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by Timothy Hugh Johnson 

Previous studies of roe deer suggested that habitat Inf luences range 

size, but food abundance has been Investigated without conclus ive 

results. This research Investigates the Inf luence of habitat on speci f ic 

aspects of behaviour, and the Inf luence of food abundance and quality on 

dispersion of roe deer. 

Populations were compared between two areas with di f ferent vegetat ion 

(Por ton Down: grassland, woodland, fa rmland ; Chedington Wood: 

softwood p lantat ion) . Individuals in both populat ions we e marked, and a 

proport ion fitted with rad io- tags . Food abundance and quality 

(digest ib i l i ty , calor i f ic value, nutr ients) were assessed In all habitats. 

Diel patter,)S of activity and habitat use occur red in both areas. 

Open habitats were used more dur ing darkness. Food distr ibut ion 

Inf luenced feeding si tes; d is turbance Inf luenced when sites were used. 

DIel changes at Chedington were less p ronounced because food and cover 

were more evenly distr ibuted. Habitat use and diet at Porton changed 

signif icant ly with season, but were not cor re la ted with food supply. 

Social behaviour followed an annual cyc le. Group size var ied 

between habitats In winter and spr ing. In t ra -g roup spac ing was related to 

season, t ime per iod, habitat and group size. Group composi on varied 

with month and habitat, but not t ime per iod. Marked deer occup ied 

character is t ic ranges. At Porton, adult ranges over lapped: over lap 

between males decreased In spr ing, but terr i tor ies were not effectively 

exclusive. Within study areas, range sizes of adults were not s igni f icant ly 

di f ferent. Ranges of both sexes were signi f icant ly larger at Porton than at 

Chedington and contained more food. However, they did not conta in 

signif icantly more available n i t rogen, suggest ing that available n i t rogen Is 

an Important proximate factor Inf luencing range size. 
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CHAPTER 1 

INTROOyCTlON 

Roe deer (Capreolus capreotus Linnaeus, 1758) are members of the 

Cervidae. a family within the order Artlodactyla. Ellerman and Scott's 

(1951) classification of contemporary cervlds recognises five sub-famll les 

and Includes roe deer In the Odocollelnae. Other British cervlds. such 

as red deer fCervus elaphus) and fallow deer (Dama dama) are members 

of the sub-family Cervlnae. Roe deer are widely distributed across 

Eurasia and three sub-species are usually recognised: C. c. capreolus, 

which Is distributed throughout western Europe from Spain to Scandinavia; 

C .c . pygargus Is distributed from the west of Russia throughout Siberia; 

and C. c. bed/ordll. which Is found In eastern China and Korea. Corbet 

and Southern (1977) give body weights of Capreolus capreolus as 26 kg 

for adult males and 24 kg for adult females, with a shoulder height f 

63-67 cm. 

Roe dee- have been present In Britain since the last Ice-age and 

were abundant In Roman and medieval times (Prior 1968). A change In 

the forest laws In the 14th century left roe deer unprotected; Increased 

hunting pressure combined with W clearance probably caused the 

species to decline, and so by the 18th century. British populations are 

thought to have been restricted to the Borders of Scotland. Most of 

Britain has now been recoionised by roe deer, which have spread from 

successful Introductions In the th century to Dorset and East Anglla 

(Prior 1968). The population Increase since the Second World War is 

usui..ly attributed to the Islands of suitable habitat produced by the 

programme of afforestation. Although roe deer colonise young forestry 

plantations, they are also found in a variety of other habitats including 

mature woodland (Jackson 1980), moorland (Henry 1978) and upland 

forest (Gumming 1966). and they now exploit open habitats like farmland 

(Zejda 1978; Turner 1979). Diet Is also varied and has been widely 

Studied ( s i e Section 6 . 1 ) . 

Most temperate cervlds rut In the autumn but roe deer are unusual 

and rut In July/August. Since gestation length Is related to body weight 

roe deer would be expected to mate In mid winter to give birth in spring 

when conditions favour kid survival. However, their gestation Is delayed 

as the blastocyst does not Implant in the uterine wail until January (Short 
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and Hay 1966, Aitken 1974). Such a long delay Is not known to occur 

In other cervlds. but allows roe deer to mate and give birth In summer. 

Social organisation of roe deer Is unlike that of other British cervlds. 

Most social groups are composed of an adult female with juveniles 

(Gumming 1966) and large herds are formed only rarely (Zejda 1978). 

In common with other cervlds. adult females occupy characteristic home 

ranges (Gumming 1966, Bramley 1970a. Strandgaard 1972) which are 

relatively fixed throughout their reproductive lives (Loudon 1979). 

However males are territorial. Gumming (1966) found that adult males 

were more uniformly dispersed than expected by chance, and that male 

territories did not overlap. Males occuped the same territory for several 

years and evicted juvenile males, but old or dead males were replaced by 

juveniles. Ghases between males (both adults, or adult and juvenile) 

often ended on a fixed line. which Gumming took to signify a boundary. 

Although males do scent mark, he did not observe boundary scent 

markings, or boundary patrols. 

Gumming performed experiments, removing the adult female from a 

male's territory. He concluded that males were r A defending females, 

as dispersion did not change In response to their removal. He also 

removed territory-holding males and found that female dispersion was 

unaltered. Bramley (1970a) repeated these removal experiments and the 

results observed by both authors suggested that adults are replaced by 

sub-adults and not by less dominant neighbours, as was suggested by 

Prior (1968). 

Firm conclusions about the mating system of roe deer cannot be 

drawn from removal experiments. Sample sizes were small because of 

the difficulty In removing a large number of known individuals, and several 

factors were uncontrolled. For Instance, if males were defending 

territories to gain access to females, the best strategy If females are 

removed might be to v, i l t for replacements, rather than desert a 

territory. Since replacement females were allowed to establish 

themselves, the fact that males remained on their territories Is 

meaningless. It would in fact be very difficult to design and carry out 

removal experiments whose results could be interpreted clearly. 

The mating system of roe deer Is still poorly understood. 

Territoriality causes difficulties in gaining the Information required to 

elucidate their mating system. Because of territoriality rutting Individuals 

are dispersed, and in the habitats occupied by roe deer Infreque t events 
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such as mating are hard to observe. The effects of territory size/posit ion 

and male age on reproduction success are therefore unknown. Similarly, 

nothing Is known about factors affecting reproductive success of females. 

Territory size varies within study areas ( e . g . Gumming 1966. Bramley 

1970a. Hosey 1974). Bramley (1970b) investigated the level of 

aggression as a proximate factor influencing territory size. He tried to 

manipulate levels of aggression In males, by implanting testosterone (to 

Increase aggression) or castrating (to reduce aggression). Implants 

were unsuccessful in increasing aggression, but a male that was 

castrated became less aggressive and his territory was taken over by a 

new-comer. However these results do not show conclusively whether 

aggression is the proximate factor that controls territory size. 

Territory size varies more between localities than within them. 

Gumming (1966) found a mean territory size of 32 .5 ha in upland forest 

at Glen Dye (Aberdeen) and a mean of 8. 2 ha In forestry plantation at 

Ghedington (Dorset) . He suggested that territory size was ultimately 

determined by habitat characteristics. 

The relation between habitat and terr i tory/range size was first 

examined by Hosey (1974) who investigated the influence of food 

abundance and he calculated food value as the product of abundance, 

importance and area, concluding that food value per unit area was I owe 

in larger territories. Males defended equal resources regardless of 

territory size. He found no strong relation between female range size and 

mean food value. 

Hosey's conclusion that total food value of territories was constant 

despite large differences in size was discounted by Loudon (1979) who 

found a significant correlation between male territory size and total food 

value using Hosey's data. These data also show a significant correlation 

between female range size and total food value (Hosey 1974, Table 

8 . 4 , p. 227, r = 0. J34, N = 13, p < . 01 ) . Loudon repeated Hosey's 

investigation of the relation between food value and range size, using 

slightly different methods to assess abundance and Importance, and 

working in Peebles rather than Dorset. However, the same conclusions 

can be drawn from his work as from Hosey's: roe deer of both sexes 

command more food resources If their ranges are larger. 

Although simple measures of food abundance could be misleading If 

quality of food items varies, Hosey and Loudon concentrated on food 

abundance. Their work provided a basis for further research and 
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assessing food quality was a logical progression. Hence one of the main 

alms of this thesis will be to examine food quality as well as abundance. 

Hosey and Loudon only considered annual measures of abundance, 

relating these to overall territory and range sizes. However it Is clear 

from the work of Gumming (1966) . Bramley (1970a) and Turner (1979) 

that social behaviour changes with season. I decided therefore to try to 

relate seasonal changes In food supply to seasonal changes In dispersion 

as this approach would be more sensitive than using annual measures. 

An additional Improvement was to compare dispersion In two study areas, 

between which food supply might vary more than it would between ranges 

within a study area. Support for this approach comes from the large 

differences In range size between different study areas (see Fig. 8 . 1 ) . 

Hence Chedlngton Wood (Dorset) and Porton Down (Wilts) were selected 

as study areas. 

Dispersion is of great Interest because it is Hnked with population 

density but it was the only aspect of roe deer ecology that had been 

related to food supply. However, other aspects such as habitat use and 

diet are important and may themselves Influence dispersion. And so I 

decided to Investigate the Influence of seasonal changes in food supply on 

habitat use. activity patterns, diet and grouping behaviour of roe deer. 

Each topic will be examined In a separate chapter, where the relevant 

literature and aims will be introduced. 
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CHAPTER 2 

STUDY AREAS 

Two arsas wsre used In this study. Most of ths research was carr ied 

out at Porton Down (Wilts), and Chedlngton Wood In Dorset was used for 

comparison. Porton Down was chosen because deer could be readily 

observed In the open habitats, and roe were the only deer species 

present. Habitats were also relatively s imple, making assessments of 

food abundance easier. Chedlngton Wood offered a marked contrast In 

habitats and has a long history of roe deer research ( e . g . Cumming 

1966; Bramley 1970; Hosey 1974; Loudon 1979; Gent 1983) which 

provided background information for this study. 

2. 1 PORTON DOWN 

The main study area was on the Ranges at Porton Down (used by the 

Ministry of Defence since 1916). The Ranges lie to the northeast of 

Salisbury (S .U . 210370), and are closely related In their geology, fl a. 

history and present land-use to Salisbury Plain which is 9 km to the 

southeast. The total area of the Ranges Is 2752 ha: 1618 ha chalk 

downland and 264 ha mixed woodland. Wheat and barley are the main 

crops grown on the surrounding agricultural land. 

The southwest part of the Ranges was used In this study (Map 1) 

The topography is dominated by the secondary chalk escarpment forming 

Battery Hill (158 m above sea level ) , which Is steepest In the Beech 

Hanger, (a linear coombe running northwest from Battery Hi l l ) . The soil 

Is a shallow, calcareous loam directly overlying chalk; there is no froe 

surface water. The area Is bounded by the A30 and Thorneydown roads 

on the south and east, and by the Porton-Pheasant road to the north. 

On the west. It runs Into farmland lying between the Range and the 

vil lages of WInterbourne Gunner and East Gomeldon. 

The following habitat definit ions are used in this study (deta i ls of 

the cultivation of fields during the study are given In Table 2. 1 and the 

location of fields Is shown on Map 1 ) : 



Porton 

Village 

C D E . Porton Down 

IL Porton - Pheasant Road 

Figsbury 
Ring 

Salisbury 

9km. 

Thornydown Wood 

\ 

Map 1. Porton Study Area 

Winterslow 
Firs 

Beech 
Hanger 

Key: 

A, B, C 

Boundary of study area 

Woodland 38.1 ha 

Fenced grassland 

Fields of permanent pasture 

D, DE, El Cereals or seed— grass 
E2, E3, F 



TABLE 2. 1 

CULTIVATION OF FIELDS AT PORTON DURING STUDY PERIOD 

FIELD 1978/1979 1979/1980 1980/1981 

A pasture pasture pasture 

B pasture pasture pasture 

C pasture pasture pasture 

D winter vAieat spring barley grass 

DE spring barley winter Wheat spring barley 

El winter v^eat spring barley grass 

E2 seed-greuss winter wheat winter wheat 

E3 spring barley winter wheat spring barley 

F seed-grass winter wheat winter wheat 

1 Permanent pasture. 

There were three small fields of permanent pasture adjoining the 

study area. Sheep were regularly grazed on field A. Fields B and C 

were unfenced and mown for hay. 

2. Smole-vear grass leys 

These are referred to throughout as seed-grass ' , but include 

seed-grass CTImothy grass (Phleum pretense) and rye grass (Lolium 

sp. )) and fodder crops. 

3. Cereal fields 

Winter wheat and spring barley were the only cereals cultivated 

In the study area. 



4. Natural grassland 

Six grassland communities were Identified by Wells. Sheall, Ball 

and Ward (1976) ; three occurred on Battery Hill and were characterised 

by the following species; 

( a ) . Oat grasses (Arrhenatherum elatius and HeUctotrichon 

pubescons), and red fescue (Festuca rubra). 

( b ) . Oat grasses (H. pubescens and H. pratense), and red 

fescue. 

( c ) . Sheep s fescue (F. ovina), lesser burnet (Poterium 

sanguisorba), and bird 's-foot trefoil (Lotus corniculatus). 

Over 80 plant species were recorded In these communities. Including 

17 species of moss and one l ichen. For simplicity, and because the 

three grassland types were not readily distinguished In the field, the term 

'grassland' refers to these communities throughout the study. 

Scrub occurred at varying densities on the grassland. The most 

abundant was hawthorn (Crataegus monogyria) scrub either In single 

stands with bushes up to 3 m high, or In conjunction with dogwood 

(Thelycrania sangulnea), privet (Llgustrum vutgare) and buckthorn 

(Rhamnus catharticus). Juniper (Juniper communis) also occurred on 

Battery Hill. Gorse (Ulex europaeus) occurred on small patches of acidic 

Brown Earth soils. 

5. Woodland 

There were two woods In the study area; Thornydown Wood on 

the top of Battery Hill, and Winterslow Firs on lower ground In the east. 

Both were mixed 'oodland and. apart from a small area of Thornydown 

Wood, were approximately 100 years old (Wells et a/. 1976). The 

woodland was composed of oak (Quercus robur) stands with an 

under-storey of hazel (Coryius avellana) and bramble (Rubus. sp,). Yew 

(Taxus baccata) was also common In the older region of Thornydown 

Wood. More open areas were dominated by beech (Fagus syivatica) with 

a ground flora of oat grasses. Ground flora elsewhere Included (Agrostis 

s p . ; . ground Ivy (Giechoma hederacea), nettle, (Urtica dioeca) and 

dog's mercury (Mercurialis jrennis). Ferns (Dryopteris spp.) were also 

common. Woodland edges were mainly hawthorn, privet, bramble. 
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gorse. dogwood and hazel. 

Roe deer established a breeding population at Porton only 

recently, following vegetation changes that occurred when rabbit densities 

were reduced by myxomatosis In 1953-54. The successional changes 

from short-sward grassland to the present mature grassland supporting 

scrub, provided habitat that was colonised by roe. 

Until 1970. the density of deer was low and no systematic 

records were kept. By 1970 complaints of damage reached an 

unacceptable level and a census was carried out by ground observers, 

estimating a population of 36 deer. However, population estimates of roe 

deer are notoriously Inaccurate (Andersen 1953). so this figure and 

subsequent estimates can only be taken as minimum values. The deer 

were culled, but complaints of damage Increased. Between 1975 and 

1980 more accurate annual censuses were conducted, using observers on 

the ground and in helicopters, to provide Information on population 

changes. Data from these suggest that the population increased to a 

peak in 1978 of 200 animals and remained above 180 in 1979. The 

number culled was based on census figures and observation by stalkers, 

and was adjusted each year. 

On Battery Hill. 72 deer were counted In 1978 and 67 in 1979. 

Census results for 1980 were inaccurate because trees were In leaf and 

there was no census In 1981. 

2 .2 CHEDINGTON WOOD 

This Is a Forestry Commission wood In Dorset (ST 485067) and 

covers 114 ha; three outlying woods add a further 32 ha. The 

surrounding farmland Is mostly permanent pasture used for hay and 

gr zing livestock. The soil Is a Fuller's Earth clay which retains surface 

water, and vegetation is generally lush. The southern edge of the wood 

lies on a ridge (154 m above sea level) and the ground slopes steeply 

down to 100 m, then more gently to a small stream which drains the 

area and runs from southwest to northeast. 

The wood was originally mature oak and ash (Fraxinus excelsior); in 

the early 1960's these were thinned and under-planted with conifers 

(mainly Norway Spruce (PIcea abies). with smaller blocks of Douglas fir 

(Psuedotsuga menzlesH) . Scots pine (Pinus sylvestris) and others). 

Broad-leaved coppice was removed progressively throughout the 1960's 



making the wood more open. By the early 1970's large areas of the 

planted conifers had reached thicket-stage, mixed with an Impenetrable 

growth of bramble. The areas of thicket increased during the 1970's and 

observation of deer was restricted to paths, rides and to the southern 

part of the wood where the plantation was younger. A detailed 

description of the vegetation can be found in Hosey (1974) . The 

vegetation categories on Map 2 and described below are based on growth 

stages of the plantation derived from vegetation mapping by Roe ( 1977). 

1. Rides 

The network of rides at Chedlngton is extensive and is kept clear 

by brashlng. The rides vary from narrow paths (approx. I m wide) to 

hard-core forestry access roads (up to 12 m wide). Species present 

Include sedges, herbs, and a diverse range of grasses. 

2. Pre-thlcket conifer 

The south of the wood contains the youngest and most open 

Norway spruce. A dense growth of sedges, bracken and herbs develops 

In spring. 

3. Thicket-stage conifer 

This category accounts for 57 ha of closed-canopy Norway 

spruce plantation with a dense growth of bramble and briar (Rosa sp.). 

4. Thinned conifer 

These areas consist of Norway spruce that was thinned in 1976 

by the removal of every other row. or of every fourth row. and are the 

second largest habitat of wood (50 ha) . 



Hazelbury 
Coppice 

Chedingcon 
Wood 

690 

Map 2. Chedington Study Area 

Key: Rides 

Pre-thicket conifer 

Th-'cket conifer 

Pole-stage conifer 

Mature conifer 

Scrub/mature hardwood 

Thinned conifer Pasture 
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5. Pole-Stage conifer 

There are 7 ha of pole-stage plantation compris ing Douglas f i r , 

Scots pine and western hemlock (Tsuga heterophylla) interspersed with 

mixed hardwoods. There is minimal undergrowth and visibility is good. 

6. Mature conifer 

Only 2 ha of mature conifer occur. 

7. Scrub and mature hardwood 

The remaining areas of original hardwood cover 11 ha. Nearly 

half of this is mature oak; the rest Is a mixture of ash. sycamore (Acer 

pseudoplatanus) and alder (AInus glutlnosa), with an under-storey of 

hazel coppice. This vegetation type also lines streams and gull ies. 

8. Pasture 

Most farmland adjoining the wood Is permanent pasture stock i d 

at low densities with sheep and some catt le, and also used for hay a,.j. 

si lage. 

Roe deer have been caught and marked annually at Chedington 

since 1961 to gather long- term data on movement, behaviour and 

population changes during the development of the plantation. Deer are 

not culled within the wood. 
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CHAPTER 3 

HABITAT USE AT PORTQN AND CHEDINGTQN 

3. 1 INTRODUCTION 

Roe deer are widely distr ibuted and populations exploit a range of 

habitats. Members of the population within a locality may have access to 

several habitats. How Individual deer use habitats will depend on a 

number of factors. Including the preference of Individuals for each habitat 

and both Inter- and intra-speci f ic competi t ion. None of these factors can 

be measured in the field without experimental manipulat ion but population 

dispersion and patterns of habitat use can be examined. 

A number of studies of roe deer have considered population 

dispersion In relation to habitat (Gumming 1966; Strandgaard 1972; 

Loudon 1979). These tudles show that roe are selective and do not use 

available habitats equally. However, the major Influences on habitat 

selection remain unclear. 

Gumming (1966) Investigated the Influence of shelter on dispersion 

and found that roe used the more sheltered areas within habitats. Even 

so, they could often have found greater shelter by select ing a different 

habitat altogether. Exposure may therefore Influence distr ibution vyithin a 

habitat but It Is probably not the most important factor determining which 

habitat Is selected. Strandgaard (1972) observed that seasonal peaks In 

habitat use seemed to coincide with the seasonal abundance of key food 

species, suggesting that food supply might inf luence habitat use. Loudon 

(1979) also made this assert ion, but did not relate habitat use to food 

availability. There is little published information on whether roe favou 

habitats for particular activities or even on the numbers of deer occupying 

habitats In different seasons. In addit ion neither habitat use nor 

occupation has ever been related to food supply. In this chapter three 

questions are investigated: 

1. Does occupation of habitats vary seasonally? 

2. Is there diel variation In habitat use? 

3. Are different habitats used for particular activities? 
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At Porton Information was collected largely by direct observation and 

also by radio-tracking, but at Chedington radio-tracking was used 

exclusively as vegetation was too dense for observation. Information on 

habitat occupation was also collected in both areas by measuring rates of 

faecal accumulation in different habitats. 

3. 2 METHODS 

3 . 2 . 1 Observation of deer at Porton 

A transect route was established to sample standardised areas, 

representative of each habitat. The route was designed to run through all 

habitat types, covering as much of the study area as possible in a short 

time to minimise time differences during each sample. The route covered 

8 miles and took between 90 and 120 minutes to complete. Deer in the 

study area were already accustomed to vehicles and so disturbance was 

reduced by watching from a landrover. Four transects were carried ,t 

each week, one at each of four times of day: dawn, mid-day, dusk and 

mid-night (defined in Appendix 1). 

General Information on weather, date and starting time were recorded 

at the beginning of each transect. When deer were sighted the following 

information was recorded: t ime, group-size and composition, 

nearest-neighbour distances within the group, actK !y (grazing, browsing, 

inactive standing, moving, disturbed. Inactive lying, ruminating lying, or 

indeterminate ly ing). grid reference and habitat type. Social interactions 

were also recorded. 

The transect route was followed slowly In a landrover. To reduce 

disturbance, deer sighted close to the vehicle were passed before 

stopping to record data (a pair of 8 x 56 Optolyth binoculars were us 

throughout the study). At night deer could be located by eye-shine ai up 

to 400 m using a powerful spotlamp operated from the landrover. 

Data were collected by this method at Porton from March 1979 to 

Feburary 1980 Inclusive and then transferred to computer file. 
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3. 2. 2 Marking and radio-tracking individual deer 

As roe deer are difficult to recognise individually In the field, 

individuals were marked so that Information on range size, individual 

beiiavlour and social organisation could be collected. 

The method used to capture deer with long-nets has been described 

in detail by Cockburn (1967) and Smith (1980) . Colour-coded plastic 

collars were fitted to all captured deer, and were made of 'Darvic' (ICi) 

by the Forestry Commission Wildlife Branch at Alice Holt, Surrey (from 

whom full specifications may be obtained). Deer were marked on four 

occasions at Porton: details of the number, sex and age of deer caught 

are given In Table 3. 1. On the first two occasions the method was 

modified by using a helicopter to drive the deer into the l o n g - n e t s . This 

was very efficient but helicopters were subsequently unavailable and so 

beaters were used. At the first marking operation at Porton no 

radio-transmitters were fitted but on other occasions transmitters were 

attached by the method described below. Radio- collars were fitted to 

deer caught at Chedlngton as part of the Forestry Commission long-term 

marking programme. Details are given in Table 3. 1. 

Radio-tags were of the AVM SMI design, transmitting on 104.5 to 

105.0 MHz. Early in the study they were powered by 1.5 v. AA-size 

Ouracell batteries ( f ield- l i fe approx. 12 months). Both battery and 

transmitter were embedded in araldite at the base of the collar. A guitar 

string antenna (length A/8) was clamped between the collar and the 

coloured blocl< so that half its length was free. The whip tended to 

fracture after being repeatedly bent by vege i t ion; since this reduced 

siynal range drastically, later transmitters were modified by gluing the 

battery in an aluminium clip at the base of the collar and mounting the 

transmitter separately in a similar unit riveted to the top of the collar. 

These later antennae were made of nylon-coated angling trace protected 

by several layers of heat-shrink tubing, and the connection to the 

transmitter was surrounded by a si l icon-rubber cone to spread bending 

stresses. The antenna formed a horizontal whip lying along the animal's 

back. These transmitters were powered by lithium oxide cells (f ield life 

approx 22 months). The combined weight of the col lar, transmitter and 

battery was approximately 120 g. 
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In the field, a directional aerial (3-element YagI array) and receiver 

(Model 57 Blotag receiver made by Mariner Radar. Lowestoft. Suffolk) 

were used to locate signals. The animal's position was determined using 

three bearings for each triangulation. If bearings did not intersect, the 

radio-location was discarded; If they did intersect, the animal's position 

was taken as the centre of the triangle of error. The aerial had good 

directional sensitivity and because bearings were often taken from within 

200 m of the animal the triangles of error were typically under 100 m^. 

Successive locations of the same individual were not made within 60 

l inutes to reduce auto-correlation. 

signal strength of transmitters fitted at Porton In December 1979 and 

April 1980 was too weak to locate efficiently and so radio-tracking did not 

begin until March 1981 when an aerial signal-boost became available from 

Mariner Radar. From March 1981 to September 1981, deer were 

radio-tracked over 24 hour periods on weekly visits to Porton, 

Observations were also collected during this period. Monthly visits were 

me '9 to Chedington to radio-track over 24 hour periods from March 1981 

to baptember 1981. Radio-tagged deer at Chedington have been located 

dally since September 1981 by Col. A. L. Johnson. 

The following variables were recorded when radio-tracking; date. 

t ime, weather conditions, radio-tracker 's location, animal code and 

bearing. Signal strength was also recorded because It provides a 

valuable guide to the reliability of the bearing and to the proximity of the 

transmitter. The constancy of the signal was recorded as it indicates 

whether the animal Is active: the signal from a motionless deer is 

constant whereas movement of the head and neck cause flexing of the 

antenna and fluctuations In signal strength. This can be demonstrated 

clearly If a radio-tagged deer is in sight and radio-contact 

simultaneously. Three categories of signal type were recognised; steady 

(Implying inactivity), fluctuating (implying activity). and Indeterminate. 

3. 2. 3 Measuring rates of faecal accumulation 

Pellet group counts provide a continuous measure of habitat use 

independent of observer presence. The number of pellet groups in a 

habitat are assumed to reflect overall time spent by deer in the habitat, 

since differences In the rate of faecal deposition of deer engaged in 

different activities are unknown. This assumption may be incorrect and 
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there are addit ional sources of error Involved In this technique: the 

probability of f inding groups may depend on habitat type; the rate of 

disappearance of pellets may differ between habitats, and seasonal 

changes In either of these factors may differ between habitats; the 

distr ibution of pellet groups within habitats may dif fer, inf luencing the 

eff iciency of sampling, and the rate of faecal deposit ion may vary 

seasonally or be affected by sex and /o r age. Assuming that most pellet 

groups are unlikely to disappear within a month of being deposited, the 

effect of different rates of disappearance between habitats can be reduced 

by clear ing plots each month and recording the number of pellet groups 

deposited during this period. This method is reviewer by "ef: M 

In both study areas, permanent quadrats (7.1 x 7 .1m) were 

established. At Porton, eight quadrats were located randomly In each 

habitat. At Chedlngton. quadrats were placed at 50 m intervals along two 

transects to facil itate f inding them among the dense vegetation. 

Initially all pellets were cleared from the quadrats. Then the 

quadrats were • stematlcally searched at monthly nterve's. and the 

number of pellet groups recorded for each quadrai . A pellet group was 

defined as ten or more pellets of the same shape, size, colour and 

age. A group was taken as being within the quadrat If more than 5C. ^ of 

the group were Inside the boundary, in pract ice, groups were readily 

dist inguished from one another and few groups were bisected by the 

quadrat boundaries. 

Ten pellets from each group were preserved In 10% alcohol for 

dietary analysis and the remainder totally removed to avoid recounting on 

subsequent visits. 

3 . 3 RESULTS AND ANALYSES 

3. 3. 1 Seasonal occupation of habitats at Porton 

1. Pellet group counts 

Data obtained by this method provide an overall measure of t ime 

spent by deer In each habitat. 

Over 12 months, 151 pellet groups were found In the quadrats at 

Porton. 67% of these were found In the woodland quadrats (Fig. 3. i ) . 

The data are summarised In Appendix 2, Table 1. In both grassland and 
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woodland the rate of pellet deposition changed monthly, being lowest in 

summer. The seasonal trends were not significantly different In the two 

habitats (r^ = 0.525. W = 12. p < o. 10) although the rate declined 

sharply between May and June. The distribution of pellet groups between 

habitats changed significantly with month (x^ = 17.344, d.f. = 7. p < 

0 .02 ) . High numbers of pellet groups occurred In woodland from 

January to May and high numbers in grassland during autumn, in other 

months. Observed and expected numbers were similar. No data were 

Obtained on occupation of farmland by this method. 

2. Observations collected on transects 

A total Of 1701 sightings of deer In 860 groups were recorded within 

148 transects. The results are summarised In Table 3.2. 

The mean number of deer seen per transect varied between time 

periods, being highest at dawn or dusk and lowest during the daytime, 

The largest proportion of deer seen were feeding but less than 10% were 

recorded in any other single activity. 

Within ail habitats, there was significant monthly variation In the 

number of deer recorded per transect (Table 3 . 3 ) . This was examined 

using the Kruskai-Walils one-way analysis of variance by ranks. 

Calculations were carrie , out using the Statistical Package for the Social 

Sciences ('SPSS') (Nie et a/. 1975;. 

Adjacent months were compared using the Mann-Whitney U tests lo 

determine significant changes In the number of deer seen in each habitat 

on transects. Significant differences are displayed on Fig. 3 .2 . (Note 

however, that Mann-WhItney U-tests were carried out on the data as 

given In Appendix 2 (Tables 2-6) not on the proportions shown In Fig. 
3.2.) 

a) seasonal occupation of woodland 

Woodland was occupied more consistently than other habitats (Fig 

3, 2 ) . Occupation peaked in spring and declined significantly between 

May and June U = 32.0. n i = 13, = 13, p < 0 .02 ) . The proportion 

of deer using woodland increased sharply in late winter. Monthly changes 

in the mean number of deer seen In woodland were significantly 

correlated with the monthly changes in rate of faecal deposition in 

woodland (r^ = 0.621, /V = 12, p < 0 .05 ) . 
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b) seasonal occupation of grassland 

Occupation varied more In grassland than woodland (Table 3 . 3 ) , 

The number of deer occupying grassland was highest In spring. 

Increasing through the period of leaf emergence, then declining 

significantly between June and July (U = 30 .5 . ny = 13. n2 = 14, p < 

0. 02) . After the rut In July/August the proportion of deer occupying 

grassland Increased again. Seasonal changes In occupation of grassland 

assessed by observation and by measuring rate of faecal accumulation 

were not significantly correlated (r^ = o. 175. N = 12. ns) . 

c) seasonal occupation of farmland 

On pasture and seed grass, differences In the numbers observed per 

transect In adjacent months were not signif icant, (Mann-WhItney 

U- tes ts ) , although there was significant variation overall (Table 3 . 3 ) . 

Occupation of pasture declined steadily In spring to a minimum in July, 

when the crop was mown. The proportion of deer using pasture then 

increased sharply in autumn. Occupation of seed grass was highest In 

spring, declining between April and June and remaining low until the 

fields were resown with winter wheat In the autumn. 

The greatest variation in numbers of deer occupying any of the 

habitats occurred in cereal fields, which were initially mainly winter wheat 

with small areas of spring barley. There was a small peak In occupation 

of cereals In spring (on winter wheat), but occupation dropped 

significantly between June and July as the crop developed ( U = 35 .5 . m 

= 14. n2 = 14. p < 0 .02 ) . Between July and August occupation 

Increased significantly (U = 36.5 . n-j = 14. 02 = 1 4 . p < 0 . 0 2 ) . 

coinciding with the crop ripening and the consequent undergrowth of 

herbs and grasses. The Increase continued In August and September but 

was not significant. The harvest occurred In early September after which 

the number of deer using cereal fields peaked. The numbers of deer 

observed on stubble declined significantly between October and November 

( U = 7 .5 . n/ = 7. mg = 10. p < 0 . 0 2 ) ; at this time the fields were 

cultivated and resown with barley. Occupation then remained low until 

December, after which use of the new barley crop Increased to a level 

similar to that on winter wheat In the preceeding spring. 
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d) correlations between seasonal changes In occupation of habitats 

Seasonal changes In occupation of habitats were significantly 

correlated In the following cases: woodland / pasture = 0.698, N = 

12. p < 0 . 0 5 ) ; woodland / seed-grass (r^ = 0 .759. W = 12, p < O.OI ) ; 

pasture / seed-grass = 0 .841, W = 12. p < 0 .01 ) , There were no 

negative correlations between seasonal changes In occupation of habitats. 

3 . 3 . 2 DIel occupation of habitats at Porton 

1. Diet patterns of occupation across the year. 

The number of deer seen on transects varied considerably (Appendix 

2, Tables 2-6) and so the following analyses are restricted to considering 

Whether a habitat was used consistently more at particular times of day, 

firstly over the entire year and secondly within seasons. Differences In 

use of habitats In time periods within months were not examined. 

The mean number of deer seen per transect was calculated for each 

time period, month and habitat. The variation of the means in each time 

period was analysed using Friedman's two-way analysis of variance, 

reating habitats separately. The results of these tests are shown in 

Table 3. 4. 

Across the year, all habitats except cereals showed significant 

variation In mean number of deer seen between the four time periods. 

The pattern of occupation was different between habitats (cf . mean ranks 

In Table 3. 4 ) . Occupation of both seed-grass and woodland showed less 

overall variation between time periods (p < 0 .04 , in both cases) than 

either pasture (p < 0.01) or grassland ip < 0 .001 ) . 

Pasture was used mostly at night and least during the day. Deer 

stopped using pasture at dusk In autumn and winter. Use of cereals was 

similar overall In all periods except daytime, when numbers were lower. 

Both grassland and seed-grass were used mainly at dusk. Seed-gra s 

was used least during the day; grassland was used least at night. The 

highest numbers of deer In woodland were seen at dawn. 

2. DIel patterns of occupation within seasons 

Months were grouped as shown In Table 3.5. and diel variation 

tested using Friedman's two-way analysis of variance (Table 3 . 5 ) . 
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The only habitat In which significant differences occurred between 

time periods was grassland, where occupation was highest at dusk and 

lowest at night, during summer/autumn and winter. 

3 . 3 . 3 Use of habitats at Porton for different activities 

Observations have been divided into feeding (grazing and browsing) 

and non-feeding (all other activit ies), as sample sizes in many activities 

were limited. Two analyses have been performed. The first examines 

whether deer occupying each habitat were primarily feeding. The second 

uses an index to examine feeding preference for different habitats. 

Fig. 3.3 shows for each month the proportion of the deer 

occupying a habitat that were feeding. Chl-squares were calculated to 

examine changes In the distribution of numbers engaged In 

feedin /non-feeding between months (months were grouped where 

necessary to obtain acceptable expected values). 

Pasture was used throughout the year largely for feeding. The 

proportion feeding was above 70% In all months, and there was no 

association between activity and month (x^ = 2 .296. d. f. = 3. ns). The 

chl-squares for the other habitats were significant, suggesting that activity 

changed during the year: cereals ( x^ = 69.386. d.f. = 8. p < . 001 ) . 

seed-grass (x^ = 38.771. d.f. = 7, p < . 001 ) . grassland (x^ = 22.904. 

d.f. = 10. p < 0 . 0 5 ) . woodland (x^ = 34.257. d.f. = 9. p < 0 .001 ) . 

The proportion of deer feeding on cereals, seed-grass and grassland 

decreased sharply In summer. In most months, the proportion of deer 

seen feeding in these habitats was above 50%. In contrast the proper i-on 

of deer seen In woodland that were feeding was usually below 50%. In 

woodland the proportion feeding increased in spring and summer and 

decreased In autumn. 

Feeding preference was examined with the Index used by Duncan 

(1983) (see Fig. 3 . 4 ) . This Index removes the effect of varying 

numbers of observations In different months and of sampling unequal 

areas of each habitat. Index values between 0 and 1. 0 Indicate 

avoidance of a habitat, while values greater than 1. 0 Indicate 

preference. Results are shown In Fig. 3 .4 . The preferred habitats for 

feeding were woodland In August and February, grassland In July and 

October, cereals In September, and pasture in all other months. 
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total no feeding in month area habitat sampled 
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3 . 3 . 4 Seasonal occupation of habitats at Chedlngton 

Two methods were used at Chedlngton to obtain data on habitat use. 

The level of faecal deposition on quadrats was low; only 130 pellet 

groups were located over the entire year, distributed between 8 habitats. 

This data set Is too small for reliable Interpretation, and so radio-tracking 

data were used to examine habitat use. 

1. Overall patterns 

Results from all radio-col lared deer: A total of 809 radio-locations 

were obtained on 5 adult deer (2 bucks. 3 does) between April 1981 and 

March 1982 Inclusive, In the second six months of this period, data 

were collected by Col. A. L. Johnson 

Radio-locations were grouped Into months and habitats using SPSS. 

The proportion of each month's radio-locations In each habitat Is shown 

In Fig. 3, 5. 

Over the year, there were clear changes In occupation of habitats. 

The distribution of radio-tagged deer between habitats changed 

significantly with month (x^ = 179.562. c/. f. = 44. p < 0 .005 ) . There 

was a clear switch between summer and winter, dominated by a change 

In the proportion of radio-locations in pre-thicket. This proportion fell 

steadily from May to July and then increased sharply between September 

and October, remaining high until the following spring. As the pro ortlon 

In pre-thicket fell, the proportion In thinned and pole-stage conifers 

increased. There was also an Increase in the proportion In thicket 

between June and July. 

2. Seasonal occupation by individual radio-col lared deer. 

Females 1 and 2. and Male 1 were all present for the complete year 

and the number of radio-locations obtained on each was approximately 

equal. The other two radio-tagged deer have not been considered 

because sample size were smaller and did not cover the entire year. 

Female 1 did not show a significant association between habitat and 

season (x^ = 7.741, d.f. - 6, ns ) , whereas Female 2 and Male 1 both 

showed a significant association between habitat and season (Male 1: ^2 

= 29.926, d.f. = 6 , p < 0.001. Female 2: = 27.116, d.f. = 6, p 

< 0.001). 
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3 . 3 , 5 Die! occupation of habitats at Chedlngton 

Radio-locations covering the entire year were grouped Into habitats 

and time periods using SPSS. Over the year, radio-tagged deer used 

particular habitats more at certain times of day. (x^ = 32. TOO. d. f. = 

15, p < . 01 ) . Fig.3-6 shows the proportion of radio-locations In each 

habitat by period (corrected for differences In the numbers of 

radio-locations made In each time period). Rides, pasture and mature 

hardwood/scrub all follow a similar pattern, being used most at night and 

least during the day. Thinned, thicket and pole-stage/mature conifers 

were all used more during the day and at dusk, than at dawn or during 

the night. Pre-thlcket conifers were used most at dawn and least at 

day . Within seasons the distribution of deer between habitats did not 

change significantly with time period (March-May: = 17.661. d.f. -

12. ns; June-August: - 16.050. d.f. - 12. ns; 

September-November: = 8 .001. d.f. = 9. ns; December-February: 

= 11 215, d.f. = 9, ns) . 

3 . 3 . 6 Use of habitats at Chedlngton for different activities 

The only data available on activity of deer at Chedlngton came from 

radio-tracking, from which only activity and Inactivity could be 

distinguished. Radio-locations have therefore been divided by signal 

characteristics and habitat using firstly the entire sample and then 

separate seasons. The 'Indeterminate' category was omitted, because It 

may be biologically meaningless and It car ot be reliably allocated to 

either of the other categories. Thus radio-locations have been used only 

If the signal clearly idlcated either an active or Inactive animal. 

Over the year, there was a significant association between activity and 

habitat (x^ = 17.700, d.f. = 6, p < 0 . 0 1 ) . Fig. 3 .7 shows the 

proportion of radio-locations of active and Inactive deer In each habitat 

over the year. Pasture, rides, scrub and thicket were all used more by 

active deer. The pole-stage/mature conifer combination was used almost 

equally by active and Inactive deer. Pre-thicket and thinned conifers 

were used more by Inactive deer. 
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Within seasons, the only significant association between activity and 

habitat occurred In winter (December-February: = 11.102, d. f. = 5 

p < . 05 ) . The trends In use of habitats were similar In these winter 

months to the trends over the whole year. This applied also to other 

seasons, but differences were not significant. 

3 . 4 DISCUSSION 

3 . 4 . 1 Porton 

At Porton, occupation of habitats by deer changed with season and 

time of day. and different habitats tended to be used for different 

activities. There was significant seasonal variation In the number of deer 

occupying each habitat: least variation occurred In pasture and 

woodland, most In cereals and grassland. All habitats except cereals 

shov .d consistent die! patterns of use: grassland was used least during 

the night, other habitats least during the day. Pasture was used 

predominantly for feeding, and deer showed a higher preference for 

feeding on pasture than elsewhere. Woodland was used least for feeding, 

and in all habitats xcept pasture the proportion of deer feeding changed 

significantly during the year. 

In early spring, deer were mainly seen on farmland, (nearly 80% of 

observations In March). There was then a steep decline in the 

proportion of sightings made on farmland, reaching a minimum of 35% in 

July. This decline spanned the period of juvenile dispersal (peak In 

May/June. Loudon 1979), when population density would reach an annual 

low. During this period there was a sharp Increase in the proportion of 

deer using grassland, suggesting that important behavioural events such 

as kidding and the onset of territoriality took place In habitats with more 

cover. The main Increase In use of cereals occurred after the end of 

the rut In August but before the harvest, and use continued at a high 

level until the fields were re-cultivated. 

The decline In use of cereals between October and November was 

accompanied by an Increase In the proportion of deer using grassland 

and pasture; foraging occurred again on the newly-sown crops once 

these had emerged. Use of woodland also Increased in winter, reaching 

a maximum In January/February when snow-cover on farmland probably 

reduced foraging efficiency on the young crops. Although deer were 
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observed scraping snow away to gain access to young shoots, this 

process must Impose a serious additional energetic cost to foraging In 

extremely cold conditions. 

Clear diel patterns of habitat use were observed at Porton but In the 

analyses these were obscured by the differential visibility of deer engaged 

In different activities. Deer tended to move off farmland Into grassland or 

woodland at dawn and return to farmland at dusk. However, all deer 

using short crops during daylight were visible, whereas few of the deer 

using woodland or grassland during the day were seen as there was 

extensive cover, and this would conceal more deer If they were generally 

less active during daylight. Dividing data to examine diel use of habitats 

reduced sample sizes, so that It was difficult to distinguish differences In 

use of habitats between time periods from background variation in the 

numbers of deer seen per visit. This was compounded by changes in 

diel use of particular habitats: cereals for Instance were used throughout 

the day In mid-summer but very little In daylight during the rest of the 

year. Such changes confused diel patterns when months were lumped to 

accommodate variability between individual transects. 

Deer tended to use different habitats for different activities. Pasture 

was distinctive because over 70% deer seen there were feeding in all 

months of the year, suggesting that pasture was more Important for 

feeding than for other activities. This Is supported by the high preference 

shown for pasture In winter and spring w>;an foraging is crit ical. On 

cerealu, seed-grass and grassland, the proportion of deer feeding 

decreased In summer during kidding and rutting, as more time was spent 

In non-feeding activities. 

Overall, the lowest proportions feeding seen were In woodland. 

These results are perhaps surprising because cover might be expected to 

conceal non-feeding deer and Increase the proportion feeding; hence the 

proportion feeding Is probably over-estimated. The results luggest that 

woodland was used for shelter and was less important for foraging than 

the more open habitats, except In cold weather ( e . g . February 1980). 

Results from faecal accumulation counts lend support to this conclusion as 

rates of accumulation were normally higher In woodland than In 

grassland. Indicating that deer spent more time overall In woodland. 

The Index used to assess feeding preference compensates for the 

effects of sampling different proportions of available habitats. The Index 

Is Influenced by two factors: the density of deer feeding In the habitat 
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and the density of deer feeding over all habitats. Thus small-sized 

habitats tend to score high preference Indices; pasture was the most 

preferred habitat for feeding In seven months of the year (Including winter 

and spr ing) . woodland was the most preferred In two months, and 

cereals were only preferred In September when they were used by large 

numbers of deer. 

While the Index has biological value. It takes no account of the 

accessibility of habitats. Pasture, for Instance, was Inaccessible to most 

deer because the small fields were located on the NW of the study area 

(Map 1). It was used at a high density but by a small number of 

regularly visiting deer. Woodland as similar In area to pasture but was 

located centrally, adjoining all other vegetation types except pasture, and 

was used regularly by a large proportion of the population. 

The Index also takes no account of the heterogeneity of habitat use. 

but observations suggested that deer used all vegetation types patchlly. 

Use of large fields was particularly heterogeneous, although data on this 

were not presented. The patchy use of woodland and grassland was 

evident from observations, and from faecal accumulation quadrats some 

of which regularly yielded higher counts than others. This heterogeneity 

of h iOitat use renders the preference Index Inadequate except as an 

overall measure of the use made of different habitats by the deer. 

Determining the factors influencing heterogeneity of habitat use would 

Indicate proximate factors influencing habitat selection, since patchy use 

may correspond to topography, potential disturbance or variations In food 

supply. 

3 . 4 . 2 Chedlngton 

Radio-collared deer made different use of each habitat. The pattern 

of occupation of habitats altered In autumn. Thinned, thicket and 

pole-stage conifers were used mainly in spring and summer, but In 

autumn deer switched mainly to pre-thlcket conifer until the following 

spring. Different seasonal patterns of habitat use by Individual deer 

reflect access to particular habitats. 

Radio-collared deer also she 9d diel patterns of habitat use. although 

the trends were not strong enough to be significant within seasons. At 

night, they frequented more open habitats such as rides, pasture and 

scrub/mature hardwood: habitats In which they tended also to be more 
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active. 

The habitats at Chedlngton differ In structure, location and potential 

disturbance. Rides and pasture offer no cover. The comparatively low 

use of rides may be an under-estlmate because of the disturbance 

created when using them while radio-tracking. A greater use of rides 

might have been expected as habitat boundaries provide abundant food. 

The scrub/mature hardwood habitat at the edge of the wood provides 

cover but was used by people and dogs. The coniferous habitats all 

provide cover; however food supply varies considerably between them 

(Section 5 . 3 ) . For example, the pole-stage habitat was almost devoid of 

food, as light penetrates only small areas of It; It was most used In 

July, possibly associated with rutting. During the rut deer seemed to 

select more open habitats, provided there was no disturbance. For 

Instance, rutting deer were observed In pasture In 1981. but moved 

elsewhere when cattle were Introduced. The thicket stage conifers were 

mostly used In summer. Thicket comprised the largest proportion of the 

wood but was used mainly by active deer and never at high density. This 

habitat was probably used for transit, as the Impenetrable vegetation 

bordering paths through the thickets limited access for feeding and the 

only escape routes (from dogs, e tc . ) were paths along which pursuit Is 

easy. Pole-stage and thinned conifers were used more than thicket at 

kidding time, when deer are particularly sensitive to disturbance; females 

could nalntain vigilance over their kids in these more open habitats, but 

withdraw from disturbance when necessary, 

3. 4. 3 Factors affecting observational data 

Observations are Influenced by several factors which cannot be 

controlled. These Include; differences In visibility of deer in different 

habitats, seasonal changes In visibility within habitats, and differences In 

the probability of sighting deer engaged In different activities. The 

number of deer observed will depend on the relationships between these 

factors, and the patterns of habitat use and activity frequencies of deer. 

The observed patterns of habitat use were probably not solely 

produced by changes In the prot billty of seeing deer. This Is apparent 

If con^ arlsons are made between habitat use determined by 

radio-telemetry and observation ( I . e . out-of-s lght records and In-slght 

records) , using data from the third field season, when radio-telemetric 
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methods were first successful. During this field season, observations and 

radio-locations were gathered on the same visits to the Porton study 

area. To avoid comparing dissimilar groups of animals, the analysis was 

confined to radio-tracking data and observations on the same Individuals. 

Farmland was excluded during March and April: as visual scans were 

made first, there were no radio-locations on farmland until crops were 

high enough to conceal deer. 

The differences between patterns of use determined by the two 

methods were compared using chl-squares (Table 7, Appendix 2 ) . 

Expected values were compensated as the area sampled visually was 

smaller than the area sampled by radio-tracking (White, pers comm. 

See Table 7. Appendix 2 ) . The only significant chl-square was obtained 

In March/Apr i l , The largest contribution to the value came from an 

unexpectedly low number of radio-locations on grassland and an 

unexpectedly high number of observations In woodland. The direction of 

these differences does not support the view that visibility was affected by 

vegetation density. 

Seasonal changes in visibility within habitats were apparently 

unimportant in determining changes In numbers of deer occupying 

habitats. If an Increase In cover were Important then It would be 

expected to affect immediately the number of deer seen In a habi tat and 

would result In more records of deer engaged In readily observed 

activities ( e . g . feeding). The major change in vegetation density occurs 

during leaf-emergence In April and May. This coincided with a small 

decrease In the number of deer seen In woodland, but the significant 

decline occurred In June. In grassland, numbers of deer actually 

increased as cover Increased in spring, declining significantly In July. 

The lowest number of deer seen In woodland or grassland occurred 

during summer, however numbers Increased before the autumn ( I . e . 

before leaf- fa l l ) . These trends suggest that observed changes In patterns 

of habitat use were real, and not artefacts caused by changes In visibility. 

The proportion of deer feeding In woodland and grassland showed 

different trends through the year. The proportion feeding In woodland 

Increased during spring and summer, suggesting that cover obscured 

non-feeding deer. The reverse occured In grassland (note that changes 

In frequencies of activity may also occur during this per iod). Observed 

changes In habitat use therefore cannot be entirely attributed to changes 

In visibility. 
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3 . 4 . 4 Factors affecting radlo-telemetric data 

Radio-telemetry data are subject to different bias from observations. 

The main bias Is that the number of Individuals sampled Is low, although 

they can be located frequently, regardless of activity or habitat. 

Sampled animals may be atypical of the population if they have 

access to different habitats from the population as a whole. This was 

avoided by collaring animals from more than one sector of the wood. 

Sampled deer may also be different from the population In their age 

and/or sex-class distribution. This bias was unavoidable as the five radio 

collars were all fitted to adults for two reasons. The non-expanding 

collars are loose on sub-adults, and on yearling males particularly, the 

weight of the transmitter could cause excessive rubbing. As deer were 

caught In March few data would have been collected before juvenile 

dispersal. All radio-col lared animals were sought on each outing but. as 

signal strength varied, weak transmitters were not iways located. Thus 

the number of records per Individual was weighted towards animals that 

were easily located. The contribution of individuals to the data set was 

further distorted because the collar of Male 2 was detached in August 

1981, and in October 1981 Female 3 disappeared, probably having left 

the wood. 

The activity states inferred from signal characteristics were not 

verified. Signals clearly varied and were placed in one of three 

categories; active. Inactive and Indeterminate. The first two of these 

correspond to categories In which observations were placed, but some 

actltlvlties may produce rr .sleading signals. Head movements while lying 

grooming could for instance be classed as active from radio-tracking, 

whereas lying grooming would be classed as Inactive if observed. Such 

uncertainties could be resolved with continuous chart recorders as used 

by Cederlund and Lemnell (1980) and Hirons and Owen (1982) . 
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CHAPTER 4 

DtEL ACT' ITY PATTERNS IN ROF nPFP 

4. 1 INTRODUCTION 

Several authors have described diel changes In the activity of roe 

deer. Prior (1968) noted peaks In activity around sunrise and sunset; 

such crepuscular peaks were documented by Turner (1980) and 

Ceder lund (1981) . Several factors may contribute to these observed 
peaks: 

1 

2 

3. 

4. 

Feeding may be limited to two cycles In any 24 hour period. 

Longer feeding bouts or shorter lying bouts may occur at twilight. 

Feeding Intensity may vary with time of day. 

More synchronised feeding cycles may occur at c i w n and dusk 

than at other times. 

5. Deer may feed In more open habitats at dawn and dusk. 

In Isolation or Interactively, these factors could result In peaks In d i - ' 

a vlty; Is there evidence to Identify which factors are Important? 

Feeding cycles In free-ranging roe deer are unlikely to be limited to 

twilight hours, as captive roe deer have 8 -12 feeding cycles per 24 hours 

(Bubenik 1960). and activity In wild roe deer was recorded during the 

ciay and night In an automated radio-telemetric study (Cederlund. 1981) 

There Is no firm evidence to corroborate the suggestion that either 

deeding bouts are longer or that lying bouts are shorter at dawn/dusk. 

Cederlund (1981) suggested that "long bouts" of activity (> 150 mins) 

tend to occur just after dusk In winter, and at both dusk and dawn In 

autumn, but he did not analyse bout length In relation to time of day 

(although using an automated radio-tracking system with continuous chart 

recorders Is probably the only means of answering this question) 

Cederlund's study highlighted a further difficulty: Individual variation In 

dally patterns of activity would obscure changes In bout length across the 

^ay. because of the limited sample sizes In radlo-telemetrlc studies. 

Cederlund also found sex differences In dally activity patterns, which again 

suggest that sample sizes must be Increased to resolve whether bout 

'®ngth, feeding Intensity or feeding cycle synchrony are Important facte ; 

producing diel patterns of activity. 
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Turner (1978) examined changes In bout length and feeding Intensity 

between January and April, but did not consider changes over 24 hour 

periods (observations were limited to daylight and to females). He found 

that the proportion of time standing spent feeding ( I . e . feeding Intensity) 

was constant over the period studied while the proportion of daylight hours 

spent standing increased. Mean standing bout duration was also constant 

but there was a decrease in length of lying bouts. Turner studied roe 

deer living on farmland: direct observation of a focal animal was 

possible over protracted periods but he did not examine bout length, 

feeding Intensity or synchrony of feeding cycles in relation to time of day. 

Turner (1980) suggested that Individual variation In digestion rates 

leads to unsychronlsed feeding cycles during the day and night. He 

proposed that crepuscular peaks in population activity occur because 

sunrise and sunset are cues which synchronise feeding cycles. A cue 

such as light intensity may be a proximate cause of activity peaks but 

cycles could not be synchronised Immediately by an external cue 

because of physiological constraints inherent In the ruminant digestive 

/Stem. 

Roe deer tend to use open habitats more during twilight and darkness 

Chapter 3) and this would undoubtedly contribute to observed diel 

patterns of activity. Feeding cycles may be shorter In more open 

habitats. If food there Is more digestible (see Chapter 5 ) . More feeding 

cycles occur per day In agricultural areas than In woodland, and In both 

habitats more cycles occur In spring and summer, than In winter 

(Ellenberg 1978; Turner 1980). The rates of Ingestion and digestion 

achieved by roe deer under di erent feeding regimes are therefore 

variable. Shorter feeding cycles, and an apparent Increase In sychrony 

because of habitat selection during twilight and darkness would accentuate 

activity peaks. However there Is no literature relating diel activity p.̂  ^erns 

to the distribution or availability of food, or to habitat use. 

In this chapter, three questions are considered: 

1. Are there diel patterns of activity at Porton and Chedington? 

2. Do activity patterns persist through the year or are they seasonal? 

3. Are activity patterns related to habitat? 
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4 . 2 METHODS 

Two types of data are commonly used In field studies of activity 

patterns. Either a focal animal Is observed for a period of t ime, or the 

behaviour of a sample of Individuals Is recorded at preset Intervals. The 

focal animal method usually restricts sampling to a few Individuals, but 

avoids the differential probability of sighting animals engaged In different 

activities (Glutton-Brock 1974). However, this Is Impractical for roe deer 

In most study areas, because their behaviour would dictate the start and 

duration of observation periods, weighting activities that occur In open 

areas. In habitats except farmland. It would be difficult to observe a 

focal animal continuously for a long enough period to o. tain meaningful 

data. Although automated radio-tracking systems (as used by Sempere 

(1980) and Cederlund (1981) on roe deer -nd by HIrons and Owen 

(1982) on woodcock (Scolopax rusticola)) have advantages, much 

biological Information cannot be obtained from Indirect monitoring. 

At Porton behavioural records from a population sample were 

collected by 3 methods. Two methods Involved direct observation: 

transects, and scans of fixed areas (carr ied out at preset Intervals) 

The behaviour of a smaller sample of animals was obtained by 

radio-tracking. At Chedlngton. the only practical means of obtaining data 

was by radio-tracking. Techniques used for radio-tracking and details of 

transects were described earlier (Section 3 . 2 ) . and so the following 

section leals only with scans of fixed areas at Porton. 

Three sites were used: seed-grass (bounded by woodland). 

grassland, and woodland. At each site, an extensive area of the 

vegetation type could be scanned from an observation point selected to 

minimise disturbance. Observations were carried out over 2 dawns 2 

dusks and 1 daytime period per calendar month, (except October and 

December) between March 1979 and February 1980 Inclusive. Watching 

at dawn began at first light and continued for 3 hours. Watching at dusk 

began 3 hours before darkness and ceased when It became too dark. 

The Intervening daytime period was adjusted monthly to cover the hours of 

daylight. Night-t ime watching was abandonned; night-vlewing devices 

were unavailable and regular Illumination using a spotlamp caused 

disturbance. Scans were made at 5 minute Intervals. For each deer, 

the variables described In the transect method (Section 3 .2 ) were 

recorded. 
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4. 3 RESULTS 

4 .3 . 1 DIel patterns of activity of deer at Porton and Chedlngton 

1. Porton. 

The distribution of activities between time perlodswas tested first using 

transect data, covering the period March 1979 to February 1980 

Inclusive. Activities were grouped Into four categories to obtain 

acceptable expected values: Feeding (grazing plus browsing); standing 

( inact ive) ; moving (Including social interactions) and lylna activities. 

The distribution of deer between activities varied significantly with time 

period (x2 = 164.70. d. f. = 9. p < .001 ) . The proportion of animals 

engaged In each activity Is shown by time period In Fig. 4. 1. j h e 

highest proportion of deer feeding (73%) occurred at dusk. In other 

periods the proportion feeding varied between 61 and 65%. The 

proportions standing (including moving), and lying showed greater 

variation. At dawn, 31% of deer sighted were standing-up. but not 

feeding, whereas at night this category accounted for only 10% of 

sightings. The reverse occurred with the proportion of animals seen lying 

down. 

Data from scanning fixed areas - ply to the same period and were 

tested for association between activity and period. Night-t ime 

observations were not collected, as they caused disturbance. However 

during daylight, there was a significant association between activity and 

period ( x^ = 176.288. d. f. = 6, p < ,001 ) . The proportion of deer 

engaged in standing, non-feeding activities was again highest (17%) at 

dawn. Figure 4 .2 . The proportion lying down was also highest (23%) at 

dawn, falling throughout the day, accompanied by an Increase in the 

proportion feeding which reached a maximum of 78% at dusk. 

DIel activity patterns occurred in radio-tracking data covering the 

period March to September 1981. Observations over this period were 

included because sightings were weighted towards active deer, whereas 

radio-locations were weighted towards Inactivity. For observations. 

"active" was taken as all standing activities; for radio-locations, activity 

was determined by signal characterist ics, the indeterminate category being 

excluded (Section 3 . 3 . 7 ) . The activity of radio-tagged deer was 
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'igure 4.1 - Proportion of deer engaged in different activiti 
time period. ies by 

Porton study area, transects: March 1979 to February 1980 inclusive, 

Key: Feeding (grazing and browsing) 

Standing (all non-feeding standing activities) 

Lying (ruminating and inactive lying) 
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signif icantly associated with time period ( x ^ = 83 .409. d. f. = 3 p < 

. 0 0 1 ) . Distinct peaks In activity occurred at dawn and dusk (Fig. 4 . 3 ) 

when over 80% of records were of active deer. At night, the proport ion 

active was still above 70%, whereas during the day It was only 42%. 

The diel activity patterns determined from radio- t racking and from 

ransects were simi lar. From radlo-traoldng the level of activity was 

general ly lower; crepuscular peaks were more pronounced, and the lowest 

level of activity occurred during the day. not during the night as It did in 

data from transects. However, transects covered twelve months, while 

radio- t racking covered seven. 

Fig. 4 . 4 shows the proportion of deer active In each t ime period 

from transect data, over the seven months covered by raOio-tracking. 

Cbut note: these data sets appiy to dif ferent years) . Although the 

associat ion between activity and period Is still signif icant = 115.745 

d.f. = 6. p < . 0 0 1 ) . the proport ions in Figs. 4 . 3 and 4 . 4 remain 

distinctly dif ferent: excluding October to February had little effect on the 

diel patterns shown In Fig, 4 . 1 . 

2. Chedlngton 

Diel activity patterns of all radio- tagged deer were examined over the 

period Apri l 1981 to March 1982 Inclusive. Activity of radio- tagged deer 

changed signif icantly with tin o period ( x ^ = 61 .143, d. f. = 3, p < 

•001) . Activity of deer at Chedlngton was highest (71%) at night (Fig. 

^ 5) and lowest (34%) during the day. Deer were more active at dawn 

(65%) than at dusk (59%) . 

Diel patterns of activity of three Individuals were examined. All three 

(one buck, two does) showed a signif icant association between activity 

and time period (Male 1, = 11.592, d.f. = 3, p < .001 ; Female 1. 

= 22 .126. d.f. = 3. p < .001; Female 2. = 27. 706. d.f. = 3. p 

< . 0 0 1 ) . Diel patterns of activity differed between Individuals: the 

distribution of radio- locat ions between activity and Inactivity varied with 

Individual at dawn ( x ^ = 5 .338 . d.f. - 2. p < . 0 5 ) . during daytime ( x ^ 

= 10.337. d.f. = 2. p < . 0 1 ) . and at night ( x ^ = 9 .092 . d.f. = 2. p < 

• 0 5 ) . but not at dusk ( x ^ = 2 .085 . d.f. = 2. ns ) . Female 1 was 

consistently more active than Female 2 or Male 1 In all time periods. 
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Figure 4.3 - Proportion of radio-collared deer active by time period 

Porton study area, observations plus radio-locations; March to 
September 1981. 
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Fig. 4,5. Proportion of radio-collared deer 
active (shaded) by time period. Chedington: 
April 1981 to March 1982. 
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4 .3.2 Seasonal changes In diel activity patterns at Porton and 

Chedington 

1. Porton 

The association between activity and t ime period was tested on paired 

adjacent months of transect data. The categories "standing- and "moving-

were combined to Increase sample size. In al l six pairs of months the 

distr ibution of deer between actlvltes was signif icantly related to t ime 
period; 

Months X2 P(6d,f. ) 
March + April 37.054 < .001 
May + June 41.799 < .001 

+ August 17.986 < .01 

Sept + October 84.537 < .001 

Nov + December 21.679 < .01 

Jan + February 30.257 < .001 

Within time periods, the distribution of deer between activities was 

inf luenced by month at dawn (x^ = 54. 376. d. f. = 10. p < . o o l ) and 

at dusk = 98.899. ĉ . f. = 10, p < . 0 0 1 ) . but not during the day 

= 2 .572 . cf.f. = 2. ns ) . or night ( x ^ = 16.443. d. f. = l o . ns ) . 

Changes In the proportion of deer engaged In each activity at dawn 

and dusk are shown in Fig. 4 . 6 Seasonal changes were similar In the 

^ o time periods: the proportion of deer feeding decreased from 

March/Apr i l to a minimum In July/August, accompanied by an Increase In 

the proport ion standing. 

Data from scanning fixed areas were analysed similarly. Months were 

paired and tested for an association between activity and time period 

across daylight hours. The association was signif icant In each of the five 

pairs of months (no sampling was done In October or December ) : 
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Months X* P(4 d.f. 
March + TVpril 82.377 < .001 
May + June 33.631 < .001 
July + August 16.222 < .01 
Sept + November 142.704 < . 0 0 1 

Jan + February 198.537 < .001 

The p ropor t i on of deer engaged In each act iv i ty w i th in t w o - m o n t h 

b locks Is shown by t ime per iod In Fig. 4. 7. The d ie l pa t te rns of act iv i ty 

were d i f fe ren t In al l f ive pai rs of mon ths . 

There was a s ign i f i can t c h a n g e In the d is t r ibu t ion of d o e r e n g a g e d In 

d i f fe ren t act iv i t ies wi th in t ime per iods ac ross the year ( d a w n = 

145. 167, cf . f . = 8 . p < . 0 0 1 ; day. = 4 6 7 . 6 4 2 , d. f . = 8 , p < . 0 0 1 ; 

dusk . x 2 = 2 6 1 . 2 9 6 . d . f . = 8. p < . 0 0 1 ) . T rends wore s im i la r to those 

In day l ight t ransec t data. In al l t h ree t ime pe r i ods , the p ropo r t i on 

feed ing d e c r e a s e d f rom M a r c h / A p r i l to J u l y / A u g u s t , when the peak in 

p ropor t i on s tand ing o c c u r r e d . However , In s c a n n i n g data the p ropo r t i on 

ly ing was h igher overa l l , and was m o r e va r iab le , espec ia l l y w i th in the 

dayt ime per iod . 

Rad io - t r ack i ng data a lso showed c h a n g e s In d ie l act iv i ty pa t te rn with 

t ime of year . There was a s ign i f i cant assoc ia t ion be tween act iv i ty and 

per iod between March and June ( M a r c h / A p r i l : = 4 3 . 6 8 7 . d.f = 3 p 

< . 0 0 1 ; M a y / J u n e : = 3 4 . 5 9 8 . d.f. = 3 . p < . 0 0 1 ) but not In 

J u l y / A u g u s t ( x ^ = 0 . 6 1 8 . d.f. = 3 . n s ) . The p ropo r t i ons ac t ive and 

inact ive a re shown In F ig. 4 . 8 ( "ac t i ve" Inc ludes al l n o n - l y i n g act iv i t ies 

and Is equ lva le t to al l feed ing and s tand ing act iv i t ies In the o ther 

a n a l y s e s ) . In M a r c h / A p r i l and M a y / J u n e , the d ie l act iv i ty pa t te rns were 

s im i l a r , wi th c repuscu la r peaks In act iv i ty , and the lowest level of act iv i ty 

o c c u r r i n g du r i ng the day. 
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2 . Ched ing ton 

The assoc ia t ion between activity and t ime per iod was tested us ing 

rad io - t r ack ing data In two -mon th blocks. In al l pa i r ings except 

M a y / J u n e , the d is t r ibut ion of deer between the ca tegor ies active' and 

Inact ive var ied s igni f icant ly with t ime per iod. 

Months P(3 d. /. ) 

March + April 17.752 < ,ooi 

May + June 1.724 ns 

July + August 1 3 . 3 9 9 < .oi 

Sept + October 1 9 . 9 2 0 < .ool 

N o v + D e c e m b e r 2 1 . 5 3 5 < Q O I 

Jan + February 11 .391 < o i 

The propor t ion of deer act ive In each pair of months Is shown by 

t ime per iod In Fig. 4 . 9 . The diel pat terns of activity were s imi la r In 

several pairs of months : In Nov/Dec^ J a a / F e b , and M a r c h / A p r i l peaks 

In act ivi ty occu r red dur ing the n ight , and at dawn or dusk, with the least 

activity dur ing the day. In Ju ly /Augus t and Sep tembe r /Oc tobe r the level 

of act ivi ty was h igher but deer were sti l l least act ive dur ing the day. 

The only t ime per iod whc the d is t r ibut ion of deer between act iv i t ies 

changed dur ing the year was dusk ( x ^ = 17 .168 . d.f. - 4, p < qI) 

In o ther e r iods , this associat ion was not s ign i f icant , ( d a w n , = 3 . 5 4 , 

= 3. n s ) . Changes in activity at dusk are shown In F igure 4. 10. 

The level of activity Increased between May /June and Ju ly /August , and 

rema ined high In Sep tember /Oc tobe r , before d im insh ing cons is tent ly unt i l 

the fo l lowing spr ing . 

4 . 3 . 3 The in f luence of habitat on diel activity pat terns 

Habitat use at both Porton and Chedington var ied with t ime of day. 

Individual deer d id not use al l habi tats, nor were they con f ined to a s ing le 

habi tat . In this sec t ion , the activity d is t r ibut ion of those deer us ing a 

Qlven habitat Is cons idered across t ime per iods , but this does not Imply 

that deer compos ing the sample In d i f ferent t ime per iods were necessar i l y 

the same Individuals. 
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1. Por ton 

( a ) T ransec ts 

In a l l habi tats except pas tu re , the re was a s ign i f i can t assoc ia t i on 

between act iv i ty and Ime per iod ac ross the who le year ( s a m p l e size 

p rec ludes the possib i l i ty of test ing th is assoc ia t ion wi th in s e a s o n s ) . 

Habitats X2 P 

grassland 7.857 < .05 

woodland 13.506 < .01 

cereals 88.394 < .001 

seed-grass 87.654 < .001 

pasture 0.508 ns 

Fig. 4. 11 shows d ie l act ivi ty pat terns for each vegeta t ion type. 

A l though there were d i f fe rences between hab i ta ts , ce r ta in fea tures were 

c o m m o n : In al l four hab i ta ts , feed ing peaked at dusk , and the 

p ropo r t i on of deer ly ing was h ighest at n ight . The p ropor t i on of d e e r 

feed ing was lowest at n igh t , except on ce rea l s where It was lowest at 

dawn. The p ropor t i on of deer ly ing was lowest at dawn or du r i ng the day 

In al l four habi ta ts . 

( b ) Scann ing f ixed a reas 

In g rass l and , wood land and s e e d - g r a s s , the re were s ign i f i can t 

assoc ia t i ons between act iv i ty and t ime per iod wi th in day l ight hou rs 

( g r a s s l a n d : = 74. 126. d.f. = 4 , p < . 0 0 1 ; s e e d - g r a s s : = 7 7 . 3 4 0 . 

= 4 . p < . 0 0 1 ; wood land : = 10. 172. d.f. = 4 . p < . 0 5 ) . 

The act iv i ty pat terns of deer du r ing day l ight at each si te ore shown In 

Fig. 4. 12. DIel pa t te rns were s im i la r , but not ident ica l . The p ropo r t i on 

feed ing in g rass land and s e e d - g r a s s was h ighes t at dusk , but th is 

p ropo r t i on was h ighes t In wood land du r i ng the day. The p ropo r t i on ly ing 

on s e e d - g r a s s d e c r e a s e d th roughou t the day. but was a lmos t cons tan t In 

wood land and peaked du r i ng the day on g rass land . 
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Cc) Rad io - t r ack ing 

The re was a s ign i f i cant assoc ia t ion between act iv i ty and t ime per iod 

o n g rass land ( x ^ = 34. 143. d.f. = 3. p < . 0 0 1 ) and wood land ( x ^ = 

1 0 . 5 8 7 , d.f. - 3, p < . 0 5 ) , but not f a rm land ( x ^ = 1 . 8 5 5 , d.f, = 2 

n s ) . As in prev ious analyses In this chap te r , both r a d i o - l o c a t i o n s and 

observa t ions of r a d i o - t a g g e d deer were Inc luded. A l though the level of 

act iv i ty was lower In woodland than g rass land ( F i g . 4. 1 3 ) , the pat terns of 

act iv i ty were s im i la r . Activi ty was lowest du r i ng the day In both habi ta ts . 

However in wood land , act ivi ty was h ighest at n igh t , whereas on 

g rass land , dee r were least act ive at n ight . 

2. Ched lng ton 

Ac ross 12 mon ths , the d is t r ibut ion of deer between act iv i t ies c h a n g e d 

s ign i f i can t ly wi th t ime per iod for p re - t h l c ke t ( x ^ = 2 9 . 9 8 9 , d.f. = 3 , p < 

• 0 0 1 ) , th icket ( x ^ = 9 . 3 9 9 , d. t. = 3. p . 0 5 ) , and p o l e - s t a g e con i fe r 

= 1 0 . 5 0 9 , d.f. = 3 , p < . 0 5 ) , but not for t h inned con i fe r ( x ^ = 

6 . 9 0 6 , d.f. - 3 , n s ) , or s c r u b / m a t u r e hardwood ( x ^ = 3 . 8 8 1 , d.f. -

3, n s ) . Samp le size In o ther habi tats at Ched ing ton ( r i d e s , pas ture and 

matu re sof twood) were too smal l to test In this way. The pa t te rns of 

act ivi ty in p r e - t h l c k e t , th icket and p o l e - s t a g e con i fe r were s im i la r (F i g , 

4 14 ) : act iv i ty was lowest du r ing the day In al l th ree hab i ta ts , a 

h ighest at n igh t ( p r e - t h l c k e t and th icket) or at dusk ( p o l e - s t a g e ) . 

4 . 4 DISCUSSION 

Deer In both study areas showed d ie l pat terns of act iv i ty , but peak 

act iv i ty at Por ton o c c u r r e d at dusk, whereas at Ched lng ton it o c c u r r e d at 

'^Ight. Diel pa t te rns of act ivi ty were found wi th in t w o - m o n t h in terva ls ; In 

both study a reas , pat terns c h a n g e d with season , as n o n - f e e d i n g act iv i t ies 

Inc reased du r i ng the summer . Changes In act iv i ty d is t r ibu t ion with t ime 

per iod were found in most habi tats at Por ton . but less than half the 

habi tats at Ched ing ton . At Ched lng ton pat terns wi th in habi ta ts were the 

s a m e , whereas at Por ton d ie l pat terns d i f fe red between hab i ta ts . 
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4. 4. 1 DIel patterns of activity over the year 

Peak act ivi ty at Porton occu r red at dusk, whether feed ing Is 

cons ide red us ing t ransect or scan data , or act ivi ty us ing rad io - t r ack i ng 

data. Non - f eed ing standing act iv i t ies were most c o m m o n at dawn: these 

act lv l tes were main ly moving f rom n igh t - t ime feeding si tes to areas used 

dur ing dayl ight ( s e e habitat use: C h a p t e r s ) . Transect data sugges ted 

that ly ing act iv i t ies were most c o m m o n at n ight . These were sub jec t to 

observat iona l bias and probably Indicate that deer lay down In mo re open 

areas at n igh t , s ince rad io - t rack ing data showed peak inact ivi ty ur ing the 

day. By the scann ing method, deer appeared to spend more t ime lying 

at dawn; feed ing bouts dur ing the n ight ended at dawn and so 

cont inuous p resence for scann ing enhanced the probabi l i ty of ident i fy ing 

l y l ng -up si tes. At Chedlngton. peak activity o c c u r r e d at n ight , ra ther 

than at dusk, a l though deer at Chedlngton were a lso least act ive du r ing 

the day. 

4. 4. 2 DIel patterns of activity within seasons 

Patterns of activity occu r red within two -mon th per iods in both study 

areas. At Por ton, the propor t ion of deer engaged in n o n - f e e e d i n g 

s tanding act iv i t ies Increased In summer at dawn and dusk, reach ing a 

peak dur ing the rut In Ju ly /Augus t . This occu r red at the expense of 

feed ing (no t lying) and so is unl ikely to be an ar te fact caused by 

Increased cover . Deer may spend less t ime feed ing , as food qual i ty and 

avai labi l i ty are h igher in summer (Chapter 5 ) . and so they devote more 

t ime to soc ia l act iv i t ies, associated with k idding and rut t ing. Af ter the 

•"ut. t rends reversed and deer spent more t ime feed ing at dawn and dusk 

th roughout the winter . 

There were d i f ferences In diel pat terns of act ivi ty within t w o - m o n t h 

b locks: at Ched lng ton . there were no die l pat terns in M a y / J u n e ; and the 

d is t r ibut ion between activi t ies across the year at Ched lngton changed only 

at dusk, whereas at Por ton, It a lso changed at dawn. Age of the 

sampled deer , habi tats, d i f ferences In study a reas , methodo logy , and the 

ca tegor ies used In rad io - t rack ing and observat ions (Sec t ion 3 . 4 . 4 ) may 

ai l have cont r ibu ted to these d i f fe rences. 
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4 . 4 . 3 DIel pat terns of act iv i ty In d i f fe ren t habi ta ts 

Deer used habi tats for par t i cu la r act iv i t ies (Sec t i on 3 . 3 ) . and the re 

were die! pat terns of habi tat use In both study s i tes. There were a lso 

d ie l c h a n g e s in act ivi ty wi th in habi ta ts . At Por ton . c h a n g e s In act iv i ty 

with t ime of day were found in al l habi tats except pas tu re , where dee r 

were p redomlna t l y feed ing. 

T ransec ts showed that in al l habi tats dee r fed most at dusk , and 

spent most t ime lying down at n igh t ; r a d i o - t r a c k i n g showed that deer were 

mos t act ive at dusk or n ight and least act ive du r i ng the day. These 

resu l ts sugges t that d ie l act ivi ty pat terns were the s a m e , rega rd less of 

habi tat . 

Resul ts f rom scans at Por ton were d i f f e ren t , and sugges ted that 

f eed ing con t i nued th roughout the day In wood land , but not in o ther 

habi ta ts . Most feed ing occu r red at dusk on s e e d - g r a s s and g r a s s l a n d , 

but most feed ing was actual ly observed du r i ng the day In wood land . 

Me thodo log ica l d i f fe rences may aga in be Impor tan t , but resu l ts f r om scans 

a re p robab ly m o r e rea l is t i c , because of con t i nuous observa t ion . 

At Ched lng ton . d ie l pat terns of act iv i ty were s ign i f i can t In on ly th ree 

of the habi tats ( p r e - t h i c k e t . th icket and p o l e - s t a g e c o n i f e r ) . In these 

habi tats d ie l pat terns were s imi la r . 

Diel c h a n g e s in act ivi ty were more p r o n o u n c e d at Por ton than at 

Ched lng ton . In al l Ched lng ton habi tats whe re s ign i f i can t d ie l pa t te rns 

o c c u r r e d , they were s im i la r , whereas at Por ton . the re were Impor tan t 

d i f f e rences between activi ty pat terns In wood land and the o ther hab i ta ts . 

4 . 5 OVERALL DISCUSSION OF HABITAT USE AND ACTIVITY PATTERNS 

Deer at Por ton and Ched lng ton showed seasona l c h a n g e s in habi tat 

use. These changes were the most obv ious fea ture of habi ta t use . and 

were par t i cu la r ly p ronounced at Por ton. Severa l fac to rs may shape 

c h a n g e s in habi tat se lec t ion th rough the year . Food supply wi l l c h a n g e 

cyc l i ca l l y and at Por ton cyc les may be out of phase because of 

ag r i cu l tu ra l p rac t i ces . Deer may the re fo re max imise food Intake ( w h e t h e r 

'n quant i ty or net energy) by se lec t ing the vegetat ion type In wh ich they 

fo rage . But o ther fac tors wil l a lso In f luence this se lec t ion . Fo rag ing in 

wood land Inc reased In very co ld weather at Por ton . a l though food supply 

Would not have improved unt i l sp r ing . Behav ioura l c h a n g e s , assoc ia ted 
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with k idd ing and ru t t ing may a lso be Impor tan t and c h a n g e s In hab i ta t 

se lec t ion c o i n c i d e d with events in the b reed ing cyc le . Seasona l c h a n g e s 

at Ched lng ton were probab ly less p r o n o u n c e d because habi tats were less 

var ied In food supply and mos t o f fe red su f f i c ien t cover to e s c a p e 

p reda to rs and ga in she l te r . 

At both s i tes , habi tats used du r i ng day l ight o f fe red m o r e cover and 

were sub jec t to less d i s tu rbance than those f requen ted du r i ng twi l ight and 

darkness . But d ie l pat terns were m o r e p r o n o u n c e d at Por ton than 

Ched ing ton . suppor t i ng the hypothes is that ind iv idua ls c o m p r o m i s e be tween 

the benef i t of f o rag ing on bet ter food supp l i es , and the cos ts of 

d i s tu rbance and exposure S ince the probab i l i t y of d i s tu rbance var ies 

over 24 hours in a p red ic tab le m a n n e r , dee r wou ld be expec ted to se lec t 

habi tats acco rd i ng l y , and deer used m o r e open habi ta ts for In tensive 

feed ing ( e . g . pas ture at P o r t o n ) , but re t i red to cover when inact ive. 

D i f fe rences between habi tats In the two study s i tes n a y a lso In f luence 

die l pat terns of act iv i ty. Peak act ivi ty o c c u r r e d du r i ng dusk at Por ton but 

at n ight in Ched lng ton , a l though In both a reas dee r were least act ive 

du r ing the day t ime. Severa l exp lanat ions of th is a re poss ib le . 

D i f fe rences In samp l ing may be impor tan t , but the mos t p laus ib le 

exp lanat ion l ies in fundamenta l dl? rences between habi tats in the d e g r e e 

t im ing and ef fec ts of d i s tu rbance . 

At Por ton , d i s tu rbance o c c u r r e d a lmos t exclus ively du r i ng the day 

and a f fec ted a large p ropor t ion of the study a rea . Feed ing at Por ton was 

suppressed du r i ng the day. and only r e s u m e d at dusk. At Ched ing ton . 

this d id not o c c u r , as there was less d i s tu rbance and habi ta ts o f fe red 

m o r e cover . The coo rd ina ted onset of act iv i ty at dusk at Por ton d id not 

the re fo re o c c u r at Ched ing ton . 

Act iv i ty pat terns c h a n g e d with season , as the p ropor t i on of act ive t ime 

spent In n o n - f e e d i n g act iv i t ies Inc reased du r i ng the s u m m e r , to a peak In 

the rut. Hab i ta t - t ype had l i t t le e f fect on act iv i ty pa t te rns , except in 

Por ton >voodland. where most feed ing o c c u r r e d du r i ng the day. but th is 

e f fect was probab ly In f luenced by d ie l pa t te rns of habi ta t use. 
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CHAPTER 5 

FORAGE AVAILABIUTY AND QUAIITY 

5. 1 INTRODUCTION 

The avai labi l i ty of forage and Its ef fects on the behaviour of roe deer 

was Invest igated by Hosey (1974) and Loudon ( 1 9 7 9 ) . Both authors 

noted that abundance of food var ied between ter r i to r ies In summer , but 

nei ther showed c lear re lat ionships between food abundance and terr i tory 

size. Their measures of food avai labi l i ty took no accoun t of seasona l 

changes or food qual i ty, and were made by ca tegor is ing visual surveys of 

vegetat ion. 

The a im of this chapter Is to de te rmine more prec ise ly seasonal food 

avai labi l i ty In each habi tat , and to establ ish how food qual i ty var ies with 

habitat and season. The visual est imates used by Hosey and Loudon 

were subst i tuted by d i rec t measures of s tand ing c rop of forage types (as 

9 dry wt m~^ In each hab i ta t ) . 

To assess forage qual i ty appropr ia te ly requ i res knowledge of the 

an ima l ' s nutr i t ional requ i rements , so that levels of Impor tant nutr ients can 

be mon i to red . There Is cons iderab le l i terature on domest ic ruminant 

nut r i t ion, but none speci f ica l ly on roe deer . The fo l lowing parameters 

Were chosen as ind icators of food qual i ty : 

1) d igest ib i l i ty ; which cont ro ls the propor t ion of Ingested mater ia l 

access ib le after d igest ion 

2) ca lor i f ic value: Indicates the energy content of d i f ferent foods 

3) the levels of five e lements ; 

( I ) n i t rogen (s t ruc tu ra l in prote ins and enzymes, and 

essent ia l for prote in synthesis) 

( I I) phosphorus ( Impor tan t in bones, and cent ra l to 

energy t ransfer mechan ism) 

(III) potass ium, (essent ia l In membrane s t ruc ture and 

prote in synthesis) 

( Iv) ca l c ium, (par t ; ular ly Important In lactat ion and ant ler 

growth) 

(v) magnes ium, (act ivates enzyme systems In a n i m a l s ) . 
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Al l f ive e lements are found at lower concen t ra t ions In plant t issue 

than In an ima l t issue. Other nutr i t ional factors that were not assayed 

may be equal ly Important . 

5 . 2 METHODS 

5 . 2 . 1 Field sampl ing: measur ing s tand ing c rop and p roduc t ion , 

est imat ing off take and obta in ing vegetat ion samples for subsequent 

laboratory analys is 

(a ) Graze- types 

The s tand ing c rop ( i . e . avai labi l i ty) of each commun i ty was assessed 

by c l ipp ing samples of the comple te sward (no t Individual spec ies) at 

b i -mon th l y Intervals. Measurements of p roduct ion and off take were made 

using temporary graz ing exclosures. Samples of the sward were c l ipped 

f rom Inside and outs ide the exclosure at the beg inn ing and end of the 

two -mon th exc losure per iod. The exc losure was then moved at least 2 m 

f rom Its previous posi t ion, in a set d i rec t ion to avoid locat ing It in the same 

posi t ion later . Two exclosures were used at each s i te, so that per iods of 

exc losure cou ld be s taggered giving over lap in the two-mon th ly data. 

This exc losure per iod was chosen to al low t ime for growth to occu r . 

without the rate of product ion dec l in ing because of changes In s tand ing 

c rop . 

For each sample , five repl icate areas (250 c m ^ ) were marked us ing 

a c i rcu la r t u r f - c o r e r , and al l above -g round vegetat ion removed by 

c l ipp ing . Est imates of product ion were obta ined f rom these Init ial 

measurements by subt ract ing the Init ial s tanding c rop outside f rom the 

f inal s tand ing c rop Inside the exclosure. S imi lar ly , off take was est imated 

by subt rac t ing the f inal s tanding c rop outs ide f rom the f inal s tanding c rop 

ins ide. 

At Por ton. three rep l icate si tes were assessed using this techn ique in 

both g rass land and woodland. At Chedlngton two rep l icate sites were 

rnonWored In each of the fol lowing habi tats: r ides, graz ing commun i t i es 

Within sof twood plantat ion ( o n e site within p re - th l cke t and one within 

th inned c o n i f e r s ) , and ground vegetat ion beneath s c r u b / m a t u r e hardwood. 

Vegetat ion assessments on farmland at Porton were made d i f ferent ly . 

33 there were too many f ields to assess separate ly . Five samples per 

f ie ld were c l ipped month ly , and comb ined for each c rop to obta in mean 
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s tand ing c rop . Graze - t ypes were assessed between February 1 9 7 9 and 

Apr i l 1980. Samp les were t rea ted by the labora tory me thods d e s c r i b e d In 

Sect ion 5 . 2 . 2 . 

( b ) Browse commun i t i es 

Avai lab i l i ty , p roduc t ion and of f take of b rowse mater ia ls were 

assessed at Por ton in October 1979 and March 1980. Relat ive a b u n d a n c e 

of each b rowse spec ies was assessed on t ransec t l ines , and the most 

abundan t spec ies samp led by the fo l lowing techn iques . 

In s c r u b , al l f i rs t year growth was c l i pped f rom below the b rowse l ine 

on th ree f rees tand ing indiv iduals of each spec ies . Wood land e d g e was 

t rea ted as a f lat su r face for browsing and f i rs t year g rowth was c l i pped 

f r o m the a rea de f ined by a I m ^ quadrat . Browsed and unbrowsed shoots 

f r o m each samp le were sor ted into size c lasses , m e a s u r e d and dry 

we ighed to de te rm ined mean shoot weight and length of b rowse and 

unbrowsed ca tego r ies . 

B ramb le was the only spec ies assessed at Ched ing ton . because It 

was w idesp read , abundan t and const i tu ted a ma jo r p ropor t ion of the d iet 

in most months (Hosey 1974) . In add i t ion , s t ruc tu re , complex i ty and 

dens i ty of vegetat ion at Ched ing ton would nave made assess ing m o r e 

spec ies ext remely t i m e - c o n s u m i n g . The avai lab i l i ty , p roduct ; fy and 

of f take of b ramb le at Ched ing ton was assessed du r i ng October 1979 on 10 

I m ^ quadra ts in p r e - t h l c k e t and th inned con i fe rs . Al l shoots wi th in the 

quadrp^ below the browse l ine were c l i pped , and so r ted into b rowsed 

and unorowsed ca tegor ies . The mean number of shoots m~2 g ^ d the 

n iean dry we igh t of unbrowsed shoots were ca lcu la ted . 

Browse assessments at Ched ing ton were not repea ted in the fo l low ing 

sp r ing . 

Add i t i ona l samp les of f i r s t - year growth of b rowse spec ies were c l i pped 

n ionth ly behveen March 1979 and Feb ary 1980 In both study a r e a s , to 

prov ide mater ia l for the chem ica l analyses desc r i bed in the fo l lowing 

Sect ion. 
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5 . 2 . 2 

value and n u . r Z l Z 

Vegetat ion samples f rom the f ie ld techn iques descr ibed were d r ied to 

cons tan t weight In an oven a . 80Oc. and then weighed. A Glen Ores,on 

: r : : : r - - - " - • — 

(a ) Digest ibi l i ty 

The method used was taken f rom Jones and Hayward ( I 9 7 5 , 

Who found a c lose cor re la t ion Cr = 0. 96) between resul ts f rom th is 

m. .,od and m vivo d igest ib i l i t ies for sheep. Samples were Incubated in 

' ro f i rst ly In pepsin solut ion and then in fungal ce i lu lase to de te rm ine 

T matter d igest ib i l i ty . These reagents a re s tandard ised and h e n c e 

resul ts can be readi ly reproduced. 

Two hundred mg sample was Incubated with 20 ml of o 9%. 
0 1 M Lj^. X peps in In 

• N HCI for 24 hours at 40Oc In a sc rew cap bott le. The superna tan t 

was removed us ing a s inter st ick (poros i ty 2 ) , The st ick was washed 

back into the samp le , us ing part of the 20 ml a l iquot of celf lase so lu t ion 

25 mg ce l lu lase In 20 ml phospha te -c i t ra te buf fer pH 4 . 6) the 

remainder of which was then added before Incubat ing for a fur ther 48 

hours at 40Oc. Bott les were shaken by Inversion twice per 2 4 hours 

The Indigest ib le res idue was Isolated b ' f i l ter ing th rough a tared g i a s s -

' Ibre paper (No. 1) wh ich was then dr ied and reweighed. The amount of 

o r ig ina l mater ia l d igested was ca lcu la ted as a percen tage of the o r io ina i 
height. 

Samples f rom al l main habitat ca tegor ies were analysed at 

<wo-monthly Intervals. Addi t ional samples were assayed f rom Intervening 

•Months when digest ib i l i ty changed rapidly. Samples used f rom Porton 

of g rass land , woodland, pasture , cerea ls and s e e d - g r a s s , and 

^^'•ee browse spec ies (b ramb le , privet and hawtho rn ) . Samples used for 

Ghedlngton were f rom r ides, con i fe rous under -s to rey , dec iduous 

^nde r - s t o rey and three browse spec ies ( b ramb le , hawthorn and 

Norway s p r u c e ) . 

Calor i f ic value 

Calor i f ic values were determined us ing a Gal lenkamp Bal l ist ic 

®omb ca lo r imete r . Samples of approximate ly 0 . 5 g of oven -d r i ed mater ia l 
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were compressed Into a pel let Incorpora t ing a s tandard length ( 5 cm) of 

f i r ing cot ton. Pel lets were Igni ted at 25 atm of oxygen, and heat output 

measured by a the romcoup le connec ted to a potent iometer was d isp layed 

on a p e n - c h a r t recorder . The ca lo r imeter was ca l ib ra ted us ing d r ied 

benzoic ac id of known ca lor i f ic va lue, at two-hour l y Intervals. Organ ic 

weight was obta ined by subt ract ing res idual ( Ino rgan ic ) weight f rom the 

samp le weight . Calor i f ic values were expressed at J g - 1 o rgan ic mat ter . 

Four rep l ica tes were analysed for each vegetat ion type sample assayed 

and a mean obta ined. 

The vegetat ion types assessed were the same as those for wh ich 

d igest ib i l i ty was de te rm ined : samples were used f rom Apr i l . July, October 

find January . 

( c ) Chemica l analyses 

Samples were d igested using the modi f ica t ion of the Kje ldahl 

d igest given by Al len ( 1 9 7 4 ) . This techn ique has advantages; several 

nut r ients can be de termined In one d igest ion; It Is a relat ively qu ick 

p rocess ; adaptab le for repl icat ion and unl ike d r y -ash ing p rocedures , there 

is no loss of volat i le e lements such as phosphorous. Elements were 

assayed using al lquots f rom the ac id d igested samples . 

A Techn lcon autoanalyser was used to de te rmine n i t rogen and 

phosphorous ca lor lmet r lca l ly . Ammon ium Ions f rom the oxidat ion of 

o rgan ic n i t rogen react with alkal ine phenate and hypochlor i te p roduc ing 

the Indophenol co loura t ion which Is read at 650 nm. Phosphorous was 

^ ' (e rmlned by the molybdenum blue method using ammon ium molybdate 

and a m m o n i u m metavanadate reagents , p roduc ing a co loura t ion that Is 

f ead at 420 nm. Both ca lc ium and magnes ium were de te rm ined by 

a tomic absorp t ion spect rophotometry using lanthanum ch lo r ide to suppress 

in te r fe rence f rom a lumin ium (wh ich depressed atomic absorpt ion even 

^ h e n present at very low leve ls ) . Potassium was de te rmined by f lame 

photometry . A ful l descr ip t ion of reagents , p rocedures and precaut ions 

'o*' the above techn iques can be found in Al len ( 1 9 7 4 ) . 

Ac id d igest ions and chemica l analyses were per fo rmed on month ly 

samples f rom outs ide exclosures In both study a reas , on samples f rom 

f ields at Por ton. and on monthly samples of browse mater ia l . Readings 

ppm were conver ted to mg g~^ before stat is t ical analysis. 
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5. 3 RESULTS 

5. 3. 1 Standing c rop , p roduct ion and off take 

1. Graze - t ypes 

The mean monthly standing c rop of vegetat ion per unit area was 

ca lcu la ted f rom the dry weight of al l samples (ou ts ide exc losures) for 

each communi ty . In communi t ies where exc losures were used, p roduct ion 

and off take were ca lcu la ted as descr ibed In Sect ion 5 . 2 . 1 ( a ) . The 

s ign i f i cance of est imates of product ion and off take was de te rmined by an 

analysis of var iance, s ince dry weights of rep l icates f rom inside and 

outs ide exc losures were var iable, and d i f fe rences between the means 

cou ld there fo re be mis I d ing. For Instance, apparent p roduc t ion of 

g round vegetat ion under hardwood at Chedington was h ighest In June -Ju l y 

< 7 . 0 g 250 c m ~ 2 ) , but the dry weights Inside the exc losures at the end 

of the enc losure per iod were not s igni f icant ly JIfferent f rom the dry 

he igh ts f rom outs ide at the begin ing g = 1 . 6 3 6 , ns) . 

For fa rmland at Por ton. th mean s tanding c op was ca lcu la ted f rom 

the dry weights of samples f rom al l f ields under each reg ime of 

cul t ivat ion. Net product ion for each month was ca lcu la ted as the change 

'n s tanding c rop dur ing the month. 

Peak standing c rop occu r red In July In most commun i t ies (F igs . 5. 1 

5 . 9 ) . Except ions were standing c rop of con i fer unde r - s to rey and of 

''^des at Ched ing ton , which peaked In August (F igs . 5 . 8 and 5 . 9 ) . 

Standing c rop was lowest In January and February , except on cerea ls and 

s e e d - g r a s s at Porton where s tanding c rop was zero af ter cu l t ivat ion In 

October - November . 

Peak product ion occu r red In June a n d / o r July In al l graze types at 

F^orton. (F igs . 5 . 1 - 5 . 6 ) , whereas at Ched ing ton , It occu r red In 

i y /Augus t In con i fer under -s to rey and r ides (F igs . 5 . 8 and 5 . 9 ) . 

Est imates of product ion in broadleaved ground vegetat ion at Ched ing ton 

^ e r e anomalous (F ig . 5 . 7 ) : s ign i f icant p roduct ion occu r red in 

Oc tober /November , but s ign i f icant negat ive product ion o c c u r r e d in 

'November /December . These resul ts ar ise because of patch lness In the 

occu r rence of g round cover In this habitat outs ide the growing season. 

E lsewhere, p roduct ion was lowest ( I . e . s ign i f icant negat ive va lues, 

'mpiy jng a loss in b lomass through senescence /decompos i t i on ) In w in ter . 
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Fig. 5.1. Seasonal changes in standing crop (mean ± SE), 

production (light histograms indicate significant changes), 

digestibility, and nutrient levels of chalk grassland at Porton 
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Fig. 5.2. Seasonal changes in standing crop (mean ± SE), 

production (light histograms indicate significant changes), % 

digestibility and nutrient levels of woodland ground vegetation 

at Porton. 
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Pig. 5.3. Seasonal changes in standing crop, growth rate, 

digestibility, and nutrient levels for pasture at Porton 
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Fig. 5.4. Seasonal changes in standing crop, rate of growth 

(bars), digestibility and nutrient levels of seed-grass fields 

at Porton. H = harvest, R = resown. 
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Fig 5.6. Seasonal changes in standing crop, growth rate, % 

digestibility and nutrient levels of spring barley at Porton 



F M A M J J A S O N D J F M 1980 

Fig. 5.7. Seasonal changes in standing crop (mean ± SE), 

production Clig^t histograms indicate significant changes), 

dige-tibility and nutrient levels of ground vegetation beneath 

scrub/mature hardwood at Chedington 
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Fig. 5.8. Seasonal changes In standing crop (mean ± SE), 

production (light bars indicate significant changes), digestibility 

and nutrient levels in grass communities beneath pre-thicket and 

thinned conifers at Chedington 
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wi th the except ion of annua l c r o p s at Por ton , where lowest va lues 

o c c u r r e d in late s u m m e r af ter harves t ing . 

The exc losure techn ique c a n prov ide measures of o f f take: es t ima tes 

were ca l cu la ted by sub t rac t ing m e a n weight outs ide the exc losure at the 

end of the exc losure per iod f rom the mean weight ins ide , and were 

the re fo re sensi t ive to sward var iabi l i ty ( a s desc r i bed above for es t ima tes 

of p r o d u c t i o n ) . Sward var iabi l i ty was h igh , of f take per uni t a rea was low, 

and there was no gn i f icant d i f f e rences ( F - t e s t ) between dry we igh ts of 

samp les f rom grazed and enc losed swards In any of the c o m m u n i t i e s 

assessed by this techn ique at any t ime of year . 

2 . Browse spec ies 

( a ) Sc rub at Por ton 

The most abundan t spec ies in sc rub at Por ton were hawtho rn , pr ivet 

and buck tho rn , and these were assessed by the t echn ique d e s c r i b e d in 

Sec t ion 5 . 2 . K b ) . Results a re shown In Tab le 5 . 1 . 

P roduc t ion by pr ivet was the h ighest over the g row ing season . 

A l though c l umps of pr ivet were loss numerous than hawthorn bushes , 

t h e n u m b e r of shoots avai lab le for b rows ing was h igher . A h igher 

p ropor t i on of hawthorn hoots were b rowsed , but the es t imated dry v 3ight 

of pr ivet c o n s u m e d by deer du r ing this per iod was h igher . The r e c o r d e d 

pe rcen tage of b rowsed hawthorn shoots actua l ly fel l ou ts ide the g row ing 

season (be tween au tumn and s p r i n g ) , p robab ly because samp le size was 

Inadequate . However , the level of b rowsed shoots on pr ivet I nc reased 

f r om 5 to 17%. Buck thorn p roduc t ion was the lowest of the th ree spec ies 

assessed and the level of b rows ing was a lso low 

( b ) Wood land edge at Por ton 

The two b locks of wood land at Por ton were assessed separa te ly 

because the i r edges were domina ted by d i f fe rent spec ies . 

The four most abundant browse spec ies in the edge of Thorny Wood 

were haze l , go r se . hawthorn and b ramb le . Results of the assessme i ^ of 

these spec ies are given In Tab le 5. 2. No browsed shoots were found on 

go rse , and as roe were never observed brows ing go rse fu r ther ana lys is 

was not pe r f o rmed . Only 3% of hazel shoots were b rowsed , a l though It 

was most abundan t , p roduc ing 1 1 . 9 kg dry wt 100 m~^ wood land edge . 

As with hawthorn in s c rub , the pe rcen tage of shoots b rowsed was lower 
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a f ter the winter ( a g a i n p robab ly re f lec t ing samp le s i ze ) . Hawthorn In th is 

wood land edge was less p roduc t i ve but more heavi ly b rowsed than hazel . 

B ramb le was the most p roduct ive spec ies ( 1 2 . 6 kg dry wt 100 m ' b and 

was a lso the most heavi ly b rowsed ( 2 2 % ) . 

The four most abundant spec ies wi th in the edge of WInters low Fi rs at 

Por ton were pr ivet , hawthorn , beech and dogwood. Table 5 . 3 shows 

resu l ts of the browse assessment . Dogwood and pr ivet were the mos t 

p roduc t i ve , both y ie ld ing about 8 kg 100 m ~ ^ The la rgest p ropo r t i ons 

b rowsed were hawthorn du r i ng , and pr ivet , ou ts ide , the g row ing season . 

Est imates of o f f take du r ing the year sugges ted that pr ivet was c o n s u m e d 

m o r e than any o ther spec ies . 

( c ) Assessmen ts of browse at Ched lng ton 

The mean dry weight of unbrowsed shoots of b ramb le at Ched lng ton 

was 2 . 0 6 ± 0. 15 g , and there was a mean of 38 shoots m~2 ( o f wh i ch 

on average 29% were b r o w s e d ) . Produc t ion was 0. 11 kg m ~ ^ over the 

g row ing season , and of f take over the same per iod was 0 . 0 3 kg m~2. 

5. 3. 2 Digest ib i l i ty 

S o m e au thors have t rans fo rmed in vitro va lues for d igest ib i l i ty f r om 

r u m e n l iquor or enzymic d ige t s to the equiva lent in vivo va lue , us ing 

reg ress ion equation ( e . g . Jones and Hayward 1975) . The r a n g e of 

va lues used by Jones and Hayward for this reg ress ion d id not Inc lude the 

fu l l r ange of d igest ib i l i t ies ob ta ined for samples f rom Por ton and 

Ched lng ton . There Is no a priori jus t i f ica t ion for ex t rapo la t ing the i r 

r eg ress i on , nor for assuming any o ther re la t ionsh ip , and so d i rec t 

Gnzymic resul ts a re p resen ted as d igest ib le pe rcen tages of dry we igh t c' 

Vegetat ion samp les . 

Peak d igest ib i l i ty of g raze - t ypes o c c u r r e d between Apr i l and June . 

On s e e d - g r a s s and pas tu re , the peak o c c u r r e d In Apr i l ( F i gs . 5 . 3 and 

^ 4 ) ; In b road leaved g round vegetat ion at Por ton and Ched lng ton . and 

In ce rea l s at Por ton . It o c c u r r e d In May (F igs . 5 . 2 . 5 . 5 , 5 . 6 . and 

5 7 ) . but In g rass land , peak d igest ib i l i ty o c c u r r e d In June ( F i g . 5 . 1 ) . 

lowest d igest ib i l i t ies of g razu types o c c u r r e d usual ly In m i d / l a t e w in te r , 

d iges t ib i l i t y of browse spec ies var ied less than d igest ib i l i ty of 

g raze - t ypes . Peak d igest ib i l i ty o c c u r r e d In Sep tember at Por ton ( m e a n of 

^ spec ies assessed . F ig. 5. 10) but at Ched lng ton the peak o c c u r r e d In 
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May, in al l th ree spec ies assessed (F i gs . 5. 11 and 5. 12 ) . 

5 . 3 . 3 Calor i f ic va lue 

Calor i f i c va lues var ied l i t t le between c o m m u n i t i e s ( r a n g e was 2 0 . 3 1 

J g " ^ for g rass land to 2 2 . 4 4 Jg~^ for Norway s p r u c e ) . The re was l i t t le 

seasona l var ia t ion wi th in commun i t i es (Tab le 5 . 4 ) . F - t e s t s showed two 

s ign i f i can t seasona l changes at Por ton and at Ched ing ton . These were In 

ce rea ls ( F g g = 1 4 . 2 7 6 . p < . 0 1 ) and pr ivet ( F g g = 2 8 . 0 2 9 , p < . 0 5 ) 

at Por ton , and for r ides ( F g g = 5 , 4 1 6 . p < . 0 5 ) and b ramb le ( F 3 q = 

8 , 1 6 2 , p < . 0 1 ) at Ched ing ton . In al l f ou r , the h ighes t ca lo r i f i c va lues 

o c c u r r e d In Apr i l . 

5 . 3. 4 Nut r ient ana lyses 

Ac id d igests and nut r ient analyses were c a r r i e d out on 650 samp les . 

One samp le was ana lysed per month for e a c h browse spec ies , for e a c h 

set of f ive rep l i ca tes c l i pped outs ide exc losures in g raz ing c o m m u n i t i e s , 

and for each f ie ld at Por ton. 

Af ter assay ing nu t r ien ts , the mean nut r ien t level was ca lcu la ted for 

each habi tat type and month . Re ;ults a re p resen ted g raph ica l l y (F i gs , 

5 . 1 to 5 , 1 2 ) , S tandard e r ro rs (g i ven where poss ib le) Ind icate var ia t ion 

In nut r ient levels between samp les taken In the f ie ld . No a t tempt was 

made to assess the var ia t ion In the d iges t ion techn iques or the 

p e r f o r m a n c e of the a u t o - a n a l y s e r , because both a re typ ical ly re l iab le to 

^2% (A l l en 1974 ) . 

5 . 3 . 5 Nut r ient levels 

1. N i t rogen 

Peak n i t rogen con ten t o c c u r r e d sual ly between March and May ( e . g . 

Cereals , seed—grass and wood land g round vegeta t ion . F igs. 5 . 2 , 5 , 4 , 

and 5 . 5 ) , and dec l i ned to October ( g r a s s l a n d . F ig, 5 . 1 ) , or m i d - w i n t e r 

( b rowse sf ) . F ig. 5 , 1 0 ) . A d i f fe rent seasona l pat tern o c c u r r e d on 

pasture (F i g , 5 . 3 ) : the h ighest n i t rogen level o c c u r r e d In 

F e b r u a r y - M a r c h and the lowest In June before mowing . S imi la r ly , on 

ce rea ls (F igs . 5 . 5 and 5 . 6 ) n i t rogen level was lowest In Augus t be fore 
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harves t ing , but a second peak was r eco rded for the u n d e r - s t o r e y a f ter 

harves t ing . 

2 . Phospho rous 

Phosphorous usual ly peaked one month after n i t rogen. In ce rea l s 

and s e e d - g r a s s for Ins tance (F igs . 5 . 4 - 5 . 6 ) . phosphorous peaked In 

Apr i l - June . The m in imum values o c c u r r e d In October for g rass land 

( F i g . 5 . 1 ) , and browse spp (F ig . 5 . 1 0 ) . Phosphorous level showed 

less seasona l var ia t ion In o ther habi ta ts , and genera l l y var ied less than 

n i t r ogen level. 

3 . Potass ium 

Peak po tass ium was synchron ised with n i t rogen In ce rea l s at Por ton 

( F i g . 5 . 5 ) . and In sof twood u n d e r - s t o r e y . r ides and dec iduous browse 

spec ies at Ched ing ton (F igs . 5 , 8 . 5 . 9 and 5 . 1 1 ) . In g rass l and . 

pas tu re , seed—grass and wood land g round vegetat ion at Por ton po tass ium 

peaked one month af ter n i t rogen (F igs . 5. 1 - 5 . 6 ) . Lowest levels of 

po tass ium o c c u r r e d main ly In winter . 

4. Ca lc ium 

C a l c i . m peaked later In the g row ing season than o ther nu t r ien ts . 

S e e d - g r a s s was except iona l as ca l c i um peaked in February ( F i g 5 . 4 ) . In 

o ther c o m m u n i t i e s the peak o c c u r r e d between May (wood land g r o u n d 

vegeta t ion at Por ton . F ig. 5 . 2 ) and October ( r i d e s and dec iduous browse 

spec ies at Ched ing ton . F igs. 5 . 9 and 5 . 1 1 ) . Two c a l c i u m peaks 

o c c u r r e d In pas ture and ce rea l s : In A p r i l / M a y and O c t o b e r / N o v e m b e r 

( F i g s . 5 . 3 and 5 . 5 ) . Ca lc ium levels were lowest main ly in late w in te r , 

apar t f r om pasture and ce rea l s , where the level was lowest be fo re harvest . 

5 . Magnes ium 

Levels of magnes ium were genera l l y low and the re were n o 

p r o n o u n c e d seasona l changes In any of the commun i t i es . 
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5 . 4 DISCUSSION 

The re were two a ims In th is chap te r : f i rst ly to assess seasona l food 

avai labi l i ty In each habi ta t , and second ly to es tab l ish how food qual i ty 

var ied between habi tats du r ing the year . 

5. 4. 1 Graz ing sys tems 

Stand ing c r o p var ied between habi tats and c h a n g e d du r ing the year . 

The h ighest s tand ing c r o p overal l o c c u r r e d on g rass land at Por ton . where 

the re was l i t t le seasona l var ia t ion. On f a rm land , g rowth o c c u r r e d rap id ly 

In sp r i ng , and s tand ing c r o p fel l sharp ly when harves t ing o c c u r r e d . 

S tand ing c rops were h igher in con i fe rous u n d e r - s t o r e y and r ides at 

Ched lng ton than beneath broad leaved spec ies , but were lower In these 

habi tats than in g rass land at Por ton. 

Produc t ion was h igher In g rass land than In wood land . S ign i f i cant 

p roduc t ion o c c u r r e d in s p r i n g / e a r l y s u m m e r and s ign i f i cant loss In 

a u t u m n / w i n t e r . Est imates of p roduc t ion at Ched lng ton were m o r e 

var iab le because there were fewer rep l i ca tes per habi tat . Net p roduc t i on 

on fa rm land is not d i rect ly c o m p a r a b l e as the exc losure t echn ique was 

not used. Changes In net p roduc t ion on fa rm land at Por ton were m o r e 

d is t inc t than changes in p roduc t ion In u n m a n a g e d commun i t i es . Peak 

growth o c c u r r e d between May Bnd Ju ly , and the grea tes t loss in b iomass 

In late s u m m e r when harvest ing o c c u r r e d . 

Two poss ib le sou rces of var ia t ion a f fec t measu remen ts of swards In 

u n m a n a g e d vegetat ion types: samp l ing e r ro rs ( f r o m c l i pp ing , hand l ing 

and w e i g h i n g ) , and sward h e t e - genei ty . Sample e r ro rs were probab ly 

un impor tan t and low s tandard e r ro rs sugges t that the re was suf f ic ient 

rep l i ca t ion to a c c o m m o d a t e the var iabi l i ty In swards. 

Pat terns of growth and s e n e s c e n c e of swards would a lso a f fec t 

measu remen ts of s tand ing c r o p , and es t imates of p roduc t ion and of f take. 

In heavi ly g razed commun i t i e s , most p roduc t ion is removed ma in ta in ing a 

low s tand ing c r o p . Low graz ing p ressure at Por ton and Ched lng ton 

resul ts in h igh s tand ing c rops In u n m a n a g e d habi tats . Part of the p lant 

b iomass Is cont inua l ly senesc ing and is eventual ly lost to the l i t ter zone 

by decompos i t i on . Growth and s e n s e c e n c e o c c u r at d i f fe rent ra tes 
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t h roughou t the year : a c h a n g e In the ba lance between them wi l l cause a 

c h a n g e In s tand ing c rop . C leare r peaks In p roduc t ion m igh t have shown 

If new growth and senescen t b lomass had been assessed separa te ly . 

P roduc t ion wou ld be lower In u n m a n a g e d c o m m u n i t i e s , as g rowth 

ra tes d e c r e a s e with Inc reas ing b lomass In g raz ing sys tems. Low 

p roduc t i on wou ld have been obscu red by sward he te rogene i t y , s i n c e 

es t ima tes d e p e n d e d on d i f fe rences between mean weights of g razed and 

e n c l o s e d swards . 

s t imates of o f f take were not s ign i f i can t because of low g raz ing 

p ressu re . A "guess t imate" of of f take would be 36 kg h a " ^ 2 - m o n t h s " ^ 

( b a s e d on 1 deer h a " ^ . assuming 0 . 6 kg dry mat ter day "^ a n i m a l " ^ 

( W e l n e r 1 9 7 5 ) ) . In g rass land , peak p roduc t ion was 2 . 0 0 0 kg ha~^ In 

J u n e - J u l y and hence of f take would be 1% of p roduc t i on , when 95% 

c o n f i d e n c e l imi ts for s tand ing c r o p of g rass land were ±26% of the mean : 

a level of var iab i l i ty aga ins t wh ich 1% of f take would be unde tec tab le . At 

C h e d i n g t o n . t he re were less rep l ica tes so es t imates of of f take were not 

ca l cu la ted because no con f i dence cou ld be p laced In any s ign i c ian t va lues 

that m igh t have been obta ined. 

5 . 4 . 2 Browse assessments 

Browse spec ies were more d i f f icu l t to assess than g raz ing a reas 

because of severa l fac to rs . Many browse spec ies have d i f fe ren t g rowth 

f o r m s , e . g . hazel and b ramb le , and so each spec ies must be assessed 

separa te ly . Food I tems are d i sc re te , but i tems of d i f fe rent spec ies a re 

f requen t l y In te rspersed in a complex manne r . However , b rowse 

assessmen ts a re s imp l i f ied because shoots can be aged and It Is obv ious 

If they have been browsed. 

s t a n d i n g c r o p and p roduc t ion of browse at Por ton were m i n o r in 

c o m p a r i s o n wi th g raz ing areas . Yieid of pr ivet ( t he mos t p roduc t i ve 

b rowse spec ies in sc rub ) was 38 l<g h a " ! over the en t i re g raz ing 

season, whereas chalk grassland Yielded 2000 kg ha"! In the 2 peak 

months of product iv i ty . However , these measu res of b lomass may not be 

immed ia te l y impor tan t to deer . 

Of f take of browse was measurab le " ut genera l l y low. ag ree ing wi th 

t r ansec t resu l ts ( b rows ing accoun ted for only 3 . 7 % of f eed ing 

observa t ions but these a re b iased because b rows ing o c c u r s In habi ta ts 
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wi th c o v e r ) . Annua l of f take f rom privet was 6 . 3 kg ha~^ : us ing 

es t imates f rom Welner ( 1 9 7 5 ) . th is would a c c o u n t for approx imate ly 2% of 

the dry we igh t of food for one adul t dee r . 

B rows ing may have been u n d e r - e s t i m a t e d . Deer may p re fe ren t ia l l y 

b rowse e i ther long or shor t shoo ts , but the es t imates a s s u m e the s a m e 

s i z e - d a s d is t r ibu t ion of browsed and unb rowsed shoots . C o n c e n t r a t e 

se lec to rs l ike roe deer ( H o f m a n n 1973) cou ld remove s ing le leaves of 

b road ieaved s p e c i e s , but this would be Imposs ib le to assess s i n c e leaves 

may be lost f r om shoots for o ther reasons . Se lec t ion by dee r c o u l d 

m e a n the re fo re that browse was a more impor tan t food s o u r c e than Is 

sugges ted by es t imates of of f take. 

Th ree fac to rs may have caused the d e c r e a s e In the p ropo r t i on of 

b rowsed shoots of hawthorn and b ramb le at Por ton over the w in te r . The 

t w i g - c o u n t me thod (Sha fe r 1963) used In sp r i ng may have been less 

. c u r a t e than harvest ing al l shoots . Old twigs and b rowsed shoots may 

have been con fused more easi ly af ter the winter , o r s a m p l e sizes may 

have been too sma l l to a c c o m m o d a t e var ia t ion . 

5 . 4 . 3 Digest ib i l i ty 

T h e r e were marked seasona l changes in d igest ib i l i ty . Apar t f r o m 

b r a m b l e , d igest ib i l i ty was h ighest when p lant mater ia l was young . In 

w i n t e r - s o w n c r o p s peak digest ib i l i ty occu r red in w in te r , but In o ther 

c o m m u n i u e s . such as g rass land , the peak o c c u r r e d In sp r ing . 

Results f rom th is techn ique shou ld be re l i ab le , s i nce reagen ts a re 

pur i f ied to a h igh s tandard , and the labora tory me thods c a n be c lose ly 

con t ro l l ed . However , expensive mater ia ls p rec luded the poss ib i l i ty of 

rep l i ca t i ng samp les . In add i t ion , no a t tempt was made to eva luate 

var ia t ion In d igest ib i l i ty wi th in swards (on ly o n e samp le was ana lysed per 

sward at a g iven t ime of y e a r ) . and no a t tempt was made to assess the 

max imum digest ib i l i ty that cou ld be ob ta ined by se lec t ion of pa r t i cu la r l y 

young g rowth f rom swards. Overal l va lues ob ta ined for swards may not 

be rea l is t ic for se lect ive grazers . 

5. 4. 4 Calor i f ic value 

Samp les tested showed l i t t le var ia t ion in ca lo r i f i c va lue wi th season 

and the re was no marked d i f fe rences between habi ta ts . D iges t ib le ene rgy 
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might vary more and would perhaps have been a more appropr ia te 

var iab le to relate to diet and feed ing behaviour . Digest ib le energy is 

o f ten ca lcu la ted f rom digest ib i l i ty and ca lor i f ic value (Ho lmes 1980 ) . 

ass n ing that energy Is d is t r ibuted evenly between the d igest ib le and 

undlgest lb le f ract ions. Since this re la t ionship was untested and may vary 

between commun i t i es or seasons, d igest ib le energy was not ca lcu la ted . 

5. 4. 5 Nutr ient assessments 

The techn lq t ,.s used are well tested and resul ts shou ld b, re l iab le . 

Results f rom Porton can be compared with pub l ished data on agr i cu l tu ra l 

c rops . Holmes (1980) quotes mean c rude prote in for u n d e r - s t o c k e d 

pasture as 175 g k g " ! : equivalent f igures were 83 g k g " ! for g rass land 

and 124 g k g " ! for pasture at Porton. So i l - t ype would af fect n i t rogen 

levels in vegeta t ion , but pasture quoted by Holmes was probably t rea ted 

wi th n i t r o g e n - r i c h fer t i l isers. Crude prote in was h igher overal l In winter 

Wheat ( 172 g k g ' ) and seed -g rass (188 g k g ' b at Por ton. where 

fer t i l i sers were appl ied. 

Seasonal changes In nutr ients were re lated to the growing season and 

fo l lowed Similar t rends between commun i t ies . However, seasona l changes 

in avai labi l i ty and qual i ty were not c losely cor re la ted in most vegetat ion 

types Winter wheat was an ekcept ion where al l nutr ients and digest ib i l i ty 

Showed s imi lar seasonal changes . Avai labi l i ty ( I . e . s tand ing c rop ) 

Showed Similar seasonal changes between commun i t i es , par t icu lar ly 

agr icu l tu ra l c rops , but seasonal changes In nutr ients were most s imi la r In 

wood land and grass land; nutr ients In agr icu l tu ra l c rops d id not <ollow 

s imi la r seasonal t rends. 
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CHAPTER 6 

FFEDING BEHAVIOUR A N D DIET A T PORTON 

6. 1 INTRODUCTION 

T h e d ie t of r oe dee r has rece i ved w ide a t ten t i on In seve ra l 

c o u n t r i e s . In B r i t a i n , s tud ies we re u n d e r t a k e n by Nosey ( 1 9 7 4 ) . Hen ry 

( 1 9 7 5 ) . Loudon ( 1 9 7 9 ) and J a c k s o n ( 1 9 8 0 ) ; In F r a n c e by C a n n a e 

( 1 9 7 8 ) ; In Sw i t ze r land by V o s e r - H u b e r a n d N Ieverge l t ( 1 9 7 5 ) ; In Po land 

by S luda et al. ( 1 9 6 9 ) . BorowskI a n d Kossak ( 1 9 7 5 ) . Szmld t ( 1 9 7 5 ) . 

P le lowsk I a n d Pucek ( 1 9 7 6 ) . PerzanowskI ( 1 9 7 8 ) a n d G e b c z y n s k a 

( 1 9 8 0 ) ; In S w e d e n by C e d e r l u n d a n d Nys t rom ( 1 9 8 1 ) a n d In F i n l a n d by 

He l l e ( 1 9 8 0 ) . 

Roe d e e r have b e e n r e g a r d e d t rad i t i ona l l y as b r o w s e r s ( P r i o r 1 9 6 8 ) . 

p r e f e r r i n g to f eed on the s h r u b layer ra the r t han on h e r b s o r g r a s s e s . 

P r io r s u g g e s t e d tha t g r a s s e s a re on ly Impor tan t In ea r l y s p r i n g w h e n l i t t le 

o t h e r f ood Is ava i l ab le . However , s tud ies of r oe d e e r have s h o w n tha t 

t he p r o p o r t i o n s of he rbs a n d g r a s s e s In the d ie t c a n vary c o n s i d e r a b l y . 

For i n s t a n c e . S luda et al, ( 1 9 6 9 ) f ound tha t leaves a n d tw igs of 

b r o a d l e a v e d s p e c i e s we re the ma jo r c o m p o n e n t of d ie t , but G e b c z y n s k a 

( 1 9 8 0 ) f o u n d that he rbs a c c o u n t e d for over 65% of t he w in te r d ie t , a n d 

8 0 % of the d ie t In s u m m e r . 

S i n c e bo th t h e s e s tud ies ana l ysed r u m e n c o n t e n t s . It Is un l i ke ly t ha t 

t h e i r d i f f e r e n t f i n d i n g s resu l t f r o m m e t h o d o l o g y . T h e d i f f e r e n c e s 

e m p h a s i s e the var iab i l i t y of roe d e e r d ie ts be tween d i f f e ren t g e o g r a p h i c a l 

l oca l i t i es . Th i s Is f u r the r I l lus t ra ted by d i f f e r e n c e s In d ie t w i th la t i tude 

over t he r a n g e of r o e d e e r . S luda ef al. r e c o r d e d 178 s p e c i e s In t he 

d ie t of r o e In P o l a n d , w h e r e a s He l le f ound on l y 17 s p e c i e s In the d ie t of 

r o e d e e r In F i n l a n d , a n d In te res t ing ly , a r b o r e a l l i chens a c c o u n t e d for 

over 2 0 % of t he d ie t In F in l and w h e r e a s In mos t r o e hab i ta ts s u c h p lan ts 

w o u l d be u n c o m m o n . Even w i th in B r i t a in , d i f f e r e n c e s In d ie t w e r e f o u n d 

b e t w e e n t he no r t h a n d sou th . In the New Fo res t ( H a m p s h i r e : J a c k s o n 

1980) a n d at C h e d l n g t o n ( D o r s e t : Hosey 1 9 7 4 ) . b r o a d l e a v e d s p e c i e s 

were t he m a j o r f o o d , b r a m b l e be ing pa r t i cu la r l y Impo r tan t . But In 

Hamster ley Fo res t (Durham: Hen ry 1978b) dwar f s h r u b s (Ca,lur,a sp. 

a n d Vacclnlum sp ) w e r e m o r e Impor tan t . 
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Regard ing roe deer as b rowsers c lear ly does not expla in the i r f eed ing 

behav iour s i nce d iet Is var ied. Ruminants can be ca tego r i sed by r u m e n 

morpho logy and size In re la t ion to body vo lume ( H o f m a n n 1973) and th is 

prov ides a m o r e useful In terpre ta t ion of observed diets and feed ing 

behav iour . Ho fmann recogn ised th ree ca tego r i es : unse lec t i ve "bulk 

feeders " l ike bu f fa lo ; " In termedia te feeders" such as r e i ndee r , in wh ich 

the rumen mucosa can change to a c c o m m o d a t e c h a n g e s In d ie tary 

qua l i ty , and "concen t ra te se lec to rs " l ike roe d e e r , d i k - d l k and g i ra f fe . 

Concen t ra te se lec to rs have smal l m o u t h - p a r t s fac i l i ta t ing food se lec t ion 

and a low rumen capac i ty In re la t ion to body s ize. Food has to be h igh ly 

nutr i t ive and d iges t ib le so that the rate of f low th rough the re lat ive ly sma l l 

r u m e n is h igh enough to main ta in metabo l i c r equ i remen ts . 

Roe deer a re the re fo re , h ighly se lec t ive f eede rs , and d ie t in a 

loca l i / re f lec ts se lec t ion and not s imp le avai lab i l i ty . Roe wou ld be 

expec ted to pre fer h igh qual i ty food i tems, a l though the spec i f i c fac to rs 

In f luenc ing p re fe rence have not been Ident i f ied. Szmidt ( 1975 ) 

demons t ra ted p re fe rence by o f fer ing a c h o i c e of foods to capt ive roe 

dee r . To test whether roe se lec t h igh energy foods . Perzanowski ( 1978 ) 

examined the e f fec t of d ietary compos i t i on on energy ba lance In w in te r , 

bas ing energy requ i rements on data f rom Weiner ( 1 9 7 7 ) . The lower 

d igest ib i l i ty of food plants in winter (Bobek et at. 1974. see a lso chap te r 

5) has energe t i c consequences for smal l c o n c e n t r a t e se lec to rs , whose 

metabo l i c ra te Is h igh because It Is p ropor t iona l to body we igh t ^ 75 

(K ie ibe r 1961 ) . Perzanowski o f fe red capt ive dee r d iets whe re herbs 

var ied f rom 0 - 1 0 0 % , and measured d iges t ib le ene rgy In take, c o n c l u d i n g 

that herbs must const i tu te at least 55% of dry mat ter Intake for roe to be 

In ene rgy ba lance . There are obvious l imi ta t ions In th is r e s e a r c h : 

capt ive deer were used; costs of fo rag ing were ar t i f lca l ly equa l for 

d i f fe ren t food p lan ts ; and food o f fe red may not have been typ ica l . But 

the resul ts a re in te res t ing , because they sugges t that deer In many 

popu la t ions s tud ied would be In negat ive energy ba lance th roughou t the 

w in te r . This Is suppor ted because morta l i ty o c c u r s p redominan t l y In late 

w in ter and is h ighest In severe winters when snow res t r i c ts a c c e s s to 

he rbs and g rasses . 

Max imis ing d igest ib le energy intake Is an Inherent ly a t t rac t ive 

exp lanat ion for food p re fe rences , but r equ i remen ts for o ther nut r ien ts may 

a lso In f luence food se lec t ion , as shown in o ther ungu la tes by Westoby 

( 1 9 7 4 ) . 
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Diet has evident ly rece ived m o r e at tent ion than o ther aspec ts of roe 

deer eco logy , but there Is no l i te ra ture re la t ing diet of f r e e - r a n g i n g roe 

deer to fo rage status, nor any s tud ies of habi ta t use for feed ing In 

re la t ion to fo rage qual l l ty or avai labi l i ty . Two a lms were the re fo re 

Ident i f ied for th is chap te r ; 

1. To es abl lsh the major c o m p o n e n t s of d iet at Por ton and to 

re la te these to fo rage avai labi l i ty and nutr i t ive va lue. 

2, To re late pat terns of feed ing use of habi ta ts at Por ton 

(Chap te r 3) to food qual i ty and a b u n d a n c e . 

Diet at Por ton was de te rm ined by m methods : analys is of p lant 

f r agmen ts In r u m e n samples ( f r o m deer cu l led over the ranges ) and in 

faeca l samp les ( co l l ec ted f rom the study a r e a ) . D i rec t observa t ion was 

not used because of the d i f f icu l ty In d is t ingu ish ing exact ly wh ich p lant 

spec ies are be ing taken f rom a commun i t y (P r i o r 1968 ) . 

6. 2 METHODS: Dietary analys is of faeca l and rum lna l samp les 

6. 2. 1 Reference mater ia l 

Dr ied p lant spec imens f rom Porton and an i l lus t ra ted f lo ra 

( K e b l e - M a r t i n 1965) m r e used in r umen ana lys is . 

For faeca l ana lys is , a co l lec t ion of cu t l cu la r f ragments was p repa red 

f r o m f resh leaves of 60 spec ies . Leaves were g round In water us ing a 

pest le and mor ta r , and cu t l cu la r f ragments were iso la ted under a low 

power b inocu la r m i c r o s c o p e (Kyowa 7 - 4 5 X ) . Cut ic le Is r ecogn i sab le by 

Its regu lar i ty and s ing le ce l l th ickness . F ragmen ts were moun ted In 

g l yce r ine gel and pho tom ic rog raphs (X200) were made for easy re fe rence . 

6 . 2 . 2 Level of Identification 

The re fe rence co l l ec t i on and the key p repa red by Hosey (1974 ) 

Showed that Ident i fy ing f ragments f rom faeca l samp les would be t ime 

c o n s u m i n g and would Involve an unaccep tab le level of subject iv i ty . B road 

ca tego r i es were se lec ted wi th d is t inc t cu t l cu la r cha rac te r i s t i cs and 

b io log ica l re levance: 
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a) browse spec ies ( c o n i f e r s and broad leaves spec ies ) 

charac te r i s t i c c e l l - t y p e : ep ide rma l ce l l s and s tomata In s t ra igh t 

rows, smal l ce l l s , th ick wal ls . Or . ep i de rma l ce l l s not in 

s t ra igh t rows, wal ls s t ra igh t or cu rved , ce l l s smal l with i r regu la r 

s tomata . 

b) g rass spec ies 

ep ide rma l ce l ls and s tomata In s t ra igh t rows but ce l l s la rge wi th 

th in wal ls and smal l gua rd ce l l s 

c ) fo rbs and fe rns 

ep ide rma l ce l ls ( a n d s tomata . if p resen t ) not In s t ra igh t rows, 

wal ls e i ther s t ra ight or Involuted, ce l l s very la rge . 

In r u m e n ana lys is , con i fe rs and b road leaved spec ies were 

separa ted . In both methods , p resence of Ind iv idual spec ies was r e c o r d e d 

If par t ic les were unequivoca l ly Ident i f iab le. 

6 . 2 . 3 Rumen analys is 

Rumen samples were ob ta ined f rom 66 dee r ( 1 9 f e m a l e . 47 m a . ) 

cu l l ed over the Por ton Ranges between 1978 and 1980. 

Rumlna were ag i ta ted to homogen i se the i r con ten ts be fo re samp l i ng 

as set t l ing may o c c u r du r ing the 48 hour s to rage pe r iod . The s a m p l e 

<250 cm3) was s tored In 10% fo rma l in . In t he labora to ry , samp les were 

aga in h o m o g e n i s e d before sub - samp l i ng and wash ing th rough a 2 m m 

s ieve, to remove smal le r par t ic les that canno t be Ident i f ied. DIrschI 

(1962) and Owaga (1968) showed that th is d id not s ign i f i can t ly a f fect the 

F . po r t i on of d i f ferent I tems In the diet . A 10 ml s a m p l e of the washed 

res idue was sp read on a whi te t ray ru led with a 2 c m g r id . F requency of 

o c c u r r e n c e of d i f fe rent f o rage ca tegor ies was sco red by Ident i fy ing e a c h 

par t i c le In con tac t with the g r id . 

The probabi l i ty of sco r i ng hi ts on the g r id depends on par t i c le s ize. 

Which may vary between spec ies If p lants f r agmen t d i f fe rent ly . To c o r r e c t 

for th i s , par t ic les f rom each p lant g roup were removed and s tored du r i ng 

ana lys is , so that the number of h i t s / u n i t vo lume of each p lant g r o u p 

cou ld be de te rm ined . Fur ther deta i ls of th is vo lumet r i c c o r r e c t i o n a re 

9 ' ven in Sta ines and Cr isp ( 1 9 7 8 ) . 
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6 . 2 . 4 Faeca l analys is 

Co l lec t ion of faeca l samples f rom quadra ts was desc r i bed In 3 . 2 . 3 . 

Pel le ts wore a lso co l l ec ted each month f rom f a rm land at Por ton . For 

d ie tary ana lys is , 5 pel let g roups were used each m o n t h , r ep resen t i ng al l 

hab i ta ts In the study a rea . 

Five pel le ts f r o m each g roup samp led were g r o u n d In a pest le and 

mor ta r with 0 . 1 N NaOH and left to s tand for 24 hou rs , so that f r agmen ts 

c l e a r e d and separa ted . Samples were then ag i ta ted and a l lowed to set t le 

and the sma l les t par t ic les ( r e m a i n i n g In suspens ion ) we re decan ted . 

Th is p r o c e d u r e was repeated f ive t imes for e a c h s a m p l e us ing water to 

rep lace the superna tan t . Remain ing f ragments were t rans fe r red to a 9 

c m pet r l d i sh , s co red wi th a 1 c m ^ g r id . Par t ic les in con tac t wi th t he 

g r i d were ident i f ied us ing a Kyowa zoom ( 7 - 45X) b inocu la r m i c r o s c o p e , 

and a l l oca ted to ca tegor ies in Sect ion 6 . 2 , 2 . N o n - e p i d e r m a l f r agmen ts 

and those that cou ld not be a l loca ted with cer ta in ty to a ca tegory were 

not s c o r e d . Th ree rep l ica tes were ana lysed for e a c h pel le t g roup . 

Results a re p resen ted as means . 

6 . 3 RESULTS AND ANALYSES 

6 . 3 . 1 Diet of roe deer at Por ton 

a) Rumen analys is 

Rumen samp les were ob ta ined f rom deer cu l led in 1 9 7 8 - 1 9 8 0 f r o m 

the en t i re a rea of the Por ton Ranges. Samples f rom does were co l l ec ted 

be tween November and February 1 9 7 8 / 7 9 and 1 9 7 9 / 8 0 samp les f r o m 

bucks be tween May and June in 1979 and 1980. Doe r u m e n samp les 

i ne re fo re rep resen t winter d ie t , buck samples d ie t In ear ly s u m m e r . 

The compos i t i on of analysed r u m e n samp les is shown in Tab les 6. 1 

( f e m a l e s ) and 6 . 2 ( m a l e s ) . There was a s t rong tendency for Ind iv idual 

r um ina to be domina ted by a s ing le spec ies and so the c o r r e c t i o n for 

pa r t i c le size vas not used. In al l 66 rumen samp les examined , one food 

ca tego ry accoun ted for >50% of par t ic les and If. over half the s a m p l e s , 

one c . e g o r y accoun ted for >90% f ragments . These tendenc ies were 

m o r e p r o n o u n c e d in r umen samples f rom fema les than those f rom ma les . 



TABLE 6.1 

RESULTS FROM ANALYSIS OF RUMEN SAMPLES FROM CULLED 

FEMALES AT PORTON DOWN 

November-February 1978/79 and 1979/80 

Location Date Percentage composition Dominant 
1 J same 
J group Grasses Forbs 

1 1 
Deciduous Conifers species 

Blakes Firs 28,1.79 — — 100 Yew 

" - - 4 96 ? 

24.2.79 - 2 7 91 Scot's pine 

10.2.80 - — 1 99 Scot's pine 

40acre pi. 3.2.79 - - 16 84 Scot's pine 

24.2.79 3 - 1 96 Juniper/Yew 

Bo combe Dn 13.1.79 15 - 60 26 ? 

Porton Down 27.1.80 - - - 1 99 Juniper 

" - - 3 97 Juniper 

2 - - 98 Juniper 

100 - - - Lolivjv 

Roche Court 20.1.79 100 - - - Lolium 

24.2.79 33 - 9 58 ? 

13.1.80 100 - - - Lolium 

26.1.80 100 - — - Lolium 

)( 100 - - — Lolium 

20.1.79 82 1 1 17 ? 

28.1.79 -
- — 100 Yew 

" 
1 1 1 97 Yew+Scot's 

pine 

27.1.80 -
-

— 100 Yew+Sc ot's 

pine+juniper 

it -
- 5 95 Yew+Scot's 

pine 

2.2.80 8 - 58 33 ? 

low Hill 24.2.79 39 - 52 9 ? 

il 
78 — G 16 ? 

It 
19 - 15 66 Scot's pine 

+ Yew 

1 - - 99 Yew 

100 - - - Lolium 



TABLE 6.1 
(continued) 

RESULTS FROM ANALYSIS OF RUMEN SAMPLES FROM ^ULLED 

FEMALES AT PORTON DOWN 

November-February 1978/79 and 1979/80 

Locat m Date Percentage composition Dominant 

1 J: sa<ne 
J group Grasses Forbs Deciduous Conifers 

1 1 1 

species 

New 

Plantation 

Winkerslow 

Firs 

Battery 

Hill 

Unknown 

19.11.79 41 

16 

13.1.80 

13.1.80 

13.1.80 

13.1.80 

10.2.80 

le 2.80] 

16 

14 

95 

89 

20.1.79 5 

28.1.79 

1 3 . 1 . 8 0 1 0 0 

2 . 8 0 ) 

.2.80) 

2 

27 

40 

97 

98 

99 

20.1.79) 100 

20.1.79) 95 

20.1.79 100 

3.2.79 99 

3.12.78 7 

9.12.78 82 

59 

34 

53 

5 

51 

17 

47 

33 

87 

95 

68 

72 

57 

41 

1 

Scot's pine 

+Yew-f Sycamore 
? 

Loli-vjn 

Loliim 

Yew 

Lolivjv. 

Juniper+Yew 
+Wheat 
Juniper+Yew 

+Wheat 

Wheat 

Wheat 

Wheat 

Lolivn 

Loliur. 

Lolivjv. 

Lolium + 

Agvostis 
? 

Wheat 



TABLE 6.2 

RESULTS FROM ANALYSIS OF RUMEN SAMPLES 

FROM [ CULLED MALES AT PORTON DOWN 

May--June 1979 and 19 80 

Location Date Percentage composition Dominant 
r 

Grasses 
I 

Forbs Deciduous Conifers species 

Blakes-

Firs 21.4.79 8 92 - - 7 

# 1 27.5.79 82 18 1 •7 

I I 2.6.79 34 65 1 7 

t l 28.6.79 76 24 - 9 

ffl 25. 5. 80 54 40 4 
? 

Roche -

Court 27.4.79 98 2 — - Wheat 

II 12.5.79 46 54 — - 9 

low Hill 12.5.79 25 53 22 ? 

II 18.5.79 5 76 19 9 

II 18.5.79 6 94 - ? 

•I 19.5.79 45 54 - 1 ? 

II 10,6.79 17 83 - 7 

15.6.79 56 44 — — ? 

II 30.6.79 7 93 - 9 

New-

Plantation 26.5.79 87 13 - Barley 

II 27.5.79 38 59 3 Wheat 

Winterslow-

Firs 9.6.79 7 93 — — 9 

Tower Hill 30.6.79 17 83 — 7 

Unknown ? 33 67 — — ? 
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Diet var ied between Indiv iduals . An ima ls shot in the same local i ty on 

the Ranges tended to have s im i la r d ie ts , it Is c lea r that con i fe rs were 

the major food sou rce of fema les in areas l ike B lake 's F i rs , Forty A c r e 

p lanta t ion and Isle of Wight Hi l l (Tab le 6 . 1 ) . Graz ing on f a rm land 

o c c u r r e d In severa l a reas and agr i cu l tu ra l c rops were ident i f ied in 31% of 

r u m e n samp les . 

Rumen samp les of ma les and females were d i f fe ren t : Male d ie t was 

less var iab le and showed no c lear d i f fe rences between a reas . The m e a n 

p ropor t i on in each food c lass for both males and fema les , Is shown In 

F ig. 6 . 1 . The re are c lea r d i f f e rences in diet between s u m m e r ( m a l e s 

on ly) and win ter ( f ema les o n l y ) . A l though the p ropor t i on of g rass in the 

s u m m e r and win ter samp les was not s ign i f icant ly d i f fe rent ( M a n n - W h i t n e y 

U Tes t , U = 4 3 3 . 5 , n / = 19. n2 = 47 , n s ) . the p ropor t i on of both 
a 

browse ca tego r ies was lower In s u m m e r (decic^ous, U = 257 , n / = 19, 

^ 2 = 47 , p < . 0 1 ; con i fe rous U = 170, p < . 0 0 1 ) and the p ropor t i on of 

he rbs was c lear ly much h igher In summer (U = 25. /?/ = 19, ng = 47 , p 

<-0 01) . 

Rumen con ten ts of ind iv iduals cu l led f rom the same feed ing g roup 

were s im i la r . There were six occas ions when more than one fema le in a 

g roup was cu l led (Tab le 6 . 1 ) . In four cases . e fema les shot together 

were of d i f fe rent ages ( m a t u r e and subadul t ) and r u m e n con ten ts were 

Ident ica l . Both members of the o ther g roups were ma tu re , and diets 

were s im i la r . 

b) Faeca l analys is 

The re was l i t t le var ia t ion between the rep l ica tes of each pel le t g r o u p , 

but d ie t of Indiv iduals was var ied wi th in most months (Tab le 6 3 ) . 

Var ia t ion b e f e e n months was however s ign i f i can t for al l t h ree food 

c lasses (K ruska l -Wa l l l s one -way Anova: g rasses , H = 2 1 . 4 5 , N = p 

< . 0 2 ; he rbs H = 2 7 . 1 8 . W = 12, P < 01 ; b rowse, H = 2 5 . 4 1 , A/ = 12. 

P < . 0 1 ) . 

The re were no s ign i f i cant c h a n g e s between ad jacen t mon ths in the 

g rass or b rowse ca tegor ies . However the p ropor t i on of herbs Inc reased 

s ign i f i can t ly In A p r i l / M a y ( U = 2 . n , = 5. 02 = 5 . p < . 0 5 ) and 

d e c r e a s e d s ign i f i cant ly In J u n e / J u l y iU = O, n , = 3 . ng = 5, p < . 0 5 ) . 

and S e p t e m b e r / O c t o b e r ( U = 1. / , , = 5 . ^ 2 = 5 . p < . 0 5 ) . F ig . 6 . 2 



a) Males (summer) 

N = 19 

herbs 

58.2 ± 6.6 

b) Females (winter) 

N = 47 

coniferous 

browse 

53 1 ± 6.8 

grasses 

39.1 ± 6.9 

deciduous browse 

2 . 6 ± 1 . 5 

coniferous browse 

0.1 ± .07 

grasses 

37.5 ± I,5 

deciduous browse 

10.7 ± 2.9 

Fig. 6.1. Percentage diet of roe deer at Porton determined 

by analysis of rumen contents, (ft) Males (summer), Cb) Females (winter) 



Month N 

TABLE 6.3 

FAECAL ANALYSIS RESULTS FROM PORTON 

Browse 

Mean % fragments ± 1 S.E. 

Grasses Herbs 

M 5 39.9 + 13.1 50.0 + 14. 8 9.4 + 6.0 

A 5 50.7 + 11.0 46. 2 9. 5 0.9 + 0.9 

M 5 28. 1 + 10. 5 61.4 + 10.4 8.4 + 3.4 

J 3 1.3 + 0.4 3.3 4 - 1.9 95. 4 + 1.2 

J 5 8. 5 + 2.2 55. 2 + IS. 8 35.8 + 19. 5 

A 4 5.4 + 2.0 92.0 ± 2. 8 2.7 1.1 

S 5 22.0 + 10.7 58. 8 + 17. 8 18.2 + 9.1 

0 5 35. 8 + 12.1 62.6 + 12.0 1.1 + 0.7 

N 5 32.6 + 7.0 65.0 7.5 1.9 + 1.7 

D 5 37.1 + 8. 5 46.8 + 8.7 16.0 12. 8 

J 5 27.3 + 4.7 60.0 6.6 11.9 + 6.0 

F 5 17.1 + 7.2 81.0 + 7.3 1.1 + 0.2 

MEANS 

Oct-March: 

April-Sept, 

31.6 ± 3.7 

21.3 ± 4.5 

60.8 ± 4.2 

5 2 . 1 ± 6 . 8 

6.9 ± 2.6 

25.9 ± 7.2 
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shows seasona l changes in diet by faecal analys is . 

The most p ronounced seasona l changes o c c u r r e d between Apr i l and 

Augus t , when the propor t ion of herbs inc reased. Dur ing the rest of the 

yea r , herbs const i tu ted less than 20% of the diet . The p ropor t ion of 

g rass var ied less peaking in August at 7 4 . 3 % . Browse peaked in Apr i l at 

50. 7%. 

The spec ies ident i f iab le wi th in each ca tegory c h a n g e d wi th 

s e a s o n . In w in ter , only ferns and mosses were ident i f ied in the 

he rb componen t , but they were absent in summer when t r i chomes 

(un i ce l l u l a r s t ruc tures with a charac ter is t i ca l l y spiked shape) 

p redomina ted . The spec ies f rom which t r i chomes o r ig ina ted were not 

de te rm ined but they are charac te r i s t i c of broad leaved fo rbs . The only 

g ram in i d spec ies ident i f ied was wheat , wh ich was the ma in c o m p o n e n t of 

the grass ca tegory in winter and sp r ing , but was absent in s u m m e r 

mon ths . Between August and October grass par t ic les were Inc reas ing ly 

f ib rous but were not Ident i f iable to spec ies level. Browse spec ies we 

not posit ively Ident i f ied In any months but there were no c lea r seasona l 

changes In compos i t i on of the browse category . 

( c ) Compar i son of diet de te rmined by faecal and rumlna l ana lyses 

The mean propor t ion of each food category In faeca l samp les f rom 

s u m m e r and winter a re shown In Fig. 6 . 3 . The s i x -mon th g roup ings are 

comparable to the seasons used In rumen analysis (F i g . 6 . 1 ) . The 

relative p ropor t ion of food types d i f fered between the two methods . 

Grasses were a la rger propor t ion of the diet In the resul ts for faeca l 

analys is than f rom rumen analysis In both summer and w in ter . There 

were a lso d i f fe rences between the resul ts for the two methods for browse 

and herbs . Faeca l analysis showed more herbs and less browse In the 

diet In winter than rumen analys is . 

However , the two techn iques showed s imi lar changes In diet between 

s u m m e r and winter . Changes In r umen samples were desc r i bed above. 

For faecal samp les the p ropor t ion of g rass was not s ign i f i cant ly d i f fe rent 

between summer and winter W = 3 6 1 . 5 . = 27 , ng = 30 . n s ) . but the 

p ropor t ion j f browse was h igher In winter ( U = 247. = 27 . ng = 30 . 

P < . 0 2 ) and the proportion of herbs was h igher In summer ( U = 277. 

= 27. ng = 30. p < 05) . 
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Fig. 6.2. A n n u a diet of roe deer at Porton determined by faecal 

analysis (mean ± SE). 



a) Summer 

31.6 ± 8.4 

browse 

21.3 ± 4.5 

grasses 

52.1 ± 6.8 

b) Winter 

N = 30 

browse 

32.0 ± 3.8 

herbs 

6.9 ± 2.6 

grasses 

59.9 ± 4.4 

Fig 6.3. Percentage diet of roe deer at Porton determined 

by faec 1 analysis 
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6 . 3 . 2 Relat ion of seasona l d iet to seasona l qual i ty and avai labi l i ty 

of food . 

The f i rs t a im of this chap te r was to de te rm ine seasona l d ie t and 

re la te it to seasona l qual l l ty and avai labi l i ty of food. Faeca l ana lys is 

resu l ts wil l be used for th ree reasons : They cover the en t i r e yea r , 

whe reas r u m e n samp les cover par ts of the yea r ; both sexes w e r e 

r e p r e s e n t e d , and faeca l samp les were co l lec ted f r o m the study a rea ( t o 

w h i c h vegeta t ion data apply) whereas rumen samp les c a m e f rom the 

who le range . 

Dietary and vegeta t ion data do not c o r r e s p o n d d i rec t l y , because 

d i f fe ren t ca tego r i es were used. Data on browse spec ies were c o m p a t i b l e , 

but o ther vegeta t ion data app l ied to commun i t i es ( s u c h as g rass l and , 

wood land g r o u n d f lo ra) and not to food types to wh ich p lant f r agmen ts 

w e r e ass igned In faeca l analys is . P r e s e n c e / a b s e n c e of key spec ies 

was used in con junc t ion with data on habi tat use (Chap te r 3) 

to dete ^ Ine the most appropr ia te vegetat ion data to co r re l a te with the 

g r a s s and he rb ca tegor ies In faeca l analys is . The vegeta t ion da ta 

app rop r i a te to d ie tary ca tegor ies a re shown In Tab le 6. 4. 

S p e a r m a n rank co r re la t ion coef f i c ien ts were ca l cu la ted for each food 

type between the month ly p ropor t ion of d iet and food ava i l ab i l i t y /nu t r i en t 

da ta . Values of r , a re g iven in Table 6 . 5 . There were no s ign i f i can t 

co r re la t i ons and very few coef f i c ien ts app roached s ign i f i cance . 

6 . 3 . 3 Relat ion of habi tat use to seasona l food avai labi l i ty and 

qual i ty wi th in habi tats 

In th is 

The s e c o n d a im of this chapte r was to Invest igate re la t ions between 

seasona l c h a n g e s in habi tat use and fo rage status wi th in habi ta ts . In " 

s e c t i o n , th is re la t ionsh ip wil l be examined wi th in habi ta ts , c o n s i d e r i n g 

seasona l c h a n g e s . 

Th ree ind ices of use a re app l ied to each habi tat : 

I) Number of deer feeding as a proportion of the total occupying the 

habitat. This is used to show whether the tendency for deer with a 

habitat to feed is correlated with food availability/quality. 



TABLE 6.4 

PORTON VEGETATION DATA USED TO CORRELATE WITH DIET 

Month Veg. data corresponding 

to "grass" category 

Veg. data corresponding 

to "herb" category 

M winter wheat woodland 

winter wheat woodland 

M winter wheat 

grassland 

grassland 

winter wheat 

winter wheat 

grassland 

grassland 

winter wheat 

winter wheat 

winter wheat 

grassland 

grassland 

grassland 

wheat under-storey 

stubble 

stubble 

stubble 

woodland 

woodland 

woodland 



TABLE 6.5 

CORRELATION COEFFICIENTS (r ) BETWEEN THE PROPORTION OF FOOD 

CATEGORIES IN THE DIET (DETERMINED BY FAECAL ANALYSIS^ 

AND NUTRIENT CHARACTERISTICS 

CSample size in parenthesis)^ * p <.05 

Dietary Category 

Proportion in diet 

correlated with: 

Grasses Herbs Browse 

standing crop .235 C12) . 310 (12) — 

productivity -.231 (12) .092 (12) 

nitrogen -.312 (12) -.635* (12) .082 (11) 

phosphorus -.252 (-12) -.516 (12) . 160 (11) 

potassium -.112 C12) - . 343 (12) .059 a i ) 

calcium - . 294 (12) - .123 (11) — . 364 (11) 

magnesium .060 (12) - . 552 (10) - .083 Cll) 

% digestibility -.382 CIO) - .126 ( 9) - . 600 C 4) 

dig. X N -.467 (10) - .533 ( 9) . 200 C 4) 

P - . 406 (10) - .400 ( 9) .400 ( 4) 

K -.249 (10) - .317 ( 9) - .800 ( 4) 

Ca - .455 (10) - .167 ( 9) - .800 C 4) 

Mg - .152 (10) - .217 ( 9) - .600 ( 4) 

" St.crop .365 (10) _ .017 ( 9) 

St.crop X N .217 (12) - .088 (12) 

P .161 (12) - .035 (12) 

K .217 (12) - .028 (12) 

" Ca . 189 (12) .091 (12) 

" Mg . 280 (12) .146 (11) 

St., op X dig. X N . 127 (10) - .150 ( 9) 

P - .030 (10) - .017 ( 9) 

" K - .030 (10) - .083 ( 9) 

" " Ca .164 (10) - .150 ( 9) 

" " .382 (10) - .083 ( 9) 
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II) Number of doer feeding In a habitat as a proportion of all deer 

feeding In the month (equivalent to Hunter's Index, used In Chapter 3 to 

determine feeding preference). This Is used to show whether feeding 

prefe nee for a habitat varies with Its forage status. 

III) Number of deer occupying a habitat as a proportion of deer occupying 

all habitats. This Is again equivalent to Hunter's Index, 

but uses total number rather than number feeding, Correlations with this 

Index show whether preference for occupying habitats Is Influenced by 

forage status. 

Correlation coefficients were calculated between monthly values of 

these indices and monthly values of vegetation parameters (Table 6 . 6 ) . 

There were no consistently significant relationships between any of the 

Indices and any of the vegetation parameters tested. 

6 . 3 . 4 Relation of preference for feeding within months to the 

relative levels of nutrients and availability of forage In 

habitats 

The relationship between habitat use and forage s' tus Is examined 

Within months, to see whether feeding preference within a month was 

related to the value of forage within habitats. Feeding preference was 

used because it incorporates relative areas of habitats sampled. 

Correlations were calculated between preference and vegetation 

parameters as in the proceeding section. There were again no consistent 

patterns of correlation and most coefficients did not approach significance 

(Table 6. 7). 

6. 3. 5 
Relation between the use of habitats for feeding and the 

levels of digestible and available nutrients within months 

in the previous section, there were no consistently significant 

» ' " " " • " " " 

3) . . d i i I . 



TABLE 6.6 

CORRELATION COEFFICIENTS % ) BETWEEN INDICES OF HABITAT 

USE FOR FEEDING AND OCCUPANCE AND MONTHLY VALUES 

OF AVAILABILITY AND QUALITY OF FORAGE WITHIN HABITATS 

N = 12 unless stated otherwise, * P C .05; ** P < .01 

Index* Forage Pasture W.Wheat Sp.Barley Seedgrass Grassland Woodland 
Char. 

Feed/ st.crop -.408 -.712* -.252 -.600* -.422 -.256 

Total prod -.589* -.197 -.158 -.197 -.864(11)** - 123(11) 

N .342 .175 .523C11) . 595* .018 322 

P .750** .124 .382(10) .483 -.230 . 411 

K .369 -.015 .254(11) . 329 -.459 385 

Ca -.157 .018 .397(11) . 364 -.168 . 312 

Mg -.218 . 126 .566(11) .403 -.199 . 229 

%dig -.081 .226 0 ( 5) . 196 -.238 . 252 

%digxN .388 .175 0 (5) . 564 -.252 .329 

Feed/ St.crop -.739** . 572 -.195 -.353 . 105 . 175 

Mfeed prod -.400 -.370 -. 055 . 135 .127(11) .201(11) 

N .644* .307 .495(11) .207 -.144 . 210 

P .458 .272 .277(10) . 211 .113 . 295 

K -.056 . 466 .242(11) -.067 .189 . 259 

Ca -.392 .012 .317(11) .242 -.284 . 112 

Mg -.390 .178 .440(11) -.181 .067 .095 

%dig -.385 .342 0 (5) -. 039 . 245 . 126 

%digxN . 182 .318 0 ( 5) . 280 .035 . 224 

Total/ St.crop -.676* .740** .332 -.049 .060 .645* 

Mtotal prod -.336 -.190 . 530 . 189 .109(111 - .206(11) 

n 
N .636* .169 .251(11) -.056 .039 .042 

t t 

P . 359 .138 .152(10) .004 .174 .214 

n 

K -.193 .381 .247(11) -.217 .151 .490 

I t 

Ca -.389 -.046 .002(11) .042 -.336 . 291 

»T 

Mg -.383 .057 .009(11) —. 46 8 -.057 .394 

»t 

%dig -.448 .176 .051( 5) -.133 .119 .427 

t l 

%digxN .056 .169 .051C 5) .035 0 .245 

f Feed = no. deer feeding habitat; Mfeed = deer feeding in month 

Total = all deer occupying habitat; Mtotal - all deer seen in month 
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Interactive effects between nutrients and either digestibility and/or standing 

crop. 

The density of a nutrient within a habitat may be Indicated by the 

product of standing crop and nutrient level (units are mg nutrient per unit 

area) , and this may be more biologically meaningful than nutrient level 

(mg g - T ) . Similarly, the dry matter per unit area available to deer may 

be more accurately represented by the product of digestibility and standing 

crop. 

There may not be a simple relation between digestibility and nutrient 

accessibility: nitrogen for Instance Is present In both cell walls and 

contents, but may not be distributed evenly between the digestible and 

non-digestible components. However the amount of a nutrient available 

will depend on the bulk of food that can be processed by the digestive 

system. Hence the product of nutrient level, standing crop and 

digestibility may be Important to feeding preference, regardless of the 

distribution of nutrients In relation to digestible fibre. 

This analysis considers the Influence of 'obtainable nutrients' (as 

above) on habitat preference within months. Correlations were calculated 

within each month between feeding preference for habitats and nutrients 

per unit area (nutrient level x standing crop), dry matter digestible per 

unit area (% dry matter digestibility x standing crop). digestible nutrients 

(% digestibility x nutrient level) and available nutrients (% digestibility x 

nutrient level x standing crop). Table 6. 7 shows the coefficients and 

significance values obtained. There were no consistently significant 

correlations and few values approached significance. 

6 . 4 DISCUSSION 

6 . 4 . 1 Diet 

(a) Rumen analysis 

Diet varied considerably between Individuals but most samples were 

dominated by a single food plant. Winter diet was composed mainly of 

grass crops, like rye-grass, or conifers such as yew, Scot's pine and 

jumper. Broadleaved species formed a minor part of the winter diet. 
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Summer diet was composed mainly of either grasses or forbs. The 

proportion of grasses did not change significantly between the summer 

and winter samples, whereas the proportion of forbs was significantly 

higher and the proportion of both conifers and broadleaved species were 

significantly lower in the summer samples. However within the grass 

category, agricultural crops were less common in summer (17%) than in 

winter (31%) . 

There was a clear tendency (especially In winter) for diet to differ 

between localities. Females shot on Isle of Wight Hill had fed mostly on 

conifers while those shot about I km away on Roche Court Down had fed 

mostly on farmland. This tendency was not apparent In summer, possibly 

because sample size was lower and fragments were less frequently 

Identified to species level. Females shot In the same group had very 

similar diets, probably reflecting similarities in the availability of food, 

possibly enhanced by constraints on feeding within the same social 

group. This effect was not examined within the male samples because 

there was only one occasion when more than one male from a group was 

culled. 

The composition of rumen iples Is Influenced by several factors. 

Sex difference In diet might be expected because roe are sexually 

dimorphic: as males were only shot In summer and females only in 

winter It was not possible to distinguish sex differences from seasonal 

changes. However, faecal analysis results and published literature (op. 

cit) show seasonal dietary changes, but in rumen samples from Porton 

these may have been either Increased or decreased by sex differences. 

The distribution of culling was highly skewed because stalkers 

surveyed the population and culled when weather was optimal. This had 

two effects on the sample. Firstly It reduced sample size within most 

months, so monthly diet was not examined. Secondly, some viscera 

were discarded because too many deer had been culled to retain all 

viscera. Consequently samples were not obtained from all culled deer. 

In addition, most culling occurred at dawn and dusk, because at 

weekends the Ranges were used for recreation during the day. Since 

habitats are used at different times of day (Chapter 3 ) , the diet 

determined by rumen analysis would favour food types occurlng In open 

habitats such as farmland and young plantations. This tendency 

Increased because stalkers concentrated on plantations and farmland in 

response to complaints of damage from foresters and farmers. 
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The predominance o< single food species In most rumen samples 

suggests that they reflect the last feeding bout before death. It this Is 

true. It would further bias diet towards food plants In open habitats 

because of the factors discussed above. However roe feed on more than 

one plant during a feeding bout (Prior 1968). Apart from deer culled 

while feeding on monocultures, the tendency for one species to 

predominate may therefore have been artificially Increased by washing 

through a 2mm sieve. DIrschI (1962) and Owaga (1978) Investigated the 

effects of washing through sieves of various sizes, but they considered 

only the bulk/roughage and Intermediate feeders of Hofmann's ruminant 

categories. Since roe deer are concentrate selectors, the effects of 

sieve mesh size may differ. 

(b) Faecal analysis 

Individual diets were varied within months, but the range of variation 

was lower than In rumen samples. Faecal samples probably represent a 

longer period of feeding than rumen samples, as they have spent longer 

In the digestive system. Individual variation within months might arise 

from sex or age differences. „ seems unlikely that they are attributable 

to age, since rumen samples from females of different age within the 

,^n=r Pellets cannot be sexed reliably and so sex 
same group were so similar. 

differences diet cannot be evaluated by this method either. It remains 

probable that diets cf Individuals even from the same sex and age class 

may differ. 

variation In diet etween months was greater than variation within 

months. The p r o p e r , I o n of herbs varied more than the proportion of 

either grass or browse, reaching a peak of over 90% In mld-summer. but 
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recognisable that were present throughout the year. 

Methodological problems are greater In faecal analysis than In rumen 

analysis. The small particle size hinders identification, and inaccuracies 

may arise if different cutlcular patterns occur on adaxial and abaxial leaf 

surfaces (Stewart 1967). Stem fragments may also differ, but a 

comprehensive reference collection of all possible fragments was not 

feasible in this study. 

Digestibility of different plants varies considerably (Chapter 5 and op. 

CIO and digestibility may also vary between parts of a single plant. Such 

variation would affect fragments In two ways: either smaller or fewer 

fragments might be produced from more digestible plants. Both 

possibilities would result In undercounting of more digestible species. 

(c) Comparison of diet determined by the two methods 

Rumen samples were drawn from the entire Ranges, so diet might 

vary more by this method, than from faecal analysis which was based on 

samples from the stu- / area. The direction of changes between summer 

and winter was similar by both methods; the proportion of grasses did not 

Change between summer and winter but the proportion of herbs increa d 

in summer and the proportion of browse decreased. This suggests that 

seasonal changes in diet occur either In both sexes or that sex 

differences are small In comparison with seasonal changes. 

The diets Of roe deer at Porton appear quite distinct from diets 

described for other British populations of roe. In the New Forest and at 

Chedington. diet contained a larger proportion of broadleaved browse 

(bramble and rose, , ^ 

— - - - — - -
grassland communities. 

6 . 4 . 2 
Relating diet to feed quality and availability 
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species are difficult to Identify with certainty; the selection of food Items 

by roe may however occur on a finer scale. Thus if deer response to 

changes In availability and/or quality by ad)usting the proportion of a 

particular species in their diet, a corresponding change In the dietary 

proportion of a major food category may r occur. 

The nutrient categories were also broad and applied to communities. 

If deer select at species level or even for particular parts of plants, 

correlations with the nutrient data would be unlikely to yield significant 

values. An Improvement would be to identify diet to spades level by a 

more comprehensive faecal analysis and to assess nutrients for each food 

species separately. 

Mean diet was used In the analysis, based on five samples per 

month. The variation In Individual diet within months suggested that 

Individuals select food differently either because they differ In their 

digestive physiology (as shown for Swedish roe deer by Cederlund and 

Nystrom 1981). or because availability of food plants varies between home 

ranges. Using means for food availability and quality, and for dietary 

composition may therefore obscure relationships, 

A further error arises from the matching of nutrient and dietary data, 

because the categories were not directly comparable. The categories 

used in dietary analysis were plant types which were confined to particular 

communities. Matching data on the b- . is of species presence/absence 

and on habitat use assumes that a plant type is consumed In only one 

habitat, an assumption that Is probably over simplistic in the present 

analysis. 

6 . 4 . 3 
Relating habitat use to seasonal changes In forage within 

communities 

T » . , . . . . . ™ P . » ™ " " " " " 
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throughout the year. This assumption may be false, because of changing 

nutritional requirements throughout the year In response to temperature. 

reproductive cycles and other factors. 

The third Inherent weakness In this analysis lies In not accounting for 

other influences on habitat selection. These might Include cover for 

shelter and to avoid disturbance, the avoidance of biting flies and 

intra-speclfic competition for feeding, kidding and rutting sites, The 

relative Importance of these factors would change seasonally and .ffect 

the number of deer feeding In. or occupying habitats confusing any 

relationship between the proportion feeding and forage status. 

6. 4. 4 Relating preference for feeding within months to relative 

levels of nutrients and availability of forage in habitats 

There were again no consistent patterns of correlation between habitat 

preference within months and forage status. Examining feeding 

preference within months avoids the assumption that selection takes place 

on the same basis throughout the year, but the results are still sub)ec. to 

several sources of error. All habitats are not equally accessible to all 

deer because of the dispersion of home ranges and habitats. Apart from 

access, there Is a differential cost in travelling to habitats that cannot be 

taken Into account. 

m . . . . ™ . m.y ~ ~ 

. . . . . . . . . . . . »d , .on , . . . . -

, h . b . s l . M .1-81. 

^ l g n i . g toward. . ^ 
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feeding deer occurred In the habitat with the highest 'obtainable nutrients' 

In four months (March. April. August and January). In all these months 

there was a clear distinction between the most used habitat and other 

habitats: In March for Instance. 62 deer were feeding on seed-grass 

Qo^^pgred with 29 on pasture and even less on other habitats. When the 

highest number feeding did not occur In the habitat with the highest 

'obtainable nutrients' the differential between numbers feeding In different 

habitats was much lower, suggesting that selection was lower and that 

small errors In observations could completely alter the habitat rankings. 

This occurred In May. October. November and February, which were the 

months when the Index of selection was lowest (Chapter 3 ) , In June and 

July, grassland was used most for feeding and herbs formed the main 

dietary component. Food selection by roe may therefore be more 

pronounced at this time of year and so nutrient data on the grassland 

community may differ markedly from the actual nutrient value of food. 

There may also be strong selection pressures at this time of year 

associated with kidding and rutting that would Influence the dispersion of 

deer between habitats. 
Rankings may overlook Important biological considerations. Standing 

crop for instance, varied from zero to over 60 g /250 cm^ and within this 

range, the effect on foraging efficiency may be non-linear or 

fragmented. There Is probably a threshold below which foraging 

efficiency is Impeded and a value above which selective Intake Is 

profitable because of either species diversity (within communities such as 

grassland) or differences In the value of different parts of plants (within 

monocultures). 

The correlations used In this chapter to examine forage characteristics 

that might be related to feeding ecology or diet may not be sensitive 

enough to show such relation.,Ips. given that only six to ^«eive points 

were used in non-parametric correlations. It would therefore be 

interesting to perform other analyses, such as modelling the foraging of a 

concentrate-selector, to find how closely Individuals conform to 

predictions. In some cases, deer were faced with a clear choice of food 

types with different values, for instance, how did deer with ranges ce e 

on Thorny Wood and WInterslow Firs (Map 1) differ In their use of fields 

given that some but not all fields available were Identical? 

Factors influencing diet and feeding ecology are probably complex, 

and experimental manipulation would be an alternative appropach to 
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determine exact functional responses of roe deer to different feeding 

conditions. 
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c h a p t e r 7 

g r o u p i n g b e h a v i o u r o f r o e d e e r a t p o r t q n 

7 .1 INTRODUCTION 

The social organisation of roe deer Is Interesting, and has been 

widely studied, because roe are territorial and more solitary than other 

British - jrvlds. Prior (1968) regarded their social system as patriarchal, 

centred on adult males with most groups composed of a pair of adults 

with juveniles. However, this view does not explain variation In group 

size and composition. 

Group size varies with season: roe at Glen Dye (Scotland) showed 

an annual cycle (Gumming 1966). varying from groups of up to 6 deer in 

winter, to smaller groups In spring and summer, and Bramley (1970a) 

d. ,=r lbed a similar cycle at Chedlngton (Dorset), with winter groups of 

up to 8 deer. Although seasonal changes In group size are evident In all 

populations studied, group size in winter appears to depend on habitat. 

Large winter groups on farmland in Czechoslovakia contained up to 89 

deer, with a highest monthly mean group size of 16.3 In February (Zed|a 

1978). However the Influence of habitat on grouping behaviour of roe 

deer has not been I n v e s t i g a t e d . .« Is not known whether the same 

seasonal changes in group size occur In ail habitats, or w et er 

differences in winter group sizes between habitats a so occur 

and season. 
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The main alms in this chapter are to Investigate the Influence of 

habitat, month and time of day on group size and composition. In 

addition, the spacing of individuals within groups will be examined and 

associations between marked individuals will be considered. The 

presentation is confined to the Porton study area, as too few observations 

were obtained from Chedlngton. 

7 .2 METHODS 

Data presented in this chapter were collected on transects ( 3 . 2 . 1 ) . 

by scans of fixed areas ( 4 . 2 . 1 ) and by observation while radio-tracking 

( 3 . 2 . 2 ) . 

7 .3 RESULTS AND ANALYSES 

7 . 3 . 1 Defining groups 

Previous research on roe deer has not defined group . but used 

unspecified and probably subjective criteria to determine membership of 

groups. In this study, nearest—neighbour (NN) distances were recorded 

for all deer visible at each observation, and individuals were assigned to 

groups according to an arbitrary NN distance, derived by the method 

described in Glutton-Brock et al. (1982). 

if individuals aggregate, they will be closer to members of their own 

group than to members of other groups. Hence, inter-animal distances 

will show an overall bimodal distribution, the lower mode corresponding to 

Intra-group separation, the upper to Inter-group distance. To save 

calculating ail Inter-animal distances, the NN distance of each animal can 

be measured In a fixed direction, since this also yields a bimodal 

frequency distribution )lutton-Brock et al. 1982). 

Fig. 7. 1 shows the distribution of NN distances, measured In a 

northerly direction for all deer at Porton seen on each outing in March 

and April 1981. The lower mode (Intra-group distance) occurred at 10 

m. and the bimodal division was between 45 and 55 m. The inter-group 

peak was less clear. Separating farmland and woodland/grassland had 

no effect on the distribution of NN distances, and so a separation of 50 

m was used to determine group membership In all habltc ;s. 
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7 . 3 . 2 Variation of intra-group separation 

For convenience. NN distances were assigned in the field to 3 

categories: <10 m, >10 <20 m, >20 <50 m. Transect data were broken 

down by month, time period and habitat to examine changes in spacing 

within groups, using these categories. 

1. Seasonal variation In spacing within groups 

The distribution of Individuals between ie three NN categories 

changed significantly during the year (x^ = 140.327. d.f . = 20. p < 

.001) . Members of groups tended to be further apart In winter and 

spring (Fig. 7 . 2 ) . In summer, both before and during the rut. NN 

distances diverged and members were either closer together or further 

apart, but seldom In the intermediate category. After the rut. the 

proportion of deer In category 3 (>20 < 50 m) decreased, and individuals 

maintained closer proximity to one another. but throughout the winter 

members of groups gradually separated, and the proportion in category 2 

(>10 < 20 m) Increased. 

2. Diel variation In spacing within groups 

The spacing of Individuals within groups changed significantly with 

time period (x^ = 37.897, d.f. = 6 , p < .001) . Spacing varied little 

during daylight hours, but members of groups were more widely spaced at 

night, 

3. The Influence of habitat on Intra-group spacing 

There were signlfiant differences over the year between habitats (x^ = 

24.579. d.f . = 8. p < . 0 1 ) . Fig. 7 .3 shows that members of groups 

were more widely spaced on seed-grass than In other habitats, and that 

groups were more compact In woodland. 

Intra-group spacing was significantly associated with habitat In winter 

(December. January. February: = 17.489, d.f . = 8, p < . 0 5 ) . and 

In spring (March. April. May: = 37.382. d.f . = 8. p < . 001 ) . but 

not In summer (June, July. August: = 3.439, d.f . = 2. ns) or 

autumn (September, October, November: (x^ = 14.640, d.f . = 8, ns) 



100 

>> 
u 
o 
bc 
o 

• p 

tt 
o 
<0 o a 
0$ 
•p 
CO •H 
TJ 
% 
% 

a 
o 

u 
<0 
<a 
73 
69 

Fig. 7.2. Seasonal changes in the spacing of individuals within 

groups at Porton: transects: March 1979 to February 1980 inclusive 

Clear histograms indicate 4 10 m; light shading > 10 ^ 20 m; 

dark shading >20 < 50 m. 



100 

>. 
u 
o 
to 0) +j 
ct 
O 
0 o 
0 a 
+j 
01 

% % 

o 
<0 

u 
0) 
(0 
"O 

80 -

60 

40 

20 

>20 ^ 50 m 

>10 < 20 m 

^10 m 

W 

HABITATS 

Fig. 7.3. Spacing of individuals within groups in 

different habitats at Porton: transects March 1979 

to February 1980 inclusive. (P = pasture, C = cereals, 

S = seed-grass, G = grassland, W = woodland). 



75 

4. The Influence of group size on Intra-group spacing 

Spacing of members of groups was significantly related to group size 

(X^ = 80.655. d.f. = 14. p < .001) . Fig. 7 .4 shows the variation of 

Intra-group spacing with changing group size at Porton. In groups of 

two. more individuals than expected were In the category >20 < 50 m. In 

groups of 3 to 7 deer, there was a tendency for an increasingly smaller 

proportion to be within 10 m of one another, but this tendency reversed 

In groups larger than seven. 

7. 3. 3 Group size 

Previous authors have used mean group size to describe the 

aggregative behaviour of roe deer (e .g . Bramley 1970a; Zejda 1978). 

However, mean group size Is not a good measure, as small groups tend 

to be more common in a finite population than larger groups (Jarman 

1982). A more appropriate measure Is the size of group of the median 

Indlvldu . obtained by ranking group sizes for all individuals and taking the 

median value (Clutton-Brock et al. 1982). 

1. Variation In group size between habitats 

Table 7. 1 shows group sizes for the median Individual in each habitat 

by month. Observed group sizes varied significantly between labitats 

(Kruskal-Waliis one-way ANOVA: H = 55.012. A/ = 5. p < .001) . In 

this ANOVA. observed groups of deer were assigned a rank from 1 - N 

(N = 857) and the mean rank calculated for each habitat. Mean ranks 

(Table 7 .1) show that groups were smallest In woodland and largest on 

seed-grass. Differences In group size between habitats were more 

pronounced in winter and spring than In summer and autumn 

(Kruskal-Wallis one-way ANOVA) see p. ^6: 
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TABLE 7.1 

GROUP SIZE OF MEDIAN INDIVIDUAL IN EACH HABITAT BY MONTH 

Month Pas ture Cereals Seed-Grass Grass 1 and Woodland 
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SEASON MONTHS H N P 

Winter Dec, Jan, Feb 3 3 . 7 5 1 5 < . 0 0 1 

Spring Mar, Apr, May 4 0 . 0 8 6 5 < . 0 0 1 

Summer Jun, Jul, Aug 5.23 5 ns 

Autumn Sep, Oct, Nov 10.04 5 <.05 

Table 7. 1 shows that the largest median group sizes occurred on 

seed-grass and cereals in winter (maximum 7 in December), and that 

median group size was one In all habitats in June and July. 

2. Variation In group size between months 

Group size varied significantly with month In all habitats except 

woodland (Kruskal-Wallis one-way AN OVA) : 

HABITAT N 

Pasture 20.712 12 < .05 

Cereals 58.618 12 < .001 

Seed-grass 50.035 12 < .001 

Grassland 56.144 12 < .001 

Woodland 11.187 12 ns 

Significant changes in group size between adjacent months occurred In 

the following cases (Mann-Whitney U test on adjacent months in habitats 

except woodland): 
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HABITAT PAIRED MONTHS U "1 "2 P direction 

Pasture May-June 12.5 9 9 < .02 decrease 

Cereals May-June 147.0 18 26 < .04 

Aug-Sep 876.5 40 75 < .001 increase 

SeedgrcLSS Apr-May 107.5 16 24 < .02 decrease 

May-June 15.0 6 16 < .02 " 

Dec-Jan 13.0 10 11 < .02 

Grassland Apr-May 457.0 33 44 < .01 

Oct-Nov 56.5 15 17 < .02 

Group size decreased between April and June: significant decreases 

occurred In April-May on grassland and seed-grass, and In May-June on 

all farmland. The only significant increase was on cereals In 

August-September. 

3. Variation In group size with time period 

Table 7 .2 shows the group size of the median Individual In each 

habitat by time period. Grassland was the only habitat where group size 

varied significantly between time periods (Kruskal-Wallis one 

HABITAT H N P 

Pasture 3.802 4 .284 

Cereals 1.827 4 .609 

Seed-grass 1.646 4 .649 

Grassland 8.545 4 .036 

Woodland 1.548 4 .671 

Groups on grassland were consistently smaller at night than 

daylight. 



TABLE 7.2 

GROUP SIZE OF MEDIAN INDIVIDUAL IN EACH HABITAT 

BY TIME PERIOD 

Habitats : 

Dawn Day Dusk Night 

Pasture 

Cereals 

Seed-grass 

Grassland 

Woodland 

1.5 

2 

4 

2 

2 
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7 , 3 . 4 Group composition 

Composition of groups was examined using data from transects 

excluding groups in which any member was not sexed or aged Groups 

were allocated to one of 7 categories: 

i) single adult male 

II) single adult female 

III) single juvenile of either sex 

iv) adult male and female without juveniles 

V) juveniles (>2, either or both sexes) without adults 

vi) adult female(s) with juvenlle(s) without adult male 

vil) adult female(s) with juvenlle(s) and adult male(s) 

1. Seasonal changes In group composition 

The monthly proportion of groups in each category is shown in Fig. 

7.5. Group composition changed significantly with month iy? = 192.803. 

d. f. = 42. p < . 001) . 

Adult males were members of only 17% of all groups recorded, and 

most bucks (73%) were solitary. Only two adult bucks were seen alone 

together (in September) but on three occasions two bucks were members 

of the same group including females and juveniles. Bucks were most 

solitary between June and August, and were seen in mixed sex/age 

groups most frequently In March. 

Adult does were seen more than bucks, both singly and in groups. 

The percentage of solitary does Increased from February to June, when 

50% of sightings were of solitary does. Fewer solitary females were 

recorded in July, when single does were more frequently accompanied by 

an adult buck. Adult female(s) with juveniles were the most common 

grouping except between June and August. 

Solitary juveniles were most common In May. most being subadult 

males, because they associated less than subadult females did with adult 

does. Groups of juveniles without adults were rare In summer and 

occurred more often In late winter and spring. 
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2. Dial changes In group composition 

There was no significant change In group composition with time 

period (x^ = 20.286. d.f . = 18. ns). 

3. The influence of habitat on group composition 

The proportion of groups In each category is shown by habitat in Fig. 

7 .6 . Different group compositions occurred with significantly different 

frequencies In each habitat (x^ = 59.590. d.f . = 29. p < .001) . The 

percentage of solitary bucks was highest on grassland and lowest in 

cereals. Solitary bucks were common on seed-grass, although 

seed-grass was used little during mid-summer when most males were 

seen. A similar percentage of solitary does were seen In all habitats 

except seed-grass where less were seen. Soliltary juveniles, and groups 

of juveniles without adults occurred Infrequent y on farmland, and both 

were more common In woodland. Pairs of adults (male with female) 

were seen mainly In cereals but rarely on other farmland. The larger 

groups composed of adult female (s) with juveniles and adult maleCs) were 

seen mostly on farmland, and rarely In woodland. 

4. Associations between marked deer 

Group composition was analysed, but marked animals are needed to 

examine which individuals associate and why associations occur. Two 

problems arise: relatedness between individuals was unknown, and 

because there were unmarked deer, some changes In association were 

Inevitably undetectable. 

Table 7 .3 shows how many combinations of collared animals could 

occur each year at Porton. and how many were observed (frequencies 

are considered below). Few combinations were recorded and there were 

no obvious tendencies for particular age/sex classes to associate. 

Association matrices are cumbersome and so are not presented. 

Frequencies of association between individuals were low: >60% of 

associations were observed only once or twice. Others usually accounted 

for most of the associations for an Individual. For instance. 80% of 

sightings (n = 10) of doe 2 (subadult) In the first field season were with 
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TABLE 7.3 

SUMMARY OF ASSOCIATION BETWEEN MARKED DEER AT PORTON 

D A T E S 

March 79 - Feb 80 March 80 - Feb 81 March 81 - Sept 81 

Association : 

AM X AM - 0/3 4/15 

AM X AF - 2/27 8/48 

AM X SM - 0/11 4/15 

AM X SF 0/3 4/24 

AF X AF 4/21 3/28 0/36 

AF X SM 16/98 16/88 7/24 

AF X SF 4/77 1/24 4/32 

SF X SF 1/55 0/3 1/10 

SF X SM 8/154 5/33 3/12 

SM X SM 4/14 7/55 3/3 

Key; numerator = no. different combinations observed 

denominator = no. different combinations possible 

A = adult 

S = subadult 

M = male 

F = female 
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doe 6 (adul t ) . These associations represented only 31% of sightings of 

doe 6. because after doe 2 dispersed, doe 6 associated with unmarked 

Individuals. Certain Individuals associated more than others: In 1979/80 

adult doe 5 was seen on occasions In winter and spring with four other 

marked does, none of which were ever observed with any doe other than 

doe 5. Most associations occurred while deer were feeding, but only one 

association between adult males occurred while feeding; others Involved 

aggressive encounters between territory holders. 

7. 4 DISCUSSION 

7 . 4 . 1 Defining groups 

The distribution of NN distances was bimodal, the trough occurr ing at 

50 m, which was therefore used to determine membership of groups. 

This distance was also the crit ical separation for group membership of red 

deer on Rhum (Clutton-Brock et a/. 1982), despite differences in body 

size, social organisation and habitat. 

Peak intra-group NN distance was 10 m and NN distances extended 

above 400 m producing a less pronounced peak for inter-group 

separation. The tail of this distribution is extended by entire groups 

being hidden In areas of cover, but lower values in the distribution were 

not affected because visibility was good in grassland and farmland in 

spring when the data were collected. 

The distribution was less clearly defined when farmland and 

woodland/grassland were separated, but the bimodal spilt was unchanged, 

suggesting that the NN distance crit ical to membership of groups does not 

depend on habitat. The distinct bimodal spilt when habitats were 

combined supports this. If the bimodal split occurred at different 

distances between habitats. It would be obscured when habitats were 

combined. The crit ical distance for group membership may change 

seasonally but was not examined because the Influence of changes in 

vegetation density could not be controlled. 

7 . 4 . 2 Spacing within groups 

Within groups, nearest-neighbour distances were related to season, 

t ime-per iod, habitat and group size. The separation of members of 
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groups was larger in winter/spr ing than In autumn. In summer. 

individuals showed two tendencies, to associate closely ( j l O m , ) or to be 

much further apart (>20 < 5 0 m) . Individuals may have changed groups 

more frequently in summer (and so have been recorded more often 

approaching the crit ical distance for group membership) , or the funct n 

of Individuals associating may have been different. Groups in summer 

were mainly adult (male with female) rather than female plus subadults, 

and were associated with mating behaviour rather than feeding. 

Separation within groups across time periods varied significantly 

because individuals were more widely spaced at night. Deer were 

probably less alert at night and reduced wariness would lead to larger 

intra-group separation. In addition, most groups at night were on 

farmland where Individuals tended to be more widely spaced 

Intra-group separation varied between habitats. Members of groups 

were most widely spaced on seed-grass and closest together In 

woodland. Intra-group distance In woodi nd was subject to bias, because 

of dense cover concealing animals. However groups may be more 

compact in woodland for several reasons. Food distribution may affect 

separation and foraging patterns of individuals^ and deer may respond to 

higher densities by aggregating more closely. 

7, 4. 3 Group size 

Group size varied significantly between habitats. Differences were 

most pronounce ' In winter and spring, and were not caused either by 

seasonal changes In habitat use, or by differences in visibility in habitats: 

significant monthly variation occurred in all habitats except woodland 

(where groups were small throughout the year) . 

Monthly variation In group size was similar in all habitats. Larger 

groups were more common In winter on farmland, but the median 

Individual In all h&uitats was solitary In June and July. Group size 

decreased significantly between April and June, mainly on farmland, and 

Increased significantly only between August and September. Although 

adults everywhere were accompanied by kids at this time of year, this 

Increase was confined to cereals, because they were used heavily, and 

sample sizes elsewhere were too small to show significant changes. The 

effect was accentuated on cereals as visibility increased after harvesting. 

In grassland, diel variation In group size was consistent between 
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months, but In the other habitats, seasonal Inconsistencies may have 

masked dlel changes. Group size In grassland was lower at night than In 

other time periods. 

Comparisons of group size between different studies are limited. 

Group size varies with habitat and month, but most authors ( e . g . 

Gumming 1966; Bramley 1970a; Zejda 1978) quote mean group size 

which would be affected by the months and proportions of different 

habitats sampled. Reichholf (1980) also found similar group sizes 

between habitats in summer. hich diverged sharply In autumn as group 

size increased on farmland. 

7 . 4 . 4 Group composition 

The most common grouping was an adult female with Juveniles: 

usually a single adult female, but pairs of adult females with juveniles 

were observed. Adult does were more common^Calone and in groups than 

adult bucks. Adult bucks were members of less than 20% of all groups 

( including single animals) , and most adult males seen (73%) were 

solitary. Low male activity outside the rut may have contributed to the 

small number seen, or they may have been seen less If they prefer 

habitats with more cover than females. However, there was no evidence 

of segregation of the sexes between habitats, and since it is unlikely that 

adult males with antlers were misidentified. the reason why less bucks 

were seen than does was either lower activity, or an uneven sex ratio 

caused by lower male survivorship (Andersen 1953). 

Grouping tendencies of juvenile males and females were different. 

Solitary subadult males were more common than solitary subadult 

females. This may reflect how easily subadult males and females could 

be identified: adult and subadult female body sizes were similar and so 

they may have been confused when there were no other age/sex classes 

for comparison, however, adult females were seen less frequently with 

subadult males than with subadult females. 

Composition of groups changed significantly with month. The major 

differences were between June/August and other months. Throughout 

autumn and winter, groups were mainly composed of adult female(s) with 

juvenile (s) Solitary does became more common in March, as more 

juveniles were In groups without adults. By May. groups of juveniles had 

fragmented and single juveniles were common before dispersal. The 
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percentage of solitary does increased from March until June, and 

throughout the rut adult females were most frequently accompanied by an 

adult male (juveniles had dispersed and kids were relatively immobile until 

after the rut ) . Solitary bucks were more common Immediately before and 

during the rut, than In other months. After the rut. group sizes 

increased once again as kids accompanied adults. 

Group composition did not vary with time period, but was related to 

habitat. Solitary adult females were seen In all habitats, and they 

represented a similar proportion of groups In all habitats. Groups 

comprising adult female with juveniles also occurred In ail habitats, but 

this category represented a larger proportion of groups on farmland than 

in wood nd. In contrast, solitary juveniles and juveniles without adults 

were rare on farmland, but were seen frequently In woodland, suggesting 

that their ranges were restricted to habitats with cover, unless 

accompanied by adults. Solitary adult males were seen mostly on 

grassland, although pairs of adults during tne rut occurred mainly in 

cereals. 

Associations between marked deer suggested that individuals did not 

associate widely with other members of the population. Individuals 

comprising groups changed at Porton, but unlike the Kalo population 

(Strandgaard 1972), most associations occurred Infrequently. Capture 

locations and the different proportions of the Kalo and Porton populations 

marked would affect the number of associations that occurred. Functional 

explanations of those associations at Porton that did occur with higher 

frequency could only be speculative, as relatedness was uncertain and 

samples were too small to examine differences In association between 

habitats, seasons or time periods. 
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c h a p t e r 8 

t h e i n f l u e n c e o f h a b i t a t o n t h e s i ze a n d d i s p e r s i o n o f h o m e 

r a n g e s a t p o r t o n a n d c h e d i n q t o n 

8. 1 INTRODUCTION 

"Territory" Is defined here as a fixed area, defended by a resident 

against intruding rivals. Terri tories are exclusive. The term will be 

applied only to adult males during spring and summer, when terr i torial 

behaviour occurs (Gumming 1966). The areas used by adult males 

outside this period, and used by other age/sex classes throughout the 

year will be referred to as "ranges", defined as the area an Individual 

uses for normal activities such as feeding, m dng and rear ing offspring 

(Brown and Orians 1970). Ranges are not exclusive. Other conspeci f ics 

are tolerated and so ranges may overlap. Ranges are annual unless 

described in a t ime- f rame such as summer range. 

Several studies provide Information on terr i tory and range size of roe 

deer. Their results are summarised in Figure 8 . 1 . Most of the authors 

quoted in this section calculated areas using the minimum polygon 

(Stickel 1954), which Is the convex shape enclosing the outermost loci 

w 9re an Individual has been recorded. 

Both male territory and female range size differ between studies. 

The smallest were found at Chedlngton in data col lected by Francis 

(Loudon 1979). The upper limit for female range size is undocumented 

because female ranges were not measured in the areas such as Glen Dye 

(Cummi rg 1966) and the Chize forest In France (Sempere 1980) where 

terr i tor ies were largest. In most other studies, male territory size was 

slightly larger than female range size. 

Different studies have produced conf l ict ing conclusions about seasonal 

changes In male range size and posit ion. Bramley (1970a) and Loudon 

(1979) found that winter ranges of males were almost Identical to their 

terr i tor ies, suggesting that seasonal changes in size and position do not 

occur in males. Their results differ from those of Strandgaard (1972 ) , 

who found that males defended areas of farmland dur ing the rut, but 

util ised areas of woodland at other t imes of the year, suggesting that 

terr i tor ies and winter ranges are In dif ferent posit ions. Sempere (1980) 

descr ibed a similar change for two rad io- tagged males In the ChIze 

forest. Winter ranges were mapped by cont inuous, automated 
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radio-telemetry and both ranges Increased In size In early spring. The 

failure of some studies to detect seasonal changes In range size of males 

may reflect Inadequate san le sizes or methodology. The reasons for 

seasonal differences In the range size of males have not been 

Investigated. 

Most attention has been directed at male territory size because 

territorial behaviour Is Interesting and easily observed, but less Is known 

about female range size. There are no clear Indications of whether 

female ranges change with season. The absence of this information has 

not deterred some authors ( e . g . Gumming 1966; Loudon 1979) from 

attempting to relate the configuration of male territories to the annual 

ranges of females. No firm conclusions about the breeding system of roe 

deer can be drawn from these comparisons, because territories and 

annual ranges of females may not correspond to one another If either or 

both change seasonally. However Gumming (1966) concluded that male 

territories are formed independently of female dispersion and this idea has 

since persisted In research on the spacing behaviour of roe deer (see 

Loudon 1979), although direct comparisons have not been made between 

the sexes at particular times of year. 

The main aim of this chapter Is to relate annual and seasonal range 

sizes to habitat and food resources. To achieve this, methods of 

determining range size will be explored and the effects on dispersion of 

age. sex. season, year, food resources and study area will be 

Investigated. 

8 . 2 METHODS 

The methods of collecting data for home range analysis were 

described In Ghapter 3. The data presented from Porton In the following 

section include both observations and radio- locat ions, while data from 

Chedington are almost entirely radio-locations because few marked deer 

were sighted. 
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8,2.1. Methods of determining range sizes 

Previous studies of range size of roe df i r (op. cit) have used the 

minimum polygon method of Stici<el (1954) . to determine range areas. 

This is a conceptually simple method enclosing an area within a convex 

hull drawn around the outermost loci. The estimate is oversensitive to 

movements at the boundary; and does not necessarily represent a 

minimum (Volgt and TInllne 1980). and is also sensitive to sample size. 

Other disadvantages of the minimum polygon a that It provides no 

estimate of activity centres, nor of intensity of use across an Individual's 

home range, and as pointed out by Sanderson (1966) . and by Don and 

Rennolls (1983) . knowledge of the size, shape and position of an 

animal's range Is vf limited ecological value. Ranges or domains were 

originally defined by clear boundaries (Tanaka 1963). but recently they 

have been considered In terms of probability contours, enclosing a certain 

proportion of the locations (or sightings) of an individual. 

Several models have been developed to describe the intensity of use 

of areas within the range (termed the "utilisation distribution". Van Winkle 

1975). Parametric models assume a particular distribution of loci ( e . g . 

the bivarlate normal model of Jennrlch and Turner 1969). but since real 

data seldom conform to these idealised distributions (MacDonald. Ball and 

Hough 1980). estimates of range size can be misleading. The 

non-parar trie method developed by Ford and Krumme ( 1979) makes no 

a priori assumptions about the utilisation distribution, but their ranges 

cannot be related to the real plane or habitat types. 

Current non-parametr ic alternatives to the Ford and Krumme met d 

use kernel estimators. g. Dixon and Chapman (1980) . A more recent 

model-based approach by Don and Rennols (1983) is Inappropriate to this 

project because it requires knowledge of "biological centres" such as nest 

sites. The following analyses of range size and activity centres are 

therefore based on the Dixon and Chapman (1980) method. 

This method estimates the density of the distribution of data points 

and finds the position where the density Is highest. Its advantage Is that 

the centre of activity (the harmonic centre. Dixon and Chapman 1980) 

always lies in an area of high density, whereas the arithmetic mean 

(Hayne 1949) can lie In a completely unused area with certain distribution 

of loci. 

The main Inaccuracies In estimating activity centres and range area 
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by this method arise because of the computation grid which Is necessary 

to plot contours (Spencer and Barrett In press). The original Fortran 

computer program ("Dixon") calculated function values at the Intersection 

points of the computation grid. Function values were the first inve se 

moment, based on the sum of the reciprocal distances of data points 

from a particular point on the computation grid. L idue weight was given 

to points on the matrix If this distance was small, because large 

reciprocals are generated. Dixon and Chapr an compensated by the 

addition of 1 to the distance ( r ) If r < 1 .0, but because the relationship 

between the matrix and the data is unique to a given scaling value of the 

computation grid, large shifts In harmonic mean centre and the shape of 

contours occur when the scaling variable Is altered. Spencer and Barrett 

found that errors depended on grid density, scale and the number and 

dispersion of animal loci, and that errors were largest If the centre of 

activity was not strongly dominant. 

Such inaccuracies can be avoided by calculating the function values 

at the animal loci, so that ie value and position of the harmonic centre 

Is independent of the computation grid (values are then comparable 

between individuals and in timo series analysis). However, computer 

contouring requires discrete gridded data and so the matrix must still be 

used. To reduce the disproportionate weighting of data points lying on or 

near grid intersections. Spencer and Barrett recommend translocating all 

data f !nts to the centres of the ct nputatlon grid cells in which they lie. 

before calculating function values. All data points are then equidistant 

from t h i nearest grid cell Intersection and consequently none are 

disproportionately weighted. 

The program "Dixon" was therefore modified in two major ways: 

1. To calculate function values and centre of activity at the data points. 

2. To translocate all data points to the centres of the grid cells in which 

they lie before plotting contours. 

Further Improvements were made as follows: 

3. Plot the location of the harmonic mean centre of activity and the 

arithmetic centre. 

^. Select the function values for contours based on the Inclusion of 

spe ifled proportions of the data points, rather than the t r ia l -and-er ror 
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methods that were necessary with the original version. 

5. Calculate the area (hectares) enclosed within contours drawn on the 

basis of (2) above. 

6. To provide an option for plotting an isometric projection of the 

function values on the computation grid. 

All programming modifications were written in Fortran. The program 

was run on an ICL 2970 mainframe at Southampton University computing 

centre and plots were produced on a Calcomp 1051 plotter. 

8 , 2 .2 . Use of probability contours to define range area 

Individual animals usually have characteristic home ranges, over 

which Intensity of use varies. Occasional sallies may be made away from 

the normal range. Including all locations of an Individual leads to 

over-estimates of range size and overlap between individuals. To avoid 

this, a proportion of the locations of an individual are used to define the 

typical range. As the proportion of peripheral locations excluded is 

increased, the area enclosed will decrease, if individuals use peripheral 

areas at a low Intensity, a plot of area against the proportion of loci 

excluded will show a change In gradient when excluding further points 

starts to exclude areas used at a higher intensity (Clutton-Brock et al. 

1982). 

Fig. 8 .2 shows the results of performing this analysis for Individuals 

at Porton and Chedlngton on which most loci were obtained. The curves 

for the two study areas are similar, showing a sh- p Initial decrease as 

large. Infrequently used areas were excluded. The gradient changed 

when 25% of loci were excluded suggesting that a contour enclosing 75% 

of the locations of an individual will exclude areas used infrequently. A 

second change In gradient appears when 50% of the loci are excluded, 

suggesting that this level Is appropriate to define e core of an 

Individuals range. 

Throughout the following analyses, the home range area Is defined by 

the contour enclosing 75% of the locations for an Individual, and the core 

Is defined by the contour enclosing 50% of locations. 

A sample of the output from the range plotting program Is shown In 

Fig. 8 .3 . This plot Is of the loci obtained by radio-tracking Female 4 at 

Chedlngton In 1982 from August to November inclusive. It shows the 

range and core areas, the position of the activity centre, and the 
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corresponding to Map 2. 
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distribution of loci, although It is not possible to distinguish loci 

represented more than once. 

8 .2 .3 . Correction factors for the Influence of sample size on range area 

Estimates of range area Increase with sample size to an asymptote, 

when further sightings of an Individual lie within the area already 

defined. It Is Important to assess the minimum number of locations which 

will accurately depict an individuals range since this value Is probably 

unique to any study, depending on the ranging behaviour of the study 

animal, the sampling procedure and the characteristics of the plotting 

method. It is possible to estimate true range area when n Is below the 

minimum (Village 1982). 

To do this. Individuals with a large number of observations were 

selected from both study areas. Data used from Porton covered 

spr ing/summer 1981 on 3 radio-tagged males and females; data from 

Chedlngton covered April 1981 to March 1982 inclusive divided Into three 

4-monthly blocks for one male and one female. For each Individual 

varying percentages were subsampied from the data using the "SAMPLE" 

procedure in SPSS. Each subsampie was run on the range plotting 

program to obtain an estimate of range area and core size for that 

number of observations. Range area and core size were plotted against 

sample size for each individual. 

Fig. 8. 4 shows range and core size against Increasing number of 

loci for one female at Porton: areas increased to asymptotes at about 30 

loci for the core and 50 loci for the range. 

Village (1982) estimated the range area of Individuals with small 

sample sizes, using a regression of the rate of increase to 15 

observations against final range area for those Individuals with adequate 

numbers of loci. By finding the rate of Increase to 15 observations for 

individuals with small numbers of loci. Village used the regression line to 

estimate true range area. However. It was not necessary to use the rate 

of Increase, since a regression of range size at 15 observations against 

final range size would produce the same results (al l values on the x axis 

were divided by 15). 

To estimate true range sizes at Porton and Chedington. Village's 

method was modified by fitting quadratic regression lines to the data on 

Individuals with more than 40 loci (see Fig. 8 . 4 ) . Range size for each 
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number of observations was plotted against the asymptote value, and a 

linear regression was fitted. Hence a series of linear regression were 

obtained, and these were used to estimate true range for Individuals with 

10-40 loc) (Fig. 8.5) . 

8 . 3 RESULTS AND ANALYSES 

8. 3. 1 Range size 

Areas were estimated using the modified Dixon and Chapman 

program, individuals were excluded from the analysis If they had less 

than 10 loci. Range and core areas were corrected by the method 

described above, if 10 ^ n ^ 40. For n > 40, areas were not corrected 

as regression line slopes were close to one. Annual ranges (and March 

- September 1981. Porton) are given in Tables 8 .1 - 8 . 4 ; seasonal 

ranges are given In Appendix 4. Tables 1-6 . 

Correlation coefficients were calculated between both uncorrected and 

corrected areas, and the number of loci (Table 8 . 5 ) . Uncorrected 

range size was significantly positively correlated with the number of loci 

for females at Porton (adults + subadults) between March and September 

1981. There were no other significant positive correlations and the 

correction method reduced all positive values. This suggests that the 

influence of sample size on ranges areas was not strong. 

1. Annual range and core sizes 

At Porton. annual range sizes were obtained for two years: April 

1979 - February 1980 and March 1980 - February 1981. Range sizes 

are also presented Cf aring the period March - September 1981. 

In the first field season (March 1979 - February 1980). sufficient 

data were obtained to estimate range and core areas of five dult 

females, four subadult females and three subaduit males (Table 8 . 1 ) . 

There were no marked adult males during this period. Mean corrected 

annual range size of adult females was 11.6 ± 1.82 ha while that of 

subaduit females was 12.2 ± 3 .7 ha and subaduit males was 17.8 ± 2 .72 

ha. Mean core areas (corrected) for this period were: adult females 

3 . 3 ± .53 ha; subaduit females 5 . 4 ± 2 .7 ha; subaduit males 4 . 5 ± .63 

ha. 
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TABLE 8.1 

RANGE SIZES OF COLLARED DEER AT PORTON 

April 1979 - February 1980 

Areas (ha) 

Sex/Age 

No. of Uncorrected Corrected 

Sex/Age Deer records core range core range 

Adult 4 34 3.0 10.2 3.4 14.4 

females 5 30 2. 5 9.4 2. 5 13.0 

6 39 4.2 11.1 4.4 12.7 

10 23 1.7 9.6 1.7 13. 5 

16 23 2.9 4.3 4.4 4.4 

Mean ± SE 3.3 ± . 53 11.6 ± 

Subadult 1 20 1.2 3.0 1.2 3.0 

females 2 19 1.8 5.8 1.8 10.0 

9 20 5.3 10.9 13.0 15.8 

18 10 1.8 5.4 5. 4 20.0 

Mean ± SE 5.4 ± 2.7 12,2 ± 

Subadult 1 26 2.8 8.3 4. 1 13.0 

males 3 13 2.0 6.7 3.6 18.0 

4 21 3.1 10. 5 5.7 22.4 

Mean ± SE 4.5 ± .63 17.8 ± 



TABLE 8.2 

RANGE SIZES OF COLLARED DEER AT PORTON 

March 1980 - February 1981 

Areas (ha) 

No, of Uncorrected Corrected 

Sex/Age Deer records core range core 
1 

range 

Adult 4 25 2,7 5.9 3.8 7.8 

females 6 12 2.3 3,1 3.6 8.0 

8 10 1,6 4,2 4.6 13.5 

10 17 3.3 5, 3 9.8 12.4 

15 10 2,7 4.9 11.0 17.5 

16 13 1.3 4.8 2.6 17.0 

19 11 2,9 4. 5 12,0 15,4 

. isan ± SE 6.8 ± 1.51 13.1 ± 

Adult 12 13 2.7 8.9 10.6 27.2 

males 16 17 4.6 7,7 9.4 15.0 

Me an 10.0 21.1 



TABLE 8.3 

RANGE SIZES OF COLLARED DEER AT PORTON 

March - September 1981 (* - radio tagged) 

Sex/Age Deer 

No. of 

records 

Areas (ha) 

Uncorrected Corrected 

Sex/Age Deer 

No. of 

records core range core 1 
range 

Adult 4 30 4.2 8.9 7.6 12.2 

females 5 22 3.5 10.6 6.8 22.6 

6 15 3. 5 8.1 10.8 24.0 

8 23 3.5 6.1 5. 8 11.0 

' 10 14 2.2 5.3 4.4 12.4 

15* 62 7.7 13.7 7.7 13.7 

16 14 2.0 7.0 3.6 19. 4 

Mean ± SE 6. 7 ± . 58 16.4 ± 

Adul t 16* 74 8.9 21.9 8.9 21.9 

males 62* 81 3.8 11.2 3.8 11. 2 

63* 61 4. 5 13.2 4.5 13.2 

Mean ± SE 5.7 ± 1.6 15.4 ± 

Subadult 61* 23 2.0 5.4 2.0 6.9 

females 62* 56 5.3 12.9 5.3 12.9 

63* 40 5.7 13.3 5.7 13.3 

64* 21 5.6 10.5 14.0 22.2 

Mean ± SE 6.8 ± 2 . 55 13.8 ± 

Subadult 59 21 4.0 10.0 8.6 20.8 

males 60 25 6.2 15.7 13.2 28. 2 

61 26 5.0 10.8 9.8 18.0 

Mean ± SE 10.5 ± 1 .38 22.3 ± 



TABLE 8.4 

ANNUAL RANGE SIZES OF RADIO-TAGGED DEER AT CHEDINGTON 

April 1981 - March 1983 

Areas were not corrected as number of loci per individual was high, 

(All individuals were adult, M = male, F = female) 

Deer Date No. loci 

Areas Cha) 

Core Range 

Ml April 81 - March 82 210 2.7 5.7 

F1 April 81 - March 82 213 5.9 12.1 

F2 April 81 - March 82 222 1.5 4.6 

F3 April 81 - Oct 81 54 2.5 5.9 

Mean (female) ± SE 3.3 ± 1.33 7.5 

Ml April 82 - March 33 228 3.3 9.7 

M3 April 82 - March 83 305 3.3 7.6 

F1 April 82 - July 82 108 4.6 8.8 

F2 April 82 - March 83 319 2.6 6.5 

F4 April 82 - March 83 338 3.6 7.9 

Mean (female) ± SE 3.6 ± .58 7.7 
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In the second field season (March 1980 - February 1981) sufficient 

data were obtained to estimate range and core areas of seven adult 

females and two adult males (Table 8 . 2 ) . Corrected mean range size of 

adult females was 13.1 ± 1.50 ha; mean range size of adult males was 

21. 1 ± 6. 10 ha. Corrected core areas were 6 .8 t 1.51 ha for adult 

females and 10.0 ± 0 .60 ha for adult males. 

In the third field season (March - September 1981). all individuals 

for which ranges are presented were radio-tagged except six of the adult 

females (Table 8 , 3 ) . Mean range size over this six month period was 

15.4 ± 2 .06 ha for adult females and 15.4 ± 3 .28 ha for adult males. 

Mean subadult range sizes were 13.8 ± 3. 15 ha for females and 22 .3 ± 

3 .04 ha for males. Mean core areas were 7.2 ± .88 ha for adult 

females and 5 .7 ± 1 .6 ha for adult males; c, 8 ± 2 .55 ha for subadult 

females and 10.5 ± 1.38 ha for subadult males. 

At Chedington. only adult deer were radio-tagged. Range and core 

areas are shown In Table 8 .4 . A larger number of loci were obtained 

per individual than at Porton and so corrections for sample size bias were 

unnecessary In estimating annual range sizes. Between April 1981 and 

March 1982, one adult male was successfully radio-tagged and found to 

have a range of 5. 7 ha. with core of 2. 7 ha. (The radio of the other 

male tagged In March 1981 was ard to locate and failed during the 

summer) . Two adult females were tracked over the entire year producing 

range sizes from 4 . 6 to 12. 1 ha. Two males and two females were 

radio-tracked throughout the following year producing a mean male range 

size of 8 .7 ha (core 3 . 3 ha) and a mean female range size of 7 .2 ha 

(core area 3. 1 ha) . 

Mean uncorected male and female annual range sizes for both study 

areas are shown In Figure 8 . 1 . 

2. Seasonal range and core sizes 

From the first field season at Porton. data on three adult does were 

divided to estimate for each Individual the range and core areas In 

summer (Apri l to September Inclusive) and winter (October to March 

Inclusive). Mean range sizes were 9 , 4 ± 3 .41 ha In summer and 9 . 5 ± 
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3. 78 ha In winter. Mean core sizes were 2 .7 ± .47 ha In summer and 

3 . 3 ± .96 ha In winter (Appendix 4. Table 1). Sample sizes for other 

marked deer during this field season were too small to subdivide. 

During the second field season all sample sizes were to small to 

carry out seasonal breakdowns. 

Data from the third field season covered spring and summer (March 

- September 1981) but more data were obtained as most marked animals 

were radio-col lared. Where sample size permitted, records on Individuals 

were divided Into two-month periods (Appendix 4, Tables 2 and 3) . 

Since sample sizes were limited, months were paired with both the 

proceeding and following month. The effects of this are discussed In 

Section 8 .4 . Mean range size of adult females In March + April 1981 at 

Porton was 14.2 ± 2 .34 ha with a mean core size of 3 . 3 ± 1.77 ha. and 

In April + May, mean range size of adult females was 14.0 ± 1.75 ha. 

with a mean core of 6 . 6 ± 1.32 ha. For subadult females, mean range 

size was 11.1 t 2 .33 ha in March +• April and 13.5 t 2 .42 ha In April + 

May while the mean cores were 6. 1 * 1.88 ha and 6.2 ± 2 .31 ha 

respectively. 

In the th d field season, two-monthly ranges and cores were 

determined r three adult ma'es and two subaduit males. For adult 

males, mean range sizes were 17.6 ± 4 .74 ha In March + Apri l . 8.7 ± 

2,69 ha in April + May and 7. 0 ± 2. 15 ha in May + June, with core 

sizes of 8 . 4 ± 1.32 ha. 3 . 3 ± 0 .79 ha and 3 . 2 ± 1.25 ha respectively. 

For the two subadult males, mean range sizes were 13.8 ha In March + 

Apri l . 20 .6 ha In April + May and 17.3 ha in May + June, and cores 

were 8 . 1 ha. 5 .7 ha. and 11.5 ha respectively. 

The larger sample sizes obtained for radio-tagged deer at Chedlngton 

were split into two-month periods between April 1981 and March 1983. 

Results for the first year of this period are presented In Appendix 4. 

Table 4. for the three Individuals on which data were obtained throughout 

the year. Range size varied between 6 .8 ha In June + July to 3 . 3 ha In 

February + March for male 1; between 12.2 In August + September and 

5 .0 ha In June + July for female 1; and for female 2 between 6 .0 ha In 

April + May and 1.8 ha In December + January. 

In the second year of radio-tracking at Chedington sufficient data 

were obtained on two males and two females. Results for males are 

presented In Appendix 4. Table 5. those for females In Appendix 4. Table 

6. Over this year (Apri l 1982 - March 1983). range size of males varied 
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from 9 .8 ha In February + March, to 5. 1 ha in October + November for 

male 1; and fr n 7 .9 ha In April + May. to 2 . 3 ha In October + 

November for male 3. The largest range sizes of the tagged females 

were found In October + November (female 1: 5 .7 ha) and August + 

September (female 4: 9 .8 ha) while the smallest ranges occurred In 

April + May (female 1: 2 . 5 ha) and December + January (female 4: 

3 , 1 ha) . 

3. The relation between annual and two-monthly ranges 

This has examined using data from Chedlngton. because two-monthly 

ranges at Porton were determined for only part of an annual cycle. 

Table 8 .6 shows the percentage of the annual ranges of radio-col lared 

deer at Chedlngton that was used In each two-monthly period. The 

percentage of the two-monthly range that lay outside the annual range Is 

also given. The annual range need not enclose the entire data set for a 

given two-month period becau 9 the probability contour defining the range 

excludes 25% of the loci. 

The mean of the annual range used In any two-monthly period was 

57%. and In three quarters of the comparisons drawn, the two-monthly 

range accounted for more than 40% of the annual range. There was 

only one Instance where more than 50% of a two-monthly range lay 

outside the annual range (F4: 82/83. months 2+3) and In this case the 

number of loci was limited to ten because of transmitter problems, 

8 . 3 . 2 Dispersion of ranges 

Unmarked animals were present In both study areas. Males were 

recognisable under certain condit >ns ( I . e . In good light and clear view) 

but too little data were collected to analyse. The presence of unmarked 

animals has Implications In how results from marked deer are Interpreted 

and these will be considered In Section 8 .4 . 

1. Relative dispersion of adult buck ranges 

a) Porton 

The relative dispersion of adult male ranges at Porton was examined 



TABLE 8.6 

THE PROPORTICr OF ANNUAL RANGES USED IN TWO-MONTHLY PERIODS 

BY RADIO-TAGGED DEER AT CHEDINGTON 

Ca) Males 

Ml: 1981/82 

Annual 

months 4+5 

6+7 

8+9 

1 0 + 1 1 

12+1 

2+3 

Range area 

(ha) 

5.7 

5.3 

5.4 

6 .1 

4.9 

3.6 

3.3 

% Annual 

range 

68.4 

56.1 

66.7 

86.0 

63. 2 

49.1 

% Outside 

annual range 

27 

40 

38 

0 

0 

16 

Ml: 1982/83 

Annual 

months 4+5 

6+7 

8+9 

1 0 + 1 1 

12+1 

2+3 

9.7 

6 . 1 

5.8 

6.1 

5.1 

6.7 

62.9 

47.4 

62.9 

50. 5 

41.2 

0 

20 

0 

5 

40 

M3: 1982/83 

Annual 

months 4+5 

6+7 

8+9 

10+11 

12+1 

" 2+3 

7.6 

7.9 

5.9 

4.4 

2.3 

2.9 

4.6 

77.6 

59.9 

52.1 

30.3 

38.2 

49.6 

20 

12 

24 

17 

9 

41 



TABLE 8.6 

Ccontinued) 

THE PROPORTION OF ANNUAL RANGES USED IN TWO-MONTHLY 

PERIODS BY RADIO-TAGGED DEER AT CHEDINGTON 

Cb) Females 

Range area 

(ha) 

% Annual 

range 

% Outside 

annual range 

Fl; 1981/82 

Annual 

months 4+5 

6+7 

8+9 

10+11 

12+1 

" 2+3 

12 .1 

6 . 6 

3.5 

6 . 6 

7.2 

10.4 

6.4 

43.8 

25.6 

41.3 

49.6 

76.0 

31.4 

20 

12 

24 

17 

9 

41 

F2: 1982/83 

Annual 

months 4+5 

" 6+7 

« 8+9 

1 0 + 1 1 

12+1 

2+3 

6.5 

2.5 

3.0 

5.6 

5.7 

5.2 

4.3 

38. 5 

46. 2 

49.2 

83.1 

72. 3 

55.4 

0 

0 

42 

5 

10 

16 

F4: 1982/83 

Annual 

months 4+5 

6+7 

" 8+9 

10+11 

" 12+1 

" 2+3 

7.9 

4.6 

6 . 8 

6.9 

4.9 

3.1 

2. 5 

58.2 

8 2 . 2 

77.2 

62.0 

44.3 

4.8 

0 

4 

11 

0 

0 

84 
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between March and June 1981 when sufficient data were obtained on 

three adult males fitted with radio—collars. There was extensive overlap 

between the ranges of these three bucks (Table 8 . 7 ) . Over this period, 

the mean over! p was 76.8%. 

Overlap decreased between March and June. All three Individuals 

showed a sharp and consistent Increase In the proportion of their ranges 

that was exclusive of the other males considered (Table 8. 7) . The 

largest change occurred for Male 16. Only 17.4% of Male 16's March + 

April range was exclusive, whereas by May + June this had Increased to 

77.5%. Insufficient data were obtained to examine relative dispersion of 

adult males In winter. 

b) Chedington 

The loci collected on the two males radio-col lared between April 1982 

and March 1983 overlapped In geographical position. Figure 8 . 6 shows 

that the annual minimum polygons overlapped, but that the ranges def d 

by 75% probability contours were exclusive. 

The seasonal ranges plotted for these two males showed little 

overlap. In July/August there was an overlap of less than 2% of the 

range siz^* of either male, but all other seasonal ranges were exclusive 

of the other males in the comparison (Fig. 8 . 7 ) . 

2. Relative ciispersion of adult female ranges 

a) Porton 

There was extensive overlap between annual ranges In all three years 

(Table 8 8 ) . Mean overlap was 45.9% in 1979/80. 64.7% In 1980/81 

and 70.8% between March and September 1981. The number and 

dispersion of seasonal ranges that were described In the previous chapter 

prevent comparisons of seasonal changes In relative dispersion of adult 

female ranges at Porton. 

b) Chedington 

There was no overlap between either annual or seasonal ranges of 

any radio-collared females at Chedington because none had neighbouring 



TABLE 8.7 

PERCENTAGE OVERLAP IN AREA OF ADULT MALE RANGES AT PORTON 

BETWEEN MARCH AND JUNE 1981 

Adult 

male 

Months 

% range area 

exclusive 

Ml 6 

shared with: 

M62 M63 both others 

Ml 6 

M62 

M63 

March-June 

March-June 

March-June 

2 0 . 1 

19.4 

30.1 

76.3 

66.2 

38.7 38.9 

0 

2 . 1 

4.3 

0 

M16 March-April 

M62 March-April 

M63 March-April 

17.4 

35.3 

19.8 

55.3 

72.3 

30. 3 47.1 

0 

5.2 

9.4 

7.9 

Ml 6 

M62 

M63 

April-May 

April-May 

April-May 

'3.4 

37. 5 

40.0 

19.1 

62. 5 

60.0 

27. 5 

0 

Ml 6 

M62 

M63 

May-June 

May-June 

May-June 

77.5 

75.4 

69.2 

22.4 

24.6 

30. 8 

11.9 

0 



Overlay: minimum polygons for the data used in 

Fig. 8.6. 

0 / 

lOOm 

Fig. 8.6. Annual ranges and cores of two radio-collared 

adult males at Chedington: April 1982 to March 1983 

inclusive. CX = centre of activity, (O) = grid ref 540690) 
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100m 

Ml 

Fig. 8.6. Annual ranges and cores of two radio-collared 

adult males at Chedington: April 1982 to March 1983 

inclusive. CX = centre of activity, (O) = grid ref 540690) 



April/May June/July 

July/August (rutting) August/September 

February/March 

October/November 

100m 
I 1 

Fig. 8.7. Two-monthly ranges and cores of two radio-tagged 

males (Ml and M3) at Chedington between April 1982 and March 

1983 inclusive. Insufficient data to plot ranges in Dec/Jan 

(X = centre of activity, ® = grid ref. 540690) 



TABLE 8.8 

PERCENTAGE OVERLAP BETWEEN RANGES 

OF ADULT FEMALES AT PORTON 

Individual Year 

F04 

F05 

F06 

FIO 

F16 

79/80 

Range area (ha) 

10. 2 

9.4: 

1 1 . 1 

9.6 

4.3 

exclusive of other 

marked does 

47.9 

44.7 

54.6 

6 6 . 2 

16 .1 

Mean 45, 

F04 

F06 

F08 

FIO 

F15 

F16 

F19 

80/81 5.9 

3.1 

4.2 

5.3 

4.9 

4.8 

4. 5 

52.7 

100 

63.7 

81.7 

100 

2 6 . 2 

28.9 

Mean 64.7% 

F04 

F05 

F06 

F08 

FIO 

F15 

F16 

March-Sept 81 8. 9 

10.6 

8 . 1 

6 . 1 

5.3 

13.7 

7.0 

87.6 

100 

90. 1 

95. 1 

32.0 

45.7 

45. 4 

Mean 70.8% 
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ranges. 

3. Relative dispersion of male and female ranges 

a) Porton 

Between March and June 1981. there was no close correspondence 

between boundaries of adult male and female ranges or their cores (Figs. 

8 .8 and 8 . 9 ) . However, activity centres seemed to be related, since 

distances between activity centres were lower between sexes than within 

either sex. Table 8. 9 shows that all nearest-neighbour distances of 

activity centres between males and females were lower than those between 

individual males or females. Sample sizes were too low to test the 

significance of this tr d. and insufficient data were obtained to compare 

relative dispersion ^f other seasonal ranges of males and females at 

Porton. 

b) Chedington 

Only one pair of radio-collared deer showed any extensive overlap of 

annual ranges. These were male 3 and female 2 between April 1982 and 

March 1983. Their annual ranges (Fig. 8. 10) overlapped by a mean of 

88%: 93% of the range of female 2 was shared with male 3, but only 

83% of the male range coincided with that of female 2. Seasonal ranges 

(Fig. 8 .11) also overlapped extensively. In all pairs of months, aim st 

the entire range of one Individual was contained within that of the other. 

The shape of the two-monthly ranges changed considerably (c . f . 

August/September and December/January, Fig. 8 .11) 

Several differences were evident between these two individuals. The 

female's range contracted sharply in May/June spanning the period of 

kidding, whereas the male range contracted in the autumn after the rut. 

Thus In October/November the male range was considerably smaller than 

the female's. Throughout the winter, both individuals ranged less widely 

than In summer. 

Core areas also coincided to a high degree, and In April/May centres 

of activity were the same for the two individuals. When radio-located, 

these two deer were frequently within 50m of one another and they were 

also sighted together. 



if 

!/ F08 I 

X / 

100m 

/ /FIO V ^ 

; X ^ , 

100 m 
I 1 

Fig. 8.9. Relative dispersion of ranges and cores of 

radio-tagged adult females at Porton between March 

and September 1981. (X = centres of activity, © = grid ret. 510440) 

Fig. 8.8. Relative dispersion of the ranges and cores 

of three radio-tagged adult males at Porton between 

March and September 1981. U = centre of activity, 

0 = grid ref. 510440). 
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Fig. 8.9. Relative dispersion of ranges and cores of 

radio-tagged adult females at Porton between March 

and September 1981. (X = centres of activity, @ = grid ref. 510440) 



TABLE 8.9 

NEAREST-NEIGHBOUR DISTANCES BETWEEN CENTRES OF A IVITY 

OF MARKED ADULT MALE AND FEMALE RANGES AT PORTON 

March-September 1980 

Males vs Females 

NN Individuals Separation of CA (M) 

Males vs Males 

M16 - F05 

M62 - r04 

M63 - F16 

45 

100 

81 

Ml6 - M62 

M62 - Ml6 

M63 - Ml6 

179 

179 

369 

Females vs Females 

F04 - Flo 

F05 - F16 

F16 - F15 

206 

410 

297 



F2 

^lOOm ^ 

Fig. 8.10. Annual ranges and cores of Male 3 (thick line) 

and Female 2 (thin line) at Chedington between April 1982 

and March 1983. ( ® indicates grid ref. 540690). 



April/May May/June (kidding) 

June/July 

100m 
I 1 

July/August (rutting) 

L 

August/September October/November 

December/January 

?( 

February/March g 

Fig. 8.11. Two-monthly ranges and cores of Male 3 (thick line) 

and Female 2 (thin line) at Chedington between April 1982 and 

March 1933. ( ® = grid ref. 540690; cf and g indicate 

centres of activity. 
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8 . 4 . 3 Effects of age. sex, season and year on corrected range 

and core areas 

1, Age 

Range and core sizes were compared between adult and juvenile 

females at Porton In 1979/80 and between March and September 1981 

(Table 8 .10 ) . Juveniles had significantly larger ranges and cores than 

adults In 1979/80 but there was no significant difference In size In either 

the 6-month areas In 1981 or In the two-monthly comparisons drawn 

(Table 8 .10 ) . Sample sizes for males were too small to show significant 

differences using two-tailed non-parametric tests, and so they v are not 

tested. 

Sex 

Range and core sizes ompared between adult males and females at 

Porton between March and September 1981, showed no significant 

differences (Table 8 .10 ) . Annual range and core sizes at Chedlngton 

(1981/82 and 1982/83 lumped) were also not significantly different 

between adult males and females (Table 8 . 1 0 ) . Sample sizes of 

juveniles were too small to compare between sexes. 

3. Season 

Ranges and cores of eight females at Porton (four adult and four 

juvenile) showed no significant change In size between March/April and 

April/May (Table 8.11) Two-monthly adult male ranges and cores at 

Porton did change significantly between March and June 1981 (Table 

8 11): the areas used by idult males became smaller after 

March/April. Juvenile males were excluded from this test because both 

Individuals showed an Increase of more than 40% between March/April 

jnd April/May (Appendix 4. Table 3) . 

At Chedlngton. neither males nor females showed significant variation 

In two-monthly range or core sizes between April 1981 and March 1983 

(Table 8 .11 ) . 



TABLE 8.10 

MANN-WHITNEY U TESTS FOR SIGNIFICANT DIFFERENCES IN RANGE 

AND CORE SIZE WITH AGE/SEX-CLASS 

P = Porton; C = Chedington 

All range and cores used were corrected (see 8.2.3) 

VARIABLE COMPARISON 

female age juvenile vs adult 

DATA SET 

Sex 

ranges (P) 1979/80 

cores CP) 1979/80 

ranges CP) March-

Sept 81 

cores (P) " 

ranges (P) March+ 

April 81 

ranges (P) Aprils 

May 81 

cores (P) March* 

April 81 

cores (P) April* 

May 81 

adult mal vs female 

ranges (P) March-

Sept 81 

cores (P) " 

r iges (C) 1981/82 

+ 82/53 

cores (C) " 

RESULTS 

U=l, n^=4, n2=5, p=.032 

U=l, n^=4, 112=5, p=.032 

U=10, n^=4, 0^=6, ns 

U=8, ^3^=4, n2=6, ns 

U=7, n^=4, h2=4, ns 

U=6, n^=4, n^=4, ns 

U=4.5, n^=4, 0^=4, ns 

U=6.5, n^=4, n2=4, ns 

U=8, n^=3, n2=6 , ns 

ns U=6, n^=3, n^=6, 

U=9, n^=3, n2=6, ns 

U=9, n^=3, n^=6, ns 
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4. Year 

At Porton. too few Individuals were common to consecutive years to 

test differences In areas used between years. At Chedlngton. paired 

comparisons of two-monthly range and core sizes of the same Individuals 

In consecutive years showed no significant differences between the two 

years (Table 8.11) 

8 . 3 . 4 Differences In range and core sizes between study areas 

Sample sizes were increased for this analysis by combining data 

across years in each study area, as there were no significant differences 

between years where It was possible to test In the previous section. 

1. Uncorrected areas 

Estimated ranges for all Individuals (Including those with small 

numbers of loci) were compared between study areas using Mann—V " itney 

U tests. Neither male nor female ranges showed significant differences 

In size (Table 8. 11). 

2. Corrected areas 

Adult males at Porton had 'gnlficantly larger ranges and cores than 

males at Chedlngton (Table 8 . 1 1 ) . Female ranges were also significantly 

larger at Porton than at Chedlngton (Table 8, 11) but female core sizes 

were not significantly different between the study areas (Table 8 .11 ) . 

8 . 3 . 5 Influence of habitat and food resources on range size 

Range size did not vary significantly with sex. season, (except males 

at Porton). or year In any of the comparisons tested In Section 8 . 3 . 3 . 

Corrected range size was significantly larger at Porton. although 

uncorrected range sizes were not significantly different between the study 

areas ( 8 . 3 . 4 ) . The following analysis examines the influence of habitat 

on range sizes at Porton (ranges at Chedlngton were not examined as 

the number of annual ranges was low). and then examines differences In 
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food resources between ranges In the two study areas. Uncorrected 

ranges were used as corrected areas cannot be related to geographical 

locations. Juveniles were excluded, because none were radio-tagged at 

Chedlngton. 

1. Areas of habitats contained within ranges 

Areas of vegetation types were measured using a planlmeter and a 

vegetation map. overlaying the ranges which were plotted by the modified 

Dixon and Chapman program. Areas are given in Tables 8. 12 and 8. 13. 

None of the adults sampled In either study area used all available 

habitats, but at Porton. the ranges of some females contained only 

grassland. Range size was plotted against the area of each habitat at 

Porton (Fig. 8 .12 ) . These plots showed no trends. (Correlations were 

not calculated because the two variables are not entirely Independent). 

The absence of trends suggests that ranges are not adjusted to Include 

only a minimum area of a habitat, which would tend to restrict values to 

a line of zero slope, or produce a negative correlation. The plots 

suggest that as range size Increases, the area of all habitats contained 

tends to Increase, and this could be attributed either to the dependence 

of the two variables or to the disposition of habitats. 

2. Food resources contained within ranges 

Three aspects of food resources were assessed: total abundance of 

food ( I .e . plant blomass), availability of food ( I . e . digestible plant 

biomass) and available nitrogen ( I .e . nitrogen in the available food). 

Abundance and availability were obvious choices to assess; nitrogen was 

chosen as It Is probably the most Important nutrient. 

a) Calculations 

fvlean annual standing crop (tons ha~b was calculated for each 

vegetation type from monthly mean dry weight of standing crop (Chapter 

5 ) , so that months were equally weighted and standard errors In Appendix 

4, Table 7 represent temporal, not spatial variability. Total production 

was not estimated, as no data were available for farmland 

For scrub and woodland edge at Porton. and for bramble at 



TABLE 8.12 

AREAS OF HABITATS CONTAINED WITHIN RANGES 

OF ADULTS AT PORTON 

S ex J ar Deer 

Area of 

woodland 

habitat (ha) 

grassland farmland 

Length of 

woodl.edge (m) 

Total 

area 

Females 4 0 10.2 0 0 10. 2 

1979-80 5 4.9 2.4 2.1 450 9.4 

6 0 10.0 1.1 0 11.1 

10 4.3 3.9 1.5 950 9.7 

16 3.4 0.4 0. 5 300 4.3 

Females 4 0 5.9 0 0 5.9 

1980-81 6 0 3.1 0 0 3.1 

8 0 4.2 0 0 4.2 

. 0 0.8 2.4 2.0 300 5.3 

15 2.7 2.2 0 310 4.9 

16 0 4. 8 0 0 4.8 

19 0 4. 5 0 0 4. 5 

Females 4 0 8.6 0.3 0 8. 9 

March- 5 3.1 4.4 2.1 500 10.6 

Sept 81 6 0 7.7 0.4 0 8. 1 

8 0 5.0 1.1 0 6.1 

10 1.7 2.8 0. 8 630 5.3 

15 5.3 2.9 4.3 970 12. 5 

16 5. 5 0 1.5 340 7.0 

Males 12 5.0 2.5 1.3 7 50 8. 9 

1980-81 16 4.4 1.7 1.6 320 7.7 

Males 16 11.8 9.0 1.1 700 21. 9 

March- 62 2.2 9.0 0 330 11.2 

Sept 81 63 10.9 0.4 1.9 450 13.2 
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Chedlngton. data on autumn dry weights (per bush or m^) were 

combined with abundance (per ha) to produce density. Ground 

vegetation and browse densities were combined to estimate overall density 

in habitats where both food sources were available. 

The total biomass of food within ranges (Tables 8. 14 and 8. 15) was 

calculated from the products of food density and the areas of component 

vegetation types. 

Monthly digestible standing crop and the annual mean for each 

vegetation type were calculated, using percentage digestibility or 

Interpolated values for months when digestibility was not analysed. Total 

digestible standing crops for ranges were calculated as above (Tables 

8 ,14 and 8. 15). 

Annual digestible nitrogen contained within ranges was calculated as 

the mean of the products of monthly digestible dry weight and nitrogen 

level (Tables 8.14 nd 8 .15 ) . 

b) Analysis 

Ranges at Porton contained a greater biomass of food than those at 

Chedington oth sexes, all ranges, Mann-Whitney U test. U = 45. = 

9, n2 - 24, z = 2.547, two-tailed p = . 011 ) , and a higher biomass of 

digestible food (U = 51. 5, n, = 9, ng = 24, z = 2 .284, two-tailed p = 

. 023). However, there was no significant difference in the amount of 

digestible nitrogen within ranges between study areas iU = 84, n/ = 9, 

02 = 24, z = 0.970, two-tailed p = .332) . 

8. 4 DISCUSSION 

Mean range size of adult males at Porton varied from 15.4 ± 3 .28 ha 

(March - Septembe?" 1981) to 21. 1 t 6. 10 ha (1980 /81) . Adult female 

range sizes were similar, varying from 11.6 ± 1.82 ha (1979/80) to 

15.4 ± 2 .06 ha (March - September 1981) 

Adult male range size at Chedington varied from 5 .7 to 9 .7 ha; 

mean adult female range size was 7. 5 ± 2 .31 ha In 1981/82, and 7 .7 ± 

0 .67 ha In 1982/83. Neither range nor core size of adult males and 

females were significantly different from each other at either Porton or 

' edlngton. 

Mean subadult male range size at Porton was 17.8 ± 2 .72 ha 



TABLE 8.14 

FOOD RESOURCES CONTAINED WITHIN RANGES 

OF ADULT MARKED DEER AT PORTON 

Plant Digestible Diges tib 

blomass biomass nitrogen 

Sex/Year Deer (tons in range) (tons in range) (kg in ran; 

Females 4 54.2 12. 8 171.8 

1979/80 5 34. 2 11.4 202. 8 

6 55.4 13.5 182. 4 

10 37.7 11.4 192. 8 

16 11.7 3.8 75.4 

Females 4 31.4 7.4 99.4 

1980/81 6 16. 5 3.9 52. 2 

8 22. 3 5.3 70.7 

10 18.8 8. 9 143.0 

15 17.1 4.4 73.4 

16 25. 5 6.0 80.8 

19 23.9 5.6 75.8 

Females 4 46.3 11.1 148.6 

March- 5 37. 9 11.1 183.7 

Sept 81 6 41.7 10.0 134.8 

8 30.9 8. 3 119.7 

10 21.5 5.9 96. 2 

15 43.2 14.4 259.1 

16 17.0 5.9 122.3 

Males 12 30,6 9. 5 169. 3 

1980/81 16 26.8 9.0 161.2 

Males 16 93.1 20.1 345. 9 

March- » 52. 3 12.6 181.3 

Sept 81 63 80.6 11.9 240. 5 



TABLE 8.15 

FOOD RESOURCES CONTAINED WITHIN RANGES 

OF RADIO-TAGGED DEER AT CHEDINGTON 

Plant Digestible Digestible 

Deer Date blomass plant nitrogen 

(tons in range) (tons in range) (kg in range) 

Ml " 1 / 8 2 22.2 6.1 158.6 

Ml 82/83 33.4 9.2 205.0 

M3 I I 15.2 4.7 96.6 

F1 81/82 23.3 7.7 126.0 

F1 82/83 17.4 6.2 97. 8 

F2 8 1 / 8 2 12.3 3.3 79.9 

F2 82/83 17.4 4.9 102.4 

F3 81/82 19. 5 5.6 94.6 

F4 82/83 18. 5 5.4 98.4 
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(1979 /80) . and 22.3 ± 3 .04 ha (March - September 1981); mean 

subadult female range size was 12.2 ± 3 .70 ha (1979/80) an 13.8 ± 

3 .15 ha (March - September 1981). No juveniles were tagged at 

Chedlngton. 

There was extensive overlap In both adult males and female ranges at 

Porton: male-male overlap was over 75% between March and June 1981. 

but decreased consistently during this period. Seasonal changes in 

overlap were not examined for females, as sample sizes were too small. 

Male and female range boundaries at Porton did not correspond, but 

centres of activity were closer between, than within sexes, 

Male ranges at Chedlngton did not overlap, although males 1 and 3 

were neighbours. No females tagged at Chedlngton were close 

neighbours and so no ranges overlapped. Home ranges of one male and 

female coincided: boundaries, centres of activity and seasonal changes in 

shape and area were similar. 

No significant differences were found in range (or core) areas 

between juveniles and adult females, or between sexes (adults only) at 

Porton. Adult male range and core sizes at Porton dropped significantly 

between March/April and May/June 1981. as territories were established 

and overlap between males decreased. Female ranges and core areas 

(adults and juveniles combined) did not change significantly between 

March/April and April/May. Neither range nor core size varied 

significantly with season, for either sex at Chedington. although sample 

sizes allowed two-monthly comparisons across 24 months. 

Ranges of both males and females were significantly larger at Porton 

than at Chedlngton. Cores of males were also larger at Porton. This 

applied only to corrected ranges: uncorrected areas were not 

significantly different between study sites. 

None of the marked adults in either study area used all available 

habitats. However habitats like rides at Chedington were used by all 

individuals sampled. There were no clear relationships between range 

sizes and either area or proportion of any component vegetation types. 

Estimates of food resources suggested that adult ranges at Porton 

contained a greater biomass. and digestible biomass of potential food, 

but that the digestible nitrogen contained within adult ranges In the two 

study areas was similar. 
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Estimates of home range size can be Influenced by the number of 

loci per individual. Uncorrected ranges were significantly positively 

correlated with sample size In one year, but corrected ranges showed no 

correlation with sample size. However, correlations cannot prove that all 

ranges were unaffected by sample size: they show that across the sample 

for a year, there was no significant overall Influence. 

An advantage of the Village correction method is that is uses 

information on sample size and the density of points. The correction of a 

small range with 20 loci will be a smaller percentage than the correction 

to a larger range with 20 loci, as regression line slopes are less than 

one. However disadvantages are that the corrected range canno. be 

related to habitat, and a single correction factor may not be sensitive to 

Idlosyncrases in ranging behaviour of marked deer, sampling regimes or 

the effect of terrain. 

Hosey (1974) and Loudon (1979) used "adjusted" minimum polygons, 

which were related to real space. They corrected boundaries to 

correspond to topographic features so that territories were contiguous, as 

observed by Gumming (1966) and Bramley (1970a). By this subjective 

method, boundaries may not conform to those perceived by the study 

animals. In addition Hosey and Loudon's estimates of range size were 

Influenced by sample size. Hosey obtained a mean of 30 observations in 

1972, varying from 5 to 54 for 9 bucks. Territory size was not 

significantly correlated with sample size (r = .302, A/ = 9, ns; Table 

7 .1 , p. 194; sample sizes extracted from Figs. 53, 54, 55) . but this 

does not Imply that the four territories estimated for small samples (T7, 

TIO. T i l . T12, with 13. 5. 10, 11 loci respectively) were accurate. 

Loudon did consider the Influence of sample size on his estimates of 

range area. However two errors In his calculations produced non-

significant correlations, which were really significant (minimum polygons; 

bucks 1974 (excluding "fringe" bucks), r = .699, n = 12, p < .02, Table 

3, p. 37, calculated by Loudon as r = .612, n = 12, quoted as ns; 

bucks 1975, r = .671, n = IT. P < 05, Table 3. p. 37, calculated by 

Loudon as r = .465, n = 11. ns). 

Range sizes found in this study at Porton lie between those at Kalo 

(Strandgaard 1972) and Glentress (Loudon 1979). Fig. 8 . 5 shows that 

the ranges of radio-tagged deer at Chedlngton are the largest ranges 

there since Gumming (1966). Loudon (1979) suggested that range size 

had consistently diminished throughout the seventies, but changes In 
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cover over this period have reduced visibility and have probably caused 

the observed decline In range size. The extensive use of radio-telemetry 

overcomes such problems and so should provide more accurate estimates 

of range size. 

The analyses In this chapter were constrained by the number of 

Individuals marked, which was beyond control (as It depended on which 

animals were caught, their survival and the field performance of 

radio-transmitters). Some marked individuals were discarded, as too 

little data were collected to justify plotting ranges. An arbitrary minimum 

of 10 loci was used (after Village 1982), as there is no straightforward 

method of determining the minimum below which ranges would be 

unrealistic. 

Sample sizes In the comparisons of age, sex, season and year were 

just adequate to use two-tailed non-parametric statistics, and so only 

strong trends would show. Conclusions drawn about the effects of these 

variables on ranges size should be considered In this light: larger 

samples might show significant differences, because variation wxhin 

categories would be less likely to mask differences between categories. 

Seasonal comparisons of range size at Porton were limited by the 

data obtained. Pairing months with the proceeding and succeeding month 

to increase sample sizes may have obscured differences. More detailed 

data were obtained at Chedlngton, but there was no significant variation in 

seasonal range sizes. However, the number of individuals tagged at 

Chedlngton was low. In both study areas th. efore. seasonal range sizes 

could be investigated more fully. 

Corrected range sizes were significantly larger at Porton th n at 

Chedlngton. However there were methodological differences. Deer were 

located regardless of activity at Chedlngton using radio-telemetry, but at 

Porton most records were observations of deer feeding In open areas, 

where boundaries would therefore be more accurate. (The effects of the 

two methods on range size at Porton were not assessed as sample sizes 

were too small). Ranges In the two study areas may not be directly 

comparable. 

A further problem in comparing range sizes between study areas is 

that only Porton ranges were corrected, (as sample sizes at Chedlngton 

were large). Without correction, range sizes were similar between study 

sites. Porton ranges were probably larger, as Indicated by the corrected 
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areas, but only uncorrected areas could be used In estimating food 

resources. 

Estimates of food resources to which Individuals have access are 

obviously subject to errors if range sizes are Inaccurate, but there are 

other points to note. Using annual means of standing crop takes no 

account of the seasonal Importance of vegetation types (e .g . for fet jing, 

see Chapter 3 ) , nor of the heterogeneity of food within habitats, which 

was Indicated by standard errors on monthly standing crops in Chapter 

5, Measures of standing crop may not reflect food availability as roe 

feed selectively (Chapter 6 ) , and differences In habitat structure could 

lead to food sour s, like deciduous browse, being weighted differently 

between study areas. Percentage digestibility was determined on samples 

of swards but It was an overall measure, and food selected could have a 

considerably higher digestibility In heterogeneous vegetation types like 

grassland. The product of standing crop, digestibility and nitrogen 

content may not represent the amount of nitrogen available, because it 

assumes that nitrogen Is distributed evenly between digestible and 

undigestible parts of the plant (see Section 5 . 4 ) . Digestible nitrogen 

values should therefore be treated with caution. 

The results suggested however that range size may increase In 

response to lower nitrogen availability In local vegetation types. The 

evidence was not conclusive, because of short-comings in the home 

range data, and because of the assumptions underlying the estimation of 

food resources. The food resources commanded by Individuals would be 

Influenced by the number of other individuals sharing access. Overlap 

between ranges was not compared between study areas, as samples were 

small, but differences could occur. Range size or food resources of 

females with singletons o twins could differ or there may be differences 

in breeding success of either males and/or females in relation to food 

resources contained within their ranges. 
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c h a p t e r 9 

g e n e r a l d i s c u s s i o n 

Roe deer exploit a variety of habitats, but certain basic characteristics 

seem essential to support breeding populations. This study and others 

( e . g . Strandgaard 1972; Loudon 1979) have identified cover as an 

important pre-requislte for roe deer: at both Porton and Ghedlngton. 

populations were centred on blocks of woodland. At Porton however, 

grassland also supported deer and it would perhaps be more instructive to 

view the basic requirement as freedom from disturbance, since other 

studies have also noted that roe deer may colonise open spaces with little 

or no cover So le roe deer In Czechoslovakia for instance are resident 

in large fields created by recent "-hanges in agricultural practices (Zejda 

1978; Zejda and Miloslav 1980). 

Roe deer regularly used agricultural land at Porton. but unlike the 

Swiss population studied by Turner (1979 ) , few deer remained in fields 

during daylight. Some individuals in Turner's study used fields throughout 

the year, while others moved between fields and woodland. Strandg d 

(1972) found similar behaviour at Kalo: small fields were used only at 

night, whereas some larger and less- frequently disturbed fields were 

used by deer for complete 24 hour periods. At Porton deer tended to 

use habitats that provided cover during daylight. Farmland was used 

mainly at night and small fields which were regularly disturbed ( e . g . 

pasture) were used only between dusk and dawn. Those deer at Porton 

that did remain In large fields during the day, appeared to use local 

topography to minimise their exposure to disturbance and weather. Deer 

living entirely in Swiss farmland moved to ploughed fields to ruminate 

possibly because micro-cllmates were more favourable or because these 

fields offered better camouflage (Zejda 1978), but potential danger may 

also have been more readily seen. However Gumming (1966) suggested 

that the main function of habitat selection Is not to maximise shelter, 

since his measures of wind speed and temperature showed that some 

habitats which were used very little offered more shelter than the areas of 

habitats that were used frequently. 

The highest numbers of deer feeding at Porton were seen at dusk. 
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Other studies have in general found peak activity at either dusk (e .g . 

Cederlund and Lemnell 1980; Cederlund 1981) or at dawn (Turner 

1980). At Porton feeding may be depressed during the day when deer 

select habitats primarily for cover, although food abundance and quality 

were lower for much of the year in such habitats ( i . e . woodland and 

grassland) than on farmland. The higher level of nitrogen, higher 

digestibility and large available areas of agricultural crops would 

compensate for their low standing crops In winter. Fields contained a 

large amount of food that would have been inexhaustible for the resident 

roe deer. As long as food can be located easily at night, deer would 

probably benefit by feeding less during the day In sub-optimal habitats, 

and by concentrating their feeding between dusk and dawn in fields where 

they could maximise the rate at which they obtained nutrition. 

Diel patterns of habitat use at Ohedington were different from those at 

Porton. Deer at Chedington showed less pronounced diel changes in 

habitat use and they showed peak activity at night, instead of dusk. The 

two factors that probably account for these differences are food supply 

and disturbance. As already discussed the habitats at Porton varied in 

food quality and abundance, but food supply varied much less between 

habitats at Chedington. and further, nearly all habitats at Chedington 

offered cover. Hence feeding during daylight would not be depressed so 

much as it was at Porton: deer feeding would be less exposed and they 

could probably not compensate for time lost from feeding during daylight 

by feeding more intensively during da kness. because of the similarity in 

food supply In different habitats. Patterns of disturbance would contribute 

to the differences between the two study areas. Disturbance at Porton 

occurred mainly during office hours because it was associated with 

M O. u. activity. At Chedington. people on recreational visits were the 

most regular cause of disturbance, and these tended to occur in late 

afternoon and early evening, or at weekends. Because of this, deer at 

Chedington would be expected to show lower activity at dusk than those at 

Porton. and It also explains why activity was depressed less during the 

day at Chedington. Weekend disturbance In the two study areas was 

similar and so it would be Interesting to investigate v/hether diel activity 

patterns and habitat use differed between weekdays and weekends. 

Habitat use and activity changed with season: for instance deer 

appeared to spend more time feeding in winter. Similarly Turner (1979) 

also found that roe deer spent more time feeding in winter, and 
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suggested that energy requirements were higher in winter because of the 

increased demands of thermoregulation (Moen 1973). Hence deer would 

spend more time feeding In winter to maintain their energy Intake, and 

this would be further increased because food quality is lower In winter. 

This argument is logical and it Is supported by the fact that Turner also 

found that bouts of rumination were longer In winter presumably because 

food was less digestible. 

Seasonal changes In ruminant feeding are however more complex than 

the scheme above would suggest. Rumen size and morphology change in 

winter (Hofmann et al. 1976) to accommodate a more fibrous diet which 

takes longer to digest. In addition metabolic rate falls to conserve energy 

and he ce appetite changes with seas \ (Kay 1979; Kay and Suttie 

1980). Increased digestion time and reduced energy requirements would 

both lead to less time being spent feeding In winter. So why did deer at 

Porton and In the population studied in Switzerland by Turner (1979) 

apparently spend more time feeding in winter? 

Ellenberg (1974) found that in captive roe deer (fed ad libitum) in 

late summer and autumn feeding increased to accummulate fat reserves 

before winter, suggesting that seasonal changes in feeding of roe deer 

are unlikely to differ from those seen In other ruminants. Studies of 

free-ranging deer are subject to bias from changing visibility: Increased 

feeding In winter could therefore be caused by deer feeding more In open 

bitats. However, roe deer living In agricultural areas are in an unusual 

position compared with other wild ruminants, because they still have 

access to relatively high quality food In winter: morphological changes in 

their digestive systems could therefore differ from those In other 

ruminants. If differences do ccur. then perhaps this would explain why 

roe deer have recently started to colonise farmland more extensively 

Distribution of food resources would be expected to influence 

behaviour (Jarman 1974). Deer on farmland tended to be in larger 

groups than those In woodland, which would agree with the predictions 

made by Jarman that group size should decrease as Individuals feed more 

selectively on discrete, high quality food Items. Since roe deer are 

concentrate selectors (Hofmann 1973). they would be expected to feed 

selectively In woodland In order to maximise the quality of food they 

consume. However, on farmland they may be less selective because 

food items are uniform, especially In winter. Feeding compe.ttion and 

Interference would be higher in woodland and so smaller groups should 
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occur in woodland. 

Exposure In different habitats may also influence group sizes, in 

more open or more disturbed habitats, individuals would benefit from 

increased vigilance and by spending less time alert. At Porton, members 

of groups were more widely spaced at night than at other times, which 

may suggest that they are less wary at night. However, wariness may 

depend on status: Gumming (1966) found that an adult doe lifted her 

head four times as frequently while feeding as her yearlings did. 

Wariness may vary between individuals of the same age and sex-classes: 

Strandgaard (1972) noted that groups were more readily frightened when 

particular Individuals were nearest to the observer. 

Seasonal changes in habitat use may be a response to several 

factors. Including changes in cover, parasite density, disturbance and the 

distribution of food. Diet of roe deer at Porton changed with season, 

and this may be either a cause or an effect of changing habitat use. In 

summer, deer consumed more herbs, reaching a peak of over 90% of 

the fragments In faecal samples In June; grasses were consumed most in 

August and only fell below 40% of the diet when herbs were heavily 

consumed; consumption of browse peaked in spring. Diet of roe deer 

living In agricultural areas or using farmland extensively had not previously 

been analysed: most dietary stud s are of roe deer living In woodland 

(e .g . Siu^̂ ^ et al. 1969; Jackson 1980). although some populations 

living in forest habitat have been shown to consume large quantities of 

herbs In summer (e .g . Gebczynska 1980) 

Diet at Chedlngton was not analysed in this study, but previous work 

by Hosey (1974) showed that It also changed with season. Changes in 

diet were less marked at Chedlngton and this also corresponds to less 

marked seasonal change in habitat use. The variability of food items and 

differences In their distribution between vegetation communities In the two 

study areas may account for the differences in diet and probably 

contributes to differences in habitat use. However the clear seasonal 

changes In diet, feeding behaviour and habitat use at Porton were not 

correlated with measures that were made of food abundance and quality, 

although previous authors have suggested that changes In food supply 

would explain va r ia t ions In diet and habitat use (e .g . Strandgaard 1972; 

Hosey 1974). The reasons why non- significant correlations were not 

meaningful were discussed in Section 6 .4 ; the fact that seasonal changes 

In food supply explained little of the variance In diet, feeding behaviour or 
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habitat use does not prove that food supply has no Influence. Several 

factors were not taken into account and measures of food supply need to 

be refined so that they apply to food Items, not plant communities. 

Since this would be difficult to achieve, it might be more instructive to 

design experiments manipulating food supply by creating high and low 

quality areas and observing the effects on feeding behaviour. 

At Porton. roe deer were always dispersed between available 

habitats. This applied also to large groups which formed on farmland in 

winter, and throughout the year Individual deer had characteristic home 

ranges. No evidence was seen of territoriality in males outside the 

period April to August, and adult males were seen occasionally feeding in 

the same groups during winter and early spring. Similarly, there was no 

evidence of territorial behaviour between females, and the level of social 

interaction was in general very low. Loudon (1979) suggested that 

aggression of adult females causes dispersal of juvenile females but there 

were no observations that confirmed this at Porton. Most interactions that 

were observed involved adult males on their territories driving juvenile 

males away, which seems to be a feature common to all roe deer 

populations studied. Gumming (1966) viewed such behaviour as a 

mechanism of population regulation, but this involved group selection, and 

It Is now viewed as a process by which Individual males would be 

expected to maximise their reproductive success. 

The ultimate factors which cause juveniles of either sex to disperse 

are unknown, as Is their rate of success in establishing home ranges 

elsewhere. Loudon (1979) showed that non-dispersing juvenile females 

at Chedlngton tended to settle on or near their maternal range, which 

suggests that relatedness may be high between females with overlapping 

ranges, as In red deer (Glutton-Brock et al. 1982). Perhaps this is a 

reason why female roe deer are not territorial. It is impossible to 

speculate about the relatedness of territorial males, since settling patterns 

of juvenile males have not been documented. 

Territories are defined as being exclusive of other conspecifics. and 

other studies have described territories of roe bucks as exclusive, and 

non-overlapping. Gumming (1966) and Bramley (1970a) suggested that 

males remain on their territories throughout the year, but only defend 

them actively In spring and summer. However, at Porton. male 

territories overlapped considerably. The proportion of territories shared 

declined as the rut approached, but overlap still persisted in May/June. 
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Only two males were radio-tagged at Chedlngton and their territories did 

not overlap, although using minimum polygons (as were used by previous 

authors) annual ranges overlapped, which again differs from the 

suggestions made by Gumming and Bramley. It was not possible to 

compare overlap between the study areas, but perhaps the extent of 

overlap may depend on the distribution of food resources, absolute size of 

ranges/territories, or on the dispersion of females. Since the distribution 

of food resources may influence terrltorialllty, a study of the effect of 

living entirely in farmland on territorial behaviour of roe deer would be 

extremely Interesting. 

Dispersion of males and females between habitats changed with 

season, as would be expected since seasonal ranges are composed of a 

series of day-ranges, which themselves change in response to habitat 

use. Other factors such as intra-specific competition, particularly 

territorial behaviour, would also influence seasonal changes in 

dispersion. Seasonal range sizes at Chedington did not vary consistently 

between two-month intervals, although range maps showed that deer were 

using slightly different areas on the ground. A recent study of 

radio-collared adult does at Chedington (Gent 1983) found that adult does 

used only 37.8% of summer and 22.0% of their winter range each day. 

However, day ranges varied in position, and so within a few days an 

individual may cover the entire area used In a season. Similar 

studies were not undertaken at Porton. but marked individuals behaved 

differently from deer at Chedington. many apparently using the same day 

range for several weeks before switching to either new feeding or lying-up 

sites. These differences may again reflect habitat types. At Porton fields 

provided abundant food, and particular crops may have been optimal for 

feeding over several weeks after which deer would switch to an 

alternative. Also at Porton there were fewer lying-up sites and so 

particular sites would probably be used more frequently. However at 

Chedington lying-up and feeding sites were intermingfed. which would 

result In more variable day-ranges. 

Range sizes did not differ significantly within the study areas between 

ages or sex-classes. Male roe deer have been traditionally regarded as 

having larger ranges than females, but statistical comparisons have not 

been made by other authors. Range size (minimum polygons) of males 

at Glentress were significantly larger than females in one year (1976) of 

Loudon's study (Loudon 1979. Tables 3 and 4, U — 4. ny — 4. ng — 9. 
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p < .05) but differences were not significant in either 1974 or 1975. The 

absence of significant differences at Porton and Chedington. and in 

Loudon^s study, may refiect smail samples sizes, but this is a research 

area that would benefit from further attention. 

Ranges at Porton were significantly larger than those at Chedington. 

However only ranges at Porton were corrected to compensate for sample 

size, because adequate numbers of loci were obtained for individuals at 

Chedington. Although true ranges ( i . e . corrected ones) were larger at 

Porton. the uncorrected estimates were not significantly different between 

the study areas, and uncorrected areas had to be used to estimate food 

resources. Nevertheless, these ranges at Porton contained more food 

than ranges at Chedington. in terms of both total biomass and digestible 

biomass. The amounts of total available nitrogen (the product of 

digestible nitrogen and standing crop) were however not significantly 

different between uncorrected ranges in the two study areas. This implies 

that range size is related to the quantity of digestible nitrogen that they 

contain. 

Tr .9 range sizes at Porton were larger than the uncorrected estimates 

and therefore available nitrogen would be higher, which might mean that 

Porton ranges contained more available nitrogen than those at 

Chedington. but this was not tested because corrected ranges could n. t 

be related to habitats. Food resources may therefore influence range 

size because of the availability of digestible nitrogen, which would partly 

explain why both Hosey and Loudon found that larger ranges contained 

more food. However, there is a further reason why Hosey and Loudon 

may inc pendently have reached the same conclusions about the relation 

of food abundance to range size. 

The correlations they used have Inherent problems that were avoided 

In this study by comparing range size and resources between two areas. 

Both Hosey and Loudon drew conclusions based on correlations calculated 

between variables that It now appears were not entirely independent. It Is 

worth reconsidering their work In detail, to Identify which of their 

conclusions remain valid. 

Hosey calculated food value using three elements: abundance. 

Importance and area. He assessed abundance of the main components 

of diet at Chedington in each plant community within ranges, and 

assigned an index of importance to each dietary component based on its 

rank In the annual diet. The product of these two was itself multiplied by 
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the area of each plant community within the animal's range. Hence total 

food value was the sum of a series of products: 

total food value = (fv-| x area-)) + (fv2 x areag) + . . . (fVn x areap) • 

where fv| = food value of community one. The component areas were 

also summed to give the total area. The degree of variation in food 

values of communities would have affected how total food value could vary 

with respect to total area. Since food values varied very little (Hosey 

1974; Appendix Table 3. pp. 297-308. mean = 33.8 ± 2 . 2 ) . close 

relations would be expected. When buck territory size and doe range size 

were correlated with total food value, significant positive coefficients 

occurred in Hosey's data on bucks: r - 0 .903, n ~ Q. p < .01 (Table 

7 .1 . p. 195); and on does: r = 0.934. m = 13, p < .01 (Table 8 .4 . 

p. 227) . However correlations between territory or range size and food 

value per unit area are more meaningful, since they are no longer 

subject to dependence: the fact that neither was significant contradicts 

the conclusions drawn by Hosey (p. 205) , that larger territories tend to 

have less food per unit area than smaller ones. 

Hosey's estimates of territory and ranges sizes had limitations 

(Section 8 .4 ) and the food values which were based on mean annual diet 

were not strictly comparable with territories, since these were determined 

between April and August. Within these limitations the conclusion that 

can be drawn is that food value per unit area is no lower on larger 

territories or ranges than on smaller ones, and therefore that larger 

territories and ranges contain more food resources. 

Loudon (1979) used exactly the same analytical approach, although 

he approached the problems of determining importance and abundance 

differently from Hosey. He identified ten key plant species from 

observations and then used faecal analysis to quantify the percentage of 

fragments of each species in the diet between October and March. This 

percentage was taken as a measure of dietary importance. He found the 

same rank order of importance by faecal analysis and observation, but 

this Is less revealing than it would have been if all species had been 

examined in faecal analysis. Since Loudon used the same analysis as 

Hosey. his correlations of food score with territory size are sub ct to the 

same lack of independence described earlier. Significant positive 

correlation would therefore be expected between food score and 
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territory/range size, and indeed Loudon found such correlations for most 

plant groups. Like Hosey, he found no significant correlations between 

food score per unit area and either territory or range size. 

It Is not surprising considering the methodological and analytical 

similarities between their work that the conclusions which can be drawn 

from Loudon are no different for those drawn earlier from Hosey. 

Loudon also Investigated the relation of visibility to the size of territory 

and ranges. At each of 30 random points In each range, he estimated 

the horizontally visible distance d m above ground) for the four compass 

points, and obtained a mean for each range. There was a significant 

positive correlation between territory size of bucks and visibility. (See 

Section 8. 4 for discussion of sample size bias for minimum polygons In 

1975). but no significant correlation between doe range size and 

visibility. This lead him to suggest that visibility was important for bucks 

but not for does. His hypothesis was that bucks defended as large an 

areas as possible and that the limit to territory size was imposed by their 

ability to see Intruders. Since does are not believed to be territorial 

(Gumming 1966) . no significant correlation would be predicted between 

range size and visibility, and Indeed the absence of this corre tion is an 

essential support of the hypothesis. 

However If the correlation Is tested using only breeding does (this 

excludes doe 12 (Table 38, pi79. who did not breed during the 3 year 

study and was antlered (p. 33)) the correlation between range size and 

"openarea" visibility (p. 176) is significant (r = 0.839, n = B. p < . 01 ) . 

This correlation clearly does not support Loudon's hypothesis. It appears 

that for breeding adults of both sexes, lar, r territories/ranges are more 

open than smaller ones: if visibility was Important In determining range 

sizes, topographic relief would also exert Influence and yet this cannot 

readily be quantified. Food and cover may themselves be inter-related 

but their effects would be difficult to separate. 

In conclusion. It is clear that habitat has a proximate effect on 

dispersion of roe deer via several pathways. Including diet, ranging and 

social behaviour, and patterns of use of different communities. From this 

study It appears that food quality may influence range size. However, the 

ultimate factors Influencing dispersion will be concerned with reproductive 

success, and this an area of roe deer biology that has received little 

direct attention. The function of territoriality In roe deer remains 

unclear. It Is not known whether male roe deer are territorial in all 
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environments: this study suggests that territorialilty may be less 

pronounced under certain conditions, which may be related to the 

distribution of food resources, but the mating system of roe deer living 

entirely In open habitats has not been examined. Territory size or 

position may affect reproductive success and some evidence has accrued 

from the long-term study at Chedington, which suggests that females 

move to particular territories or perhaps to the territories of particular 

males to mate (Loudon 1979), but the degree of polygyny In roe deer 

remains unclear. The quality of food in territories could also affect male 

reproductive success either indirectly through female choice of mate, or 

directly because better food may increase survival of offspring. There are 

clearly many interesting questions that remain to be answered about roe 

deer. However future research requires careful planning so that clear 

answers can be obtained, since studies of roe deer are beset with 

problems caused t, visibility and the behaviour of the study animals. 
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APPENDIX 1 

DEFINITIONS 

Time periods: dawn; 3 hour period extending from first 

light which was normally approximately 

30 minutes before sunrise. 

dusk: 3 hour period preceding last light, 

which was usually approximately 

30 minutes after sunset. 

day: period between dawn and dusk. 

night: period between dusk and dawn. 

Age clas! kids: from birth to 6 months, 

juveniles/ 

subadults: from 6 months to 12 months 

(note kids were included with juveniles in 

most analyses) 

adults: from 18 months onwards 



APPENDIX 2 

TABLE 1 

NUMBER OF PELLET GROUPS FOUND ON 8 (50m^) QUADRATS 

AT PORTON, MARCH 1979 and FEBRUARY 1980 INCLUSIVE 

Farmland was not assessed 

MONTH WOODLAND 

M 20 

A 19 

M 17 

J 3 

J 1 

A 2 

S 4 

0 5 

N 4 

D 9 

J 13 

F 4 

GRASSLAND 

5 

5 

4 

1 

2 

1 

1 

9 

6 

9 

5 

2 
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TABLE 2 

NUMBER OF DEER OBSERVED ON CEPYALS AT PORTON ON TRANSECTS 

(X = Missed or incomplete transect) 

M A M J J A S 0 N D J F 
Replicate 

Dawn 1 0 2 2 0 0 2 11 21 0 0 0 3 

2 0 2 0 4 0 9 16 8 0 0 0 0 

3 0 0 1 3 0 12 7 X X 1 2 0 

4 0 0 X X 0 6 25 X X X 4 X 
Day 1 0 0 0 0 3 0 3 0 0 X 0 0 

2 0 0 0 1 0 0 0 X 0 X 0 0 

3 0 0 0 0 0 0 0 2 3 X 0 0 

4 0 2 3 1 0 0 0 X 0 X 0 0 
Dusk 1 0 6 7 4 0 6 21 1 0 0 2 1 

2 0 4 11 5 0 3 5 5 0 0 0 6 

3 2 6 3 7 0 4 10 20 X 0 0 2 

4 16 10 2 1 2 10 28 X X X 1 13 
Night 1 0 8 8 2 1 15 6 X 0 0 5 7 

2 1 12 0 3 0 3 27 X 0 0 X 1 

3 X X X X X X 30 X X X X X 

mean 
2. ^^2, 4.^0.6^12.^1^.110.3l0.lll.il2. 5y/ 
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TABLE 3 

NUMBER OF DEER OBSERVED ON SEED-GRASS AT PQRTON ON TRANSECTS 

(X = missed or incomplete transect) 

M A M J J A S 0 N D J F 
Replicate 

Dawn 1 4 7 2 2 0 1 0 0 0 0 0 0 
2 4 8 0 1 0 0 2 0 0 0 0 0 
3 11 7 0 0 0 4 0 X X 0 0 0 
4 1 7 X X 0 3 3 X X X 0 X 

Day 1 0 0 0 0 0 0 0 0 0 X 0 0 
2 4 0 0 0 0 0 0 X 0 X 0 0 
3 0 5 8 0 0 0 0 0 0 X 0 0 

• 
4 3 4 0 0 0 0 0 X 0 X 0 0 

r sk 1 15 13 6 0 2 1 1 2 4 0 3 5 
2 5 18 14 1 0 0 0 0 12 7 0 3 
3 15 11 0 1 1 1 1 8 X 10 0 
4 14 5 0 1 1 0 1 X X X 1 6 

Night 1 0 12 7 0 2 0 1 X 4 8 0 0 
2 5 8 6 0 0 0 3 X 0 7 X 0 
3 X X X X X X 0 X X X X X 

mean 5.8/7.5/3.3/0.5/0.4/0.7/0. s/i. 4/2.0/4.0/0.3/1. 5/ 
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TABLE 4 

NLMBER OF DEER OBSERVED IN WOODLAND AT PORTON ON TRANSECTS 

(X = missed or incomplete transects! 

M A M J J A s 0 N D J F 
Replicates 

Dawn 1 5 1 2 1 0 0 1 0 5 0 0 0 
2 1 3 7 0 2 0 8 0 2 2 1 1 
3 1 3 4 1 0 6 2 X X 0 0 3 
4 2 1 X X 0 1 0 X X X 2 X 

Day 1 0 4 1 0 0 1 0 0 0 X 0 0 
2 0 5 2 0 0 0 0 X 0 X 0 0 
3 0 1 2 0 0 0 0 0 0 X 0 2 
4 0 0 2 1 0 0 0 X 0 X 1 0 

Dusk 1 1 4 1 1 0 2 1 4 2 4 6 7 
2 0 2 0 0 0 1 4 2 0 2 0 4 

3 0 0 2 0 0 1 0 1 X 0 2 9 

4 2 2 2 0 0 0 0 X X X 0 7 
Night • 1 0 4 0 0 2 0 1 X 0 0 0 0 

2 5 0 1 0 0 0 0 X 1 0 X 2 
3 X X X X X X 0 X X X X X 

MEAN 1.2/2.1/2.0/0. 3/0. 3/0. 9/1. 1/1.0/1.0/1.0/0. 9/2. 7y 
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TABLE 5 

NUMBER OF DEER OBSERVED IN GRASSLAND AT PORTQN ON TRANSECTS 

(X = missed or incomplete transects) 

M 

Replicate 

Dawn 1 3 2 3 9 0 0 3 4 4 0 3 1 

2 2 5 8 8 3 2 10 12 6 6 10 3 
3 0 5 11 4 2 1 0 X X 0 5 2 
4 6 1 X X 5 0 7 X X X 3 X 

Day 1 0 0 1 5 1 0 0 3 0 X 3 0 
2 0 1 0 1 1 0 0 X 3 X 1 0 
3 0 10 9 9 0 0 3 0 0 X 7 0 
4 0 12 1 0 1 0 0 X 3 X 0 0 

Dusk 1 4 10 8 14 2 2 7 8 2 6 3 8 

2 3 7 11 8 1 0 7 9 12 1 4 10 

3 0 8 3 3 1 1 6 3 X 4 6 6 

4 0 4 9 6 4 0 3 X X X 8 7 
Night 1 0 3 2 4 1 0 1 X 0 1 0 0 

2 0 0 3 2 0 0 0 X 0 0 X 0 
3 X X X X X X 3 X X X X X 

mean 1.3/4.9/5.5/5. e/i.e/o. 4/3.3/5.6/3.0/2.3/4.1/2.8/ 
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TABLE 6 

NUMBER OF DEER OBSERVED ON PASTURE AT PORTON ON TRANSECTS 

(X = missed or incomplete transect) 

M A M J J A S 0 N D J F 

Replicate 

Dawn 1 7 1 2 0 0 0 2 0 3 4 2 0 

2 3 3 1 2 0 0 0 2 2 3 2 5 

3 0 4 2 1 1 0 4 X X 2 0 0 

4 0 2 X X 0 0 2 X X X 4 X 
Day 1 0 0 0 0 0 0 0 2 0 X 0 0 

2 0 0 0 0 0 0 0 X 0 X 0 0 

3 0 0 0 0 0 0 0 0 1 X 2 0 

4 0 0 0 0 0 0 0 X 0 X 0 0 
Dusk 1 1 0 5 0 1 0 0 0 0 0 0 0 

2 1 4 1 1 0 0 0 0 0 0 0 0 

3 5 2 0 1 0 0 0 0 X 0 0 0 

4 9 3 0 1 0 3 0 X X X 0 0 
Night 1 4 7 6 4 0 1 3 X 3 6 2 5 

2 3 7 2 0 0 0 0 X 2 0 X 9 

-

3 X X X X X X 0 X X X X X 

mean 2. 4/2.4/1. 5/0. 8/0.1/0.3/ 0.7y /o.6y h . i , /l.9. /o. 8 A. 
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APPENDIX 4 

TABLE 1 

SUMMER AND WINTER RANGE SIZES OF 

MARKED ADULT FEMALES AT PORTON 

April 1979-March 1980 

^CSummer (S) = April-September 1979; Winter (W) = October 1979-March 1980) 

r -
Area (ha) 

uncorrected corrected 
Deer Season No. obs. Core Range Core Range 

4 S 24 2.6 7.5 3.6 11 . 2 
W 10 1.2 2. 5 2.0 4 . 2 

5 S 15 1.8 5. 8 2.6 14 . 2 
w 15 3.2 6.4 5.8 16 . 8 

6 S 17 2.0 2.8 2.0 2 . 8 
w 22 3.2 4. 8 5. 2 7. , 4 

Me an ± SE 

summer : 2.7 ± . 47 9. 4 ± 3.41 

winter : 3. 3 ± •91 9. 5 ± 3.78 



APPENDIX 4 

TABLE 2 

TWO-MONTHLY RANGE SIZES OF ADULT FEMALE ROE DEER 

AT PORTON 1 March-September 1981 

C* = radio-tagged) 

Area (ha) 

uncorrected corrected 
Sex/Age Deer Period No obs Core Range Core Range 

Adul t 4 Mar+Apr 16 2.1 4.7 3.9 10.0 
females - Apr+May 13 3.7 7.2 7.8 13.7 

5 Mar+Apr 11 3.2 5.9 13. 5 22.4 
• Apr+May 15 3.2 7,0 9.4 19.3 
6 Mar+Apr 12 2.8 6.1 7.6 15.7 

- . Apr+May 13 2.8 6.3 7. 5 16. 5 
15* Mar+Apr 19 3.1 5.7 5.4 9.6 

" Apr+May 29 1.6 7.3 1.6 10. 8 
May+Jun 17 3. 5 5. 5 11.0 13.3 

- " Jul+Aug 21 3.4 5.7 6. 6 9.9 
Subadult 61* Mar+Apr 13 2. 3.6 3.8 5.4 
females Apr+May 21 1.6 4.8 1.6 7.4 

62* Mar+Apr 31 3.9 8.1 5.4 11.0 
" Apr+May 38 4.9 9.0 6.4 12.4 
63* Mar+Apr 18 2.6 6.2 3.6 11.0 

" Apr+May 30 3.4 10.7 4.4 15. 5 
64* Mar+Apr 14 3.7 6.4 11.6 16. 8 

• Apr+May 20 5. 2 9.2 12. 5 18. 8 

corrected. 

Mean adult CMarch+Aprll) ± SE 

(Aprll+Mry* ± SE 

Mean aubadult (M#roh+April)± SE 

(Aprils-May) ± SB 

Core Range 

6 .1 ± 1.88 

6.2 ± 2.31 

8.3 ± 1.71 

6.6 ± 1.32 

11.1 ± 2.33 

13.5 ± 2.42 

14.2 ± 2.34 

14.0 ± 1.75 



APPENDIX 4 

TABLE 3 

TWO-MONTHLY RANGE SIZES OF MALE ROE DEER 

AT PORTON, MARCH-SEPTEMBER 1981 

(* = radio-tagged) 

Area (ha) 

uncorrected 

Deer Sex/Age Period No. obs. Core Range 

corrected 

Core Range 

16* adult Mar+Apr 31 5.7 16 .6 9 6 25.6 

males Apr+May 51 5. 5 13 . 9 5 5 13.9 

May+Jun 31 3.9 7 .0 5 6 10. 2 

Jun+Sep 23 3.7 9 . 5 7 6 15. 5 

62* Mar+Apr 46 2.6 8.6 2. 6 9. 2 
" " Apr+May 54 2. 5 4 . 9 2. 5 4.9 
" May+Jun 33 2.6 6 . 4 2. 6 7.8 

63* Mar+Apr 25 5.0 10 8 13. 0 18.1 

" Apr+May 32 2.0 6 1 2. 0 7.3 
1 May+Jun 21 1.4 2 9 1. 4 2.9 

Jul+Aug 15 2.2 4 9 3. 9 10. 8 
60 subad. Mar+Apr 13 3.2 7 7 9. 2 14. 8 

males Apr+May 20 3.7 10. 5 7. 6 22. 1 
May+Jun 12 3.1 6. 0 12. 2 22. 5 

61 Mar+Apr 16 2.7 5. 4 6. 9 12. 8 
Apr+May 19 3.4 7. 0 3. 8 19.0 
May+Jun 8 2. 7 3. 9 10. 8 12.0 

correctcd 

Core Range 

Mean adult (Mar+Apr) ± SE 8 4 ± 1 . 32 17.6 ± 4. 

•' (Apr+May) ± SE 3. 3 ± 0 . 79 8. 7 ± 2. 

" (May+Jun ) ± SE 3. 2 ± 1 . 25 7. 0 ± 2. 
Me an subadult (Mar+Apr) 8. 1 13. 8 

CApr+M&y) 5. 7 20.6 

(May+Jun) 11. 5 17. 1 



APPENDIX 4 

TABLE 4 

TWO-MONTHLY RANGE AND CORE AREAS OF RADIO-TAGGED DEER 

AT CHEDINGTON, APRIL 1981 TO MARCH 1982 INCLUSIVE 

Figures in parenthesis are uncorrected values where n<40 

Dee r Months No. loci Core (ha) Range (ha) 

Ml 4+5 31 3.2 (2.8) 5.9 (5.3) 

6+7 26 3.4 (2.3) 6.8 (5.4) 

8+9 25 2.4 (2.2) 8.3 (6.1) 

10+11 58 2.7 4.9 

12+1 53 1.8 3.6 

2+3 50 2.0 3.3 

F1 4+5 20 2,4 (2.2) 9.3 (6.6) 

6+7 16 1.2 (1.2) 5.0 (3.5) 

8+9 20 9.4 (4.2) 12.2 (6.6) 

10+11 54 2.4 7.2 

12+1 54 4.2 10.1 

2+3 49 2.9 6.4 

F2 • 4+5 22 1.5 (1.5) 6.0 (4.2) 

6+7 17 3.2 (2.4) 3.8 (3.3) 

8+9 23 1.8 (1.8) 5. 8 (4.9) 

10+11 56 1.1 3.0 

12+1 54 0. 8 1.8 

2+3 49 2.1 4.8 



APPENDIX 4 

TABLE 5 

TWO-MONTHLY RANGE AND CORE AREAS OF MALES AT CHEDINGTON 

APRIL 982 - MARCH 1983 INCLUSIVE 

Figures in parenthesis are uncorrected values 

Deer Months No. loci Core (ha) Range 

4+5 58 2.3 6.1 

6+7 52 2.6 5.8 

8+9 64 2.2 6.1 

10+11 47 2.0 5.1 

12+1 0 - _ 

2+3 26 3.9 (2.7) 9.8 

4+5 58 4.0 7.9 

6+7 46 3.1 5.9 

8+9 62 2.4 4.4 

10+11 53 1.1 2.3 

12+1 56 1.4 2.9 

2+3 42 1.6 4.6 

Ml 

M3 

(6.7) 



APPENDIX 4 

TABLE 6 

TWO-MONTHLY RANGE AND CORE AREAS OF 

RAD10-TAGGED FEMALES AT CHEDINGTON 

April 1982 to March 1983 inclusive 

Figures in parenthesis are uncorrected values. 

Deer 

F2 

F4 

Months No. loci Core (ha) Range (ha) 

4+5 58 1.0 2. 5 

6+7 49 1.2 3.0 

8+9 59 2.8 5.6 

10+11 52 1.7 5.7 

12+1 61 2.2 5.2 

2+3 40 2.2 4.3 

4+5 62 2.2 4.6 

6+7 57 3.9 6 . 8 

8+9 49 4.0 6.9 

10+11 54 2.9 4.9 

' 2+1 39 1.6 3. 5 

2+3 10 2.0 (1.2) 4.8 (2.5) 



APPENDIX 4 

TABLE 7 

VEGETATION DATA USED TO CALCULATE BIOMASS 

IN ANNUAL RANGES 

Veg. type Mean annual 

standing crop 

-1 
(tons ha ) 

Mean annual 

digestible 

standing crop 

(tons ha 

Mean annual 

digestible N 

(kg ha 

PORTON 

grassland 5, . 27 + 0. 249 
5.31 

1, .23 + 0, . 143 16, . 54 2, . 285 

scrub 
5.31 1.25 

. 54 
16.84 

scrub 0. .04 0. ,02 0, ,30 
16.84 

woodland 2. ,01 + 0. 225 0, , 58 + 0. , 121 13. ,42 + 3. ,434 

woodland edge 8, ,23. 10-3 tons lOOra"^ 3, ,73. 10 ^tonslOOra ^ 0. 06 kg gN 100m"^ 

pasture 2. 05 + 0. 500 0. 88 + 0. 266 12. 74 + 1. 554 

cereals 5, 53 + 0. 2830 2. 68 + 1. 486 45. 97 + 21. 204 

seed-grass 3. 96 + 1. 687 1. 80 + 0. 810 32. 23 + 22. 393 

CHEDINGTQN 

ground veg 

i)srub/mat. 
hardwood 2. ,30 + 0. 323 0. 54 + 0. 109 37.76 + 27. 009 

ii)conifer 3. , 53 + 0. 449 0. 83 + 0.162 14.39 + 2. 429 

rides 3. , 87 + 0. 200 0. 92 + 0. 122 14.08 + 2. 038 

bramble 0. 78 0, 34 5. 98 

(Standard errors are variation between months, not replicates within 

months) 


