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RISK FACTORS FOR WEANER DEER BODYWEIGHT

AUDIGE, L ,WILSON, P R MORRIS, R S ,PFEIFFER, D U
Department of Veterinary Clinical Sciences
Massey University, Palmerston North

During a pilot study, an holistic epidemiological approach called "health and production
profiling" (Morris, 1991) was used to explore basic health problems and production in farmed red
deer The background of this research and some prelimnary results have been published in the
previous proceedings (Audigé et al., 1993)

This paper presents preliminary results of analysis of risk factors for deer calf bodyweight
on April 1, ie at 4 months of age

MATERIALS AND METHODS

A 2-year observationnal study was conducted on 15 commercial red deer farms in The
North Island of New Zealand About 2700 hinds were individually monitored for reproductive
success During farm visits in September 1992 and 1993, each hind was scored for body condition
The composition of calving groups from hind tag identification, calving and weaning management
practices, grazing history and food allowance for each hind were recorded At weaning, calves were
identified according to the calving mob they come from Weaning weights and subsequent weights
recorded after April 1 enabled the estimation of individual weaner weights on April 1(W4) on each
farm

Risk factors potentially affecting W4 were 1dentified and classified according to the area of
data collection they describe Codes and description of each group of variables (or variable block)
are presented in Table 1 The first block includes individual deer charactenstics which were
recorded from the 6 farms that identified dam-offspring pairs either at birth (while ear-tagging) or
before weaning Variables describing lactation and weaning management practices were grouped
in block 2, while post-weaning management variables constitute the third block In the fourth block,
are two distinct groups of biological markers, one including individual calf blood characteristics,
the other, mean weaner blood characteristics and mean calf faecal egg and larvae counts within
farms Blocks 1-3 were analysed separately at the individual animal level (outcome variable
individual W4), while weaner biological markers were investigated at the farm level with mean
weaner stag and hind bodyweight (MW4) as outcome variables Data were analysed separately for
weaner stags and hinds

Preliminary data analyses were carried out to identify associations between single
descrptive variables and individual calf weight on April 1 (W4) or mean mob or farm calf weight
(MW4) depending on variables analysed Categorical vanables were analysed with the T-test using
SAS (SAS Institute Inc , Cary, NC, USA) Continuous variables were analysed with the Spearman
correlation coeficient using Stastistica (Statsoft Inc , Tulsa, OK USA) Variables which showed
sufficient evidence of an association in these analysis (p<0 20) for both stag and hind calves were
included in path analyses which allow the 1dentification of risk factors having statistically significant
direct or indirect effects on weaner bodyweight (Pedhazur, 1982) Potential risk factors are
sequentially ordered and hypothesised biologically sound causal relationships are indicated by
arrows Each variable with arrows leading to it were regressed in multivariable linear stepwise
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regression analyses (Kleinbaum et al , 1982) using Stastistica (Statsoft Inc , Tulsa, OK USA) with
a 5% significance limit for inclusion or removal from the model

RESULTS

Means and standard dewviations of stag and hind calf W4 at each level of categorical variables
significantly associated with both weaner stag and hind W4 are presented in table 2 Mean,
minimum, maximum, standard deviation, spearmann correlation coeficient and significance of
association of continuous variables selected for multivariable analyses are presented in table 3

As an example, the null path model of hind-offspring risk factors and the final path diagram
of associations between significant risk factors and weaner stag and hind bodyweights are presented
in figures 1 and 2, respectively Unstandardised path coeficients (multivariable regression
coeficients) are presented on each statistically significant path in the final diagrams (p<0 05)
Putative and final path models for blocks 2 and 3 will be published elsewhere Statistically
significant direct effects (regression coeficients) of the most important risk factors associated with
weaner weight within each block are summarised in table 4 The most important dam-offspring risk
factors identified in this analysis were AGE3, BCSS, WD6, ADVC, BIRTH and CHWOC in both
stag and hind calves, explaining 33% and 29% of the weaner stag and hind bodyweight variability,
respectively

DISCUSSION

Weaner stag and hind post-weamng bodyweight of individual deer corrected on April 1 (W4)
can be used as one indicator of farm performance Weight of individual deer ranged from 19 9 to
64 5 kg for weaner hinds and from 29 6 to 67 0 kg for weaner stags over the two years of study
Weaning weight is one of the key outcomes in the deer production process that can be targeted for
improvement/efficiency in breeding and veruson production units This paper focuses specifically
on risk factors for individual weaner bodyweight (W4), and investigates mean biological markers
in relation to mean weaner bodyweight (MW4) between farms The analysis of subsequent growth
rates on weaners were being analysed at the time of writting, and will be reported elsewhere

Final path diagrams in Figure 2 show results to be relatively consistent between weaner stags
and hind The complex interrelationships that exist in this set of variables can be visualised on these
diagrams and they can help understand the plausible biological process involved

Main dam factors affecting individual weaner variables are, to some respect, consistent with
pre-existing factual or anecdotal evidence For instance, adult hinds are known to raise bigger
calves than yearling hinds through better milking ability Increased dam bodyweight has also been
associated with heavier calves at birth, and was identified as having a positive impact on calf growth
during lactation (Moore et al , 1988) Imported blood lines may produce heavier calves at birth
which may be reflected through the associations between the percentage of New Zealand blood
lines in the dam (NZD), her weight in June(WD6) and the change of her weight between September
and calving (CHW9C) The direct posttive effect of NZD on CHW9C may be because pure New
Zealand origin hinds conceived earlier than other hinds in this study (Audigé et al , 1994)

Birth date had a significant positive impact on calf post-weaning bodyweight with more than
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Table 2 Mean and standard deviation of weaner stag and hind bodyweight on April 1 for each level of dichotomous rnisk factors and T-test P values

WEANER HINDS WEANER STAGS

No=0 Yes=1 No=0 Yes=1
Rusk factor Number Number Number Number
code” of deer Mean SD of deer Mean SD P value of deer Mcan SD of deer Mean SD P value
tst BLOCK Individual animal characteristics
AGE3 90 4308 512 428 4851 589 0000 85 4706 600 373 5350 655 0000
ADVC 54 4323 757 453 4794 555 0000 36 45 30 742 415 5274 644 0000
2nd BLOCh  Calwving, | and g g
RSWHI10 651 46 81 667 746 4622 701 0108 660 5214 778 695 50 54 748 0000
STAGS 1184 46 87 674 264 44125 714 0000 1183 5142 764 263 4951 788 0000
YARDBW 381 4509 729 1067 46 85 668 0000 414 49 68 813 1032 5163 748 0000
VCLOST 1045 45 55 689 403 48 55 639 0000 1066 5044 794 380 5286 676 0 000
VYERS 1072 4563 684 376 48 587 656 0000 1036 5013 77 410 5344 726 0000
3rd BLOCK Post g grazng g ( g- April 1)
RSWH10 331 4802 628 844 466 707 0001 319 5266 678 878 5152 808 0015
ODEER 840 4647 696 347 48132 645 0000 779 5073 765 429 538 757 0000
OTHERST 1061 469 677 126 4796 753 0132 982 5142 801 226 5355 632 0000
FSUP 955 46 57 715 232 48 89 5 9.9 0 000 i?_6 51 54 799 222 53 08 654 0007

* Codes are descnibed 1n table |

Table 3 Mean, range, standard deviation of continuous risk factors selected for muluvariable analysis of stag and hind calf bodyweight on April 1

using the Spearman correlation coeficient (p<0 20)

STAG CALVES HIND CALVES
Rusk factor ~ Number of Spearman Number of Spearman
code* deer Mean M Max SD Comr Coef P value deer _Mean Min Max SD__Comr Coef P value
1st BLOCK Animal individual characteristics
w4 461 5234 2879 7101 690 523 4761 1993 6791 611
NzC 449 7086 625 100 00 41 007 0142 s11 7185 640 100 00 278 007 0099
NZD 461 8506 1250 1006 00 2311 013 0005 21 8635 1250 100 00 2217 020 0000
BCSS 455 349 100 500 071 022 0000 514 355 100 500 067 028 0000
wD6 398 9998 7286 12790 1007 046 0000 454 10042 7558 14032 1025 041 0000
CHW9C 266 1247 150 3400 458 022 0000 291 1216 -250 3000 466 024 0000
BIRTHD |55 3134 300 82 00 10 03 -0 48 0000 173 3152 1600 60 00 933 -0 S1 0000
2nd BLOCK Calving, lactation and weaning management
w4 1440 5107 2567 7380 172 1448 4630 1093 6978 689
NZC 1446 7027 625 100 00 1881 023 0000 1448 7993 640 100 00 1837 018 0000
WAPC 1440 294 000 2500 725 016 0000 1448 29 000 2500 724 023 0000
SHIFT 1446 447 100 18 00 43] 023 0000 1448 454 100 2300 435 030 0000
M%AH 1446 8186 000 100 00 2893 021 0000 1418 B4 39 000 100 00 2877 019 0000
MIME/Ha 1446 54923 1608 155007 346 43 006 0026 1448 57017 1608 187060 34200 015 0000
FAREA 1446 733 093 2430 607 005 0040 1448 695 093 2430 607 -012 0000
PASTT 1446 192 100 300 056 011 0000 1448 193 100 300 05 -011 0000
SUR 1446 2616 000 100 00 3579 012 0000 1448 2487 000 100 00 3465 022 0000
AVMMT 1446 1202 792 1537 185 -005 0074 1448 1204 787 1537 190 -004 0152
RAIND 1446 315 163 601 120 -022 0000 1448 322 163 001 122 019 0000
SUN 1446 055 020 087 014 021 0000 1448 055 020 087 015 021 0000
WEAND 1446 7027 5400 9500 1037 -022 0000 1448 7030 5400 9500 1085 020 0000
SIPC 1446 6733 2700 9500 1438 023 0000 1448 6712 2700 9500 1516 022 0000
ANTH 1440 112 000 300 002 027 0 000 1448 114 0 00 300 066 029 0 000
3rd BLOCK Post-w g grazing g t (from w g to April 1)
w4 1208 5182 2567 7380 176 1187 4701 1993 69 78 686
NzC 1208 7786 025 100 00 19 46 019 0000 1187 78 89 640 100 00 1910 014 0000
WAPC 1208 337 000 2500 764 013 0000 1187 331 000 2500 75 021 0 000
ISWH 1197 1624 700 2175 437 -021 0000 1175 16 08 700 2175 438 026 0000
CLOVER 1197 172 100 244 048 015 0000 1175 17 100 200 042 009 0002
MSWH 1197 1374 600 1888 359 024 0000 1175 1373 600 1888 367 025 0000
TDEER 1208 12549 2500 22500 4874 -028 0000 1187 12347 2443 22500 49 00 -034 0000
MJME/Ha 1208 59202 864 116899 28773 014 0000 1187 60802 8664 116899 29891 -006 0058
DEER/Ha 1208 3778 510 7535 1885 012 0000 1187 3808 510 7535 1948 -004 0191
FAREA 1208 472 103 17 44 384 007 0017 1187 460 103 1744 402 015 0000
TOPO 1208 140 100 250 054 -008 0004 1187 141 100 250 057 015 0000
RAG 1208 057 000 250 083 007 0023 1187 055 000 250 083 009 0002
SUR 1208 3931 000 100 00 3081 014 0000 1187 3624 000 100 00 3875 013 0000
TREES 1208 084 000 300 0388 007 0022 1187 082 000 300 088 009 0002
AVWIND 1135 132 027 321 002 -014 0000 1107 142 027 321 091 -005 0078
AVMIT 1208 824 508 1129 128 <014 0000 1187 817 595 1129 130 015 0000
AVMAT 1208 19 5o 1730 2364 160 005 0109 1187 1954 1736 2364 158 004 0132
RAIND 1208 273 050 507 130 022 0000 1187 273 050 507 129 024 0000
SUN 1208 053 007 075 015 018 0000 1187 054 007 075 015 021 0 000
5th block Individual calf blood biological markers (calf crops 1992 and 1993)
w4 110 5124 3408 66 54 735 115 4770 3276 5967 602
TP 110 6324 50 50 7260 is2 031 0001 115 6317 5250 8290 435 034 0000
ALB 110 3556 2250 4320 376 025 0009 115 3576 2630 43 40 343 029 0001
Farm mean calf blood biological and faecal parasite markers (calf crops 1992 and 1993)
Mw4 23t 4987 4302 5553 353 22 4582 3835 5181 375
ALB 23t 3562 2996 3911 281 043 0042 22 3585 2096 3911 266 051 0015
Farm mean calf faecal parasite markers (calf crops 1992, 1993 and 1994)
MW4 271 5094 4194 5903 416 27 4634 3927 5132 350
FLC 271 28555 360 165400 303 77 029 0146 27 28BS 5SS 360 165400 303 77 046 0016
Min = Minuimum, Max = Maximum, SD = Standard deviaton
* Vanable descniptions are presented in table 1
** In the analysis of d blood hine p tages were included i all models to account for genetic vanation between farms

grazang
so NZC and WAPC are included n thus table
t Number of farms
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Figure 1 An example of null hypothesis path model individual dam-offspring risk factors for
weaner bodyweight on April 1

NZC

CHW912

/W
/mm

Figure 2 Final path models of individual dam-offspring risk factors for weaner hind and stag
bodyweight on April 1 013

WD6
1 Weaner hind w‘
w ’ OG"/YCngc 0 19%*
ZD

_
BRTH W4
AGE3
BCSS
2 Weaner stag 1 26%+
w
003s A
NZD — > CHWYC 017*
\07”/ \
17 62%+ 020%+
% / W4
AGE3
3 08.0
ADVC 547%*
3244+

» pRTH = 02"

2450

Note Risk factor codes are described in table 1
Unstandardised regression coeficients are presented on significant (*p<0 05, **p<0 01)
paths
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Table 4 Summary of major direct effects of risk factors for weaner stag and hind bodyweight

within each block of explanatory vanables

Man nsk WEANER STAGS WEANER HINDS
factors Unts* __Regr coef ** SE P valuo Regr_coef ** SE P vatue
1st BLOCK Dam-offspring mndividual charactenstics
Model R square 033 029
Intercept 24 624 3604 0000 29 345 3089 0000
Weight of the dam (on June 1) kg 0203 0033 0000 0125 0028 0000
Concepton before May 1 D 5472 1005 0000 2515 0797 0002
Burth date day -0210 0047 0000 -0 238 0045 0000
Dam 3 years old at calving D 3076 0763 0000 2769 0675 0000
Dam body dition score 1n Septemb 1to5 1256 0396 0002 1785 0360 0000
Dam weight change between September, and November kg 0 165 0077 0033 0193 0 066 0 004
2nd BLOCK Lactation and weaning management
Model R square 027 029
Intercept 41360 2428 0000 34715 1701 0000
Estimated percentage of New Zealand Blood lines “e -0 109 0011 0000 -0 069 0009 0000
Estimated percentage of Wapiti or Elk blood hnes % 0133 0027 0000 0148 0023 0000
Mean percentage of adult hind n the mob 0074 0007 0000 0062 0 006 0 000
Average pasture type score 13 -1455 0297 0000
Residual sward height over 10 cm at end of grazing penod D -1385 0411 0001
Mean grazed paddock area Ha 0301 0037 0000
Average of daily temperature ranges (maximum-munimurm) c 1530 0143 0000 0609 0119 0000
Number of days between January 1 and weaning day 0193 0027 0000
Calves handled 1n yards before weanng 3135 0519 0000
Number of anthelmintic treatments before Apnl 1 234 0422 0 000 3349 0318 0 000
Weaners were mjected one dose of "Yersimavax” before Apnl 1 D 1590 0415 0 000
Average daly sunshmne 0-1 7301 1219 0000
Number of times deer were shufted between paddocks 0571 0094 0000
Mean daily total energy requirements by the mob per hectare MJME/Ha -0 006 0001 0000
3rd BLOCK Post-weaning grazing management
Model R square 023 023
Intercept 55 892 3185 0000 68 873 2089 0000
Estimated percentage of New Zealand Blood lines %0 -0 024 go11 0035 -0 027 0010 0 006
Estimated percentage of Wapitt or Elk blood Lines % 0168 0040 0000 0244 0025 0000
Number of days between Januray 1 and weanung day -0 136 0021 0000 -0 132 0016 0000
Residual sward height over 10 ¢m at end of grazing penod D 3879 0 965 0 000 4923 0701 0000
Mean pasture clover score 13 2 407 0707 0001
Mean pasture sward height at start of grazang penod cm -0 368 0076 0 000
Food supplementation of deer D 2169 0526 0000
Average number of deer in the mob -0072 0010 0000 0022 0004 0000
Mean daily total energy requrements by the mob per hectare MJME/Ha 0004 0002 0011
Mean grazed paddock arca Ha 1124 0192 0 000
Average daily ranfall mm -0 985 0234 0000 -1020 0163 0 000
Paddock average wind exposure mdex 1714 0396 0 000
Average tree score 0-3 -3 145 0485 0000
Percentage of time spent in paddocks close to road, buldings or houses %% 0049 0009 0000
Paddocks shared with cattle, sheep or goats D 2329 0896 0009
Weaners grazing with yearling or adult deer D 3095 0947 0001
Average of minimum temperatures C -0 515 0148 0000
4th BLOCK Biological markers
Indvidual calf blood characteristics (calf crop 1992 and 1993}
Model R square 011 010
Intercept 10 215 11058 0358 19 529 7804 0014
Total protemns g 0649 0175 0000 0 446 0123 0 000
Farm mean calf blood and faecal parasite markers (calf crop 1992 and 1993)
Model R square 023 027
Intercept 28 541 8612 0003 19 487 9 682 0058
Mean albumm concentration over 10 calves 21 0599 0241 0021 0735 0 269 0013
Farm mean calf blood and faecal parasite markers (calf crop 1992 and 1993)
Model R square 018 021
Intercept 52307 0948 0000 47 591 0784 0 000
Mean farm calf lungworm larvae index -0 005 0 002 0029 -0 004 0 002 0017

* D = Dichotomous vanable ( Yes=1/No=0)
** Kilogram calf bodyweight increase per umt increase of each continuous nsk factor,
or if dichotomous vanables equal to 1, all other factors maintained constant
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200 g increase bodyweight for each day earlier that the animal was born, after correcting for
conception status (early or late) which produced 2 5 kg and 5 5 kg heavier weaner hinds and stags,
respectively There 1s evidence that precalving hind body condition score be a major factor
influencing weaner bodyweight This effect may be due to various factors such as the ability of fat
hinds to produce heavier calves at birth (as shown by the negative effect of BCSS on CHW9C in
the stag final model), to calve earlier (as shown by the positive effect of BCSS on BIRTH 1n the
hind final model) and to have higher milk production The influence of hind body condition in
September on birth date may actually be due to earlier conception as observed 1n hinds i good pre-
mating body condition (Audigé et al , 1994) Thin hinds in March were more likely to be thin in
September (Unpublished data)

Final diagrams also show indirect positive effects of AGE3 as adult hinds were heavier in
June, in better body condition in September, and calved earlier than yearling hinds A negative
effect of AGE3 was identified through NZD as imported blood lines were more prevalent in
yearling hinds than adult hinds

The analyses of grazing management during lactation, weaning and post-weaning grazing
management are more difficult to interpret because there 1s no pre-existing evidence of association
or certain biological explaination for many factors Some factors in these blocks were chosen based
on logical thought without back-up from the literature, so this discussion 1s only suggestive of
plausible explainations It is beleived the most important factors would be significantly associated
with both stag and hind weaner weight, while the significance of the other factors identified in only
one of the two models (1 stag or hind) may be marginal although informative

These analyses support the beleived beneficial effect of introducing imported blood lines or
using cross-bred with wapiti type deer in producing heavy weaners The more adult hinds in the
calving mob, the heavier were the weaners, which is consistent with the previous analysis of dam
characteristics The positive effect of hugh temperature ranges during lactation and low daily rainfall
after weaning, may actually indicate the positive influence of sunny weather patterns (providing 1t
is not too dry for adequate pasture growth)

An approx 2-3 5 kg weaner weight increase was associated with each anthelmintic treatment
administered before Apnil 1 The effect however 1s likely to be confounded with that of weaning
date (WEAND) which was significant in the model of post-weaning management practices The
later the weaning date, the lighter were the weaners on April 1 This warrants further evaluation
of weaning practices to identify the specific effect, if any, of each of these risk factors This study
however suggests high parasite burdens (measured through faecal lungworm larvae counts before
the commencement of anthelmintic treatment) may have a detrimental effect on calf performance
In this study some weaners were drenched as early as late January

Residual pasture sward height (RSWH10) should be maintaned over 10 cm to produce heavy
weaners as shown by the 4-5 kg increase of weaner bodyweight associated with this grazing
practice Although the magnitude of effects may only be indicative, 1t strongly supports previous
experimental evidence (Ataja et al , 1989), so this relationship 1s likely to be causal This is further
supported by the finding that calf total protein or albumin concentrations were positively associated
with weaner weights These biological markers in young ruminants can be used to monitor
adequacy of nutritional intake

That large mobs of weaners were associated with low weaner weight is intriguing and needs
further evaluation

In this study, blocks of explanatory variables were investigated separately because individual
dam-offspring pair identifications were carried out on 6 farms only, while the analysis of post-
weaning grazing management could not include farms that weaned calves on or after April 1
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Estimated calf blood line percentages were included in all analyses as potential confounding factors
It also enabled the identification of important factors within each block Results presented in table
4 show only estimated direct effects of significant vanables on calf bodyweight More
understanding of the whole production processs may arise from the analysis of final path diagrams,
which will be described elsewhere

It must be remembered that path diagrams are built on the basis of current knowledge of deer
production, and theoretical considerations, biologically sound, determined by research in other
domestic species and field experience Statistical tests are carried out to test whether the putative
theory 1n statistically sound, but 1t does not mean the theory is right Thus 1t 1s necessary to validate
these findings through more research before any conclusion on causal relationships could be
formulated

However, thus statistical approach is a very efficient tool to explore plausible causal pathways
between a set of risk factors This approach 1s also a first step in building models that can be used
to help predict animal performance given a set of deer or farm characteristics For instance, using
the model defined from dam-offspring individual characteristics (for which risk factors are likely
to be causal), it 1s possible, given all reservations previously mentioned, to predict post-weaning
weaner individual bodyweights on Apnil 1 This is illustrated 1n table 5

Table 5 Application of modeling technique to the prediction of weaner bodyweight on April 1
(W4) with two deer conforming to a different set of characteristics

Dam characteristics Predicted W4

AGE3 WD6 ADVC BCSS CHWOC BIRTH Stag calf Hind calf

Adult=1 kg Yes=1 score kg day after kg kg

Yearling=0 No=0 1to5 Nov 1

0 86 0 2 16 50 (Dec 20) 368 349

1 100 1 4 24 20 (Nov 20) 583 541
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