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Whole body analysis

" Whole body images were used to calculate the change in individual tissue weight over the
experimental period. However, because it was necessary to remove GIT from whole body images
during image processing, an estimate of fat and protein mass in empty GIT was added to whole body
mass for this analysis. Estimation of fat and protein in empty gut was achieved in two stages. (1) the
fresh mass of empty GIT (g) for all deer was estimated using GIT fresh mass recorded for 14 deer
slaughtered at the conclusion of the trial and its relationship with whole body weight estimated from
CT images (Figure 5.2). (2) estimates of GIT fresh mass were multiplied by an estimate of the
proportion of fat and protein in empty GIT. Viscera, which included gastrointestinal tract, contained
5.4 g fat and 14.7g of protein per 100g of fresh weight in newly born lambs (Jagusch et al., 1970)

These data were assumed to approximate deer gastrointestinal tract composition.
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Figure 5.2 The empirical relationship between empty fresh GIT mass (recorded at the conclusion of
the spring experiment) and CT-estimated GIT free body weight for both red and hybrid deer (n = 14).
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CT estimated liveweight

~ Liveweight of deer was estimated using CT scans to provide a check on image capture and analysis.
CT - estimated liveweight was calculated from a scan sequence in the same way whole body weight
was derived except that “refined” images (see section image preparation section) were used instead of

whole body images.

Statistical Analysis

The relationships between log whole body weight and log adipose, lean and bone tissue weight were
fitted using linear regression. Differences in regression coefficients and intercept values between
allometric growth equations for each genotype were tested using the method of Snedecor and

Cochran (1980).

5.2 Results

Tissue Weight change

Whole body images were used to calculate the éhangé in individual tissue during winter and spring
and are shown in Table 5.5 and 5.6, respecti;/ely.

At low levels of feeding (37.5 - 41.7 g DM/W °7 /day) deer lost adipose tissue in both winter and
spring and lean in spring. As feeding level increased beyond 41.7 g DM/W ®” /day, generally there

was a net gain of adipose and lean tissue gain increased.

During winter, total liveweight change ranged from -0.5 kg to +12.3 kg and the combined weight of
total body tissues (estimated from CT images) from -0.16 to +8.6 kg. During spring, liveweight
change ranged from -0.75 to 19.5 kg and combined tissues from -7.46 to 18.9 kg but changes in
liveweight and whole body weight were not always well correlated. For example, red deer offered
41.7 g DM/kg LW *” /day gained 4.5 kg in liveweight while apparently losing 5.5 kg in tissue
weight. This discrepancy may have been due to a large gain in digesta mass since this was not
included in CT-estimated whole body weight but would have been a component of liveweight.
However, surprisingly, the difference between CT - estimated whole body weight and liveweight was
inversely related to intake which would not be expected if this was an increased gut fill effect (Table
5.4).

To further investigate this discrepancy, data collected from 10 deer slaughtered at the conclusion of
the experiment for which empty gut tissue weight was available was used in an attempt to account for

the large apparent change in gut fill.



Table 5.2 The initial, final and change in liveweight and individual tissue weight and respective energy retention rates for red and hybrid deer
(n = 2) in winter.

Red deer : Hybrid deer
ME intake (MJ ME/W “"/day) 044 049 0.53 0.57 0.64 073  Adlib 042 0.49 0.53 0.56 0.64 070  Adlib
Initial
Initial Lwt (kg) 553 583 59.3 60.3 57.3 625 58.5 725 68.3 67.5 68.5 68.5 68 68.3
SEM (kg) 2.8 2.3 18 1.8 3.0 3.5 2.0 - 4.5 0.3 2.3 2.5 2.0 5.5 3.0
Adipose (kg) 1.96 1.90 2.06 1.85 2.13 1.81 199 | 224 1.72 2.06 1.63 1.64 1.41 1.97
SEM (kg) 0.13 0.13 0.07 0.17 0.32 0.39 0.52 0.86 0.20 0.71 0.05 041 0.03 045
Lean (kg) 3224 3366 3570 3518 3465 3566 3264 | .41.04 3980 3953  38.09 40.09 3771 4024
SEM (kg) 2.55 0.30 0.62 2.17 1.38 2.99 0.27 5 4.73 2.83 0.60 0.96 2.35 1.25 3.17
Bone (kg) 736  7.50 7.17 7.01 7.08 7.28 712 | 9.04 8.82 9.22 8.85 8.97 8.28 8.50
SEM (kg) 0.67 0.46 0.16 0.39 0.12 0.49 0.04 1.06 . 0.60 0.02 0.32 0.77 0.34 0.28
GIT fat (g) 015 015 0.15 0.15 0.15 0.15 0.15 0.17 0.16 0.16 0.16 0.16 0.16 0.16
GIT protein (g) 390 400 410 410 410 410 400 | 450 440 440 440 440 440 430
Final '
Final Lwt (kg) 593 613 64.5 63.8 64.8 69.3 68.5 72.0 70.0 725 74.0 730 803 728
SEM (kg) 5.3 0.3 0.0 13 3.8 48 L5 13 3.8 2.8 15 8.3 2.8 0.5
Adipose (kg) 1.57 1.52 1.71 1.89 2.09 2.50 2.76 1.79 1.35 1.72 2.00 2.05 2.05 3.00
SEM (kg) 0.29 0.17 0.05 0.10 0.11 0.49 0.16 0.21 0.03 0.18 0.00 0.27 0.30 0.48
Lean (kg) 3449 34.19 3608 3697 3634 3949 3797 | 41.86 4039 4133 4132 4144 4019 4731
SEM (kg) 4.04 0.25 0.56 0.60 2.80 3.03 0.61 2.45 225 0.29 1.67 173 0.64 4.77
Bone (kg) 739  7.54 6.92 7.28 7.42 7.72 7.99 9.74 9.37 9.04 9.26 9.12 8.79 9.30
SEM (kg) 1.16 0.33 0.15 0.21 0.59 0.46 0.40 0.03 0.35 0.46 0.35 0.81 0.03 0.77
GIT fat (kg) 015  0.15 0.15 0.15 0.16 0.16 0.17 0.17 0.16 0.17 0.17 0.17 0.18 0.17
GIT protein (g) 0.4 0.4 0.41 0.42 0.42 0.44 0.43 0.46 0.45 0.45 0.45 0.45 0.49 0.45
Change
Adipose (g/day) -8 -8 -7 1 -1 14 16 9 -8 -7 8 8 13 21
Lean (g/day) 46 11 8 37 34 78 109 17 12 37 66 27 51 144
 Bone (g/day) - 1 1 5 6 7 9 18 14 11 -4 8 3 10 16
Fat (g/day) 4.6 5.1 55 1.9 1.1 12.4 15.2 40 34 4.6 7.5 6.7 11.4 19.3
Protein (g/day) 112 25 0.4 10.4 10.1 22.1 31.8 7.0 5.2 7.9 18.6 7.9 15.5 40.4
E retention (kJ/day) 83 -140 207 321 281 1009 1345 8 -12 5 731 452 816 1711
E retention (kJ/W *7/day) 3 -8 -12 19 15 56 77 3 0 0 38 24 44 84
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Table 5.3 The initial, final and change in liveweight and individual tissue weight and respective energy retention rates for red and hybrid deer

(n = 2) in spring.

Red deer Hybrid deer
ME intake (MJ ME/W %7/day) ~ 0.44  0.49 0.54 0.59 0.64 079  Adlib | 042 0.49 0.54 0.59 0.64 079  Adlib
Initial
Initial Lwt (kg) 740 728 71.8 69.8 69.5 65.5 72.0 79.3 75.8 82.8 74.0 90.3 77.3 79.3
SEM (kg) 0.5 2.3 0.8 23 35 6.0 0.0 18 48 43 30 63 2.8 33
Adipose (kg) 184 1.73 1.57 1.46 1.79 1.43 1.66 1.95 1.92 1.89 1.71 2.20 1.89 1.72
SEM (kg) 0.07  0.23 0.05 0.00 0.25 0.06 0.13 0.05 0.04 0.05 0.09 0.01 0.14 0.21
Lean (kg) 4281 4403 4026 3878 3846 3690 4205 | 4447 4323 4839 4364 5147 4362 4345
SEM (kg) 0.58 449 0.72 1.63 0.18 3.78 070 |- 070 3.51 3.99 0.38 427 2.58 1.30
Bone (kg) 871 841 8.38 8.56 8.13 7.52 8.36 | '10.48 9.44 10.17 9.68 10.99 9.36 9.52
SEM (kg) 0.65 0.60 0.49 0.28 0.33 1.07 0.21 .0.59 043 0.71 0.84 0.28 0.33 0.66
GIT fat (g) 017 017 0.16 0.16 0.16 0.15 0.17 018 . 0.17 0.18 0.17 0.19 0.17 0.17
GIT protein (g) 046 046 0.44 0.43 0.43 0.42 0.45 0.48 0.46 0.49 0.47 0.52 0.47 0.46
Final :
Final Lwt (kg) 785 713 75.8 78.8 79.0 76.8 90.0 78.5 76.5 83.0 82.5 103.8 92.0 98.8
SEM (kg) 0.0 3.8 2.3 4.8 3.0 5.8 1.0 4.5 4.0 5.5 4.0 5.3 3.0 0.8
Adipose (kg) 1.68 136 1.60 1.46 172 1.92 5.05 175 1.67 1.73 1.56 2.52 2.02 472
SEM (kg) 0.20 0.03 0.01 0.11 0.04 0.30 0.21 0.19 0.08 0.04 0.12 041 0.08 0.14
Lean (kg) 3801 39.05 3695 3595 4104 41.83  53.15 | 3738 3862 4206 4515 5499 5033  57.63
SEM (kg) 0.58 2.08 0.42 536 0.53 3.88 0.73 1.06 1.51 1.64 235 3.29 1.63 243
Bone (kg) 918  8.30 8.72 8.55 8.25 8.40 9.86 1032 1001 1073  10.14 1140 1036  11.27
SEM (kg) 0.76 0.42 0.57 0.61 0.28 0.52 0.03 0.05 0.23 0.62 0.13 0.14 0.01 0.52
GIT fat (kg) 0.16  0.16 0.16 0.15 0.16 0.17 0.20 0.16 0.16 0.17 0.18 0.20 0.19 0.21
GIT protein (g) 043 043 0.42 0.42 0.44 0.45 0.54 0.44 0.44 0.46 0.48 0.54 0.51 0.56
Change
Adipose (g/day) 3 -8 1 0 -1 10 69 4 5 3 3 6 3 61
Lean (g/day) . -98 -102 -68 -58 53 100 227 -145 94 -129 31 72 137 289
Bone (g/day) 10 2 7 0 2 18 31 3 12 11 9 8 20 36
Fat (g/day) 25 7.3 0.2 -1.0 0.3 112 55.9 5.8 34 2.9 0.2 6.8 6.9 522
Protein (g/day) 222 -26.1 -15.1 -14.4 13.5 295 66.3 369 208  -29.5 9.7 20.0 38.8 82.7
E retention (kJ/day) 622 -902 -349 -379 331 1136 3761 | -1099  -626 811 221 740 1187 4004
E retention (kJ/W *”/day) -33 -45 -19 23 18 62 174 -57 31 -38 11 32 56 177

98
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Table 5.4 The initial, final and change in liveweight (kg), CT estimated liveweight (kg), whole body,
- carcass weight (kg), gut tissue and digesta weight (kg) for red and hybrid deer during spring.

Genotype Red Hybrid
Feeding level (g/kg 41.7 45.8 54.2 66.7 Ad. lib. 41.7 45.8 54.2 66.7 Ad. lib.
LW*7/d)
Initial weight
Liveweight (kg) 75.5 69.0 66.0 67.5 75.0 71.0 76.0 85.5 80.5 82.5
CT liveweight (kg) 66.4 58.1 58.8 58.0 62.1 59.4 64.3 71.9 69.7 67.0
CT whole body wt (kg) 594 514 479 50.7 50.1 50.6 50.3 60.1 57.7 56.8
CT carcass wt (kg) 52.6 46.2 43.4 443 45.2 454 50.3 54.1 51.7 51.3
Gut + digesta wt 7.0 6.7 10.9 7.3 11.1 8.8 8.6 11.8 12.1 10.2
Final weight
Liveweight (kg) 78.0 72.5 74.0 82.5 89.5 70.0 79.5 96.5 95.0 101.5
CT liveweight (kg) 68.8 62.5 63.8 72,7 73.8 61.1 69.1 85.0 80.6 84.0
CT whole body wt (kg) 50.3 48.2 51.2 56.8 69.0 51.5 52.3 65.1 64.4 76.7
CT carcass wt (kg) 45.1 438 45.9 50.5 61.4 46.0 46.8 57.5 575 68.4
Gut + digesta wt (kg) 18.5 14.3 12.6 15.9 4.8 9.6 16.8 19.9 16.2 73
Gut tissue wt (kg) 2.95 2.90 2.18 3.56 3.86 2.75 3.27 3.99 3.97 4.21
Digesta (kg) 1555 1140 1042 1234 094 6.85 1353 1591 1223  3.09
Weight change
Liveweight (kg) 2.5 35 8.0 15.0 14.5 -1.0 35 11.0 14.5 19.0
CT Liveweight (kg). 24 44 5.0 147 - 117 1.7 438 131 10.9 17.0
CT Whole body weight (kg) -9.1 -32.- - 32 6.1 18.0 09 -34 5.0 6.8 19.8
CT carcass weight (kg) -1.5 -2.4 2.5 6.2 16.2 0.6 -3.5 34 5.8 17.1
Apparent gut + digesta (kg) 11.5 7.6 1.7 8.6 -6.3 0.8 8.2 8.1 4.1 -2.9
where

liveweight = liveweight before scanning

CT liveweight = liveweight determined from refined CT images including GIT and digesta
CT whole body wt = weight determined from whole body CT images (excluding GIT and digesta)

CT carcass weight = weight determined from carcass CT images (all viscera excluding kidneys removed)
Gut + digesta weight = difference between CT liveweight and CT whole body
Gut tissue = fresh weight of GIT recorded after slaughter

Digesta = difference between gut + digesta weight and gut tissue
Apparent gut + digesta = difference between CT liveweight change and whole body wt (CT) change.

CT liveweight was calculated using refined images (which contained digesta). CT estimates of

liveweight were consistently lower (14.5%) than liveweight recorded immediately prior to scanning.

(Figure 5.3) but were highly correlated (0.92).

An estimate of full GIT weight was calculated by subtracting CT whole body weight from CT

liveweight. Gut tissue weight collected at slaughter was used to calculate the mass of digesta in final

CT liveweight. Gut tissue weight was subtracted from gut tissue + digesta weight to estimate digesta

weight. Estimates of full GIT ranged from 7.0 to 12.3 kg for initial liveweight and 4.8 to 19.9 kg for

final weight and generally increased with intake. Apparent weight of digesta (gut + digesta weight —

gut tissue weight) appeared to decrease with increasing intake although the relationship was not

strong,.

Generally small liveweight gain at low intake was associated with large tissue loss and therefore

presumably significant increases in gut fill and gut tissue weight. Increasing intake, increased

liveweight gain, increased whole body weight and reduced the apparent increase in gut and digesta

weight. Carcass weight and CT carcass weight were well correlated.
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Figure 5.3. The relationship between liveweight recorded immediately prior to CT scanning and
liveweight estimated from CT images of whole body including GIT and its contents for deer
(including those slaughtered) over a range of liveweight.

Relative growth of tissues

Huxley's (1924) alloinetrié grthh etjuation ‘log Y=Loga+ blog X was used to describe the
relationship between individual tissue components of whole body and whole body weight.

Relative growth curves for winter and summer are presented in Figures 5.4 and 5.5, respectively and
the coefficients of the relationships in Table 5.5.

There was no significant difference (P > 0.05) between red and hybrid deer in growth coefficients for
lean, bone or adipose tissue in whole body. However, there was a trend for hybrids to have a higher
winter and a lower spring growth coefficient for fat compared with red deer. The average across-
genotype growth coefficients were 0.991, 0.750 and 2,22 for lean, bone and adipose tissues
respectively in winter. Spring values were 1.05, 0.486 and 2.00 for lean, bone and adipose tissues

respectively (Table 5.6).
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Table 5.5. Linear regression equations describing the relationship between log whole body and log
- tissue weight (Figures 5.4 and 5.5) for red and hybrid deer in winter and spring.

Season | Tissue Genotype | Coefficient (b) | Constant R* Slope | Elevation
Red 1.009 -0.117 0.97
Lean NS NS
Hybrid 0.972 -0.055 0.99
Red 0.771 -0.407 0.61
Winter Bone NS * ok
Hybrid 0.728 -0.293 0.66
Red 1.697 -2.511 0.39
Adipose NS * ¥
Hybrid 2.737 -4.422 0.67
Red 1.010 -0.115 0.98
Lean NS * ¥
Hybrid 1.094 -0.269 0.98
Red 0.545 -0.001 0.48
Spring Bone NS * ok
Hybrid 0.427 0.259 0.45
Red 2.358 -3.777 0.71
Adipose : NS *
Hybrid 1.638 -2.589 0.52

Although the relativé growth rate of tissues was not different between genotypes, red and hybrid deer

did differ in their body composition at a common whole body weight as indicated by the significant
elevation statistic. For both winter and spring, red deer had more adipose and less bone at the same

whole body weight compared with hybrids. At the same body weight, lean tissue content was not

significantly different between genotypes in the winter but red deer had slightly more lean tissue than

hybrids in spring.

Figure 5.4. Relative growth of lean ( A ), bone (®) and adipose (m) tissue relative to whole body
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Figure 5.5. Relative growth of lean ( A ), bone (®) and adipose (m) tissue relative to whole body
weight in red (solid symbols) and hybrid (open symbols) deer during spring.

Although there were small non-significant differences between genotypes in relative growth of

tissues, there was a significant effect of season on relative growth (Figure 5.6, Table 5.6).
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Figure 5.6. Relative growth of lean ( A ), bone(®) and adipose (m) tissue relative to whole body
weight in winter (solid symbols) and spring (open symbols) for red and hybrid deer combined.
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In winter, bone grew relatively faster (1.06 vs 0.71) and adipose relatively slower (1.03 vs 1.73) than

~ in spring. There was no seasonal difference in lean weight gain (P > 0.05).

Table 5.6. Linear regression equations describing the relationship between log whole body weight
and log tissue weight (Figure 5.6) for red and hybrid deer combined in winter and spring.

Tissue Season Coefficient (b) Constant R’ Slope Elevation
Winter 0.983 -0.075 0.99
Lean NS NS
Spring 1.020 -0.136 0.98
Winter 1.063 -0.873 0.80
Bone * x NS
Spring 0.708 -0.258 0.58
Winter 1.026 -1.448 0.21
Adipose * ¥ * ¥
Spring 1.727 -2.723 0.59

It is apparent from Figure 5.6 that at the same whole body weight, deer in spring had less adipose
than in winter. Figure 5.7 presents relative adipose growth based on measurements made at the end of

the winter and beginning of spﬁﬂg eiperimental periods
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Figure 5.7. Relative growth of adipose tissue based on data collected at the end of the winter (®) and
beginning of the spring (O) experimental periods.
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Dressing out %

~ The dressing out percentage (DO %) was calculated for 10 deer (5 red deer and 5 hybrids) when
slaughtered at the conclusion of the spring trial in mid December (12 months of age). The slaughter

group was selected in order that in each nutritional level chosen both genotypes were represented.
DO % was defined as;

DO% =___hot carcass weight (kg) x 100
pre-slaughter liveweight (kg)

There was no significant effect of genotype. Red deer dressed out at on average 57.5  1.3% and
hybrids at 56.9 + 1.1% (mean + SEM).

The DO % of all deer was estimated by predicting hot carcass weight from CT carcass weight (Figure
5.8) derived from the 10 slaughtered deer. The relationship between CT carcass weight and hot
carcass weight for these deer was not signiﬁcanﬂy different between genotypes and therefore a
common equation was used. Estimated DO % using hot carcass weight predicted from CT carcass

weight was not significantly different between red déer (563.1 £ 1.4 %) and hybrids (85.7£1.0 %)
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40 CT carcass = 2.82 (4.75) + 1.03 {0.08) hot carcass 1* =0.93
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Figure 5.8. The relationship between hot carcass weight and CT derived carcass weight for red deer
(®) and hybrids (O) slaughtered at approximately 12 months of age.
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5.3 Discussion
- CT analysis methods

Conclusions drawn about body composition and energy metabolism (Chapter 5b) from this work rely
entirely on the ability to accurately estimate the weight of adipose, lean and bone tissues. There was

evidence this was achieved with the use of CT techniques.

CT liveweight and changes in CT liveweight were well correlated with pre-scan actual liveweight
and changes in pre-scan actual liveweight although CT liveweight was consistently lower
(approximately 15%) than pre-scan liveweight (Figure 5.3). The difference between liveweight and
CT liveweight was probably due to the exclusion of the head and part of the upper neck from CT
liveweight. Previous estimates (Early et al., 1990) based on cattle data indicate the head was
approximately 10% of carcass weight. Based on a dressing out percentage of 58 %, this translates to
the head being about 6 % of liveweight for weaner deer. Inclusion of the upper part of the neck,
hocks and muddied pelage is likely to reconcile the remaining differences between liveweight and CT

liveweight.

Carcass weight estimated using carcass images (CT carcass weight) was 2.8 kg heavier than hot
carcass weight measured after slaughter (Figure 5.8) but was well correlated. The fact that liveweight
and CT liveweight (Figure 5.3), liveweight change and CT liveweight change (Table 5.4) and carcass
weight and CT carcass weight (Figure 5.8) were strongly correlated is good evidence that the
scanning procedure in conjunction with tissue volume to tissue weight conversion factors provided

reliable estimates of individual tissue weights.

However, changes in CT whole body weight were not well correlated with changes in liveweight or
CT liveweight. For example, in some cases liveweight increased by 2.5 kg but CT whole body weight
apparently decreased by 9 kg. There was no evidence that CT whole body weight should be
determined any less accurately than either CT liveweight or CT carcass weights which were strongly
correlated to their respective actual measurements. Therefore, because the only difference between
CT liveweight and CT whole body weight was gut + digesta weight, changes in gut fill and gut
weight must, by definition explain the discrepancy. This implies there were large changes in gut
weight and gut fill which were negatively correlated with intake. Further evidence that this was a real
effect was that changes in CT carcass weight mirrored the apparent changes in CT whole body
weight and at the same time were well correlated with hot carcass weight. There was also a positive
relationship between CT liveweight and CT whole body weight at the beginning of spring. While
these apparent changes in gut and digesta weight were not anticipated, there is strong evidence from

liveweight and carcass weight that CT measurements accurately measured tissue weights and
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therefore gut changes were a real effect. In light of this, whole body weight and the weight of

* individual tissues were used for analysis with a degree of confidence.

There would be a greater degree of confidence in whole body weight measurements if a plausible
explanation for the apparent changes in gut fill existed. There are two possible explanations for the
apparent increase in gut fill when intake is restricted. Either deer on restricted diets may have (1)
eaten considerable amounts of bedding (sawdust) or (2) retained large amounts of water compared
with deer on high intakes. _

It is unlikely that wood shavings were a significant proportion of the diet for 2 reasons. Firstly, each
pen was lined with only about 2-3 kg of shavings which, initially, deer showed little interest in and
there was no visually detectable disappearance over the three days before bedding was removed and
replaced. Secondly, shavings were spread over the pen floor and became quickly soiled rendering

them unpalatable to deer.

Increases in water consumption might well explain differences in gut fill, although water intake was
not measured. Previous authors (D Freudenburger pers. com) have noted increased water intake of
animals with reduced DM intake and have hypothesised that it might be a way of deer achieving
some sort of satiety. A difference in gut fill, which was negatively correlated with intake would have
occurred if, after the beginning of the experiment restricted animals began consuming greater

quantities of water than they had previously which subsequently was retained in the gut.

Techniques for removing digesta

In comparative slaughter experiments, digesta is removed from the gastrointestinal tract before whole
body composition is estimated and the same would be desirable when using CT images to estimate
body composition. However, when determining body composition based on CT scans, removal of
digesta from images presents problems. Removal of all digesta from the rumen and folds of the GIT
is a sisyphean task and dramatically increases image processing time. In addition, identification of the
digesta-GIT tissue boundary is difficult especially posterior of the stomach and attempting the
removal of digesta would increases the likelihood of errors associated with removing GIT tissue or

leaving digesta.

There are four other options to deal with digesta in whole body images. (1) Leave all digesta in
images (2) remove total GIT including digesta (3) remove only significant areas of digesta or (4)
remove all digesta and GIT as in (1) but add back to whole body weight an estimate of GIT weight

(as done in this experiment).
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Compared with removing all digesta, leaving digesta in whole body images has the advantage of

* avoiding the problem of distinguishing the digesta-GIT tissue boundary and accurately removing
digesta from images in addition to speeding up image processing time. However, inclusion of digesta
in whole body images would lead to an overestimation of whole body weight and a poor estimation
of composition. Removing both GIT and digesta, while eliminating the need to distinguish the
digesta-GIT tissue interface, would under estimate whole body weight. The relative proportion of
GIT tissue and digesta within the GIT would dictate which of options 1 and 2 would cause the

smallest error in whole body weight.

The weight of the empty GIT of the 14 deer slaughtered at the conclusion of the trial was compared
to the total weight of intestines (GIT plus digesta) as estimated from the CT images for those deer
before slaughter. On average GIT tissue was 44 + 3.8% of the total full intestine weight. Sibbald and
Milne, (1993) calculated a figure of 30% in deer on a similar concentrate diet with additional hay.
Therefore, the majority of full GIT weight (GIT + digesta) appears to be digesta. By including digesta
in whole body weight, the amount by which tissue weight has the potential to be over estimated is
greater than the amoilnt by whicil tissue weight would have been underestimated as a result of
removing total gastrointestinal tract. On this point alone, it would appear removal of all GIT to ensure
total digesta removal would be advantageous compared to complete inclusion. Furthermore, the
relative density of digesta was such that a significant proportion would have been recorded as
adipose.

This is illustrated in Plate 5.4 where an abdominal image containing a digesta-filled rumen has had

the pixels associated with adipose (35 - 121 grey scale) highlighted in yellow.
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Bone marrow lat

Digesta

Plate 5.4. A CT image in the abdominal region of a deer with the pixels in the grey scale range
associated with adipose highlighted in yellow.

In terms of total body energy, including digesta could significantly overestimate whole body energy
and presumably more so for animals with a greater gut fill. Analysis of images containing digesta
indicates that for every 1 kg of digesta remaining in intestines, total body energy would have been
overestimated by 7 %. An error of 7 % would be significant in relation to the 13 % difference in total

body energy recorded between red deer and hybrids at the conclusion of the spring experiment.

Previous authors (N. Jopson, J.Thompson pers com.) have adopted a policy of removing only areas of
digesta in the rumen and significant areas of digesta in the intestines (bigger than half the size of the
kidney). Removing significant areas of digesta reduces the effect of having digesta in whole body as
described above but does not completely remove it. This approach does not avoid the problem of
identifying the digesta-GIT tissue boundary, requires the operator to make a subjective assessment of
digesta area size on which to base a decision on whether to remove or leave digesta introducing a

further source of error, and places some restriction on image processing speed.

An alternative option, was to remove both GIT and digesta from images as in option (2) but to add
back to whole body weight an estimate of empty GIT tissue weight. Complete removal of GIT and

digesta would not only increase the speed and ease of digesta removal from images but would
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eliminate subjective assessment of digesta area and the need to identify the digesta-GIT tissue

~ boundary.

Data from this study suggest the weight of gastrointestinal tract can be reliably (SE = 0.2 kg)
predicted from CT estimated GIT-free body weight (Figure 5.2). (Jagusch et al., 1970) provided
values for the composition of GIT which allow an estimate of empty GIT energy. The empty GIT
energy was added to the gastrointestinal tract free estimates of body energy to provide a more

complete estimate of total body energy.

Composition of gain — effect of genotype

There was a clear trend for red deer to deposit a greater amount of adipose in spring and less in
winter compared with their hybrid counterpart. (Table 5.5) but the genotype difference did not reach
significance. The small number of deer at each feeding level and the experimental design which
allocated a disproportionate number of deer to low intake to enable a better ME,, estimation may
have prevented this difference being stétistically significant. However the trend for red deer to
deposit a greater amount of adipose in spring and less in winter compared with their hybrid
counterpart is consistent with thé- treﬁds in liveweight gain in Chapter 4a and with the energy costs of

gain (See Chapter 5b).

Composition of gain — effect of season

This is the first experiment to show significant winter-spring differences in the relative growth of fat
and bone tissue in young deer. In winter, bone grew relatively faster and adipose relatively slower
than in spring. Results from previous studies have suggested that, in young lambs (Forbes et al.,
1979; Forbes et al., 1981) and steers (Philips et al., 1997), long day length stimulated the growth of
non-fat tissues at the expense of fat.

Of particular note was the relatively large loss of total adipose from stags in early spring (Figure 5.7)
At the same body weight stags in October had relatively less adipose tissue as they had in mid-
August. Unfortunately, during this period, deer were released onto pasture and consequently moved
from a concentrate to a pasture-dominant diet and for many DM intake would have increased. It is
unclear whether the loss of adipose tissue relative to whole body weight which occurred over this
period was a result of these management related changes or reflect an intrinsic seasonal change in the
composition of body weight gain.

Early spring represents a period of rapid growth for young stags and catabolism of fat reserves may
represent a mechanism which allows stags to achieve a higher rate of liveweight gain than on early
spring pasture alone. As a consequence, deer which have been under nutritional stress and emerge
from the winter low in body condition may not achieve as rapid liveweight gain as cohorts that are
able to supplement early spring feed with energy from fat reserves. The effect of winter body

condition on early spring growth needs further investigation.
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In both seasons, the elevation term for relative growth equations were significantly different between
genotypes. This indicated that while relative growth coefficients may be similar, at the same body
weight, genotypes differed in whole body composition. For example, in both seasons red deer had
proportionately less bone and more adipose tissue than hybrid deer at the same whole body weight.
This difference was evident at the beginning of winter and suggests relative growth coefficients for
adipose and bone tissue for red and hybrid deer must have been different during a previous stage of
development. The lower relative adipose content of hybrid deer at 6 months of age compared with red
deer may in part be responsible for the higher rate of liveweight gain exhibited by hybrids in their
first 6 months of life.

Dressing out percentage

The estimates of DO % of yearling stags are similar to those of Drew and Hogg, (1990) who reported
DO % of 1 year stags of 54.6 and 56.8 % for red deer and hybrids, respectively and similar to
Soetrisno et al. (1994) of 52 - 56 %. These are higher than other domestic livestock (sheep cattle 40 -

50%). There was no evidence of differences between genotypes.

5.4 Conclusion

Results in Chapter 5a rely entirely on the ability to accurately predict body composition. While there
was good agreement between liveweight and carcass weight and those measurements estimated by
CT scanning changes in whole body weight relative to liveweight suggested large changes in gut fill

that were not expected. Conclusions from Chapter 5a must be tempered in knowledge of this.

There was a trend for red deer to deposit more adipose in spring and less in summer than hybrids.
This observation was consistent with the trends in liveweight gain seen in Chapter 5b. However, the
greatest difference was between seasons. During winter, deer liveweight gain contained
proportionately less adipose and more bone tissue than in spring. Stags appeared to lose relatively
large amounts of adipose in early spring. This may help to explain in part the rapid spring liveweight

gain achieved by deer.
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Chapter 5b

Comparative energy metabolism of red deer (Cervus elaphus) and red x elk
hybrids (Cervus elaphus spp).

5.0 Introduction
The experiment reported in Chapter 2a showed that red and hybrid deer offered feed ad lib. during

winter had similar relative liveweight gain (g/kg ®"*/day) and intake (g DM/kg *"*/day) During spring
however, hybrids gained liveweight faster compared to red deer but had a similar relative intake.
Although red deer appeared to have a lower ME requirement for liveweight maintenance (Chapter
2b) the value was low compared to other estimates (Fennessy et al., 1981; Suttie et al., 1987) and
therefore required validation. It was also unclear whether the lower ME requirement for liveweight
maintenance in red deer reflected a lower ME requirement at zero energy balance or alternatively that
the composition and energy Qalue of liveweight change was different between genotypes.

In addition to measuring the partial efficiency of metabolisable energy for energy gain, this study was
designed to provide estimates of.-'MEm for zero energy balance and further estimates of ME,, for
liveweight maintenance. To enable a more robust estimate of ME,,, feeding treatments were chosen
so that a disproportionate number of deer were offered a ration closer to maintenance rather than ad
lib.

5.1 Materials and methods
Data obtained in this experiment was from the same animals and concurrent to the measurements

reported in Chapter 5a. The details of animals, feed and housing are presented in Chapter Sa.

Inter - conversions of tissues

Where the mass of fat and protein rather than adipose, lean and bone tissue was required, each tissue
weight was multiplied by an estimate of the relative proportion of fat and protein in each tissue
(Table 5.7). The relative proportions of fat and protein were determined by chemical analysis of
duplicate samples of adipose and lean tissue collected from freshly slaughtered deer carcasses and

from previous estimates (Mello et al., 1978) for bone.
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Table 5.7. The proportion of fat, protein, water and ash (g/kg fresh) in samples of lean and adipose
- from freshly slaughtered deer carcasses and in bone based on the work of Mello et al. (1978).

Component Adipose Lean Bone
Water 263 719 320
Protein 44 247 231
Fat 692 17 139
Ash <1 16 310
where water = weight lost by evaporation after oven drying at 90°C for 48 h

protein = standard Kjeldahl nitrogen x 6.25

fat = standard Soxhlet extraction

ash = residue after combustion at 550°C in muffle furnace for 8 h
The mass of body fat was calculated by multiplying adipose tissue mass by 0.692, lean by 0.017 and
bone by 0.139 with the sum of the products being an estimate of total ether-extractable fat. For an
estimate of crude protein mass, adipose tissue mass, lean tissue mass and bone mass were multiplied
by 0.044, 0.248 and 0.232, respectively and summed. When reporting on body composition, the terms
adipose, lean and bone were assigned to describe the animal tissue while the terms fat and protein
were uséd, specifically, to describe the chemical nature of these tissues where fat was ether-
extractable fat (stand_ard Soxhlct‘_extraction, Soxtec system HT1043 Extraction Unit, Tecator Sweden)
and protein was defined aé nitrogen éontent (standard Kjeldahl extraction, kjeltec Auto 1035
analyzer, Tectato Sweden) x 6.25.
The heat of combustion of fat and protein were assumed to be 39.3 and 23.6 MJ/kg DM for fat and
protein respectively (ARC, 1980).

Statistical Analysis

Mean daily liveweight gain for individual animals was defined as the regression coefficient of the
linear relationship between liveweight (kg) measured weekly and time (days) and expressed as
grams/day. The relationships between intake and liveweight gain were fitted using linear or multiple
regression. Differences in regression coefficients and intercept values between relationships for each
genotype were tested using the method of Snedecor and Cochran (1980). Differences in ad lib. intake

between genotypes and seasons were analysed using ANOVA.
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5.2 Results

" Feed intake

The DM intake and ME intake for pairs of red and hybrid deer are given in Table 5.8 for winter (a)
and spring (b), respectively. During winter, ad lib. intake was not significantly different between
genotypes (P > 0.05) when expressed on a metabolic liveweight basis and either genotype consumed
on average 0.68 + 0.03 MJ ME/W %7 /day. Refusals averaged 28% and 23% of feed offered for ad
lib. fed red and hybrid deer, respectively and indicated access to feed was not limited. During spring,
mean ad lib. intake was about 30% higher than in winter and was greater for hybrid than for red deer.
Mean spring ad lib. intake was 0.97 + 0.02 MJ ME/W 7 /day (mean + SEM) and 1.05 £ 0.01 MJ
ME/W °7 /day (mean + SEM) for red and hybrid deer, respectively. During spring, deer on restricted
diets ate 100 % of the prescribed ration although during winter there were generally small amounts of

refusals at all but the lowest allowance.



Table 5.8. Dry matter and metabolisable energy intake of red and hybrid weaner stags offered varymg amounts of a commercially pelleted diet’ during the
winter (a) and spring (b) (2 stags per genotype x feeding level, n=28).

(@

Feed offered (/W "> /day) 37.5 41.7 45.8 50.0 54.2 66.7 Ad lib
Genotype Red  Hybrid Red Hybrid Red Hybrid Red Hybrid Red Hybrid Red Hybrid Red Hybrid
Liveweight (kg) 60.7 72 60.4 70.8 62.9 70.8 62.5 70.6 61.3 71.2 65.6 752 62.8 70.6
DMI (g DM/day) 799 876 889 995 992 1099 1060 1158 1178 = 1322 1390 1577 1375 1523
DMI (g DM/W °7 /day) 367 354 41 40.8 44.4 45 47.7 475 . 538 53.9 60.3 61.8 61.6 62.5
MEI (MJ/day)® 9.3 10.2 10.4 11.6 11.6 12.9 12.4 135 138 155 16.3 18.5 16.1 17.8
MEI (MI/W °™ /day)? 043 041 0.48 0.48 0.52 0.53 0.56 0.56 0.63 0.63 0.71 072 072 0.73
()
Feed offered (g/W °7 /day) 315 417 45.8 50.0 54.2 66.7 Ad lib
Genotype Red Hybrid Red Hybrid Red Hybrid Red Hybrid Red Hybrid Red Hybrid Red Hybrid
Liveweight (kg) 756 718 73.8 75.5 73 82.9 75.5 79.5 74.5 96.1 71.4 85.7 83.2 89
DMI (g DM/day) 955 949 1062 1080 1158 1273 1293 1344 1389 1681 1656 1901 2435 2792
DMI (g DM/W %7 /day) 373 362 422 422 46.4 46.4 50.5 50.5 54.8 54.8 6.5 67.5 88.5 96.3
MEI (MJ/day)* 112 111 12.4 12.6 13.5 14.9 15.1 15.7 16.3 19.7 19.4 222 28.5 327
MEI (MI/W °7 /day)? 044 042 0.49 0.49 0.54 0.54 0.59 0.59 0.64 0.64 0.79 0.79 1.04 1.13

Liveweight is the average liveweight recorded through the experimental period

DMI is daily dry matter intake

MEI is daily metabolisable energy intake

1. All-purpose ration (APR plus) Target Stock Feed, Arches Milling Company, Rangiora, NZ.

2. Calculated using ME value of 11.7 MJ ME/kg DM

201
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Liveweight gain — effect of genotype
" During winter, ME intake had a significant effect on liveweight gain (Figure 5.9). Liveweight gain of
weaners during July and August increased from about 0 g/W *” /day to 10 g/W %75 1day (220 g/day)

over the range of intakes offered.
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Livew eight gain (g/kg®75/d)
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Figure 5.9. The linear relationship between ME intake (MJ ME/W ®"/day) and liveweight gain (g/W
0'75/a'ay ) of red ( ®) and hybrid deer (O) in winter.

The linear relationship between ME intake (MJ ME/W ®”/day) and liveweight gain (g/W %73 /day) for

both genotypes in winter was;

Red deer LWG =-8.5 (1.9) + 22.8 (3.2) ME Intake R’=81% n=14
Hybrid deer LWG=-7.3 (3.2) + 18.4 (5.5) ME Intake R%=48% n=14

There was no significant difference (P > 0.05) in slope (b) or intercept (c) values for the relationships.
However, the linear relationships predicted that at ad lib. intake (0.73 MJ ME/W ®7/day) red deer
gained relative liveweight faster (8.1 g/W ®7° /day) than hybrids (6.1 g/W ®7 /day). Estimates of ME,,
were 0.37 and 0.39 MJ ME/W %7 /day for maintenance of liveweight and the estimates of the cost of
liveweight gain were 44 and 55 MJ ME/kg liveweight gain for red and hybrid deer respectively,
during winter. The trend of winter liveweight gain to be greater for red deer compared with hybrids at

ad lib. intake was similar to the findings reported in Chapter 4.

The relationship between ME intake (MJ ME/W °7* /day) and liveweight gain (z/W *” /day) for the

combined data from both genotypes was;
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LWG =-7.8 (1.9) + 20.5 (3.3) ME Intake R*=60% n=28

This relationship gives values of 0.38 MJ ME/W %7 /day for maintenance of liveweight and 49 MJ
ME/kg liveweight gain during winter.

Spring liveweight gain was best described by a non - linear relationship with intake (Figure 5.10)
ranging from -0.5 g DM/W %7 /day. (-130 g/day) to 18 g DM/W %7 /day. (470 g/day). A second order
polynomial curve was fitted to the data. The relationship between ME intake (MJ ME/W °7 /day) and
liveweight gain (g/W °7 /day) for each genotype was;

Red LWG = -16.2 (10.4) + 55.7 (29.9) ME intake - 27.1 (20.1) ME intake > R*= 66% n=14
Hybrid LWG = -34.7 (7.6) + 94.3 (21.5) ME intake - 43.5 (14.3) ME intake > R?=90% n=14

Estimates of liveweight maintenance requirements were 0.35 and 0.47 MJ ME/W ®7 /day for red and
hybrid deer, respectively. When a linear relationship was fitted to spring data regression coefficients
and intercept values were both significantly different (P < 0.05) and the energy cost of gain was 64
and 35 MJ ME/kg liQeweight gain for red and hybrid deer, respectively. The trend for red deer to
have a lower maintenance requirement but a higher cost of gain compared with hybrid stags was
similar to the findings in Chapter 4.

20
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Liveweight gain (g/kg LW °75/day)
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Figure 5.10. Relationship between ME intake (MJ ME/W °"*/day) and liveweight gain (g/W°” /day) of
red ( ®) and hybrid deer (O) in spring.
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Liveweight gain — effect of season

There was no significant seasonal difference in ME,, for zero liveweight gain or the efficiency with
which ME was used for liveweight gain (Figure 5.11),

The common relationship for both red and hybrid deer in winter and spring between ME intake (MJ
ME/W %7 /day) and liveweight gain (g/W *"° /day) was;

LWG = 22.9 (2.2) ME intake - 8.5 (1.4) R® = 68% n=>56

Energy requirement for zero liveweight gain in both winter and spring was 0.37 MIME/W 73 /day
and for liveweight gain 44 MJ ME/kg. The efficiency of utilisation of ME for liveweight gain was
0.23.

20 -
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Liveweight gain (g/kg LW °75/day)

Winter LWG =20.5ME intake - 7.8 R =60%
Spring LWG =22.5ME intake - 7.6 R =69%
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Figure 5.11 Relationship between ME intake and liveweight gain in red and hybrid deer during
winter (®) and spring (0O).

Whole body weight gain — effect of genotype

There appeared to be large changes in gut fill during this experiment (see chapter 5a) which
would have been included in changes in liveweight. The response in whole body weight (as
determined by CT measurements) to ME intake was investigated as an alternative to

liveweight. The linear relationship between ME intake (MJ ME/W %75/day) and whole body gain
(g/W 7 /day) for both genotypes in winter was;

Red WBG =20.1 MEIL - 8.7 n=14 R?=49%
Hybrid WBG = 19.5 MEI - 8.0 n=14 R?=45%
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Figure 5.12. Relationship‘betw‘zeken ME intake and whole body weight gain of red (O) and hybrid (®)
deer during winter.

There was no significant difference between genotypes in the relationship of whole body weight
change to ME intake. Both genotypes required 0.42 MJ ME/W *"*/day for maintenance and 50.9 MJ
ME/kg of whole body gain.
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The linear relationship between ME intake (MJ ME/W °7/day) and whole body gain (g/W ®’* /day)

~ for both genotypes in spring was;

Red  WBG =36.6 MEI - 22.6 n=14 R>=85%
Hybrid WBG = 40.1 MEI - 24.1 n=14 R?>=83%
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Figure 5.13. Relationship between ME intake and whole body weight gain (g/kg W °” /day) of red
(O) and hybrid (®) deer during spring.

There was no significant difference between genotypes in the response to whole body weight change
to ME intake. Both genotypes required 0.61 MJ ME/W 0‘75/day for maintenance and 26.7 MJ ME/kg
of whole body gain.

Whole body weight gain —effect of season

There were significant seasonal differences in the energy requirement for zero whole body gain and
the cost of whole body gain (Figure 5.14),
The seasonal relationship between ME intake (MJ ME/W °7* /day) and whole body gain (g/W °7

/day) was;
Winter WBG = 19.8 MEI - 8.4 n=28 R =47 %
Spring WBG = 38.4 MEI - 23 .4 n=28 R?*=83 %

Deer required 0.42 MIME/W °7 /day for zero whole body gain in winter and 0.61 MIME/W °7* /day
in spring. Whole body weight gain cost 50.9 MJ ME/kg in winter and 26.7 MJ ME/kg in spring.
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Figure 5.14. Relationship between ME intake and whole body weight gain (g/kg W°*” /day) of
deer in winter (®) and spring (O).

Energy retention — effect of genotype

The relationship between ME intake and net energy rétained in whole body during winter and spring
is given in Figures 5.15 and 5.16, respectively. The relationships given include individuals with
negative net energy retention values. It is conventional to remove individuals with negative net
energy retention values from this type of analysis since the efficiency of utilisation of energy for
maintenance (k) is greater than the efficiency of utilisation for energy gain (k,). However, in this
case, there are two reasons why negative net energy retention values were included.

The separate relationships for positive and negative values for red deer and hybrids in winter are
given in Figure 5.15a. The ME requirement for zero energy balance derived from positive values was
0.24 MJ ME/W *" /day but from negative values was 0.62 MJ ME/W ®”° /day. Theoretically,
estimates of ME,, should be the same regardless of whether they are calculated from individuals in
positive or negative energy balance. On this basis, a common relationship was fitted to both positive
and negative energy retention values which forced a common ME, value.

In addition, it is difficult to justify the removal of individuals with only slightly negative net energy
retention values when errors involved in CT analysis are considered. For example, a 5 %
underestimation of whole body weight at the conclusion of the study would have caused an animal at
zero energy balance to record a net energy loss of 20 ki/kg BW %”/day. Therefore, the majority of

negative winter and spring net energy retention values are, in the context of the errors involved, close
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to zero energy balance. Therefore, both positive and negative energy retention values were included

" in relationships.

120

y =118.17x - 28.503

100 R = 0.3528 o

80 -
60 -
40 -

20 |

Energy retention (kJ/ W°75 /d)

-20 1

40 | : A y =113.03x - 71.056
R =0.4194

"60 T T T T T T T Lo T T T
0 o1 - 02 03 04 05 06 07 08 09 1 11
Intake (MJ ME/kg®7¢/d)

Figure 5.15a Energy retention (kj/W 0'75/day) in whole body weight gain of red deer (solid symbols)
and hybrids (open symbols) in winter across a range of ME intakes. Separate relationships are fitted
for positive (O) and negative (A ) energy retention values.

When a common relationship was fitted to both positive and negative energy retention values there
was no significant genotype difference between net retained energy (kJ /W °7 /day), and intake (MJ
ME/W ®7 /day) (P > 0.05). Deer consuming 0.48 MJ ME/W °7°/day had zero energy retention during
winter and retained 23.7 kJ net energy for every additional 100kJ of ME intake (Figure 5.13).

Relationships within the individual genotypes were;

Red  Energy retention (kJ) = 245.2 (55.8) ME intake- 120.1(32.8) n=14 R>=57%
Hybrid Energy retention (kJ) = 230.0 (61.9) ME intake - 105.7 (36.6) n=14 R>=54%

Based on these equations ME intake for zero energy balance would have been 0.49 and 0.46 MJ
ME/W °7 /day for red and hybrid deer, respectively and energy retention would have been 24.5 and
23.0 kJ net energy for every additional 100 kJ in ME intake for red and hybrid deer, respectively.
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Figure 5.15b. Relationshib between net enefgy (ki/W °7/day) retained in whole body of red deer (®)

and hybrids (O) offered a range of feeding levels during winter. The fitted relationship includes both
positive and negative energy balance values.

During spring, there was no difference between genotypes (P > 0.05) in the relationship between net
energy retention and ME intake (Figure 5.16). Either genotype had an intake of 0.59 MJ ME/W %7
/day at zero energy retention and retained 36.9 kJ for every additional 100 kJ in MEI

250
200 1 °
)
2 150 - ®
i
<
2 100 |
[ =4
2
£
9 50 - o
2 0
>
5 0 0§
Iﬁ [ ]
¢
-50 - _
o O o y =369.31x - 218.32
o R® = 0.8877
(o]
-100 T . : T T
0 0.2 0.4 0.6 0.8 1 1.2

Intake (MJ ME/kg®75/d)

Figure 5.16 Relationship between net energy (ki/W °”/day) retained in whole body during spring of

red deer (®) and hybrids (O) over a range of ME intake. The fitted relationship includes both positive
and negative energy balance values. )
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- Relationships for the individual genotype were;

Red Energy retention (kJ) = 369.3 (38.3) ME intake — 220 (25.9) n=14 R*=89%
Hybrid Energy retention (kJ) = 369.5 (37.4) ME intake — 217 (25.2) n=14 R’=89%

Based on these equations ME intake for zero energy balance would have been 0.60 and 0.59 MJ
ME/W °7 /day for red and hybrid deer, respectively and energy retention would have been 37.0 kJ
net energy for every additional 100 kJ in ME intake.

Energy retention - effect of season

There was an apparent seasonal difference in ME,, and k, (Figure 5.17) The relationships for winter

and spring were;

Winter Energy retention (kJ) = 237.7 (40:4) ME intake — 112.9 (23.8) n=28 R*=57%
Spring Energy retention (kJ) = 369.3 (25.8) ME intake — 218.3 (17.4) n=28 R>=89%

Energy requirement for zero energy balance was higher (P < 0.05) in spring (0.59 MJ ME/W °7* /day)
compared with winter (0.48 MJ ME/W *7 /day). The efficiency of utilisation of ME for energy gain

was different between winter and spring (P < 0.05). The estimate of k, was 0.24 during winter and

0.37 in spring
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Figure 5.17 Relationship between ME intake and net energy retained in whole body during winter

(®) and spring (wm) for all deer. The fitted relationship includes both positive and negative energy
balance values. ‘
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Utilisation of energy for fat and protein deposition

" The energy cost of fat and protein deposition in deer was calculated from the composition of gain and
ME intake. Multiple regression analysis was used to partition ME intake (less a common ME,, of
0.48 and 0.59 MIME/W ®" /day during winter and spring, respectively) between fat and protein
retention separately for deer in positive energy balance in winter and spring. Preliminary analysis
indicated there was no significant difference between genotypes and therefore genotypes were

combined for analysis. Intake was partitioned as;
(ME intake - ME ) =bl1 F+ b2 P

where ME intake was the daily intake expressed on a metabolic whole body weight basis (kJ/W
0‘75/day), ME,, was maintenance requirement from the energy retention relationship as described
above, F was the daily amount of energy deposited as fat (kJ/W °7 /day), P was the amount of energy
deposited as protein daily (kJ/W *7 /daiy) and b1 and b2 were the regression coefficients. The weight
used in calculating metabolic body weight (W 975) was the combined weight of adipose, lean and
bone tissue estimated from whole bddy CT images which included estimated GIT weight. The
coefficient bl and b2 were interpreted as the energy cost of depositing 1kJ of fat and protein,
respectively and the reciprocal an estimate of keand ki,.

The multiple regression coefficients for winter and spring are shown in Table 5.9.

Table 5.9. The regression coefficients for the multiple regression of fat and protein deposition on ME
intake for deer during winter and spring in positive energy balance.

Season n Fat Protein R*
Winter 19 97+19™ -19+15 87%
Spring 16 1572071  4.07+075™ 96%

where *, P <0.05 and ***, P< 0.001.

During winter, partial efficiency was only significantly different from zero for fat deposition. Protein
deposition did not explain a significant proportion of the variation in ME intake. Removing those
animals that had a positive energy balance despite losing fat from the analysis did not improve the
equation significantly. Both coefficients were significantly different to zero during spring, with 95 -
96% of the variation in ME intake explained in energy deposited in fat and protein. The inability to
apportion any variation in ME intake to protein deposition (coefficient non-significant) during winter
resulted in a poor winter-spring combined regression. Where both coefficients were significant
(spring) the estimates of energy cost of fat and protein deposition (= SEM) were 1.57 £ 0.71 and 4.07
+ 0.75 MJ MEI/MI for fat and protein, respectively. Therefore the partial efficiencies of utilisation of
ME for energy deposition as fat and protein were 0.64 and 0.26, respectively.
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Energy value of gain

There was a positive relationship between the net energy retained (MJ) and whole body weight

gained (kg) during winter (Figure 5.18) and spring (Figure 5.19). There was no significant difference

between genotypes.
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Figure 5.18. Relationship between whole body weight gained (kg) and energy retained (MJ) during
winter (49 days) for red deer (@) and hybrid deer (O).

For winter the individual relationships were;

Red deer Energy retention = 10.7 (0.5) WBG - 8.0 (1.7) n=14 R?=98%
Hybrid Energy retention = 10.5 (0.5) WBG -6.02 (2.7) n=14 R*=96%

There was no significant genotype difference and whole body weight gain in winter contained 10.6
MJ/kg for either red or hybrid deer.

For spring, the individual relationships were;

Red deer Energy retention = 9.9 (0.5) WBG + 7.5 (3.5) n=14 R*=97%
Hybrid Energy retention = 8.8 (0.5) WBG + 5.9 (4.2) n=14 R*=96%
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Figure 5.19. Relationship between whole body weight gained (kg) and energy retained (MJ) during
spring (49 days) for red deer (®) and hybrid deer (O).

There was no significant genotype difference and whole body weight gain in spring contained 9.4
MI/kg for either red or hybrid deer. -

Data from each genotype was combined to establish the seasonal effect (Figure 5.20)
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Figure 5.20. Relationship between whole body weight gained (kg) and energy retained (MJ) during
winter (@) and spring (O).

The individual relationships were;

Winter Energy retention = 10.6 (0.4) WBG - 7.1 (1.5) n=14 R*=97%
Spring Energy retention = 9.2 (0.3) WBG + 6.7 (2.8) n=14 R*=97%

There was significant seasonal difference and whole body weight gain was 9.2 MJ/kg and 10.6 MJ/kg

for the winter and spring, respectively.
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5.3 Discussion
- Ad lib. feed intake

Ad lib. feed intake in this experiment was lower in winter but higher in spring compared with those
reported in Chapter 4 (Table 5.10). Consequently, the increase in voluntary feed intake (MJ] ME/kg
/day) from winter to spring for red deer (44%) and for hybrids (55% ) was higher than that recorded
in Chapter 4 (22 and 23 % for red and hybrid deer, respectively) and higher than the 30% recorded by
Domingue et al. (1991a) and Freudenberger et al. (1994) for red deer. It is unclear as to the reason for
the variation in ad lib. intake between the two experiments although similar variation between years

has been reported previously for deer (Webster et al., 1997).

These data confirm previous reports of a seasonal cycle of ad lib. intake which increases from winter
to spring for deer, but also indicate the amplitude of liveweight change is relatively larger for hybrid

than for red deer.

Liveweight gain at ad lib. feeding ,

This experiment prdvided-furthéf evidence that red deer may have a faster relative rate of liveweight
gain than hybrid deer in winter when feed was offered ad lib. (Table 5.10). The mean relative
liveweight gain of hybrid deer fed ad lib. in this experiment was lower than expected based on hybrid
deer at lower feeding levels. This was despite hybrids being in good health and having a similar
intake to red deer. It is difficult therefore, to interpret this observation in isolation but it does support
the trend reported in Chapter 4. -

Although red deer may gain liveweight relatively faster than hybrids in winter, because of the

differences in liveweight (approximately 10 kg), absolute liveweight gain was similar between

genotypes.

Table 5.10 Comparison of voluntary feed intake and liveweight gain of red and hybrid deer in this
experiment and in the experiment detailed in Chapter 4.

Chapter 4 Chapter 5
Intake Liveweight gain Intake Liveweight gain
(g DM/W 7 /day) (&/W %7 jday ) (g DM/W 7 day) (g/W 27 jday)
Winter
Red 79.1 7.99 61.6 8.61
Hybrid 76.7 7.02 62.5 5.64
Spring
Red 95.7 10.70 88.5 12.43
Hybrid 94.5 12.33 96.3 15.23

As in previous experiments, hybrids fed ad lib. grew faster during spring on both an absolute and

metabolic liveweight weight basis compared with red deer. The difference was larger in this
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experiment (2.8 g/W °™ /day) compared with that in Chapter 4 (1.6 g/W ®7 /day). This might have
‘been expected considering ad lib. intake in this experiment was greater for hybrids (96.3 g DM /W %75
/day) than for red deer (88.5 g DM /W ®”* /day) when in Chapter 4 it had been similar.

This experiment provided further evidence that hybrids exhibit a greater amplitude in seasonal cycle

of relative and absolute liveweight gain.

Restricted feeding

When intake was restricted during winter, liveweight gain decreased by 2.28 and 1.84 g/W *” /day
for every 0.1 MJ ME/W ®" /day reduction in intake for red and hybrid deer, respectively (Figure 5.3).
Effectively, the energy cost of liveweight gain tended to be lower for red deer (44 MJ/kg of
liveweight) compared with hybrid deer (55 MJ/kg of liveweight) in winter but the difference was not
significant. The estimated ME requirement for maintenance of liveweight during winter was similar
for both genotypes (0.38 - 0.40 MJ ME/W °7 /déy) suggesting if red deer gained liveweight faster
than hybrids this was a result of a difference cost of liveweight gain rather than maintenance
requiremeﬁt. The possibility that-red deer are able to grow more quickly over winter compared with
hybrids must be tempered against the fact that winter is a period where the potential for liveweight
gain is low and in the field liveweight gain below 100 g/day is common. It should also be recognised
that winter in this experiment refers to the period of June -July. Hybrids may appear to gain
liveweight faster than red deer in "winter" if late autumn and early spring months are also included,

where hybrids would be expected to have a greater liveweight gain than red deer.

The estimates of the energy required for maintenance and liveweight gain, the efficiency of utilisation
of energy for maintenance and liveweight gain and the energy value of the gain from this experiment

have been sumunarised in Table 5.11.
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Table 5.11. A summary of the energy requirement for maintenance (energy balance and liveweight
-balance), costs of liveweight gain and energy value of whole body gain.

Red deer | Common’ | Hybrid deer

ME for zero LWG (MJ ME/W *"/day) 0.37 0.38 0.39

Cost of LWG 44 49 55
& | ME for zero WBWG (MJ ME/W %73/day) 0.41 0.42 043
& | Costof WBWG 51.7 50.9 502
2= | ME for zero energy gain (MJ ME/W °™/day) 0.49 0.48 0.46
= k, 0.25 0.24 0.23
Energy value of WBWG 10.7 10.6 10.5
Energy value of LWG 6.6 6.2
ME for zero LWG (M ME/W *"/day) 0.35 0.47

Cost of LWG 64 35
80 | ME for zero WBWG (MJ ME/W °"/day) 0.62 0.61 0.60
£ | Costof WBWG 279 26.7 255
&, | ME for zero energy gain ((MJ ME/W °7/day) 0.59 0.59 0.59
|k, 0.37 0.37 0.37
Energy value of WBWG : 9.9 8.8
Energy value of LWG ' 11.1 8.4

* Where there is no common value, genotype differences are significant

ME requirement fb'r maintenari‘ce '

The estimated ME requirement for maintenance of liveweight (0.37 - 0.39 MJ ME/W %7 tday) and
whole body weight (0.41 - 0.43 MI ME/W ®" /day) during winter for both genotypes (Table 5.11)
was lower than previous estimates for penned red deer in winter (0.57 MJ ME/W %75 /day, Fennessy
et al., 1981; 0.63 MJ ME/W °7° /day Semiadi et al., 1994) and penned wapiti (0.56 MJ ME/W °7 /day
Jiang and Hudson, 1994; 0.57 MJ ME/W °™ /day Jiang and Hudson, 1992) but more similar to the
values recorded for red deer by Simpson ez al., 1978b (0.4 - 0.5 MJ ME/W 73 /day) and Cool and
Hudson, 1996 (0.47 - 0.51 MJ ME/W °7 /day).

It is unclear why requirement for maintenance is lower than that previously reported for penned red
deer. One possible explanation is the under-estimation of ME intake. Although DM intake was
measured accurately, estimates for ME intake may be less accurate. Estimates of ME intake are based
on the M/D value estimated from proximal analysis of feed which do not always provide reliable
estimates for compound feeds (Isherwood pers com). However, the M/D values used for all
experiments are what would be expected based on the feed table values of the diet constituents and
their relative proportions. Further, M/D values would have had to have been grossly underestimated
in order to fully explain the differences in ME intake between this and other studies. For example,
deer in winter required 32.4 g DM/W ®" /day for liveweight maintenance. Based on the estimated
ME/DE of 11.7 MJ ME/kg DM, this equated to a maintenance requirement of 0.38 MJ ME/W *7°
/day. If the actual liveweight maintenance had been

0.5 MJ ME/W %" /day, based on the same DM intake M/D would have to have been

15.4 MJ ME/kg DM which is much higher than would be expected for a grain-based ration.



118

Spring ME requirement for maintenance of liveweight was 0.35 and 0.47 MJ ME/W %7 /day for red
and hybrid deer, respectively. This experiment confirms the findings of Chapter 4 that during spring,
red deer require less energy than hybrids for maintenance of liveweight. The difference in
maintenance requirements between genotypes seen here (0.12 MJ ME/W °7° /day) is similar to that
reported in Chapter 4 (0.2 MJ ME/W °7° /day).

Semiadi et al. (1994) showed differences in maintenance requirement between deer species. Young
sambar deer (Cervus unicolor) had a lower requirement for maintenance (0.47 MJ ME/W 073 /day)
compared with red deer (0.57 MJ ME/W °”*/day). As a consequence, at any particular rate of intake

sambar retained more energy than red deer.

Webster (1981) has suggested that GIT and liver combine to contribute about 40 % of total heat
production in sheep and this therefore makes fasting metabolic rate sensitive to changes in weight of
these organs. Although the weight of GIT increased as whole body weight increased (25 % between
lowest and highest intake) there was no genotype difference (see Figure 5.2). There is no evidence

from these results that gut tissue mass contributed to any difference in ME,, between genotypes.

When the amount of net energy retained in whole body or whole body weight gain was considered as
a response to intake rather than liveweight gain there was no significant genotypes effect.
Consequently, either genotype required 0.48 MJ ME/W °"* /day in winter and 0.59 MJ ME/W °”* /day
in spring in order to achieve zero energy balance or 0.42 MJ ME/W °7 /day in winter and 0.61 MJ
ME/W °"*/day in spring in order to achieve zero whole body weight change. These are similar to
other estimates (Simpson et al. 1978b). There was no clear genotype trend in ME for either zero

energy gain or zero. whole body weight gain.
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ME requirement for gain

Estimates of the energy costs of liveweight gain were similar to those previously published (Table
2.2) ranging from 35- 64 MJ ME/kg. The energy cost of liveweight gain during winter was not
significantly different between genotypes but there was a trend for red deer to have a lower cost than
hybrids. This is consistent with the observation that red deer tended to grow faster than hybrids
during winter at ad [ib. intake. Because maintenance requirements were similar between genotypes, it
would be expected on restricted intake, that liveweight gain differences would be even smaller. The
energy cost of whole body gain during winter (50.9 MJ ME/kg) was not significantly different
between genotypes and was similar to the energy cost of liveweight gain (49.0 MJ ME/kg).

A similar maintenance requirement, but lower cost of liveweight gain suggests red deer may grow
faster than hybrids if fed ad lib. over winter. However, in a commercial situation high winter feeding
levels are likely to be financially unacceptable and therefore on restricted diets it would be expected
that genotypes would gain liveweight at a similar rate over winter. It would also be dangerous to
extrapolate these data to comparisons of hybrid deer which contain a higher proportion of elk genes.
While the hypothesis that elk type deer have a higher energy cost of gain during winter compared
with red deer may be a valid one, there is some evidence that the seasonal cycle in intake is not so
pronounced in these elk type deer compared with red deer (Beatson et al., 2000) and winter

liveweight gain may be more rapid as a consequence.

During spring, when a linear relationship was fitted to ME intake-liveweight gain relationships,
liveweight gain changed by 2.0 and 4.3 g/W ®"* /day for every 0.1MJ ME/W %7 /day decrease in
intake for red deer and hybrids, respectively. The value for red deer is of a similar magnitude to that
calculated from the data of Webster et al., (1997) of 1.8 and 2.2 g/W °” /day for every 0.1 MJ ME/W
975 day in two different years. Wapiti calves (4 months) reduced average liveweight gain by 3.5 g/W
%7/day for every 0.1 MJ ME/W 07 /day restriction in intake (Cool and Hudson, 1996). This result
suggests the efficiency of utilising metabolisable energy for spring liveweight gain is lower for red
deer compared with hybrids. Therefore, in spring and on a high intake hybrids would be expected to
gain liveweight faster than red deer due to their lower cost of gain. When feeding is restricted,
however, the greater energy requirement for maintenance of hybrids reduces the difference in
liveweight gain compared with red deer.

The implication to producers is that the greatest advantage in liveweight gain (per head) to hybrids
relative to red deer occurs in spring and when hybrids approach ad lib. intake. Underfed hybrids will

gain less liveweight than equally underfed red deer.

The energy cost of whole body weight gain in spring (26.7 MJ ME/kg) was not significantly different
between genotypes and was lower than the cost of liveweight gain (35 — 64 MJ ME/kg). This was
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not consistent with the genotype differences in spring liveweight gain. Genotypes did not differ in
their energy requirement for energy gain but this is not surprising since whole body weight gain and
energy gain are derived from the same measurements of body composition. Changes in gut fill over
spring as outlined in Chapter 5a are a possible source of this effect. Gut and its contents appeared to
increase during the spring period (Table 5.4) and more so for the lower feeding treatments than for
the ad lib. treatment. This would have the effect of increasing the cost of liveweight gain relative to
whole body weight gain which is consistent with the results of this experiment. Further, as intake
increased, the size of the increases in gut contents was greater for red deer than for hybrids which are

consistent with the liveweight gain results from this experiment.

Composition of gain
The energy cost of gain depends upon the composition of gain or (the energy value of gain) and the
efficiency by which energy is deposited as fat (k;) and protein (k;). Gain with a high proportion of fat

is associated with a high cost while gain high in protein is associated with a lower cost.

There was no significant difference between red and hybrid deer in the composition of whole body
gain (Figure 5.10), but in winter there was a trend for red deer to deposit less fat than hybrids and in
spring for hybrid deer to deposit less fat than red deer. However, there was no significant difference

and no clear trend in net energy retention. Essentially k, was not different between genotypes.

The efficiency by which energy is deposited as fat and protein also affects the energy cost of gain.
When energy intake (after subtracting a common ME,,) was partitioned between fat and protein
deposition for spring both the fat and protein deposition coefficient were significant and gave mean
partial efficiency of 0.64 and 0.26 for fat and protein, respectively. There estimates were similar to

some previously published for lambs, calves and pigs (Table 2.3).

These was no significant difference between genotypes in the efficiency by which metabolisable
energy was used for fat or protein deposition but this observation was based on a small sample size.
Previous estimates of the partial efficiency of fat and protein deposition (Table 2.3) have shown
significant variation, especially for protein deposition. However, this variation is associated with
comparisons of pre- and post - ruminant animals and animals fed milk and roughage diets. It is
unlikely that deer at a similar stage of development on the same diet differ in the partial efficiency of
fat and protein deposition. In this experiment there is no evidence to suggest genotype differences in

kp or k¢ and therefore differences in the composition of gain should be reflected by different k, values.
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5.4 Summary

Based on the work in this chapter red yearling stags relative to hybrid stags have a similar energy
requirement for maintenance and gain of liveweight, whole body weight and energy in winter.
Therefore observed differences between genotypes in liveweight gain in winter are likely to reflect

differences in intake.

In spring, the ME requirement for maintenance of liveweight was higher for hybrids than red deer but
the requirement of maintenance of whole body weight or energy was similar. Similarly, the cost of
liveweight gain was greater for red deer than for hybrids but there was no genotype difference in the
costs of whole body weight gain and energy retention. The difference in results between liveweight
and whole body weight or energy retention is possibly explained by changes in gut fill during the
experiment. Therefore, observed differences in liveweight gain between genotypes in spring are
likely to reflect either differences in intake or differences in gut fill. The effects of feeding level and

genotype on gut fill needs to be further investigated.

Although season did not have an effect on either the energy required to maintain liveweight or the
cost of liveweight gain, both whole body weight gain and energy retention was more costly but

required less energy for balance in winter than in spring.
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Chapter 6

The effect of season and intake on the apparent in vivo digestibility of a
pelleted feed offered to deer

6.0 Introduction

Previous studies have shown seasonal variation in digestibility of DM intake for sheep (Milne et al.,
1978), goats (Domingue et al., 1991a), and deer (Domingue et al., 1991a; Freudenberger et al.,

1994). Between-genotype difference in the seasonality of digestibility of feed is a possible
mechanism by which red and hybrid deer may differ in their liveweight response to intake in winter
and spring. The aim of this experiment was to determine the genotype and seasonal effect on apparent
DM digestibility. This chapter reports two independent studies of feed digestibility for red and hybrid

deer in winter and spring.

6.1 Materials and Methods

Apparent in vivo OM and DM digestibility was measured during winter and spring for two separate
groups of deer in consecutive years. Group | was a subset (n= 20) of deer involved in the experiment
described in Chapter 5. Within genotype, deer were paired on liveweight and offered one of a range
of intakes between 0.4 times ad lib. to ad lib. feeding. Group 2 comprised individually penned deer (n
= 10) as described in Chapter 4 which were offered one of a range of feeding levels between 0.5 to
0.9 times ad lib. Deer in both groups were fed a pelleted diet. A more detailed description of feeding

and housing is provided in the respective chapters.

Group 1

In Group 1, four deer per week (all animals on one feeding level) were housed in individual pens
which had been cleared of sawdust and fitted with a false floor of wire mesh. Total daily faecal
output was collected by gathering any faecal material aggregated on the wire mesh and combining it
with all faecal material on the pen floor. Where deer moulted, care was taken to exclude pelage in
faecal collections. During the faecal collection process, deer were placed separately in concrete-
floored holding pens and any faeces produced was collected and added to the collection for that day.
Faecal collections were made daily prior to feeding for 7 days. Total daily faeces for each animal was
dried at 70°C for 48 h and weighed. After weighing, a 50 g sub-sample from each day's collection
was bulked for each animal and stored in an air-tight container for organic matter analysis.

Dry matter intake was determined by subtracting any feed refused from the daily fresh feed offered
and correcting for average dry matter (87%). There was no difference in dry matter between fresh and
refused feed.

Apparent dry matter (DM) digestibility was calculated as follows;
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apparent DM digestibility = total DM intake - total faecal DM
total DM intake

A 2 g sample of the bulked sub-samples of dried faeces for each animal along with ground samples of
feed (2 g) were placed in porcelain crucibles and oven dried for 24 h at 90°C. Samples were removed
and allowed to cool in a desiccator before being weighed (nearest 0.1 mg). Samples were reduced to
ash at 550°C for 8 h and were allowed to cool before being re-weighed. Organic matter (OM)

digestibility was calculated as;

apparent OM digestibility = total OM intake - total faecal OM
total OM intake

Group 2

Each day for 10 days deer from Group 2 (5 of each genotype) with known DM intake received, 140 £
1.0 mg of n-alkane (dotricontane, Cs;) mixed with approximately 3 g of ground feed administered in
a 5 g gelatine capsule. Faecal samples (> 10 g fresh weight, collected from the rectum by grab
sampling) were taken daily for 5 days following an initial 5 days of dosing.

Samples were frozen at -20°C whilst awaiting analysis.

Apparent DM digestibility was calculated from faecal output and DM intake as follows.

apparent DM digestibility = DM intake (kg) — faecal output (kg DM)
DM intake (kg)

Faecal output was calculated from alkane dose (C;;) and faecal alkane (C;;) concentration having

accounted for a 15% apparent loss of alkane within the GIT (Mayers et al., 1986);

Faecal output (kg DM) = C3, dose (mg/day) - (Cs; dose (mg/day) x 0.15 (endogenous alkane loss)

faecal Ci, extraction (mg/kg DM)

Sample analysis

Each individual faecal sample was freeze dried and ground (< 1 mm). Samples were bulked so that
for each deer the bulked sample contained equal proportions of faeces from the 5 collection days.
Approximately 2 g from each bulked sample was weighed into a crucible and oven dried for 24 h to
determine percentage dry matter. Both a 1 g sample of bulked faeces and 0.4 ml of an n-alkane

standard were weighed accurately (+ 0.1 mg) into a 70 ml Kymax tube. The alkane standard
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contained 0.1026 g of C,,4 (n-tetracosane) and 0.1041 g of C;4 (n-tetratriacontane) dissolved in 80.14
g of C;; (n-undecane) (Sigma Chemical Company Ltd). The sample and standard was left for 12 h at
room temperature in 10 ml of a 1.5 M solution of KOH in methanol (analytical reagent grade, BDH
New Zealand Ltd). Tops of the tubes were tightly sealed and the tubes placed in an oven at 90°C for
3.5 h. The mixtures were shaken hourly and any methanol loss replaced. The tubes were subsequently
removed and placed in a water bath at 60°C.

To each tube 5 ml analytical grade n-heptane (Riedel-de Haén, Germany) and 5 ml nano-pure water
were added, the tube shaken vigorously and returned to the water bath to allow a bi-phase to form.
The top layer of the bi-phase was removed using a vacuum manifold and purified through a silica gel
(3.5 g Kiesegel 70-325 mesh packed in a 25 ml syringe fitted with a sintered glass frit at the bottom).
Another 5 ml of n-heptane was added to the mixture, shaken and replaced in the water bath. The bi-
phase was removed and purified as before. The column was then rinsed with 10 ml of n-heptane to
elute any remaining alkanes. The elute was placed in an oven at 90°C for 36h to evaporate the n-
heptane. When all n-heptane had been evaporated a further 0.7 ml of n-heptane was added to each
cooled tube, the tube walls washed and sample transferred to GLC autosampler vials using a Pasteur
pipette. Samples were analysed on a Hewlett Packard HP 6890 GC system.

The GC was set to inject a 1l sample into the front inlet at 300°C and in splitless mode. The column
used was a BP1 megabore capillary column 30 m in length with an internal diameter of 530 pm and
silica film thickness of 1pm. Helium flow through the column was set at a constant 4.2 ml/min. The

front flame ionisation detector was set at 300°C.

Statistical analysis
Relationships between intake and in vivo digestibility were fitted using linear regression. Differences
in regression coefficients and intercept values between relationships for each season were examined

using the method of Snedecor and Cochran (1980).



125

6.2 Results
Conclusions reached from this experiment were no different regardless of whether apparent OM or

DM digestibility was used and for this thesis only DM values have been presented.

Apparent DMD was higher in winter than spring for both Group 1 (Figure 6.1) and Group 2 (Figure
6.2) with the between-season difference being about 7 percentage units within Group 1 and 4.5 - 11
percentage units within Group 2 on similar intake. The decrease in digestibility from winter to spring
was independent of intake for Group 1. There was no significant difference between genotypes in this

seasonal effect on digestibility.

There was positive effect of intake on digestibility in both groups (P < 0.01). Digestibility increased
by 0.027 digestibility units for every 10 g DM/W"*/day increase in intake for both genotypes in either
season in Group | and 0.041 and 0.021 digestibility units for deer in winter and spring, respectively

in Group 2.
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Figure 6.1. Apparent in vivo DM digestibility of a pelleted feed offered to red (O) and hybrid (A )
deer (Group 1) on a range of intake levels during winter (solid symbols) and spring (open symbols).
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Figure 6.2. Apparent in vivo DM digestibility of a pelleted ration offered to red (O) and hybrid (A )
deer based on faecal marker (n- alkane) concentration at 5 intake levels during winter (solid
symbols) and spring (open symbols).

When data from both groups were combined, the linear regression equations were;
Winter DMD = 54.25 (3.6) + 0.269 (0.07) DM1I R’>=34%

Spring DMD = 51.04 (2.6) + 0.195 (0.04) DM1 R?=50%

where DMD is dry matter digestibility, DMI is dry matter intake and figures in parentheses are

standard errors of the mean.
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6.3 Discussion

Seasonal effect on digestibility

As with previous reports (Barry et al., 1991; Domingue et al., 1991a; Freudenberger et al., 1994), this
study found a marked increase in ad lib. intake of deer between winter and spring/summer. The
increase in ad lib. intake between winter and spring recorded in this experiment (26%) (Table 6.1)
was of a similar magnitude to previously reported estimates of 54% (Milne et al., 1978) and 33 %
(Freudenberger et al., 1994) In previous experiments (Domingue et al., 1991a, 1991b;7Freudenberge‘r
et al., 1994), it was found that, despite these marked seasonal changes in ad lib intake, there was no
change in apparent digestibility. The result of the present study agrees with those findings (Figures
6.1 and 6.2).

Table 6.1 Ad lib. intake in winter and spring for stags and the corresponding mean apparent
digestibility of dry matter.

Ad lib. intake Average DMD at ad lib. intake
__ (g DM/W %7/day) (%)
winter 62.1 72.0
Group 1
spring 87.9 71.2
winter 71.1 73.0
Group 2
spring 1104 73.5

Digestibility partially depends upon mean retention time of particles in the rumen (MRT). The longer
feed particles spend in the rumen the greater the potential for them to be degraded and the higher the
digestibility. MRT is a function of the fractional outflow rate of particles from the rumen (FOR).
Therefore, the faster the FOR, the lower the MRT and the lower the degradability and digestibility.
However, if the size of the rumen dry matter pool increases then an increase in FOR can occur

without a reduction in MRT and consequently digestibility.

Previous authors have argued that deer fed ad. lib. are able to avoid the reduction in digestibility that
would normally be associated with a seasonal increase in ad lib. intake by a seasonal change in
passage rate of digesta through the gut as measured by FOR from the rumen. Domingue et al.,
(1991a) reported a lower FOR of both liquid and particulate matter from the rumen in winter than
summer and Freudenberger et al., (1994) showed FOR of either liquid or particulate matter in winter
tended to be higher than the summer values. Domingue et al., (1991a) hypothesised that a decrease in
FOR (independent of ad lib. intake) was probably the mechanism through which deer were able to
increase their ad lib. intake during summer without incurring a decrease in digestibility. Both

Domingue et al., (1991a) and Freudenberger e al., (1994) reconciled the increased ad lib. intake and



128

decreased FOR with an increase in the digesta pool size of the rumen. A lower FOR in summer than
winter was a logical explanation for the increase in total and liquid pool sizes within the rumen in

summer compared with winter

The current model for changes in seasonal digestibility, based on the work by Domingue et al.,
(1991a) and Freudenberger et al., (1994), is depicted in Figure 6.3. This shows the generally accepted
negative relationship between feed intake and apparent digestibility. The hypothesised decline in |
FOR between winter and summer, which is independent of intake, shifts the relationship to the right.
Therefore, as ad lib. intake increases from winter to summer, digestibility remains at point A instead

of decreasing to point B (Figure 6.3) as would be expected if FOR remained unchanged
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Figure 6.3 The current model of the seasonal and level of intake effects on the digestibility of feed in
deer (based on the work of Domingue et al., 1991a and Freudenberger et al., 1994)

This model suggests that at a common intake, digestibility will be higher in spring relative to winter.
In contrast, the present study showed that digestibility was lower in spring compared with winter,
independent of intake. In interpreting a higher spring digestibility compared with that of winter in
terms of FOR and MRT, it would seem that FOR would need to increase and MRT decrease between
low winter and high spring intake to explain the lower spring digestibility. Although both Domingue
et al. (1991a) and Freudenberger et al. (1994) reported FOR decreased from winter to summer, other
authors have been unable to show any change in FOR (Milne et al., 1978; Sibbald and Milne, 1993).
A lower FOR in spring compared with winter is the opposite to what is generally expected in other
species of domestic livestock (Warner, 1981). In addition, it could be argued there is little
evolutionary advantage in decreasing digestibility and consequently DDM intake and ME intake

during winter where the environment may already place severe restrictions on DM intake.
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Although Freudenberger et al. (1994) measured a smaller summer FOR, some of their own
observations contradict this finding. They reported that rumen pool size increased independent of
intake and therefore summer rumen pool size was greater than winter rumen pool size at similar
intake. This is consistent with a slower summer FOR. A rumen pool size increase was used in the
above model to reconcile an increased intake and reduced FOR. However in their data, DM pool size,
when expressed as a ratio of intake, remained constant between seasons and across intake levels
suggesting the seasonal increase in pool size at a similar feed intake might have been partially due to
a greater volume of water in the rumen rather than a decrease in the FOR of particulate matter. In
addition to this, Domingue et al., (1991a) reported a seasonal decrease in FOR from 3.47 %/h
(winter) to 2.77% /h (summer), which translates into an increase in MRT of 8 h. However, if the
decrease in FOR was real, it is surprising that apparent digestibility of both DM and OM was
unchanged. Furthermore, if FOR had decreased during summer, independent of intake, a higher
digestibility due to a longer retention time would be expected. In fact, when deer were restricted
during summer to a feed intake equivalent to winter ad lib. intake, Freudenberger et al. (1994) found
digestibility was lower rather than higher than that recorded in the winter which would suggest that

FOR may have 1ncreased rather than decreased dunng the summer.

A major difficulty in interpreting changes in FOR is that only subtle changes are needed to have a
significant influence on MRT and therefore digestibility. For example, the SED of Freudenberger et
al., (1994) measurements (1%/h) may have explained the majority of the difference in apparent

digestibility observed.

A proposed model based on the current work is shown in Figure 6.4. This model shows a positive
relationship between feed intake and apparent digestibility. Increases in intake from winter to spring
have no effect on digestibility (digestibility remains at point B). This is consistent with other studies
which have fed deer ad lib. in both winter and spring (Domingue et al., 1991a); Freudenberger et al.,
1994). However, the model proposes that this occurs as a result of a seasonal increase in FOR
(moving from the winter to spring relationship) reducing a potentially higher digestibility (A) rather
than a seasonal reduction in FOR and avoiding a decline in digestibility as proposed previously.
When intake is restricted in spring, this model predicts that digestibility decreases and this is

consistent with results of the present and other studies (Freudenberger et al., 1994).
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Figure 6.4 The proposed model of the seasonal and level of intake effects on the digestibility of feed
in deer based on the current work.

Effect of level of intake on digestibility

It is generally accepted for most domestic livestock that increases in DM intake are at the expense of
digestibility. The rationale for this being that the rate of passage of digesta through the gut is known
to increase as the level of feed intake increases (Grovum and Williams, 1977; Warner, 1981),
reducing the time for microbial digestion and resulting in a lower digestibility. Consistent with this
hypothesis is the observation that mean time for which feed particles are retained in the rumen
(MRT) and are exposed to microbial degradation is well correlated with digestibility of a particular
feed offered to deer (Kay and Goodall, 1976). Although there is some evidence in support of an
inverse relationship between intake and digestibility (for example Raymond et al., 1959; Raymond et

al., 1955 and Faichney, 1986) there are a number of studies which provide evidence to the contrary.

For instance, digestibility decreased when feed intake was reduced in a study involving cattle
(Campling et al., 1963) and there was no consistent effect of reducing intake of sheep on digestibility
(Blaxter et al., 1956). In addition, despite a large increase in the MRT associated with reductions in
intake, both sheep and cattle exhibited only a slight increase in digestibility (Campling et al., 1961,
Grovum and Williams, 1977). More recently lason ef al., (1995) reported than in three breeds of
sheep digestibility of timothy hay decreased by 4.2 percentage units as ad lib. intake decreased
between spring and winter. Work with deer has predominantly involved ad lib. feeding and the effect
of seasonal changes in ad lib. intake. The research reported here is unique in that it investigates

digestibility in winter and spring over a range of DM intakes for deer. Freudenberger et al. (1994)
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restricted deer in summer to an intake equivalent to winter ad lib. intake and reported digestibility of
chaffed lucerne hay was lower for deer on restricted intake compared with those allowed feed ad lib.
The data of Freudenberger et al. (1994) can be incorporated in the model proposed here, where
digestibility decreases when intake is restricted (Figure 6.5). This supports a positive relationship
between intake and digestibility but would contradict the finding that FOR was lower in spring

compared with winter.

65
64 -
63 Winter ad lib. Spring ad lib.
62 - 4

61 -
60 -
59 4
58

~ @ Spring restricted

Apparent DM digestibility

57 - L ,

56 | Winter Spring

55 : . — . .
0 20 40 60 80 100

Intake (g DMw %7°/day)

Figure 6.5 The digestibility data of Freudenberger et al. (1994) superimposed on the proposed model
of digestibility and intake.

It is possible that the positive relationship between intake and digestibility recorded in the present
study was an artefact resulting from some systematic error. Errors in digestibility experiments can
result from poor measurement of faecal output or feed intake. To underestimate digestibility at low
intake, faecal production would need to be overestimated or feed intake underestimated.

Inclusion of non-faecal material in the faecal DM was unlikely in this work. However, pelage
(especially when deer moulted in the spring), dirt and bedding from other pens were present to some
degree in all faecal collections so the sensitivity of the relationship to inclusion of such foreign
material needed to be tested. This can be demonstrated in Figure 6.5 which shows that had there been
no effect of intake on digestibility (regression coefficient = 0), faecal output would have to include in
excess of 160 g DM/collection of non-faecal material. At the lowest feed intake, this would represent
around 40% of the measured faecal output. Even more non-faecal material would have to have been
included if the slope was negative as traditionally shown. While some contamination may have
occurred in the present study, 10 g DM/collection is a conservative estimate, and this would have had

little impact on the final relationship (see Figure 6.6).
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Figure 6.6. The effect on the relationship between apparent DM digestibility and intake (combined
group spring data) of including various absolute amounts of non- faecal material in faecal
collections or consumption of non-feed dry matter. Extra consumption assumed an apparent
digestibility of 25 %.

Recording a lower DM intake than was actually achieved would also have decreased digestibility.
Deer did not have the opportunity to increase intake of the pelleted ration but they may have been
able to increase DM intake through consumption of bedding material, wood fibres from pen walls or
pelage.

Consumption of bedding material is possible but unlikely. Deer in Group 1 were placed on wire mesh
false floors during the faecal collection stage and therefore had no access to the wood shavings. Even
consumption of bedding immediately prior to faecal collection is unlikely because shavings became
quickly soiled and would have presumably been unpalatable to deer. Deer in Group 2, while having
access to bedding over the collection period, would have also encountered rapid soiling of bedding.
While there is evidence that deer from both groups consumed wood from pen walls and their own
pelage, the quantities are likely to have been in the order of 30 g DM/day or less. Much larger
quantities (100 - 200 g DM/day) are required to have negated the decrease in digestibility as intake
declined (Figure 6.6).

Having established the positive effect of intake on apparent DM digestibility is unlikely to have been
an artefact from imperfect faecal collection technique or unaccounted intake, the work of Owens and
Goetsch (1986) may provide an alternative explanation. These authors reported microbial efficiency

was positively correlated with the dilution rate of culture medium. The positive correlation resulted
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from the decrease in the relative cost of maintenance to microbes where dilution rate of the medium
was high. Extrapolated to a rumen environment, this would suggest a higher passage rate of the liquid
phase of rumen contents (a possible consequence of a greater DM intake) would facilitate a decrease
in rnmen residence time of microbes and lead to increased efficiency. However, although it has been
hypothesised that fluid passage rates may increase with intake, others (Iason et al., 1995) have failed
to measure significant differences in fluid passage rate between seasonally induced differences in
intake.

An alternative explanation for the positive relationships between intake and digestibility reported
here may be an increase in non-rumen digestibn such as caecal and large intestinal digestion. A shift
to increased hind-gut digestion has been suggested where intake increased from winter to summer
(Grovum and Williams, 1977).

It is possible also that the effect may have been an artefact of the highly processed pelleted diet.
although Freudenberger et. al., (1994) achieved a similar result with lucerne hay and chaff. There is a
need in the future to establish the existence of such an effect on other feeds, especially fresh forages.
Although recent work has focused on the digestion of fresh herbages such as chicory and perennial
ryegrass by deer (H()skin'et al'.,"i99-5; Kusmartono et al., 1997), these have been at a single level of
intake.

The findings from the present study require validation in further work but have important
implications for energy budgets of weaner deer. Because of the size of the effect (an increase of 9 -15
percentage units as intake increases from ME,, to ad lib.) estimates of DDM intake based on DM
intake are likely to lead to under feeding of restricted animals. Deer in a feed limited environment
would not only be disadvantaged by a restricted DM intake but also by a reduced M/D as a result of
the lower digestibility. Alternatively, an increase in feed availability not only increases DMI but

increases MEI proportionately more through the intake effect on digestibility.

6.4 Conclusion

Deer in this study exhibited an intake-independent decrease in apparent in vivo DM digestibility of a
pelleted feed from winter to spring by between 5 and 11 percentage units, presumably by increasing
rumen fill and FOR. There was a positive relationship between intake and digestibility independent of
season which could not be explained by potential errors in total faecal collection or unaccounted
intake. This positive relationship between intake and digestibility is contrary to generally accepted
principles, although the higher winter digestibility compared with spring at a common intake is
consistent with current models.

It is not clear from these results whether the positive relationship between intake and digestibility is

experimentally induced, or whether the same relationship holds for deer at pasture. Although this
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effect has been shown in two different groups of animals in two different years, further work is
needed to confirm this finding and begin to understand the mechanism behind the effect.

However, if the positive relationship between digestibility and intake is a real effect, the
consequences of limiting access of deer to feed are two fold. Not only will this restrict DM intake,
but will limit DDM intake to a greater extent. The confirmation of this effect for deer at pasture has

major implications for feed and energy budgets.
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Chapter 7

General Discussion

The aim of the experiments reported in this thesis was to quantify any differences in liveweight gain
of red and hybrid deer in a grazing environment and further to identify mechanisms which contribute
to the greater rate of liveweight gain of hybrids compared with red deer. A comparison of genotypes

was made in winter and spring which allowed for seasonal comparisons of the observations.

Genotype

Initially, a grazing study (stage I) was established to determine the liveweight gain response of both
genotypes to pasture allocation. This study identified that there was little effect of pasture allowance
on liveweight gain during winter but large effects in spring. The response in liveweight gain to
increasing allowance was lérger for hybrids compared with red deer in spring but not during winter
and summer. This study was the first to report a pasture allowance - liveweight gain relationship for
deer rotatibnally grazed in winter, spring and summer for two different genotypes. However, the
utility of this information was limited by the specific pasture high - pasture allowance combinations
used and the lack of replication. It was unclear from this study whether the genotype difference in
liveweight gain was a result of different feed intake at a common pasture allowance or a result of

possible differences in various components of energy metabolism.

The implication for producers from this first study is that during spring (mid August — December), a
pasture allowance between 4 and 10 kg DM/h/day is desirable, depending on genotype and
productivity targets. There is little advantage in increasing pasture allowance over 4 kg DM/h/day for
red deer as it is likely ad lib. intake is achieved at this pasture allowance. Higher allowances are
required for hybrid deer for them to achieve ad lib. intake and exhibit their greater potential for

growth.

In a subsequent indoor experiment (Chapter 4a) deer were offered a pelleted concentrate diet ad lib.
(as the largest difference between genotypes occurred at the highest pasture allowances in the
previous experiment), to determine ad lib. intake and liveweight gain of each genotype. This study
concluded that while the relative intake of red and hybrid deer was similar, both absolute and relative
liveweight gain was greater for hybrids in spring compared with red deer. These results suggested a
greater feed intake could not explain all the greater liveweight gain of hybrids compared with red deer

so the study moved to more detailed energy balance experiments (stage Ila).
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In the experiment reported in Chapter 4b, red and hybrid weaner stags were fed different quantities of
a pelleted concentrate diet to estimate the ME requirement for maintenance. A higher (30%) ME
requirement for zero liveweight gain was recorded for hybrid deer compared with red deer in both
winter and spring. Literature values of ME,, differ between red deer and elk, but this study suggests
that 25% elk genes in a hybrid is enough to elevate ME,, above that of red deer in an indoor

environment.

In a further study involving 28 individually penned deer, liveweight gain, body weight gain and gain
of adipose, lean and bone tissue (through CT Scanning) were recorded. This study was an energy
balance study involving repeated measurements on the same deer, rather than a subset of a common
group of animals as in traditional comparative slaughter - type experiments. It also involved deer on a
wide range of feeding levels during both winter and spring where previously only ad lib. and a single
restricted intake had been used (for example Suttie and Hamilton, 1983),

There was a trend in this study, for red deer to deposit a greater amount of adipose in spring and less

in winter than their hybrid counterparts although the difference did not reach significance.

Body composition data from this experiment provided input for an energy balance study (Chapter 5b).
This showed that red and hybrid deer did not differ in their response in either energy retention or
whole body weight gain to changes in ME intake in either winter or spring. This was despite

differences in liveweight gain between genotypes.

If red deer deposited more adipose and less lean in weight gain (as suggested above) and therefore had
a higher energy value of gain, then on this basis liveweight gain would be lower at the same ME
intake (as observed) given similar k¢ and k; values. However, in neither winter (Figure 5.15) nor
spring (Figure 5.16), was there a difference between genotypes in the energy value of gain and no
difference in k, This suggests there should have been no difference in the energy required per unit
liveweight gain between genotypes, yet at high intake, hybrids gained liveweight faster than red deer.
Since there is little evidence for differences in the composition of gain body gain between genotypes,
apparent changes in gut weight and gut content weight are likely to reconcile the differences between
genotypes in liveweight gain. This illustrates a weakness of using liveweight gain as a measure of
animal performance. However, further work is required to confirm such large changes in gut fill are

real and that genotypes differ in gut fill across a range of allowances.
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Season

The study of body composition changes showed significant seasonal differences in the relative growth
of tissues with bone growing relatively faster and adipose relatively slower in winter compared with
spring. There is evidence from previous work with sheep (Forbes et al. 1979; 1981) that long day
length stimulates the growth of non-fat tissues at the expense of fat. This study also showed that on a

restricted intake, simultaneous fat catabolism and lean tissue gain took place, especially in spring.

Although this study set out to identify and quantify differences between genotypes, seasonal
differences were often more prominent than the genotype effect.

There were no seasonal differences in liveweight gain at a common intake in either of the indoor
experiments reported (Chapter 4 and Chapter 5b). This may have been confounded by changes in the
weight of gut and gut contents since the ME requirement for maintenance of whole body weight was
greater in spring than winter and the energy cost of whole body weight gain was greater in winter than
in spring. The implication of this is thﬁt while deer on restricted diets may increase whole body weight

faster in winter than in spring, this may not be totally reflected in terms of liveweight gain.

In summary, this thesis has be able to show differences between red deer and hybrids and between

seasons not previously reported. These are presented in general terms in Table 7.1.

Table 7.1 Differences between red and hybrid deer based on data in this thesis.

Difference between Genotype Season
Winter ad lib intake (relative) No difference

(absolute) Greater for hybrids
Spring ad lib intake (relative) Greater for hybrids

(absolute) Greater for hybrids
Max. winter liveweight gain Possibly greater for red deer
Max. spring liveweight gain Greater for hybrids
Ad lib. intake Greater in spring
Max liveweight gain Greater in spring
ME,, (liveweight) Greater for hybrids in spring  No difference
ME,, (energy) No difference Greater in spring
Energy cost of liveweight gain (MJ/kg) Reds maybe higher in spring  No difference
Energy cost of whole body gain (MJ/kg)  No difference Greater in winter
Energy cost of energy gain No difference Greater for winter
k, & k¢ No difference* No difference*
Digestibility No difference Higher in winter

* no evidence of difference but based on limited data.
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An attempt to apportion the genotype differences in liveweight gain in spring to measured differences
in composition of gain and ad lib intake is made in Figure 7.1. Liveweight gain of red and hybrid deer
was calculated using ME,, (Chapter 4), liveweight (Chapter 5), ad lib. intake (Chapter 4) and the cost
of livewight gain (Chapter 4) for each genotype. The calculation is that used in Chapter 4. Results of
this are outlined in Figure 7.1.
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Figure 7.1 The relative contrirl;(:tion of between - genotype differences ';:lszEm, liveweight, voluntary
feed intake and energy cost of gain to the expected liveweight gain of hybrids relative to red deer.
The difference between genotypes in liveweight gain was explained in this model by hybrids having a
higher requirement for maintenance but a greater liveweight, a greater intake and a lower cost of
liveweight gain compared with red deer. The lower cost of liveweight gain, although not significantly
different, explained a large amount of the difference between genotypes. The predicted liveweight
gain of red deer (290 g/day) and hybrids (394 g/day) was comparable to those observed in Chapter 5b
(see Table 5.10) of 340 g/day and 438 g/day for red and hybrid deer, respectively. The differences
between genotypes in winter were small and consequently a similar model has not been presented for

the winter period.

The discrepancy between liveweight gain and whole body weight gain (possibly caused by apparent
changes in gut fill) is a limitation to the interpretation of this work and leads to two different models
of weight gain in young deer. The same model as used for liveweight gain above was applied for
whole body weight gain (Figure 7.2). Because there was no difference between genotypes in
maintenance requirement for zero whole body weight gain or in the energy cost of whole body weight

gain, genotype differences were explained in this model by differences in liveweight and intake only.
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Figure 7.2 The relative contribution bf between - genotype differences in liveweight and voluntary
feed intake to the expected whole body weight gain of hybrids relative to red deer.
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The model was also used to illustrate seasonal differences in whole body weight gain when genotypes

were combined (Figure 7.3).
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Figure 7.3 The relative contribution of between - season differences in ME,,, liveweight, voluntary

feed intake and energy cost of gain to the expected whole body weight gain in spring relative to

winter.



140

Relative to winter, deer gained whole body weight faster in spring due to a greater intake and a lower

cost of whole body weight gain as a result of a leaner composition of whole body weight gain.

Low winter liveweight gain of weaners has been regarded as a limitation in early venison production.
Winter liveweight gain on pasture is typically between 50 and 100 g/day and significantly increasing
this would advance slaughter date. Results from this thesis suggest that while winter liveweight gain
of 200 g/day may theoretically be possible (depending on liveweight and ME of the diet) they require
much higher intake than would be required fqr the same liveweight gain in spring. For example a 60
kg red deer gaining liveweight at 50 g/day would consume about 900 g DM/day. Increasing winter
liveweight gain to 150 g/day for the same animal would require an additional 425g DM/day.
However, this extra DM intake consumed in the spring (by a 60 kg red deer) would increase

liveweight gain from 50 g/day to about 210 g/day.

It is recommended in light of ﬁndingé from this research that during winter (June — mid August)
weaners be restricted to small pasture allowances. In addition to the natural seasonal depression in
intake, liveweight éain for both ;geﬁotypes is limited during winter by the tendency to increase the
energy value of the gain and consequently reduce liveweight gain per unit intake. On the other hand,
low liveweight gain may result in undesirable fat loss. To maintain a positive energy balance in
winter, either genotype needed to increase liveweight at a rate of 40 g/day. The 50-100 g/day as
previously proposed (Fennessy and Milligan, 1987) appears to be an appropriate compromise between
zero energy balance and the low utilisation of pastures necessary to achieve high intakes. Given the
rapid loss of fat in early spring recorded in this experiment, body condition of weaners at this time
(which inevitably reflects winter nutrition) may have a significant effect on early spring growth. This

hypothesis requires further investigation.

Differences exist between red deer and hybrids in intake and liveweight gain and these have
implications for producers. However, there are much larger seasonal and probably maturity-related
differences in energy cost of gain, energy required for maintenance and relative growth of adipose,
lean and bone tissue exhibited by both genotypes. These differences can be exploited in deer

production systems.



Table A1.1. Correlation (Pearson's correlation coefficient) between all variables during winter. Figures in bold represent a significant
correlation. Description of terms is presented on page 144.

Allow
1/A1l -0.970 |1/All
Per-H 0.990 |[-0.951 |Per-H
1/P-H -0.946 |[0.989 [-0.943 [1/P-H
Geno 0.000 |[0.000 [0.000 | 0.000 [Geno
Par 0.256 |-0.255 | 0.256 |-0.255 | 0.709 |Par
Sou 0.092 [-0.117 [0.079 [-0.112]-0.044 [-0.064 |Sou
LWG 0.034 [-0.041 [0.069 [-0.079 [ 0.030 [-0.057 [0.149 [LWG
LWG®” [0.032 [-0.039 |0.065 [-0.076 |-0.043 [-0.107 | 0.153 | 0993 |[LwG""”
Lwt 0.225 [-0.220 [ 0.209 [-0.201 [ 0.759 [ 0.629 | 0.050 [-0.198 [-0.288 [Lwt -
PreH 0.958 [-0.992 [0.951 [-0.996 [ 0.018 [ 0.268 [ 0.108 | 0065 | 0.062 0.215° |PreH
1/PreH [-0.818 [ 0.923 [-0.815 | 0.959 [-0.020 |-0.240 [-0.119 }-0.105 [-0.100 -0.178. [-0.945 |1/PreH
PostH 0.971 [-0.909 | 0.989 [-0.903 [ 0.061 | 0.301 | 0.061 |0.068 | 0.061 0.242 |0.919  [-0.761 |PostH
PreM 0.892 [-0942 | 0911 [-0.979 10042 [ 0276 | 0095 |0.123 |0.116 0.196 | 0974 |-0.966 | 0.886 |PreM
1/PreM  {-0.785 [0.889 [-0.796 | 0.941 |-0.047 [-0.251 |[-0.108 [-0.134 [-0.127 -0.178 [-0.925 | 0993 [-0.750 |-0.970 |1/PreM
PostM 0.991 [-0.982 [0.988 [-0.973]0.004 [ 0265 | 008 [0.051 [0.048 0.219 0982 [-0.874 | 0.966 [0.938 |[-0.850 |PostM
Avail. 0.998 [-0.968 [ 0.995 [-0.950 [ 0.011 [ 0.265 | 0.088 [ 0.046 | 0.043 0.224 [0.963 |-0.827 | 0981 {0.909 |-0.800 [ 0.994

I xipuaddy
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Table A1.2. Correlation (Pearson's correlation coefficient) between all variables during spring. Figures in bold represent a significant
correlation. Description of terms is presented on page 144.

LWG
LWG' 0983 [ LWG™
All 0.473 0471 All
1/A -0.587 | -0.596 | -0.915 1/A
P-H 0.534 0.536 0.983 -0.969 | P-H
1/p-h -0.604 | -0.619 | -0.800 0.973 -0.888 1/p-h
Geno 0.361 0.256 0.000 0.000 0.000 0.000 | Geno
Par 0.228 0.158 -0.153 0.179 -0.168 0.179 0.657 Par
Sou 0.054 0.029 0.045 -0.062 0.056 | -0.065 0.019 0.026 Sou
Lwt 0.509 0.379 0.194 -0.266 0.227 | -0.288 0.727 0.492 0.124 Lwt
PreH 0.610 0.618 0.830 -0.983 0914 | -0.994 0.034 -0.161 0.072 0.304 | PreH
1/PH -0.583 | -0.601 | -0.670 0.907 -0.777 0.978 -0.006 0.170 -0.066 | -0.298 | -0.956 | 1/PH
PostH 0.570 0.572 0.909 -0.989 0.967 | -0.956 0.011 -0.184 0.074 0.258 0979 | -0.882 | PostH
PreM 0.602 0.615 0.777 -0.965 0.873 | -0.998 0.014 -0.172 0.074 0.298 0.995 -0.980 0954 | PreM
1/PM -0.576 | -0.594 | -0.672 0.909 -0.780 0.979 0.005 0.180 -0.069 | -0.289 | -0.958 1.000 | -0.885 | -0.981 1/PM
PostM 0.564 0.567 0.918 -0.983 0973 | -0.940 | -0.003 | -0.189 0.074 0.243 0.967 | -0.854 0.997 0.938 -0.859 | PostM
Avail 0.500 0.497 0.997 | -0.938 0.993 | -0.835 0.012 -0.152 0.050 0.215 0.866 | -0.712 0.936 0.816 -0.714 0.943
GPM 0.602 0.613 0.763 | -0.950 0.867 | -0.977 0.013 -0.173 0.081 0.287 0987 | -0.946 0.957 0.986 -0.949 0.950
Grass -0.172 | -0.181 -0.441 0.420 | -0.390 0414 0.000 0.059 0.020 -0.128 | -0.355 0446 | -0.322 | -0.369 0438 | -0.275
Clover -0.008 | -0.001 0.197 -0.133 0.118 -0.128 | -0.000 | -0.006 | -0.042 0.049 0.062 | -0.178 0.031 0.081 -0.169 | -0.017
Dead -0.353 | -0.367 | -0.624 0.678 -0.618 0.688 -0.000 0.112 -0.008 | -0.207 | -0.637 0.710 | -0.593 | -0.652 0.704 | -0.548
Stem -0.455 | -0483 | -0.209 0.579 -0.362 0.750 0.000 0.125 -0.052 | -0.258 | -0.699 0.866 | -0.546 | -0.766 0.863 | -0.505
Repro 0.345 0.364 0474 | -0.609 0498 | -0.670 | -0.000 | -0.105 0.009 0.216 0.605 -0.737 0.520 0.642 -0.730 0.466
Avail
GPM 0.806 GPM
Grass -0.420 -0.216 | Grass
Clover 0.164 -0.080 | 0.955 Clover
Dead -0.621 -0.522 | 0.945 -0.808 | Dead
Stem -0.265 -0.731 | 0.288 -0.100 | 0.514 Stem
Repro 0.482 0.508 | -0.914 0.789 | -0.974 -0.650
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Table A1.3. Correlation (Pearson's correlation coefficient) between all variables during summer. Figures in bold represent a significant
correlation. Description of terms is presented on pagel44.

LWG
LWG™™ 0941 | LWG*"
All 0.543 0.545 All
1/A -0.589 | -0.616 [ -0.947 1/A
P-H 0.580 0.554 0.984 -0.943 | P-H
1/p-h -0.608 | -0.612 [ -0.896 0.983 -0.917 1/p-h
Geno 0.104 -0.154 0.000 0.000 0.150 -0.134 | Geno
Par 0.067 -0.099 0.060 | -0.079 0.175 -0.180 0.680 Par
Lwt 0.164 -0.061 0.202 -0.246 0.310 -0.342 0.684 0.593 Lwt
PreH 0.575 0.616 0.872 | -0.982 0.877 -0.987 0.006 0.090 0.260 PreH
1/PH -0.605 | -0.658 | -0.736 0.911 -0.750 0.942 0.004 -0.105 | -0.264 | -0.963 1/PH
PostH 0.539 0.564 0.951 -0.991 0.950 -0.970 0.020 0.077 0.249 0.971 -0.873 | PostH
PreM 0.505 0.555 0.822 -0.953 0.828 -0.962 0.007 0.073 0.253 0.988 -0.948 0.956 PreM
1/PM -0.541 | -0.592 | -0.801 0.949 -0.808 0.965 -0.000 | -0.079 [ -0.259 | -0.990 0.976 -0.938 | -0.994 | 1/PM
PostM 0.420 0.458 0.876 | -0.940 0.875 -0.923 0.019 0.048 0.233 0.942 -0.834 0.972 0.963 -0.932 | PostM
Avail 0.550 0.561 0.995 -0.973 0.982 -0.931 0.003 0.065 0.217 0915 | -0.792 0.977 0.874 -0.855 0.914 | Avail
GPM 0.385 0.456 0.574 | -0.792 0.592 -0.835 0.013 0.069 0.240 0.887 -0.908 0.796 0.938 -0.940 0.858 0.652
Grass -0.713 | -0.726 | -0.832 0.895 -0.835 0.898 0.000 -0.129 | -0.246 | -0.875 - | 0.888 -0.832 | -0.793 0.830 -0.694 | -0.846
Clover -0.474 | -0.511 | -0.908 0.970 -0.903 0.951 -0.000 | -0.047 | -0.231 | -0.967 0.868 -0.990 | -0.973 0.950 -0.994 | -0.943
Dead 0.374 0.447 0.559 -0.781 0.576 -0.823 0.000 0.052 0.233 0.878 -0.901 0.785 0.931 -0.934 0.851 0.638
Stem -0.545 | -0.606 | -0.607 0.829 -0.627 0.878 0.000 -0.100 | -0.261 | -0.913 0.983 -0.791 | -0.917 0.950 -0.779 | -0.676
Repro 0.486 0.536 0.835 -0.954 0.838 -0.957 0.000 0.059 0.246 0.983 -0.929 0.963 0.998 -0.988 0.977 0.885
GPM GPM
QGrass -0.622 | Grass
Clover -0.850 | 0.764 Clover
Dead 0.999 | -0.607 -0.842 | Dead
Stem -0.942 | 0.803 0.805 | -0.939 Stem
Repro 0.928 | -0.774 -0.983 | 0.922 -0.895
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Allowance
/A1l =
Per-H =
1/per - head =
Geno =

Sou =

Avail =

Par =

LWG =
LWG 0.75
Liveweight =
PreH =
1/PreH =
Post H =
PreM =
1/PreM =
PostM =
GPM =

Grass =
Clover =
Dead =
Stem =
Repro =

Key

allowance on a metabolic liveweight basis

reciprocal of allowance on a metabolic liveweight basis
allowance on a per head basis

reciprocal of allowance on a per head basis

genotype, red or hybrid

original source of animals

Availability (pre-grazing height x allowance per head)
genotype determined by blood typing (expressed as the proportion of elk genes)
liveweight gain (g/day) '

liveweight gain (g/W *"*/day)

initial liveweight (kg) for each

pre-grazing pasture height

reciprocal of pre grazing pasture height

post-grazing pasture height

pre-grazing pasture mass

reciprocal of pre-grazing pasture mass

post-grazing pasture mass

green pasture mass (pre-grazing pasture mass x (1-(dead material + reproductive
growth %)) '
percentage of grass leaf in the sward
percentage of clover in the sward
percentage of dead material in the sward
percentage of pseudo-stem in pasture
percentage of reproductive growth
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Figure A2.1 The percentage of deer in a group reaching 92 kg liveweight by 1 November based on a
range of March weaning weights and rates of liveweight gain. Stippled and shaded areas represent
likely scenarios for red and hybrid deer, respectively.
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Figure A2.2 The percentage of deer in a group reaching 92 kg liveweight by 1 October based on a
range of March weaning weights and rates of liveweight gain. Stippled and shaded area represents
likely scenarios for red and hybrid deer respectively.
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Appendix III

Table A3.1. Weekly mean daily intake (g DM/hd/day) of group-fed deer in winter and spring for
deer in Chapter 4b.

Week 1 2 3 4 5 6 7 8 9 Mean
Winter Red 1469 1703 1398 1626 1677 1667 1797 1681 1627

Hyb 1679 1715 1390 1705 1912 1772 1885 1878 1742
Sprin Red 2554 2080 2023 2533 2642 2550 2567 2486 2434 2415

pring Hyb 2736 2185 2125 2728 2884 2886 2745 3018 2910 | 2653
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Appendix IV

Establishing appropriate grey scale ranges for image analysis.

A4.0 Introduction
Prior to the analysis of CT images, the electronic dissection software (Autocat, N.Jopson, pers com)

was calibrated to ensure correct identification of adipose, lean and bone tissue in CT images.

In previous studies using this equipment, (Nsoso, 1995) calibration of dissection software has been
achieved by identifying areas in an image which contain exclusively adipose, lean or bone tissue. The
adipose sample areas for example, were then submitted to Autocat and the grey scale range for
adipose tissue adjusted so that all pixels in adipose-only-images were recognised as adipose tissue.

The same calibration was applied for lean and bone.

However, as outlined in this appendix, although areas of homogenous tissue do have discrete grey
scale distributions.,"analysis of v;/hdle images revealed overlapping adipose and lean tissue grey scale
distributions, raising concerns about the appropriate grey scale truncation point, especially between
adipose and lean tissue. In addition, previous calibrations have been for sheep images rather than deer

and therefore image analysis software required re-calibration.

Ad4.1 Materials and Methods

A4.1.1 Analysis of grey scale distribution

Images from an ad lib. fed animal were used in the calibration of Autocat as they were the only
images that contained significant areas of adipose tissue. (Figure A4.4). Photomagic (Micrografx Inc)
was used to “dissect out” areas of adipose, lean and bone from sites in the shoulder, thorax and rump.
These were repeatedly submitted to Autocat increasing the grey scale range “dissected” by 5 grey
scale value ranges with each submission to form a grey scale distribution of pixels. A distribution of

grey scales was also generated for the three entire images.

A4.1.2 Spatial distribution
The spatial distribution of pixels in various ranges of grey scale was studied using Catwoman
software (N.Jopson, pers com.). Catwoman highlighted pixels in a specified grey scale range. Only

the rump area which contained significant areas of adipose lean and bone were used in this study.

A4.2 Results & discussion
The total area (mm”) of tissue in each grey scale of dissected adipose lean and bone from 3 separate

sites (shoulder, thorax and rump) is given in Figure A4.1. The distributions of both adipose and lean
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appear to be normally distributed and discrete. The mean (+ SD) grey scale for adipose, lean and
bone was 87.1 £5.2, 169 £ 5.7 and 254 * 0.0 respectively. The wide range in density of bone was

collapsed into a singe grey scale (254) by Bitman (N.Jopson, pers com.). There was no difference in

either the mean or standard deviation of distributions between red deer and hybrids.
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Figure A4.1. The grey scale distribution of homogenous areas of adipose lean and bone from the
rump of a ad. lib. fed red deer and the dissection range employed by Nsoso (1995).

Based on the grey scale distribution of homogeneous tissue the Autocat range employed by Nsoso,
(1995) (1-130, 131-250 and 251-255 for adipose, lean and bone, respectively) would have correctly
identified all tissues in this example. They also met Nsoso's (1995) criteria that the range between
grey scale truncation points be greater than 3 times the standard deviation from the mean for each
distribution.

However when the grey scale distribution of a whole animal image was generated the individual

tissue distributions were much less discrete (Figure A4.2).
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Figure A4.2 Grey scale distribution of 3 images (shoulder, thorax and rump) of a deer in good
condition

While it is evident that the three distributions seen in Figure A4.1 still exist, there is area in the whole

image which occurs outside the grey scales of homogenous tissue. Identifying what these extra pixels
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represented was considered necessary before a decision to include or exclude these from analysis or
include as adipose or lean was made. To aid in identification the spatial distribution of the extra

pixels within an image was generated using Catwoman software.

Figure A4.3 shows the spatial distribution of pixels in the grey scale range 1-70, a grey scale range
not containing pixels in homogeneous tissue. The pixels in this range largely occurred around the
outside of the image, were a small percentage (2%) of the total number of pixels and probably
occurred due to a partial voluming effect. This occurred when more than one tissue was found in a
single pixel, such as the skin air interface. The grey scale assigned to that pixel would have reflected
the average density of each tissue and the relative amounts of each tissue within the pixel. Pixels
which contained mostly air (grey scale 0) but a little adipose (grey scale about100) had an average
grey scale close to 0 simply because of the greater proportion of air in the pixel. Air-tissue pixels with

increasing amounts of tissue would have an increasingly greater grey scale value.

Figure A4.3. A rump CT image showing the distribution of pixels corresponding to a grey scale
between 1-70 for a well conditioned deer. Highlighted pixels represent 2% of total pixels and
probably represent a partial voluming effect.
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Consequently, those pixels which contain greater than half their area as air should be left out. The
tissue area lost by this action would be compensated for by the air included in those pixels with
greater than half their area as tissue.

It is likely that the partial voluming effect takes place between the air and skin. Because the image is
placed at a random position within the pixel matrix a random distribution of pixel air tissue ratios is
expected and hence similar numbers of pixels in each greyscale. Assuming that pixels containing
100% skin tissue rarely have a grey scale value of less than 70 (Figure A4.1) on average all pixels
with a grey scale value of greater than 35 should contain more than half their area of tissue. The
lower value therefore for adipose should be 35.

Although adipose and lean distributions do not appear to overlap (FigureA4.1), partial voluming at
the adipose-lean interface creates pixels with a grey scale value in this range. Applying the same
rationale for the adipose-lean interface as for skin-air interface a grey scale value of less than 120
(intermediate of the upper adipose value 100 and the lower lean value 140 from Figure A4.1) will
contain more adipose than lean and therefore should be considered as a adipose pixel while those
greater than 120 will contain more lean than adipose and therefore should be considered as lean.
Therefore pixel in a grey scale between 35 and 120 (Figure A4.1) were considered to represent

adipose tissue.

Figure A4.4 CT Image showing distribution of pixels in the greyscale range 35-120 corresponding
with adipose. Highlighted pixels are 11% of total pixels
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The truncation point between lean and bone was determined in similar fashion. Lean had an upper
range of 190 grey scale (Figure A4.1) and the mid-point between lean and bone (grey scale 256) was
223, which was adopted as the truncation point between lean and bone. Therefore, lean was defined
by pixels with a grey scale between 121 and 223 (Figure A3.5) and bone between 224 and 256
(Figure A4.6).

The number of images on which this calibration was based is small (n = 3) and a larger sample size
may have revealed a slightly different distribution. In light of this, a sensitivity analysis was
undertaken to demonstrate how sensitive the final analysis was to small changes in grey scale

truncation values.

Table Ad.1. Total weight (g) and percentage of whole animal of dissected adipose and lean tissue at
various grey scale ranges.

Adipose Lean
Grey scale Wt (g) % of animél Grey scale Wt (g) % of animal
1-120 | A .3922‘ 87 120-223 35322 80.2
1-130 5313 11.8 130-223 33931 71.0
35-120 3513 79 130-233 34165 771
40-120 3458 7.4
40-125 4180 9.4

Excluding pixels with more than half their area as air had little effect (1%) on total adipose dissected
(1-120 vs 35-120). A 5 grey scale shift in the lower value 40-35 realised a 0.2% change in total
adipose dissected. However, extending the upper grey scale range for adipose from 120 to 125
increased total dissectible adipose by 1.7%. Similarly, for lean, reducing the lower grey scale value
by 10 from 130 to 120 increased total dissectible lean by 2.2 % or 1.39 kg. Increasing the upper value
by the same amount had little effect (0.1%) on total dissectible lean.

The mass of tissue was relatively insensitive to the lower adipose and upper lean grey scale settings
because of the low frequency of pixels in these areas (Figure A4.6). However, the truncation point

between adipose and lean has a relatively large effect on both tissues.



Figure A4.5 CT image with pixels in the lean (121-223) grey scale range. About 75 % of total image
pixels are highlighted

Figure A4.6. CT image of pixels at 255 grey scale corresponding to bone. A total of 11% of pixels
are highlighted.
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A4.3 Conclusion
When whole images were analysed there were no discrete distributions for adipose and lean, rather a

continuum of grey scales as a result of partial voluming where two different tissues (or air) were
present in a single pixel. The truncation points within the grey scale range which determined adipose
lean and bone were determined such that it was the most abundant tissue in each pixel which decided
to which tissue group it was associated. A sensitivity analysis indicated the final analysis of the
proportions of adipose lean and bone present in each set of images was generally insensitive to small

changes in truncation points.
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