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1.0
The Canidae

The Canidae are a diverse global family of the order Carnivora, which includes dogs, wolves, foxes, coyotes, dingoes, jackals, and lycaons. Canids exhibit a wide variation in body weights (1 to 80 kg), dietary habits (omnivory to strict carnivory) and habitat preferences (extreme desert to ice fields and rain forests). The principle canid social structure is monogamy, although widespread variation exists in life-history traits. Differing environments and resource availabilities may explain the interspecific and intraspecific variation in the Canidae (Geffen et al., 1996).

During the Pleistocene five large canids inhabited the South American savannas (Berta, 1987, as cited in Geffen et al., 1996). At the end of the Pleistocene, a sharp decline in large herbivorous prey (Berta, 1987, as cited in Geffen et al., 1996; Pascual and Jaureguizar, 1990, as cited in Geffen et al., 1996) possibly resulted in the extinction of all large South American canids, except the maned wolf (Chrysocyon brachyurus).

This review investigates the diet and behavior of the maned wolf, the critical adaptations of which may have been fundamental in the continued existence of the species.

2.0
The Maned Wolf

The maned wolf is the largest of the South American canids and the fourth largest canid in the world, weighing approximately 20 to 30 kg (Rodden et al., 2004) and measuring from 145 to 190cm from head to tail and 80 to 90cm high at the shoulder (Dietz, 1985; Silva, 1994, as cited in Aragona and Setz, 2001). 

Currently distributed across Northern Argentina, Eastern Bolivia, Brazil, Paraguay and South Eastern Peru, it inhabits tall grasslands, shrub habitats, woodland with an open canopy (cerrado) and wet fields (frequently seasonally flooded). Bestelmeyer (2000) suggested that this wolf prefers areas with low to medium shrub density. Maned wolves have been observed in lands under cultivation for agriculture and pasture, which they possibly use for hunting and resting (Jácomo and Silveira, unpubl., as cited in Rodden et al., 2004). Daytime resting areas also include cerrado, gallery forests (Dietz, 1984) and marshy areas near rivers (Bestelmeyer, 2000). 

Whilst this wolf is included in the IUCN Red List as “near threatened”  (Sillero-Zubiri and Hoffmann, 2004), the Brazilian official list considers it a “vulnerable” species (Machado et al., 2005, as cited in Bueno and Motta-Junior, 2006). The most significant threat to its existence is the rapid destruction of its habitat, causing isolation of maned wolf sub-populations. Other problems include road accidents (highways often surrounding National Parks), and disease transmission from, and competition for food with, domestic dogs.

There is a relatively small captive population of maned wolves (Childs-Sanford, 2005). Active breeding programmes operate in 149 zoological parks with 199 males and 231 females housed in captivity worldwide (Schmidt, 2006).

3.0
Diet of the Maned Wolf

3.1
Natural Diet of the Maned Wolf

Numerous authors have investigated the maned wolf’s natural diet, through scat (faecal specimen) analysis. Rodden et al. (2004) reviewed the results of several studies in Brazil, as summarised in Table 1. 

Reported studies conclude that the maned wolf is naturally omnivorous, its broad diet consisting of approximately 50% vegetable material and 50% animal matter. The principle food items consumed by the maned wolf include the fruit of the Lobeira (Solanum lycocarpum), or the “wolf fruit”, and small mammals (Caviidae, Muridae, Echimydae). Other important food items include arthropods, reptiles, birds (Tinamidae, Emberizidae and others), armadillos, fish and various other fruits (Annonaceae, Myrtaceae, Palmae, Bromeliaceae and others).

Six of the seven largest canids consume medium to large sized ungulates. The maned wolf was considered the exception, reviews suggesting its largest prey item being the pacu (Cuniculus pacu), a 6.3 to10.0 kg species, with remains found in a scat analysed by Dietz (1984). However, Jácomo (1995, as cited in Bestelmeyer and Westbrook, 1998) reported remains of pampas deer (Ozotoceros bezoarticus), a 25 to 40 kg ungulate, in faecal samples. In 1999, Jácomo (as cited in Rodden et al., 2004) found that 2.4% of 1,673 faecal samples contained pampas deer. Bestelmeyer and Westbrook (1998) also observed a solitary maned wolf successfully hunting a pampas deer.

Frequency of occurrence of food items describes the food habits of vertebrates, but can overestimate the importance of small items, like insects. To compensate for this bias, some authors have used the volume of each item in the faeces, or the dry weight of the remains. However, these methods do not reflect the importance of the food items, because their digestibility varies. Biomass calculations through counts of the minimum number of each item, can provide a more accurate estimate of the importance of food categories in the diet. The biomass of animal items is usually greater than that of vegetable items.

Bueno and Motta (2004) investigated maned wolf diet by frequency of occurrence and by estimated biomass ingested. Consistant with the studies referred to in Table 1, the maned wolf was found to consume vegetable material (49%) and animal matter (51%) in similar proportions by occurrence. However, based on biomass, the maned wolf ate more animal matter. Rodrigues et al. (2007) also agreed that Lobeira was the most important item, being the most frequent by occurrence and the second highest in terms of biomass. Belentani et al. (2005) found small rodents and Loberia were the most important food items, making up 40.7% and 26.2% of the diet respectively, by frequency of occurrence. A similar pattern occurred when biomass was considered, except Lobeira became the most important item (33.2% compared to 25.7% rodent).

Maned wolves are generalist hunters consuming items according to their availability. Bueno and Motta-Junior (2004, 2006) showed that this canid consumed more Lobeira and small mammals in the dry season and more miscellaneous fruit in the wet season. But maned wolves are selective with regards to some food items. Although Lobeira is available all year, its growth is reduced during the dry season. However, in the dry season the fruit is more frequently consumed and the amount ingested does not vary, suggesting that maned wolves actively search for and select Lobeira at Águas Emendadas Ecological Station (Rodrigues et al., 2007). Lobeira was also consumed more in the dry season in the Emas National Park (Jácomo et al., 2004) and the Ibitipoca State Park (Aragona and Setz, 2001).

Belentani et al. (2005) identified a highly significant difference between the availability of and predation of small mammals. This could be accounted for by the apparent selection of vesper mice (Calomys spp.) and Brazilian false rice rat (Pseudoryzomys simplex) and a lower consumption of hairy-tailed bolo mouse (Bolomys lasiurus), spy hocicudo (Oxymycterus delator), lutrine opossum (Lutreolina crassicaudata), white-eared opossum (Didelphis albiventris) and terraced rice rat (Oryzomys aff. subflavus) than expected by chance.

Whilst Bueno and Motta-Junior (2006) detected no functional response by the maned wolf to overall shifts in small mammal abundance, prey switching was detected by an increase in diet diversity, including wild fruits and other smaller vertebrates, in the wet season when small mammals are less abundant. This may have been due to the wolf’s high consumption of Bishop’s fossorial spiny rat (Clyomys bishopi) during the wet season (45.2% of 42 prey individuals), despite having reduced its overall consumption of small mammals. The maned wolf showed a more specialist diet in the dry season, when small mammals are more abundant and the predation is restricted to less rodent species, again mostly Bishop’s fossorial spiny rats. 

As a large mammalian predator, the maned wolf’s energetic needs are fulfilled with the consumption of more profitable prey. Bueno and Motta-Junior (2006) found that the maned wolf has a preference for larger rodent species. The largest and most consumed rodent was the Bishop’s fossorial spiny rat (143.5 to 273.7g), possibly due to its availability. Environmental conditions, such as open vegetation may contribute to the high predation on this species, which is vulnerable above ground, displaying no erratic movement or bipedal leaps during escape.

Vesper mice have been reported in the maned wolf diet by several authors (Motta-Junior et al., 1996; Motta-Junior, 2000, as cited in Bueno and Motta-Junior, 2006; Bueno and Motta-Junior, 2004). Whilst their small size (for example, the delicate vesper mouse, Calomys tener, weighs 4.8 to 15.4g) offers low profitability to the maned wolf, their high abundance, bad hearing and locomotor capabilities make them highly vulnerable prey. Prey selection depends upon handling time, rates of energy and nutrient intake, risk of injury and sensorial capabilities and behaviour of the predator and prey (Endler, 1986, as cited in Bueno and Motta-Junior, 2006)

The maned wolf has been reported as an opportunist hunter. Beccaceci (1992, as cited in Rodden et al., 2004) and Silva (unpubl., as cited in Rodden et al., 2004) recorded maned wolves feeding on coypus (Myocastor coypus) caught in hunters traps, whilst Silveira and Jácomo (unpubl., as cited in Rodden et al., 2004) observed wolves scavenging opportunistically on road kill carcasses. Maned wolves have a fondness for domestic chickens (Dietz, 1984). Given the opportunity, they will scavenge in rubbish bins, several authors finding human garbage in scats (Aragona and Setz, 2001).

No direct competition for food has been observed with other carnivores sharing the maned wolves habitat (Rodden et al., 2004). Silveira (1999, as cited in Rodden et al., 2004) and Juarez and Marinho (2002) reported maned wolf diet to significantly overlap with that of the crab-eating fox. However, Bueno and Motta-Junior (2004) showed that these canids appear to have separate food niches; the maned wolf consuming a larger range of prey species (weighing 10 to 100g), than the crab-eating fox (0.01 to 1.0g).

The concordance of food items present in these studies suggests that the natural habitat, especially cerrado vegetation, is important for the survival of the wild maned wolf.

3.2
Diet of the Captive Maned Wolf 

Throughout its relatively short history in captivity the maned wolf has suffered from a number of dietary related conditions, including poor body condition, chronically soft stools, extremely rapid passage of digesta, gingivitis and cystinuria (Childs-Sanford and Angel, 2006). Captive maned wolves have traditionally been fed as a carnivore with a soft, high protein, meat-based diet. This may have contributed to and/or exacerbated gingival infections (as a soft diet provides little dental abrasions) and cystinuria. Maned wolves are genetically predisposed to cystinuria, a disorder in which precipitates formed by cysteine at acidic pH may occlude the urinary passage, especially in the narrow urethral lumen of the male maned wolf (Barboza et al., 1994).

Barboza et al. (1994) monitored feed intake in captive maned wolves provided with prey and meat based diets (frozen meat, combined with bread, cooked rice and oatmeal and a fruitmix) and then an extruded dog feed with small amounts of prey. They calculated that the energy requirement for the maned wolf (501 to 674 kJ.kg-0.75.d-1) is similar to that of the domestic dog (525 kJ.kg-0.75.d-1). With dry matter intake and digestibility remaining similar, dietary protein content was reduced from 44% to 29% between diets. The metabolisable energy derived from protein in the meat-based diet was 37%, but only 27% in the dog feed diet. These levels exceed the protein requirements for maintenance (4.3% to 21.8%) and for growth (11.5% to 20.3%) in domestic dogs; the same might be true of the maned wolf, given the similar energy requirements and digestive anatomy, albeit with a relatively small and simple caecum. Excess protein containing sulphur amino acids (including cysteine and methionine) exacerbate cystinuria. Barboza et al. suggested that dietary management of the maned wolf should minimise excess protein content by feeding less prey species and acclimatising the animals to extruded diet for domestic dogs.

Captive maned wolf feed was primarily prepared for felids, only recently being specifically formulated for canids (Bush, 1980; Allen et al., 1996). In 1998 a commercially manufactured maned wolf diet became available, which attempted to use dietary modification to reduce clinical diseases from cystinuria. This diet contained low protein, low sulphur containing amino acids and high fibre and resulted in decreased urinary excretion of cysteine in the maned wolves studied (Childs-Sanford and Angel, 2006). 

Without the benefit of nutritional studies on the wild maned wolf, manufactured diets have been based on domestic canid diet and the composition of the wild maned wolf diet. However, Childs-Sanford and Angel (2006) reported that significant species differences exist between the maned wolf and the domestic dog in nutrient digestibility.

Many zoological intuitions now feed their captive maned wolves a combination of fruit and vegetables, prey items and dog feed (Childs-Sanford, 2005).

4.0
Behaviour of the Maned Wolf

Being a nocturnal and shy species, few direct field observations of the wild maned wolf have been reported; these observations being normally limited to daylight hours. Principal methods for gathering behavioural information of large secretive wild mammals include camera trapping, radio telemetry and marking the location of scats and tracks with a global positioning system (GPS). However, these methods have limitations. For example, with radio telemetry the animal’s position must be triangulated. This is difficult and relatively inaccurate in species, such as the maned wolf, which move with rapid locomotion. The researcher may also easily disturb the animal.

The maned wolf’s classification on the IUCN Red List is based on information regarding population size, not on in-depth knowledge regarding its behavioural biology (Bandeira de Melo et al., 2007).

The wolf was reported to be facultatively monogamous, with pairs of maned wolves being observed resting, hunting and travelling together (Rodden et al., 2004). Territory boundaries appear stable over time and a monogamous pair will defend their territory against rival pairs, although there may be overlap at boundary perimeters. Individuals without territories (floaters) move along territory boundaries, but do not scent mark. Technological advances providing GPS within an animals’ collar facilitate tracking an animal over long time periods, without disturbing it. Bandeira de Melo et al. (2007) investigated the socio-spatial dynamics of a pair of adult wolves, with a female juvenile, tracking them with such GPS collars programmed to record the location of each individual every two hours for six months. Results showed that the adult female had the largest home range and travelled the furthest distance at night, followed by the male, then the juvenile. Considerable overlap in territory by all three individuals was recorded. During the day the adults slept together with the juvenile sleeping a couple of hundred meters away. This research suggested that the social bond between the parents was strong; maned wolves are highly tolerant of their offspring even following the birth of new pups and that they are social animals (although no direct observational information is available to confirm what type of social behaviours they express).

Communication systems of the maned wolf include visual, auditory and olfactory cues and seem to be closely correlated with its social organisation and ecology, relying primarily on long distance signalling to promote the spacing of individuals (Kleiman, 1972). Close proximity communications involves a few distinctive displays, such as the friendly tail up approach and play invitation bow, the agonistic pilo-erect pace and the submissive crouch (Lyon and Stearns, 1995). Olfactory information is transmitted through urine and faeces. Scent marking usually occurs on elevated objects, preferentially termite mounds in the wild, particularly along territory boundaries. Males and females have similar rates of scent marking (Rodden et al., 2004). Reproductive information can be gathered from urine or faeces (all hormonal metabolites being released in the faeces). Sniffing or tasting allows access to olfactory information from urine. In close proximity interactions, olfactory information may be gathered by sniffing and licking the anogenital area of another wolf. Vocalisations are used in aggressive and reproductive situation (Lyon and Stearns, 1995), the roar bark being most common and a loud vocalisation, heard 24 hours a day throughout the year. 

Females enter oestrus once a year, the peak-breeding season being from April to June (Rodden et al., 2004). In captivity increased frequency of vocalisations, scent marking and proximity between a pair occur one week before mating. Courtship is characterised by frequent approaches, mutual anogenital investigation and playful interactions. Mounting often occurs during oestrus, with successful breeding including a copulatory tie. In captivity males have been observed regurgitating food to and grooming pups (Bestelmeyer, 2000). Bandeira de Melo et al. (2007) found the spatial association of the adults varied in accordance with the birth of a littler of pups, decreasing dramatically before birth, then slowly increasing. The strong, protracted spatial association shown by the male before birth may indicate mate guarding. This occurs in the red fox (Vulpes vulpes), which was once thought to be monogamous (Harris and White, 1994; Baker et al., 2004). The spatial relationship between individuals and the adult female strengthened when she had pups, indicating the male and juvenile displayed parental care.

The maned wolf is nocturnal and crepuscular and may forage for up to eight hours a night (Bestelmeyer, 2000; Silveira and Jácomo, unpubl., as cited in Rodden et al., 2004). Bandeira de Melo et al. (2007) found that at night maned wolves actively avoided each other. It was suggested that this strategy is adopted to prevent one animal interfering with the hunting behaviour of another, increasing the success of hunting. For example, if a predator had recently moved through a specific area, the prey species may have already hidden and be more difficult to capture. The hunting method of maned wolves may also encourage mutual avoidance as the presence of others would compromise the use of large ears to pinpoint the sound of rodent prey in the tall grass. Four main strategies for hunting animal prey include stalking prey with a final pounce, digging after burrowing animals, leaping into the air to capture birds and sprinting after fleeing deer (Rodden et al., 2004). The success of these strategies is similar, with approximately 21% hunting attempts resulting in captured prey (Bestelmeyer, 2000).

Large canids tend to hunt large prey cooperatively (Mech, 1970). However, Bestelmeyer and Westbrook (1998) observed a solitary maned wolf successfully hunt a full sized pampas deer. The maned wolf chased the female pampas deer for 31 seconds, before catching it and breaking its neck. Direct observations of this behaviour are rare and therefore the frequency of their occurrence is unclear. However, Bestelmeyer and Westbrook observed two deer hunts within 57.5 hours, suggesting that maned wolf predation on pampas deer may frequently occur. Whilst the maned wolf’s long legs (“the fox on stilts”) may be an adaptation for raising its head above tall grass to hear small prey better (Sunquist, 1996), they also facilitate the pursuit and capture of large prey, by rapidly decreasing the distance between themselves and the fleeing prey.

5.0
Aims of this Investigation

Whilst the omnivorous maned wolf displays generalist and opportunistic feeding behaviour, it also appears to select specific prey items. Conspecifics actively avoid each another at night, when hunting, but exhibit social behaviour during the day. In captivity, the health of the maned wolf may be compromised due to changes in diet and behavioural restrictions. The main aims of this investigation are:

Diet

· To investigate and compare wild and captive maned wolf diet (via scat analysis), identifying any key differences which may have an effect on health

· To establish whether captive maned wolves supplement their diet by catching insect, birds or rodents or eating berries or grass

· To assess the accuracy of the scat analysis as a method of investigating diet

Behaviour

· To investigate the behavioural repertoire of the captive maned wolf, including social, territorial and any stereotypic behaviour

· To compare these behavioural findings to those of the wild maned wolf, researched from literature

· To investigate whether captive maned wolf social interactions change around feeding time

The findings of this study will then be compared to those of other researchers.
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