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                                Enigma Syndrome
 (Extract from an article written by the author of the study and published in Practical Reptile Keeping – Spring 2011.) 

The Enigma morph of Leopard Gecko was developed by Mark Bell in 2006. Considered a random genetic mutation this new morph rapidly became one of the most exciting developments in the Leopard Gecko world. The Enigma gene acts as a dominant trait and as such when an Enigma is paired to a non Enigma Leopard Gecko approximately 50% of the hatchlings produced will be an Enigma. However it is an all or nothing situation, despite having an Enigma parent, the non enigma hatchlings do not carry the Enigma gene. 

The effects of the Enigma gene often lead to the production of stunningly beautiful animals. The Leopard Gecko guru Ron Tremper, posting on his website, has the following to say about this remarkable morph of leopard gecko :
 ‘‘The ENIGMA is what I would call a "morph enhancer", as it tends to increase the colour intensity and affect pattern in a very nice way and displays such qualities in the next generation without having to carry out double het crosses. Many ENIGMAS are spectacular. ’’ 
I have to concur with RT’s observation, many Enigmas are visually stunning. It was of no surprise when this morph of Leopard Gecko first became available that it rapidly became the new ‘must have’ morph. Initially the Enigma commanded a very high price but the ease with which the morph was replicated meant it wasn’t too long before it was being bred in large numbers with the result that animals became affordable to a large number of keepers. Since its release the Enigma has been paired with virtually every known morph of Leopard Gecko including all three known albino strains. The results have in many instances been quite simply amazing.

After the Enigma become more widely available it became apparent that there is a problem with the morph. Sadly , some animals display symptoms indicative of a neurological or vestibular (balance) defect. In the milder manifestations the effected animals show little more than a slight head tilt and /or episodes of vague staring, which have been commonly termed as ‘star gazing’.  Some of the effected animals display more conspicuous symptoms such as ‘circling’ ; when disturbed the animal literally puts its snout towards the base of its tail and moves round in circular motion. Sometimes this behaviour is only displayed when the animal is startled or exposed to a bright light whilst the more seriously affected animals adopt this circling behaviour in the absence of any notable external stimulus. Often the animal demonstrates such lack of co -ordination that it is unable to strike effectively in efforts to capture prey. The animal may struggle with shedding and is highly dependent on the care and assistance of its owner if it is to survive. These symptoms however are mild in comparison to the worst manifestation of the syndrome. In its most severe form the animal will, at the least disturbance begin frenzied circling before flipping onto its back in a way that is often compared to a crocodilian ‘death roll’.  In the extreme manifestations of the syndrome it is kindest to have the animal humanely euthanized. 
When one considers the number of Enigmas that have been produced since its initial development surprisingly little research has been carried out to determine the true cause or extent of the problem. Little has been done in terms of scientific analysis of the problem and the small number of post mortems carried out on effected animals has failed to identify a conclusive cause of the syndrome or its associated symptoms.

An Enigma can appear perfectly healthy for months or years then something can occur that triggers the effects of the syndrome. Anecdotal evidence suggests that stress serves as a trigger factor. Animals that have previously appeared to be in full health have when introduced to a breeding partner or following transfer to a new home suddenly begun to display symptoms. At the moment it is impossible to guarantee that ANY Enigma is free of the syndrome. The Enigma morph hasn’t been around long enough for any animal to reach the normal lifespan of Leopard Geckos. In view of this we do not know whether the syndrome will manifest itself further along the animal’s natural lifespan.

Response to the syndrome in the reptile keeping community is variable. One only has to look at the hundreds of Enigma threads on the various internet reptile keeping forums to see that the breeding of Enigmas is a very emotive subject. Some of the biggest names in the Leopard Gecko breeding world claim that the milder manifestations of the syndrome are more than compensated for by the stunning appearance of the animals (personally I do not find even the most mild display of the symptoms acceptable). Many breeders / keepers seek to develop their own lines of Enigmas that are free from the syndrome, whilst at the other end of the spectrum there are many enthusiasts who call for an immediate end to all Enigma breeding.
It is impossible to identify how many Enigmas displaying the syndrome have been produced. It has been suggested on an American forum that around 20 % of Enigmas produced in the USA are affected. However there is no evidence to support what is probably little more than a ‘guesstimate’.  Whatever the percentage of effected animals in the USA, it is likely that the UK will have a much higher incidence of syndrome affected animals. Keepers / breeders in the USA and mainland Europe have access to a much wider Enigma ‘gene pool’ than keepers / breeders in the UK. Although a number of Enigmas are brought into the UK each year, largely via the quarterly Hamm show route, the majority of Enigmas in the UK are likely to have been produced from a rather limited gene pool.
In response to the heated discussions we had witness on various Internet Reptile Forums and in consideration of our own experiences we decided to undertake a study looking at the incidence and severity of Enigma Syndrome amongst the captive leopard gecko population of the United Kingdom and Ireland. In January 2011 the first phase of the study was launched. Details and the results obtained follow.
It should be noted that this is not a scientific study and it is not intended to look at the mechanism or nature of defect that causes Enigma Syndrome. It has been devised and written by hobbyists with no commercial interest in the breeding of Enigma morph leopard geckos. 

    The Enigma Syndrome Study  -  TESS
For the purpose of the study it was necessary to develop a scoring tool that would allow respondents to record the Enigma Syndrome status of their gecko. This simple to use scoring tool requires the allocation of a score dependent on symptom severity. A score of zero is allocated to a gecko that displays no evidence of Enigma Syndrome and is comparable in behaviour to a healthy non Enigma Leopard Gecko. At the other end of the scale a score of 5 is allocated to geckos displaying the most severe manifestation of Enigma Syndrome. Leopard Geckos that have died as a direct consequence of Enigma Syndrome are awarded a score of 6. Throughout the study, The Enigma Syndrome Score is referred to as TESS . The simple scoring tool is displayed in Table 1. 
The Enigma Syndrome Score TESS

O : Generally healthy with no evidence of neurological defect. Status comparable to healthy non enigma morphs.

1 : Short periods of ‘Star Gazing’ and / or ‘Circling’ as part of ‘startle’ reflex such as when exposed to bright light. Generally behaves normally and is able to feed and function normally.

2: Prolonged periods of ‘Star Gazing’ and /or ‘ Circling ’ in the absence of external stimuli. Still able to feed independently.

3 : ‘ Star Gazing ’ and / or ‘ Circling ’ behaviour plus an inability to capture prey. Requires assistance with feeding. e.g forceps feeding.

4 : Severe ‘ Star Gazing ’ and / or ‘ Circling ’. Totally dependent on owner for feeding, shedding etc.

5 : Extreme episodes of ‘Star Gazing ’ and / or ‘ Circling ’ . Circling chaotic and frenzied resulting in neck extension and muscle spasm that causes the animal to flip onto its back. Totally dependent and demonstrating the most severe manifestation of Enigma Syndrome. 

6 : Animal deceased either naturally or euthanized.

Table 1 : Enigma syndrome scoring tool 
	
The Enigma Syndrome Study - Phase 1
Phase One of the study was launched during the Leopard Gecko breeding season of 2011. The aim of the study was to monitor the progress of Enigma morph hatchlings in the first year of the life utilising the above scoring system. The Enigma Syndrome Score will from this point on be referred to as TESS. Scores were allocated in response to symptoms of the syndrome displayed. For geckos free of Enigma Syndrome symptoms a score of 0 was awarded. If the gecko displayed the most serious manifestations of the syndrome a score of 5 was allocated. Where a leopard gecko died as a direct consequence of Enigma Syndrome a score of 6 was recorded.
Leopard Gecko breeders hatching out an Enigma within the geographic borders of the United Kingdom and Ireland were invited to register their animals into the study. Once they registered they were provided with a unique identification number and access to a data submission site. This easy to use site was created by Mike Mclaughlin of MMM Geckos to whom I express our sincere gratitude. Participants were asked to provide details of their geckos syndrome status using TESS at four weekly intervals.
Anecdotal evidence had suggested that enclosure size and calcium supplementation held some influence on manifestation of Enigma Syndrome symptoms. In view of this we had hoped to look at data regarding enclosure size and calcium /vitamin supplementation in relation to the individual geckos TESS. Unfortunately there were too many variables in accommodation size and supplement regime for this aspect of the study to be feasible. We did however decide to include data only from geckos that had received some form of calcium / vitamin supplement. Two geckos were excluded from the study as we received no information regarding their supplementation regime. One further gecko was excluded as it hatched outside the geographical borders of the study. Sixty three hatchlings were registered into Phase 1 of the study but sadly, data was only received for fifty two animals. 
The Enigma morph has many variants. It has been combined with virtually every recognised Leopard Gecko morph. To simplify matters we have categorised the Enigmas entered into the study as visual albinos of the following strains, Tremper, Bell and Rainwater. A further category is the ‘non albinos’. The breakdown of geckos for which data was received is recorded below in Table 2.
	Tremper
	Bell
	Rainwater
	Non Albino

	19
	4
	1
	28


Table 2 : The Enigma Syndrome Study participants. 
The variety of Enigma combination morphs entered into the study has been extensive. It has proven impractical to explore Enigma Syndrome in relation to these combinations.
Using a simple scoring tool (Table 1) Participants in the study were asked to provide scores for their geckos within 72 hours of hatching. Of the 52 hatchlings for which we received data, 12 animals, 25 %, displayed some degree of Enigma Syndrome symptom. One gecko died shortly after hatching. Table 3 provides a breakdown for the scores at time of hatching.                       
	  
TESS
	0
	1
	2
	3
	4
	5
	6

	Number of Hatchlings 
	39
	8
	2
	o
	1
	1
	1(RIP)


Table 3 –  TESS around time of hatching and number of geckos effected.
Following initial data submission study participants were asked to provide scores for their animals at 4 weekly intervals. Unfortunately during each 4 week period the number of participant’s actively submitting data dwindled. Some of this was due to the rapid change of ownership of geckos through sales etc. Breeders were asked to invite the new owners of Enigma’s they sold to continue with data submission. Sadly in many instances these invitations weren’t accepted and valuable data was lost. Other factors such as personal commitments hindered some participants from submitting their data with only one participant submitting data beyond 28 weeks. 
Table 4 below provides a breakdown of the number of animals remaining in the study and the scores they achieved at four weekly intervals. It should be noted that the percentage of animals displaying symptoms at each of these intervals is not representative of the overall status of hatchlings entered into the study. It is likely that some of the breeders submitting data consistently held back from sale animals displaying symptoms. We do not know the syndrome status for the geckos for which update data has not been provided. It is likely that the missing data pertains to animals that were symptom free at the time of sale. Without follow up data it is unfortunately impossible to tell how many of these animals have since gone on to develop symptoms of Enigma Syndrome. 
	Week
	Participants
	0
	1
	2
	3
	4
	5
	6
	% with       ES symptoms

	4
	40
	29
	7
	1
	0
	1
	1
	1
	28 %

	8
	35
	24
	8
	0
	0
	1
	1
	1
	31 %

	12
	27
	19
	6
	1
	1
	0
	0
	0
	29 %

	16
	23
	13
	6
	1
	1
	2
	0
	0
	43 %

	20
	18
	 9
	5
	1
	2
	0
	1
	0
	50 %

	24
	14
	 8
	3
	1
	2
	0
	0
	0
	43 %

	28
	 8
	 6
	1
	0
	1
	0
	0
	0
	25 %


Table 4 : 4 weekly scores. Percentages rounded up /down to nearest full figure. 
A further point of interest in the study was the incidence of Enigma Syndrome in hatchlings produced by parents who themselves display Enigma Syndrome symptoms. At the time of initial data submission study participants were asked to provide a TESS for the hatchlings parent Enigma. The chart below (Table 5) shows the hatchlings highest score in relation to the parents Enigma Syndrome status. TESS has in this instance been used for parent and hatchling.
                                                                    Hatchling TESS
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Enigma Parent TESS                                                       Table 5
One Enigma hatchling from unknown parentage was entered into the study. This gecko is not included in Table 5. Two unrelated hatchlings came from Enigma to Enigma pairings where both parents held a positive TESS. The highest scoring parent has been recorded in Table 5.
With the limited data available it is not possible to fully determine the consequence of breeding from Enigmas that are themselves showing a degree of Enigma Syndrome. We were actually surprised to find such animals had been bred from, particularly when the parent achieves a TESS of 3. In this case the parent Enigma is dependent on its owner for assistance with feeding etc. Our belief is that any animal displaying Enigma Syndrome symptoms is unfit to breed. 
From 52 geckos registered into the study data has been received for 19 (37%) hatchlings displaying Enigma Syndrome symptoms. Two of these hatchlings died within the first few weeks of life. Breeding from geckos that have displayed no evidence of Enigma Syndrome is by no means a guarantee for the production of syndrome free hatchlings.
Although the sample group for the first phase of the study is rather small and limited the results are rather interesting. I am sure in most instances the breeders would have hoped to produce animals free from Enigma Syndrome. It would have been in the interests of the breeders wishing to continue work with this morph for the results to show a very low level of incidence of Enigma Syndrome. Even if participants were biased towards submitting more favourable results the fact that this small group has produced 19 (27%) geckos showing Enigma Syndrome symptoms (including two fatalities) is cause for great concern. It is widely recognised that symptoms of the syndrome can and do manifest at any stage of the geckos life. There is unfortunately a high probability that the percentage of effected geckos from this study group will continue to rise in future months and years.  Although statistically limited, the data received is clear enough to indicate there is a significant problem with this particular morph. Even when breeding from syndrome free animals there is a significant risk of producing animals displaying symptoms of the syndrome. 
Following the publication of an article in Practical Reptile Keeping marking the launch of The Enigma Syndrome Study we began to receive communication from keepers who had been unaware of the fact they owned an Enigma. We had other keepers contact us asking for advice as they had no knowledge of Enigma Syndrome and had concerns with the behaviour their gecko displayed. Sadly we also had two contacts from breeders who claimed the increased awareness of Enigma Syndrome had a negative effect on their ability to sell their Enigma hatchlings. We were in fact asked to take over the care of hatchlings belonging to one breeder who now considered them ‘unsalable’!
We found this all rather disturbing. How could breeders or shops sell Enigmas to keepers who have no knowledge or experience of Enigma Syndrome?  How could raising awareness of Enigma Syndrome effect a breeders sales? Surely responsible practice would include the breeder ensuring their Enigma hatchings new owners were fully aware of the potential risks of Enigma Syndrome.
We decided that this aspect of the Enigma situation merited greater exploration. In January 2012 we launched Phase 2 of The Enigma Syndrome Study. Running to July 2012, Phase 2 involved a much larger sample group of Enigmas and their owners. Along with the exploration of ES incidence we looked at ‘fitness to breed’ and knowledge/awareness of the syndrome. The results are really quite alarming. 
The Enigma Syndrome Study – Phase 2 
Phase 2 of the study was launched in January 2012. Enigma owners were asked to participate following invites placed on several internet reptile forums and in an article published in Practical Reptile Keeping. Anyone owning an Enigma of any age within the geographical borders of the United Kingdom and Ireland were eligible for inclusion into the study. We also took the unusual step of inviting the retrospective submission of data from keepers who had lost an Enigma as direct consequence of Enigma Syndrome. Data submission simply required participants to visit the Grinning Gecko website and fill in a questionnaire. The invitation to participate in the study was taken up by 130 respondents.
Our first area of interest was the communication regarding Enigma Syndrome between those supplying and those acquiring Enigmas. The table below provides a breakdown of where respondents sourced their geckos from.                    
	  Breeder
	    Shop
	  Own Bred
	Unknown

	      81
	      30
	        16
	       3


    Table 6 : Source of Enigma
From communication received during Phase 1 of the study it had become apparent that not all of those buying Enigma morph leopard geckos have knowledge of ES. We asked Phase 2 respondents if they had known about Enigma Syndrome at the time of acquiring their gecko. Results are shown in Table 7 below.
 
	 Knowledge of ES
	   No Knowledge of ES

	          106
	               24


                       Table 7 : Awareness of Enigma Syndrome ES
We strongly believe that it is inappropriate to sell an Enigma morph leopard gecko without ensuring the prospective owner is aware of the potential problem of the gecko developing Enigma Syndrome. Respondents were asked whether Enigma Syndrome was mentioned at the time of purchase. The 19 owner bred and unknown sources have been excluded from the data below.
	        Breeder
	            Shop

	    Yes
	      No
	      Yes
	      N0

	   50
	    31
	     8
	    22


            Table 8 : Enigma Syndrome mentionedcat time of purchase.
53 respondents reported that ES was not mentioned by the supplier of their gecko. We asked if it had, would they have gone ahead with the purchase.
	       Yes
	       No
	  Unsure

	       32
	        9 
	      12


        Table 9 : If ES mentioned would gecko have been purchased
Whilst many keepers choose to buy leopard geckos for pets, many also purchase them for inclusion in breeding projects. Of the 130 Enigmas registered into the study we were interested in finding out how many of these had been acquired for breeding purposes. The 16 owner bred Enigmas were excluded from the data below.
	  Enigma purchased for Breeding

	         Yes
	           No

	          64
	           50


           
          

     
             
                     Table 10 
The 64 respondents who had purchased Enigmas for breeding purposes were asked whether at the time of submission they considered their gecko ‘ fit to breed ’. Results are shown below in Table 11.
	Fit for Breeding
	Unfit for Breeding
	       Unsure

	           44
	          14
	             6


Table 11
When looking at an animals ‘fitness to breed’ it is widely accepted that those known to have genetic defect should be excluded. In the case of Enigmas it is reasonable to assume that only geckos who display no symptoms of Enigma Syndrome would be used for breeding. Table 12 provides the TESS of the geckos determined ‘fit to breed’. 
	TESS 0
	 TESS 1
	TESS 2

	      38
	         5
	    1


                    Table 12
Enigmas achieving a TESS of 1 display the mildest symptoms of Enigma Syndrome. However the allocation of a TESS of 2 suggests the animal displays prolonged periods of stargazing or circling in the absence of external stimuli.
Often when selecting leopard geckos for breeding projects, the breeder pays close attention to the characteristics and genetics of the selected geckos parentage. Knowledge of the genetic background of the chosen gecko allows the breeder to pair it with a genetically compatible partner. In some instances breeders will try to look at the genetics of several generations of parentage for the gecko of interest.
In the case of Enigmas we feel the same diligence should be applied. The Enigma Syndrome status of the chosen animals parents is of great significance. In view of this we felt it appropriate to look at how many respondents were able to provide a TESS for their selected geckos parents. Surprisingly out of 44 geckos deemed fit to breed only 8 keepers were aware of the Enigma status of the selected geckos parents. Six of the parents recorded a TESS of 0 whilst 2 scored a TESS of 2. 
Looking deeper into the Enigma Syndrome status of hatchlings entered into the study we enquired after the syndrome status of the parents of all geckos entered into the study. (Excluding owner bred geckos) We were surprised that out of 114 Enigmas, only 12 respondents were able to provide details of their geckos parentage. 
102 respondents were unable to provide what we consider extremely significant, the Enigma Syndrome status of their geckos parent. 
Finally but an extremely important element of Phase 2 we looked at the syndrome status of all geckos included in the study. We asked for retrospective data relating to their geckos age and their Enigma Syndrome status at the time of acquiring the gecko. Respondents were then asked to provide an upto date status at the time of data submission. The results are recorded below in Tables 13 & 14.
    TESS at time of acquiring Enigma
	  Age
	Tess 0
	Tess 1
	Tess 2
	Tess 3
	Tess 4
	Tess 5

	0-3 month
	  28
	   4
	   1
	   2
	    2
	    1

	3-6 month
	  22
	   5 
	   3
	   3
	    1
	     -

	6-9 month
	  11
	   4
	   2
	-
	    1
	    1

	9-12 month
	    -  
	    -
	   -
	    -
	    -
	    -

	  1
year
	  10
	   2
	   1
	    3
	    -
	    -

	  2
year
	    8
	   3
	   4
	    1
	    -
	    -

	  3
year
	    -
	   1
	   1
	    -
	    -
	    -

	  4
year
	    1
	   2
	    -
	    -
	    -
	    -

	Unknown
	    1
	   -
	    -
	    -
	    1
	    -  


Table 13
130 leopard geckos were entered into Phase 2 of ‘ The Enigma Syndrome Study’. Respondents to the study report that at the time of acquiring their gecko 81 showed no evidence of Enigma Syndrome. However 49 respondents recorded data indicating that their gecko was displaying some degree of symptoms. This represents an alarming 38 % of Enigmas displaying Enigma Syndrome symptoms at the time of acquiring the animal.
         

      TESS at time of Data Submission
	  Age
	Tess 0
	Tess 1
	Tess 2
	Tess 3
	Tess 4
	Tess 5
	Tess 6

	0-3 month
	  5
	   1
	    -
	    -
	    -
	    -
	1RIP

	3-6 month
	 12
	   6
	    1
	    1 
	   1
	   1
	1RIP

	6-9 month
	  7
	   1
	    2
	    2
	    -
	    -
	1RIP

	9-12 month
	  -
	   -
	    -
	    -
	    -
	    -
	   -

	  1
year
	  19
	   1
	    2
	    4
	    2
	    1
	2 RIP

	  2
year
	  22
	   4
	    4
	    -  
	    -
	    -
	1 RIP

	  3
year
	   4
	   6
	    3
	    1
	    1
	    3 
	   - 

	  4
year
	   1
	   1
	    -
	    -
	    -
	    -
	1RIP 

	  5
year
	   1
	   1
	    -
	    -
	    -
	    -
	

	Un
known
	   1
	   -
	    -
	    - 
	    1
	     -
	

	
	
	
	
	
	
	
	


Table 14  
The data relating to the respondents geckos Enigma Syndrome status at the time of data submission offers more distressing reading. The number of symptom free geckos has fallen to 72 with 58 geckos displaying Enigma Syndrome symptoms. A disturbing 45 % of Enigmas entered into the study have displayed a positive TESS. 
Of these 58 geckos, 7 animals have died and their deaths have been attributed to Enigma Syndrome. Three of these geckos were euthanized by a veterinarian. Four died whilst still in the care of their owners.    
                        
                 
 

                     Conclusion
Communication regarding Enigmas must be improved. It is inappropriate for Enigmas to be sold without ensuring the new owner understands the potential of the gecko displaying symptoms of Enigma Syndrome. It should be ensured that the new owner is capable of managing a syndrome effected animal. Keepers and breeders must be honest in acknowledging Enigma Syndrome status of their animals. Even if Enigma breeding were to be immediately halted, thousands of Enigmas will remain within the captive bred leopard gecko populations. If TESS (The Enigma Syndrome Score) was accepted into common usage it would allow those involved with the morph to describe and discuss their animals ES status within a standardised form.  
It is not our place to say whether the breeding of Enigma morph leopard gecko should or should not continue. It is argued by some that with selective and careful breeding programmes the defect could be bred out. We sent videos of a number of severely affected animals to a leading reptile specialist Vet. His initial response supported this argument. He felt that with time, the problem could be ‘bred out’. However this would inevitably require the breeding of large numbers of Enigmas on a scale far beyond the capabilities of the ‘hobby breeder’. During the process of ‘out breeding’ it is likely that a high number of effected animals would be produced. Can this be justified? What would be the fate of the geckos produced that displayed symptoms of Enigma Syndrome ? It would also take considerable time to confirm the animals were in fact syndrome free. As previously stated, Enigma Syndrome can manifest at any stage in the geckos life. A captive bred leopard gecko can live for 20 plus years. The monitoring of several generations of gecko for the duration of their natural life simply to guarantee a defect had been eradicated is highly impractical. 
Those breeders who wish to continue working with Enigmas must ask themselves whether such projects are morally or ethically acceptable. They should consider the effects of more syndrome affected geckos being introduced into the captive bred leopard gecko population. They should perhaps pause to consider the distress of Enigma owners who have had to their loved animal euthanized. 
To me the answer is obvious and we have already made decisions regarding our future projects.
Each individual ‘hobby breeder’ alongside the commercial breeders working with Enigmas needs to take a step back from their projects. They should ask if they can justify the continuation of breeding this morph. They should ask themselves if they truly have the best interests of the animals at heart. They should ask if the high risk of producing an animal with a significant health defect, simply because of effect to colour and pattern, can be considered ethical and responsible practice. The welfare of the Enigma morph Leopard Gecko requires urgent attention.
                  _________________________


Correspondence : If you require any further information regarding the study or wish to make comments please email the author at g.gecko@hotmail.co.uk. The author may also be contacted via Reptile Forums UK (RFUK), user name Mal.   
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