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Abstract: A dynamic age-structured model was used to simulate the consequences on herd p r o d u c t i o n if an 
extra animal f r o m a particular age class and season was lost. H e r d size was adjusted to 1000 animals and a sex 
ratio of .75/.25 via slaughter in late a u t u m n . Three harvest strategies were applied, ranging f r o m extreme calf 
to adult harvest. E q u i l i b r i u m herd structure was disturbed w i t h the loss of an extra animal and the conse­
quences in terms of the number of animals slaughtered and k i l o g r a m of carcasses produced were f o l l o w e d 
over a s imulat ion per iod of 15 years. T h e loss of a male corresponded largely to 0.70 to 0.90 times its o w n 
carcass weight. Loss of a female decreased herd p r o d u c t i o n by 1.2 to 1.7 times the carcass weight of the lost 
animal . The highest losses were observed for 4-6 year o l d females. Loss of a calf reduced herd p r o d u c t i o n b y 
0.3 to 1.6 times the cal f ' s carcass weight, depending o n season of loss and harvest strategy. In general, a loss 
d u r i n g winter decreased herd p r o d u c t i o n 10 to 20 percent more than a loss d u r i n g autumn. 
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Introduction 
A n i m a l losses are a m a j o r l i m i t a t i o n o n p r o d u c ­
t i v i t y o f r e i n d e e r h u s b a n d r y . N o r m a l m o r t a l i t y 
is r e l a t e d t o t h e c o n d i t i o n s t o w h i c h the a n i ­
m a l s are k e p t . S o m e o f t h e m o c c u r d u e t o n o n ­
s p e c i f i c reasons , b u t m a i n l y , t h e y o c c u r due t o 
i d e n t i f i a b l e reasons s u c h as diseases, s t a r v a t i o n , 
p r e d a t o r s , t r a f f i c acc idents , etc. 

D i s e a s e a n d s t a r v a t i o n i n f l u e n c e h e r d p r o d u c ­
t i v i t y a n d a l ternate w i t h h i g h c a l v i n g success 
a n d g r o w t h rates. C o n t r o l o f these d i s t u r b a n c e s 
c a n be seen as p a r t o f the p r o d u c t i o n t e c h n i q u e . 
L o s s e s caused b y p r e d a t o r s a n d t r a i n o r t r a f f i c 
acc idents d i f f e r , tha t t h e y affect i n d i v i d u a l a n i ­
m a l s a n d al ter o n l y the d e m o g r a p h i c s t r u c t u r e 
o f t h e h e r d . F r o m the r e i n d e e r o w n e r ' s p o i n t 

o f v i e w , these are u n n e c e s s a r y d e t r i m e n t s t o 
p r o d u c t i o n caused b y e x t e r n a l c i r c u m s t a n c e s , 
w h i c h t h e y c a n n o t c o n t r o l . H o w e v e r , t h e m a r ­
g i n a l effects o f a c c i d e n t a l losses are i m p o r t a n t 
b o t h t o the o w n e r a n d o t h e r par t i es . 

P r e d a t o r s a l o n e m a y a c c o u n t f o r a c o n s i d e r a ­
b le p o r t i o n o f t o t a l r e i n d e e r losses. B j a r v a l l et 
al. (1990) f o u n d i n a s u r v e y o f t w o h e r d s i n 
n o r t h e r n S w e d e n , that b e t w e e n 6 6 % a n d 7 5 % 
o f a l l ca l f m o r t a l i t i e s w e r e caused b y p r e d a t o r s . 
O f f i c i a l S w e d i s h stat ist ics i n d i c a t e s that a t o t a l 
a n n u a l loss o f a b o u t 3 % o f the a n i m a l s t o c k has 
b e e n caused b y p r e d a t o r s i n recent years ( B . S6-
r e n s e n , pers . c o m m . ) . 

A c c i d e n t a l losses affect h e r d p r o d u c t i v i t y d i ­
r e c t l y v i a t h e i r p o t e n t i a l s l a u g h t e r v a l u e s . I n d i -
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rect c o n s e q u e n c e s i n v o l v e the d y n a m i c effects 
o n t h e h e r d ' s age s t r u c t u r e a n d its i m p a c t o n 
the p r o d u c t i v i t y d u r i n g s u b s e q u e n t years . D i ­
rect effects are easy t o eva luate , w h i l e eva lua­
t i o n o f i n d i r e c t effects r e q u i r e s p r e d i c t i o n o f 
t h e h e r d ' s d y n a m i c b e h a v i o u r o v e r t i m e . T h e 
p u r p o s e o f t h i s s t u d y w a s t o i l l u s t r a t e the use 
o f h e r d s i m u l a t i o n as a t o o l t o eva luate the c o n ­
sequences o f a n i n d i v i d u a l a n i m a l loss i n spec i ­
f i c age a n d sex classes a n d d u r i n g d i f f e r e n t sea­
sons o n p r o d u c t i o n . 

Methods 
A d y n a m i c s i m u l a t i o n m o d e l o f a r e i n d e e r h e r d 
w i t h a n a r b i t r a r y s ize o f 750 females a n d 250 
males w a s d e v e l o p e d . T w e n t y - f i v e d iscre te clas­
ses o f a n i m a l s w e r e d i s t i n g u i s h e d ; 9 classes o f 
ca lves (age 0) w i t h m o t h e r s o f d i f f e r e n t ages, fe­
males i n age-classes f r o m 1 t o 9 + y e a r s o f age 
a n d m a l e s i n age-classes f r o m 1 t o 7 years o f 
age. T h e sex r a t i o i n t h e ca l f classes w e r e assu­
m e d t o be 0.5/0.5. 

Table 1. A s s u m e d calving rates, survival probabil i t ies and carcass weights (kg). T h e parameters are based main 

l y o n K o r a k (1985) and B. Saitton (pers. c o m m . 1985). 
parameters 

A n i m a l C a l v i n g C a l f 1 ' 2 O w n s u r v i v a [ C a r c a s s 3 

age-class rate s u r v i v a l w i n t e r s u m m e r a u t u m n w e i g h t (kg) 

F e m a l e s 1 .05 .00 .965 .970 .975 26 
2 .50 .50 .970 .975 .980 30 
3 .70 .65 33 
4 .80 .70 36 
5 .85 .75 38 
6 .90 .80 39 
7 .95 .85 40 
8 .95 .90 40 
9 + .90 .95 .970 .975 .980 40 

M a l e s 1 .970 .975 .980 29 
2 .980 35 
3 40 
4 44 
5 47 
6 49 
7 .970 .980 .980 50 

1 A s s u m e d total survival rates. Total loss (1 - surv. rate) is divided among winter , summer and autumn peri­
ods in the amounts of 31, 33 and 36 percent, respectively. 

2 Survival rates of calves becoming motherless dur ing winter , summer and autumn were set at .70, .00 and .30, 
respectively. 

3 Carcass weights for male and female calves were set to 19 and 17 kg , respectively. 

T h e y e a r w a s d i v i d e d i n t o s ix d iscre te p e r i o d s 
as s h o w n i n F i g . 1. P e r i o d s P i , P 3 a n d P 5 w e r e 
t o g e t h e r a s s u m e d t o c o v e r t h e w h o l e y e a r . D u ­
r i n g these p e r i o d s , a l l r e d u c t i o n o f a n i m a l s d u e 
t o m o r t a l i t y w e r e a s s u m e d t o o c c u r . P e r i o d s 

F i g . 1. D i v i s i o n of the year i n periods P l - P6. 
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Table 2. Predetermined invo luntary slaughter (figures w i t h 2 decimals) and the ult imate propor t ions slaughte­
red (wi th 4 decimals) under e q u i l i b r i u m at pre-rutt ing (P4) and autumn slaughter (P6) i n the three 
studied harvest models. Values w i t h i n parenthesis represent the intended harvest i n these age-classes, 
al though no animals occurred i n them under e q u i l i b r i u m herd structure. 

I n v o l u n ­ C o m b , ca l f a n d E x t r e m e ca l f E x t r e m e a d u l t 

A n i m a l t a r y a d u l t h a r v e s t h a r v e s t m o d e l harves t m o d e l 

age-class s l a u g h t e r P 4 P 6 P 4 P 6 P 4 P 6 

F e m a l e s 0 .01 .1102 .4506 .01 

1 .01 .2700 .01 .01 

2 .01 .01 .01 .01 

3 .03 .03 .03 .03 

4 .04 .04 .04 .04 

5 .05 .05 .05 .05 

6 .07 .07 .07 .8377 

7 .09 .1100 .09 1.0000 

8 .11 .3000 .11 (1.00) 

9 + .25 .6000 .25 .(1.00) 

M a l e s 0 .01 .2466 .7670 .01 

1 .01 .3132 .0468 .0087 .0014 .3480 .0739 

2 .01 .8400 .01 .8400 1.0000 

3 .03 .3300 .03 (1.00) 

4 .04 .2504 .04 (1.00) 

5 .05 .2495 .05 (1.00) 

6 .07 .3314 .07 (1.00) 

7 1.00 1.0000 1.00 (1.00) 

P 2 , P 4 a n d P 6 w e r e t rea ted as m o m e n t a n e o u s 
events . A t t h i s t i m e , c a l v i n g , t r a n s m i s s i o n t o a n 
h i g h e r age-class a n d harvest o f s l a u g h t e r a n i m a l s 
t a k e p lace . A c t u a l l y , these p e r i o d s c o v e r t i m e 
f r a m e s w h i c h p a r t i a l l y o v e r l a p w i t h P I , P 3 a n d 
P 5 . 

T h e t r a n s i t i o n o f a n i m a l s b e t w e e n age-class 
c o m p a r t m e n t s o f the m o d e l is d e t e r m i n e d b y 
c a l v i n g percentages , s u r v i v a l p r o b a b i l i t i e s a n d 
p r o p o r t i o n s r e t a i n e d at s l a u g h t e r . F o r the eva­
l u a t i o n o f p r o d u c t i o n o u t p u t , carcass w e i g h t s 
are r e q u i r e d . T h e p a r a m e t e r s u s e d i n the so-cal ­
l e d « n o r m a l herd» b y T h e N a t i o n a l B o a r d o f 
A g r i c u l t u r e ( K o r a k , 1985) w e r e c h o s e n as a 
base, a s s u m i n g that t h e y are v a l i d averages f o r 
r e i n d e e r h u s b a n d r y i n S w e d e n . A s u m m a r y o f 
the p a r a m e t e r s used , except harves t r e m o v a l s , is 
g i v e n i n T a b l e 1. D i f f e r e n t i a t i o n o f the s u r v i v a l 
p r o b a b i l i t i e s o f calves a c c o r d i n g t o the d i f f e r e n t 
m o t h e r ages as w e l l as s u r v i v a l p r o b a b i l i t i e s o f 
m o t h e r l e s s calves w a s a p p l i e d s u b j e c t i v e l y w i t h 
the g u i d a n c e o f e m p i r i c a l k n o w l e d g e g a i n e d 
f r o m r e i n d e e r herders (B . S a i t t o n , pers . c o m m . ) . 

H a r v e s t o f s l a u g h t e r a n i m a l s o c c u r r e d i n p e r i ­
ods P 4 a n d P 6 . I n P 4 , t h e p r e - r u t t i n g s l a u g h t e r , 
o n l y males w e r e s l a u g h t e r e d , w h i l e a n i m a l s o f 
b o t h sexes w e r e h a r v e s t e d i n P 6 . T h r e e d i f f e ­
rent harves t p o l i c i e s w e r e s t u d i e d : i) a c o m b i ­
n e d ca l f a n d a d u l t harves t m o d e l w h i c h r e s e m ­
b l e d the average harves t p r a c t i c e i n S w e d e n ; i i ) 
an e x t r e m e ca l f harvest m o d e l ; a n d i i i ) a n ex t re ­
m e a d u l t harves t m o d e l . A l l harvest m o d e l s as­
s u m e d the same i n v o l u n t a r y harvest as a base. 
T h e r e m a i n d e r o f the harvest w a s m o d e l l e d i n 
t w o steps. F i r s t , the m a j o r i t y o f s l a u g h t e r a n i ­
mals w e r e r e m o v e d i n a p r e d e t e r m i n e d harves t 
w h i c h f o l l o w e d the i n t e n t i o n s o f each harves t 
m o d e l . T h e s e c o n d harves t step at the e n d o f 
P 6 , r e g u l a t e d the n u m b e r o f a n i m a l s t o sa t i s fy 
the p r e d e t e r m i n e d h e r d s ize a n d sex r a t i o . T h e 
harvest strategies f o r t h e three m o d e l s is g i v e n 
i n T a b l e 2. 

P r o d u c t i v i t y o f the h e r d w a s m e a s u r e d b y t h e 
n u m b e r o f s l a u g h t e r e d a n i m a l s a n d t h e t o t a l 
a m o u n t o f carcass p r o d u c e d . C o n v e r s i o n t o re­
venues used the average S w e d i s h p r i c e f o r 
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1990/91 o f S E K 22.30 p e r k g carcass p l u s t h e 
p r o d u c t i o n s u p p o r t o f S E K 364.00 p e r carcass 
f o r t h e same p r o d u c t i o n y e a r . 

T h e m o d e l w a s c o d e d i n D Y N A M O ( G u s t a f s -
s o n , 1983), w h i c h is a s i m u l a t i o n language p r e ­
d o m i n a n t l y d e s i g n e d f o r t i m e - c o n t i n u o u s m o ­
dels . I n t h i s case, the s ix d iscre te p e r i o d s o f t h e 
y e a r w e r e u s e d as t i m e steps. 

T h e e v a l u a t i o n began b y r u n n i n g the m o d e l 
u n t i l e q u i l i b r i u m w a s o b t a i n e d . T h e m o d e l w a s 
t h e n d i s t u r b e d w i t h the loss o f a n e x t r a a n i m a l 
i n a p a r t i c u l a r sex a n d age-class d u r i n g o n e o f 
t h e p e r i o d s P I , P 3 o r P 5 a n d t h e n r u n f o r an­
o t h e r 15 years i n o r d e r t o c l o s e l y r e a c h e q u i l i ­
b r i u m . T h e s l a u g h t e r o u t p u t w a s m o n i t o r e d 
a n d c o n t r a s t e d w i t h the e q u i l i b r i u m s i m u l a t i o n . 
A c t u a l r e v e n u e s a n d r e v e n u e s d i s c o u n t e d t o t h e 
y e a r o f loss w e r e a c c u m u l a t e d . T h e d i s c o u n t i n g 
(D) f a c t o r u s e d w a s : 

D=(l+R)ry 

w h e r e , R is the d i s c o u n t rate , d e t e r m i n e d t o be 
.05, a n d y is the n u m b e r o f years s ince t h e ex­
t r a loss o c c u r r e d . 

Results and discussion 
E q u i l i b r i u m h e r d s t r u c t u r e s a n d p r o d u c t i v i t i e s 
i n the t h r e e harves t a l t e r n a t i v e s are g i v e n i n T a ­
b l e 3. 

R e s u l t s o v e r a 15-year s i m u l a t i o n t h a t f o l l o ­
w e d the a c c i d e n t a l loss o f a n i m a l s i n d i f f e r e n t 
age-classes a n d d u r i n g d i f f e r e n t seasons are g i ­
v e n i n T a b l e 4 - 6 . F i g . 2 gives e x a m p l e s o f 
f l u c t u a t i o n s i n a n n u a l r e v e n u e f o r t h e 15 y e a r s 
i n the c o m b i n e d ca l f a n d a d u l t harves t a l t e r n a t i ­
v e . 

T h e s i m u l a t i o n s i n d i c a t e d s u r p r i s i n g l y s m a l l 
d i f fe rences i n t o t a l p r o d u c t i v i t y b e t w e e n the 
t h r e e harves t m o d e l s . H o w e v e r , the p r i c e sys­
t e m i n t r o d u c e d s o m e d i f fe rences i n t o t a l reve­
n u e . 

Table 3. N u m b e r of animals i n different age-classes at the start of the winter per iod ( P i ) and total harvest un­
der e q u i l i b r i u m in the three slaughter harvest models. 

C o m b , ca l f a n d E x t r e m e ca l f E x t r e m e a d u l t 
a d u l t harves t harves t m o d e l harves t m o d e l 

Age-classes 
F e m a l e s 

M a l e s 

0 164.2 113.8 164.1 

1 104.8 99.5 139.4 

2 95 .7 90.8 127.2 

3 86.0 81.7 114.4 

4 76.5 72.7 101.8 

5 67.4 64.0 89.6 

6 58.1 55.2 13.5 

7 47.9 46.5 0.0 

8 31.1 38.4 0.0 

9 + 18.3 87.5 0.0 

0 139.0 48.3 164.1 

1 80.4 42.6 85.9 

2 12.0 39.3 0.0 

3 7.5 35.5 0.0 

4 5.2 31.8 0.0 

5 3.7 28.1 0.0 

6 2.3 24.4 0.0 

7 0.0 0.0 0.0 

Yearly harvest 
N o . o f a n i m a l s 283.5 335.7 239.3 
K g carcass 8 575 8 135 8 309 
R e v e n u e , S E K 297 417 303 605 272 396 

146 Rangifer, 12 (3), 1992 



Table 4. C o m b i n e d calf and adult harvest model . P r o d u c t i o n loss i n terms of n u m b e r of animals slaughtered 
(in parenthesis) and k g of carcass over 15 years as a result of the loss of an extra animal i n different 
seasons and age-classes d u r i n g year 1. 

A g e - c l a s s o f Season o f loss y e a r 1 

lost a n i m a l w i n t e r ( P I ) s u m m e r (P3) a u t u m n (P5) 

F e m a l e s 0 (1.54) 29.06 ( -91) 15.32 (1.00) 16.81 

1 (2.35) 43 .56 (1.59) 29 .94 (1.62) 30.63 

2 (2.73) 53.38 (2.41) 44.63 (2.36) 43.18 

3 (2.89) 59.69 (2.70) 52.81 (2.59) 51.00 

4 (2.91) 62.88 (2.81) 57.75 (2.66) 55.44 

5 (2.86) 64.56 (2.80) 60.56 (2.64) 57.75 

6 (2.73) 64.94 (2.71) 61.69 (2.52) 58.44 

7 (2.52) 63.81 (2.55) 61.50 (2.34) 58.00 

8 (2.36) 62.44 (2.32) 59.69 (2.08) 55.88 

9 + (2.36) 62.31 (2.14) 58.00 (1.89) 53.13 

M a l e s 0 ( 26.31 ( -91) 17.25 (1.00) 19.00 

1 ( .99) 32.63 (1.02) 26.94 (1.05) 26.63 

2 (1.01) 30.44 (1.01) 32.25 (1.06) 24.38 

3 (1.01) 33.63 (1.03) 31.06 (1.06) 27.44 

4 (1.00) 37.88 (1.03) 34.31 (1.06) 31.63 

5 (1.00) 43.25 (1.02) 38.69 (1.05) 36.75 

6 ( -98) 49 .00 (1.02) 44.13 (1.04) 42.31 

7 (1.00) 50.00 (1.04) 46.69 

Table 5. C a l f harvest model . P r o d u c t i o n loss in terms of number of animals slaughtered (in parenthesis) and 
kg of carcass over 15 years as a result of the loss of an extra animal i n different seasons and age-
classes dur ing year 1. 

Age-c lass o f Season o f loss y e a r 1 

lost a n i m a l w i n t e r ( P I ) s u m m e r (P3) a u t u m n (P5) 

F e m a l e s 0 (1.57) 28.94 ( -92) 15.50 (1.00) 16.87 

1 (2.20) 41.94 (1.62) 29.69 (1.66) 30.44 

2 (2.56) 50.06 (2.26) 43.06 (2.20) 41 .87 

3 (2.76) 55.44 (2.59) 50.69 (2.47) 48.62 

4 (2.86) 58.87 (2.75) 55.37 (2.61) 52.87 

5 (2.88) 61.06 (2.83) 58.37 (2.67) 55.69 

6 (2.86) 62 .37 (2.85) 60.50 (2.67) 57.44 

7 (2.77) 62.06 (2.82) 61.37 (2.61) 58.00 

8 (2.64) 61.19 (2.71) 61.12 (2-49) 57.44 

9 + (2.64) 61.25 (2.56) 59.94 (2.35) 56.19 

M a l e s 0 ( -98) 21.18 ( -92) 17.38 (1.00) 18.94 

1 ( -98) 24 .56 (1.00) 22.38 (1.02) 22 .75 

2 ( -98) 27 .69 (1.00) 25 .06 (1.01) 25 .50 

3 ( .97) 31.13 (1.00) 28.31 (1.02) 28 .56 

4 ( -98) 34.88 (1.00) 31.88 (1.02) 32.06 

5 ( -97) 39 .00 (1.00) 35.56 (1.01) 35.81 

6 ( .98) 49 .00 ( -99) 39.94 (1.01) 40 .00 

7 (1.00) 50.00 
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Table 6 A d u l t harvest model . P r o d u c t i o n loss i n terms of number of animals slaughtered ( in parenthesis) and 
k g of carcass over 15 years as a result of the loss of an extra animal i n different seasons and age-classes 
d u r i n g year 1. 

A g e - c l a s s o f 

los t a n i m a l 

S e a s o n o f loss y e a r 1 A g e - c l a s s o f 

los t a n i m a l w i n t e r ( P I ) s u m m e r (P3) a u t u m n (P5) 

F e m a l e s 0 ( -39) 16.88 ( -03) 5.00 ( .03) 5.81 

1 ( -77) 28.38 ( -41) 17.44 ( -41) 17.88 

2 (1.06) 37.81 ( .79) 29 .06 ( -75) 28.19 

3 (1.25) 44.13 (1.03) 36.88 ( .97) 35.25 

4 (1.37) 48.81 (1.18) 41.88 (1.11) 40.06 

5 (1.47) 52.50 (1.29) 45.88 (1.21) 43.88 

6 (1.52) 55.06 (1.37) 49.19 (1.27) 46.81 

7 (1.41) 51.44 (1.30) 48.69 

M a l e s 0 ( •%) 27.88 ( .82) 18.81 ( -92) 21.06 

1 ( -97) 34.19 ( .98) 28.63 (1.00) 29.00 

2 ( -99) 34.88 (1.00) 35.00 

4 5 6 9 10 1112 13 14 15 
Years after loss 

Revenue (SbK) 
2 0 0 -| 

100 

0 

- 1 0 0 -

- 2 0 0 -

- 3 0 0 

- 4 0 0 

- 5 0 0 

- 6 0 0 

- 7 0 0 

- 8 0 0 

- 9 0 0 

- 1 0 0 0 

- 1 100 

- 1 2 0 0 

-1 3 0 0 

- 1 4 0 0 
Loss of a 4 - y e a r - o l d male 

0 1 2 3 4 5 6 8 9 1 0 1 1 1 2 1 3 1 4 1 5 
Years affer loss 

F i g . 2. T w o examples of changes i n the year ly revenue of the f lock caused by the loss of one animal dur ing 
summer (P3) in the c o m b i n e d calf and adult harvest alternative. 

C o n s e q u e n c e s o f an a d u l t f e m a l e loss d i f f e r e d 
m a i n l y b e t w e e n the e x t r e m e a d u l t harves t m o ­
d e l a n d t h e o t h e r harves t m o d e l s . L o s s i n car­
cass w e i g h t s w e r e 15 - 4 0 % l o w e r i n the extre­
m e a d u l t h a r v e s t m o d e l . F o r males , loss i n car­
cass w e i g h t w a s s l i g h t l y l o w e r i n the ca l f 

harves t m o d e l t h a n i n the o t h e r s . L o s s o f a fe­
m a l e ca l f caused c o n s i d e r a b l y less d a m a g e t o 
p r o d u c t i o n t h a n loss o f a m a l e ca l f i n the a d u l t 
harves t m o d e l . C o r r e s p o n d i n g d i f fe rences i n the 
o t h e r m o d e l s w e r e s m a l l . T h i s re f lec ts the loss 
o f a r e p l a c e m e n t f e m a l e ca l f a n d resul ts i n an 
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a d u l t f e m a l e r e t a i n e d f o r a n o t h e r y e a r o f p r o ­
d u c t i o n b e f o r e s l a u g h t e r . C o n t r a r y , a m a l e ca l f 
m o r t a l i t y is m o r e d i r e c t l y a los t s l a u g h t e r a n i ­
m a l . 

Losses o f f emales g e n e r a l l y caused m o r e seve­
re c o n s e q u e n c e s t h a n tha t o f m a l e s . T h i s is a 
n a t u r a l r e s u l t o f t h e d u a l r o l e o f f emales as 
b o t h ca l f p r o d u c e r s a n d p o t e n t i a l s l a u g h t e r a n i ­
m a l s . T h i s is c l e a r l y i l l u s t r a t e d i n t h e r e c o v e r y 
p a t t e r n i n h e r d p r o d u c t i o n . R e c o v e r y f r o m a fe­
m a l e loss w a s g e n e r a l l y m u c h s l o w e r . O s c i l l a ­
t i o n s i n p r o d u c t i v i t y w e r e p r e d i c t e d t o o c c u r 
b e f o r e e q u i l i b r i u m w a s r e a c h e d d u e t o d i s t u r ­
b e d age d i s t r i b u t i o n s . T h e s e w e r e least p r o n o ­
u n c e d i n t h e a d u l t s l a u g h t e r a l t e r n a t i v e , h o w ­
ever , because o f t h e faster t u r n - o v e r o f p r o d u ­
c i n g f e m a l e s i n t h a t a l t e r n a t i v e . 

D i s t u r b a n c e i n h e r d p r o d u c t i o n w a s greatest 
w h e n females losses o c c u r r e d d u r i n g w i n t e r a n d 
l o w e s t f o r losses d u r i n g a u t u m n . W i n t e r losses 
c a n n o t be r e p a i r e d b y r e t a i n i n g e x t r a rep lace ­
m e n t a n i m a l s u n t i l the n e x t a u t u m n . T h i s de la­
y s t h e r e c o v e r y o f h e r d p r o d u c t i v i t y . F o r m a l e s 
a w i n t e r loss resul ts i n t h e loss o f a h e a v i e r p o ­
t e n t i a l s l a u g h t e r a n i m a l , b u t is c o u n t e r b a l a n c e d 
b y t h e r i s k t h a t i t w i l l n o t s u r v i v e u n t i l 
s l a u g h t e r . Because o f t h i s i n t e r a c t i o n , a loss o f a 
3 - y e a r - o l d m a l e d u r i n g w i n t e r is t h e least seve­
re , w h i l e l o o s i n g i t d u r i n g a u t u m n as a 4-year-
o l d is t h e m o s t severe. It is p r o b a b l e t h a t these 
p a t t e r n s are sens i t ive t o t h e p a r a m e t e r s u s e d 
a n d , c o n s e q u e n t l y , resul ts w o u l d v a r y a m o n g 
r e g i o n s . 

T h e m o s t v a l u a b l e females i n t h e c o m b i n e d 
ca l f a n d a d u l t a n d t h e e x t r e m e ca l f h a r v e s t m o ­
dels w e r e t h o s e b e t w e e n 4 - 6 y e a r s o f age. 
T h e s e a n i m a l s are p r o d u c t i v e , s t i l l h a v e a l o n g 
p r o d u c t i v e l i f e , a n d have r e a c h e d r e l a t i v e l y h i g h 
va lues as s l a u g h t e r a n i m a l s . I n t h e a d u l t h a r v e s t 
m o d e l , the o ldes t a n i m a l s w e r e t h e m o s t v a l u a ­
b l e , s ince t h e i r s l a u g h t e r va lues d o m i n a t e m o r e 
due t o t h e i r s h o r t e r p r o d u c t i v e l i v e s . I n m a l e s , 
o ldes t a n i m a l s w e r e m o s t v a l u a b l e because o f as­
s u m e d h i g h e r w e i g h t s . 

F i g . 3 i n t e r p r e t s p r o d u c t i o n losses i n t o d i s c o ­
u n t e d losses i n r e v e n u e f o r the t h r e e h a r v e s t a l ­
t e r n a t i v e s . T h e r e w a s l i t t l e d i f f e r e n c e s ( 2 - 5 
p e r c e n t ) b e t w e e n d i s c o u n t e d a n d a c t u a l c h a n g e 
i n r e v e n u e s ince the m a i n c o n s e q u e n c e s o f l o o ­
s i n g a n a n i m a l o c c u r r e d s h o r t l y af ter t h e loss . 
T h e e c o n o m i c c o n s e q u e n c e s are s p e c i f i c f o r t h e 
S w e d i s h p r i c e s y s t e m w h e r e p a y m e n t is p a r t l y 
based o n the n u m b e r o f a n i m a l s s l a u g h t e r e d . 

Discounted value (SEK) Harves t alternative A 

2 5 0 0 -| , i = m a l e •"•=femaie W = w i n t e r S = s u m m e r A = a u t u m n 

C a l f 1 2 3 4 5 

Discounted value (SEK) Harvest alternative E 

Age (year) 

2 5 0 0 
| = m a l e a ^ m = f e m a l e W = w i n t e r S = s u m m e r A = a u t u m n 

C a i f 1 2 3 4 5 6 7 8 9+ 

Age (year) 

D i s c o u n t e d v a l u e ( S E K ) Harvest alternative C 

=n = m a l e » = f e m a l e W = w i n t e r S = s u m m e r A = a u t u m n 

C a l f 1 2 3 4 5 6 7 8 9+ 
Age (year) 

F i g . 3. Expected discounted marginal p r o d u c t i o n va­
lues of animals lost at different ages and du­
r ing different seasons i n the three harvest al­
ternatives ( A = c o m b i n e d calf and adult har­
vest, B = extreme calf harvest, C = extreme 
adult harvest). 
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N o g r a d i n g o f carcasses is d o n e , b u t t h e p e r 
h e a d p a y m e n t gives advantage t o y o u n g e r o v e r 
o l d e r a n i m a l s ( o n average m o r e t h a n S E K 40.00 
p e r k g carcass f o r calves vs . a r o u n d S E K 30.00 
p e r k g carcass f o r a d u l t a n i m a l s ) . 

F o r a n average r e i n d e e r o w n e r , h a v i n g a b o u t 
3 0 0 - 4 0 0 a n i m a l s i n t h e w i n t e r h e r d , a n a d d i t i o ­
n a l a n n u a l 3 % o v e r a l l a n i m a l loss d u e t o acc i ­
dents a n d p r e d a t o r s c o r r e s p o n d s , a c c o r d i n g t o 
the r e s u l t o f t h i s s t u d y , t o a r e d u c t i o n o f the 
s l a u g h t e r r e t u r n at a r o u n d 1 7 % o r a r o u n d S E K 
15 000 - 20 000 . 

C o m p e n s a t i o n f o r loss due t o p r e d a t o r s o r 
t r a f f i c a c c i d e n t s is c u r r e n t l y S E K 850, 2900 a n d 
1900 p e r calf , a d u l t f e m a l e a n d a d u l t m a l e re­
s p e c t i v e l y (B . S o r e n s e n , pers . c o m m . ) . T h e v a l u ­
es i n F i g . 3 agree w i t h these c o m p e n s a t i o n s as 
t h e y i n c l u d e the c o m p e n s a t i o n f o r a n e x t r a one-
t h i r d a n i m a l that is s u p p o s e d t o h a v e b e e n k i l ­
l e d b y a p r e d a t o r b u t n o t r e t r i e v e d . 
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