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Executive Summary:

E.1 This report is presented in satisfaction of Research Contract RP41: Selection of Animals for Culling: Age and Condition, and offers  in the first instance a review of the methods used for ageing and condition scoring in domestic livestock, deer and other wild ungulates, to identify possible methods for application to wild red, roe, sika and fallow populations in Scotland. Based based on conclusions drawn from this literature review and any wider survey, designs are offered for  possible field trials to assess the efficacy /reliability of what are considered the methods available.

E.2  Because relatively little formal literature exists on methods available for ageing deer or other wild ungulates in the field, the approach taken in the current study was to contact a sample of professional stalkers, and canvas their opinions on what cues they use to assess age and condition of individual deer in the field. Credibility of  such indicators could then be assessed more formally by examining the published literature for any known correlations between estimators used and age/physical condition,  and whether or not that relationship was sufficiently robust as to allow accurate prediction of age/condition. A search of the literature was also undertaken to explore what additional methods might have been applied elsewhere to assess age and condition  of free-ranging wildlife, but also (indeed primarily) methods used in livestock husbandry

E.3  A review is also offered of methods available for more accurate assessment of age/condition post-mortem (in the larder), to consider indicators which may be appropriate for calibration/ validation of field estimates.  Finally, a set of protocols are suggested for objective trials which might seek to establish the power, reproducibility and accuracy of field estimates.

E.4 Letters were written individually to 60 experienced stalkers asking them what methods they used to distinguish different age-classes of animals in the field, from direct observation, and what indicators they used to assess physical condition.  In response, many noted that the degree of selection which is imposed (and the type of selection) is strongly influenced by the objectives of management.  Many also commented that, whatever might be the desirability of a selective cull, constraints of time (and high cull numbers) often meant that such selectivity was in any case impossible. 

E.5  All respondents also stressed that when selection was possible/desirable and they were attempting to assess age and condition of beasts before taking the cull, any assessment was always based on a combination of features rather than on any one character in isolation.

In fact no single characteristic is capable of differentiating all categories of age or condition. 

Each may be used to discriminate some classes from others, but no one factor reliably differentiates between all age or  condition classes; so a combination of cues is inevitably needed. 

E.6  All stalkers emphasised that assessments of age and condition were not absolute and that no one should attempt to assess absolute age in the field. All agreed that at best they attempted to place animals into general age-classes (young of the year, yearling, young adult, prime adult, old) or condition classes.  Finally, all noted that assessment of either age or condition was more difficult in woodland situations, where views of animals were often incomplete and decisions had to be based on a brief glimpse.

E.7   In relation to age, the most consistent methods offered by stalkers appeared similar for all species (with perhaps the exception of roe), as overall height; shape of head/length of head; depth of chest in relation to length of leg; angle of neck/hang of head; dished back/pot-belly; behaviour. 

E.8   In relation to males, all stressed that caution should be used in assessing age from antler development, but suggested that antler shape and configuration, and length of pedicles  may be used to distinguish yearling males, two-year old males and a further class of young adults; old animals may be recognised (in combination with other estimators above) by thickness of beam. 

E.9  Review of relvant literature confirms that there is some evidence of a correlation between increasing age and body size, particularly head length; timing of coat change and antler shedding (although this latter literature is in itself largely anecdotal). There is also a documented change in antler mass and complexity, although this is confounded past a certain stage of maturity by effects of individual condition. None of these factors however shows linear correlation with age. Thus indicators used may be sufficient simply for categorical distinction between discrete age classes rather than as indicators of precise age. 

E.10  No attempt is made here to offer measures designed to select ‘inferior’ stock which might be culled to try and improve population (genetic) condition. Consideration is restricted to methods which may be used to assess individual (physical) condition. Indicators consistently used by stalkers included: condition of coat, visible shape of spine (with underlying neural processes obvious in animals in poorer condition), visible shape of pelvis, evidence of scouring or other obvious signs of disease, visible injury, and behaviour (isolation /being bullied; lethargy). Feeding behaviour may also be used to assess whether or not an individual is broken-mouthed.

E.11 Condition ‘scores’ are widely used in the monitoring of body condition and welfare in domestic livestock.  Almost  all these scores are almost all based on qualitative assessment of subcutaneous fat, or muscle coverage, of ribcage and rump. By convention, condition is assessed on a five-point scale (although many workers then subdivide this into half-units or quarter units)

A number of more recent studies have assessed more formally the degree of correlation which may be achieved between the subjective Condition Score, and more direct methods of measuring depth of subcutaneous fat in sheep, cattle and goats. Repeatability and reproducibility of BCS was found to be high (88% and 80% respectively), when scoring was restricted to integer scores; consistency was increased where a number of specific measures were assessed in combination.

E.12 Riney (1955, 1960) produced a 5-point condition score for assessment of  (physical) condition of wild deer (specifically red deer), based on standardised assessment of the amount of  flesh covering ribs and rump This has subsequently been modified and used by others for assessing condition of other free-ranging ungulates. This index however takes account only of physical attributes, and takes no note of overt signs of disease or injury, or of behavioural cues. 

E.13  Those indicators which – when used in combination -  appear most consistently to reflect  age and condition of free-ranging animals are summarised. Possible trials designed to test and validate these indices are outlined and costed.  While perhaps the most obvious approach is that of a self-calibrated field trial, comparing estimated age/condition of culled animals from visual observation before the shot is taken, with estimates of age and condition  of the same animal determined subsequently in the larder, it is clear that it is extremely difficult to ensure ‘honesty’ of reporting and overcome conscious, or completely subconscious adjustment of (field or larder) estimates a posteriori to minimise mis-match. A complementary study is thus also proposed to assess overall the selection apparent in the whole cull by comparing age-profiles and condition profiles recorded for past (completed) culls by stalkers who profess to be selective in the cull, with profiles returned by stalkers who have been culling completely unselectively. If selective stalkers are indeed able to select accurately for age/condition, then age profiles returned by them in the cull as a whole, should differ significantly from those returned by unselective cullers.  

SELECTION OF ANIMALS FOR CULLING: AGE AND CONDITION   [RP41]

Contents

INTRODUCTION








Page
 1

Selective culling








 1

When is deliberate selection for culling appropriate




 2

Is selective culling necessarily  a good thing?




 2

Can we select and how may we estimate age and condition?


 3

Approach










 3

The structure of this report








 4

A.   METHODS FOR ASSESSMENT OF AGE AND CONDITION OF FREE-RANGING ANIMALS
Stalker survey









 5

Stalker methods for age-class recognition in the field




 5


Red Deer









 7


Sika










12


Fallow










12

Roe










15

Evidence from the literature for correlation between indicators used and age
17

Stalker methods for assessing condition






21

Formal condition scoring for wild ungulates





24

Review of literature for methods used for the assessment of physical condition 
25

of livestock and their actual correlation to other direct measures of condition

Best methods?









27

A review of methods for assessing age and condition from carcase after culling
29

Estimation of Age








29


Estimation of Condition







30

B. TRIAL DESIGN:









32

Field Trials










32

Analalysis of Profiles of past culls







33

Scoping the trials









34

Costings










35
ACKNOWLEDGEMENTS








36

REFERENCES AND BIBLIOGRAPHY






37

APPENDIX: Possible data recording sheet for field trials



40
INTRODUCTION

1.1   This report is presented in satisfaction of Research Contract RP41: Selection of Animals for Culling: Age and Condition.  The project brief requires in the first instance a review of the methods used for ageing and condition scoring in domestic livestock, deer and other wild ungulates, to identify possible methods for application to wild red, roe, sika and fallow populations in Scotland.  In addition, based on conclusions drawn from this literature review and any wider survey, the project brief asks for suggestions for the design of  field trials to assess the efficacy /reliability of different methods available for field determination of animal age and condition.

Selective culling

1.2   In many wildlife management programmes, culling or harvesting of populations may have a significant influence on both age- and sex-structure of the population concerned, through the deliberate or unconscious selection of  individuals to be harvested according to sex, age or condition, rather than simply random culling across the population as a whole. 

1.3 Such selection of cull individuals may in some cases exert its effects on population structure as an unintended  consequence rather than as a deliberate management aim (thus the tendency to shoot mature males in fallow deer populations of agricultural landscapes in the south of England has ‘accidentally’ produced a distorted population structure in which adult males are extremely rare; Thirgood, 1995; Putman, 2004). 

1.4  In other situations selection may be more deliberately imposed in a conscious attempt to alter the sex- or age-structure of the managed population, towards increasing production of some harvested commodity from the population concerned (as for example, in distortion of population balance in favour of prime-age females in populations managed primarily for venison production, or in attempts to ‘erect’  a complex age-pyramid among adolescent and adult males in populations managed for the production of trophy males).

1.5  In yet other cases, selection may be made on welfare grounds, to remove from the population by artificial culling, animals which are already in poor condition through age or disease.

1.6   Selection in this manner of individuals to be culled, specifically in relation to age, sex or condition is theoretically independent from a separate set of selection criteria which may simultaneously be applied in harvest of populations managed primarily for sporting interest: based on body mass, antler size or complexity. But these two ‘classes’ of selection criteria inevitably interact. Since antler size is in itself a function of male age, concentration of effort on ‘trophy males’ may  in itself produce a distortion in population structure to one dominated by juvenile or adolescent animals, even though selection is in this case not specifically directed to influence population age-structure. Thus conscious selection or deliberate avoidance of well-antlered males (either to be deliberately harvested as ‘trophy’ animals, or deliberately left to sire future progeny within the population, according to individual taste), or the separate selection of animals considered to have ‘poor’ antlers for their age (usually regarded as ‘shootable beasts’) inevitably has a significant effect on age-structure of the harvest, and of the population which remains.

1.7   The combination of selection of animals to be culled in any year according to trophy quality (males) and separate selection by age or body condition (males and females) has a complex affect on future population structure and productivity. Through its inevitable influence on population age- and sex-structure (by comparison to an unmanaged population, or one subject to random harvest), it may also have a significant effect on social behaviour, group sizes, dispersion and herd movement patterns.

Deliberate selection for culling:  situations where some selection may be appropriate

1.8  As noted above, culling is not necessarily carried out with any conscious selection of cull beasts   - and indeed the degree of selection (and what is selected for cull) depends heavily on the objectives of management. This is of crucial importance.

1.9  Where the main aim of management is damage prevention, culling may be wholly unselective (beyond the level, quoted to me by one stalker, of “Is it a deer? Is it a safe shot?”).

  Where the aim of culling is population reduction, theoretical considerations might suggest that culling should primarily be targeted on prime age females, as the reproductive power-house of the population. In practice however, simple constraints of the total numbers of animals which must be shot to effect a reduction in overall population size may again mean that, simply to achieve cull targets, culling is necessarily unselective with respect to age and condition. Again ‘selection’ may reduce to a simple assessment of  “Is it a safe shot?”

1.10 Where time is less of a constraint, managers may indeed seek to focus reduction culls on reproductive females. In other circumstances, where the objective of management is not reduction of population but manipulation of age- and sex-structure towards the maximal production of some harvested commodity (whether venison, or trophies males), managers may seek some other form of selection: concentrating culls on older, unproductive females, or those in poor condition, concentrating culls of males on those of harvestable age (for meat or trophy antlers), and those in other age classes deemed to be of  poor ‘quality’. 

· But an important issue, throughout, is that the degree, and form, of selection depends fundamentally on the objectives of management.

Is selective culling necessarily  a good thing?

1.11  A number of commentators argue that selective culling may pose as many problems as it offers advantages. Some of the potential problems identified arise from applying selection criteria inappropriate to the declared objectives of management. Thus it has been argued that too much attention to active selection in harvest even when selectivity may be inappropriate to the primary management objectives, may impose an upper limit on total harvest/cull capability  (both through constraints of time involved in assessment, and the actual availability within the population of animals which actually ‘fit’ the selection criteria) – and may be one of the factors why populations of some ungulate species are proving extremely difficult to control (e.g. rapidly expanding populations of wild boar in many continental European countries: e.g. Italy: Appolonio, 2004; Austria: Reimoser, 2004; Spain: Carranza, 2004). 

1.12  Further, traditional attempts (for welfare reasons, or reasons of  what is traditionally seen as ‘good management’) to concentrate culls of females on the old or those in poor condition may also contribute to this failure to exercise adequate control over expanding populations. Removal of such animals focuses the cull on animals which are in any case less likely to reproduce; it leaves untouched the main reproductive core of prime-age animals within the population, and effectively increases productivity for these in addition by reducing competition for available food resources.

1.13   While selection of cull animals, as above, may be undertaken in a deliberate attempt to engineer some change in overall population size and age-structure towards some declared objective, through its inevitable influence on population age- and sex-structure (by comparison to an unmanaged population, or one subject to random harvest), it may also have a significant effect on social behaviour, group sizes, dispersion and herd movement patterns (1.7).

1.14  Thus, it has been suggested (Bartos, 2004; also personal communications Hugh Rose, David Blake) that the policy of shooting older females may also have a significant effect on social organisation in species whose social structure is based on familial, or matrilineal groups. Removal of the oldest (lead) females may leave such groups relatively unstructured and may be a major factor leading to coalition of these groups into much larger – and highly mobile – herds  (in place of  the more natural situation of a wide dispersion of smaller scattered, matrilineal family groups) and that this in turn might be one of the major factors exacerbating damage and hampering effective control. 

1.15  Finally, there is little formal evidence to suggest that selection of (males) by trophy quality has any significant effect on the population overall. Certainly within the resource-restricted conditions of the Scottish hill, antler size is constrained more by food availability than by genetic potential; further, recent studies have established that within red deer for example, actual heritability of antler size is low (0.30 - 0.35); thus effects of even intensive selection are likely to be small.  

1.16  Overall one must conclude that  even if it were possible to select animals accurately by age, condition or genetic potential in field conditions, such selection may not in practice deliver great benefit when compared to simple random harvest. Despite such arguments there is a long tradition of selective harvest (in most countries in Europe) and stalkers consider it a matter of pride that they do impose their culls selectively. But all such considerations presume that the manager can indeed achieve a selective cull in the first place, and whether or not it is indeed possible to assess age and condition of individual animals in the field?

Can we select and how may we estimate age and condition?
1.17  In this report we are not concerned with the ability to select males with ‘better’ or ‘less good’ antlers, and the indirect or more direct effects that this may have on population age-structure, and ‘genetic quality’. Instead the focus is on what criteria may be used in assessing age and condition of individual animals in the field, both males and females; how accurate those field assessments may be; and thus how effective apparent selectivity of culling may be in actual practice. 

APPROACH

2.1  Relatively little formal literature exists on methods available for ageing deer or other wild ungulates in the field (by simple observation, and often at some distance). Although there are often descriptive and anecdotal methodologies in popular hunting manuals/stalkers’ journals, these are generally entirely subjective and have little formal validation offered. The criteria offered by de Nahlik (1974; pages 42-52) are a good example. 

2.2  Because of a greater research interest in methodologies available for assessing physical condition from direct observation, there is a somewhat larger literature available on condition indicators, but this too is comparatively sparse, and the literature is primarily focused on field assessment of condition of domestic livestock (sheep, cattle, goats; paragraphs 9.1- 9.4) 

2.3 Given the dearth of formal literature, the approach taken in the current study was thus to contact a sample of professional stalkers, known personally to me, and canvas their opinions on what cues they use to assess age and condition of individual deer in the field. 

2.4   Stalkers contacted were deliberately selected as those known to me to have considerable experience. In addition, I included in this initial survey a number of stalkers/deer managers from England as well as from within Scotland. This decision was taken to try and increase representation within the sample for those experienced at stalking roe and fallow, as well as red and sika deer.  No formal questionnaire was devised; I simply wrote to individual stalkers requesting information on methods used in their own words. 60 requests were mailed/emailed. 

At the time of writing this report, 30 detailed responses had been received, on which this analysis is based.  Respondents were extremely consistent in indicators used to assess age and condition of given species.

2.5  Credibility of  such indicators could then be assessed more formally by returning to the published literature to seek objective data on any known correlations between estimators used and age/physical condition and whether or not that relationship was sufficiently robust as to allow accurate prediction of age/condition. A search of the literature was also undertaken to explore what additional methods might have been applied elsewhere to assess age and condition  of free-ranging wildlife, but also (indeed primarily) methods used in livestock husbandry (2.2). 

2.6 A review is also offered of methods available for more accurate assessment of age/condition post-mortem (in the larder), to consider indicators which may be appropriate for calibration/ validation of field estimates.  Finally, a set of protocols are suggested for objective trials which might seek to establish the power, reproducibility and accuracy of field estimates.

THE STRUCTURE OF THIS REPORT 

3.1 This report follows closely the approach outlined above, dealing in turn with

· The Stalker Survey

· Stalker methods for age-class recognition in the field;  Red deer; Roe; Fallow; Sika
· Evidence from the literature that there is a correlation between indicators used and  age

· Stalker methods for assessing condition  

· Review of literature for other methods available for assessment of physical condition of 

wildlife/livestock and their actual correlation to other direct measures of condition

· A short- list of what appear to be the best methods for assessing age and condition

· Methods available to assess age and condition from carcase after culling

· Design of trial to assess correlation between field and larder estimates

A.   METHODS AVAILABLE FOR ASSESSMENT OF AGE AND CONDITION OF FREE-RANGING ANIMALS

STALKER SURVEY

4.1  As above (2.3, 2.4), letters were written individually to 60 experienced stalkers asking them what methods they used to distinguish different age-classes of animals in the field, from direct observation, and what indicators they used to assess physical condition.  The response was quite excellent, and I am extremely grateful to all concerned for the time and trouble taken in trying to articulate in writing what in many cases may be an almost intuitive, or at least subconscious process.  What was the more remarkable was the universality of methods used.

4.2  While all respondents were generous in explaining methods used to assess age and condition, many stressed points already rehearsed above (paragraphs 1.8- 1.10) that the degree of selection which is imposed (and what animals are selected for cull) is strongly influenced by the objectives of management.  Many also noted that, whatever might be the desirability of taking a selective cull, constraints of time (and high cull numbers) often meant that such selectivity was in any case impossible. 

4.3  All respondents also stressed that when selection was possible/desirable and they were attempting to assess age and condition of beasts before taking the cull, any assessment was always based on a combination of features rather than on any one character in isolation.


To quote some examples:

-  “ It is important to state that any one of the above cues is not much use in isolation.  The experienced stalker will build a “portfolio” of clues on each animal, sometimes very rapidly, sometimes after a period of observation.”

- “ We all rely on visual clues to age anything. While it may be one single thing, more usually assessment is based on a whole variety of cues” 

 - “I don't use any one sign, more a combination of several to get to a point where I say yes or no.”

 In fact no single characteristic is capable of differentiating all categories of age or condition. Each may be used to discriminate some classes from others, but no one factor reliably differentiates between all age or  condition classes; so a combination of cues is inevitably needed. 

4.4  All stalkers emphasised that assessments of age and condition were not absolute and that no one could attempt, for example, to assess absolute age in the field. All noted that at best they attempted to place animals into general age-classes (young of the year, yearling, young adult, prime adult, old) or condition classes.   Many were honest enough to admit that even then they didn’t always get it right.

- “ I think that you will find that most experienced stalkers in varied stalking conditions will certainly be able to differentiate young and adult, probably young, yearling and adult.  We begin to struggle in the middle age range but can usually pick out  very old animals.”
4.5  Finally, all noted that assessment of either age or condition was more difficult in woodland situations, where views of animals were often incomplete and decisions had to be based on a brief glimpse. Confidence improved where observation could be maintained of a group of undisturbed deer for a period of time, and where more detailed observation could be facilitated by use of a spotting telescope.
STALKER METHODS FOR AGE-CLASS RECOGNITION IN THE FIELD

5.1  An overview of the main characteristics mentioned by stalkers as helpful is assessing age  (and their utility in different situations/species) is presented in the table below (which is based, by extension, on a very useful summary initially prepared for me by James Cordery). More detailed consideration of individual traits, and their particular character in individuals of different age/species follows the table.

	Character
	Can be assessed rapidly, even in solitary animals
	Takes time to assess or easier by comparison with other individuals
	Very useful
	Sometimes useful
	Rarely useful


	Overall size
	
	*
	*when comparison available
	
	

	Shape of head/face

Length of head
	* if close enough
	
	
	*
	

	Depth of chest compared to leg length
	*
	
	
	*
	

	Fullness of rump


	
	*
	
	*
	

	Hold of head when undisturbed (high/low)
	*
	
	*
	
	

	Dished back
	*
	
	*
	
	

	Pot-bellied appearance
	*
	
	*
	
	

	Thickness of neck
	*
	
	*beware changes in rut 
	
	

	Hairiness of neck
	* if close enough
	
	
	*
	

	Colour of face
	* if close enough
	
	
	* in red stags
	* in roe

	Facial expression
	* if close enough
	
	
	*
	

	Wooliness inside ears; baldness/greasiness of outside of ears
	* if close enough
	
	*
	
	

	Timing of coat change
	*
	
	
	*at certain times of year; may be affected by condition
	

	Behaviour – curiosity to unknown
	*
	
	
	*
	

	Behaviour - response to potential danger
	*
	
	
	*
	

	Behaviour-Dam/young
	*
	
	*
	
	

	Behaviour-Males in rut
	*
	
	
	*mostly in larger species
	

	Behaviour-dominance
	
	*
	
	* mostly in herding species
	

	Males only:
	
	
	
	
	

	Height and angle of antler pedicles
	
	* if close enough
	
	*
	

	Antler size and shape
	*
	
	*between yearling/

adult
	
	*in roe

	Timing of antler casting
	*
	
	
	*at certain times of year, may be affected by condition
	


5.2 The way these various characters may be used to assess age are now considered in more detail for red, sika, fallow and roe deer.

Red deer: 

5.3  Many of the stalkers who responded to my  trawl for information produced detailed accounts of the criteria used to assess age in red deer, which were perhaps the more remarkable for their consistency. By way of illustration, a typical (unattributed) example is included below:    

“ Hinds:
Old hind.
 Quite often big frame - but looking sort of 'spare'.  Longer, narrower face, less fur on ears - sometimes shiny.  'Camel' neck, sparse of fur, big belly. (abdominal muscles slack with carrying calves).  Either refuses to bring her calf down to the bottom, or is last to climb the braes. Shows a ridge of upstanding hair and spine along her back and on her neck, with a closer look through the glass. 

Mid age hind. 

'Square' looking body. Good quality coat, generally charcoal grey, but if yellow, still bushy and sleek without being 'staring'.  Medium length face. Fur-filled ears. Upright and alert stance.  Neck upright, back straight, 

Yearlings and two-year-olds should be shaping up well. Square bodies, upright stance and shiny coats. 

Bearing in mind that this is probably their most vulnerable age, judicious judgement should be used on whether or not to cull. 

Yeld or barren hinds are often large of stature, excellent coats, rumps waggle with fat when they trot. Very hairy ears, inside and out, no calves at heel.  When shot their udders should be shrunken and dry.

Stags:  
  Winter and early summer stags usually stay in two loosely knit groups on their drier ground, either on the bottom shelter, or higher up as the weather improves and the days and top grasses get longer. One group will consist of Two-year olds up to seven years; the other Seven years up to mature and old. 

Physical appearance: Young stags

From the age of three up to seven, the antlers are developing to their ultimate shape, but generally, each annual set growing in size and development as the years pass. The bodies should be square in appearance, necks upright, and in general, health and appearance is usually secure after they reach the age of three. 

Mature stags

From the age of eight when they reach their maturity, the body should be larger, still square, and the antlers continue to grow in stature and achieve their final 'majesty' by the age of nine and ten. The older members of this group will have necks which become more heavy and carried lower.  Some mature stags will carry their necks almost parallel to their backs. Depending upon family traits, after the age of ten, occasionally eleven, the stags will then tend to decline in 'stature' if not bodily size. They tend to develop 'pot' bellies, their necks definitely carried lower and much thicker. 

Old stags have pot bellies, look 'tired', have necks carried low to the ground, lots of grey on the face, often light circles around the eyes, curly hair between the antler pedicles. Their antlers are most often sparse of girth and tine growth as well as pearling. Antler characteristics also change. They tend to develop less tines, usually starting at the tops. They also become lighter in weight and girth, more obviously 'worn' looking and with more polished curves, often twisted or uneven.  Faces become more grey with light coloured eye rings and curly hair between the pedicles, the antler burrs practically disappearing into the fur because the pedicles have become so worn to the skull. “

5.4  This type of considered description of what is assessed was actually very typical (and, incidentally, emphasises again the need, stressed by all, for basing any assessment on a number of indicators simultaneously).   It includes most (though not all) the criteria cited by others who responded.

5.5  For ease of our analysis here, I shall attempt to break this complex of characters down into its components, summarising stalkers’ consensus of opinion of the characteristics of yearling, young adult, prime-age adult and older animals below, in relation to each of the characteristics noted in the initial table. This is perhaps necessary in terms of assessing the validity and accuracy of each character trait assessed. 

5.6  Inevitably however this approach contrives an artificiality, and suggests equal ‘weight’ of each characteristic listed; once again, it must be stressed that any final assessment of an individual animal’s age is based not on any one characteristic in isolation, but on a composite of a number of these factors in combination.

Physical characteristics:

· Overall size
5.7   Relatively few stalkers considered this a crucial character, and it is in any case best assessed by comparison of individuals within a group. In practice body size per se is not necessarily related primarily to age, since growth rates (and final size achieved) differ significantly between different cohorts of animals born in years of differing feeding quality. to the population. Further, such a character is not useful for discrimination amongst animals past 4 or 5 years of age when skeletal growth is complete. However when combined with other indicators (single spike antlers/more complex antlers (males); head length/presence or absence of a calf (females), it certainly contributes to recognition of yearlings from adults. In addition, even if the body frame is not actually increasing thereafter, the appearance of greater size  in hinds may be conferred by the increasing gauntness of age. Note as above: “Quite often big frame - but looking sort of 'spare'.” By contrast, it is noted that “older stags  tend to decline in 'stature' if not bodily size”

· Shape of head/face; Length of head

5.8  This would appear to be a much more widely used (and robust) indicator, with all respondents noting that calves of the year have short, almost blunt faces, and that overall head length (specifically jaw length), increases with age . Yearlings are described as………

· Depth of chest compared to leg length

5.9 Although there is no a priori reason why it should be the case, this is a measure used more for males than females. Chest depth alone was not considered a reliable indicator, since this tends to vary with condition; however the depth of chest in relation to the length of leg was considered by many to increase with increasing age.

· Fullness of rump

5.10  This is one (of many) indicators which are not fully independent of condition, and require a simultaneous assessment of condition before one can attribute age-class. Perhaps the best summary offered to me is quoted in full:  “I apply the woman shape to deer when culling, bigger backend, and poor front half coupled with a slightly pot belly and sometimes even a dipped back is always a old deer.”   [This was submitted by a woman stalker!]. “Males tend to have bigger front ends and lose the weight and muscle off the back end”

· Hold of head when undisturbed (high/low)

5.11 Almost all respondents noted that the ‘hang’ of the head (or angle of neck held when at rest or in slow movement) changes significantly, as the elasticity of the suspensory ligaments changes with age.  Young and mid aged animals are characterised (as above) by erect stance and high carriage of the head, which ‘droops’ with increasing age

Old animals are recognised by heads held horizontal or even carried lower that the shoulders, and may develop a ‘ewe-neck’ with a curving of the neck  forming a  concave depression between shoulder and head.

· Dished back

5.12  There was universal agreement that, especially amongst females, young and prime aged animals had a ‘square’ stature and straight back-line, while older animals tended to develop a dipped, or dished back  

· Pot-bellied appearance

5.13  Likewise, there was universal agreement that older animals of both sexes developed a distinctly pot-bellied appearance  (apparent in animals at the upper end of the mature/adult category, exaggerated in those considered actually old). This was universally noted, as e.g. above: “Old hind:  big belly; abdominal muscles slack with carrying calves; Old stags have pot bellies, look 'tired', have necks carried low to the ground, lots of grey on the face…. etc. “   or, as another example : “Old animal: short thick neck, big chest, thin back end and haunches, sunken saddle and usually a pot belly”. 

· Thickness of neck

5.14  Certainly among stags, stalkers agreed that mid-aged, prime animals can be distinguished from younger stags or those past their prime by thickness of the neck. This is a character which is however extremely variable, depending on condition, stage of coat -–and season, since necks of all males of breeding age thicken in the rut.

· Hairiness of neck

5.15 Some stalkers considered that, at least among hinds, the hair of the neck becomes coarser and longer. This is not an unreasonable supposition (in all female mammals past middle age, there is a change in the balance of hormones secreted with increasing dominance of androgens, causing the development of more masculine characters). It may also be a function of changes in timing and pattern of moult (5.19  below)

· Colour of face
5.16 Only some stalkers made mention of colour of face (or general pelage). Those who did so however were consistent in asserting that  in older animals, there is more grey apparent on the face, with, commonly, noticeably light circles around the eyes

· Facial expression

5.17  Many stalkers noted that animals appeared to become more ‘weary-looking’ with age, although this was admitted to be inevitably a subjective assessment. All however noted that young and mid-aged animals were more clearly ‘alert’.

· Woolliness inside ears; baldness/greasiness of outside of ears

5.18  A number of stalkers commented that in older animals of both sexes, the hair of the inside of the pinna became longer, giving them a rather ’woolly’ appearance. 

Some also noticed an increasing tendency to loss of hair on the outside of the pinnae in older animals, with the ears thus appearing smooth, and even ‘bald’ or ‘greasy’.This could not be used to differentiate between all age-classes but was considered one characteristic of the oldest animals.

· Timing of coat change

5.19  This  was considered by many a good indicator. Once again, it does not by itself permit differentiation between all classes of animals, but it was generally agreed that the moult is delayed in older animals (of both sexes). One respondent suggested: “It is always much easier to judge age of males if shot early in the season because of the early coat change in youngsters”. A problem was however noted by others that this character is also affected by condition.

· Males only:
· Height and angle of antler pedicles

5.20  A number of stalkers noted that the length of the pedicle of yearling stags is considerably greater than that of more mature animals and over years of antler casting and regrowth becomes shorter and shorter, so that by old age, “the antler burrs practically disappearing into the fur because the pedicles have become so worn to the skull”.    Clearly this is a useful indicator, but one which requires time (and as with many others, careful use of a telescope; 4.5)

· Antler size and shape

5.21  This is a difficult one. It is clear from studies of deer in parks, and supplementarily-fed deer that antler development in wild red deer is constrained by level of nutrition – particularly in the resource-limited conditions of the open hill. Thus antler development reflects a clear interaction between age and condition. It might be argued that within any given population (whose resources may be considered more or less equivalent), antler growth will primarily reflect age; but this is to overlook the fact that in social species such as red deer there are clear distinctions between dominant and subdominant animals in any age-class and feed intake (and antler development) may well show substantial variation even in a single age-class as a result.

5.22  Simple antlers ( ‘knobs’ or single ‘spikes’) are indeed characteristic of yearlings and may be used  to differentiate, while two- and three-year old stags may also probably be fairly accurately estimated by antler form. Thereafter, distinction becomes increasingly difficult, until antlers recede, or ‘go back’, in the oldest individuals.

5.23  Experienced stalkers obviously appreciated this, and suggested that more consistent indicators of different age-classes were:  Antler beam of young animals tends to be thin; antlers are in general ‘slimmer’ and lighter in colour. Mature animals have darker antlers and these tend to be more massive in general. “Mature stags near the end of their prime show antlers becoming a bit thinner and often with much longer brow tines with the tips curved up like sledge runners”, and in beasts classified as old, antlers were noted to be  “shorter in the tops, tines generally short and blunt”. 

In all cases, with time to examine the animal through a telescope, stalkers agreed that the width of the beam at the base of the antler was a good guide to age.

5.24  An important additional point offered here was that – because of differences in habitat quality, affecting nutrition,  “Woodland stags have a tendency for younger males to look more mature than their hill counterpart, a young woodland stag could be mistaken for a mature hill stag where you have peripheral hill/woodland movement this is a problem when making a selection”.

· Timing of antler casting
5.25  It was generally considered that there was a tendency for antlers to be cast earlier by  older males  – although this is not necessarily a helpful indicator during the open season and is also affected by condition.

Behaviour:

 5.26  Almost all stalkers included an assessment of behaviour of animals in their consideration, noting that  “young to mature animals are almost prancing around ( if I can use that word ), head and neck almost always held high. An old animal is usually plodding along slowly with head and neck slung low”. There was also general consensus that prime aged animals of both sexes were those most likely to be alert and responsive to danger; it was noted that both young and old animals tended in general to be far less alert than prime beasts. [“A young animal... small frame, thin neck, small face short nose, haunches not square, most of the time a sleek coat usually acting like a plank of wood”]. However, in face of actual, or perceived danger, young animals were considered to be the first to run, with older more experienced beasts “needing proof of real danger”

 5.27 One stalker recorded that old hinds in particular tend to squat more when urinating, and noted the additional physical character that  often have darkening on the back legs through urine-staining.

 5.28  Specifically, in relation to categories from our initial table:

· Behaviour – curiosity to unknown

· Behaviour - response to potential danger

It was widely considered that young animals tended to show greatest curiosity, while as above, youngsters and old individuals of both sexes tended to be less alert and responsive to danger than mature hinds and stags. Young beasts however were considered usually to be the first to run from possible danger, while older animals would take longer to rouse to flight.

· Behaviour-dominance

 5.29 A number of stalkers noted that winter and early summer stags of any population tend to be spilt up into two distinct types of group: one with animals from 2 or 3 years to perhaps 6 or 7; with separate groupings of truly mature and old beasts (7 upwards).It was also noted that the oldest individuals tended to be bullied when in groups or at feed, and increasingly likely to become solitary (see also de Nahlik, 1974).  Amongst hinds it was noted that young hinds tend to move within the group (offering clear comparison and allowing recognition partly by smaller stature (above)  and are clearly of lower dominance, being easily displaced by mature individuals. When animals are moving (undisturbed) younger animals tend to be behind prime-aged females, while oldest animals either lead or trail at the rear. 

· Behaviour-Dam/young

5.30  Although a new one to me, there was also widely considered to be a marked difference amongst hinds in their behaviour towards their calves. “Old hind. Either refuses to bring her calf down to the bottom, or is last to climb the braes”. 




[5.31] Behaviour-Males in rut

Woodland versus Open Hill red.
5.32
A number of stalkers stressed that somewhat different principles might apply to estimating age of woodland or open hill deer.

“Woodland stags have a tendency for younger males to look more mature than their hill counterpart, a young woodland stag could be mistaken for a mature hill stag where you have peripheral hill/woodland movement this is a problem when making a selection. Again a young woodland hind could be mistaken for a mature hill hind in body size, but its face could be young looking.”

Sika

5.33     Few Scottish stalkers culled sika selectively. In most cases sika are simply shot on sight.

Respondents from south of the border noted characters similar to those above for red. As  example, one wrote:   “ Look for the stubby rounded-forehead face, indicating a youngster.  Facial hair is more obvious in young (bambi-ish). Thin necks, short nose, smaller body also indicates a younger  animal. Conversely, long face, larger animal indicates older beast.  Older hinds (pregnant earlier) backs sag and flanks indent earlier in season. Older animals are usually very alert, constantly on lookout. Young not so, but young usually bolt first, older ones need "proof" of danger.  Young tend to follow when hind is moving. Old animals show bone form and carry heads lower when walking “.      In general, indicators used as comparators were throughout similar to those detailed above for red deer

Fallow deer

5.34  Once again, the main input in my survey of techniques for ageing fallow came from stalkers in England or Wales.  Major indicators used were similar to those above for red deer (or sika), although many stalkers stressed the difficulty of estimating age or condition of beasts in more typical woodland habitat where views are often incomplete - and there is rarely time for observation of some of the more subtle cues.

5.35  Most people seemed to base estimates of age of females on overall body height, length of face, angle of neck and straight or dipped curvature of neck and back. Once again many noted that the oldest females tended to become somewhat ‘spare’ in the rump, with increasing apparency of the pin bones and that these old females often tended to become pot-bellied.  It was noted however that in many managed populations south of the border, culling pressure has remained sufficiently high over a sufficiently long period, that old animals such as this are comparatively rare.

5.36  Age of males was also assessed by height; rounded, or rather angular frame; depth of chest; thickness of neck and antler conformation. As for red deer however, it is acknowledged that antler size and complexity per se reflect  individual condition as well as age, and most commentators focused attention on thickness of  the beam in relation to palm size and quality.

Specifically:

Physical characteristics:

· Overall size

5.37  All respondents considered this a key character and noted that in mixed groups of females, fawns and yearlings could readily be distinguished from fully-grown adults by stature.

   “The most reliable method I employ is to go by height. The older deer tend to be taller. This can be difficult on uneven ground, in cover, at last light. However, if they can be ambushed in the open, on a grass field for instance, then I can invariably pick out the fawns (but cannot tell their sex) and can usually pick out yearling females by comparing them to others as the deer move about”. 
5.38 Height was also considered a useful character in assessing age of males, but as we have noted previously its utility is limited, in both sexes, to helping to distinguish young animals from more mature adults  and is not useful for discrimination amongst animals after skeletal growth is complete (3 years in females; 4-5 years in bucks). However when combined with other indicators (single spike antlers/more complex antlers (males); head length/presence or absence of a calf (females), it certainly contributes to recognition of yearlings  and young adults from more mature individuals. In addition, even if the body frame is not actually increasing thereafter, the appearance of greater size in does may again  be conferred by the increasing gauntness of age. 

· Shape of head/face; Length of head

5.39  This would appear to be a much more widely used (and robust) indicator, as for red and sika, with all stalkers noting that calves of the year have short, almost blunt faces, and that overall head length (specifically jaw length), increases with age.

  “Fawns: tend to have very squat, blunt  and comparatively broad faces, and the sex can also be identified by the shape and look of its head (with male fawns tending to have ‘more head between the ears’). Yearlings: where these can be observed in larger , mixed age groupings, permitting comparison, it is clear that yearlings still have somewhat shorter faces/muzzles than more mature females and have good coats, fresh in appearance. [Yearling males can of course be identified by their single spiked antlers]. Old does are usually observed as either lead does within the group, or, if really poor, are tail-enders. They have longer heads, chubby in cheeks“. 
Head shape was less used as an indicator of age in males, although some stalkers suggested that the heads of older animals tended to broaden.

· Depth of chest compared to leg length

5.40  Once again, this is a measure used more for males than females. Chest depth alone was not considered a reliable indicator, since this tends to vary with condition; however the depth of chest in relation to the length of leg was considered by many to increase with increasing age.

· Fullness of rump

5.41  All stalkers of fallow deer  noted that yearlings tended to look ‘teenage’, while prime-aged animals had well-rounded rumps. In older animals of both sexes, the rump tends to be flatter (more closely reflecting the shape of the sacrum below, with pin bones more prominent, and with thinner haunches. As with other species, there is a potential interaction here with condition, and much of the perceived loss of flesh/fat cover may reflect poorer condition of older animals. 

·  Hold of head when undisturbed (high/low)

5.42   As for other species, stalkers noted that the ‘hang’ of the head changes significantly and is a good indicator of age.  Young and mid aged animals are characterised by erect stance and high carriage of the head, which ‘droops’ with increasing age. Old animals are recognised by heads held horizontal or even carried lower that the shoulders, and may develop a ‘ewe-neck’ with a curving of the neck  forming a  concave depression between shoulder and head.

·  Dished back

 5.43  Again, reflecting observations for other species, there was general agreement that, especially amongst females, young and prime aged animals had a ‘square’ stature and straight back-line, while older animals tended to develop a dipped, or dished back  

· Pot-bellied appearance

5.44 Only one or two stalkers noted this as a characteristic feature of older fallow, although, as noted, many commented that culling pressure has remained sufficiently high over a sufficiently long period in many populations, that old animals are in any case comparatively rare.

· Thickness of neck

5.45  As for stags, stalkers agreed that mid-aged, prime animals can be distinguished from younger stags or those past their prime by thickness of the neck. This is a character which is however extremely variable, depending on condition, stage of coat -–and season, since necks of all males of breeding age thicken in the rut.

· Timing of coat change

5.46 This  was again considered by many a good indicator. While it does not allow precise ageing, it was it was generally agreed that young change the coat earlier than do older animals.  

· Males only:

· [5.47] Height and angle of antler pedicles

· Antler size and shape

5.48   Antler size and shape was used by stalkers as one indicator only. Clearly antler characteristics are sufficient to distinguish between yearling males (‘prickets’ or ‘spikers’) and older animals, and old hunting tradition distinguishes between sorels 2 year olds), sores (3 year-olds) bare bucks (4 or 5 years), bucks (mid-aged adults) and Great bucks (bucks in their prime). As with other species it is clear that antler development in any individual is affected by status and feeding levels, and thus a particular stage of antler growth is not definitive of  age. However it does seem to be a somewhat more consistent measure in fallow than in some other species.

Breadth of palm (fallow have palmated antlers) does not appear however to be related to age, and seems primarily determined by nutritional status and individual dominance. 

In all cases, with time to examine the animal through a telescope, stalkers agreed that the width of the beam at the base of the antler was a good guide to age.

· Timing of antler casting

5.49  This is generally considered a helpful cue with older animals generally casting their antlers well before younger males.

Behaviour:

5.50  Almost all stalkers mentioned that they also tried to include an assessment of behaviour of animals in their consideration, where this was possible- but equally noted that this was often impractical in woodland situations. However, one respondent did note that when disturbed and fleeing through woodlands, it was always the older does (and big bucks where present) which tended to be at the back of the line. There was also general consensus that prime aged animals of both sexes were those most likely to be alert and responsive to danger; it was noted that both young and old animals tended in general to be far less alert than prime beasts. 

Roe deer

5.51
All stalkers who responded in relation to roe deer stressed  that  accurate ageing is extremely difficult and that (especially given the fleeting glimpses often offered in the concealing conditions within woodlands) relatively little selection, by age, may be possible in practical terms. Those who attempted to be selective at all, mostly selected their cull by condition and (males) antler quality. rather than explicitly by age. Many respondents confessed that their cull was  primarily targeted at population reduction, or limitation of damage, and thus selection was largely determined on the basis of a safe shot. 

 5.52   Even where a period of longer observation was possible, it was generally agreed that accurate ageing is in any case extremely difficult, and most were satisfied with a simple distinction between young, prime adult and old.  One experienced respondent noted :

“ Age of roe does is nearly impossible to determine in the field over 2 years old but identifying kids and yearlings reliably should be possible. Likewise ageing mature Roe bucks can be very difficult from 3rd head onwards (usually 6 pointer stage), until they are obviously "going back”. 
5.53   Most usual indicators were stature (slim-framed, filled out, or stocky, solid frame), the weight and shape of rump and thickness of neck and chest. One commentator noted that does mostly get longer looking in the face with age, while in the bucks the head seems to  lose its buck looks and often looks younger than the body. Facial  colour (greying with age) was noted by some, but not considered consistent as perhaps in red deer

5.54   For males, weight of antler beams and coronets were  used as  additional indicators, but it was noted that these were not foolproof . “One sometimes gets big antlers on relatively light bucks while big, heavy animals have disappointing trophies. There is more fluctuation in quality at any given age, and rather less of  a clear progression compared to other deer “

    Timing of antler casting and of change of coat were considered more reliable cues.

We may thus summarise, for roe:

Physical characteristics:

·  Overall size. 

5.55  Younger roe tend to be lighter in frame, while those of mid age have ‘filled out’ more; older animals have a noticeably heavier, solid frame and deeper chest.

· Shape of head/face; Length of head 

5.56  One commentator noted that while, as with females of other species does mostly get longer looking in the face with age, in the bucks the head seems to lose its buck looks and often looks younger than the body.

· Hold of head when undisturbed (high/low)

5.57  Head carriage was noted as a useful indicator for both sexes, with as in other species, a tendency for the neck to droop in older animals, while it is held erect in young or prime-aged individuals.

· Fullness of rump

5.58 This was considered a very important indicator of age, with does developing a heavier 

backend with age, while in males, the quarters tended to become more bony and ‘spare’

· Dished back

5.59  There was universal agreement that, as in other species young and prime aged animals tended to have a ‘square’ stature and straight back-line, while older animals tended to develop a dipped, or dished back.

· Pot-bellied appearance

5.60 One commentator only noted for roe  that this was apparent in older females.

· Thickness of neck

5.61 The length and thickness  of the neck were cited by all respondents as being key indicators 

distinguishing young, from mid-aged and old roe of both sexes, with younger animals having 

long, slim necks and with the neck thickening  with age and having in consequence, the appearance of  also becoming noticeably shorter

· Colour of face

5.62  Only some stalkers made mention of colour of face (or general pelage) in relation to roe. 

Most agreed that this was not a particularly useful character: 

e.g.   “I have never found the "pepper & salt" facial colour indicator in Roe very helpful.” 
· Timing of coat change

5.63  This was considered by many a good indicator. Once again, it does not by itself permit differentiation between all classes of animals, but it was generally agreed that the moult is delayed in older animals (of both sexes).One respondent suggested: “It is always easier to judge age of males if shot early in the season because of the early coat change in youngsters”. 

· Males only:
· Antler size and shape

5.64  No stalkers considered antler size or mass to be a good character. While it might be useful to distinguish between yearlings, possibly two year-olds and older animals “ ageing mature bucks is very difficult from 3rd head onwards (usually 6 pointer stage), until they are obviously "going back".

 5.65 One stalker noted :

“ I do not use antler size and points as major indicators for estimating the age of male roe as it is notably unreliable. Some years ago  I tagged a number of roe kids, with small ear tags ( about 50 in total). The tags on these deer were difficult to see and seldom identified in the field. Consequently the small number of marked animals shot  were culled randomly. One of these, a young buck shot when less than a year old on the 1st of May was completely clean of velvet and carrying a good six point head (dressed out in the larder at 30lb). Two of my colleagues from those days both estimated this buck to be three years old!  ”

· Timing of antler casting

5.66  It is however generally agreed that, while this may be affected by condition, in general older bucks cast their antlers and complete growth and cleaning of new antlers earlier in the season than do younger males

Behaviour:

5.67  While most roe stalkers did comment that  they also used behaviour as an indicator of age, none were specific as to what behaviours they considered characteristic of immature, mature, or old animals.

Estimators of Age:

5.68
It is important to emphasise again that no stalkers consulted,  professed to use any one single indicator in assessment of animal age (beyond identification of calves of year and yearling males with simple, single-spiked antlers.  All stressed that their assessments were based on a composite of impressions of a number of characteristics in combination.

[“I always look at the body shape & depth, coat and body condition, head shape and the quality of fawn at foot, if any”; “I don't use any one sign more a combination of several to get  to a point where I say yes or no” 

This makes formal evaluation of the validity of these assessments extremely difficult, whether in field trials (below) or by reference to published literature.  Some of the contributing factors however have a sound objective basis. In other cases lack of formal published literature does not mean some correlation with age does not exist. 

     
Inevitably in the following section  however we will concentrate on that subset of the above indicators for which there is published evidence available, and will deal with each unitary characteristic.

EVIDENCE FROM THE LITERATURE THAT THERE IS A CORRELATION BETWEEN INDICATORS USED AND AGE

6.1
I am aware of published scientific evidence supporting the idea of a correlation between increasing age and body size, head length, timing of coat change and antler shedding (although this literature is in itself largely anecdotal). There is also a documented change in antler mass and complexity, although as noted above, this is confounded past a certain stage of maturity by effects of individual condition. For no other indicators have I, to date, been able to find published material except anecdotal assertions in the hunting literature.

6.2  None of these factors however  shows linear correlation with age. Thus actual increase in overall body height, or length of skull/jaw is largely completed by full maturity and there is relative little formal evidence to suggest that for example jaw-length continues to grow throughout (although see 6.16, 6.17 below). Likewise, increase in antler complexity is probably sufficiently definitive to define precise age of males of all species until the third head, but not thereafter. 

6.3  Further, there is in all cases sufficient (statistical) variation due to cohort differences, individual differences in dominance, nutrition etc, that while good correlations may indeed be available, these do not by converse necessarily imply that the same characters are good predictors.

6.4  Thus by analogy, a very close correlation was found by Jochen Langbein in fallow deer between height of the middle (first) incisor tooth and age (Langbein, 1991). After eruption of the permanent dentition in yearlings, measured height of I1  in known-aged animals (aged from tooth eruption, or animals tagged as fawns) showed a significant linear decrease with increasing age (through wear).  Relationships within populations were highly significant (in one example, female incisor height with age: R2 0.82; males: R2 0.784); in addition however, relationships derived across 8 separate populations in different locations remained significant (females: R2 0.82; males: R2 0.778; Langbein 1991).  

6.5  Despite these high levels of correlation, however, incisor height was a poor predictor of  absolute age, since there remained substantial variation in incisor height of animals of any particular age. Thus, again as one example, the range of (known)  ages of male deer with recorded incisor heights of 9.5mm was between 1 and 6 years (although these represent extreme limits).   Nevertheless, among specimens of either sex, all those below 3.5 years of age had incisor heights above 9mm; conversely all except one animal measured, with incisor heights less than 8.5mm were over 4 years old. Thus while incisor lengths were generally too variable to allow confident classification of animals to actual year, the height of the incisor may at least allow discrimination of broad age-classes  (as indeed molar tooth wear is used by many stalkers in more subjective assessment, to estimate age of animals after death; paragraphs 11.5, 11.6 below).

6.6 Given these reservations we may explore below the evidence for patterns of change with increasing age in overall body size, head length, timing of coat change and antler shedding, antler mass and complexity.

Body size and mass; head length

6.7  Although these measures are more easily assessed by simultaneous comparison within a group of mixed age, sequential comparison may be undertaken against memorised norms. While there remains potential for error in estimation and a possible confounding effect of condition, many stalkers use body height and particularly skull length/lower jaw-length as a major contributing factor in their assessment of age in all species (except roe).

6.8 While growth rates of juveniles are often allometric and proceed in phases of rapid growth interspersed with periods of relatively little growth, young of no species reach adult stature in the first year. In general, females reach their final size earlier than males.

6.9 Roe of either sex may reach full adult size by year two, but female fallow continue to grow, albeit slowly, until perhaps 3 or 4 years of age and male fallow may not reach their final adult mass until 6 years (eg. Chapman and Chapman, 1975; Langbein 1991).  Similar growth patterns are suggested for sika by Kaji et al. (1988) and Konig and Eick (1989). Putman and Clifton-Bligh (1997) also suggest that in British sika, females may reach their final size by about 3 years of age, while males may not finally complete their growth till five. 

6.10 Finally, data summarised by Clutton-Brock and Albon (1989) suggest that Scottish red deer hinds can continue to grow until their fifth or sixth year; stags until they are six or seven. These conclusions are based largely however on analysis of increasing body weight, which may not necessarily mirror any underlying increase in actual skeletal size. In careful examination of over 4200 red deer shot in New Zealand (and accurately aged by eruption sequence, or tooth section), Challies (1978) found that actual frame size (as overall body length from the tip of the nose to the tip of the tail (excluding hair), measured over the curve of the back) did however show a similar pattern of increase, reaching maximum size in females at 4 or 5 years old in females and at 6 to 7 years in males (Challies, 1978; Figure 7)

6.11  Recognition of this distinction between body  mass and actual skeletal size may affect assessments of the time series of body growth in other species also (6.9). In most of these analyses final ‘size’ is assessed by authors primarily in relation to body mass (which we might assess in the field as ‘bulk’), while actual skeletal growth (and thus actual frame size, or ‘height’) may be completed some time before this. 

6.12  Kaji et al. 1988) reported  for  Japanese sika of Nakanoshima Island (Hokkaido) that while body mass continued to increase until around 3.5 years in females and 4.5 years in males, the main period of skeletal growth (as measured by hind footlength) was largely complete by approximately 18 months. 

6.13  Chapman and Chapman (1975) note that the growing ends of the cannon bones  of fallow deer  become fused to the bone at about 28 months (suggesting little further growth thereafter even though weight increase may be noted until maturity at 3-4 years for females and up to 6 years in males).  Langbein (1991) recorded the  change in cannon bone length and head length (measured on live deer with vernier calipers as the straight line distance between occiput and nares) for a total of  4100  captures of fallow deer (or repeat captures of the same individuals in later years). Mean cannon bone length recorded for yearlings of either sex (at 20 months)  is  significantly greater than that of fawns, but only slightly below values recorded for animals of >2 years .

6.14  In his sample of New Zealand red deer, Challies (1978) demonstrated  an increase in hind foot length  with age (distance from proximal end of the calcaneum to the tip of the hoof, with the hoof extended), only until approximately 3 years of age, when foot length was found to reach a maximum in both sexes. 

6.15  But growth in all deer species is allometric. Langbein found that head length of fallow deer continued to increase at least until 30 months, with mean head lengths, for females recorded as:

	Age in Months
	5-8
	17-20
	29-32
	41-44

	Mean Headlength in females (mm):
	207.0
	241.9
	253.2
	257.3


6.16
Eruption of the most distal tooth in the lower jaw (M3 ) occurs at between 20 and 24 months; however replacement of deciduous premolars (P2, P3, P4) is not complete until between 27-30 months; in addition all the cheek teeth are hypsodont, continuing to erupt from the jaw throughout life, and undergo well-defined mesial drift (Chapman  and Putman, 1991). 

It is thus possible that the continued growth of the head and lower jaw to 44 months are to accommodate the increasing length of the tooth row, and that some small extension of the jaw continues beyond this age.

6.17 In red deer initial eruption of the most distal M3  into the jaw occurs at around 26 months, with eruption of the (replacement) permanent premolars at between 28-30 months; as with other deer, however, actual eruption of cheek teeth (as extrusion from the jaw bone itself) continues  until the eighth year (various authors, but eg. Ratcliffe, 1987). In examination of his sample of New Zealand red deer (6.10, 6.14 above), Challies (1978) demonstrated that there was indeed a significant increase in jaw length of red deer stags and hinds until age 7 or 8.

He considered that in all probability, growth continued even beyond this age, possibly to 10 or 12 years, or even throughout life, at a decreasing rate (Challies, 1978; see also Mystowska, 1966. Challies’ own regression analyses of jaw length against (log) age in years were suggestive of a progressive increase at least until age 10 (Challies 1978; Figure 13)

Timing of moult 

6.18  Almost all general literature available on the natural history of each species confirms that  the moult occurs earlier in young animals and is delayed in older individuals. This progressive change is related to changes in hormonal levels (particularly testosterone) with the onset of sexual maturity, and decline with senescence. This is however an extremely variable character and is also strongly affected by individual condition.

Timing of antler cast and regrowth
6.19 Although the literature here is largely anecdotal, there is a general consensus in the natural history and sporting literature that older males of all species cast their antlers earlier in the year than do younger beasts, and also complete the growth and cleaning of new antlers earlier in the season. I am unaware of any formally documented evidence on this; nor would it appear that the timing of antler growth is related to age in any linear way. Rather one would expect that this factor, is likely to show a step-wise, discontinuous relationship with age and, as with coat change, is likely to be strongly affected by condition

Antler mass and complexity

6.20  Antler mass and complexity are also clearly dependent on nutritional status of the individual and the population, with antler growth strongly affected by both protein intake and availability of minerals (and especially calcium: Mitchell et al., 1977; Muir et al., 1985 ). 

6.21  There are documented cases of red deer stags in deer parks or farms, on high levels of feeding, producing antlers with up to 12 points as a first head (e.g. Staines, 1991).However, these, too, represent extremes, and, while it is perhaps difficult to assign an absolute age to animals past their third or fourth head, it is generally true that antler complexity may be used to distinguish at least between yearlings, two, and three-year olds of most species (with the exception of roe; above 5.64). Antler mass also reflects feeding quality, but diameter of the main beam does again appear to show genuine increase with age.

6.22 In all species, in the wild state, male deer may produce their first head of antlers during their first or second year of life. In the same way that onset of puberty in females, in terms of the timing of the first ovulation,  is more associated with the time taken to reach a critical threshold weight, rather than actual calendar age (red deer: Hamilton and Blaxter, 1980; Albon et al., 1986; fallow: Langbein and Putman, 1992; roe: Gaillard et al., 1992), so pedicle initiation in the production of the first antler is characteristically associated with a threshold body weight (approximately 40-50kg in red deer stags; Fennessy and Suttie, 1985). While in situations of exceptional feeding males may thus develop their first antlers in their calf year, initiation of antler growth is more commonly associated with the second year (yearling)

6.23  These first antlers may be little more than small knobs or buttons, or single spikes. In almost all cases (again, in  wild deer), these antlers are simple and unbranched. In the second ‘head’ all species commonly show the development of a brow tine (and sometimes a vestigial bez); in the third head, a (still narrow) main beam may support brow and bez, or brow, bez and trez (see for example: Putman 1988).   Beyond this point the confounding effects of condition become more apparent, and while hunting literature associates continuing gradual increase in complexity with age – classically attributing development of an extra tine per year- it is clear that this is not a simple linear increase (nor did any stalkers presume it to be).

6.24  Despite this lack of clear resolution beyond the third head however, antler development in wild, free-ranging males is sufficiently predictable to permit identification of yearlings, two year-olds and at least a class of ‘young adults’ with some confidence. Beyond that, combination of complexity and width of beam is probably sufficiently robust to allow differentiation of further age-classes, as  mid-aged, fully mature and old .

6.25  As noted earlier, just because there is a proven correlation between development of a certain physical (or behavioural) characteristic and animal age, this does not necessarily mean that the character concerned is an accurate predictor of age (6.3, 6.4).  However, as also noted, few of these characteristic show continuous change relationship with age in any event (6.2); most indicators  are thus categorical and not linear, confirming that their utility is restricted to differentiation of age- classes, rather than as indicators of absolute age  (4.4).  If assessment is restricted in this way to simple differentiation of age-classes, it seems probable that indicators used are indeed sufficiently robust to permit that coarser level of classification.

6.26 No one characteristic on its own can adequately differentiate between all age-classes. Some are capable of distinguishing young of the year, or yearlings, from adults; some for distinguishing young adults from older animals; other indicators again may permit distinction between prime-age animals and older individuals.  The lack of any single characteristic capable of differentiating between all age-classes reinforces again the need to use a combination of features in assessment (4.3).

 STALKER METHODS FOR ASSESSING CONDITION 

7.1  As in  our consideration of methods available to estimate age-class of individual animals,  we may summarise in an initial table, the main cues offered by stalkers as ways in which they might assess condition. In most cases this term was applied in an individual,  welfare-related sense (of animals in poor physical condition); however, some indicators were mentioned as being useful in selection between (genetically) better or poorer stock where selection aims to improve the overall ‘condition’ of the population.

	Character
	Can be assessed rapidly, even in solitary animals
	Takes time to assess or easier by comparison with other individuals
	Very useful
	Sometimes useful
	Rarely useful


	Condition of coat
	*
	
	*
	
	

	Visible shape of ribs
	*
	
	*
	
	

	Visible shape of pelvis
	*
	
	*
	
	

	Body mass
	*
	*
	
	*
	

	Scouring or other obvious sign of disease
	
	*
	
	*
	

	Visible injury
	
	*
	
	*
	

	Antlers-males
	*
	
	
	*
	

	Behaviour-isolation
	*
	
	*
	
	

	Behaviour-lethargy
	
	*
	*
	
	

	Behaviour-being bullied
	
	*
	
	*
	

	Feeding success
	
	*
	*
	
	


7.2  Indicators used were similar for all species, thus will be considered here in more general terms.

Physical characteristics:

· Condition of coat

7.3
It was universally noted that for animals in a given age-category, those in poorer condition tended to have a scruffier appearance to the coat, often due to an improper moult and retention  into the new coat of some proportion of the old winter or summer pelage. Thus for example, one commentator noted that animals in poorer condition tended to have a harsher coat texture with a more ‘staring’, less glossy appearance. Coat colour may also appear different as a consequence; two stalkers noted that (in red deer) there may be  “a yellow or grey tinge to the coat where the hair starts to turn back (almost woolly on calves)”.   Poor (or late-born) calves may also retain signs of spotting in the coat.


7.4 However, many stressed that care must be taken in such assessment to take account of weather conditions and effect on coat and coat appearance.

  “Some larger calves will look bad at some angles, but given a chance to turn and shake after rising can often reveal a fine calf after all. The same can apply to some hinds, especially in wet weather when they have been lying on damp ground.”  “Winter or summer coat retained long after it should be shed may indicate poor condition but there are often other reasons; coat colour and condition are also important but they can be varied by wet/mud / vegetation/ rubbing etc”.

· Visible shape of ribs /Visible shape of pelvis

7.5
While it is acknowledged that animals (and especially noted for females) may become more gaunt with age, with greater apparancy of underlying skeletal structure and generally less ‘fleshy’, most stalkers noted that condition of animals could also be assessed for animals within a given age-class, by thin-ness,  apparency of rib cage and lack of flesh over the rump. One noted that animals in poor condition appeared more ‘tucked up’ with less flesh on ribs, rump and haunches.

· Body mass

7.6
As an additional indicator of condition some stalkers also tried to make a comparative assessment of body mass. However this was primarily directed towards selection for improvement of stock, rather than elimination of individual animals in poor physical condition.  

One noted, specifically in relation to selection of young stags for those which should be allowed to go forward:  “Young staggies. By the age of two years they should be the body size of a hind, by the age of three they should be a bit bigger :- 140 - 150 lbs. If not, cull them because they will never be good stock”

Another commented: 

“My experience with farmed deer has shown that what looks like a heavy beast on the hoof may be no such thing on the scales, but that by and large condition scoring by sight is reflected in carcass quality ( as opposed to absolute weight) and this applies to wild deer also”.
· Scouring or other obvious signs of disease

7.7
Prolonged examination may reveal if an animal is scouring, while staining of the hindquarters (combined with evidence of some emaciation; above) may indicate that this has been  a chronic problem, or over a significant period. Once again, as with other physical characteristics, care must be taken  to ensure that observed changes in coat colour are not due to wet/ mud/ vegetation (para 7.4)


Other obvious signs of disease include limping, coughing, emaciation etc.

· Visible injury

7.8
All stalkers noted that animals with externally visible injuries were generally selected for culling from a purely welfare point of view

· Antlers (males)

7.9
Once again, this character was considered primarily in relation to cull-selection aimed at improving the genetic quality of the population. Most stalkers attempt to ‘weed out’ the poorest animals in each age-class in relation to antler growth. One however cautioned:

“ Knobbers especially are quite vulnerable on hill ground conditions. It would be easy to keep culling off potentially poor specimens and end up with a very low recruitment overall. It's nice to selectively cull and produce a greater number of spikers instead of knobbers, but like infant males in many species, stags tend to be late developers, They really begin to show their real worth at the age of three when their antler shape should indicate their future growth trend.”

Behavioural indicators of condition:

· Isolation /being bullied

7.10 Most stalkers agreed that signs of  being bullied within the herd, particularly within a group of animals of similar general age, was generally an indication of an animal which might be sick or otherwise in poor condition. Animals which were drawn apart from the rest of the group were likewise viewed with suspicion.

· Lethargy 

7.11
Lethargy was another behavioural indicator noted as characteristic of animals which were potentially in  poor condition.  

    [ “Failure to shake regularly when wet, being the first to lie down after running, lagging behind the group on a prolonged run, or sometimes those animals which take risks lying in vulnerable places or out feeding early or in risky locations are sometimes doing so because they are in poor condition and have to take risks to survive”.]
· Feeding success

7.12
Many stalkers attempted to select animals with broken-mouths (animals which have started to lose teeth) on the presumption that these will be unable to feed as effectively and will thus(even if it is at some point in the future) deteriorate in condition, particularly where environmental conditions are harsh. As with most behavioural cues, such selection presumes a period of observation, and use of a telescope, but it was noted that

         “you can tell the condition of an animal’s teeth by the way it pulls at grass or heather “

7.13   Finally one might note that, against his own kind, one stalker concluded: “Don’t forget stalkers will often find excuses for shooting a particular animal and it could be that animals in poor condition get shot just because they are less wary rather than because they were selected”.

FORMAL CONDITION SCORING FOR WILD UNGULATES

8.1
In an attempt to formalise these somewhat subjective assessments into a more formal appraisal, Riney (1955, 1960) produced a 5-point condition score for assessment of  (physical) condition of wild deer (specifically red deer).This has subsequently been modified and used by others for assessing condition of other free-ranging ungulates (eg ponies: Gill, 1987; Burton, 1992). Riney’s condition index was based on assessment, by relation to established standards, of the amount of  flesh covering ribs and rump. What was new was that it standardised assessments and assigned a specific score in relation to a defined scale (portrayed by actual diagrammatic illustration of animals in each of the five defined categories).

8.2     Riney’s score was never formally validated by comparison with other, more objective, measures of condition, although Burton (1992) has shown that the seasonal pattern of variation in the subjective score of condition of New Forest ponies was closely correlated to seasonal pattern of the level of kidney fat assessed in road traffic casualties. [Direct comparison of  external condition score and internal deposition of fat within this RTA sample was not possible, since assessment of the Riney score on recumbent animals proved extremely difficult.]

8.3  However, as noted above, Riney’s index takes account only of physical attributes, and takes no note of overt signs of disease or injury, or of behavioural cues. In effect, as with the Body Condition Scores used in assessment of condition of domestic livestock (from which it was derived) it offers simply a  method for formalising a subjective assessment of the depth of  subcutaneous fat (e.g.  Zulu et al., 2001; Broring et al.,  2003).

REVIEW OF LITERATURE FOR METHODS USED FOR THE ASSESSMENT OF PHYSICAL CONDITION OF LIVESTOCK AND THEIR ACTUAL CORRELATION TO OTHER DIRECT MEASURES OF CONDITION

9.1
Condition ‘scores’ are widely used in the monitoring of body condition and welfare in domestic livestock (e.g. Lowman et al., 1976; Edmondson et al., 1989; Aumont et al. , 1994; Bocquier et al., 1999; Burkholder, 2000; Winckler et al., 2003; Pryce et al., 2001; Banos et al., 2004). 

9.2
By convention, condition is assessed
 on a five-point scale (although many workers then subdivide this into half-units or quarter units, in effect, assessing condition on 10 point or 20point scales).  As above, these scores are almost all based on qualitative assessment of subcutaneous fat, or muscle coverage, of ribcage and rump (see for example, explanations of methods in  Lowman et al., 1976; Edmondson et al., 1989). A number of more recent studies formally assess the degree of correlation which may be achieved between the subjective Condition Score, and more direct methods of measuring depth of subcutaneous fat in sheep, cattle ( and laboratory mice;  Zulu et al., 2001; Broring et al., 2003; Easterly et al., 2001).

9.3  Zulu et al., for example, scored the condition of 28 Friesian-Holstein cows, on the (univerally-used) 5 point scale – but scoring to the nearest quarter-point!  Condition scores were then compared with direct ultrasound measurements of depth of back-fat at the lumbar transverse process, thurl, and head of the tail, making measurements at six locations in all. Depth of back fat measured at all six locations was significantly correlated with estimated condition score (with correlation coefficients between 0.67 and 0.72)

9.4  Aumont et al. (1994 ) extended the application condition scoring methods to Creole goats, testing to see what might be the accuracy and precision of standard methods in assessing body  condition. Body condition score (BCS) of 5 levels (with halves!) was based in this case on palpation rather than simply visual assessment.  Repeatability and reproducibility of BCS was high (88% and 80% respectively), when scoring was restricted to integer scores; use of more than 5 score levels appeared to be unreliable (Aumont et al., 1994). 

9.5  A particularly useful analysis is offered by Broring et al. (2003). Spring calving beef cows from two different strains were used in two distinct trials to determine the effectiveness of BCS methods in predicting body condition. In the first trials, data were collected on body condition score and back-fat ultrasound measurements at three different stages of the production cycle (dry, nursing and post-weaning). Condition scoring was by three different assessors, while backfat determination was always carried out by the same technician.

Visual scores proved to be positively but inconsistently related to back fat measurement.

9.6  In the second trial, comparison was made between two different condition scoring methods: general condition score based on the traditional overall visual assessment (with scores from  1- 5 increasing in half-units) and a ‘specific-site’ estimate based on visual assessment of condition at six identified sites on the animal’s body (with scores ranging from 6 – 30).  

9.7  Differences in condition scores between recorders with different levels of experience were observed with the general method , but were removed by use of the site-specific method.  

Precision of estimating actual ultrasound measurement (R2) was improved from 54% for the general scoring method, to 64% for the specific-site assessment when scoring was carried out by experienced assessors (Broring et al., 2003).

9.8
A number of general points emerge from these various analyses. In general

· Visual determination of body condition (or back-fat) may be consistently related to actual depth of subcutaneous fat – but resolution is poor and correlation is weakened if estimators attempt to use more than 5 or 6 categories.

· Estimation of subcutaneous fat levels and attribution of an accurate condition score may show some considerable variation between observers and improves with experience

· Reproducibility of condition score (and its relationship to actual subcutaneous fat level) is improved if assessments are focused on specific sites (rather than based on overall ‘impression’) 

· Consistency and reproducibility are also improved in general where a number of specific measures are combined (i.e. more than one measure is taken into account; note above: paragraph 9.7)

9.9  Note however, that almost all condition scoring offer estimates in effect of subcutaneous fat only and few analyses explored relationship of BCS with other estimators of condition. In practice, in deer as in other ungulates, the order of deposition of fat is bone marrow, followed by the fat around the internal organs (kidneys, omentum, intestines), and with  subcutaneous fat deposited last in the sequence (when other reserves were well-established). Mobilisation of fat is in the reverse order, with use of back fat  before that of internal fat, and with bone marrow fat levels reduced only in later stages of malnourishment (Riney, 1955; Langvatn, 1977).

 9.10   Thus estimators such as formal condition scoring, focusing as they do on assessment of back-fat, are in fact only sensitive to changes of condition over the upper end of the full condition range. This may not in itself constitute a serious constraint, since it is apparent that there remains sufficient ‘range’ in condition as assessed purely from this estimator of back fat to permit discrimination of animals in better or poor condition, and animals which have started to mobilise bone-marrow reserves are in very poor shape indeed.

9.11  However, scores employed in livestock husbandry inevitably extend over a range of values which are themselves above those which might be appropriate in application to free-ranging ungulate species. All are in effect ‘top-skewed’ : all include a score category for ‘over-conditioned’ (or obese), and even score levels below that may still reflect higher levels of back fat than would ever be expected in wild cervids. Both the five-point score itself , and the criteria used for allocation of an animal to categories  within that scale, thus need some redefinition in application to wildlife (Riney 1955, 1960).

9.12  One final point should be stressed: that however they may be modified to ‘fit’ deer and other wild ungulates, these condition scoring methods do take account only of one aspect of condition (subcutaneous fat) and reliance on that to the exclusion of other parameters may compromise overall estimation of condition/welfare by ignoring other key factors.

9.13    Other workers have attempted to  ‘translate’ methods used in domestic livestock husbandry to wildlife, in estimation of other physiological parameters, such as body weight (eg. McCullough and Talbot, 1965).  For the most part, however, these methods require physical measurement (rather than visual estimation) of height and girth  - requiring capture and physical restraint. In consequence, neither these methods, nor the relationships established, are in general suitable for assessment of condition from simple visual observation. 

BEST METHODS?

10.1
Whether for estimating animal age or condition, all stalkers stressed the need to integrate assessment of a number of different characters in combination. Broring et al., (2003) show more formally that use of a number of discrete and distinct site-specific measures improved condition estimates even when only considering one particular parameter (sub-cutaneous fat). It is thus clear that in developing methods for estimating age and condition of deer in the field, we should be seeking to select a number of independent estimators which may be used in combination (yet not so many that methods cannot be standardised)

10.2 At the same time, Broring et al. (2003) also show that repeatability and reproducibility of estimates (of condition) improved when measures were standardised to a defined set of ‘assessment points’ as against situations where observers simply recorded some overall subjective impression.  We should therefore be seeking to determine some ‘convention’ in what is recorded.

Age determination:
10.3   In relation to age, the most consistent methods offered by stalkers appeared similar for all species (with perhaps the exception of roe), so indicators recommended here are the same for all deer species. It is noted that no method will permit accurate estimation of absolute age in the field and thus that indicators should be used merely to discriminate between young of the year, yearling, young adult, prime-aged adult and old adult. Use of this ‘coarser grain’ of estimation of age-class  (as indeed practised already by most stalkers) further increases actual  accuracy  with which the indicators below may be used to ‘place’ any individual

· Overall height

· Shape of head/length of head

· Depth of chest in relation to length of leg

· Angle of neck/hang of head

· Dished back/pot bellied

· Behaviour

    - with the presumption that  oldest animals tend to lag when groups of animals are disturbed.

· Antler shape and configuration, and length of pedicles  may be used to distinguish yearling males, two-year old males and a further class of young adults; old animals may be recognised (if this is assessed in combination with other estimators above) by thickness of antler beam. 

10.4  Restriction to this list is not to say that other measures mentioned in Section 5 (5.1- 5.68) are not recognised as valid or useful; simply we seek to define a restricted ‘short-list’ (10.2, above) and this list seems to represent the 6 or 7 most consistent indicators.

Determination of condition:
10.5   No attempt is made here to offer measures designed to select ‘inferior’ stock which might be culled to try and improve population (genetic) condition. Consideration is restricted to methods which may be used to assess individual (physical) condition. Once again we seek a restricted shortlist of consistent measures – and methods which may be applied rapidly wherever possible since in many situations no long-term observation may be practical.  

· Condition of coat

It was universally noted that for animals in a given age-category, those in poorer condition 

tended to have a scruffier or harsher appearance to the coat. Poor (or late-born) calves 

may also retain signs of spotting in the coat. 

Care must be taken  to ensure that observed changes in coat colour are not due to wet/ mud/ 

vegetation (para 7.4)

· Visible shape of spine, with underlying neural processes obvious in animals in poorer condition.   Perhaps scored on a scale of 1 (poor) – 5 (good)

· Visible shape of pelvis (rounded or flat;  pin bones obvious or well covered; rump rounded at base of tail, or clear cavity apparent between pin-bones and base of tail). Likewise perhaps scored on a scale of 1 –5

· Scouring or other obvious signs of disease (such as limping, coughing, emaciation etc)

It is clearly important to remove animals which show obvious signs of disease.

· Visible injury
· Behaviour:  isolation /being bullied; lethargy

· Feeding behaviour may also be used to assess whether or not an individual is broken-mouthed (paragraph 7.12) 

A BRIEF REVIEW OF METHODS FOR ASSESSING AGE AND CONDITION FROM CARCASE AFTER CULLING

11.1
Any formal attempt to validate field determination of age and condition of deer before culling will necessarily involve comparison of that field assessment with age and condition determined more accurately post-mortem.

11.2   In one of the better practical reviews available (an edited volume arising from a wider workshop), Langvatn  (1977) reviewed the range of physical measurements which could be made on a deer carcase in estimation of physical condition, growth and development. Measures considered  were

Body weights

Total weight




Field-dressed weight




Carcase weight

Body size

Length of the animal
Body circumference

Length of hindleg

Length of foreleg

[In addition, Langbein and Putman (1992) routinely measured overall head length]

Antler mass



Skeletal measures
Mandible length and depth

Metacarpal length


Metatarsal length




Femur




Sternum


Scapula

Fat deposition

Index of depth of back fat



Kidney fat index



Fat content of marrow in long bones/mandibles

11.3  Many of these measures are perhaps more suitable for full-scale research investigations than for application in the field, but certainly those in the body weight, body size and fat deposition  categories are readily measured in the larder and reflect respectively, animal age and condition.

11.4  In a subsequent, unpublished report for the New Zealand Forest Service, Challies (1978) offered a separate and independent review of measures which might be derived from carcase measurements, specifially for red deer,  as indices of what he referred to as population “well-being”. Four groups of measurements were investigated by Challies: overall skeletal size, body weight, body fatness and female fecundity  (the proportion of females within a population either pregnant or lactating). While primarily developed as indices to compare trends in  the condition of a whole population over time, Challies also recognised that the first three characteristics were  also applicable in comparison of the condition of one individual against others of the same population.

11.5  Challies obtained measurements from some 4200 red deer carcases sampled at three-yearly intervals, over a total period of 10 years, over which period, numbers in the population studied were being rapidly (and significantly) reduced by hunting. He was thus able to assess  

i) the degree of change apparent in each of the different parameters measured from the beginning of the cull period to the end (when, at reduced density, condition of animals remaining might be presumed to be improving)

ii) validity of the measures as indices of  individual or population condition

iii) sensitivity of the different measures to changes in population condition.

Challies also developed and tested a number of derived measures which he felt particularly well-suited to assessing condition and condition change. 

11.6  Challies concluded that the best estimates of condition would be obtained using a combination of measurements. Leaving aside measures of female fecundity, as applicable only to changes in condition of the population as a whole, Challies considered the most appropriate estimators were jaw length as an index of skeletal size, and an index of ‘carcase weight for size’.

Challies measures were however complex and all depend in essence on generation of standard curves for what would be expected to be the average jaw length or weight for an animal of the same known age and size. Thus, jaw length of individuals, or cohorts, are compared against an ‘average’ curve for expected jaw length; likewise, body weights of animals of given age and size are compared against a standardised norm (calculated over the full 4200 animals sample) of what would be the expected bodyweight for an animal of that age and stage of skeletal development.

  In my view, these measures are simply not suitable for applicable in routine larder examination.

11.7  Challies did also consider the validitly/utility of various measures of fat deposition in estimation of individual or population condition. As do others, he notes that  the first tissue to respond to positive nutritional balance in deposition of fat is that of the marrow of the long bones, which is usually fully-saturated before there is much accumulation of fat in the other centres. This is followed in turn by abdominal fat and finally subcutaneous fat. The mobilisation of these fat reserves is in the reverse order (Challies, 1978; see also Riney, 1955; and see above, 9.9).

Challies argues (after Riney, 1955) that marrow fat is likely to be a useful indicator of condition only at the lower end of the fatness range, and subcutaneous fat only at the upper end of the range (9.10). Abdominal fat is thus considered to have the best range of sensitivity for a general purpose fat index. 

11.8 Formal (and accurate) estimation of  kidney fat requires dissection and weighing of the fat at the ends of the kidney (Riney, 1955), or of the whole perinephric fat depot (Mitchell et al., 1976), with fatness assessed in relation to the actual carcase weight of the whole animal (Challies actually prefers correction by his statistically-derived ‘standard weight’ for an animal of given age and size); once again this seems rather over-complex for standard larder use by comparision with the simple visual assessment of the approximate percentage of  kidney body covered by fat.

11.9  Once again, many of Challies’ specific measures are perhaps more suitable for full-scale research investigations than for (rapid) application in a practical management context.  However it is clear from these studies that measures of  body weight, body size and fat deposition do accurately reflect animal age and condition. Based on these conclusions,  I present below some simplified measures which may be suitable for general management usage.

Estimation of Age:

11.10  Body girth (Riney, 1955; Langvatn, 1977), head length (or length of mandible; Langvatn, 1977; Challies, 1978; Langbein, 1991), and overall body size (length of foreleg or length of hind leg; eg. Chapman and Chapman, 1975; Challies, 1978; Kaji et al. 1988), are considered consistent indicators of age. Body weight reflects both age and condition, and may be useful for assessing relative condition of animals of known age, but is perhaps because of the interaction is perhaps less useful to our considerations here. 

11.11  Many stalkers however, already attempt to assess age of culled animals more accurately from examination of the pattern of  tooth eruption and tooth wear. Tooth eruption sequence allows accurate estimation of age until the stage where all permanent molars and premolars are present within the jaw. [Keys are available for red deer  in (e.g.) Lowe, 1967; Mitchell and Youngson, 1969; Ratcliffe, 1977, 1987; for fallow: Chapman and Chapman, 1970, 1975; Mercer, 1975;  for roe: Aitken, 1975; Ratcliffe and Mayle, 1992; Prior, 2005)]  Thereafter, age estimation is generally dependent on examination of patterns of tooth wear (again, references as above). 

11.12  Tooth wear is a more subjective measure, and may show considerable variation  between animals of the same age, both within, and especially between populations. However, the validity of any method must be assessed against the accuracy required, and age-estimation from tooth wear is certainly sufficient for discrimination between adult animals which are young, mid-aged or old.

11.13 Since we have already suggested that age-estimation in field methods should be restricted to separation of young of the year, yearling (both clearly identified by stage of tooth eruption), and thereafter young, prime-age and old adults, tooth wear presents a robust and suitable method for larder use.  Since most stalkers already attempt ageing, at least to this level of distinction, from tooth eruption and wear, this should be the method of preference for any future studies comparing field estimates with larder estimates of age.

[11.14 It should be noted, after Putman (2003), that while many stalkers do attempt more accurate age-determination of culled animals, to determine absolute age in this way, is of limited utility in general management terms, and in fact has application only if managers wish to attempt some independent estimate of  past population size/ structure through cohort analysis; (Putman 2003)]

Estimation of Condition:

11.15   Riney (1955) and Challies (1978) both offer careful review of the most appropriate estimators of physical condition in deer. Both considered estimates of back fat of limited utility in estimating condition since these allow discrimination (above) only between animals at the best levels of condition. Measurement of abdominal fat levels potentially offered a better parameter for assessing condition over the full range  but was found to have a rather narrow scale (small differences between best and worst) making accurate discrimination difficult. 

11.16  Overall, both Riney (1955) and Langvatn (1977) considered that estimates of percentage cover of kidney fat were more consistent, offered comparison between animals over a wide range of body condition, and closely reflected actual body condition. Both authors felt that this index offered the most satisfactory method overall for assessing actual physical condition.

11.17    For our purposes therefore we may consider that ageing animals by tooth eruption and tooth wear to the categories of young of the year, yearling, young adult, prime adult, old adult

and estimation of physical condition by assessment of any obvious injury, and subjective determination of the percentage fat cover of the kidneys will provide suitably robust measures of true age and condition of lardered carcases. 

B. TRIAL DESIGN:

12.1  Despite the fact that there would appear to be some physiological basis for some of the indicators used by practitioners in estimating age and condition of animals in the filed, there appears to have been no formal test of accuracy or reliability of these indices. Indeed a number of stalkers openly admitted that they made mistakes; one estimated that he was correct in age estimation to within one or two years about 80% of the time. 

12.2  Part of the remit for this current project was thus to devise trials to try to assess the accuracy of field methods in estimating age and condition.  After consideration and discussion, two independent approaches are suggested below. First I present a design for the obvious self-calibrated field trial, comparing estimated age/condition of culled animals from visual observation before the shot is taken, with estimates of age and condition  of the same animal determined subsequently in the larder.  While this may be the obvious approach to such an investigation, it is clear that it is extremely difficult to ensure ‘honesty’ of reporting and overcome conscious, or completely subconscious adjustment of (field or larder) estimates a posteriori to minimise mis-match. Stalker performance may in any case be artificially ‘enhanced’ in such trials, simply because they are aware of being involved in this validation exercise and so may take greater care in selection.

12.3  A complementary study is thus also proposed to assess overall the selection apparent in the whole cull by comparing age-profiles and condition profiles recorded for past (completed) culls by stalkers who profess to be selective in the cull, with profiles returned by stalkers who have been culling completely unselectively. Many stalkers do maintain formal cull-sheets on which they record age and condition of animals shot; for some Estates these records go back a considerable number of years.  If selective stalkers are indeed able to select accurately for age/condition, then age profiles returned by them in the cull as a whole, should differ significantly from those returned by unselective cullers.  

FIELD TRIALS

12.4   It would be impractical, and inappropriate, to devise trials to test the validity of individual measures/indicators of age or condition, since all stalkers consulted stressed that they are guided in assessment by a combination of factors and it is clear that it is that simultaneous assessment of a number of different characteristics in combination which leads to greater (presumed) accuracy (9.8).  Equally, it is clear that trials have to be formalised to some extent – and that estimates based on a number of specified characters tend to be more accurate (and reproducible) than those based on an unstructured overall impression (9.7).  

12.5 Trials suggested below thus employ the (restricted) suite of characters identified above in Section 10 (10.1 – 10.5) for stalker assessment of age and condition in the field, and seek to compare these with estimates on the larder based on tooth eruption/tooth wear and kidney fat (11.12)

12.6  Given the balance of management objectives (for sport/control/control of damage) in Scotland, it seems unlikely that culling of fallow or sika is likely ever to be selective in any circumstances. It is thus suggested, in the interests of economy and focus, that initial trials are restricted to roe deer and red deer, the latter considered both in woodland habitat and on the open hill.

12.7 It is proposed that DCS, or other contractor, recruits volunteers who will record during the 2005 stag/buck  season and 2005/6 hind/doe season, estimates of age and condition based on visual assessment protocols below, and subsequently offer an independent assessment of age and condition from larder measures.

12.8   I  personally believe that volunteers sought should all be experienced, rather than attempt to recruit a cross-section. It is accepted from the outset that ability in estimation will increase with experience; but, since the primary objective of this project would be to assess the validity of methods themselves (if used to best practice) then it is appropriate to test the methods as used by experienced practitioners. [In addition, in previous experience of such surveys (e.g. BDS Survey of shot placement and wounding frequency), it proves, in any case,  extremely difficult to establish a balanced cross-section of stalkers of varied age and experience.]

An attempt should however be made to balance representation of those stalking roe, those stalking red in woodland/forested habitats and those stalking red on the open hill.

12.9  Methodology is simple. Stalkers merely record their assessment of individual animals in relation to the criteria established for assessing age and condition on the hoof (10.1-10.5); record an overall estimate of age and condition, and then record estimates of age and condition of the same animal after lardering. A standard proforma is presented here (Appendix) to ensure consistency and to ensure that stalkers use only the cues identified in reaching their assessment.

12.10 Trial sheets should be collected at the end of the male and female seasons, respectively, and analysed by DCS or by an independent statistician.

ANALYSIS OF PROFILES OF PAST CULLS

12.11 As noted (12.2), it will be extremely difficult to ensure ‘honesty’ of reporting and overcome deliberate, or completely subconscious adjustment of (field or larder) estimates 

a posteriori to minimise mis-match. Thus it is suggested that a complementary analysis examines age and condition profiles  of animals shot in past years by those professing to cull selectively and those who cull completely unselectively, to explore whether or not there is any evidence that those attempting selective culls do indeed achieve selection in the overall cull.

12.12  Ideally analysis would be of cull records from Estates independent of those considered for field trials (though complete separation may not be practical). Sampling should be structured by stalker, rather than by Estate (where Estates may employ more than one stalker, or where the personnel have changed over the sample period.

12.13  Data from past culls from selective and unselective practitioners should be sought where possible in electronic form; where available only as paper records, time will need to be cosseted for transferring these into electronic format.

12.14  Analysis should be based primarily on the (larger) female cull, since in any case, other factors (such as trophy quality) may affect selection of males. Age-profiles of selective and unselective harvests should be compared (in terms of percentage age-class frequency), and  likewise comparisons made of condition of animals shot (after the effects of age have been removed).  Statistical treatment will be by straightforward frequency analyses, with multivariate methods employed if appropriate to seek interaction between age and condition. This may, once again, be carried out in-house, or by outside contract.

SCOPING THE TRIALS

12.15  No attempt has been made to recruit volunteers for field trials or to assemble relevant details of past culls until confirmation is received from DCS that they are happy with the form of trials proposed. Instead, the contract brief is interpreted as exploring/ scooping the potential for such trials.

Field trials

12.16  I myself have already received offers from a number of stalkers to become involved in any trials of this nature. My ‘network’ is however inevitably restricted by personal contact, and is heavily biased towards those managing sporting populations of red deer on the open hill.  Selective culling of red deer in woodland may be a difficult ‘category’ to establish, since most woodland culling of red deer (whether in Scotland, or in England) aimed at reducing numbers to minimum presence and is thus carried out unselectively. In the same way much culling of roe is carried out unselectively simply to reduce numbers in vulnerable woodland areas. It may be necessary to extend sampling to the more selective stalking of roe carried out for sporting purposes in some woodland areas in southern England.

However, through their regular involvement with Deer Management Groups all over the country, DSc’s Deer Officers may be able to suggest other suitable ‘recruits’ for both woodland red and woodland roe categories. 

Age- and condition- profiles of selective vs unselective (past) culls:

12.17  Unselective culling of red and roe in woodlands is primarily carried out in Scotland by the Forestry Commission (and Forest Enterprise). Their involvement in/collaboration with such trials is seen as crucial to success in establishing cull records from unselective culls. 

Data on woodland reds may be available through the FCS’s Deer Officers, or through the Forest Research Station (Roslin or Alice Holt).  Some additional data may be available for red deer from eg. RSPB Abernethy,  or woodland restoration/ regeneration sites operated by SNH or NTS.  

12.18  Age and condition data from unselective culls of woodland roe may also be available from FCS Deer Officers, or from the Forest Research Stations. [I know that the Forest Research Station at Alice Holt for example retains an extensive time series of cull records for roe deer in  5 or 6 forests in Scotland, and a further 6 south of the border]

12.19  Data for unselective culling of red deer on the open hill may also be available from NTS or SNH (eg. data for Kintail, or Creag Meagaidh), or from other, private, estates where major reductions in population have been effected over recent years (e.g. Knoydart estate, Coignafern?, Inchnadamph? other Priority site areas such as Caenlochan?). 

It is suggested that DCS themselves may be best placed to select sites (and secure cooperation!)

12.20 DCS Deer Officers, through their greater familiarity with Area DMGs, may also be in the best position to identify possible sources of data for selective culls of woodland red deer and roe; although I am aware that Andrew Yool at Auchtertyre has kept detailed records of roe culls and may be able to access others from Estates in England.

12.21 Stalkers on many private Estates maintain careful records for  culls of red deer on the open hill. An immediate search through my files reveals electronic data for 10 years or more for  8 large Estates and paper data not yet transcribed to computer for a further 5 (and that is from a preliminary trawl of members of only 5 DMGs to date). This will perhaps be the easiest category for which to source data (subject to permission being granted by the Estates concerned for use of the data in this way).

COSTINGS

12.22   For both field trials and retrospective analysis of past cull data, most private Estates/ stalkers will probably volunteer collaboration with this investigation, as, I imagine would NTS, RSPB and SNH. Involvement of FCS and access to/extraction of  past data may involve staff time and thus involve some cost implication, but this cannot at present be estimated.

Other costs are simply those associated with coordination and analysis.

12.23   Estimates for time requirements are presented separately for the two trial elements suggested (A: Field Trials; B: Analysis of Past Cull Records of selective vs unselective harvest)

A:   
Establish protocols, recruit stalkers and 1 day ‘training’ meeting


4 days


Data entry to computer by technician  8 days @ cheaper rate

[considered here equivalent to  4 days full consultancy rate; thus


4 days

Analysis and Preparation of Report






6 days

B:
Contact suitable sources for past cull records




4 days


Data entry to computer for those not already in electronic form; estimated

16 days @ cheaper rate, considered equivalent to 8 days full consultancy rate
8 days

(approximate estimate only, since number of paper records unknown)


Analysis and Preparation of Report






4 days

Totals:    (A only)  14 days;  (A+B) 30 days. 

Estimated at consultancy rate of £285 per day

Totals:    (A only)  £4000;  (A+B) £8550.


Notes: 

i) Some economies can indubitably be made if  DCS staff take responsibility for recruiting stalkers and training (A) and for finding suitable sources for past cull records (B)

ii) These costs do not however include any element of overheads and will be increased accordingly if the contract is offered to an institution which levies such charges.

iii) As above, costs do not include any provision for possible cost implications of involvement 

of FCS or SNH in data  provision.
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APPENDIX:     Possible data recording sheet for field trials

Date:



Stalker I/D:


Animal I/D:


Species:

In the Field
Please circle appropriate response, or include notes where requested

[1.   Estimators of Age]

Height 

   
Young of Year
Shorter than adult
 Average      
  Tall

Shape/Length of head
Chubby/short

Shorter than adult
  Average
   Long

Depth of Chest/

     Shallow

   Average


Deep

in relation to length of leg

Angle of Neck

        Erect

    Angled


Sagging

Dished back/pot belly



        No


   Yes

Behaviour   [include any notes]

Male antlers


 None
  Single spikes    Simple antlers     Complex      Going back

  (or  buttons)

Beam thickness



   Narrow



Thick

[2. Estimators of Condition]

Condition of Coat



Harsh/Staring



Good

Covering of spine

Poor (1)

2
 
3
 
4
 (5) Good

          [Spinal processes very apparent]



             [Well-covered]

Rump rounded/flat 

Poor (1)

2
 
3
 
4
 (5) Good


[Pin bones/base of tail very obvious]





     [Rounded/fat]

Scouring/other signs of disease  [include any notes]

Visible injury  [include any notes]

Behaviour  [include any notes]

------------------------------------------------------------------------------------------------------------------------

OVERALL ESTIMATE IN THE FIELD    [Please circle appropriate response  ]

Age

Young of Year     Yearling
 Young Adult
   Prime Adult     Old      Very Old
Condition
Very Poor (1)

   2

3

4

( 5) Good

------------------------------------------------------------------------------------------------------------------------

In the Larder

Please circle appropriate response

Age from teeth   Young of Year     Yearling   Young Adult   Prime Adult     Old    Very Old

Kidney Fat (%)
    0

 <25%
  26-50%
 51-75%
  >75%
