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The Indian Four-horned Antelope represents with the Nilgai the special tribe Boselaphini that differentiated from most other Bovidae since 14. 5-16.4 My. This species is the only actual wild ruminant to possess two pairs of horns. It also appears unique among the Asian Cetartiodactyls by its external resemblance to small African bovids. Therefore, to determine the biological characteristics where the Four-horned Antelope was similar to other ruminants, it was compared to 10 species of equivalent body weight and habitat, using 24 characteristics known from the available literature. Globally, the Four-horned Antelope shares half of his characteristics with each other species. However, it differs more from them in reproduction than in morphology, social life or ecology. It is closer to the forest species than to the open area inhabitants in ecology, but not in the other biological categories. Considering all biological characteristics, the Four-horned Antelope is closer to the African forest species than to the open area inhabitants. This means that there has been a similar development of the Four-horned Antelope and the small African forest ruminants, despite their geographical separation from each other for a long time. This is not the case with the species of other regions of the world.

BACKGROUND

The Four-horned Antelope or Chousingha, Tetracerus quadricornis (de Blainville, 1816)) and the Nilgai, Boselaphus tragocamelus (Pallas, 1766) are the only actual members of the tribe Boselaphini, sub-family Bovinae (Bovidae, Cetartiodactyla). This tribe is the most "primitive" of all living bovids, having changed the least since the origin of the family [START_REF] Pilgrim | The fossil Bovidae of India. Memoirs of the Geological Survey of India[END_REF][START_REF] Bibi | Origin, paleoecology, and paleobiogeography of early Bovini[END_REF]. Both species are actually present exclusively on the Indian subcontinent. Boselaphini differentiated from most tribes of Antilopinae (i.e., Cephalophini, Neotragini, Oreotragini) between 16.4 ± 2.0 and 14.5 ± 1.7 My ago [START_REF] Hassanin | Pattern and timing of diversification of Cetartiodactyla (Mammalia, Laurasiatheria), as revealed by a comprehensive analysis of mitochondrial genomes[END_REF] and lived since that time on a separate geographic area of the world.

The Four-horned Antelope is a small species occurring in dry deciduous forests of India and Nepal [START_REF] Haltenorth | Klassifikation der Saügetiere: Artiodactyla[END_REF]Walther 1988b;[START_REF] Nowak | Four-horned Antelope, or Chousingha. Walker's Mammals of the World[END_REF][START_REF] Leslie | Tetracerus quadricornis (Artiodactyla: Bovidae)[END_REF]) and classified as Vulnerable on the IUCN Red List (IUCN SSC Antelope Specialist Group 2017).

In external appearance, it looks like numerous other small ruminants, although males possess two pairs of horns instead of a single. Given both the anatomical singularity and the special place of the Four-horned Antelope among ruminants, it appeared interesting to know which biological characteristics of this species were the same as those of its worldwide counterparts,

and finally what actual level of similarity or parallelism exists between it and those inhabiting other continents.

MATERIALS AND METHODS

In order to eliminate variations in biological characteristics directly related to body mass, the Four-horned Antelope was compared to similar-sized species, using the available literature as well as personal observations made in zoological parks. This concerned eight callipygus, are of comparable body weight as the Four-horned Antelope, but inhabit exclusively dense forests (Walther 1988a;pers. data). In the neotropics, the Cervidae are smaller (Pudu sp.) or larger species (Mazama americana), or frequent only dense forests like M. gouazoubira [START_REF] Macnamara | Andenhirsche, Pudus und Spiesshirsche (Gattungen Hippocamelus, Pudu und Mazama). Grzimeks Enzyklopädie[END_REF][START_REF] Emmons | Neotropical Rainforest Mammals. A Field Guide[END_REF][START_REF] Gayot | Comparative diet of the two forest cervids of the genus Mazama in French Guiana[END_REF]).

Although knowledge of several species is far from being sufficient, in particular concerning two above retained African duikers, 24 biological characters could be taken into consideration, i.e. 6 in the 4 following biological categories: morphology (body weight, weight dimorphism male/female, frontal appendages, preorbital glands, inguinal glands, interdigital glands), ecology (habitat, presence of water, diet, marking with faeces, marking with preorbital glands, marking with front/appendages), reproduction (gestation length, number of young, weaning, post-partum oestrus, age at first fertility, % survival at 1 year) and social life (adult sex ratio male/female, groups of individuals, synchronisation of individuals, alarm cry, allogrooming, marking the congeners). Many of them were obtained from captive individuals. We assigned a priori the value 1 when a character was the same in a given species as in the Four-horned Antelope. The value 0.5 meant that the resemblance was partial, and the value 0 when there was no resemblance. In each biological category, we calculated the proportion of traits shared by each species with the Four-horned Antelope, when the number of characters analysed was at least equal to half of all characters; so, the global proportion could vary from 0 to 1. Given the small number of species studied, most data were processed using the Mann-Whitney U-test. Differences between species were considered as nonsignificant when p was > 0.05.

RESULTS

Table 1 summarizes the biological characteristics of the Four-horned Antelope and of the 10 other comparable-sized ruminants, according to the categories retained.

Morphology

The weight of 12 adult Four-horned Antelopes of the two Parisian Parks varied between 10 and 17 kg. Similarly, six captive individuals of Pune (India) weighed less than 17 kg. This is less than the 15-25 kg usually mentioned for this species [START_REF] Haltenorth | Klassifikation der Saügetiere: Artiodactyla[END_REF]Walther 1988b;[START_REF] Nowak | Four-horned Antelope, or Chousingha. Walker's Mammals of the World[END_REF]). Nevertheless, this corresponds well to the weights cited for the other species (between 9 and 18.7 kg), except M. muntjak that can reach up to 35 kg.

Although [START_REF] Haltenorth | Klassifikation der Saügetiere: Artiodactyla[END_REF] reported that Four-horned Antelope males are 20% heavier than females, and [START_REF] Sharma | Ecological Studies on the Four-horned Antelope Tetracerus quadricornis in a Tropical Dry Forest[END_REF] that there is no sexual dimorphism in this species, the body mass is higher in females than in males. A comparable sexual dimorphism in favour of females occurs in all other small species, except again M. muntjak where the weight ratio varies between 0.95 and 1.25.

Contrary to all other wild ruminants, the Four-horned Antelope possess two pairs of horns in males: a large pair at the top of the skull, and a smaller one that can be present or not in front of the former; females are hornless. Most other species possess one pair of antlers or horns in males only, although horns sometimes occur also in O. oreotragus and S. grimmia females [START_REF] Priemel | Der Klippspringer in Freileben und Gefangenschaft[END_REF]Walther 1988a). Only Cephalophus females are regularly horned, and H. inermis of both sexes does not have frontal appendages.

Preorbital glands are present in both sexes of all species, except D. megalotis. R. campestris further possess inter-mandibular glands [START_REF] Novellie | Behavioural ecology and communication in the Cape grysbok[END_REF][START_REF] Cloete | Aspects of the behaviour of steenbok (Raphicerus campestris) in the Kuiseb River Canyon, S.W.A./Namibia[END_REF] and M. muntjak frontal glands [START_REF] Miazi | Phenotypic and Reproductive Parameters of Barking Deer under Management Condition of Chittagong Zoo[END_REF].

Inguinal glands are missing in T. quadricornis, as in half of other species.

Interdigital glands occur in all species, except O. oreotragus.

Ecology

The Four-horned Antelope mainly lives in dry deciduous forest, with short grass and open canopy. This apparently corresponds to the habitats reported for most duikers and for M. muntjak. On the contrary, the other species frequent open grasslands or rocky areas with few or no trees.

Most species, even among the duikers, are more or less independent of the presence of water in their habitat, contrary to the Four-horned Antelope which is reported as living never far from it, like H. inermis.

The diet of the Four-horned Antelope consists mainly of fruits, fallen leaves and flowers, far less of grass. A comparable diet is reported for the other forest species. Conversely, species of open habitat eat above all leaves and grass.

Like most other species, males and females Four-horned Antelope urinate and defaecate on dung heaps.

Like most other species too, Four-horned Antelopes mark the area with their preorbital glands, although this marking is above all proper to males, as in S. grimmia and R. campestris. Furthermore, M. muntjak marks the ground with frontal glands [START_REF] Dubost | Observations éthologiques sur le Muntjak (Muntiacus muntjak Zimmermann 1780 et M. reevesi Ogilby 1839) en captivité et semi-liberté[END_REF], and R. campestris of both sexes marks plants with intermandibular glands [START_REF] Cloete | Aspects of the behaviour of steenbok (Raphicerus campestris) in the Kuiseb River Canyon, S.W.A./Namibia[END_REF].

Males of most species, including T. quadricornis, use their frontal appendages to mark the vegetation; even the male H. inermis rubs its naked forehead against low branches.

Reproduction

The gestation period of the Four-horned Antelope lasts 7.5-8 months, a duration comparable to that of C. rufilatus and probably also of the other Cephalophus-species. It is longer than in most other similar-sized species where it usually varies between 6 and 7 months, or even less as in H. inermis.

Contrary to most ruminants that give birth to only one young per litter, the litter size varies between one and two in the Four-horned Antelope (a mean of 1.42: [START_REF] Dubost | Current data on the reproduction of Four-horned Antelope Tetracerus quadricornis in zoological parks[END_REF], less than in the Chinese water deer (a mean of 2.53: Dubost et al. 2011a).

Weaning occurs at 3-4 months of age, as in D. megalotis and R. campestris. This is later than in M. muntjak, O. ourebi and above all in H. inermis, but one month earlier than in O. oreotragus and probably also in C. rufilatus.

Data on post-partum oestrus are often imprecise and variable. On this point, the Fourhorned Antelope does not differ significantly from the other species, except perhaps O. ourebi.

In captive Four-horned Antelope, most females reach their sexual maturity between 18 and 36 months of age. This is later than in the other species where maturity usually occurs between 6 and 14 months, except in D. megalotis where it appears after 18 months of age.

52.4% of Four-horned Antelopes survive at one year of age, that is less than 73% survival in S. grimmia that produces only one young per litter, but more than 29.6% survival in H. inermis with its 2-3 young per litter.

Social life

Among adults, there is 0.51-0.76 male per female in the Four-horned Antelope. This is a little less than in the other species, and specially R. campestris and S. grimmia where the ratio male/female is close to parity.

The Four-horned Antelope is encountered most often alone, more rarely (24-30%) with another individual [START_REF] Sharma | Ecological Studies on the Four-horned Antelope Tetracerus quadricornis in a Tropical Dry Forest[END_REF][START_REF] Baskaran | Behavioural ecology of four-horned antelope (Tetracerus quadricornis de Blainville, 1816) in the tropical forests of southern India[END_REF]; groups of three are exceptional.

The same is true concerning the other forest ruminants. On the contrary, the species of open habitats occur regularly in pairs (R. campestris) or in small groups of 2-4 individuals (O. 

Resemblance between the Four-horned Antelope and the other species

According to Table 2, the Four-horned Antelope shares globally half of its biological characteristics with each of the other 10 species, without notable differences between them.

However, it differs more from them in reproduction than in morphology (U 8,10 = 11.5, p < 0.01), ecology (U 8,10 = 13.5, p ~ 0.01) and even social life (U 8,9 = 17.5, p < 0.05). It is also in the reproduction that appear the greatest variations between species.

As shown in Fig. 1, the African forest species are globally closer to the Four-horned Antelope than the African open area inhabitants (0.661 ± 0.095 vs 0.482 ± 0.022: U 4,4 = 0, p < 0.05). They are also closer in ecology (0.692 ± 0.063 vs 0.450 ± 0.121: U 3,4 = 0, p = 0.05), contrary to the other biological categories where there is no significant difference (morphology: U 4,4 = 7.5; reproduction: U 2,4 = 1; social life: U 2,3 = 2; NS).

Unlike the Four-horned Antelope, the 2 other Asian Ruminants, M. muntjak and H. inermis, are globally not closer to the African forest species than to the African open area species (respectively, 0.607 ± 0.127 vs 0.582 ± 0.082: U 4,4 = 7, and 0.375 ± 0.085 vs 0.340 ± 0.079: U 4,4 = 5; NS). Thus, both are placed roughly between these 2 categories of ruminants in their level of resemblance with the Four-horned Antelope (Fig. 1). However, like the Fourhorned Antelope, M. muntjak is closer to the African forest species in ecology (0.933 ± 0.058 vs 0.544 ± 0.181: U 3,4 = 0, p = 0.05); on the contrary, it could be closer to the African open area species in reproduction (0.725 ± 0.029 vs 0.646 ± 0.030; U 2,4 = 0). Curiously, H. inermis, an open area species, could be closer to the African forest species in social life (0.688 ± 0.265 vs 0.111 ± 0.096; U 2,3 = 0). Despite these differences, the Four-horned Antelope is not globally closer to the African forest species than M. muntjak (U 4,4 = 4.5, NS), both species being significantly closer than H. inermis (U 4,4 = 0, p < 0.05). However, it is less close to them than M. muntjak in ecology (U 3,3 = 0, p = 0.05) and in reproduction (U 2,2 = 0.5), these 2 species being again closer than H. inermis (respectively, 0.692 ± 0.063 and 0.933 ± 0.058 vs 0.333 ± 0.167: U 3,3 = 0, p = 0.05; 0.500 ± 0.177 and 0.646 ± 0.030 vs 0.146 ± 0.030: U 2,2 = 0). Thus, in these 2 biological characteristics, the Four-horned Antelope is intermediate between M. muntjak, the Asian species most close to the African forest species, and H. inermis, the most different one. On the contrary in social life, the Four-horned Antelope appears a little less close to the African forest species than M. muntjak and H. inermis (respectively, 0.625 ± 0.177 vs 0.667 ± 0.000 and 0.688 ± 0.265: U 2,2 = 1.5-2).

DISCUSSION

As shown above, the similarity of body size between the Four-horned Antelope and the African species results in a similarity of many characters. Logically, the Four-horned Antelope, which lives in dry deciduous forests, appears globally closer to the African forest species than to the African open habitat ones. It is also closer to them in ecology, like the other Asian forest species M. muntjak. Only the reproductive features are different; on this point, the Four-horned Antelope is most distant from many other species.

The two other Asian species, M. muntjak and H. inermis, differ notably from the Fourhorned Antelope. M. muntjak is not globally closer to the African forest species than to the African open area inhabitants, although it is also a forest species. On the contrary, H. inermis, a species of open habitats, is more similar to the forest species in its social organization. We cannot explain that, if not by noticing that this species leads essentially a solitary life, contrary to the other species of open areas. This apparent similarity with the forest species could correspond to the fact that it prefers tall grass to hide (Dubost et al. 2011b).

The fact that the Four-horned Antelope is intermediate between M. muntjak and H. inermis in ecology and reproduction is consistent with the habitat it occupies, the dry deciduous forests being someway intermediate between the closed forests inhabited by the first species and the grasslands occupied by the second.

Finally, the Four-horned Antelope appears as a good equivalent of the small African forest species, but it does not resemble more to one given species than to another. As expected, this signifies that the species living in forested habitats are subject to comparable constraints whatever their country or phylogenetic status. Although our knowledge of many species is far from sufficient, this parallel does not appear with the current ruminants of other regions of the world.

CONCLUSIONS

Contrary to the two other Asian ruminants of comparable body size, the Four-horned Antelope is the species most similar to the small African forest ruminants. Thus, we can consider that there has been a parallel development of the Four-horned Antelope and these latter, despite their phylogenetic and geographical separation from each other for a long time.

This could be due to the apparent similarity of the habitats occupied on both continents. Indeed, among the ruminants, many biological characteristics are directly linked to the habitat type occupied [START_REF] Jarman | The social organisation of antelope in relation to their ecology[END_REF]. T a ble 1. Data o n the bio lo gical characteristics o f the Fo ur-ho rned Antelope and the 10 o ther similar-sized ruminant species, acco rding to the available so urces (in brackets).

  African ruminants: four Bovidae Cephalophini: the red Duiker (Cephalophus natalensis), the black Duiker (Cephalophus niger), the red flanked Duiker (Cephalophus rufilatus) and the common Duiker (Sylvicapra grimmia); three Bovidae Neotragini: the Beira (Dorcatragus megalotis), the Oribi (Ourebia ourebi) and the Steenbok (Raphicerus campestris); one Bovidae Oreotragini: the Klipspringer (Oreotragus oreotragus). The duikers are forest species, the other four species are inhabitants of open habitats. We added the two ruminants of the same continent as the Four-horned Antelope and of comparable body size: the Indian Muntjac (Muntiacus muntjak, Cervidae Muntiacini) that lives in forest areas, and the Chinese Water deer (Hydropotes inermis, Cervidae Capreolini) that frequents open habitats. The other ruminants were too different in size or habitat. Thus, duikers like C. monticola and C. maxwelli are clearly lighter species (4-10 kg); other species, like C. dorsalis and C.

  ourebi) and even 2-5 individuals (D. megalotis). The Four-horned Antelope is usually active alone, like C. rufilatus and H. inermis. On the contrary, individuals of D. megalotis and O. oreotragus, two species of open habitats, are coordinated with each other to 52-92% of their time. Alarm cry is known in Four-horned antelope, as in another forest species (M. muntjak) and in two species of open habitats (O. oreotragus, O. ourebi). Grooming a partner is rare and most often non-reciprocal in the Four-horned Antelope, as in C. rufilatus and H. inermis. On the contrary, allogrooming is common in M. muntjak, S. grimmia and O. ourebi.The Four-horned Antelope does no mark a partner with its preorbital glands, but it sometimes rubs his neck against the neck of another individual. Similarly, the male O. ourebi rubs his chin on the head, neck or back of the female. On the contrary, preorbital glands are commonly used by males to mark females in M. muntjak and O. oreotragus, more rarely in C. rufilatus. Males R. campestris use their intermandibular glands. Apparently, only H. inermis does not mark his partners.

Fig. 1 .

 1 Fig. 1. Overall proportion of Four-horned Antelope biological characteristics shared by each other Ruminant. * forest species: Cephalophus nigrifrons (C.ni), Cephalophus rufilatus (C.ru), Cephalophus natalensis (C.na), Muntiacus muntjak (M.mu), Sylvicapra grimmia (S.gr); ° open area species: Hydropotes inermis (H.in), Oreotragus oreotragus (O.or), Raphicerus campestris (R.ca), Dorcatragus megalotis (D.me), Ourebia ourebi (O.ou).
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