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Abstract
Background
The traditional knowledge of local communities throughout the world is a valuable source of novel ideas and information to science. In this study, the ethnoveterinary knowledge of Sahrawi pastoralists of Western Sahara has been used in order to put forward a scientific hypothesis regarding the competitive interactions between camels and caterpillars in the Sahara ecosystem.

Methods
Between 2005 and 2009, 44 semi-structured interviews were conducted with Sahrawi pastoralists in the territories administered by the Sahrawi Arab Democratic Republic, Western Sahara, using a snow-ball sampling design.

Results
Sahrawi pastoralists reported the existence of a caterpillar-borne reproductive loss syndrome, known locally as duda, affecting their camels. On the basis of Sahrawi knowledge about duda and of a thorough literature review, we built the hypothesis that: 1) caterpillars of the family Lasiocampidae (genera Lasiocampa, Psilogaster, or Streblote) have sudden and rare outbreaks on Acacia treetops in the Western Sahara ecosystem after heavy rainfall; 2) during these outbreaks, camels ingest the caterpillars while browsing; 3) as a consequence of this ingestion, pregnant camels have sudden abortions or give birth to weaklings. This hypothesis was supported by inductive reasoning built on circumstantiated evidence and analogical reasoning with similar syndromes reported in mares in the United States and Australia.

Conclusions
The possible existence of a caterpillar-borne reproductive loss syndrome among camels has been reported for the first time, suggesting that such syndromes might be more widespread than what is currently known. Further research is warranted to validate the reported hypothesis. Finally, the importance of studying folk livestock diseases is reinforced in light of its usefulness in revealing as yet unknown biological phenomena that would deserve further investigation.

Resumen
‘Todos lo saben’, menos el resto del mundo: el caso de un síndrome de pérdida reproductiva en dromedarios transmitido por orugas y observado por pastores nómadas saharauis del Sáhara Occidental.

Antecedentes
Los conocimientos tradicionales de las comunidades locales de todo el mundo son una valiosa fuente de nuevas ideas e información para la ciencia. En este estudio, se utilizaron los conocimientos de etnoveterinaria de pastores saharauis del Sáhara Occidental con el fin de proponer una hipótesis científica sobre las interacciones competitivas entre los camellos y las orugas en el ecosistema del Sáhara.

Métodos
Entre los años 2005 y 2009, se realizaron 44 entrevistas semi-estructuradas a los pastores saharauis en los territorios administrados por la República Árabe Saharaui Democrática, Sáhara Occidental, mediante un diseño de muestreo por bola de nieve.

Resultados
Los pastores nómadas saharauis describieron un síndrome reproductivo transmitido por orugas, llamado duda, entre sus camellas. Sobre la base de los conocimientos saharauis sobre el duda y una revisión literaria exhaustiva, se propuso la siguiente hipótesis: 1) brotes esporádico de orugas de la familia Lasiocampidae (géneros Lasiocampa, Psilogaster o Streblote) en árboles de Acacia se pueden presentar después de fuertes lluvias en el ecosistema del Sáhara Occidental; 2) durante estos brotes, los camellos ingieren las orugas durante el pastoreo; 3) como consecuencia de esta ingestión, se producen abortos repentinos o partos de crías debilitadas. Apoyamos esta hipótesis mediante razonamiento inductivo basado en evidencia circunstancial y razonamiento analógico con síndromes similares en yeguas de los Estados Unidos y Australia.

Conclusiones
Este es el primer reporte de la posible existencia de un síndrome de pérdida reproductiva en camellos, transmitido por orugas. Se insinúa que estos síndromes son más comunes que lo que actualmente se conoce. Se sugieren investigaciones adicionales para poner a prueba nuestra hipótesis. Finalmente, se destaca la importancia de estudios de las enfermedades del ganado en pueblos de pastores nómadas porque pueden revelar fenómenos biológicos aún desconocidos y merecen ser investigados.
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Introduction
In the scientific arena, discoveries are based on generating hypotheses, collecting data, and examining whether a correlation exists, thus testing its validity. In any case, discoveries are based on a novel idea to be tested, and these novel ideas are not always straightforward. They ought to be based on previous knowledge about the phenomenon to be investigated, or on analogies drawn by similar phenomena. In field research, novel ideas on biological and ecological phenomena may be found in the traditional knowledge of local communities throughout the world. The knowledge accumulated by these populations has already contributed to several aspects of the scientific research (e.g. health and nutrition or conservation and management of natural resources and ecosystems) [1]. In this paper, knowledge about camel illnesses drawn from Sahrawi pastoralists of Western Sahara will be used to evaluate the potential interactions between dromedary camels (Camelus dromedarius L.) and caterpillars in the Sahara ecosystem. The novel idea on which this hypothesis is based is the observation by Sahrawi pastoralists of camels’ behaviour and health (i.e. that the ingestion of Lasiocampidae caterpillars causes a reproductive loss syndrome), and is thus part of Sahrawi ethnoveterinary knowledge.
Ethnoveterinary knowledge is of great importance for its role among pastoralists across the world, and its study and application can be of valuable interest to Western veterinary medicine [2]. In recent decades, several studies have given attention to ethnoveterinary knowledge [3, 4], although their focus has been directed towards local remedies and practices and their validation rather than to the local conceptualization of livestock illnesses and their investigation [5–8]. This is especially true for camels. There is a lack of information on camel diseases (e.g. on aetiological factors, epidemiological patterns, symptoms, prevention and treatments) [9], particularly concerning nomadic management systems. New and little known diseases have been reported in recent years [9, 10], and this has been achieved on the basis of the knowledge and observations of local communities. The exact causes of several camel diseases still remain unknown, and pastoralists’ lore ‘offers intriguing clues to modern veterinarians who are trying to establish and characterise the aetiology of the diseases and ultimately find effective treatments’ [10]. Pastoralists’ ethnoveterinary knowledge, thus, can help in the identification of previously unrecognised diseases, which need to be studied and understood in order to develop appropriate management strategies and treatments.
In this paper, a camel reproductive loss syndrome – namely duda syndrome and whose cause is allegedly the ingestion by pregnant camels of caterpillars living in Acacia treetops – observed by Sahrawi pastoralists of Western Sahara is reported. The logical reasoning process is based on: 1) the description of duda syndrome in Western Sahara as understood by Sahrawi pastoralists; 2) the likelihood for this syndrome to explain reality on the basis of available information about camel diseases and the Western Sahara ecosystem (i.e. rain patterns, moth species and their reproductive cycles); 3) the analogical link with other similar syndromes described in ruminant species. The hypothesis of the existence of a poorly known competitive interaction between camels and Lasiocampidae caterpillars in the Sahara ecosystem will be discussed, emphasizing the usefulness of a thorough evaluation of folk livestock diseases among pastoralists in the field of ethnoveterinary studies.

Background
Sahrawi, literally ‘people from the desert’, is the name given to nomadic tribes who traditionally inhabited the coastal area of north-western Africa, which includes Western Sahara, Northern Mauritania, and part of south-western Algeria. Sahrawi people were essentially nomadic, raising camels, goats, and sheep in the rocky and sandy low-lying plains of the above defined area and relying for food on camel milk and meat, dates, sugar, cereals and legumes bartered for livestock in local markets [11–13]. In 1975, fifty years of Spanish colonial rule ended and following the occupation of Western Sahara by Morocco, about 70,000 Sahrawi became refugees after fleeing the Moroccan army [14]. Nowadays, about 165,000 Sahrawi live in four refugee camps located on a desert plateau called Hamada, near the Algerian city of Tindouf [15].
Besides the camps, Sahrawi – through their political representative, the Polisario Front – also control the eastern part of the Western Sahara, which was taken away from Moroccan control through a guerrilla war that lasted until the peace agreement of 1991 [16]. These inland areas of Western Sahara are the so-called ‘liberated territories’ (approximately 20% of the Western Sahara), while the remaining is under the administering authority of the Moroccan government. About 20–30,000 Sahrawi nomads inhabit the liberated territories, crossing them with their herds and using refugee camps, Tindouf, and Zouérat in Mauritania as main commercial hubs.
Traditionally, the camel was central to Sahrawi livelihood and culture (e.g. myths, symbolic representations, beliefs, cultural identity, etc.). Camels were used for food, leather, wool, and to obtain medicinal and veterinary remedies. Fresh camel milk was the basis of Sahrawi diet, and meat and fat were also important. Camels served also as the main means of transport of both humans and goods throughout the desert [13]. Their ecological adaptations, coupled with cultural and behavioural aspects of nomadic life, allowed Sahrawi tribes to exploit the biologically-poor territory of Western Sahara for centuries and to serve as a commercial and cultural bridge between Sub-Saharan and North-Saharan populations. Nowadays, camel husbandry is still practiced in the liberated territories by Sahrawi nomads and, to a lesser extent, by refugees in the surroundings of the camps [17].
In order to be successful in their herd management in the arid ecosystem, the Sahrawi developed profound knowledge of local ecology, camel ethology, and veterinary medicine. The reproductive loss syndrome discussed in this paper is part of this knowledge that the Sahrawi have built, accumulated, and passed on between generations in order to maintain healthy herds and thus reproduce their system of subsistence.
Study area and its climate
The area under study includes the ‘liberated territories’ of Western Sahara, northern Mauritania, and the part of Algeria to the south and south-east of the Hamada of Tindouf, which are the customary nomadic territories of Sahrawi pastoralists. Across this area, the climate is continental: summer daytime temperatures pass 50°C, while winter night time temperatures may drop to 0°C. Rainfalls are torrential, unpredictable, and patchy, with an average annual rainfall of 30-50 mm. Generally occurring from the end of the summer through autumn, these rains are driven by the extreme northerly penetration of the African Monsoon from the south, or are associated with the Atlantic Westerlies [18]. Rains are highly irregular within and between years, and there are recurrent droughts.
Biogeographically, we can distinguish two main areas: Zemmur to the North, and Tiris to the South. The first runs east–west between northern Western Sahara and northern Mauritania: it is characterised by sand and gravel plains with occasional surface of sandstone and granite in its eastern and central parts, and by higher relief and hilly terrain in its western part. All Zemmur, and especially its central and western areas, is drained by inactive or occasionally active river channels that flow west into the Saguia el Hamra, a large ephemeral river. After the rains, Zemmur displays a savannah-like environment dominated by Acacia-Panicum vegetation, while flowering prairies may appear on flat gravel areas. The southern sector, known as Tiris, is more arid and characterized by flat sand and gravel plains from which characteristic black granite hills arise in either clusters or in isolation. In Tiris, there are no dry riverbeds, and hence vegetation is mostly herbaceous, adventicious, and includes large areas covered by halophytic plants [19].


Methodology
The data analysed in this paper were collected in the Sahrawi refugee camps and in the Polisario-controlled Western Sahara between 2005 and 2009. Investigation methods included semi-structured interviews [20] with Sahrawi pastoralists and camel herders. Informants were identified through a snow-ball sampling design and by approaching nomads’ tents in the ‘liberated territories’. Semi-structured interviews dealt with data collection of the aetiology, epidemiology, symptoms, treatment, and prevention of the reported syndrome, including aspects of caterpillars’ ecology, camels’ feeding and rain patterns. Furthermore, the interviews aimed at recalling episodes of reproductive loss syndrome in pastoralists’ herds. A total of 44 semi-structured interviews were carried out.
Interviews were conducted in Hassaniya (the Arabic language with Berber substrate spoken by the Sahrawi), recorded and translated into Spanish by local research assistants. In every case, prior informed consent was obtained verbally before the interview was conducted, according to the ethical guidelines adopted by the American Anthropological Association [21] and by the International Society of Ethnobiology [22].

Results and discussion
General description of the syndrome by Sahrawi pastoralists
Among the numerous camel illnesses recognized by the Sahrawi, they describe a camel reproductive loss syndrome called duda. Duda is the generic Arabic name for ‘worm’ and ‘caterpillar’. The story, as told by Sahrawi, goes like this: when a pregnant camel ingests, while browsing, the caterpillars that live on Acacia trees, it ‘transmits’ them to its foetus, and this may cause abortions or the delivery of a weak and premature calf. Ingestion of duda is reported to be of no harm to adult animals. A schematic representation of the syndrome is shown in Figure 1. Informants stated that ‘you never find the duda in the calf’, and nonetheless they bore no doubts that the ingestion of these caterpillars is the cause of the syndrome. Sahrawi described it as a highly seasonal and rare syndrome, as the caterpillars considered to be responsible proliferate on Acacia trees only after rains and only occasionally their population outbreaks. When this happens, an abortion storm [23] is likely to occur.[image: A13002_2012_Article_303_Fig1_HTML.jpg]
Figure 1
                          Schematic representation of the
                          duda
                          syndrome reconstructed from field interviews with Sahrawi pastoralists
                          (Author:
                          Pavlína Kourková)
                          .
                        




Symptomatology
The clinical signs of duda in pregnant camels and in calves described by Sahrawi pastoralists are provided in Table 1. Abortions are reported by all the informants and hence are the key sign of duda. Sahrawi pastoralists stated that, after heavy rains and caterpillar outbursts, duda may cause a high rate of abortion, and that most abortions occur suddenly to camels at a mid-late stage of pregnancy. A uterine prolapse may follow. In the scientific literature, abortions in camels are usually associated with idiopathic death of foetus, salmonellosis, trypanosomiasis, campylobacteriosis, trichomoniasis, stress conditions, and poisonous plants, with high incidence of abortion being a major factor in limiting herd size growth and productivity [24, 25]. Middle-late term and late-term abortions and premature deliveries are common reproductive disorders of trypanosomiasis-affected camels [26, 27]. However, Sahrawi distinguished duda-related abortions from other causes of abortion based on their sudden and stormy pattern and on the presence, during or immediately prior to the abortion storm, of caterpillars on Acacia foliage.Table 1
                            Clinical signs of
                            duda
                            as reported by Sahrawi pastoralists during the field interviews
                          


	 	Clinical signs†
	Number of reports (%)

	
                                Pregnant camels
                              
	Abortion
	44 (100)

	 	Uterine prolapse
	7 (16)

	
                                Calves
                              
	Weakness
	27 (84.4)

	 	Red eyes
	26 (81)

	 	Falling hair
	26 (81)

	 	Astasis and incoordination
	21 (65.6)

	 	Joint effusions
	12 (37.5)

	 	Swelling of lymph nodes
	8 (25)

	 	Diarrhoea
	7 (22)


†N = 44 for abortions, and N = 32 for calf symptoms (twelve informants listed only abortions and uterine prolapse without reference to the duda syndrome in calves).



Abortions were considered the main result of duda ingestion, with the specification that ‘if they [pregnant camels] do not abort, then the newborn dies soon after birth; if it does not die, it usually grows slowly, weak and with problems at the joints'. Calves that are born with duda syndrome present red eyes, falling hair, and a general asthenic behaviour that includes weakness, astasis, ataxia, and sometimes joint effusions. Diarrhoea and swelling of lymph nodes may follow. On the basis of interview reports, three forms can be recognised: 1) Primary signs of the syndrome present frequently at birth, which are weakness, astasis, red eyes, and falling hair; 2) Secondary signs also present at birth but reported by a more limited group of informants, i.e. joint effusions; 3) Secondary signs emerging after birth (a few days to a week), i.e. diarrhoea and swollen head. The ‘fainting’ of the newborn calf (‘calves with duda fall, you lift them up and they fall’) and red eyes (and ‘watching upward’) are regarded by the Sahrawi as clear symptoms of duda intoxication. Calves may survive, but more commonly they die after a few days, following refusing to suckle, ‘isolating themselves’, and diarrhoea.
To Sahrawi herders, duda is the best known example of illnesses that ‘are born with the calf’ (i.e. not caused by any external agent after birth). The primary symptoms are consistent with the health condition of premature newborn calves, which are often weak, may have a silky coat, floppy ears, and display an extreme laxity of the joint [28]. Some secondary symptoms (e.g. diarrhoea, joint effusions) are consistent with bacterial infections and sepsis, which are further aggravated by the inability of premature calves to suckle and feed as needed. Also, in light of the fact that in camels there is no antibody transfer from the mother during foetal development, the new-born calf has no natural protection against diseases before drinking the first colostrum. With regard to joint effusions, a condition that affects newborn calves is known: neonatal septic arthritis (or joint ill) causes a swelling of carpal and tarsal joints, and is thought to be due to poor hygiene at parturition and bacterial contamination of the umbilical cord [29].

Prevention and treatment
When asked if there is some way of preventing the syndrome, Sahrawi herders stated that this is not possible, due to the fact that caterpillars might outbreak suddenly on Acacia trees and that there is no way to prevent camels from ingesting them while grazing. Allegedly, ‘they swallow these caterpillars without realizing it because they have the same taste as pastures'. Besides, there is not an effective treatment for calves born with the syndrome. Herders sometimes attempt treatments targeting the symptoms: for calves that are weak and unable to stand, a spiny-tailed lizard (Uromastyx acanthinura Bell, Agamidae) – called dabb – is cooked, minced, mixed with oil and drenched to the calf. Furthermore, spikes of terzuz (Cynomorium coccineum L., Balanophoraceae) are fried in oil and fed to the calf. Both terzuz and dabb are symbols of male power and fertility, and their drenching to the weak calf is thus to be considered as an attempt to ‘give strength’ and ‘ability to stand’ to the animal. Another tentative treatment is to feed the calf with some of its own placenta soon after birth. To treat red eyes, tobacco leaves are macerated in water and applied as eye drops, and in cases of swollen head, macerated tobacco leaves are drenched to the calf, or ‘tobacco is smoked on his nob.’ In addition, Sahrawi herders often perform cauterizations with parallel or cross shaped lines on both hindquarters, at the base of the tail, and around the navel when calves are unable to stand and have swollen joints. Admittedly, all these therapies have very limited efficacy, with progress being dependent on the severity of calves’ condition at birth and often ending with the death of the animal.


Knowledge of duda syndrome amongst other Saharan nomads
Knowledge related to duda syndrome is widely diffused and consistent among Sahrawi herders, who generally referred to it as something that ‘everybody knows’. Furthermore, it is not limited to the Sahrawi, but also reported by Mauritanian Moors and by the Tuareg of Niger. Given the little information available on the subject, full descriptions of the syndrome, as reported in other studies, are given below.
A caterpillar-borne syndrome of camel called asolof is described by the Tuareg of Niger [30]. Antoine-Moussiaux et al. [30] wrote: ‘Asolof is an urticant caterpillar that lives in the acacias (A. raddiana) during the rainy seasons. Its ingestion is responsible for abortions among camels. The expulsion of the foetus is often followed by uterine prolapse. Herders blame a reaction ‘of irritation’ of the uterus similar to the one suffered by the skin at contact with the urticant hairs, and that provokes a premature expulsion of the foetus and the observed prolapse'. The authors eventually call for further studies of asolof. Notably, the limited historical cultural exchange between Sahrawi and Tuareg and the use of different names (duda in Hassaniya and asolof in Tamacheq) for the syndrome suggest that the two populations elaborated their observations independently.
The duda (or douda) syndrome is recognized also by Mauritanian camel herders [31]: among the diseases reported to affect camel herds by veterinary professionals in Mauritania, duda was cited by 43% of them [32]. Among Moor pastoralists of Mauritania, the ingestion of caterpillars is not only associated with abortions but also with calf diarrhoeas, and calves affected by duda are regarded as particularly predisposed to the latter [33]. In listing the causes of abortions in Mauritanian camels, Diagana [34] refers to ‘camel abortions that would be caused, at the time of tree browsing, notably of TALH (A. radiana) [sic], to the ingestion of cocoons or caterpillars of lepidopters.’ These abortions are said ‘to be announced by sadness, inappetence, difficult walking, and colic’ [34].
In spite of an extensive literature search, no other information about caterpillar-borne reproductive loss syndromes in camels was found. In Figure 2, the known cultural distribution of the duda syndrome in Africa is depicted. The syndrome seems to be common knowledge amongst camel nomads of the Central and Western Sahara desert, but completely unknown to the rest of the world. These facts beg answers to the following questions: Is duda syndrome for real? Is there a direct correlation between caterpillar ingestion and abortions? What species are these caterpillars? Do their numbers outbreak in Acacia treetops in favourable conditions? With the limited available knowledge, those questions will be addressed below, and some hypotheses for further research will be proposed.[image: A13002_2012_Article_303_Fig2_HTML.jpg]
Figure 2
                          Distribution of the
                          duda
                          syndrome in Africa.
                        





The caterpillars
The caterpillar that causes duda is a yellow and black caterpillar known by the Sahrawi as shedbera (Figure 3A–C). It is described as a hairy caterpillar feeding on Acacia species (Fabaceae), particularly on Acacia tortilis (Forssk.) Hayne – called talha, secondarily on Acacia ehrenbergiana Hayne – called tamat – and Neurada procumbens L. (Rosaceae) – called saadan. Shedbera is reported as present only ‘when talha is green’, and to have episodes of outbreaks in favourable conditions and usually after heavy rainfall. As Western Sahara camels feed largely from Acacia tortilis (Figure 3D) especially in periods of the year when Acacia leaves are amongst the only green pasture available (i.e. during springs and autumns and at the very beginning of rains), episodes of duda syndrome are described as the result of the interaction of shedbera outbreaks with the patterns of camel pasturing in Western Sahara.[image: A13002_2012_Article_303_Fig3_HTML.jpg]
Figure 3Shedbera on Acacia tortilis (A, B, C - Davide Rossi) and camels browsing A. tortilis leaves (D - Pavlína Kourková) . Pictures were taken during the field project implemented in November 2007 (D), December 2008 (B) and October 2009 (A, C) in the Zemmur region, Western Sahara.




Unfortunately, it was not possible to identify shedbera to the species level in absence of the adult moth. Its identity is discussed below, reducing it to few possible species in the genera Lasiocampa, Psilogaster, and Streblote, all belonging to the Lasiocampidae family. The family Lasiocampidae includes eggar moths, snout moths, lappet moths, and tent caterpillars. Larvae in this family are generally large, colourful, longitudinally striped, and densely hairy. They feed on the foliage of trees, and some species build communal webs (or ‘tents’) for protection from predators (like the caterpillars, the tents are also urticant as they are full of caterpillars’ hairs and setae). Females lay a large number of eggs, which in the right environmental conditions and abundance of foliage where to feed can lead to caterpillar outbreaks. Lasiocampidae caterpillars are known to cause itching, rashes, and eruption to people coming into contact with them [35]. The setae of these caterpillars are hollow cuticular tubes which pierce the skin and possibly inject toxic polypeptides and/or histamine, or other toxic agents. Unfortunately, little information about Lasiocampidae moths of the Sahara desert is available, except for their taxonomic classification.
Candidates for shedbera are Lasiocampa trifolii L. var. mauritanica, Psilogaster loti algeriensis Baker, and Streblote acaciae Klug. Lasiocampa trifolii is a Palearctic species living in Asia, Europe, and North Africa, and using Fabaceae species as host plants. In North Africa, it is present in Tunisia, Morocco (where it is sometimes named as subspecies maroccana), and Mauritania (Lasiocampa trifolii L. mauritanica or Lasiocampa mauritanica Staudinger), but no other information is present in the literature about its presence in the Sahara. Psilogaster loti algeriensis is distributed from Morocco to Libya; its larvae, however, commonly feed on Cistus species (Cistaceae) rather than on Acacia species. Streblote acaciae is distributed across North Africa, its caterpillars feed on Acacia species, and the adult flies from February until May [36].
According to Sahrawi, Moors, and Tuareg of Niger, shedbera caterpillars feed on Acacia leaves and have Acacia as primary host, leading to rare outbreaks during periods of Acacia foliaging. At the same time, camels pasturing in these areas feed largely from Acacia, which constitute a large share of all tree populations. Trees of Acacia tortilis are by far the most common trees in the Western Sahara/North Mauritanian areas and in the south of Tassili and Tibesti, areas where this species is a key forage for camels. The Sahrawi stated that caterpillar outbreaks on Acacia trees usually occur when they green after heavy rains (i.e. in autumn), but this is not always the case. In fact, they may be abundant even in the absence of rains (e.g. in spring), as ‘talha becomes green at times even without rains, and it gets full of shedbera.’ Thus, the cultural distribution of the duda syndrome seems to be the result of the overlap between areas of camel husbandry where Acacia trees represent a large proportion of the tree population, and areas where climatic and environmental conditions support periodical (albeit rare) outbreaks of Lasiocampidae caterpillars.
Do caterpillar outbreaks occur in the Sahara desert? The limited information available point to a positive answer although no outbreak of Lasiocampidae caterpillars has ever been reported in the Sahara. Nonetheless, caterpillars are dry-season pests in the central and western Sahelian ecosystem, as exemplified by the outbreaks and invasions of agricultural fields by Spodopteru exemptu Walk. (Noctuidae) – the African armyworm – in Ethiopia, Kenya, Somalia, Tanzania and Burundi in 1984 and 1999 [37], and by Achaea catocaloides Guenée (Noctuidae) in Liberia in 2009 [38]. Caterpillars of these species appear sporadically and suddenly in large outbreaks in Sahelian regions [39]. In the Sahara ecosystem, it is not rare to witness outbreaks of caterpillars of the striped hawk moth (Hyles livornica Esper, Sphingidae) during winter and spring after heavy rains [40]. One reason for the sudden mass appearances of Hyles livornica caterpillars in the desert environment is that the pupae might remain in diapause for more than a year, until stimulated to complete their metamorphosis by heavy rainfall. The emergence of adults from diapause at the same time helps to synchronize the population, as it facilitates mating, and eggs that are laid following those mating then become caterpillars that are able to take advantage of the annual plant growth that follows heavy rain [40].
A range of species belonging to the Lasiocampidae family that feed on Acacia tress and that may be responsible for the duda syndrome has been identified. Furthermore, it has been shown that caterpillar outbreaks are not unknown in the Sahara desert, although no outbreaks of species of the Lasiocampidae have been reported in the literature. The following section focuses on the caterpillar hypothesis by taking a bird’s-eye view of caterpillar-herbivore interactions and of reports of duda-like syndromes in other herbivores sourced from the literature.

Caterpillar-borne reproductive loss syndromes in other herbivores
Is it possible that the ingestion by pregnant camels of Lasiocampidae caterpillars causes abortions and neonatal deaths as stated by Sahrawi, Moors, and Tuareg herders? Little information was found in the literature and in camel health manuals about such a possibility [41], and a search in Google Scholar (http://​scholar.​google.​com/​) and PubMed (http://​www.​ncbi.​nlm.​nih.​gov/​pubmed) of combinations of words such as ‘camel; caterpillar’ produced no relevant hits. Hence, the search was widened to veterinary entomology and environmental medicine related to cows, buffaloes, horses, and small ruminants, in an effort to proceed through analogical reasoning.
During spring 2001 in Kentucky, 532 early and late term abortions were reported in horses, corresponding to one third of the in-uterus foals [42]. On a smaller scale, the same happened in spring 2001 in south-eastern Ohio [43], and again in Kentucky in 2002 [44]. The syndrome, called Mare Reproductive Loss Syndrome (MRLS), was characterized by late-term foal losses, early-term foetal losses and weak foals [45], and by mild or no clinical signs in mares (about 15% of mares with MRLS exhibited, a few days before the outbreak of foetal loss, mild colitis and low fever, and others developed unilateral uveitis and non-specific bacterial infections in the aborted foetuses) [46]. Foals delivered live were weak, dehydrated, hypothermic, and dyspnoeic, evidenced bacterial infections and signs consistent with sepsis and disseminated inflammatory processes; placentas were oedematous and inflamed [47]. Weak foals survived for a short time (not more than four days) and eventually died of respiratory distress and cardiovascular collapse; some foals presented bilateral hyphema at birth [43, 46, 48]. During the abortion storm, high populations of Eastern Tent Caterpillars (ETC, Malacosoma americanum Fabricius, Lasiocampidae) wandering in pastures were observed, and an association between the two phenomena was soon recognized, suggesting that mares ingested the caterpillars while grazing, and that this ingestion caused widespread abortions. Mares that were less than 30 days pregnant during the period of exposure were apparently not affected, whereas mares at later stages of pregnancy had comparable exposure risk [49]. Following these events, an experimental study conducted in pigs fed using swine feed mixed with ETCs has shown that two out of five pigs aborted their entire litter in comparison with five control individuals [50]. In further studies, bacterial infections of the foetus/foetal membranes were supposed to cause the abortions, being sourced by intestinal penetration and diffusion into mares of septic barbed setal fragments, with significant pathological condition resulting only in those tissues that are poorly immunologically protected [42]. Setal fragments embed into the lining of the alimentary tract, penetrate the intestinal wall and enter into small blood vessels, and this facilitates the ingress of gut microbiota into the blood stream and their reproduction in sites with reduced immunity, such as the placenta and foetus [51]. Abortions are thus likely to be caused by microbial release from the mares’ gut and replication in the foetal fluids. Indeed, species of Streptococcus and Actinobacillus normally present in mares’ guts and oral cavities have been isolated in caterpillar-induced abortions, but not in caterpillars [52]. The septic penetrating setal emboli hypothesis is nowadays the most accepted (although still under scrutiny) in explaining MRLS: it is defined as ‘biologically unique and without precedent in the biological and medical literature’ [42]. In experimental conditions, Sebastian et al. [53] have shown that when the dose of and/or exposure to the caterpillars is large, pregnant mares are likely to abort rapidly (1–7 days); in contrast, when the exposure is shorter, the time to peak abortions is delayed, and abortions can occur after the caterpillar outbreak has ended, thus making their role in the syndrome difficult to identify. Since all penetration and distribution events are statistically determined, then the number of setal fragments entering the body (the number of caterpillars ingested) must be ‘optimally large’, and this explains why the effects are evident only with caterpillar outbreaks [51].
MRLS-like syndromes have also been reported recently in Australia. During 2004–05, an equine abortion storm similar to MRLS occurred in New South Wales following pregnant mares’ exposure to processionary caterpillars (Ochrogaster lunifer Herrich-Schaffer, Thaumetopoeidae), and/or their exoskeleton [54–56]. Although other hairy caterpillars were present, processionary caterpillars were the most abundant in the Australian region where the event has occurred [55]. The term Equine Amnionitis and Foetal Loss (EAFL) was established to describe the condition [57]. Other hypotheses related to the role of exposure of mares to the caterpillars of the White Cedar moth (Leptocneria reducta Walker, Lymantriidae) and of the Mistletoe Brown Tail Moth (Euproctis edwardsii Newman, Lymantriidae) are currently under investigation [57].
Another caterpillar-borne syndrome has been recently reported by Ethiopian pastoralists in the Bale Mountains: an urticating caterpillar associated with older and flowering Erica shrubs is recognized to cause ‘a skin rash on the cows and they become ‘dry’ and the milk production declines…it may eventually lead to their death’ [58]. The caterpillar was later identified as belonging to one of the families Lasiocampidae, Notodontidae, or Lymantriidae[58].


Conclusions
In this paper, a camel reproductive loss syndrome observed by Sahrawi pastoralists of Western Sahara has been reported. This syndrome, called ‘duda syndrome’, is allegedly caused by the ingestion by pregnant camels of caterpillars that might appear in great numbers in Acacia treetops after heavy rainfall. Its manifestations are sudden abortions and the birth of weaklings, while the syndrome has no effect on the adult animals. Inductive and analogical reasoning, based on available circumstantiated evidence, was used to put forward a hypothesis to explain Sahrawi observations.
This hypothesis posits that the duda syndrome is caused by the ingestion by pregnant camels of caterpillars of the Lasiocampidae family (genera Lasiocampa, Psilogaster, and/or Streblote), and that, similarly to the aetiology described for the MRLS in the United States and the EAFL in Australia, and reproduced in experimental settings, caterpillars’ setal hairs act as septic penetrating emboli that cause bacterial infections and septicaemia to camel foetuses. If this hypothesis is true, it might imply that caterpillar-borne reproductive loss syndromes are more widespread (albeit probably characterised by rare onsets and depending on climatic and ecological happenstance) than was previously known, both in terms of the occurrence and of the number of species possibly involved (i.e. both wild/domestic herbivores and other caterpillar species). This would reveal a pattern of biological competition between caterpillars and herbivores, unknown until around a decade ago, and reported here for camels for the first time. Tobin et al. [51] foresaw that this competition pattern might be more widespread than is currently proven and, when discussing the septic penetrating setal emboli hypothesis, the authors stated: ‘If this setal hypothesis is correct, then similar exposure to mechanical and bacteriologically equivalent setae from other caterpillar species or from any other mechanically equivalent structure may also have the potential to produce syndromes akin to MRLS.’
Only further research will be able to provide clues if this hypothesis is true or should be rejected. First, the exact species of Lepidoptera allegedly involved in the abortion storms should be identified via adult specimens of moth. Once the species have been established, their caterpillars’ hairs should be examined under the microscope for setal barbs (which drive tissue penetration), and experimental studies (e.g. feeding the caterpillars to laboratory rats and looking for encapsulated setal fragments in the intestinal tract) should be conducted to test the hypothesis of the aetiological link with camel abortions. However, both logistical and financial constraints make a full field investigation of nomadic herds difficult, and these constraints are present in relation to the duda syndrome: epidemiological studies on camel populations scattered over a contested terrain are difficult to organize and perform, and camels are considered as marginal productive animals within the western-funding scientific world and thus their investigation is allocated less resource in comparison with other livestock species. This case study stands for the importance of investigating folk livestock diseases for their being based on knowledge and experience accumulated over centuries, and because they can reveal previously unknown biological phenomena that would deserve further investigation.
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