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ABSTRACT: Summary data for selected body parts, internal organs/tissues, and long bones of twelve
(6 female, 6 male), 1 1-month-old, captive moose (Alces alces americana) from Ontario are presented.
These data characterize morphometry of moose which are approximately 6 months older than those
killed legally as calves during autumn hunting seasons and which are 6 months younger than moose
killed as yearlings. We describe how these data can be used to assess compliance to selective harvest
regulations when investigating officers are presented with incomplete carcass evidence.
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Many resources management agencies collected from 11-month-old moose. These
employ selective harvest regulations as a  data are significant since they: 1) character-
means of attaining their wildlife population  ize moose which are as large as or larger than
objectives. For example, in Ontario, only “legal” calves buttoo small to be misidentified
hunters possessing special permits canlegal- as yearlings; and 2) relate to carcass at-
ly kill moose yearling age or older. Toassess  tributes sometimes available to enforcement
compliance, enforcement personnel require  personnel after an animal has been moved
methods to distinguish between calves and  from the kill site.
older moose. If an entire carcass is available,
itis atrivial matter to age the animal based on METHODS
tooth wear/replacement characteristics, ant- Data were obtained from moose used to
lers, whole body mass, or general appear- assess effects of winter tick (Dermacentor
ance. However, by the time officers are  albipictus) on moose. Housing, handling
involved in a situation, there is usually little and growth of these moose have been de-
of the carcass left intact. Since considerable scribedindetail (Addisoneral. 1983, Addison
growth occurs between the ages of 6 and 18 et al. 1994).
months (Schwartz et al. 1987), summary In April 1982, 12 moose were weighed
statistics (mean, SD, etc.) for weights and alive and then killed with injection of T-61
measurements of various body parts can be  (Hoechst Canada Inc., Montreal, Québec,
used to distinguish between calf and yearling  Canada) into the jugular vein following im-
moose. However, descriptions of body parts  mobilization with 300 mg of xylazine hydro-
of moose of known age remain limited de- chloride (Rompun, Haver-Lockhart Labora-
spite published data on lengths of hind feet tories, Mississauga, Ontario, Canada). Se-
(Blood et al. 1967, Franzmann et al. 1978, lected body parts and internal organs/tissues
Lynch ef al. 1995), metatarsals (Peterson ez were weighed and measured during necropsy
al. 1982) and metacarpals (Bartosiewicz (Tables 1 and 2). Long bones were cleaned
1987). (left to rot in water) and stored until meas-

In this paper we present data describing  ured (Table 3).

a variety of moose body parts which were
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Table 1. Weights [kg] of selected body parts of 11-month-old, captive moose from Ontario.
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Female Male ALL

X(SD)n x(SD)n X(SD)n
Body Part [Max/Min] [Max/Min] [Max/Min]
Live Mass® 205.8(21.57)6 228.9(30.53)6 217.4(29.30)12

[236.5/174.0] [273.0/199.5] [273.0/174.0]
Field Dressed Mass® 136.3(17.12)3 155.1(17.74)5 148.1(18.93) 8
[152.2/118.2] [183.3/138.4] [183.3/118.2]
Dressed Mass® 102.3(15.28)3 117.9(14.46)5 112.1(15.85) 8
[117.0/ 86.5) [140.0/103.5] [119.5/ 74.5]
Quartered Mass¢ 88.5(13.76)3 102.0(12.44)5 96.9(13.83) 8
[102.0/ 74.5] [119.5/ 89.0] [119.5/74.5]
Front Quarter® 24.4( 3.75)3 28.2(3.73)5 26.8( 3.98) 8
[28.3/20.8] [33.5/24.5] [33.5/20.8]
Hind Quarter" 19.8( 3.15)3 22.8( 6.76)5 21.7(3.01) 8
[22.8/16.5] [26.3/20.3] [26.3/16.5]
Neck® 6.9( 1.02)6 8.9( 2.86)6 7.9( 1.76)12
[8.5/5.5] [11.0/7.3] [11.0/5.5]
Backbone” 8.0( 0.95)6 7.6( 1.43)6 7.8( 1.38)12
[9.0/6.5] [9.5/5.3] [9.5/5.3]
Head' 9.5( 1.00)6 10.1( 1.07)6 9.8( 1.03)12
[14.0/10.5] [13.8/11.7] [14.0/10.5]
Forefeet 1.7( 0.20)6 1.9(0.15)6 1.8(0.20)12
[2.0/1.5] [2.2/1.8] [2.2/1.5]
Hindfeet* 2.2( 0.09)6 2.5(0.17)6 2.3(0.22)12
[2.3/2.1] [2.7/2.3] [2.7/2.1]
Hide' 17.8( 1.13)6 19.0( 2.19)6 18.4( 1.79)12
[19.5/16.5] [23.0/17.5] [23.0/16.5]

aLive Mass - intact, live animal.

®Field Dressed Mass - carcass less viscera (abdominal and thoracic organs and fat), and blood.

‘Dressed Mass - whole carcass with head (removed at occipital condyles/atlas junction), viscera,
blood, feet and skin removed (front feet removed at junction of carpals and metacarpal, hind feet
removed at junction of tibia and tuber calcis/tarsus).

dQuartered Mass - 4 skinned quarters combined, bone in.

*Front Quarter Mass - average of skinned left and right front quarters, bone in, front feet removed at
junction of carpals and metacarpals; 7 vertebrae removed between front and hind quarters.

Hind Quarter Mass - average of skinned left and right hind quarters, bone in, hind feet removed at
junction of tibia and tuber calcis/tarsus.

gNeck Mass - skinned neck, between occipital condyles - atlas junction and last cervical vertebra.

"Backbone Mass - all lumbar vertebrae with associated muscles.

Head Mass - skinned head.

iForefeet Mass - mean of right and left feet removed at junction of carpals and metacarpals, skin and
hooves attached.

*Hindfeet Mass - mean of right and left feet removed at junction of tibia and tuber calcis/tarsus, skin
and hooves attached.

'Hide Mass - skin with tail but not including skin left on fore and hind feet.
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RESULTS AND DISCUSSION

Two questions arise regarding use of our
data to age wild moose. The first question is
‘Why use data from 11-month-old moose?’.
Undoubtedly, data from both wild calf and
yearling moose harvested during normal au-
tumn hunting seasons would be most useful.
However, for most body parts, no such data
have been published.

The utility of data from 11-month-old
moose becomes apparent when one consid-
ers the following. Growth of wild moose
calves decreases in the autumn and ceases
during the winter months ( Franzmann et al.
1978, Schwartz et al. 1987, Cederlund et al.
1991). Wild moose do not begin growing
significantly again until 12-13 months of
age. Growth in the second summer results in
wild yearlings during autumn in most studies
being 65-118% larger than calves in autumn
(Blood et al. 1967, Schladweiler and Stevens
1973, Peterson 1974, Franzmann et al. 1978,
Saether 1983, Schwartz et al. 1994, Adams
and Pekins 1995, Lynch et al. 1995)(Table
4). Even in other studies with fewer than 11
moose used for comparisons, yearlings have
been 47-57% larger than calves (Blood er al.
1967, Timmermann 1972). Thus 11-month-
old moose would be much smaller than legal-
ly harvested yearlings yet as large or larger
than legally harvested calves. If a hunter
claims to have shot a calf but tissues or
organs from the kill site are much larger than
tissues from known age 11-month-old moose,
we can conclude that the harvested moose
was not a calf,

The second question that arises is ‘Can
we justify using size of young captive moose
to estimate age of wild moose?’. Caution
must be applied when doing this since many
factors may influence growth differentially
between captive and wild moose calves. Hus-
bandry and nutrition may lead to slower
growth in young calves in captivity due to
volume of food consumed or digestive disor-
ders (Addison et al. 1983, Welch eral. 1985,
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Lankester et al. 1993). However, there may
be more rapid growth in captive as compared
to wild calves in the autumn when many of
the artificial rations used have greater energy
and protein content than would food of wild
calves. This has led to an extended growing
season beyond the time of leaf fall for some
captivecalves (Lankestereral. 1993, Addison
etal. 1994). However, even in captive moose
on high quality diets, growth slows by late
autumn (Lankester et al. 1993) and ceases by
early to mid-winter (Addison er al. 1994).

Other factors that could result in differ-
ential growth between captive and wild calves
include winter severity (Cederlund et al.
1991), summer weather influencing quality
of summer food (Saether 1985) and presence
of parasites or diseases such as infestations
with winter ticks (Dermacentor albipictus)
(Addison et al. 1994). Lankester et al. (1993)
also suggested that differences in birth dates,
birth weights, the age and condition of the
cow, differences between subspecies and
individual genetic fitness may influence size
of calves. The most important consideration
is not if, but to what extent, these factors
affect growth differentially between wild and
domestic calves.

In general, effects of a second summer
season during which to grow are large in
comparison with the influence of other fac-
tors on growth of young moose. Forexample,
differences in body mass of six-month-old
calves between those being from a cow bred
in the first as compared to the second oestrus
was 27 kg (18%)(Schwartz et al. 1994). In
contrast, the difference in body mass be-
tween six-month-old calves and autumn year-
lings was 150 kg (82%) for calves from first
oestrus breedings and 167 kg (108%) for
calves from second oestrus breedings in the
same study (Schwartz et al. 1994). In another
example, maximum annual variation in mean
mass of Norwegian yearling moose for a
period of more than 15 years was 14-27% for
three study areas (Saether 1985). In a second
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Table 2. Organ/internal tissue weights and measures for 11-month-old, captive moose from Ontario.

Female Male ALL
X(SD)n X(SD)n X(SD)n
Body Part [Max/Min] [Max/Min] [Max/Min]
Whole Viscera Mass® (kg) 46.4( 3.22)6 50.9( 6.93)6 48.6(5.94)12
[50/41] [64/43] [64/41]
Trachea Length® (cm) 47.2(2.60)6 49.4( 2.62)6 48.3(2.73)12
[51/44] [53/47] [53/44]
Oesophagus Length® (cm) 99.1( 5.12)6 98.3(4.97)6 98.7(4.83)12
[109/94] [107/93] [109/93]
Lung Mass ¢(g) 1939( 395.9)6 2086( 296.1)6 2012( 342.0)12
[2673/1570] [2460/1590] [2673/1570]
Lung Volume® (dm?) 3.2(0.46)6 3.4(0.72)6 3.3(0.61)12
[3.7/2.6] [4.5/2.6] [4.5/2.6]
Heart Mass’ (g) 1471( 130.4)6 1617( 101.8)6 1544( 135.2)12
[1589/1300] [1760/1460] [1760/1300]
Diaphragm Mass¢ (g) 1246( 218.2)6 1351( 152.5)6 1298( 187.7)12
[1515/1000] [1580/1210] [1580/1000]
Spleen Mass" (g) 1291(751.1)6 785(280.3)6 1038( 601.6)12
[2670/ 560] [1056/ 400] [2670/ 400]
Liver Mass! (g) 4114( 655.4)6 4372( 621.7)6 4243(623.8)12
' [5043/3380] [5500/3800] [5500/3800]
Kidney Mass i(g) 349(57.35)6 378(63.12)6 363(59.44)12
[430/288] [456/300] [456/288]
Small Intestine Length ¥(m) 31.2( 1.99)6 30.4( 1.46)6 30.8( 1.71)12
[34/29] [32/28] [34/28)
Large Intestine Length' (m) 15.2( 1.78)6 14.6( 1.79)6 14.9( 1.73)12
[17.5/13.2] [16.8/12.4] [17.5/12.4]
Caecum Length™ (cm) 47(5.39)6 45(5.57)6 46(5.36)12
[57/42] [56/40] [57/40]
Pancreas Mass " (g) 364(84.17) 344(53.67)5 355(69.32)11
[470/250] [390/260] [470/250]
Testes Mass® (g) -=( === )- 22(4.90)6 - =me- )--
[28/13]
Ovaries Mass? (g) 2(0.30)4 --(----)- --(----)--
[2.0/1.3]
Thyroid Mass® (g) 6.1(0.99)6 6.6(1.75)6 6.4( 1.38)12
[7.5/5.0] [9.5/4.5] [9.5/4.5]
Adrenal Mass' (g) 6.2( 1.05)6 6.1(0.87) 6.2(0.92)12
[7.5/4.5] [6.9/5.0] [7.5/4.5]

*Whole Viscera Mass - all abdominal and thoracic organs, diaphragm, mesentery, and fat.

*Trachea Length - from epiglottis to junction with bronchi.

‘Oesophagus Length - from junction with trachea to rumen.
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Table 2. Continued
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dLung Mass - all lung tissue with bronchi from bifurcation with trachea.

°Lung Volume - as determined by water displacement.

Heart Mass - heart with pericardium removed and vena cava, aorta, pulmonary artery and vein,

removed flush with heart.

¢Diaphragm Mass - muscle removed as close as possible to walls of body cavity.

"Spleen Mass - spleen with associated blood vessels cut close to organ.

Liver Mass - entire organ with associated blood vessels removed close to surface.

iKidney Mass - mean of right and left kidneys; ureters and blood vessels trimmed close to organ;

external fat removed.

kSmall Intestine Length - from junction with abomasum to junction with large intestine.

'Large Intestine Length - from junction with small intestine to anus.

mCaecum Length - frony junction with small intestine to distal tip.

"Pancreas Mass - entire gland with ducts cut flush with surface.

°Testes Mass - mean of right and left testes, epididymis removed.

POvaries Mass - mean of right and left ovaries, ligaments trimmed off close to surface.

9Thyroid Mass - mean of right and left glands.
rAdrenal Mass - mean of right and left glands.

study there was no significant difference in
between year variation in carcass mass of
moose calves among 14 populations spread
throughout Sweden and measured annually
for a period of 4 years (Sand and Cederlund
1996). These measures of the effect of differ-
ences in annual growing seasons on growth
were of small magnitude compared to differ-
ences in size between sympatric calves and
yearlings. Yearlings have been 65-118%
heavier than calves in studies representing
many different years, a wide variety of areas
across North Americaand in Norway, and for
a number of subspecies of moose (Blood et
al. 1967, Schladweiler and Stevens 1973,
Peterson 1974, Franzmann et al. 1978, Saether
1983, Schwartz et al. 1994, Adams and Pekins
1995, Lynch et al. 1995)(Table 4).

In short, there are no data at this time to
suggest that data from captive 1 1-month-old
moose would be inappropriate for distin-
guishing between wild calves and yearlings.
This conclusion is supported by comparison
of whole body mass from calves in this study

with whole body mass from wild calves.
Despite different subspecies, locations and
times of collection of data between October
and April, our calves raised in captivity (see
Addison et al. 1994)(n=18) were of similar
mass at the same age to wild calves in Alaska
(Franzmann et al. 1978)(n=192) and in Al-
berta during 1960 and 1963 (Blood et al.
1967)(n=9) and during 1980 (Lynch et al.
1995)(n=25)(Table 4).

Summary data for selected body parts,
internal organs/tissues and long bones are
presented in Tables 1, 2, and 3. Though
similarities among the sexes were evident,
data are presented separately since circum-
stances often demand that the most specific
data available be applied to the animal under
investigation. Datacombined fromboth sexes
are presented since the sex of the animal is
sometimes unknown.

Body mass of calf and yearling moose
differ sufficiently to allow delineation of age
based on that criterion (Table 4). Using data
from various carcass yields for ageing moose
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Table 3. Lengths[cm] of selected long bones of 11-month-old, captive moose from Ontario

Female Male ALL
x(SD)n x(SD)n x(SD)n
Body Part [Max/Min] [Max/Min] [Max/Min]
Right Pelvis? 19.8(0.80)5 19.9(0.53)6 19.9(0.64)11
[21.1/19.0] [20.7/19.4] [21.1/19.0]
Left Pelvis? 19.7(0.61)5 19.9(0.52)6 19.8(0.54)11
[20.5/19.0] [20.6/19.2] [20.6/19.2]
Left Femur® 36.9(1.43)6 38.0(0.98)6 37.4(1.31)12
[39.6/35.6] [38.8/36.2] [39.6/35.6]
Left Tibia® 42.4(1.65)5 43.4(1.02)6 43.0(1.36)11
[45.2/40.8] 44.8/42.0] [45.2/40.8]
Right Tibiotarsus? 8.4(0.08)6 8.9(0.15)5 8.7(0.28)11
[ 8.5/8.3}] [9.1/8.7] [9.1/8.3]
Left Tibiotarsus® 8.4(0.11)6 8.9(0.23)6 8.6(0.32)12
[ 8.5/8.2] [9.1/8.5] [9.1/ 8.2}
Right Fibular Tarsus® 14.1(0.24)6 14.7(0.27)6 14.4(0.38)12
[14.5/13.8] [15.0/14.3] [15.0/13.8]
Left Fibular Tarsus® 14.1(0.24)6 14.6(0.19)6 14.4(0.40)12
[14.5/13.9] [14.8/14.3] [14.8/13.9]
Right Metatarsus’ 36.5(0.68)6 37.7(0.50)6 37.1(0.82)12
[37.6/35.8] [38.2/36.8] [38.8/35.8]
Left Metatarsusf 36.6(0.63)6 37.2(1.26)6 36.9(1.00)12
[37.6/36.0] [38.0/34.8] [38.0/34.8]
Right Hind Foot
Right Third Phalanx® 6.5(0.21)6 6.5(0.12)6 6.5(0.17)12
[ 6.9/ 6.4] [ 7.0/ 6.4] [ 7.0/ 6.4]
Right Hind Foot
Right Second Phalanx® 6.5(0.08)6 6.6(0.15)6 6.5(0.12)12
[ 6.6/6.4] [6.7/6.4] [6.7/6.4]
Right Hind Foot
Right First Phalanx® 8.6(0.08)6 8.9(0.23)6 8.7(0.2H)12
[ 8.7/8.5] [ 9.2/ 8.6] [ 9.2/ 8.5]
Right Scapula® 31.9(0.69)5 32.9(0.71)6 32.5(0.84)11
[33.0/31.4] [33.4/31.6] [33.4/31.4]
Left Scapulah 32.0(0.63)6 32.8(0.61)6 32.4(0.73)12
[33.0/31.6] [33.2/31.6] [33.2/31.6]
Right Humerus 33.2(1.16)5 34.6(0.71)6 34.0(1.16)11
[35.0/31.8] [35.8/33.8] [35.8/31.8]
Left Humerus' 33.1(1.04)6 34.6(0.66)6 33.8(1.15)12
[35.0/32.0] [35.6/33.8] [35.6/32.0]
Right Radius’ 36.9(1.03)5 38.4(0.76)6 37.7(1.13)11
[38.6/35.8] [39.6/37.2] [39.6/35.8]
Left Radiug 36.8(0.96)6 38.4(0.61)6 37.6(1.12)12
[38.6/35.8] [39.6/37.2] [39.6/35.8]
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Female Male ALL
x(SD)n x(SD)n x(SD)n
Body Part [Max/Min] [Max/Min] [Max/Min]
Right Ulna* 38.2(1.13)5 39.4(0.81)6 38.8(1.10)11
[40.2/37.2] [40.6/38.6] [40.6/37.2]
Left Ulna* 38.2(0.98)6 39.5(0.59)6 38.9(1.04)12
[40.0/37.0] [40.4/38.8] [40.4/37.0]
Right Third Metacarpus'  31.2(0.42)5 32.5(0.45)6 31.9(0.81)11
[31.8/30.8] [33.0/31.8] [33.0/30.8]
Left Third Metacarpus' 31.4(0.54)6 32.5(0.49)6 32.0(0.75)12
[32.2/30.8] [33.0/31.8] [33.0/30.8]
Right Front Foot
Right Third Phalanx® 7.8(0.10)6 8.2(0.21)6 8.0(0.27)12
[7.9/7.7] [ 8.5/7.9] [ 8.5/7.7]
Right Front Foot
Right Second Phalanx® 5.8(0.04)6 6.0(0.18)6 5.90.1712
[5.8/5.7] [ 6.2/ 5.8] [6.2/5.7]
Right Front Foot
Right First Phalanxs 7.8(0.10)6 8.2(0.23)6 8.0(0.25)12
[7.9/7.7] [ 8.5/7.8] [ 8.5/7.7]

“Pelvis Length - most anterior extent of ilium to anterior edge of acetabulum.

*Femur Length - from most proximal extent of greater trochanter diagonal to distal extent of medial
condyle.

°Tibia Length - proximal extent of intercondylar eminence to distal extent of medial malleolus.
Tibiotarsus Length - maximum measured on diagonal.

°Fibular Tarsus Length - maximum with calcaneal tuber attached.

‘Metatarsus Length - proximal extent of metatarsus to distal extent of condyles.

¢Hind and Front Foot Phalanx Length - maximum measured on diagonal.

"Scapula Length - scapular tuberosity straight line distance along spine to distal extent of scapula.
‘Humerus Length - proximal extent of greater tubercle to distal extent of capitulum.

iRadius Length - proximal tuberosity to distal extent of styloid process.

“Ulna Length - proximal extent of ulna (olecranal tuberosity removed) to distal extent of styloid
process.

Metacarpus Length - proximal tuberosity to distal extent of condyles.
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has proven more difficult. However, Blood
et al. (1967) determined that carcass yields
are similar among different age classes of
moose. Using this information in conjunc-
tion with the data on 11-month-old moose
(Table 1), one can calculate for calves prob-
able expected mass of various carcass com-
ponents leading towards cut and wrapped
meat.

Data we report have been used to assess
compliance with selective harvest regula-
tions. The following are two examples.

Example 1

It is claimed that a moose with quartered
mass (hide off) of 160 kg and a heart mass of
2.0 kg was a calf moose. Although mass of
quarters is much smaller than field dressed
mass (Table 1), quartered mass of the moose
in question exceeds field dressed or dressed
mass of 126 calves from Montana, Alberta,
Ontario, and Québec (Table 4). The heart of
the moose in question was 30% heavier than
the average heart mass of 11-month-old
moose and 14% heavier than the largest heart
of 11-month-old moose (Table 2). Itis con-
cluded based on the comparative mass of
hanging quarters and the heart that the tissues
examined must be from a moose older than a
calf.

Example 2

It is claimed that 115 kg of cut and
wrapped meat were produced from a male
calf shot during the legal hunt in October.
From Table 4 it is clear that this amount of
meat weighs more than field dressed male
moose calves from Montana (99 kg) and
slightly less than the average field dressed
mass of calves from Québec (120 kg). The
quartered mass (i.e. not yet cut and wrapped)
from 11-month-old Ontario moose averaged
102 kg and represented a carcass yield equal
to 66% of field dressed mass (Table 1). As-
suming that carcass yield is the same for 5 to
6-month-old calves as for 1l-month-old
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moose, which it should be according to Blood
et al. (1967), then guartered mass for Mon-
tana, Ontario, and Québec calves should equal
65 kg, 92 kg, and 79 kg respectively. The
quartered mass for 11-month-old moose av-
eraged 87 % of dressed mass. Applying this
conversion to dressed mass for Alberta calves,
quartered mass of Alberta calves ready for
butchering would weigh 83 kg. It seems
highly improbable that a calf moose could
produce 115 kg of cut and wrapped meat,
when estimates of quartered mass of calves
were significantly lighter. Further, our data
indicate that the mean quartered mass from
11-month-old moose should occur between
85 kg and 109 kg, 95 times out of 100 (95%
confidence). Since the measured amount of
meat exceeds the upper 95% confidence lim-
it, it seems likely that the meat came from a
yearling age or older moose.

The preceding examples demonstrate
how anatomical data can be used in resource
management. Although these data will be
helpful in many cases, they should not be
expected to provide easy differentiation be-
tween calf and yearling moose under all
circumstances. Unfortunately, the literature
to date does not report many data relating to
organ mass or long bone measurements for
comparative purposes. Clearly thereisaneed
to collect and present various types of body
measurement data so that greater use can be
made of the limited evidence usually availa-
ble to enforcement officers.
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