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211 different goat groups, the tàecal weight outputs per surface unit were roughly the sarne. The 

212 pasture contamination was d1cn driven by the average FEC, with everything else being equal. 

213 The LF pastures and more generall y d1e adult goat. pastures, were continuously contaminatcd 

214 by undrcnched goats, whereas the C weaned goats were rnoderately infected and did not lay 

215 any parasite eggs during at !east 3 weeks after each drench, thanks to d1e full y efficient 

216 rnoxidectin. Despite the bigh leve! of parasit isrn mcasured in LF weaned goals, their death 

217 rate was lower and their growd1 rate was about one third higher than in C weaned goats. The 

218 data of organic matter digestibility and intake (tabl e 1) suggest that LF weaned goats grazing 

219 as leader benefited from a better feed choice and then selected a higher value intake, whereas 

220 the C weaned goats wcrc forced to "clear their plate", resulting in a lower forage quality and 

221 then a lowcr amou nt of organic matter intake (Archimède et al. 2000). Titis ltigher intake may 

222 have helped the LF weaned goats to overcome the parasite chall enge (Yan Houtert and Sykes 

223 1996) by increasing their resili ence and possibly the ir actual resistance. Finally, d1e addit ional 

224 production of leader weaned goats (+115 kg LW.ha·1.year"1) compensated for the Joss in 

225 growing performance of d1e kids from d1e follower goats (-71 kg LW.ha·1.year"1). The 

226 simulation of the whole system production indicated that the LF system would produce sorne 

227 5% more li ve weight per surface unit, so it would not be rejected on an economical basis (LF: 

228 1010 (911; 1 086); C: 966 [885; 1 046) kg LW.ha·1.year'1). 

229 The changes of live weight with growth result in variat ion of stocking rate larger in C weaned 

230 goals (+31 %) than in the C brceding herd (+ 13%) or LF grazing system (+22%), as illu stra led 

231 in figure 2. These changes in C weaned goat stocking rate may be arnplified if the number of 

232 weaned animais varies, making the management of stocking rate even more difficult. As an 

233 example, i f we hypothesised that two different breeding periods result in either a moderate 

234 10% decrease or a 1 00/o increase in the su rn of metabolic weights of the weaned goats, wc can 

235 estimate a ratio of 1.6 between d1e maximwn and the minimum stocking rates in d1c weaned 
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236 goat dedicated plot~ (WC), instead of 1.33 for the LF graz ing system (figure 2). Such stocking 

237 rate variations between years may resu lt in overgrazing, or in under-grazing and grass 

238 wastage, both with a Joss in profitability. From a practical perspective, the overa ll area 

239 allocated to each group in the usual (contro l) graz ing system must be fixed a priori according 

240 to the herd reproductive parameters, i.e. to the ratio bet\veen expected forage nceds of d1e 

241 weaned and breeding groups. ln our exarnplc it must be fix cd to about J/6 for the male goats, 

242 1/6 for the weaned female goats and 2/3 for a U a duit females if ail offspring have to be rea red 

243 until they are sold for meat or reproduction. ln farm condit ions, the fen ces for smaU ruminants 

244 are genera lly made with wood posts and woven w ire and are very di fficu lt to move. Any 

245 misestimating of the dedicated plot sizes may worscn d1e grazing conditions and decrease 

246 profitability. ln contrast, all of the LF plots would be equal in area or at !east in grass 

24 7 production and carrying capacity. Therefore, the stocking rate management would be easiest 

248 for the LF than in the usual (control) graz ing system. The global stocking rate could be driven 

249 by the reproductive herd size (middle to long tenn) and adjusted if necessary by culling the 

250 o ldest or the less-producing dams (short tenn adjustment); the stocking rate variations would 

25 l be softened at the whole farm scale. 

252 Finally, the LF grazing system would allow sharing and managing the GIN population at the 

253 wh ole fann leve! without a negative impact on animal production, white making the paddock 

254 des ign and the stocking rate management cas ier. Therefore this graz ing strategy appears to be 

255 recommended as a necessary complement to d1e TSTs in farms in which weaned animais are 

256 rea red on pastures, and a key component of sustainable small ruminant farm ing systems in the 

257 hmnid tropics. ln other countries, the graz ing system must obviously be des igned according to 

258 the GIN epidemio logy, keeping in mind d1at managing AR resistance in GfNs must be 

259 cons idered at d1e scale of the whole small ruminant fann. 



161 
 

 

 

 

 

260 Acknowledgements 

261 The authors wannly tbank the IYfEA Gardel experimental unit staff for the herd and 

262 experiment management, and the URZ lab staff for cbemical and parasitological analyses. 

263 This study was funded by the "Région Guade loupe", the European Regional Development 

264 Fund (ERDF or "FEDER") and the European Agricultural Fund for Rural Development 

265 (EAFRD or "FEADER", formerly European Agricultural Guidance and Guarantee Fund 

266 EAGGF or "FEOGA"). 

267 Conflict of interest statement 

268 The authors have no competing intercsts. 

269 

270 

271 



162 
 

 

 

 

 

212 References 

273 Alexandre, G., 199 1. Élevage à l'herbe des chevreaux Créoles après le sevrage, Revue 

274 d 'Élevage et de Médecine Vétérinaire des Pays Tropicaux, spécial, 99-104 

275 Anandan, S. et aL, 1996. Growth rate and nutrient efficiency of growing goats fed urea 

276 ammoniatcd neem (Azadirachta indica) seed kemcl meal as prote in supplement, Small 

277 Ruminant Research, 22, 205-212 

278 Archimède, H. et al., 2000. Effect of regrowth age on intake and digestion of Digitaria 

279 decumbens consumed by Black-belly sheep., Anim al Feed Science and Technology, 87, 153-

280 162 

281 Aumont, G., and Gruner, L., 1989. Population evolution of the frce-living stage of goat 

282 gastrointestinal nematodes on herbage under tropical conditions in Guadeloupe (French West 

283 Indics), lntemational Journa l for Parasitology, 19, 539-546 

284 Aumont, G., Gruner, L., and Berbigier, P., 1991. Dynamique des populations des stades 

285 infestants de strongles gastrointestinaux des petits ruminants en mi lieu tropical humide. 

286 Conséquences sur la gest ion des pâturages, Revue d'Élevage et de Médecine Vétérinaire des 

287 Pays Tropicaux, spécial, 123-13 1 

288 Aumont, G. et al., 1995. Preservation of fecal samples and laboratory sources of variation in 

289 fecal strongyles egg counts of small ruminants from tropical regions. lntemational Conference 

290 on Novel Approaches to the Control of Helminfh Parasites of Livestock, 1995, Armidale 

291 (Australia)), 19 

292 Aumont, G. et aL, 1997. Parasitisme digestif des pet its nuninants dans les Antilles frança ises, 

293 INRA Productions Animales, 10, 79-89 

294 Barré, N. et al., 1997. Résistance des strongles gastro-intest inaux aux anthe lminthiques dans 

295 les é levages caprins en Guadeloupe (Anti lles françaises), Revue d 'Élevage et de Médecine 

296 Vétérinaire des Pays Tropicaux, 50, 1 05-110 



163 
 

 

 

 

 

297 Bath, G.F., Malan, F.S., and Van Wyk, J.A., 1996. The "FAMACHA" ovine anaemia guide to 

298 assist with the control of haemonchosis. 7th annual congress of the livestock health and 

299 production group of the South African Veterinary Association, 1996, Port Elizabeth), 152-156 

300 Chemineau, P. et a l., 1983. Le cabrit créole et ses caractéristiques zooteclmiques, Bulletin 

301 Agronomique Ant illes Guyane, 1, 13-24 

302 Chemineau, P. et al., 1984. Test icular growth of young creole bucks: mathematical mode! and 

303 relationships with sexual behaviour. Proceedings of the 1 Oth Internat ional Congress Anim. 

304 Reprod and Artif. lnsem., 1984, Urbana-Champaign USA), 

305 Chemineau, P., !985. Possibilities for uti lization of the male effect to manipulate the timing 

306 of on set and establishment of regular cycles and pregnancy in the goat. 36th Armual Meeting 

307 ofthe European Assoc iation for Animal Production., 1985, Kallithea (Grcece)), 124-125 

308 Chemineau, P., and Grudé, A., 1985. Mortalité, poids à la naissance et croissance de 

309 chevreaux créoles nés en élevage semi-intensif, Annales de Zootechnie, 34, 193-204 

310 Christodoulou, V. et al., 2008. Nutritional va lue offennented o live wastes in growing lamb 

311 rations, Animal Feed Science and Teclmology, 141 , 375-383 

312 Fanchone, A., Archimède, H., and Boval, M., 2009. Comparison of fecal crude protein and 

313 fecal near-infrared reflectance spectroscopy to pred!ict digestibility of fresh grass consumed by 

314 sheep, Journal of Animal Science, 87, 236-243 

315 Fanchone, A. et a l., 2010. lntake and digestibility of fresh grass fed to sheep indoors or at 

316 pasture, at two herbage allowances, Animal Feed Science and Technology, 157, 151 -158 

317 Furusho-Garc ia, J.F. et al. , 2004. Desempenho de cordeiros Santa Inês puros e cruzas Santa 

318 lnês corn Texel, Ile de France e Bergamâcia, Revista Brasileira de Zootecnia, 33, 1591- 1603 

319 Gaba, S. et al., 2010. Experimental and modeling approaches to evaluate different aspects of 

320 the efficacy of Targeted Selective Treatment of anthelm intics against sheep parasite 

321 nematodes, Veterinary Parasitology, 171 , 254-262 



164 
 

 

 

 

 

322 Gruner, L. et al., 1988. Resistance to benzimidazole of Haemonchus contortus utkalensis in 

323 sheep in Martinique, Veterinary Record, 118,276 

324 Kaplan, R.M., and Vidyashankar, A.N., 2012. An inconvenient truth: Global worming and 

325 anthelmintic resistance, Veterinary Parasitology, 186, 70-78 

326 Leimbacher, F., Shitalou, E., and Tartareau, J.C., 1986. Programme de développement de 

327 l'élevage Ovin-Caprin aux Antilles entre 1978 ct 1985. , Colloque sur les systèmes de 

328 production agricole Caribéens et altemat ives de developpement, 1986, UAG/DAC, Campus 

329 de Schoelcher, Mart inique (F.W.l)), 389-407 

330 Mahieu, M. et al., 2007. Evaluation oftargeted drenching using Famacha(c) method in Creole 

331 goat: reduction of anthelmintic use, and effects on kid production and pasture contamination., 

332 Veterinary Parasitology, 146, 135-147 

333 Mahieu, M. et al., 2008. Intensive grazing system for small rwninants in the Tropics: The 

334 French West lndies experience and perspectives, Small Rmninant Research, 77, 195-207 

335 Mahieu, M. et al., 2014. Fifteen years later, anthelmintic resistances have dramatically spread 

336 over goat fanns in Guadeloupe, Veterinary Parasitology, 205, 379-384 

337 Mendiburu, F.d., 2014. agrico lae: Statistical Procedures for Agricultural Research. R package 

338 version 1.1-8., 2014, 

339 Pal, D.T. et al. , 2004. Growth perfonnance and nutlient utilization in male and fema le Mitlnm 

340 calves on green forage-based diet, Tropical Animal Health and Production, 36, 655-661 

341 Perez, P. et al. , 2001. Effect of goat mi lk and milk substitutes and sex on productive 

342 parameters and carcass composition of Creole k ids, Small Ruminant Research, 42, 87-93 

343 Pinheiro, J. et al., 2014. nlme: Lincar and Non!linear Mixed Effects Models. R package 

344 version 3.1-117. 2014, 

345 R _ Development_ Core_ Team, 2014. R: A language and environment for statistical computing. 

346 ln: R.F.f.S. Computing (ed), 2014, Vienna, Austria), 



165 
 

 

 

 

 

347 Rodriguez, A.B. et al., 2008. Effect of sex and feeding system on feed intake, growth, and 

348 meat and carcass characterist ics of fattening Assaf lambs, Livestock Science, 116, 11 8-125 

349 Van Houtert, M.F.J., and Sykes, A.R., 1996. Implications of nutrition for the abi lity of 

350 ruminants to withstand gastrointestina l nematode infections, International Journal for 

351 Parasitology, 26, 1151-1167 

352 Van Wyk, J.A., 200 1. Refugia- ovcrlooked as perhaps the most potent factor conoeming the 

353 development of anthelmintic resistance, Onderstepoort Journal of Veterinary Research, 68, 

354 55-67 

355 Wames, G.R., 2013. gmodcls: Various R programming tools for mode! fitting. R package 

356 version 2.15.4.1. ln: R.F.f.S. Computing (ed), 20 13, Vienna, Austria), 

357 Xandé, A., Garcia-Trujil lo, R., and Caceres, 0 ., 1985. Tableaux de la valeur alimentaire des 

358 fourrages tropicaux de la zone Caraibe. 1985, (lNRA Ant illes Guyane), 51 p. 

359 

360 

361 



166 
 

 

 

 

 

362 

363 Table 1. FaecaJ egg cmmt (FEC), death rate, digestib ility of the 01-ganic matter (dOM), 

364 orgarùc matter intake (OMI), digestib le orgarùc matter intake (dOM!) and growth rate (ADG) 

365 ofweaned goats according to d1e graz ing system: "leader-follower" (LF) vs. Control. 

LF Control 

Cwnulative mun bers of weaned goats 373 364 

FEC ±se (epg) 1860±82" 966± 86 b 

Death rate% (N deadfN) 4.0 a ( 15/373) 7.7 b (28/364) 

dOM±se O. 73 ± 0.002 a 0.70 ± 0.004 b 

OMl ±se (g.kgw.d-1
) 55.7 ± 1.6. 47.6± 1.4 b 

dOM!± se (g.kg0 n d-1
) 40.4 ± 1.2 . 33 .1 ± 0.9 b 

ADG ±se (g.d- 1
) 53.4 ±0. 9. 40.8±Llb 

366 ReStdts with different superscript letters diffcrs s ignificantly (P < 0.05) 

367 
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370 Figure 1: experimental des ign. ln the control grazing system, each group of animais grazed a 

371 g iven plot for 7 days and moved to the next plot. ln the leadcr-follower grazing system, the 

372 weaned goats grazed a given plot for 3.5 days, moved to the next p lot and werc rcplaced with 

373 the dam group for another 3.5 day grazing period. Therefore, each plot was grazed for 7 days 

374 and 4 weeks elapscd be fore the animais returned to the same plot. 

375 
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378 Figure 2: Stocking rate variations according to time (s implified) for Leader-Follower plots 

379 (solid line), Weaned Control plots (dotted line) and Adtùt Control plots (dashed line). The 

380 stocking rate (expressed as metabolic weight per ha) was estimated from the average data of 

381 the experiment, every 4 months just before and after the oldest weaned goats were sold and 

382 rep laced by d1e newly weancd animal s. The vertical segments show d1e effect on stocking rate 

383 of a hypod1etical p lus or minus 1 0% variation in the net production of off.~pring. WC-min 

384 (LF-min) and WC-max (LF-max) indicate the range of stocking rate variation under this 

385 hypod1esis of plus or minus JO% variation in the Weaned control (Leader-Follower) plots. 

386 
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