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The Management of Red Deer 
in Upland Forests

P. R. Ratcliffe

W ildlife and Conservation Research Branch,
Forestry Commission

Introduction
V irtu ally  all a ttem p ts  to  m anage  red  d eer in  com m ercial 
fo rests have invo lved  a reac tion  to  ‘un accep tab le ’ d eer 
d am age by  fencing  an d  b y  u n p lan n ed  sh o o tin g , a im ed  at 
re d u c in g  th e  n u m b e r  o f c u lp rits  and  th e reb y  red u cin g  the  
eco n o m ic  loss. In  m an y  cases th is ap p ro ach  has failed to 
satisfy  th e  ob jec tives. Such fa ilures d em o n stra te  an  u r 
g en t n eed  fo r m o re  in fo rm a tio n  an d  a b e tte r u n d e rs tan d 
in g  o f red  d e e r p o p u la tio n  d y n am ics and  th e ir  rela
tio n sh ip  w ith  th e  seq u en tia l changes in  th e  age classes of 
th e  fo rest.

Since p reh is to ric  tim es th ere  has been co n tinua l re 
m oval o f B rita in ’s native  forests. T h e  deforesta tion  
accelerated  co n sid erab ly  d u rin g  th e  18th c en tu ry  b u t the  
tre n d  w as reversed  follow ing th e  c rea tion  o f th e  F o restry  
C om m ission  in  1919, since w hen  th e re  has been  a steady 
increase  in  th e  a rea  o f  afforested  land . T h e  greatest ex
pan sio n  has been  in th e  u p lan d s over th e  last 25 years 
(H o lm es , 1979). In  Sco tland , th e  average ra te  o f  p lan tin g  
has b een  be tw een  20 000 an d  30 000 hectares p e r year in 
recen t years (F o re s try  C o m m ission , 1986) w ith  an in 
creasin g  p ro p o rtio n  be ing  p lan ted  by  p rivate  landow ners.

F ive  m illion  h ectares (75 pe r cen t) o f  S co tlan d ’s land  
area  rem ain  treeless and  m ost o f  th is land  is u sed  ex ten 
sively for h ill sheep  p ro d u c tio n . A b o u t h a lf  o f th is is also 
occup ied  by  red  deer. T h e  ecology o f red  d e e r occupying  
treeless m o o rlan d  in  Sco tland  has been  th e  sub ject o f 
in tensive  s tud ies over th e  past 20 years. T h is  w o rk  was 
rev iew ed  by  M itche ll el al. (1977). T h e  m anagem en t o f 
red  d e e r po p u la tio n s as a p rim ary  form  o f land  use is 
d iscussed  in R e d  deer management (R ed  D eer C om m is
sio n , 1981). T h e re  is con sid erab le  p o ten tia l for a land  use 
change to  fo res try  and  it is e stim ated  th a t a fu r th e r  1.7 
m illion  h ectares cou ld  be  a fforested  (H o lm es , 1979).

T h e  co n sid erab le  dam age th a t red  d eer can inflict on 
co m m erc ia l fo rests is well d o cu m en ted  (M itchell et a l., 
1977; C o o p er and  M u tc h , 1979; R atcliffe  an d  S taines, 
1982). C ooper and  M u tch  (1979) em p h asised  th e  p o ten 
tial p ro b lem s associated  w ith  a ttem p ts  to afforest up lan d s 
on o r ad jacen t to h ig h  d en sity  red  d eer ran g e , w here  
p e rim ete r  fencing  is the  m ajo r con tro l stra tegy . It is not

gen era lly  rea lised , h o w ev er, that alm ost 240 000 ha (45 
p e r  cen t) o f S ta te  fo rests ly ing  w ith in  the  red  d ee r range 
o ccu r in th e  so u th  an d  w est o f  Scotland and  do no t have a 
p ro b lem  o f d ee r m arau d in g  from  ad jacen t range  and  do 
n o t u tilise p e rim ete r d eer fencing. R ange  expansion  over 
th e  past 2 0 -3 0  years has resu lted  in h igh  d ensity  residen t 
p o p u la tio n s in these  areas (R atcliffe , 1984a). E ven in 
fenced  areas, co lon isation  has occu rred  and  sim ilar d en si
ties can be found .

T h is  B ulle tin  is p rim arily  con cern ed  w ith  the  m anage
m en t o f  re sid en t p o p u la tio n s o f  red  d eer in com m ercial 
fo res ts, and  gives p ractica l p rescrip tio n s for d eer m anage
m en t based  u p o n  so u n d  data  collection  and scientific 
m e th o d . A ll such  p re scrip tio n s m u st be  a im ed at p a rticu 
la r , w ell-defined d eer p o p u la tio n s o ccupy ing  d iscrete  
ranges. T h e re  is an  im p o rta n t em phasis th ro u g h o u t upo n  
p red ic tiv e  m an ag em en t, ra th e r th an  a re trospec tive  ‘sh u t
tin g  th e  stab le  d o o r’ re sponse  to unaccep tab le  conditions. 
T h e  assessm ent o f  p o p u la tio n  size and  b ir th  an d  death  
ra tes is exp la ined  to g eth e r w ith  th e ir  use as a basis for 
se tting  cull levels.

T w o  separate  p ro b lem s exist: i) the  con tro l o f  m ara u d 
in g  d eer from  ad jacen t o p en -ran g e , and  ii) th e  m anage
m en t o f endem ic  re sid en t p o p u latio n s. A lm ost all the  
available lite ra tu re  refers p rin c ip a lly  to the  fo rm er 
(M itchell el a l., 1977; C o o p er an d  M u tch , 1979; R ed 
D e e r C om m ission  A n n u a l R ep o rts  1965-1981).

D e e r are usually  m anaged  by a ttem p ts  to con tro l their 
n u m b ers  to achieve a red u ctio n  in  dam age and  na tura l 
m o rta lity , and  by th e  exp lo ita tion  o f  su rp lu ses from  veni
son  an d  from  tro p h y  h u n tin g . It is d ifficult to m anage 
d eer po p u latio n s if  there  are f req u e n t, unco n tro lled  and 
often  u n k n o w n  in tru s io n s  from  p e rip h e ra l p o p u latio n s, 
an d  w h en ev er these  a re  co n sid ered  to be  im p o rtan t effec
tive  p e rim ete r  fencing  is necessary . B u t p e rim ete r deer 
fencing  is un like ly  to exclude  d eer p e rm an en tly , and  total 
exclusion  can n o t n o rm ally  be considered  a realistic  objec
tive in  areas o f h igh  d ee r p ressu re . H ow ever, on newly 
acq u ired  land in  such  a reas, fencing will considerab ly  
slow  th e  ra te  o f  co lon isa tion  and  will usually  con tinue  to
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lim it in cu rs io n s to m anageab le  p ro p o rtio n s  in forests o f 
second  and  su b seq u e n t ro ta tions. F encing  w ith  h igh  ten 
sile sp rin g  steel w ire  is reco m m en d ed  for bo th  perim ete r 
and in te rn a l d eer fences; see F o re s try  C om m ission  
L eaflet 87 Forest fencing  (P e p p e r and  T ee , 1986). T h e  
inev itab ility  o f  co lon isa tion  by red d eer is d u e  to un fo re 
seen fence b reak ag es , often  at w ater-gates and  gatew ays 
an d  also to ad v erse  snow  co n d itio n s. Sensible forest d e 
sign  and  siting  o f p e rim ete r  fences can dram atically  re 
d u ce  the  p re ssu re  w hich  open  range po p u latio n s o f  deer 
place u p o n  p lan ta tio n  fences. T h is  aspect is covered  in 
de ta il in  R e d  deer management (R ed  D eer C om m ission , 
1981). W h en  ‘b re ak -in s’ are no ticed  shortly  after the 
e v en t, th e  o ffend ing  d eer can often  be d riven  ou t, or 
in d eed  will o ften  m ake th e ir  ow n way ou t as the  w eather 
im p ro v es. D eer ‘leap s’ b u ilt in to  fences will help  d eer to 
m ake  th e ir  w ay ou t o f p lan ta tio n s (R ed D eer C o m m is
sio n , 1981). Y o ung  d e e r, no t yet firm ly  hefted  to a range, 
a re  likely  to be  those  th a t colonise the  forest and  go u n 
no ticed  for a tim e.

Damage

D am age by  red  d ee r m ay consist o f p u llin g -o u t new ly 
p lan ted  trees , b ro w sin g  th e  lead ing  shoots o f y oung  trees 
an d  s trip p in g  th e  b a rk  from  o ld er trees. F ray in g , ru b b in g  
an d  th ra sh in g  w ith  an tle rs  se ldom  causes significant d a m 
age. T h ese  fo rm s o f dam age are  relatively  easy to recog
nise b u t b ro w sin g  dam age can be confused  w ith  that 
caused  by o th e r  d e e r species an d  w ith sheep . R oe d eer do  
no t u sua lly  s trip  b a rk  an d  such  dam age is alm ost c e rta in 
ly d u e  to red  o r sika d eer. In  large u p lan d  fo rests, dam age 
is som etim es o v erlooked , especially  b a rk  s tr ip p in g  in 
th icke t areas w h ich  are se ldom  v isited . It is stro n g ly  re 
co m m en d ed  th a t a fo rm alised  p ro ced u re  o f  in spection  of 
all v u ln erab le  age-classes an d  tree  species be  im 
p lem en ted . I f  dam age  is located  w hich  is sub jectively  
co n sid ered  to be o f co n ce rn , th en  an assessm ent o f the 
am o u n t o f  dam age  sh o u ld  be m ade; see F o restry  C om 
m ission  Leaflet 82 Assessment o f  w ildlife damage in forests 
(M elville  et a l.,  1983).

N o t all extensive  brow sing  dam age actually  causes any 
long-te rm  d e le terio u s effect on  the  tree  crop . T h is  m ay be 
because trees , especially  those  grow ing  v igo rously , m ay 
be able to  re sp o n d  to dam age by co m p en sa to ry  g row th . 
T h e  p o ten tia l long-te rm  effect is im p o rtan t w h en  d ec id 
ing w h e th er to fence or no t b u t at p re sen t such  im pacts 
can  on ly  be ju d g ed  sub jectively  from  local experience. 
An easy and  effective m eth o d  o f  assessing th e  effect o f  
b row sing  dam age on th e  c rop  is to p lace in d iv idual tree 
gu ard s (not tree  she lte rs) a ro u n d  a ran d o m  selection  of 
100 trees , on  new ly p lan ted  or restocked  sites. A su b se 
q u e n t com p ariso n  o f h e ig h t g row th  betw een  p ro tec ted

an d  n o n -p ro tec ted  trees w ill ind ica te  th e  ability  o f trees to 
recover from  b ro w sin g , an d  any  delay  in reach ing  a 
he ig h t o f  1 m  w ill give som e idea o f th e  lo n g -te rm  effects, 
th o u g h  fu r th e r  co m p en sa to ry  g row th  m ay  o ccu r la te r in 
th e  ro ta tion .

Forest Structure

H e rb iv o ro u s  m am m als are  d e p en d e n t u p o n  the  availab il
ity  o f  food and  sh e lte r fo r th e ir  su rv ival. As these  factors 
a lte r w ith  th e  seq u en tia l changes in  forest s tru c tu re , d iffe
ren t species w ill be  affected  in  d ifferen t w ays. I t  is im p o r
ta n t, th e re fo re , to  p red ic t th e  effects o f  chang ing  forest 
s tru c tu re  on  d ee r p o p u la tio n s, so th a t m an ag em en t d eci
sions can be m ad e  in  an tic ip a tio n  o f  p ro b lem s.

C o m m erc ia l fo rests in  u p lan d  B rita in  a re  m anaged  on 
ro ta tio n s o f  4 5 -6 0  years excep t w here  they  are  sub ject to 
h ig h  risk  from  w in d b lo w , in w h ich  case sh o rte r  ro tations 
a re  u sed . As th e  trees g row  from  estab lish m en t th ro u g h  
th e  th icke t stage to  th e  po le  stage, p lan t co m m u n itie s  and 
th e  cover p ro v id ed  by th e  trees also change  an d  th is can 
have im p o rtan t effects o n  th e  n u m b ers  and  b eh av io u r o f 
d eer.

G row th  ra tes and  vo lum e in crem en ts  for com m ercial 
tree  species can be  p red ic ted  from  age an d  top  heigh t 
u sing  th e  y ield class system . Y ield classes can be  exp ress
ed  by  a series o f  g ro w th  curves w h ich  p red ic t volum e 
p ro d u c tio n  for a p a rticu la r species, given in fo rm atio n  on 
age an d  to p  h e ig h t. G rap h s can th u s  be  c o n stru c ted  re la t
ing  age to seq u en tia l g ro w th  stages, w h ich  re la te  to suc- 
cessional changes a ffecting  th e  d e e r (R atcliffe , H all and 
A llen , 1986) (F ig u re  1).

T h e  p ro p o rtio n  o f  early  successional stages p re sen t in 
th e  fo rest w ill in fluence th e  availability  o f  food an d  sh e l
te r  to d eer. T h e  stages o f  im p o rtan ce  to red  d ee r o ccu p y 
in g  com m erical forests in  Sco tland  can be  defined  as fol
lows:

a) Establishment
F ro m  tim e o f p lan tin g  u n til trees reach  1 m  in  heigh t. 
A p erio d  o f  increasing  food q u a lity  and  ab u n d an ce , 
b u t lacking cover from  d is tu rb an c e  and w eather (P late
1).

b) Pre-thicket
W h en  th e  to p  he ig h ts  o f trees are betw een  1 and  3 m . 
A p e rio d  o f h igh  food q u a lity  an d  ab u n d an ce  com 
b in ed  w ith  in creas in g  cover (P late  2).

c) Thicket
T rees  are  be tw een  3 an d  10 m  to p  h e igh t. A phase  in 
w h ich  g ro u n d  vegetation  declines and d isappears bu t

6



Figure 1. M odel o f structural change through  a forest rotation.
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variab ility  in  tree  g ro w th , possib ly  com b in ed  w ith  the 
effect o f  h e rb iv o res, creates g lades, offering  food and 
secu rity  to deer. C anopy  c losure  occurs d u rin g  this 
phase  (P la te  3).

d) Pre-felling
F ro m  10 m  top  h e igh t to the  age o f felling. A lim ited  
g ro u n d  flora re tu rn s  b u t food q uality  and  ab u n d an ce  
is at a low level. C over from  d is tu rb an ce  is ad equate  
b u t sh e lte r from  w eath er is below  o p tim u m  (P late  4).

T h e  areas o ccup ied  by  each  stage at any particu la r 
tim e can  be co m p u te d , based  upo n  know ledge o f the 
y ield  class. P red ic tio n s o f  changes in forest succession  for

tw o fo res ts, in five-year in tervals u p  to 1995, are p re 
sen ted  h e re  (F ig u res 2 and  3). T h e  pred ic tions assum e 
th e  felling  o f  c rops at the  age p rov id ing  m ax im um  net 
d isco u n ted  rev en u e  at a 5 p e r cen t d iscoun t ra te , and 
re p la n tin g  in th e  follow ing year.

A t G len b ran te r F o re s t, A rgyll (F ig u re  2), a second 
ro ta tio n  forest o f  relatively  h igh  d iversity , th e  p red ic ted  
increase  in  th icke t stage crops up  to 1990 m ay abso rb  
in creas in g  n u m b ers  o f d eer, bu t th e  decline  in all the 
y o u n g er age classes at the  expense o f o ld er forest after 
1990 im plies a decline  in th e  capacity  o f the  h ab ita t to 
su p p o rt d ee r, w h ich  m ay leave large n u m b ers  o f  deer 
w ith o u t ad eq u a te  food. G lenorchy  F o rest, A rgyll (F ig u re  
3) has a p rep o n d eran ce  o f  y oung  trees, recen tly  estab-
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Figure 2. P redicted  changes in forest structu re in a second 
rotation forest o f high diversity.

lished  on  m o orland  an d  p red ic tio n s ind ica te  m assive 
changes in s tru c tu re  u p  to 1995. A low den sity  residen t 
red  d eer p o p u la tio n  has becom e estab lished  in th is forest 
in  sp ite  o f  rigo rous a ttem p ts to p rev en t it by  perim ete r 
fencing  an d  by  shoo ting . T h e  increasing  capacity  o f this 
fo rest to  su p p o rt red  d eer u p  to 1990 m ay m ain ta in  the  
ex pec ted  increase  in  d ensity . T h e  rap id  re d u c tio n  o f 
th icke t areas be tw een  1990 and  1995 will resu lt in  a re 
d u c tio n  o f  th e  capacity  o f th is forest to su p p o rt d e e r, and 
th is m ay  in  tu rn  lead  to increased  dam age to trees.

The Field Assessment of Deer 
Density

O b v io u sly , som e know ledge  o f d eer n u m b ers  is necessary  
if  a realistic  sh oo ting  p lan  is to be fo rm u la ted . T h is  is 
p ro b ab ly  the  m ost difficult in fo rm ation  to  acq u ire , b u t it 
is possib le  to  m ake  estim ates w hich  a re  sufficiently  p re 
cise to p rov ide  a basis for m an ag em en t. It is very  im p o r
tan t to check  th e  accu racy  o f field estim ates by  keep ing  
carefu l reco rd s o f th e  n u m b ers  o f each age an d  sex w hich 
are  sho t each  year. T h is  is called  cohort analysis an d  gives 
u n equ ivocal re tro sp ec tiv e  d e te rm in a tio n  o f  po p u latio n  
size w hich  is essentia l to good d eer m an ag em en t.

In  dense  forest h ab ita ts  it is im possib le  to co u n t total 
n u m b ers  over large areas o f  lan d , and  som e fo rm  o f sam 
p lin g  is necessary . Such sam pling  m u st be  based  upon  
u n its  o f  lan d  w h ich  can  be considered  to su p p o rt re la tive
ly u n ifo rm  use  by  d e e r , and  a know ledge o f th e  d is tr ib u 
tion  o f th e  d iffe ren t g ro w th  stages a lready  desc rib ed  is 
usefu l for th is p u rp o se . In  any such  sam p lin g  schem e the 
n u m b e r  o f an im als co u n ted  m u st be re la ted  to area to give 
d e n s ity , and  th e  n u m b e r  o f d eer pe r squ are  k ilom etre  
(100 ha) is u sed  h e re  as a conven ien t un it o f  d eer density .

Figure 3 . P redicted  changes in forest structu re in a recently 
established even-aged forest.

Year

Vantage point counts
D eer d en sity  can  be  assessed by  m eans o f  sam ple  coun ts 
tak en  from  fixed van tage p o in ts  over pe rio d s o f  no t less 
th an  2 h o u rs  and  p re fe rab ly  o f  2 -3  h o u rs  (R atcliffe , 
1984b). R ep resen ta tiv e  co u n ts  in  all s tru c tu ra l types p re 
sen t sh o u ld  be co n d u cted  in d iv idually . E x p erience  sug
gests th a t th e  m o n th s  o f  A p ril and  M ay are  m ost su itab le  
an d  th a t 0600 -1 0 0 0  an d  1600-2100 span  th e  best tim es of 
day  fo r o b se rv in g , especially  w hen  h u m an  d is tu rb an c e  is 
a p ro b lem .

D u rin g  each  c o u n t, a reas o f  8 0 -120  ha are  m eth o d i
cally  scan n ed  in  o rd e r  to locate d eer. B inoculars (7 -  
10 x  50 m m ) and  a telescope (1 5 -6 0  x  60 m m ) are  used 
for location  and classification in to  sex and  age classes 
respec tive ly , an d  are  sa tisfactory  at ranges u p  to 2 km . 
T h is  m eth o d  can  on ly  be  used  in  h illy  te rra in  w here  it is 
possib le  to  view  over areas o f  forest o r across valleys. 
D eer occu p y in g  even th e  d en sest h ab ita ts can be  seen , 
th o u g h  often  on ly  fo r sh o rt periods o f  tim e as th ey  cross 
areas o f b ro k en  canopy . W atches o f  less th an  2 hours 
d u ra tio n  do  no t allow  sufficient tim e for th e  com ple tion  of 
ru m in a tio n  cycles and  a co m m en cem en t o f feed ing  activ 
ity , w h ich  is w h en  an im als are  m ost likely to be seen.

All sigh tings o f  d ee r are  re co rd ed , at the  tim e , on  a 
large-scale m ap , w ith  th e  tim e an d  d irec tio n  o f m ovem ent 
(F ig u re  4) and  also on  a form  (F ig u re  5). In  th e  even t o f 
g ro u p s d isap p earin g  in to  th ick  cover, new  g ro u p s are 
on ly  ad d ed  to the  co u n t if  th e  tim e o f em ergence  and  the  
g ro u p  co m position  suggests beyond  all reasonab le  d o u b t 
th a t none  o f  th e  an im als have been  p rev iously  co un ted .
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Figure 4. M ap of vantage point count area.
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Figure 5. F orm  for recording vantage point counts.

DENSITY ESTIMATION FOR WOODLAND RED DEER OCCUPYING HILLY TERRAIN

Forest .. Carried Conservancy Observer(s) ...
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D un g  g ro u p  j l + 7 m2 p lo t

At the  end  o f th e  co u n t p e rio d  the  m in im u m  n u m b er o f  co u n ts  are co n d u cted  over the  follow ing m o rn in g s and
d eer is re la ted  to the  area u n d e r o b se rv atio n , and express- even ings, and fresh co u n ts  in ad jacen t areas o f the  sam e,
ed as a d en sity  p e r squ are  k ilom etre . T h ree  or four repeat and  o th e r, s tru c tu ra l types are m ade. R epeat coun ts are
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co n d u cted  to overcom e the p ro b lem s o f varia tion  in d eer 
activ ity  d u e  to w eath e r con d itio n s and  the  m ax im um  
n u m b e r reco rd ed  in any single co u n t p eriod  shou ld  
th ere fo re  be accep ted . M ean  d ensities for each s tru c tu ra l 
type can th en  be app lied  to the  area as a w hole  in re la tion  
to the  co m p o n en t s tru c tu ra l types p resen t (T ab le  1).

V an tage  p o in t co u n ts  in fo rests th ro u g h o u t Scotland 
have freq u e n tly  su rp rise d  local sta ff by revealing m uch  
h ig h er n u m b e rs  th an  expected  and densities o f 5-15  per 
sq u a re  k ilo m etre  a re  co m m o n , p a rticu la rly  in the  Sitka 
sp ru ce  and  L odgepo le  p ine  forests o f the  n o rth  and west. 
T h is  is very  s im ilar to the  range  o f densities found  on 
op en  ran g e  (M itch e ll, 1973). P re -th ick et and th icket 
stage c ro p s w ith  open  or failed pa tches are  the  m ost 
favoured  h ab ita ts  and  local d ensities o f 30 -4 0  pe r square  
k ilo m etre  have been  o bserved  in som e o f these areas 
(T ab le  1). Fem ale  red  d ee r occupy ing  dense  forests do 
no t u su a lly  m ove very  far (C att and S ta ines, 1987), hence 
m o v em en ts  in o r ou t o f  van tage po in t areas cause few 
p ro b lem s. H o w ev e r, th is is not alw ays so for stags, w here  
m o v em en ts  a re  m ore  variab le . I f  th e  n u m b ers  o f  d eer 
co u n ted  in van tage  p o in t co u n ts  include  large p ro p o r
tio n s o f stag s, th en  less confidence can be p laced upon  the 
den sitie s  calcu la ted .

Table 1. 
stages

Deer density related to different growth

D eer density 
(num ber per square kilom etre)*

Forest structu re Galloway G lenbranter Glencripesdale

E stablishm ent 2 2 __
Pre-th icket 5 8 -----

T hicket 10 12 40
Pre-felling 2 2 —

C hecked-grow th 2 2 —

*M ean values from  vantage point counts

Dung counts
In  som e areas th e  absence  o f h illy  te rra in  will p rev en t the  
use o f van tage p o in t co u n ts . In  such  areas a less p recise , 
b u t n ev ertheless very  usefu l, m eans o f e stim ating  d eer 
d ensities has been developed . T h is  is sim ply  based  on  the  
a ssu m p tio n  th a t m ore  d eer in  an area will resu lt in a 
h ig h er den sity  o f d u n g  to  be found  on th e  g ro u n d . By 
co n d u c tin g  sam ple  co u n ts  o f d u n g  den sity  in areas w here
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d e e r d en sity  has been estim a ted  from  van tage po in t 
co u n ts , it has been  possib le  to re la te  d u n g  den sity  to d eer 
d e n s ity , em pirica lly . T h is  re la tio n sh ip  is show n in F ig u re  
6 an d  p ro v id es a u sefu l basis for th e  estim ation  o f deer 
d en sity  in a reas o f  flat o r  ro lling  te rra in .

D u n g  co u n ts  a re  co n d u cted  by  first selecting  crops in 
th e  p lan tin g  years o f  th e  p a rticu la r  g row th  stages to be 
assessed  (see pages 6 and  7). B locks o f  these p lan ting  
years a re  th en  o u tlin ed  on a stock  m ap  and an easily 
loca tab le  la n d m a rk , close to the  p e rim ete r , is selected as a 
s ta rtin g  p o in t. A s tra ig h t line d raw n  from  th e  sta rting  
p o in t, th ro u g h  th e  selected  a rea , serves as a g ro u n d  su r
vey line  (F ig u re  7). T h e  s ta rtin g  p o in t is located in the 
field an d  th e  m ap  b earin g  co rrec ted  for m agnetic  varia 
tion  to give a field b ea rin g , w h ich  is th en  tran sferred  to an 
o rien tee rin g  com pass. O n e  h u n d re d  and ten  paces 
(ap p ro x im ate ly  100 m ) are m arch ed  along the  com pass 
b ea rin g  an d  a 7 x  7 m  plot is laid dow n w ith  its axis 
a long  th e  su rv ey  line , u sing  a tape m easu re  for d istances 
an d  th e  com pass for jud g in g  rig h t angles (F ig u re  7).

T h e  plo t is th en  carefu lly  and  system atically  searched  
in b an d s o f ab o u t 1 m w ide for th e  p resence  o f  pellet 
g ro u p s . T h e  n u m b e r o f  red  d eer pelle t g ro u p s is coun ted  
an d  reco rd ed . A pelle t g ro u p  is defined  as a c lu s te r o f 
m ore  th an  six pelle ts b u t on ly  very  in freq u en tly  are such 
low  n u m b ers  fo u n d , an d  usually  pelle t g ro u p s  are o b 
v ious large  accu m u la tio n s o f  in d iv idua l pellets. Som e
tim es, long strin g s o f  pelle ts are fo u n d , caused  by  the 
an im al defecating  w hile  on  the  m ove; these  a re  generally  
easily  iden tified  and  assessed . O ccasionally , difficulties 
m ay be en co u n tered  in  areas o f h igh pelle t g ro u p  d ensity  
w h en  tw o o r m ore  pellet g ro u p s have been  d eposited  on 
the  sam e spo t. E x p erience  suggests that it is alw ays p ossi
ble to  confiden tly  sep ara te  these  on th e  basis o f  ind iv idual 
pelle t ap p earan ce , size and  age. I f  pelle t g ro u p s  are found  
on the  edge o f  a p lo t it is a lm ost alw ays possib le  to include  
or re ject the  g ro u p  on the  basis o f  how  m u ch  o f  the  g ro u p  
lies inside  o r o u tsid e  o f  th e  p lo t; on ly  occasionally  are 
pelle t g ro u p s  fo u n d  exactly  on  the  edge, and  in th is case 
they  sh o u ld  be a lte rn a te ly  co u n ted  and re jected .

T h e  iden tification  o f pellets from  d ifferen t species is 
n o t alw ays easy an d  it is possib le  to confuse red  d ee r 
pellets w ith  those  o f  o th e r species o f ung u la tes , m ain ly  
sh eep  and  sika and  roe deer. I t  is im p o rta n t, there fo re , to 
ch eck  s tan d ard s  period ica lly  w ith  o th e r users o f  th is tech 
n iq u e  and  also to check  against pelle ts o f  know n  orig in . 
T h is  is pa rticu la rly  im p o rtan t in  areas w ith  several sp e 
cies o f ungu lates.

T h e  com pass b earin g  is follow ed for a fu rth e r 110 
paces and  the  p ro ced u re  co n tin u ed  u n til e ight plots have 
been  assessed . T h e  m ean  n u m b er o f  pellet g ro u p s per 
p lo t can now  be re la ted  to the  range  o f d eer densities 
likely in the  p a rticu la r  g row th  stage p resen t (F ig u re  6).

P referab ly , several such  assessm ents shou ld  be m ade for 
each g row th  stage.

D eer d ensities ob ta in ed  from  vantage p o in t counts 
and  pelle t g ro u p  co u n ts  can now  be used  to estim ate  a 
ran g e  o f  n u m b ers  o f  d ee r for each g row th  stage and  for 
th e  area as a w hole . Som e th ick e t areas have becom e very 
open  in s tru c tu re  d u e  to d ifferences in tree  g row th . T h is  
c rea tes m any  secluded  glades offering  she lte r and  food for 
d e e r in close p ro x im ity , and  very  h igh  densities o f  red  
d e e r often  occur in  these  areas. T h ic k e t areas vary co n 
sid e rab ly  in th e ir  capacity  to su p p o rt d eer and  before 
m u ltip ly in g  d en sity  figures by  area o f  th ick e ts they 
sh o u ld  be classified in to  those o f un ifo rm  s tru c tu re  w ith 
m any  glades (open  th icke ts) and  those  w hich  are un ifo rm  
and dense . D en sitie s o b ta in ed  from  vantage p o in ts or 
d u n g  co u n ts  shou ld  on ly  be app lied  to areas sim ilar to 
those  from  w hich  they  w ere  deriv ed . A erial p h o to g rap h s 
can  be  useful fo r classifying th icke t areas in  th is w ay, and 
th ey  also d em o n s tra te  how  often  gaps an d  glades occu r in 
ap p aren tly  fully  stocked  co m p artm en ts . F o r  ex am p le , the 
th ick e ts at G lencripesdale  (T ab le  1) w ere very  open  com 
pared  to those  in Gallow ay.

Population Dynamics

In  o rd e r to p red ic t likely changes in th e  d eer p o p u latio n  it 
is necessary  to  estim ate  th e  ra te  at w hich  th e  d eer p o p u la 
tion  is increasing  o r decreasing . T h e  factors w hich  will 
affect th is a re  re p ro d u c tio n , m o rta lity , im m igration  and 
em igration .

H in d s  in forests do  no t u sually  m ove over large d is
tances (C a tt and  S ta ines, 1987) and  it is un likely  that the 
m o v em en t o f  h in d s  will cause p ro b lem s in estim ating  
n u m b e rs  o r in th e ir  c o n trib u tio n  to a know ledge ol 
p o p u la tio n  d ynam ics. Stag m ovem en ts m ay be d ifficult to 
p re d ic t, bu t if  a sufficiently  large area is in c luded  in the 
m an ag em en t p lan  th en  th is is un likely  to cause prob lem s. 
In  areas w here  d e e r m arau d  from  ad jacen t o p en-range  it 
is im p o ssib le  to acco u n t for these.

T h e  re p ro d u c tiv e  in p u t to a p o p u latio n  is estim ated  by 
assessing  the  p reg n an cy  sta tus o f  all fem ales w hich are 
sho t. It is, ho w ev er, im p o rtan t also to relate th is to age. 
A ge is easily  d e te rm in e d  in red d eer (see A ppendix). 
H ig h est m o rta lity  occurs in the  first year o f  life and this 
can  be assessed ind irec tly  by co m paring  estim ates o f fer
tility  m ad e  d u rin g  the  shoo ting  season w ith calf: h ind 
ra tio s d e te rm in ed  from  sp rin g  vantage po in t coun ts . T h is 
lin k in g  o f rep ro d u c tio n  w ith  m o rta lity  p rov ides a m ea
su re  o f  su rv iv a l, and  an estim ate  o f  the  n u m b er o f anim als 
be ing  recru ited  to the  ad u lt p o pu lation .
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Figure 8. Specim en entry  in a ranger’s notebook.

DEER CULL DATA SHEET  
FO R E S T /  D IS T R IC T   ( j f e r i f T o o C

DEER
No.

DATE
SHOT

LOCATION \ SEX JAW
COLLECTED

EMBRYO
PRESENT

EMBRYO
SEX

OVARY
c.l.

PRESENT

MAMM. GLAND 
MILK PRESENT

CARCASE
WEIGHT

COMMENTS

SOT
2/1 IS'1'36 Romnfrte

Hill F ✓ %/ 9 - X 1/2

2 2 0 15-1-86 i
f F >/ 6 - X M3

221 23-1-36
RowanC-tf

Hill F 9 s X 18

Q2Z 27-1*6
W hite

Claudure F V" ? s ' y IIZ

2 2 3 27*1-36 Hirriereoch F s 6 0

2 2 4 27-1-36
ffowaniree

Hill F %/ V 3 %/ s ' I2 2 flaw
damaged

2 2 5 27-1-36 fowantree
Hill F s 70 calf.

2 2 6 27-1-36 Ferter F +/ s S ’ s ' 13 0

227 27-Z-86 FcrCer F 5 8 calf

2 2 9 21-1-86 L a ^ F sS <3 s ' - 10 6

21-1-86 Craujettroy F %/ cf s ' — I2 6

230 S-2-86 Kthiereoch F %/ 9 s ' NO I3 2

231 5-286 Kiniereoch M v' 7<\ calf.
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Plate 1. Forest structu re -  establishm ent stage.

Plate 2. Fores l si rue ture -  p re - 1  hi eke t slag e
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Plain 3. Forest structu re -  thicket stage

Plate 4. Forest s tru c tu re -p re -fe llin g  stage.
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Plate  5 . D issection of red deer h ind  to show uterus (incised to show em bryo), oviducts and ovaries. 
(C9.f7.W7)
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Assessing Fertility

A fter sh o o tin g , b leed in g  and  g ra llo ch in g , th e  low er jaw 
sh o u ld  be rem oved  from  all deer. T h e  rep ro d u c tiv e  sys
tem  from  all fem ales (u te ru s , ov iducts and  ovaries) 
shou ld  be rem oved  an d  th e  u te ru s  cu t open  and  exam ined 
(P la te  5). In  m ost fem ales sho t d u rin g  the  o pen  season, 
p reg n an cy  can  be  d e te rm in e d  from  the p resence  o f an 
e m b ry o , b u t in th e  very  early  stages o f p reg n an cy  (before  
m id  N o v em b er) before  an em b ry o  is v isib le it is easier to 
d e tect p reg n an cy  by ex am in in g  the  ovary  for th e  p resence  
o f a co rp u s lu teu m . T h e  co rp u s lu teu m  is a yellow ish 
g land  w h ich  develops in side  th e  ovary an d  on ly  persists 
follow ing fertilisation . It is easy to see if  th e  ovary  is 
sliced in half. T h e  p resence  or absence  o f m ilk  in the  
u d d e r  sh o u ld  also be no ted  and  reco rd ed . T h e  d eer 
sh o u ld  be  given a re ference n u m b er w hich  sh o u ld  be 
reco rd ed  in th e  ran g er o r s ta lk e r’s no teb o o k  (F ig u re  8) at 
the tim e, and  also on a label ( indelible) w h ich  is affixed 
w ith  wire  to th e  low er jaw. P reg n an cy  data  sho u ld  be 
reco rd ed  in th e  n o teb o o k  a longside  th e  re ference  n u m 
b e r , d a te , location  and  w eigh t. L abelled  jaw bones shou ld  
be re ta in ed  u n til a fte r th e  en d  o f the  op en  seasons (A p r il-  
M ay) w hen  ages can  be  d e te rm in ed .

Y earlings a re  th e  age class m ost sensitive  to  changes in 
h ab ita t q u a lity  and  in m any  op en -ran g e  p o p u latio n s they 
n ev er b ecom e p re g n an t. A w ide range o f yearling  p re 
g n ancies has b een  d e te rm in ed  from  d ifferen t forest 
p o p u la tio n s  (F ig u re  9). P o p u la tio n s w ith  h igh  p ro p o r
tions o f p re g n an t y earlings often  exh ib it very  h igh  ra tes o f 
p o p u la tio n  increase.

Figure 9. F ertility  o f red deer in 14 upland forests.
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Assessing Mortality

D irec t searches for d ee r carcasses, such  as those  co n 
d u c te d  on th e  Isle o f R h u m  by Low e (1969), are in 

efficient in den se  con iferous fo rest, and  som e in d irec t 
m eth o d  for th e  estim ation  o f  m orta lity  is req u ire d . M ost 
red  d e e r w h ich  are  sho t d u rin g  ro u tin e  cu lling  op eratio n s 
a re  in  good co nd ition  w ith  fat d eposits  a ro u n d  th e  k id 
neys, in th e  ab d o m in a l cavity  and  u n d e r  the  sk in . It can 
on ly  be a ssu m ed , in th e  absence  o f ev idence to the  co n 
tra ry , th a t in m an y  fo rest p o p u la tio n s n a tu ra l m o rta lity  is 
very  low  in th e  m id d le  age range  b u t is h ig h er in juveniles 
an d  old an im als.

P o st-w in te r van tage p o in t co u n ts  at G len b ran ter 
F o re st suggest th e  p resen ce  o f  ab o u t 50 -6 0  calves p e r 100 
h in d s , and  for G allow ay 55 pe r 100 h in d s. H ow ever, 
before  th is can  be  co m p ared  w ith  the  fe rtility  d a ta , it is 
necessary  to m ake  ad ju s tm en ts  for the  fem ale cull w hich  
has o ccu rred  d u rin g  the  w in te r. T h e  effect o f  cu lling  a 
low er ra tio  o f  calves to h in d s th an  is p resen t in  the 
p o p u la tio n  is to increase  the  ra tio  o f calves to h in d s re 
m ain in g  in th e  p o p u la tio n  after the  cu ll, and  it is m ost 
im p o rtan t to  m ake  d u e  allow ance fo r th is . T ab le  2 
su m m arises cull da ta  an d  ra tio s o f  calves to  h in d s  in the 
cull from  a n u m b er o f  forest areas.

Table 2. Calf: hind ratios in culled deer

Forest area Years H inds Calves Calves/100 hinds

Galloway 1965-83 2936 1097 37
G lenbranter 1978-82 152 65 43
Argyll 1977-82 1042 371 36
N . Scotland 1978-82 1916 636 33

A co n stra in t on  th e  in te rp re ta tio n  o f re p ro d u c tio n  and 
m o rta lity  data  is the  m is-classification o f calves as h in d s 
in  th e  reco rd in g s o f  culled  deer. T h is  ap p ears  to be  ra th e r 
co m m o n  in h igh  pe rfo rm an ce  po p u la tio n s w h ich  exh ib it 
rap id  juven ile  g ro w th  ra tes. T h e  age o f cu lled  d ee r is 
com m only  assessed sub jectively  from  carcass w eigh t and 
bod y  size, and  th e  value o f accu rate  age data  is o ften  not 
ap p rec ia ted . It is im p o rta n t, th ere fo re , on ly  to use age 
da ta  d e te rm in ed  from  an inspection  o f low er jaw s after 
the  shoo ting  season.

I t  appears from  p rev ious s tu d ies th a t pre- and  p o st
natal n a tu ra l m o rta lity  can vary  be tw een  10-20 p e r cen t, 
even in h igh  perfo rm an ce  p o p u la tio n s from  h igh  q uality  
h ab ita ts . T o  su m m arise , calf m o rta lity  shou ld  be  assessed 
by co m p arin g  th e  p ro p o rtio n  o f calves p e r 100 h in d s  from  
fertility  estim ates w ith  those  ob ta in ed  in sp rin g  vantage 
p o in t co u n ts , m ak in g  d u e  allow ance for any effects of 
cu lling  a d ifferen t p ro p o rtio n  o f h in d s to calves th an  is 
p resen t in  the  p o p u la tio n . In  th e  absence o f  h a rd  in 
form ation  it is possib le  to use  a figure o f  10-20 p e r cen t 
calf m orta lity .
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Modelling Population Changes
H av in g  estim ated  d eer d en sity , re c ru itm e n t an d  m o rta l
ity , it is now  possib le  to use th is in fo rm atio n  to m odel the  
p red ic ted  changes in  the  p o p u la tio n  and  to exp lore  the 
cu lling  req u irem en ts  an d  op tio n s open  to the  m anager.

P o p u la tio n  m o d ellin g  w hich  p red ic ts the n u m b ers  and 
age s tru c tu re  o f a p o p u la tio n  based upo n  its cu rren t age 
s tru c tu re  and  its fecund ity  and m o rta lity , can be done 
m ore  accu rate ly  w ith  a c o m p u te r bu t can also be done  by 
h a n d . T w o  such  exam ples a re  illu stra ted , show ing the 
p red ic ted  changes to h igh  pe rfo rm an ce  population

Figure 10. S im ulation o f high perform ance w oodland red deer population dynamics. (From  Ratcliffe, 1984a) 
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Figure 11. S im ulation o flow  perform ance open range red deer population dynam ics. (From  Ratcliffe, 1984a, based on data from 
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Figure 12. Progress o f cull; 1976-77 h ind season.

Target = 100 hinds + calves 
M axim um  lime available = 84 days

Date 20 21 22 25 26 27 28 29 1 2 3 4 5 8 9 10 11 12 15 16 17

Target 1.19 2.38 3.57 4.76 5.95 7.14 8.33 9.52 10.71 11.90 13.09 14.29 15.48 16.67 17.86 19.05 20.24 21.43 22.62 23.81 25.00

Kill 1
0)
2

(6)
8

(2)
10

Variance -3 -9 -13 -11

Date 18 19 22 23 24 25 26 29 30 1 2 3 6 7 8 9 10 13 14 15 16

Target 26.19 27.38 28.57 29.76 30.95 32.14 33.33 34.52 35.71 36.90 38.09 39.29 40.47 41.67 42.86 44.05 45.23 46.42 47.62 48.81 50.00

Kill
(2)
12

(6)
18

(3)
21

(2)
23

(7)
30

(4)
34

(4)
38

(3)
41

Variance -9 -10 -5 4 -9

Date 17 20 21 22 23 24 27 28 29 30 31 3 4 5 6 7 10 11 12 13 14

Target 51.19 52.38 53.57 54.76 55.95 57.14 58.33 59.92 60.71 61.90 63.09 64.29 65.48 66.67 67.86 69.05 70.24 71.43 72.62 73.81 75.00

Kill
(2)
43

(5)
48

(2)
50

(4)
54

(2)
56

(4)
60

(1)
61

Variance -10 -9 -15 -15 -14

Date 17 18 19 20 21 24 25 26 27 28 31 1 2 3 4 7 8 9 10 11 14

Target 76.19 77.38 78.57 79.76 80.95 82.14 83.33 84.52 85.71 86.90 88.09 89.29 90.47 91.67 92.86 94.05 95.23 96.42 97.62 98.81 100.00

Kill
(2)
63

(2)
65

'(4)
69

(6)
75

(3)
78

Variance -18 -18 -22

Extension of season to end of February  w ith revised target figures.

Date 15 16 17 18 21 22 23 24 25 28

Target 2.2
(2)
4.4 6.6 8.8 11 13.2 15.4 17.8 20 22

Kill
(2)
2

(3)
5

(4)
9

(4)
13

Variance 4 -2 4 -6 -5 -9
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(F ig u re  10) an d  a  very  low  perfo rm an ce  po p u latio n  (F i
g u re  11). It is u n lik e ly  th a t m an y  fo rest p opu lations o f 
red  d e e r  a re  p e rfo rm in g  as poorly  as th e  exam ple in F i
g u re  11, W hile  m an y  are  p e rfo rm in g  sim ila rly  to the  ex
a m p le  in  F ig u re  10. T h is  suggests th a t v ery  m any  forest 
p o p u la tio n s  a re  in creas in g  at a ra te  o f  o ver 20 p e r cen t 
each  y e a r, an d  th e re fo re  th a t a  cull in excess o f th is  is 
n ecessa ry  to effect a re d u c tio n  in  n u m b ers .

Setting the Cull

T h e  n u m b e r  to cull each  year shou ld  be firm ly based 
u p o n  a k n o w ledge  o f th e  p o p u la tio n  dynam ics an d  esti
m ated  fu tu re  p o p u la tio n , e ith e r using  the  resu lts  o f 
p o p u la tio n  m o d ellin g  o r by  re fe rrin g  to the  rap id  m ethod 
o u tlin ed  on  p . 22. T h e  targ e t cull sh o u ld  be decided 
u p o n  d u rin g  the  early  su m m er follow ing the  assessm ent 
o f sp r in g  den sitie s  an d  calf: h in d  ra tios, an d  the  analysis 
o f p rev io u s y ea rs’ fertility  and age m ateria l. T h e  cull 
figure  sh o u ld  be  b ro k en  d o w n  in to  n u m b ers  for m ales, 
ad u lt fem ales, y earlin g  fem ales an d  calves. I t  is im p o rtan t 
th a t m ost e ffo rt is d evo ted  to the  b reed in g  age fem ales, as 
th is g ro u p  w ill m o st seriously  in fluence fu tu re  population  
tren d s . C lear ob jectives fo r th e  ra n g e r o r sta lker m ust be 
sta ted . F o r exam ple  if  red  d e e r p o p u latio n  co n tro l is con
sid e red  to  be th e  m ost im p o rtan t d u ty , then  o th e r  less 
im p o rta n t d u ties m u st no t be a llow ed  to conflict w ith  
th is .

P rogress o f  cu lling  shou ld  be carefu lly  m o n ito red , 
p re fe rab ly  on a daily  o r, at least, on a w eekly basis. A 
useful fo rm  for th is  p u rp o se  is show n  in F ig u re  12. A fter 
d ed u c tin g  w eek-ends and ho lidays, th e  n u m b er o f days 
available for red  d e e r con tro l can  be show n against the 
p lan n e d  cu m ula tive  cull fo r any p o in t in  tim e. In  this 
w ay, p ro b lem s (i.e . bad  w eath e r and illness p rev en tin g  
targe ts being  ach ieved) a re  read ily  iden tified  a t an  early 
stage an d  tactics can  be m odified  im m edia te ly . T h is  form  
sh o u ld  also be  used  to analyse d ifficu lties a fte r com ple
tio n  o f the  cull in o rd e r to foresee an d  forestall sim ilar 
p ro b lem s in  fo rth co m in g  years.

Fo llow ing  th e  cull the  fertility  da ta  from  ran g ers’ n o te 
books shou ld  be  collated and  p reg n an cy  an d  lactation 
in fo rm atio n  reco rd ed  an d  used  to u p d a te  p rev ious y ears’ 
values. A ll jaw bones shou ld  be  exam ined  an d  ages d e te r
m in ed .

C onsistency  in age d e te rm in a tio n  is best achieved by 
g a th e rin g  th e  m ateria l to g e th e r from  a n u m b er o f ad ja
cen t areas so th a t one person  can  estim ate  ages, or at least 
co -o rd in a te  the  e ffo rts o f a g ro u p . A ge-class d is trib u tio n s 
can  b e  read ily  p resen ted  in  h istog ram  form . A bias to 
w ards th e  y o u n g er age classes (F ig u re  13) is ind icative  o f 
a p o p u la tio n  w ith  h igh rates o f re p ro d u c tio n  an d  rap id

tu rn o v e r . An o ld e r  age-class d is tr ib u tio n  (F ig u re  14) sug 
gests th a t cu lling  effort is low  an d  tu rn o v er is slow er.

Figures 13 &  14. Age class d istribution  o f  red deer in a high 
perform ance population  (above) and a low perform ance 

population  (below). C  =  calves. (F rom  R e d  deer management. 
Red D eer Com m ission, 1981.)

C l 2 3 4 5 6 7 8 9 10 11 12 13 14 15 1B + 
A g e  c la sses

Cohort Analysis

I t  is often suggested  th a t m in im u m  po p u latio n  size can  be 
estim ated  from  th e  n u m b ers  o f  each age and sex shot each 
y ear based u p o n  th e  know ledge  th a t a p a rticu la r m in i
m u m  n u m b er is req u ired  to  p ro d u ce  th e  cu ll. B u t this 
w ill on ly  be tru e  if  th e  p o p u latio n  is n e ith e r increasing  or 
decreasing  and if  con tro l e ffort is constan t over several 
years. C o h o rt analysis is a sim ilar b u t m u ch  m ore reliable 
m eth o d  w hich  req u ire s  da ta  co llected  over several years 
an d  is ex trem ely  valuable in p rov id ing  a factual check  of 
m in im u m  p o p u la tio n  size.

A  co h o rt is a collective n am e for all the  an im als born  
in a single year. C o h o rt analysis is sim ply  a m eans of 
reco rd in g  an d  accu m u la tin g  the  n u m b er o f d e e r bo rn  in a 
p a rticu la r  year from  a know ledge o f  the  ages o f  the  deer 
w h ich  have  been  sho t. It p rov ides an accu rate  re tro sp ec
tive ch eck  on  p o p u la tio n  size. F o r exam ple, given the  age 
a n d  sex o f  each d e e r shot d u rin g  the  y ear’s cu ll, it is 
sim p le  to calculate the  year o f b ir th  for each ind iv idual. 
T h is  can  be illu stra ted  by m ain ta in in g  an annual record 
o f the  d ev e lo p m en t o f  each cohort (F ig u re  15). By e n te r
ing  the  n u m b e r  o f  an im als belonging lo each age class 
from  the  an n u al cu ll, in each vertical co lu m n , these  can
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be ad d ed  ho rizo n ta lly  to give the  cum ula tive  n u m b er of 
d e e r sh o t for any p a rticu la r  co h o rt, e .g . the 1980/81 cull 
p ro d u c ed  71 d e e r , and  by 1984 60 d eer w hich  w ere bo rn  
in 1981 had a lready  been  recovered . C learly , m any  deer 
b o rn  th a t y ear a re  still a live, b u t a lready  we know  that at 
least 60 calves w ere  b o rn  in th a t year. I f  we go back  8 o r 9 
years w e can  be fairly  certa in  th a t m ost d ee r from  these 
years w ill have d ied  and  the  re tro d ic tio n  o f d eer b o rn  in 
those  years is m o re  precise . F o r exam ple , 45 d eer w ere 
reco v ered  fro m  the 1973 cohort and  it is un likely  th a t any 
m ore  d e e r b o rn  th a t year are still alive. T h is  evidence 
in d ica tes  th a t th e  p o p u la tio n  is increasing  ra th e r qu ickly .

Figure IS . C ohort analysis, C arrick Forest, south Scotland (1984).

It is now  possib le  to estim ate  total m in im u m  p o p u la 
tion  size by  calcu la ting  the  n u m b er o f  ad u lts necessary  to 
p ro d u ce  the  n u m b er o f  calves b o rn  in a p a rticu la r year 
e .g . in  1973, at least 60 h in d s w ould  have been  req u ired  
to p ro d u ce  45 calves. A ssum ing  th a t th ere  was an  equal 
n u m b er o f stags in th e  p o p u la tio n , th is gives a to ta l m in i
m u m  p o p u latio n  o f 165 d eer. T h is  is a m in im u m  estim ate  
because it does no t take in to  accoun t any d eer dy ing 
n a tu ra lly  w hich  are no t recovered . H ow ever, w e can  in 
co rp o ra te  estim ates o f n a tu ra l m orta lity  (F ig u res 10 and
11).

C o h o rt analysis w ill no t s ta rt to y ield useful da ta  for 3 
o r 4 years b u t it is an  im m ensely  valuable d ee r m anage
m en t too l, and  it is strong ly  reco m m en d ed  that all the 
re levan t da ta  be collected  from  the culls.

A Rapid Indication of the Required 
Cull
In  th e  in itial p e rio d  o f data  co llection , w h en  sufficient 
so u n d  d a ta  m ay  be lack ing , it it possib le  to base m anage
m en t on  som e basic ru les o f  th u m b  w hich  have em erged  
from  p rev io u s research . T h ese  have p ro d u ced  average 
figures fo r red  d ee r p o p u la tio n s exh ib itin g  d ifferen t levels 
o f  fe rtility  and  m o rta lity  and  at vary ing  densities (F ig u re  
16). R ap id  estim ates o f th e  re q u ire d  cull can be m ade  by 
first assessing  th e  p ro p o rtio n  o f juveniles (the  sum  o f 1 
an d  2 y ear o lds) in th e  p rev ious cull and read ing  th is off

in  c o lu m n  1. T h is  will ind ica te  th e  n u m b e r o f m ales, 
fem ales and  calves to be culled  for each square  k ilom etre  
o f  fo rest in order to prevent an increase. T h is  n u m b er, 
m u ltip lie d  by th e  area in  sq u are  k ilom etres, will give the  
cull figure. As an  exam ple  o f  the  m eth o d , consider a 
fo rest o f 4000 ha w ith  a h igh  perform ance/low  m orta lity  
p o p u la tio n  o f  red  d e e r, an d  th a t approx im ate ly  40 per 
cen t o f th e  cull is o f  juveniles:

a) select the  h igh  perfo rm ance/low  m o rta lity  table;
b ) read  along the  40 p e r cen t juven ile  line;
c) assum e a d ensity  o f  be tw een  10-15 d eer pe r sq u are  

k ilom etre ;
d) th e  cull sh o u ld  be based  u p o n  betw een 0 .97  and  1.46 

b reed ing-age  fem ales pe r sq u are  k ilom etre  o r 39-58  
a d u lt h inds.



Figure 16. Recommended kill for red deer (deer/100 ha).

SPRING DENSITY (DEER/100 ha)

5 10 15 20 25

M F C M F C M F C M F C M F C % CULL

Juv.%
in kill
M : F M : F HIGH PERFORMANCE LOW MORTALITY

5 0 :5 0 1 : 1 0.42 0.50 0.30 0.03 1.16 0.76 1.25 1.74 1.13 1.66 2.33 1.51 2.00 2.91 1.09 27

5 0 :3 5 1 : 1.5 0.20 0.59 0.25 0.56 1.10 0.51 0.04 1.77 0.76 1.13 2.36 1.01 1.41 295 1.27 23

5 0 :2 7 1 : 2.0 0.22 0.50 1.90 0.43 1.16 0.40 0.65 1.75 0.59 0.66 2.33 0.79 1.10 2.91 0.99 20

LOW PERFORMANCE LOW MORTALITY

5 0 :5 0 1 . 1 0.46 0.46 0.30 0.93 0.93 0.60 1.39 1.39 0.90 1.05 1.05 1.20 2.30 2.30 1.50 24

5 0 :3 5 1 : 1 5 0.31 0.52 0.23 0.62 1.05 0.45 0.93 1.60 0.60 1.24 2.10 0.91 1.60 2.64 1.13 21

5 0 :2 7 1 :2.0 0.23 0.53 0.10 0.47 1.00 0.37 0.70 1.62 0.55 0.93 2.20 0.73 1.17 2.69 0.91 19

LOW PERFORMANCE HIGH MORTALITY

5 0 :5 0 1 : 1 0.52 0.52 0.45 1.04 1.04 0.07 1.56 1.56 1.31 2.00 2.00 1.75 2.60 2.60 2.19 30

5 0 :3 5 1 : 1 5 0.36 0.61 0.34 0.71 1.21 0.60 1.07 1.02 1.02 1.43 2.43 1.35 1.70 3.03 1.69 26

5 0 :2 7 1 :2.0 0.27 0.62 0.27 0.54 1.24 0.53 0.01 1.06 0.60 1.00 2.47 1.07 1.34 3.09 1.33 23

HIGH PERFORMANCE LOW MORTALITY

2 0 :2 0 1 : 1 0.25 0.20 0.07 0.51 0.56 0.15 0.76 0.04 0.22 1.02 1.12 0.29 1.27 1 40 0.37 12

2 5 :2 5 1 : 1 0.29 0.34 0.11 0.57 0.69 0.22 0.06 1.03 0.33 1.14 1 37 0.43 1.43 1.71 0.54 15

3 0 :3 0 1 : 1 0.32 0.30 0.14 0.63 0.75 0.20 0.95 114 0.42 1.26 1.51 0.55 1.50 1.09 0.69 17

3 5 :3 5 1 : 1 0.34 0.45 0.19 0.60 0.09 0.30 1.03 1.34 0.50 1.37 1.70 0.77 1.71 2.23 0.96 20

40 : 40 1 : 1 0.37 0.49 0.24 0.75 0.97 0.49 1.12 1 46 0.73 1.49 1 94 0.97 1.07 243 1.21 22

4 5 :4 5 1 :1 0.39 0.55 0.31 0.70 1.09 0.63 1.17 1.64 0.94 1.56 2.19 1.25 1.95 2 73 1.56 25

5 0 :5 0 1 : 1 0.42 0.50 0.30 0.03 1.16 0.76 1.25 1.74 1.13 1.66 233 1.51 2.08 2.91 1.09 27

5 5 :5 5 1 : 1 0.42 0.64 0.47 0.05 1.27 0.93 1.27 1.91 1.40 1.70 2.55 1.07 2.12 3.10 2.33 31

6 0 :6 0 1 : 1 0.43 069 0.56 0.06 1.37 112 1.29 2.06 1.60 1.71 2.74 2.25 2.14 3 43 2.01 34

65 :65 1 : 1 0.43 073 067 0.06 1.46 1.33 1.29 2.19 2.00 1.72 2.92 2.66 2.15 3.65 3.33 37

7 0 :7 0 1 : 1 0.43 0.77 0.77 0.05 1 52 1.53 1.20 2.30 2.31 1.70 3.07 3.00 2.13 3.03 3.05 39

7 5 :7 5 1 : 1 0.41 001 0.90 0.01 1.63 1.01 1.22 2.44 2.71 1.63 3.26 3.62 2.04 4.07 4.52 43

LOW PERFORMANCE LOW MORTALITY

2 0 :2 0 1 :1 0.26 0.26 0.71 0.52 0.52 0.14 079 0.79 0.21 1.05 1.05 0.20 1.30 1 30 0.35 12

2 5 :2 5 1 :1 0.30 0.30 0.10 0.59 0.59 0.19 0.09 0.09 0.29 1.19 1.19 0.30 1 49 1 49 0.40 14

3 0 :3 0 1 : 1 0.33 0.33 0.12 0.66 0.66 0.24 0.99 0.99 0.37 1.32 1.32 0.49 1.65 1.65 0.61 16

3 5 :3 5 1 : 1 0.36 0.36 0.16 0.73 0.73 0.31 1.09 1.09 0.47 1.46 1.46 0.63 1.02 1.02 0.70 10

4 0 :4 0 1 : 1 0.40 0.40 0.20 0.00 0.00 0.40 1.20 1.20 0.60 1.60 1.60 0.00 2.00 2.00 1.00 20

5 0 :5 0 1 : 1 0.46 0.46 0.30 0.93 093 0.60 1.39 1.39 0.90 1.05 1.05 1.20 2.30 2.30 1.50 24

LOW PERFORMANCE HIGH MORTALITY

2 0 :2 0 1 : 1 0.32 0.32 0.11 0.63 0.63 0.22 0.95 0.95 0.33 1.27 1.27 0.44 1.50 1.50 0.55 15

2 5 :2 5 1 : 1 0.35 0.35 0.15 0.71 0.71 0.29 1.06 1.06 0.43 1.41 1.41 0.50 1.76 1.76 0.72 17

3 0 :3 0 1 : 1 0.39 0.39 0.10 0.77 0.77 0.36 1.16 116 0.54 1.54 1.54 0.72 1.93 1.93 0.90 19

3 5 :3 5 1 : 1 0.43 0.43 0.24 0.05 0.05 0 40 1.20 1.20 0.72 1.71 1.71 0.96 2.14 2.14 1 20 22

4 0 :4 0 1 : 1 0.46 0.46 0.30 0.93 0.93 060 1.39 1.39 0.90 1.05 1.05 1.20 2.31 2.31 1 50 24

M = m a le  F = fem a le  C =  c a lf Ju v e n ile  =  all 1 & 2 year o lds



It m u st be em p h asised  th a t th is m eth o d  is a useful first 
a p p ro ac h  on ly  an d  th a t as tim e passes the  collection  of 
so u n d  biological da ta  m u st be  in co rp o ra ted  to p rov ide  
estim a tes  o f  in creas in g  p recision .

Selective Control

N o  m en tio n  has so far been  m ade  o f  selective con tro l. 
C learly , if  sick  o r p o o r q u a lity  d eer a re  p re sen t in a 
p o p u la tio n  th en  th ey  sh o u ld  be rem oved . H o w ev er, in 
a lm ost all forest po p u la tio n s these  are very  few  an d  the 
p o p u la tio n  m u st be  co n tro lled  by shoo ting  h ea lth y , good 
q u a lity  an im als , especially  h in d s . M anagers m ay  w ish  to 
re ta in  som e good q u a lity  stags, b u t in  w ood lands q u a lity  
is se ldom  lack ing  and  usu a lly  im p ro v es w ith  any re d u c 
tio n  in n u m b ers . T h e  m ain  c rite rio n  m u st alw ays be  the  
h u m an e  co n tro l o f d eer a n d  th is app lies equally  w hen  ou t 
o f  season sh oo ting  is d eem ed  to be necessary , a n d  e sp e
cially  p r io r  to th e  h in d  season w hen  d e p en d e n t calves 
m ay  be o rp h an ed .

Achieving the Cull

It w ill o ften  be ap p a re n t th a t red  d eer are b reed in g  so 
w ell, and  d ensities a re  so h igh  in  forest h ab ita ts  th a t cull 
targ e ts  are  d ifficu lt, if  no t im po ssib le , to achieve. T h is  
m ay  be because  th e  size o f th e  p ro b lem  was no t obvious 
in th e  past o r it m ay sim ply  be because  o f an  increasing  
area o f  th ick e t w ood land  an d  decreased  sigh tings o f deer. 
P oor access is often  th e  cause o f failure to achieve culls.

W h atev er th e  cause , co n sid era tio n  m u st be  given to 
find ing  th e  m eans to  achieve th e  req u ired  cull targets. 
F o re s t design  is a vital p a rt o f d eer m an ag em en t an d  the 
p rov ision  o f op en  areas for th e  p u rp o se  o f  im p rov ing  the 
possib ilities fo r k illing  d eer is essentia l. T h is  aspect is 
covered  m ore  fully  in  F o re s try  C om m ission  L eaflet 86 
Glades fo r  deer control in upland forests (R atc liffe , 1985), 
b u t essen tia lly  a system  o f  g lades connec ted  by  forest 
roads an d  sta lk ing  p a th s sh o u ld  be m ain ta in ed . W here  
p ossib le , g lades sh o u ld  be  areas w here  th e  d eer th em 
selves have show n a p reference  for h e rb -rich  sw ards, and 
freq u en tly  these  m ay be th e  areas o f b e tte r  q u a lity  lan d , 
b u t in som e instances re-seed ing  m ay be necessary .

F o re st ran g ers  carry ing  ou t d eer m an ag em en t m u st be 
sk illed  and  w ell e q u ip p e d . T ra in in g  m u st be  p ro v id ed  to 
en su re  th a t ran g ers  are  co m p eten t to use firearm s safely 
an d  to k ill d ee r as h u m an e ly  as possib le. T h e y  shou ld  be 
eq u ip p ed  w ith  rifles, b in ocu lars and o th e r eq u ip m e n t o f a

h ig h  q u a lity , a p p ro p ria te  to fu ll-tim e p rofessional use. 
T ra n s p o rt  and  slau g h te rin g  facilities are also o f  g reat im 
p o rtan ce . T h e  use  o f  a ll-te rra in  vehicles g reatly  speeds u p  
th e  recovery  o f  d e e r and  as a re su lt increases th e  tim e 
available fo r sta lk in g , an d  it red u ces m an u a l d ragg ing  in 
o f  d eer. T h is  m in im ises th e  m ost s tren u o u s  p a r t o f  the  
ra n g e r’s job  a n d  it cu ts  dow n  on  th e  stra in s  and  back  
in ju rie s  o ften  resu ltin g . W ell d esigned  an d  e q u ip p ed  d eer 
la rd e rs  red u ce  physical e ffort an d  red u ce  loss o f  incom e 
by  assisting  good p re p ara tio n  o f th e  carcass, and  they  
allow  fo r im p ro v ed  o p e ra to r hygiene.

In  h illy  te r ra in , h igh-seats are  o ften  considered  to be 
u n n e ce ssa ry  b u t in w oo d lan d s they  can be  useful. T h e  
use  o f  h ig h -sea ts  is covered  in F o restry  C om m ission  
L eafle t 74 H ig h  seats fo r  deer management (R ow e, 1979) 
a n d  in th e  Forest ranger's handbook  (S p rin g th o rp e  and 
M y h ill, 1985).

T h e  a lg o rith m  (F ig u re  17) p ro v id es a m anagem en t 
ap p ro ach  to  d ec ision -m ak ing . I f  p a rticu la r difficulties are 
fo reseen , con sid era tio n  sh o u ld  be given to ex ten d ed  sea
sons an d /o r n ig h t shoo ting . So long  as th e  trea tm en t o f 
d e e r confo rm s to th e  sam e h igh  s tan d ard s  o f h u m aneness 
as in -season  a n d  day tim e  sh o o tin g , th en  these  m eth o d s 
p ro v id e  an  excellen t m eans to su p p lem en t th e  cull. C are 
ful tria ls  o f n ig h t sh oo ting  co n d u cted  in so u th  Scotland 
show  th a t th is m e th o d  is at least as h u m an e  and  effective 
as day -tim e shoo ting . B efore u n d e rta k in g  n igh t-sh o o tin g , 
perso n n el sh o u ld  be  fam ilia r w ith  th e  R ed  D eer C o m m is
sio n ’s C ode o f P rac tice  o n  the  sub ject.

Deer Management Groups

R ed  d e e r a re  h efted  to areas, o ften  co inc id ing  w ith  w a te r
sh ed s, an d  do no t a d h ere  to geographica l u n its  o f p a rticu 
lar lan d  ow n ersh ip . F o r th is reason  it is reco m m en d ed  
th a t lan d  m anagers o ccupy ing  p a rticu la r areas o f  co n 
tig u o u s d eer range  sh o u ld  co -operate . I f  th e  separate  
ob jectives o f ad jacen t lan d  m anagers vary  th en  th ere  is 
likely  to be m o re  conflict o f  in te res ts  th an , for exam ple, if  
all th e  land  is being  m anaged  fo r fo restry . W h atev er the  
land  use  ob jec tives, a m ore  w o rkab le  d e e r m anagem en t 
stra tegy  is m ost likely  to em anate  from  a fo ru m  o f open  
d iscu ssio n , an d  a ttem p ts  to  ap p rec ia te  a n e ig h b o u r’s 
p o in t o f view . T h e  R ed  D eer C om m ission  can play  a 
valuab le  ro le in  assisting  g ro u p s o f in d iv id u a ls to set u p  
such  d eer m an ag em en t g ro u p s , an d  are alw ays ready  to 
h e lp  an d  advise in  such  c ircum stances. It is strong ly  re 
co m m en d ed  th a t lan d  m anagers w hose land  occupies a 
p a rticu la r d eer range  sh o u ld  o rgan ise  them selves in to  a 
d eer m an ag em en t g ro u p  in o rd e r to d iscuss m anagem en t 
stra teg ies an d  objectives.
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Figure 17. R ed deer m anagem ent strategy.

Determine: D am age levels
P redicted changes in forest structure 
P redicted  changes in adjacent land-use 
Population  features -  R eproductive perform ance 

Seasonal im m igration 
M ortality/Em igration 
Previous culls 
Expected density

Evaluate:

25



Summary of Management Duties

1. D iv ide  th e  fo rest area in to  sub -areas o f d iscre te  d eer 
ran g e , i.e . sep ara te  p o p u la tio n s , irrespec tive  o f 
ad m in istra tiv e  b o u n d a rie s . C o nsu lt n e ig h b o u rs if  
necessary  in o rd e r to  set u p  d eer m anagem en t 
g ro u p s.

2. C a rry  ou t dam age in sp ec tio n s, follow ed by  dam age 
assessm en ts, w h ere  and  w hen  necessary.

3. P red ic t changes in fo rest s tru c tu re  and  the  fu tu re  
im p ac ts o f  these  changes on  d eer p opu lations.

4. C o n d u c t van tage  p o in t coun ts each  sp rin g  (M a rc h -  
M ay inclusive) to d e te rm in e  densities in b locks o f 
sim ilar s tru c tu re  an d  usage by  deer.

5. S u p p lem en t van tage  p o in t coun ts w ith  d u n g  coun ts 
w h ere  necessary  in areas w ith  p o o r v isib ility  and 
to p o g rap h y  for van tage p o in t coun ts . U se aerial 
p h o to g rap h s  in classify ing  th icke ts .

6. C ollect jaw bones from  all d ee r sho t fo r age d e te r
m in a tio n  an d  fu tu re  coh o rt analysis. R eco rd : anim al 
re ference  n u m b e r, da te  sh o t, loca tion , sex and 
w e ig h t. F ix  label w ith  re ference  n u m b er o f  jaw bone.

7. F o r fem ales, assess fe rtility  by  exam in ing  th e  re p ro 
du c tiv e  tract:
a) is a foetus p resen t?
b) sex o f foetus?
c) i f  no  foe tus, is a co rp u s lu teu m  p resen t?
d) is th ere  m ilk  in th e  m am m ary  g land?

R eco rd  th is in fo rm atio n  w ith  an im al re ference  n u m 
b e r  (6 above).

8. R eco rd  all g ro u p s  o f d eer seen d u rin g  M a rch -M ay  
an d  analyse van tage  p o in t data  for sex and  age class, 
to o b ta in  calf: h in d  ratios.

9. E n d  o f  season (A p ril-Ju n e )
a) D e te rm in e  ages fro m  all jaw bones and  re la te  to 
an im al re fe ren ce  n u m b ers .
b) A ssess p e r cen t p reg n an cy  for yearlings and adults 
fro m  ra n g e rs ’ n o tebooks .
c) A ssess d en sity  in d ifferen t areas from  vantage 
p o in t an d  d u n g  co u n t data.
d ) E stim a te  calf m orta lity /su rv ival by  co m paring  
sp rin g  calf: h in d  ra tio s w ith  fertility  ra tes after allow 
in g  fo r th e  cull.
e) E stim a te  an n u al increase.
f) C om ple te  coh o rt analysis reco rd  fo r th e  year and 
re-ca lcu late  m in im u m  p o p u latio n  size for p rev ious 
years.
g) C o m p are  n u m b ers  k illed  p e r 100 ha w ith  F igu re  
16. A re  cu lls  b e in g  achieved?

10. O n  th e  basis o f  in fo rm atio n  g a th e red , set nex t y ear’s 
culls.

11. U se th e  a lg o rith m  (F ig u re  17) to assist in decision 
m ak ing .

12. Select su itab le  sites for g lades.
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APPENDIX

Age Determination in Red Deer

T h e  fo llow ing k ey , rep re sen ts  th e  stages in too th  e ru p tio n  
a n d  w ear fo u n d  in  red  d eer (Cervus elaphus).

T o o th  e ru p tio n , w h ich  co n tin u es u p  to and  in c lu d in g  
th e  e ig h th  y ear, sh o u ld  be used  as th e  m ain  c rite rio n  and 
th e  po sitio n  o f the  cem en to -enam el ju n c tio n  o f th e  m olar 
tee th  in  re la tio n  to the  level o f th e  jaw  bone  is o f p rim e 
im p o rta n ce  (see F ig u re  A).

Figure A Crest

T h e  m eth o d  is sim ple  to  use  an d  req u ires  no  specia l
ised  eq u ip m e n t o r p rep ara tio n  excep t th a t th e  jaw and 
cheek  tee th  m u st be th o ro u g h ly  c leaned  before  ex am ina
tion .

A ll p re -m o lars  are 
m ilk  tee th , M l  and  
M 2 are  p re sen t and  in 
va rio u s stages o f 
e ru p tio n .

A ll m ilk  tee th  have 
b een  lost. M 3 is 
p a rtia lly  e ru p te d  and 
its th ird  c u sp  is no t 
s ta ined  w ith  ta rta r . 
T h e  p e rm a n en t pre- 
m olars a re  ligh tly  
sta in ed  w ith  ta rta r .

C em en to -en am el 
ju n c tio n  is no t visib le 
on  M 2 and  M 3. All 
cu sp s s ta in ed  evenly  
w ith  ta rta r .

C em en to -en am el 
ju n c tio n  is no t v isib le  
on  M 2 a n d  M 3.

C em en to -en am el 
ju n c tio n  on  M 2 is just 
c lear o f th e  jaw  bone . 
C em en to -en am el 
ju n c tio n  no t v isib le  on 
M 3.

C em en to -en am el 
ju n c tio n  is level w ith 
th e  jaw  b o n e  on M 3.

Diagnostic features
Age
class Eruption

All p re-m olars are 
m ilk  teeth  and  PM 3 is 
tr ip a rtite  (i.e . it has 
th ree  cu sp s, no t two 
as in the  p e rm an en t 
PM 3). M l is p resen t 
a n d  in  the  process o f 
e ru p tio n .

Wear

C em ento -enam el 
ju n c tio n  is now  above 
th e  level o f  th e  jaw 
bo n e  on  all cheek  
tee th

C em en to -en am el 
ju n c tio n  is at least 
1 m m  above th e  jaw 
bo n e  on  all cheek  
tee th .

T h e  th ird  cusp  o f M 3 
show s no w ear.

S light w ear on  the  th ird  
cu sp  o f  M 3. C ontiguous 
p a th  o f  d en tin e  ju st isolates 
th e  p u lp  cavities on  M l .

D en tin e  exposed 
th ro u g h o u t the  leng th  of 
all crests. P u lp  cavities 
now  incom plete ly  isolated 
on M 2.

D e n tin e  is b ro ad er than  
enam el on all crests. M 2 
and  M 3 re ta in  their 
p o in ted  form .

All p u lp  cavities are now 
isolated by den tine .
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9  P u lp  cavities on  M l  are
ab sen t o r non-functional 
an d  on M 2 a n d  M 3 are 
becom ing  co n stric ted  in 
the  m id  reg ion .

10 N o  crests rem ain  on  any
cheek  tee th  above th e  level 
o f  th e  p u lp  cavities. C row n 
h e ig h t is less th an  exposed 
ro o t h e ig h t on  M l . T h e  
crow n o f  M l  has w orn  
exposing  a p a tch  o f 
cem en tu m .

11 C ro w n  h e ig h t is equal to  or
less th an  exposed root 
h e ig h t in  all cheek  teeth . 
M l  has w o rn  exposing  a 
p a tch  o f  cem en t betw een 
the  cusps. P u lp  cavities are 
sm all, shallow  and 
co n stric ted  on  M 2 and are 
p re sen t on ly  on  th e  two 
an te rio r  cusps o f M 3.

12 T h e  an te rio r  c u sp  o f  M 1 is
m issing  an d  th e  ro t 
rem ains con n ec ted  to the 
p o ste rio r cusp  by  a b ridge  
o f cem en t. PM 3 p u lp  
cavities have d isappeared .

R em oval o f  th e  second  o r th ird  m olar will reveal the  
c em en to -en am el ju n c tio n  i f  th is  is no t v isib le above the  
level o f  th e  jaw .
N ote:  T h e  p re -m o lars  are  labelled  P M  1-3 in  accordance 
w ith  field p rac tice  a lth o u g h  taxonom ic  p recision  in the  
d en ta l d e sc rip tio n  re q u ire s  th a t th ey  be  labelled  P M 2 ^ l,  
PM 1 ra re ly  o ccu rrin g  in  d eer.

P rim e d  in  th e  U n ited  K ingdom  for H e r M ajesty’s S ta tionery  Office 
D d  239949 C28 8/87 8206
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