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INTRODUC" IN
 

Parasite intresiat ion is a global problem,which impairs 

productivity o :noats. Ef fective control of parasites is difficult 

due to a large number of interacting variables (e.g.; plane of
 

nutrition, breed resistance, precipitation pattern, drenching
 

frequency and drug efficacy). Internal parasitism due to helminths
 

n be expressed as a! act e diese or as a subclinical chronic
 

condition (Williams, 1981). Within a particular environment,
 

determining the 
opt imal strategy for helminth control is difficult. A 

primaary trob lvm is the re-infestation of the treated goat. A 

iultitude of planus havc been dove loped for specific situations; e.g., 

a couabiation of cirenchi ug and pasture rotation. llowever, with 

differing envi-runnnts and produci ion systems, preformulated plans of 

treatment may not uoe as effective in a different environment as they 

were ia the onvironmiet of rigin. Purthernore, as seasonal or yearly 

conditions change within a location, the need for tiexible response to 

the helminth situation may be necessary. 

Systems analysis is a technique used to evaluate the effect of
 

al terat ions in input and output of a sstem and the 
interaction 

between its comipo nent parts. Th Systems Analysis projoct of the 

Sma "..inant Collaborative Research Support Program (SR-CRSF" and 

the Texas Agricultural Experiment Station (TAES), developed a computer 

siMnulation model for goat production (Blackburn et al., 1987). The 

objective of the sinulation model is to allow scientists of different
 

disciplines to evalute production alternatives (nutritional,
 

management, breeeding and health). With the model it 
is possible to
 



evaluate many more alternatives than would be possible in the physical 

world. Not only can the interaction of components contained within 

the system be evaluated (e.g., body condition and reproduction), but 

A tso how the s.vstem (o)r ,'oat) rsponds to external sLimuI (.,g., 

improved nutrition) can be examined. With the model, simulations can 

be perforned which help lucate optimal combinations of production
 

pract ices.
 

The objectives of this study were: 1) to utilize H. contortus 

data collected by parasitologists at the Centro Nacional de Pesquisa 

de Caprinns (CNPC) ?or evaluating the parasite component of the TAES 

Coat Simulation Model in projecting aniual response, in terms of trend 

and magnitude, to worm burden and treatment; 2) to locate knowledge 

voids relaLed to modeling helminth effects on goats so that real world 

experiment; can be designed to provide answers; and 3) perhaps the 

most important, to design effective drenching programs which raise the 

productivity of 
goats while remaining within economic constraints.
 

ATERIAL and METHODS 

The Texas A&, Coat Simulation Model (Blackburn et. al., 1987) was 

parameterized to simulate a SRD (undefined local race) goat in north

eastern Brazil. Farameterization included four types of information: 

genetic parameters, which enable the model to simulate a particular
 

breed; forage parameters, which specify the nutritional environment;
 

management practices, which exist or are imposed upon the system; and
 

helminth intake across time. To simulate an SRD, the genetic
 

potentials for a mature doe were set at: size of 35 kg, milk produc

tion at peak day lactation of 2.0 kg, worm resistence of 35% and
 



ovulation raLe of 2.0 ova (Fig ,i redo et. al., 1987). Forage
 

parameters specified 
 in term:; of crude protein, digestibi litv and
 

availablity (kg / hd.vay) were derived from 
 Kirmse (1984) and Pfister
 

( 1983) and have prevouslv been used in the TAES model for this
 

environ.ent by "igueirdo (1986). Nanagement practices 
 were those 

found normal ly in the ar,_a; breeding in November, kidding in March and 

wen 1ing; Ai IQ5 d of age. 

Simulations were performed for 80 periods (3.3 years). This
 

length of run was considered desirable from the aspect of examining
 

doe growth and product ivity from 5 mo of age to 3.7 yr of age. 

The nain focus of this experiment was to evaluate four drenching 

progras in two different types of years with does producing singles 

or twins. [ne four drench Ing programs tested were: control, with no 

drench; the r enI:,uende:l drench ing' pattern which incluldes four drenches 

per year (RD); Lhroe dreuiches which occur only in the wet season 

(WS0); and an altered system of fEjr drenches per year (4 D); ,renchin, 

times are g iven in tab]( 1. The two years in this study refer to the 

two levels of wotrmi urien specified, forage lparaleters remained the 

samle lor both years. These Lwo levels were actual entiates obtained 

from a normal year (NY), in terms of rainfall and a drier than normal 

year (DY). Worm inakes per 15-day period are presented in figure 1. 

The parasite conponent of the Texas AKM Goat Simulation Model was 

designed to simulate the effects of i. contortus load, or number, on 

the productivity of the goat. Simulating the effects of worm burden 

are based upon two major factors: the number of worms infesting the 

animal.. and the resistence that the aninal can mount to respond to the 

/
 



TABLE 1. DRENCHING PATTERN FOR A YEAR 

TREATHENT 

Cont rol 

Ro) 

4i) 

,J 

n 

O 

,9. 

0 

F 

K) 

0 

0 

0 

t I 

0 

.9 

.9 

.9 

A 

0 

0 

0 

.9 

ti 

0 

0 

.9 

0 

MONTH 
J J 

0 ( 

.9 0 

0 0 

.9 0 

A 

0 

.9 

0 

0 

S 

0 

0 

0 

0 

0 

0 

0 

0 

0 

N 

0 

0 

0 

0 

D 

0 

.9 

0 

.9 

11) = Rec omtine, fl. d drenching 

OSI) = Wet se;mgon I ronch i.ny 

4f) 

*9 

= 

= 

4 drenching 

Efl icacy or 

per year 

drench. 

,
 



chaLlenge. Incorporated i ito res isLence are a genet ic level 

(expressed s ai rreo , where 10(% would imply Lotal res steih'e to 

worm in fe;lI ion), body cod it inn, malt rity, pregIancy :iod lactation. 

All of these factors range in value from n to 1. Worm intake is based 

on actual worm counts obLained from field data. The closer the 

anim-ials reOLaice farLors are to I the less impact the worn burden 

will have on animi:l performance. If there is.a worm burden its 

effects are mediated in inimal performance uy increasing the 

maTntenan-e costs for the simulated animal. Also as worm burden 

becomes entrenely large and animal resistence lowers a reduction in 

iced intake in imposed upon the simulated animal. Most of the
 

paras t. luctions conLtained in the model are based the eMperton 


opilion of n pa ra,itnolt (T. Cratq). Expert opinion had to be used
 

in construct ing parasite component functions because quantitative
 

experimental data documenting the influence of parasite load on animal
 

perfornance is locking. Because of the manner in which this portion
 

of the model was constructed, it is felt that the weights simulated 

way not be of tlie appropriate magnitude, but the trends simulated are 

a reflection of physical world results.
 

RESULTS
 

Results from the simulated drenching strategies are reported in
 

terms of worm burden and animal performance which included: doe body
 

weight, kid weight and milk production. Simulated doe worm burdens
 

are presented Vn figures 2 and 3. From those figures, fluctuations in 

worm numbers can be observed across treatments. The drench given the 

does had an efficacy of 90%, therefore at no time were worms 
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Figure 1. Wet and dry year worm intake levels per 15-day period
 
used as mode ] input.
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Figure 2. Wet year worm burden for each drenching treatment for the last 
simulated year. 
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Figure 3. Dry year worm burden for each drenching treatment for the last 
simulated year. 



TABLE 2, PERFORHANCE OF SIMULATED DOES, BEARING SINGLES, WITH NO PARASITE 
INFESTATION, NORIAL YEAR AND DRY YEAR LEVELS OF INFESTATION 

No worm burden Normal year burden Dry year burden 
Category Body wt, kg Body wt, kg Body wt, kg 

Year I 
Initial wt 13.0 12.9 12.9 
Breeding wt 15.7 15.0 14.7 
Kidding, wt 23.2 18.5 17.8 
Wt at weaning 28.4 18.7 20.2 

Year 2 
~rccding wt 30.0 22.4 23.6 

Kidding wt 31.2 23.9 26.5 
, t at weaning 27.9 24.3 26.0
 
<id birth wt 2.8 1.45 2.7 
Kid weaning wt 13.0 4.4 7.4
 

Year 3 
Breedind, wt 31.4 28.0 28.5 
KiddIinr wl 32.3 27.1 29.1 
W't at weaning 28.1 26.6 27.3 
iid birth wt 2.8 2.P 2.8 
Kid weaning wt 13.8 6.6 9.1
 



completely removed from the goats. The major difference between years
 

is evident by comparing figures 2 and 3. The NY has a higher peak and
 

average number of worms; the DY worm numbers are more constant and
 

have lower peaks and averages.
 

Simulated responses of does with and without a worm burden are
 

compared in table 2. Does with worm burden were not drenched. Across 

time there existed large differences between no infestation and the 

two levels of infestation. Also, differences in performance between 

the two levels of infestation were simulated. Obviously, the kids 

weaned from parasite infested does in year 2 would not have survived 

to weaning (tahle 2). In figures I through 3, levels of worm intake
 

and fluctuation in piraslte load are given. Clearly there are
 

differenc.s in tU maglnitude of worm burden; the model translated 

these differences in worm burden into effects on animal performance.
 

Therefore it appears that the model does have the capability to
 

evaluate animal performance as worm burden and drenching practices
 

change. 

Animal performance for NY is given in tables 3 and 4 for single
 

and twin producing does. All drenching schemes produced heavier doe
 

and kid weights than the control. Within the drenching treatments
 

iminor differences existed for doe weight. However, kid weaning
 

weights were higher for WSD and 4). Although the model simulated a
 

kid for the control doe in year 2, a kid this small at weaning would
 

be extremely unthrifty and probability of death would be quite high.
 

Twin bearing does followed the same pattern in terms of body weight
 

and kid weaning weight for drenching treatments. However, differences
 



TABIE 3 . SiIULATEI) I)OE PER FORMIANCE WIuTil A SIN(;LE BIRTH I)IIRING Till; N()RHAI, YEAR. 

Worm Number Weight, kg 
CnL(egory RI) WSI) 41) C RD WSI) 41) 

Ye r I 
~oe 

ilnital 44 44 44 44 12.9 12.9 12.9 12.9 
Breedi n, 157 157 157 157 15.0 15.0 15.0 15.0 

Kiddingn 1249 145 139 145 18.5 20.1 20.3 20.1 
Weani ng 554 166 430 160 18.7 24.3 24.3 24.8 

Yea r 2 
I )oe{ 

Breedint 190 160 184 174 22.4 27.8 27.5 27.7 
Kidding 1443 145 140 145 23.9 28.? 28.5 28.2 

9eaning862 178 450 166 24.3 27.5 27.1 27.5 

Birth .1.45 2.8 2.8 2.8 
Weaning 13 3 7 3 4.4 8.1 9.2 9.4 

Yea r 3 
I)oe 

Br eedin, 199 160 184 174 28.0 30.5 30.1 30.3 
Kidding 1459 145 139 145 27.1 29.9 29.9 29.8 
.eaning 880 180 454 167 26.6 27.9 27.6 27.9 

'Ki 

Birth ... 2.8 2.8 2.8 2.8 
Weani ng) 13 3 7 7 6.6 9.1 10.! 10.4 



TABIE 4. S tIULATEI I)OE PERFORHlANCIE WI'TIt A TWIN B1RTII DIJRIN( THilE N()RMAL YEAR. 

Category C 
Worm 

RI) 
Number 

WS) 41D C 
Weight, 

RI) 
kg 

WSI) 41D 

Year I 
l) v 

ILitial 
Breeding 

Kidding 
Weani l, 

44 
157 

1454 

674 

44 
157 

145 
166 

44 
157 

139 
430 

44 
157 

145 
160 

12.9 

15.0 

18.4 
18.7 

12.9 
15.0 

20.1 

24.3 

12.9 
15.0 

20.3 
24.3 

12.9 

15.0 

20.1 
24.8 

Yotar '2 

Breeding 190 16n 184 174 22.4 27.8 27.5 27.7 
Kidding 1459 145 139 145 23.8 27.0 27.3 27.0 
Ieaning 864 179 453 167 24.1 27.1 26.8 27.2 

K LI 
Birth 
Weaning 

... 

13 
. . 

3 
... 

7 
... 

3 
1.1 
3.1 

2.1 
5.4 

2.0 
5.8 

2.1 
5.9 

Year 3 
I)oe 

Breeoling 
Kiddig 

No, 11i np, 

199 
1456 

891 

160 
145 

181 

184 
13Q 

457 

175 
145 

168 

28.0 
26.6 

26.6 

30.4 
29.0 

27.5 

30.0 
24.n 

27.2 

30.2 
?H.( ) 

27.6 

Birth 
Weaning 

... 
13 

.... 
3 

... 
7 

... 
3 

2.1 
4.6 

2.2 
6.1 

2.2 
6.5 

2.2 
6.7 

C = Control, RI) Recommended drench, WS]) = Wet season drench, 
4) = four drench per Year. 



infl 'n';ing weighlts w~ere not am grea]t bet wee'n t reatmnnts as they were 

wr single producing does. 

When woorm;: burden was alsered to that of the DY, the 41) treatment 

doe weaned heavier single and twin kids. The WSD and RD yielded 

similar w e:nm , w_ lt , (Lab ,., 5 and -). 

Co:,,tp ipal NY .ind )Y co idLitons wLth no worm control, does 

subjected t the DY worm burden performed at higher levels, This 

result was due to the absence of the high peak worm burdens the does 

were expased to in the NY. 

Doe body weights tended to be similar for the treatments, hut kid 

wealing we ,lhts werc differ'ent. This difference reflcted in weanLn 

weight implies that doeV,(s ,,-ljnin, larger kids were able to produce more 

miLlk. K>namlInation of the doe lactati.on performance (table 7) confirms 

that certain (e.g., D4) drenching practices enabled does to produce 

more milk; however, the additional Allk produced supressed doe we ight 

gain. Does given the 4D creat.ment had a more persistent lactation 

than the RD and IISD; this effect illustrates the importance of 

drenching lactatin g does. Drenching the doe early in lactation 

(Costa, IMB' ; Blackburn et al., 1987) counters the decrease in natural 

resi,;tence of 1,ctatimng does so that higher levels of milk production 

can be achi eved. Alsu aparwK in table 9 is the influence of 

i reasin g lit it ioal qitalIty and quantity of the diet during 

lactation. By period 5 of lactation, an increase across all groups 

was observed. The increase in nutritional quality and quantity are 

due to the initation of the rainy se;.sun. 

http:lactati.on


TABIE 9. ,SIMIILATED DOE PERFR)ERMANCE WI'T A SINGLE BIRTI )URINC TIl IRY YEAR. 

Ca teu"rv C 
Worm Number 

RD DSI)4D C 
Weight, 

RI) 
Q, 

,SI) 40 

Yea r I 

Initial 33 33 33 33 12.9 12.9 12.9 12.9 
Breedi ng 339 339 339 339 14.7 16.7 14.7 14.7 
Kiddinkg 302 2q 26 29 17.8 2n.1 18.3 20.1 
Weani ng 457 123 367 117 2n.2 24.9 23.7 25.5 

"ewir 2 

Breeding 
Kidding 
,e:lning 

387 
306 
547 

345 
29 

132 

387 
26 
383 

377 
29 
120 

23.6 
26.5 
26.0 

27.2 
29.) 
27.6 

26,2 
28.8 
27,1 

26.9 
29.9 
27.6 

Kul 
Hi rth ... ... ..--- 2.7 2.7 2.8 2.8 
Weani w 8 2 6 2 7.4 9 .3 0.7 Io.) 

Year '3 

Breeding 391 344 386 376 28.5 29.9 29.3 29.6 
Kidding 3(5 29 26 29 29.1 30.6 30.3 30.5 
Weaning 559 132 386 120 27.3 28.0 27.6 28.0 

Kid 
Bi rth .... ...... ... 2.8 2.8 2.6 2.8 
Weaning 8 2 6 2 9.1 10.3 i0.5 11.7 

C = Control, RI) Recommended drench, WSD = Wet season drench, 
41) = four drench per year. 



TABLE h. SPHIIATE ) IE PERmRMANCE WITH A TWIN BIRTH DURING TIlE DRY YEAR. 

Cat(,orV C 
IUorm 

RD 
Number 

WS) 40 C 
Weight, 

RI) 
kg 
wSI) 41) 

Ye.r I 

I)o 
Initial 

Breeding 

Kidding 
Weani ng 

33 

339 
302 
457 

33 

339 
29 

12P3 

33 

239 
26 

3 6 

33 

339 

29 
117 

12.9 

14.7 
17.8 
20.2 

12.9 

14.7 
20.1 
24.9 

12.9 
14.7 
19.4 
23.7 

12.) 

14.7 
20.1 
25.5 

Year 2 
Ooe 

Breeding 387 345 387 377 23.6 27.2 26,2 26.9 
Kidding 
dean finy 

305 
550 

29 
132 

26 
385 

29 
120 

25.9 
25.6 

27.8 
27.2 

21.6 
26.8 

27.8 
27.3 

1"i d 
birth 
Woa ning 

.. 
8 

... 

2 
....... 

6 2 
2.0 

'.8 

2.1 

5.9 

2.1 

6.0 

2.1 

6.6 

YO!,I " "3 

!)oe 
lrtieding 
Kidding 

Weani ng 

3-92 

304 

565 

344 

29 
133 

386 

26 

389 

377 

29 
121 

28.4 

28.3 

26.9 

2Q.8 
29.7 

'27.7 

29.2 

29.4 

27.3 

29.4 

29.6 

27.7 

:Ki d 

Birth -----.-.-.. .. 2.1 2.2 2.2 2.1 
Weani ng 8 2 6 2 5.9 6.6 6.7 7.3 

C = Control, RD = Recommended drench, USD = Wet season drench, 
41) four dcench per year. 



TABIJK 7. MILK PR)IICTP)N FY)R. SINGIA BEARING DOES IN NORMAL AND DRY YEARS. 

Norma.l vealr 1)rv year 
Ile r i ,, C Rl) WS I) 4I) C Ri) W,I) 4 1) 

1 .3? .73 .73 .72 .62 .80 .77 .78 

9 .11 .34 .34 .48 .29 .40 .36 .52 

3 .14 .21 .21 .32 .25 .28 .27 .41 

.13 .21 .41 .28 .28 .30 .4" .4o 

.30 .33 ./12 .36 .36 .37 .43 .42 

.12 .26 .23 .2c .18 .3P .24 .14 

7 .05 .1 .13 .15 .10 .16 .14 .18
 

C = Control, RD = Recommended drench, WISD = Wet season drench, 

4D = four drench per year. 



The appairont superiorit y of the iD treatment in both NY and I)Y 

raises biological and model structure questions. The model is 

st:rutctured so Lhat resis tneo of lactating does to pa rasit es is lowest 

between 30 and 49 diys of lactation and increases f ter 45 days; this 

iltera~ton in resistence corresponds to the "self-cure phenomenon'' 

observed in sheep and goats. The 40 treatment purpos.ely treats the 

lactat ing doe 30 days after kitdding. By reducing the worm burden when 

Mie does were more suseeptable to infestation, productivity was
 

,
il lrestled, It the assun tl ioIlq coilntained in the coilce rn ljmodel j
 

resisteiice during Ilac.itEon are correct, h 4D t reatmnent is promis

ng. However, if thlis is not the case, 41) nay convey io advantage and 

this portion of the he'lininith subroti ie should be re-strucLur d. In a 

review Court.ney (190) reported several ilncidences where parasit-e 

infestation invcreased during lactation. The cause of depressed resis

tence appears to be related to increased lactogenic hormone production 

which inhibits differentiation of sensit.zed lymphocytes to effector 

culls needed for worm expulsion. This evidelce strengthens the 

rationale for the 41 treatment as an effective drenclhing strategy. 

DISCUSSION
 

Primary differences associated with both treatments and years
 

were for kid weaning weight. Differences in kid weight were large
 

enough to have an imipact on kid mortality. lowever, two questions are
 

suggesLed. Are the simulated differences of large enough magnitude to
 

be of practical importance? Are the simulated performance levels
 

valid? Controlled experiments with goats infested with known levels
 

of H. Conturts could provide important information in this regard.
 



(Such an eiperimeut is currently being conducted at CNPC 

collaboratively wi Lue Texas A&M SR, CRISP Syst:em Project.) 

The noel, provit, useful insight as to strategic treatment of 

the anials by allowing researchers to evaluate body weight, milk 

iroducL i.on and kid ,,owth according, to forage availability during the 

year, peak nutri tionail reqairements and worn infest;it ion. Because 

these Fictors inL etact and Ainluence animal product ion, trade-offs can 

be considered; v .. , in tLhis environment, is it more ecn)mi cal to 

supplement a high qual ity concent-rate to does during lactation or to 

drench them? Therefore, th neLt step Litis eval uat ion of the 

product in ;,sLo, in northeasternl Crizil will be to . t. rim ,ntally 

evalate the t radu-offs betweetn suppleme, at ion and drench i ng;: for 

,_-x~ai ple, in ext remel.y wet years or seasons it could be more economical 

to provide better levels of nutrition to lactating does than to 

provide repeated drenchings. 
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