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Abstract 

ABSTRACT 

This study investigated the commercial production of the Tasmanian Tiger Snake, 

Notechis ater (Serpentes: Elapidae ). Snakes were obtained from isolated 

populations located on various islands in Bass Strait and the mainland of 

Tasmania, to determine the most suitable population for production. Snakes from 

two islands, Forsyth and Christmas Island, proved most suitable for use as 

breeding stock, while N. ater obtained from mainland Tasmania proved unsuitable 

for commercial production. 

Aspects of herpetofaunal husbandry traditionally adopted by amateur 

herpetologists were modified to achieve cost effective production for a 

prospective export market. Feeding, housing and some aspects of reptile 

behaviour were assessed and modified to optimise the growth of juvenile N. ater 

to a marketable size. 

Feeding trials were conducted to determine the optimum feeding frequency and 

quantity within commercial constraints. An initial study determined that the 

estimated food requirements were an order of magnitude lower than needed. 

Consequently, a modified ad libitum method was used to determine the optimum 

frequency of food intake for cost effective growth. Weekly feeding patterns were 

found to be suitable for commercially acceptable growth rates, but did not meet 

the maximum growth rates achieved by amateurs. Production of sufficient live 

food was identified as a prohibitive cost. 

To reduce the burden of producing a live food source, several alternative artificial 

foods were tested. Food conversion efficiency, production costs, external and 

internal health of the snakes and ease of production of the traditional food (mice) 

and alternative food were assessed. Initial work indicated that a sausage based on 

salmon food could be used to replace mice as the staple diet. After 10 months on 

this diet, growth rates were similar to those of snakes maintained on mice, with 

increased food conversion efficiency and decreased cost of food production. 

Assessment of internal tissues suggested that long term use of salmon food may 
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Abstract 

cause minor changes to some organs, but there were no significant limitations on 

the commercial production of juvenile N. ater. 

In conjunction with food development, caging was upgraded from pre-existing 

cardboard cages kept at constant temperature in a poorly insulated room, to plastic 

cages maintained on a variable temperature gradient in a well insulated room. 

Heating deviated from traditional heating equipment such as infra red heat lamps 

and heat pads. Under floor heating was applied at one en~ of each cage using a 

heat wire, supplying each snake with a suitable heat gradient without 

unnecessarily heating the remaining cage space or work room. The switch to 

variable temperature and plastic caging did not increase growth rates, but was 

beneficial through reduced maintenance, increased cage life, more efficient heat 

delivery, improved thermoregulation opportunity for the snakes, and increased 

employee comfort. When combined with the use of salmon food, growth again 

was not significantly improved, but general hygiene conditions and food 

conversion rates improved markedly. 

To enable continuous growth during winter months, torpor was bypassed by 

maintaining summer temperatures and light regimes. However, torpor was 

assessed for use as a temporary storage option by placing some stock in a state of 

torpor, removing husbandry requirements, but also halting growth during this 

period. Increased growth rates occurred immediately following torpor, but were 

insufficient to remove the partial growth check within a twelve month period. 

More snakes could be maintained by rotating all stock through a period of torpor, 

but further analysis of extra husbandry costs from increased time to market would 

be needed. 

The commercial nature of this work restricted spending on research and 

development; therefore all work was carried within tight financial constraints, 

restricting methodology and the range of work completed. However, a cost 

effective system was developed within these parameters that provided growth 

rates similar to those achieved at far greater cost by amateurs while minimising 

stock loss through streamlined husbandry techniques. 
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Preface 

PREFACE 

CRESSY SNAKE FARM IDSTORY 

The Cressy Snake Farm was established in 1990 as part of an export initiative for 

snake, possum and wallaby products, aimed at the Asian markets which demand 

fine quality lean meats and skins (Gow, 1989; Shine, 1991). 

The initial plan was to develop the possum and wallaby industry rapidly, and, in 

the longer term, phase in the production of snakes, concentrating on the Asian 

niche market to profit from high dollar return for quality products. 

The Farm was based in Tasmania to alleviate any fauna permit requirements for 

reptiles. At present, there are no laws protecting or governing the use and/or 

treatment of herpetofauna in Tasmania (Bush, 1993; Mirtschin, 1994), apart from 

state and federal legislation protecting fauna on crown land and in national parks, 

and specific threatened species legislation (e.g. protection of the Green and 

Golden Bell frog). 

The approval to export any wildlife product from Australia is conditional on the 

production of F2 animals; that is second generation offspring of wild caught 

animals that form the initial breeding stock (C. Spry, pers. comm.). If successful 

breeding can be demonstrated, the wildlife then falls under the auspices of stock 

control agencies (Department of Primary Industries and Fisheries), and is covered 

by the export legislation prepared for primary producers of animals such as cattle 

and sheep. At this point, the wildlife is no longer controlled by the Department of 

Environment and Land Management or subject to associated legislation pertaining 

to native wildlife e.g. Wildlife Protection (Regulation of Exports and Imports) Act 

1982. 

ORIGIN OF BREEDING STOCK 

Several hundred adult tiger snakes were collected from various locations around 

the state of Tasmania in 1991 in a bid to determine the best population for 
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fanning. Differences in size and growth of individuals from isolated populations 

of tiger snakes have been reported both in Tasmania and other states of Australia 

(Shine, 1987; Schwaner and Sarre, 1988, Mirtschin and Davies, 1995) and it was 

hoped that these differences could be harnessed to optimise production. 

The snakes were collected from five different locations: Mt Chappell Island; 

Christmas Island; Forsyth Island; Storehouse Island; and mainland Tasmania (see 

Chapter 7). They were maintained in separate outdoor enclosures prior to and for 

the duration of this study, to ensure that hybridisation did not occur. 

However, two of these collections comprised snakes from several different 

populations. Snakes labelled from Storehouse Island were part of a mixed 

population of adults from Storehouse, Babel and Flinders Island. These islands 

are in close proximity, with a land spit forming randomly between Flinders and 

Babel, allowing occasional crossing of snakes between the two. The channel 

between Storehouse and Babel is narrow enough for tiger snakes to swim across 

them and I have seen them doing so (pers. obs., 1988). The group of snakes from 

mainland Tasmania consisted of snakes from a number of locations, some of 

which were believed to be widely separated. However, their precise origin was 

not known. 

Each population displayed obvious morphological differences in size, colouration 

and behaviour, which are considered further in Chapter 7. 

EXISTING INFRASTRUCTURE 

Before my appointment, the snake farm lacked direction, biological 

expertise and business acumen. The biggest difficulty confronting the 

business was the attempted application of standard fanning practices 

applicable to common livestock, such as sheep. Management practices were 

therefore based on eutherian principles and ignored basic functional 

anatomical differences between mammals and reptiles. An amateur 

herpetologist had been hired to initiate commercial production, but failed to 

apply his extensive knowledge of tiger snakes to the needs of a 

. , 
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commercially viable venture. No work had been completed regarding the 

simplest of essential parameters, such as the housing, heating and feeding 

requirements of large quantities of juvenile and adult tiger snakes. 

Commercial utilisation of native reptile fauna in Australia is still in its 

infancy, facing many political pressures (Cogger, 1993; B. Love pers. 

comm.). At the time of my employment, the relationship between the farm 

owner and amateur herpetologists, who might have been useful sources of 

advice was already damaged as a result of the owner's inability to respond 

diplomatically to criticism of the methods used to obtain and maintain 

breeding stock from the wild. 

Preface 

My initial assessment of the existing infrastructure and management practises at 

the Snake Farm indicated a desperate need for change in all aspects of husbandry 

and general stock management. There were no written records apart from six to 

eight pages of disjointed notes taken by the previous manager, no census of snake 

numbers, no records of how many adult snakes were housed in outdoor pits or 

how many juveniles were held in boxes maintained indoors and there were no 

records of daily husbandry for any stock on the premises. 

Indoor housing consisted of a 'constant temperature' room heated by two 3kW 

AH30 fan heaters controlled by a thermostat with an error margin approximately 

half that of the selected temperature. For example, if 30 °C was selected, the 

temperature would drop to 15 °C before the heaters were reactivated and would 

heat to approximately 38°C before shutting down. Snakes were subjected 

randomly to this large variation in temperature on a daily basis. In an attempt to 

maintain humidity at an acceptable level, the existing practise was to throw dirty 

drinking water from the cages onto the floor with little regard to the possibility of 

disease transmission. Potassium permanganate, a toxic contact sterilant, was often 

added to the drinking water, supposedly to assist with internal health, with no 

consideration of the effect on the natural gut flora. 
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There were four glass windows in the room that were ineffective in preventing 

heat loss, but which did supply a natural light dark cycle. This light was 

inappropriate, as snakes were maintained at summer temperatures but exposed to 

seasonal light/dark cycles. As a result of the substandard equipment, the power 

costs were unacceptably high, the mortality rate was high, and the general health 

and growth rates of the stock suffered. · 

Food supply for the juvenile snakes held indoors was from a standing population 

of 500 to 700 white laboratory mice maintained in galvanised iron caging, with 

one male and two females per cage. Little attention was placed on the extensive 

literature outlining successful production of mice (e.g. Bell, 1972; Warner and 

Breuer, 1972; Poiley, 1974; National Research Council, 1978). Juvenile mice 

were removed to feed juvenile snakes. Reject day old chickens from a nearby 

hatchery and culled adult mice from the mouse colony were used to feed adult 

snakes in the outdoor pits during the warmer months, when feeding occurred 

naturally. No husbandry records existed for the mice, so the gene pool of the 

breeding adults was unknown. However, there were increasing numbers of 

congenital defects in the young mice during the project, suggesting that the gene 

pool was unacceptably small. There were generally sufficient quantities of 

juvenile mice for the juvenile snakes reared. 

Initially, I was the only staff member, with one casual labourer hired for two days 

each week to assist with the husbandry requirements of the mice. I was required 

to care for over 350 adult tiger snakes during summer and more than 400 juvenile 

snakes and 500 to 700 adult mice throughout the year. There was little time 

available to develop and run trials to improve the efficiency of the Snake Farm. 

After four months the need for a full time assistant became apparent, and a second 

full time staff member was hired. The extra labour input marginally improved the 

time available for research, and trials were incorporated into daily tasks. 

Consequently, the data collected for this thesis were restricted primarily to the 

basic growth parameters of snout vent length (SVL), body mass, food intake and 

moult frequency. All trials were designed to optimise growth, which is directly 
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measurable by the changes in the above parameters. No resources were available 

for physiological analyses, or large scale trials. 

The workload was such that only the menial tasks and general husbandry were 

able to be completed during work hours, with the majority of data collection and 

analysis carried out after hours. 

All data for the final feeding trial (Chapter 6) were collected using facilities at the 

University of Tasmania, using snakes obtained from the Snake Farm; this trial was 

independent of the Snake Farm and took place after I had left its employ. 
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1.0 INTRODUCTION 

Snakes and other herpetofauna have been bred in captivity for many years, for a 

large number of applications including research (e.g. Shine, 1977a, 1977b, 1978, 

1979, 1985, 1987; Sutherland et al., 1981; Sutherland, 1983; Lambeau et al., 

1989; Tan and Ponnudurai, 1990: Thum et al., 1993; Moisidis, 1996), public 

display (Cree and Daugherty, 1990), the pet industry (Love, 1993), venom 

production (Sutherland, 1983; Mirtschin and Davis, 1995), medicinal products 

(Mirtschin, 1994) and meat and skin trade (Barfield, 1985; Onions, 1987; Ashley 

and David, 1987; Hutton and Van Jaarsvelt, 1987; Joanen and McNease, 1987; 

Suvanabom and Youngpropakom 1987; Woodward, 1987; Chakrabarti, 1992; 

Onions, 1992; Fitzgerald, 1993; Houston, 1993; Madsen and Shine, 1993; Webb, 

1993; Walker et al., 1994; Revol, 1995). In several countries, supply for the pet 

trade, meat, skin and other associated products is traditionally based on wild 

caught animals and the consequences are often devastating for the selected species 

(Chakrabarti 1992; Brautigam and Broad, 1993; Gupta, 1993; Veith et al., 1993). 

The existing world-wide herpetofaunal industries fall into several broad 

categories: 

• research based; 

• public displays, for profit, non profit and educational purposes; 

• pet trade; and 

• the commodities market, driven by a demand for a wide variety of products 

ranging from skin, meat, bile, blood, venom and other body parts used for 

various medicinal purposes. 

Large research centres such as, the South East Asia Venom Institute, Malaysia 

(Sutherland, 1983), and Irula Co-operative Venom Centre in India (Whitaker and 

Andrews, 1995), house upwards of 5000 snakes for work in many fields. Some 

ranching of reptiles collected from the wild also occurs in other Asian, American 

and European countries for research into toxins and general biological research 

linked directly and indirectly to pharmaceutical applications (Sutherland et al, 
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1981; Thum et al, 1993; Lewis, 1994; Moisidis et al, 1996). Often the reptiles 

used are species caught from the wild, supplementing small breeding programs 

within the institutions. 

There are several such centres within Australia designed primarily to meet 

research requirements and, secondarily, to offer public display of the reptiles used. 

In South Australia Peter Mirtschin maintains a collection of most of Australia's 

venomous elapids to supply venom for research conducted at the Commonwealth 

Serum Laboratories (CSL) in Victoria; e.g. work with neurotoxins and the 

development of pro- and anti-coagulants (Sutherland, 1983; P. Mirtschin and 

Davis, 1995). The Australian Reptile Park, Gosford N.S.W., also supplements 

income obtained from public displays with the production of Notechis spp. venom 

from 300 tiger snakes, used by the CSL for the production of a polyvalent anti

venom. Protection and management of threatened species of snakes has been 

addressed in conjunction with venom research, albeit in a disjointed fashion; this 

often indirectly funds management of the threatened species (Mirtschin, 1994). 

The only Australian location where large numbers of individual elapids (>300) are 

housed is the Australian Reptile Park, Gosford. 

In addition to research centres, numerous public reptile displays in Australia 

concentrate on small numbers of animals for high return. These include the reptile 

enclosures at all the major zoos and wildlife parks such as Australian Reptile Park, 

Gosford, N.S.W., the snake display at the Ettamogah Hotel/Pub near Caloundra in 

Queensland, and various travelling shows such as Snakes Alive, which is aimed at 

schools for educational purposes (M. Wilkinson, pers comm.). These institutions 

depend on public curiosity and the fascination of the unknown and misunderstood, 

drawing large crowds prepared to pay to witness a relatively small number of 

reptiles. This invokes an interest in the reptiles that often develops into a desire to 

maintain them as pets. 

The pet trade in herpetofauna relies on a high return per animal through the 

aesthetic appeal of particular reptiles; this helps to drive breeding programs for 

exotic morphs that appeal to collectors (Love, 1993). Large companies that breed 
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and sell a broad range of reptiles for pets exist in the USA, exporting to Europe 

and other countries (B. Love, pers. comm.). Export of live herpetofauna and 

associated products is prohibited from Australia, although a large illegal export 

trade does exist (Roser, 1989, 1993, 1996; Gow, 1989; Senate Report, 1998). 

Australia has a large percentage of venomous reptiles that are dangerous pets, 

whereas the majority of US and European species used for pets are less dangerous. 

Australia is still relatively disease free, and has a vast array of species to offer to 

overseas markets if and when trading is permitted. 

The legislation associated with keeping herpetofauna within Australia differs from 

state to state, with the majority of states and territories effectively and actively 

discouraging trade and private collections of herpetofauna (Mirtschin, 1994). The 

legal position varies from total bans on the collection and keeping of any 

herpetofauna in Western Australia (Mirtschin, 1994), to the failure to recognise 

herpetofauna as fauna in Tasmania where it is exempted, by default, from most 

state legislation protecting wildlife. It is, however, illegal to import or export 

snakes or other herpetofauna to or from Tasmania without a permit; this 

prohibition is intended primarily for disease control. 

The large scale production of reptiles is still a novelty in Australia, restricted to 

crocodiles in the Northern Territory (Onions, 1987, 1992; Webb and Manolis, 

1993) and potentially tiger snakes in Tasmania. From a commercial perspective, 

the four basic steps of first finding a market, promoting the product, ensuring that 

the quality is right, and ensuring a regular and ongoing supply must be addressed 

(Martin, 1995). This thesis aims to address the third and fourth of these criteria by 

determining the feasibility of production of a regular supply of quality tiger snake 

products to meet market demands. The markets do exist, and are at present too 

large to be satisfied by the Snake Farm alone. The overall cost effectiveness of 

farming Notechis ater will not be addressed in detail in this study, as the returns 

from the export market cannot be quantified until a constant supply can be 

developed. However, initial market analysis suggests that a substantial and 

potentially lucrative market for snake products does exist (Gow, 1989; Shine, 
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1991), so my study is focused primarily on the development of cost efficient 

farming practises that ensure healthy stock. 

' 
There are several large international markets world-wide for herpetofaunal 

products. A market for meat, skin and other reptilian products for both 

consumption and medicinal purposes exists in many eastern countries (Barfield, 

1985; Fitzgerald, 1993; Houston, 1993; Madsen and Shine, 1993; Webb, 1993). 

At present, this market is supplied from wild caught species, such as anacondas 

and pythons in tropical regions, and monitor lizards (Gow, 1989; Gupta, 1993); 

these reptiles are used for consumption and to produce tourist items such as 

stuffed snakes in strike pose. Tiger snakes meet the requirements of the Asian 

market, particularly the medicinal section, which traditionally pays well for 

various products with alleged aphrodisiac properties (Barfield, 1985). A popular 

product, for example, is 'snake wine', consisting of blood and bile, that is believed 

to improve libido (Barfield, 1985). In 1984 alone, over 300 OOO snakes were 

shipped to Hong Kong restaurants from the Wuzhou Animal Barn, for a US $600 

OOO profit (Barfield, 1985). 

The Asian market for meat products prefers venomous snakes, as eating the more 

dangerous snakes or animals is thought to bestow the virtue of strength and virility 

associated with these animals. 

In addition to the Asian meat market, there is a substantial European skin market 

for decorative leather used in women's wear and apparel. The world demand for 

crocodile skins exceeded 300 OOO in 1984 (Onions, 1987). The first skin order 

placed at the Snake Farm during initial market research was for 100 OOO skins (R. 

Lawrence, pers. comm.). This order could not be filled using wild caught animals, 

or any existing farming practices. 

The intention behind the Snake Farm operation was to supply markets for a range 

of products in Europe and Asia (Table 1.1). 
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Table 1.1 

Product 

Skins 

Snake Flesh 

Blood 

Proposed products derived from Notechis ater for both 

national and international markets. 

Use/Market 

Snake and other reptile skins are used by the decorative leather 

industries currently utilising crocodile, emu, eel, fish and other 

exotic skins. Substantial returns are available both before and 

after tanning and other value adding processes. 

Considered an Asian delicacy, particularly tiger snake flesh, as it 

is linked with virility and strength. 

Combined with the contents of the gall bladder to make a 

cocktail known as 'snake wine', linked to virility. Blood plasma 

is being used for research into a non-cortisone based anti

inflammatory product. 

Gall Bladder The contents of the gall bladder are used in snake wine. 

Fat bodies Rendered for snake oil. 

Liver Rendered for oil. 

Venom Used to produce polyvalent snake anti-venom for treatment of 

bites from several species of elapids in Australia (Sutherland, 

1983). This particular market is well established; long term 

contracts exist that are met by several producers in Australia. 

Moult skins Laminated for souvenirs. 

In addition to the consumables facet of snake farming, public open days and 

guided tours are operated to cash in on the natural curiosity of the public (Ben

Moshe, 1987; D. Hamilton, pers comm.). This creates a strong demand for snake 

products that currently drives the harvest, and extensive depletion, of a number of 

species of herpetofauna from the wild (Shine, 1991). Such extensive harvesting 

occurs in many parts of the world, particularly for skins and other consumable 

products, and has led to severe depletion of many species (Suvanaborn, 1987; 

Brautigam et al., 1993; Gupta, 1993; Veith et al., 1993; Revol, 1995). However, 

while international markets are facing increasing problems through the depletion 

of wilderness and the habitats from which the herpetofauna is collected, the 

demand for herpetological products continues to expand. 
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Attempts to meet market demands for indigenous food products in Australia have 

been few and have generally failed to meet the demands of the domestic market, 

let alone those required for large scale export production. Crocodile farms in 

northern Australia are an exception that have proven their ability to produce a 

constant supply of quality produce, producing high returns both domestically and 

through export (Onions, 1992; Webb and Manolis, 1993), without compromising 

strict export requirements. 

The requirements governing export of native species products are very difficult to 

meet without compromising commercial viability. The greatest difficulties are 

with the export of products for human consumption, as would be the case for 

snake meat export. The costs involved in meeting the product quality required by 

health standards, together with the costs involved in establishiI?-g processing 

premises, are often beyond the financial capacity of small operators. 

The possibility of harvesting wild snake populations in Australia was raised by 

Madsen and Shine, (1993) when he and his colleagues examined the feasibility of 

harvesting the water python populations found in abundance in the Adelaide River 

flood plain 60 km south-east of Darwin. They concluded that the use of these 

wild populations for commercial harvest is unsustainable, both commercially and 

ecologically, since animal recruitment is too variable. The arafura filesnake, 

Achrocordus arafurae, has also been considered as a potential commercial 

species, as it is utilised by the indigenous people of Northern Australia (Shine, 

1986), but this has also been found to have breeding patterns that would not 

support sustainable commercial harvest (Houston, 1993). Olive sea snakes were 

also investigated, and discarded, as bycatch from prawn trawling in Northern 

Australia, for commercial expansion of a small existing skin industry (Heatwole 

and Bums, 1987; Wassenburg et al., 1994). 

Tiger snakes are now being considered for commercial use, but wild populations 

of Notechis spp. in south east Australia, throughout Tasmania and several islands 

in the Fumeaux group have been recorded as unstable (Dredge, 1981; Richman et 
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al., 1988; Mirtschin and Bailey, 1990) and are relatively small compared with 

those of other exploited species. However, Notechis spp have been recognised as 

the second fastest growing elapid in Australia (Greer, 1997). Therefore the only 

option for the commercial use of N. ater is through intensive farming of captive 

populations. 

The present study was designed to investigate the biological requirements of a 

management program for the commercial production of captive tiger snakes for 

both the domestic and export markets. A "marketable" snake is between 0.75-1.0 

m in length, and must grow to that size within 12-15 months to be economically 

feasable (see Chapter 3). This study concentrated primarily on the rearing of 

juveniles, not recruitment: i.e. not the reproductive biology of adults. To achieve 

this, a radical approach was required to enable large numbers of snakes to be 

produced at minimal cost. The high dollar return achieved by niche marketing of 

snake venom within Australia has previously made these concerns unnecessary. 

Expensive husbandry and other associated costs using existing systems for 

breeding small numbers of reptiles are acceptable when supported by high returns, 

but fail when used for substantially larger numbers of reptiles. The owner of the 

Snake Farm (Mr R. Lawrence) had set an initial target for annual output of 5000 

to 10000 snakes, from a planned standing population of 2000 to 5000 adult 

breeders. Quite obviously this was an impossible expectation given the facilities 

and husbandry practices in place. However, it was equally apparent that within 

the limits of support that the owner was willing to provide, an extensive review of 

all facets of husbandry was required in order to provide a realistic basis for 

assessment of what would be achievable goals. 

A first requirement was the development of an efficient food delivery system that 

would increase the productivity of the Snake Farm and remove the greatest 

challenge to the production of any tertiary predators: cost effective supply of an 

accepted food source. Tiger snakes are found in a wide range of habitats, but are 

more common in swampy areas or near a permanent water body (Shine, 1977c; 

Dredge, 1981; Roser, 1990a, 1990b; Whitaker, 1992; Fearn, 1993; Hutchison, 

1994). Consequently, their diet consists of species found in such habitats, 
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especially frogs and lizards, although occasionally birds and small mammals are 

also taken (Lord, 1918; Cashion, 1959; Shine, 1977c; Roser, 1990a, 1990b; Fearn, 

1993). The development of a feeding protocol, food type and food acceptability to 

replace this natural diet with one that is still able to promote commercially 

acceptable growth rates was essential. 

In addition to these feeding requirements, general cage conditions that promote 

growth through the supply of acceptable light and temperature regimes are also 

necessary. If cage conditions are inadequate the health of captive snakes can be 

compromised (McCracken, 1988; Weigel, 1988) and, in reptiles generally, feeding 

behaviour is affected (Guillette et al., 1995). Without correct temperature or 

humidity, reptile feeding can be reduced or cease, and the conversion of food to 

body mass adversely affected (Guillette et al., 1995). 

However, within the context of adequate housing, assessment of the costs of 

caging and associated maintenance is vital for determining the cost effectiveness 

of any husbandry system. Cage supply and maintenance can be expected to be a 

substantial contributor to ongoing costs so it was necessary to include cost 

parameters in my project. The main limitation of current husbandry practises for 

herpetofauna is the failure to curb costs, and a thriving commercial trade has 

provided amateur herpetologists with vitamin supplements, artificial basking 

rocks and a host of other accessories, all considered necessary for the successful 

maintenance of their animals. 

In order to evaluate the potential for commercial production I needed to quantify 

the maximum and optimum growth rates possible and whether differences in these 

rates exist between the five populations available. There are several published 

growth rates for Notechis spp. (Shine, 1978; Barnett et al., 1985; Fearn, 1993), but 

all are for small numbers of snakes maintained by owners who were prepared to 

spend a great deal of time on each individual and feed them whenever they were 

prepared to eat. These data are likely to represent the maximum growth rates 

achievable by this species. However, in a commercial enterprise maximum 
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growth rate may not be the optimum rate, as cost and efficiency of production 

must also be considered. 

Growth rates must therefore be assessed in conjunction with several other 

parameters that are important for production. Such parameters include the relative 

mortality of juveniles at and after birth and the potential number of juveniles that 

can be produced from a given population. Consideration of factors affecting 

fecundity and breeding patterns of Notechis ater were beyond the constraints of 

this study, and were not addressed. However, such information would be of value 

for future management decisions once a particular founder population or 

populations that met other production requirements has been selected. 

In addition to commercial benefit, data collected from captive animals can 

greatly benefit conservation strategies and management of wild resource. 

The average initial study for recovery plans can cost $100,000s of dollars 

(Cogger et al., 1993), but such costs may be reduced given the information 

collected in studies such as this. Such information has traditionally been 

obtained from amateur herpetologists, but frequently data are collected in 

poorly controlled conditions and have little scientific value; they are often 

poorly quantified and remain anecdotal or unpublished (Ehmann, 1994). 
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2.0 DEVELOPMENT OF A STRUCTURED FEEDING 

PROTOCOL FOR COMMERCIAL PRODUCTION OF 

THE TIGER SNAKE N. ATER 

2.1 Introduction 

The successful production of large quantities of tiger snakes is dependent on 

high quality husbandry practices. Feeding requirements for large numbers 

of reptiles have rarely been quantified, or successfully achieved. At the start 

of this study, it was difficult to obtain basic information regarding the 

feeding requirements of large numbers of juvenile N. ater. Most advice was 

simply to 'give them as much as they need'. This qualitative measure 

proved difficult to assess. Ad libitum diets (i.e. feeding to excess, 

immediately after digesting the previous meal) feature prominently in the 

literature (Barnett et al., 1985, Weigel, 1988, Shine, 1991, Fearn, 1993; 

Mirtschin and Davis, 1995), but are only applicable to small numbers of 

reptiles. When applied to large numbers, ad libitum diets become 

prohibitively expensive and the food quantity required becomes unrealistic 

(Mirtschin and Davis, 1995). Feeding live food ad libitum, for example 

mice or day old chickens, limits commercial ventures such as the Australian 

Reptile Park, Gosford to around 300 tiger snakes. Consequently it was 

apparent that feeding ad libitum in the present study would be impracticable 

for the large number of juveniles planned for. Furthermore, the need to 

keep track of the stage of digestion so that feeding could occur immediately 

after defecation introduced a further impracticality. 

No structured feeding pattern had been established at the farm, particularly 

for the juvenile snakes, prior to the commencement of my research. Trial 

and error feeding experiments had been conducted haphazardly and no 

records had been kept. Juveniles that had not fed voluntarily for six months 

were presented with pieces of chicken and or possum flesh on ceramic tiles 

at humidity levels below 30 %. These attempts at feeding had resulted in 

dried flesh caked onto the tiles, rendering the food inedible and increasing 
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the possibility of disease. Replacement food was rarely provided and as a 

result there was extensive starvation among the stock. 

Such procedures had contributed to a high juvenile mortality, necessitating 

research into a more suitable food source, the reliability of that food source 

and the feeding regime required for successful rearing of marketable tiger 

snakes. Dietary requirements of elapids have been comprehensively 

documented, based on wild caught specimens and the use of rodents in 

captivity (Worrell, 1963b; Dredge, 1981; Weigel, 1988; McCracken, 1988; 

Prescott, 1988; Ford and Seigel, 1989; Fearn, 1993). The existing food 

source was mice bred from an extensive mouse colony. New-born (pinkie) 

mice were harvested from this colony to feed juvenile snakes. Larger 

snakes housed in outside enclosures were fed adult mice culled from the 

colony and day old chickens freely available from a nearby chicken 

hatchery. 

The primary aim for the commercial venture was to achieve growth rates 

sufficient to produce commercial sized snakes within 12-15 months. For 

commercial viability it was necessary to minimise the cost of feeding of the 

neonates without impairing growth. Previous work, by a range of amateur 

and scientific herpetologists has shown that, by using an ad libitum diet, 

where few individuals are fed as often as required, tiger snakes will grow to 

a marketable size (0.75-1 m in length) in just 12 months (Barnett et al., 

1985; Fearn, 1993). However, this approach was unrealistic for the scale 

required for commercial output because it was simply too labour intensive 

to be cost effective. Amateur herpetologists or laboratory researchers can 

afford to pay far less attention to factors such as the costs associated with 

handling time. 

To the detriment of the majority of juveniles, a select few were maintained 

successfully using meticulous amateur herpetology techniques. This 

demonstrated convincingly to the farm owner that amateur methods, while 

successful, were clearly not suitable for commercial purposes. In the first 
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two years of operation a conservative estimate of 65% juvenile mortality 

was incurred through predation in outside pits, disease and lack of food 

through uninformed attempts to establish self feeding. Such mortality rates 

should have alerted the owner to the inadequacy of the conditions and the 

many husbandry problems that needed to be addressed. 

Feeding arrangements for large numbers of snakes needed to be established 

quickly to reduce these unacceptably high mortality rates. Consequently, a 

preliminary trial was initiated to determine the minimum quantity of food 

and the minimum feeding frequency required for active growth. In addition, 

little information was available for determining the cage densities that 

would best optimise cage space without compromising growth rates. Cage 

densities of 1-2 individuals per cage have been suggested in circumstances 

where separation of the snakes is necessary for feeding (Weigel, 1988; 

Mirtschin and Davis, 1995; C. Banks, pers comm.). Taking account of the 

problems of cost and time constraints, I decided to conduct trials at densities 

of one and four individuals per cage. These trials also investigated the 

importance of food quantity and feeding frequency. 

2.2 Methods 

2.2.1 Assessment of feeding frequency and quantity 

Snakes (240) were chosen at random from juveniles born to captive adults 

collected from Christmas, Forsyth and Storehouse Island. The snakes were 

born approximately eight weeks prior to the start of the trial, and maintained 

in a room heated with an oil heater whilst construction of the constant 

temperature room was completed. 

Juvenile tiger snakes (80) from each of these three populations were 

randomly allocated to four groups, each containing 20 individuals: 

Groups 1 - 4 - Christmas Island; 

Groups 5 - 8 - Forsyth Island; and 

Groups 9 - 12 - Storehouse Island. 
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Each group was allocated to one of four set quantity and frequency diets for 

a period of 12 weeks (as summarised in Table 2.1), as part of a factorial 

design to assess any interactive effects between frequency and quantity. All 

snakes were housed individually in cardboard boxes (300 x 240 x 200 mm), 

and provided with an egg carton hide and water bowl. 

Table 2.1 

Quantity 

where 

and 

Experimental design for examining the effect of 

modifying feeding frequency and quantity for juvenile N. 

ater 

High 

Low 

High 

Diet 1 

Diet 3 

Frequency 

High frequency = food once each week 

Low frequency = food once per fortnight 

High quantity = 1 unit per feed 

Low quantity = 0.5 unit per feed 

Low 

Diet2 

Diet4 

One unit was equivalent to 1.0 gram of pinkie mice, where pinkie mice were 

trimmed to the required mass. This was considered adequate based on 

quantities of 5-20 % of body mass recommended by Weigel (1988) and 

Ford and Seigel, (1989). This quantity was increased to 2.0 grams of 

pinkies at week eight to accommodate the increase in body weight of the 

snakes. Each treatment therefore consisted of 20 individually housed snakes 

from each source population. 

2.2.2 Assessment of housing density relative to feeding frequency and quantity 

In order to investigate the influence of housing density, a further 64 

juveniles were selected at random from the same cohort of juvenile snakes 

from Christmas Island stock, to provide four additional experimental groups 

(Groups 13-16). Only juveniles from Christmas Island were made available 

for both high and low density housing. All of these animals were housed at 
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a density of four snakes to each standard cardboard cage (300 x 240 x 200 

mm). Consequently four cages were available for each of the four feeding 

regimes identified in Table 2.1. Individuals were identified by a small 

unique brand placed on the dorsal surf ace using a soldering iron. 

The choice of four snakes per cage was a consequence of the number of 

juveniles available and cost constraints .. These limitations restricted the 

comparison to a single high density and four per cage was considered more 

informative than either fewer, which might produce equivocal results, or 

more, which would almost certainly have resulted in excessive interaction 

between individuals. 

2.2.3 Adopted experimental protocol 

Feeding once per week was recommended by Weigel (1988) and once per 

fortnight was chosen to determine if a lower feeding frequency caused any 

significant loss of growth. For commercial purposes, labour costs are 

reduced if feeding frequencies can be lowered. 

Groups were allocated to treatment regimes as follows: 

Diet 1-Groups 1, 5, 9 and 13, 

Diet 2-Groups 2, 6, 10 and 14, 

Diet 3-Groups 3, 7, 11 and 15, 

Diet 4-Groups 4, 8, 12 and 16. 

Snakes were allowed to feed voluntarily if such behaviour was established 

or assisted if required (see Appendix A). Food intake, feeding ability, moult 

frequency, and mortality numbers were recorded weekly, and mass and 

snout vent length (SVL) were recorded at four weekly intervals over a 12 

week period for each trial group. 

The cages were maintained in a constant temperature room at 25-28°C, and 

were cleaned once a week using a Hibitaine TM solution diluted 1: 100 with 

warm to hot water. Light was supplied by 8 fluorescent tubes on a 12 hr 

light/12 hr dark cycle. A single Trulite ® growth tube was moved around 
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the room on a weekly rotation, providing ultra violet light to assist in the 

synthesis of vitamin D. The prohibitive cost of the Trulite ®tubes meant 

that only one was made available by the owner. 

Statistical analyses of growth parameters were carried out by linear 

regression using a general linear model (GLM) ANOV A, ANCOV A, one 

and two way ANOV A where relevant and repeated measures ANOV A using 

the software packages SYSTAT® and Statgraphics®. All relevant 

assumptions for the statistical analys~s were met and data transformation 

was therefore not required. 

2.3 Results 

2.3.l Feeding Frequency and Quantity 

Growth rates of the snakes from all three populations, subjected to the four 

diets, indicated that the animals were exposed to diets that ranged from just 

sufficient for development to totally insufficient for any growth at all. 

Snakes from all three populations fed at low frequency and low quantities 

(Diet 4) lost mass and SVL growth was checked by the end of the trial. 

Comparisons between populations (Section 2.3.l.2)were made for Diet 1 

only, as growth rates on Diets 2, 3 and 4 for all three populations were 

clearly inadequate. 

Summary data for the snakes from Christmas, Forsyth and Storehouse Island 

at the start of the experiment are presented in Table 2.2. 
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Table 2.2 Initial mean SVL and mass of Christmas (Groups 1-4), 

Forsyth (Groups 5-8) and Storehouse Island (Groups 9-

12) juveniles N. ater subjected to different food frequency 

and quantity diets. 

Group (n) SVL±SE(mm) Range (mm) Mass± SE (g) Range (g) 

1 19 217.4 ± 1.38 203-225 6.7 ± 0.15 5.2-7.8 

2 20 214.2 ± 1.60 205-230 6.9 ± 0.20 5.5-9.3 

3 20 215.5 ± 1.68 200-228 6.9 ± 0.18 5.7-8.9 

4 19 211.5 ± 1.62 188-223 6.6 ± 0.14 5.0-7.8 

5 20 241.1±2.19 223-262 7.7 ± 0.18 6.2-9.2 

6 20 238.8 ± 2.07 215-260 7.9 ± 0.19 6.6-10.3 

7 19 235.4 ± 1.90 215-250 7.6 ± 0.14 6.4-8.9 

8 20 241.3 ± 1.77 226-256 8.0 ± 0.80 6.6-9.4 

9 13 226.5 ± 3.31 205-242 6.6 ± 0.24 5.1-8.6 

10 20 233.8 ± 2.08 211-245 6.7 ± 0.16 5.6-8.1 

11 16 226.5 ± 3.44 205-245 6.3 ±0.24 4.5-8.2 

12 15 213.6 ± 1.82 203-228 5.7 ±0.09 4.9-6.2 

2.3.1.1 Comparisons within populations 

Significant differences were found within all three populations for all growth 

parameters, in response to changes in diet frequency and quantity, except for the 

Forsyth Island stock, where there was no significant change in SVL relative to 

food consumption (Appendix B, Table B.l). Interactive effects were present for 

several parameters for each population (see bold text in Appendix B, Tables B.1, 

B.2 and B.3), in particular changes in mass and changes in mass relative to food 

quantities consumed. There is little doubt that frequency and quantity are 

important considerations for dietary constraints. Furthermore, feeding frequency 

does depend on the quantity used, and vice versa. 

All three populations responded similarly to the two feeding frequencies and 

quantities. 
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2.3.1.1.1 Christmas Island juveniles 

There were no significant differences in initial mass and SVL for juveniles from 

Christmas Island stock (Groups 1-4) (ANOVA: SVL F3,16 = 2.562, P =0.061; 

mass F3,76 = 0.529, P =0.664). Statistical analyses of all growth parameters are 

summarised in Appendix B, Table B.2. There were interactive effects for change 

in mass, and total change in mass per gram of food consumed. 

Christmas Island juveniles fed low food quantities at high frequencies did not 

differ from those fed high quantities at low frequency (Diets 2 and 3) at the end of 

the trial (Groups 2 and 3: ANOVA: final SVL F1,153 = 1.913, P = 0.169; final 

mass F1,1s3 = 3.264, P = 0.073). 

2.3. l.1.2 Forsyth Island juveniles 

There were no significant differences in initial mass and SVL for juveniles 

from Forsyth Island stock (Groups 5-8) (ANOV A: SVL F3,14 = 1.940, P = 

0.130; mass F3,74 = 1.061, P = 0.371). Statistical analyses of all growth 

parameters are summarised in Appendix B, Table B.1. Forsyth Island 

juveniles responded similarly to Christmas Island juveniles, with significant 

interactive effects for change in mass and change in mass relative to food 

consumed, as well as the total food consumed. 

Juveniles subjected to diets two and three showed similar growth, but actual 

size differed between both groups (Groups 6 and 7: GLM ANOVA: SVL 

F 1,1s1 = 8.028, P = 0.005: mass F1,1s1 = 14.016, P < 0.001). 

2.3 .1.1.3 Storehouse Island juveniles 

There were significant differences in initial mass and SVL between the four 

groups from Storehouse Island stock, with smaller mean SVL and mass 

being evident for snakes in Group 12 (ANOV A: SVL F3,6o = 10.242, P < 

0.001; Tukeys post hoe test, Groups 9,10 -12, P< 0.012: mass F3,6o = 6.066, 

P < 0.001, Tukeys post hoe test, Groups 9, 10-Group 12, P< 0.013). All 

subsequent analyses were conducted with initial mass or SVL as covariates, 

to adjust for that difference. Statistical analyses of all growth parameters are 
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summarised in Appendix B, Table B.3. There were significant interactions 

for food consumed, and changes in mass and SVL relative to food 

consumption. 

Juveniles subjected to Diets 2 and 3 showed similar growth, but actual size 

differed between both groups (Groups 10 and 11: ANCOVA: SVL F 1,139 = 

17.032, P <0.001, covariate initial SVL; mass F 1,141 =14.808,P<0.001, 

covariate, initial mass). 

2.3.1.2 General response of each population to Diets 1to4 

All three populations demonstrated similar responses to the four diets. 

The change in mass per unit of food consumed was similar for those fed 

Diet 1, a loss in mass occurred in those snakes fed Diet 4, and there were 

inconsistent but similar responses to Diets 2 and 3 by all three populations 

(Figures 2.1, 2.2 and 2.3). 
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Figure 2.1 Growth in mass relative to food consumed (mean ± SE) by 

juvenile N. ater from Christmas Island stock maintained at low 

density. 
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Figure 2.3 Growth in mass relative to food consumed (mean ± SE) by 

juvenile N. ater from Storehouse Island stock maintained at low 

density. 

Increase in SVL per unit of food consumed decreased substantially for all three 

populations in the final four weeks of the trial, irrespective of diet (Figures 2.4, 

2.5 and 2.6). This indicates that, in all cases, the feeding frequencies and 

quantities used in the final stages of the trial were inadequate. 
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juvenile N. ater from Storehouse Island stock maintained at low 

density. 

The SVL to mass ratio is an index that estimates body condition, and should 

be independent of origin. The rate of change in the SVL to mass ratio was 

different for both frequency and quantity treatments, and increased for 

individuals from all three populations subjected to Diet 4, indkating a net 

loss in condition for those individuals (Figures 2.7, 2.8 and 2.9). 
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I 

2.3.1.3 Inter-population comparison of juvenile Nater maintained on Diet 1 

Summary data for the snakes from Christmas, Forsyth and Storehouse 

Island, maintained on Diet 1 at low density, at the start of the experiment are 

presented in Table 2.3. 

Table 2.3 Initial mean mass and SVL of juvenile N. ater from 

Christmas, Forsyth and Storehouse Island subject to a 

high feeding frequency and high food quantity (Diet 1). 

(n) SVL±SE(mm) Range (mm) Mass± SE (g) Range (g) 

Christmas 20 217.4 ± 1.38 203-225 6.7 ± 0.15 5.2-7.8 

Island 

FoIByth 20 241.1±2.19 223-262 7.7 ± 0.18 6.2-9.2 

Island 

Storehouse 13 226.5 ± 3.31 205-242 6.6 ± 0.24 5.1-8.6 

Island 

There were no significant differences in initial mean mass for snakes from 

Christmas and Storehouse Island. Forsyth Island juveniles were 

significantly larger than those from both Christmas and Storehouse Island 

stock. All three populations showed differences in initial mean SVL 

(ANOVA: SVL Fz,49 = 33.335, P < 0.001, Tukeys post hoe test P < 0.001; 

mass F2,49 = 11.745, P < 0.001, Tukeys post hoe test Christmas Island

Storehouse Island, P = 0.921, Forsyth Island-Christmas and Storehouse 

Island, P < 0.001). 

The final mass and SVL for each population are summarised in Table 2.4. 

Comparisons of the response of each population to Diet 1 are summarised in 

Appendix B, Table B.4. 
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Table 2.4 Final mean mass and SVL of N. Ater from Christmas, 

Forsyth and Storehouse Island subject to a high feeding 

frequency and high food quantity(Diet 1). 

(n) SVL±SE(mm) Range (mm) Mass± SE (g) Range (g) 

Christmas 20 291.6 ± 1.94 273-307 11.9 ± 0.23 10.0-13.7 

Island 

FOIB)'th 20 302.9 ± 3.56 273-333 12.8 ± 0.25 10.6-14.7 

Island 

Storehouse 13 277.9 ±4.09 256-298 9.4 ± 0.31 7.3-10.9 

Island 

There were no differences between juveniles from Christmas and Forsyth 

Island for all parameters (Bonferronis post hoe test, P>0.05). Therefore I 

conclude that the differences detected between the three populations (see 

Appendix B, Table B.4) were caused by the poor growth rates demonstrated 

by Storehouse Island juveniles. 

2.3.2 Juvenile Christmas Island N. ater maintained at high density 

Summary data for the snakes from Christmas Island, housed at high 

densities, at the start of the experiment are presented in Table 2.5. The Diet 

1, Group 1 animals from the previous experiment served as controls against 

which the performance of snakes maintained at high density could be 

evaluated. 
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Table 2.5 Initial mean SVL and mass of N. ater from Christmas 

Island subject to two feeding frequencies and two feeding 

quantities, housed at high and low density. 

(n) SVL±SE(mm) Range (mm) Mass± SE (g) Range (g) 

Group 1 19 217.4± 1.38 203-225 6.7 ± 0.15 5.2-7.8 

(Control) 

Group 13 15 214.0 ± 1.84 203-228 6.9 ± 0.20 5.9-8.6 

Group 14 15 218.0 ± 1.41 210-228 7.0±0.17 5.9-8.3 

Group 15 16 217.3 ± 2.17 195-230 7.0 ± 0.20 5.8-8.8 

Group 16 15 212.3 ± 2.03 193-225 6.5 ± 0.16 5.5-7.6 

There were no significant differences in initial mean mass and SVL for 

snakes in all five groups at the start of the trial (ANOV A: SVL F4,?6 = 
1.942, P = 0.112; mass F4,76 = 1.441, P = 0.229). 

Final mean mass and SVL are summarised in Table 2.6. 

Table 2.6 Final mean SVL and mass of N. Ater from Christmas 

Island subject to two feeding frequencies and two feeding 

quantities, housed at high and low density. 

(n) SVL±SE(mm) Range (mm) Mass± SE (g) Range (g) 

Group 1 19 291±1.9 273-307 11.6 ± 0.2 10-13.7 

(Control) 

Group 13 15 271±4.2 238-297 10.9 ± 0.3 7.8-13.2 

Group 14 15 263 ± 2.2 252-276 9.4 ± 0.2 8.0-10.7 

Group 15 16 266 ± 2.5 245-282 8.4 ± 0.2 7.1-10.0 

Group 16 15 248 ± 3.2 220-268 6.7 ±0.2 5.5-7.7 

Summary statistics for juveniles born of Christmas Island stock housed at 

high density are presented in Appendix B, Table;B.5. Density did not affect 

response to the different diet frequency and quantity (Diets 1to4); 
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responses were similar to those of snakes maintained individually, although 

the differences were less defined (see relevant ranges in Tables 2.4 and 2.6). 

A comparison of juvenile snakes from Christmas Island stock fed Diet 1 and 

maintained at low and high density demonstrated differences in most 

parameters measured. Summary statistics are presented in Appendix B, 

Table B.6. There were no significant differences in condition (SVL to mass 

ratio) or final mass as a result of high density housing (Appendix B, Table 

B.6). However, snakes maintained at low density were significantly longer 

at the end of the trial, and demonstrated better conversion of food to mass 

and SVL during the 12 week period (Appendix B, Table B.6). 

Consequently, I conclude that high density housing suppresses SVL growth. 

2.3.3 Inter-moult period for all populations at both housing densities 

No clear trends for the inter-moult period emerged in the 12 week trial 

period, with all snakes moulting only once during the experimental period. 

Those snakes subjected to both the low frequency and low quantity diet took 

substantially longer to moult than animals on the other three diets (P < 

0.01). The time taken to moult by snakes maintained at high densities was 

not affected by the branding, as the time taken to moult was similar for all 

five groups (P>0.05). Branding damaged the skin but did not reduce the 

inter moult period. 

2.3.4 Mortality rates and feeding ability at both densities 

The poor growth exhibited by snakes maintained on Diet 4 was similar for 

all populations. Theoretically inadequate diets should affect mortality rates 

equally for all three populations, but this was not the case. Mortalities for 

the trial groups are summarised in Table 2.7. Initially there were 20 

individuals in each diet group for each population maintained at low 

density, and 16 individuals in each group maintained at high density. 
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Table 2.7 Total number of deaths for the three discrete island 

populations at both low density housing (LDH) and high 

density housing (HDH). 

Diet 1 Diet2 Diet3 Diet4 

total mortality total mortality total mortality total mortality 

dead (%) dead (%) dead (%) dead (%) 

(n) (n) (n) (n) 

Christmas 1 5 0 0 0 0 1 5 

Island-(LDH) 

Christmas 0 0 1 6.7 1 6.7 0 0 

Island-(HDH) 

Forsyth Island 0 0 0 0 1 5 0 0 

(LDH) 

Storehouse 7 35 0 0 4 20 5 25 

Island (LDH) 

Mortality rates were similar for Christmas and Forsyth Island snakes at low 

densities, and for Christmas Island snakes maintained at high density. The 

snakes from Storehouse Island showed a greater mortality rate than the other 

two populations. In particular, there was a high mortality rate for 

Storehouse Island snakes (Group 13) maintained on the best diet (Diet 1) 

but surprisingly fewer deaths among Storehouse Island snakes maintained 

on the poorest diet (Group 16, Diet 4). However, the mortality rate for these 

animals jumped to approximately 60% in the two months immediately 

following the trial (see Chapter 7). 

In contrast to mortality rates, the development of voluntary eating habits did 

follow the expected pattern, with several snakes from Christmas and Forsyth 

Island maintained on the high frequency diets developing voluntary feeding habits 

by the end of the trial. Summary data for the number of snakes from each 

population eating voluntarily by the end of the trial are provided in Table 2.8. No 

snakes were eating voluntarily at the start of the trial. 
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Table 2.8 Total number of juvenile N. ater from each population 

feeding voluntarily at low density (LDH) and high density 

housing (HDH) at the end of the trial. 

Christmas Island Forsyth Storehouse Christmas Island 

(LDH) (n) Island (n) Island (n) (HDH) (n) 

Total No. eating 

voluntarily 6 16 0 16 

Only 38 snakes, all from Diets 1and2 and housed at low densities 

developed voluntary eating habits by the end of the trial (Table 2.8). No 

snakes from Storehouse Island had started to eat voluntarily. Snakes from 

Forsyth Island (Groups 5-8) and snakes from Christmas Island housed at 

high density (Groups 13-16) developed voluntary eating habits faster than 

snakes derived from Storehouse Island (Groups 9-12) and Christmas Island 

juveniles maintained at low density (Groups 1-4). The majority of the 

snakes that did develop voluntary feeding habits did not do so until the final 

weeks of the trial. 

2.4 Discussion 

The use of fixed frequency and quantity diets for tiger snakes was totally 

inappropriate, and of no value in terms of improving growth for commercial 

gain. The trial was stopped prematurely as it was obvious that the quantities 

of food chosen were grossly inadequate. Even under the best diet used, 

growth rates were an order of magnitude slower than that achieved by 

Barnett et al. (1985) and Fearn (1993). 

These trials were the culmination of poor management practices that were 

rectified immediately after the cessation of this trial. They were the first 

attempt at the application of any scientific methodology to determine 

suitable feeding and or husbandry parameters for large scale breeding of N. 

ater at the establishment. The treatment of the juveniles prior to the trials 

was in itself, problematic. All the snakes available for the experiment had 

been placed in a poorly heated room for several weeks beforehand. This 
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was unavoidable, as construction of the constant temperature room was not 

completed prior to their birth. Feeding prior to the trial was difficult as 

temperatures were not controlled in the temporary accommodation, and 

most individuals did not receive adequate quantities of food during the eight 

weeks from birth to the start of the trial. 

The initial substandard treatment of the juveniles was exacerbated by the 

small quantities of food and low feeding frequencies chosen. Of the diets 

used, feeding high quantities frequently represented the best parameters for 

growth, and the best indicators of potential growth achievable. Therefore 

developmental differences between the islands were best determined by 

comparison of neonates maintained on this diet. The poorer diets served 

only to determine which population lost the least condition and maintained 

the lowest mortality rates under arduous conditions. 

Nevertheless, several interesting trends emerged from comparison of the 

three populations housed at low density. All three populations responded 

similarly to the different frequency and quantity diets, with consistent loss 

of condition under poorer diets. Snakes from Storehouse Island were less 

resilient than those from the other islands, and increase in mass was linear, 

for these snakes, rather than the typical exponential pattern observed in 

snakes from Christmas and Forsyth Island. Mortality rates for the 

Storehouse Island juveniles was five to six times that of the other two island 

snakes, but even with a 37% mortality rate, the rates achieved were a great 

improvement on the pre-existing mortality rates of approximately 66% for 

the previous two years cohorts. 

Of the two remaining populations, the general trend was for those snakes 

fed similar quantities of food over the trial period, but at different 

frequencies and quantities, to demonstrate similar growth rates. It would be 

premature, however, to conclude from these data that feeding frequency 

does not affect growth rates and that only the quantity of food consumed 
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determines the rate of growth. In order to clarify this possibility, further 

work was carried out in Chapter 3. 

Feeding N. ater low quantities less frequently did at least provide some 

indication of which snakes could best withstand adverse conditions. The 

growth checks and loss of condition were obvious in all groups, but 

subsequent mortality varied considerably from 0% for Christmas Island 

snakes to 60% for the Storehouse Island snakes. 

High density housing did result in growth characteristics that differed from 

those of snakes caged at low density; responses were generally depressed 

and the differences associated with the four diets were consequently less 

defined than in the snakes at low densities. Thus, increase in mass and SVL 

per unit of food consumed was lower, and the rate of increase in mass and 

SVL was slower. Reduced growth rates and stress have been recorded in 

tadpoles maintained at high density (Voigt, 1991) and other commercial 

species such as fish (Teng and Chua, 1978; Eyeson, 1983; Klinger, et al., 

1983) and crustaceans (Mills and McCloud, 1983). Juvenile alligators, 

Alligator mississippiensis, maintained at high densities showed reduced 

growth (Joanen and McNease, 1987; Elsey et al., 1990), suggesting that 

most farmed reptile species benefit from low density housing. 

Digestion and assimilation of food are temperature dependent processes in 

ectotherms (Charland and Gregory, 1989) and animals may alter body 

temperature to maximise growth in response to food availability (e.g. Brett, 

1971). A high metabolic rate speeds growth but incurs higher energetic 

costs for body maintenance (Charland and Gregory, 1989). This 

relationship is likely to hold for other reptiles also (Huey, 1982), and the 

maintenance of snakes at constant temperature restricts their ability to 

optimise growth from the available food source. Post partum rattlesnakes, 

Crotalus viridis, fed at low feeding rates (one food item per two weeks) 

were able to maintain similar growth patterns to C. viridis fed at high 

feeding rates (one food item per two days) (Charland and Gregory, 1989), 
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when maintained in outdoor enclosures that allowed them to 

thermoregulate. In comparison, the N. ater fed at the two frequencies 

defined in this study were unable to thermoregulate in the constant 

temperature room, and the growth patterns that resulted presumably include 

any adverse effects of constant temperature on poorly fed captive reptiles. 

Snakes fed the low quantities and low frequencies may have been able to 

improve efficiency rates and maintain better condition if they had been able 

to lower their body temperatures and slow metabolic processes. 

The poor growth of all snakes was emphasised by the time taken to develop 

voluntary feeding behaviour. Voluntary feeding was restricted by the lack 

of food offered, and the random feeding frequency for the time period from 

birth to the start of the trial. More snakes from Christmas Island maintained 

at high density did develop voluntary feeding habits than those housed at 

low density, suggesting that high density housing may decrease the time 

taken to develop this behaviour, perhaps as a result of increased interaction. 

However, the relatively low numbers of voluntary feeders achieved in the 

trials overall make this suggestion tentative at best. 

However, if voluntary feeding had been more widespread, then the 

incidence of cannibalism would probably have increased. Cannibalism 

within N. ater has been reported previously (Schwaner, 1985; Schwaner and 

Sarre, 1988; Fearn and Spencer, 1995) and in other snake species (O'Shea, 

1994; see Greer, 1997 for comprehensive list), and several cases of 

attempted cannibalism were stopped in these trials, necessitating 

resuscitation of the partially consumed snake and wasting staff time. The 

majority of incidences of cannibalism occurred soon after feeding, 

supporting the need to separate snakes when feeding if maintained at 

densities greater than one individual per cage. 

Post feeding cannibalism was not restricted to caged juveniles, with several 

mortalities due to asphyxiation after partial consumption by another snake 

among animals housed in outdoor communal pits. If the snakes require 
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separation for feeding, then they might as well be maintained in separate 

cages, since time would be wasted transferring snakes to temporary cages 

for every feeding occurrence. Consequently, a very strong recommendation 

was made to the fa~ owner that there was no advantage in housing snakes 

at higher densities, as growth was reduced, cannibalism was encouraged and 

there were no savings in time. This recommendation was accepted and for 

all future trials juveniles were housed individually. 

The poor growth rates of snakes on fixed quantity diets demonstrated that 

snakes need to be able to choose food quantities to suit their individual 

needs. With small modifications, an ad libitum feeding method would 

benefit the commercial production of tiger snakes. A true ad libitum diet 

would involve feeding to excess, immediately after digestion and defecation 

of the previous meal. Digestion can take 3-10 days, depending on 

temperature, the size of the meal and the moulting status of the individual. 

As it is impractical to feed large quantities of N. ater using the true ad 

libitum method, the logical compromise is that snakes should be fed to 

excess but on a fixed time frame. Feeding on a fixed time frame partially 

negates the true definition of ad libitum feeding, removing the flexibility to 

feed each individual as it completes digestion of its previous meal. 

However, if a time frame is chosen based on an average digestion time 

under defined environmental conditions, then the majority of snakes would 

not suffer from fixed time frame feeding. 

The condition that would exert most influence on digestion time would be 

the cage temperature range available to the snake. As there was little 

difference in growth rates of snakes fed equivalent quantities weekly or 

fortnightly, a reduction of feeding to once per fortnight would effectively 

halve the labour costs incurred through feeding. This led to the examination 

of feeding frequency in Chapter 3. 

Commercial Production of Juvenile Notechis ater 32 



Optimal Feeding Frequency 

3.0 INVESTIGATION OF OPTIMAL FEEDING 

FREQUENCY 

3.1 Introduction 

Commercial considerations require a feeding regime for the large scale 

production of tiger snakes to be efficient and cost effective as well as 

meeting the animals' biological requirements. However, the quantity of 

food required to optimise the growth of N. ater has not previously been 

quantified. The investigation described in Chapter 2 demonstrated that there 

are minimum requirements for achieving any growth in juvenile N. ater, but 

did not address the question of what were the ideal quantities required for 

acceptable commercial growth. The optimal growth rate required in 

commercial enterprises is not necessarily the fastest growth rate, since this 

may not provide the most efficient conversion of food into tissue. The 

available data for maximum achievable growth rates were obtained in 

individual rearing programmes in which food was offered as soon as a snake 

was prepared to eat again after a meal (Barnett et al., 1985; Fearn, 1993). A 

feeding schedule such as this may result in as many as three to four feeds 

per fortnight. 

However, feeding once per fortnight is probably not uncommon in the wild 

and has been used in previous trials for post partum rattlesnakes, Crotalus 

viridis (Charland and Gregory, 1989). A commercial venture is unlikely to 

be able to afford a feeding frequency greater than once per week due to 

labour constraints; this was certainly true for the present study. It may be 

possible that an enterprise involving 1 000-15 OOO snakes could achieve cost 

effective growth rates by feeding less frequently than once per week. This 

would inevitably increase the time taken to reach marketable size, but cost 

per marketed item, including labour, might be substantially reduced by 

manipulating feeding frequency. The work reported in this study was 

conducted in order to identify an acceptable compromise between reduced 
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growth and reduction in overall effort (on the one hand), and the need to 

obtain a marketable size as early as possible in the other. 

The growth rates of snakes on fixed quantity diets (see Chapter 2) suggested 

that a modified ad libitum feeding method as currently used by 

herpetologists, should benefit the commercial production of tiger snakes. A 

true ad libitum system would involve feeding to excess, immediately after 

digesting the previous meal. In a commercial situation, the snakes would be 

fed to excess, but on a fixed time frame. Digestion can take 3-10 days, 

depending on temperature and the size of the meal. Feeding trials carried 

out in Chapter 2 implied, but did not prove, that similar growth rates 

occured in snakes fed equivalent quantities per fortnight, at weekly and 

fortnightly frequencies; thus reduction of feeding frequency to once per 

fortnight could effectively halve the labour costs incurred through feeding. 

During the first months after birth, most juvenile snakes in captivity require 

assistance with feeding until they learn voluntary eating behaviour. At the 

conclusion of the initial three month trials (see Chapter 2) most snakes were 

still not eating voluntarily. This was clearly a labour intensive part of the 

rearing schedule, so early onset of voluntary eating has the potential to 

substantially reduce labour costs. Thus reduction in feeding frequency 

would only bring benefits if there was little or no effect on the time taken to 

commence voluntary feeding behaviour. 

Two populations of snakes were assessed. Both populations were from 

small islands located in Bass Strait, where food sources for young snakes 

may be either always low, or seasonally abundant. Snakes from one 

population may respond more favourably to a reduced feeding frequency 

than another, in response to selection pressures incurred through differences 

in prey availability (Shine, 1987). Christmas and Forsyth Island are vastly 

different in size, aspect, elevation and location. The differences in the 

ecology of each island may be reflected in the response of snakes derived 

from these islands to the different frequencies investigated. Consequently, 
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for this part of the study, the responses of juvenile N. ater to two feeding 

frequencies from Christmas and Forsyth Island of snakes were compared. 

3.2 Methods 

Snakes derived from Forsyth Island and Christmas Island stock were 

randomly selected from the groups fed low set quantities of food weekly and 

high set quantities of food fortnightly, from the initial fixed quantity food 

trials described in Chapter 2 (Diets 2 and 3). Both groups had consumed the 

same quantity of food over the trial period but at different frequencies and 

quantities. No significant difference in mass and SVL was detectable 

between groups at the end of that trial (see Chapter 2). Storehouse Island 

snakes were not used after the work described in Chapter 2 because of their 

poor survival rates and unwillingness to eat voluntarily. 

From each population two groups were selected and placed into one of two 

feeding frequencies for 20 weeks. Forsyth Island snakes were placed in 

groups A and B and Christmas Island snakes were placed in groups C and 

D. All four groups initially had 20 individuals each; data from snakes that 

subsequently died were removed from the analyses. Groups A and C were 

fed once weekly and Groups Band D once fortnightly. Snakes were fed ad 

libitum, if feeding was voluntary, or fed between one third to one half their 

body weight when needing assistance to feed. Food intake greater than one 

third to one half of last known body weight generally to regurgitiation of the 

meal in non experimental snakes prior to this work, rendering the feeding 

trial useless. Food intake·, feeding ability, moult frequency, and mortalities 

were recorded weekly while mass and snout vent length (SVL) were 

recorded at four weekly intervals for each trial group. 

All snakes were housed in cardboard boxes (300 x 240 x 200 mm), with an 

egg carton hide and water bowl. The cages were maintained in a constant 

temperature room at 25-28°C, and were cleaned once a week using a 

Hibitaine ™solution diluted 1:100 with hot water. 
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Light was supplied by 8 fluorescent tubes on a 12 light/12 hour dark cycle. 

A single Trulite ® growth tube was moved around the room on a weekly 

rotation, providing ultra violet light to assist in the synthesis of vitamin D. 

The prohibitive cost of the Trulite ®tubes meant that only one was made 

available by the owner. 

Statistical analyses of growth parameters (mass and SVL) were carried out 

by using repeated measures ANOV A, or at-test of overall change in the 

parameter if the test assumptions were not met, using the software packages 

SYSTAT® or Statgraphics®. Initial size of individuals in each group was 

analysed using an ANOV A. Assumptions were met prior to using relevant 

analyses. 

3.3 Results 

3.3.1 Growth Parameters 

Summary data for the two populations of snakes at the start of the 

experiment are presented in Table 3.1. 

Table 3.1 Initial mean mass and SVL of N. ater in the four groups 

used to investigate feeding frequency. 

Group (n) SVLSE(mm) Range (mm) Mass± SE(g) Range (g) 

A 19 283 ± 2.8 265-306 9.6 ± 0.26 7.4-12.6 

B 12 280 ± 2.5 264-298 9.6 ± 0.22 8.5-11.1 

c 19 265 ± 1.9 254-282 8.9 ±0.20 7.6-11.2 

D 20 261±2.8 238-289 8.9 ± 0.22 7.4-11.9 

There were no significant differences in either mass or SVL within populations, 

and no inter-population differences in the mass of juveniles (ANOV A: mass F3,66 

= 3.028, P = 0.036; Tukeys post hoe test, P>0.109). However, Forsyth Island 

juveniles were significantly longer at the start of the experiment than the 

Christmas Island juveniles (ANOVA: SVL F3,66 = 16.698, P < 0.001; Tukeys post 

hoe test, P<0.003). 
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3.3.2 Responses of Forsyth Island Snakes 

Feeding juvenile N. ater from Forsyth Island fortnightly ad libitum resulted 

in significantly lower final mass and SVL during the 20 week trial period 

than in conspecifics fed weekly (t-test: SVL, t29 = 4.644, P <0.001: Mass t29 

= 4.648; P < 0.001) (Figures 3.1and3.2). 
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However, the efficiency of feeding, as measured by the change in SVL per 

unit of food consumed, was similar for both groups (Repeated measures 

ANOVA: change in SVL per unit of food consumed, F 1,64 = 0.106, P = 
0.746) (Figure 3.3). In contrast, the change in mass per unit food consumed 

for Group B was significantly less than Group A, particularly in the final 

month of the trial (Repeated measures ANOV A: change in mass per unit of 

food consumed, F1,64 = 24.722, P <0.001) (Figure 3.4). 
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The SVL to mass ratio decreased with time in both groups, indicating that as 

time went by snakes were becoming bulkier; the change was greatest in the 

group fed once per week (t-test: final SVL to mass ratio, t29• = -5.392, P < 

0.001) (Figure 3.5). 
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The rate of decline of the SVL to mass ratio (mean ± SE) of 

juvenile N. ater from Forsyth (Groups A and B) subjected to 

two feeding frequencies, once weekly and once fortnightly. 

There was no difference in the time taken to develop voluntarily feeding 

habits from the start of the trial period. Only one snake in each Forsyth 

Island group (Groups A and B) was not feeding voluntarily after week 7; all 

of the snakes fed weekly (Group A) ate voluntarily by week 17 and all of 

those fed once per fortnight (Group B) ate voluntarily by week 15. 

Feeding frequency resulted in significant differences in both moult 

frequency and inter-moult time (unpaired t-test: number of moults, t29 = 

2.499, P=0.018: time between moults, t29 = 2.499, P = 0.001). Snakes fed 

fortnightly took longer between moults and therefore underwent fewer 

moults than snakes fed weekly. 
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3.3.3 Responses of Christmas Island Snakes 

The responses of the Christmas Island juveniles were similar to those of the 

equivalent Forsyth Island groups. Feeding Christmas Island N. ater once 

per fortnight significantly reduced the increase of both mass and SVL 

achieved during the 20 week trial period (t-test: Mass t37 = 7.421, P < 0.001: 

SVL, t37 = 7.768, P < 0.001) (Figures 3.6 and 3.7). 
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Changes in SVL per unit of food quantity consumed were similar for both 

groups (Repeated measures ANOV A: change in SVL per unit of food 

consumed, F1,3s = 1.298, P = 0.262) (Figure 3.8); however the total change 

in mass relative to food consumption for Christmas Island snakes fed once 

per fortnight (Group D) was significantly lower than in those fed once per 

week (Group C) (t-test: change in mass per unit of food consumed, t37 = 
5.617, P < 0.001) (Figure 3.9). 
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The SVL to mass ratio was significantly lower at the end of the trial in the 

snakes fed once per week, indicating a more rapid increase in bulk (t-test: 

SVL to mass ratio, t37 = -7.293, P < 0.001) (Figure 3.10). 
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Figure 3.10 The rate of decline of the SVL to mass ratio (mean ± SE) of 

juvenile N. ater from Christmas Island subjected to two 

feeding frequencies, once weekly (Group C) and once 

fortnightly (Group D). 

The Christmas Island snakes, from both feeding regimes, took longer to 

develop voluntary eating habits than the snakes from Forsyth Island. All the 

snakes from Christmas Island on the weekly feeding regime had developed 

voluntary eating habits by completion of the trial period (week 20) whereas 

only 13 of the 20 snakes fed fortnightly developed voluntary feeding habits 

by week 20. 

3.3.4 Comparison Between Populations 

Snakes from the two populations responded differently to the two feecling 

frequencies. The data for rate of change of mass and SVL failed to meet the 

assumptions for Repeated measures ANOV A, so a t-test was carried out on 

total mass and SVL increase over the trial period. Summary data for the 

final mean mass and SVL for all four groups are provided in Table 3.2. 
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Table 3.2 Final mean mass and SVL of N. ater from Forsyth Island 

(Groups A and B) and Christmas Island (Groups C and D). 

Group (n) SVL±SE(mm) Range (mm) Mass± SE(g) Range (g) 

A 19 428 ± 11.0 345-505 38.8 ± 2.75 21.1-60.0 

B 12 366 ± 6.7 330--410 21.9 ± 1.50 14.5-31.5 

c 19 394 ± 7.3 338--450 31.3 ± 1.76 17.8--47.1 

D 20 332 ± 5.6 285-368 17.5 ± 0.81 10.5-25.3 

Forsyth Island juveniles showed a larger final mass than Christmas Island 

snakes in both weekly (t-test: fed weekly t36 = 2.116, P = 0.041) and 

fortnightly (t-test: t30 = 2.485, P = 0.019) feeding frequencies. There was no 

difference in the total change in SVL for weekly fed snakes from each island 

(Groups A and C) (t-test: t36 = 1.428, P = 0.162). However, the total change 

in SVL in Group D was lower than in Group B (t-test: t3o = 2.049, P = 

0.049). 

The ratio of SVL to mass decreased more slowly in Group C than in Group 

A (Repeated measures ANOV A: F 1,36 = 4.777, P = 0.035) but was similar 

for Groups B and D (t-test: t30 = -1.989, P = 0.056) indicating that Forsyth 

Island snakes bulked up faster than Christmas Island snakes when fed 

weekly, but the responses of snakes from both islands to the lower feeding 

frequency were similar (Figure 3.11). 
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Figure 3.11 The rate of decline of the SVL to mass ratio of juvenile N. ater 

from Forsyth (Groups A and B) and Christmas (Groups C and 

D) Island subjected to two feeding frequencies, once weekly 

and once fortnightly. 

Both populations showed similar increases in mass relative to food 

consumption, whether fed fortnightly (t-test: t30 = 0.928, P = 0.361) or 

weekly (Repeated measures ANOVA: F 1,36 = 0.115, P = 0.737) (Figure 

3.12). 
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Figure 3.12 Increase of mass (mean ± SE) relative to food consumption of 

juvenile N. ater from Forsyth Island fed weekly (Group A) and 

fortnightly (Group B) intervals. 
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Further analysis of conversion of food to body mass is summarised in Table 

3.3. 

Table 3.3 Proportion of food consumed converted to body mass by 

N. ater from Forsyth (Groups A and B) and Christmas 

(Groups C and D) Island subject to two feeding 

frequencies. 

Group Feeding (n) Mean increase in body Range (gig) 

frequency mass per gram of food 

consumed± SE (gig) 

A weekly 50 0.27 ± 0.026 -0.60-0.63 

B fortnightly 57 0.20 ±0.024 -0.61-0.79 

c weekly 95 0.26 ± 0.012 0.00-0.75 

D fortnightly 96 0.15 ± 0.015 -0.45 -0.51 

In both populations, the groups fed weekly (Groups A and C) were 28-40% 

more efficient at converting food to body mass than the snakes fed 

fortnightly (Groups B and D) (Table 3.3). Within populations, Group A 

gained 7.3% more body mass than Group Band Group C gained 10.5% 

more body mass than Group D, relative to the quantities of food consumed. 

There was very little difference between the populations when fed weekly 

(Table 3.3), but fortnightly feeding apparently restricted growth more in the 

Christmas Island animals than in those from Forsyth Island and there was a 

4.1 % difference in mass gain per unit of food consumed. 

The increase in SVL per unit of food consumed was greater for Group A 

than Group C (Repeated measures ANOV A: F 1,36 = 4.687, P = 0.037) but 

was similar for Groups B and D (Repeated measures ANOV A: F 1,26 = 
0.014, P = 0.907) (Figure 3.13). 
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Figure 3.13 Increase in SVL (mean + SE) relative to food consumption of 

juvenile Nater from Forsyth and Christmas Island fed weekly 

(Groups A and C) and fortnightly (Groups B and D) intervals. 

The poor conversion performance of the Christmas Island juveniles fed 

fortnightly was reflected in the total quantity of food consumed for the 

duration of the trial. The relative quantities of food consumed are 

summarised in Table 3.4. 

Table 3.4 Total food consumption (mean ± SE) per snake for each 

experimental group. 

Group A B c D 

Total food consumed (g) 100 ± 6.3 60 ± 5.0 82 ± 4.1 45 ± 2.8 

The average quantity of food consumed per snake from both islands fed 

once per week (Groups A and C), was nearly twice that of those snakes from 

both populations fed once per fortnight, as expected. The quantity of food 

consumed was similar for all groups in the first three months, as all were 

still learning voluntary eating behaviour, and all were fed similar amounts as 

specified in the methods section (Section 3.2) (Figure 3.14). 
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Figure 3.14 Food intake (mean ± SE) of juvenile N. ater from Forsyth 

(Groups A and B) and Christmas (Groups C and D) Island per 

four week period. 

However, Forsyth Island snakes ate more than Christmas Island snakes 

when fed either weekly (t-test: total food consumed, t36 = 2-438, P = 0.020) 

or fortnightly (Repeated measures ANOVA: F1,3o = 7.280, P = 0.011) 

(Figure 3 .14 ). The low consumption of Group D was due to an inability to 

eat voluntarily. 

The time between moults in each feeding regime was similar for snakes 

from both islands, but feeding frequency produced significant differences 

CANOVA: time between moults, F1,14s. = 9.298, P < 0.001 : Tukeys post hoe 

test, Group A - Group C and Groups B - Group D, P > 0.92; Groups A and 

C- Groups B and D, P < 0.011). Summary data for moult frequency and 

time between moults for all four groups are presented in Table 3.5. 
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Table 3.5 Comparison of the number of moults and inter-moult 

period for N. ater for the entire trial period. 

Group (n) Mean number of Range Mean inter- Range Total 

moults for the trial (weeks) moult period (weeks) number of 

period ± SE (n) ±SE (weeks) moults 

A 19 2.5 ± 0.18 1-4 6.1±0.35 3-14 39 

B 12 1.8 ± 0.21 1-3 5.4 ± 0.29 3-9 23 

c 19 2.4 ± 0.19 1-4 5.8 ± .035 3-16 46 

D 20 2.0 ± 0.21 1-4 8.0 ± 0.50 2-15 38 

3.3.5 Time Savings 

The time spent feeding those snakes that required assistance to feed was 

greater than for snakes that ate voluntarily. Self feeding snakes only 

required their food to be placed in the cage, with any uneaten food or 

regurgitated bolus removed the next day. Snakes needing assistance had to 

be pinned, picked up safely, hand fed some or all of the food, and checked 

the next day for any regurgitation. The time involved was 0.5-1 minute to 

feed a snake eating voluntarily, compared to 2-5 minutes to feed a snake that 

required assistance, depending on the level of assistance and the quantity of 

food to be fed. 

The time taken to develop voluntary feeding habits was dependent on 

feeding regime (ANOV A: time taken to develop voluntary eating habits, 

F1,147. = 8.670, P < 0.001: Tukeys post hoe test, snakes within the same 

treatment from both islands, P > 0.92, snakes from different treatments from 

both islands P < 0.018). Christmas Island juveniles fed once per fortnight 

did not develop voluntary feeding habits by the end of the trial, suggesting 

that this population was less suited to fortnightly feeding than Forsyth Island 

snakes. Forsyth Island juveniles fed once per fortnight were not 

disadvantaged, developing voluntary feeding habits before their weekly fed 

counterparts. In terms of time savings, Forsyth Island snakes would be 

acceptable for a fortnightly feeding regime if the resulting decrease in 

growth rate fell within commercial constraints. 
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3.4 Discussion 

It is clear that juvenile Notechis ater need to be fed at least once a week to 

maintain growth rates that will enable them to reach a marketable size 

within a reasonable time (12-15 months). Any lower frequency would 

check growth and possibly stunt it permanently. When fed once per 

fortnight, growth was reduced and most energy input appeared to be utilised 

for maintenance needs, whereas the extra food from feeding once per week 

allowed acceptable growth rates, particularly in terms of increase in mass. 

Snakes fed fortnightly were approximately 1.5 to 2 months behind those fed 

more frequently, at the end of the six month period, for both populations. 

This translates to a projected time to reach a marketable size of 18-24 

months, compared to 12-15 months. From a commercial perspective this 

increase in time to market is not acceptable. 

Individuals fed weekly showed similar curvilinear growth patterns to that 

obtained by Barnett and Schwaner, (1985), suggesting that the diet chosen 

for commercial trials resulted in growth responses comparable to those 

obtained by amateurs. However, snakes fed fortnightly showed a linear 

increase in SVL and mass. In addition, the change in mass per unit of food 

was substantially less for the snakes fed fortnightly than in those fed once 

each week, indicating that conversion efficiency was impaired. 

In a similar study, post partum female rattlesnakes fed infrequently did not 

show any difference in rate of growth over a five month period when 

compared to females fed at a high frequency (Charland and Gregory, 1989). 

Feeding frequencies were similar to those used for N. ater. The explanation 

given by Charland and Gregory, (1989) was that snakes fed at a low 

frequency were able to prevent the loss of condition by modifying their 

thermoregulatory behaviour. In contrast, the snakes in the present trial were 

maintained at constant temperature, and therefore were unable to 

thermoregulate. Snakes allowed to thermoregulate may be able to reduce 
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maintenance energy requirements by reducing the amount of time spent at 

higher body temperatures. 

It can take up to 8-12 hours for one person to feed 300-500 juveniles that are 

eating voluntarily (not taking into account time to clean cages) compared to 

16-40 hours for the same number of juveniles needing assistance to feed. If 

juveniles that required assistance to feed were fed once per fortnight, then 

the time taken to feed 300-500 juveniles is comparable to feeding the same 

number of individuals that eat voluntarily, once per week (8-20 hours). The 

majority of snakes fed once per fortnight from Christmas Island required 

assistance for the duration of the trial, whereas the majority of the Forsyth 

Island snakes fed both weekly were feeding voluntarily by week 7 of the 20 

week trial. The time taken to feed the two groups, therefore, was similar, 

but the food intake was halved for those snakes fed once per fortnight. 

It was anticipated that a snake subjected to a higher feeding frequency 

would develop voluntary feeding faster through increased exposure, as was 

demonstrated in Chapter 2. However, the snakes from Forsyth Island fed 

once per fortnight demonstrated that frequency of exposure to food was not 

a primary factor in the development of voluntary feeding. It may be that the 

treatment of the snakes prior to this trial influenced normal behavioural 

development. Ideally, an assessment of the true time required for the 

development of feeding behaviour should be carried out on new-born 

individuals not affected by substandard conditions in the first months of 

their life. 

The rate at which mass increased in snakes fed at the lower frequency was 

linear, whereas in those snakes fed more frequently the increase was 

exponential. Based on these data, it is apparent that snakes fed less 

frequently will not develop into marketable animals within the time frame 

required. Furthermore, snakes that exhibit linear mass increase often cease 

growing eventually and may die (see Chapter 2). 
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Barnett and Schwaner, (1985) and Fearn (1993) used feeding frequencies 

greater than once per week. This resulted in snakes growing to more than 1 

m in length and 0.5-1 kg within a 12 month period. However, the feeding 

methods used by these authors are difficult to apply for large numbers of 

snakes. When 500 snakes need to be fed, the maximum time that can be 

spent on each snake is only 5 minutes, including cleaning the cage. Feeding 

frequencies greater than once per week are not cost effective in terms of 

labour. With a feeding frequency of once per week, tiger snakes would 

reach marketable size in 12-15 months. 

The optimal feeding frequency would probably be once every 5-6 days, 

which would involve feeding animals twice in the same week every 5-6 

weeks. This was not tested because the labour involved in maintaining adult 

snakes and the mouse colony greatly restricted the time available for work 

on juveniles. My experience suggests that the use of improved housing, as 

described in Chapter 4, together with an alternative food source such as that 

investigated in Chapter 6, would make a five to six day feeding frequency 

possible. 

The results obtained in this trial suggest that Forsyth Island juveniles are 

better suited to varying conditions than animals derived from Christmas 

Island stock. The Forsyth Island snakes are larger at birth, eat voluntarily 

sooner, take larger food items earlier, are more resilient during stressful 

conditions and are easier to handle than the Christmas Island snakes. When 

fed fortnightly, the Forsyth Island juveniles, although smaller than their 

counterparts fed weekly, were of similar size to the Christmas Island snakes 

fed more frequently. They developed voluntary eating behaviour faster than 

either of the Christmas Island trial groups and maintained condition when 

fed less frequently. For commercial purposes, stock are required to grow 

well in good conditions, and maintain condition in poorer conditions. 

Christmas Island juveniles did not respond well to the sub optimal 

conditions that arose from feeding once per fortnight at constant 
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temperature, and should therefore be considered inferior to the Forsyth 

Island stock for commercial production. 
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4.0 THE DEVELOPMENT OF A LARGE SCALE 

HOUSING SYSTEM 

4.1 Introduction 

Successful maintenance in captivity of large numbers of herpetofauna 

presents considerable logistic and economic problems. The difficulties are 

exacerbated when the objective is the commercial husbandry of a highly 

venomous species, such as Notechis ater. A major objective of this project 

was to develop a housing protocol for this species that was both biologically 

successful, so that the health and successful growth of the snakes could be 

guaranteed, and economically feasible. Strict financial constraints were 

imposed, so there was little opportunity for a "trial and error" approach. As 

there are few published accounts of the consideration of, or attempts to, 

'farm' captive snakes (Mirtschin, 1976, 1982, 1985, 1988, 1990; Mirtschin 

and Davis, 1995; Madsen and Shine, 1993), the only sources of advice were 

amateur herpetologists and operators of commercial displays. In order to 

meet the instruction to develop housing that required minimum maintenance 

at minimum cost, a number of requirements were identified. 

4.2 Housing Requirements 

Commercial considerations for housing herpetofauna include biological 

requirements, costs of installation and maintenance, and the level of animal 

husbandry required. Snakes are labour intensive animals to maintain, and 

there are several basic requirements for housing any number of snakes . 

removed from their natural environment. Tiger snakes need water, a readily 

accepted food source, suitable substrate for protection and a place to hide, 

and the opportunity to regulate their body temperature (Prescott, 1988, 

McCracken, 1988; Weigel, 1988). Safe and easy access to the cage is 

needed for cleaning, feeding and observation. 

Amateur and professional herpetologists approach reptile housing according 

to their interest level and financial status. The housing provided involves 
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enclosed boxes or cabinets, and these may range from deep litter pens, 

concrete or corrugated iron outdoor pits, cardboard shoe boxes, fish tanks, 

display cabinets, wooden cages (Weigel, 1988; Mirtschin and Davis, 1995), 

or plastic boxes (M. Wilkinson, pers. comm.). 

Most existing large scale reptile displays are geared for public viewing and 

are designed to capitalise on the curiosity of the public. These displays are 

cost effective because they use few enclosures or display units, often with a 

high turnover of exhibits. They are often located in tropical regions which 

avoids the need to provide heat in order to maintain activity levels in display 

animals. Elsewhere a temperature gradient must be provided so that 

animals can thermoregulate. A gradient enables a snake to adjust its body 

temperature according to need. For example, snakes need a much higher 

metabolic rate after a meal than when starved and/or at rest (Secor and 

Diamond, 1993), and this is assisted by raising body temperature. In large 

scale housing it may be possible to compromise this requirement if constant 

temperature can be shown to produce acceptable production at a reduced 

cost. 

The labour intensive nature of commercial reptile enclosures is not suited to 

the commercial production of large numbers of snakes. For example, the 

provision of natural substrate and the vegetation often used for aesthetic 

purposes and hides also hinders efficient cleaning practices. Likewise, 

watering and feeding are labour intensive as each reptile must be catered for 

individually. Many reptile displays also use live food sources and these 

require separate facilities and husbandry, adding considerable further 

expense and labour. 

Cage lifespan affects hygiene as some types of caging lose their hygiene 

integrity with age. For example, cardboard containers are difficult to keep 

clean as faecal material accumulates in the seams and cracks that result from 

construction of the box. Cleaning requires the safe removal and 

replacement of both substrate and snakes at regular intervals, requiring 
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further investment in time and labour. Cages must be clean since many 

diseases are directly related to unhygienic cage conditions (Prescott, 1988; 

McCracken, 1988; Gow, 1989). These include scale rot, canker, and 

external and internal parasites. The cleaning process must take operator 

safety into account, both in terms of chemicals used and the risk of injury 

due to snakebite. Sterilants must be non-toxic to both snake and handlers, 

and their application must not be detrimental to the integrity of the cage. 

There is no point cleaning a cage with a solvent that will break down the 

cage itself! 

Cages must promote healthy growth and allow for the rapid development of 

individual snakes. Commercially farmed snakes need to be housed in cages 

for the initial stages of their development, to aid monitoring of all aspects of 

husbandry and growth, and to minimise mortality from avian predation in 

outdoor enclosures, which is quite common. For example, when some small 

juveniles were housed in a single outdoor pit at the property where this 

project was conducted, 150 juveniles were lost in a single week to birds. 

When body size exceeds cage limits, the snakes are released to outdoor 

enclosures for growth to maturation and fattening before marketing. 

Consequently cages must be large enough to allow growth to a size that is 

acceptable for release to the outdoor enclosures. Small cages can inhibit 

growth and increase escape frequency as individual snakes grow too big for 

their cage and find it easier to dislodge lids. The snakes must be 

comfortable in the cage, otherwise stress levels may increase incidence of 

disease and loss of appetite (Guillette et al., 1995), reducing growth and 

increasing the incidence of escape. 

A suitable system of shelving is required to support the cages. Shelving 

needs to incorporate lid security, as well as provide sufficient support so that 

movement of the occupants does not cause accidental dislodgement of the 

cages. Lids have to be firm, fit well and be easy to remove and replace so as 

to prevent escape and minimise the risk of snakebite. Notechis has been 

recorded as semi-arboreal (Heatwole et al., 1973; Rawlinson, 1974; Abbot, 
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1978; Webb, 1981; Fearn, 1993), and are therefore capable of climbing up 

shelves if able to escape. The cages need to be stackable to reduce the 

requirements for storage space for replacement cages if a rotation cleaning 

system is used and for all cages in the off season, when the rooms are 

cleaned out. Clear labelling for each cage is vital, especially if the cages are 

cleaned on a rotational basis and cannot have data sheets attached to their 

front. The incorporation of data sheets is preferable to simple labelling, if at 

all possible, since this enables speedy analysis of an animal's history 

(McCracken, 1988; Weigel, 1988; Carmel, 1993). If an animal loses 

condition or if there seems to be an ongoing problem it is easier to assess 

cause from properly maintained husbandry records. When designing 

housing for a highly venomous species, there needs to be space between 

shelves to provide good visibility around and between cages in the event of 

an animal escaping. 

4.2.1 Occupational Health and Safety 

Tiger snakes are a serious potential health risk, and any working conditions 

that detract from employee comfort increase the risk of injury through 

mishandling or reduced concentration. A high incidence of snakebite in 

herpetologists has been recorded, particularly during cage maintenance, and 

has lead to fatalities in the past (Peam et al., 1993; White, 1993). Employee 

comfort is very important. Parameters such as humidity, room temperature 

and clearance around and in enclosures must address both staff safety needs 

and the biological requirements of the snakes. Consideration of housing and 

husbandry costs vary depending on the individual and the level of interest in 

the animal. 
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4.2.2 Amateur Herpetologists 

Amateur herpetology within Australasia suffers from diverse views on its 

status, with a wealth of negative opinions and false information (Ehmann, 

1994; Senate Report, 1998). Very little useful advice or information is 

readily available from amateur herpetologists, as such information is often 

based on "old wives tales" or implementation of inappropriate husbandry 

practices designed for unrelated species. A general lack of understanding of 

the biological requirements of herpetofauna can result in poor animal 

husbandry practices, and the reputation of all herpetologists is subsequently 

tarnished. The animals are usually maintained as objects of curiosity or 

interest; often they are maintained in inadequate, small scale housing 

systems, whether it be a plastic container, cardboard shoe box or even a 

converted sock drawer. The advice offered by such keepers is often useful 

only for very small scale maintenance of herpetofauna, and inappropriate for 

commercial systems. However, those amateur herpetologists that have 

taken the time to fully understand their favoured herpetofauna often provide 

invaluable data and interpretation for the general public and scientific 

community. 

4.2.3 Professional/Commercial Herpetologists 

Serious amateur and professional herpetologists understand and satisfy 

herpetofaunal needs. Maintenance and breeding of herpetofauna usually 

stems from a hobby where cost is often of little or no consequence. Zoos 

and reptile parks house their herpetofauna in structures with a glass front to 

facilitate visual access. These systems incorporate incandescent light globes 

(Plate 4.1) and heat pads or infrared lamps for basking and other 

temperature requirements. 

Artificial substrates mimicking the natural environment are common, 

reducing stress levels by providing sufficient hides for the specimens (Plate 

4.2). 
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Plate 4.2 

Development of a Large Scale Housing System 

Heat lamps used in professional caging at the Melbourne Zoo 

reptile house. 

Additional substrate supplied as hides to enhance the natural 

setting. 

Commercial Production of Juveni le Notechis ater 58 



Development of a Large Scale Housmg System 

Construction details for a number of variations of these housing systems are 

avai,lable from a variety of sources (e.g. Weigel, 1988; Gow, 1989; 

Mirtschin and Davis, 1995). 

Commercial production of large numbers of snakes imposes constraints that 

inevitably lead to compromise. Large scale production removes the luxury 

of aesthetics but requires better husbandry if high density populations with 

maximum growth rates are to be maintained and if adequate levels of 

occupational health and safety are to be provided. The extent of 

compromise determines the optimal housing. In the present project some 

parameters had to be disregarded due to cost, although after the initial trials 

in Chapters 2 and 3, the need to provide some temperature variation within 

cages was argued successfully with the farm owners. The aim was to 

develop a housing system that would provide a temperature range suitable 

for a snake in a cage, constructed from safe, easy to maintain and robust 

material, and in a work place that was comfortable and safe. 

In addition to comfort and safety, the cage or type of indoor enclosure 

chosen must be cost effective over time. Short term savings often le.ad to 

expensive long term overheads that may negate the initial savings. 

Therefore cost benefit analyses were undertaken to determine the most 

economical type of heating and housing. Overheads such as power use, 

insulation, installation and niaintenance costs of the chosen system were 

assessed, in conjunction with the single largest fixed cost, labour, which had 

to be optimised without risking safety by short-staffing the operation. 

4.3 Methods 

The majority of trials prior to this part of the project were carried out in 

cardboard cages in a constant temperature room. This minimised initial 

installation costs since a constant temperature room was constructed using 

materials from pre-existing infrastructure designed for poultry. The 

constant temperature room consisted of two thermostatically controlled 3 

kW fan heaters in a well insulated room (5.3 x 5 x 2.8 m) and the initial 
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instruction from the owners was to use this room for all cage rearing. This 

room was maintained at between 25-28 °C, the preferred temperature of 

Notechis spp. (Shine, 1979; Lillywhite, 1980; Schwaner, 1989, Mirtschin 

and Bailey, 1990). 

After comparison of initial installation costs for individual wooden cages 

such as those used by amateur and professional herpetologists (Plate 4.3), 

two alternative types of housing material were considered, cardboard and 

plastic . 

Plate 4.3 Common cage design used by serious amateur herpetologists. 

Three groups of 9 snakes born in captivity in 1994 to wild caught adults 

from Storehouse Island were housed individually in three housing systems 

for a 20 week period. Two cage types were investigated at constant 

temperature: cardboard (group A) and plastic (Group B). Two heating 

systems were investigated using plastic cages: cages maintained at a 

constant temperature (Group B) and cages provided with a heat gradient 

(Group C). Cardboard and plastic cages were compared at constant 
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temperature only, in order to minimise the risk of fire from placing 

cardboard cages on the heat wire used to provide a thermogradient. 

Cardboard was perceived as being the cheapest option by the owners. 

Corrugated cardboard boxes (300 x 240 x 200 mm) were bought flat packed 

and had to be assembled, using PV A wood glue to secure the tabs that 

formed the base. Lids were constructed from a cardboard rim (305 x 245 x 

40 mm) with fibreglass flywire stapled to the rim. The rim fitted neatly over 

the top edge of the cage. The cage interior was treated with white water 

based paint to waterproof the cage, preventing early breakdown of the 

cardboard from repeated cleaning. 

Translucent plastic cages (300 x 240 x 170 mm) were maintained alongside 

the cardboard cages in the same constant temperature room. To promote air 

circulation, a section (200 x 100 mm) was cut out of each lid, and replaced 

with fibreglass fly wire glued to the underside with Selley's Liquid Nails™. 

The cages were maintained on timber racks in the constant temperature 

room. Temperatures were a little lower than the 28-30 °C range used by 

Barnett and Schwaner, (1985) because otherwise the room became too hot 

and too dry for staff comfort. There was approximately one cage per 0.25 

m3 of space, including several hundred cages occupied by individuals not 

involved in the trial. Light in the constant temperature room was supplied 

by eight fluorescent tubes on a 12/12 hour light/dark cycle. A single 

Trulite® growth tube was moved around the room on a weekly rotation, 

providing ultra violet light to assist in the synthesis of vitamin D. The 

prohibitive cost of the Trulite® tubes meant that only one was provided by 

the farm owner. 

The two ty.pes of heating investigated consisted of the pre-existing constant 

temperature system and a heat gradient system using heatwire. The costs of 

the initial construction and set-up of cages, heaters, lights, insulation, 

shelving and initial labour were calculated. Costs for a third heating system, 
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a reverse cycle air conditioner were also investigated but prohibitive 

estimates prevented trialing of this system. 

Several types of 240 V single phase commercial heat wire were available for 

the fabrication of a heat gradient system. After consulting an industrial 

electrician (D. H. & L. S. Chilcott & Son, Launceston) the choice was 

narrowed to two: Pyrotanex™ and Raychem™. Both were costed on a per 

cage basis. Pyrotanex™ required embedding in a functional heatsink such 

as concrete, needed an external thermostatic control, and was available in 

set lengths only. Raychem™ wire was self regulated, i.e. ran up to a set 

temperature according to the particular rating selected at purchase, could be 

cut to the required length and no heatsink was necessary. Consequently the 

heat wire manufactured by Raych~m™ was used. This wire operates at 240 

volts, running at 18W per metre at a wire temperature of 0 °C, falling to 0 

watts per metre at a maximum operating wire temperature of 65 °C. 

The heat wire was fitted into a groove cut in polystyrene foam sheeting 

below the cage, directing the heat towards the cage floor. The foam was 

mounted on a timber rack, in a room at ambient temperature. One end of 

the plastic cage rested on the heat wire, which supplied a heat source to that 

end section and provided a cage floor temperature immediately above the 

wire of 30-40 °C. The room was quite small (0.8 x 0.95 x 3 m) and the ratio 

of number of cages per cubic metre was similar to that used in the constant 

temperature room (one cage per 0.25 m3
). This was important as room 

temperature can affect the performance of the heat wire. If the temperature 

falls below a level that cools the cages faster than the heat wire can heat, the 

temperature gradient may be compromised. If room temperature increases 

above a critical level (20 °C in the case of the room available), then the 

temperature gradient along the length of the cage is removed, and the room 

becomes a constant temperature room. 

The density of cages employed provided sufficient excess heat to maintain a 

room temperature of 10-15 °C. This was regarded as comfortable for staff. 
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No additional heat source was provided. Room and cage floor temperatures 

were measured weekly. Ambient room temperature was measured using a 

standard alcohol thermometer. Heat wire temperature was measured using 

an aquarium thermometer sticker placed on the heat wire beneath the cage 

floor. Cage floor temperature was measured using an aquarium 

thermometer sticker placed on the cage floor approximately 1 cm from the 

heat wire line. This monitored the degree of temperature change across the 

cage floor. Aquarium thermometers were used because the owner restricted 

expenditure on thermometers. Light was supplied by a single 40W 

incandescent globe on a 12/12 hour light/dark cycle. No Trulite® was 

available for this group. 

Snakes were fed weekly with new-born (pir1kie) mice, ad libitum, and those 

snakes requiring assistance were fed between one third to one half their 

body mass as recorded at the previous weigh and measure period. Mouse 

size was increased as the snakes grew. The cages were cleaned once a week 

using Hibitaine TM diluted 100: 1 in hot water. 

Food intake, shedding frequency, regurgitation frequency, room temperature 

and humidity were recorded weekly. Growth rates (mass and snout vent 

length (SVL)) were measured every four weeks for a period of 20 weeks. 

Mortality was recorded for each group. 

Initial installation costs for cages, heating systems and ongoing costs were 

assessed. Cost benefits were calculated using units of 80, 160, 500 and 

1000 cages. Pyrotanex™ heat wire was available in predetermined lengths 

that can accommodate 80 cages, or 160 cages if the cages are mounted on 

the heated concrete pad back to back. This was feasible since the heat 

output for the wire was sufficient to heat the two rows of cages. The costs 

for the Pyrotanex™ heat wire were calculated using 160 cages per length of 

heat wire. Prior ownership of the building was assumed, and council taxes 

were not included as all three systems would be subject to identical rates. 
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Statistical analyses were carried out using repeated measures ANOV A and 

one way ANOV A, using the software packages SYST AT® and Statgraphics. 

Data were checked for normality and heteroscedacity before using ANOV A; 

transformation of the data was not necessary. Tukeys post hoe test was used 

to determine the origin of significant results. 

4.4 Results 

Room temperatures, cage temperatures and ambient room temperatures are 

summarised in Figure 4.1. 
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Record of ambient room temperature, heat wire temperature 

and cage temperature used for housing juvenile N. ater in 

Group C. 

Over the experimental period a mean gradient of 33 °C at the heated end 

down to 12 °C at the room end was maintained in each cage. Cage 

temperatures for Group C varied considerably during the 20 week period, in 

response to changes in ambient temperature (Figure 4.1). Cage floor 

temperature did not exceed 38 °C, the temperature at which death can occur 

in elapids (Spellerberg, 1972; Sutherland, 1983) The time period from days 

36 -88 indicates that an inital cold snap occurred (days 36-68), followed by 

a slow increase back to the temperature range prior to day 36 (days 68-88) 

(Figure 4.1). The cage temperature required for tiger snakes is 24-28 °C at 

the mid section of the cage and night time temperatures should not be 
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allowed to drop significantly (Weigel, 1988). The heat wire and cage floor 

temperatures dropped to temperatures below that required by N. ater ( <18 

°C) for efficient digestion of food (Heatwole, 1976, Schwaner, 1989). The 

thermometer used to measure cage floor temperature stopped at 18 °C, so 

cage floor temperature may have fallen well below 18 °C during that period. 

The cold snap could not affect those snakes maintained at constant 

temperature 

Summary data for the three groups of snakes at the start of the experiment 

are presented in Table 4.1. 

Table 4.1 Initial mean mass and SVL of the juvenile N. ater from 

Groups A, B and C. 

Group (n) SVL±SE(mm) Range (mm) Mass± SE (g) Range (g) 

A 9 280 ± 5.05 262-300 11.0± 0.49 8.7-13.7 

B 9 274 ±4.57 253-288 10.7 ± 0.49 8.1-12.9 

c 9 278 ± 5.89 254-305 11.1 ±0.73 9.1-15.3 

There were no significant differences in initial mean mass or snout vent 

length (SVL) for snakes in all three groups (ANOVA: SVL F 2, 23 = 0.341, P 

=.0714; mass F2,23 = 0.161, P =0.852). 

Overall, there was little difference in the rate of mass increase over the 

entire 20 week period for the three groups (Repeated measures ANOVA: 

Mass; F2,23 = 1.530, P = 0.238). Although mass increased at a similar rate 

for all three groups, Group C was subjected to a partial growth check during 

weeks 8 to 12, but there were no significant differences in the final mass of 

the three groups (ANOVA: Final mean mass; F2,23 = 1.237, P = 0.309) 

(Figure 4.2) (Table 4.2). 
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Figure 4.2 Increase in mass (mean ± SE) of juvenile N. ater subjected to 

three housing systems for a twenty week period. 

Table 4.2 Final mean SVL and mass of the snakes from groups A, B 

and C. 

Group (n) SVL±SE(mm) Range (mm) Mass± SE (g) Range (g) 

A 9 486 ± 14.60 410-530 65.0 ± 6.37 30.4-85.2 

B 9 477±13.76 410-545 55.8 ± 6.01 27.5-84.4 

c 9 455±13.76 395--495 51.4 ± 6.01 28.2-72.1 

The relationship between increase in mass and food consumption was 

similar for all three groups (Figure 4.3) (Repeated measures ANOV A: 

increase in mass relative to food consumption, F2,23 = 0.780, P = 0.470). 

However, in the snakes in Group C there was a large drop in the food related 

increase in mass during weeks 8-12, immediately after the cold snap. This 

was followed by a larger, compensatory increase in food related increase in 

mass in subsequent weeks 12-16 (Figure 4.3). 
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Increase in mass (mean ± SE) relative to food consumption of 

juvenile N. ater subjected to three housing systems. 

The rate of SVL growth over the 20 week period was linear and similar for 

all three groups (Repeated measures ANOVA: SVL; F2,23 = 1.381, P = 

0.271). There rate of increase in SVL for Group C either side of weeks 8 to 

12 were similar, but a partial check in SVL growth between weeks 8 to 12 

was evident (Figure 4.4). 
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Figure 4.4 Increase in SVL (mean ± SE) of juvenile N. ater reared in three 

housing systems over a twenty week period. 

No patterns could be identified in the relationship between SVL and food 

consumed in any group (Figure 4.5). 
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Figure 4.5 Changes in mass increase (mean± SE) relative to food quantity 

consumed by N. ater maintained in three housing systems over 

a twenty week period. 

The partial growth check observed for mass increase relative to food 

consumption at weeks 9-12 was not evident for the corresponding increase 

in SVL per unit of food consumed; however, a substantial increase occurred 

between weeks 13-16, immediately following the partial growth check 

(Figure 4.5) and corresponded with the increase in relative mass observed 

during the same period (Figure 4.2). 

The patterns of food consumption differed in the three groups, failing to 

meet the assumptions of homogeneity of variances for repeated measures 

ANOV A (Figure 4.6) . 
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Quantity of food consumed (mean ± SE) by juvenile N. ater 

reared in three housing systems over a twenty week period. 
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A comparison of mean total food consumed (Table 4.3) over the 

experimental period showed significant differences between groups 

(ANOV A: F 2,23 = 4.558, P = 0.022). Further analysis using Tukeys post 

hoe test demonstrated that Group C consumed significantly less food than 

Group A (P = 0.017). Although the reduction between Groups B and C was 

not significant, the trend was in the same direction and it seems clear that 

snakes provided with a thermal gradient can achieve growth rates 

comparable to those achieved at constant temperature with a substantially 

reduced food intake. 

Table 4.3 Comparison of total and mean quantity of food consumed 

by the three groups over the entire experimental period. 

Group A GroupB Group C 

Total food consumed per treatment (g) 1512.9 1459.5 1201.8 

Mean total food consumed per snake (g) ±SE 191±14.7 164 ± 14.8 131±12.2 

Range(g) 112.9-230.8 105.8-232.7 79.5-190.7 

Assessment of several other growth indicators: SVL : mass ratio, time taken 

between moults, and time taken to develop voluntary eating habits, gave 

little indication of any differences between the three groups. SVL to mass 

ratios for all three groups were similar for the twenty week period (Repeated 

measures ANOV A: F2,23 = 0.663; P = 0.525), suggesting very little 

difference in growth allometry (Figure 4.7). Analysis of this ratio failed to 

detect any changes in growth in Group C resulting from the partial growth 

check that occurred in the 8-12 week period due to colder conditions. 
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Changes in SVL to mass ratio (mean ± SE) of juvenile N. ater 

maintained in three housing systems over the twenty week 

period. 

The number of moults and average time between moults is summarised in 

Table 4.4. 

Table 4.4 Mean number of moults and the time between moults of 

the snakes from Groups A, B and C. 

Group Number of Range (n) Time between Range (weeks) 

moults ± SE (n) moults± SE (weeks) 

A 2.8 ± 0.31 1-4 6.0 ± 0.67 3-18 

B 2.9 ± 0.26 2-4 5.3 ± 1.72 2-11 

c 2.4 ± 0.73 1-3 6.9 ± 0.71 4-19 

The time period between moults was similar for all three groups (ANOV A: 

Time between moults, F2,23 = 1.987, P > 0.100), as was the average number 

of moults (ANOV A: Number of moults; F2,23 = 0.730, P = 0.493). 

There was little difference in the time taken to develop voluntary eating 

habits between snakes maintained in cardboard cages at constant 

temperature (Group A) and snakes maintained in plastic cages on a heat 

gradient (Group C), but both groups were quite different to those snakes 

maintained in plastic cages at constant temperature (ANOV A: Time taken 
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for development of voluntary feeding habits, F2,488 = 4.059, P =0. 018: 

Tukeys post hoe test Group A-B, P<0.001; Groups B-C, P=0.003; Groups 

A-C, P=0.257). All snakes maintained on a heat gradient developed 

voluntary eating habits by week 14, whereas one snake from Group A and 

two from Group B still required assistance to feed at the end of the trial 

(week 20). Development of feeding habits was therefore independent of 

cage type. 

4.4.1 Cost Analysis 

4.4.1.1 Installation costs 

The two cages used in the trial are costed in Table 4.5. 

Table 4.5 Fabrication costs (1997, $AUS) for cardboard and plastic 

cages including labour. 

Cage requirements Plastic cage Cardboard cage 

Initial cost 7.00 0.20 

Lid modification/fabrication 1.20 3.00 

Fibreglass fly wire 0.30 0.30 

Cage fabrication NA 5.00 

Cage lining (paint) NA 2.00 

Total initial costing 9.00 11.50 

Plastic cages are substantially cheaper (-15%) than cardboard cages, and 

can be used with both constant temperature and heat wire. 

Cage maintenance was costed for both types of cage used and is summarised 

in Table 4.6. Labour was included in the cost estimates. 
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Table 4.6 Comparison of costs (1997, $A US) to purchase and 

maintain cardboard and plastic cages. 

Cage costs Plastic cage Cardboard cage 

($) ($) 

Fabrication cost (from Table 4.5) 9.00 11.50 

Annual maintenance 0.50 3.00 

Lifespan (years) >10 1-2 

Cost over two years 9.50 14.50 

Number of replacement cages over five years 0 2 

Cost over five years 11.50 40.50 

Number of replacement cages over ten years 0 4 

Cost over ten years 14.00 58.00 

The plastic cages are clearly far cheaper in both the short and long term than 

cardboard cages. The extra expenses of cardboard cages after five years 

arises from a need to replace these cages at least every two years. 

Cardboard cages deteriorated even during the short trial period, with faecal 

material building up in the cracks along the structural joints. In attempting 

to remove this material by washing with the Hibitaine TM solution, the cage 

base became stained and began to wear away at the joints. The cage floor 

surface became absorbent, and was increasingly difficult to clean, increasing 

the time spent cleaning each cage. Several cardboard cages became infested 

with collembolans (spring tails); these insects are detritus feeders (Barnes, 

1987). Plastic cages, however, retained their smooth surface which 

inhibited the build up of faecal material. Cardboard continued to be used 

after the end of this trial, and without repainting became unusable after 12 

months. Repainting the interior to reseal the worn areas extended their 

lifespan to between 18 months and 2 years. 

Comparisons of heating installation associated with both cage types, 

together with analyses of typical caging used by amateur herpetologists, are 
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presented in Table 4. 7. The three types of heating systems are illustrated in 

Plates 4.4, 4.5 and 4.6. 

Table 4.7 Comparison of initial material costs (1997, $AUS) for 

three cage and heating systems. 

Component Amateur Cardboard cage Plastic cages 

herpetologist system- maintained at constant maintained on a 

timber cage ($/cage) temperature ($/cage) heat wire ($/cage) 

Cage 70.00 11.50 9.00 

IR heater 15.00 na na 

Thermostat/cage 30.00 0.20 0.20 

Light globe 1.00 na na 

Bayonet socket 4.00 na na 

UV light/cage 55.00 0.15 0.15 

Heating system na 13.10 9.00 

Total cost 175.00 24.95 18.35 

The typical caging used by amateurs was prohibitively expensive; plastic 

cages mounted on a heat wire were determined to be the most cost effective. 
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Plate 4.4 Typical cage structure used by amateur herpetologists. 

Plate 4.5 Cardboard cages maintained in a constant temperature room. 
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Plate 4.6 Plastic cages maintained in individual banks of heat wire. 

4. 4.1. 2 Energy consumption 

The energy requirements for each heating system considered are 

summarised in Table 4.8. 

Table 4.8 Energy consumption of the heating systems tested and 

additional systems considered per cage. 

Heater Type Energy consumed per cage 

Pyrotanex™ 

RAYCHEM™ at 0 °C 

RAYCHEM™ at 30 °C 

Reverse cycle air-conditioning 

2 x 3 kW heaters 

Light bulb/IR heatlamp 

(W/h) 

6.9 

6 

2.5 

3 

12 

100 + 
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The standard heat system used for display cages is prohibitively expensive. 

Incandescent globes and/or heat lamps each draw in excess of 100 W/h of 

power and were too expensive to consider. The two types of heat wire, the 

reverse cycle air conditioning unit and the fan heaters were within accepted 

power consumption levels. Raychem® heat wire was removed from the 

market soon after the trial, and consequently was not considered further. 

4.4.1.3 Ongoing costs 

The costs associated with the establishment and operation of a constant 

temperature room using either 3 kW fan heaters or a reverse cycle air 

conditioning unit, and a temperature gradient using a heat wire system, were 

estimated. Annual operating costs are summarised in Tables 4.9, 4.10 and 

4.11. 

Commercial Production of Juvenile Notechis ater 76 



Development of a Large Scale Housing System 

Table 4.9 Comparison of costs (1997, $AUS) of installation of an 

AH30 fan heater heating system for commercial 

production of N. ater, for 80, 160, 500 and 1000 cages. 

Component 80 cages 160 cages 500 cages 1000 cages 

Room volume require.d (m3) 5x5x3 

Numrerof 3kW heatets required 2 

Plastic cages @ $9 each (fable 2.6) 720 

3KWheater@ $375 each 750 

Thermostat control and contact 120 

Heater installation 300 

Insulation (50mm polystyrene foam) 1,000 

Insulation installation 200 

Shelving 450 

Shelving installation 400 

Initial capital cost (mcl. installation) 3,940 

Poweruse@60%operatingtime(kWh) 3.6 

Powercosts )XTyear@ 11 cents/kWh 3,459 

Maintenance costs )XTyear $100 

Total running cost per year 3,559 

Initial capital cost (incl. installation) 3 ,940 

Totalnmningcost)XTyear 3,559 

Totalcostforfirstyear 7,499 
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5x5x3 

2 

1,440 

750 

120 

300 

1,000 

200 

900 

400 

5,110 

3.6 

3,459 

100 

3,559 

5,110 

3,559 

8,669 

5x5x3 

2 

4,500 

750 

120 

300 

1,000 

200 

2,813 

1,100 

10,783 

3.6 

3,459 

100 

3,559 

10,783 

3,559 

14,342 

10x5x3 

4 

9,000 

1,500 

240 

600 

1,500 

350 

5,625 

1,600 

20,415 

7.2 

6,919 

200 

7,119 

20,415 

7,119 

27,534 

77 



Development of a Large Scale Housing System 

Table 4.10 Comparison of costs (1997, $AUS) of installation of a 

reverse cycle air conditioner heating system for 

commercial production of N. ater, for 80, 160, 500 and 

1000 cages. 

Component 80 cages 160 cages 500 cages 1000 cages 

Room volumerequired(m~ 5x5x3 

Ntnnber of air conditioners required 1 

Plastic cages @ $9 each (fable 2.6) 720 

2.4 kW reverse cycle air conditioner 4,000 

Air conditioner installation 300 

Insulation (50 mm polyst)rene foam) 1,000 

Insulation installation 200 

Shelving 450 

Shelving installation 400 

Initial capital co.5t (mcl. installation) 7 ,070 

Poweruse@60%operatingtime(kWh) 1.5 

Powercostsixryear@ llcents/kWh 1,441 

Maintenance costs ixryear 250 

Total nmningco.5t per year 1,691 

Initial capital cost (incl. installation) 7 ,070 

Total nmning costixryear 1,691 

Totalco.5tforfirstyear 8,761 
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5x5x3 

1 

1,440 

4,000 

300 

1,000 

200 

900 

400 

8,240 

1.5 

1,441 

250 

1,691 

8,240 

1,691 

9,931 

5x5x3 

1 

4,500 

4,000 

300 

1,000 

200 

2,813 

1,100 

13,913 

1.5 

1,441 

250 

1,691 

13,913 

1,691 

15,604 

10x5x3 

2 

9,000 

7,000 

600 

1,500 

350 

5,625 

1,600 

25,675 

3 

2,882 

500 

3,382 

25,675 

3,382 

29,057 
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Table 4.11 Comparison of costs (1997, $A US) of installation of a 

Pyrotanex TM heating system for commercial production 

of N. ater, for 80, 160, 500 and 1000 cages. 

Component 80 cages 

Room volmnerequired (m~ 5x5x3 

Numrerof wire lengths required 1 

Plastic cages @ $9 each (fable 2.6) 720 

Pyrotanex TM 35 m@ 1.lKW 156 

Concrete0.3 mx 0.1mx35 m ~length 112 

Plasticchanneling/rio 60 

Thermostat and contact 120 

Heat wire installation 400 

Insulation (30 mm polystyrene foam) 750 

Insulation installation 200 

Shelving 450 

Shelving installation 400 

Initiakapital cost (mcl. imtallation) 3,368 

Powerusage@60% oinatingtime(kWh) 0.65 

Power costs ~year@ llcents\kWh 625 

Maintenance costs ~year 0 

Total nmning cost per year 625 

Initial capital cost (mcl. installation) 3,368 

Totalnnmingcost~year 625 

Totalcostforfirstyear 3,993 
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160 cages 

5x5x3 

1 

1,440 

156 

112 

60 

120 

400 

750 

200 

900 

400 

4,538 

0.65 

625 

0 

625 

4,538 

625 

5,163 

500 cages 1000 cages 

5x5x3 10x5x3 

3 6 

4,500 9,000 

488 975 

350 700 

188 375 

360 720 

1,100 2,200 

750 1,200 

200 350 

2,813 5,625 

1,100 1,600 

11,849 22,745 

2 4 

1,875 3,750 

0 0 

1,875 3,750 

11,849 22,745 

1,875 3,750 

13, 724 26,495 
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Table 4.12 Summary of the total initial installation costs (1997, 

$AUS) for the three heating systems for 80, 160, 500 and 

1000 cages. 

Total cost for :fust: year 80 cages 160 cages 500 cages 1000 cages 

AH30 fan heaters 3,940 5,110 10,783 20,415 

Reverse cycle air conditioning 7,070 8,240 13,913 25,675 

Pyrotanex TM heat wire 3,368 4,538 11,849 22,745 

Table 4.13 Summary of operating costs (1997, $AUS) per year for 

the three heating systems for heating 80, 160, 500 and 

1000 cages. 

Qrerating costs per year 80 cages 160 cages 500 cages 1000 cages 

AH30 fan heaters 3,559 3,559 3,559 7,119 

Cost per snake peryear 45 22 7.12 7.12 

Reverse cycle air conditioning 1,691 1,691 1,691 3,382 

Cost per snake per year 21 11 3.38 3.38 

Pyrotanex ™heat wire 625 625 1,875 3,750 

Cost per snake peryear 7.80 3.75 3.75 3.75 

Although the estimated installation costs for AH30 kW heaters were 

approximately $2000 less than those for the heat wire and $5000 less than 

for reverse cycle air conditioning, fan heating was not considered for several 

reasons. The costs to operate this system were more than double those of 

both the reverse cycle air conditioner and heat wire at 1000 cages, and 

nearly six times those of the heat wire when heating 80 cages. Preventing 

thermoregulation in N. ater (see Chapters 2 and 3) and maintenance of 

reptiles at constant temperature (Guillette et al., 1995) has been 

demonstrated to inhibit growth. In addition, continuous heating by fan 

heaters produces low humidity levels that have been previously linked to 

inhibited growth in some reptiles (Guillette et al., 1995) and are 

uncomfortable for staff. 
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Reverse cycle air conditioning was estimated to be the most cost effective 

on the basis of running costs for 500 and 1000 cages; however, the extra 

$184-$368 per year needed to operate the Pyrotanex™ heat wire would be 

offset by the benefits arising from thermoregulation, and increased staff 

comfort with lower ambient temperatures. The difference in the operating 

costs for the heat wire and the reverse cycle air conditioning was 

approximately 10% of the total yearly operating costs, and in real terms was 

not substantial. A Pyrotanex™ system catering for more than 160 cages 

requires the purchase of multiple lengths of the heat wire, dramatically 

increasing costs per cage, but maintaining the flexibility to operate 

individual banks of cages when stock numbers are low. 

On a cost per snake basis, only the heat wire system offered the best 

efficiency for all stock numbers. Although the cost per snake was 

marginally greater at higher densities than that using a reverse cycle air 

conditioning system, the benefits obtained through thermoregulation justify 

the extra expense. 

4.5 Discussion 

Even though the snakes maintained on a heat gradient experienced a partial 

growth check due to low ambient temperatures, there was little difference in 

the growth achieved by the three groups by the end of the twenty week 

period. The occurrence of an unforeseen check to growth highlighted the 

importance of ensuring that adequate safety margins are considered when 

installing a system that will respond to changes in environmental conditions. 

The heat wire chosen for the trial (Raychem®) was inadequate, because its 

power output was insufficient to overcome the protracted cold weather. It 

would have been able to cope with short cold periods of 24-48 hours but 

was unable to maintain an adequate thermogradient over a 2-3 week cold 

period because prolonged low temperatures put it beyond its operating 

parameters. The use of a 36 W/metre wire, or a backup heating unit 

installed to warm the room temperature to a point that would assist the heat 

wire would solve this problem. A back up system was in fact considered for 
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the trial, but was not available due to the cost constraints imposed by the 

farm owner. However, any further discussion concerning the Raychem® 

wire is pointless, as it is no longer available. 

The Pyrotanex™ selected to replace the Raychem® wire for subsequent 

experiments can heat to temperatures of 100 °C, and therefore prolonged 

cold periods would not impair its ability to function. Pyrotanex TM is 

operated through thermostatic control which is more flexible than in-built 

temperature control, as thermostats can be adjusted to cope with unexpected 

fluctuations in temperature. 

During the cold period, snakes maintained on the temperature gradient 

system were unwilling to eat. The result was that growth was reduced 

during this time, but there was no difference in performance for the rest of 

the trial. Compensatory growth did appear to occur following the cold 

conditions. Thus the rate of SVL and mass increase per unit of food 

consumed was approximately doubled in the month immediately after the 

partial growth check. This ability to maintain condition on reduced intake 

has been observed in post partum rattlesnakes (Charland and Gregory, 1989) 

maintained in conditions allowing free range thermoregulation. A thermal 

gradient allows snakes to control their metabolic rates so that, even during 

extended periods of fasting, little condition is lost (Secor and Diamond, 

1993). 

Although cold check had little effect on the rate at which SVL increased in 

relation to food consumption in the snakes provided with a thermogradient, 

a substantial decrease in the corresponding mass measurements occurred. 

This suggests that mass increase may have been sacrificed in order to 

maintain condition. The ability to regulate metabolic activity in animals 

given the opportunity to thermoregulate implies that these snakes are able to 

respond to variable conditions more efficiently than snakes held at constant 

temperature. It seems likely, therefore, that ideal conditions using a larger 
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and warmer heat gradient would maximise growth whilst optimising food 

intake. 

Cage size requirements for snakes have been discussed by Banks (1980) 

who suggested that snakes up to 600 mm require a cage with floor 

dimensions of 600 x 300 mm when housed in pairs. For snakes 600-1000 

mm, a cage 800 x 500 mm was suggested. The cage size used in my trials 

was somewhat smaller, but still considered acceptable, and larger than some 

caging used by both amateur and professional herpetologists without 

incident (R. Shine, pers. comm.). Juvenile snakes still require individual 

housing until they reach a length close to maturity, or about 0.75 m (Shine, 

1977a, 1977b; Fearn, 1993), as growth is restricted at densities greater than 

one individual per cage (see Chapter 2). Cannibalism is a further problem; 

this has been recorded amongst Notechis spp (Schwaner, 1985; Schwaner 

and Sarre, 1988; Fearn and Spencer, 1995), juvenile death adders (Mirtschin 

and Davis, 1995) and in other snake species (Shine, 1987; O'Shea, 1994; 

see Greer, 1997 for comprehensive list) and occurred in N. ater when I tried 

housing several small juveniles in pairs in order to reduce the caging 

requirements for non-experimental stock. 

The cage systems used for this trial are a vast improvement on the housing used 

prior to the start of this study. Juveniles from previous years were housed in large 

cardboard boxes (1000 x 400 x 400 mm), in densities from one to twenty snakes 

depending on the size of the juveniles. The snakes were housed according to the 

island population from which they originated; however, if a snake escaped, it was 

returned to the nearest empty box with little regard to origin. The juveniles 

housed under such conditions were regarded as mixed stock, and were housed 

separately from the wild caught stock for use as the first production snakes. They 

were not used for any of the experiments described in this thesis. 

In terms of rate of growth there was no significant difference between the 

various cage types and the heating systems investigated. The decision about 
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which housing type and which heating system to use can therefore be made 

on the basis of cost analysis. 

Most structures used for reptile displays are very robust and designed to last 

for twenty to thirty years, but the cost of such housing is prohibitive for the 

commercial production of large numbers of snakes. Cage type is the most 

important parameter to consider, since this determines the ease of cleaning 

and the type of heating system that may be used. 

I was required to identify a cage system that was inexpensive but robust. 

Plastic cages were more expensive to purchase, but were more robust and 

therefore longer-lasting than the cages made of cardboard. They were also 

suitable for use either at constant temperature or on a heat wire. In addition, 

assemblage of large numbers of cardboard cages required considerable time. 

Replacement frequency and cleaning are essential considerations for cage 

selection. While it may be effective to use disposable caging for purposes 

such as disease control, reusable cages are more cost effective for normal 

commercial operations. The majority of existing commercial systems 

therefore use long-lived reusable cages with disposable substrates such as 

gravel or paper. Strong disinfectants are used to maintain cleanliness and 

hygiene. Plastic cages are ideal because they are not only long-lived but can 

be used without substrate. 

Several types of sterilants were considered: ammonium based compounds, 

chlorine based compounds and Hibitaine ™,a chlorohexidine based contact 

sterilant widely used for agricultural purposes, hospitals and as a general 

sterilant. Ammonium based sterilants were inappropriate as their odour 

proved to be an irritant when used in enclosed or poorly ventilated areas. 

Chlorine based compounds also proved to be a contact irritant to both the 

snakes and the handlers. Although several major reptile parks do use 

chlorine based compounds, they can only be used in well ventilated areas. 

Both chlorine and ammonium based compounds require stringent handling 

Commercial Production of Juvemle Notechis ater 84 



Development of a Large Scale Housing System 

procedures and have adverse effects after long term exposure. In 

comparison to these products, Hibitaine TM is relatively safe. This 

chlorohexidine based product is inexpensive and causes no irritation to 

snakes or handlers. 

The heating systems investigated differed widely in cost and in their 

capacity to meet biological needs. The system chosen obviously needed to 

take both biological and commercial requirements into account. 

Comparison of the three systems investigated demonstrated that heat wire 

provided the best solution for several reasons. 

For example, although reverse cycle air conditioning was the most cost 

effective system in terms of running costs, employee comfort would be 

compromised using this system. The comfort of the employees is important 

for long term safe handling of snakes. Air conditioning units and fan 

heaters maintain constant temperature with restricted air circulation, (to 

minimise heating costs through introduction of fresh, colder air), resulting in 

reduced air quality in the snake room because of the low relative humidity. 

Furthermore, a fixed volume of air has to be heated, regardless of the 

number of snakes being caged in the room, so the cost of heating is 

unacceptable for low numbers of snakes. In contrast, individual banks of 

heat wire can be run during periods of low stock numbers, so reducing 

ongoing running costs. 

Heat wire is cheaper to install than a reverse cycle air conditioner, and was 

assessed as cost effective when low numbers of snakes are involved. The 

costs calculated for the initial installation of the heat wire and the fan 

heaters are comparable, but the estimates of running costs for the heat wire 

indicated that the biological and economical requirements for rearing 1 OOO 

snakes could be met using a heat wire system. 

A major advantage of heat wire is the provision of a temperature gradient in 

the cage, which prevents heat stress and allows animals to thermoregulate, 
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and undertake diel activity if desired. Heat and humidity stress have been 

shown to be detrimental for reproduction in the viviparous lizard, 

Sceloporus jarrovi (Beuchat, 1988) and inhibit growth in other reptiles 

(Guillette et al., 1995). Heat wire delivers the heat directly to the cage floor, 

removing the need to heat the entire room. Unlike constant temperatures, 

humidity is not compromised and the room temperatures are lower, 

increasing comfort for the handlers. A back up heating system such as a 

small panel heater would be advantageous to assist the heat wire in the event 

of unusually cold weather, but would not be used often enough to warrant 

adding the minimal operating costs to the cost analysis. 

4.6 Summary 

The most effective housing system to install for the rearing of juveniles is 

considered to be plastic cages operating on a heat wire system. This system 

is optimal for the following reasons: 

• lower running costs; 

• better health of snakes through the provision of thermoregulatory 

opportunities; 

• minimal maintenance requirements; 

• long life of both cages and the heat wire; 

• cages can be operated in individual banks, reducing costs for low 

numbers of snakes and allowing greater control of cage conditions; 

• better air circulation and therefore improved working conditions; and 

• very little substrate is required for the snakes. 

Although heat wire is reasonably expensive to install, it eventually pays for 

itself through greatly reduced running costs. Little or no maintenance is 

required and it is designed to last for many years. The Raychem ™ heat 

wire used in this trial was cheaper to operate than Pyrotanex ™,but has 

been removed from the market because it proved to be a fire hazard. 
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5.1 Introduction 

Tiger snakes, like other ectothermic reptiles in cool temperate climates, 

normally undergo a period of torpor during the cooler winter months. This 

involves a number of physiological responses to temperature cues; typically 

body temperature falls to within 1 °C of ambient temperature, oxygen 

consumption is greatly reduced and respiration and heart rates are also 

markedly reduced (Gordon et al., 1982). Energy requirements for 

maintenance are greatly reduced during this period, as many temperate-zone 

reptiles voluntarily fast for several months during torpor (Gregory, 1982). 

Growth of reptiles is consequently more dependent on environmental 

conditions than on age and the size of a snake gives no indication, by itself, 

of its age. Consequently age cannot be used as a predictor for size unless an 

animal's origin and its environmental history are known. 

In a commercial situation, the environmental parameters (especially cage 

temperature) can be manipulated to reduce or bypass the natural period of 

winter torpor. If snakes are maintained at artificially high temperatures 

equivalent to those of summer, the average growth rates may be higher, 

reducing the time required to achieve a marketable size. 

However, compensatory growth may occur following a period of torpor and 

this could result in a net saving in time to market. Consequently the net 

costs of obtaining marketable size might be reduced by utilising a period of 

torpor with no husbandry requirements, if this were followed by faster than 

normal growth. If compensatory growth does occur, then juvenile snakes 

could be placed into a brief period of torpor during winter to reduce feeding 

and husbandry requirements for that period. Rotating all stock through a 

period of torpor could also enable the carrying capacity of a commercial 

venture to be increased at minimal cost. The growth rate of snakes 

Commercial Production of Juvenile Notechis ater 

Torpor 

87 



following an extended period of torpor does not appear to have been 

compared to that of snakes that remain active in an artificially heated 

environment. 

5.2 Methods 

Prior to the start of the experiment, juvenile N. ater were housed at a 

constant temperature of 25-28 °C and were five months old when the 

experiment began in the final week of August 1993. This is near the end of 

winter when Tasmanian tiger snakes are normally torpid. 

To establish if compensatory growth occurs, a group of 9 snakes was 

randomly selected from juveniles born in captivity to Christmas Island 

females (Group A) and maintained at 25 -28 °C for a 28 week period. A 

second group of 9 snakes (Group B) was randomly selected from the same 

population and transferred to a separate room where they were held at 

ambient temperature for 12 weeks to induce torpor. Feeding was stopped 

two weeks prior to inducing torpor. Ambient temperatures ranged between -

2 °C and 10 °C. Most elapids have been found to remain inactive at 

temperatures below 11 °C (Greer, 1997). To prevent basking, there was no 

access to sunlight; however, indirect light was supplied through a skylight. 

After 12 weeks, Group B was returned to the constant temperature room for 

the remaining 16 weeks of the experiment. 

Both groups were housed individually for the 28 week experimental period 

in cardboard cages (300 x 240 x 200 mm) with an egg carton hide and a 

water bowl. They were fed once weekly with pinkie mice, ad libitum, when 

in the constant temperature room but were not fed whilst in torpor. 

Light in the constant temperature room was supplied by eight fluorescent 

tubes on a 12/12 hour light/dark cycle. A single Trulite® growth tube was 

moved around the room on a weekly rotation, providing ultra violet light to 

assist in the synthesis of vitamin D. The prohibitive cost of the Trulite® 

tubes meant that only one was provided by the farm owner. The trial began 
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in late winter, so the light dark cycle in the ambient temperature room was 

the natural photoperiod, approximately 10-llh light/13-14 h dark. No 

Trulite® was provided in the ambient temperature room. 

Growth parameters (mass and snout vent length (SVL)) for Group A were 

measured at four weekly intervals throughout the experiment. It was 

convenient to continue monitoring Group A beyond the initial 16 weeks 

with Group B, to determine growth patterns at constant temperature over a 

28 week period. Measurements of Group B were taken at the beginning and 

end of the torpor period, and once every four weeks thereafter. It was 

assumed that little growth would occur during torpor. The quantity of food 

consumed, feeding ability, mortality and moult frequency was recorded for 

each group. Moult frequency was calculated from the number of moults and 

the time between each moult. 

Growth of Group B for the 16 weeks post torpor was compared to the first 

16 weeks growth of Group A, independent of age. The trial tlierefore was 

effectively 16 weeks in length, with Group B pre-treated with a period of 

torpor. 

Statistical analyses were carried out using the software packages SYSTAT® 

and Statgraphics®. 2-tailed t-tests were used to compare total change in 

mass and SVL and change in mass and SVL relative to food consumption. 

ANCOV A, repeated measures ANOV A and one way ANOV A were used 

where time was a factor. The initial sizes of individuals in each group was 

compared using a 2-tailed t-test. All the assumptions for the relevant 

statistical tests were met prior to analysis. 

5.3 Results 

Snakes in Group B showed no significant changes in mass or SVL during 

the initial pre-treatment period (t test: SVL t 16 = -1.026, P = 0.32: mass t16 = 

1.245, P = 0.23) (Table 5.1). Likewise, there were no significant differences 
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between Groups A and B at the start of the experiment (t-test: SVL t16 = -

2.035, P = 0.059; mass t16= -0.102, P = 0.920). 

Table 5.1 Mean SVL and mass of the snakes from Groups A and B 

at time zero and Group B after 12 weeks of torpor. 

Torpor 

Group SVL±SE(mm) Range (mm) Mass± SE(g) Range (g) 

A 267.4 ± 3.71 245-278 9.1±0.21 7.9-9.7 

B 257.0 ± 3.94 236-275 9.1±0.19 8.3-10 

B (after torpor) 262.6 ± 3.71 245-278 8.7 ± 0.20 7.9-9.7 

After 16 weeks of growth snakes in Group B were significantly larger than 

those in Group A (t test: mass t16 = 7.28, P < 0.01; SVL t16 = 5.95, P < 0.01) 

(Figures 5.1and5.2). 

Figure 5.1 Increase in mass (mean± SE) in two groups of juvenile N. ater, 

one of which (Group B) was pre-treated with 12 weeks of 

torpor. 
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Figure 5.2 Increase in SVL (mean ± SE) in two groups of juvenile N. ater, 

one of which (Group B) was pre-treated with 12 weeks of 

torpor. 

There were no consistent differences in the patterns of food consumption 

during the experimental period in either group. However, the total growth 

per unit of food consumed was significantly greater in Group B (t test: mass 

t16 = 3.149, P < 0.01; SVL, t 16 = -4.902, P < 0.01). 

Likewise, the ratio of SVL to mass decreased at a faster rate in Group B 

than Group A, supporting the conclusion that growth rate was faster in 

Group B. Comparison of the average ratios for the entire experimental 

period revealed a significant difference between groups (t-test: SVL to mass 

ratio, t16 = -6.149, P < 0.01). The ratio of SVL to mass has been used as a 

measure of overall condition (Barnett et al., 1985), and typically decreases 

linearly as juveniles mature since mass increases at a greater rate than SVL 

(Figure 5.3). 
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Figure 5.3 SVL to mass ratios (mean ± SE) in two groups of juvenile N. 

ater, one of which (Group B) was pre-treated with 12 weeks of 

torpor. 

Since Group B did not join the experiment until 12 weeks after Group A, 

monitoring of the growth of Group A was continued for the remaining 16 

weeks of the experiment (Figures 5.4 and 5.5). The extended data set 

indicated that in Group A, there were two distinct SVL and mass growth 

patterns over the 28 week period. Both SVL and mass increased at a slower 

rate in the initial 14 weeks than in the second 14 weeks (Figures 5.4 and 

5.5). Because the assumption of homogeneity of slopes was not met, 

ANCOV A could not be applied to the data, but the change in rates is 

obvious from the regression equations. It can be assumed that Group B 

would undergo similar biphasic growth also, and therefore reach a larger 

body size than Group A after equivalent growth time. 
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The final mean mass of Group B after 16 weeks of growth was comparable 

to that reached by Group A at approximately week 21, and the 

corresponding time for SVL was week 19. Compensatory growth for mass 

and SVL therefore equated to a saving of 3 and 5 weeks respectively. 

-
Summary data for the numbe~ of moults and time between moults for both 

groups are presented in Table 5.2. 
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Table 5.2 Comparison of the number of moults and inter-moult 

period for N. ater from Groups A and B for the entire 

trial period 

Observation period (weeks) 

Total number of moults (n) 

Mean number of moults (n ± SE) total 

number of moults 

Range of number of moults (n) 

Mean inter-moult period (weeks ± SE) 

Range of inter-moult period (weeks) 

Group A 

28 

39 

2.7 ± 0.21 

1-5 

6.1±0.35 

3-14 

GroupB 

16 

23 

1.8 ± 0.17 

1-3 

5.4 ± 0.29 

3-9 

Since moulting occurred in Group A whilst Group B was in torpor, snakes 

in this group underwent more moults; however, the time between moults 

was similar for both groups (ANOVA: Time between moults, F1,16 = 2.91; P 

>0.1). The similarity in time between moults suggests that the differences in 

growth rate reported above were not of sufficient magnitude to influence 

moult frequency. 

5.4 Discussion 

Snakes that did not undergo torpor exhibited no growth check, and 

compensatory growth, expressed as a faster rate of increase in mass and 

SVL, did occur in snakes that experienced torpor, following the enforced 

growth check. 

An optimum period of torpor would have to be determined to prevent loss 

of condition during this time. Although the loss of mass that occurred 

during torpor was not significant, it suggests that the longer a snake is kept 

in this condition, the more its condition would deteriorate. From both a 

biological and commercial perspective, this would be detrimental to the 

development of quality stock. A torpor period, if used, would have to be 

relatively short to minimise any substantial loss in condition through 

reduced but continued growth. This loss, however, would be offset by 
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compensatory growth, with a net gain in growth rate following a slight loss 

of condition during torpor. 

The rate at which length increased in relation to the mass of food consumed 

in snakes subjected to torpor was greater than in the control group, 

suggesting a better ability to convert food to length post-torpor. However, 

the lower rate of mass increase per unit food consumed indicates that in 

these snakes growth was channelled into developing extra body length. 

The quantities of food eaten ad libitum are decided by an individual snake, 

to suit the conditions to which it is exposed. The assumption is that snakes 

will feed to satiation if in acceptable environmental conditions with access 

to an adequate heat source to aid digestion. If this is so, then no matter how 

much extra food is presented, snakes that are subjected to torpor, and eating 

voluntarily, will not be able to consume sufficient extra food to breach the 

difference in body size between themselves and snakes that have been 

allowed to grow unchecked. 

Although the 'operative' time taken to develop voluntary eating habits was 

similar for both groups, the deferral of this behaviour in snakes subjected to 

torpor limited the total food intake during the trial. Voluntary eating 

generally results in better growth, as reported in Chapter 3. It is less 

stressful to the snake, as it reduces handling and allows the animal to 

determine the quantity of food consumed. Handling itself increases stress 

significantly in reptiles (Guillette et al., 1995). Stress decreases growth 

rates in a number of different commercial reptilian and non-reptilian species 

(Eyseson, 1983; Elsey et al., 1990; Pickering, 1992). As torpor does not 

reduce the time period required to establish voluntary eating habits, there 

would be no reduction in the labour costs associated with the development 

of this behaviour. Clearly, if torpor were to be used at all, it would be better 

to use it after snakes had developed voluntary eating behaviour. 
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Torpor in fact might be of some value for larger snakes nearer to 

commercial size, because of their larger fat reserves and larger body size. 

Larger body size increases the 'buffer zone' for lost condition, so if market 

prices were down, snakes could be "put on ice" until the market improved. 

This approach is used extensively for many other commercial fauna and 

flora. Fruit and vegetables are often bulk stored for off season supply (e.g. 

Frost et al., 1989; Saenz et al., 1991; Fuleki et al., 1994) and wild caught 

marine species such as Southern rock lobster, Jasus novaehollandiae, are 

often maintained alive in holding cages until the market is acceptable (pers 

obs.). 

There are several methods available for the assessment of comparative 

condition and growth rates using the parameters monitored in this trial, 

particularly the SVL to mass ratios used by Barnett and Schwaner, (1985). 

During early growth, increase in both mass and SVL are linear in N. ater, so 

the rate of decrease of the SVL to mass ratio is also linear. In snakes that 

underwent torpor the ratio decreased more rapidly than in the snakes 

maintained at a high temperature throughout. This suggests that torpor may 

improve development of condition during the recovery period. Caution 

must be used when applying these ratios, since the ratio is susceptible to 

temporary mass loss or length growth checks that sometimes occur for no 

apparent reason, but which do not affect the development of the snake 

overall. 

However, SVL is a reliable measure of growth, showing less response to 

short term stresses than mass, which tends to fluctuate according to factors 

such as food rejection brought about by moulting. The relative linearity of 

length increase (Figure 5.4), compared to mass increase (Figure 5.5), is 

common in Notechis spp. grown in captive conditions (Shine, 1978; Barnett 

et al., 1985; Fearn, 1993). Linear growth allows for projected estimates of 

SVL and subsequently mass to be made under constant conditions. Chapter 

7 indicates that extrapolation would be valid for up to 16 months, at least for 

N. ater from Christmas and Forsyth Island. 
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Frequency of moults could theoretically be utilised as an approximate 

estimate of growth rate, since it correlates with the rate of increase in gross 

body size. However, the incidence of moulting over the six month period 

for both groups in this experiment was insufficient for any useful 

assessment of growth in my study. 

The rate of growth of snakes subjected to torpor was greater than the initial 

growth of those snakes denied torpor, suggesting that environment, not age, 

determines that rate within a chosen population. 

5.5 Summary 

Torpor is a metabolic and physiological response to environmental 

parameters, checking growth of N. ater during torpor but inducing 

compensatory growth post torpor. During torpor little or no food is 

consumed, most activity ceases and metabolic processes are slowed. 

Growth effectively ceases and snakes survive on energy reserves, at a 

metabolic rate just sufficient to maintain life. Torpor does activate 

compensatory growth to mediate the growth check. Although the trial 

reported here was not continued, it is possible that the adult size of the 

snakes that underwent torpor may have caught up with that of snakes 

maintained at constant temperature throughout winter relatively quickly. 

Consequently, it is concluded that there could be advantages to placing 

juvenile snakes into torpor if a commercial size is required_ within a limited 

time period. There is no cost benefit in placing juvenile snakes into torpor if 

a market sized snake (0.75-1 m) is required quickly. However, with no 

husbandry costs during torpor, increased carrying capacity through stock 

rotation and reduced relative growth time to a marketable size, torpor may 

have very real potential as a cost effective management tool for the 

production of N. ater. 
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Alternative Diet Options 

6.0 ALTERNATIVE DIET OPTIONS FOR 

COMMERCIAL PRODUCTION OF N. ATER 

6.1 Introduction 

An integral part of the mass production of almost any livestock is access to a food 

source that is cheap, readily available and accepted by the stock. The problem 

with captive reptiles in general, and snakes in particular, is that they rarely accept 

any food other than their natural diet. Rodents are utilised as an accepted food 

source for many reptiles, in particular N. ater (Barnett et al., 1985; Gow, 1989; 

Fearn, 1993; Greer, 1997). Consequently, considerable cost and effort is 

necessary to breed a supply of live mice and rats as a food source. 

This approach is acceptable at an amateur level, because the time, space and cost 

involved in breeding sufficient animals for food to cater for a small number of 

reptiles is unlikely to become prohibitive. For commercial output, however, it 

becomes impracticable. The time spent breeding the food source is time that 

could be spent tending to stock. For example, if 1000 snakes need 1000 mice or 

rats per week, as is the case, then more time is needed to maintain the food than 

the snakes. This is unacceptable, as wages are directed towards maintaining a 

food source and not spent on refining the actual livestock quality. To alleviate the 

problem, an alternative diet must be developed. Furthermore, the alternative diet 

needs to be an artificial food, removing or reducing reliance on live food sources. 

There are several parameters that must be considered when selecting a food source 

for snakes, most of which cannot be ignored because of the fickle nature of these 

animals. Any alternative food source must meet the criteria outlined below. 

1. Palatability - The food must be readily and voluntarily consumed, minimising 

time spent assisting an animal to feed. If it isn't palatable, and the animal has 

to be force fed, the resultant stress of force feeding will slow development 

(Guillette et al., 1995), reducing stock quality and increasing labour costs. 
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2. Availability - The food source has to be readily available all year, and not be 

seasonal or susceptible to supply shortages. Reptiles can be shut down into 

torpor if food is unavailable, but this cuts deeply into production time (see 

Chapter 5); however it is often difficult to ensure large quantities of live food 

consistently. 

3. Balanced nutrient content - Dietary requirements such as adequate protein 

intake and vitamin, mineral and trace element supplements, have to be met. 

Ideally, the alternative diet must have the same nutritional content as the 

natural diet. The well-being of the stock is directly controlled through diet, so 

this must meet all physiological health requirements. 

4. Acceptable shape and form - The foodstuff must be presented in a format that 

is easily consumed by the stock. The type of packaging chosen for the food 

must facilitate consumption; therefore the method of consumption must be 

addressed. 

5. Minimal labour input - The food source must be easy to produce, preferably 

by mechanised means with minimal labour input. There is little point in 

producing an alternative diet if it takes just as long as a live food source to 

prepare. 

6. Cost effective - There is no point in producing an alternative foodstuff that 

will cost as much as live food, either through labour costs or cost of materials 

needed to produce the food. 

7. Minimal resource utilisation - The food source must be easily stored, 

preferably without requiring expensive storage systems such as refrigeration, 

or large storage space. An ideal food source would be available in a dry 

format that can be stored either in a silo or bags in a covered area. Space taken 

up by storage and production of the food source is space taken away from 

housing extra stock. 

At present, herpetologists, both amateur and professional, are trialing various 

alternative food sources with limited success. Many are trapped in the idea that 

the diet should be based on existing food stuffs. For example, cooked kangaroo 

sausages with diet supplements have been used in Victoria by a professional 

herpetologist (B. Munday, pers. comm.), and sausages based on minced day old 
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chickens were used by the Australian Reptile Park, Gosford, both with limited 

success. The problem with these attempts is that they do not address criteria 2, 5, 

6 and 7. Both are based on live animals that are seasonal, thus requiring cold 

storage in the off season. Both require a large labour input to collect and process 

the food, with consequent high costs. Finally, storage of the product uses 

resources that could be utilised elsewhere. 

As a result of an extensive but unproductive search for information around 

Australia and overseas, an initial pilot study was conducted to identify food 

preferences in an attempt to meet the seven criteria and produce a readily available 

and functional food source. 

In addition to identifying a suitable food type, packaging had to be developed that 

mimicked the natural prey as closely as possible. Studies of wild N. ater have 

reported that the major dietary components of tiger snakes are frogs or small 

mammals (Shine, 1977c; Dredge, 1981; Fearn,1988; Mirtschin and Bailey, 1990; 

Fearn, 1993; Fearn and Spencer, 1995), mutton birds on Bass Strait Islands 

(Warham, 1960; Worrell, 1963b); juveniles have been reported to eat skinks 

(Schwaner, 1991; Mirtschin and Davis, 1995). The aim, therefore, was to develop 

a food unit closely resembling a frog, skink or small mammal, self contained in 

such a manner that the entire package was consumed with minimal mess. 

Two types of packaging were considered: gelatine capsules and sausage skins. 

Two types of skin were investigated: natural skins and collagen skins. Collagen 

skins were chosen because they were available in the smallest possible diameter 

(10 mm) that could be found in Australia. For new-born snakes, the diameter 

could not exceed approximately 10 mm, as any larger size would have been too 

large for the neonates to swallow whole. Sausages have been used in the past for 

feeding adult N. ater (Worrell, 1958, 1963b ), as have strips of meat (Adams, 

1972a, 1972b). 

In addition to the packaging, an alternative diet was required. Three food types, 

Go Cat™ and Salmon starter pellets, with mice as a control diet, were chosen. 
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Salmon starter was chosen as a fish meal base was considered acceptable. Several 

herpetologists have successfully used fish (Barnett, 1981) and elvers (Whitaker, 

1992) as a diet for snakes; for example, tiger snakes from Mt Chappell Island were 

successfully fed on a variety of foods such as mice, fish, rats, strips of liver, strips 

of horsemeat and sausages (Worrell, 1963b). New Zealand tuatara have been fed 

omega fatty acids obtained from fish as diet supplements (A. Cree, pers comm.). 

Initial tests showed acceptance of salmon food if this was mixed with mouse 

scented water. 

The alternative diets were tested in conjunction with the packaging. There was no 

point in investigating both separately, as each complemented the other. 

6.1.1 Salmon starter as an alternative food source 

As a result of the work described in the previous section, which demonstrated the 

potential viability of salmon starter as a food source, the next requirement was to 

determine whether there are any long term side effects in using this product to 

feed snakes. In particular, information about the status of internal organs such as 

kidneys, liver, fat bodies, gut and flesh quality was required. This was necessary 

because the main goal of the Snake Farm was to produce a marketable meat 

product and capitalise as much as possible on the utilisation of various other body 

products. 

6.2 Methods 

Unless otherwise stated, juveniles were housed individually in cardboard 

boxes (300 x 240 x 200 mm), with an egg carton hide and water bowl. The 

cages were maintained in a constant temperature room at 25-28 °C, and 

were cleaned once a week using a Hibitaine ™solution diluted 1:100 with 

warm to hot water. 

Light was supplied by 8 fluorescent tubes on a 12 h light/12 h dark cycle. A 

single Trulite ®growth tube was moved around the room on a weekly 

rotation, providing ultra violet light to assist in the synthesis of vitamin D. 
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The prohibitive cost of the Trulite ®tubes meant that only one was made 

available by the farm owner. 

6.2.1 Diet preference pilot study 

From a broad range of food types, thirteen were investigated on the 23/05/94 to 

test for response and acceptance of the food on presentation. Several scenting 

and/or gelling agents were included to assess their suitability for use in 

conjunction with other food types. The food types tested were 

1. gelatine and water; 

2. commerci~l canned cat food, whiskas TM (chicken and tuna);· 

3. rep 10™ (tortoise food) and water; 

4. Go Cat TM dry pelletised cat food and water.mixed to a firm paste; 

5. Gibsons Turkey Starter Crumble and water mixed to a firm paste; 

6. fishfood flakes and water, mixed to a firm paste 

7. Dine TM tinned cat food; 

8. mouse scented water, mixed to lOg/litre;. 

9. Catoff TM -a cat bait without the toxin 

10. mutton bird oil; 

11. foxoff TM -fox bait without the toxin; 

12. aniseed oil; and 

13. Gibsons salmon starter food. 

These food types were selected as representative of a range of possible scenting 

agents (items 8,10 and 12), readily available pet foods, both dry and canned (items 

2, 3, 4, 5, 6 and 7) and alternatives to pet foods (items 9, 11 and 13). The gelatine 

was tested to assess its suitability as a setting agent. It was necessary to first 

determine the acceptability of gelatine, so that if it were used as a gelling agent, 

any rejection of a food item packaged in it could be interpreted unequivocally. 

Each of the thirteen food types was presented to two Forsyth Island juveniles and 

one Christmas Island juvenile. The three snakes were 14 months old and were all 

voluntary feeders on pinkie mice and day old chickens. 
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Each food sample was presented on a piece of wire with minimal movement to 

ensure that the snake was detecting the food by scent, rather than striking at a 

moving object. To prevent contaminant scenting of the cage, none of the food 

types were placed on the floor of the cage. 

Fluid food types (items 8, 10 and 12) were presented as a drop formed at the outlet 

of a 10 ml syringe. Aniseed oil was included as it has been reported to induce 

behavioural responses in a large number of animals. For example, it has been 

tested for use trapping possums (Morgan et al., 1995), for mock fox hunts (pers 

obs.), as a masking scent (Cummins and Myers, 1990, 1991) and fish respond 

favourably to aniseed oil used as a bait (pers obs.). Mouse scented water was 

included as a control to test if presentation mode was important, or if the odour 

could override presentation requirements. If the latter proved to be the case, then, 

if the food packaging was acceptable, food could be scented to initiate a feeding 

response, either initially or for the duration of use of that food type. To scent the 

food takes a fraction of the mice required for use as the primary food source. 

Mutton bird oil was also tested as a potential scenting agent, since it has been 

reported that the snakes from islands in the Fumeaux group depend on mutton 

birds as a primary food source (Schwaner and Sarre, 1988). 

Canned food (items 2 and 7) and the Rep 10 TM were presented without 

modification. Dry food types (items 4, 5, 6, 9, 11 and 13) were mixed with water 

to a firm paste and moulded to the wire. The wire was cleaned in a solution of 

Hibitaine ™, a sterilant used to clean the cages and therefore known not to incite 

any feeding behaviour. To randomise presentation, each food type was presented 

to the three snakes in a different order. 

Each food type was presented three times. The interval between presentation was 

ten minutes to clear the cage of any airborne scent. If a sample was readily 

accepted on the first or second presentation then the replicates were discontinued. 

Due to the fickle nature of snakes it can be assumed that any acceptance at this 
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level would lead to a food type that could be readily accepted by the general snake 

population, or easily modified to an acceptable state. 

6.2.2 Food type and presentation 

Following the results obtained in the initial pilot study, three groups of nine 

snakes were selected from juveniles born of wild Christmas Island stock. The 

snakes were chosen from those that ate voluntarily. This was necessary to ensure 

that the trial had a chance of success without bias from different feeding levels in 

the snakes. Snakes that do not feed voluntarily lag behind in growth compared to 

those that do feed voluntarily (see Chapter 2). 

The three groups were given one of three diets as detailed below. 

Group 1. Pinkie and juvenile mice - Pinkie mice were the accepted control diet 

that has proven to achieve acceptable growth rates in other parts of this thesis and 

in the work of other authors for various elapids (Bush, 1983; Barnett et al., 1985; 

Weigel, 1988; Fearn, 1988, 1993: Fearn and Spencer, 1995; Mirtschin and Davis, 

1995). 

Group 2. Salmon Starter Pellets/Powder - The powder or pellets were mixed with 

warm water and gelatine to a consistent paste and presented in either lamb or 

sheep intestine (see Appendix C). Salmon Starter is based on a fishmeal with 

various additives. 

Group 3. Go Cat™ - Dried cat food was blended using an electric blender with 

water to a consistent paste and presented in lamb or sheep intestine sausage skins. 

No vitamin supplements were added to any of the food types as the manufacturers' 

specifications for the alternative foods listed sufficient vitamins and minerals for 

the juvenile snakes. Mice were considered an adequate dietary intake without 

supplementation. 
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Three packaging methods were investigated to determine the most effective in 

terms of cost and ease of use. Gelatine capsules and collagen and natural sausage 

skins were filled with the food mix listed in Appendix C and assessed on the basis 

of ease of filling, robustness and acceptance by the snakes. Both sausage types 

were tied at each end with cotton, to keep the filling in. The cotton passed 

harmlessly through the digestive system and was voided in the faecal mass. 

The snakes were fed once a week ad libitum. Snakes that did not accept the 

alternative diets readily were assisted until the food was voluntarily consumed. 

This assistance was considered acceptable as diet switching can prove to be a 

difficult process for reptiles. 

The trial was carried out over a period of twenty weeks. Food intake, feeding 

ability, regurgitation frequency, shedding frequency and mortalities were recorded 

each week. Mass and snout vent length (SVL) were recorded at four week 

intervals. 

6.2.3 Long term assessment of gross morphological and physiological effects of 

an alternative food type 

Subsequently two groups of 20 snakes were randomly selected from juveniles 

born from Christmas Island stock. The snakes had been fed on pinkie mice prior 

to the start of the trial. All snakes required assistance to feed, and had not been 

fed more than five times over the eight week period between birth and the start of 

this trial. 

They were fed once a week on a modified ad libitum basis as discussed in Chapter 

3. Snakes were assisted with feeding until they began to eat voluntarily. A 

random selection of 20 snakes was fed pinkie mice as a control group (Group A). 

The second group of 20 randomly selected snakes was fed a diet of salmon starter 

fish food (see Appendix C) (Group B). The resultant sausage was firm but 

pliable. Commercially available natural skins were used. 
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All snakes were housed individually at the University of Tasmania in plastic 

containers (330 x 240 x 135 mm), heated under one end by a Pyrotanex ground 

heat wire to approximately 35 °C. The other end of the cage self regulated to 

room temperature which ranged from 12-21 °C. This ensured an acceptable heat 

gradient. The experiment was conducted after the results presented in Chapter 4 

became available. Each cage contained a single water bowl and a cardboard egg 

carton hide. Lighting was supplied from 4 fluorescent tubes and a sodium vapour 

lamp on a 14/10 hr day/night cycle. The sodium vapour lamp was used to assist 

vitamin D synthesis. Cages were cleaned once a week using Hibitaine ™,diluted 

1: 100 with hot water. 

The trial was run over a 36 week period to achieve a marketable sized snake, 

assumed to be 0.75-1 m in length, and a body mass of approximately 200-500 g. 

During the early part of the experiment the snakes fed salmon food (Group 

B) did not develop voluntary eating habits at the same rate as Group A, and 

their growth rates were significantly slower. To alleviate this problem, 

Group B was switched to a feeding regime of half rations twice per week for 

a period of two months in an effort to establish voluntary eating habits. 

Therefore Group B was subjected to three feeding frequencies over the 36 

week period. 

The decision to switch to twice weekly feeding was driven by the snakes not 

accepting the salmon food as readily as expected. Although this 

modification of experimental design reduced its integrity, it was necessary 

because the priority aim was to address the commercial need for adequate 

growth on an alternative diet. After two months on this feeding regime, all 

the juveniles were eating voluntarily and returned to once weekly feeding. 

The following parameters were recorded weekly for each group: food intake, 

mode of food intake (i.e. whether eating voluntarily or required assistance), 

regurgitation frequency, shedding frequency and mortalities. Mass and SVL were 

recorded every four weeks. 
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After the trial had been terminated, several snakes were selected at random to 

determine the ability of the snakes to diet switch after 36 weeks on a fixed diet. A 

total of 3 snakes from group A and 3 snakes from group B was offered the 

opposite diet three times in the week immediately following the end of week 36. 

Acceptance of the food was recorded. 

6.2.4 Post mortality techniques 

A sample of snakes from Group A (n=9) and Group B (n=8) was dissected using 

conventional techniques. When developing a new diet under a management 

regime, structured pathology is needed as an integral part of the protocol. Any 

gross morphological abnormalities were noted, particularly colour, size and 

general appearance. The level of organ health was determined by comparison; 

organs removed from Group A animals were assumed to be relatively healthy. 

Condition of fat bodies was recorded as a proportion of total body mass, to assess 

whether growth is being wasted on the development of large fat bodies rather than 

flesh. 

Routinely, the following range of tissues was fixed in 10 % formol saline for 

histopathological examination: heart, muscle, lungs, liver, kidneys, oesophagus, 

stomach, lower intestine, reproductive organs and fat bodies. Frozen tissues were 

taken at the same time. Tissues were processed by routine dehydration through 

ethyl alcohol, embedded in paraffin wax and sectioned at 5 µm. All tissues were 

stained using haemotoxyn and eosin/phloxin (H & E) using the method of 

Bancroft and Cook, (1984). Special histochemical stains were used on slides for 

two snakes from each group, using periodic acid Schiff (P.A.S.) and modified 

Ziell-Nelson (M.Z.N.). Photomicrographs of selected tissues were taken. 

Reproductive organs were assessed for level of development, to determine time to 

maturity. 
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The organ weights, and volumes where applicable, were compared using a multi

factor Analysis of Covariance, using whole body mass and SVL as covariates. 

The assumptions for ANCOV A were met before using the analysis. 

To assess the presentation of the flesh and palatability of the flesh for human 

consumption, the carcasses of 9 snakes from Group A and 8 snakes from Group B 

were frozen for a short period. Carcasses from both groups were cooked in 

separate containers in a microwave. A panel of five people was given blind 

samples of both groups at random, with water between each sample to cleanse the 

palate of the testers. 

6.2.5 Ltlbour efficiency 

The time spent preparing food, feeding the snakes and preparation of skin and 

carcass for marketing was assessed qualitatively. This trial was more labour 

intensive than a large scale operation, where mechanisation of several steps, such 

as food preparation and cage cleaning, would be possible. 

6.3 Results and Discussion 

6.3.l Diet preference study 

Several of the food types were accepted by some or all of the snakes (Table 6.1). 

Commercial Production of Juvenile Notechzs ater 108 



Alternative Diet Options 

Table 6.1 Summary of diet preferences of N. ater from two island 

populations offered several alternative food types. 

Food type Forsyth Order Forsyth Order Christmas Order 

Island presented Island presented Island presented 

(ID 57) (ID 96) (ID 331) 

Gelatine yes 1 yes 2 no 9 

Whiskas™ yes 2 no 1 yes 4 

(chicken and tuna) 

Rep 10 (tortoise food) no 3 no 5 yes 2 

Go Cat TM paste no 4 no 4 yes 5 

Tlllkey Starter no 5 yes 6 yes 3 

Cnnnble paste 

Rsh food flakes paste no 6 no 3 yes 7 

Dine yes 7 no 7 no 10 

Aniseed oil no 8 no 9 no 9 

Mouse scented water Yes 9 yes 12 yes 11 

(10 gllitre). 

Cat-off-a cat bait no 10 no 8 yes 1 

-minus the toxin 

Mutton bird oil no 11 no 10 no 6 

Fox-off-fox bait no 12 no 11 no 8 

-minus the toxin 

Salmon starter yes 13 no 13 no 13 

The preference trial proved inconclusive, other than demonstrating that N. ater 

responded favourably to scenting. No single type of food was readily accepted by 

all three snakes, except for the control mouse water. Only Gelatine, Whiskas TM 

and Gibsons Pty Ltd turkey starter crumble were accepted by more than one snake. 

It was immediately clear that the method of presentation was crucial for successful 

feeding. All pastes were unsuccessful. In attempting to swallow these, the food 

was spread around the mouth of the snake and left a messy residue around and in 

the mouth. This food residue could lead to disease or long term problems. A 
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more compact packaging was necessary to accommodate the food type chosen. 

Each of the foods investigated had problems in their initial format, as described 

below. 

1. Gelatine and water - The gelatinous format was marginally better than the 

other pastes, but lost form as it heated to the ambient temperature of 27 °C 

and could not be relied on solely to provide structure to an artificial food. 

Gelatine has no dietary value but can be used to add form to another food 

without interfering with the acceptability of that food. 

2. Whiskas TM (chicken and tuna) -This was accepted, but the paste/moist gel 

format inhibited consumption. It could be used in a different format, but 

would be expensive if further processing were required to make it 

presentable. It was relatively expensive to purchase, by weight. Although 

canned food was accepted, storage of opened tins would be difficult and the 

cost of this food type was prohibitive. 

3. Rep 10 TM (tortoise food) and water -This food was far too expensive to 

consider on a commercial scale, even though it was accepted by one snake. 

Rep 10 TM was a hard pellet when dry, but swelled to a spongy plug when 

wet. It soon became soft and lost form if not consumed within fifteen 

minutes. It was originally designed to hold form whilst suspended in water 

for tortoises. 

4. Go Cat TM dried pellets and water mixed to a firm paste - This was accepted 

by only one snake, but according to the list of ingredients and nutrient 

details, could be used as a alternative food source that is cheap and easy to 

work with. 

5. Turkey starter crumble and water mixed to a firm paste - This was accepted 

by two snakes, but this may have resulted from storage of the product in the 

mouse enclosure. Wild field mice had potential access to the turkey starter 

crumble in the enclosure and may have scented the product and improved its 
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acceptability. Upon further analysis the turkey starter crumble was found to 

contain a large proportion of inorganic filler (shell grit) and therefore was 

not suitable as a food source. Crumble cannot be considered as an 

alternative food source for snakes. 

6. Fishfood flakes and water, mixed to a firm paste - Although this was 

accepted by one snake, it has similar cost constraints to the tortoise food. 

7. Dine - The paste format and the requirement for further processing make it 

prohibitively expensive. 

8. Mouse scented water, mixed to 10 g/litre -The snakes attempted to consume 

the plastic syringe indicating that scent can override presentation. 

9. Cat-off -This was accepted by only one snake and proved to be difficult to 

handle. No nutritional information was available and it was assumed to be 

full of bulking agents with little or no nutritional value. 

10. Mutton bird oil - The failure of any of the snakes to respond to this food led 

to the rejection of this oil as a scenting agent. 

11. Fox-off - This food type was similar to Cat-off, and therefore rejected as a 

suitable food source. 

12. Aniseed oil - Negative response from the three snakes, as they actively 

moved away from it. 

13. Salmon Starter -This was accepted by one snake, and has the necessary 

dietary requirements for use as an alternative food source. 

6.3.2 Food presentation 

Natural sausage skin was the only presentation method that worked consistently. 
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6.3.2.1 Gelatine Capsules 

Capsules were discounted as commercially available capsules were not large 

enough, holding only 0.5-1 gram of food. When standard medicine capsules were 

filled with any type of paste, they became soft in a very short time and eventually 

fell apart. Filling individual capsules was very time consuming, and the capsules 

were prohibitively expensive. 

6.3.2.2 Sausage Skins 

The sausage format was highly successful, with the snakes readily consuming the 

sausages voluntarily. 

6.3.2.3 Collagen Skins 

The collagen skins were investigated first, as they were available in a suitable 

diameter. They were discontinued after only two weeks when it was found that 

the sausages were regurgitated two to three days after consumption. The 

regurgitated sausage skins were not digested at all and were still intact, with the 

filling reduced to a fluid consistency within the skins. Clearly the collagen could 

not be digested and the problem of a suitable diameter skin remained. 

6.3.2.4 Natural Skins 

The commercially available natural skins were 14-16 mm in diameter and at first 

were too difficult to use. As the juvenile snakes began to engulf the food 

packaged in the larger skins, all the filling bunched up to one end, forming a large 

bulge that was too large to engulf. 

To prevent the bulging, natural sausage skins were prepared from the intestine of 

stillborn lambs. These were well suited to the task, with no bulging, 

approximately 10 mm diameter and easily cut to length. All the sausages were 

tied at each end with cotton to keep in the filling. The task of preparing the lamb 

intestines was quite labour intensive, and therefore prohibitive in labour costs. 
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Lamb intestine sausages were readily accepted and were digested at a similar rate 

to pinkie mice. 

To overcome the problem of sausage diameter, commercially available natural 

skins were used, but were filled on a nozzle of reduced diameter and drawn out, 

during filling, at a velocity that prevented the skin from filling to turgidity (see 

Appendix C). The end result was a firm sausage filled to the required diameter of 

8-12 mm. These could be cut to length and tied effortlessly, with the filling 

constituency similar to a firm bread dough. 

Snakes have been documented eating a variety of objects that are not a part of 

their natural diet. A brown tree snake has been reported consuming road kill 

several days old (Torr, 1996), a python inadvertently consumed a beach towel 

(Shine, 1991), Worrell (1963b) reared adult N. ater on sausages, Barnett (1981) 

successfully used goldfish with Notechis sp, and N. ater has been recorded to have 

caught and consumed rainbow trout, Salmo trutta, in Tasmania (Brereton and 

Peacock, 1992). Therefore, whatever food type is chosen, the packaging need 

only hold the food in a size and shape that can be readily consumed, as scent can 

override presentation. 

Natural sausage skin proved versatile for use as a packaging tool for an artificial 
I 

diet. It was flexible in terms of diameter and length and content was 

predetermined according to need. Production of the sausages needs to be 

mechanised, to reduce labour costs associated with production. The most 

intensive step was tying each individual sausage end to retain the filling, as simply 

twisting the ends as done with normal butchers sausages was not adequate. 

Mechanised systems already exist that would accommodate this need. 
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6.3.3 Food types 

After 12 weeks the neonates fed on Go Cat sausages (Group 3) were removed 

from the trial and subsequent analysis. Their mortality rate had reached 

approximately 30% by this time, compared with 0% for both Groups 1 and 2. 

All the foods investigated were accepted voluntarily. At first, mice scented water 

was added to the sausages to encourage feeding, but this proved unnecessary, as 

the salmon starter and Go Cat TM were consumed without mouse scent after some 

initial encouragement. 

The snakes fed on Go Cat TM did consume the food voluntarily, but consistently 

regurgitated the food two to three days after consumption. Several of the snakes 

died from cloacal prolapse, possibly caused by gut irritation brought about by the 

high grain content used as a filler for Go Cat™. 

Summary data for the initial mass and SVL for the three groups are summarised in 

Table 6.2. 

Table 6.2 Initial mean n;iass and SVL for juvenile N. ater from Groups 

1, 2 and 3. 

Group (n) Mean mass Range (g) Mean SVL Range 

±SE (g) ±SE(mm) (mm) 

1 (mice) 8 23.6 ± 2.50 16.6-36.5 339 ± 10.0 295-375 

2 (salmon) 9 24.0 ± 1.40 16.5-28.2 348 ± 24.0 302-385 

3 (Go Cat™) 9 24.1±1.60 14.5-30.4 347 ± 11.3 298-400 

All analyses exclude Group 3, as these animals were discontinued before the end 

of the trial. There were no significant differences in the initial mass and SVL for 

Groups 1 and 2 (t-test, initial mass, t15 = -0.155, P = 0.879; initial SVL, t15 = -
0.690, p = 0.501). 
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The rate of increase in mass and SVL was similar for Groups 1 and 2 (Repeated 

measures ANOV A: mass, F 1,1s = 0.040; P = 0.843; SVL, Fl,ls = 0.580; P = 0.458) 

(Figures 6.1 and 6.2). 

120 

110 

100 

90 

Ci 80 ._. 
UI 70 UI 
Ill 
E 60 

50 

40 

30 

20 

0 

Figure 6.1 

600 

550 

500 

e 
E 
::; 450 
> 
CJ) 

400 

350 

300 

0 

Figure 6.2 

•Group 1 y = 14 796x + 5 3367 

R2 = 0.9713 
•Group 2 y = 13.988x + 9.7681 

R2 = 0.999 

.&Group 3 y = 4.0637x + 21.263 

R2 = 0.922 -----d' 

~ 
~ 

- - - -·- - - - - - - -i - - - -

4 8 12 16 20 

time (weeks) 

Growth (mass ± SE) of juvenile N. ater from Christmas Island 

stock fed diets of mice (Group 1), salmon starter (Group 2) and 

cat food (Group 3). 

+Group 1 

•Group 2 

.&Group 3 

4 

y = 42.918x + 296.68 

R2 = 0.9982 
y = 44.997x + 304 66 

R2 = 0.994 
y = 14. 1 x + 348.08 

R2 
= 0.8398 

8 

time (weeks) 

12 16 20 

Growth (SVL ± SE) of juvenile N. ater from Christmas Island 

stock fed diets of mice (Group 1), salmon starter (Group 2) and 

cat food (Group 3). 

Commercial Production of Juvenile Notechis ater 115 



Alternative Diet Options 

The changes in mass and SVL relative to food quantities consumed were quite 

different, with Group 2 (salmon starter) growing faster per unit of food consumed 

than Group 1 (controls) (Repeated measures ANOVA: change in mass per unit of 

food consumed, F1,1s = 12.67; P = 0.003; change in SVL per gram of food 

consumed, F1,1 5 = 26.33; P < 0.01) (Figures 6.3 and 6.4). 
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The number of moults and inter-moult periods are summarised in Table 6.3. 

Table 6.3 Comparison of the number of moults and inter-moult 

period for N. ater from Groups 1 and 2 for the entire trial 

period 

Group 1 Group 2 

Observation period (weeks) 20 20 

Total number of moults (n) 18 23 
- 2.3 ± 0.25 2.6±0.29 Mean number of moults ( x ± SE) 

Range of number of moults (n) 1-3 1-4 

Mean inter-moult period (weeks ± SE) 6.0 ± 0.64 5.2 ± 0.44 

Range of inter-moult period (weeks) 3-13 2-10 

The frequency of moults, and the inter-moult period was similar for both groups 

(t39 =l.102, p = 0.277). 

The mortality rate was the same for both groups (0% ). The only difference 

between the two groups was that snakes in Group 2, fed on salmon starter, grew 

faster per unit of food consumed than those in Group 1, fed pinkie mice. 

Salmon starter proved to be an effective diet. The external healthy appearance 

supported the conclusion that no external morphological health problems or diet 

deficiencies arose in N. ater maintained on a diet of salmon starter for 20 weeks. 

Twenty weeks, however, is not that long in terms of snake development. 

Physiological problems may arise from long term use of salmon starter, and the 

need to examine this possibility led to a further study of the effectiveness of 

salmon starter as an alternative diet for tiger snakes. 
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6.3.4 Long term effects of salmon starter as an alternative diet 

6.3.4.1 Growth 

Data for the initial and final mean mass and SVL for Groups A and B are 

summarised in Table 6.4. 

Table 6.4 Initial mean mass and SVL for juvenile N. ater from 

Groups A and B fed mice and salmon food respectively. 

Group n Mean mass Range (g) MeanSVL Range (mm) 

±SE (g) ±SE(mm) 

A-initial 19 6.8 ± 0.25 5.1-8.4 246 ± 3.3 213-278 

B-initial 17 7.1±0.28 5.1-9.6 249 ± 3.5 220-277 

A-final 19 356±17.1 191-470 837 ± 11.8 715-900 

B-final 17 338 ± 35.7 132-644 810 ± 25.8 650-1000 

There was no significant difference in initial mass and SVL for snakes in Groups 

A and B (t-test, initial mass, t34 = -0.705, P = 0.485; initial SVL, t34 = -0.521, P = 

0.883). 

The rates of increase in mass and SVL for Groups A and B were similar for the 36 

week trial period (Repeated measures ANOVA: mass, F 1,33 = 0.122; P = 0.729; 

SVL, F1,19 = 0.883; P = 0.458) (Figures 6.5 and 6.6). 
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The rate of mass and SVL increase relative to food consumption failed to meet the 

assumptions for Repeated measures ANOV A. The changes in mass and SVL per 

unit of food consumed, for Group B, were consistently greater than for Group A 

from week 20, which corresponded with the start of twice weekly feeding at half 

rations for Group B (Figures 6.7 and 6.8). This trend continued to the end of the 

trial, beyond the termination of twice weekly feeding for Group B. 
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The mean total food intake per snake was similar for both Groups for weeks 0-16, 

and 16-24, corresponding with the initial once, then twice weekly feeding 

frequency respectively, for Group B. After returning to a single feed per week, 

Group B consumed substantially less food per snake than those in Group A 

(Figure 6.9), for similar growth rates (Figures 6.5 and 6.6). 
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(control) and Group B (salmon starter), for the three feeding 

frequency periods. 

There was little difference in the mortality rate of each group. The number 

of mortalities and possible causes are summarised in Table 6.5. 

Table 6.5 Summary of mortalities and proposed causes of N. ater 

from Groups A and B. 

ID Group Age at death (weeks) Cause 

1 A 32 unknown 

74 A 24 force fed 

91 A 36 ricketts/bone deformity 

108 A 8 force fed - threw up food 

11 B 8 canker 

38 B 24 force fed 

125 B 12 force fed 

Deceased snakes from both groups demonstrated similar causes of death; in most 

cases this was a consequence of an inability to feed voluntarily. The only 

mortality that may have been diet related was in a snake fed on mice (#91); this 

may have been a result of a vitamin deficiency brought about through insufficient 

exposure to UV radiation or thiaminase enzymes in the salmon sausages leading 
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to vitamin B complex deficiencies (McCracken, 1988; Mirtschin and Davis, 

1995). 

Growth resulting from longer term usage of salmon starter as a food base, in 

conjunction with improved housing conditions, indicated that large numbers of 

marketable sized snakes could be grown in less than 12 months using salmon 

starter. When assessing the overall length and weight changes of N. ater 

maintained on the salmon starter diet, it is impossible to identify any differences 

from those reared on mice. The only notable morphological effect of the salmon 

food in terms of growth was the greater range in final size (Table 6.4). 

The final sizes attained after 12 months were the same as five month old Mt 

Chappell snakes grown by Barnett and Schwaner, (1985) and 10 month old snakes 

reared by Fearn (1993). After the first six month period the rate of growth of 

snakes reared by Barnett and Schwaner, (1985) declined quite dramatically, 

suggesting that the first three to five months of growth are crucial for attaining a 

marketable size within 12 to 15 months. 

The initial growth of my snakes was hampered for three months following birth by 

low food availability and the animals had been fed only between two to five times 

over this period. This feeding frequency is one half to one sixth the recommended 

feeding frequency discussed in Chapter 3. Previous trials (see Chapters 2 and 3) 

have demonstrated that small quantities at low frequencies result in a slowing of 

growth rates and a deferral of the development of voluntary eating. It was 

expected that the snakes in this trial would take longer than expected to develop 

voluntary eating habits than snakes from the same population fed correctly, and 

this was found. These first three months are crucial, as size increases of 18-30% 

per month can be achieved (Barnett et al., 1985). If this diet constraint was 

addressed, the snakes fed salmon food, or mice for that matter, housed in the 

conditions outlined in this trial would be expected to reach sizes similar to those 

reported by Barnett and Schwaner, (1985). 

Commercial Production of Juvenile Notechis ater 122 



Alternative Diet Options 

The origin of the snakes used by Barnett and Schwaner, (1985) is probably 

irrelevant to the comparison with the tiger snakes used for this trial. Although it 

has been suggested that the snakes from Mt Chappell Island grow faster than tiger 

snakes from other populations, in order to take advantage of the highly seasonal 

mutton bird chick food source (I. Norton, pers comm.), growth rates obtained by 

me in Chapter 7 show little difference between discrete island populations in 

similar conditions. The snakes raised by Fearn (1993) originated from mainland 

Tasmania and this was shown to be a poor snake in terms of commercial purposes 

(see Chapter 7). The snakes reared in this trial were only 2 months behind those 

raised by Fearn, and this can be attributed to a combination of the poor start given 

to the snakes prior to them being placed in my care and the much more intensive 

feeding regime employed by Fearn. 

Some of the differences in energetics of salmon food compared to mice are 

summarised in Table 6.6. 

Table 6.6 Breakdown of the contents of salmon starter and mice. 

Parameter 

Moisture (%) 

Protein(%) 

Fat(%) 

Digestible Energy MJ/Kg 

Protein to Energy Ratio 

Digestible Lysine to D.E. Ratio G/MJDE 

Vitamin A (I.U./Kg) 

Vitamin D (I.U./Kg) 

Vitamin E mg/Kg 

Vitamin C mg/Kg 

Salmon Starter* 

8-10 

50 

14' 

17.3 

29 

2.0 

10000 

1500 

300 

500 

Mice** 

65-69 

49-72 

17-28 

6.5t 

448067-

1759122 

60.8-88 

*(Salmon starter figures from Gibsons food specifications, 1997) 

**(Mice energetics from Clum et al., 1996) 

t(From Gorecki, 1965) 
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There is less digestible energy per unit of food in mice than in salmon food, so 

snakes maintained on mice need to eat a greater quantity to access the same 

amount of energy. 

Using the digestible energy figure from Table 6.6, and the total mass change for 

each group, a crude estimate of conversion efficiency was calculated. Estimates 

of relative efficiencies for each group are summarised in Table 6.7. 

Table 6.7. Calculation of total conversion efficiencies for Groups A 

and B, using total food consumed and total mass increase 

for each group. 

Parameter Group A GroupB 

energy per kg of food (MJ/Kg) (From Table 6.3) 6.5 17.3 

total food consumed (Kg) 16.17 10.62 

proportion of food mass containing energy (%) 100 50 

total energy available in total food consumed (MJ) 108.55 91.89 

total mass increase (Kg) 6.625 5.3 

total energy used for mass.increase (MJ) 43.06 56.31 

Conversion efficiency 39.7 61.3 

(Total energy used/total energy available) x 100% 

Not only did Group B consume approximately 35% less food, the conversion of 

that food to body mass was considerably more efficient (Table 6.7). Clearly, less 

food would be required for a given outcome of snake mass by feeding N. ater a 

salmon starter based food. 

In fact, between 20-50% less food is required to achieve marketable size. The 

reduction in feeding combined with the greatly reduced effort to pro~uce the food 

combine to considerably reduce direct costs. In addition, all indirect costs 

associated with housing, husbandry and maintenance of mice are removed and 
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space otherwise used for mice can be assigned to snake housing, increasing the 

carrying capacity of the farm. The consequence of using salmon feed as a diet is 

that maximum commercial effort can therefore be focused on the production of 

snakes. 

6.3.5 Internal organ health 

Initial autopsy results showed no macro parasitism in any snakes from either 

Group. The only physical anomaly was three broken ribs, partially healed, in one 

snake from the control group. These were probably sustained during collection of 

a previous SVL measurement. There were no gross morphological distinguishing 

features found between the groups, with all internal organs looking normal. There 

was none of the fat body necrosis generally found in wild specimens (D. 

Obendorf, pers comm.) (Plate 6.1). 

Plate 6.1 Gross organ health of N. ater maintained on a diet of salmon 

star ter. 

Commercial Production of Juvenile Notechis ater 125 



Alternative Diet Options 

Several of the parameters recorded for internal organs were significantly different 

between groups, with mean mass and volumes summarised in Table 6.8. Organ 

mass and/or volume was analysed using ANCOV A, using final mass and SVL as 

covariates. 

Although there was little difference between the final mass and SVL of both 

groups, the anatomical and histological structure of the snakes dissected were 

quite different. Snakes fed salmon starter had a heavier dressed carcass weight, 

even though mass and SVL of the live animals from each group did not differ. 

This extra carcass weight was balanced by reduced fat bodies; although the 

internal organs involved in metabolism and waste excretion (liver and kidney) 

were all larger, the obvious energy storage systems (i.e. fat bodies) were 

approximately half those of Group A. Salmon food contains a substantially lower 

fat content than mice (Table 6.6), which presumably restricts the production of 

lipid stores. The higher salt content and impurities associated with fish meal may 

have induced a faster metabolic rate and an enlarged liver. 

The mass (full) and fluid volume of the gall bladder and the mass of the kidneys, 

dressed carcass and skin mass of Group B were all larger than those in Group A 

(Table 6.8). The empty gall bladder weight was not different between the two 

groups; therefore the significant difference between the mass of full gall bladders 

was due to different gall volumes. The larger gall content for the salmon fed 

snakes was surprising, as this would be expected in response to large quantities of 

ingested fat/lipids, which was not the case. 
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~ Table 6.8 Relative mass and/or volume of internal organs (values as a proportion of final body mass and SVL). 
>; 
n Organ Group A± SE Range GroupB±SE Range F p et n n 
"'d 
>; 

head width (mm) 27.87 ± 0.561 8 26.74-29.01 27.53 ± 0.609 7 26.31-28.76 F 1,14 = 0.17 P= 0.689 0 
g. 
(") drip blood volume (ml) 12.64 ± 0.584 9 11.34-13.93 12.84 ± 0.640 8 11.46-14.23 F 1,16 =0.05 P=0.834 ::t. 
0 = heart (g) 0.94 ± 0.042 9 0.84-1.03 0.98 ± 0.045 7 0.88-1.08 F1,16 = 0.42 P= 0.530 0 ....., 

~ lungs (g) 2.45 ± 0.238 9 1.93-2.96 0.24 ± 0.255 8 1.84-2.94 F 1,16 =0.03 P= 0.868 

s. liver (g) 10.28 ± 0.571 9 9.03-11.52 11.96 ± 0.657 7 10.52-13.39 F1,15 = 3.32 P=0.094 ~ 

~ gall mass-full (g) 0.64 ± 0.168 8 0.28-1.01 
~ 

1.27 ± 0.168 8 0.91-1.64 F 1,12 = 5.71 P= 0.034 
(') 

gall contents volume (ml) 0.46 ± 0.087 8 0.27-0.65 0.81±0.087 8 0.62-1.00 F 1,15 = 6.76 P= 0.023 ;::,.. 
c:;· 
i:::i gall mass-empty (g) 0.17 ± 0.017 9 0.13-0.21 0.16±0.019 7 0.12-0.20 F,, 15 = 0.07 P=0.790 ~ .... 

fore gut (g) 10.09 ± 0.342 9 9.35-10.83 9.04 ± 0.367 8 8.24-9.83 F1,16=3.77 P=0.074 

lower gut (g) 14.63 ± 0.922 9 12.64-16.62 14.73 ± 0.987 8 12.60-16.86 F1,16 = 0.00 P=0.946 

left teste (g) 0.43 ± 0.071 6 0.30-0.56 0.45±0.175 0.13-0.77 F 1,6 = 0.02 P=0.901 

right teste (g) 0.51±0.043 6 0.42-0.59 0.79 ± 0.120 0.59-0.99 F1,16 = 5.59 P= 0.065 

oviducts (g) 1.57 ± 0.760 2 0.75-3.9 2.78 ± 0.765 2 0.44-5.11 F1,3 = 1.24 P=0.382 

left kidney (g) 1.31±0.231 9 0.81-;-l.80 2.71±0.247 8 2.18-3.25 F 1,16 = 14.96 P= 0.002 

right kidney (g) 1.38 ± 0.236 7 0.86-1.90 2.53 ± 0.218 7 2.05-3.01 F1,14 = 10.82 P= 0.007 

left fat body (g) 22.02 ± 0.755 9 20.39-23.()5 11.76 ± 0.809 8 10.01_:_13.51 F 1,16 = 74.33 P< 0.01 

right fat body (g) 17.72±0.955 9 15.65-19.78 11.13 ± 1.023 8 8.92-13.34 F 1,16 = 19.17 P<0.01 > 
heart fat body (g) 1.75 ± 0.133 9 1.46-2.04 1.02 ± 0.153 7 0.69-1.36 F1,1 5 = 11.41 P=0.005 if 

9 
dressed carcass (g) 125.2 ± 2.184 8 120.42-129.94 136.39 ± 2.18 8 131.64-141.15 F 1,15 = 10.80 P= 0.007 "' ~· 

(1) 

skin (g) 41.99 ± 3.23 8 34.94--49.04 56.56 ± 3.230 8 49.51-63.61 F 1,15 = 8.64 P=0.012 t! 
(ii 
...... 

~ 
......... ::t . 
N 0 = --l "' 
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Some of the larger males from both groups had developed testes that appeared 

to be functional with spermatogenesis occurring in seven of the males 

investigated, suggesting that male Notechis ater can reach maturity in under 

12 months. All females were developing oocytes that were quite small, 

suggesting that maturity was still 12-24 months away (S. Jones, pers comm.). 

Males require far less energy for gamete production (Shine, 1977a) and would 

therefore be able to mature sexually earlier than females. This is contrary to 

Fearn (1993) who suggested that females mature before males. 

The analyses undertaken on the sexual organs should be treated with caution 

due to the low number of mature organs measured. 

6.3.6 Histology 

The histology slides were analysed qualitatively, and are summarised in 

Tables 6.9 and 6.10 (NSF= no significant findings). Advice on the 

interpretation of 'normal' histology was provided by Dr David Obendorf 

(consultant veterinarian/wildlife parasitologist). There were two significant 

diseases identified that could potentially cause problems with time - a 

bacterial kidney infection and a chronic enteritis. These diseases are 

previously unrecorded in N. ater. 

6.3.6.1 Intestine (anterior small intestine) 

Normal gut structure was found in snakes fed both diets (Plate 6.2); however, 

some gut enteritis was present in both groups (Plate 6.3). 
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Table 6.9 

ID 
Sex 
Mass 
SVL 
Liver 

Kidney 

Gut-Stomach 

Gut-Small 
intestine 

Muscle 

Heart 

Reproductive 
organs 

Histological assessment of the internal organs and muscle of N. ater in Group A (controls), using H&E staining 
t h . ec mques. 

2 27 72 59 134 135 47 65 n=8 

M M M F F M M M 
295 458 280 247 191 302 418 391 
780 880 840 745 715 810 860 880 
NSF NSF fatty mild N SF- hydropic /fatty NSF single normal-5 

vacuolar hydropic normal change in inflamed cell fatty-3 
hepatocytes /fatty hepatocytes foci , otherwise 

change NSF 
vacuolar nephrosis, some tubules hydropic normal NSF normal extensive normal-5 

changes in giant cell foci with casts tubules; kidney hyaline pathological-3 
essentially & interstitial but focal droplets in 

normal fibrosis essentially hyaline kidney 
kidney normal droplets 
normal hyperplasia NSF normal normal mild mucosa! giant cells essentially normal-5 

inflammation in glands; normal pathological-3 
mucus 

metaplasia 
protozoans mucosa with few cryptal normal submucosal NSF NSF normal-5 

on giant cells disorganised giant cells inflammation; pathological-3 
epithelium, with glands protozoans 

mucus mineralisation present 
metaplasia 

NSF NSF NSF NSF NSF Muscle NSF NSF normal-7 
degeneration- pathological- I 

focal 
NSF NSF epicarditis NSF NSF NSF NSF NSF normal-7 

pathological- I 
sperm sperm present sperm ovules/ inactive testis sperm sperm 

present present CL' s present present 

0 
'O 
::::t. 
0 ::s 
"' 



Table 6.10 Histological assessment of the internal organs and muscle of N. Ater in Group B (salmon starter) using H&E staining 
Q t h . ec mques. 
§ 
~ 

d 
a 
'"'O 
8 
0.. s:: a. 
0 
t:l 
0 ...., 
C" 
< 
~ 

2. 
~ 

~ 
~ g. 
c::;· 
~ 
~ .... 

........ 
w 
0 

ID 
Sex 
Mass (g) 
SVL(mm) 
Liver 

Kidney 

Gut-Stomach 

Gut-Small 
intestine 

Muscle 
Heart 

Reproductive 
organs 

78 
F 

367 
780 

fatty liver 

fatty tubular 
cells; focal 
interstitial 

inflammation. 

focal mucosal 
inflammation, 

interstitial 
inflammation 

in muscle 
submucosal 

inflammation 

NSF 
small 

granuloma on 
epicardium 

52 
M 
144 
650 

hydropic/ 
fatty change 

Ill 

hepatocytes 

tubular 
hyaline 

droplets; 
chronic 

scarring foci 
NSF 

NSF 

NSF 
NSF 

12 25 
F M 

212 271 
680 790 

mild hydropic inflammation 
change of cell foci, 

otherwise 
NSF. 

NIA interstitial 
inflammation 

with focal 
tubular 
necrosis 

focal necrosis cryptal 
with giant disorg. C 

cells giant cells 

submucosal extensive 
inflammation globule 

leucocytes 
submucosally 

NSF NSF 
NSF NSF 

ovules 
present 

48 145 149 88 141 n=9 
M M M M M 

301 177 418 218 400 
835 700 895 740 830 

hydropic I hydropic / NSF few hydropic normal-2, 
fatty change fatty change inflamed /fatty change fatty-7 

m m foci ; fatty m 
hepatocytes hepatocytes /hydropic hepatocytes 

change 
interstitial normal hyaline hydropic normal with norrnal-3; 

granulomas droplet tubules; enlarged pathological-5 
with tubules essentially glomerular Not Done-I 

inflammation normal tufts 

NSF normal normal normal mucosa I normal-5 
inflammation pathological-4 

submucosal normal hyperblastic cryptal generalised normal-2 
inflammation mucosa giant cells granulomatous pathological-7 
? Protozoans enteritis 

in mucosa 
NSF NSF NSF NSF NSF normal-9 
NSF NSF NSF NSF NSF normal-8 

pathological- I 

sperm 
present 



Plate 6.2 

Plate 6.3 

Alternative D iet Options 

Transverse section of intestine showing a relatively normal gut 
histology with discrete lymphoid cell aggregates in the submucosa (A) 
and extensive goblet cells (B) within the lin ing epithelium. Note the 
absence of inflammatory cells in the submucosa. Section stained using 
H & E. (Scalebar = 1.0 mm) 

Transverse section of intestine depicting extensive inflammatory cell 
infiltrates into the submucosa (A) with individual inflammatory cells 
migrating through the epithelium. Note the hyper-eosinophilic 
inflammatory cells (B). Section stained using H & E. (Scalebar = 0.5 
mm) 
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The aetiology of this enteritis, present in both groups, was not investigated. The 

chronic intestinal pathology was probably due to an infectious organism, possibly of 

bacterial or protozoan origin, and 'endemic' amongst the snakes at the time of 

selection. This may not be detrimental, but could impact on the growth of both 

groups to a similar extent. As this condition is likely to affect gut function and food 

conversion efficiency, further investigation would be a priority. 

6.3.6.2 Stomach 

The stomach of several snakes was found to have interstitial inflammation similar to 

that observed in the small intestine. Some abnormalities in the stomach caused 

distortion of the acid producing cells of the fundic glands. 

The high density of glycogen/carbohydrates stored in the mucosa of the stomach and 

small intestine demonstrates the storage capacity of N. ater. Such rich energy stores 

assist torpor in natural circumstances, but also act as a buffer for any periods where 

food intake may fall or be interrupted. 

6.3.6.3 Kidney. 

Some kidney disease was present (Plates 6.4 and 6.5), and was more prevalent in 

snakes fed salmon starter (Plate 6.6). The kidney disease is probably bacterial, and is 

a management concern, as it could interfere with normal renal function. 
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Plate 6.4 

Plate 6.5 
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Kidney of N. ater fed mice showing the tubular nephron with several 
tubular sections containing eosinophilic material (hyaline d roplets 
within epithelial cells) (A) . Section stained using H & E. 
(Scaleba r = 0.5 mm) 

Kidney of N. ater fed salmon starter with severe focal tubular 
inflammation and diffuse interstitial inflammation. Note the oedema 
spaces (A), hypereosinophilic cellular inflammation (B), the large 
inflamed renal tubule with extensive fibro-granulomatous inflammation 
(C) . Section stained using H & E. (Scalebar = 0.5 mm) 
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Kidney of N. ater fed salmon starter with extensive oedema 

separating the tubules and glomerular tufts (A). A large renal 

tubule (B) with several concentric layers of fibrous tissue around 

it, has masses of pink material and inflammatory cells in its 

lumen. Note the inflammatory cells in the interstitial tissues. 

Section stained using H & E. (Scalebar = 0.5 mm) 

The aetiology of this degenerative renal condition was not investigated. It was 

present in sufficient of the snakes sampled for histopathology to warrant further 

investigation. Artificial diets may be associated with this condition. 

6.3.6.4 Liver 

The li ver is an organ of energy storage-predominately glycogen (carbohydrate) and 

fats (lipids). In the most general sense, storage of lipid and/or carbohydrate is 

affected by the diet; high fat diets can lead to fatty livers. Notwithstanding metabolic 

and hormonal effects, the liver is an essent ial organ of metabolism; it acquires 

nut1ients from the portal circulation and assimilates these within hepatocytes for 

either 'short term ' or ' longer term' storage. Liver glycogen stores are regulated by 

several hormones, e.g . insulin involved in the control of blood g lucose . Complex 
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polysaccharides, such as glycogen can be stored in hepatocytes within small vacuoles 

and released between feeds to maintain blood glucose concentrations and support 

physical exertion. Excess carbohydrates can also be converted (rather inefficiently) 

by metabolic pathways to fatty acids and triglycerides. Diets high in fats or lipids can 

lead to obesity. If these compounds are not used to supply energy, then the liver will 

're-structure' the dietary lipid into stored lipid. Usually the lipid passes through a 

transitory phase in the liver within large vacuoles (i.e. membrane-lined vesicles). In 

gross appearance, such livers are larger, appear paler brown-yellow in colour and 

have a firm consistency. Histologically fatty liver shows what is termed 'hydropic 

change' or 'fatty change' in which the cytoplasm of hepatocytes appears pale pink 

with an open lacey appearance or with distinct holes or vacuoles. 

Histochemical staining is used to differentiate fats from carbohydrates stored in cells. 

The xylene extraction and paraffin embedding .procedure of standard histological 

mounts dissolves lipid from all tissues, whereas carbohydrates remain in place. 

Special lipid stains can be carried out on frozen tissue sections. Periodic acid Schiff 

(PAS) is used to specifically stain complex mucopolysacharrides and long chain 

carbohydrates (like glycogen). 

It is apparent that the livers of the snakes in this study show the ability to accumulate 

glycogen, lipid or a combination of both storage compounds. There was a higher 

proportion of fatty/vacuolated livers in Group B. P.A.S. staining of liver from two 

snakes from each group showed that interstitial fat/carbohydrate storage occurred 

within the vacuolated areas for snakes maintained on mice (Group A) (Plate 6.7) and 

that vacuolation was due to glycogen storage in snakes fed salmon starter based food 

(Group B) (Plate 6.8). In addition to high quantities of glycogen storage in the liver, 

the stomach and small intestine were glycogen/carbohydrate rich for both groups. 

Commercial Production of Juvenile Not~ch1s ater 135 
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Top: High power photomicrograph (H&E) showing large 

diameter vacuolar spaces which are assumed to be produced by 

lipid storage (A). Bottom: The PAS stain of this liver reveals 

minimal acid fast staining to the surrounding cytoplasm. 

(Scalebar = 0.1 mm) 
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Top: High power photomicrograph (H&E) showing hepatocytes 

with open loose cytoplasm (A). Bottom: The PAS stain of the 

same liver shows strong acid fast staining to the cytoplasm which 

is consistent with glycogen storage cytoplasm. (Scalebar = 0.1 mm) 
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The link between the enlarged organs may be the production of glycogen. 

Gluconeogenesis produces uric acid through deamination of amino acid substrates. 

The high protein content of salmon starter would presumably lead to increased 

production, and storage, of liver glycogen in Group B. The associated increase in 

uric acid excretion may have contributed to the observed enlargement of the kidneys. 

The higher salt content of the salmon starter diet is even more likely to have 

contributed to the hypertrophy (and possibly hyperplasia) observed in the kidney 

tissue of several Group B animals. 

Because the animals used were not pathogen free, and were a random sample from a 
' 

general population, no disease prevention beyond basic hygiene practices was 

undertaken; so any problems would have been common to both populations. 

Naturally there are diseases that are a reflection of diet (McCracken, 1988; Prescott, 

1988); e.g. those arising from vitamin deficiencies or excess lipids, which will 

sometimes cause a pathology. However, there were no gross or microscopic signs of 

abnormality associated with using salmon starter as food. 

6.3.7 Cost of production 

The cost of rearing mice as a food source was high in terms of hours worked per 

quantity output. It took approximately 12 hours of labour, caring for 16 harems of 10 

mice each, to produce 150-300 new-born mice (pinkies) per week. This included 

rotation cage cleaning (using standard laboratory mice cages, waterers and feeders), 

feeding and maintenance of husbandry notes and breeding programs. 

The time taken to produce each food type per snake is summarised in Table 6.11. 
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Table 6.11 Approximate time requirements for the production of each 

food type for individual juvenile N. ater. 

Food type 

Mice 

Salmon starter 

sausages 

Trial period Total preparation time 

(weeks) required to meet the food 

demand for 36 weeks (h) 

36 200---400 

36 72-108 

Preparation time of 

food per snake per 

week (minutes) 

17-33 

6-9 

In the current trial, each of the 20 snakes in Group A required 1-2 pinkies per week 

after birth. This increased to 1-8 adult mice per week near 52 weeks of age. The 

average number of mice consumed per snake in Group A for the 36 week period was 

72. Therefore 16 harems would produce enough mice to feed 20 snakes for 36 weeks 

in 200 to 400 working hours, assuming use of an established colony. This does not 

take into account the preparation time required to establish the initial breeding stock 

and the six week gestation period that precedes the first batch of new-born mice. 

This preparation time is independent of output, and is therefore required for the 

production of adequate quantities of food for any number of snakes. 

In contrast, only 3 hours were required to produce one batch of salmon food for 20 

snakes, where one batch comprises the quantities listed in Appendix C. For the first 

12 weeks, one batch would last for two to three weeks, so the actual labour would 

break down to only 1-1.5 hours per week to produce enough salmon based food for 

20 snakes. Excess sausages could be frozen for later use. To produce multiple batch 

quantities increased preparation time by only half to one hour, as 30% of the time 

was spent in post production cleaning. This did not vary for the 36 week trial period, 

as the time taken to prepare a 5 g sausage was similar to that taken for a 50 g sausage, 

since both required the same preparation and the difference in 'filling time was 

negligible. 

The time required to prepare salmon sausages was between one quarter to one eighth 

of that for the production of mice. The time estimates for production of salmon 
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starter would be reduced further if several steps in production, such as filling and 

tying the sausages, were mechanised. 

Salmon sausages therefore took far less time to produce, were easy to store, and, 

moreover, could be made to suit the snakes. During their first months, snakes are 

only capable of consuming newborn pinkie mice and these are difficult to obtain in 

sufficient quantities if a strict breeding program is not adhered to, or if any 

unforeseen problems such as disease arise in the mice colony. 

6.3.8 Skin and carcass preparation for commercial use 

The preparation of the carcass and skin for further processing took only 10 minutes 

per snake, including packaging the carcass for freezing and salting the skin for 

tanning. Skins removed from snakes in both groups were tanned using a syntan 

medium as used by Tas Woolie Crafts, Launceston. No differences in skin structure 

were found between each group during the tanning process. 

There were two distinct colour morphs present; a green morph and a banded silver 

morph. The green morphs were preferred, as there was less patterning present, 

resulting in a flawless skin, compared to the barred skins from the silver morphs. 

Skin colour was tested for differences in rate of development within each group since 

there seemed to be a higher level of aggression expressed by the silver morphs than 

by green morphs; initial analyses discounted any differences due to colour 

morphology. The green morphs rarely struck at their food, and were not affec;:ted by 

personnel passing the cages. In contrast, the silver morphs often struck at passers by 

and were dangerous to feed because of a tendency to strike at the food as it was being 

passed under the cage lid. This behaviour was responsible for the introduction of 

tongs for placing food into the cages. 

From a commercial perspective, the silver snakes would be culled for two reasons. 

Firstly, they would increase the risk of snake bite through their feeding behaviour, 

and secondly the silver skin has a typical barred tiger pattern, that would not be 

acceptable for 'a skin market that requires unmarked skin. Accepted skins would 

Commercial Production of Juvemle Notech1s ater 140 



Alternative Diet Options 

need a minimum of pattern to assist cutting the leather for matching purposes. If a 

clear pattern is present, it is more difficult to join several skins together. 

6.3.9 Flesh quality 

There was no difference in the flesh quality of snakes fed mice or salmon starter. 

Both were equally palatable. The flesh was firm like chicken but presented a mild 

fish flavour. Subsamples were successfully frozen at -l8°C for twelve months before 

consumption, with no loss in quality. Studies have demonstrated that correct 

handling of soft flesh such as fish and poultry prior to freezing will significantly 

reduce loss of flesh quality when frozen (Frost et al., 1989; Saenz et al., 1991; Fuleki 

et al. 1994). 

6.3.10 Diet swap capabilities 

All the snakes subjected to a diet switch from mice to salmon food and vice versa 

began to eat the other diet voluntarily within one week. 

6.4 Summary 

After detailed investigation, salmon starter proved suitable for use as an alternative 

diet. 

There was no difference in external morphology between snakes fed on a on a natural 

or artificial diet. 

When used over a period of 12 months, the salmon starter diet produced a snake that 

has greater commercial potential than the standard mice fed snakes. If there are any 

long term adverse effects from the salmon food they do not begin to show before the 

snakes reach commercial marketable size. Therefore the use of the salmon food as 

an alternative diet is viable, assuming that the snakes are not to be kept for more than 

12-15 months. For longer term husbandry, a supplementary diet of either mice or day 

old chickens would be sensible to offset physiological side effects suggested by the 

structure of the kidneys and liver. This supplementary diet would probably only need 

to be administered once every four to eight weeks and would provide a supply of any 

trace elements and vitamins that might be missed using salmon food. 
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7.0 COMPARISON OF FIVE DISCRETE 

POPULATIONS FOR SELECTION OF APPROPRIATE 

FARM STOCK 

7.1 Introduction 

There has been ongoing debate about the taxonomic status of the discrete 

populations of tiger snakes found within Tasmania, the eastern, southern and 

south western seaboards of Australia, and several classifications have been 

proposed. The most popular is that tiger snakes from the eastern and southern 

seaboard form one species, Notechis scutatus, and those from the Tasmanian 

and West Australian region form another, N. ater (Cogger, 1992; Rawlinson 

1991, Nix, 1989). Schwaner (1985), however, suggests that Notechis is a 

species complex with clinal variation, and the snakes of Tasmania are no more 

than an outlier of the Victorian fauna, relicts of recent glaciations and land 

bridges. However, Keogh et al. (1998) suggest that the Notechis radiation 

occurred soon after the divergence of all elapids, and that Notechis spp. form a 

monophyletic group closely related to Tropidechis spp. and to a lesser extent, 

Austrelaps spp. 

Within Tasmania and the offshore islands of Bass Strait, tiger snakes exhibit 

morphological differences that, in the past, have been used to define sub 

species (Worrell, 1963a, 1963b; Fearn, 1993). However, none of these have 

found favour and the currently accepted nomenclature for tiger snakes found on 

the Bass Strait islands and mainland Tasmania is Notechis ater (R. Shine, pers 

comm.). 

To initiate the commercial production of large numbers of tiger snakes, several 

hundred adult N. ater were collected from numerous locations within 

Tasmania's border by the farm owner. Justification for collection from discrete 

populations was that this might provide a range of morphological variation that 

could be exploited in a captive breeding program. However, no thought was 
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given to the fact that female elapids can store sperm for up to seven years 

(Shine, 1991). Crossing experiments were not carried out as part of this study. 

The morphological differences of several of the populations collected are well 

documented, in particular differences in size and fecundity (Barnett et al., 

1985; Shine, 1987; Fearn,1993; Mirtschin and Davis, 1995; Greer, 1997). 

Island populations were targeted specifically because of their reputation for 

large size (Shine, 1987). The owner considered that large body size was likely 

to be an important attribute for commercial rearing, although few published 

data were available on growth rate, age or longevity of these populations. 

The snakes used as stock originated from three islands of the Furneaux Group 

(Mt Chappell, Forsyth and Storehouse Island), one island off the west coast of 

King Island (Christmas Island) and a fifth population of mainland Tasmanian 

snakes from around Boobyalla, Brownwater and Lake Augusta (Figure 7.1). 

Substantial morphological differences are evident between the island 

populations, both at the juvenile stage and adult stage. Even within 

populations some morphological differences, particularly in colouration, are 

found (e.g. Sutherland, 1983; Fearn, 1993, Mirtschin and Davis, 1995; Greer, 

1997). 
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Figure 7.1 Origin of farm stock collected from five areas within Tasmania 

(Boobyalla, Lake Augusta, Brownwater Lagoon, Mt Chappell 

Island, Christmas Island, Forsyth Island and Storehouse Island). 
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There are a number of requirements that must be met for successful production 

of snakes, many of which are universal for any livestock production. For large 

scale tiger snake production the stock must meet the following parameters: 

A. placidity; 

B. high fecundity; 

C. large size at birth; 

D. low post natal mortality; 

E. fast growth rate; 

F. commercially acceptable skin; and 

G. suitable carcass mass. 

A. Placidity. The snakes must be easy to handle at all times, since reasonably 

placid snakes are important in terms of occupational health and safety. Long 

term handling of aggressive snakes increases stress in both the snakes 

(Guillette et al., 1995) and the handlers. Brief periods of handling placid 

species (e.g. Ball python, Python regius) in captivity do not appear to cause 

stress (Kreger and Mench, 1993). Stressed animals generally develop more 

slowly (Elsey et al., 1990; Grassman and Crews, 1990, 1992; Voigt, 1991; 

Guillette et al., 1995) and stressed handlers work less effectively. However, 

docile snakes are just as venomous and handlers must beware of complacency 

and carelessness (Roser, 1990a, 1990b). Snakebite always occurs when least 

expected, and most herpetologists are bitten at some stage in their career 

(Sutherland, 1993). 

B. High Fecundity. The number of juveniles produced per female must be 

adequate to ensure a constant supply of stock. Several species of snake and 

other reptiles have been shown to breed only every second or third year (Shine 

1977b, Charland and Gregory, 1989; Bonnet et al., 1992; Naulleau and Bonnet, 

1995a). At each reproductive episode, there needs to be adequate numbers of 

offspring for sustainable commercial production. 
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C. Large birth mass/size. Juvenile tiger snakes do not receive postnatal 

parental care, and have to forage for themselves. The larger the juvenile at 

birth, the bigger the prey or food item that can be eaten. Large size at birth is 

likely to correlate with increased energy reserves and improved capacity to 

withstand early growth checks or other stressors. 

D. Low juvenile mortality rate. The rate of loss of juveniles must be as low as 

possible. The costs involved in farming any ~ertiary predator are high with a 

large investment in each individual. Intrinsic post natal survival therefore 

needs to be as high as possible so that unavoidable losses are minimised. 

E. Fast growth rate. As with any stock, the faster the animal reaches a 

marketable size, the cheaper it is to produce as long as feeding costs do not rise 

disproportionately. 

F. All black flawless skin. The aim of the venture was to produce meat and 

skin for export, amongst other products. An all black skin, with little or no 

patterning would simplify cutting and reduce wastage when making leather 

goods. Skin quality was not investigated in this study. 

G. Suitable carcass weight. The carcass produced should be a reasonable 

proportion of body weight with growth channelled into muscle rather than fat 

bodies or other internal organs. 

Each population was monitored over a period of 3 years, recording birth 

numbers and growth parameters as part of various trials. Consequently an 

assessment of these responses in five populations in captive conditions is 

possible. There are several studies of individual captive and wild populations 

of tiger snakes (e.g. Shine, 1977a, 1977b; Barnett et al., 1985; Schwaner, 1989; 

Fearn and Spencer, 1995), and much data has been collected from museum 

collections (Shine, 1977a; 1977b; 1978; 1987). In addition data are available 

from isolated reports based on road kills and casual observations (Brereton and 
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Peacock, 1992; Fearn, 1993), but no studies have directly compared growth 

and birth data from so many discrete populations over a period of several years. 

7.2 Methods 

Several basic parameters were studied opportunistically for the populations 

held at the snake farm, depending on availability of juvenile snakes from each 

population: comparative fecundity; relative fecundity; number of offspring per 

female; parturition dates; size of juveniles at birth; growth rates; feeding 

behaviour; and mortality were all recorded wherever possible. These 

parameters were used to assess the most suitable population (including future 

cross-breeding) for commercial production, as no one population is likely to 

meet all the criteria identified above. 

Data on juveniles were from animals born and collected daily from outdoor 

enclosures during the birthing season. 

Comparative fecundity was determined by recording the litter sizes of any 

gravid females that died and from several females that were isolated 

immediately prior to parturition. The number of offspring was recorded, and in 

the case of live births from isolated females the mass and SVL of the juveniles 

and the female was recorded post partum. In addition, the total number of 

juveniles born per population each year was recorded, giving a crude estimate 

of reproductive output per captive population. Fecundity of individual females 

at the snake farm was difficult to measure as all females were housed 

communally in outdoor enclosures according to origin. Relative functional 

fecundity (RF) was calculated by dividing the number of juveniles born in each 

enclosure (J) by the number of females present in that enclosure (N). 

RF=JIN 

Dates of birth for the juveniles were determined by daily inspection of the 

outdoor pits that housed the gravid females. It was assumed that all juveniles 

were found within 24 hours of their birth. This was based on the behaviour of 

Commercial Production of Juvenile Notechis ater 147 



Comparison of Populations for Stock Selection 

new-born tiger snakes, which were found to disperse from the birth site within 

hours of birth and wander extensively throughout the entire enclosure. There 

were generally sufficient numbers of juveniles born per female to ensure that 

new-born snakes could easily be detected and the majority found within 24 

hours. 

The birth mass and SVL of the juveniles were recorded as soon as practical 

following birth. All the snakes born in 1993 were kept at densities greater than 

30 individuals per cage for a short period of time immediately after birth, 

because of a shortage of cages and an inability to process the large numbers 

involved while carrying out regular maintenance duties associated with my 

employment. The Storehouse Island snakes were kept at high densities for 3-5 

weeks, compared to 3-5 days for juveniles from Christmas Island stock and 2-3 

days for juveniles from Forsyth Island stock. 

Data from the 1991 cohort were collected by Michael Firmage, the previous 

manager of the Snake Farm. 

Birth data were unavailable for the Christmas Island juveniles born in 1996 

because I was no longer employed at the snake farm. 

Once the juveniles were measured and caging had been made available, they 

were housed individually in cardboard boxes (300 x 240 x 200 mm), with an 

egg carton hide and water bowl. The cages were maintained in a constant 

temperature room at 25-28 °C, and were cleaned once a week using a Hibitaine 

TM solution diluted 1:100 with warm to hot water. Christmas Island snakes 

reared in 1996 were housed according to the methods outlined in Chapter 4. 

Light was supplied by 8 fluorescent tubes on a 12 h light/12 h dark cycle. A 

single Trulite ® growth tube was moved around the room on a weekly rotation, 

providing ultra violet light to assist in the synthesis of vitamin D. The 

prohibitive cost of the Trulite ®tubes meant that only one was made available 

by the farm owner. 
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To determine differences in the rate of growth of the snakes from the five 

populations, a subset of each population was reared in common conditions and 

growth data collected. Animals were fed once per week ad libitum and were 

maintained at constant temperature in cardboard cages, as described above. 

The number of snakes used for comparison between populations was 

determined by availability, management restrictions, birth numbers and trial 

requirements. Snakes were selected at random from each population. 

The comparisons between the juveniles born in 1993 to the Christmas, Forsyth 

and Storehouse Island stocks are based on data collected from 20 sn~kes per 

population, used as controls for the several trials conducted in 1993. Data 

collection from the juveniles from Storehouse Island was discontinued after 

four months due to low survivorship. The juveniles from Christmas and 

Forsyth Island were monitored for 16 months. 

Comparison of the five populations born in 1994 (Mt Chappell, Christmas, 

Forsyth and Storehouse Island and Mainland Tasmania) was restricted by 

management to five individuals per population. Management did not support 

the monitoring of juvenile growth rates for each of the five discrete 

populations. However, as several trials were carried out on groups of snakes 

from Christmas and Storehouse Island, the numbers for these two islands were 

increased to eight as part of control groups for the experiments reported in 

Chapters 4 and 6. Mt Chappell Island juvenile numbers were restricted to 

three, as only three were born. 

A comparison between Christmas Island juveniles born in 1993, 1994 and 

1996 was carried out to assess changes in husbandry techniques. Christmas 

Island juveniles born in 1993 were housed at constant temperature and fed a 

fixed diet for four months (see Chapter 2) followed by feeding ad libitum (see 

Chapter 3). Juveniles born in 1994 were fed ad libitum from birth, but were 

still maintained at constant temperature (see Chapter 6). Juveniles born in 

1996 were housed in plastic cages on a heat gradient (see Chapter 6), but were 
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given, on average, fewer than five meals in the first three months as a result of 

a shortage of pinkie mice. After the initial starvation period the juvenile snakes 

were fed mice ad libitum. 

Snakes were fed ad libitum, if feeding was voluntarily, or fed between one 

third to one half their body weight if they required assistance to feed. Food 

intake, feeding ability and shedding frequency were recorded weekly while 

mass and SVL were recorded at four week intervals for each trial group. 

Mortality within each population was monitored by recording the number and 

time of deaths; possible or known causes for each death were identified. As 

part of management practice, several juvenile and adult snakes were sent away 

for pathological assessment post-mortem to monitor for any damaging 

pathogens or dietary deficiencies that may have occurred. 

All raw data were examined to determine whether the assumptions of 

parametric tests (homogeneity of variances and slopes, normality of 

distribution) were met prior to analyses. In all results from ANCOV A, 

differences among groups represent differences in Y-intercepts, and not 

differences in slopes. Differences in slope represent a significant interaction 

effect, a violation of the assumptions of ANCOVA (Sokal and Rohlf, 1981). 

7.3 Results 

7.3.l Comparative fecundity 

Data for individual fecundity of captive tiger snakes at the Snake Farm and an 

isolated road kill are summarised in Table 7.1. Infertile and aborted oocytes 

were included in the counts. Each count was from a single female. Time 

constraints were tight at the Snake Farm, as only two staff were employed to 

maintain the stock, and collect data. Therefore the available data for 

parturition dates for individual females were limited. 
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These data can only be used as an indicator of the relative fecundity of females 

from each of the five populations, as the actual number of females assessed are 

too low to analyse statistically. 
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The functional fecundity of each population has been summarised in Table 7.2. 

More information is available in Appendix D, Tables D.l and D.2. 

Table 7.2 Relative functional fecundity (RF) of each of the five 

populations of N. ater for 1993 and 1994. 

Smn:re Numrerof Relative Numrerof Relative 

females in 19<J3 fecundity (RF) females in 1994 fecundity (RF) 

(n) for19<J3 (n) for1994 

Mt Chappell Island 2 0 1 3 

Christmas IsJand 40 5.6 36 2.7 

Forsyth IsJand 3 26.6 3 9 

Storehouse IsJand 12 10.3 12 3.5 

Mainland Tasmania 5 0 5 16.2 

The relative fecundity of each population suggests that the females from 

Forsyth Island consistently produced larger numbers of betw.een 20-28 

off spring per female. The data suggest that all three females reproduced in 

1993 but only one female in 1994. No juveniles were born from the Forsyth 

Island stock in 1996. The small output per female for the other populations 

demonstrated that few of the adult females present were reproducing in any 

given season. 

Forsyth Island had the highest ratio of adult males to females whereas the 

Christmas Island breeding stock had the lowest, with only one male per four 

females (see Appendix D). 

Parturition took from 30 minutes to several hours, depending on the number of 

offspring and the level of human disturbance. Direct observations indicated 

that juveniles dispersed from the birth site within 15-30 minutes of birth, and 

actively moved around the entire enclosure for the first day. Therefore, if 5-10 

juveniles were found moving around the enclosure, parturition was assumed to 

have occurred within 24 hours of the discovery. 
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The number of offspring per population is summarised in Table 7.3. From the 

numbers of snakes born per day, an estimate of the number of litters per day 

was possible, as the number of offspring collected often correlated with the 

individual litter sizes recorded in Table 7.1. 
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Table 7.3 

Population 

Mt Chappell* 

Christmas 

Christmas 

Christmas 

Christmas 

Christmas 

Christmas 

Christmas 

Christmas 

Christmas 

Christmas 

Forsyth 

Forsyth 

Storehouse 

Storehouse 

Storehouse 

Storehouse 

Storehouse 

Storehouse 

Tasmania 

Tasmania 

Tasmania 

Comparison of Populations for Stock Selection 

Summary of parturition dates and number of offspring 

collected from outdoor enclosures for all five populations for 

1993 and 1994. 

1993 

19-Mar 

20-Mar 

21-Mar 

22-Mar 

23-Mar 

24-Mar 

26-Mar 

27-Mar 

30-Mar 

5-Apr 

18-Mar 

22-Mar 

22-Mar 

27-Mar 

1-Apr 

14-Apr 

23-May 

25-May 

No. of Estimated 

offspring No. of litters 

23 

22 

19 

24 

21 

19 

60 

9 

19 

19 

28 

45 

24 

10 

55 

20 

23 

12 

1 

1 

1 

1 

1 

1 

3 

1 

1 

1 

1 

2 

1 

1 

3 

1 

1 

1 

1994 No. of Estimated 

offspring No. of litters 

12-Apr 3(+19) 1 

1-Feb 

10-Feb 

27-Feb 

30-Mar 

7-Mar 

11-Mar 

28-Feb 

19-Mar 

14-Apr 

36 

39 

21 

27 

20 

21 

35 

42 

34 

2 

2 

1 

1 

1 

1 

1 

1 

1 

*19 infertile oocytes were found in conjunction with the three live juveniles. 
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From the data presented in Table 7 .3, litter size of the Mainland Tasmanian 

snakes was estimated at between 34-45, with collection dates sufficiently 

separated in time to rule out the possibility of missing large numbers of 

juveniles when collecting. The Mainland Tasmanian litter size was much 

higher than that estimated for the other populations. Storehouse Island females 

gave birth to the smallest litters recorded, with 10-24 juveniles per litter. 

Forsyth Island fem~es produced 22-28 juveniles per litter and Christmas Island 

females were mid-range between Storehouse and mainland Tasmanian females, 

with 9-28 juveniles per litter. The single low number of 9 juveniles from 

Christmas Island may have been a collection of juveniles missed from previous 

births, or from a female giving birth for the first time. 

Infertility was common in all five populations, with numerous infertile oocytes 

deposited during the birthing season. A wild caught female from Flinders 

Island was found to have 7 infer:tile oocytes and the single captive Mt Chappell 

Island female delivered 19 infertile oocytes, with only 3 live young (Table 7.1). 

7.3.2 Comparison of parturition dates 

The parturition dates for all populations are summarised in Table 7.3. In 

captivity, the majority of juveniles are born between the first week in February 

and the first week in April. Field data for the parturition season were not 

available for the Bass Strait islands, nor for the snakes born on mainland 

Tasmania, although Fearn (1993) estimates the mating season of Mainland 

Tasmanian N. ater as late summer to mid autumn (approximately mid-February 

to mid-April). Since the mating season overlaps the partuition season, mating 

could occur soon after partuition, thus mating and partuition occur at much the 

same time. Whether this is because animals mate soon after partuition, or that 

most females are biennial breeders, is not known. 

Parturition dates for all the populations show that there was little difference 

between the populations in 1993. However, there were marked differences in 

1994, with each island population giving birth within independent time frames 

and the Tasmanian snakes giving birth over an extended period. 
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There were no clear indications of any differences in parturition dates between 

years, except that Christmas Island snakes began giving birth earlier than other 

populations in both years, and Storehouse juveniles were born later in both 

years. 

In addition to the time of birth, consistent production of juveniles each year is 

necessary for sustainable production. Christmas Island juveniles were born 

each year in 1991to1994. Juveniles from Forsyth Island and Storehouse 

Island stock were born in 1992 to 1994. Juveniles from Mt Chappell Island 

stock were born in1991and1994 and juveniles from Mainland Tasmanian 

females were born in 1991and1994. 

7.3.3 Size at birth 

A summary of mean birth mass and SVL for each population for three years is 

presented in Table 7.4. Comparisons of birth mass and SVL were undertaken 

to determine any similarities within populations over several years, and to 

determine the differences between populations both within and between years. 

Consequently, non significant results are as informative as significant results in 

determining whether juvenile size from each populations is consistent between 

years. 

There were significant differences in mass and SVL at birth when treating each 

. cohort as a unique population (ANOVA: mass, F7,699 = 217.8, P < 0.001: SVL, 

Fs,116 = 150.9, P < 0.001). 
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Bonferronis post hoe tests used to identify the sources of this variation are 

summarised in Tables 7 .5 and 7 .6. Mt Chappell Island juveniles were removed 

from the analysis as there were insufficient numbers for analysis. 

Table 7.5 Significance levels (P values) for the Bonferronis post hoe 

test comparing the birth mass for each cohort. Cohort codes 

are identified in Table 7.4. 

Cohort 1 

1 1.00 

2 

3 

4 

5 

6 

7 

8 

9 

s 

s 

NS 

s 

NS 

s 

s 

s 

2 

1.00 

s 

s 

NS 

s 

s 

s 

s 

3 4 

1.00 

s 1.00 

s s 

NS NS 

s s 

s s 

s s 

s denotes a significance level of P < 0.01. 
NS denotes a significance level of P > 0.05. 

5 6 7 8 9 

1.00 

s 1.00 

s s 1.00 

s s s 1.00 

s s s s 1.00 

Table 7.6 Significance levels (P values) for the Bonferronis post hoe 

test comparing the birth SVL for each cohort. Cohort codes 

are identified in Table 7.4. 

Cohort 1 

1 1.00 

2 

3 

4 

)5 

6 

7 

8 

9 

s 

NS 

NS 

s 

NS 

s 

NS 

s 

2 3 4 

1.00 

NS 1.00 

s NS 1.00 

s s s 

s NS NS 

s s s 

s s s 

s s 

s denotes a sigmficance level of P < 0.01. 
NS denotes a significance level of P > 0.05. 
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The birth mass varies both within and between cohorts over the years for which 

data are available (Table 7 .5). The same pattern is evident when SVL is 

compared, with juveniles from Christmas Island stock born in 1994 similar to 

both those born in 1993 and 1991 but with a significant difference between the 

1993 and 1991 cohorts (Table 7.6). All other cohorts demonstrate that birth 

size is variable, and that similarities are a result of factors other than that of 

origin. 

Ranking the juveniles according to SVL, Forsyth Island juveniles were 

consistently longer, followed by those from Storehouse, Mt Chappell and 

Christmas Island and finally Mainland Tasmania. If ranked according to mass, 

the Mt Chappell Island juveniles were the heaviest, followed by Forsyth Island, 

Storehouse Island, Christmas Island and Mainland Tasmania (Table 7.3). From 

a commercial perspective, the consistent high ranking of Forsyth Island 

juveniles supports their commercial use on the basis of birth size. 

7.3.4 Sex ratios of juveniles 

The sex of 18 neonates born from Forsyth stock and 17 born from Christmas Island 

stock in 1994 was determined for analysis of sex ratios from the two island groups. 

The Forsyth group was approximately 70% females whereas the ratio was the reverse 

for the Christmas group, with 70% males in the subset. Christmas Island juveniles 

reared in 1996 demonstrated a similar sex ratio of approximately 64% males (see 

Chapter 6). Sexual dimorphism was not investigated further because of the restricted 

sample sizes. 

7.3.5 Growth 

7.3.5.1 Comparison of growth parameters of juveniles born in 1993 

Juveniles from Storehouse Island were not compared beyond the initial trials 

reported in Chapter 2 due to poor survivorship. Only 8 of 20 Forsyth Island 

and 9 of 20 Christmas Island juveniles were maintained for the 48 weeks 

immediately following the initial 12 week trial. Summary data for Christmas 

and Forsyth Island juveniles are presented in Tables 7 .7 and 7 .8. 
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Table 7.7 Initial mean mass and SVL of juvenile N. ater from 

Christmas and Forsyth Island. 

Origin (n) SVL±SE(mm) Range (mm) Mass± SE (g) Range (g) 

Christmas Island 20 217.4 ± 1.38 203-225 6.7 ± 0.15 5.2-7.8 

Forsyth Island 20 241.1±2.19 223-262 7.7 ± 0.18 6.2-9.2 

Table 7.8 Final mean mass and SVL of juvenile N. ater from 

Christmas and Forsyth Island 60 weeks from birth. 

Origin (n) SVL ± SE (mm) Range (mm) Mass± SE (g) Range (g) 

Christmas Island 9 654.7 ± 15.83 585-720 184.7 ± 20.70 101-274 

FOIBythisland 8 456.6 ± 21.62 640-810 253.9 ± 22.00 166-340 

Both initial mean mass and SVL of Forsyth Island juveniles were significantly 

larger than the corresponding values for juveniles from Christmas Island ( t 

test: mass t1s = 3.660, P = 0.002; SVL t1s = 6.206, P <0.001) (Table 7.7). 

The differences were not overcome within the 16 month period (ANCOV A: 

Final mass, F1,14 = 4.735, P = 0.047, covariate initial mass; Final SVL, F 1,14 = 
8.467, P = 0.011, covariate initial SVL) (Table 7.8). 

The rates of increase in mass and SVL for juveniles from Christmas and 

Forsyth Island are summarised in Figures 7.2 and 7.3. 
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Figure 7.3 Comparison of the increase in SVL (mean ± SE) of juvenile N. ater 

maintained at constant temperature for 60 weeks. 

The SVL to mass ratio gives a condition index that allows for comparison of 

changes in overall condition independent of size. The ratio of SVL to mass 

decreased faster for snakes from Christmas Island than in those from Forsyth 

Island (Figure 7.4), indicating that Christmas Island juveniles improved their 

condition faster than Forsyth Island juveniles. By the end of the observation 

period (60 weeks) there was no difference in condition between the populations 

(ANCOV A: Final SVL to mass ratio, F1,14 = 3.678, P = 0.076, covariate initial 

SVL to mass ratio). 
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SVL to mass ratios (mean ± SE) for juvenile N. ater born to 

Christmas Island (open histogram) and Forsyth Island (solid 

histogram) stock over a 60 week period. 

There was little difference in the change in SVL per unit of food consumed 

(Repeated measures ANOV A: change in SVL per unit of food consumed F 1,14 

= 0.019, P = 0.892); however, the change in mass relative to food consumption 

was greater for Forsyth Island juveniles (Repeated measures ANOV A: change 

in mass per unit of food consumed, F 1,14 = 5.293, P = 0.037) (Figures.7.5 and 

7.6). 
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Juveniles from Forsyth Island were more efficient at converting food intake to 

body mass, whilst maintaining a comparable rate of SVL increase. This 

difference was reflected in the quantity of food consumed by both populations, 

with Forsyth Island ingesting more food per month during the trial period than 

Christmas Island juveniles (Repeated measures ANOV A, average food 

consumed per month, F 1,15 = 6.763, P = 0.02) (Figure 7.7). 
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Both populations showed little difference in the inter-moult period (ANOV A, 

inter-moult period, F1,1s = 0.111, P > 0.10). Only one snake from Christmas 

Island moulted 10 times, compared to a maximum of nine times for Forsyth 

Island juveniles (Figure? .8). 
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Comparison of the number of moults and inter-moult period 

(mean ± SE) for juvenile N. ater born of Christmas Island and 

Forsyth Island stock monitored for 60 weeks. 

7.3.5.2 Comparison of growth parameters for juveniles born in 1994 

Data collection was difficult for all five populations in 1994. Lack of support 

from management resulted in several data gaps in some populations and other 

populations only being monitored for between 4 and 5 months. Only 

Christmas Island juveniles were monitored for more than six months through 

their use as controls for the experiment reported in Chapter 4. Summary data 

for the initial mean mass and SVL of the five populations monitored in 1994 

are in Table 7.4. 

The mean birth mass and SVL for the juveniles from each population born in 

1994 were similar in some cases, but no two populations were similar for both 

mass and SVL (ANOVA, mass;. F4,30 = 119.803, P < 0.001; Bonferronis post 

hoe test Christmas and Forsyth Island, P = 1.00, Forsyth and Storehouse Island, 

P = 0.42 all other islands, P < 0.002: SVL F4,30 = 73.23, P < 0.001; 
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Bonferronis post hoe test, Mt Chappell, Christmas and Forsyth Island, P > 

0.651, all other populations P < 0.002) (Table 7.4). 

The snakes born of mainland Tasmanian females were disregarded from all 

subsequent analyses due to poor survivorship, small body size and consequent 

unsuitability for commercial production. 

The differences in size at birth in the remaining four populations that produced 

juveniles in 1994 did not affect the rate of growth, as there were no significant 

differences in the rates of increase of either mass or SVL (ANCOVA: mass, 

FJ,162 = 0.513, P = 0.674, covariate initial mass; SVL F 3,162 = 1.274, P = 0.285, 

covariate initial SVL) (Figures 7.9 and 7.10). 
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Figure 7.9 Comparison of the mass (mean ± SE) of juvenile N. ater, 

maintained at constant temperature, born in 1994 from five 

discrete populations (Mt Chappell, Christmas, Forsyth and 

Storehouse Island and mainland Tasmanian stock). The monthly 

data points for all populations except Mainland Tasmania are 

superimposed and difficult to distinguish, as all four groups were 

growing at similar rates. 
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Figure 7.10 Comparison of increase in SVL (mean ± SE) of juvenile N. ater, 

maintained at constant temperature, born in 1994, from five 

discrete populations (Mt Chappell, Christmas, Forsyth and 

Storehouse Island and mainland Tasmanian stock). The monthly 

data points for all populations except Mainland Tasmania are 

superimposed and difficult to distinguish , as all four groups were 

growing at similar rates. 

Any similarities in growth between the populations end when changes in mass 

and SVL relative to food consumption are compared. These comparisons are 

confounded somewhat by missing data points, but it is clear that no consistent 

trends were apparent (Figures 7.11 and 7.12). All populations showed large 

deviation in conversion rates from month to month (Repeated measures 

ANOVA: change in SVL per unit of food consumed F 1,14 = 29.312, P < 0.001; 

change in mass per unit of food consumed, F 1,14 = 6.121, P < 0.001) (Figures 

7.11 and 7.12). 
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Figure 7.11 Comparison of the changes in mass relative to food consumption 

(mean ± SE) for five discrete populations of juvenile N. ater. 
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Figure 7.12 Comparison of the changes in SVL relative to food consumption 

(mean± SE) for juvenile N. ater. born to five discrete populations 

in 1994. 

The results suggest that each population was able to maintain adequate growth 

regardless of food intake, which differed significantly between populations 

(Repeated measures ANOVA: Food intake per month, F1, 14 = 7.415, P < 

0.016). 

All four populations demonstrated similar moulting frequencies (ANOV A: 

F3,19 = 0.816, P > 0.100) (Figure 7.13), supporting the similarities in the rates 

of mass and SVL increase. Mainland Tasmanian juveniles shed less often than 
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the other four groups over the same time period (Figure 7.13), consistent with 

the slower growth in mass and SVL observed in Figures 7.9 and 7.10. 
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Figure 7.13 Comparison of the inter-moult period (mean± SE) and number of 

moults during 1994 for juvenile N. ater born to five discrete 

populations. 

7.3.5.3 Comparison of growth of juvenile N. ater born of Christmas Island stock in 

1993, 1994and1996. 

Inter-annual variation in mass and SVL of juvenile snakes from Christmas 

Island stock were compared at the same age after birth. Data for the initial and 

final mean mass and SVL of juvenile N. ater from Christmas Island stock for 

the time period compared are summarised in Tables 7.9 and 7.10. The initial 

data point was at 12 weeks of age, as data prior to this age were unavailable for 

snakes reared in 1996. 

Table 7.9 Mean mass and SVL of 12 week old juvenile N. ater born of 

Christmas Island stock in 1993, 1994 and 1996. 

Year (n) SVL±SE(mm) Range (mm) Mass± SE (g) Range (g) 

1993 9 216.3 ± 1.98 208-225 6.4 ± 0.26 5.2-7.6 

1994 8 298.75 ± 7.33 275-330 16.1-± 1.34 12.2-23.5 

1996 19 246.6 ± 3.27 213-278 6.8± 0.25 5.1-8.4 
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Table 7.10 Final mean mass and SVL of juvenile N. ater born of 

Christmas Island stock in 1993, 1994 and 1996. 

Year (n) SVL±SE(mm) Range (mm) Mass± SE (g) Range (g) 

1993 9 343.9 ± 3.48 321-355 17.6 ± 0.53 15.1-20.2 

1994 8 551.9 ± 20.44 440-635 99.6 ± 11.48 53-162 

1996 19 587.8 ± 10.25 500-640 107.1±5.38 54-138 

There were significant differences in mean mass and SVL at the initial point of 

comparison (ANOVA: Mass, F2,33 = 72.88, P < 0.001; Bonferronis post hoe 

tests, 1993-1996, P =0.873, 1993-1994 and 1994-1996 P< 0.001: SVL, F2,33 = 

69.91, P < 0.001; Bonferronis post hoe tests, P<0.001). Animals from the 

1994 cohort were both heavier and longer at 12 weeks old than ~hose from 

· 1993 and 1996. 

When the initial differences were taken into account there were also significant 

differences in final mean mass and SVL values. However, this was because the 

juveniles born in 1996 were both heavier and longer at week 36 than those born 

in 1993 and 1994 (ANCOVA: Mass, F 2,32 = 57.61, P < 0.001, covariate initial 

mass; Bonferronis post hoe tests, P< 0.001: SVL, F2,29 = 91.54, P < 0.001, 

covariate initial SVL; Bonferronis post hoe tests, P<0.001). 

Growth of the Christmas Island juveniles monitored for 1993, 1994 and 1996 is 

summarised in Figures 7.14 and 7.15. 
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Figure 7.14 Comparison of the increase in mass (mean± SE) of juvenile N. 

ater from Christmas Island stock reared in 1993, 1994 and 1996. 
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Figure 7.15 Comparison of the increase in SVL (mean ± SE) of juvenile N. ater 

from Christmas Island reared in 1993,1994 and 1996. 

The juveniles monitored in 1993 showed a slower increase in both mass and 

SVL than those born in 1994, and juveniles born in both 1993 and 1994 grew 

slower than the juveniles born in 1996. The differences cannot be directly 

attributed to the poor diets that the snakes were fed for the first four months in 

1993 and 1996, as the snakes reared in 1996 were of similar size at week 12 to 

those reared in 1993, but were larger at week 36 than those snakes subjected to 

adequate food intake for weeks 1-12 in 1994. The increase in mass of the 
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juveniles reared in 1996 followed a typical growth curve (e.g. Began et al., 

1990). 

Analysis of growth relative to food intake revealed that juveniles from the 1994 

and 1996 cohorts showed similar responses for mass for all time periods except 

between weeks 20 and 24 (Figure 7.16). 
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Figure 7.16 Comparison of change in mass relative to food consumption 

(mean ± SE) for juvenile N. ater reared in 1993, 1994 and 1996. 

In contrast, changes in SVL relative to food consumption were quite different; 

the snakes reared in 1993 resembled those reared in 1996 for the final four 

growth periods (Figure 7.17). This was unexpected, as the snakes reared in 

1996 were able to thermoregulate, and should have managed conversion of 

food to SVL more efficiently than those maintained at constant temperature in 

1993. It may be that the quantities of food consumed in 1993 were so small 

that any growth was efficient! 
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Figure 7.17 Comparison of change in SVL relative to food consumption (mean 

± SE) for juvenile N. ater reared in 1993, 1994 and 1996. 

The snakes reared in 1996 were able to take advantage of optimal conditions 

and convert increased quantities of food to greater increases in SVL within a 

similar time period. Although the gross increase. in SVL for both groups was 

vastly different, the similar rates of increase relative to food consumption may 

reflect the maximum food conversion rate that can be maintained over an 

extended time period. The large increase in SVL per unit of food consumed by 

1993 juveniles at weeks 8-12 (Figure 7 .17) were offset by the large decrease in 

mass relative to food consumed at the same time period (Figure 7.16), and 

would appear to be a conversion rate that was unsustainable long term. 

The inter-moult period following the initial moult was consistently shorter for 

juvenile N. ater reared in 1996 than for snakes reared in 1993 and 1994, which 

were similar (ANOVA: F2,33 = 41.49, P < 0.001; Bonferronis post hoe test, 

1993-1994, P = 0.435, 1993 and 1994 -1996, P < 0.001) (Figure 7.18). 
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Figure 7.18 Comparison of the number of moults and the inter

moult period (mean ± SE) for juvenile N. ater from Christmas 

Island stock reared in 1993, 1994 and 1996. The number of moult 

occurrences are nearly double that obtained by Banks (1980) for 

Notechis spp and other dangerous elapids. 

7.3.6 Mortality 

Mortality at birth and for 12 months following birth was recorded for juveniles 

born in 1993 and 1994. For Christmas Island snakes, mortality at birth was 

6.3% in 1993 and 7.6 % in 1994. In contrast, no Forsyth Island stillborns were 

found in either 1993 or 1994. No information was collected for the other 

cohorts due to time constraints. 

Post natal mortality rates varied considerably depending on origin and 

treatment of the juveniles. Post natal mortality data for 1993, 1994 and 1996 

are summarised in Appendix 9.5, Tables 9.5.1, 9.5.2 and 9.5.3. 

Summary data for post natal mortality records for 1993 are presented in Table 

7.11. 
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Table 7.11 Post natal mortality data for juveniles born in 1993 from 

three discrete populations over a 12 month period. 

Origin Total number of Total number of Percentage post 

juveniles born (n) juveniles deceased(n) natal mortality (%) 

Christmas Island 226 40 17.7 

Forsyth Island 81 7 8.6 

Storehouse Island 113 42 37.2 

Total 420 89 21.2 

Of the 1993 Storehouse Island juvenile cohort, 37 .1 % were lost in response to 

poor husbandry soon after birth (Chapter 2). Mortality of Christmas Island 

juveniles under the same conditions was lower (17.7%), while Forsyth Island 

animals demonstrated the best survivorship when subjected to poor husbandry, 

with only 8.6% loss in the first 12 months. 

Conditions for the juveniles were improved in 1994, with fewer juveniles to 

care for, and better housing and husbandry conditions immediately after birth. 

A summary of post natal mortality data for 1994 is presented in Table 7.12. 

Table 7.12 Post natal mortality data for juveniles born in 1994 from 

five discrete populations over a 12 month period. 

Origin Total number of Total number of Percentage 

juveniles born (n) juveniles deceased(n) mortality(%) 

Mt Chappell 3 1 33.3 

Island 

Christmas Island 98 1 1.0 

Forsyth Island 27 0 0 

Storehouse Island 42 1 2.4 

Mainland 81 23 28.4 

Tasmania 

Total 251 25 10.0 

Mortality (%) excluding mainland Tasmanian juveniles 1.2 
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Mainland Tasmanian juveniles demonstrated a poor ability to survive in 

reasonable conditions, with the high~st mortality rate of 28.4%. Mt Chappell 

Island juveniles were difficult to assess, with only three juveniles born from an 

abnormal litter, the majority of which consisted of unfertilised oocytes. The 

one death was a juvenile that was much smaller than the other two juveniles at 

birth; this animal refused to eat voluntarily and never gained mass or SVL. 

Survivorship in the improved conditions provided in 1994 was much higher 

than in 1993 for those populations that produced juveniles in both years. Only 

one juvenile from Storehouse Island stock died in 1994, suggesting that 

juveniles from this stock respond favourably to good conditions, but are unable 

to maintain high survival rates in poor conditions. Christmas Island juveniles 

demonstrated excellent survivorship with only one death, but were eclipsed by 

Forsyth Island stock, which showed no juvenile mortality for 1994. When the 

mainland Tasmanian juvenile mortality data were excluded, the overall 

mortality rate fell 10 fold to 1.2%. 

Data for the juveniles born in 1996 were limited to a sub sample of Christmas 

Island juveniles, and the percentage mortality for Tasmanian juveniles was 

supplied by the Snake Farm. The mortality rates for 1996 are summarised in 

Table 7.13. 

Table 7.13 Mortality data for juveniles born in 1996 from Christmas 

Island and Mainland Tasmanian stock. 

Origin 

Christmas Island 

Mainland Tasmania 

Total number of Total number of 

juveniles born (n) deceased juveniles (n) 

45 7 

not available not available 

Percentage 

mortality(%) 

15.6 

98 

No total mortality rates were available for 1996. However, Mainland 

Tasmanian juveniles had proven that their survivorship was not acceptable for 

commercial use, and should be removed from the farm altogether. 
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Over the three years observed, both Forsyth and Christmas Island juveniles 

have demonstrated acceptable mortality rates for commercial production. 

7.3. 7 Post Mortem Examination 

Over a period of eighteen months, five adults and four juvenile snakes were 

sent to the Animal Health Laboratory, Department of Primary Industry and 

Fisheries Tasmania, located at Mount Pleasant in Launceston. Not all deceased 

snakes were able to be sent for pathology testing because staff shortages 

resulted in most dead animals being discovered too late for adequate tissue 

preservation. 

Bacteria that are part of the natural flora usually become pathogenic due to 

inadequate husbandry techniques (Weigel, 1988), and this was the case for 

several snakes autopsied at the farm. However, no clear patterns emerged from 

the pathology reports, with cause of death ranging from malnutrition, steatitis, 

canker, prolapsed cloaca, gastric coccidian infection, bacterial infection 

(septicaemia) and trichomonid infections. No serious parasites or pathogens 

were found through spot checks for potentially fatal densities of resident gram 

negative bacteria such as Pseudomonas spp. or Aeromonas spp, as well as 

pathogens such as Cryptosporidian coccidial parasites (McCracken, 1988). 

From a management perspective, the absence of a common pathogen was 

indicative that the husbandry techniques used were not causing any long term 

pathological response in the snakes. 

Adult snakes that were collected from the wild had a typical range of internal 

parasites, such as Ophidoscaris nematodes in the stomach wall and lumen, and 

various intramuscular parasites. The majority of deceased adults, including the 

female road kill collected on Flinders Island showed areas of necrotised fat 

reserves. 
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7 .4 Discussion 

From the assessment of fecundity, birth numbers and subsequent growth and 

survivorship, two populations demonstrated suitable traits for commercial 

production. Forsyth Island and Christmas Island snakes showed consistently 

high fecundity, low birth and post natal mortality and suitable growth rates 

under varied conditions. Storehouse Island juveniles were suitable in 

acceptable husbandry conditions, but were not resilient when maintained in 

conditions that were less than ideal. No true assessment of Mt Chappell Island 

snakes can be made, as only three juveniles were available for the two years 

studied. From growth rates and birth data reported by Barnett and Schwaner, 

(1985), this population should be suitable for commercial use given adequate 

numbers of adults. Snakes born from Mainland Tasmanian stock proved to be 

unsuitable for commercial use. The only factor that was beneficial was the 

large number of juveniles per female. However, this was offset by the small 

birth size of these juveniles, high mortality rate and poor growth. 

Most published reports group Mt Chappell, Flinders, Cat, Babel, Forsyth and 

Vansittart Island snakes together and it is not possible to separate the data from 

each of these populations (Worrell, 1963b; Mirtschin and Davis, 1995). 

However, it is clear from the data presented here for Mt Chappell, Storehouse 

and Forsyth Islands that substantial differences may exist in a number of 

attributes between island populations. Mirtschin and Davis (1995) grouped 

Christmas Island N. ater with those from mainland Tasmania. Based on the 

differences determined between these populations, this grouping may need to 

be reassessed. 

7.4.1 Comparative Fecundity 

Comparative fecundity is a theoretical value derived from fecundity, birth 

mortality and size of juveniles at birth, based on the balance between these 

parameters that results in the best population for commercial application. Such 

a measure would be valuable for management, as the population that has the 

best reproductive success would be preferred for the output of commercial 

quantities. The results presented here need to be treated with considerable 
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caution because work place constraints prevented variation within some of the 

parameters used to calculate relative fecundity. 

Inconsistent birth data suggests that the outdoor enclosure conditions were less 

than ideal, with little monitoring of the adult stock possible throughout the 

study and therefore it is possible that snakes produced at the farm were a result 

of stored sperm held from mating that occurred prior to capture. However, I 

feel that the number of pairs observed mating during the study period (>30) and 

the total number of offspring produced over 4 years supports breeding in 

captivity. Although the study did not run long enough to obtain second 

generation snakes from those born on the premises, snakes collected in the wild 

as juveniles (that is, less than 500 mm in length, and therefore too small to be 

mature) did reproduce without intervention. 

Furthermore, the large number juveniles born to only three females from the 

Forsyth Island stock supports captive breeding. The productivity of this 

population was an order of magnitude above that of any other population held 

at the farm. Mating was often observed in all populations, during spring and 

autumn, with over 180 juvenile snakes produced from the three Forsyth Island 

females alone. According to the Snake Farm records Forsyth Island stock 

produced juveniles in 1991, 1993, 1994 1995 and 1997. The number of 

juveniles born in 1993 and 1996 exceeded that possible for two litters (more 

than 80); therefore the three females must have contributed at least two litters 

each at an average litter size of 25 juvenilestover the 1992-1997 period. This 

productivity is not consistent with reproduction using stored sperm, as 

characterised by the Mt Chappell island female that may have been storing 

sperm and consequently produced a litter of three snakes accompanied by 19 

infertile oocytes. This was not observed in the Forsyth Island population. 

Fecundity is only one parameter that must be taken into account when 

considering the best population or populations for production purposes. Many 

accepted measurements of fecundity, and reproductive indices of reproductive 

output and body condition were not possible through constraints on time and 
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inadequate housing arrangements. Because cost constraints prohibited 

individual housing of gravid females the collection of body mass data, required 

for calculation of clutch weight to body weight ratios (Shine 1977b) was not 

possible. Moreover, body condition indicators used for assessment of 

reproductive success in a number of species (Bonnet et al., 1992; Naulleau and 

Bonnet, 1995b) are not useful for female N. ater; in this species actual live 

young output usually falls short of expected fecundity because large numbers 

of infertile oocytes are possible (Shine, 1987). 

Previous studies (Shine, 1987) have shown variation in size related fecundity 

of N. scutatus from island populations compared to southern mainland 

Australian populations, with the island populations producing fewer, but larger 

young. The measure of fecundity in Shine's (1987) study was established by 

examining gravid museum specimens, and included infertile and abortive 

oocytes. My study provided comparable data by using the numbers of 

juveniles and relative size as the main data source for analysis of reproductive 

effort. 

Christmas, Forsyth, and Storehouse Island females put more reproductive effort 

into each juvenile than mainland Tasmanian females, producing fewer young 

with a larger body size that appears to be better prepared for poor conditions. 

Museum records of clutches as high as 50 have been recorded from mainland 

Tasmania (Fearn, 1993). These observations support those of Shine (1987) 

who found that island females produced larger juveniles at birth with reduced 

litter size. The fecundity of Mt Chappell Island females may be generally 

better than that observed at the farm, with a single record of 31 offspring from 

one wild caught female (Barnett et al., 1985). 

Intraspecific comparison of life history traits, specifically clutch size, must take 

into account proximate enviroJ:?.mental factors such as prey availability (Ford 

and Seigel, 1989). Care must be taken when comparing clutch sizes over 

several years, particularly in short term studies, as clutch size can vary as much 

among years as it can among populations (Seigel and Fitch, 1985). All female 
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N. ater at the Snake Farm were of similar size, maintained in common 

conditions and were fed to satiation from early spring through to autumn, or 

until they ceased feeding when food was offered. Therefore the differences in 

numbers of offspring cannot be attributed to differences in housing or 

prey/food availability, and it is probable that they may have a genetic basis. 

Whether evolutionary selection pressures are fully responsible for the observed 

differences in number and size of offspring between populations cannot be 

determined, but it does appear that populations originating from small islands 

consistently produce smaller numbers of larger offspring. This makes sense in 

circumstances of reduced or very variable prey abundance for juveniles. 

Juvenile Mt Chappell Island snakes eat small lizards (Mirtschin and Davis, 

1995), a prey item susceptible to swings in environmental factors. The islands 

represented at the Snake Farm are all relatively small ( < 500 Ha) and would 

therefore be likely to experience considerable fluctuations in prey species. 

Extinction rates for small islands have be~n shown by Richman et al. (1988) to 

be far greater for smaller islands than for larger island systems. If juvenile N. 

ater are born relatively large, the number and range of suitable prey items will 

be increased, and the ability to survive when prey are scarce is increased 

through increased fat and tissue reserves. In contrast, juvenile N. ater from 

mainland Tasmanian populations are likely to be born into habitats where prey 

abundance is more stable or from which they can migrate if necessary. 

The reproductive potential for the related species, Notechis scutatus 

occidentalis, maintained in captivity has been measured, with five consecutive 

litters (one per year) producing 136 offspring and two infertile oocytes (Bush, 

1994). This suggests that consecutive litters might be achievable from N. ater, 

but at a cost, as the female studied by Bush died aged 13 years. Each litter was 

comparable in size to those reported in this study. Biennial reproduction by N. 

ater has been suggested by Fearn (1993) but this may not be the case if females 

are maintained in optimal conditions that could invoke/support annual 

reproduction. 
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Adult sex ratios of N. scutatus tend to be biased towards an excess of males 

(Shine, 1987). The most productive population of N. ater was Forsyth Island, 

with the highest proportion of adult males. However, the sex ratio at birth of 

Forsyth Island stock was biased towards females in the single year (1994) for 

which data are available. From a commercial perspective a bias towards 

females is ideal, as the limiting factor on production is the number of 

reproductive females. Any population that biases towards a higher number of 

females is preferable. This female bias does not follow that reported by 

(Schwaner, 1985), who suggested that juveniles tend to show ratios close to 

1: 1. 

The inability of the Mt Chappell Island female to fertilise the majority of her 

oocytes was not due to insufficient food, as food was provided ad libitum. 

There were only two adult Mt Chappell Island adult snakes kept on the 

property, one male and one female. The single male may have been unable to 

copulate successfully, as he would not be exposed to male-male combat, or he 

may not have been receptive to the requirements of the female. To obtain a 

higher live birth rate, there may need to be multiple males, producing litters 

with multiple paternity, which has been recorded in the adder, Vipera berus 

(Hoggren and Tegelstrom, 1993). 

7.4.2 Parturition dates 

Shine (1987) noted that the reproductive cycle of tiger snakes is highly 

seasonal, with no obvious differences in the timing of ovulation or parturition 

for island and mainland populations. This observation was based on museum 

specimens and field observations, and demonstrated the difficulties associated 

with accurately identifying any correlation between origin and time of birth. 

Mating was observed in both spring and autumn for all populations maintained 

at the Snake Farm, which correlates with field data for N. scutatus (Shine, 

1977a). Subsequently the time of parturition is likely to be a seasonal response 

to proximate environmental variables. If parturition times were genetically 

fixed according to each population, then a clearer pattern would have been 
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expected to emerge for the three populations that produced young over the 

three years. The only consistent feature was that Christmas Island juveniles 

were born earlier than those of other populations. Christmas Island is located 

off the west coast of King Island in Bass Strait, and may support earlier 

parturition if suitable conditions for gestation (and mating) occur earlier on this 

island than on the other islands or mainland Tasmania. 

7.4.3 Size at birth 

Large variation in birth sizes has been recorded for N. scutatus from various 

island populations off South Australia (Shine, 1978), and comparison of the 

data presented by Barnett and Schwaner, (1985) and Fearn (1993) demonstrate 

differences in size at birth in their two populations, so it would be reasonable to 

expect similar variation between the five populations held at the Snake Farm. 

This expectation was clearly fulfilled with regard to snout vent length. Thus 

juveniles from Forsyth Island stock were consistently longer at birth than those 

from the other populations, followed by Christmas and Storehouse Island 

stocks. Therefore, in terms of birth size, the juveniles from Forsyth, Christmas 

and Storehouse Islands are the preferred stock. Although Mt Chappell Island 

juveniles were also large, the suitability of this island as a source of 

commercial stock cannot be evaluated since only one male and female were 

held in captivity. Attempts to obtain more females for further studies were 

blocked by the owners of Mt Chappell Island, and future work with these 

snakes is likely to be difficult. 

7.4.4 Growth rates 

The rate of growth of the juveniles raised in 1993 compared to that obtained 

1994 indicates the impact that a restricted diet, coupled with inadequate 

housing and poor treatment during the first months after birth, can have. In all 

cases, growth was relatively linear for the initial 12 months, as has previously 

been found for Notechis spp (Barnett et al., 1985; Fearn, 1993, 1994; Barnett, 

1994). 
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The growth data obtained in 1993, 1994 and 1996, indicate that snakes from 

Forsyth Island and Christmas Island are better suited to commercial production 

than the other populations held at the Snake Farm. Snakes from both these 

populations maintained relatively constant growth in both poor and optimal 

conditions, and achieved commercial body size (approximately 1 m) in the 

required time period. Extrapolation from the observed differences in growth 

rates of Forsyth Island and Christmas Island juveniles in 1994 suggests that 

Forsyth Island juveniles would reach a SVL greater than 1 m well within 12 

months if they were reared in the same conditions as Christmas Island juveniles 

reared in 1996. 

Juveniles from Storehouse Island are more susceptible to poorer conditions, but 

appear to be able to maintain growth rates similar to those of Forsyth and 

Christmas Island animals when good housing conditions are provided. The 

initial high housing density for Storehouse juveniles in 1993 adversely 

impacted on their ability to achieve normal growth. Animals born to the same 

stock in 1994 were much larger, and were marginally heavier than the Forsyth 

Island juveniles of 1994. The improved performance of this population in 

1994 was probably due to this increase in body size at birth, coupled with 

improved husbandry techniques. 

All juveniles born in 1994 were placed in individual caging immediately after 

birth, and were fed within one week of birth. Growth of all individuals, 

excluding the Mainland Tasmanian juveniles in 1994, reflected the improved 

conditions. The similarity of growth rates among the remaining four 

populations in 1994 suggests that if the conditions are reasonable, juveniles 

from all the test populations will grow at similar rates. If, as was the case in 

1993, housing conditions are allowed to deteriorate, the relative ability of each 

population to withstand substandard conditions may be expected to surface. 

It is clear that in terms of growth the Forsyth Island snakes are superior to the 

other four populations. Although the growth rates of the four offshore island 

populations in 1994 were similar, the high growth rate of the Forsyth Island 
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snakes in 1993, after three months in poor conditions, indicates that these 

snakes are better adapted to withstand poor conditions, then recover quickly, 

than the other three populations. In contrast, the snakes from mainland 

Tasmania performed poorly in all circumstances, and are not suitable for 

production purposes. 

Shine (1987) stated that "Records of island tiger snakes from Bass Strait 

(Mirtschin and Davis, 1982; Worrell, 1958, 1963b) and Western Australia 

(Softly, 1971) suggest that most island tiger snake populations consist of larger 

snakes. We do not know whether such geographic differences in body size 

result from differences in growth rate or in survivorship." In the present study 

both of these parameters were superior in the island populations when 

compared with the mainland Tasmanian population. Thus, both are likely to 

contribute to demographic differences between island and mainland 

populations. 

Growth rate relative to size at birth is higher in large species than in small ones 

in captive conditions (Shine, 1978). This generalisation appears to be valid 

within species as well, as demonstrated by the five discrete populations of tiger 

snakes studied here. Snakes born larger should therefore be capable of 

obtaining commercial size faster than those that are born smaller. They would 

also be better able to accept larger prey items, and therefore be easier to feed. 

7.4.5 Mortality 

Reproductive success in commercial terms has to consider potential losses of 

stock. Mortality rates in the wild have been estimated at 90-98% (R. Shine, 

pers comm.), which are unacceptably high for commercial production. 

Mortalities result from several factors, some of which are unavoidable, but 

most of which can be averted. Congenital defects are more likely in animals 

that use a large number-low quality approach to reproduction, i.e. that tend 

towards r-selection (Begon et al., 1990). For this reason alone, higher 

mortality levels can be anticipated for N. ater than for standard commercial 
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stock such as sheep and cattle. Several mainland Tasmanian snakes were born 

with gross congenital defects, in which the body had fused along the lateral 

edges that were in contact when coiled in utero, and the hearts had developed 

externally to the body. They were alive when born, and survived for 24 hours 

before being euthanised. These were the only gross congenital defects noted, 

but it is possible that a reasonable number of that particular litter may have 

suffered from similar but less defined defects, since several juveniles 

inexplicably died within one month of birth. 

An increased number of offspring generally reduces individual fitness, but 

increases overall reproductive success of the species. Other commercial 

species such as sheep and cattle invest large amounts of energy into a small 

number of offspring, maximising the fitness of each offspring. In tiger snakes 

a mortality rate of 10-20 % would be expected and acceptable, allowing say 5-

10% for congenital defects, and a further 5-10% loss through disease and 

general postnatal mortality. 

Other reasons are also likely to have contributed to the unacceptably high 

mortality rate found in the mainland Tasmanian snakes. Because of their 

smaller body size at birth, they had to be hand fed with pieces of new-born 

mice, whereas the young of island populations were able to consume whole 

newborn mice without difficulty. There may therefore have been stress 
' 

associated with feeding, or they may have suffered hyper-distension of the 

stomach from too large a bolus. 

The low mortality rates amongst juveniles from Forsyth and Christmas Island 

support their suitability for commercial production. If these mortality rates 

could be sustained, then commercial production of N. ater would be a viable 

possibility. 

7.4.6 Feeding constraints 

From initial birth weights, Forsyth and Mt Chappell Island snakes are the 

preferred snakes for farming. They are much bigger and can accept larger food 
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items. It is difficult to consistently produce adequate numbers of day-old 
I 

pinkie mice to feed large numbers of juvenile snakes. However, Forsyth and 

Mt Chappell Island juveniles are big enough to eat 24-48 h old mice, and this 

allows much more flexibility in managing the food supply. When breeding 

pinkie mice, the juvenile mice are harvested 1-2 times each week. The 

standing breeding population of adult mice in the enterprise was 800-1200, 

with a ratio of 2 females to 1 male in each cage. Females bred at random so it 

was difficult to time the production of litters for the smaller snakes. The 

difficulties associated with food size presented a problem only during the first 

2-3 months after birth, since by then juvenile snakes are large enough to accept 

older mice. 

7.4.7 Response of Christmas Islandjuveniles to changed husbandry conditions 

The relative increase in growth rates from 1993 to 1996 can be directly 

attributed to improved husbandry techniques developed over the three year 

period. No extra time was invested in each individual in 1996, so growth 

cannot be attributed to extra effort per snake. In fact time was saved in 1996 

through the use of easily cleaned plastic cages and the cooler ambient 

temperature that resulted from use of the heat wire system (Chapter 4). 

Consequently snakes were better tempered and the room was far more 

comfortable to work in. 

These snakes reached marketable sizes in 12 months, in housing conditions 

that allowed thermoregulation, whereas snakes reared in 1993 and 1994 at 

constant temperature did not. The increased growth can be attributed to the 

ability to thermoregulate, enabling improved assimilation and digestion rates, 

as diets were the same. Similar conclusions were reached by Charland and 

Gregory, (1989). 

7.5 Summary 

From qualitative observations of the wild caught adults, and data collected 

from the juveniles born on the premises, summaries of the behavioural traits, 

fecundity, survivorship and suitability for commercial applications held have 
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been compiled for all the populations. The observations are by no means 

comprehensive, but they do provide a useful appraisal resulting from 20 

months in close proximity to the stock. The characteristics relevant to each 

population are provided below. 

7.5.1 Mainland Tasmania 

7.5.1.1 Adults 

These are slender snakes, generally smaller than their island counterparts; 

colour morphology varies from jet black through to burnt orange or light olive 

green, with or without stripes. These snakes tend to be very shy, always 

disappearing into hides at the first sign of disturbance near their pits. Several 

of these snakes were quick to show defensive behaviour if cornered or blocked 

from their hide. 

7.5.1.2 Juveniles 

The juveniles born of mainland Tasmanian stock are very small at birth. 

Although the average litter size was larger than those from island stocks, the 

juveniles were the smallest body size at birth and had the highest mortality rate 

in the first 12 months. Mainland Tasmanian snakes are not suitable for 

commercial production. 

7.5.2 Christmas Island 

7.5.2.1 Adults 

These snakes were 'typical' tiger snakes, representative of any island snake 

found in Bass Strait. Body size was generally larger than the mainland 

Tasmanian counterparts, with a broader head and colour was generally a dark 

grey to black, with faint stripes vis!ble on the lower third of the body 

(Mirtschin and Davis, 1995). These snakes tended to be more tolerant of 

humans, and were generally placid. The majority of the available stock was 

from Christmas Island, with 110 males and 40 females available at the start of 

project. The only flaw with this population was the apparent low total 

reproductive output of the adult females. 
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7.5.2.2 Juveniles 

Juveniles from Christmas Island stock were the "average" snakes of the farm, 

demonstrating average size, average mortality average behaviour and average 

growth. Christmas Island snakes are well suited to commercial production. 

7.5.3 Forsyth 

Forsyth Island is quite different to the other islands accessed as it had not previously 

been disturbed by humans. The ecology of the island is unique, with no recordings of 

either Rattus spp. or Mus spp., but a large population of marsupial mice, Antechinus 

spp. has been recorded (S.Winray, pers comm.). Forsyth Island is covered with dense 

high scrub, and the tiger snakes have been reported to show arboreal behaviour (J. 

Luddington, pers comm.). Mt Chappell, Flinders, Babel and Storehouse Island have 

all been subjected to human settlement for some period of time in the last 200 years, 

resulting in the infroduction of rats, mice and cats to these islands. 

7.5.3.1 Adults 

The adults are very large snakes, and are comparable to Mt Chappell Island adults. 

Their general behaviour was very quiet and typically these snakes were relatively shy, 

retreating slowly to their hides when disturbed. Their colour tended to be· generally 

black with few markings. They were the easiest snakes to handle. The adult females 

were very productive, being the most consistent producers in 1991, 1993 and 1994. 

7.5.3.2 Juveniles 

The juveniles tended to be larger at birth, demonstrated better growth rates in a 

wide range of conditions and had the lowest mortality rate of any of the 

populations investigated. Generally they were the easiest to handle and were 

very placid. 
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7.5.4 Storehouse Island 

7.5.4.1 Adults 

These were slender snakes that did not respond to excessive feeding. They 

were reasonably small and were of average size compared to Christmas, Mt 

Chappell and Forsyth Island adults. They did not grow as large as the 

Christmas Island adults. 

7.5.4.2 Juveniles 

The growth of juveniles from Storehouse Island was reasonable in 1994, but 

they performed poorly in 1993. Poor husbandry practices may have been the 

cause for this performance. The juveniles reared in 1994 established that this 

island population could grow as well as other island populations in acceptable 

conditions. 

7.5.5 Mt Chappell Island 

Mt Chappell Island tiger snakes are well documented in the literature (Worrell, 

1963a, 1963b; Barnett et al., 1985; Schwaner and Sarre, 1988; Mirtschin and Davis, 

1995). These tiger snakes have a reputation of being very large snakes, with some 

morphological and physiological differences to the other island snakes. 

7.5.5.1 Adults 

The adults are extremely shy, and only five were available for breeding. Three 

of these died during the winter of 1993, leaving one male and one female, 

reducing reproductive output compared to the other populations. This 

population would probably be suited to commercial production, based on 

growth rates and subsequent body sizes achieved by Barnett and Schwaner, 

(1985), but their suitability could not be evaluated in this study. 

7.5.5.2 Juveniles 

Only three juveniles were born, and little can be concluded about this 

population in terms of response to commercial husbandry. The large birth size 

would be an advantage for production. 
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8.0 GENERAL DISCUSSION 

The aim of this thesis was to develop farming techniques that would make possible 

the production of commercial quantities of tiger snakes. Breeding programs were not 

established and adults were simply housed in outside enclosures, relying on natural 

responses to seasonal changes to induce the necessary breeding behaviour. If further 

commercial development of this project is attempted it will certainly be necessary to 

conduct research into the parameters involved in the control of breeding. Ultimately 

the goal would be the creation of an artificial environment so that the natural 

seasonality of breeding could be broken and a constant output of juveniles could be 

supplied. 

However, the environmental conditions necessary to accelerate the growth of juvenile 

N. ater so that marketable size can be reached within 12 months were established. 

The management procedures that were developed also resulted in a reduction in 

juvenile mortality rates from over 50% to less than 10% within two years. 

This project has quantified the minimum food requirements for commercial growth, 

an appropriate feeding frequency and feeding methodology appropriate for large 

numbers of N. ater using live food. An important extension has been the 

development of an artificial diet suitable as a replacement for live food. This makes 

it possible to achieve considerable savings in time and money through reduced food 

preparation time, reduced husbandry duties, reduced production infrastructure, and 

reduced costs of raw materials. The artificial diet proved more hygienic since 

misplaced food dried up, instead of decomposing. In both a constant and fluctuating 

temperature environments, uneaten mice would often decompose within a day, 

producing an unhygienic rotting food mass. 

Feeding small numbers of tertiary predators is difficult, but the difficulties are greatly 

magnified when working with the large numbers required by the Snake Farm. 

However, tiger snakes are less difficult to feed than most elapids, readily accepting a 

range of food items (e.g. Lord, 1918; Worrell, 1963b; Shine, 1977c; Roser, 1990a, 

1990b; Fearn, 1993), and the development of an artificial diet was assisted by this 

generalist behaviour. Successful use of an artificial diet and consequent removal of 
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the need to rely on a live food source immediately freed up substantial time for a 

more concentrated focus on farming reptiles rather than food sources. In addition, 

inactive snakes fed a continuous high energy/ high lipid diet, will accumulate fats as 

a more efficient storage medium. However, lipid conversion is expensive in terms of 

energetics; therefore a small quantity, low lipid, high energy diet (i.e. salmon food) 

is required for inactive animals, reducing fat storage. 

In addition to establishing feeding parameters, the value of providing a thermal 

gradient, using commercial heat wire in conjunction with nonporous plastic caging 

was demonstrated. This resulted in growth rates equivalent to those achieved at 

constant temperature but with increased food conversion efficiency. The initial 

expenditure to provide these conditions was reasonably high, but there were 

immediate savings of 10-50%, mostly associated with power and staff time. Staff 

discomfort was reduced, with room temperature maintained at between 15-20°C 

while the snakes were able to maintain body temperatures well above room 

temperature. This method encouraged self regulation of body temperature, allowing 

for natural responses to periods of dormancy and for rapid increases in metabolism 

following feeding. 

Plastic caging allowed for hygienic care of the snakes, without the need for any 

artificial substrate, or expensive ongoing maintenance as required for cage types used 

in other commercial snake ventures (Mirtschin and Davis, 1995). Without such 

caging, the farming of N. ater cannot be viable, as all other suitable options are 

prohibitively expensive (Mirtschin, 1985). Therefore use of plastic freed up time 

through ease of construction, cleaning and was compatible with the cost effective 

heating system. 

In addition to physical parameters, one physiological parameter, torpor, was shown to 

benefit production. Torpor was determined to be an effective tool for storage of 

snakes in a suspended state when required, and compensatory growth occurred in 

juvenile N. ater immediately after torpor. This phenotypic plasticity is useful for 

storage of stock during poor market conditions. Tasmanian weather is mild; 
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therefore maintaining stock in a state of torpor does not incur large refrigeration 

costs. 

N. ater has shown considerable flexibility when confronted with a wide range of 

environmental parameters. The majority of farm species currently used for 

commercial production (e.g. cows, pigs, sheep) do not recover from adverse 

conditions, and, in most cases, suffer growth checks that preclude them from 

commercial sale. Tiger snakes have the ability to recover and grow to commercially 

viable stock after partial growth checks. The evidence of my studies contradicts the 

beliefs of some herpetologists that snakes become dwarfed from partial growth 

checks and cannot recover (M. Wilkinson, pers. comm.). 

A comparison of three geographically isolated populations of N. ater investigated 

offspring size, growth rates, fecundity, seasonal timing of reproduction and post natal 

mortality. These parameters have been used by Shine (1985) to determine general 

trends in reproduction of Australian reptiles. Substantial differences in these 

parameters were demonstrated by the three populations. 

Some of these geographic differences may be due to differences in survivorship and 

growth (Shine, 1987). Snakes from mainland Tasmania grew much slower, and were 

much smaller at birth than those from the Bass Strait Islands. These differences were 

due in part to birth size, and differences in survivorship were found between 

populations that correlated with maternal origin. Snakes from Storehouse Island 

were less able to withstand adverse conditions. However, Forsyth Island stock were 

more robust in all conditions used, both bad and beneficial. and proved to be the best 

population for commercial use through more reliant productivity, acceptable 

fecundity, bigger juveniles at birth, low mortality rate and ease of handling. 

Several methods are available for the assessment of comparative condition and 

growth using the parameters monitored in this trial. Barnett and Schwaner, 

(1985) used SVL to mass ratios for comparison of growth. From a 

commercial perspective, a method using readily available data is preferred, so 

that a reliable indicator of condition can be provided at any time for minimal 
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effort. Moult frequency, changes in SVL and mass, or a combination of these 

parameters can be obtained quite easily. Weight provides the most easily 

obtainable data base, as minimal handling is required and all individuals can 

therefore be monitored. Likewise, recording moult frequency requires no 

handling, whereas measurement of SVL involves handling and takes 2-5 

minutes per individual and restricts monitoring to a subset of the farmed 

population. 

However, the use of SVL:mass ratio is considered preferable, even though 

obtaining the data involves extra time and effort. The rate at which this ratio 

decreases with time provides a progressive index of the rate of growth in 

relation to condition; low ratios indicate greater mass per unit length, implying 

superior condition. During early growth, increase in both mass and SVL is 

linear in N. ater, so the rate of decrease of the condition index is normally 

linear. However, the index decreased more rapidly for snakes following torpor 

than for snakes maintained at constant temperature. This suggests that torpor 

may improve the development of condition during the recovery period. 

Caution must be used when applying these ratios, since they are susceptible to 

temporary mass loss or checks in length increase that sometimes occur for no 

apparent reason, but do not affect the overall development of a snake. 

Snout vent length by itself has also been shown to be a reliable measure of 

growth because it is less vulnerable to short term stresses than mass. The 

relative linearity of length increase, compared to mass increase, is common in 

Notechis spp. grown in captive conditions (Shine, 1978; Barnett et al., 1985; 

Fearn, 1993; Bush, 1994). Linear growth allows for projected estimates of 

SVL and, indirectly, mass, at least for animals maintained in constant 

conditions. My data indicate that extrapolation would be valid for up to 16 

months, at least for N. ater from Christmas and Forsyth Islands. 

In theory, frequency of moults could also be utilised as an approximate 

estimate of growth rate, since it correlates with the rate of increase in gross 

body size. However, the incidence of moulting is only suitable as a loose 
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assessment of growth, as it can be affected by so many interactive 

environmental parameters, including injury, and has been shown to be highly 

variable (Chui et al., 1983). 

8.1 Commercial Considerations 

The costs of farming tiger snakes are not prohibitive, given a market willing to pay a 

reasonable amount for snake products. At present, the market for blood plasma alone 

is sufficient to warrant maintenance of approximately 1000 snakes for long term 

production. The remaining products rely on export approval, and therefore cannot be 

assessed in terms of economic feasibility at this time. However, each snake must 

return at least $100 (1997, $AUS) to make the venture viable. There is no 

precedence in the domestic market for the sale of snake meat and associated 

products. If a local specialty market could be established, it is possible that demand 

could remove the need to export. 

8.2 Comparison With Existing Reptile/Wildlife Ventures 

The Snake Farm was unusual as it is one of very few reptile farms using viviparous, 

rather than oviparous reptiles. The use of viviparous reptiles requires the care of the 

female during pregnancy, and this has proven far more difficult than the artificial 

incubation of the eggs of oviparous species. This was the main reason for 

maintaining the adult female snakes in outdoor pits, hopefully allowing natural 

breeding conditions to occur, and avoiding the cost of attempting to replicate poorly 

understood breeding requirements artificially. For the farm to increase its 

productivity, my work would need to be followed by a detailed analysis of the 

physiology of the female breeding cycle in order to manipulate breeding parameters 

so as to increase production in modified environments. This would make possible 

the much more consistent production of young and avoid poor recruitment following 

adverse natural conditions, not to mention year round output of young. 

As with most farms that utilise wildlife, a range of adverse public perceptions needs 

to be overcome. Experience shows that sections of the public do not like using 

wildlife for commercial gain, especially if this involves the slaughter or death of 

large numbers of animals. Misinformed and misguided people often attempt to 
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protect wildlife from a non-existent threat. The demand for wildlife products is often 

fickle because decisions are based on emotion rather than fact and influenced by 

zealous animal rights campaigns and a media obsessed with emotive issues (Senate 

Report, 1998). This makes it difficult to harvest or breed wildlife in a sustainable 

manner. The Snake Farm faced considerable criticism from a number of people 

under the impression that it would not be sustainable. In part this criticism arose 

because of poor management of the initial collection of snakes to provide a captive 

breeding stock with a diverse gene pool. Collection of wild stock was obviously 

unavoidable, but it was done insensitively and created considerable public ill will. 

However, since completion of this study second generation snakes have now been 

bred, demonstrating that captive breeding of commercial numbers is a practical 

proposition. This has removed the need to collect more adults from the wild, and has 

clearly demonstrated the feasibility of turning the Snake Farm into a conventional 

agricultural enterprise, rather than an operation based on wildlife harvesting, as is so 

often the case with wildlife ventures. 

Eventually the public were fully informed of the operation at the Snake Farm, and the 

majority of the protest vanished. In due course, my recommendations to keep the 

public interested and informed about the farm operation through regular open days 

were accepted. These were highly successful and very popular, with the added bonus 

of providing an extra source of income from the snakes. Since my departure, 

ownership of the farm has changed and the snakes are now housed for that purpose; 

they have proven to be economically viable as a tourist attraction in their own right 

(D. Hamilton, pers. comm.). 

Using wildlife for commercial gain has historically followed a boom-bust pattern, in 

which crazes for goats, emu, deer and other exotics has often led to oversupply and 

subsequent crash in value of the species involved; on other occasions supply has 

proved unreliable, resulting in an inability to successfully retail products. In the case 

of tiger snakes, there are few people willing to take on the task of farming such a 

dangerous reptile, and the threat of flooding the market is slim. In addition, the 

restrictions within Australian states are sufficient to limit any such development to 
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Tasmania, where reptiles remain unprotected. Therefore any market development 

would be limited by supply, but such supply could be constant and reliable. 

Farming tiger snakes raises difficulties not faced by the managers of other wildlife 

enterprises. For example, crocodile farming faces far fewer restrictions than farming 

N. ater. Crocodiles are oviparous and eggs are collected from the wild; incubation 

temperatures are well known and, because sex is determined by temperature, sex 

ratios may be manipulated as desired (Webb and Manolis, 1993). Juvenile crocodiles 

eat immediately after hatching and can be housed communally in size cohorts. In 

addition to eating immediately, they are carrion feeders and are not fussy about their 

diet. Adult crocodiles do not require the same level of attention as gravid female N. 

ater. The maintenance of female adult N. ater is an unavoidable and integral aspect 

of the management process. Furthermore neonate snakes do not feed immediately 

and must be housed separately to reduce the risk of cannibalism. They are far more 

difficult to feed than crocodiles, and the introduction of alternative diets always 

requires an initial labour intensive familiarisation period, even though they have a 

catholic diet (Worrell, 1963b). Crocodile farms are generally located in the tropics 

and do not require heating costs during winter, unlike Tasmania where heating is 

required year round if juveniles are to attain commercial sizes within 12 months. 

The positive aspect to a comparison of N. ater with crocodile farming is the ability to 

productive large numbers from small areas of real estate. Crocodiles require large 

pens, whereas adult N. ater can survive in relatively high densities. A further 

advantage is the production of large numbers of snakes for research, without 

impacting the wild stock (Mirtschin, 1985). 

8.3 Economic considerations and unavoidable production costs 

Of all the costs incurred by farming N. ater, labour has proven to be the most 

expensive parameter. The entire operation was at one stage considering moving 

overseas to overcome this cost. However, after the introduction of improved caging, 

heating, and feeding, and the incorporation of public open days, this cost was 

minimised to create a cost effective working system. 
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One employee can adequately maintain 500 juveniles in conjunction with the upkeep 

of outdoor enclosures housing approximately 500 adults, if salmon starter is used to 

feed the juveniles and day old chickens for the adults. 

An estimate of the average fortnightly work schedule for one employee caring for 

500 juveniles and 500 adults during summer is summarised in Table 8.1. 

Table 8.1 Hourly breakdown of work requirements for an average 

fortnight during summer for one employee. 

Task Time taken per Total time for 500 Time per 500 

juvenile (minutes) juveniles (hours) adults (hours) 

Feeding juveniles 1 8 NIA 

Clean juvenile 3 25 (cage rotation NIA 

cages cleaning) 

Prepare artificial 1.2 10 NIA 

food (manually) 

Maintain small 3 NIA 

mouse colony 

Feed outdoor 2 

adults 

Mow pits 8 

Monitoring 0.5 4 NIA 

juvenile growth 

General 8 NIA 

maintenance 

Total hours 58 10 

Total time per 76 

fortnight 

Total spare hours 8 

Therefore one person can maintain 500 juveniles and approximately 500 adults given 

a structured fortnightly timetable, with general maintenance and other tasks such as 

mowing pits staggered over the fortnight. The 10 hours per fortnight required to care 
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for the adults occurs only from late spring to early autumn, after which all adults go 

into a state of torpor and require no care at all. This releases approximately 2 extra 

days per fortnight for 7 months of the year. The spare 8 hours in summer and two 

days in cooler months would be used for extra maintenance, research, or off site 

collection of food and equipment. Casual help may be required during birthing to 

ease initial cage allocation and data collection. 

Two employees could easily maintain 1000-1200 juveniles and 1200-1500 adults, 

given a good working relationship and care. Therefore the output for two staff would 

be an average 800-900 juveniles to marketable size, in 12 months. Holidays would 

only be possible in the winter, when adults are hibernating and only the juveniles are 

cared for. \Yith two staff members, the holidays could be staggered, with a casual 

hired for the four week holiday period, or some of the juveniles placed in torpor to 

alleviate the work load. From a commercial perspective, the best option would be to 

hire a casual employee to minimise partial growth checks. The costs per snake 

would decrease for numbers in excess of 1000 snakes, as cleaning and food 

production could be automated, freeing staff time to care for more stock. Estimates 

for the costs associated with labour are summarised in Table 8.2. 

Table 8.2 Estimates for the costs of employing two full time staff and 

one casual staff for 8 weeks over a typical year of 

production. All costs are in $AUS, (1997). 

Technical Technical Casual Total costs 

officer assistant employee 

Gross wages 25,000 22,000 3,300 50,300 

superannuation @ 6% 1,500 1,320 198 3,018 

of gross wages 

insurance (workers 1500 1500 230 3230 

compensation) 

Total labour cost 28,000 24,820 3,728 56,548 

Total labour cost per snake @ 1000 snakes 56.55 
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Costs not considered in the above breakdown are the initial purchase or leasing of 

property. It is assumed that buildings and outdoor enclosures are already established. 

These costs would exceed $50,000 and were ignored as the facilities used for this 

project were already established. Furthermore, costs of processing the snakes have 

not been assessed, as the products to be utilised are yet to be determined. 

The total running costs incurred for the production of N. ater over a 12 month period 

are summarised in Table 8.3. 

Table 8.3 Total cost ($A US, 1997) of rearing a juvenile N. ater as part 

of a population of 1000 to marketable size in a typical 12 

month period independent of initial installation costs and 

using the Pyrotanex™ heat system, two full time employees 

and one casual employee. 

Cost parameter 

wages and labour 

power 

Food (Salmon starter) 

Total cost for 12 months 

Cost per juvenile to marketable size 

Total cost per year 

56,548 

3,750 

2,000 

62,298 

62.30 

These costings also ignore general maintenance costs, which would be insignificant 

given that the majority of the infrastructure is made up of non-moving, non-wearing 

parts that are purchased on an initial once off basis. Depreciation costs are also 

excluded. Nor do they include veterinary charges, as very few vets were willing to 

deal with the stock. 

Although the costs for production of N. ater are well defined, until such time as an 

export market is legalised and established, the profitability of such a venture will 

remain undetermined. However, a system has now been established for the 

production of large quantities of viviparous reptiles, at an acceptable cost. 
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Appendix A 

Appendix A Development of voluntary feeding behaviour 

Most farm reared juveniles require assistance to feed for at least the first 3-5 

weeks and up to 2 months after birth. The aim when feeding juvenile snakes is 

to stimulate voluntary eating behaviour. The best method is to support the 

juvenile 2-3 cm below the neck. This leaves the head free to move and allows 

a natural strike response. Safety gloves must be worn to prevent snakebite. 

Ansell Supergloves™ give adequate protection for 3-9 weeks. After this time, 

the juveniles are generally large enough to penetrate the gloves and 

envenomate the handler. By waving the prey item in front of the snake a strike 

response can be achieved and voluntary feeding initiated. 

Feeding Behaviour of Notechis ater in the wild is well described by Dredge, 

(1981); however, stimulating similar behaviour in a commercial framework 

proved difficult. 

1. Throw a pinkie mouse into the cage, and if successful, the juvenile snake 

will eat voluntarily. 

2. If the mouse is not eaten, hold the mouse with a pair of long forceps and 

move the prey item in front of the snake. This can induce a strike response, 

and is often followed by the snake taking hold of and ingesting the mouse. 

3. If the snake retreats, pick up the snake and support 2-3 cm below the head 

to allow for free strike response. This does allow the juvenile to bite the 

person holding the juvenile. 

4. Wave the mouse in front of the snake, within striking distance, using 

forceps. Often the juvenile snakes need movement stimulus to induce a 

strike response. 

5. If the juvenile snake will not strike the mouse and ingest it, force feeding is 

required. Hold the snake like a pen, supporting the back of the head with 

the index finger, and hold the thumb and middle finger under either side 

behind the base of the bottom jaw. Pry open the jaw of the snake using the 

nose of the pinkie mouse. Push the nose in gently and sometimes a bite 

response will occur, and the snake will usually ingest the pinkie mouse 

from this point. 
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6. Often the snake will actively refuse to bite onto the mouse, and will gape in 

an attempt to reject it. The mouse then has to be forcefully placed down 

the throat of the juvenile. Using a pair of forceps, hold the mouse firmly 

and work the pinkie into the mouth gently, artificially moving the top and 

bottom jaws to assist ingestion. This will assist production of an ingestion 

lubricant to aid swallowing the mouse whole. 

7. After such stressful feeding techniques, the snake can regurgitate the 

mouse. There are two ways to prevent regurgitating the mouse, and assist 

swallowing the mouse. First, the snake can be held up by the tail, and the 

motions of struggling often inadvertently move the mouse down the 

oesophagus. If this fails, the mouse can be gently worked by palpating the 

bolus downwards to the stomach. This should only be used as a last resort 

as it is extremely stressful for the snake, and can rupture the oesophagus. 

Palpating the food should only be used if the snake is extremely difficult to 

work with over an extended period of time, or is in poor condition and 

needs food input to maintain growth. 

Feeding is best initiated between 1-3 weeks after birth. After this time, any 

energy reserves from birth are usually depleted, and the snake is more 

responsive to a feeding stimulus. Very few snakes will eat voluntarily for the 

first 2-5 feeds. Tiger snakes show absolutely no interest in food until they are 

~t least 1 week old. 

If juvenile N. ater are left without food for four to five weeks, the feeding 

response is far harder to stimulate, and general condition is lost. In 1993 the 

Storehouse Island juveniles were not fed for the first 5-6 weeks due to 

husbandry problems. The number of juveniles born exceeded all expectations, 

and took far longer to settle in than expected. This may be the reason behind 

their poor development in the 1993 season compared with the 1994 season. 
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Appendix B Analyses results for Chapter 2 

Table B.1 Results of 2 way ANOV A for growth parameters of juveniles born of Forsyth Island stock subject to.'diets 1 to 4. 

Growth parameter Fc1,76l ratio for F(I, 76) ratio P value for Pvalue for F(l,16) ratio for Pvalue for 
frequency for quantity frequency quantity interactive effect interactive effect 

change in mass 411.9 296.2 <0.001 <0.001 4.414 0.039 
change in SVL 243.l 379.4 <0.001 <0.001 0.301 0.584 
total food consumed 433.6 192.1 <0.001 <0.001 4.736 0.033 
total change in mass 135.2 89.5 <0.001 <0.001 21.687 <0.001 
per gram of food 
total change in SVL 0.127 0.938 0.723 0.336 0.342 0.560 
per gram of food 

Table B.2 Results of 2 way ANOV A for growth parameters of juveniles born of Christmas Island stock subject to diets 1 to 4. 

Growth parameter Fc1,74l ratio for F{l,74lratio Pvalue for Pvalue for Fc1,74l ratio for Pvalue for 
frequency for quantity frequency quantity interactive effect interactive effect 

change in mass 253.2 153.3 <0.001 <0.001 23.8 <0.001 
change in SVL 65.3 60.2 <0.001 <0.001 1.248 0.267 
total food consumed 423.6 332.0 <0.001 <0.001 20.3 <0.001 

' 
total change in mqss 503 22.6 <0.001 <0.001 0.812 0.484 
per gram of food ~ 
total change in SVL 36.7 26.8 <0.001 <0.001 0.494 0.370 "Cl 

(1) 
t;j 

per gram of food &. 
N ~ ...... to -l 



Table B.3 Results of 2 way ANOV A for growth parameters of juveniles born of Storehouse Island stock subject to diets 1 to 4. 

Growth parameter F<1•58l ratio for F<1•58l ratio P value for Pvalue for P value for 

frequency for quantity frequency quantity interactive effect 

change in mass 42.49 46.39 <0.001 <0.001 0.253 

change in SVL 20.99 23.11 <0.001 <0.001 0.150 

total food consumed 128.8 46.59 <0.001 <0.001 0.008 

total change in mass per gram of food 25.302 37.10 <0.001 <0.001 0.031 

total change in SVL per gram of food 16.129 5.561 <0.001 0.022 0.003 

N ....... 
00 



AppendixB 

Table B.4 Results of ANCOV A comparing the growth parameters of 

juveniles born From Christmas, Forsyth and Storehouse 

Island stock subject to Diet 1 using initial mass and initial 

SVL as covariates. 

Growth parameter Fc2A1) ratio P value 

final mass 9.3 <0.001 

final SVL 23.5 <0.001 

total change in mass per gram of food 18.5 0.002 

total change in SVL per gram of food 7.3 0.002 

SVL to mass ratio 21.6 <0.001 
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Table B.5 Results of 2 way ANOV A of the effects of frequency and quantity on growth parameters of juveniles born of 

Christmas Island stock subject to diets 1to4, housed at high density. 

Growth parameter Fc1•57> ratio for Fc1,57> ratio for Pvalue for Pvalue for Fc1•57> ratio for P value for 

frequency quantity frequency quantity interactive effect interactive effect 

mass 139 54 <0.001 <0.001 0.5 0.48 

SVL 10.7 18.6 0.002 <0.001 2.5 0.115 

total change in mass per gram of food 73.8 12.9 <0.001 0.001 14.0 <0.001 

total change in SVL per gram of food 70.2 37.2 <0.001 <0.001 4.3 0.041 

SVL:mass ratio 255 75 <0.001 <0.001 7.5 0.008 



Table B.6 Results of 1 way ANOV A of the effects of high density 

housing on growth parameters of juveniles born of 

Christmas Island stock subject to Diet 1. 

AppendixB 

Growth parameter Fct,33) ratio for P value for 

density density 

final mass 3.3 0.077 

final SVL 23.6 <0.001 

total change in mass per gram of food 11.7 0.002 

total change in SVL per gram of food 27.4 <0.001 

SVL to mass ratio 0.158 0.693 
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Appendix C Recipe for salmon starter based alternative diet. 

Salmon starter-600g 

Hot water-700ml 

Gelatine-50g 

Appendix C 

Mix the gelatine with the hot water for 5-10 seconds in a blender. Add the salmon 

starter until it forms a smooth pliable paste. Spoon the mixture into a sausage 

making machine, and make a continuous sausage at the required diameter. To 

control the sausage diameter, vary the rate at which the sausage is drawn from the 

filler nozzle. Faster rate will result in thinner sausages. Place the continuous sausage 

onto a nonporous bench, and press gaps using two fingers into the sausages at the 

required intervals between each sausage to expel mixture from between each sausage. 

Leave to set on the bench, or refrigerate. The sausages should set to a consistency of 

warm plasticine. When the sausages have set, tie each end of the sausages with a 

short piece of cotton. Cut between the ties and refrigerate or freeze the sausages, 

depending on the length of time before use. Do not refrigerate for more than 24-48 

hours, as the fish meal is susceptible to salmonella. 
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Appendix D Relative functional fecundity of each of the five populations ofN. ater for 1993and1994 

Table D.1 Relative functional fecundity of each of the five populations of N. ater fol' 1993. 

Number of females Number of males Number of juveniles Average no of 

(n) (n) (n) offspring (n) 

Mt Chappell Island 2 3 0 0 

Christmas Island 40 10 224 5.6 

Forsyth Island 3 4 80 26.6 

Storehouse Island 12 24 124 10.3 

Mainland Tasmania 5 12 0 0 

Table D.2 Relative functional fecundity of each of the five populations of N. ater for 1994. 

Number of females Number of males Number of juveniles Average no of 

(n) (n) (n) offspring (n) 

Mt Chappell Island 1 1 3 3 

Christmas Island 36 10 98 2.7 

Forsyth Island 3 4 27 9 

Storehouse Island 24 > 12 42 3.5 't:I 
't:I 

Cl) 

::s 
Mainland Tasmania 5 12 81 16.2 0.. 

~· 
N t:J N 
(.;.) 



Appendix E Mortality records for juveniles born in 1993, 1994 and 1996. 

Notes on time, possible cause of death and age of juvenile Nater born in 1993, 1994 and 1996 were collected to determine whether any 
patterns or common causes were evident for the losses. 

Table E.1 Records of the date of birth, death and possible cause of every juvenile mortality in 1993. 

Origin Date of Date Mass at Final Age Cause of death 
birth deceased birth (g) mass (g) (months) 

Christmas 19-Mar 26-Apr 5.6 unknown 1.00 Died before entering nursery. 
Christmas 25-Mar 26-Apr 5 unknown 1.00 Died before entering nursery. 
Christmas 26-Mar 26-Apr 4.8 unknown 1.00 Died before entering nursery. Recorded initially as very 

thin. 
Christmas 19-Mar 1-Jul 7.1 6.5 3.50 Lost weight but did grow in length. 
Christmas 20-Mar 2-Jul 7.4 7.8 3.75 Appeared to be doing well. 
Christmas 26-Mar 20-Jul 6.9 6.3 4.00 Lost weight and threw up continuously. 
Christmas 22-Mar 5-Aug 7 7.5 4.25 Appeared to be doing well-unexpected loss. 
Christmas 25-Mar 17-Aug 3.2 3.6 3.75 Was growing well and appeared healthy. 
Christmas 25-Mar 18-Aug 7 5.7 4.75 Lost weight but gained length. 
Christmas 27-Mar 24-Aug 5.5 6.2 5.00 Suspected suffocation by being swallowed. Part of high 

density group in Chapter 2. 
Christmas 30-Mar 25-Aug 7.1 8.4 5.00 Suspected swallowed. +++plasma fluid /blood in mouth. 

Part of High density group in Chapter 2. 
Christmas 22-Mar 1-Sep 6.8 7.6 5.25 Threw up once 2 weeks before death. 
Christmas 21-Mar 6-Sep 6.1 6 5.50 Swallowed by another snake. Part of high density group in > 

'O 
'O 

Chapter2. C'D ::s 
p.. 
~· 

tr:1 



() Table E.1 Records of the date of birth, death and possible cause of every juvenile mortality in 1993 (cont). 0 

§ Origin Date of Date Mass at Final Age Cause of death 
l'l> .... birth deceased birth (g) mass (g) (months) 0 ..... 
E.. 

Christmas 19-Mar 14-Sep 6.3 7.8 6.00 Dehydrated-Appeared to be ready to shed. Part of high "O .... 
0 density group in Chapter 2. p.. 
~ 
0 Christmas 24-Mar 15-Sep 7.5 9.5 5.75 Unexpected. Just shed with average growth. :;t. 
0 
:::s Christmas 26-Mar 15-Sep 6.7 7.1 5.50 Threw up 3 times prior to death and lost weight. Expected 
0 ...., 

loss. i=' 
< Christmas 27-Mar 15-Sep 6.7 6.4 5.50 Threw up 4 times and didn't grow. Expected loss. l'l> 

=· Christmas 5-Apr 22-Sep 4.6 4.6 6.00 Very weak. Part of poor diet from Chapter 2. 0 

~ - Christmas 21-Mar 24-Sep 6.5 7.9 6.00 Threw up 3 times before death. Appeared to have canker. 
(I> 

Christmas 26-Mar 24-Sep 8.5 9 6.00 Threw up 4 times before death. Appeared to have canker. (") 
;:.. 
t::;· 

Christmas 22-Mar 24-Sep 5.6 5.5 6.00 Threw up twice. Hollow lower intestinal region, thin. l::i -(I> Euthanased . ..., 

Christmas 22-Mar 24-Sep 6.4 5.5 6.00 Threw up 4 times, constant weight loss. Euthanased when 
diagnosed with canker. 

Christmas 24-Mar 28-Sep 7.1 7.7 6.00 Force fed too big a prey item. Part of high density group in 
Chapter 2. 

Christmas 5-Apr 28-Sep 5.6 6.4 6.00 Force fed. Part of high density group in Chapter 2. 
Christmas 19-Mar 29-Sep 6.5 6.9 6.00 Threw up twice, shed and force fed 
Christmas 22-Mar 12-0ct 7 6.6 6.50 Threw up 3 times and force fed. Showed no weight gain at 

any stage. 
Christmas 24-Mar 12-0ct 6.7 6.50 Violent death, box covered in blood. Lost tail. 
Christmas 22-Mar 15-0ct 6.2 8.6 6.50 Threw up 4 times and force fed-expected loss. 
Christmas 26-Mar 18-0ct 6.8 7.7 6.50 Threw up 6 times-expected loss. 
Christmas 19-Mar 18-0ct 5.8 7.1 6.75 Skin removed from head just prior to moult. Threw up 3 > "Cl 

"Cl 

times and force fed. 
l'l> 
:::s p.. 

N Christmas 27-Mar 19-0ct 7.1 7.6 6.75 Threw up 3 times and force fed. x· 
N trl Vl 



(') Table E.1 Records of the date of birth, death and possible cause of every juvenile mortality in 1993 (cont). 
0 

~ Origin Date of Date Mass at Final Age Cause of death 
..... birth deceased birth (g) mass (g) (months) 0 

e! Christmas 19-Mar 26-0ct 6.5 6.8 7.00 Threw up once. No weight gain since birth. Possibly 
"'d ..... underfed. 0 
§" 

Christmas 26-Mar 26-0ct 7.4 9.3 7.00 Eating well, possibly cannibalised by other snake. Part of 0 -5· high density group in Chapter 2. ::s 
0 

Christmas 19-Mar 27-0ct 5.6 5.6 7.25 No weight gain, Threw up 3 times, force fed. ....., 
I::' 
< Christmas 26-Mar 8-Nov 9.9 7.50 Part of high density group in Chapter 2. Self feeding, but 
0 e. choked trying to regurgitate bolus. 0 

~ Christmas 23-Mar 28-0ct 6.3 7.25 Lost appetite, poor condition. 
~ Christmas 19-Mar 18-Nov 6 6.8 8.00 Was eating voluntarily, but went back to needing assistance. n 
;::.. 
!::;· Threw up 3 times and only shed once. 
~ 
~ Christmas 30-Mar 2-Dec 6.9 8.6 8.00 Failed to recover post torpor (Chapter 5). "t 

Christmas 20-Mar 9-Dec 7.4 9.1 8.50 Poor condition. 
Christmas 30-Mar 10-Dec 5.5 8.00 Part of poor diet from high density group (Chapter 2). Was 

eating voluntarily. 
Christmas 23-Mar 21-Dec 7.1 9.00 Failed to recover from Diet 4 in Chapter 2. 
Christmas 26-Mar 10-Jan 6.7 9.5 9.00 Died soon after moulting. Was part of group subjected to 

torpor (Chapter 5). 
Christmas 25-Mar 11-Apr 13.00 Shed regularly, but never ate voluntarily. 
Christmas 26-Mar 16-Sep 18 Put into a cold concrete enclosure and failed to move to 

suitable substrate. 

Storehouse 1-Apr 16-Jun 6.2 6.6 2.50 Unexpected death. 
Storehouse 23-May 23-Jun 5.7 5 1.00 Born~ 1.5 months overdue. ;J> 

"d 
"d 

Storehouse 23-May 23-Jun 5.1 4.7 1.00 Born~ 1.5 months overdue. 0 ::s 
0. 

N Storehouse 23-May 23-Jun 4.5 3.7 1.00 Born~ 1.5 months overdue. x· 
N tn 
°' 



(') Table E.1 Records of the date of birth, death and possible cause of every juvenile mortality in 1993 (cont). 
0 

§ Origin Date of Date Mass at Final Age Cause of death 
(I> birth deceased birth (g) mass (g) (months) (i 
i;;· 

Storehouse 23-May 23-Jun 5.7 unknown 1.00 Born~ 1.5 months overdue. -'"t:t ..., 
Storehouse 23-May 21-Jul 4.8 4.1 2.00 Born~ 1.5 months overdue. 0 

0.. 
i::: Storehouse 14-Apr 4-Aug 5.5 5.7 3.50 Autopsied at Mt. Pleasant. No significant findings. (') .... c;· Storehouse 14-Apr 10-Aug 6.1 4.7 4.00 BLUE Tongue removed. Feed damage. Weight up ::s 
0 previous . ....., 

~ Storehouse 23-May 10-Aug 5.1 4.3 2.75 Born~ 1.5 months overdue. -
(I> 

~- Storehouse 14-Apr 16-Aug 4.7 5.8 4.00 Too decomposed to determine cause of death-was growing -(I> 

~ normally. 
~ Storehouse I-Apr 24-Aug 6.3 7.5 4.75 Threw up 3 times. was growing well. r') 
;::... 

Storehouse 23-May 31-Aug 3.7 4.4 3.00 Smallest snake at birth. Choked on food, but was healthy. <:;· 
s::. 
~ Born~ 1.5 months late. ..., 

Storehouse I-Apr 31-Aug 6.2 6.5 5.00 Constantly threw up-obvious internal infection; gained 
weight initially. 

Storehouse 1-Apr 6-Sep 5.7 unknown 5.00 Threw up 3 times prior to death. 
Storehouse 14-Apr 7-Sep 5.2 5.3 4.75 Unable to recover from being subjected to Diet 4 (see 

Chapter 2). 
Storehouse 14-Apr 7-Sep 5.2 4.6 4.75 Failed to recover from being subjected to Diet 4 (see 

Chapter 2). 
Storehouse 14-Apr 8-Sep 5.1 unknown 4.75 Threw up 3 times immediately before death. 
Storehouse 22-Mar 10-Sep 5.4 7 5.50 Threw up 6 times. no response to betadine treatment-

Euthanased. 
Storehouse 1-Apr 10-Sep 6.8 7.4 5.50 Threw up 6 times. no response to betadine treatment-

Euthanased. >-"Cl 
"Cl 

Storehouse 1-Apr 13-Sep 5.6 5.4 5.50 Threw up all food. no response to betadine treatment- (I> 

::s 
0.. 

N Euthanased. ~-

N trl 
-....) 



(") 
Table E.1 Records of the date of birth, death and possible cause of every juvenile mortality in 1993 (cont). 

0 Origin Date of Date Mass at Final Age Cause of death 
~ 
(1) birth deceased birth (g) mass (g) (months) n. Storehouse 1-Apr 13-Sep 5.9 7 5.50 Threw up 6 times. no response to betadine treatment-~ 
'"t1 Euthanased . ...., 
0 

§" Storehouse 14-Apr 13-Sep 5 5.3 5.70 Threw up 5 times. no response to betadine treatment-
n ...... 

Euthanased. 5· 
:::3 

1-Apr 13-Sep 5.9 6.8 5.50 Threw up 5 times. no response to betadine treatment-0 Storehouse ...., 
~ 
< Euthanased. 
(1) Storehouse 1-Apr 13-Sep 7.6 5.8 5.50 Failed to recover from being subjected to Diet 4 (see s. 
~ Chapter 2). 
~ 
(i;" Storehouse 1-Apr 16-Sep 5.5 Unknown 5.50 Threw up 4 times and was losing condition prior to death. 
~ 

Storehouse 22-Mar 27-Sep 6.2 5.2 6.25 Failed to recover from being subjected to Diet 4 (see ~ 
!;:; 
;::. Chapter 2). (i;" .... Storehouse 14-Apr 29-Sep 4.8 4.9 5.50 Failed to recover from being subjected to Diet 4 (see · 

Chapter2). 
Storehouse 1-Apr 5-0ct 6.7 6.00 Threw up once, and force fed. A member of as litter born 

~ 1.5 months late. 
Storehouse 14-Apr 8-0ct 5.5 5.5 6.00 Failed to recover from being subjected to Diet 4 (see 

Chapter 2). 
Storehouse 14-Apr 8-0ct 5.4 5 6.00 Failed to recover from being subjected to Diet 4 (see 

Chapter 2). 
Storehouse 1-Apr 8-0ct 6.9 6.00 Threw up 4 times, and force fed. A member of as litter born 

~ 1.5 months late. 
Storehouse 1-Apr 13-0ct 7.3 7.2 6.50 Threw up once and force fed. A member of as litter born 

~ 1.5 months late. ;l> 
"Cl 
"Cl 

Storehouse 1-Apr 27-0ct 6.4 7.00 Threw up 4 times, and force fed. A member of as litter born (1) 

:::3 
0. 

~ 1.5 months late. ~-
N 
N 

tI1 

00 



(J 
0 Table E.1 Records of the date of birth, death and possible cause of every juvenile mortality in 1993 (cont). 
~ 
G Origin Date of Date Mass at Final Age Cause of death ..., 
(') 

birth deceased birth (g) mass (g) (months) ;;;· -"'d Storehouse 1-Apr 1-Nov 5.9 6.3 7.00 Threw up 4 times, and force fed. A member of as litter born ... 
0 
§- - 1.5 months late. 
(') ..... 

Storehouse 14-Apr 2-Nov 5.2 4.6 6.50 Failed to recover from being subjected to Diet 4 (see s· 
:::i 
0 Chapter 2). ....., 
~ Storehouse 14-Apr 2-Nov 5.3 5.4 6.50 Failed to recover from being subjected to Diet 4 (see < 
G 

Chapter 2). ::!. 
0 Storehouse 14-Apr 2-Nov 5.6 5.9 6.50 Failed to recover from being subjected to Diet 4 (see 
~ ..... Chapter 2) . ~ 
("') 
;:,-.. Storehouse 1-Apr 4-Nov 7.7 7.00 Member of the litter born-1.5 months late. c:;;· 
~ Storehouse 1-Apr 15-Nov 5.8 6.9 7.50 Threw up 4 times, and force fed. A member of as litter born ~ .... 

-1.5 months late. 
Storehouse 1-Apr 23-Nov 9.5 7.75 Threw up 4 times, and force fed. A member of as litter born 

-1.5 months late. 
Storehouse 1-Apr 30-Nov 5.8 7 8.00 Voluntarily eating and growing well, unexpected death. 
Storehouse 22-Mar 22-Dec 9.00 Euthanased with an infected blind eye. Medication was not 

cost effective. 

Forsyth 23-Mar 1-Sep 8.8 11.1 5.25 Unknown cause-violent death, and recorded as about to 
moult 3 weeks prior to death. 

Forsyth 23-Mar 24-Sep 7.5 8.8 6.00 Canker-subjected to Diet 4 in Chapter 2. 
Forsyth 23-Mar 6.8 Not an actual death-escaped simultaneously with Christmas 

juvenile, and was unable to identify either snake. > 't:I 

Forsyth 23-Mar 18-0ct 8.6 7.8 7.00 Shedding problems and weight loss from Diet 4 in Chapter 
't:I 
G 
:::i 

2. 
p.. 
!><' 

N tr:1 N 
\0 
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Table E.1 
Origin 

Forsyth 

Forsyth 

Forsyth 

Forsyth 

Records of the date of birth, death and possible cause of every juvenile mortality in 1993 (cont). 
Date of Date Mass at Final Age Cause of death 

birth deceased birth (g) mass (g) (months) 
23-Mar 4-Nov 7.4 9.5 7.25 

21-Mar 19-Nov 7.3 24.1 7.00 

22-Mar 23-Nov 7.5 25.6 7.00 

23-Mar 16-Sep 18.00 

Subjected to Diet 4 in Chapter 2. lost condition and unable 
to regain. 
Unknown cause. Doing very well. Last prey items very 
large. 
Unknown cause. Doing very well. Last prey items very 
large. 
Put into a cold concrete enclosure and failed to move to 
suitable substrate. 



(") 
0 

~ Table E.2 Records of the date of birth, death and possible cause of every juvenile mortality in 1994. 
(1) 

c:! 
Origin (island) Date of Date Age (months) Cause of death s· -.,, birth deceased .... 

0 
0... Christmas 10-Feb 28-Feb 0.5 Threw up once. ~ n 
..+ 

Christmas 10-Feb 7-Jul 5.0 Prolapsed after being fed on turkey starter. s· 
::3 
0 Christmas 10-Feb 16-Sep 7.0 Fed on Go cat™; Refused to eat and lost too much condition. ....., 
~ Christmas 10-Feb 6-0ct 8.0 Fed on Go cat™; Threw up a quantity of blood. < 
(1) 

Christmas 1-Feb 19-0ct 7.5 Cause of death unknown :::!. 
er Christmas 10-Feb 19-0ct 7.0 Fed on Go cat™. 
~ 
c;:-
(') 

Died soon after collection ;:... Mainland 19-Mar 19-Mar !:;· 
!:::. Tasmania 
~ 

Mainland 19-Mar 19-Mar Died soon after collection 
Tasmania 
Mainland 28-Feb 28-Mar 1.0 Too small; from a deformed litter 
Tasmania 
Mainland 28-Feb 31-Mar 1.0 
Tasmania 
Mainland 28-Feb 30-Mar 1.0 Force fed too hard, and too small to accept food. 
Tasmania 
Mainland 28-Feb 30-Mar 1.0 Force fed too hard, and too small to accept food. 
Tasmania 
Mainland 28-Feb 30-Mar 1.0 Force fed too hard, and too small to accept food. 
Tasmania > 'O 

'O 
(1) 

::3 
0... 
~-

N tr1 
w ,_. 



n Table E.2 Records of the date of birth, death and possible cause of every juvenile mortality in 1994 (cont). 0 

§ 
Origin (island) Date of Date Age (months) Cause of death (1) 

..... n 
birth deceased p;· -"'C Mainland 28-Feb 11-Apr 1.5 Force fed too hard, and too small to accept food. ..... 

0 
§" Tasmania n 
::t. Mainland 28-Feb 12-Apr 1.5 Force fed too hard, and too small to accept food. 0 
::i 

Tasmania 0 ....., 
i=' Mainland 28-Feb 
< 

5-Apr 1.0 Force fed too hard, and too small to accept food. 
(1) 

Tasmania E!. 
(i" Mainland 28-Feb 5-Apr 1.0 Force fed too hard, and too small to accept food. 
~ 
~ Tasmania 
(") 

Mainland 19-Mar 6-Apr 0.5 Force fed too hard, and too small to accept food. ::s--
r;;· 
I::> Tasmania -Cl) 
""'C Mainland 19-Mar 13-Apr 1.0 Force fed too hard, and too small to accept food. 

Tasmania 
Mainland 19-Mar 25-Apr 1.0 Force fed too hard, and too small to accept food. 
Tasmania 
Mainland 19-Mar 25-Apr 1.0 Force fed too hard, and too small to accept food. 
Tasmania 
Mainland 28-Feb 25-Apr 2.0 Force fed, but eaten by another snake. 
Tasmania 
Mainland 19-Mar 26-Apr 1.0 Force fed too hard, and too small to accept food. 
Tasmania 
Mainland 28-Feb 27-Apr 2.0 Force fed too hard, and too small to accept food. 
Tasmania > 

28-Feb 27-Apr 2.0 Force fed too hard, and too small to accept food. 
"Cl 

Mainland "Cl 
(1) 

::i 
Tasmania Q.. 

N S<" 
w tr:1 
N 
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Table E.2 

Origin (island) 

Mainland 
Tasmania 
Mainland 
Tasmania 
Mainland 
Tasmania 
Mainland 
Tasmania 

Mt Chappell 

Storehouse 
Storehouse 

Forsyth 

Records of the date of birth, death and possible cause of every juvenile mortality in 1994 (cont). 

Date of Date 
birth deceased 

28-Feb 27-Apr 

19-Mar 27-Apr 

19-Mar 3-May 

19-Mar 5-May 

12-Apr 27-Apr 

7-Mar 
7-Mar 

30-Mar 

9-May 
6-Jul 

20-0ct 

Age (months) Cause of death 

2.0 

1.5 

1.5 

1.5 

2.0 
4.0 

7.0 

Force fed too hard, and too small to accept food. 

Force fed too hard, and too small to accept food. 

Force fed too hard, and too small to accept food. 

Force fed too hard, and too small to accept food. 

Very small at birth when compared to siblings- failed to grow. 

Force fed. 
Assisted with moulting too early. 

Cause of death unknown. 



Table E.3 Summary of mortalities and proposed causes for juvenile N. ater fed mice or salmon starter during 1996 

Diet Age at death (months) Cause of death 

Mice 8 Unknown 

Mice 6 Force fed 

Mice 9 Ricketts/bone deformity 

Mice 2 Force fed-threw up food 

Salmon starter 2 Canker 

Salmon starter 6 Force fed 

Salmon starter 3 Force fed 


