0 0 0 4 
44 0 3 I I 0 0 0 0 0 0 I 0 0 I 

r" 45 0 I 0 0 I 0 0 0 0 0 2 0 2 4 ! 46 0 0 0 0 0 0 0 0 0 0 l I 2 4 
47 0 0 0 0 0 0 0 0 0 0 I 0 0 4 

'(i 48 0 3 3 0 0 0 0 0 0 0 I 0 0 I 
49 0 0 4 0 0 0 l l 0 0 l 0 0 2 
50 0 0 2 I 0 0 2 0 I 0 0 0 2 2 
51 E E E E E E E E E E E E E E 
52 0 0 0 0 0 0 0 0 0 0 0 0 I 4 
53 E E E E E E E E E E E E E E 
54 0 3 I 0 0 0 I 0 l 0 0 I I 4 

r • 55 0 0 0 0 0 0 0 0 0 0 I 0 2 4 
SM I II l I I 8 6 

C. D.I. 1.47 6.86 5;39 1.47 6.86 0.98 49.51 1.96 39.22 22.55 

~ 
Where: 

• E=Empty 
•D=Diptera 
• L = Lepidotera 
• Cl = Coleoptera larvae 

~ . • CW = Coleoptera weevil 
• H = Hemiptera 
• M = Acarina 

r" • 0 = Orthoptera 
• CO = Collembola 

't 
AC=Araneae 
• A= Annelida 
•S=Seed 
•L=Leaf 
• Unid Plant = Unidentified Plant material 
• Unid = Unidentified 
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APPENDIX 4. PARASITE FAUNA 

Season Mouse Number 

Winter 15 
1997 29 

31 
35 
37 
39 
41 
44 
45 
46 
51 
52 
53 
55 

Summer 1 
1997 2 

4 
8 
9 
10 
It 
12 
13 
17 
18 
19 
22 
23 
25 

t denotes absence from stomach 

8.12 

Leptospylla Eulaelaps Mastoporus 
segnis stabularis muris 

I I t 
t I t 
I t t 
I I t 
I t t 
2 t t 
t I t 
I t t 
t t 3 
5 5 t 
I t t 
I I t 
I t t 
t t 2 
t t 2 
t t 10 
t t I 
t t 1 
t t 4 
t 2 I 
t t 2 
t I t 
t t I 
t t 12 
1 t t 
2 t t 
t 3 t 
3 12 t 
I t t 
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APPENDIX 5. RESPIROMETRY LABORATORY DATA 

Summer Resting Metabolic Data 

Ta Mouse# V02 Mass :;pecitlc ·rb Tllermal L:. vu2 Thermal C. 
(lowesl 5) V02 (lowest 5) (last 5) (last 5) 

5 :t.496 0.146 ]5.9 0.081 4.578 u.148 
·>- 5 2 2.493 0.113 34.5 0.085 3.902 0.132 

5 3 2.56 0.131 33.9 0.089 3.744 0.130 ,. 
5 4 2.536 0.139 34.1 0.087 4.511 0.155 

~ 
5 5 2.536 0.115 34.7 0.085 4.129 0.139 
5 6 2.536 0.105 34.6 0.086 4.674 0.158 
5 7 2.534 0.138 37.6 0.078 4.258 0.131 
5 8 3.049 0.125 37.7 0.093 4.124 0.126 

mean 2.593 0.127 35.375 0.085 4.240 0.140 
std 0.174 0.014 1.425 0.004 0.309 0.012 
se 0.061 0.005 0.504 0.002 0.109 0.004 

15 1.759 0.103 38.7 0.074 3.159 0.133 

} 15 2 1.799 0.081 36.1 0.085 2.839 0.135 

15 3 1.966 0.101 35.1 0.098 3.124 0.155 

15 4 2.016 0.111 37.2 0.091 2.911 0.131 

15 5 1.661 0.075 35.3 0.082 2.999 0.148 

15 6 1.716 0.071 36.5 0.080 3.884 0.181 

15 7 1.752 0.096 35.5 0.085 3.134 0.153 

( 15 8 1.746 0.072 35.2 0.086 2.997 0.148 
mean 1.802 0.089 36.200 0.085 3.131 0.148 ,,, 
std 0.124 0.016 1.246 0.007 0.324 0.016 

I se 0.044 0.006 0.440 0.003 0.115 0.006 
25 0.924 0.054 38.2 0.070 2.189 0.166 
25 2 1.022 0.046 38.7 0.075 1.896 0.138 
25 3 1.343 0.069 35.3 0.130 2.158 0.210 
25 4 1.34 0.074 36.4 0.118 1.988 0.174 ... 25 5 1.297 0.059 37.1 0.107 2.598 0.215 
25 6 1.094 0.045 36.8 0.093 1.803 0.153 

;- 25 7 1.667 0.091 37.7 0.131 1.847 0.145 
25 8 1.325 0.055 36 0.120 2.167 0.197 

mean 1.252 0.062 37.025 0.106 2.081 0.175 
std 0.233 0.015 1.141 0.024 0.258 0.029 
se 0.082 0.005 0.403 0.008 0.091 0.010 

30 0.821 0.048 35.9 0.139 1.800 0.305 
·~ 30 2 1.031 0.047 35.3 0.195 1.989 0.375 

30 3 1.024 0.053 35.2 0.197 1.867 0.359 .. 30 4 1.356 0.075 34.1 0.331 1.887 0.460 
30 5 0.719 0.033 36.5 0.111 2.135 0.328 

r 30 6 0.945 0.039 36.7 0.141 1.847 0.276 
30 7 1.384 0.076 34.4 0.315 1.945 0.442 
30 8 1.04 0.043 36.4 0.163 1.801 0.281 

mean 1.040 0.051 35.563 0.199 1.909 0.353 
,·~ std 0.218 0.015 0.914 0.076 0.105 0.065 

se 0.077 0.005 0.323 0.027 0.037 0.023 
.,. 32 0.675 0.039 34.9 0.233 1.589 0.548 

I~ 32 2 0.973 0.044 35.3 0.295 2.105 0.638 
32 3 1.059 0.054 35.3 0.321 1.598 0.484 I' 
32 4 1.325 0.073 36 0.331 3.650 0.913 
32 5 0.892 0.040 36.2 0.212 1.511 0.360 
32 6 1.083 0.045 37.8 0.187 1.900 0.328 

. }. 32 7 1.498 0.082 37.6 0.268 1.750 0.313 
32 8 1.109 0.046 36.7 0.236 1.369 0.291 

), mean 1.077 0.053 36.225 0.260 1.934 0.484 
I std 0.253 0.016 1.077 0.052 0.731 0.213 
} se 0.089 0.006 0.381 0.018 0.258 0.075 

I 
35 I 0.583 0.034 35.4 1.458 0.655 1.638 
35 2 0.319 0.014 35.5 0.638 4.366 8.732 
35 3 1.506 0.077 36.5 1.706 1.535 1.023 

' } 
35 4 1.506 0.083 36 1.506 1.932 1.932 
35 5 1.132 0.051 36.1 1.029 1.294 1.176 

• > 35 6 1.456 0.060 36.5 0.971 1.430 0.953 
35 7 1.151 0.063 40 0.230 1.056 0.211 

.<5 8 1.286 0.0)] ]6.'/ 0.'/56 1.)84 0.9]2 
mean I. I 17 0.054 36.58 1.037 1.732 2.075 
std 0.442 0.022 1.456 0.498 1.130 2.738 
se 0.156 0.008 0.515 0.176 0.400 0.968 
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Winter Resting Metabolic 

'Ia Mouse# V02 Mass :Specific Tb ~nermal C. VU2 Thermal C. 
(lowest 5) V02 (lowest 5) (last 5) (last 5) 

'.\ I l.537 0.!07 363 0.049 l.'J)J (f.Tf62 
5 2 2.279 0.112 37.2 0.071 3.521 0.109 
5 3 1.842 0.12 35.1 0.061 1.964 0.065 
5 4 1.632 0.112 34 0.056 1.964 0.068 
5 5 1.58 0.115 33.3 0.056 1.733 0.061 
5 6 1.712 0.133 35.4 0.056 2.145 0.071 

j 
5 7 2.005 0.145 35.8 0.065 2.281 0.074 
5 8 2.086 0.117 34.8 0.070 2.251 0.076 

I mean 1.834 0.120 35.263 0.061 2.227 0.073 
std 0.267 0.013 1.269 0.008 0.553 0.015 
se 0.094 0.004 0.449 0.003 0.196 0.005 

15 1.196 0.083 35.4 0.059 1.271 0.062 
>. 15 2 1.567 0.077 34.9 0.079 1.567 0.079 

15 3 1.233 0.081 34.9 0.062 1.425 0.072 
>- 15 4 1.203 0.082 35.7 0.058 1.692 0.082 

>' 15 5 1.196 0.087 35.5 0.058 1.289 0.063 
15 6 1.341 0.104 34 0.071 1.435 0.076 
15 7 1.299 0.094 

' 
34.6 0.066 1.401 0.071 

! 15 8 1.665 0.093 35.7 0.080 1.809 0.087 ,.: mean 1.338 0.088 35.088 0.067 1.486 0.074 . -l 
std 0.181 0.009 0.599 0.009 0.190 0.009 

r: se 0.064 0.003 0.212 0.003 0.067 0.003 
25 I 0.941 0.065 37 0.078 1.596 0.133 
25 2 0.954 0.047 35.6 0.090 0.945 0.089 
25 3 0.835 0.055 35.8 0.077 0.922 0.085 
25 4 0.92 0.063 37.8 0.072 1.100 0.086 
25 5 0.754 0.055 35.6 0.071 1.203 0.113 
25 6 0.864 0.067 38.4 0.064 1.085 0.081 

-~ 25 7 0.627 0.045 35.5 0.060 0.730 0.070 
25 8 0.798 0.045 33.4 0.095 0.876 0.104 • mean 0.837 0.055 36.138 0.076 1.057 0.095 

std 0.110 0.009 1.568 0.012 0.263 0.020 
se 0.039 0.003 0.555 0.004 0.093 0.007 

30 0.51 0.035 35.6 0.091 0.772 0.14 
30 2 0.737 0.036 35.2 0.142 1.070 0.21 

·> 30 3 0.505 0.033 34.6 0.110 0.616 0.13 
30 4 0.523 0.036 37.8 0.067 0.762 0.10 
30 5 0.481 0.035 33.8 0.127 0.873 0.23 
30 6 0.348 0.027 31.5 0.232 0.552 0.37 

'r 30 7 0.609 0.044 31.5 0.406 0.647 0.43 
30 8 0.679 0.037 34.3 0.158 0.735 0.17 

mean 0.549 O.o35 34.288 0.167 0.753 0.22 
std 0.115 0.004 1.961 0.102 0.153 0.11 ·'I se 0.041 0.002 0.693 0.036 0.054 0.04 

32 I 0.504 O.o35 35.9 0.129 0.537 0.138 ·.r 
32 2 0.472 0.023 35.8 0.124 0.984 0.259 

) 32 3 0.509 0.033 35 0.170 0.530 0.177 
32 4 0.393 0.037 34.5 0.157 0.471 0.188 
32 5 0.565 0.041 34.9 0.195 0.643 0.222 
32 6 0.469 0.036 37 0.094 0.497 0.099 

). 32 7 0.526 0.038 37 0.105 0.589 0.118 
32 8 0.515 0.029 36.1 0.126 0.647 0.158 ., 

mean 0.494 0.034 35.775 0.137 0.612 0.170 
t std 0.048 0.005 0.874 0.032 0.153 0.050 

se 0.156 0.011 11.661 0.048 0.217 0.064 
35 0.593 0.041 36.5 0.395 1.657 1.105 
35 2 0.79 0.039 36 0.790 1.284 1.284 . } 35 3 0.556 0.036 36.3 0.428 0.647 0.498 
35 4 0.543 0.037 37.2 0.247 0.987 0.449 . , 35 5 0.605 0.044 35.4 1.513 0.702 1.755 

> 
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Winter Resting Metabolic (Contiuned) 

. 5 6 0. . 6. .. I .9 

35 7 0.639 0.046 36.4 0.456 0.826 0.590 
35 8 0.635 0.035 35.6 1.058 0.737 1.228 

mean 0.610 0.040 36.225 0.657 0.969 0.945 

std 0.084 0.004 0.563 0.435 0.343 0.468 
se 0.030 0.001 0.199 0.154 0.121 0.166 

Summer Average Daily Metabolic Rate 

Mouse # 1 2 3 4 5 6 7 8 Mean Stdev SE 
br 12 1.779 1.050 2.211 2.127 2.324 2.009 3.514 2.372 2.173 0.687 0.2430 

14 2.041 0.875 2.385 1.774 2.324 2.095 4.086 2.572 2.269 0.901 0.3180 
16 2.333 0.846 2.24 2.472 2.762 2.353 3.172 2.582 2.345 0.675 0.2380 
18 2.333 1.137 2.502 3.374 3.329 2.956 3.429 2.657 2.715 0.762 0.2690 
20 2.158 1.400 2.676 2.976 3.157 2.439 4.600 2.314 2.715 0.933 0.3300 
22 2.712 2.246 3.665 2.968 3.53 3.07 4.029 3.000 3.153 0.567 0.2010 
24 3.441 2.537 3.142 2.674 3.386 3.271 3.972 3.057 3.185 0.452 0.1600 
2 3.412 2.741 2.851 2.327 2.353 3.54 4.343 3.029 3.075 0.674 0.2380 
4 2.479 1.429 2.958 2.968 2.41 2.812 3.229 2.712 2.625 0.552 0.1950 
6 2.654 1.400 2.443 2.007 2.611 1.894 3 .286 2.657 2.369 0.581 0.2050 
8 2.247 1.137 2.356 2.007 2.927 2.296 3.829 2.514 2.414 0.767 0.2710 

10 1.691 1.050 2.123 2.182 2.87 2.525 3.543 2.400 2.298 0.747 0.2640 

Mouse ass ass DMR ass 
# Min Max Diur 

vo2 vo2 vo2 

I 18.78 1.663 0.0886 3.902 0.2078 2. 65 O.L L 2.773 0.1477 2.167 0.1154 
2 22.69 1.281 0.0565 3.049 0.1344 2.226 0.0981 2.427 0.1070 2.083 0.0918 
3 23.46 1.993 0.0850 4.253 0.1813 2.646 0.1128 3.03 0.1292 2.516 0.1072 

) 4 18.91 1.766 0.0934 4.045 0.2139 2.522 0.1334 3.028 0.1601 2.403 0.1271 
5 25.56 1.856 0.0726 4.184 0.1637 2.883 0.1128 3.328 0.1302 2.769 0.1083 
6 25.45 1.759 0.0691 3.955 0.1554 2.509 0.0986 2.929 0.1151 2.341 0.0920 
7 19.51 2.592 0.1329 5.053 0.2590 3.737 0.1915 4.112 0.2108 3.697 0.1895 
8 22.37 1.8 0.0805 3.719 0.1662 2.513 0.1123 2.823 0.1262 2.395 0.1071 

Mean 22.09 1.84 0.0848 4.02 0.1852 2.69 0.1238 3.06 0.1408 2.55 0.1173 
Stdev 2.76 0.37 0.0227 0.56 0.0398 0.46 0.0303 0.50 0.0329 0.51 0.0314 

SE 0.98 0.13 0.0080 0.20 0.0141 0.16 0.0107 0.18 0.0116 0.18 0.0111 
> • 

Winter Average Daily Metabolic Rate I 
I~• 

t Mouse# 1 2 3 4 5 6 7 8 Mean Stdev SE 
hr 12 1.706 2.998 1.822 :t .• i41 :t.684 2.23.i 2.638 1.972 2.299 0.4542 0.1606 

14 1.923 2.372 2.024 2.516 2.978 2.254 2.559 2.052 2.335 0.3486 0.1233 
16 2.535 3.062 2.535 2.704 3.014 2.459 2.509 2.407 2.653 0.2527 0.0893 
18 3.331 4.03 3.005 3.652 3.45 3.348 2.533 2.962 3.289 0.4584 0.1621 
20 3.254 3.039 2.831 3.494 3.117 2.926 3.515 2.649 3.103 0.3073 0.1087 
22 2.968 3.242 2.752 3.054 3.001 3.011 2.688 3.377 3.012 0.2276 0.0805 
24 2.911 3.094 2.629 2.999 3.059 2.925 3.015 2.743 2.922 0.1608 0.0568 
2 3.1 3.216 2.87 3.397 3.105 3.154 2.978 3.419 3.155 0.1890 0.0668 
4 2.984 2.562 2.553 3.3 3.487 2.999 3.582 2.641 3.014 0.4115 0.1455 
6 2.691 2.315 2.073 2.927 2.948 2.491 2.275 2.59 2.539 0.3123 0.1104 
8 2.784 2.189 2.281 2.9 2.9148 2.111 2.576 1:974 2.466 0.3746 0.1324 
10 2.614 2.721 2.282 2.633 2.714 2.101 2.161 2.177 2.425 0.2691 0.0951 

\. >- Winter Average Daily Metabolic Rate (Cointuned) I 
,\-- ~ 

r, Mouse e. Mm ass 

11 

~ # (g) vo2 - Diur 
vo2 

I 14 1.528 0.1091 .. 69. 0.26. 8 2.414 0.1724 .7 0.1 29 . 048 0.146 . 
2 13.41 1.904 0.1420 3.998 0.2981 2.853 0.2128 3.106 0.2316 2.444 0.1823 
3 16.21 1.29 0.0796 3.275 0.2020 2.307 0.1423 2.58 0.1592 1.817 0.1121 

'J > 4 19.02 1.814 0.0954 3.775 0.1985 2.787 0.1465 3.106 0.1633 2.377 0.1250 

l 
5 23.12 1.648 0.0713 3.739 0.1617 2.801 0.1212 2.577 0.1115 2.431 0.1051 

I 6 14.21 1.794 0.1262 3.953 0.2782 2.528 0.1779 2.989 0.2103 2.092 0.1472 
'>,; 7 17.23 1.539 0.0893 4.275 0.2481 2.572 0.1493 2.816 0.1634 2.167 0.1258 

8 21.13 1.647 0.0779 3.549 0.1680 2.556 0.1210 2.787 0.1319 2.141 0.1013 
Mean 15.54 1.65 0.0989 3.78 0.2273 2.60 0.1554 2.83 0.1705 2.19 0.1306 
Stdev 3.55 0.20 0.0250 0.30 0.0516 0.20 0.0310 0.21 0.0397 0.22 0.0270 

se 1.26 0.07 0.0089 0.11 0.0183 0.07 0.0110 0.08 0.0140 0.08 0.0095 
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Appendices 

APPENDIX 6. CALORIMETRY DATA 

Sunflower Kernels (Helianthus annuus) 

ANIMAL 

2 

3 

4 

5 

6 

7 

Faeces 

ANIMAL# 

2 

3 

4 

5 

6 

7 

2 

I 

2 

2 

3 
I 
2 

3 

I 

2 

I 

2 

I 

2 

DUPLlCA TE NO. 

2 

I 

2 

2 

I 

2 

2 

I 

2 

2 

.50 
7.30 

12.60 

9.25 

12.70 
10.80 

10.80 
8.50 

11.30 
10.30 
9.30 

12.70 

11.15 
9.60 

9.65 
8.80 

DEFLECTION 
# 

3.80 

5.00 

6.30 
5.70 
5.60 
4.75 
5.80 

5.60 
5.85 

5.60 

6.10 

5.90 
6.20 

0 .. 

0.5158 

0.7791 
0.5829 

0.7518 

0.6115 

0.6773 
0.5902 

0.7022 

0.6189 
0.5732 

0.7470 
0.6615 

0.5955 
0.6253 
0.5584 

SAMPLE WEIGHT 

0.5238 

0.5712 
0.6202 

0.5116 

0.5848 
0.5440 
0.6032 

0.5515 
0.5367 

0.5273 

0.5472 

0.5612 
0.6284 

.16 
32.91 

37.61 
36.90 

39.29 
41.14 

37.08 

33.49 

37.41 
38.70 
37.70 

39.54 

39.20 
37.49 

35.88 
36.65 

kJ.g 

16.87 

20.35 
23.62 

23.88 

22.27 
20.30 
22.36 

23.61 

25.35 
24.70 

25.92 

24.45 
22.94 

(kJ .g) 

37.26 

39.17 

36.53 

38.62 

38.35 

36.27 

MEAN (kJ/.g) 

18.61 

23.75 

21.29 

22.99 

25.03 

25.92 

23.70 

8.16 

'O 
MEAN (kJ.g) 

(N=7) 
. 6.96 

TOTAL 
MEAN (kJ.g) 

(N=7) 
23.04 




