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Preface






Why Is This Book Important?


Over the last 40 years, alpacas, llamas, and their wild cousins have gone from being regionally important species in their native lands, with the occasional exception at a zoo or wildlife park, to being productive herd animals and beloved pets throughout the world. Their numeric and geographic spread has also led to a tremendous accumulation of clinical observations and evidence-based medicine, and to a substantial body of owners, managers, and veterinarians determined to provide quality health care for them. Llama and Alpaca Care is designed to provide those individuals with the information they need to provide this care.


The growth of camelid health information extends into all health disciplines, so we have called upon experts in a variety of specialties to provide their input, making this a true multi-authored text. We have reviewed the world literature, meeting proceedings, and the personal experiences of scores of owners and veterinarians to provide the most comprehensive, up-to-date text possible. Primary care veterinarians who see the occasional alpaca or llama experts or specialists, herd managers, researchers, veterinary students, and enthusiasts all should find this book to be an essential tool.


This text is designed be user-friendly and complete. It covers all aspects of management and health care, from basic management and nutrition of camelids to state-of-the-art diagnostic and therapeutic procedures. Descriptions of common medical, surgical, and reproductive procedures appear throughout the textbook, enhanced by photographs, diagrams, and charts. In-depth discussions provide more detailed information.









Organization


Llama and Alpaca Care covers all major body systems, herd health, physical examination, nutrition, anesthesia, and multisystem diseases. The text is divided into seven parts. Part One, Herd Health, covers topics ranging from handling techniques and vaccinations to biosecurity and protecting the herd from predators. Part Two, Nutrition, provides the latest information on nutritional requirements and discusses feeding management systems and feeding behavior. Part Three, Reproduction, conveys a wide array of information ranging from breeding management and lactation to infertility and embryo transfer. Part Four, Principles of Health Care, discusses physical examinations as well as fluid and drug therapy for camelids. Part Five, Medical Disorders, is organized by body system with emphasis on diagnosis, treatment, and prevention of disease. This section of the book discusses disorders of the skin, cardiovascular, respiratory, neurologic, urinary, and gastrointestinal systems as well as metabolic and neonatal disorders. Part Six, Anesthesia and Analgesia, delivers the latest information on pharmacokinetics of anesthetic drugs, chemical restraint, injectable and inhalation anesthesia, neuroanesthesia, and pain management. Part Seven, Surgical Disorders, discusses a variety of surgical procedures and is organized by body system. Coverage includes ocular, gastrointestinal, musculoskeletal, urogenital, reproductive, and minimally invasive surgeries.
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Chapter 1


Biosecurity




George M. Barrington





Biosecurity involves efforts designed to prevent introduction and spread of disease within populations, herds, or groups of animals.1 These efforts may be further divided into those directed at the prevention of entry of new diseases into a group (external biosecurity) and those directed at preventing spread of disease within a group (biocontainment or internal biosecurity).2 Furthermore, biosecurity may be implemented at various levels, from the farm level to the regional or national level. To be effective, a minimum biosecurity plan should address (1) isolating new animals, (2) isolating animals returning to the herd, (3) regulation of animal, human and equipment movement, and (4) the design and implementation of cleaning and disinfection procedures directed at the reduction of pathogen loads. Although much of the following may be applicable to various animal systems, special camelid situations will be addressed, when appropriate.






General Principles


Clearly, our ability to control disease has been, and will continue to be, enhanced through technologic advances in vaccines, therapeutic agents, and diagnostic techniques. However, overdependence on these technologies may blur the importance of, and encourage indifference toward management components of disease control such as biosecurity.3 Management, including directed input from qualified veterinarians, should strive to incorporate the breadth of available tools including risk assessment, computerized record keeping, implementation of modern diagnostic technologies and the practice of optimal husbandry techniques, including biosecurity and biocontainment.4


Biosecurity practices should be prioritized to address those factors that pose the greatest risk of disease introduction. The most common means by which contagious diseases are introduced to a herd involves introduction of new animals or the return to the herd of animals that had been on other premises or locations. Obviously, introduction of animals displaying any clinical signs of disease must be avoided. Importantly, producers must be educated that mere exclusion of clinically ill animals is unlikely to prevent introduction of disease. Often, animals that appear clinically normal may be incubating disease or be subclinically affected. It is well documented that in a given population of animals, only a fraction of those infected typically exhibit clinical disease, the larger proportion being subclinically affected. Consequently, appropriate and effective efforts in biosecurity must focus on the entire population of animals, rather than simply concentrating on those that are clinically affected.









External Biosecurity


The basic tenets of external biosecurity include isolation of new animals, quarantine procedures, disease testing, preventive measures, and hygiene. As mentioned earlier, the most prevalent means of introducing disease into a group of animals is via addition of new animals into the herd. The concept of a “new animal” must include animals that have never resided on a farm as well as those returning after travel to offsite facilities (e.g., shows, fairs, breeding facilities).


Animals commingled at other facilities undergo an increased risk exposure and infection. Producers must be made aware that many pathogens do not necessarily require direct contact between animals for transmission to occur. Some pathogens are efficiently transmitted via air, water, fomites (e.g., equipment, tack), pests (e.g., flies, rodents), or personnel. Some pathogens can survive in soil or organic material for weeks or even months.5


To lessen the risk of disease introduction, producers must be knowledgeable about health status of a new animal's herd of origin. This obviously requires communication between parties long before any animal movement. Ideally, purchasers should be familiar with both current and past health status of the seller's herd. Conditions of concern may include evidence of diarrhea, respiratory diseases, ill thrift, failure of passive transfer, abortion, and herd-based diseases. Buyers must also be knowledgeable about fundamental biosecurity practices of the seller's herd. Specific areas should include information regarding animal movement, quarantine practices, disease testing practices, vaccination practices, deworming schedules, hygiene practices, and so on. Finally, prospective buyers should minimize the number of source-herds from which newly acquired animals are purchased.


During public sales, shows, and auctions, animals from different sources are brought into varying levels of proximity. Some animals may have travelled long distances, and on arrival, they must adapt to new environments, which can serve as an additional source of stress and potential immunosuppression. Environmental changes are numerous and include temperature and humidity, ventilation, lighting, bedding, water, feed, and personnel. Numerous risk factors for disease transmission include recrudescence of latent infections and increased shedding of organisms.


Newly purchased animals or those returning from events where commingling has occurred should be placed in quarantine for a minimum of 30 days. To be effective, quarantine facilities must be physically separate from the main herd, its handling facilities and housing. Although it is not practical to identify a single, defined distance for separating the quarantine facility from the main herd, it is safe to state that the farther it is, the better it is. Ideally, this would invoke a separation distance of several hundreds of yards, positioned downhill and downwind such that prevailing winds or surface drainage does not carry aerosols or contamination toward the main herd. Finally, quarantine facilities must be located such that access is not made too difficult or impractical for personnel attending to animals at the facility.


Effective quarantine practices utilize the concept of “all in—all out.” That is, when multiple animals are placed in an isolation facility concurrently, all animals leave the facility at the same time. If multiple animals are placed in a facility over time, the last animals to arrive dictate the time when all the others in quarantine will be allowed to leave.4 Animals in quarantine must be monitored on a daily basis. Basic parameters include gait, attitude, activity, appetite, water consumption, urination, and defecation. Potential signs of disease may include nasal or ocular discharge, changes in stool consistency, coughing, lameness, and so on. If body temperature is recorded, it should be consistently obtained during the same time of day. Animals showing unique changes in activity, behavior or signs of disease should be further separated from other quarantined animals and examined by a veterinarian.


Personnel attending to quarantined animals should wear protective clothing (e.g., coveralls) and boots that are devoted solely to the quarantine facility. Clothing and boots should be washable, and boots should be made of rubber or other impervious materials. All equipment and supplies used in a quarantine facility (e.g., halters, ropes, feeders, buckets) must be solely devoted to that facility and remain at the facility. Ideally, personnel working with quarantined animals should have minimal or no contact with the main herd. If dedicated personnel are not available, quarantined animals should be attended to only after animals in the main herd have been cared for.


Testing for specific diseases may be accomplished during the quarantine period. A period of 30 days is generally adequate for collecting and submitting samples as well as receiving and interpreting results. Preventive measures such as deworming and vaccinations may also be performed during the quarantine period.


Owners must be informed of the potential for disease transmission by visiting personnel. Ideally, visitor contact with herd animals should be minimized and appropriately controlled. Owners or herd managers should know the background of visitors, especially with regard to recent animal contact, including contact with camelids and other domestic and wild species. Visitors should be dressed in clean clothing and be provided with coveralls and boots. Protective clothing should be collected at the end of the visit, and all personnel should have access to a hand washing area. Uncontrolled access to a herd by the general public should be prevented.


Exporting camelids to breeding farms is a common practice within the industry. Producers must be aware that animals returning from these farms are essentially equivalent to newly imported animals. Commingling of animals from varying backgrounds and different ages at these facilities carries an extremely high risk for both exposure to and recrudescence of infectious diseases.


Owners must also be made aware that other animal species may function as mechanical or biologic vectors of infectious agents. Domestic pets and vermin (insects, rodents, birds) are of particular importance, especially if present in high numbers.


An often overlooked vector that presents a significant disease transmission risk is the common house fly Musca domestica.6 These insects have physical characteristics (mouth parts, hairs, sticky foot pads) and activities (defecation, vomiting) that greatly enhance their ability to transmit large numbers of pathogens. Under the right conditions, flies may harbor certain pathogens (e.g., Cryptosporidium parvum) for several weeks.7Numerous methods have been described for controlling flies during different points in their life cycle, including the use of various chemical agents. In addition to chemical means, control must also include removal of feces and wet organic debris, since fly larvae require appropriate substrates and levels of humidity.


Rodents are also a source of disease transmission. In other livestock industries (dairy, beef, and poultry), mice have been implicated in the transmission of salmonellosis.8–11 Mice are also significant reservoirs of Cryptosporidium. Importantly, significant numbers of rodents may be present long before signs of their presence (feces) become noticeable.









Biocontainment


Numerous risk factors are associated with the occurrence and propagation of diseases within and between populations. It is both logical and convenient to categorize such risk factors as they relate to host animals, the environment, or infectious agents. Recognizing both the presence and the significance of specific risk factors is necessary before implementing specific biocontainment practices that are designed to mitigate disease.






Host Animal Risk Factors


Congenital, developmental, or heritable abnormalities may be risk factors for disease, depending on the anatomic location and the tissue or organ affected. Any abnormality that prevents a cria (baby camelid) from behaving normally (e.g., nursing, ambulating) will likely increase risk of disease.


Failure of passive transfer (FPT) of maternal immunity is a major risk factor for the development of neonatal infectious diseases such as diarrhea.12 To obtain adequate passive transfer, crias must consume and absorb an adequate mass of colostral immunoglobulin in a timely manner. In general, camelid colostrum contains a relatively high concentration of immunoglobulin; therefore, FPT rarely occurs as a result of poor colostrum quality. Instead, FPT in crias generally results from a failure to nurse appropriately within the first hours of life. Factors associated with crias that do not nurse appropriately include neonatal maladjustment (cerebral hypoxia), cleft palate, choanal atresia, fractures or other conditions that limit mobility or nursing. Hypothermia or misadventure may result if crias are born unsupervised or at pasture. Maternal factors associated with FPT include mismothering, teat or udder abnormalities, agalactia, or conditions causing recumbency of the dam. Although the degree of intervention necessary during and after parturition is debatable, producers should strive to visually monitor the birthing process and initial nursing.


The general nutritional status of both neonates and mature animals may influence the occurrence of disease. Underconditioned or malnourished animals are more prone to infectious diseases, since metabolic demands required for appropriate immunity are typically compromised. The thick fiber coat of camelids may easily mask thin animals or those that have lost significant condition. Owners should be instructed to routinely weigh their animals or at least palpate to determine body condition scores. If animals are discovered to be thin or losing body condition, a veterinarian should be consulted to determine the cause. Overfeeding and overconditioning of camelids may also occur. Obese animals are more likely to be infertile and develop hyperthermia. Overconditioning may also exacerbate primary diseases, both noninfectious and infectious. Overconditioned camelids are prone to developing hepatic lipidosis as a complication of other systemic primary diseases.


In addition to dietary issues involving protein or energy, inappropriate levels of macronutrients (calcium, phosphorous), trace minerals (cobalt, copper, selenium, zinc, iodine, iron) or vitamins (B complex, A, D, E, K) may result in either primary disease or exacerbation of secondary disease states.13Camelids should always be provided access to fresh, clean water. This is especially important in areas where high ambient temperatures are combined with high relative humidity.









Infectious Agent Risk Factors


Principal risk factors associated with infectious agents include specific virulence factors, size of inoculum or pathogen load, and presence of single or multiple infections.4


Virulence factors may include mechanisms that enhance pathogen survival, including attachment or invasion and drug resistance. In general, the effect of virulence mechanisms and how they relate to disease in camelids is similar to that in other domestic livestock. For example, crias exposed to enteroinvasive strains of Escherichia coli are more likely to suffer bacteremia compared with those exposed to noninvasive strains. Exposure to drug resistant strains of bacteria (e.g., Salmonella) may be associated with herd outbreaks of disease. The pathogens that affect camelids are often similar to those that affect other domestic species and include bacteria, viruses, protozoa, and various parasites. These agents have been reviewed and are listed in Box 1-1.14–17





Box 1-1   Disease Agents of Camelids





Bacteria







Brucella abortus


Hemoplasmas—(hemotropic mycoplasmas)


Leptospirosis spp.


Mycobacterium avium subsp. paratuberculosis


Mycobacterium tuberculosis


Salmonella spp.


Streptococcus zooepidemicus


Bacillus anthracis


Clostridium spp.


Corynebacterium pseudotuberculosis











Fungal


Coccidioidomycosis








Viruses







Adenovirus


Bluetongue virus


Rotavirus


Bovine viral diarrhea virus


Contagious echthyma (Orf)


Coronavirus


Eastern Equine Encephalitis


Equine herpes virus 1


Equine viral arteritis virus


Foot and mouth disease virus


Influenza A virus


Papillomavirus


Parainfluenza virus 3


Rabies


Respiratory syncytial virus


Vesicular stomatitis virus


West Nile virus











Protozoa







Coccidia


Cryptosporidium


Giardia











Parasites







Haemonchus


Lice


Liver flukes


Mites


Ostertagia


Paralaphostrongylus tenuis


Trichostrongylus


Nematodirus


Trichuris


Ticks











Although camelids are known to suffer diseases similar to other domestic livestock, no camelid-specific vaccines have been produced or approved for use in the United States. Many products are, therefore, used in an extra-label manner. Owners and managers should be informed that extra-label use carries no assurance of efficacy or safety. The basic foundation for immunizing camelids is, therefore, limited and includes immunization against Clostridia organisms such as Clostridium perfringens types C and D and C. tetani toxoids. A killed rabies vaccine and a leptospirosis bacterin may be used if either disease is endemic. Although other vaccines have been administered to camelids, it is recommended that any modified-live virus vaccine or live bacteria product be used with caution in an extra-label manner. Finally, information concerning the scheduling of vaccination in camelids is limited at this time. In general, immunization schedules similar to those of other domestic livestock species may be recommended.


A unique condition termed “alpaca fever” involves alpacas' exposure to Streptococcus equi. subspecies zooepidemicus. The organism was first described as a pathogen of alpacas in Peru and has since been implicated as an important pathogen in North America.17,18 Alpaca fever may occur in acute, subacute, or chronic forms, with high fever and anorexia usually present in the acute and subacute manifestations. Systemic infection, usually involving the lungs or serosal surfaces of the thoracic or abdominal cavities, may follow ingestion of the organism, and death may occur within 4 to 8 days of onset of clinical signs. Although the origin of the organism is often not determined, it is presumed that risk factors include exposure of alpacas or llamas to carrier-horses or other species harboring the organism.


Coccidiosis is largely a parasite problem causing diarrhea in crias less than 1 year old, often accompanying the stress of weaning, and also in previously unexposed or immunosuppressed adults. Infection occurs via the fecal–oral route; therefore, housing, feeding practices, and pasture management are important in reducing exposure to susceptible animals. Importantly, oocysts can survive for several weeks in warm, dry environments, but they can persist for months to years in cool, damp environments. The prepatent period (time from ingestion of infective oocysts to shedding in feces) varies between coccidia species and may range from approximately 10 days for Eimaria punoensis to 33 days for E. macusaniensis. Cross-protection between coccidia species does not appear to occur; therefore, even adult camelids may become infected and develop clinical disease after exposure to a new species.


Camelids should also be monitored and examined for external parasite infestations including pediculosis (lice), acariasis (mites and ticks) as well as fungal infections such as dermatophytosis (ringworm).









Environmental Risk Factors


New World camelids were domesticated while residing in areas with low population density and wide-open grazing in the mountains of South America. This environment lessened the risk of pathogen exposure and disease propagation, since direct contact between animals was minimized and pathogens were frequently exposed to unfavorable environmental conditions (freezing or thawing and desiccation). Today, camelids commonly reside in environments varying from pasture settings with low population density to dry lots with barns or enclosures with high population density. Specific risk factors include housing (e.g., barns, pastures); physical environment (e.g., bedding, animal exposure, cleaning and disinfection); general hygiene; miscellaneous stresses such as transportation and handling, and atmospheric conditions (e.g., temperature, humidity, ventilation). Fortunately, many of the risk factors associated with environmental conditions can be controlled with implementation of specific biosecurity measures.


Although it is not possible to alter general atmospheric conditions, management changes that provide shelter and improve comfort can be implemented. In cold environments, camelids should have adequate bedding and shelter from excessive moisture and wind. Adequate access to diets with sufficient energy and protein content should be provided during extreme hot and cold conditions. To maintain appropriate hydration, camelids should have free access to clean fresh water sources that do not freeze.


In hot and humid environments such as those found in the southeastern and western United States, heat stress is prevalent. Prevention of heat stress should involve management practices that facilitate a camelid's ability to cool itself.19 Shearing practices should be adjusted to coincide with seasons of high environmental temperature. Camelids should always have access to sufficient shade and be housed with damp, sandy soils, which facilitate thermoregulation. Sprinkling systems that spray the camelids' ventrum and wading ponds may be effective. In severe conditions, air-conditioned stalls may be necessary. Importantly, any time animals are housed in confined areas (either during hot or cold weather), attention must be paid to adequate ventilation. As a general rule, if individuals inspecting a facility are not reasonably comfortable because of excessive heat, cold, wind, moisture, humidity, odors, and so on, it is likely that animals will be similarly uncomfortable.


Frequent manure removal and provision of well-drained soils or bedding material will aide in minimizing pathogen buildup. Feeding practices should be centered on preventing fecal contamination and include the use of hay feeders, hay nets, and raised mangers. Water systems should also be designed to prevent fecal contamination as well as contamination by pests, rodents, or other domestic or wild animals.


Handling, holding, and transportation facilities should be designed and managed to alleviate undue tension or distress. Appropriate ventilation, temperature, and footing should be considered. When appropriate, animals should have access to fresh water and feed during these periods.












General Cleaning and Disinfection


Concepts of appropriate cleaning and disinfection that are critical to breaking disease transmission have been reviewed by several authors.4,20 Cleaning must be recognized as a multiple-step process. The critical first step in the cleaning process involves thorough removal of all visible organic debris (e.g., soil, feces, urine, milk, sputum). The cleaning process includes physical areas such as pens or stalls, feeding and other equipment, and soiled hands and cloths. Vigorous cleaning should precede application of disinfectants for these substances to attain maximum effect.


Many products are available for disinfecting equipment or premises. In addition to their chemical characteristics, other variables will determine a product's effectiveness. These include the product concentration, contact time, temperature, pH, water content, water hardness, as well as the amount of organic debris present. Sodium hypochlorite is generally available as a 5.25% solution (household bleach) and is both cost effective and environmentally safe. At sufficient concentrations, contact time, and temperature it is effective against most bacterial and viral pathogens, although not all (e.g., Cryptosporidium oocysts). Recommended concentrations of sodium hypochlorite for use in human environments range from 500 parts per million (ppm) (1 : 100 dilution) and 10 minutes contact time at room temperature to 5000 ppm (1 : 10 dilution) and 1 minute contact time at room temperature, the higher concentrations being used in more critical areas.4 For viruses in veterinary hospitals, a 0.175% solution (1 : 32 dilution) with a 10-minute contact time at room temperature has been recommended.21


The characteristics of environmental surfaces of animal facilities and equipment will influence success or failure of cleaning and disinfection protocols.22 For example, unfinished plywood retains approximately 15-fold more microorganisms compared with painted or varnished plywood. Varnished plywood retains approximately 15-fold more microorganisms compared with plastic surfaces. On smooth impervious surfaces such as metal or plastic, washing with soap and water to remove visible contamination will result in the elimination of approximately 99% of the microbial load. Similar washing of typical household surfaces removes approximately 90% of the microbial load. It can be presumed that washing of rough lumber will remove even less microorganisms. This knowledge may be used to recommend cleaning and disinfection protocols, in designing facilities, and choosing construction materials and equipment. Finally, basic knowledge about the survival of pathogens on various substrates may be useful in both the management and the investigation of disease outbreaks.


Personal hygiene of animal handlers and farm personnel is critical in impeding the transmission of pathogens between animals or from animals to humans. Basic steps should include frequent hand washing with hot water and soap, cleaning and disinfection of foot wear, and thorough washing of clothing.
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Chapter 2


Protection of Camelids from Predators




Martin C. Warbington





Provisions to protect livestock from predators must be incorporated into every management plan. Similar to controlling losses from traditional diseases and syndromes, losses caused by predators can largely be managed with appropriate inputs. As in the case of common diseases and conditions, where bacteria, vectors, obesity, and so on cannot be completely eliminated, the threat from predators cannot be completely eliminated either but only managed effectively.


The type of predator varies with availability and type of habitat. Most predators create typical patterns in their attacks, which helps identify which ones were involved in an incident. With camelids, domestic dogs present the biggest risk, followed by coyotes, with mountain lions, bears, and wolves also posing a risk in some regions.


Losses may include death, abortion, hyperthermia, and physical injuries. Predatory animals may also be vectors of diseases such as rabies. It must be remembered that all predators are carrion eaters, so care must be taken to verify that death was caused by a predator and not by some other factor and that the predator was simply feeding on carrion. Detecting true losses from predation requires regular and frequent interaction with the herd. Fresh predator kills will have bright meat, soft skin, no fly strike, and no prior symptoms of illness. Carrion will usually have an odor and may have maggots, and the flesh and skin will be dehydrated and have brownish shades.






Domestic Dogs


Dogs typically are present in all areas where livestock are raised. The more urban the farm is, the higher is the risk from dogs. Dog attacks could occur any time of the day or night but are more common in the evening or at night. The primary motive of dog attacks is the chase. Injuries consist of bite wounds in the trunk, legs, face, and ears. In addition, physical injuries may occur from running into fences, trees, or waterways. Multiple victims may be found. The victims or the entire herd may be found to be exhausted and mouth breathing because of the duration of the chase. Abortions and hyperthermia may ensue from the chasing. Killed stock is commonly young, and very little consumption of carcass occurs because the dogs are usually not hungry. The primary motive of some dangerous dogs and packs of dogs is to kill. They inflict lethal bites to the neck like nondomestic predators, but usually tear and rip wounds are present but very little consumption, and often multiple victims are involved. Rarely is the carcass moved or dragged from the site of the kill. Dogs involved in chasing or molesting livestock are “having fun,” and they will return. Unfortunately, irresponsible dog owners exist in every community, rural, suburban, or urban. Regular communication with neighbors is extremely valuable in reducing conflicts. Farms in stable neighborhoods will have fewer problems with dogs. The objectives of preventing dog predation are to reduce opportunity, decrease the fun and excitement, and present negative feedback through intimidation.









Coyotes


Coyotes exist in most areas, both urban and rural. Losses caused by coyotes usually occur at night. Young stock is most vulnerable. Risks are greater near areas that provide cover for privacy and protection for coyotes and their dens. Generally, only single losses occur, except in late spring when the young of the year are learning to hunt. Coyotes will consume parts of larger stock in situ but will try to drag away smaller victims. A trail of fiber and intestines often helps track the site of exit from the pasture. Internal organs are consumed first. Coyotes are valuable in the control of rodents, so if no losses have occurred, no control may be necessary. Coyotes, like most nondomestic predators, live in and respect the world of territories. If a farm has no history of coyote predation, no lethal control should be used as more dangerous coyotes may move in. The objectives to protect stock from coyote predation include intimidation and reduction of opportunity.









Mountain Lions


Mountain lions (cougars, or pumas) are a potential problem in their ranges. In certain parts of their ranges, hunting of mountain lions with dogs has been banned. In these areas, lions have quickly lost some of their innate fear of man and the things of man and are becoming more common in urban settings. They usually hunt at night. They are efficient killers, inflicting lethal wounds in the neck and occasional slash wounds on the body, flanks, or thighs. Small animals are removed to trees or other sheltered stashes for consumption, leaving behind little evidence other than distinctive tracks and perhaps drag marks. Larger victims may be removed intact or in pieces. Large bones may be cleanly severed. Protection measures from mountain lion predation include intimidation and reduction of opportunity.









Lesser Predators


Wolves, black bears, grizzly bears, foxes, and eagles have occasionally been implicated in losses from predation.


Wolves are very efficient predators. Losses may occur during day or night. Victims may be consumed in situ or removed to cover. Tracks are larger than those of most domestic dogs, and usually multiple wolves are involved. Protection measures include intimidation and reduction of opportunity.


Black bears prefer carrion but may cause losses directly. Losses usually occur at night. Bears tend to be very sloppy and often scatter parts around. A preference may be seen for lactating udders. Their tracks are distinctive. Multiple kills may occur in a frenzy. Young animals as well as adults may be victims. Bears are attracted to areas with orchards, gardens, and unsecured garbage.


Grizzly bears also prefer carrion but are very ferocious predators. Losses occur generally at night. Their tracks are distinctive, are usually larger than those of a black bear, and show claw imprints. Bells should be worn by pack and companion-hiking llamas when in bear country, and berry thickets should be avoided during berry season. Protection measures consist primarily of reduction of opportunity.


Foxes may bother camelids occasionally. Losses are confined to young stock. Foxes prefer much smaller prey such as rodents and rabbits. Losses may increase when effective measures to reduce their preferred prey are implemented forcing the fox to seek out new prey. Protective measures include reduction of opportunity and preservation of their preferred food sources.


Eagles are mentioned as predators, but seldom is even a young camelid at risk. Eagles may be seen feeding on carcasses but are not involved in the death of the animal. No protection measures against eagles are needed. They are completely protected from both lethal control and nonlethal harassment.









Regulatory Impacts


A wide variety of statutes with regard to damage caused by domestic dogs are in place. All losses incurred should be well documented to recover damages and as protection against counter legal suits. Nonlethal protection measures are generally acceptable. Animal control authorities should always be consulted about how issues such as dogs at large, dangerous dogs, public nuisance, and right to protect personal property are handled in each jurisdiction.


Nondomestic animals (often including camelids) fall under multiple layers of control and regulation. Permits and licenses may be required for lethal control even to protect private property. As with domestic dog issues, good documentation of losses is necessary. Nonlethal protection methods are generally allowed, but some areas prohibit harassment of wildlife. Local wildlife and animal damage control agencies should be consulted for specifics.









Protective Principles


The most effective protection measures combine means to threaten or intimidate potential predators and measures taken to exclude predators from interacting with livestock.


Domestic animals are used to threaten predators and protect camelids from predators. Most commonly guardian dogs are used. Donkeys or burros may be effective on certain farms. Llamas also play a role as protectors of alpacas. Exclusion principles consist primarily of creating barriers for protection.






Guardian Dogs


Guardian dogs are very effective against all of the predator groups. They are large breeds, usually of European or Asian origin. The most common breed is the Great Pyrenees. The temperament of these dogs is generally docile. Anatolian Shepherds and Akbash are good workers and are a bit more aggressive against threats. Most effective dogs have been raised with the livestock that they are to protect. Guard dogs seem to prefer to intimidate predators rather than to attack them. If the predator does not respect the size and threatening posturing of the guardian, the guardian may inflict lethal wounds. Most predators respect and understand this and avoid the territory that is occupied by the guardian and his herd and avoid it. Thus, in a stable environment, the guardian does not have to work very often. As new predators come into play, the dogs must be ready. To be effective, the dogs must stay out with the livestock day and night. As the dogs age, they sometimes want to stay “home”; their vision decreases, especially at night; their hearing becomes less acute; and arthritis can interfere with the dogs' effectiveness.


Stocking rates vary with size of the herd, size and topography of the pasture, and the magnitude of the threats that exist. Because almost all operations face a threat from loose domestic dogs and coyotes, a single guard dog may be adequate protection for up to 50 camelids in an open, fairly flat pasture. In more complex environments that have woods, streams, or rock outcroppings providing cover for predators, stocking rates may have to go up. If mountain lions, wolves, or bears pose a threat, several dogs will be needed. Dogs are one of the only ways to intimidate this group of predators. Multiple dogs will work well together and will spread out among the herd but can come together if a threat is imminent.


In more urban settings, dogs may cause problems that must be addressed. Nighttime noise may be a nuisance. Not staying home, chasing bicycles and joggers, or chasing cats or chickens are some issues. Neighbors should be advised about the dogs' presence and role as protectors and not as predators. Some dogs are tethered to heavy objects such as tires to slow them, but this may affect their ability to work safely. Good perimeter fencing is important. Other hazards for guardian dogs include porcupine encounters, roads, railroad tracks, and rattlesnakes. Guardian dogs do not tend to live as long as comparable companion pets. Their average useful lifespan is 8 to 9 years.


Because llamas themselves are used as guardian animals, they may not accept the near presence of the guardian dog, especially when they have young crias around. In this situation, if additional intimidation of the predator is needed, it may be necessary to create a perimeter driving lane or “moat effect” to separate the work area for the guard dog from the livestock.


One additional benefit of keeping guard dogs with livestock is that because the dogs require daily feeding and interaction, the owner will be out with the livestock for regular observation of them.









Donkeys


Donkeys seem to have an instinctive dislike for dogs and coyotes. They work best when no other equids are around. They intimidate by lowering their heads and chasing the dog or coyote. Donkeys can inflict lethal damage on a predator by kicking, striking, biting, and shaking. Predators respect this threat. Jealousy over feeds and crias may cause conflicts with the stock that the donkey is supposed to be guarding. Injuries may occur to both adults and crias. Care of donkeys consists of regular hoof care, dental care, deworming, as indicated, and vaccinations typical for other equine species in the region. Generally, donkeys eat the same as the stock that they are with and do not need additional daily attention.









Llamas


Llamas will run at and threaten coyotes and dogs. Their means of attack include biting and trampling. They may be used to help protect more vulnerable stock, including alpacas (Figure 2-1). Although early use of guardian llamas was limited to castrated males, females have recently been found to be effective as well. Because size is important in intimidating predators, guard llamas should be shorn less frequently. Extra fiber will also help protect the guardian from dog bite injuries. Unfortunately, llamas are not effective against mountain lions, wolves, or bears.




[image: image]


Figure 2-1 Single llama gelding guarding sheep.















Exclusion


Exclusion measures to deter predators are very important. They include secure fencing, electric fencing, night penning, and schemes to startle.






Fencing


Properly designed, constructed, and maintained fencing is an essential component of any predator-deterring scheme. Fences must be tight to the ground. Coyotes and dogs can squeeze through a 6-inch gap. They can also dig very fast if they think that they need to enter a pasture. Woven fencing or no-climb-type wire typically used for sheep, goats, or foals is the most effective fencing style. An apron of woven wire attached to the bottom of the fence that extends for a foot or two out from the bottom and lies on the ground or is buried will discourage diggers. High-tension style fencing is usually not ideal, as it may allow predators to enter and may injure stock that runs into it or becomes entangled in it. Electrified high-tension fencing may kill stock that becomes entangled in it. Fences must be patrolled regularly to check for and repair holes, breaks, and to close up dig spots.


Proper electrification of fences greatly enhances their effectiveness at excluding predators. Several patterns are available, but the most important features include a low line on the outside of the paddock, a line about 8 inches higher, and a line at the top of the fence. The low outside line is most effective in discouraging dogs and coyotes from digging and going under a fence. Proper grounding and regular trimming under the fence to prevent shorting out on vegetation is important. If the low electric wire is on the outside of a perimeter fence, neighbors should be consulted and permission obtained if the hot wire encroaches on their property.









Night Penning


Because most predator activity occurs at night, penning of camelids in a secure paddock or an indoor enclosure at night will help protect them from predation. If penned outside in a secure paddock, it is important to address sanitation issues relating to weather events such as rain, snow, ice, and mud, as well as the number of animals, and the size of the paddock. If stock is penned indoors, sanitation as well as air quality issues will need to be dealt with.












Startle Schemes


Schemes to startle, scare, and confuse predators are available. Random patterns of bright strobe-type lights, random loud noise generators, and sporadic blasts from water sprinklers will be effective for short-term protection. Most predators will eventually become habituated to whatever noxious stimuli are used. In urban settings, startle types of protection from predators will usually generate complaints from neighbors.









Other Methods


Bells are a useful addition to protection programs. Generally, bells are attached to the neck collars of several herd members. The bell-ringing member helps alert a guardian animal to abnormal patterns of activity during day or night. Llamas that are used as pack animals or hiking companions should wear bells when on trails or in camp to prevent surprise encounters with predators. Guardian dogs may also be taken as hiking companions. Some parks have restrictions and leash laws pertaining to dogs.


Predators mark territories with their scat or droppings. As such, piles of dog feces may be left around the perimeter to give predators a message that the territory is occupied.


Effective measures to protect livestock, such as guardian animals and good fencing, will also deter wildlife such as deer, which may pose nonpredatory health threats to camelids.
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Chapter 3


Camelid Vaccinations




Patrick O. Long





Vaccination protocols for camelids vary widely in the United States. Variations occur even regionally. Establishing a rational immunization protocol for clients can be a challenging endeavor for most practitioners. Vaccination protocols should be based on potential exposure, prevalence of disease in your local area and susceptibility of camelids to these diseases. Unlike some other species (e.g., feline, equine) in the United States, currently, no established guidelines exist for vaccination of camelids.


Vaccination programs may be designed for individual farms on the basis of local disease incidence, potential exposure from neighboring farms, and animal movement to and from the farm. At present, many camelid farms follow what successful breeders use in other parts of the country without regard for regional concerns. Although many vaccines are currently used in the United States, not all camelids need all of the vaccines discussed below. As with other animal species, vaccine programs should be tailored for individual producers and their current needs.


It should be noted that currently no vaccines are labeled for use in camelids and that all usages are considered off-label. Use of vaccines should also be considered in light of the pregnancy status of camelids. Given the high incidence of congenital defects in camelids, some authors caution against using any unnecessary medications, including vaccines, in the first trimester of pregnancy. Vaccines that could be considered in setting individual farm programs are discussed below.






Bacterial Diseases






Clostridial Complex


Vaccines against Clostridium perfringens types C and D and C. tetani (CDT) should be considered “core” vaccines for camelids. Although recommendations vary with regard to time of first vaccine, these vaccines are typically given twice at 3- to 6-week intervals in the first year and then boostered annually after the primary series. It is known that camelids are susceptible to these pathogens, and several studies have shown antibody response after two injections.1 In some high-risk areas, the primary vaccines are started at age 2 to 5 days. Another protocol would be to start the vaccination series at age 3 to 4 months in crias that obtained good passive transfer and whose dams were previously vaccinated. Booster vaccines are generally recommended for animals undergoing surgical procedures or for animals that have suffered open wounds from trauma if the last vaccine was given more than 6 months ago. Many practitioners recommend boosting CDT vaccines 4 to 6 weeks prior to birthing in pregnant dams. Be cautious of rough handling or excessive excitement during the vaccine administration procedure, as camelids are considered prone to stress-induced abortions.









Seven-and Eight-Way Clostridial Vaccines


Multivalent clostridial vaccines, which include those against Clostridium septicum, C. sordelli, C. novyi, C. chauvoei, and C. haemolyticum, may be considered if the risk is present, especially in relation to complications of snake envenomations. Ideally, these vaccines should not be used in pregnant dams but could be used in the window postpartum period and before rebreeding. Recommendations for these products would be the same as those for the CDT program outlined above. Injection site reactions may occur with these products, so injection sites should be checked a few weeks after administration.









Anthrax


Fortunately, anthrax has rarely been a problem in camelids, but one might be tempted to vaccinate in an endemic area. Unfortunately, use of an anthrax spore vaccine in young llamas resulted in some deaths.2









Leptospirosis


Leptospirosis has been known to occur in camelids and may cause liver or kidney damage and abortion. In endemic areas, vaccination against leptospirosis would appear prudent. Camelids have been shown to mount an immune response, which, however, has been reported to be of short duration.3 Multiserovar products containing L. canicola, L. grippotyphosa, L. hardjo, L. icterohaemorrhagiae, and L. pomona, which are approved for use in sheep and cattle, are commonly used in camelid herds. Two primary vaccinations are typically used, followed by semiannual boosters in the author's practice.












Viral Diseases






Rabies


Confirmed cases of rabies in camelids have been reported, so vaccination should be considered in endemic areas even though no currently available product has been approved. Rabies vaccines have been used in camelids in endemic areas. Various protocols have been recommended. Recommendations based on a recently completed study consist of one injection at age 3 to 4 months followed by yearly boosters (Dr. Julie Dechant, personal communication). Killed products licensed for other large animal species would be recommended. Small animal products or modified live vaccines would not be recommended.









West Nile Virus


Several studies on the efficacy of West Nile (WNV) vaccines in camelids have been completed. Camelids have been shown to be susceptible to WNV infection, with death resulting in many cases. Research has shown that three doses of the Fort Dodge Innovator vaccine given at 3-week intervals will provide antibody response in 95% of animals vaccinated.4 If this vaccine is used, the third vaccine or the subsequent yearly booster should be given approximately 1 month prior to peak mosquito exposure. Once WNV has been established in an area, likely only the naive young and immuno-compromised would need vaccination.









Eastern Equine Encephalitis


Eastern equine encephalitis (EEE) has been reported to be the cause of death of several camelids in the eastern parts of the United States in recent years. Vaccine trials have been conducted, and no adverse effects from a killed multivalent product used in alpacas have been reported.5 Currently, no EEE-only vaccines are available. Most currently marketed products also contain western and Venezuelan equine encephalitis and or equine influenza vaccines. Recommendations for EEE vaccination schedule would be similar to the WNV protocol. Three doses at 4-week intervals should be given in the first year, and yearly boosters should be given approximately 1 month prior to peak mosquito exposure.6









Equine Rhinopneumonitis


Equine Herpes Virus 1 (EHV-1), a virus primarily causing infection in horses and other Equidae, has occasionally been reported in camelids as well.7,8 If camelids are being housed with horses (or zebras) or are in nose-to-nose contact with horses, this vaccine should be considered. Killed vaccines are recommended, with boosters given at 6-month intervals.









Bovine Viral Diarrhea Virus


Although bovine viral diarrhea virus (BVDV) infection has recently caused concern and has led to testing in camelid herds in the United States, vaccination against this disease is not recommended. Vaccination will make detection and eradication of this disease much more difficult. Commercial cattle vaccines are available, but they have not demonstrated good efficacy in eliminating persistent infection in cattle and thus have no place in camelid herds.









Rotaviruses or Coronaviruses


Coronaviruses have been implicated in gastrointestinal and respiratory infections in camelids.9,10 Although not indicated for all animals, in some situations, the use of a coronavirus vaccine would be indicated. Coronavirus is a common pathogen causing neonatal diarrhea on many farms, and in these situations, the use of a vaccine, in conjunction with other husbandry practices (ensuring adequate passive transfer and improved hygiene on the farm), may be indicated. Oral administration of a modified live bovine rotavirus or coronavirus vaccine in neonates before nursing could be used in these situations.11 Diarrhea in show animals during the 2008 show season was widely reported across the United States. Many of these were confirmed to have been caused by coronavirus. Although most of these were self-limiting and resolved within a few days, the diarrhea typically affected other animals on the farm, even with the farms practicing adequate biosecurity measures. Vaccination of show string animals in high-risk situations may be considered.
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Chapter 4


Camelid Herd Health and Nutrition




LaRue W. Johnson





In the process of planning or supplying herd health programs, nutrition evaluation for the herd may be as simple as a cursory appraisal of existing pasture, current forage being offered, questions about supplements, and body condition scoring of the animals encountered during a visit. However, a detailed nutritional program may just as well be the approach that will lead to complete forage, pasture, and supplement analyses and determination of current feeding intakes. With this knowledge, one can likely pinpoint excess, adequacy, or deficiency on the basis of current knowledge with regard to llamas and alpacas of all ages and their reproductive or exercise status.


Most camelid owners who are likely to utilize and benefit from a veterinarian's input with regard to nutrition may have been following other camelid owners' feeding approaches or perhaps have discovered a condition in their animals that incriminates nutritional practices. The discussion on nutritional evaluation in this chapter is, for practical reasons, essentially an outline that should prompt the reader to refer to the section of this book that discusses nutrition in detail.


One of the first points to make with clients is that not all of the current feeding practices are necessary or applicable for their animals. Factors that impact feeding decisions include purpose of the animals; size and makeup of the herd, natural feeding options, geographic influences, facility design for feeding, and feed procurement and storage, as well as economic considerations.






Purpose of Animals


Within the ownership of camelids, animals with an incredible diversity of purposes exist, ranging from pets or companion types, strictly fiber producers, show animals, working or pack animals, reproductive animals that include gestating, lactating, and breeding animals, and offspring of all ages. Some owners are focused on only one purpose, whereas some herds comprise animals representing all of the types mentioned above.









Size and Makeup of the Herd


Generally, individual monitoring of animals' nutritional performance becomes progressively more difficult as herd size increases. However, for some owners, this is not a problem in that their entire lives and sometimes their life savings are invested in their herds. A large herd comprising groups of animals with unique nutritional needs will also impact the design of the facility.









Natural Feeding Options


Although most owners prefer to have a grazing or browsing option for their animals, some animals are strictly maintained in a dry lot. With limited pasture for the numbers of animals, as well as seasonal depletion of forage, a dry lot option is utilized as an adjunct. Not many camelid herds are afforded abundant year-round grazing, and even when that is possible, owners need to understand that the nutrient content of pasture is not consistent. Fertilization history, maturity of vegetation, selective grazing of animals, and moisture received (rain or irrigation) will influence nutrient content. As such, nutrient analysis of pasture is only accurate for the day the sample was taken. When significant pasture is an option, a wide variation of input is possible, ranging from some routine upgrading for an established pasture to starting afresh with selective grasses suitable for the environment. Recommendations from the county extension office as to what grows well in the area are invaluable; generally, a mixture of grasses works best. That being the case, subsequent selective grazing should influence future choice of over-sowing for reclaiming any sparsely vegetated areas.









Geographic Influences


Camelid owners should be made aware that all currently employed supplementation may not be applicable to their animals because of geographic influences. Generally, an established veterinary practice in the area will likely have relevant information regarding potential deficiency or toxicity concerns for other animals that would also apply to camelids. Similarly, local veterinarians involved in the care of livestock species will likely have knowledge of what forages grow well for pasture or stored hay crops.









Facility Design for Feeding


It would be safe to state that “for any camelid operation, there can never be too many alleyways and gates.” When pasture grazing is involved, the importance of good fencing to keep animals contained is obvious. In addition, however, permanent fencing with alleyways and gates is often used for pasture rotation. The author has successfully utilized movable electric fencing to accomplish strip grazing and thus pasture rotation. Something often overlooked with extensive use of pasture is routine mowing of ungrazed maturing grasses and weeds. By doing this, seeding of more of these less palatable forages is reduced. In designing a camelid facility that utilizes pasture, a reliable and consistent procedure for moving animals from pasture to a holding or dry lot area is very important. When pasture is of high quality, restricted grazing may be required to prevent overweight in animals. Also, if pasture is limited, good planning will allow rotation of groups of animals for limited grazing.


When stored forage is being fed, it should be stored away from all elements that could compromise nutrient content. Abundant hayracks or bunk space is necessary, as timid animals will, at best, get leftovers. Feeding hay on the ground is not ideal, except in winter when there is snow. If grain or nutritional supplements are deemed necessary, ensuring adequate opportunity for all to consume is essential. This, of course, is accomplished when animals are fed individually by patient owners providing the feeds in well-separated feeders.


A consistent-quality water supply is essential for maintaining health in camelids. A bulk water tank is adequate for larger herds, but the tank must be periodically drained to remove contaminants, including dust and plant material. Automatic waterers that are float regulated are, by and large, effective, but they also need to be cleaned and regularly tested for function. In cold weather, this becomes a challenge, as the water supply has to be either heated or freshened multiple times in a day. Failure to consume adequate amounts of fresh water will have a deleterious effect on the nutrition and digestion, lactation, body temperature regulation, and general health of the animals.









Feed Procurement and Storage


One of the biggest challenges for camelid owners has been obtaining quality forage consistently. Even a usually reliable source may, in a given year, not be able to meet expectations, particularly because of weather factors. As will be discussed in the section on nutrition later in this text, not having a detailed forage analysis done before purchasing forage is inexcusable. A responsible supplier will have done this in advance. Forage analysis is the foundation for building a comprehensive nutrition program that will dictate any need for macro or micronutrient supplementation. If the facility has good storage potential, adequate amounts of high-quality forage should be purchased in a single lot.


Most supplements are purchased in bags and not necessarily as a year's supply. Nonetheless, storage concerns with regard to protection from the elements as well as rodents should be given high priority. In addition, stored supply should be secure from all possibilities of accidental overingestion by herd animals. Cases of gastric acidosis from overeating are often caused by failure to close the gates of the storage area where the supplement is stored. All supplements purchased should also be identified by lot number and date of purchase and documented in herd records for future reference.









Economic Considerations


The reluctance of owners to spend money on forage analysis and overall nutritional consultation continues to be a concern in veterinary practice. Owners do consider their animals valuable, but spending money for ensuring their nutritional well-being is deemed expensive. Very soon, alpacas will be in the position that llamas reached over 10 years ago, that is, many animals are worth less than previously. The attitude of “nothing but the best” for animals is now giving way to one of opting for “least cost nutrition.” In such a scenario, nutrition consultation is probably an even more pressing need.









Conclusion


In summary, the following are essential for responsible nutritional considerations:




• Forage analysis


• Knowledge of local deficiency and toxicity concerns


• Determination of needed supplementation


• Maintenance of nutrition quality by proper storage


• Adequacy of facilities to ensure nutrition to all members of the herd


• Consistent-quality water supply


• Routine body condition scoring













Chapter 5


Endoparasite Control




Lora Rickard Ballweber





Although the polymerase chain reaction (PCR) test is becoming more commonplace in diagnostic medicine, testing options for the detection of endoparasites is still essentially limited to fecal flotation techniques. Among the numerous reasons for this, cost is the primary factor. The associated costs for the development and conduct of conventional and real-time PCR tests are quite significant; hence, these tests tend to be too expensive for routine use. In contrast, the costs of doing fecal flotations are minimal and are still the mainstay in the detection of internal parasites.


Fecal flotations are based on differences in specific gravity. The specific gravity of water is set to 1.0. The specific gravity of some parasites has been determined and ranges between 1.05 and 1.23.1 Flotation solutions need to have a higher specific gravity than that of the parasite eggs, cysts, or oocysts they are being used to float. Most standard flotation solutions have a specific gravity between 1.2 and 1.3.2 With the upper end of known specific gravity of parasite eggs being 1.23, it is recommended that flotation solutions with a specific gravity of 1.24 or greater be used.


Several media have been described for use in the flotation procedure. Each type of medium has advantages and disadvantages; hence, the choice of solution should depend on target parasites. However, availability of reagents and personal preference may also influence the decision. Many laboratories use Sheather sugar solution at a specific gravity of 1.27. Reasons for this choice include the following:




• Plasmolysis and distortion in eggs and oocysts are less compared with those in saturated salt solutions.


• Some parasite eggs float better in sugar solutions.


• Slide preparations from sugar solution can be kept at 4°C for up to several weeks with minimum distortion of eggs.





Additionally, it is no longer necessary to make it “in-house,” as it is commercially available. Use of salt solutions, which are also commercially available, results in egg distortion within a few hours of slide preparation. Slides may also dry out very quickly, so they must be read shortly after they are prepared. The main disadvantage to sugar solutions is that they tend to be messy and attract flies, ants, and other arthropods. Whether they are made in-house or are commercial products, flotation media should always be checked with a hydrometer to ensure the accuracy of specific gravity.2


Along with the choice of flotation media comes the choice of whether to perform a simple (also called standing or gravitational) or centrifugal flotation, that is, whether or not to use a centrifuge. Centrifugal flotation has consistently outperformed simple flotations in all animals in which comparisons have been made.3–6 Thus, centrifugal flotation with a medium of high specific gravity is the technique of choice for detection of gastrointestinal helminths. When choosing a centrifuge to use in this technique, one with a slow start and slow stop must be chosen. Centrifuges with fast starts and stops tend to disrupt the fluid–coverslip interface. Thus, the coverslip may slide off the tube, or the eggs, cysts, or oocysts may become dislodged and not be picked up with the coverslip when it is removed from the tube.


Several flotation procedures, including single-step centrifugation techniques, the modified Stoll procedure, and the McMaster technique, have been described.5,7,8 Whichever is chosen, the pelleted camelid feces must be thoroughly broken up, as large chunks of fecal debris may interfere with the flotation procedure.


Helminth eggs are usually identified according to the genus of the parasite.8 The exception to this are the strongyles. This group of approximately six genera, including Camelostrongylus, Haemonchus, Ostertagia, Trichostrongylus, Cooperia, and Oesophagostomum, produce eggs that are very similar in appearance. PCR-based tests to differentiate the strongyle genera of nematodes found in cattle and sheep have been described, but these tests do not incorporate Camelostrongylus, a common nematode parasite of the third compartment of llamas in many areas of the United States, nor have they been validated for use in camelids.9,10 Generic identification of these eggs has, thus, relied on larval culturing, in which the eggs are allowed to hatch and the larvae develop to the infective third stage. These are then identified morphologically by using various keys.11 Unfortunately, the larvae of Camelostrongylus have not been described in sufficient detail to allow for differentiation from those of Ostertagia; thus, differentiation of these two genera remains problematic. A useful tool that does differentiate the eggs of Haemonchus from other strongyle-type nematodes of sheep is the fluorescein-labeled peanut agglutinin test.12 Of the strongyle genera tested, peanut agglutinin (PNA) was found to bind only to Haemonchus eggs. When PNA is conjugated with fluorescein isothyocyanate, binding to the egg can be visualized with a fluorescent microscope. By counting the number of fluorescing eggs and comparing it with the total number of eggs present, the percent of Haemonchus eggs present can be estimated. This technique has been demonstrated to be useful in sheep; however, it has not been evaluated in llamas or alpacas but is expected to be a useful tool when validated.


In contrast to camelid gastrointestinal nematodes and cestodes, detection of liver fluke eggs has always been problematic.8 The sedimentation procedure is still recommended for the detection of the liver fluke Fasciola hepatica. However, recommendations for detection of the small liver fluke Dicrocoelium dendriticum, have changed from using the sedimentation procedure to using fecal flotation with a medium of high specific gravity (1.30–1.45).


As with gastrointestinal nematodes, the detection of coccidial oocysts still depends on fecal flotation procedures. Because the majority of intestinal damage occurs before oocysts are produced, clinical coccidiosis may occur before oocysts are detected in feces. Detection of oocysts is important, however, in understanding the epidemiology of coccidia on a particular farm. Because of the large oocyst size of Eimeria macusaniensis and Eimeria ivitaensis, it is imperative that a flotation medium with a high specific gravity be used in the flotation procedure. Sheather sugar at a specific gravity of 1.27 to 1.30 and magnesium chloride at a specific gravity of 1.30 are both suitable flotation media and readily float all coccidia found in camelids.8


Numerous detection methods for Cryptosporidium, including fecal flotation with Sheather sugar, immunofluorescent assays, and acid-fast staining, are available. Several enzyme immunoassays are available for use in humans, but none is currently approved for use in animals. Many diagnostic laboratories offer human immunoassays to be used for analysis of camelid feces, but the relative sensitivities and specificities of these tests are not known. Caution is advised in using these tests, which are not approved for animal studies, without first determining their performance characteristics.8


Giardia cysts may be routinely found on fecal flotations as well as with immunofluorescent assays. A commercially available co-proantigen detection test is available for use in dogs and cats but has not been evaluated in camelids. Therefore, use of this test cannot be recommended at this time.






Anthelmintic Options


Numerous anthelmintics are available for use in llamas and alpacas, although none is approved for use in these animals in the United States. For nematodes, the options fall into four classes (Table 5-1). Of these, the benzimidazoles and macrocyclic lactones are among the most popular. However, pour-on anthelmintics are omitted, as these formulations have not been shown to be effective in controlling routine gastrointestinal parasites.13,14 These formulations usually contain a coloring agent, which may stain the animal's fiber for several weeks. Although some owners will administer these compounds orally, this is not recommended, as the efficacy of oral administration of a pour-on anthelmintic against gastrointestinal nematode populations has not been proven.




TABLE 5-1


Anthelmintics Used in Alpacas and Llamas*


[image: image]


*Note: not all compounds are available in all countries.


aGiven once, unless otherwise noted.


bGIN = gastrointestinal nematodes.


cDo not use in pregnant animals.


dAccurate weights are critical to proper dosing; not recommended in lactating animals.





Testing options for the detection of anthelmintic-resistant gastrointestinal nematode populations in camelids are limited. The best method currently available is the fecal egg count reduction test (FECRT). In its simplest form, the procedure compares counts of eggs per gram at treatment (pretreatment) versus those 10 to 14 days later (posttreatment).7 Although no guidelines exist for interpretation of FECRT in camelids, a recent study applied guidelines developed for ruminants, with resistance defined as FECRT less than 95% and the lower 95% confidence limit as less than 90%. If only one of the two criteria were met, resistance was only suspected.15 Given these criteria, the study detected populations of gastrointestinal nematodes resistant to ivermectin, moxidectin, and fenbendazole and reported that anthelmintic resistance was an emerging problem in the southeastern United States.


In practical terms, FECRT less than 90% suggests that resistant nematodes are present. However, it may also indicate that the dose or route of administration was ineffective and that retreatment with a higher dose or different route of administration may be warranted before it is concluded that the lack of response is a result of the presence of resistant nematodes. Proper performance of the FECRT requires that each animal be treated accurately, which calls for weighing each individual to ensure proper dosing. Proper FECRT performance also requires that the compound be effective against the parasites in question in the treated animal, that is, a drop in fecal egg counts (FECs) of at least 90% (or 95%, if that is the cutoff) should be expected in an alpaca or llama under normal circumstances. This is extremely important because except in South America, controlled anthelmintic tests have not been conducted to determine the efficacy of the compounds available today. Consequently, the true efficacy of the compound against the parasites in question is not often known. This must always be remembered when interpreting FECRT results.


Currently, no natural dewormers, including onions, garlic, cranberries and diatomaceous earth, have been shown to be effective against the gastrointestinal parasites of camelids. However, nonchemical approaches are being examined for use. These approaches include the feeding of plants high in condensed tannins, administration of copper oxide wire particles, the feeding of nematode-trapping fungi, or a combination of all these approaches. Although these show promise in the control of gastrointestinal nematodes of sheep and goats, the use of these options in camelids awaits validation.16,17









Gastrointestinal Nematode Control Options


Sustainable control of gastrointestinal strongyle nematodes does not mean complete eradication of the parasites. Control programs that rely exclusively on chemical dewormers are costly and doomed to fail eventually. Thus, management considerations are crucial to move away from sole dependence on anthelmintics. Climate and management of pastures and animals are among the numerous factors that influence the level and extent of parasitism. Numerically, the largest component of the nematode population comprises the free-living stages found in the external environment followed by the number of infective larvae available to the grazing animal. The actual numbers of nematodes in the host are the smallest component. Therefore, managing the external environment will have a significant impact on the level of parasitism on any given farm.


The single most effective action that can be taken to minimize parasitism is removal of the source of infection. Fortunately, the habit of alpacas and llamas to establish dung piles can be a tremendous advantage in combating parasitism. Dung piles result in localized areas highly contaminated by parasite eggs. If these piles are cleared on a regular basis, however, parasite eggs, larvae, or both are removed with the dung piles, which helps reduce exposure of animals to larvae. Conversely, if these piles are established by feeders, the less dominant animals are forced to eat closer to the piles, which increases their exposure to infective larvae. Similarly, on pastures with a high stocking rate, most of the available forage is consumed, resulting in all animals grazing closer to the ground, which increases their exposure to larvae. Less dominant animals will also be forced to graze closer to the dung pile, which, again, increases their exposure to infective larvae.


Dung piles should be cleared often enough that infective larvae do not have time to develop. The length of time required varies with temperature, with development occurring at a faster rate during warmer temperatures. For example, the minimum length of time required for the development of H. contortus larvae is 3 to 4 days.7 Thus, a rapid turnover of eggs into infective larvae occurs, so piles need to be cleared more often. However, it must be remembered that it takes time for young animals to learn the dung pile behavior, and they are usually the animals with the highest numbers of parasites. Therefore, they may be responsible for significant pasture contamination even when piles are cleared appropriately.


All strongyle larval stages are killed by extremely low temperatures, exposure to direct sunlight, or desiccation. Therefore, very little transmission will occur in dry lot situations because larvae are not capable of surviving on the floors of open dirt pens or intact, concrete slabs, especially if exposed to sunlight. This can change, however, if the larvae are protected from these conditions. For example, spilled feed or bedding will protect the larvae. Wet areas around leaking waterers will also provide a favorable environment for parasite transmission. Thus, cleaning up spilled feed and eliminating standing water and wet areas will help minimize transmission of parasites. This is true for pastures as well.


Pasture rotation has been recommended as a method to reduce parasite contamination and parasite transmission. This concept is based on the establishment of “safe” pasture, that is, pasture where the risk of infection is low because larval contamination is low. However, care must be taken if this is incorporated in the parasite control scheme. For years, the recommendation was to treat animals prior to turnout onto safe pasture. However, this practice actually favors the increase of anthelmintic-resistant nematode populations. Even if the anthelmintic was administered appropriately and is effective against the parasites in question, if the deworming treatment is not 100% effective (which most are not), the remaining parasites carry resistance alleles, which allow them to survive the treatment. Therefore, any eggs that are shed by the animal after treatment will be the eggs from the resistant population of nematodes. Consequently, when the animals are turned out to safe pasture, the initial contamination will be from nematodes resistant to the dewormer that was used. Reinfection will occur, and it will not take much time, through the cycle of reinfection and continued contamination, until the resistance alleles predominate in the population.


Options for the incorporation of low-risk pastures are available. One of these is targeted deworming. This approach is designed to target only those animals for treatment that need it and leaving the remaining animals untreated. Provided the resistance alleles are at a low frequency within the parasite population, targeted deworming helps maintain refugia, or that portion of the population not exposed to the anthelmintic. Thus, some nematodes carrying resistance alleles survive the treatment and pass eggs, but their progeny are diluted on pasture by those nematodes in the animals that were not treated, the majority of which are still susceptible to the anthelmintic. This approach needs some indication of when to deworm. For sheep and goats, FECs may be combined with body condition score and fecal consistency as a guide to deworming. Another alternative is the use of an anemia scoring system (e.g., FAMACHA) to identify those animals that need deworming.18 Until such techniques as the anemia scoring system are validated in camelids, FECs continue to be useful as indicators of pasture contamination and should be incorporated in parasite management and monitoring programs.


Pastures can be managed in a number of ways to reduce the larval stages of parasites in the environment. Resting a pasture (no grazing) allows natural attrition of parasite stages. However, the speed at which this occurs depends on a variety of factors, the most important of which are temperature and moisture. Thus, pastures in temperate regions of the United States must be rested for at least 6 months during cool weather and 3 months during hot weather to reduce the number of larvae.7 This length of time is not usually compatible with production practices of most farms. An alternative is alternate grazing or co-grazing of animals that are not susceptible to infection by the same parasites that infect alpacas and llamas. For example, grazing horses on the pasture will decrease the number of larvae the camelids are exposed to, and the camelids will decrease the number of larvae the horses are exposed to.


Biosecurity is very important in parasite control. Transient animals should be kept away from the resident herd. Show animals and new arrivals should be isolated from the resident herd for at least 2 weeks. Given that the prepatent period for most gastrointestinal nematodes is 2 to 4 weeks, isolation of returning animals or new arrivals for a month should be considered.8 FECs should be performed, and should treatment be required, the FECRT should be conducted to ensure that resistant worms are not being introduced into the farm.


Monitoring the presence of parasites in the herd is extremely important to understand the specific parasitic risks on the farm and to evaluate the control program. Recommendations for frequency of monitoring vary from every 2 months to quarterly to yearly. The frequency depends on how far the farm's parasite control program has progressed. In farms just switching from deworming every animal to deworming only those that need it, FECs will need to be performed more often. This will not only identify the parasites that are present but also which animals are primarily responsible for environmental contamination. Performing FECs will also show any seasonality in nematode egg excretion, which, along with overall management practices, should be taken into account in the design of the parasite control program. Initially, the FECRT should be performed on all animals to ensure that the anthelmintic being used is effective. This may take multiple trials if all the animals are not treated at the same time. Once the expected reduction in egg counts is confirmed, the FECRT should be performed yearly to ensure that expectations continue to be met.
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Chapter 6


Anthelmintic Resistance in Camelid Parasites




Lisa H. Williamson









Definition of Anthelmintic Resistance


Anthelmintic resistance is defined as genetic mutation in the worm population, which alters susceptibility to drugs being used for treatment.1,2 Frequent exposure to an anthelmintic creates selection pressure, which eliminates susceptible worms from the population. Resistant worms survive treatment and pass their genetic advantage to subsequent generations. Over the past few decades, many factors have contributed to increase in anthelmintic resistance in nematodes that affect grazing animals. Most parasitologists believe that frequent administration of anthelmintics on a whole-herd basis is a major contributing factor.3 This approach fails to preserve refugia. Refugia refers to the proportion of worm population spared selection pressure from exposure to anthelmintics.4 Refugia provide a reservoir of drug-susceptible genes that help dilute out resistant genes in the worm population. Refugia include eggs and larval stages in the environment and also worms in animals that were not treated with the anthelmintic. Parasitic stages within the host that are not affected by an anthelmintic treatment also represent refugia. The evolution of drug resistance is slowed when a large refugia is maintained. Unfortunately, the importance of maintaining refugia has only recently been recognized, and producers are now reaping consequences of decades of nonselective use of anthelmintics in the form of worms that are resistant to multiple classes of anthelmintics.









Multianthelmintic-Resistant Parasites


Emergence of multianthelmintic-resistant worms in small ruminants and camelids is a major concern, as this phenomenon has led to an increasing number of anthelmintic treatment failures.3,5–9 As a result, morbidity and mortality rates have increased in susceptible animals. The trichostrongyle parasites Haemonchus contortus and Trichostrongylus colubriformis are especially capable of rapidly acquiring resistance to anthelmintics. These worms are common inhabitants of small ruminants and camelids in the southeastern United States.3,5,7–9 Most nematode species that affect camelids also can be found in the North American cervid populations.10 Life-threatening haemonchosis has also been reported in many northern states and in Canada, indicating that these worms are not as geographically restricted as once believed (Bob Storey, personal communication 2011). Haemonchus contortus is a virulent, blood-feeding nematode, which damages the third compartmental and abomasal mucosa in camelids and small ruminants, respectively. Heavy infections cause chronic anemia, hypoproteinemia, loss of fecal consistency, and significant weight loss. Severely affected animals may ultimately die from progressive blood loss. Periparturient females, crias in their first grazing season, and animals debilitated from other diseases are most at risk. Mandibular edema (“bottle jaw”) is often observed in severe small ruminant cases but is not a common feature of camelid haemonchosis. T. colubriformis is less virulent than H. contortus and causes morbidity primarily through irritation of the small intestinal mucosa. In contrast to H. contortus, T. colubriformis infections are not associated with anemia.


Several studies conducted in the southeastern United States have provided insights into the magnitude of anthelmintic resistance associated with H. contortus. On the basis of results of in vitro larval developmental assays (LDA) performed on 45 sheep and goat farms, H. contortus isolates were found to be resistant to benzimidazoles, levamisole, and ivermectin on 98%, 54%, and 24% of the farms, respectively.5 Resistance to all three anthelmintics (hence, all three major anthelmintic classes) was evident on 48% of the farms. Total anthelmintic resistance (i.e., resistance to benzimidazoles, levamisole, ivermectin, and moxidectin) was identified on 17% of the small ruminant farms.5 The situation is, apparently, not as dire in camelids, but the same trends are evident. LDAs conducted on 32 camelid farms in the southeastern United States showed that 97% of the farms had multianthelmintic-resistant H. contortus isolates.9 Resistance to benzimidazoles was noted on 100% of farms, and resistance to ivermectin was noted on 88% of farms. However, only 22% of the H. contortus isolates were resistant to levamisole, and 22% were resistant to moxidectin. Total anthelmintic resistance was identified on only one of the 32 camelid farms.9 These findings are sobering because unless an immediate change is made in the way camelid owners use anthelmintics in their herds, the camelid industry will soon find itself in the same straits as the small ruminant industry. Currently, diseases associated with H. contortus infections threaten the viability of the sheep and goat industry in areas where this worm is highly prevalent.3,5,6









Making the Case for Selective Anthelmintic Treatment


In small ruminants, worm burdens are unevenly distributed among animals; approximately 20% to 30% of the animals harbour 80% of the parasite population.3,11 A similar disaggregate distribution of trichostrongyles was noted in camelid herds.12 The majority of camelids in most herds have low parasite burdens, and they will not gain much benefit from anthelmintic treatment. If left untreated, however, these minimally infected animals provide a major source of refugia. Discriminating between camelids that need anthelmintic treatment and those that do not takes a combination of hands-on husbandry and periodic evaluation of quantitative fecal egg counts. This approach is more labor intensive than traditional calendar-based “whole herd” treatment programs, but the benefits of adopting a selective treatment program cannot be over-emphasized.3 Selective use of anthelmintics will prolong the efficacy of currently available anthelmintics, which should be regarded as precious and limited resources. Even though several new anthelmintics are on the horizon, they will be significantly more expensive than those that are currently available. It is highly likely that resistance will continue to evolve more quickly than new anthelmintics can be developed to replace those that are failing. As a result, sensible use of anthelmintics and management practices aimed at breaking the parasitic life cycle will remain essential aspects of current and future parasite control strategies.


Accurate identification of animals that require anthelmintic treatment to maintain health and productivity is the cornerstone of a selective treatment program. Body condition score (BCS) is a useful parameter to monitor camelid herds, as it is a good barometer of overall health. Generally, healthy-appearing, active animals that have optimal to high body condition scores are the least likely to be harboring health-threatening worm burdens. The BCS subjectively grades the amount of muscle and subcutaneous body fat over bony protuberances and categorizes them on a 1-to-9 scale, 1 for emaciation and 9 for obesity. A body condition score of 5 out of 9 is considered ideal, although some healthy individuals naturally maintain condition at a slightly higher or lower score. Camelids should be palpated from the withers to the loin and in the brisket area because fiber may conceal the actual body condition (Figure 6-1). It is important to notice any changes in the BCSs among individuals and the overall herd, especially if the scores are declining. Parasitism and inadequate nutrition are common reasons for decline in BCSs in multiple animals in a herd.




[image: image]


Figure 6-1 Palpation of a llama's topline to assess body condition score.





Since anemia is a prominent feature of haemonchosis, pallor of the conjunctiva and mucous membranes is an excellent indicator of the severity of H. contortus infections. Francois Malan noticed the association between anemia and eyelid pallor in parasitized sheep in South Africa.13 He subsequently developed a laminated card that depicted five illustrations of ocular membrane colors. The membrane colors are categorized as follows:




1 = deep red (not anemic)


2 = red-pink (not anemic)


3 = pink (mildly anemic)


4 = white-pink (anemic)


5 = white (severely anemic)





The ocular colors correlate with mean packed cell volumes (PCVs) in parasitized sheep. Studies conducted in the United States on sheep and goats with haemonchosis have demonstrated that the FAMACHA© eye score, PCV, and fecal egg counts are all highly correlated.14,15 Since introduction of the FAMACHA system in 2004, over 15,000 FAMACHA cards have been distributed in the United States, and numerous workshops have been conducted to teach small ruminant producers how to implement the concepts in their herds and flocks (Figure 6-2).16
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Figure 6-2 Comparison of a llama's lower conjunctival color to the color blocks on the FAMACHA card. This llama scored as a 1 out of 5 (not anemic).





The FAMACHA system was recently evaluated on 17 llama and alpaca farms that had a high prevalence of H. contortus. PCV was highly correlated to FAMACHA eye scores, fecal egg counts, and BCSs.12 On the basis of these findings, the FAMACHA system has been deemed a useful tool for the management of H. contortus in llamas and alpacas in the area studied. It is most accurate when the prevalence of anemia associated with haemonchosis is high. The FAMACHA system is, however, not intended as a management tool for other types of internal parasites. Ocular examinations need to be conducted in bright natural light, using the FAMACHA card as a color reference. Alpacas and docile llamas may be restrained manually, but the more fractious camelids need to be restrained in a chute for safety purposes. The normal tendency of most handlers is to place a hand on top of the animal's forehead during ocular examination, but camelids often object to being touched in this area. Camelids are accepting of the scoring process if the examiner stands to the side of the animal and slowly slides one hand up the side of the animal's face towards its eye. The index finger is used to gently but firmly retropulse the globe through the upper eyelid, and the thumb of the same hand is used to evert the lower eyelid. The FAMACHA card is held beside the eye with the opposite hand. The examiner should expose as much conjunctiva as possible to accurately assess color. The color of the lower eyelid conjunctiva is compared with the FAMACHA card over a 1- to 3-second period and assigned a score. Both lower eyelids are scored, and if variation is noted between the two eyelid scores, the more anemic (higher) score is assigned. Some camelids have heavily pigmented inner eyelids, but usually, a nonpigmented area can be scored. Animals with haemonchosis with scores in categories 4 or 5 should be treated with an effective anthelmintic. Animals with scores in categories 1 or 2 are not anemic and therefore do not need treatment. Animals that receive a FAMACHA score of 3 should be handled according to prevailing circumstances. For instance, young animals and animals in herds or flocks where the majority of the animals have anemia, poor body conditions, or both should be treated, particularly during periods of high H. contortus transmission (warm, moist conditions). The main benefit of the FAMACHA system is that far fewer animals will be treated than when nonselective methods are used, so refugia are maintained. FAMACHA examinations should be conducted every 1 to 2 weeks during periods of high H. contortus transmission and less frequently during times of the year when transmission is typically low. Although haemonchosis is a major cause of chronic blood loss in camelids, other causes of anemia should be considered when pale ocular membranes are observed (Figure 6-3).17 Other etiologies include blood loss from causes other than endoparasitism, ingestion of wilted red maple leaves, chronic disease, naturally occurring iron deficiency, and symptomatic Candidatus Mycoplasma haemolamae (CMhl) infections. Although most CMhl infections are not clinical, red blood cell (RBC) destruction may occur if the animal becomes severely stressed or immunocompromised.
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Figure 6-3 Llama with extreme pallor of the lower conjunctiva. This animal received a FAMACHA score of 5 out of 5 (very anemic).












Assessing Anthelmintic Efficacy


Quantitative fecal egg counts are extremely useful for determining the kind of internal parasites present on a farm. Most camelid farms have a variety of parasites present among herd members. H. contortus and T. colubriformis are consistent high egg shedders, so quantitative fecal egg counts are excellent indicators of the magnitude of infection. Methods for fecal egg quantitation include the modified McMasters test, as well as two centrifugation methods: (1) the Stoll test and (2) the modified Wisconsin test. These methods differ in their sensitivity end points as well as the likelihood of detecting certain types of parasites. For instance, the McMaster fecal egg count (FEC) has the advantage of requiring less time and equipment compared with centrifugation techniques and is particularly accurate for quantitating trichostrongyle eggs. The modified McMaster test, which uses 4 grams (g) of feces (rather than 2 g), has a sensitivity end point of 25 eggs per gram (EPG). A recently developed three-chamber McMaster test has a sensitivity end point of 8.3 EPG, which compared favorably with the sensitivity of the centrifugation techniques (sensitivity end point of 5 EPG).18 Further, no significant differences have been seen in quantitative accuracy for trichostrongyles between the new McMaster technique, and the two centrifugation techniques.18 However, centrifugation techniques are more likely to detect low levels of Trichuris spp., Nematodirus spp. eggs, and large coccidian oocysts compared with the McMaster tests.


Many commercial laboratories report fecal egg counts as the number of trichostrongyles or “strongyles” eggs seen, but further testing is needed to distinguish between T. colubriformis and H. contortus, as their eggs look identical under the microscope. Differentiation may be made by examining larval stages or by using a peanut lectin stain on the eggs. The FEC provides useful information with regard to the severity of the trichostrongyle burden, but this parameter should not be used as a sole indicator of the need to administer an anthelmintic. Fecal egg counts below 900 EPG of trichostrongyles were rarely associated with anemia or ill thrift in healthy adult llamas and alpacas when H. contortus was the predominant trichostrongyle.12 However, even if the FEC is low, animals showing signs of haemonchosis should be treated with an effective anthelmintic, as prepatent H. contortus infections may cause serious morbidity. Other causes of anemia should also be investigated. Further, fecal egg counts are only as accurate as the methodology used to generate them, and “set points” for when therapeutic intervention is deemed necessary will differ accordingly.


On farms with a high prevalence of H. contortus and T. colubriformis, anthelmintic sensitivity pattern should be determined every 2 to 3 years or more frequently if treatment failures are suspected. These two high egg-shedding trichostrongyles lend themselves well to studies assessing efficacy of treatment. The two main ways to assess anthelmintic performance are (1) the in vivo fecal egg count reduction test (FECRT), and (2) the LDA, which is an in vitro bioassay. The FECRT is best suited for use in large herds. Camelids that have not been treated with an anthelmintic for at least 8 weeks are divided into groups of 10 (or more) animals. The number of animals available will determine how many anthelmintics can be studied at one time. One group is left untreated as the control group. If smaller group sizes are used, pretreatment FECs are needed so that the egg counts can be balanced among the groups. This situation requires additional time and expense. If H. contortus is the predominant worm and sufficient animals are available to make large groups, camelids may be assigned to groups based on FAMACHA scores, thereby eliminating the need for pretreatment FECs. Camelids with FAMACHA scores of 3, 4, and 5 are the best test candidates, as they are most likely to be shedding a sufficient number of eggs. Test groups should be balanced according to FAMACHA scores so that infection is distributed more evenly among groups. Camelids that are extremely pale (FAMACHA score 5) should not be left in a control group; they should receive immediate treatment with an effective anthelmintic. Individual fecal samples are collected 10 to 14 days after anthelmintic treatment for quantitative FECs. Fresh fecal samples should be collected from the rectum and stored in airtight bags. Air should be evacuated out of the bag manually prior to sealing or by using the Reynolds handi-vac system (Figure 6-4). This step delays larvation, as does refrigeration. Properly stored samples may remain in diagnostic condition for 5 days (Bob Storey, personal communication). Once individual posttreatment FECs are performed, the arithmetic mean FECs for each treatment group and the control group are determined. The arithmetic means are compared using the fecal egg count reduction (FECR) formula:
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Figure 6-4 A vacuum sealing system sold for kitchen use can be used to remove air from a fecal sample, thereby preserving the diagnostic integrity of the sample for up to 5 days.
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On the basis of guidelines established by the World Association for Advancement of Veterinary Parasitology (WAAVP), an efficacious treatment will result in an FECR of greater than 95%. Reductions of 90% to 95% indicate low-level resistance, and reductions of less than 90% indicate resistance.19


The second test used to determine anthelmintic sensitivity of H. contortus and T. colubriformis is the larval developmental assay. It is currently being performed by Ray Kaplan's Laboratory in the Department of Infectious Diseases at the University of Georgia, College of Veterinary Medicine. Laboratory personnel harvest trichostrongyle eggs from composite fecal samples and place them in wells that contain varying concentrations of anthelmintics such as ivermectin, levamisole, and a benzimidazole. Moxidectin sensitivity is extrapolated from behavior of larvae in the higher concentrations of the ivermectin wells.5 This assay predicts sensitivity and resistance of the nematodes to these anthelmintics and has been validated for trichostrongyles of alpacas and llamas (Kaplan, personal communication). Kaplan's laboratory currently offers this test on a limited basis for a fee of $400.









Anthelmintic Use for Control of Haemonchus contortus



The three classes of anthelmintics commonly used in camelids are benzimidazoles, the imidothiazoles or tetrahydropyrimidines, and the macrocyclic lactones. Recently, a fourth class of anthelmintics, referred to as the aminoacetonitrile derivatives, was developed and marketed for use in sheep in New Zealand as monepental (Zolvix); the efficacy of this class of anthelmintics against camelid nematodes has not been studied. An effective anthelmintic should be utilized on a selective basis until its efficacy has declined to the point that it is no longer of clinical benefit. Rotation of anthelmintics must be discouraged, as this practice promotes creation of multiresistant worms.3 Since loss of anthelmintic efficacy progresses gradually, an anthelmintic with low-level resistance may still have clinical benefit, particularly if two anthelmintics from different classes are used simultaneously. This approach takes advantage of the synergism that may occur between anthelmintic classes.20 Most dosing recommendations for camelids have been extrapolated from ruminants such as cattle and sheep rather than from scientific investigations that test alpacas and llamas specifically.21 Several studies have provided insight into the fallacy of this approach. Following subcutaneous administration of ivermectin (0.2 milligrams per kilogram [mg/kg]), camelids developed only [image: image] the plasma concentration attained by sheep after receiving the same dosage.22 Another study measured the plasma concentrations of ivermectin after dosing llamas by various routes: injectable (0.2 mg/kg subcutaneously), a pour-on preparation for cattle (0.5 mg/kg applied on the back after parting the fiber to get to skin), and a paste formulation for horses (0.2 mg/kg orally).23 The subcutaneous and pour-on ivermectin treatments resulted in similar plasma concentrations, but the llamas dosed with the oral ivermectin preparation did not develop quantifiable plasma levels. These results suggested that oral ivermectin has less bioavailability than ivermectin delivered subcutaneously or topically in llamas. Although subcutaneous ivermectin appears to be efficacious for prevention of Parelaphostrongylus tenuis migration, efficacy against many gastrointestinal nematodes in camelids has declined, as shown by FECRTs and LDAs. The most potent member of the macrocyclic lactone class, moxidectin, is still efficacious against many H. contortus isolates in camelids, but resistance has already been documented. On the basis of dose titration results, an oral moxidectin dosage of 0.4 mg/kg is recommended in camelids.12 As indicated by FECRTs, oral moxidectin appears to be somewhat more efficacious than subcutaneously administered moxidectin.


Benzimidazoles such as fenbendazole (Panacur, Safe-Guard), and albendazole (Valbazen) have limited efficacy against nematodes such as H. contortus and T. colubriformis in the southeastern United States.7–9 However, they are still effective against other common camelid parasites. The efficacy of the benzimidazoles is increased in ruminants by withholding food for 12 hours prior to treatment because fasting slows gastrointestinal transit time, thereby allowing more contact time with the medication.3 A unique feature of benzimidazoles is that the duration of exposure has a marked effect on efficacy.24 As a result, multiple-day dosing increases its killing capacity. Fenbendazole is safe enough to be used for consecutive-day dosing in camelids. However, albendazole should not be used repeatedly over consecutive days in camelids, as fatal consequences have been noted, particularly in crias.25 Albendazole is associated with teratogenic effects in some species, so it is not recommended for use in camelids in early pregnancy.


Levamisole usage has increased in small ruminants and camelids, as safer anthelmintics have lost efficacy against H. contortus. Levamisole is an imidazothiazole anthelmintic that acts as a cholinergic agonist in mammals, which is why it has a narrow therapeutic index. Animals need to be weighed and dosed carefully. The oral route is safer than the injectable route. Toxicity manifests as hyperexcitability, salivation, trembling, ataxia, urination, defecation, collapse, and, in extreme cases, death from respiratory failure. Atropine sulfate (0.6–1.0 mg/kg subcutaneously) may alleviate side effects, if given promptly. Levamisole has been used safely and effectively in camelids at 8 mg/kg orally to treat H. contortus populations sensitive to the medication.


Morantel tartrate and pyrantel pamoate are tetrahydropyrimidine anthelmintics that are less potent than levamisole, but they have a wider margin of safety. Morantel tartrate is thought to be more effective in ruminants compared with pyrantel pamoate. Morantel tartrate (Rumatel Goat and Cattle Wormer) is sold in an alfalfa base and is recommended for use in small ruminants at a dose of 10 mg/kg orally. Based on the author's experiences, morantel has variable efficacy against levamisole-sensitive H. contortus isolates in camelids.









Ways to Prevent Resistance


Anthelmintic-resistant worms may arise on a farm in two ways: (1) They can be created by management practices on the farm, and (2) they may be purchased along with new herd additions. Producers can prevent escalation of anthelmintic resistance on their farm by adopting some important approaches. As already emphasized, every effort should be made to minimize frequency of anthelmintic treatments and to treat only animals that are in need of treatment. More emphasis needs to be placed on nonchemical management practices that decrease worm transmission. Removal of feces before infective larvae hatch from eggs is an excellent strategy, which many camelid owners are already practicing on a regular basis. During dry weather, removal of communal fecal piles every 3 to 4 days is sufficient. Runoff from rain will distribute eggs some distance away from the communal piles, so during periods of heavy rainfall, more frequent fecal removal is advised. Some producers burn the grassy area immediately around fecal piles in an effort to destroy larvae that have already reached the free-living stage. Co-grazing or alternate grazing with horses is another beneficial management strategy. Horses do not share important worms with camelids, and these two species utilize forage differently. In contrast, co-grazing or alternate grazing with small ruminants may be detrimental, since they are also hosts to H. contortus and T. colubriformis, and they disperse eggs over the entire grazing area.


Stocking rate has a tremendous impact on the level of pasture infectivity. When too many animals are on a pasture, the level of egg contamination may become so high that even animals with acquired immunity develop clinical signs of parasitism. Young animals (<1 year of age), pregnant and lactating animals, and animals stressed by another disease process or shipping are particularly vulnerable to parasitism because their immunity is impaired or not yet fully developed. The current recommendation is for 5 to 7 llamas and alpacas per acre of productive land, when animals are grazing on a free-choice basis.26 Many camelid owners do not have access to large grazing areas. Dry lot management may be an effective way to control worms during periods of high transmission, if these areas are kept dry and feces are removed on a frequent basis.


When several pastures are available for alternate or rotational grazing, the life cycle of trichostrongyles can be disrupted through management. Free-living larvae have a finite lifespan, and most will die off a pasture in 3 months under hot conditions and within 6 months in cooler conditions. It is very important that producers avoid the old “treat them all and move them” recommendations that have been advocated for years. If most or all of the herd received an anthelmintic treatment prior to being moved to a “clean” pasture, the pasture will be repopulated only with resistant parasites. A better approach is to move animals a few days before they are treated, so that some parasitic refugia are shed into the new environment. Selective use of anthelmintics makes this issue less of a concern, as sufficient refugia will remain in the camelids that are left untreated to avoid creating pastures full of resistant worms.


Research into the link between nutrition and parasite resistance in small ruminants has established how vital the intake of high-quality protein is for coping with parasitism.27 Ruminants on a nutritional plane that meets or exceeds recommendations for metabolizable dietary protein are better able to withstand parasite challenge than their undernourished counterparts. When assessing parasite problems in camelid herds, nutrition should be carefully scrutinized through feed and forage analyses, and inadequacies should be corrected with supplementation. Forages rich in condensed tannins such as Sericea lespedeza, birdsfoot trefoil, and chicory have natural anthelmintic effects and also provide an additional source of dietary protein. Studies have mainly evaluated the benefits of condensed tannins in small ruminants systems. More information on condensed tannins and other novel worm control strategies is available at www.wormx.org.









Biosecurity


Newly acquired animals or visitors coming for breeding purposes should be quarantined to a stall or a dry lot so that feces can be removed and disposed of away from the herd. In the case of a temporary visitor, the animal should not be commingled with the herd on pasture. New additions will ultimately need to be integrated into the herd, but several precautions need to be taken first. A quantitative FEC should be performed, and if trichostrongyles are identified, the animals should receive a combination of anthelmintics such as oral moxidectin, a benzimidazole, and a membrane-depolarizing anthelmintic such as morantel tartrate or levamisole. The FEC should be determined 10 to 14 days after treatment. If feces are free of trichostrongyle eggs, the animal may be integrated into the herd once the herd quarantine time is over. Several more weeks of fecal monitoring is necessary to monitor for oocyst shedding of large coccidians such as Eimeria macusaniensis because of the 32- to 45-day prepatent period.
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Chapter 7


Camelid Management, Handling Techniques and Facilities, and Herd Management




Marty McGee Bennett









Herd Management


Training and herd management are generally considered two different things. The methods that are customarily used for herd management would be considered barbaric if they were used for tasks that are considered training. The prevailing attitude about herd management is, “Anything goes as long as we get it over with as fast as we can.” This rationalization is responsible for a multitude of handling sins.


For the camelid, there is no difference between haltering or leading and injections, toenail trimming, shearing, or a rectal examination. The animal forms an attitude about humans and about the handler in particular based on the way the handler does everything. If a handler “makes nice” for training, but abandons his or her principles for herd management, it will not go well with their animals.


The good news is that a handler need not sacrifice a good relationship with the animal for the sake of good management. The author is not asserting that it is possible to make an animal's life totally anxiety- or pain-free. It is the sum total of experience the handler shares with their animals that forms the animals' overall impression. It is often said that animals know when a person is trying to help them; the author believes that to be true. In the same way, animals know when short cuts are taken, rationalizations for convenience are made, and when handlers are not doing the best that they can.









Containment versus Restraint


For a camelid to accept medical management procedures or even toenail trimming without restraint, the animal must be given a chance to try it. This may sound obvious. Yet most llama and alpaca owners and their veterinarians do not think it possible for camelids to accept many common procedures without some sort of restraint; consequently, they do not give the animal a chance to try it without a restraint.


Unlike horses, camelids are small enough to be physically restrained, so restraining them is very tempting. Camelid anatomy, however, makes physical restraint pound-for-pound a lot harder, akin to stuffing an angry wild cat in a sack.


Restraint is the act of holding back or the loss of freedom. As an example, injections or other medical procedures often begin when the animal is tied up, pushed against a wall, tied in a chute, or held still. Restraint is applied before the procedure begins. The animal fights restraint. Handlers react by using more restraint, and the animal fights harder. All this fighting occurs before the needle touches the animal's skin, so the procedure cannot be the issue. It is the restraint that provokes the fight. For the animal, most herd management procedures pale in comparison with the ordeal of being physically subdued by humans. Most camelids will accept routine procedures without restraint if given the opportunity and if they feel safe.


Containment, in contrast, is to enclose or to keep within certain limits. In this context, containment is a limitation of space within which the animal is allowed full freedom to move. In the author's experience, camelids respond much more positively to containment than to restraint. Camelids are much less likely to panic and struggle when contained than when restrained. Containment is extremely effective for high-strung and difficult animals.


Do not assume that “Vomiting Viola,” for example, who always puts up a terrible fight with any sort of management method, will not be able to handle the freedom the author is suggesting. In addition to the catch pen and aisle way, the ideal camelid-handling system involves two additional levels of containment:




1. A mini-catch pen for those times when a full-size catch pen offers too much freedom


2. A stanchion or chute with shoulder supports and a rear gate or butt board for those times when movement must be more fully contained (Figure 7-1).
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Figure 7-1 A simple pipe corral is a perfect container. Note that the rear barrier restricts the animal to the container.















Chuting the Camelid


Regardless of a camelid's training or temperament and the handler's skill, circumstances may dictate use of a high level of containment. A chute can be a very useful piece of equipment for many situations; however, the author finds it more useful to view a chute as an intermediate step rather than the be-all, end-all of handling. Often, animals can “graduate” from a chute to the mini-catch pen and finally to a catch pen. Even though they are typically called restraint chutes, many models can be modified successfully to serve more as containers rather than actual restraint devices. The author has worked effectively in chutes that had solid sides and chutes that had a single rail at chest height.


The author does not use the kind of chute that has a single chin support in the front. To be safe, these head restraint devices must be used with belly and back bands turning them into camelid straightjackets. Without total restraint, the risk of neck, head, and leg injuries to the animal is grave.


Upright shoulder supports are humane, safe, and very useful for certain procedures that involve the head and neck (Figure 7-2). When the shoulder supports are not needed they should be tied together, and the animal should be placed kitty-cornered in the chute. If the shoulder supports are not used, a front gate should be put on the chute to discourage the animal from pushing forward past the supports to escape out the front of the chute. Shoulder supports limit movement in the front half of the body without restraining the head.




[image: image]


Figure 7-2 Shoulder supports keep the animal from jumping forward.





A rear barrier is the key to using a chute for containment rather than restraint. The animal is restricted to the chute by virtue of the butt board in the back and the gate or shoulder supports in front, so the animal does not need to be tied (Figure 7-3). This is a very important modification that the author considers essential for all chutes. When using a rear barrier, it is not necessary to tie the llama or alpaca in the chute. A handler may stand at the front of the chute, offer food and prevent the animal from turning with signals on the lead rope. When the handler is working alone, the animal should be tied in the chute with enough slack in the rope so that the animal can back up and touch the rear barrier. In this way, the rear barrier stops the animal before it runs out of rope and panics. A butt board or rear restraint changes this restraint chute into a container, and the handler will not need to take the time to catch, halter, or lead the animals into a chute. To be effective for containment rather than restraint, a chute must have a butt board.
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Figure 7-3 A rear barrier is key to containment. The animal is restricted to the container by the rear barrier and not tied by the head.





Camelids are much less likely to panic if restricted to the chute from the back. If tied in a chute without a rear barrier, most camelids lean back on the rope at first and remain balanced against the rope. When the procedure begins, they struggle and may leap forward into or through the shoulder supports. Alternatively, they lean back on the rope with the head high and the back dropped in a very uncomfortable position.


Not all camelids—even of the same species—are of the same length. The rear barrier is much more effective if it can be adjusted front to back to accommodate animals of different lengths. The addition of a hay bag full of juicy alfalfa or a detachable grain tray completes the user-friendly chute. The act of eating settles as well as distracts and encourages the animal to relax.


Place the chute in a well-lit, well-ventilated area. Animals do not like to enter blind alleys and dark tunnels. Arrange the chute such that the animal is not looking at a wall and can see other animals nearby. When working with dams put a catch pen at the front of the pen and put the cria there along with some other animals. Dams will stay calmer if they can see their crias.


If the proper method is used, the purpose of a halter is giving direction, not restraint. If the handler does choose to tie an animal tightly inside the chute, be aware that a poorly fitting halter will make the procedure more dangerous and difficult. It is far better to tighten the crown piece up very snugly than to risk the noseband slipping forward, compromising breathing.


First impressions are very important. The animal will be much more cooperative and accepting of the chute if it is herded or led into the chute before the chute is actually used for a procedure. This works wonders. If the handler chooses to tie the camelid in the chute, he or she should try using a halter with rings on each side of the noseband. The animal should be cross-tied with two lines rather than with one single line under the chin. Tying this way prevents the animal from turning but still allows the handler to offer some slack. Two lines will help the animal stay forward in the chute and will help keep balance much better than one single line under the chin.


Should an animal begin to spit while in the chute, some handlers will suggest covering the mouth in some way including using a towel over the nose or completely covering the head with a bag. Animals in a chute act out, partly because they feel closed in and claustrophobic. Covering the face and restricting the airway cannot be helpful. The cartilage at the end of the nose is very delicate and may be compressed easily even by a light towel or rag. Remember that camelids are semi-obligate nasal breathers. If the nasal passage has been compromised, the handler will have essentially pushed the animal's “panic button.” Coveralls, safety glasses, showers, directing the head in a different way, and simply staying out of the way are much more humane alternatives.


If a chute or a mini-catch pen is not available, try using a stock trailer for many of the medical procedures described in this chapter. When a camelid must be taken to a veterinary clinic, leave the animal in the trailer if possible for examination and any treatment.









The Mini-Catch Pen


When a chute is used as a means of containment rather than as a true restraint device, its main function is limiting sideways and front-to-back movements rather than restraining the body. After using a chute a few times, for example, to trim toenails, your animal may be ready for more freedom than the chute would allow but may not be able to handle the complete freedom of a catch pen. An intermediate level of containment that bridges the gap between a catch pen and a chute is the mini-catch pen.


The ideal mini-catch pen is built into the corner of the catch pen or another convenient place in the barn. A mini-catch pen may be wider and longer than a chute, allowing more freedom for the animal and comfort for the handler. A sturdy box, 4 × 6 feet, seems to be an ideal size for llamas and 3 × 4 feet for alpacas. Cutouts on the side are a great feature allowing smaller animals to see out. A feed dish and a hay manger, which fits inside the end of the mini-catch pen so that the animal can stand comfortably and eat, will complete the set up (Figure 7-4). The mini-catch pen is also a very useful tool for initial handling of untrained crias and weanlings. A standard size catch pen is too large for them because of their small size. A mini-catch pen may be used in place of a standard catch pen for teaching balance and halter acceptance.
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Figure 7-4 A smaller working area—the mini-catch pen is a perfect size for certain tasks such as injections and trimming toenails.












The Neck Wrap: Putting It on and Taking It off


A neck wrap is an elastic wrap that begins at the base of the neck, continues in a crisscross fashion, and ends just below the ears, where it is fastened. The neck wrap is particularly useful for routine medical procedures, but it is also useful for animals that cannot settle down in the catch pen or as support for the first leading lesson outside the catch pen. Why this tool or technique works so effectively with camelids is a bit of a mystery, but it likely has to do with the length of these animals' necks. Keeping an animal in balance is key to helping them remain calm. When the head is used as the point of connection and control, the length of the neck makes this difficult. The length and flexibility of the neck allow the animal to move its body freely even when restrained by the head. The neck wrap, however, creates a physical connection between the head and the rest of the body, and this settles the animal. The neck wrap may go on at any time during the handling or training process. It can be used inside the catch pen, inside the mini-catch pen, or outside anywhere. Always put the neck wrap on inside a confined area. If the handler intends to leave the catch pen with the animal, the neck wrap should be placed on the animal in the catch pen prior to leaving. If the handler and animal are outside the catch pen and the handler decides that the animal might benefit from a neck wrap, the animal should be led back to the catch pen to put it on.


The author's preferred neck wrap is a sturdy elastic wrap that features a fastex buckle at the end and is long enough to accommodate all sizes of animals (Figure 7-5). Smaller animals may end up with more wraps and larger animals with fewer wraps, but it does not seem to make much of a difference in terms of effectiveness. What is more important is that the wrap be snug enough to be felt along the length of the neck.
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Figure 7-5 A neck wrap may help an animal settle down and stay calm during procedures.





Begin by rolling the two ends of the neck wrap toward each other and meeting half way (Figure 7-6). This work should be done in a small space and the animal should be allowed to move as the wrap is placed. Alternatively, a second person can be used to help steady the animal as the handler works. Sometimes veterinarians may use a neck wrap for drawing blood from the jugular vein if the area for the venipuncture is left uncovered.
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Figure 7-6 This animal is wearing a neck wrap. Begin wrapping at the base of the neck ending up at the top of the neck.





Removing the wrap involves simply unhooking it and unwinding it from the neck. Do be careful to keep the ends in your hands so that the removal process does not frighten the animal.


Many years ago, when the author made the veterinary handling video, “Treating Your Llama Kindly” with Dr. LaRue Johnson, the technique of choice at that time was a body wrap. The neck wrap has supplanted this technique because it is much easier to put on and remove. Although Dr. Johnson was a bit skeptical about the idea of the body wrap, we tried it on a number of animals. We found it helpful almost every time, and Dr. Johnson was convinced about the usefulness of the technique, which was then featured prominently in the video mentioned above. The neck wrap accomplishes the same thing as the body wrap, but with two main advantages: (1) It is easier for the handler (particularly a novice) to use; (2) it is less frightening initially for the animal, which is much less likely to react or overreact to the neck wrap.


Whether you are an owner assisting your veterinarian with drawing blood, giving an injection, trimming toenails, or shearing or a veterinarian working with client animals, these tools—the neck wrap and containment—will make your job easier and make it easier for your animal as well.









Trimming Toenails or Teaching the Camelid NOT to Pick up Its Feet


Why would anyone want to teach an animal not to pick up its feet? Trimming toenails, without a doubt, is the most problematic of management chores. Something could and should be done differently to make it easier for camelids to accept having their nails trimmed.


Some of the possible explanations for the difficulty of toenail trimming are as follows:




1. Camelids use their legs as their primary means of defense, that is, to run from what could be dangerous.


2. Male camelids bite the legs of other male camelids as part of a ritualized dominance process.


3. Males bite the legs of females to encourage them to lie down for breeding.


4. The way handlers go about the process of trimming toenails of camelids could be the problem.





The basic nature of the animals cannot be changed, at least in the short term. Owners and handlers could make animal temperament more of a priority when making breeding decisions, but that is a different subject. So it would appear that numbers 1 to 3 on the list above are really out of a handler's hands, which leads to the oft-quoted wisdom, “The only behavior you can change is your own.” This leaves number four as the best explanation for the difficulty of toenail trimming.


The actual trimming of toenails is really easy. It does not require any particular skill or strength to snip off the extra growth of a toenail. It does not require much time or any specialized tools, and it does not have to be painful for the animal. However, getting the animal's foot in hand and keeping it there long enough to trim the toenails is another matter altogether. An adult animal that is determined to thwart all efforts at nail trimming can be amazingly slippery. Trimming the toenails of 20 or 30 difficult animals may, in fact, be beyond the physical capabilities of the very people to whom we are selling the idea of keeping camelids as pets such as women, older people, and the less than physically fit. The author's experience is that many, if not most, camelids are difficult to some degree when it comes to a pedicure. Even animals that are easy to handle are so because they do not fight very hard, not because they actually cooperate. The author has come across very few animals that will stand quietly, carrying their weight on the remaining three legs without some propping up. Acting as the counterbalance for 30 or more animals on any given day is not very pleasant, even if they are not actually fighting.


Trimming toenails is something that must be done on a regular basis, and it is important from the standpoint of both health and esthetics. It would make a great deal of sense to invest some time in learning to do it well and training the animals to accept it. In the author's opinion the major reason for difficulty trimming toenails is that the animal is not taught to accept having its legs handled before handlers attempt to pick up its feet. In other words, the animal must be taught not to pick up its feet.


Sometimes the problem is that fear is misinterpreted as cooperation. The animal is picking up its foot not because it understands what the handler wants and has decided to cooperate. It is picking up its foot because it is afraid. The handler then compounds the error by refusing to release the foot when the animal wants it back because the handler is determined to get the toenails trimmed right then. This frightening process teaches the animal to begin using preemptive behavior to keep its feet out of the handler's hands.


This then explains why the behavior of animals often gets worse, not better, with regard to toenail trimming. What began as simply picking up the foot to avoid handling goes on to picking it up and hiding it under the opposite leg, which is followed shortly by sinking down and finally by recumbency to cover up the legs altogether. Once a camelid has learned this escape or evasion behavior, it becomes a challenge to get it to give it up.


The author submits that the typical way handlers go about trimming toenails is only reinforcing a natural instinctive avoidance response in the animal instead of teaching what really needs to be learned, that is, to overcome its instincts and allow its legs to be handled.


Thankfully the way back is not that hard, but it does require a shift in thinking. The animal must first be taught not to pick up its foot! The handler must focus initially on helping the animal keep its feet on the ground. The handler moves on to actually picking a foot up only after he or she can run a hand down the leg without an evasive reaction. When the handler does pick up the foot, it must be released even before the animal asks for it.


The following process is useful for both teaching young animals to accept having legs handled and toenails trimmed. The author recommends the same process for rehabilitation of alpacas that have become difficult. Lessons are very short (3–5 minutes), and it is not necessary to work daily or even weekly. If the handler weighs animals on a regular basis, this can be a good opportunity to work on the training process, too. It takes a longer period to change the set behavior of an animal than to take precautions to avoid the problem in the first place.


The physical setup can be approached in many different ways. If you choose to work with a single animal, the ideal pen size is about 4 to 5 feet by 6 to 7 feet and larger for llamas, although your size matters as well. The idea is that the size of the pen should be just about big enough for you and the animal. This area should be near or next to other animals. The most important purpose of the setup is to limit movement without tying or restraint.


If the handler is working with a helper, his or her job is to act as a balance spotter, that is, to help keep the animal in balance while not restraining it. A light support with one hand under the jaw and the other in the groove that is just behind the bottom lip, which the author has named “the bracelet,” is an effective technique (Figure 7-7). If working alone in a small space with a single animal, the handler may hang a bag of hay or offer grain to create some incentive for the animal to stand.
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Figure 7-7 The bracelet is a very effective way of helping an animal remain in balance and therefore still. It is not a hold but a technique for using the head to keep the body in balance.





With the animal in balance, the handler should begin by standing next to the animal, facing its rear. The handler should place the hand or arm that is closest to the animal across the animal's body. This allows the handler to manipulate the animal's balance. The animal should place its weight on the leg that the handler is planning to work with. In this way, the animal learns to keep its foot on the ground—it is very difficult to pick up a foot with weight on it! Remember this is about teaching the animal to keep its the foot down, not picking it up. The animal will have to shift its weight before it can pick up the foot. With the handler's hand across the animal's back, the handler will feel the animal beginning to shift its weight and be able to correct it, and help the animal succeed (Figure 7-8).
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Figure 7-8 The two-handed approach for picking up feet is easier for the animal. One hand is on the top-line and the other on the upper part of the front leg.





Use the back of the other hand to make firm stroking motions, always beginning at the top-line and progressing down to just above the knee on the front leg and just above the hock on the back. Do not work slowly; each stroke should take a second or so. If at any time the animal begins to shift its weight, use the hand across the back to bring the weight back into neutral, and most important, bring the other hand back up to a place on the leg that does not create a reaction. The goal is to help the animal stand in balance without leaning toward the handler or leaning against the handler's arm, and to teach the animal that you understand its body language. If the handler insists on moving on to a point that scares the animal and ignores early subtle indications of fear, the handler will push it to begin difficult behaviors that the handler is trying to avoid, such as picking up the foot, kushing, rearing, and so on.


Work with the rear legs in much the same way. Place the hand or arm closest to the animal across the back, and use it to guide the animal to shift its weight onto the leg that will be worked with (Figure 7-9). It is more difficult to work alone with the rear legs unless the animal is highly motivated by food. Be prepared that progress on the rear legs will be a bit slower. Remember that unless and until the animal is willing to stand quietly with the handler's hand or arm resting across the back, the animal is not ready to move to the next step.
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Figure 7-9 Using two hands, with one on the top-line, allows the handler to make the animal shift the weight on to the leg. In the case of the rear legs, this prevents unexpected kicking.





Work on each leg for a minute or so. Move the hand as far down the leg as the animal will allow. Some animals, for whatever reason, have trouble with placement of the hand or arm across its body. It may take a few lessons to overcome that. Always begin with what the animal can do, and practice only what it can do successfully. A perfect lesson is one in which the animal never picks up its foot. The goal is to progress until the animal will accept the handler's stroking as well as the handler stopping and lingering just above and behind the knee on the front and just above and in front of the hock on the back.


The two different elements to picking up a foot are as follows: (1) Now that the animal is not reflexively picking up its foot because of fear, the handler must get the animal to bend its leg and pick up the foot; and (2) Then the handler must help it shift its weight and keep its balance.


Initial lessons in picking up feet and trimming toenails are best done with two people. It is possible to work alone, but the progress will be slow, and the handler must expect less in each lesson. Whether the handler is working alone or with a partner, the easiest way to work on toenails is to work in a catch pen crowded with animals. Alternatively, the handler may work in an area that will accommodate just the handler and the animal. Food-motivated animals are better candidates for solo trimming in a small area.


For most other management chores such as injections, oral medications, and shearing it is neither necessary nor desirable for the llama or the alpaca to participate. In an ideal world, the animal would stand quietly as the handler performed these management jobs; but in reality, the handler does the best he or she can to get the job done, and repetition is not usually part of the process. In terms of management, trimming toenails is a bit different. Ideally, the animal participates by lifting the leg in response to a signal, and it actually must learn a particular behavioral “skill,” that is, standing on three legs. In this case, practice (provided the animal is practicing the correct behavior) is useful for several different reasons: (1) The handler can gradually increase the amount of time requiring the animal to remain on three legs; (2) The animal can practice shifting its weight when asked; and (3) The handler builds the animal's confidence in the handler's willingness to release the foot when indicated.


In the author's experience, many handlers do just the opposite when trimming toenails. They hold up the foot way too long, push the animal totally out of balance, or use their body as a counterbalance to prop up the animal. The biggest mistake of all, however, is not releasing the foot when the animal wants its foot back. Most handlers do not understand the dynamics of balance, and in the process of picking up the foot, move the animal too far in the opposite direction. The camelid feels as if it is going to fall down, and at this point, it needs its foot back to regain balance. If the handler will not release the foot, inevitably the animal will be scared and experience more fear the next time its toenails are trimmed. New behaviors develop, such as spinning, rearing, kushing, or spitting.


Most handlers go straight for the foot to pick it up. Although this would seem to make sense, the foot is the point on the body farthest from the center of mass and has the power to change the balance of the rest of the body. Assuming that the animal is standing in balance to begin with, the handler would be better served to choose a point on the leg closer to the center of mass. In this way, any movement made by the handler or by the animal will not be as likely to cause the animal to lose its balance. The handler can quite easily get the foot up off the ground by manipulating the upper leg of the animal (Figure 7-10). Moving the upper leg is easier for the animal to accept and also makes it easier for it to find and keep its balance. You should bear in mind how weight is normally distributed, as shown in Figure 7-11. Lifting a front leg obviously puts even more weight on the opposite leg as the animal cooperates.
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Figure 7-10 By using the upper leg, the handler is less likely to upset the animal's balance, and for this reason, the animal feels safer.
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Figure 7-11 The average weight distribution for camelids is 67% carried over the front legs and only 33% over the back legs.





Now that the camelid is not automatically picking up its foot from fear, the handler must learn how to bend the animal's knee. Learning to use a “ratcheting” signal is the key to bending the leg. The ratchet is a training technique for creating movement. The author uses a ratcheting signal for teaching an animal to lead and for getting it “unstuck” if it balks. Whatever the handler wishes to move—a leg, the head, or the whole body—the technique is the same. The author often ratchets an animal with her hip to move it around inside the catch pen. Look at the graphic representation of the three basic ways of giving a signal, as shown in Figure 7-12: (1) steady pull (or steady push), (2) tug-and-release (or push-and-release), and (3) ratchet.
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Figure 7-12 Force application options: direct, back and forth, and (the preferred) ratcheting. Top, All of the force in one direction. Middle, Application of force followed by total release. Bottom, Application of force with partial release resulting in movement (preferred approach to get movement).





When the handler pulls steadily on a lead rope, the animal often just pulls back steadily. When pushing the back of the leg forward, the handler will only encourage the camelid to push back and lock the knee. A tug-and-release or push-and-release on the upper leg will cause the animal to bend and straighten its leg over and over but not necessarily pick it up. In the ratcheting technique, over the course of three or four signals, the animal moves the leg incrementally forward, and as this happens, the foot comes off the ground. If the signals are too slow, the animal will learn to ignore them.










Picking up a Front Leg


The following is a step-by-step process for picking up an animal's front leg. The handler may or may not get to the last step for each leg in the first lesson. The author recommends that no more than 5 minutes be spent on trimming toenails in any one lesson. The handler can make progress with trimming toenails if working with the legs is repeated intermittently. Once the animal accepts having its legs handled and toenails trimmed, 5 minutes is plenty of time to accomplish the task.


The following is the step-by-step process for picking up the left front leg. With the animal in balance, begin by standing on the left side next to the animal, facing its rear:




1. Put the left hand or arm on the top-line (first choice) or across the animal's body on the opposite upper shoulder (Figure 7-13). The left hand will support the animal's balance and help move its weight on to the left leg. The animal's weight should be on the leg that is being worked with until the handler gets the right hand in place behind the front leg just above the knee.
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Figure 7-13 The handler is making the animal shift its weight to the front leg opposite to the leg being lifted.





2. Once the hand is in place, the handler should have the animal move its weight to the right front leg by guiding it with the handler's hip or left hand while beginning to give ratcheting signals with the right hand in the direction that the animal's leg should bend, that is, forward. Remember that the foot comes up off the ground as the knee bends. Your signal is going to be toward the front of the animal, not up. If you choose to, this is the time to offer verbal reinforcement. Make sure to give the command (e.g., Give!) at the instant that the foot comes up off of the ground and not before.


3. Once the foot is off of the ground, put it back on the ground immediately.


4. Repeat this process several times, 10 times or so. The handler is teaching the animal that he or she can be relied on to give the foot back.


5. If the animal accepts this process, the handler can begin to hold the foot up off the ground for a few seconds. The previous step should help the animal learn to shift its balance and learn to support itself on three legs; however, if the animal begins to lean on the handler, the author recommends ratcheting him away gently with the hip.


6. Once the animal is standing in balance with its foot off the ground, the handler can move the left hand from across the back or the top line to support the cannon bone, thereby freeing up the right hand (Figure 7-14).
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Figure 7-14 Once the leg is off the ground and the animal is in balance, the handler swaps hands to trim the toenails.





7. Once the leg is supported, the handler now has a free hand for trimming.





Picking up the left rear leg follows much the same process. The handler places the left hand on the top line or across the body on the opposite hip. If the handler finds that the animal is leaning left, it may help to slide the left hand further down the leg on the opposite side (Figure 7-15). The placement for the right hand picking up the foot is above and behind the hock. It will be much more difficult if working alone on the back legs unless the animal is motivated by food, in which case a flake of hay or a bowl of grain may serve as incentive to stand in place.
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Figure 7-15 Using a hand on the top-line facilitates getting the leg off the ground and helping the animal maintain its balance.





The handler has now really managed the hard part. The animal has learned to feel safe and comfortable with its foot in the handler's hand and off the ground. At this point, unless the handler is ambidextrous, some adjustment will likely have to be made for the trimmers to be in the appropriate hand (Figure 7-16). Remember to switch the directions above when trimming the right front and right hind leg (Box 7-1).





Box 7-1   How to Make Toenail Trimming Easier







• Use a holster that fits on the handler's lower leg. This allows the handler to retrieve the nippers without moving very much. Too much activity trying to get the nippers out of one's pocket will likely take the animal out of balance. When one finally did get the animal in balance and ready to trim and the nippers were on the ground, just out of reach, it would be a huge problem!


• Trim very conservatively at first—all handlers quick an animal every now and then, but it should not happen the first time the animal is trimmed.


• Allow the llama or the alpaca to put its foot down a few times during the trimming process if it needs to. The more practice it gets picking up its foot and getting it back, the better for both animal and handler.


• Trimming toenails is much easier when they are moist, for example, after a rain. If one lives in a dry climate, wet down a small area and keep the animals in this area for a few minutes before trimming.


• Do not hesitate to use a sedative for really difficult animals if it is needed. Wrestling with the animal to trim its toenails makes the process more traumatic for it and only teaches the animal to resist more aggressively.
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Figure 7-16 With the animal in balance, the handler switches hands and supports the fetlock joint to trim the rear toenails.





After a few sessions, the animal will learn that the ratchet signal means it has to pick up its foot and will respond when given the first signal; it will also learn to shift its weight and gain confidence standing on three legs. Toenail trimming will then become the easy routine chore that it should be. WHEW! this was tough!









Medical Herd Management


Medical procedures can be distressing and dangerous for the owner, the animal, and the veterinarian. The discussion in this section aims to make things easier for all concerned, while not advocating any technique that sacrifices safety of handlers for comfort of the animal.


After many sessions with veterinarians and camelid owners, the author offers the following approach to managing an animal's medical needs. The author was also fortunate to receive excellent guidance from two prominent camelid veterinarians, David E. Anderson, Associate Professor, University of Tennessee, and LaRue Johnson, Emeritus Professor, Colorado State University.






The Medical Team


Communication is a key element in creating a highly efficient animal care team. Many veterinarians charge by procedure or visit and not necessarily for their time. For owners who are keen to try some of these new techniques, the author suggests that the owner or handler practice all of the elements that he or she can do alone before the veterinarian is involved. Handlers should learn how to put a neck wrap on the animals quickly and easily. It is neither fair nor appropriate to practice such things while your veterinarian is waiting.


The handler should modify the chute, and make sure that all involved understand how it works using the new approach described in the preceding sections. Once the veterinarian is involved, the owner should offer to pay him or her extra if the techniques take longer. Both owner and veterinarian will be pleasantly surprised to find that these methods are both humane and efficient.









Injections: A New Way


When something sharp is put into an animal, it is, without a doubt, going to move. It follows that the animal must be held still. However, it need not be so. The problem with this approach is quite obvious. Restraining gets anyone worked up even before the procedure starts. Imagine how it would feel to be physically restrained to get a shot.


The needle for a subcutaneous (SQ; under the skin) injection is placed a half an inch or less under the skin, whereas an intramuscular (IM) injection is inserted an inch or more. However strong the handler, or how effective the chute is, the animal cannot be restrained in such a manner that it is incapable of moving even an inch. Given a camelid's long neck, it is very difficult to eliminate body movement by merely tying the head, even when the animal is inside a chute. No matter how the animal is trussed for giving an injection, the handler must be prepared to move with the animal or it is going to move away from and off the needle. Since the handler has to learn to move with the animal anyway, simply contain the animal instead of restraining it, and plan to accommodate movement. The handler can then use his or her knowledge of animal movement to guide movement in a predictable direction, thus giving injections with no restraint. This no-restraint method offers many advantages (Box 7-2).





Box 7-2   Advantages of the No-Restraint Method of Administering Injections







• There is less animal movement.


• If movement occurs, it is less violent, less erratic, and predictable.


• The animal stays calm through the procedure.


• The muscles are not tight.


• Abscesses are less likely to occur.


• It makes the procedure faster and easier.


• One person can administer the injection, which saves on time and labor and also makes the animal feel safe.












Get Organized


It is important to be organized when providing herd health care. Being organized makes the handler feel competent, and it also calms and increases trust and confidence in the animals that are on the other end of the needle. Being organized is important for the handler and doubly important to the animals waiting their turn to be treated. Even if the handler has a chute, the easiest way to give injections is still in a catch pen. Put as many animals as will comfortably fit inside the catch pen. The animals should be on the crowded side; 8 to 10 alpacas or 5 to 6 llamas in a 9 × 9 square foot pen are not too many (Figure 7-17). Aim for allowing about 20% empty space in the pen. If the handler has a small number of animals—only two or three—the handler may make the pen smaller with bales of straw or use the mini-catch pen. The author likes to crowd the animals up for two reasons: (1) They slow each other down; and (2) they feel safer in a group. A bag of hay may be hung inside or in each corner of the pen. More animals means more hay bags.
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Figure 7-17 Optimal number of animals for herd management chores in a catch pen.





Even before the animals are in the pen, the handler should draw up all the injections. Syringes and the record-keeping clipboard should be placed where they can be reached while standing inside the pen. A small table just outside the pen is ideal. Wear an apron with a pocket to keep the syringe(s) in. A carpenter's apron is useful for this. Remember to always keep the cap over the needle until it is time to use it.


All the animals should be kept in the pen even after they have received their injection(s) unless there are any animals that cause trouble. Give such animals their injections first and let them out. Write down the name or number of the animal and what injections were given immediately after the injection is given. It is also a good idea to write a brief comment about how the animal behaved. In this way, progress can be tracked. If the handler is giving multiple injections, the author recommends that both injections be given concurrently to one animal before proceeding to the next animal. The author thinks the animals have a sense of their turn being done and relax more completely if this strategy is used.


If the handler is working with a larger herd, the whole group can be herded into the holding pen and groups of 8 to 10 moved into the catch pen and let out when the entire group is finished receiving care. This is an ideal number of animals for a 9 × 9 square foot pen. With this system, no animal is ever left alone, but the entire herd does not need to be confined the entire time. It is not necessary or advisable to trim toenails at the same time that injections are given. Herd management chores should be spread out so that neither the handler nor the animals are overstressed.


Many owners trim toenails on shearing day, especially if the animals are stretched out. This is acceptable, however, the author does not recommend giving injections on shearing day. The author thinks that the shearing process is stressful enough and that it is best to do injections another time.









Ideal Sites for No-Restraint Injections


Before giving an injection, the handler needs to know where to inject as there are some options. Injection sites are available all over the body. Some sites work for no-restraint injections, and others do not. Stick something sharp in an animal's rear end and it may do one of two things: (1) move forward or (2) kick. Unless the animal is prevented from moving forward, it is very difficult to keep it from walking right off the needle. Vice versa, if the animal is prevented from moving forward while receiving an injection in its rear end, it may rear up or buck, which is also not good.









Subcutaneous Injections


Giving SQ injections is probably the easiest medical procedure. Most medications, even antibiotics, can be given this way. SQ injections should be given as low on the body as possible in the front half of the body. The author prefers the area just where the neck and the shoulder come together (Figure 7-18). In this area, the skin is relatively loose, and no bones or major vessels are present. This site makes it very easy to move with the animal when it moves. The crease of the neck is also an easy place to check later for a reaction and to treat in the unlikely event of a reaction to the medicine.
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Figure 7-18 This is the ideal location for subcutaneous injections—easy for the animal to accept and easy for the handler to administer.





Decide which animal is to receive the injection, and get the proper syringe ready. The handler should make sure to stay behind the animal's eye, and keep to the center of the pen with the animal tracking around the outside next to the panels. Use the previously learned techniques to choose the escape route for the animal. The animal is allowed to move, but only in the direction the handler chooses. The handler's hip should be close to the animal's hip. The handler should bump the animal on its hip with his or her hip. Bumping the animal's rear end away from the center keeps the animal from turning to the outside. The handler should put his or her off-hand firmly on the far side of the animal just over the top-line in the area where the neck and shoulder come together—this is the injection site.


At the intended site, gently grasp a handful of wool. Use the wool to pull the skin away from the body, which creates a skin tent (a place where the skin is off the body) just behind the most bulbous part of the handler's thumb (Figure 7-19). The handler need not see the tent. Slide the needle under the elevated skin, and push the plunger. On a shorn animal, it is easy to pick up a fold of skin to see the skin tent.
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Figure 7-19 Using your hand, as illustrated here, makes it easy to create and find the skin tent.





Giving the injection on the side of the animal that is away from the handler is critical to the success of this technique. It is a given that the animal will move away from the needle. By giving the injection on the off-side, the handler ensures that the animal will move towards the handler while moving away from the needle (Figure 7-20). This makes it quite easy to stay with the animal and keep the needle under the skin as the injection is given. The handler's hands are used the same way regardless of which side on the handler starts. It is equally easy either way and even with young animals.
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Figure 7-20 Giving the injection on the off-side makes it easier to allow the animal some latitude to move without dislodging the needle.





Some disagreement exists among veterinarians, but the author's veterinary coaches have told her that aspirating (drawing back on the plunger to check for blood) is not required for proper SQ injections. It is not necessary to part the wool to visualize the skin, nor is it necessary to swab the skin with alcohol.









Intramuscular Injections


The ideal site for an IM injection is the front half of the body. The author prefers the back of the forearm (triceps muscle). As much as is possible, give injections below a line drawn between the point of the shoulder and the point of the hip.


Dr. David Anderson prefers sites in the front for two reasons:




1. They are easier to give without using restraint.


2. The medicine or sedation acts more quickly when given in the front half of the body. This muscle mass can accommodate up to 5 mL of medication in alpacas and slightly more in llamas.





The handler should, of course, consult with his or her veterinarian about health care. When animals are very sick and large doses of medicine must be given repeatedly, it may be necessary to use injection sites all over the body, including the rear half. A sick animal is not likely to protest very much whatever site is chosen. When the animal begins to feel well enough to fight, switch to the front half, and alternate between one side and the other.


The animal is approached the same way for IM injections. Instead of picking up a handful of wool, the author leans over the animal and uses its triceps muscle (Figure 7-21). In the case of an IM shot, the needle should go straight in. Do it smoothly and quickly; it is not necessary to tap or use an abrupt movement, but push firmly and quickly. Follow the veterinarian's advice about whether or not to aspirate before pushing the medication into the muscle. If the animal walks, the handler should simply walk with it and use his or her body position and hip to keep the animal tracking around the pen.
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Figure 7-21 Reaching across the body to give an intramuscular shot ensures that when the animal moves away from the needle, it moves toward the handler. This means less need for restraint.












Some Suggestions for Giving Injections


Use an appropriate needle for the job. Thicker medications require a larger needle (the larger the needle, the smaller is the gauge). Ivermectin, for example, is very viscous and goes in well with a 16- to 18-gauge needle; tetanus antitoxin is very thin and can be injected with a 20-gauge needle easily. For IM injections, once the needle is in the muscle, push the medication slowly. It is more comfortable for the animals, and the medication is less likely to tear the muscle fibers.


Dr. LaRue Johnson suggests that when injecting something that stings such as ivermectin or B-complex vitamins, the medicine be drawn up with one needle and then changed to a new one. In this way, no irritating residue will remain on the needle, and the injection site will not begin stinging as soon as the needle pierces the skin. The handler will have a bit longer to push the medicine in before the animal begins to react to the medication. If multiple injections are to be given, always give a stinging one last. Remember to breathe. The tendency is to inhale and hold the breath just prior to putting the needle into the skin. The animal could perceive this as a signal to run. The handler may then appear to the animal as being ready to pounce. Breathe evenly to avoid this impression. Once the needle is removed, the handler may want to do TTouch in the area of the injection. Continue to let the animal walk, and try a few gentle Abalone touches in the general vicinity of the injection (Figure 7-22). If the animal wants to get away, let it go and do not insist on doing TTouch.
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Figure 7-22 The Abalone TTouch helps distribute the medication and soothe the injection site.





The Abalone hand touch is a great TTouch for soothing a muscle after an injection or relaxing big muscles after hard work. The handler should place the entire palm on the animal's body allowing it to conform to the shape of the animal's body area. The touch is accomplished by moving the entire hand in a complete circle repeatedly. Because this TTouch is generalized, it is not invasive or threatening and is a good way of acclimating an animal to TTouch on the body. If daily injections must be given to the same animal, the handler can offer a generous portion of food during and after the injection along with TTouch in order to comfort the animal.










Alternative Injection Strategies


The author has used several variations of this basic no-restraint strategy for giving injections. If a handler is working with an animal that loves grain or other treats, the handler can offer some in a corner of the pen by hanging a feeder on the rail of the pen, or asking a person outside the catch pen to stick a shallow pan of grain through the rails. Make sure to stand toward the center of the pen, and give the shot on the off-side (far-side) of the animal. The animal may leave the food when the needle is put under the skin, so the handler should be prepared to move with the animal. Do not put the food on the ground. The problem with offering food is that it requires the animal to be isolated. Two, three, or more animals competing for the same pan of food does not make for a calm, organized pen. This technique works very well with a single animal in a mini-catch pen and is a good way to gain confidence with the method.


The author finds that giving injections is best done alone. In the beginning, the handler may feel better working with another person, or may opt to assist the veterinarian or a partner. A helper's job is not to restrict the movement of the camelid, but to direct it. The helper should approach from behind the animal's eye, and by putting one hand on the midline of the animal's neck and the other under the jaw steer the animal around the outer edges of the pen (Figure 7-23). The helper will have a much easier time steering if a halter is used. If the handler is the one giving the injection, the helper should be given a “heads up” when the needle is put in the animal. Both handler and helper should remember to breathe!
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Figure 7-23 When giving injections, an assistant may use the bracelet to help the animal balance and to steer the animal around the edges of the catch pen.





If the camelid cannot settle down enough to receive an injection in a catch pen, try the mini-catch pen, if available. If that does not work or is not available, the chute, as described earlier, will almost certainly provide enough containment. The handler as well as the animal should be allowed a learning curve.


The handler should make it a practice to begin a procedure with the least amount of containment. The handler can always move to the chute if necessary. The handler may find that more frredom may be offered to the animal each time. If time is limited and the handler is concerned that this method will take too long, work with a few animals in this way during each herd management session.









Injections for Crias and Weanlings


Even if the handler adopts the practice of no-restraint injections for adult animals, he or she may still be tempted to pick up crias or gently sit over them. These techniques only promote resistance and fear. Eventually, these techniques will not work anyway. At 3 or 4 months of age, a flailing young camelid can do major damage to a person's face and glasses! It is not so easy to manually restrain a 3-month old llama cria. It will have become necessary to make a transition to a different method at some point anyway. Just like adults, crias also can stand on their own four feet in balance and accept injections. The best time to begin with no-restraint injections is right away. In fact, the main advantage of the no-restraint technique is that it does not require any level of training for the animal. No halter, no lead rope, no tying, and no requirement to stand still is necessary. If your herd management protocol calls for injections in the first few days of the animal's life, you can give the injections just as described above. Always keep a new cria with its dam. A mini-catch pen is ideal for this. As crias get older, you can work them right along with the rest of the herd.












Drawing Blood


The animal in Figure 7-3 is in a chute with a butt board. Although it is not happy, it is not straining and overwhelmed. With the butt board in place, an assistant is using the lead rope to turn the head (Figure 7-24). Figure 7-25 shows an animal that is restrained by the head without a butt board, making the drawing of blood much harder for all involved.
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Figure 7-24 The assistant is using the lead rope to help turn the animal's head.
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Figure 7-25 This animal is restrained by the head without a butt board, making drawing of blood much harder for all involved.





The author has never drawn blood herself. Most owners rely on their veterinarians for this procedure. The author offers some suggestions that will make the procedure easier for all involved, including the animal. First, do not assume that a restraint is needed. Even people who accept the idea of giving an injection without restraint balk at drawing blood without restricting the head and neck. The author has assisted with drawing blood many times in a catch pen or mini-catch pen without using restraint. The more difficult the animal, the more the author tries to avoid using restraint.


Blood can be taken out of the neck, ear, tail, or front leg. In the author's experience, the easiest place to draw blood without restraining the animal is the neck (jugular vein). To assist a veterinarian, the handler should stand on the left side of the animal. The vet will be in the front and slightly to the right. The handler should put one hand on the catch rope (high and snug on the neck) and the other under the jaw. The author prefers not to use a halter because the tendency is to rely on it to hold rather than balance the head. The handler's job is to help the animal maintain balance and turn its head to the left, which helps the veterinarian find the vein. The handler should ask the veterinarian to let him or her know when the veterinarian is going to insert the needle. When the animal reacts, the handler should attempt to restore balance, but should not attempt to hold the animal down or still. Again, everyone should remember to breathe.


If the animal rears up, allow it to do so. Do not try to hold the animal down; this only turns a startle reaction into a panic reaction. The skin of the neck is very thick, and once the needle is in, the veterinarian can let go of the needle. It will not fall out. The veterinarian can wait until you have steadied the animal before proceeding. Once the animal is standing quietly again, the veterinarian can attach the vacuum tube, adjust the needle placement, if necessary, and draw blood. If you and your veterinarian do not feel comfortable with this approach, try the chute as described earlier. Shoulder neck supports and a rear barrier make drawing blood much easier. The handler should make sure that the butt board is adjusted so that the animal has minimal front-to-back movement. The animal should be up against the shoulder supports. Do not tie the animal in the chute. To assist, the handler should stand on the left side of the chute to steady and turn the head to the left, following the same procedure as outlined above. The handler could offer food any time when not interfering with the procedure.


Dr. Anderson has developed many remarkable animal-handling strategies for veterinarians, and one of them is the “Buckeye Blood Draw” (Figure 7-26). This is a method that allows a veterinarian to draw blood from the jugular vein without any assistance while uniquely manually restraining the animal.
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Figure 7-26 The buckeye blood draw allows one person to draw blood from the jugular vein without restraint.





The animal in Figure 7-27 is cross-tied and is not leaning on the line. It is confined in the chute by a butt board. The cross-ties prevent it from turning around but are long enough to allow it to back up against the butt board without running out of line. If additional containment is necessary, the lines can be shortened by moving the butt board closer to the front of the chute.
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Figure 7-27 This animal is cross-tied and is not leaning on the line.












Rectal Examinations and Ultrasonography


Rectal examinations and ultrasonography are procedures that do not require restraint, but they do require containment. A mini-catch pen or a chute, as described earlier, is more than enough in most cases. I find it useful to walk the animal into the chute and restrict it to the chute from the back with the butt board, which will have to be removed for the examination. Usually, some preparation is required for the rectal examination, and the animal will be much more likely to stand quietly for preparation with a rear barrier in place. After the animal has been prepped, the butt board should be removed. Once the veterinarian begins the rectal examination, it is highly unlikely the animal will attempt to back up!


The practice of tying a female's head high for rectal examinations makes the procedure even more uncomfortable for the animal. By tying the head high, the back drops. This posture causes the animal to tighten the whole body, including the anal sphincter. Use warm lubricant for the rectal examination. Cold lubricant is not conducive to relaxing the anal sphincter. Holding the tail directly over the back to get it out of the way or as a means of restraint will hurt the animal; the tail should be taken gently to the side. Offer food to the animal. You may not think that an animal would eat when a human arm or ultrasound transducer is inside the rectum, but the author has seen many female camelids standing quietly eating hay or grain during such an examination.


In Figure 7-28, the animal is balancing off the lead. This is uncomfortable and also makes it more likely that it will lurch forward suddenly as the medical procedure begins.
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Figure 7-28 This animal is balancing off the lead. This is uncomfortable and also makes it more likely that it will lurch forward suddenly when the medical procedure begins.









Working the Tail


The tail is one of the body areas most vulnerable to attack by predators, so the animal tries to protect it. The animal may perceive a rectal examination as both uncomfortable and threatening. Ensuring that the tail is relaxed before the examination helps both the animal and the veterinarian. The underside of a camelid's tail is not covered in wool but is naked skin. The skin-to-skin contact that occurs when the handler slides a hand under the tail can be shocking to the animal. It is better to slide the wool from the top of the tail head to act as a buffer between the handler's skin and the animal's skin. Figure 7-29 shows the handler lifting the tail and beginning to rotate the tail around.
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Figure 7-29 The handler is lifting the tail and beginning to rotate it.





The handler should stand to one side, facing the front of the animal and begin by sliding his or her hand under the tail close to the body. The handler's other hand should rest firmly on the top of the animal's hips. You may find that the animal has the tail held firmly against the body. This is normal. It also means that the whole body is tense and that the animal is probably holding its breath. The handler can begin to relax the tail by rotating it in a circle from the base. The tail should be pushed toward the body as the handler rotates the tail around the tail-head. The handler should feel the tail start to relax. Next the handler should put some gentle traction on the tail. The handler should inhale as traction is applied and exhale as tension is slowly released. The handler should look at the animal's sides to find out if it is taking a deep breath. It is the author's experience that most llamas and alpacas love to have the tail gently pulled.






String of Pearls.


Imagine the bones in the tail as a string of pearls. Gently move the bones back and forth from the tail head to the end of the tail. The tail work can be done, with or without a helper, as preparation for a rectal examination or while the animal is standing freely in a catch pen. To start with, offer grain to encourage the animal to remain standing. Once the animal becomes comfortable with the situation, the food is not necessary. Always work with the tail when the animal is standing in balance, and work in line with the animal's body. Never twist the tail or hold it over the back.












Transabdominal Ultrasonography Examinations


Surprisingly, transabdominal ultrasonography examinations are not much easier than rectal examinations and are, in fact, less tolerated by most animals. The veterinarian may find the process better tolerated if the gloved hand slides down from the back and under the belly rather than going directly to the belly. Another tip from Dr. Johnson is as follows: Massaging the abdomen with the back of a nongloved hand will reduce tension in your fingers and the shock of subsequent lubricant application in the animal. It is worth taking the time to warm up the lubricant in a bucket of hot water. Cold lubricant will make an animal lie down. A firm hand pressing down on the top of the hips will also help. In any case, tying the head high to try to prevent an animal from lying down is seldom helpful. In fact, you may find that offering grain at the top-line level gets the animal to lower the head a bit and may discourage it from lying down.












Physical Examinations


Balancing techniques are useful for physical examinations when listening to the heart and the lungs or taking a temperature. Performing physical examinations in a catch pen rather than a chute keeps the animal calm and helps the veterinarian obtain more accurate readings for resting temperature, respiration, and pulse. When making contact with the animal, initiate contact from high up on the body, thus allowing the animal to move, rather than holding him still. Offer food if it does not interfere with the examination.









Head Treatments and Giving Oral Medication






Oral Medication


Previous work on balance and halter acceptance makes administration of oral medication much easier. Ideally, before the handler ever has occasion to give oral medication, considerable time will have been spent working with the animal's mouth and bridge of the nose and will have also learned to pay close attention to halter fit. Animals that are comfortable having their entire head touched are going to be much easier to deal with when it comes to examining or treating their eyes, nose, mouth, and ears. Putting foul-tasting stuff into the mouth of an animal that has a small head on top of a long neck is no easy job. Add to this difficulty the fact that this animal can spit, and you have a real challenge. First, wear old clothes. You will almost certainly get some of what you are giving to the animal on you and in your hair. Ideally work in a catch pen or a mini-catch pen, and be aware of your animal's balance.


The author generally prefers to work alone in a smaller area rather than working in a larger area with a helper. Two people often work against each other with the animal caught in between. If a handler does work with another person, they should communicate clearly, assume nothing, and be nice. Getting mad at the helper only makes the helper and animal nervous.


Proceed to hold the animal around the neck. Administering oral or ocular medications is the only time the author holds an animal around the neck yet being careful to ensure that the animal has its own sense of balance. The author does not hold the head; instead, she uses her arm like a cradle, as a place to steady the head. Work in a crowded catch pen or mini-catch pen. Draw up the appropriate dose of oral medication. The author prefers the type of syringe with a 3- to 4-inch curved metal applicator (Figure 7-30). It is useful to put a neck wrap on the animal. It is easy and quick to put on and can be a great help when giving oral medication.
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Figure 7-30 This style of syringe works the best for oral dosing.





The handler should put the syringe in an apron pocket or in another easy-to-reach location. The handler should encircle the neck with the left hand (if the handler is right handed, and vice versa if left handed). If the handler is in a catch pen, the animal should be moved so that the handler is along one side of the catch pen to provide support and balance.


While cradling the head, the handler should slide the left hand under the animal's jaw, and work an index finger well inside the corner of the mouth (Figure 7-31). Since the handler is putting a finger next to the molars, one should be sure to keep the finger along the skin and the pressure toward the outside of the animal's face. Otherwise the handler's finger could get caught between the animal's teeth. The handler should allow the animal to settle down after catching it, and again after the handler gets the index finger in the mouth. Once the animal settles down, the handler can using the right hand, slide the tube or syringe alongside the index finger and into the animal's mouth. Do not try to push medication into the mouth of an animal that is flailing its head around, and do not push it in too fast. If the handler does this, the medicine will not get into the animal, and the animal will have learned how to avoid taking the medication next time. Tilt the nose up a bit and slowly push the medication into the mouth. Do not hurry! Remember to breathe evenly while performing these steps.
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Figure 7-31 Slide the left hand under the animal's jaw, and work your index finger well inside the corner of the mouth.












Eye Medication


The cradling support technique described earlier can also be used for administering eye medication. After cradling, gently rotate the head away from the eye needing medication such that the forehead is facing up and the jaw is slightly forward.


This positioning causes the eye to roll downward because of the internal balancing mechanism that makes the animal want to keep the eye horizontal. The eye will rotate downward below the lower eyelid exposing the white of the eye (the sclera). Place the medication onto the sclera. Since the eye is below the lower lid, the animal does not see the medication coming and does not get frightened (Figure 7-32). The handler can also roll the upper eyelid up to make more room for the medication. Initially this procedure will be best accomplished with a helper.
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Figure 7-32 Pull the animal's lower lid away from the eye, and insert the medication into the space created.





The skills described throughout the chapter will help provide care for eyes or putting ointment on the face. Most of the problems handlers have when treating the face are caused by the following:




• An animal unaccustomed to having the head handled in a safe manner


• Improper halter fit


• A handler that pulls on the head instead of balancing it












Dental Application






Fighting Teeth.


Camelids' fighting teeth—three on each side—are best trimmed, especially if intact males will be pastured together. Because it may be a bit painful for the animal, it is ideal to have a veterinarian sedate the animal, mainly because this helps the handler (or the veterinarian) do a better job. Sawing fighting teeth off at the gum line is not so easily done on a fully conscious animal, and teeth tend to break off before sawing is complete.









Trimming Incisors.


There are many options for trimming camelid incisors when deemed necessary. In any case, the author recommends working with the head and mouth before the procedure, understanding balance, and using containment rather than restraint. In the case of overgrown incisors, some setups involve a mouth speculum and a saw for taking off the ends of teeth. It is done very rapidly. This procedure can be done with light sedation or none at all, depending on the temperament of the animal and—equally important—the skill of the handler. If the handler elects to use obstetric wire to shorten the incisors, the author recommends a sedative for the same reasons mentioned above. The handler will be able to do a better, more thorough job.









Microchipping.


This method of identification of camelids is popular among owners whereby an electronic chip is placed most commonly at the base of the animal's left ear.Prepare your animal for the insertion of a microchip by working with the animal's ears first. Working with ears can be done after placing a catch rope at the top of the neck or after haltering the animal. Camelids' tend to be very ear sensitive, no doubt as a result of experiences within the herd. As such, if the handler moves a hand slowly from the head to the base of the ear and gradually to the tip, the animals will learn to accept gentle stroking.


The handler should stroke the ear from the base to the tip with the bottom edge of a relaxed hand. If the animal is nervous, the handler should make the strokes faster at first and then slowed down. A body or neck wrap is also a very helpful tool for this procedure. Work inside a mini-catch pen. The author does not like to “ear” an animal, but on some occasions such as microchipping it is useful (Figure 7-33). The animal must remain still until the microchip has been inserted and the tool removed from the ear. If the animal tosses its head at the wrong moment, the tool used to insert the microchip may rip the skin of the ear. It is not possible to follow the movement of the ear and allow freedom of the head for this procedure.
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Figure 7-33 Grasp the base of the animal's right ear, and squeeze up firmly.





The best way to immobilize the head for this procedure is to “ear” the animal. Earring is about squeezing, not twisting, the base of the ear. Earring can be done humanely. Grasp the base of the right ear, and squeeze up firmly. Make sure the animal is in balance. Never twist the ear. Earring should not, in itself, be painful. Earring an animal should only suggest to the animal that it would hurt if it moves. Earring distracts the animal and makes it reluctant to move. Hurting an animal by twisting its ears causes a fight. It does not prevent one. The left ear is then gently grasped and the microchip inserted at the base of the ear. This procedure is always best performed with a helper and with other animals nearby.















Emergencies


When an emergency happens, first, breathe. Call the veterinarian. The handler should take stock of what can be done now. A course in basic first aid is a good idea for everyone, particularly those who have animals in their care. Fortunately, llamas and alpacas are not particularly accident prone and tend to remain calm in an emergency.






Animals Getting Cast, Tangled, or Stuck


The handler should resist the urge to rush to help. Running toward an animal that is stuck will provoke the flight-or-fight response, and the handler may do more harm than good. Remember to use an approach angle that gives the animal a sense of having an escape route, and walk calmly up to the animal from behind its eye. If the handler must handle the legs to help, he or she should make contact with the body first, and then slide his or her hand down to the legs. If legs must be manipulated, be aware that making contact with the body first will reduce the animal's normal protective response from touching legs.









Animals Getting Loose


Before an owner goes to help round up the loose animals, the handler should gather the wands, catch rope, herding tape, some halters and lead ropes, as well as some food. All of these will be useful. Herding tape is particularly valuable to have in case of escapees. It is portable and can be used to create a fence or lane way anywhere.









Serious Fight between Males


If males that do not normally share space happen to get together and get in a serious fight, the handler's first approach should be to open a gate as a means of escape. If this is not an option, the best strategy is throwing a large amount of cold water on the fighting animals. Cold water from a big bucket or a handy hose should create a pause long enough to distract the aggressor and allow the underdog to escape. It is never a good idea to physically intervene. Angry, “adrenalized” animals will not know who they are biting, and, even if the animals do not have fighting teeth, the handler could get bitten or otherwise injured.












TTouch the Ears


In addition to being able to examine and touch the camelid's ears without a fight, TTouch work on ears has additional health benefits. An acupressure meridian, called the triple heater meridian, encircles the base of the ear and affects the respiratory, digestive, and reproductive systems. An acupressure point is also present at the very tip of the ear and helps with treatment for shock and stomach pain.


In cases of injury, shock, sickness, or difficult delivery, it is valuable to work on the entire ear from base to tip. While the handler is waiting for the veterinarian to arrive, try working on the animals' ears (Figures 7-34). This may very well change the animal's temperature, pulse, and respiration for the better.
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Figure 7-34 TTouch being done on an ear. The handler is applying pressure at the tip of the ear.





It matters not if the animal is recumbent or standing for TTouch to be beneficial. Detailed options will be found in the supplemental reading by Bennett (2008).


With many animals, including camelids, ear work may be easier and more effective if you use a warm, damp (not dripping wet) cloth under your hand as you work. This work can be soothing and beneficial even if your animal is not in a medical crisis. Ear work is helpful and soothing after a long trailer ride, at the end of a day of packing, or a day in the show ring. Ear work can help an out-of-shape packer recover from a long, steep, uphill climb. Ear work cannot hurt, it will give an owner something constructive to do, and it may very well help to save your animal's life.


Belly lifts may be used to relieve digestive distress on the trail when veterinary care is not available or as a supplement to veterinary care when it is available. Belly lifts can be accomplished with a partner and a towel. Work in a catch pen. A towel folded lengthwise should be placed under the animal's belly beginning just behind the front legs. The handler and the partner hold the ends of the towel and gently lift together as they inhale slowly. Hold to the count of four if your animal will allow it, and then lower gently and slowly. Slide the towel back about 4 inches and repeat. Continue moving the towel back until the towel is just past the point where the belly cuts sharply upward but being mindful of male genitalia. Begin the whole process again just behind the forelegs. Camelids are sensitive around the belly. Never do belly lifts if it upsets an animal. If the animal is feeling ill and will allow the lifts, give them a try.









Chemical Help


Most of what is done in medical herd management is uncomfortable but not painful and is a short process. Medical procedures that are painful—particularly if they take some time—should be combined with some sort of chemical assistance. Animals that are particularly high strung may need some chemical help for procedures, whereas some other animals may not. Animals that are not able to stand quietly in a chute without restraint are candidates for chemical assistance.


It is appropriate for veterinarians to use drugs for pain or stress relief in camelids. In some cases, a drug that helps with performing a procedure on a conscious animal without a fight, may make the procedure easy for the animal as well. The next time the animal may allow the same procedure without the use of drugs. A variety of drug options are available to sedate an animal without rendering it unconscious. Be aware that controlled drugs can only be procured from veterinarians and can only be given under their direct supervision.









Final Thoughts on Medical Management


No right way or correct order exists for the use of medical herd management tools. What tools are used and how they are used depends on the skill level of the handler. When the author first began using the no-restraint method of giving injections, she almost always put a body wrap on the animal, as she found it very helpful, but now seldom puts a body wrap on an animal to give an injection. The handler may find that a mini-catch pen is indispensable for giving injections to crias and weanlings or for microchipping, or that a body or neck wrap may or may not be of use. The handler may find that a trailer works just as well as a mini-catch pen for many of these tasks.


Throughout this section, you will find references to TTouch. TTouch is one aspect of a system of working with and touching animals developed by Linda Tellington-Jones, who was inspired to create TTouch after many years as a top rider in a variety of equestrian disciplines and as a Feldenkrais practitioner. Linda Tellington-Jones and her work are now well known and highly regarded in many equestrian disciplines, in the world of zoo animals and companion animals, and in the healing arts as applied to humans.*















Halter Fit


The camelid head is a big part of why many people fall in love with these animals. The beautiful eyes, the long eyelashes, the adorable lips appeal to many owners, however, it is crucial to remember that camelids also use the head and its parts to breathe and eat. Unfortunately for many camelids, their owners may appreciate the beauty of the head but do not exactly know how to take care of it. For over 20 years, the author has been writing about halter fit, and has stressed the importance of the airway.






The Problem


The author spends her entire professional life and much of her free time working with, watching, and obsessing about camelids. In the author's experience, improper halter fit and its related effects create more behavioral problems than any other single factor for the following reasons:




1. Many, if not most, camelids misbehave when on a lead rope because their halters do not fit.


2. Most difficult-to-halter camelids are that way because of their early experiences with the halter, both its fit and the way it is introduced.


3. Behavioral problems such as kicking, spitting, and kushing may be, and often are, related to poor halter fit.


4. Any time a llama or an alpaca is wearing a halter that does not fit, the animal will be more difficult to handle; this means that shearing, trimming toenails, giving injections, or doing an ultrasound examination or any other medical procedure may be adversely affected by improper halter fit.


5. A camelid's small head, coupled with the leverage provided by the long neck, make proper halter fit trickier but even more important.





It might be assumed that people who have owned llamas or alpacas for years would know how to fit the halter correctly, given its importance and the fact that not many other pieces of equipment exist that they need to worry about, However, one need only go to any show or look at any magazine or show catalog to see many examples of llamas and alpacas with halters that are uncomfortable if not downright dangerous. Most people can easily recognize a halter that does not fit (figure 7-35). It slips way down the nose and compresses the cartilage, and the animal looks obviously uncomfortable. Halters can be frightening, uncomfortable, or both for a variety of reasons. A halter may be not only scary, uncomfortable, or unsafe but it also may not work effectively to communicate and control the animal any better than a rope around the top of the neck.
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Figure 7-35 This halter is too tight and too far forward, which gives a very bad fit.













Halters That Are Scary


Camelids are obligate nasal breathers, that is they are largely, but not entirely required to breath through the nose. They use the mouth almost entirely for eating. A llama or an alpaca could die if its nasal passage is completely blocked. Because of this, if the halter slips forward, it is going to frighten the animal. For example, imagine that one's head is pushed slightly under water. Camelids or humans that even think that they cannot breathe will panic. The problem is not limited to nosebands that slip totally off the nose bone but includes halters that slip to the edge of the nose bone. It is absolutely dangerous to block the airway of an alpaca or a llama. For shearing purposes, simply covering the eyes without blocking the airways will be beneficial.


Llamas and, to a larger degree, alpacas have a short nose bone (see Figure 7-36; Figure 7-37). In fact, most of their nose is cartilage, not bone. The nose bone on most adult camelids ends about an inch or so in front of the eyes—that's not very much bone to hang a halter on!
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Figure 7-36 A camelid skull; note that very little bone extends forward from the orbit of the eye.
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Figure 7-37 Note that the halter must be close to the eye to fit safely on the bone.





Instead of fitting the halter on the nose bone, the author suggests that it be fitted instead on the rear part of the jawbone and the back of the head. Almost every halter is composed of two loops (Figure 7-38). One goes around the back of the jaw and behind the head (crown piece-throatlatch; see loop A in Figure 7-38), a second loop goes around the nose (noseband; see loop B), and both loops are connected by a short piece on each side called the cheek piece. Some halters feature adjustments in both of these loops, whereas others are sized according to the size of the noseband (a bad idea). To prevent a halter from slipping forward and off the bone, we must begin by fitting and adjusting loop A, and loop A must be reasonably snug because the nose bone is short. Loop B, the noseband, must be large enough that it does not interfere with the fitting of loop A.
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Figure 7-38 Construction of a halter. It is simple, but fitting one correctly is a complex procedure.












Why Halters Are Uncomfortable


Camelids eat or “ruminate” most of the day. Jaw movement is required for both of these activities, and it is probably safe to guess that the jaw moves side to side once every second or two during half of the animal's waking hours. This would mean that 7200 side-to-side movements occur per day, which is a lot of chewing. If a halter is put on in such a way that the noseband will not go any further (e.g., putting a ring on a cone), the mouth is tied shut or at the least the animal's ability to chew freely is compromised. A properly fitting halter means that loop A must be tight enough to keep the noseband (loop B) from slipping off the nosebone before the noseband is fitted. With the crown piece snug, some slack must be allowed in the noseband! Fitting the noseband means taking up any extra slack—it does not mean tightening it. A handler should still be able to fit a finger or two inside the noseband of a fitted halter. A noseband that compresses the skin covering the bottom mandible or impedes the animal's ability to chew is uncomfortably tight.


The author does not know of any formal studies on the effect of tight nosebands on the camelid's ability to properly chew. The author's intuition tells her that not only is a tight noseband a comfort issue, but it is also a potential heath issue. Given a camelid's elaborate digestive process that includes properly chewing forage before swallowing it, proper halter fit must be crucial. Obviously, halters should be removed when not needed.






Fitting a Halter: A Step-by-Step Process


The handler must start with a halter that is properly proportioned. To check this, buckle the crown piece of the halter intended for use on a medium setting. Next, open the noseband all the way to its largest setting. Measure both loops with an inches tape measure. Multiply the circumference of the noseband by 100, and divide by the circumference of the crownpiece or throatlatch. The resulting number should be 85 or larger. This means that the noseband when fully opened is at least 85% as big as the average size of the crown piece or throatlatch opening. For example, if the opening of the throatlatch or crown piece measures 15 inches, then the noseband should measure at least 13 inches. If this ratio is significantly off, the halter will not fit in the way described. Another clue is to look at the cheek pieces. Cheek pieces longer than 2 inches indicate that the halter is constructed with a noseband that is too small. When these halters are put on the animal, the nose band gets stuck well forward on the nose, so that the cheek piece must be longer to connect loops A and B, which would definitely lead to a bad fit.


Once the handler has determined that the halter is properly proportioned, it can then be put on the animal and fit correctly. The handler will do this each and every time an animal is haltered. Prefitted halters will not fit properly. Putting on a prefitted halter is like putting on a laced-up shoe—the laces need to be loosened and retied each and every time the shoes are worn!




1. Open the noseband all the way up.


2. Put the halter on.


3. Tighten the crown piece as much as you can.


4. The handler should put his or her fingers on either side of the noseband, and tug it forward. If the noseband can be pulled to the very edge of or completely off the nose bone, crown piece must be tightened. The handler can determine where the bone ends and the cartilage begins by pressing gently down; if there is a give, it is cartilage, not bone.


5. After the handler is totally satisfied with the crown piece adjustment, take the slack out of the noseband. This means that the noseband should just gently touch all the way around the nose without pressing or restricting the animal's ability to move its mouth and jaw.


6. Check the crown piece about 10 minutes after the halter is placed on the animal or just before attaching a lead rope and taking the animal out of the catch pen. Nylon stretches by approximately 33%. As the nylon stretches and the fleece compresses, a dangerous amount of slack may occur in the crown piece.


7. Remember that halter fit matters all the time. Llamas and alpacas have small heads, and young camelids have even smaller heads, so be precise! Correct halter fits are shown in Figures 7-39 and 7-40. The handler must be careful every time a halter is put on an animal! Most haltering mishaps happen when a halter is applied for “a few minutes” to do something quickly.
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Figure 7-39 and Figure 7-40 Proper halter fit. Note how close the noseband is to the eye.





8. Putting a halter on a camelid compromises comfort; being free of any restraint is always more comfortable. Take the halter off whenever you can, and if at all possible, do not make your animal wear a halter overnight. This is particularly important for animals that are in poor health. Llamas and alpacas housed at a veterinary school should not be left in a halter. Do not let an animal with a halter out to pasture. A device the author calls the “handler helper” (Figure 7-41) can be left on safely and comfortably in situations where a novice handler needs to catch an animal.
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Figure 7-41 The handler has attached a handler helper to facilitate balancing the animal's head from a distance—a technique that makes the animal feel safe.


















Panels Work!


Whereas cow owners need to learn the intricacies of barbed wire and corner bracing, horse owners need to prepare to replace boards that are kicked aside or chewed in half, and fallow deer require a 10-foot fence, the camelid needs only lightweight panels in various configurations for all the owner's handling and training needs. The author recently hauled a load of 9 × 5 foot panels back from a recent camelid conference to add to the 30 that she already had. The author uses the panels in her training center, but she thinks everyone could benefit from owning at least 10 to 15 of these. The handling and training applications of sturdy, movable panels are numerous. Shipping can certainly raise the price of panels. Here are a few suggestions for getting panels:




1. Go with other owners in the local area to buy the panels in bulk and arrange transport in bulk.


2. Shop on the Internet or the local farm newspaper for someone who might be selling used panels.


3. Arrange to buy panels at a show. Often panels are sold at the end of an event.


4. Make a trip to buy panels for a group of owners.


5. Talk to llama or alpaca transporters about transporting panels when they have space in their vehicles.









The Perfect Panel


Stock panels come in different lengths, heights, and weights. Panels designed specifically for camelids are extremely useful. These are usually 9 feet long and come in different heights. The author's preferred panel for camelids is 9 feet long and 5 feet high. These lightweight panels are easy to move around, can be hooked together in a series, and are just the right size to make a pen for training. However, a big or determined camelid can upend or push over one of these lighter panels. Fortunately, this is easily remedied. The handler can secure these panels to an existing anchor: a tree, a sturdy part of the barn, or a T-post pounded a few feet into the ground. The animal can be protected from the T-post in a number of different ways. The handler can slide a PVC (polyvinyl chloride) pipe that is 3 inches in diameter right over top of the T-post (Figure 7-42). Heavy-duty cable ties are usually all that one needs to secure the panels to the anchor.
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Figure 7-42 A handler can slide PVC pipe over the top of T-posts to make them more pleasing and safer for all concerned.





Panels that have square meshing instead of rails are useful for some applications, but the author prefers not to use them in a handling situation such as medicating and trimming toenails. An animal could injure its foot or get a leg caught in the panels with squares rather than rails. If an animal tends to stick its head through the rail when the handler is working with it, the handler can modify the panel easily. Several effective plastic fencing products that are commercially available can be used to close the rail openings. Simply cut the plastic fence to the correct size, and attach the plastic mesh to the panel with zip ties (Figure 7-43).
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Figure 7-43 A plastic fence zip tied to a panel makes it impossible for an animal to stick its head through the bars, but the animal can still see out.















The Catch Pen


The most basic use for panels is to create catch pens wherever they are needed. However comfortable animals may be in the presence of humans, they usually prefer to be out in the field rather than with humans, which means anyone working with llamas or alpacas will need to have a system for catching them. Herding the llamas or alpacas into a 9 × 9 foot pen and approaching it from behind the eye, would make the handler's job significantly easier (Figure 7-44). The animals will be comfortable as well when the handler consistently uses a catch pen.
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Figure 7-44 Use a catch pen, and approach animals from behind the eye for facilitating subsequent procedures.





The advantage of using panels over fixed stalls or pens for catching is the flexibility. If a handler is having difficulty with a particular technique or animal, make the training pen smaller. As discussed earlier in this chapter, when it comes to animal handling, containment is much easier and safer than restraint. By reducing the size of the container the handler eliminates both momentum and the incentive to escape. With nothing more than some baling twine or alligator clips with nylon attached (the author's favorite), the handler can divide the catch pen in half by moving one of the panels to the middle upright. This creates a rectangle that is 4.5 × 9 feet. This is the ideal size for working with a couple of weanling llamas or alpacas on their first haltering lessons or for giving injections to a small group of alpacas or one llama.









Handling Facilities


Panels are very useful not only for building temporary areas but also for setting up a semipermanent barn layout. Panels offer three major advantages over permanent dividers: (1) flexibility: to change the layout when you want or need to; (2) ventilation: to create more airflow in the summer and fewer cold spots in the winter; (3) visibility: to make the barn more “camelid friendly,” as the animals prefer an open floor plan to small boxes.


In addition to separating groups of animals, panels can be used effectively to create handling facilities in the barn: a laneway leading to a scale and then to a small handling area and a circular system to make handling a lot easier. Camelids naturally follow other camelids. Always have an animal in front and one behind to prevent handler pushing and dragging (Figure 7-45). As the herd grows or the composition of the herd changes, it is a simple matter to change the configuration of panels and the areas they enclose. It would be ideal if all llamas and alpacas were born knowing how to lead, but they are not. Often it is necessary to load and haul an animal that does not know how to lead. It is a great idea to use panels and incorporate a semipermanent loading laneway into the barn layout; however, with panels, you can also create a loading laneway when you need one. Remember, herding one llama or alpaca away from the rest is not going to work. If you are loading an untrained animal into a trailer, always herd it into the trailer with a group of animals, close the door to the trailer, and then sort out the ones you do not want in the trailer. Ideally, herd a peer or two that are trained into the trailer with the novice. Organize the barn area so that you can leave the trailer parked next to the barn at the end of the loading laneway, and you can use the trailer as a handling area, too. By doing so, the herd becomes accustomed to the presence of the trailer. A trailer can be a useful place for trimming toenails or administering medications to the animals (Figure 7-46).
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Figure 7-45 The Camelidynamics handling facility. This alpaca is being taken to the scale to be weighed. A, Before the animal is sent down to the scale. B, The alpaca is moving toward the scale to be weighed. C, This llama is standing on the scale. The same facility can be used for both llamas and alpacas.
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Figure 7-46 Panels can be used to herd untrained animals into a trailer.












Teaching Llamas and Alpacas to Lead


Teaching a camelid to lead can be extremely difficult without the right setup. A llama or an alpaca that has never experienced being attached to a human will run to the end of the lead and panic when it cannot get away. In a large area, the handler can do little or nothing to prevent problematic behaviors. The handler is forced to hold tight to the rope as the animal thrashes around wildly or must let go of the lead rope; neither option is safe or desirable.


The handler should use a long narrow aisle way and an extra-long lead for initial leading; that way he or she can simply step in front of the animal to stop any end runs. The animal will realize that it is attached and cannot run inside the laneway. Once the camelid learns to lead well, the handler and camelid can leave the safety of the laneway for a larger area without too much trouble (Figure 7-47). Ten panels make an effective “teach to lead setup.” Set up three pens attached to each other 9 feet from a fence line (Figure 7-48). Keeping a few animals in each pen makes the process even easier. By opening the pen at the end, you can create a laneway and a convenient place to turn around.
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Figure 7-47 Panels can be used to create a laneway for lead training.







[image: image]


Figure 7-48 Use panels to set up events on the farm or facilitate a veterinary visit.












Special Situations


No matter how many farms you visit to learn or how carefully you plan, the barn setup is going to fall short at some point. The solution is not “plastics”—it is panels! With panels, holding areas can be created for use in situations such as educational events when a number of animals may be visiting, to create holding areas for visiting animals, to graze animals on a small area of grass that is not fenced, or to separate animals physically but not visually.


Panels can also be used to care for crias and dams. For example, if a cria is born in bad weather, the handler may want to keep it and its dam with the herd, but also prevent the cria from wandering away or getting stepped on in a crowded barn. With that in mind, create a small pen with four panels for the dam and the cria in the middle of the loafing area. This way the dam and cria are kept with the herd and the cria is also prevented from becoming interested in the barn walls or the wrong dam. This is a much better solution than isolating the dam and the cria in a separate area such as a stall. Putting new crias in a stall with solid sides will often get them interested in a dark corner. They will “nurse” in this dark corner instead of looking for the dam's “dark corner,” that is, the udder, and precious time will be wasted. This happens often enough that these crias are called “wall babies.” Panels have no dark corners but still serve the purpose of containment.


Panels come in handy for camelid shearing as well. Shearing day occurs once a year, so setting up a special area for shearing that will not be used the rest of the year is unnecessary. However, disorganization on shearing day makes the process harder for the animals, handlers, and shearers. Construct special panel laneways and holding areas just for shearing, and herd the animals to the shearer or away from the shearer. Herding means less time wasted and avoidance of aggressive handling of the animals.


Organization serves everyone concerned. Camelids will settle in and settle down when panels are used, and humans also benefit by getting the management job done easily and efficiently and thus having more time to enjoy the animals.









Understanding Male Camelid Behavior


Males and females of any species have, without a doubt, many differences. The owner who claims that camelids are always quiet and peaceful only has females. For the most part, camelids are quiet, but males in the middle of a disagreement are hardly docile (Figure 7-49). Breeding males of any species also present challenges and require more thoughtful and deliberate management. Breeding males are territorial and highly sexual.
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Figure 7-49 Neck wrestling and leg biting, often at the same time, are common activities among male camelids.





To successfully manage the behavior of males, it is important to understand these behaviors. The two factors involved in living successfully and easily with male camelids are (1) understanding their behavior in relation to other camelids, and (2) understanding their behavior in relation to humans.


Trying to get males to not engage in their natural behaviors is sure to fail. The author thinks an easier approach is to remove the cause for fighting or any other problematic behavior. If a handler pays close attention and anticipates behavior, there will be a good chance of preventing unwanted behavior. This is more effective and safer than attempting to correct what a handler considers misbehavior once it has occurred.


It is possible to change only what the handler can control. Trying to make male camelids coexist peacefully all day and all night is impossible! What can be controlled is their environment. Some owners do not expect much from their breeding males in terms of good behavior. A good setup will facilitate handling breeding males easily and safely. An intact male on a lead rope can certainly learn to be controllable and cooperative even when females are around.






It Is Not Always About Dominance


This discussion on dominance is based on the author's observation of camelids, her professional experience as an animal handler and trainer, and her studies and research. It also incorporates information from an excellent article by Lore I. Haug about dominance in canine behavior. The other article the author drew from is one of the few available about camel behavior in large herds entitled “Herd Structure, Leadership, Dominance and Site Attachment of the Camel (dromedary)” by Norbert Schulte and Hans Klingel.


To begin with, the author would like to encourage camelid owners to avoid the common practice of explaining every behavior they observe from a dominance point of view. The dominance model is overused to explain both behavior among camelids as well as behavior between camelids and humans.


If you offer a few flakes of alfalfa or a single bowl of grain to your camelids out in the field, a fight will likely break out, but it is about food, not about social rank. In fact, such fights are started by humans, and humans can prevent them by managing feeding time differently. Based on the environment that shaped their behavior, it would seem that camelids, particularly males, should not have to compete for food. Some ideas are presented below, but once one can see fighting as competition for food and not as an unavoidable issue of dominance, one will be able to figure out what will solve the problem in your specific situation.


If a handler feeds males well away from other males, battles are avoided. Three feet per animal is often quoted as “a rule of thumb”; the author thinks a better number for males would be 100 feet! If weather permits, camelids may be fed hay on the ground under trees. The handler should ensure that feces piles and natural resting areas are kept well apart. Many owners and handlers do not like to feed hay on the ground, but that is where camelids normally eat. They walk on what they eat when they graze, and they are used to eating from the ground. If an owner or handler is really opposed to feeding on the ground, rolling carts can make good feeders. They can be rolled around and moved to suit any setup.


Another “rule of thumb”—distance = happy camelids—applies to all resources. Males should not be allowed to fight over anything! Make sure that shade, water, mineral, and salt are available to all members of a male group. It is a good idea to think of managing males as a reverse game of musical chairs—one more chair is available than players, so it is not necessary to defend or compete for limited resources.









Pen Size and Composition


Another factor that a handler can manipulate is pen size and shape. It is natural to use the number of animals as a gauge for pen size—that smaller numbers of animals need less space and larger groups need more space. This works well except for groups of males. It seems that distance from the coveted resource is key. There does seem to be a minimum pen size that will work for males regardless of number. Three males may need as much room as 10 if they are going to get along. The reason is simple: Subordinate animals—in most cases females—must be able to get far enough away to signal that they are giving up any claim to the coveted resource (Figure 7-50). In a very small pen, no matter what they do, subordinates cannot demonstrate the proper degree of deference and are always in trouble. The minimum pen size is hard to determine, as many factors come into play, such as the size and shape of the pen, the contour of the land, the presence or absence of buildings, and the location of the females in relation to the shape of the pen. If the handler has males that are not getting along, offering more space or changing feeding locations in relation to the females are options. A handler should also consider moving temporary shelters, or adding temporary fencing to create a baffle that discourages chasing. If the male pasture offers less flexibility, it may help to move females further away. It is ideal if the females can be kept completely out of sight from males. If the females can be seen from a specific part of the pasture, this spot will become the most coveted, and it will lead to fights among males. When options exist while setting up a camelid farm, an ideal pasture for males would include hills or areas that provide visual cover for younger males as well as one that is either completely hidden from or completely in view of the females.
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Figure 7-50 This male camelid is vigorously ousting males from his territory.












Why Can't We All Just Get Along?


Is it natural for males to fight all the time? Does the dominant male always beat up on the subordinate ones? In fact, more fighting is observed between subordinate members of a group than between leaders and underlings. Truly dominant individuals rarely engage in aggressive encounters. According to Dr. Haug, “Dominance is not synonymous with aggression. Although aggression at times is used to establish dominance, agonistic encounters, particularly between familiar individuals, are normally resolved with noninjurious ritualistic behavior. Injurious or escalating aggression is atypical and counterproductive to group cohesion. In fact, in many social species, the level of aggression shown by a particular individual is inversely correlated with the animal's ability to attain high social ranking. Studies in humans show that escalating levels of aggression are correlated with impulse control disorders not dominance, and, in fact, other humans interpret high levels of aggression in other humans as bullies not leaders.” Temperament is probably influenced by both genetic and environmental factors. The author's own experience with animals indicates that the genetic component is more important. Hyperaggressive males that cannot live in a group without risk to all members of the group are, in the author's opinion, a fact of life and are born that way. Ironically, these males are often not very good breeders, they are easily distracted during copulation and are often more interested in what other males are doing than in breeding. Individuals that are aggressive in every situation are pathologic. Camelids that rely on aggression for every situation are almost always the same ones that have difficulty interacting with people. These males are not confusing humans with herd mates; they simply show aggression in every encounter regardless of who is on the receiving end.


It is extremely important to correct problematic behavior as early as possible. Undoubtedly, these overly aggressive males are management problems, and as they may pass their temperament to future generations, using them for breeding should be avoided. Castration of such males certainly helps, but their tendency toward aggression makes them difficult to manage and unsuitable for new, inexperienced owners.









If I Could Talk Like the Animals


Observing and understanding animal behavior can be very helpful for management. However, reacting to their behavior by spitting back, wrestling, or other dominance approaches to misbehavior is easily misinterpreted by the animals, particularly breeding animals, and may be dangerous to humans. Communication between animals is highly nuanced and relies, at least in part, on having the proper anatomy. The practice of using dominance exercises with dogs provides a cautionary tale. As Dr. Haug stated, “presuming that all dominant aggressive dogs are just normal obnoxious animals that need a dose of ‘leadership’ is unfair to the animals and dangerous to the humans around them.” Although more is being learned about canine behavior, research on social behavior in dogs is still insufficient. The more that canine behavior is analyzed, the more researchers are realizing how complex it can be. What business does one have trying to translate and mimic a language that one does not even understand?


To manage males successfully, you must manage their environment and work in a way that does not frighten them into behaving aggressively. Good animal management strategies such as laneways, catch pens, good fences, and handling skills are the same things that make managing males easy. With intact males, these strategies are essential. Cornering an adult male camelid and trying to wrestle it to a standstill will scare it, so it may respond in like manner. This has nothing to do with dominance and everything to do with self-defense.









Berserk Male Syndrome or Novice Handler Syndrome?


“Berserk male syndrome” (BMS) is a term that has been around for a long time. Llama Breeder Paul Taylor originally used this term in an article around late 1980. Taylor wrote another article in the 3L Llama Newsletter in March 1981, clarifying what he meant by the term. Paul said, “It seems to be the end result of a series of confusing and negative interactions with humans, beginning with the breakdown of the normal standoffishness that herd-raised llamas show in their relationship to humans. A male llama that has been bottle fed or constantly petted and fondled as a baby will show no hesitation about initiating contact with humans, as in the mild case of the pushy llama who runs up to be petted or bumps with his chest against people in the pasture with him. Such a llama is apt to be pushed or slapped to keep him away. This conflict can escalate over a period of time, possibly with changing owners or eventually the use of a whip or club to keep the animal at bay. The final result seems to be a tangled combination of normal llama male behavior for dominance assertion, breeding, and defense.”


Although the author does not disagree with this characterization, she does not like the term for the following reasons: (1) BMS makes it sound as if the condition occurs by chance. The fact is that it is humans that are responsible; and (2) the behavior is not restricted to males. For some of the same reasons, Dr. LaRue Johnson proposed the term Aberrant Behavior Syndrome (ABS) for BMS. In any case, the problem of aggressive behavior is not restricted to camelids but occurs in other domestic animals as well. Dairy bulls and bottle-raised cats, puppies, and foals all are prone to difficulties in their interactions with humans.









Aggression: More Questions Than Answers


Today, BMS or ABS is used to describe a range of behavior problems in llamas and alpacas ranging from display of improper behavior to behavior that is completely out of control and dangerously aggressive. It is a confusing state of affairs. Llama and alpaca owners are worried about the potential for aggressive behavior or overt aggressive behavior in their animals. The rest of Taylor's article went on to advise llama owners and breeders to allow young llamas to be socialized by the herd so that they develop the normal standoffish behavior. The author agrees that allowing young llamas and alpacas to live in the herd is a good idea. However, many camelid owners do not have a herd. Many new owners have one each of a male, a female, and a cria. What about the young llama or alpaca that voluntarily leaves the company of the herd to interact with humans (Figure 7-51)? This is an example of appropriate behavior. What about the orphan or youngster who needs medical treatment on an ongoing basis? The current advice within the camelid community ranges from a complete hands-off policy until young camelids (especially males) are 6 months old to intense handling of a newborn and varying approaches in between.
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Figure 7-51 These young animals are appropriately interested but wary of humans.





To determine ways to prevent aggressive behavior, it is important to gain awareness of what it is exactly and what causes it. More important, the early warning signals of human-directed aggression should be recognized and action taken thereafter. Why do some males become aggressive and others raised in the same circumstances turn out fine? Can it happen to females? They, too, can definitely develop aberrant behavior (Figure 7-52). Is gelding of aggressive males the definitive solution?
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Figure 7-52 This llama is getting too close to humans. This behavior makes many people feel uncomfortable. Camelids can be taught to greet humans by stopping at a safe distance.









Novice Handler Syndrome.


Perhaps it would help if the thinking about aggressive camelids was reoriented and the onus put where it belongs—on humans. The author suggests coining a new term: novice handler syndrome (NHS). In the author's experience, aggression in animals is caused by a variety of factors coalescing. Camelids are born with different personalities and tendencies. Humans have different behavioral styles, levels of confidence, and experience. Environmental factors such as multiple owners and handlers, age of weaning, and herd composition also influence the behavior of a llama or alpaca. Following are some various scenarios that are possible:




• A precocious animal who copes with new situations by controlling them and a new owner lacking in experience = problem.




• The same new owner with a naturally timid animal = no problem.


• A young camelid has early medical problems (even if it is raised in a large herd) and is later sold to a new timid owner = problem.


• A young male cria is raised alone with no other cria to play with. The owners have young children (Figure 7-53), who encourage aggressive play behavior directed at humans. The young male camelid eventually becomes bigger than the children and reaches puberty when the games get dangerous = problem.
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Figure 7-53 This is appropriate behavior—the young alpacas are stopping at a respectful distance.








You get the picture. Sets of circumstances are responsible, not just one factor; usually, a person new to camelids is part of the mix.









How It Starts: Nancy Novice.


So how do humans navigate around these dangerous situations of aggressive behaviors? The first step is to acknowledge the problem. Once it is accepted that the humans in this particular animal's environment have to change their behaviors, the humans can set about changing what they can. The easiest thing is prevention through awareness. One very important aspect of NHS is the tendency of the human to misinterpret the beginnings of aggressive behavior for friendliness.


Here is an example of how NHS can lead to a real problem. Owner Nancy Novice has her first cria. The cria lives with two adult females (Nancy's entire herd) in a small pasture. Its instincts tell it to play, wrestle, bite, and bump. Two immediate problems are present here. First, the cria has not a lot of room to run and not much to do. Second, the other animals in its environment do not want to play, and the cria is bored. The high point of this young animal's day is when Nancy comes out and sits with it. The cria finds this two-legged creature interesting and Nancy's attention quite pleasing. The cria wants to learn more about this new thing in his environment by interacting with it. At first, it is a bit timid and walks up with its neck and nose extended for a greeting. Fine so far. Nancy is fascinated by the cria. To her, everything that this cria does is worthy of recording in the baby book.


The reality is that Nancy has other things to do in the barn; maybe she is busy mucking out when the cria decides it wants to interact with her. It wants her attention so it picks at her clothes, puts its nose in her face, and rubs against her while she is working. A week or so later, this youngster is now running up to Nancy, skidding to a stop, and putting its nose in her face. When it has grown up some more, its greetings will begin from a distance, characterized by a submissive crouch with tail on the back (Figure 7-54). Without a doubt, by the time this baby is 16 months old, maybe a lot sooner than that, Nancy will need help to find out why the beautiful, friendly, perfect baby boy is now rearing up and wrapping its legs around her waist every time she turns her back on it.
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Figure 7-54 This body posture is referred to as the submissive crouch.





When young camelids rub on, lean on, stand closely to, walk right up to, put their nose in one's face or crotch, and fail to yield space when one moves toward them they are not being friendly. These behaviors are really the beginnings of dangerously disrespectful behavior. They are exploring their environment and checking out the boundaries of what is allowed. They are asking very important questions. The conventional wisdom of ignoring youngsters who behave this way is, in my experience, not the answer. If you do nothing to discourage this seemingly “friendly” behavior, it usually escalates.









What Now?


What is Nancy to do now, and when did she give the impression to the youngster that it could practice breeding on her? Should she slap it, push it away every time it comes near her, and yell “No, bad boy!”? The author would not recommend that course of action. It surely would have been better if Nancy had discouraged this behavior earlier on. There is certainly nothing wrong with a young llama or alpaca youngster soliciting a nose greeting with neck and nose extended and then waiting politely for Nancy to lean forward to participate in the greeting. Sticking its nose in Nancy's face any time it felt like it is crossing the line of allowable behavior. If Nancy had put her hand out palm facing the animal and said “Stop” or “Stay back” the first couple of times this youngster invaded her personal space without permission, the problem would have been nipped in the bud. Nancy does not need to scare the youngster away, but she needs to be clear about letting the youngster know that it is not allowed to invade her personal space. A foot and a half is the author's personal space. A human need only stop an animal from entering this space; we do not need to chase the animal away. Note that in the normal herd dynamic, disciplining of young camelids that invade adult space occurs with regularity, thus creating respect.


Pushing the young camelid away when it approaches or yelling would be a mistake. Yelling gets everyone excited, escalates the situation, and indicates fear. Nancy should speak firmly and powerfully, put her hand up, and tell the young camelid what she wants him to do, which is “Stay back!” (Figure 7-55). “No” is an overused word and is useless as a command. “No” is the answer to a yes-or-no question, not a command.
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Figure 7-55 An upheld hand and the verbal cue to “STAY BACK” teaches camelids how to behave around people.





When dealing with a young camelid who is displaying similar behavior, that is, rubbing, pushing, or both, more than handler fingers may be needed to fend the youngster off. A Frisbee is a great tool for this. Use a very short bop on the nose along with a firm “Stay back!” By doing this, the handler is creating a boundary around his or herself. Remember, when a Frisbee is used, no follow through is necessary; you are simply reinforcing the boundaries of your space with the Frisbee. Visualize that the animal is hitting the Frisbee rather than the other way around. The point is not to hurt this young animal but to startle it. Get a few Frisbees, punch a hole through the edge, attach a string, and hang the Frisbees wherever one is likely to need it. A handler should carry one at all times until the youngster gets the idea. It is important that every human in a young camelid's life behave consistently. If you have children, keep them away from this youngster until he understands the rules of behavior. If you have farm visitors, isolate the animal. Gelding the animal is an option for future improvement but does not immediately solve the problem. The pros and cons of gelding at an early age are discussed in the surgery section of this book.









Insist on Respectful Behavior.


Humans around camelids must learn to change their behavior and set limits. Female llamas and alpacas may become disrespectful and difficult, too. Clucking, ear threats, and spitting are common, but there are also females that are physically intimidating. The author's policy is to insist on respectful behavior from both sexes.


Crias do best if they have other peers to play with. It may be a good idea to make arrangements for a single cria to board at another breeder's farm during the first few months of the youngster's life. This may cause a bit of inconvenience for the owner but will prevent problems developing later on.









Avoid the Dangers of Overcompensation.


Overcompensation is a major part of NHS and leads to the “I will show this animal who is boss” attitude. In the management of animals, it is better to be a teacher than a boss. Enlightened managers, teachers, and bosses know that aggression only creates problems. Many trainers use the word dominance to describe how to behave around an animal. Humans come into an animal's life and are perceived as entirely different and very powerful. Humans control everything in the animal's environment. Setting consistent limits, being respectful of the animal, and being careful about asking too much too soon are all good ways of avoiding confrontation. Using training methods that do not rely on force or intimidation is important when training camelids, particularly ones that are difficult. Tying up a camelid and forcing it to submit to excessive grooming, dragging it to teach leading, physically holding it down to put a halter on or to pick up its feet will all provoke the young animal that tends to be aggressive.















Dangerously Aggressive Animals


Some camelids become dangerously aggressive and demonstrate behavior such as bumping, hitting, body charging, vocalizing, and biting. What is an owner to do: sell it to someone who does not know any better; auction it off; put it in a petting zoo; keep it behind a chain-link fence for the rest of its life? Once an animal learns that aggression works to make it feel more secure, it is very hard to convince it to give up this attitude. Training techniques that rely on force or reciprocal aggression usually escalate the behavior. When treated aggressively, most aggressive camelids will become selectively obedient to those humans that have “dominated” them out of fear. Dominance is not a permanent state. It can fluctuate from day to day. So, if one decides to deal with aggression problems with dominance techniques, one has to ensure consistency in his or her approach.


Some training and handling techniques are available to owners who are determined to give their aggressive animals another chance, but as a general rule, it is better not to keep these animals around, particularly if one has children. If an owner feels responsible for having created a dangerously aggressive camelid, that is, one that attacks and bites, or maybe just ended up with one, it might be best to have the animal put down, even though many owners find this very hard to do. In many cases, this is the humane thing to do. A quick painless end is preferable to a severely limited, confusing, and lonely existence.











Supplemental Readings
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*To learn more about Linda Tellington-Jones, TTEAM, and TTouch, visit http://www.lindatellingtonjones.com/. You may also find it useful to view videos illustrating these techniques: “Treating Your Lama Kindly” by LaRue Johnson and MM Bennett and “Camelid Handling Secrets” by Marty McGee Bennett. Available at www.camelidynamic.com.
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Chapter 8


Applied Digestive Anatomy and Feeding Behavior




Felipe San Martín and Robert J. Van Saun









Applied Anatomy and Function


The foundation for understanding appropriate feeding practices for any given species is to have a functional knowledge of the digestive system and associated metabolic and physiologic responses. Outside of South America, little has been known about applied digestive anatomy of South American camelids (SACs). Once imported to other countries, the paucity of defined feeding management practices resulted in extrapolation of feeding practices from production species, namely, cattle and sheep. Though the basics of ruminant feeding have much commonality across species, the unique anatomy and metabolism of SACs require a different feeding approach. This chapter will provide the necessary background to understand their unique metabolic adaptations and digestive physiology influencing nutritional requirements and allowing survival in their harsh native environment. This understanding then becomes the cornerstone for developing appropriate feeding management practices.






Forestomach Anatomy


A comprehensive description of forestomach anatomy, secretory functions, and motility is found in Chapter 40, Disorders of the Digestive System.









Fermentation and Forestomach Microbes


Very little difference exists in the anaerobic microbial population between camelids and ruminants.1 However, Morvan et al. reported that llamas have greater acetogenic bacterial populations and also that camels have a total bacterial count lower than that of ruminants.2 Similarities between SACs and ruminants with regard to the forestomach fermentation process can be attributed to microorganism populations present in the fermentation chamber; these microorganisms determine the fermentation patterns and are primarily the result of diet composition and forestomach retention time.3


No major differences between SACs and ruminants exist in the volatile fatty acids (VFAs) produced during food fermentation. Concentrations of acetate, propionate, and butyrate of 68%, 19.7%, and 12%, respectively, have been reported for llamas fed at maintenance levels. The rapid rate of VFA absorption observed in SACs, which may be two or three times that of the rumen in ruminants, is an important factor that stabilizes forestomach pH favoring continued microbial fermentation and thus VFA production and availability.4


The forestomach fermentation process is further enhanced in SACs by physiologic adaptations related to urea recycling and liquid passage rate. SACs have a tremendous capacity to survive by consuming feed with low nitrogen as a result of higher nitrogen recycling efficiency through the forestomach wall, thus maintaining higher ammonia-nitrogen (NH3-N) content in the stomach compartments C1-C2 for microbial synthesis.5 Cellulolytic bacteria have an exclusive requirement for ammonia as their nitrogen source supporting microbial protein production.6 Another important factor in the digestive capacity of SACs is the higher forestomach liquid dilution rate in SAC compared with ruminants (see next section). A greater liquid dilution rate is indicative of greater bacterial production and arrival in the small intestine of SACs. The increase in the velocity of the liquid phase causes a greater efficiency of microbial growth in the C1-C2, ensuring that a minimum amount of energy is needed to maintain the microbial population.7–9












Consumption, Digestibility, and Feeding Behavior






Food Retention Time


Comparative studies between SACs and sheep on food retention time in the digestive tract show that SACs maintain the food for a longer time (Table 8-1).9,10 Also, Clemens and Stevens and Sponheimer et al. found that SACs retain large particles for a longer period compared with other species of mammals such as cattle, horses, goats, and rabbits.11,12 The longer retention time in SACs has two important consequences: (1) the improved utilization of cell wall constituents, and (2) the restriction of consumption by limiting forestomach capacity.13




TABLE 8-1


Comparative Passage Rate of Particles in the Forestomach of Llamas and Sheep
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With regard to the liquid phase rate of passage in C1-C2, SACs have a faster rate of passage compared with sheep: 10.4% per hour compared with 7.7% per hour (Table 8-2).9 Also, Clemens and Stevens found that llamas have a faster dilution rate of fluids and smaller particles compared with cattle and horses.11 Maloy observed a faster liquid phase flow in the stomach of camels than in that of Zebu steers.14




TABLE 8-2


Forestomach Volume and Estimate of Liquid Passage Rate in Llama and Sheep
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*kg, Kilogram; L, liter; L/hr, liter per hour; MBW, metabolic body weight = BW kg0.75; %/hr, percent per hour.





Mechanisms accounting for differences in the retention times of liquid and solid contents in the forestomach of ruminants are not clearly understood. The probability of feed particles leaving the forestomach is mainly determined by density and size, although particle density is more important than size. Larger particles have low density and are therefore retained for a longer period in C1-C2.13 Prolonged retention of larger particles facilitates continued microbial cellulose degradation.


In SACs, C2 motility and the function of the channel between C2 and C3 are assumed to be responsible for selective transport of liquids and solids. Despite some similarities that may exist between SACs and ruminants with regard to the ability to separate the particles that pass through this channel, comparative studies have shown that these species also have differences in stomach motility. The rapid rate of passage of the liquid phase in SACs compared with that of ruminants could be explained by the high correlation between salivary flow and C1-C2 volume in SACs.


The rapid liquid passage rate in SACs promotes microbial production by forcing microbial populations to maintain active growth (i.e., log growth). The active growth phase of microbial populations results in greater efficiency of microbial growth in the C1-C2, ensuring that only a minimal amount of energy is needed to maintain the microbial population.7,15









Consumption


Most available information on consumption in SACs comes from comparative studies in stabled conditions. Dry matter consumption observed in alpacas and llamas is 1.8% and 2.0% of live weight, respectively (Table 8-3). In alpacas and llamas, the consumption of organic matter gram per kilogram of metabolic body weight (g/kg BW0.75) ranges from 40 to 56. In general, the daily feed consumption by SACs is less than that of sheep. San Martín found that under grazing conditions, llamas and alpacas have the same level of consumption, being approximately 36% and 26% lower than that seen in sheep under cultivated and native pastures, respectively.9 The lower consumption rate observed in SACs in comparison with ruminants is a result of longer particle retention time in the digestive tract of SACs.16,17




TABLE 8-3


Comparative Daily Intake among Alpaca, Llama, and Sheep under Housed and Grazing Conditions
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g/kg, Gram per kilogram; MBW, metabolic body weight = BW kg0.75





In the Altiplano grasslands, the SAC feed consumption during the dry season is similar to or greater than consumption during the rainy season despite the lower nutritional quality of native pasture in the dry season compared with the rainy season. This level of consumption in the dry season is in response to the increase in gastric capacity because of the low nutritional quality of the diet. This is observed in other species as well.18–20


The ratios of alpacas to sheep and llamas to sheep used to estimate stocking rates in the Altiplano grasslands originally did not account for consumption differences among alpacas, llamas, and sheep. The nonadjusted ratios are 1.5 : 1 and 1.8 : 1 for alpaca to sheep and llama to sheep, respectively. When differences in consumption are taken into account, these ratios become 1 : 1 for alpaca to sheep and 1.5 : 1 for llama to sheep. It is important to note that these ratios do not take into account forage characteristics and the environment, so these conversion factors should only serve as one of several tools in determining the stocking rate for livestock in native or other pastures.


In animal production, low intake is often related to low rate of production because a large proportion of the energy from food is diverted to meet maintenance requirements, which results in poor feed conversion. In contrast, the low consumption observed in SACs managed in their harsh native environment with low availability of poor-quality forage during most of the year is an important adaptation, which, coupled with greater digestive capacity, provides competitive advantage.









Digestibility


Several comparative studies addressing in vivo digestibility have been conducted in SACs and ruminants. San Martín et al. reviewed several in vivo digestibility trials in alpacas and sheep, in which animals were separated into groups on the basis of the dietary crude protein content being less than 7.5% or greater than 10.5%.21 For diets containing less than 7.5% crude protein, digestibility was found to be higher and more favorable to alpacas, whereas no difference between species was observed in diets with levels higher than 10.5% crude protein. Additional studies on comparative digestibility have confirmed these findings (Table 8-4). Thus, SACs show higher digestibility compared with ruminants consuming low- to medium-quality diets, whereas comparable digestibility was observed between the two species for diets of high quality or low fiber content.9,12,17,22




TABLE 8-4


Differences in Organic Matter Digestion between Llamas and Sheep in Relation to Diet Quality


[image: image]


Medium = 11% CP and 2.8 DE.


High = 15% CP and 3.2 DE.


*Low = 7% crude protein (CP) and 2.2 megacalorie (Mcal) digestible energy (DE) per kilogram of dry matter.





Increased digestive efficiency in SACs has been related to the increased retention time of food in the digestive tract. This is because microbial degradation of cell wall constituents is a relatively slow process; therefore, when the retention time of digesta is increased, an apparent improvement occurs in the digestibility of low-quality food. The digestibility of high-quality foods are relatively unaffected by retention time.


San Martín et al. and Genin and Tichit, using a dacron bag technique to estimate in situ digestibility between SACs and ruminants, observed greater digestibility in SACs compared with ruminants, even with equal retention time in both species.23,24 These results indicate that other factors besides retention time are implicated in the digestive superiority of SACs. These include increased frequency of forestomach contractions, ruminant cycles, high ratio of salivary flow to stomach volume, and presence of forestomach glandular saccules. Additionally, greater digestibility of low-quality food is facilitated by the ability of SACs to maintain a higher concentration of NH3-N in C1-C2 compared with ruminants. This would provide more available nitrogen for microbial synthesis, improving fiber digestion.5,25









Feed Selectivity


The lips of the SACs are relatively thin. The upper lip is divided by a median groove (cleft lip) and is smaller than the lower lip. The SAC lips are mobile, which allows for high selective ability. SACs do not use their tongue to manipulate food, and it rarely protrudes from their mouth, making them unlikely to lick salt licks.4


With regard to the dental formula, SACs exhibit a diversity of forms related to food processing and defense functions. In very young SACs, all teeth except canines are present at birth. The age at which incisors are replaced by permanent teeth, thus completing their development, is 4.5 years for both females and males. Incisors, located on the anterior aspect of the lower jaw, have sharp edges on a wedge. This facilitates cutting of plant material by exerting pressure against the dental pad located at the front of the upper jaw. Canines are larger in males than in females and are the only indicators of sexual dimorphism. The noted differences in the sizes of canines is related to their use by males as weapons in the struggle to establish dominance and not in the processing of food.


Premolars and molars play an important role in efficiency of cutting and grinding of food. During mastication, vertical and horizontal mandibular movements allow for efficient grinding of food leading to a reduction of particle size.26 Florez and Gutierrez showed that alpacas and llamas are more efficient at reducing particle size compared with sheep.27 In llamas and alpacas, efficiency in particle size reduction increases when forage length increases, whereas the opposite was observed in sheep.









Diet Composition


Early studies on diet selectivity in alpacas were completed on the Peruvian rangelands by direct observation. Alpacas eat mostly tall grasses in the rainy season and short grasses during the dry season. Festuca dolichophylla, Distichia muscoid, Trifolium amabile, and Bromus unioloides were identified as the preferred species.28 Bryant and Farfan, studied alpacas grazing in the Festuca-Calamagrostis grasslands using microhistologic analysis of fecal material and observed that alpacas were primarily grazers rather than forb eaters during the dry season and early wet period.29


Some studies on diet selectivity used alpacas with esophageal fistulas. In the Festuca-Calamagrostis grasslands, the selected plant species during the rainy season were Hipochoeria estinophala (18%), Trifolium amabile (16%), Nothoscardium sp. (16%), and Eleocharis albibracteata (15%) and in the dry season Festuca dolichophylla (56%) and Calamagrostis vicunarum (28%).30 In the Festuca-Stipa grasslands, it was reported that selection of short grasses increased, whereas tall grass selection declined in the last months of the dry season. The dominant species in the diet were Festuca dolichophylla (21%), Muhlenbergia peruviana (20%), Festuca rigida (17%), and Stipa brachiphylla (15%).31 Alpacas showed a high degree of preference for wetland when restricted to high altitude. This wetland is characterized by sedges (Carex crespitosa) and green vegetation; alpaca diets consists mainly (78%) of ciperaceas (sedges) and juncaceas (rushes). In contrast, in grassland dominated by Festuca dolichophylla and Muhlenbergia fastigiata, diets were mainly (60%) composed of grasses.32


In the highlands of Peru, about 70% of the livestock are handled by small farmers and communities. Also, llamas and alpacas are raised together with sheep. Despite this fact, few studies have focused on comparisons of diet composition between these species to understand the differences in the utilization of feed resources within the pastoral system. Pfister et al. reported that in their study, llamas spend more time at each feeding station than do alpacas or sheep and that SACs have greater total grazing times compared with sheep.33 However, Sharp et al. reported that alpacas in New Zealand show more grazing activity compared with sheep during daylight and less activity at night, but significantly more ruminating activity during the night.34


San Martín reported a comparative botanical composition of diets consumed by llamas, alpacas, and sheep grazing under three different cultivated pastures (Festuca rubra, Lolium perenne, and Trifolium repens) and two native grasslands dominated by Festuca dolichophylla and Festuca rigida.9 In the cultivated pasture, sheep consumed about 2.6 times more legumes compared with SACs. The legumes were selected less by SACs, which may explain why these animals do not experience bloat as readily as sheep do. Tall grasses were selected more by llamas when grazing native grasslands. Also, llamas had a lower selection of leaves compared with alpacas and sheep.


These observations suggest that llamas are adapted to arid environments, which is further supported by their current distribution. Approximately 70% of the world's llama population is located in the Bolivian highlands, where rainfall fluctuates between 250 to 450 millimeters (mm) (9.8 to 17.7 inches). In contrast, the Peruvian Altiplano contains only 25% of the world llama population, and rainfall in that region fluctuates between 500 and 900 mm (19.7 and 35.4 inches). Within the Peruvian Altiplano grasslands, the llama population is located mainly in arid areas (dry puna).35 Additionally, it was observed that llamas are susceptible to foot rot problems when grazing on wet soils, a problem that rarely occurs in alpacas.


Shimada and Shimada suggested, on the basis of ethnographic, archeozoologic, physiologic, and ethnohistoric data, that llamas were bred and maintained on the north coast of Peru as early as 600 BC.36 They indicated that llamas are physiologically adapted to arid environments and that current absence of these animals in the Peruvian coast has resulted from competition with animals introduced by the Spaniards. It is interesting to note that selective characteristics observed by San Martín resemble those seen in the Old World camels.9 The Old World camels prefer sparse vegetation and dry grasses that are usually avoided by other animals.37 Also, Genin et al. suggested that llamas prefer dry, tall, and fibrous forages more than do other ruminants.38


With regard to selection of specific plant components, alpacas consume a higher proportion of leaves compared with llamas, and the proportion increases during the last months of the rainy season. However, in comparative studies, sheep were shown to consume an even greater proportion of leaves compared with either alpacas or llamas and select against tall grasses. Alpacas show intermediate selectivity for plant species and components compared with llamas and sheep. Thus, alpacas display greater selective grazing behavior compared with llamas and show a greater willingness to use forages that grow in wetlands.


In summary, the alpaca is a highly adaptable animal that can vary its selectivity of native grassland plants according to forage availability. When the availability of grass is high and that of herbs and plantlike grasses is limited, grasses comprise the bulk of the alpaca diet. When grass availability is limited and herbaceous plant availability is high, alpacas adapt to selecting these forages as an important constituent of their diet.












Implications of Camelid Nutritional Adaptations


Unlike other nonruminant herbivores, SACs are capable of ruminating and have a forestomach microbial population similar to that in all herbivores. However, the symbiotic relationship between microbial populations and host animal is greater in SACs than in any other herbivorous species. Unique metabolic and physiologic adaptations have enabled SACs to flourish in an environment that is characterized by prolonged periods with limited amounts of low-quality forage. This discussion will explore the implications of the metabolic adaptations in SACs underpinning feeding management and animal health concerns.






Microbial Fermentation


As previously described, the anatomy and physiology of the SAC forestomach are similar in some ways and yet very different in others compared with ruminants. The high buffering capacity of the SAC forestomach is a key digestive advantage. The high ratio of saliva production to forestomach volume and the glands within the C1, C2, and C3 stomach compartments facilitate VFA removal and bicarbonate secretion and provide an optimal environment to enhance microbial digestion of high-fiber diets. This high buffering capacity in the SAC forestomach provides a better environment for cellulolytic bacteria, as they are more sensitive to low pH conditions, and the higher dilution rate results in lower microbial maintenance requirement. Microbial growth efficiency is further enhanced by the continuous forestomach activity and the greater efficiency of urea recycling to the forestomach, sustaining microbial growth under limited nitrogen conditions. All of these aspects give these species a great digestive capacity to survive and develop in a harsh environment.


Enhancement of microbial fermentation allows for greater microbial protein yield and degradation of consumed feed. Microbial protein is highly digestible and of high biologic value to the host animal.39 Feeding management practices should focus on supporting microbial growth by providing dietary nitrogen sources that enhance cellulolytic activity. Cellulolytic bacteria require ammonia rather than amino acids or peptides as their nitrogen source.40 Further research is required to better define protein degradability in feedstuffs and appropriate rate of supplementation in the SAC feeding program (see Protein Requirement discussion, Chapter 9).


Greater extent of fermentation has its advantages when high forage diets, especially lower-quality forages, are consumed. However, outside of South America, most SAC diets include nonforage supplements composed mainly of cereal grains and protein sources to complement the forage. Most supplements are fashioned after those fed to cattle, sheep, and goats and tend to contain mostly cereal grain starch sources in support of productive energy needs. Rapid starch fermentation will reduce forestomach pH via excessive accumulation of VFAs and lactic acid (see discussion in Digestive Diseases, Chapter 40). Dramatic and sustained declines in forestomach pH (<6.0) will impede cellulolytic activity. Even with their efficient buffering capacity, SACs are more predisposed to forestomach acidosis compared with ruminants.41 Consequently, supplement sugar and starch content should be limited and starch-based ingredient sources (i.e., cereal grains) replaced with fermentable fiber sources (i.e., wheat bran, beet or citrus pulp, soyhulls, and alfalfa meal).









Metabolic Adaptations


Glucose metabolism in camelids remains an enigma. Ruminant animals maintain low blood glucose concentration (50–80 milligrams per deciliter [mg/dL], or 2.8–4.4 millimoles per liter [mmol/L]) compared with nonruminant animals (75–115 mg/dL [4.2–6.3 mmol/L]). Preweaned milk-fed calves are not functional ruminants and will maintain a higher blood glucose concentration similar to nonruminant animals. As the rumen becomes functional, blood glucose will decline to adult concentrations. In contrast to ruminants, llamas and alpacas maintain higher blood glucose concentrations (103–160 mg/dL [5.7–8.9 mmol/L]) more similar to that of nonruminant animals. Llamas and alpacas also display an extreme hyperglycemic response (blood glucose concentrations >200–300 mg/dL [11.1–16.6 mmol/L]) in response to even minimal stress situations.42–44 Elevated blood glucose can be somewhat explained by recent research showing low insulin concentrations, a sluggish insulin response, and moderate insulin resistance, somewhat similar to a diabetes-related condition, in llamas and alpacas (see discussion on Metabolic Disorders, Chapter 41).44


Llamas and alpacas as well as ruminants do not absorb large quantities of dietary glucose, as forestomach microbial populations efficiently ferment sugars to VFAs. Ruminants as well as SACs rely predominately on hepatic gluconeogenesis to maintain glucose status. Propionate, the predominant VFA generated from starch fermentation, is the primary substrate for gluconeogenesis. With minimal (<5% dry matter) starch content in high-forage diets, propionate may not be sufficient to support the high gluconeogenic demand to maintain high blood glucose concentrations in llamas and alpacas. The prevailing theory suggests that SACs utilize amino acids in support of blood glucose content, which is consistent with the adaptation to promote greater microbial protein yield. Further evidence supporting the role of amino acids in glucose regulation is suggested by the greater protein-to-energy ratio of 47 g to 1 megacalorie (Mcal) in SACs compared with that in ruminants (31 g to 1 Mcal).45


Utilization of amino acids in support of gluconeogenesis requires the disposal of ammonia allowing the remaining carbon skeleton to enter the gluconeogenic pathway. Ammonia is a potent cellular toxin and is rapidly detoxified by the liver in synthesizing urea. Blood urea nitrogen (BUN) concentration is reflective of protein turnover and amino acid degradation as well as dietary protein status in ruminants. Comparing BUN data on llamas and alpacas to data on ruminants, it would seem camelids generally have higher (>20 mg/dL) BUN concentrations during the fed state.46–48 Higher BUN concentrations in SACs would suggest that they are being overfed proteins relative to their requirements, metabolize urea differently from other ruminants, have an inherently high metabolic rate of protein turnover, or some combination of all of these factors. Llamas have a lower rate of urea turnover and renal urea excretion rate compared with other ruminants.5,49 These differences allow llamas to recycle more urea to the forestomach via saliva in support of microbial protein synthesis. In addition to recycling more urea to bacteria, llamas have been shown to have greater forestomach urease activity compared with other ruminants.5,49 Greater urea recycling and utilization coupled with slower rate of passage in C1 are critical physiologic adaptations allowing SACs to survive in their native environment under harsh conditions by consuming low-quality forages for a significant portion of the year.


This integration of glucose and protein metabolism in SACs is quite unique and imperative to their adaptation to their environments. The reduced insulin concentration and the slow response most likely are responsible for lower peripheral tissue glucose uptake and utilization. The lower insulin status also permits unregulated gluconeogenesis and rapid adipocyte lipolysis when confronted by negative energy balance. Decreased peripheral uptake and utilization of glucose requires an alternative cellular fuel. The VFA products acetate and butyrate from fiber fermentation most likely fill this void as preferential cellular energy substrates. In view of these concepts, it would seem that SACs have adapted to a protein- and lipid-based dietary scheme in lieu of carbohydrates.


This adaptation not only has beneficial effects for surviving in a harsh environment, but it also predisposes SACs to a range of adverse metabolic consequences. Although SACs are well adapted to tolerate periods of malnutrition, alterations to protein or insulin status may result in greater susceptibility to exaggerated lipid mobilization leading to hepatic lipidosis.44 In contrast to ruminants, SACs of all ages and physiologic states may succumb to varying degrees of hepatic lipidosis (refer to Chapter 41 Metabolic Disease for further discussion).50,51 Inadequate protein status may exacerbate the consequences of negative energy balance, especially in females during late pregnancy or early lactation. Dietary management should focus on maintaining sufficient protein intake and minimizing severe or prolonged energy deficits. The use of hyperosmolar glucose concentrations to treat energy deficits, which is a typical therapeutic approach in ruminants, is not possible in SACs because of their limited insulin response.









Dry Matter Intake


The observed slowed rate of passage in camelids has digestive advantages as an adaptation to scarce or low-quality forage. However, the challenge in defining intake potential is to predict expected intake for a given feeding system. A number of studies have measured camelid dry matter intake (DMI) under varying feeding and housing conditions in comparison with sheep.52–54 Some studies have confirmed that camelids have lower intake levels compared with sheep, but others have shown no difference or have shown higher intake by camelids.55,56 When intake was adjusted relative to metabolic body weight (MBW; kg BW0.75), llama and alpaca intake was not seen to be different but was 26% and 36% lower compared with sheep for improved and unimproved pastures, respectively.54


Intake data from a large number of studies summarized by San Martín and Bryant showed 2% and 1.8% of body weight as average intake for llamas and alpacas, respectively.57 Other authors suggested DMI rates of 1.7% and 1.5% of body weight for alpacas and llamas, respectively.58 These intake expectations are higher than expected 1% and 1.5% of body weight intake rates shown in the National Research Council (NRC) report (Figure 8-1).59 Measuring DMI for an animal is a difficult procedure if the animals are not housed individually. Obtaining DMIs for pastured animals is a real challenge. Data were obtained from seven published studies in which individual maintenance DMI intakes were determined and forage nutrient content described and were used to characterize intake capacity in an effort to create a better model for intake expectations.12,17,60–64 Mean data (n = 4 to 16 animals) from these studies represented a total of 22 dietary forage comparisons. Overall DMIs for llamas and alpacas were not different (1.5% BW), but compared with current DMI expectations, significant individual variations, especially with the alpacas, were noted (Figure 8-2). On an MBW basis, llamas had a slightly higher intake (46.1 versus 39.4 g/kg MBW) compared with alpacas.
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Figure 8-1 Comparison of expected dry matter intake (DMI) as a percent of body weight (% BW) for llamas and alpacas at maintenance. (Based on data from National Research Council: Nutrient requirements of small ruminants: sheep, goats, cervids and New World camelids, Washington, DC, 2007, National Academic Press; and Lopez A, Raggi LA: Requerimientos nutritivos de camélidos sudamericanos: Llamas (Lama glama) y Alpacas (Lama pacos), Arch Med Vet XXIV(2):121–130, 1992 [llama and alpaca data].)
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Figure 8-2 Comparisons of expected to observed dry matter intake for llamas and alpacas at maintenance. *Intake data presented as g/kg metabolic body weight (MBW kg0.75). Observed intake represents mean data (n = 4–16) derived from seven published studies (see text) with 22 treatment comparisons. (From National Research Council: Nutrient requirements of small ruminants: sheep, goats, cervids and New World camelids, Washington, DC, 2007, National Academic Press; and Lopez A, Raggi LA: Requerimientos nutritivos de camélidos sudamericanos: Llamas (Lama glama) y Alpacas (Lama pacos), Arch Med Vet XXIV(2):121–130, 1992.)





Differences in DMI results across these and other studies may reflect wide differences in the quality of forages used. For ruminants, dietary neutral detergent fiber (NDF) content influences intake capacity by physical fill. As the NDF content of feeds increases, intake capacity is reduced. Recommended NDF intake to optimize productive performance in ruminants is 1.2% BW.65 Similarly, both dietary NDF and protein content influence intake capacity in SACs.17,54,57 From these data, NDF intake as a percent of body weight (0.9% ± 0.3% BW) was lower in llamas and alpacas compared with that in ruminants (Figure 8-3). Lower NDF intake capacity is consistent with the longer C1 retention time to facilitate fiber fermentation in SACs. These data suggest that dietary NDF content might be used to predict potential intake capacity. Expected maintenance DMI would be based on an NDF intake of 0.6% BW and 1.2% BW, with the lower and higher values representing low-quality and high-quality forages, respectively.
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Figure 8-3 Relationship between dietary neutral detergent fiber (NDF) content and NDF intake as a percent of body weight (% BW) for llamas and alpacas. Data (n = 4–16) derived from seven published studies (see text) with 22 treatment comparisons. Shaded box represents NDF intake for ruminants. Solid line represents overall mean NDF intake for llamas and alpacas.





The observed variability in NDF intake might be attributed to differences in forage NDF digestibility. The marked difference (0.28% versus 1.16% BW) in NDF intake for the two highest NDF treatments is interesting. Both forages were described as straw. In a simulation model to predict alpaca production in the Andes Puna, maximal DMI was modeled as 90 g/kg MBW, with correction factors accounting for forage digestibility and availability.66 The availability factor was a function of the dry matter available from pasture. This variable would not be applicable in systems where forage is provided ad libitum, and thus only digestibility would alter intake capacity. Observed intake from these studies was 42.7 g/kg MBW (Figure 8-4), consistent with published intake expectations.58,59 Using this intake model, 47.4% forage digestibility would be predicted where forage NDF ranged from 51.5% to 79.9% DM.
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Figure 8-4 Observed dry matter intake (DMI) determined as g/kg metabolic body weight (MBW, BWkg0.75) relative to dietary neutral detergent fiber (NDF) content. Data (n = 4–16) derived from seven published studies (see text) with 22 treatment comparisons. Solid line represents overall mean NDF intake for llamas and alpacas.





To achieve higher intake levels in support of growth, late pregnancy, or lactation, more digestible feeds would need to be fed. This concept was used to generate the range in expected intakes for differing physiologic states (see Tables 9-6 through 9-7). One study has reported DMI for alpacas consuming pasture in late pregnant and early lactating states. Calculated intakes were higher during both late pregnant (2.8% BW, 69.6 g/kg MBW) and lactating (20 d postpartum, 3.7% BW, 103 g/kg MBW; 40 d postpartum, 3.28% BW, 91.8 g/kg MBW) states compared with other reports.67 Pasture NDF content ranged between 49% and 66% DM. Possible errors in estimating pasture DM content before and after grazing may account for the observed higher intake. Females in late pregnancy would not be expected to increase intake greatly because of physical fill effects, although lactating females may have greater intake capacity. The necessity for better defining SAC intake capacity is clearly defined by differences in expected dietary nutrient concentrations between South America and North America. Models to predict nutrient requirements are equivalent, yet recommended dietary nutrient densities are quite disparate. Obviously, the difference is a result of differing intake expectations. Therefore, further research is necessary to better define SAC intake expectations under different management systems.
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Chapter 9


Nutritional Requirements




Robert J. Van Saun





Llamas and alpacas are well adapted to survive and flourish in the harsh high-altitude environment of South America. Nutritional challenges in their native environment encompass yearly cycles of “feast and famine” as a result of a brief 3-month rainy season producing an abundance of high-quality forages, followed by a longer dry season during which forage nutrient availability and quality are limited.1 Traditional pastoral management of llamas and alpacas focuses on aligning the birthing season with the beginning of the rainy season to match forage availability and quality with increasing nutrient requirements. Higher mortality and poor reproduction or growth is often associated with females and their crias when parturition is misaligned relative to the rainy season. Although llamas and alpacas have been domesticated for several thousands of years, the pastoral management approach has resulted in minimal scientific publications describing nutrient requirement prediction models at various physiologic states.


Importation of llamas and alpacas to North America, Europe, and Australia has placed greater importance on understanding nutrient requirements to develop well-balanced feeding programs that will optimize animal health and performance while minimizing disease risks. The first in-depth review of South American camelid (SAC) nutritional requirements was published in 1989.1 In this review, only one study was cited for the determination of energy requirement for llama maintenance and protein requirement for alpaca maintenance.2,3 Energy and protein requirements for other physiologic states were not available. Additionally, no reports describing mineral and vitamin requirements were included. Much of the review focused on comparative digestive anatomy and digestive efficiency between SACs and other ruminants, highlighting the competitive advantage of llamas and alpacas with lower-quality forages (see Chapter 8). Furthermore, numerous studies characterizing feeding behavior, feed selectivity, and intake capacity were cited, consistent with the pastoral approach to feeding management of llamas and alpacas.


Following this review, a second study on energy requirement for llama maintenance finding a very different result from the original study was published.4 Fowler first suggested energy requirements for other physiologic states based on extrapolations from data on goats.5 With these limited data and a framework from extrapolated requirements, a series of models to predict energy and protein requirements for llamas and alpacas for all physiologic states were developed.6 These models mimicked similar factorial approach to defining requirements for sheep and goats but were adjusted to the documented lower energy and protein requirements for llamas and alpacas. The recent National Research Council (NRC) publication describing nutrient requirements for small ruminants included these models to describe llama and alpaca nutrient recommendations.7 It needs to be emphasized that these models are, at best, estimations based on available data and have been evaluated in comparison with previous recommendations and current successful feeding methods, but they have not been robustly validated with animal feeding trials.


With the paucity of information, it has been assumed that no differences in nutrient requirements exist between llamas and alpacas. Recent North American studies determined a slightly higher maintenance protein requirement for alpacas compared with the original study and a higher protein requirement for llamas.8,9 This latter study suggested that protein requirements could not be equally applied to llamas and alpacas. A review of feeding recommendations from Chile recommended different energy requirements for llamas and alpacas, and both recommendations are lower than the energy requirement reported for llamas from a North American study.10 A pattern of determined lower energy and protein requirements from South American data, compared with North American data, seems to exist. These differences have been interpreted to suggest a greater nutrient assimilation efficiency at higher (>3000 meters [m]) compared with lower altitudes, although this hypothesis has not been adequately tested.11 Animal owners and veterinarians should become familiar with the nutrient requirements of llamas and alpacas not only to provide an appropriate diet but also to better understand and recognize risks for nutritional diseases. However, it is important to recognize the limitations of these recommendations, as a result of our knowledge of llama and alpaca nutrient requirements is incomplete, especially in light of more recent findings.






Water


Water plays an important role in body temperature regulation and provides an aqueous medium to sustain all metabolic reactions. Total body water will decrease with age and body fat content. The body desiccates with age; newborn animals have more than 80% body water content compared with adult animals that have between 60% and 70%. Total body water measured in four 3-to-6 year old llamas weighing between 62 and 149 kg ranged from 70.4% to 63.8%, respectively.12 Similar total body water content (68%) was reported in free-ranging alpacas and llamas.13,14 The latter study showed higher body water content during summer (71.8%) compared with winter (65.9%) and much higher body water content in lactating females (78.3%), which might be explained by fat mobilization in support of lactation.14 These values are consistent with observations based on observed body weight range in other species accounting for variation in body fat content.


Total body water is distributed between intracellular (62%–69%) and extracellular (31%–38%) physiologic pools.7 The intracellular water pool is highly regulated through exchange with the extracellular pool via modification of sodium ion flux to maintain a fairly stable sodium concentration. The extracellular water pool comprises blood plasma (25%) and interstitial fluids (75%). Water contained within the gastrointestinal (GI) tract is another important body water reservoir that may be associated with the extracellular pool. SACs, similar to other ruminant species, have significant GI water reserves that can be exchanged with the extracellular pool to maintain hydration status. Foregut water content is highly variable (10%–30% of total body water) as a result of dry matter (DM), mineral, water, and saliva influx, balanced with digestion and fermentation end product generation and outflow, but accounts for a fairly constant 81% to 88% of total gut water.7


Animals derive water from free water, feed, and metabolic sources. Metabolic sources (e.g., oxidation reactions from food digestion and body tissue breakdown) generally account for 10% or less of total needs, except in desert-adapted species, in which metabolic water may account for more than 30% of water needs. Feeds vary tremendously in water content, from less than 15% in most dry feeds to more than 80% on lush pasture. Voluntary water consumption (liters per kilogram [L/kg] DM consumed) is influenced by the composition and character of the consumed diet relative to animal water requirements. Water intake is highest with dried forage and slightly less for pelleted or coarse grains. Forage moisture content and ambient temperature are the primary determinants of voluntary water consumption (Figure 9-1). A study showed that voluntary water consumption increased from 3 to 5 L/kg DM over an ambient temperature range of 40°F to 80°F, respectively, when dried forage was consumed (10% moisture). Conversely, water consumption ranged from 0.1 to 2.2 L/kg DM over the same temperature range when forage containing 75% moisture was consumed.15 Although these data were obtained using grazing steers at a maintenance intake, they are consistent with observations in other ruminants and applicable to SACs.
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Figure 9-1 Effects of forage water content and ambient temperature on water consumption. (Adapted from Hyder DN, et al: Sampling requirements of the water-intake method of estimating forage intake by grazing cattle, J Range Manage 21(6):392-397, 1968.)





Water loss from the body occurs primarily via urine and feces, although small ruminants have reduced fecal moisture as a result of greater colonic water absorption. Adaptation to water deprivation comes from the ability to concentrate urine. Although SACs are not similar to Old World camels in their ability to adapt to water deprivation, SACs can concentrate their urine, decrease renal water excretion, and increase oxidative water production, thus facilitating their adaptation of water restriction.12 Additional insensible water losses are attributed to sweating, respiratory evaporation, and licking or drooling.7 For physiologic states beyond maintenance, water loss is associated with milk production (milk is 85%–87% water), whereas body water accretion occurs with tissue gain (muscle is 75% water) and pregnancy.


Inadequate water intake results in reduced feed intake and reduced water output. However, llamas were observed to have less reduction in DM intake compared with goats when water was restricted.12 Urinary volume would dramatically decline with water restriction via mechanisms to concentrate urine. Llamas can concentrate their urine to a greater extent (>1500 milliosmoles per liter [mOsm/L]) compared with other ruminant species (approximately 500 mOsm/L).7,12 Fecal water content is also reduced with water restriction, although higher dietary protein content minimizes this response. More severe water restriction relative to requirement results in reduced ability to sweat and salivate. Water restriction results in lower milk yield and growth rate, although these responses may be further exacerbated by reduced DM intake. Severe or prolonged water restriction exceeds the capability of compensatory mechanisms to maintain physiologic water pools, resulting in progressive degrees of dehydration. Described clinical manifestations of water restriction typically are associated with less than 5% dehydration. As dehydration progresses to 8%, animals become depressed, weak, have dry mucous membranes, and have slower capillary refill time. Further progression to 10% or 12% dehydration results in the animals becoming recumbent, comatose, having a rapid heart rate with weak pulse, and dying without aggressive fluid replacement therapy. Neonates are more sensitive to dehydration because of their higher body water content compared with adult animals.






Water Requirements


Total water requirement is determined by body weight, physiologic state, level of activity, production level, dietary composition, and environmental conditions. Animals maintained on pasture have nearly twice the water turnover rate compared with indoor housed animals. The numerous factors influencing a given animal's water needs confound our ability to generate specific requirement models (see NRC for review).7 Using isotope dilution methods, water turnover rate can be measured, and this value is assumed to be equivalent to the animal's total water intake or loss assuming a steady state balance. Only one study measured water turnover rate in llamas. Under confinement in a temperature-neutral environment, adult llamas had higher water turnover rate (62.1 ± 8.8 milliliters per kilogram of body weight [mL/kg BW0.82]) compared with goats (59.0 ± 10.9 mL/kg BW0.82).9 In this same study, llamas maintained on pasture had a water turnover rate nearly twice (122.2 ± 29.8 mL/kg BW0.82) that of confined animals. A similar water turnover rate (116 ± 5 mL/kg BW0.82) was determined in free-ranging llamas, whereas a higher rate (151.8 ± 28 mL/kg BW0.82) was reported for free-ranging alpacas.13,14 These higher values are consistent with water turnover rates in grazing sheep and goats. Water requirement can be estimated relative to energy expenditure or DM intake.7 Estimates for water requirements for SAC maintenance in a thermoneutral environment have been related to energy intake (1 milliliter per kilocalorie [mL/kcal] of metabolizable energy intake) or energetic requirement based on metabolic body weight (122 mL/kg BW0.75).6,16 The former estimate is essentially equivalent to the observed water turnover rate for confined animals, whereas the latter model predicts slightly lower water requirements than the water turnover rate measured in pastured llamas (Table 9-1).




TABLE 9-1


Comparison of Models Estimating Maintenance Water Requirement and Extrapolated Water Requirement for Other Physiologic States under Isothermic Conditions


[image: image]


*ME = 1 mL water per 1 kcal of metabolizable energy; Confined = 62.1 mL/kg BW0.82; Pasture = 122.2 mL/kg BW0.82; MBW = 122 mL/kg BW0.75; 2.5 × MBW = 182.1 mL/kg BW0.75.





Few reports have documented additional water requirements for physiologic states beyond maintenance for SACs, so some extrapolation from other species is necessary. Water requirement is increased between 30% and 70% above maintenance in the final 2 months of pregnancy in goats and sheep, respectively.7 Given that sheep seemingly have a much higher pregnancy water requirement compared with other small ruminants, a suggested increase of 30% to 50% above maintenance should be reasonable for SACs. Water loss in support of milk production in goats was estimated at 1.43 kg/kg of milk yield. Other studies have shown a water requirement for lactating small ruminants to range between 412 and 433 mL/kg BW0.75 housed on pasture in warmer weather.7 One study reported the water turnover rate in free ranging lactating llamas as 396 ± 9 mL/kg BW0.82 (equivalent to 552.5 mL/kg BW0.75) under pastoral conditions.14 This higher requirement relative to other small ruminants may reflect lower body fat composition during lactation in llamas and higher metabolic rate associated with extensive pasture management. Additional required water in support of growth has been evaluated in various small ruminant species. Suggested water requirements for nursing and weaned animals are 8 to 13 mL/g BW gain and 7 to 8 mL/g BW gain, respectively.7 Incorporating these suggested water requirements for gain with maintenance, nursing animals gaining between 100 and 400 g/day have an estimated water requirement of 255 to 316 mL/kg BW0.75, whereas weaned animals gaining 200 to 400 g/day would have a water requirement of 244 to 348 mL/kg BW0.75.7 The range in daily gain for nursing animals is consistent with observations in growing llamas and alpacas; however, this rate of gain for weaned animals would be higher than that observed in llamas and alpacas.


The goal for a water program is to provide water in amounts that would exceed voluntary consumption under given environmental conditions to ensure adequate water availability. Although water consumption is highly associated with DM intake (see Figure 9-1), accurate intake determination for llamas and alpacas is difficult under typical group feeding systems; thus, water requirements might be best predicted relative to energy requirements. A comparison of various maintenance water requirement models and suggested models using metabolic body size to estimate SAC water requirements over various physiologic states are shown in Table 9-1. These models are assuming an isothermic ambient temperature (50°F) and will need to be adjusted for differing ambient temperatures (see Figure 9-1). In comparing maintenance water requirements (Figure 9-2), the confined model is the minimal water requirement and could be used to estimate water needs for sick or strictly confined animals. Animals that are confined or managed in dry lots would have a water requirement estimated by the 122 mL/kg BW0.75 model, whereas pasture-based animals have a higher requirement (182.1 mL/kg BW0.75). For the final 3 months of pregnancy, water requirements should be increased by 50% above either confinement or pasture maintenance requirements, depending on the management system. The lactating water requirement (552.5 mL/kg BW0.75) was based on a single reported study, but adjusted to a metabolic body weight basis. With no camelid data for a basis, recommended water requirements are based on described NRC models for nursing animals with a range of growth from 100 to 400 g/day.
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Figure 9-2 Comparison of different models estimating maintenance water requirements for llamas and alpacas. Confined and pasture estimates. (Based on data from Rübsamen K, von Engelhardt W: Water metabolism in the llama, Comp Biochem Physiol 52A:595-598, 1975; model based on metabolic body weight (MBW) from Van Saun RJ: Nutritional diseases of South American camelids, Small Rumin Res 61:153-164, 2006.)





Fresh clean, high-quality water should be accessible for free-choice intake at all times. At least two watering stations should be provided for each pen of animals to prevent water access to socially inferior animals being restricted by the socially superior animals within a group. Minimal documented information is available regarding water space requirements for SACs. At least 12 inches of water trough space per ewe or goat has been recommended; however, this greatly exceeds water station size recommendations for dairy cattle (36 inch per 10–15 cows).17 If two watering stations are present in a pen, then 2.5 to 3.5 inches of water space per animal should be sufficient. SACs suck water with a slightly opened mouth and generally adapt to most open surface watering units.









Water Quality Assessment


Water is the most essential, although often the most neglected, nutrient. A short time frame exists between inadequate water intake and clinical manifestations of water deficiency. Required amounts and availability of water, as in the case of other essential nutrients, are not the only issues to be addressed; water quality must also be addressed. Water quality can be evaluated subjectively by its color, taste, and smell. High-quality water should be colorless and have no offensive odor or taste. A “rotten egg” smell to water is the result of high sulfate (odorless) content, in which sulfate ion is reduced to produce hydrogen sulfide (H2S) gas, which gives out the obnoxious smell. Determinations of pH, total dissolved substances (TDSs), mineral content and hardness, contaminants (herbicides, pesticides, organic compounds, etc.), and microbiologic culture provide objective measures of water quality. Water that meets current standards for human consumption obviously is equally satisfactory for animal consumption. The question is the tolerance level of animals relative to their willingness to consume adequate amounts of water that does not meet current human standards and not experience adverse consequences. Definitive evidence is minimal regarding the lower tolerance level of water quality for animals, especially for microbial contamination. A number of publications addressing livestock water quality generally describe experiential assessment of water quality for livestock.18–20


Beyond the initial subjective evaluation of a water source, measures of pH and TDSs provide a preliminary water quality assessment and may suggest the need for further evaluation. Ideal water pH is approximately 7.0, but most animals will tolerate water with a pH range between 6.0 and 9.0. Water pH can be easily measured with litmus paper or commercially available battery-operated pH meters, some of which may also measure TDSs. Salinity is a measure of total dissolved substances (or solids) most of which are mineral compounds, which accounts for electrical conductivity being another potential measure for salinity. Other measures of water quality will require a certified laboratory to complete desired analyses. Contact a chosen laboratory to determine appropriate methods for sample collection.


Increasing salinity of water sources, irrespective of mineral sources, results in decreased water intake, transient diarrhea, and reduced performance because of lower feed intake (Table 9-2). Younger animals and lactating animals are most sensitive to water salinity. Most animals can acclimate to moderately saline water. High levels of TDSs in a water sample would suggest that further evaluation of mineral content is warranted, although low levels of TDSs water could contain inappropriate mineral content. The most common dissolved minerals include calcium, magnesium, sodium, sulfate, and bicarbonate. Water hardness, a measure of calcium and magnesium content, is not a significant health or water intake issue. Hard water may contribute additional calcium or magnesium to the diet but does not increase urolithiasis risk. Beside potential toxic minerals that may contaminate water (Table 9-3), dissolved substances may affect aesthetic quality, which may lead to decreased intake; provide an additional mineral source to the diet potentially altering available mineral balance; or interfere with other minerals thus altering dietary mineral availability. Iron, manganese, and sulfate content of water are of primary concern, as they have an adverse impact on aesthetic qualities and also interfere with other minerals. Excessive iron and sulfate intake may adversely affect dietary copper availability, although by separate mechanisms. High sulfate intake may induce polioencephalomalacia that is nonresponsive to thiamin supplementation. Nitrates are another potential water contaminant of concern, especially in ruminant animals, in which nitrate is converted to more toxic nitrite by ruminal microbes. Absorbed nitrites will bind to hemoglobin reducing the blood's oxygen carrying capacity, which results in varying stages of anoxia in affected animals. Although water nitrate content generally is not solely responsible for animal intoxication, it can significantly contribute to dietary nitrate content in predisposing to potential intoxication (Table 9-4).




TABLE 9-2


Guidelines for Water Salinity Interpretation as Measured by Total Dissolved Solids Content or Electrical Conductivity






	TDS
Mg/L or ppm

	Electrical Conductivity
Umhos/cm

	Interpretation






	<1000

	< 1670

	Relatively low salinity; suitable for all classes of livestock






	1000–2999

	1670–5,008

	Satisfactory for all classes of livestock; may produce transient diarrhea in animals not accustomed to them but should not affect health or performance






	3000–4999

	5010–8,348

	Temporary water refusal and diarrhea may be seen when animals are introduced to them; may reduce productivity in lactating animals






	5000–6999

	8350–11,688

	Likely to reduce productivity in lactating animals; may reduce growth rates; may result in water refusal and diarrhea; avoid in lactating and pregnant animals; avoid, if possible






	7000–10,000

	11,690–16,700

	Unfit for poultry or swine; considerable risk in all other species; animals may subsist on them in low stress situations; avoid unless extreme circumstances






	> 10,000

	>16,700

	High saline water; not recommended for use under any conditions; dangerous, avoid at all costs







mg/L, milligram per liter; TDS, total dissolved solids; Umhos/cm, micro-ohms per centimeter.


Modified from National Research Council: Nutrient and toxic elements in water, Washington, DC, 1974, National Academy Press; Pfost DL, et al: Water quality for livestock drinking, Bull EQ 381, University of Missouri-Columbia Extension, 2001; and Bagley CV, et al: Analysis of water quality for livestock, Bull AH-Beef-28, Utah State University Extension, 1997)







TABLE 9-3


Recommended Limits of Concentration of Some Potentially Toxic Substances in Water






	Mineral

	Safe Upper Limit Mg/L (ppm)*


	Comment






	Aluminum (Al)

	5.0

	Potential toxicant, Interfering agent






	Arsenic (As)

	0.2

	Toxicant






	Boron (B)

	5.0

	 






	Cadmium (Cd)

	0.05

	Toxicant






	Chloride (Cl)

	<300

	High values of concern when not balanced with sodium






	Chromium (Cr)

	1.0

	Toxicant






	Cobalt (Co)

	1.0

	 






	Copper (Cu)

	0.5

	Potential toxicant






	Iron (Fe)

	2.0

	Aesthetic issues, Interfering agent






	Fluoride (F)

	2.0

	Toxicant






	Lead (Pb)

	0.05

	Toxicant






	Manganese (Mn)

	<0.1

	Aesthetic issues, Interfering agent






	Mercury (Hg)

	0.01

	Toxicant






	Nickel (Ni)

	1.0

	Toxicant






	Nitrite (NO2)

	<33

	Toxicant






	Nitrite-N (NO2-N)

	<10

	Toxicant






	Selenium (Se)

	0.05–0.1

	Potential for intoxication






	Sulfate (SO4−2)

	<300

	Aesthetic issues, Interfering agent, Potential toxicant






	Vanadium (V)

	0.1

	Toxicant






	Zinc (Zn)

	25.0

	Potential toxicant, Interfering agent







*Milligrams per liter = mg/L; ppm = parts per million; both are equivalent measures


Modified from National Research Council: Nutrient and toxic elements in water, Washington, DC, 1974, National Academy Press; Pfost DL, et al: Water quality for livestock drinking, Bull EQ 381, University of Missouri-Columbia Extension, 2001; and Bagley CV, et al: Analysis of water quality for livestock, Bull AH-Beef-28, Utah State University Extension, 1997.







TABLE 9-4


Interpretation of Water Nitrate Contamination






	Nitrate (NO3)

	Nitrate Nitrogen (NO3 –N)

	Interpretation






	0–44 ppm

	0–10 ppm

	No harmful effects






	45–132 ppm

	10–20 ppm

	Safe if diet is low in nitrates and nutritionally balanced






	133–220 ppm

	20–40 ppm

	Could be harmful if consumed over long periods






	221–660 ppm

	40–100 ppm

	Ruminant animals at risk; possible death and pregnancy losses






	661–800 ppm

	100–200 ppm

	Unsafe; high probability of death losses






	> 800 ppm

	>200 ppm

	Unsafe; do not use







Modified from National Research Council: Nutrient and toxic elements in water, Washington, DC, 1974, National Academy Press; Pfost DL, et al: Water quality for livestock drinking, Bull EQ 381, University of Missouri-Columbia Extension, 2001; and Bagley CV, et al: Analysis of water quality for livestock, Bull AH-Beef-28, Utah State University Extension, 1997.





A zero tolerance level is expected for microbiologic contamination of human water sources. Animals, however, seemingly tolerate low to moderate bacterial loads in their water supply. Younger animals are perceived to be less tolerant than older animals to coliform contamination of water. Although no definitive criteria have been established, total bacteria, fecal coliform, and concentrations of fecal streptococcal organisms exceeding 1 million—less than 10, and less than 30 organisms per 100 mL, respectively—are considered potential problem levels.19 Water poses a risk for transmission of various pathogenic organisms (i.e., cryptosporidia, coccidia, leptospira, and fecal coliforms) if contaminated by the urine or feces of infected animals. During summer months, surface water sources may become contaminated with blue-green algae, which, if consumed, may produce hepatotoxins capable of causing severe liver disease and death.












Energy


Dietary energy supports all body functions and thus is quantitatively considered the most important nutrient from the perspective of animal performance. Unlike other essential nutrients, energy is not described by a single physical entity such as protein, calcium, or selenium. Rather, energy is an abstract entity that can only be measured in its transformation from one form into another.21 In nutrition, chemical energy is measured by heat production as molecules are oxidized, thus energy is quantified as calories or joules (1 calorie [cal] = 4.184 joules [J]). One calorie is defined as the amount of heat required to raise 1 mL of water from 58°F to 60°F. From a practical standpoint, a calorie is a very small unit of energy, therefore larger units termed kilocalories (kcal; 1 kcal = 1000 calories) and megacalories (Mcal; 1 Mcal = 1000 kcal) are used to describe energy requirements.


Energy derived from the diet provides resources in support of body maintenance and productive functions. SACs, like any other species, experience the full spectrum of dietary energy intake relative to requirements ranging from deficiency (starvation) to excess (obesity). Inadequate energy intake (e.g., negative energy balance) is of greatest concern, as it results in a range of adverse consequences with regard to animal health and performance. Immediate effects of energy deficiency manifest as lower milk production in lactating animals or slower daily gain in growing animals, whereas impaired immune response can be seen in any energy-deprived animal. These consequences may be recognized before obvious changes in BW or body condition score (BCS; refer to Chapter 12 for description of scoring system) are measured. More severe or prolonged energy deficiency is quantified by marked reductions in BW and BCS and characterized by greater impairment of growth, production, health (i.e., greater disease susceptibility), and reproductive capacity (i.e., delayed puberty, decreased fertility).


Energy consumed in excess of requirements (e.g., positive energy balance) results in energy reserve deposition as adipose tissue. Increasing BCS or BW may directly or indirectly, respectively, quantify accumulating energy stores and describe progressive stages of obesity. Severe obesity (BCS >4 on a 1–5 scale; >30% overweight) has obvious associated health risks related to musculoskeletal, metabolic, and reproductive diseases. However, even moderate obesity (BCS 3.5–4 on a 1–5 scale; >15%–20% overweight) may have adverse effects on metabolic health and immune function. Obesity is more common in SACs managed outside of South America, most likely because of higher-quality forages being more readily available year round in those countries. With unique metabolic conditions of low insulin secretion and insulin insensitivity (refer to Metabolic Disease discussion, Chapter 41), SACs may be more predisposed to metabolic diseases associated with inappropriate excess or deficient energy intake.






Energy Partitioning


During digestion, energy stored within chemical bonds of carbohydrate, fat, and protein molecules is released in varying degrees and made available to the animal. Gross energy (GE) is the total amount of energy in a feed measured as heat released during total combustion. GE is categorized into definable components, namely, digestible, metabolizable, and net energy, based on the proportion of GE available to the animal at different phases of the digestion and utilization process.21 Digestible energy (DE) is that portion of GE that is not excreted in feces. Metabolizable energy (ME) is the portion of DE that is not lost in urine or as fermentation gases. ME is available to the animal's tissues and is used for various productive functions. Although ME would be a more descriptive measure of animal performance based on energy availability, combustible gas production is fairly consistent (approximately 18% of DE) in nonruminant animals and ruminants at maintenance. Therefore, ME is often approximated as 0.82 × DE; however, this relationship may vary considerably, depending on diet composition and level of feeding. Finally, net energy (NE) is the proportion of ME used to maintain body physiologic functions (maintenance) or productive condition (e.g., tissue growth, pregnancy, lactation, fiber growth). The difference between ME and NE is heat production following heat losses during digestion and metabolism of a given nutrient (heat increment) and heat losses from fermentation. Efficiency of conversion of ME to NE also depends on the productive purpose. Pregnancy is the least efficient process (approximately 12%–15% ME energy conversion to fetal energy deposition), whereas maintenance and lactation are relatively efficient (67%–72% conversion). Conversion efficiency for growth will depend on tissue composition (fat versus protein) that is being deposited.


Use of GE to define an animal's energy requirement is of no value, since it does not account for any difference in digestibility among feed sources. With regard to GE, corn cobs have the same energy value as corn grain. On the other extreme, NE most precisely defines feed energy truly available to the animal. However, measurement of feed NE content is tedious, complicated in ruminant species, and requires highly specialized metabolic chamber equipment. Most energy determinations are obtained through simple digestion trials to quantify DE. However, DE determination overestimates feed energy for forages and fibrous byproduct feeds because of the variable production of fermentation gases, which supports direct determination of ME as the preferred measure of energy needs. Both DE and ME determinations are further confounded by loss of energy from nondietary feed sources from endogenous cellular debris and enteric bacteria. Apparent digestibility or availability does not account for the energy contribution from these nondietary sources in feces or urine, thus underestimating the true digestibility or availability of energy from the given feed source. Methods to assess endogenous or bacterial contributions are not feasible in ruminants, as they require severe feed restriction to measure endogenous body losses and because enteric bacterial populations would need to be eliminated. Thus, the limitations to the ability to measure or describe energy requirements of SACs need to be considered.


Another commonly used energy term is total digestible nutrients (TDNs). TDNs are defined as the sum of digestible protein, sugar and starch carbohydrates, fiber, and fats. Digestible fat is multiplied by 2.25 to account for its greater energy density compared with carbohydrates. TDN content of forages is overestimated in comparison with cereal grains as a result of inherent assumptions of protein digestion made in the TDN calculation and different carbohydrate to protein ratios in these two feed types. Although TDN is often mistakenly equated with DE, it fits into the energy scale somewhere between DE and ME. Traditionally, feed TDN content was determined from digestibility trials performed on sheep, which accounts for our largest database of feed composition information. Currently, feed TDN is predicted from regression models using some combination of acid detergent fiber, neutral detergent fiber, and crude protein (CP) and is expressed as a percent of DM. Since feed TDN content is based on digestibility, the TDN value for any given feed will be dependent on the species consuming that feed. Ruminant animals are more efficient fiber digesters; therefore, TDN values for fiber-based feeds will be greater for ruminant animals compared with those for other nonruminant herbivores. Regression models to predict feed TDN content for dairy cattle are considered applicable to other ruminant animals. A slightly higher TDN value compared with that for ruminants would be expected for lower-quality forages based on evidence of greater fiber digestion in SACs. A challenge in using feed TDN values is that digestibility is reduced with increasing feed intake, so the current NRC recommendations apply a discount factor to adjust TDN value for animals with higher feed consumption. Required TDN is expressed as a percent of diet (typically 45%–65%) or amount (grams [g] or pounds [lb]) per day. Total digestible nutrients content of feeds or a diet can be interconverted with DE using the defined value of 1 kg TDN = 4.409 Mcal of DE (1 lb = 2 Mcal DE).









Dietary Energy Sources






Carbohydrates


Carbohydrates are a very diverse compilation of organic compounds that comprise more than 70% of the SAC diet. Categorization of dietary carbohydrates into structural and nonfiber groupings is determined by their solubility in neutral detergent solution.22 Structural carbohydrates are insoluble in neutral detergent and include cellulose and hemicellulose. These complex fiber carbohydrates are structural components of the plant's primary and secondary cell wall and, with the cementing phenolic compound lignin, provide rigidity and support to the plant. Cellulose undergoes very slow fermentation by microbial cellulases, whereas hemicellulose fermentation ranges from moderate to slow, depending on the degree of lignification between cellulose and hemicellulose in the secondary cell wall.22 Nonfiber carbohydrates are soluble in neutral detergent and range from simple sugars to very complex fiber compounds that include pectic substances, β-glucans, and fructosan polysaccharides. Pectic substances and β-glucans are components of the middle lamellar layer between plant cell walls and are moderately to rapidly fermented. Simple sugars and complex oligomers of glucose (starch) and fructose (fructosans) are located within the plant cell cytosol. Sugars and starches are the only carbohydrates amenable to enzymatic digestion (i.e., digestible carbohydrates) by the host animal, whereas fructose oligomers or larger polysaccharides are very rapidly fermented.


Collectively, carbohydrates account for the greatest energy source in the SAC diet. As with other forestomach fermenting animals, the primary energy source for the host animal is volatile fatty acids (VFAs), as little digestible carbohydrate presents to the small intestine because of efficient forestomach microbial fermentation. Acetate, propionate, and butyrate are the primary end products of carbohydrate fermentation and comprise the primary VFAs available to the animal for energy utilization. Sugar and starch fermentation generates a greater amount of propionate, which is exclusively converted to glucose in the liver. In addition to propionate, digestible carbohydrate fermentation results in lactic acid production that can accumulate, resulting in reduced pH and impaired fiber fermentation within the fermentation system. Fiber fermentation generates relatively more acetate and butyrate, substrates for tissue oxidation for energy or conversion to fats and utilized by tissues. SACs are well adapted to consume diets predominated by structural carbohydrates. Amounts of dietary sugar and starch carbohydrates are not significant components of the SAC diet in their native habitat, and need to be limited relative to structural carbohydrates to prevent excessive acid production and altered microbial population balance in the forestomach.









Fats


Fats are relatively water-insoluble, energy-dense organic compounds that are highly digestible and are thus considered for inclusion in a diet in which intake amount is constrained relative to energy needs. Additionally, dietary fats are recognized for improving hair coat luster through provision of essential fatty acids. Recent work addressing essential omega-6 (linoleic acid) and omega-3 (α-linolenic acid) fatty acid dietary balance relative to health and immune function has increased interest in dietary fat supplementation across species, including SACs. Fats, like carbohydrates, are not a single entity. Dietary fats include compounds such as plant glycolipids, pigments, and sterols, which would not contribute significantly to energy availability to the animal, as well as triacylglycerols. Triacylglycerols (i.e., triglycerides) contain three fatty acids attached to a glycerol backbone and represent the most energy-dense form of dietary fat. The length of the fatty acid chain dictates the chemical and physical properties of the fat molecule, although the presence and number of double bonds within the carbon chain modify these properties.


Fats are not a significant energy source for SACs, since they are not present in large amounts in a forage-based diet (<4% of DM). Endogenous fat compounds in forages are predominantly nontriglyceride compounds and thus are not energy resources to the animal. Ruminant animals, because of their forestomach fermentation, are not very tolerant of high fat diets compared with nonruminant animals. Nonruminant animals tolerate and efficiently digest diets containing very high fat content (>20% DM). Free dietary fatty acids, especially polyunsaturated fatty acids (PUFA), in the rumen are inhibitory to fiber fermenting microbes.23 Forestomach microbes detoxify dietary PUFA through biohydrogenation ultimately resulting in saturated fats, which are less toxic to the microbes.24 Fatty acid biohydrogenation accounts for the exclusive presence of saturated fats in ruminant animals. Under some feeding conditions, microbial biohydrogenation is incomplete, and various isomers of trans fatty acids are generated.24 Trans fatty acid isomers may have many metabolic effects, ranging from decreased fat synthesis to altered insulin and glucose metabolism.


Information about fats in the SAC diet is nonexistent, so extrapolation from other ruminant feeding practices is necessary. High-producing dairy cattle can tolerate diets up to 9% (DM) crude fat, although not all from the same source. Fat supplementation practices suggest categorizing dietary fat sources into three groupings: (1) endogenous plant fats, (2) vegetable oil sources, and (3) rumen inert fats. Vegetable oils, namely, soybean, corn, flaxseed, canola, or cottonseed sources, contain large amounts of polyunsaturated fats and are the most problematic relative to the forestomach system. Inert fat sources are saturated fats and modified fatty acids (i.e., calcium soaps), which minimize any potential effect on forestomach microbial populations and provide fats to the small intestine for digestion and absorption. Current recommendations for feeding fat to ruminants are to balance the amounts of fat sources across the three defined groups. With endogenous plant fat accounting for 2% to 3% (DM), an additional 2% to 3% (DM) can come from vegetable fat sources followed by another 2% to 3% (DM) from inert fat sources. Efficacy of feeding inert fat sources to SACs is presently unknown. The amount of vegetable fat supplementation is dependent on diet composition where forage-based diets are more adversely affected by fat supplements compared with high grain diets.25 A supplementation rate of 3% or less (DM) for vegetable fat sources to high-forage diets is recommended.25









Protein


Proteins are essential organic compounds comprising amino acid chains and differ from carbohydrates, as they contain approximately 16% nitrogen. Dietary protein must be hydrolyzed to its constituent amino acids for intestinal absorption. Protein cannot be stored in the body, but body proteins are in a constant state of turnover, resulting in amino acids being recycled or oxidized. Amino acids enter various pathways of the citric acid cycle to generate adenosine triphosphate (ATP) similar to carbohydrates, but they also generate an ammonia molecule. Detoxification of the generated ammonia occurs via the urea cycle at an energy cost, resulting in similar ME values for carbohydrates and proteins. Urea production resulting from amino acid oxidation not only requires energy input but also increases the animal's water requirement to excrete urea. Accounting for associated costs, protein oxidation as an energy source is very inefficient compared with carbohydrates or fats. Under negative energy balance conditions, animals may metabolically utilize amino acids as a substrate for gluconeogenesis in an effort to maintain glucose availability to support glucose-dependent tissues, fetal development, or milk production.












Requirement Models


Studies determining the energy requirement of SACs are limited to maintenance of llamas. No studies have measured energy requirement for other physiologic states. Early attempts to address energy needs for productive functions were extrapolated from the energy requirements of goats.5 A factorial approach to defining energy requirements for the range of physiologic states were derived from sheep and goat models but adjusted to the lower SAC energy requirement.6 These factorial models were incorporated into a recent NRC publication.7 Some more recent studies, which have added to our knowledge, have been used to improve on the initial models (Table 9-5). A tabular summarization of these requirements is presented in Appendix Tables 1 through 3.




TABLE 9-5


Factorial Prediction Models Estimating Metabolizable Energy Requirements for Llamas and Alpacas across Various Physiologic States


[image: image]


kcal/day, Kilocalorie per day; ME, metabolizable energy.









Maintenance and Activity


In two different studies, maintenance ME requirement for llamas was determined to be 61.2 kcal/kg BW0.75 and 84.5 kcal/kg BW0.75.2,4 These same studies reported llama fasting energy expenditures of 59 kcal/kg BW0.75 and 52 kcal/kg BW0.75.2,4 The notable difference in ME estimates between studies may be explained by differences in the methodologies used to measure energy balance and diet composition, and this explanation is supported by the reasonable agreement between studies on fasting energy requirements. An averaged value of the two studies (72.85 kcal/kg BW0.75) was accepted as the maintenance energy requirement by the NRC report.7 This value is in good agreement with an adjusted maintenance energy requirement (74 kcal/kg BW0.75) based on zero energy storage.4 A Chilean study providing dietary recommendations suggests 61.2 kcal/kg BW0.75 and 71.0 kcal/kg BW0.75 as maintenance energy requirements for llamas and alpacas, respectively.10 The alpaca energy requirement was derived from a South American study with younger male alpacas.26 Intuitively, body weight differences between llamas and alpacas would suggest a species-specific energy requirement. The alpaca requirement is in agreement with the NRC model, whereas the llama requirement is based on the original study findings. Two New Zealand studies also had contrasting estimates of alpaca maintenance energy, although neither study was designed to address this issue. One study suggested a maintenance energy requirement of 66 kcal/kg BW0.75, similar to the original llama work, and another study showed body weight loss (–69.3 g/day) in alpacas that were fed diets achieving 70.55 kcal/kg BW0.75.27,28 The latter study suggested that the maintenance energy requirement for alpacas was 105 kcal/kg BW0.75, much higher than that suggested by any other study and similar to the requirement for sheep. These two studies markedly differed in dietary composition and the observed animal intake, which might explain some differences in results. Until further work is reported and the effects of diet or intake level on energy requirement are clarified, the NRC averaged value for llamas and alpacas is a reasonable estimate for maintenance energy requirement. The lower llama energy requirement model (61.2 kcal/kg BW0.75) might best be used to calculate a lower energy requirement to facilitate weight loss, as needed, although this may not be applicable to alpacas.


Given that most SAC management systems are pasture based, maintenance energy requirement will need to be adjusted for activity level. Activity level accounts for muscular energy expended as the animal roams in its environment in search of food. In confinement feeding systems, where animals are housed comfortably and fed, activity expenditures will be minimal, and maintenance ME will not need to be adjusted. Depending on the distance necessary to travel to find forage and the topography of the terrain covered, maintenance energy may need to be increased up to 75% to account for this activity expenditure (see Table 9-5) using the activity adjustments recommended for goats.29 A study using isotope dilution techniques estimated the energy expenditure in male alpacas managed on traditional bofedal pasture without supplementation. Estimated energy requirement in these free-ranging alpacas was 3.4 ± 0.4 Mcal/day.13 Combining these data with similar determinations from other free-ranging ruminants, a model (DEE [kcal/d] = 258.1 kcal/kg BW0.668) was generated to estimate daily energy expenditure (DEE). This measured energy value in free-ranging alpacas was 2.5 times greater than the current maintenance model with high activity (2.3 Mcal/day), suggesting a need for a higher activity factor.









Growth


In a factorial approach to estimating requirements, the sum of energy required for maintenance and gain determine the growing animal's energy requirement. Amount of energy required to support growth will depend on rate of gain (g/day) and composition of gain (fat and protein content). Growth data and composition of gain data are lacking for alpacas and limited for llamas. Composition of gain will change throughout the life cycle where higher protein gain occurs in younger animals and requires lesser energy per unit of gain given the high water content of protein. Older animals (age >30 months) will have more fat deposition in replacing mobilized body tissue. Carcass tissue analysis in llamas reported a decline in protein content (29% to 22%) with a lesser decline in fat content (5.2% to 3%) in animals ranging between 13 and 31 months of age.30 These data suggest a higher protein deposition compared with other production animals but do not address the issue of gain composition for young animals or aged animals.


Growth rate is not constant across the lifespan and differs between llamas and alpacas because of species differences in mature body weight. Llama growth has been characterized in a number of studies from populations in North and South Americas and Europe.31–34 Llama growth is greatest (230–455 g/day [0.5–1 lb/day]) in the first 1 to 2 months when consuming milk, declines rapidly (100–200 g/day [0.2–0.4 lb/day]) over the next 6 to 8 months, then slowly plateaus (50–100 g/day [0.1–0.2 lb/day]) through 30 months of age (refer to growth curve analysis, Chapter 12).35,36 Observed growth rates for alpacas are similar to llamas, but lower.37 Peak growth rates are associated with nursing and range between 100 and 150 g/day (0.2–0.33 lb/day) and decline (70–100 g/day [0.15–0.2 lb/day]) around weaning through 10 months and plateaus between 30 and 50 g/day (0.07–0.11 lb/day) through 30 months of age.


The energy required to support tissue gain in SACs (7.25 kcal ME/g gain) was previously based on NRC recommendations for goats.5,6,29 Energy determinations in nursing llama crias showed an ME requirement of 3.3 kcal/g gain, which was very similar to another report suggesting 3.0 kcal/g gain.35,36 For nursing crias, the maintenance energy requirement was determined to be 74.6 kcal/kg BW0.83 (312 kJ/kg BW0.83), similar to other nursing mammals; however, this prediction model is not valid in animals consuming solid food. The nursing animal model averages about 25% greater than the current maintenance energy model and could be adjusted accordingly for nursing crias. Published energy values for gain in nursing animals are much lower than the current SAC recommendation, reflecting a more efficient protein gain of young animals. The recent NRC report has modified the goat growth requirement suggesting 3.2, 5.52, and 6.81 kcal ME/g gain for nursing, growing, and mature goats, respectively.7 With the similarity between measured energy requirements for nursing llama crias and goat kids in conjunction with a similar range in growth rate in these two species, use of the NRC goat energy requirements for gain seem appropriate modifications to the current SAC recommendations (see Table 9-5). Application of these new ME gain requirements will help avoid overestimation of energy for gain in younger, rapidly growing animals compared with mature animals because of differences in composition of gain.









Pregnancy


Pregnancy energy requirement is a function of energy needs to support fetal, placental, uterine, and mammary gland growth in addition to maintenance. Llamas were found to gain between 10% and 15% of their live weight at conception over the gestation period with majority of weight gain (>60%) occurring during the last 2 months.31 This fetal growth pattern is similar to that in other species and applies to alpacas. A recommended 90% increase to maintenance energy needs by adding 93 kcal DE/kg BW0.75 (76.26 kcal ME/kg BW0.75) was the first attempt to address pregnancy needs in SACs.5 Extrapolating sheep data by proportionally decreasing the multiplying coefficient to account for lower SAC maintenance requirement generated prediction equations of 138.8 or 160.9 kcal ME/kg BW0.75 to estimate total energy needs for the last 3 months of gestation, depending on the maintenance energy value used.6,38 The latter model is not different from the original model proposed by Fowler.5 Metabolic BW prediction models for late pregnancy target the tenth month pregnancy requirement and overestimate requirements at the eighth and ninth months. A dynamic model based on expected birth weight for gestation months 8, 9, and 10 was generated from sheep data adjusting for gestation day and birth weight.6,7 Using these models, estimated pregnancy requirement at 8, 9, and 10 months of gestation averaged 1.27, 1.55, and 1.92 times maintenance, respectively, which is consistent with observations in other species. Month of gestation regression models better fit the known biology of fetal growth, although an improved camelid database needs to be developed to establish improved models.









Lactation


Lactational energy requirements are a function of milk composition and total yield in addition to maintenance requirements. Current lactational requirements were based on limited milk composition studies with no data relative to lactational changes in volume or composition.6,7 Reported mean milk composition from a four-state survey of 83 llamas on eight farms was 13.1% total solids, 6.5% lactose, 3.4% protein, and 2.7% fat.39 According to these composition data, llama milk contains 700.2 kcal NE/kg. Using a 74% efficiency of converting ME to milk energy results in 946.2 kcal ME/kg of milk produced.40 This value is between reported estimates of llama milk energy of 1257 kcal ME/kg and 822 kcal ME/kg, most likely because of differences in milk composition established on the basis of available data.16,36 Recent data have described milk composition in 10 llamas over a lactation period (27 weeks) showing a mean energy content of 835 kcal/kg.41 Milk components averaged 4.7 ± 0.05 % fat, 4.23 ± 0.02 % protein, and 5.93 ± 0.02 % lactose, and these data differ from previous milk composition data. Two other studies using South American pastoral feeding systems analyzed milk composition in llamas for 120 and 210 days and reported compositional data similar to those from the Riek and Gerken study, which suggests that the current NRC model is underestimating milk energy requirements.7,41,42,43 Using a conversion efficiency of 0.644, the lactational ME requirement would suggest 1296 ± 7.4 kcal ME/kg of milk produced.7 Alpaca milk composition and energy content are not significantly different from those of llamas.44,45 In all of these more recent studies, milk composition was shown to be influenced by stage of lactation, with the greatest change occurring during the first 4 to 6 weeks; however, not all studies showed the same compositional change over time, most likely because of differences in feeding programs.


Characterization of milk production curves for SAC are limited. Suggested milk production amounts range from 0.75 to 2.5 kg/day (1.65 to 5.5 lb/day) for llamas and alpacas, yet data from South American studies with mature llamas show milk yields ranging from 40 to 220 mL/day.42,43 In contrast, Riek and Gerken reported milk yields in mature llamas of 2.59, 2.27, and 1.95 kg/day (5.7, 5.0, and 4.3 lb/day) at 17, 66, and 128 days of lactation, respectively.41 Methodology in collecting milk yield data, animal body condition score, and nutritional status would account for differences in yield determinations between studies. Determined milk yield (g/kg BW0.75) at 3 to 4, 10 to 11, and 18 to 19 weeks of lactation were not different between two studies that used different isotope methods.35,41 Using the averaged milk yield data determined at these respective time points (64.2, 54.5, and 48.9 g/kg BW0.75), a Wood's curve was generated to estimate milk yield based on maternal body weight and week of lactation (Figure 9-3).
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Figure 9-3 Wood's curve models to estimate median milk yield for llamas and alpacas based on maternal body weight and week of lactation. (Model generation based on data from Riek A, Gerken M: Changes in llama (Lama glama) milk composition during lactation, J Dairy Sci 89:3484-3493, 2006.)












Fiber


A final productive function requiring additional energy above maintenance is growth of fiber or fleece. Energy deficiency or restriction has been shown to slow wool growth and reduce fiber diameter in sheep.38 In severe cases of energy deficiency, wool growth ceases, creating a weak spot or “break” in the staple of wool.38 Similar nutritional effects on fleece characteristics were observed in alpacas. Male alpacas fed either a low-energy or low-protein submaintenance diet had lower clean fleece weight, fiber length, and length to diameter ratio compared with alpacas fed a high-energy, high-protein diet.28 Fiber diameter was slightly higher in alpacas fed the better diet, but the difference was not significant. In contrast to nutritional influences on wool growth characteristics in sheep, alpaca fiber has differential growth in length and diameter where fiber length was augmented more compared with fiber diameter. No studies have specifically addressed energy needs in support of fiber growth in SACs. The NRC recommendations used the goat mohair production requirement of 30 kcal/g of fiber produced.7 With alpaca fiber production ranging from 0.9 to 4 kg (2 to 8.8 lb) annually, calculated daily fiber growth rate ranges from 2.5 to 12 g/day resulting in an additional 75 to 360 kcal/day to the maintenance requirement.















Protein


Proteins are essential organic compounds comprising a specific series of amino acids (primary structure) uniquely described by deoxyribonucleic acid (DNA) coding for the polypeptide chain. A protein's physical properties, chemical solubility, and functional activity are determined by substructural associations (α-helix or β-sheet; secondary structure) within the primary polypeptide chain, chain folding (tertiary structure), and association of multiple chains (quaternary structure) occurring as a result of various hydrogen bonding, disulfide bonds, hydrophobic interactions, and salt bridging within and between polypeptide chains. Besides oxidation of proteins for energy, as previously described, proteins have an enormous range of structural, contractile, regulatory, hormonal, enzymatic, metabolic, and immunologic roles in the body.


Of the nearly 200 amino acids, approximately 20 are predominantly incorporated into this vast array of body proteins. Of the 20 biologically significant amino acids, approximately 10 are considered essential and require dietary supplementation, as they cannot be sufficiently synthesized by the body. Dietary proteins must undergo enzymatic degradation into individual constitutive amino acids prior to absorption along the small intestine. Absorbed amino acids are utilized for tissue or functional protein synthesis or degraded for energy following nitrogen removal (deamination or transamination). Neither amino acids nor protein can be stored; thus, dietary protein quality (measured as biologic value) is related to the balance between available dietary amino acids and amino acids required for body protein synthesis needs. However, some body protein pools, namely, skeletal muscle and blood proteins, are more apt to be scavenged for amino acids during periods of dietary protein deficiency.


In ruminant animals, as in SACs, protein requirements are a function of both microbial and animal needs. Microbial populations utilize highly soluble nitrogen such as nonprotein nitrogen (NPN) sources, amino acids, and peptides and degrade a portion of dietary protein within the forestomach for nitrogen incorporation into microbial protein. Efficiency of foregut nitrogen utilization is contingent on dietary fermentable energy availability. The host animal derives its amino acid requirements primarily from digestion of microbes and any undegraded dietary protein amenable to enzymatic digestion. Mixed microbes contain 62% protein that is highly digestible and of high biologic value, thus potentially limiting the need for feeding protein sources containing essential amino acids.40 Volumes of published studies describe and characterize interrelationships between dietary nitrogen sources, bacterial growth, and flow of metabolizable protein to the intestine in ruminants in support of various physiologic states. Similar data for SACs are lacking. In light of their longer particle retention time, greater fermentation abilities, and more rapid liquid passage rate in C1 (e.g., all factors promoting greater C1 microbial growth), protein delivered to C3 for degradation would be predominately of microbial origin, thus providing a high protein diet of high quality.


Disease conditions associated with protein deficiency are intertwined with dietary energy status. High-energy feeds are typically low in protein; thus, when animals consume to their energy needs, protein intake will be inadequate. More typically, low-quality feeds are insufficient in both energy and protein (protein-energy malnutrition). To this end, a dietary crude protein (CP) to energy ratio of 31 grams of CP per megacalorie digestible energy has been recommended for ruminants.29 This same protein-to-energy ratio was suggested for SACs; however, if camelid-specific energy and protein requirement models are used, the protein-to-calorie ratio is higher, 47 grams CP per megacalorie digestible energy.16 This higher ratio is suggestive of higher protein metabolism in SACs and consistent with a high microbial protein diet.


Protein-related diseases are predominantly the result of inadequate protein intake, although NPN toxicity issues are recognized. Excess protein intake results in greater nitrogen excretion, weight gain, and increased feed costs. Early signs of protein deficiency include reduced feed efficiency, anorexia, reduced body weight, and decreased growth or lactational performance. Inadequate nitrogen in support of microbial growth results in reduced fiber fermentation and decreased feed intake. Reduced serum protein concentrations, anemia, and hair coat thinning result from inadequate protein intake. In more severe or prolonged cases, fatty infiltration of the liver and edema are evident.






Protein Systems and Terminology


The most common system of defining dietary CP is by the Kjeldahl procedure to determine feed nitrogen content, and calculating a CP value as feed protein is not directly determined. CP content is determined by multiplying 6.25 times the feed nitrogen content, as protein, on average, contains 16% nitrogen. Similar methods to determine the nitrogen content of feces and urine are employed to estimate digestible (feces only) and metabolizable (feces and urine) protein. The CP system gives equal weight to any nitrogen compound in the feed toward protein content and provides no indication of how feed nitrogen compounds are utilized by either microbial populations or the host animal. Not all nitrogen incorporated into microbial cells is in polypeptide form as nuclei acids contain nitrogen. As our understanding of microbial fermentation systems has expanded, the relationship of dietary protein to the support of microbial growth and provision of amino acids to the host animal needs to be better characterized.


Recent NRC publications have utilized a metabolizable protein (MP) system based on combining amino acid contributions from the diet and microbial yield in providing for the amino acid needs of the host animal. Fractionation of dietary protein based on solubility and degradability characteristics within the fermentation vat is pivotal to employing this system. A focal point of the MP system is the prediction of microbial growth based on determined available dietary fermentable carbohydrates to supply energy and nitrogen sources for the forestomach microbial population. All soluble protein is considered readily available to the microbial population. Dietary insoluble protein may contribute forestomach microbial protein synthesis, pass through the forestomach to be digested in C3, or pass undigested depending on the extent of microbial degradability. Feed degradability will depend on the protein source and feed retention time in the fermentation vat. Estimated microbial yield is converted to amino acid supply on the basis of determinations showing microbial nitrogen content to be 80% true protein and 80% digestible.40 Dietary amino acid contribution to MP (termed bypass protein, as it is not degraded in the fermentation vat) is determined using various in vivo or in vitro methods to measure the extent of feed protein degradation. Direct extrapolation of protein degradability data from other ruminants may not be appropriate given the documented differences in SACs relative to prolonged forestomach retention time, greater urea recycling ability, and greater fermentation capacity.









Requirement Models


Without camelid-specific values for described protein fractions in support of microbial growth, utilization of a MP system to describe protein requirements is limited. A factorial approach using the CP system to estimate protein needed for maintenance, growth, pregnancy, lactation, and fleece production for camelids has been described.6,7 Using a CP approach will result in overestimation of protein requirements.






Maintenance


The maintenance protein requirement determined for alpacas was 2.38 g digestible protein/kg BW0.75.3 Using factors to account for dietary protein digestibility and availability, this digestible protein value would be equivalent to 3.5 g CP/kg BW0.75.38,46 Another nitrogen balance study performed with alpacas of varying ages reported 0.6 g crude nitrogen/kg BW0.75 as the averaged maintenance protein requirement, equivalent to 3.75 g CP/kg BW0.75.8 A recent study comparing nitrogen requirements between llamas and alpacas reported a maintenance requirement of 0.83 g crude nitrogen/kg BW0.75 (5.2 g CP/kgBW0.75) for llamas but could not determine a value for alpacas.9 From these same researchers, a nitrogen balance study using llamas managed at high altitude showed a crude nitrogen requirement of 0.52 g/kg BW0.75 (3.25 g CP/kg BW0.75) suggesting llamas were more efficient at high altitude compared with low altitude.11 The determined value of 5.2 g CP/kg BW0.75 seems unusually high compared with all other data and seemingly is inconsistent with field observations of llama feeding practices. Using the collective data from these four recent studies, nitrogen retention (g/d) was regressed on nitrogen intake (g/kg BW0.75) showing a significant linear relationship (r2 = 0.67) having a zero intercept of 0.57 g crude nitrogen/kg BW0.75 or 3.6 g CP/kg BW0.75, which is consistent with the previous work.8,9,11,47 Conversion of this value to digestible protein, by accounting for true protein (0.8) and digestibility (0.8) conversions, results in a digestible protein requirement of 2.30 g/kg BW0.75, consistent with the original data.


Although seemingly some agreement exists on the maintenance protein requirement for SACs, recommendations for dietary protein content vary widely. Current NRC requirement tables suggest a dietary CP content of 9% DM for llamas and alpacas.7 In contrast, South American data recommend dietary protein content range from 6.5% to 8.8% DM.10 This difference in dietary protein content is a function of differing DMI expectations, thus underscoring the critical nature of knowing intake amounts in determining dietary adequacy. A focus of protein feeding is to provide sufficient amino acids to meet animal needs, but nitrogen in support of microbial growth cannot be ignored. Although data are lacking relative to protein degradability in SAC diets, general guidelines from other ruminants could be used to define a starting point. Across ruminant species, recommended dietary degradable protein content should range from 10% to 13% of dietary TDN. Of this degradable protein, 50% to 60% may be provided from soluble protein sources to ensure good microbial fiber digestion.









Growth


Protein to support tissue gain will be dependent on composition and rate of gain, similar to that described for energy. As observed in other species, composition of gain varies with age, sex, genetics, and other factors. Younger animals have greater protein accretion and efficiency of gain compared with growing animals nearing maturity. With the lack of growth data for SACs, the NRC suggested using 0.284 g of CP/g of gain based on previous data for goats.7,29 Recent milk intake data for llama crias ages between 17 and 128 days showed 0.3 g protein/g gain, consistent with the suggested requirement.35 From this study, the total protein requirement to support cria growth was better characterized by the model 10.6 g/kg BW0.83, but this was only valid for crias exclusively consuming milk and no solid feed.35 Additional data characterizing composition of gain over the growing period are necessary to make further refinements to this model.









Pregnancy


Protein requirement to support pregnancy includes the amino acids needed to support fetal, placental, uterine, and mammary development. With the typical fetal growth curve, significant protein needs to support pregnancy occur during the last 3 months of gestation, although data are needed to confirm this supposition. Hospinal suggested a 68% increase in maintenance CP requirement to support pregnancy (2.38 g CP/kg BW0.75), equivalent to 5.88 g CP/kg BW0.75 for maintenance and pregnancy combined.48 Van Saun modeled pregnancy protein requirements over the last 3 months of gestation on the basis of previously described energy requirement models and assumed a protein-to-energy ratio of 48 g CP/Mcal ME.6 Resultant prediction models defined an additional 0.95, 1.94, and 3.23 g CP/kg BW0.75 in addition to maintenance for the eighth, ninth, and tenth months of gestation, respectively.









Lactation


Protein requirement to support lactation is related to level of milk production and true protein content of milk. Milk composition data for camelids are limited. One study using 83 llamas provided the best available information on milk composition.39 In this study, average milk protein composition was shown as 34 ± 4 g/kg (3.4 ± 0.4%). More recent studies characterizing milk composition in llamas and alpacas over the entire lactation show higher (42.3 ± 2 g/kg; 4.2 ± 0.2%) milk protein content.41–43 To convert actual milk protein into a dietary CP requirement, dietary protein source digestibility and utilization efficiency must be accounted for. According to earlier data, the lactational dietary CP requirement was 60.6 (46.6–74.6, 95% CI) g CP/kg milk.7 With the newer data reporting higher milk protein content, the lactational dietary CP requirement would increase to 75.4 (68.3–82.5, 95% confidence interval [CI]) g CP/kg milk. Future models to estimate lactational requirements should be based on milk composition over the entire lactation period.









Fiber


No studies have specifically addressed protein requirements in support of fiber growth in SACs. The NRC recommendations used the requirement for goat mohair production of 4.283 g CP/day for every kilogram of fiber produced annually.7 With alpaca fiber production ranging from 0.9 to 4 kg (2 to 8.8 lb) annually, this would require an additional 3.85 to 17.1 g CP/day to the maintenance requirement.















Minerals


Minerals are inorganic elements classified into two groups, macrominerals and microminerals, based on daily amounts required. Macrominerals are required in grams (g) or ounces (oz) per day and include calcium (Ca), phosphorus (P), magnesium (Mg), potassium (K), sodium (Na), chlorine (Cl), and sulfur (S). Microminerals or trace minerals are required in milligrams (mg) per day and include cobalt (Co), copper (Cu), iodine (I), iron (Fe), manganese (Mn), selenium (Se), and zinc (Zn). Both mineral groups are equally essential to the overall health and performance of the animal.


Reviews of biologic functions, mineral-specific clinical disease conditions, and significant interactions for the various macro- and microminerals are available in many review texts.49–51 Descriptive information and diagnosis of mineral-related diseases are discussed in Chapter 13. Clinical disease conditions associated with critical deficiency or toxicity states for each of the essential minerals have been well described and characterized, but these account for a smaller percentage of case presentations. Subclinical disease accounts for a greater percentage of mineral-related disease conditions. Unlike clinical disease, manifestation of subclinical disease is not mineral specific. Subclinical disease is initially characterized by greater susceptibility to disease because of impaired immune responses, especially with microminerals. Other consequences of inadequate mineral nutrition without evidence of clinical disease include slower growth rate in young animals, impaired reproductive or lactational performance, and reduced feed efficiency. Diagnosis of subclinical disease is challenging, as it requires critical evaluation of animal performance in conjunction with sufficient documentation of mineral status.






Requirement Modeling


Published data describing mineral requirements of SAC based on controlled feeding trials or data suggesting that camelids are distinctly different from other ruminants with regard to any specific mineral are not available. Currently, suggested mineral requirements for llamas and alpacas are derived from other species. Lopez and Raggi used mineral requirements for goats to define SAC mineral needs.10,29 Mineral requirement models for sheep were suggested for use in llamas and alpacas in the recent NRC report on small ruminants.7 Although Van Saun had provided some extrapolated models to estimate mineral requirements for llamas and alpacas, these models were not based on animal feeding trials and were not included in the NRC publication.7,52,53 Models by Van Saun were extrapolated from mineral recommendations for beef cattle, sheep, and goat by averaging calculated requirements on the basis of microgram, milligram, or gram per kilogram BW across these species.29,38,52–54 These models were updated on the basis of the most recent modifications to sheep and goat mineral requirements.7,55


Estimations of llama and alpaca mineral requirements using these different systems do not agree (Figure 9-4) and may vary by more than 200%, depending on the mineral. Using the sheep model for estimating llama and alpaca requirements results in a lower absolute mineral intake amount for llamas compared with sheep. The NRC sheep mineral requirements are factorial models and incorporate measured endogenous mineral losses, wool mineral content, and bioavailability coefficients, all factors with the potential to be unique between species.7 One study feeding three different forages (barley hay, barley-alfalfa hay, or pasture) without mineral supplementation determined selected mineral balance in llamas.11 Results from this study are difficult to interpret in relation to requirements, as dietary mineral content was not varied to estimate endogenous losses. Given this limitation, data from this study are of interest for comparison to current mineral requirement models. Of the microminerals evaluated, only iron showed positive dietary balance and all diets greatly exceeded requirement models, although an inverse relationship existed between total intake amount and mineral balance, suggesting possible bioavailability differences. Relative to copper, the barley diet provided 11 mg/day (8 ppm DM) and showed positive copper balance, whereas both barley-alfalfa (6 mg/day, 5 ppm DM) and pasture (3 mg/day, 4 ppm DM) diets had negative copper balance. Barley forage copper content and intake was consistent with current feeding recommendations and the averaged copper requirement (10.8 mg/day) model, but was higher than the NRC sheep (6.5 mg/day) model.7 Similarly, calcium balance was negative for llamas consuming 2 g/day compared with more than 6 g/day. The NRC would suggest 2.05 g/day for the maintenance calcium requirement.7 Additional feeding trial studies are necessary to improve current SAC mineral requirement models.




[image: image]


Figure 9-4 Comparison of different models to estimate maintenance calcium requirements for llamas and alpacas. (Data from National Research Council: Nutrient requirements of small ruminants: sheep, goats, cervids and New World camelids, Washington, DC, 2007, National Academic Press; Lopez A, Raggi LA: Requerimientos nutritivos de camélidos sudamericanos: Llamas (Lama glama) y Alpacas (Lama pacos), Arch Med Vet XXIV(2):121-130, 1992; and Van Saun RJ: Nutritional diseases of South American camelids, Small Rumin Res 61:153-164, 2006).












Macromineral Requirements


The following extrapolated macromineral recommendations provide a starting point for minimum suggested requirements and concentrations in formulating llama and alpaca diets (Table 9-6). Ideally, these recommendations require validation with feeding trials, although most conform to current industry feeding standards.




TABLE 9-6


Suggested Minimal Llama and Alpaca Macromineral Requirements for Physiologic States of Maintenance (M), Growth (G), Pregnancy (P), and Lactation (L), Based on Beef Cattle, Sheep, and Goat Data


[image: image]


DM, Dry matter; g/day, gram per day; g/kg BW, gram per kilogram of body weight; mg/kg BW, milligram per kilogram of body weight; MTL, maximum tolerable level.


1Extrapolated from nutrient requirements for beef cattle (National Research Council: Nutrient requirements of beef cattle, ed 7, Washington, DC, 1996, National Academy Press); sheep (National Research Council: Nutrient requirements of sheep, ed 6 rev, Washington, DC, 1985, National Academy Press [p 99]); and goats (National Research Council: Effect of environment on nutrient requirements of domestic animals, Washington, DC, 1981a, National Academy Press (p 152)).


2Estimated daily requirement based on a range of adult body weights from 60 to 160 kg. Calcium and phosphorus pregnancy and lactation intake requirements based on a range of 6 to 16 kg fetal weight and 0.75 to 2.5 kg milk production, respectively. Values are in addition to maintenance for total requirement.


3Dietary concentration (g/100 g) on dry matter (DM) basis for total requirement. Nutrient density calculations based on an assumed range of DM intake between 1.25% and 1.5% of body weight (maintenance and pregnancy) and 2% and 2.75% of body weight (lactation).


4Maximum tolerable level (g/100 g), defined as largest dietary concentration of a given mineral that could be fed for short periods (3 months) without problems. Based on data from National Research Council: Mineral tolerance of animals, ed 2, Washington, DC, 2005, National Academy Press.


5May need to be increased (0.25%–0.35%) if forages containing high amounts of potassium (>1.5%) are being fed.









Calcium and Phosphorus


Biologic roles and physiologic regulation of calcium and phosphorus are intertwined. Skeletal structures account for nearly all body calcium and most body phosphorus. Control of blood calcium concentration, and to a lesser extent phosphorus concentration, occurs through the counter-regulatory actions of parathormone and calcitonin with mediation of target organ responses by vitamin D. Total dietary amounts of calcium and phosphorus must meet requirements, but the dietary Ca : P ratio ideally is maintained within a range of 1.1-to-2 : 1. Wider ranges can be tolerated by older but not younger animals. Excessive phosphorus intake relative to calcium (low Ca : P ratio) typified by high grain consumption predisposes to urinary calculi formation, typically struvite crystals. Inadequate intake of calcium, phosphorus, or both, irrespective of their ratio, leads to demineralization of bone, which results in rickets (young animals) or osteomalacia (older animals).


Development of factorial models based on beef cattle and sheep data to predict calcium and phosphorus requirements for maintenance, growth, lactation, and pregnancy has been described.6 Total dietary amounts to support a given physiologic state were determined using defined bioavailability values for calcium and phosphorus by species and physiologic state and converted to milligrams of calcium or phosphorus required per kilogram of BW (maintenance), milk (lactation) or fetus (pregnancy). Lactational requirements were based on published llama milk composition and an assumed bioavailability of 0.55 calcium and 0.7 phosphorus, based on beef cattle and sheep data.39 Fetal requirements were based on beef cattle composition, which suggested 13.7 g calcium and 7.6 g phosphorus per kg of fetus. Predicted fetal or lactational requirements are added to maintenance to determine total pregnancy and lactation requirements, respectively.


To accommodate the range in body size and growth rates between beef cattle and sheep, gain was calculated as a percent of BW and ranked within species. The data were split into two groups, greater than 0.19% BW gain and less than 0.2 % BW gain as calcium and phosphorus requirements markedly differed between these defined groups. On the basis of camelid growth models, this division separated camelids in terms of growth models at 12 months of age. Models to predict total calcium and phosphorus requirements to support maintenance and growth are divided into 1 to 12 months and 13 to 36 months prediction models (see Table 9-6). With additional growth composition data, these models can be further refined.









Magnesium


Magnesium's biologic role is interrelated to calcium, as magnesium is required for bone calcium mobilization and facilitates the release and action of parathormone with its receptor. Parathormone loosely regulates Mg status through urinary magnesium excretion control in response to hypocalcemia. A majority (>60%) of body magnesium is stored in bone, but it cannot be readily mobilized in sufficient quantities to maintain status. Magnesium is second only to potassium as a major intracellular cation. Within cells, magnesium stabilizes or catalyzes a wide variety of enzymes involved in energy generation (phosphate transfer) and carbohydrate and lipid metabolism. Magnesium maintains nervous system function through its role in facilitating neuromuscular transmission of nerve impulses.


Magnesium requirement for ruminant animals is greater compared with that for nonruminants because of differences in absorption site and efficiency. Ruminant animals absorb magnesium from the rumen compared with the small intestine in nonruminants. Magnesium absorption in SACs is assumed to be similar to that in ruminants. Low dietary sodium and elevated dietary potassium, protein, and organic acids impede active transport of magnesium by rumen epithelial cells resulting in lower absorption efficiency. One study staged magnesium requirements by physiologic state, and maintenance and growth were combined and a higher requirement established for pregnancy and lactation. Magnesium requirement may need to be increased, depending on the dietary K concentration.









Potassium


Potassium is the major intracellular cation in the body. Primary roles for potassium include acid–base balance and maintenance of electrochemical gradients across cell membranes. Potassium is readily absorbed from the diet and excreted in urine. Dietary potassium deficiency is not typically a problem in forage-based diets but may be in excess when highly fertilized forages are consumed. Excess potassium will antagonize magnesium availability and may interfere with calcium homeostasis by altering acid–base status and sensitivity of parathormone-vitamin D interaction. Excess dietary potassium is excreted in urine resulting in higher urine pH, which might predispose animals to struvite crystal formation. Male animals consuming highly fertilized grass forages containing high nitrogen, phosphorus, and potassium are at greater risk for struvite urolithiasis. Potassium requirement is similar for maintenance, growth, and reproduction. A higher potassium requirement is suggested for lactation to account for losses in milk.









Sodium and Chloride


Sodium and chloride comprise the predominant cation and anion found in extracellular fluids. Both minerals help maintain osmotic and acid–base balance and regulate body water flux. Similar to potassium, maintenance, growth, and pregnancy requirements for sodium were similar with higher sodium to support lactation and account for milk sodium loss. No specific llama and alpaca models were developed for chloride, as information on ruminant requirements are limited.









Sulfur


Dietary sulfur is required more to support microbial growth than to provide sulfur in direct support of animal needs. Sulfur is utilized primarily in the form of sulfur-containing amino acids as constituents in a wide array of functional body proteins. Dietary supplementation is to ensure adequate sulfur to support microbial protein needs. Excess sulfur may contribute to the dietary anion load altering acid–base balance. Besides feed ingredient contribution, dietary sulfur may come from ingested water. Excessive sulfur intake from water, diet, or both impedes copper metabolism through microbial production of chelating thiomolybdates and may be directly toxic to the host animal. Excess dietary sulfur is reduced to hydrogen sulfide (H2S) gas by rumen microbes. This gas may be breathed in during eructation and pass into the bloodstream, ultimately inducing cerebral necrotic lesions consistent with polioencephalomalacia.56 Polioencephalomalacia induced by sulfur intoxication is not responsive to thiamin therapy.


A single sulfur requirement model for all physiologic states was developed. Typically, a dietary ratio of 10 to 12 parts nitrogen to 1 part sulfur is recommended to support forestomach bacterial growth.












Micromineral Requirements


All evidence suggests that llamas and alpacas require microminerals to maintain normal body functions, and no significant differences in these requirements seem to exist compared with other species. With regard to copper, llamas and alpacas are more similar to sheep than to beef cattle or goats. Similar to what had been completed previously, the new NRC models for sheep and goat micromineral requirements in comparison with beef cattle were used to evaluate potential modifications to previous models or develop newer models in predicting llama and alpaca micromineral requirements (Table 9-7).7,52–54




TABLE 9-7


Suggested Minimal Llama and Alpaca Micromineral Requirements for Differing Physiologic States of Maintenance (M), Growth (G), Pregnancy (P), and Lactation (L), Based on Data Derived from Beef Cattle, Sheep, and Goats


[image: image]


mcg/kg BW, microgram per kilogram of body weight mg/kg BW, milligram per kilogram of body weight; MTL, maximum tolerable level.


1Extrapolated from nutrient requirements for beef cattle (National Research Council: Nutrient requirements of beef cattle, ed 7, Washington, DC, 1996, National Academy Press), sheep and goats (National Research Council: Nutrient requirements of small ruminants: sheep, goats, cervids and New World camelids, Washington, DC, 2007, National Academic Press).


2Estimated daily requirement based on a range of adult body weights from 60 to 160 kg.


3Dietary concentration (mg/kg) on dry matter (DM) basis. Nutrient density calculations based on an assumed range of DM intake between 1.25 and 1.5% of body weight.


4Physiologic states of maintenance (M), growth (G), lactation (L), and pregnancy (P) for which the requirement is defined.


5Maximum tolerable level (mg/kg), defined as largest dietary concentration of a given mineral that could be fed for short periods (3 months) without problems. Based on data from National Research Council: Mineral tolerance of animals, ed 2, Washington, DC, 2005, National Academy Press.









Cobalt


Cobalt's biologic function is solely associated with the coenzyme functions of vitamin B12 (cyanocobalamin) in single carbon and propionate metabolic pathways. Ruminant animals require sufficient dietary cobalt to support microbial synthesis of the vitamin. Cobalt is not required independent of vitamin B12 in nonruminant animals.


Requirement for cobalt was equivalent across species (0.1 mg/kg DM intake) with no modifications for differing physiologic states. Calculated cobalt requirement on the basis microgram per kilogram of BW was 1.65, 1.78, and 2.01 for sheep, cattle, and goats, respectively. To achieve similar intakes accounting for differences in intake capacity, recommended cobalt requirement for llamas and alpacas was between 0.12 and 0.15 mg/kg dietary DM. The higher level would best fit animals with lower intake. No difference for different physiologic states has been observed.









Copper


Copper is required for the activity of a wide range of enzymes in the body. Selected copper deficiency clinical signs may be attributed to dysfunction of unique copper-dependent enzymes. Anemia resulting from a lack of ceruloplasmin activity to oxidize iron for incorporation into hemoglobin, achromotrichia caused by reduced tyrosinase activity, and connective tissue malformation subsequent to decreased lysyl oxidase activity are classic examples. Copper-dependent enzymes also play important roles in cellular respiration, antioxidant protection, catecholamine metabolism, disulfide bond formation, immune function, and biogenic molecule generation. The copper requirement for ruminants is confounded by a complex interaction between molybdenum, sulfur, and iron in reducing dietary copper availability.


Camelids are more sensitive to copper toxicity, similar to sheep, yet copper deficiency disease has also been observed. Copper requirements for goats and cattle are much higher comparatively and most likely not appropriate for camelids. The sheep maintenance copper requirement is based on endogenous losses and copper content of fleece. Using camelid values in the sheep equation results in copper requirements per kilogram of BW that are lower than indicated for sheep. Using a requirement of 0.12, 0.15, and 0.18 mg/kg of BW for maintenance and growth, pregnancy, and lactation, respectively, provides similar values to the sheep model. At expected intakes, this copper requirement amount translates into a suggested dietary concentration between 8 and 12 mg/kg DM. This is slightly above what is recommended for sheep but below the recommendations for goats. On the basis of reported cases of copper toxicity in llamas and alpacas, dietary Cu concentration exceeding 25 mg/kg DM in conjunction with a high (16 : 1) copper to molybdenum (Cu : Mo) ratio is considered a high-risk factor for copper toxicity. Desired dietary Cu : Mo ratio is between 6 : 1 and 10 : 1 with recommended copper amounts. Low dietary Cu : Mo ratio may be associated with copper deficiency problems.









Iodine


Biologic role for iodine is related to thyroid hormones and their control of metabolic rate. Iodine is readily absorbed from the diet; however, a number of antagonistic compounds (termed goitrogens) reduce the availability or utilization of iodine by the thyroid gland.


Requirement models for iodine was based on dietary concentration across species. Using similar calculations, recommendations for llamas and alpacas are 0.55 to 0.65 mg/kg dietary DM for maintenance and pregnancy and 0.65 to 0.75 mg/kg dietary DM for lactation.









Iron


Iron is the most abundant micromineral in the body. Iron's primary biologic role is as a component of hemoglobin and myoglobin relative to oxygen transport. Iron is also associated with other proteins and enzymes involved in electron transfer, antioxidant reactions, and all aspects of the tricarboxylic cycle.


Requirement for iron is based on dietary concentration for goats and cattle. The sheep model has a lower requirement per kilogram of BW compared with models of other species. A dietary concentration of 35 to 40 mg/kg DM is recommended for all physiologic states. Younger animals may have a slightly higher requirement, and those animals experiencing high prevalence of blood-sucking intestinal parasites might also require higher dietary iron content.









Manganese


Manganese is the least understood trace mineral relative to ruminant nutrition. It is one of the most abundant minerals in the environment. Manganese functions to activate a number of metalloenzymes associated with lipid and carbohydrate metabolism, antioxidant activity, and mucopolysaccharide synthesis. Excess manganese in water may reduce intake due to palatability issues and may exacerbate copper deficiency.


Both sheep and goat models suggest an endogenous manganese loss of 2 mcg/kg BW. The sheep model also includes manganese deposited in wool. The average requirement across species is 0.33 mg/kg BW. To achieve this intake amount, a suggested dietary concentration of 22 to 25 mg/kg DM is required for maintenance. Suggested pregnancy requirement is slightly higher, 28 to 30 mg/kg, whereas the lactation requirement is similar to the maintenance requirement.









Selenium


Biologic action of selenium is primarily associated with its antioxidant activity in the form of glutathione peroxidase. Selenium's antioxidant activity complements and is intimately associated with the membrane-associated antioxidant vitamin E. Deficiencies of selenium, vitamin E, or both are manifested as muscle degeneration with subsequent necrosis. Affected muscle type (striated or cardiac) and responsiveness to selenium, vitamin E, or both is somewhat species dependent.51 Selenium is also associated with deiodinase protein responsible for converting thyroxin (T4) to its active form triiodothyronine (T3); hence, selenium deficiency has been implicated in certain hypothyroid conditions. A number of other selenoproteins are recognized, although their biologic roles are not fully elucidated.


The U.S. Food and Drug Administration (FDA) regulates selenium supplementation as a food additive because of selenium's toxicity potential. Llamas and alpacas are not specifically covered in these FDA regulations, but supplementation at the approved rate of 0.3 mg selenium per kilogram of total dietary DM is permissible. Approved supplemental selenium sources include sodium selenite and selenate (both inorganic forms) and selenomethionine (yeast-based organic form). Selenomethionine is more efficiently absorbed compared with either inorganic forms but is metabolized differently, as selenomethionine is incorporated into body proteins prior to being processed to the selenide state for selenoprotein synthesis. Ruminants have lower inorganic selenium availability compared with nonruminants as oxidized inorganic selenium forms are reduced to biologically unavailable forms during passage through the rumen and because absorption might be antagonized by sulfate and molybdate. Consequently, ruminants are less sensitive to selenium toxicity compared with nonruminants. It is assumed that SACs are similar to ruminants in their selenium digestion and utilization.


The recent NRC report recommends supplementing 0.74 mg selenium per day for llamas and alpacas based on mean selenium supplementation rate to adult llamas reported by Herdt.7,57 In this study, selenium status of pregnant and lactating llamas was improved when >1 mg selenium per day was supplemented. However, llamas with lower selenium intake were able to maintain reasonably normal blood selenium concentrations. Llamas consuming alfalfa hay containing 0.2 mg selenium per kilogram of DM were able to maintain adequate selenium status.58 The sheep model predicts very low required daily selenium intakes (0.03–0.11 mg/day).7 The sheep requirement calculated as microgram per kilogram of BW is much lower (1.1 mcg/kg) compared with that reported for cattle (5.3 mcg/kg) or goats (7 mcg/kg). A requirement of 6.5 to 6.8 mcg/kg BW would provide selenium at a rate consistent with the NRC and Herdt recommendations.7,57 A slightly higher requirement of 7 to 7.5 mcg/kg BW is recommended for pregnant and lactating animals.









Zinc


More than 300 enzymes require zinc as a cofactor or integral component of the molecule to sustain structural integrity and functionality. In addition to the multitude of metabolic pathways influenced by zinc metalloenzymes, critical influences of zinc on animal health and performance are attributed to interrelated roles in gene expression, antioxidant activity, fat and vitamin A metabolism, immune function, and appetite control.51 Zinc deficiency is classically manifested as skin pathology, namely, parakeratosis or other forms of hyperkeratosis.


Although mineral availability is considered the same for sheep and goats, endogenous losses of zinc are quite different according to NRC models.7 A significant amount of zinc exists in the wool of sheep, making the requirement higher compared with goats. Given the documented health issues associated with zinc in camelids, it seems prudent to err on the higher side with regard to requirements. To achieve similar milligram per kilogram of BW values for camelids, dietary concentrations of 45, 55, and 60 mg/kg BW are suggested for maintenance, pregnancy, and lactation, respectively.












Mineral Sources and Feeding


Inorganic mineral sources in sulfate and carbonate forms are considered more bioavailable compared with the respective oxide form. This is especially true for copper and an exception for zinc. Organic mineral forms encompass a wide range of potential compounds with defined classifications of metal complexes (generic or specific), metal chelates, metal proteinates, metal polysaccharide complexes, and metal salts of gluconate or propionate as described by the American Association of Feed Control Officials.59 Often, the perception is that organic forms are more bioavailable compared with inorganic sources, but definitive data to support this contention are not available.60 Relative to ruminant animals, organic mineral forms are protected from forestomach microbial alteration and may deliver more potentially available metal ions for intestinal absorption. Availability varies among the many organic mineral sources, and not all forms result in positive supplementation responses.60,61 Overall, organic mineral forms are more expensive than their respective inorganic forms. Organic mineral sources are best targeted for situations of stress or reduced intake capacity.


Provision of supplemental mineral sources over and above forage occurs by one of two methods: (1) constantly available free choice products or (2) incorporation of mineral sources into concentrate feeds. Concentrate feeds need to be fed at some minimum daily amount to provide sufficient minerals. Often, additional concentrate feeds are not necessary to provide energy or protein to the diet, thus limiting their use as a vehicle for mineral supplementation. Camelids do not lick, thus the use of salt blocks is of limited value in providing sufficient mineral supplementation.62 Granular or loose salt supplements are the preferred form if providing a free-choice salt product to SACs.


Free-choice mineral supplements are characterized as “white” or “red” salt products; white salt is exclusively sodium chloride, and red salt is colored to indicate the presence of trace mineral sources. Animals do not have an appetite for individual minerals. Salt content drives consumption as animals have a specific appetite for sodium. Expected free choice intake of granular salt in SACs is similar to that in sheep and goats, approximately 7.5 to 10 g/day (0.25 to 0.33 oz/day). This intake rate would be for products containing more than 25% salt. If trace mineral supplementation is solely dependent on trace mineralized salt intake, then white salt should not be provided, as animals cannot discriminate between the two salt sources. Some salt source should always be available for consumption.
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Dose/Route® Spectrum of Activity
‘CLASS: MACROCYCLIC LACTONES
Ivermectin 0.2 milligram per kilogram (me/kg), oral or GIN', lungworms, sarcoptic mange, sucking
subcutaneous lice
04-0.6 mg/kg Whipworms, Cephenemyia
Maxidectin Not advised unless resistant nematodes are documented
in the herd
CLASS: BENZIMIDAZOLES
Albendazole 10 mg/kg, oral* Fasciola hepatica, Moniezia, GIN, lungworms

Fenbendazole 10-20 mg/kg oral, 3 days if whipworms present
20 mg/kg, oral, 5 days
50 mg/kg, oral, 5 days
Mebendazole 22 mg/kg, oral, 3 days
Thiabendazole  50-100 mg/kg, oral, 1-3 days
CLASS: TETRAHYDROPYRIMIDINE
Pyrantel pamoate 8.5 mg/ke, oral
18 mg/kg, oral, 3 days
CLASS: IMIDAZOTHIAZOLE
Levamisole* 5-8 mg/kg oral or 6 mg/kg, subcutaneous
CLASS: BENZENESULFONAMIDE
Clorsulon 7 megfke, oral
CLASS: QUINOLINE
Praziquantel

50 mg/kg, oral

GIN, lungworms, whipworms
Nematodirus

Moniezia

GIN

GIN, lungworms

CIN
Cestodes, CIN

GIN, lungworms
Fasciola hepatica

Dicrocoelium dendriticum
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Extrapolated Requirement

Nutrient Requirement' Intake, mg/day’ Diet, ppm® Group* MTL

Cobalt 176 mcg/kg BW. 0.11-028 0.12-0.15 MGPL B

Copper 0.12 mefkg BW 72-192 8-12 MG 40
0.15-0.18 mg/kg BW. 9-272 9-12 PL

Todine 8.8 meg/kg BW 05-14 055-0.65 MG P 50
15.7 mcg/kg BW 09-25 0.65-0.75 L

Tron 0.6 mg/kg BW 36-96 35-40 MGPRL 500

Manganese 033 mefkg 19.8-528 22-25 MGL 1000
0.52 mefkg 31.2-83.2 28-30 P

Selenium 6.5-6.8 meg/kg BW 04-1.07 042-045 MG 50
7-7.5 meg/kg BW 044-12 046-05 PL

Zinc 0.56 mefkg BW 33.6-89.6 45 MG 500
0.8-1.3 mg/kg BW 60-160 55-60 PL
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Difference

Diet Quality*  Llama _ Sheep  n %
Tow 51 a 10 24
Medium 60 52 8 15

High 73 75 2 3
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Maintenance Water Requirement* Pregnancy Growth
Body (last 3
Weight __ ME Penned _ Pasture _MBW __ 25xMBW _months) Lactation 100 g/day 400 g/day.
kg b litersiday Litersiday Literscay Llitersfday Litersiday  Litersicay  Litersiday  Litersicay  Litersiday
0 2 05 04 08 07 08 — — 14 18
20 44 08 07 14 12 14 - - 24 30
30 66 11 10 20 16 19 — — 33 41
0 88 13 13 25 19 23 - - 41 50
50 10 16 15 30 23 27 104 48 59
60 132 18 18 35 26 31 i) 55 68
0 154 20 20 40 30 35 134 62 7.6
s 176 23 23 44 33 39 1438 68 85
9 198 25 25 49 36 43 161 75 92
100 220 27 27 53 39 46 175 8.1 100
125275 32 33 64 46 54 207 9.5 s
150 330 36 38 74 52 62 27 109 135
175385 a4l 43 84 59 70 2.6 123 152
200 440 45 48 9.4 65 7.7 294 136 168
25 495 49 53 104 7.1 85 321 148 184

250 550 53 57 n3 7.7 92 5-172 347 160 199
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Daily Intake Difference, %

Intake Alpaca _ Llama __ Sheep _ Alpaca___Llama
Housed Dry matter, % BW T83 23 20

- 20 33 39
CGrazing cultivated pastures ~ Organic matter, g/kg MBW ~ — 528 832 36
Crazing, native pastures Dry matter, g/ke MBW 50.0 46.8 68.1

26 31





OEBPS/images/B9781437723526000079_f007-031-9781437723526.jpg





OEBPS/images/B9781437723526000079_f007-052-9781437723526.jpg





OEBPS/images/B9781437723526000079_f007-019-9781437723526.jpg





OEBPS/images/B9781437723526000079_f007-010-9781437723526.jpg
Less leverage

More leverage






OEBPS/images/B9781437723526000080_t0015.png
Parameter*
ution rate (%/hr)
Rumen volume (RV) (L)
RV/kg MBW

Total tumover time (hr)
Liquid flow rate\,( L/hr)

Llama

104
7.1
017

104
072

Sheep

7.2
029

136
0.54
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‘Calcium requirement (g/d)

%0 s 70 0 1o 150 180 170
Body weight (kg)

—-NRC, 2007 ~-Llamas, Lopez and Ragg, 1992
—=- Alpacas, Lopez and Raggi, 1992 -~ Van Saun, 2006






OEBPS/images/B9781437723526000080_t0010.png
Parameter

Rumen-reticulum (percent per hour
[%/hr])

Cecum-colon (%/hr)

Transit time (hr)

Total average retention time (hr)

Llama
35

93
189
623

Sheep
a6

173
120
409
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