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Abstract: Weights of individual reindeer calves were registered on 3 or 4 occasions from the July roundup to 
the last slaughter roundup in January during each of four consecutive years (1986 to 1989). The observations 
were made in a tagged herd located in the southern part of the reindeer area in Sweden (63° N , 12° E). A 
total of 10 400 live-weight measurements were made, and the relationship between pre-slaughter weight and 
carcass weight was estimated using data from 109 individuals. Variation in weight and weight gain between 
weighing occasions was related to sex, number of days in the corral, scale and year. Non-linear growth curves 
were fit to the adjusted weights. For each sex, smoothed average weights and dispersions, both within and 
between year, as well as the coefficient of variation were calculated from data generated from the estimated 
functions. Individual calf weights were shown to be influenced by sex, weighing day within occasion, and by 
year. 

Reindeer calves gained between 20 and 25 kg in live body weight from two to 6-8 months of age. Male 
calves were heavier than female calves over the whole period and they gained in live weight on average 10 
g/day more than female calves. Between year coefficient of variation was between 1.5 and 7 % with the lar­
gest variation between years for July and January weights and the lowest variation for September weights. 
The growth curves showed that the major increase in weight was between July and September. From Septem­
ber to December/January the additional increase was only 5 %. Dressing-percentage was influenced by live 
weight prior to slaughter. A positive relationship between live weight and dressing percentage was shown. 
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Introduction 
Product ion in reindeer husbandry can be en­
hanced by improving flock management practi­
ces. F l o c k composit ion and slaughter strategy 
are two important factors influencing produc­
t ion. The most c o m m o n way to increase the 
product ion and raise the income has, up to 
now, been to increase the number of animals in 
the populat ion. However , the amount of winter 

* Correspondence. 

pasture is often a l imi t ing factor for the size of 
the population. Othe r restrictions on popula­
t ion size are set by the society. Roads, traffic, 
tourism etc. compete w i t h the reindeer industry 
and has considerably l imi ted the area w h i c h can 
be used for free-ranging reindeer. Long-term im­
provements in reindeer farming can therefore, 
i n most parts of Sweden, no longer be achieved 
by increasing populat ion size. O p t i m i z a t i o n of 
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populat ion structure, slaughter strategy and cul­
l ing of poor producers have become interesting 
alternatives. M o d e l analyses (Petersson & D a -
nell , 1992) have shown that meat product ion 
can be increased by changing the structure of 
the flock wi thout necessarily increasing the to­
tal number of animals. In addition, experience 
f rom this w o r k showed that simulation of the 
dynamics of the reindeer herd could be a po­
werful and useful tool for the reindeer exten­
sion service. 

In order to develop the opt imal strategies, 
knowledge of several parameters is necessary. 
The growth rate of calves, product ion capacity 
of females at various ages, relationships between 
weight and age, and between the live weight 
and product ivi ty of females are examples of 
such parameters (e.g. M o v i n k e l & Prestbakmo, 
1969; and Reimers, 1983a, 1983b). Op t imiza t i on 
of the calf selection for breeding purposes re­
quires knowledge of individual growth as we l l 
as about the effects on adult weight and female 
reproductive capacity. 

However , the production parameters w h i c h 
are necessary for application of a model suitable 
for the entire area are not available. Petersson 
& Danel l (1993b) have reviewed important in­
put product ion parameters for a flock model 
and noted that comparable data from different 
regions was lacking. 

G r o w t h i n reindeer calves is difficult to calcu­
late. Due to genetic (Reimers, 1983b) and clima­
tic differences (e.g M o v i n k e l & Prestbakmo, 
1969) and highly variable nut r i t ion supply, 
weight is expected to differ between animals, 
areas and years. Reimers (1983b) clarified the 
causal factors behind body weight and establis­
hed that environmental factors have a signifi­
cant influence on growth. Li t t le data is avail­
able on individual growth i n reindeer calves, 
and most information of this type obtained un­
der natural conditions is f rom studies lasting 
one year or less. Furthermore, most data con­
cerns captive animals; for example, Krebbs & 
C o w a n (1962), Rydberg (1971), Espmark (1980), 
Reimers (1983b), Rognmo et al (1983) and Par­
ker (1989). M c E w a n (1968) studied both w i l d 
and captive caribou calves and Timisjarvi et al. 
(1982) studied partly free-living reindeer. O the r 
results are based on a l o w number of observa­
tions w i t h insufficiently defined background 
material. Nonetheless, observations of captive 
reindeer can include detailed records including 

bir th weight and age at time of weighing (e.g. 
Espmark, 1971; Varo , 1972; Timmis ja rv i et al., 
1982; R o g n m o et al, 1983). 

The purpose of this study is to provide pro­
duction parameters of both live- and carcass-
weights and growth i n calves to be used i n the 
opt imizat ion studies. 

The study w i l l i) present results f rom analysis 
of about 10 400 calf weight records, collected in 
the same area during 1986-1989, ii) elucidate 
the causes of variation i n weight and growth 
between calves, and identify the age at w h i c h 
calves stop growing and iii) present dressing-
percentage figures i n calves. 

Material and methods 
Data collection in the Tdnnds study herd 
The data used i n this study were recorded from 
1986 to 1989 i n a reindeer herd i n Tannas sami 
village, i n the souther part of the reindeer far­
ming area in Sweden. The winter herd included 
about 5000 animals. 

In the early 1980s, reindeer owners i n the v i l ­
lage introduced a new system of reindeer pro­
duction based on a Norweg ian model (Lenvik, 
1989). In this system, calves were harvested, 
whereas previous harvest consisted p r imar i ly of 
adults. The heaviest calves were retained for 
breeding. The selection cri terion was live 
weight at time of slaughter; thus all calves had 
to be weighed (see Petersson et aL, 1990). A 
new tagging system, described by L e n v i k & 
Fjel lheim (1988a), was also introduced. The sys­
tem allows individual animals to be identified 
and enables dams to be paired w i t h their calves. 

D u r i n g 1982-85, calves were weighed on ly 
once (at the time of slaughter i n December). 
Starting i n 1986, up to four weighings were 
made yearly. In Ju ly , the new batch of calves is 
traditionally owner-marked, ear-tagged and 
weighed. In September, another roundup is 
made to tag and weigh calves that had been 
missed during the Ju ly roundup. In addition, 
some of the previously weighed calves were re-
weighed. The calves were weighed again i n De­
cember and i n January when the registered 
weight also was used as the selection cri terion. 
The abbreviations for the four weighing occa­
sions, i.e. JUL(year) , SEP(year), D E C ( y e a r ) and 
JAN(year ) , w i l l henceforth be used i n the text. 
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The data for JUL(86) were subdivided into two 
groups: records obtained between the 1 and 8 
of Ju ly i n the Rodfjåll area (A) and those obtai­
ned between 10 and 12 of Ju ly i n the Lång-
brottsfjåll area (B). 

In connection w i t h slaughter i n 1987 the dres­
sing percentage for 109 calves was obtained. 

A t the JUL(86) occasion the individual 
weights of the calves were registered w i t h the 
help of an assistent w h o held the calf whi le 
standing on a bathroom scale. In al l , three 
weighing stations and three different persons 
were available. Each person was referred to a 
specific scale. F r o m SEP(86) rebuilt lamb scales 
(Poldenvale Lamb-weight) w i t h electronic 
weight-heads (Farmertronic) were used. T o 
avoid errors i n the electronic system due to l o w 
temperatures during winter weighings, the 
weight-heads were provided w i t h electric hea­
ters, w h i c h consisted of buil t- in 1 2 V / 5 W elec­
tric bulbs. In both systems, the scales were cali­
brated daily according to the weight intervall of 
the calves. 

Statistical analysis 
It was assumed that the calf weights registra­
tions w o u l d be affected by sex as we l l as by 
geographic location, time spent i n the main cor­
ral and scale used. Since it is not possible to 
consider all these factors simultaneously when 
fitting non-linear growth curves to the data, 
preadjustments of the data had to be made. 
B o d y weight and the change i n body weight be­
tween weighings are also influenced by dam age 
and weight. F o r 1986-87 little information on 
these factors were available; therefore they co­
u ld not be considered i n this study. Starting i n 
1988, both the identity and age of the dams 
were recorded. 

The first step was to perform a separate 
weight analysis for each weighing occasion, 
where upon and adjustment was made for the 
different fixed effects. Means and standard er­
rors were then computed for each sex on each 
occasion, using the adjusted data. In the second 
step, non-linear growth curves were fitted sepa­
rately to data from each year based on the 
number of observations and the means at each 
weighing. In the last step, an overall average 
curve was fitted to the data generated by the 
year-specific curves. 

Analysis of weights on different occasions. 
The statistical models set up for the analysis of 
the recorded calf weights were part ly chosen 
based on information obtained i n a survey 
made during 1983-1985 i n the same herd (Pe-
tersson, 1988). The analyses were performed 
w i t h the G L M procedure of the SAS statistical 
package (SAS, 1985) using the model 

YiiU=P+si+Vj+°k+eijki 

where 

Yijki = weight of the ijklth. calf 
jit = overall mean 
st = fixed effect of z'th sex, i=l-2 
Vj = fixed effect of yth scale, j=l-3 (max) 
Ok = fixed effect of kth. length of waiting period 

(days), k=l-14 (max) 
eijki = random residual effect w i t h mean = 0 and 

variance = a 2 

e 

Using the estimated constants the observed 
weights were adjusted for the effect of scale and 
number of days wait ing i n the corral as fol­
lows: 

where 

Y'l^i = adjusted body weight for each calf of sex i 
Y^i = unadjusted weight for each calf 
v* = adjustment for y'th used scale 
og = adjustment for kth length of waiting period 

The adjustment for scale was made only for the 
JUL(86) data since no effects of scale were 
found in the other datasets. 

The scale adjustments were: 
Y 

H 

where 

v* = adjustment for y'th scale, j=l-3 (max) 
Vj = the estimate for y'th scale obtained in M o d e l 

1, j=l-3 (max) 
r = number of scales 

The adjustments for the stay i n the corral 
were made towards the day w i t h the highest 
weight. F o r the Ju ly data the highest weights 
were observed at the end of the weighing peri­
ods. F o r the December and January data it was 
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assumed that the calves were heaviest on the 
first day i n the corral. The September weig­
hings lasted more than one day on ly i n 1986, 
and these weights were adjusted towards the 
first day of weighing. Table 1 gives the actual 
dates towards w h i c h the observed weights were 
adjusted. 

Grouping of the calves 

T o deterrhine the relation between Ju ly weights 
and growth rate during the summer and au­
tumn, calves were placed into one of three gro­
ups, based on their adjusted Ju ly weight. The 
grouping was made using the mean weight (X), 
the product of the standard deviation (SD) and 
a variable, 2 (=0.43). The value of the variable 
was chosen so that one th i rd of the calves fell 
into each of the three groups. G r o u p 1 consis­
ted of animals w i t h weights less than (X-
SD X 2) kg, group 2 of animals w i t h weights 
w i th in (X±SDxZ) kg and group 3 of animals 
w i t h weights greater than (X+SDxZ) kg . The 
procedure demands that a normal distr ibution 
of weights could be assumed. Weight gain from 
Ju ly to December was computed w i t h i n groups. 

Estimations of growth curves 
F o r each combinat ion of year, sex and weig­
hing occasion the means and standard error 
(SE) of adjusted weights were computed. The 
results were used to describe the growth rate 
between Ju ly and January for the male and fe­
male calves. The fo l lowing non-linear functions 
(1 and 2) were fitted to the mean values using 
the N L I N weighted least-square procedure i n 
the SAS package and the Marquardt iteration 
method (SAS, 1985): 

Y^b^l-he-^l-bse-W^xy) (Model 1) 

and 

Yx=aXb^x 

(The « G a m m a function*; W o o d , 1967) (Model 2) 

where 

Yx = observed mean weights on day X 
X = day number, w i t h X = 0 for the weighing in 

J . u l 7 . 

a = ini t ial weight on the J U L occasion 
b0-b4 = constants 
e = base of the natural logari thm 

Table 1. Weighing occasion, date, number of calves weighed and average weight with standard deviation. 

Occasion/year Date 1 Male calves Female calves 

n X S D n X S D 

J U L ( 8 6 ) A Ju l 5 319 18.76 3.32 352 17.51 3.06 
JUL(86)B Ju l 12 155 22.01 3.39 165 20.12 3.33 
SEP(86) Sep 16 73 42.75 4.11 113 39.26 3.66 
D E C ( 8 6 ) Dec 7 299 45.65 4.60 337 43.01 4.65 
J A N ( 8 7 ) Jan 20 120 45.75 4.16 153 42.80 3.95 

JUL(87)B Ju l 23 531 22.58 3.97 529 21.42 3.37 
SEP(87) Sep 16 62 41.15 5.43 51 38.00 4.25 
D E C ( 8 7 ) Dec 8 398 43.73 4.72 427 41.67 4.03 
J A N ( 8 8 ) Jan 10 174 42.49 4.76 155 39.63 4.31 

JUL(88)B Ju l 18 761 20.72 4.71 797 19.69 3.96 
SEP(88) Sep 16 44 42.91 4.65 39 38.21 3.03 
D E C ( 8 8 ) Dec 9 549 42.76 4.61 569 40.69 4.23 

JUL(89)B Ju l 20 949 23.74 3.60 872 22.23 3.00 
SEP(89) Sep 15 79 42.97 4.44 85 39.62 4.89 
D E C ( 8 9 ) Dec 11 629 45.58 5.10 609 42.63 4.37 

1) Date towards which the weights were adjusted in the analysis. 
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Table 2. Analyses of variance in observed weights of the reindeer calves at J U L , SEP, D E C , J A N . 

M e a n squares and degrees of freedom for Coefficient 

Occasion Sex df Scale df D a y df Residual df 
or deter­
minat ion 

JUL(86)A 286.5*** 1 38.0* 2 60.7*** 6 9.6 661 9.8 
JUL(86)B 316.1*** 1 21.3ns 2 46.4** 2 10.8 312 13.6 
JUL(87) 334.1*** 1 - 434.1*** 10 9.4 1048 32.4 
JUL(88) 316.8*** 1 - 109.4*** 12 8.5 1533 11.1 
JUL(89) 1047.4*** 1 - 242.5*** 13 9.4 1806 19.8 

SEP(86) 564.8*** 1 - 17.4ns 1 14.8 178 18.0 
SEP(87) 337.6*** 1 - - 23.8 112 11.3 
SEP(88) 183.7*** 1 - - 12.3 47 24.9 
SEP(89) 459.8*** 1 - - 21.9 162 11.5 

DEC(86) 1134.2*** 1 - 177.5*** 2 21.3 629 9.6 
DEC(87) 896.4*** 1 - 29.6ns 4 19.1 820 6.0 
DEC(88) 1064.5*** 1 - 127.0 4 19.1 1112 7.4 
DEC(89) 2776.2*** 1 - 48.7ns 5 22.5 1229 9.6 

JAN(87) 591.2*** 1 - 19.0*** 3 .16.4 272 12.6 
JAN(88) 674.5*** 1 - - 20.6 327 9.0 

ns = not significant; * = (p<0.05); ** = (p<0.01); *** = (p<0.001). 

The functions were chosen after visual inspec­
t ion of the data pattern. M o d e l 1 was used for 
the 1986 and 1987 data when four weighings 
were made each year. F o r 1988 and 1989, when 
no weighings were made i n January, M o d e l 2 
had to be used. 

Goodness of fit to the data was calculated 
using R.2= 1-SSR/SST, where SSR and SST are 
the residual and total sums of squares, respecti­
vely. 

The non-linear growth functions for each 
year were used to compute average live weights 
for each sex for the period from 20 Ju ly to 15 
January. Those dates, as we l l as 20 September 
and 10 December were chosen as typical days 
for handlings connected to breakpoints i n the 
reindeer product ion year («seasonal break da¬
tes»). Ar i thmet ic means over the four years 
were then calculated for each fo the four dates. 
Within-year dispersion was calculated from 
pooled estimates of sample variances for the ad­
justed weights described previously. Estimates 
of between-year dispension were obtained i) 
using the standard deviation o l f the average 
weights for each year - «seasonal break dates» 
combinat ion, and ii) from the between-year 

ranges of computed average weights (Rohl f & 
Sokal, 1981). 

Coefficients of variation ( C . V . %) were obtai­
ned from the estimated means and standard de­
viations. 

Dressing percentage 

The relationship between live weight and dres­
sing percentage was estimated as a linear regres­
sion according to the model 

Yl=^b{Wl + W)^el 

Where 

Yl = the dressing percentage of the z'th calf 
/x = overall mean dressing percentage 
b = regression coefficient 
Wi = pre-slaughter body weight for ith. calf 
W = mean pre-slaughter body weight 
e; = residual term 

Results 
The discrepancy i n number of reindeer weighed 
between occasions (Table 1) reflects the large 
variation in roundup efficiency. This variat ion 
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is part ly an effect of season. D u r i n g autumn, 
especially at the beginning of the rutt ing pe­
r iod , the reindeer are present i n both the mo­
untain and forest areas. Therefore, rounding 
them up is more difficult during this period 
than during summer and winter. 

Results f rom analyses of variance (Table 2) 
shows that, for all year-weighing occasion com­
binations, the sex effects were significant. A n i ­
mals often spent five to seven, up to fourteen 
days i n one case, i n the main corral at the end 
of the roundup session. In the December and 
January gatherings, the animals were kept i n 
corrals that had been heavily grazed previously 
and therefore had a l imited supply of lichens. 
The stay i n the main corral was therefore ex­
pected to result i n weight losses i n the calves, 
although dry hay was provided as a feeding 
supplement. In Ju ly roundups, the main corral 
is affected very little by previous grazing and 
the vegetation consists of young green plants. 
Calves are still suckling at this t ime although 
they graze as we l l . Waiting time in the corral 
was significant i n three cases out of five during 
winter handling and in all cases during summer 
handlings. Scale had a significant effect i n one 
of the data-sets from JUL(86) . The scale effect 
was not included for data from SEP(86) because 
better scales, as mentioned above were used. 
The coefficients of determination (R^, Table 2) 
were rather low, w i t h the highest values obtai­
ned on the J U L and SEP occasions. A l t h o u g h 
the l o w R ^-values could have due to environ­
mental effects, no such effects were considered 
in the model . 

The estimated sex-related difference i n body 
weight for each year-occasion combinat ion (Ta­
ble 3) shows that the differences was greatest i n 

September and lowest i n December. The fact 
that some of the male calves were heavy and 
mature enough for active rutt ing participation 
i n late September might explain this finding. 
Ac t ive participation in rutt ing leads to weight 
losses, w h i c h might be large enough to influen­
ce the average weight of the male calves on the 
fo l lowing weighing occasion (e.g. Rydberg, 
1982). The difference between the sexes in­
creased again f rom December to January. 

A s can be seen, the distributions of the calves 
among the three adjusted-July-weight groups for 
each year (Table 4) are skewed to the left and 
differs f rom the intended 33.3 %. However , a 
normal i ty test of the material as reported i n Pe-
tersson & Dane l l (1993a) showed that weights 
i n the populat ion sample were normal ly distri­
buted. Differences between groups i n weight 
gain between Ju ly and December calculated 
over all years were not significant (Table 5). In 
general, daily weight gain tended to be higher 
i n the heaviest group (3) than i n the other two 
groups. D u r i n g each of the years, the average 
weight gain was about 10 g/day greater i n male 
calves compared w i t h female calves. 

Growth curves and computed mean weights 
N u m b e r of calves, LS-means and standard er­
rors of adjusted body weights for male and fe­
male calves i n different year-occasion combina­
tions are presented i n Table 6. In 1986, some of 
the lightest calves were selected for slaughter on 
the S E P and D E C weighing occasions. SEP-
weight i n the SEP(86)-DEC(86) combinat ion 
was significantly greater than that i n the 
JUL(86)-SEP(86) combinat ion. Similar ly , the 
D E C - w e i g h t i n the D E C ( 8 6 ) - J A N ( 8 6 ) combina-

Table 3. Estimated sex differences in body weight (male-female) with degree of significance. The figures in 
parantheses show the superiority of the male calves expressed in percentages. 

Year Weighing occasion 

J U L S E P D E C J A N 

86 1.49***(7.5) 3.40***( 8.6) 2.86***(6.5) 3.26***(7.5) 
87 1.24***(5.2) 3.42***( 9.1) 2.16***(5.2) 3.06***(7.7) 
88 0.82***(4.i) 3.98***(10.4) 2.09***(5.l) 
89 1.50***(6.2) 3.21***( 5.1) 2.97***(6.9) 

***=p<0.001 
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Table 4. Number of calves in July for each year and their distribution among three groups, intended to be of 
equal size. Group 1 consists of animals with weight < X-SD X 2, group 2 of animals with weight 
within X-SD X 2 < and < X + S D X 2 and group 3 of animals with weight > X+SD x 2 (2=0.43 and 
X=adjusted weight). 

Year Male (%) Female (%) 

n 1 2 3 n 1 2 3 

1986 243 32.1 31.7 36.2 293 29.0 31.1 39.9 
1987 310 30.3 35.5 34.2 318 28.6 37.7 33.7 
1988 534 31.8 34.5 33.7 583 30.4 33.6 36.0 
1989 623 31.6 32.4 36.0 594 25.9 40.4 33.7 

a. Male calves 

Weight (kg). 
66 r-

60 -

0 20 40 60 80 100 120 140 160 180 200 

No. of days from JULO 

Fig. 1. Average growth curves and ranges for one 
standard deviation between years (—) and wit­
hin year (....), respectively. 

standard deviations and coefficients of variation 
w i t h i n and between years, are presented i n Ta­
ble 8. F i g . 1 is based on data presented i n Table 
8, w i t h M o d e l 2 fitted to the weights for each 
of the sexes. A s shown, body weight increased 
rapidly during about the first 20 days; thereaf­
ter the growth rate decreased gradually and the 
body weight remained relatively constant du­
r ing the last month and a half. A t the end of 
the period a small weight loss was observed for 
the male cohort. The two outer lines represent 
± one residual standard deviation i n live 
weight (within year) and the two inner lines 
around the mean weight curve represents ± 
one standard deviation of live weight based on 
year means. 

t ion was significantly higher compared w i t h 
that i n the SEP(86)-DEC(86) combinat ion. The 
differences were due to the strategy of selecting 
the lightest calves for slaughter. Data on selec­
ted calves were excluded when fitting growth 
functions to the data. 

Table 7 shows the coefficients for the fitted 
functions of M o d e l 1 and M o d e l 2 and the go­
odness of fit. In all cases the goodness of fit ob­
tained when fitting the adjusted weights to the 
non-linear functions was high, as demonstrated 
by the i£ 2 -values (Table 7). The main reason for 
this is that the mean weights for each point on 
each occasion was used instead of single obser­
vations. 

The predicted average weights for each of the 
four «seasonal break dates» during the four 
years together w i t h corresponding estimates of 

Table 5. Estimated daily weight gain (gram) from 
July to December in 3 groups of calves. F i ­
gures within parentheses give the deviation 
from the LS-mean estimate of group 3. 

1 2 3 

Year 

Male 
1986 165.0 ( + 8.8) 161.2 ( + 5.0) 156.2 
1987 124.4 (-6.3) 126.2 (-4.5) 130.7 
1988 138.8 (-3.1) 139.1 (-2.8) 141.9 
1989 131.5 (-3.4) 128.0 (-6.9) 134.9 

Female 
1986 145.8 (-2.8) 148.7 ( + 0.1) 148.6 
1987 120.0 (-1.9) 120.0 (-1.9) 121.9 
1988 130.5 (-2.3) 132.5 (-0.3) 132.8 
1989 121.3 ( + 0.6) 118.5 ( + 2.2) 120.7 
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Dressing percentage 

A plot of observed values and the linear regres­
sion of dressing percentage on pre-slaughter 
body weight are presented i n F ig . 2. N o effect 
of sex on the regression line was found 
(p>0.05). 

Discussion 
Overall growth 
Seasonal pattern of change i n body weight and 
growth rate i n reindeer are shown by e.g. M c E -
wan (1968) (caribou); Dauphine (1976) (cari­
bou); M o e n (1980); R y g & Jacobsen (1982) and 

Table 6. LS-mean (kg) and SE for pairwise combinations of weighing occasions. 

Male calves Female calves 

Weighing 
occasion N 1st weigh. 2nd weigh. N 1st weigh. 2nd weigh. 

J U L ( 8 6 ) A 229 19.8 ± 0 . 1 9 262 1 8 . 4 ± 0 . 1 8 
JUL(86)B 111 22.5 ± 0 . 2 9 118 20.9 ± 0 . 2 8 
JUL(86)-SEP(86) 53 20.7 ± 0 . 4 5 - 4 2 . 7 ± 0 . 5 1 75 19.0 ± '0 .38 - 39.0 ± 0 . 4 3 
J U L ( 8 6 ) - D E C ( 8 6 ) 211 20.6 ± 0 . 3 2 - 46.3 ± 0 . 4 1 234 19.1 + 0.31 - 43.3 ± 0 . 3 5 
JUL(86 ) - JAN(87 ) 76 20.8 ± 0 . 3 4 - 45.9 dt :0.46 71 19.2 ± 0 . 3 5 - 42.6 ± 0 . 4 8 
SEP(86) 55 42.8 ± 0 . 5 0 88 39.4 ± 0 . 4 0 
SEP(86)-DEC(86) 13 45.7 ± 1 . 0 9 - 4 7 . 9 ± 1 . 1 4 26 41.4 ± 0 . 7 8 - 45.3 ± 0 . 8 6 
SEP(86)-JAN(87) 4 46.0 ± 1 . 4 3 - 46.5 ± 1 . 0 9 10 41.3 ± 0 . 9 0 • - 42.4 ± 0 . 6 9 
D E C ( 8 6 ) 236 46.6 ± 0 . 3 0 281 43.8 ± 0 . 2 8 
D E C ( 8 6 ) - J A N ( 8 7 ) 23 51.1 ± 0 . 8 4 - 48.3 ± 0 . 8 6 53 46.9 ± 0 . 5 4 - 44.2 ± 0 . 5 6 
J A N ( 8 7 ) 103 44.8 ± 0 . 2 5 134 43.2 ± 0 . 3 7 

JUL(87) 443 25.1 ± 0 . 1 4 439 2 3 . 8 ± 0 . 1 4 
JUL(87)-SEP(87) 33 24.8 ± 0 . 5 6 - 40.7 ± :0.79 36 23.8 ± 0 . 3 4 • - 3 8 . 5 ± 0 . 3 6 
J U L ( 8 7 ) - D E C ( 8 7 ) 308 25.1 ± 0 . 1 7 - 44.0 ± :0.24 316 2 4 . 0 ± 0 . 1 6 • - 4 1 . 8 ± 0 . 2 4 
JUL(87 ) - JAN(88 ) 128 24.9 ± 0 . 2 7 - 42.4 ± :0.38 116 23.4 ± 0 . 2 8 • - 39.7 ± 0 . 4 0 
SEP(87) 56 41.4 ± 0 . 6 5 49 38.0 ± 0 . 6 9 
SEP(87)-DEC(87) 38 41.2 ± 0 . 7 8 - 42.4 ± :0.73 32 3 8 . 5 ± 0 . 8 5 • - 40.2 ± 0 . 8 0 
SEP(87)-JAN(88) 16 42.5 ± 1 . 2 3 - 43.7 + :1.24 11 35.4 ± 1 . 4 9 • - 35.9 ± 1 . 5 0 
D E C ( 8 7 ) 321 43.9 ± 0 . 2 4 324 41.7 ± 0 . 2 4 
D E C ( 8 7 ) - J A N ( 8 8 ) 2 41.6 ± 3 . 3 7 - 40.5 ± :4.03 2 3 8 . 7 ± 3 . 3 7 • - 3 8 . 5 ± 4 . 0 3 
J A N ( 8 8 ) 136 42.6 ± 0 . 3 8 121 39.5 ± 0 . 4 1 

JUL(88) 546 21.6 ± 0 . 1 2 564 2 0 . 8 ± 0 . 1 2 
JUL(88)-SEP(88) 26 23.3 ± 0 . 5 5 - 42.5 ± :0.69 21 20.6 ± 0 . 6 1 -- 3 8 . 5 ± 0 . 7 7 
J U L ( 8 8 ) - D E C ( 8 8 ) 534 21.7 ± 0 . 1 2 - 4 3 . 0 ± :0.19 553 2 0 . 8 ± 0 . 1 2 • - 4 0 . 9 ± 0 . 1 8 
SEP(88) 26 42.5 ± 0 . 6 9 21 38.5 ± 0 . 7 7 
SEP(88)-DEC(88) 18 42.3 ± 0 . 7 6 - 43.5 ± :0.81 15 38.4 ± 0 . 8 3 -- 40.6 ± 0 . 8 8 
D E C ( 8 8 ) 534 43.0: ± 0 . 1 9 554 4 0 . 9 ± 0 . 1 8 

JUL(89) 662 25.6 ± 0 . 1 2 630 24.1 ± 0 . 1 2 
JUL(89)-SEP(89) 79 26.1: ± 0 . 3 0 - 4 3 . 4 ± :0.52 85 24.3 ± 0 . 2 9 -- 40.1 ± 0 . 5 0 
J U L ( 8 9 ) - D E C ( 8 9 ) 626 25.6: ± 0 . 1 2 - 46.0 ± 0.19 600 24.1 ± 0 . 1 2 -- 4 3 . 0 ± 0 . 1 9 
SEP(89) 79 45.8: ± 0 . 5 3 85 40.2 ± 0 . 4 9 
SEP(89)-DEC(89) 70 43.4: ± 0 . 5 2 - 46.4 ± 0.51 77 40.0 ± 0 . 5 0 -- 42.9 ± 0 . 4 9 
D E C ( 8 9 ) 626 45.6: ± 0 . 1 9 597 4 3 . 0 ± 0 . 1 9 
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Table 7. Coefficients for the growth function estimated from data given in Table 4. 

Year Ca l f sex M o d e l parameters 

a bo bi b2 h b4 
R2 

Model 1 
1986 male 49.02 0.591 0.023 0.065 0.016 99.4 

female 45.55 0.593 0.020 0.067 0.037 99.8 
1987 male 44.21 0.449 0.036 0.156 0.052 99.8 

female 42.90 0.457 0.025 0.277 0.046 99.5 

Model 2 
1988 male 21.71 0.1909 -.0018 99.9 

female 20.81 0.1652 -.0010 99.9 
1989 male 25.67 0.1380 -.000725 99.9 

female 24.16 0.1308 -.000520 99.9 

Dressing percentage 

12 months of age (e.g. M c E w a n , 1968 (caribou); 
V a r o , 1972; Timis jarvi et aL, 1982; Leader-Wil­
liams, 1988). Changes i n weight in the present 
study are in accordance wi th earlier results al­
though the late decrease in F e b r u a r y - A p r i l / 
M a y was not observed in the present one 
owing to a lack of registrations. F i t t ing the 
same non-linear growth function (Mode l 1) to 
weight records observed between 60 and 180 
days (Rydberg, 1971) and between 42 and 175 
days (Timisjarvi et aL, 1982) gave growth curves 
on the same shape as those obtained i n the pre­
sent study. The approximate weights on around 
10 December were calculated to be 48.8 k g and 
44.6 kg for male and female calves respectively 
using the data obtained by Rydberg (1971) and 
38.8 kg on average for all calves using the data 
from Timisjarvi et aL (1982). These weights are 
w i t h i n the range predicted from the study herd. 

Table 8. Predicted weights (kg), standard deviations and coefficients of variation (%) within (w) and between 
(b) years for male and females calves. 

Date Sex M e a n SD(w) SD(b) C .V . (w) 

(%) 

C.V.(b) 

(%) 

Ju l 20 male 24.31 3.13 1.60 12.9 6.6 
female 22.90 2.81 1.10 12.3 4.8 

Sep 20 male 42.65 4.62 0.63 10.8 1.5 
female 39.23 4.07 0.67 10.4 1.7 

Dec 10 male 44.81 4.74 1.75 10.5 3.9 
female 42.30 4.30 1.31 10.2 3.1 

Jan 15 male 44.86 4.17 2.12 9.3 4.7 
female 41.49 4.17 2.93 10.1 7.1 

Y-0.46'" •0.0001X 
R*-0.13 
n-109 

Pre-slaughter body weight (kg) 

Fig. 2. Relationship between pre-slaughter body 
weight in reindeer calves and dressing per­
centage. 

Timis jarvi et aL (1982). In calves, body weight 
increases continuously unt i l around 6 months 
of age. Thereafter it decreases un t i l around 10-
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A n n u a l differences i n calf weight are k n o w n 
to occur. In the study herd, calf weight i n Ju ly 
had a coefficient of variation of 23 %, w h i c h is 
similar to results f rom Hauk io ja & Salovaara 
(1978). F o r D E C the weight dispersed 7 %. The 
irregular patterns are the result of variation in 
environmental conditions, e.g. climate, food 
availability, stress caused by insects and adverse 
snow conditions. These factors appear to re­
strict calf growth and constitute and uncontrol­
led part of the reindeer product ion system. 

The propor t ion of dams i n the herd, that had 
been selected on. their calf weight, increased du­
r ing each successive year. The impact of this in­
crease on the observed calf weights was conside­
red to be larger each year. However , since the 
effect of the applied selection strategy could not 
be separated i n the analyses it constitutes a part 
of the year-effect, but probably on ly as a minor 
part. L e n v i k et al. (1988b) attributed an impro­
vement i n calf weight over a 5-6 year period to 
their selection strategy, w h i c h was similar to 
the one practiced in our study herd. 

Since weight gain i n calves can be predicted 
from the growth curves such curves help i n de­
termining the optimal time for slaughter. F o r 
example, i n situations where considerable losses 
of calves are expected during the autumn it 
might be preferable to slaughter the calves be­
fore they have reached their m a x i m u m weight. 

Sex 

Krebbs & C o w a n (1962) found i n Canadian 
reindeer that male calves were heavier than fe­
male calves throughout the year. The same was 
found i n a study on domestic reindeer i n F i n ­
land (Eloranta & Nieminen , 1986) and i n N e w ­
foundland caribou calves (Bergerud, 1975). Hau­
kioja & Salovaara (1978) found that, o n average, 
summer weights of male calves were 10 to 15 % 
higher than those of females calves. This diffe­
rence is slightly greater than the corresponding 
one ine the Tannas herd. O u r results are i n ac­
cordance w i t h those calculated form L e n v i k et 
al (1988b), showing that male calves i n N o v e m ­
ber were about 7% heavier than female calves. 

Dressing percentage 

O u r finding that the dressing percentage was 
higher i n the heaviest calves than i n lighter 
ones corresponds wi th data presented by Jacob-

sen et al. (1980) and is also i n accordance wi th 
results obtained w i t h other domestic ruminants 
as reported i n Persson (1985) 

Unrecorded causes of variation in weight 
Weight and growth i n the individual calf are in ­
fluenced by genetic as wel l as by non-genetic 
factors. Non-genetic sources of variation i n 
growth between calves include age of the calf as 
wel l as the age, physical status, pari ty number 
and social rank of the dam (Varo & Varo , 
1971; Espmark, 1980; Jacobsen et al, 1981; K o -
jola, 1989). Correlat ions between the size of the 
mother and the weight development of the cal­
ves as we l l as correlations between bir th time 
and bir th weight and later weights of the calves 
have been reported (e.g. V a ro & Varo , 1971, 
Espmark, 1980; R o g n m o et al, 1983; Eloranta 
& N i e m i n e n , 1986). Eloranta & N i e m i n e n 
(1986) showed that females weighing more than 
90 kg produced calves that, on average, weighed 
40 % more than calves from females weighing 
less than 60 kg. Simi lar ly , results f rom Rognmo 
et al (1983) showed that the b i r th weight of 
calves from females weighing more than 90 k g 
was 70 % higher than that f rom females weig­
hing less than 60 kg. 

O n e important «seasonal break date«, uncon­
trol led i n the study herd, is the b i r th date of 
the individual calf. A range i n age of 10 days 
for example can account for a difference of 3-4 
kg i n weight between two calves i n Ju ly since 
weight gain during the first mon th is 300-400 
g/day (e.g. D o b r o t v o r s k y et al, 1939 (in Krebbs 
& C o w a n , 1962); V a r o & Varo , 1971; Timisjar-
v i et al, 1982, R o g n m o et al, 1983). In addi­
t ion , the b i r th weight of early-born calves is, 
on average, higher (Eloranta & N i e m i n e n , 
1986) than that of calves born later. 

It can be concluded that the variat ion i n bi r th 
date between calves contribute to the variation 
i n weight. The coefficient of within-year varia­
t ion i n Ju ly weights, unadjusted for weighing 
day (from Table 1), was approximately 50 % 
higher than the coefficient of within-year varia­
t ion for the adjusted Ju ly weights (Table 8). 
Adjust ing weights toward the same day seems 
to lower the age-related variation i n weights. It 
can also be concluded that calf age affect Ju ly 
weights more than it affects weights measured 
on later dates. F r o m Table 8, it can be seen 
that the coefficient of within-year variation i n 
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weights were 2 to 3 percent points higher at 
the Ju ly weighing as compared w i t h later occa­
sions. This is i n agreement w i t h results f rom 
F in land (Varo, 1972). F o r C . V . % values calcu­
lated using the raw data (Table 1) the corre­
sponding difference was 6 to 7 percent points 
greater. 

Concluding remarks 

The main results of this study are the presented 
data on reindeer calf weights w i t h dispersions 
connected to the «seasonal break dates». These 
results are going to be incorporated into a mo­
del for op t imiz ing reindeer herd structure as 
discussed, both i n terms of mean weights at dif­
ferent ages and sexes and the dispersion w i t h i n 
year and from year to year. O u r results empha­
size also the importance of information on indi­
viduals for the application of efficient cul l ing 
strategies. 

References 
Bergerud, A . T. 1975. The reproductive season of 

Newfoundland caribou. - Can. J. Zool. 53: 1213¬
1221. 

Dauphine, T. C. 1976. Biology of the Kaminuriak 
population of the barren-ground Caribou. - Cana­
dian Wildlife Service Report Series. 38: 71 pp. 

Eloranta, E. & Nieminen, M. 1986. Calving of the 
experimental reindeer herd in Kaamanen during 
1970-85. - Rangifer. Special Issue No. 1: 115-121. 

Espmark, Y. 1971. Mother-young relationship and 
ontogeny of behavior in reindeer. (Rangifer taran-
dus L). - Tierpsychology. 29 (42): 42-81. 

Espmark, Y. 1980. Effects of maternal pre-partum 
undernutrition on early mother-calf relationships in 
reindeer. - In: Proceedings of the 2nd International 
Reindeer/Caribou Symposium, Roros, Norway 1979. 
Direktoratet for vilt og ferskvannfisk, Trondheim. 
pp. 485-496. 

Haukioja, E. & Salovaara, R. 1978. Summer weight 
of reindeer (Rangifer tarandus) calves and its im­
portance for their future survival. - Rep. Kevo Sub-
artic Res. Stat. 14: 1-4. 

Jacobsen, E., Bjarghov, R. S. & Skjenneberg, S. 
1980. The ability of reindeer (Rangifer tarandus) cal­
ves to gain weight in the winter. - Scientific Reports 
of the Agricultural University of Norway. 59 (32): 1¬
7. 

Jacobsen, E., Hove, K., Bjarghov, R. S. & Skjenne­
berg, S. 1981. Supplementary feeding of female rein­
deer on a licfien diet during the last part of preg­
nancy. - Acta Agric. Scand. 31 (1): 81-86. 

Kojola, I. 1989. Maternal investment in semi-domes­
ticated reindeer (Rangifer t. tarandus L.). - Biologi­
cal Research Reports from the University of Jyvàskylà. 
University of Jyvâskylâ. Jyvàskylà, Finland. 12: 1¬
25. 

Krebbs, C. J . & Cowan, I. M. 1962. Growth studies 
of reindeer fawns. - Canadian Journal of Zoology 
40: 863-869. 

Leader-Williams, N. 1988. Reindeer on South Geor­
gia. The ecology of an introduced population. Cam­
bridge University Press, Cambridge. 319 pp. 

Lenvik, D. & Fjellheim, A . 1988a. Utvalgsstrategi i 
reinflokken. 1. Standard tilleggskode for rein. (Selec­
tion strategy in domestic reindeer. 1. Standard tag 
system for reindeer). Reindriftsadministrasjonen, 
Alta, Norway, pp 251-261. (in Norwegian). 

Lenvik, D., Bøe, E. & Fjellheim, A . 1988b. Utvalgs­
strategi i reiflokken. 3. Reinkalvens høstvekt relatert 
til mødrenes vekt og alder. (Selection strategy in do­
mestic reindeer. 3. Weight of reindeer calves in au­
tumn related to maternal body weight and age). 
Reindriftsadministrasjonen, Alta, Norway, pp. 65¬
69. (in Norwegian). 

Lenvik, D. 1989. Utvalgsstrategi i reinflokken. -
Norsk landbruksforskning Supplement No. 4, 26 pp. 
(in Norwegian). 

McEwan, E. H. 1968. Growth and development of 
the barren-ground caribou. II. Postnatal growth ra­
tes. - Canadian Journal of Zoology. 46: 1023-1029. 

Moen A . N. 1980. Growth and metabolism rhythms 
of individuals and populations of deer and caribou. 
In: Proceedings of the 2nd International Reindeer/ 
Caribou symposium Røros, Norway 1979. Direktora­
tet for vilt og ferskvannfisk, Trondheim. pp. 291¬
296. 

Movinkel, H. & Prestbakmo, H. 1969. Variations 
in the carcass weight of reindeer in some summer 
pasture districts in Finnmark and Troms counties. 
- Scientific Reports of the Agriculture college of Nor­
way. 48 (21): 1-26. 

Parker, K. L. 1989. Growth rate and morphological 
measurements of porcupine caribou calves. - Rang­
ifer. 9 (1): 9-13. 

Persson, L. 1985. Kompendium i notkreatursavel. 
Inst, for husdjursfôràdling och sjukdomsgenetik, ed. 
L. Persson, Uppsala, Sweden. 11 chp (in Swedish). 

Petersson, C. J . 1988. Kalvvagningar i Tannas same­
by. Inst. for husdjursfôràdling och sjukdomsgenetik, 
Uppsala, Sweden. 14: 1-7. (in Swedish). 

Petersson, C. J . , Lenvik. D. & Nissen, 0. 1990. 
Data systems for improvement of reindeer produc­
tion. - Rangifer. Special Issue. 5: 22-28. 

Petersson, C. J . & Danell, Ô. 1992. Simulated pro­
duction losses in reindeer herds caused by acciden­
tal death of animals. - Rangifer. 12 (3): 143-150. 

Rangifer, 13 (2), 1993 115 



Petersson, C. J. & Danell, B. 1993a. Value of earlier 
weight measurements as predictors of body weight 
at later ages in reindeer. (In manuscript). 

Petersson, C. J. & Danell, O. 1993b. Simulation of 
production capacity in reindeer flocks: Submodels 
and review of available production data. (In ma­
nuscript). 

Reimers, E . 1983a. Calving time, growth rate, and 
body size of Norwegian reindeer on different rang­
es. - Artie and Alpine Research 15 (1): 107-118. 

Reimers, E . 1983b. Growth rate and bodysize diffe­
rences in Rangifer, a study of causes and effects. -
Rangifer. 3 (1): 3-15. 

Rognmo, A., Markussen, K. A., Jacobsen, E . , 
Grav, H. J. & Blix, A. S. 1983. Effects of impro­
ved nutrition in pregnant reindeer on milk quality, 
calf birth weight, growth, and mortality. - Rangi­
fer. 3 (2): 10-18. 

Rohlf, F . S. & Sokal, R. R. 1981. Statistical tables 
(2nd ed.). San Francisco: Freeman and Comp. 219 
pp. 

Rydberg, A. 1971. Tillvaxten hos renar. - Rdbdcks-
dalen meddelar, Rapport fran Norrlands Lantbruks-
forsoksanstalt. Robacksdalen, Umea. 3: 1-8. (in Swe­
dish). 

Rydberg, A. 1982. Preliminara resultat fran slakt-
kroppsundersokningen av ren, sasongen 1981-82 
inom Arvidsjauromradet. - Sveriges lantbruksuni-
versitetet, Renforsoksavdelningen. Mimeo, 21 pp. 
(in Swedish). 

Ryg, M. & Jacobsen, E . 1982. Seasonal changes in 
growth rate, feed intake, growth hormone, and 
thyroid hormones in young male reindeer (Rangifer 
tarandus tarandus). - Canadian Journal of Zoology. 
60: 15-23. 

SAS Institute Inc. 1985. Users's Guide Statistics. Ver­
sion 5 Edition. SAS Institute Inc. Cary N . C . 956 
pp. 

Timisjarvi, J., Nieminen, M., Roine, K. & Koiski-
nen, M. 1982. Growth in the reindeer. - Acta. Vet. 
Scand. 23: 603-618. 

Varo, M. & Varo, H. 1971. The milk production of 
reindeer cows and the share of milk in the growth 
of reinder calves. - Journal of the Scientific Agricul­
tural Society of Finland. 43: 1-10. 

Varo, M. 1972. Investigations on the possibilities of 
reindeer breeding II. - Journal of the Scientific 
Agricultural Society of Finland. 44: 234-248. 

Wood, P. D. P. 1967. Algebraic model of the lacta­
tion curve in cattle. - Nature 216: 164-165. 

Manuscript accepted 15 April, 1993. 

Correc t ion to F i g . 1. 

a. Male calves 

Weight (kg). 
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b. Female calves 

Weight (kg) 

No. of days from JULO 

60 80 100 120 140 
No. of days from JULO 

160 180 t 200 

Fig. 1. Average growth curves and ranges for one standard deviation between years (—) and within year (....), 
respectively. 
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