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Ex-situ Conservation of the Sumatran Rhino 
(Dicerorhinus sumatrensis)
The plight of the Critically Endangered Sumatran Rhino (IUCN, 2007b), as detailed fully in the brief of this conservation plan, is one that has left the species in an extremely precarious position. Unfortunately, the main reason this situation has occurred is down to the actions of human beings through poaching and destruction of habitats (Amin et al., 2006; Kinnaird et al., 2003). Through conservation however, man has a chance to make amends for the problems he has created by his expansion and greed (Hutchins et al., 1995) and it is estimated that between 2,000 and 3,000 species will become extinct in the next 200 years without this intervention (Frankham et al., 2004). This review will attempt to cover important recent developments, show what can realistically be done to preserve this species in an ex-situ environment in terms of population management and general husbandry as well as how effective and ethically sound these efforts may be.
Captive management goals have to be species specific and adhere to the objectives set by the managers, in Ballou & Foose (1996), Frankham suggests four main types of captive management.

1. Common display species,

2. Endangered species in captivity for long-term conservation,

3. Rare species being propagated for immediate release into natural habitats,

4. Rare species not yet capable of self-sustaining reproduction in captivity,
Based on these headings, the Sumatran Rhino would be classed as a category 4 species because as discussed in the brief, until recent years, Sumatran rhinos had not bred in captivity since 1889 (Roth, 2004).
‘…traditional captive methods and programs have proven unsuccessful for the Sumatran rhino despite investment of considerable time and effort.’
(Foose, van Strien, 1997)

However, work done at Cincinnati Zoo has changed this situation, as in 2001, by using ultrasound monitoring and progesterone supplements, they managed to breed a healthy male calf (International Rhino Foundation, 2001; Roth, 2004), and this was followed up by two more births over the following years (Science Daily, 2007).

‘Ten years ago many people were sceptical, claiming this species would never breed in a zoo.’

(Roth, 2007b)
Despite these significant forward steps though, putting the Sumatran rhino in the sustainable category 2 is still some way off, the situation is still grave and poses serious management problems. The most obvious obstacle that faces conservation of the Sumatran rhino are the numbers which remain; approximately 275 in the wild (International Rhino Foundation, 2007) and only 10 rhinos being held in captivity, 4 in the USA and 6 in Indonesia (ISIS, 2007; The Rhino Resource Center, 2007). IUCN suggests that any species falling below a population of 1,000 should be subject to a concerted captive effort (CBSG, 1990), the Sumatran rhino has long since passed this point and their present situation is not going to allow for the easy formation of an optimum breeding program. 

The current effective population (Ne) in captivity totals 7 individuals, and if this were to remain, then using the following equation for inbreeding coefficient (F), the captive population would be approximately 85% inbred within 20 generations (t). This represents a 4.25% increase of inbreeding with each generation.  And as discussed by Bijlsma et al (2000) and Frankham (2005), chances of extinction are far greater for inbred populations than for non-inbred populations.  However, the long generation times involved of approximately 15 years, do play into the favour of the rhinos.
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Fig.1 Inbreeding coefficient
It has been suggested that an optimal number of founder members for a population should be in the region of 20-30 (CBSG, 1990; Frankham et al., 2004) and that is accompanied by a commonly established goal of retaining 90% of genetic diversity for 100 years (Foose et al., 1986; Frankham et al., 2004). To apply these ideas to the Sumatran rhino, we can use the following equation to find what Ne is required to maintain this level of diversity, where L is generation time.

[image: image3.png]




Fig.2 Effective population

This presents us with a Ne requirement of 32 individuals. Our overall population (N) value would likely be much higher though as this is a conservative total, assuming there is uniform breeding, no migration, ignoring potential issues of reproductive compatibility and birth sex ratio (BSR) skews. Sex ratios are in-fact a problem for rhinos in general with a recent study showing a suspected stress induced male-biased 67% BSR in captivity (Linklater, 2007).
In comparison, this increased Ne value would result in an inbreeding coefficient of 27% after 20 generations, a rise of 1.35% per generation. This is still far from ideal, but would be a significant improvement.

Further calculations can be done to observe the percentage retention of genetic diversity over t generations using the following equation.
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Fig.3 Retention of genetic diversity
An idealised population of 20 founders, all of which are capable of breeding (Nfo -20, Ne – 20, N – 20), results in a loss of 5% genetic diversity every 10 generations. In its current state, again assuming a best case scenario of uniform breeding, the captive population is set to lose just over double this amount of diversity every 10 generations. We should of course remember that Ne/N ratio in captive populations is typically in the very low region of 0.1-0.4 (Frankham, 1995; Frankham et al., 2004), a 100% ratio as used above is merely an ideal. 

Obtaining a captive stock large enough to provide a solid base for ex-situ propagation and retention of genetic diversity would require a significant percentage of the wild population being captured and the ethical arguments between the species-centric and animal welfare views would be intensely conflicting (Sandoe et al., 1997), let alone the practicalities. As we can see from some of these figures, even by significantly increasing the captive stock, genetic diversity is still being lost at a steady rate and to obtain a sufficient number of Sumatran rhinos in a captive breeding program to meet the aims of maintaining genetic diversity is not really a realistic goal at the moment (Foose, Wiese, 2006).  
That may seem a pessimistic conclusion to the subject of genetic preservation, but there are positive precedents where species have been maintained despite genetic loss. The classic example is that of the northern elephant seal where the population was reduced by hunting to approximately 20 individuals (Campbell et al., 2006) and was reported by Bonnell (1974) to have no polymorphism at all across 24 loci sites. Despite this lack of diversity, the population has managed to re-establish itself and numbers are now in the region of 30,000 (Campbell et al., 2006). Sutherland (1998) suggests that due to gradual population decline this may be down to natural selection managing to eliminate deleterious recessive alleles. A further example of bottleneck recovery can be found in the cheetah, hunted to near extinction in the 19th century and displays extremely low genetic variability (O'Brien, 1994), but is still only classed as Vulnerable (IUCN, 2007a).
There comes a point where our conservation goal of perpetuating the species has to concede the battle to maintain the genetic diversity of the species and concentrate on simply protecting it from extinction the best we can.
‘…the basic reproductive and, therefore, demographic imperative for this species supersedes genetic considerations.’
(Foose, Wiese, 2006)
The argument against this viewpoint is of course the idea that to ignore genetic considerations is to ignore the future of the species anyway, the previously mentioned elephant seals may not fair too well should they have to adapt to stochastic changes - environmental conditions, disease or competitors for instance. But given few options with the Sumatran rhinos, ultimately, our hand is likely to be forced, although clearly, we should attempt to minimise inbreeding as much as possible whilst keeping numbers up.
An extreme cause of action could be to capture every single wild Sumatran rhino and entrust them in the hands of the worlds zoos, giving us a large breeding stock to work with. Clearly this would be unworkable given the huge ethical opposition such a move would receive, the logistical problem of finding facilities for 275 rhinos, the potential for mortality in capture and transport, the gambling of an entire population on the hope that captive breeding would take place at a sustainable rate, the dangerous precedent it would set for other conservation plans and the defeatist attitude it presents to the likes of logging companies and poachers. However, for purely preserving genetic diversity, it would make a certain amount of sense, and this is why we cannot let genetic numbers and equations alone drive the conservation effort.
The only way the Sumatran rhino can survive in captivity (and indeed, at all) is by capitalizing on the work done at Cincinnati Zoo 
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(Roth, 2004; Roth et al., 2004; Roth et al., 2002; Roth et al., 2001)
. Sumatran rhinos are solitary animals and only come together to breed, introducing a pair outside of oestrus can result in vicious aggression between the two (Roth et al., 2004). Roth (2004) tells us that no behavioural signs are present to indicate the correct time frame and that results were achieved through the use of ultrasound examinations of follicle size and serum progesterone samples to assess when the female was ready to mate (Hermes et al., 2007).
Through this, we will soon have new rhinos to breed with, the first born, Andalas, has been relocated to Way Kambas National Park (Roth, 2007a) as he approaches sexual maturity and will hopefully breed with the young captive females there. This sews the seeds for further action.  More breeding centres need to be created, preferably in the USA where the financial resources of the big zoos can be exploited along with the superior transport infrastructure of the USA necessary for translocations as well as the proximity of the experts from Cincinnati, such as Terri Roth. The solitary nature of the animals means that individually exclusive enclosures are needed to prevent aggression, thus each zoo may only be able to accommodate a small number of individuals, so communication would be vital with effective use of SPARKS and the studbook.
Organisations that are involved will need to have access to all the necessary equipment such as the ultrasound machine (Agil et al., 2006) and suitable cage restraints for examinations (Schaffer et al., 1998), not to mention training for the staff and the animals. It may also be necessary to provide the breeding females with progesterone supplements, as was the case with the first birth at Cincinnati, but this may simply have been due to previous miscarriages and is something which should be confirmed if future breeding is achieved - 

‘The endogenous progesterone profile for a Sumatran rhinoceros supplemented with progesterone during her first successful pregnancy was comparable to that of a later successful pregnancy during which no supplement was provided’
(Roth, 2006)
As well as supplementing the captive population with new calves, we should look to the wild; ‘doomed’ animals – those described as ‘isolated rhino outside of populations of reasonable viability or areas of feasible protectability’ (Foose, van Strien, 1997) – should be identified as soon as possible and integrated into the captive program, a practice which has been observed in the past (Mohamad, Romo, 2002). Migration can go a great distance to preserve genetic variation and prevent in-breeding as well as merely bolstering numbers.
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Fig.4 Impact of migration on heterozygosity over generations
As well as the pair breeding in Cincinnati, Emi and Ipuh, there is the hope that another may be formed by the first born male from Cincinnati, Andalas, and the wild-caught Rosa in Way Kambas, both of whom are approaching sexual maturity (The Rhino Resource Center, 2007). The other Cincinnati calves, the female Suci and male Harapan will not be sexually mature for at least 5 years yet and so there is time to find breeding partners for them, and indeed any subsequent calves produced at Cincinnati. Hopefully, these can be obtained from the wild in the form of the ‘doomed’ animals mentioned previously, preventing the need to breed related animals. However, whilst it may be ethically and logistically questionable to take vast swaths of rhinos out of the wild to fill our zoos, taking one or two individuals could be an acceptable option whilst calves are still being born in captivity and require breeding partners. Preferably, these would be taken to Indonesian captive facilities instead of transporting them overseas from the wild so as to keep stress to a minimum. 
It would also be particularly beneficial to be producing calves separate from the Emi & Ipuh line, a real bonus would be if a calf could be obtained from Torgamba and Bina, Ratu or Rosa (Sumatran Rhino Sanctuary, 2007) which could eventually be translocated to a zoo in the USA to pair up with one of the Cincinnati calves.
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Fig. 5 The current captive Sumatran rhino population at Cincinnati (blue), Way Kambas (green) and Borneo (brown)
As well as direct breeding, the forward thinking conservation plan in this situation has to consider and attempt to make workable the process of cryopreservation and artificial insemination. Specialised methods have already been established to produce sperm samples in rhinos through electroejaculation 
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(Hermes et al., 2005)
 and it has been shown in numerous rhino species that cryopreservation is a very realistic option (O'Brien, Roth, 2000). With a large mammal such as the Sumatran rhino, for which translocation is not an easy process, this could be an invaluable tool and as part of the plan attempts should be made to obtain a calf through this method with a view to it becoming common practice.
‘…it was demonstrated that gametes from a large number of non-represented male rhinoceroses can be accessed in vivo, preserved, transported, stored as the genetic reserve and used in potential assisted reproduction programs.’
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(Hermes et al., 2005)

Introduction of any wild-caught animals though would need to be carefully monitored to verify the species in question as the Sumatran rhino does have a smaller, Eastern sub-species from Borneo, Didermocerus sumatrensis harrissoni (Groves, 1965). Numbers are however extremely low at around 25 (Rabinowitz, 1995) with only 1 in captivity (The Rhino Resource Center, 2007). To prevent hybridization taking place between this and the more numerous Western sub-species, DNA testing should be done to prevent a situation similar to that of hybridized breeding between African and Asiatic lions (Frankham et al., 2004).
Despite its study, we still know relatively little about this species (Petra et al., 2007) and one unique behavioural quality that the Sumatran rhino possess is that of song. Compared to that of the humpback whale, Sumatran rhinos have been observed to vocalize extensively and the meanings of their songs have yet to be fully understood (von Muggenthaler et al., 2003). Any conservational plan should include further investigation into this form of communication, for instance, clues for breeding readiness could be observed, welfare indications as well as simply expanding our knowledge, and a captive environment would make recording these vocalizations easier. 

As well as behaviour, our knowledge of genetic diversity that remains is limited, as indicated by Scott (2004), and this may yet have some bearing on breeding success as microsatellite variation between Malaysian and Indonesian Sumatran rhinos may have been a factor in failed captive pregnancies (Coeverden de Groot et al., 2007). These areas should be investigated further with encounters with new animals as well as future breeding.
In a species where breeding is currently so delicately balanced, we should be putting a great deal of emphasis on stress reduction in our captive environment, and one such source of stress is visitor presence in zoos. It has been shown that pacing increases in black rhinos with visitor presence (Burrell et al., 2004), so we should attempt to keep visitors out of the rhinos sight and at a distance, a naturalistic enclosure design replicating their jungle environment would go some way to achieving this. Enrichment to reduce stress and stereotypies has been experimented within other rhino species, for example, in the form of olfactory enrichment (Burrell et al., 2004) and basic toys (Fig. 6), but none specifically with captive Sumatran rhinos and this should be an avenue explored by this conservation plan.
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Fig.6 Enrichment device for captive rhinoceros (Young, 2003)
In terms of specific nutritional concerns in a captive environment, the Sumatran rhino has received little attention due to the small numbers present (Clauss, Hatt, 2006) and diets should be refined further as dietary issues could impact upon breeding, as was observed in Barasingah deer at Whipsnade (Plowman, 2007). North American facilities have successfully adapted the predominant portion of the rhinos diet to ficus, alfafa hay and orchard grass 
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(Dierenfeld et al., 2000; Roth, 2004)
, although the use of ad lib iodized salt licks has resulted in significant mineral imbalances and is recommended to be looked into further (Dierenfeld et al., 2006). Vitamin E supplements should also be available as deficiencies are common in many large captive mammals 
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(Roth et al., 2004; Sukumar, 2003)
. In contrast, an excess of iron is frequently a problem for the captive browsing species of rhino, which is potentially due to their restricted access to iron in the wild (Beutler et al., 2001). Control of this is not yet fully understood, as with iron storage disease in ring-tailed lemurs (AZA Prosimian Taxon Advisory Group (PTAG), 2003) and this should be studied further as part of the conservation effort.  Also, captive rhinoceros are extremely susceptible to a variety of serious foot problems, the root cause is thought to be unsuitable hard substrates such as concrete, this issue can be minimised by the provision of the likes of rubberized floors and grass (von Houwald, 2001) and a dietary supplement of biotin (Radcliffe et al., 2004).

Summary
This conservation plan has put forward the initial steps in how the ex-situ stock should be managed; work with captive breeding should be continued with the new-found knowledge and expertise being applied to other breeding pairs in Way Kambas. The current collection of ten individuals, given continued successful breeding, should be able to increase its numbers but will require migration from the wild population to avoid becoming inbreeding taking place within the next few generations. However, to achieve fully, this would require taking large numbers from the wild, which may still have a chance of reproducing naturally if protected from poachers and deforestation, and should therefore be restricted to the relocation of ‘doomed’ animals where possible. Use of cryopreservation and artificial insemination should become common practice as a priority so as to avoid unnecessary, complex and potentially harmful translocation procedures. Captive populations should also be monitored and observed so as to provide more information on the species which will allow us to improve diets and reduce stress in the captive Sumatran rhinos.
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