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  Introduction to Exotics 
  Current Status 
  Impacts 
  Legislation 

  Exotic Fish and Invertebrates 
  Exotic Reptiles 
  Exotic Amphibians 

  ~2,000,000 reptiles annually 
  ~4,660,000 amphibians  
  >670 species outside of native range 

Just Frog Legs!!! 

12.5-21 million frogs 

2000-2005 – 28,000,000 amphibians through LA, NY, and SF 

U.S. = 545 spp. 

to speculation that the widespread distribution of X. laevis in the
1940s and 1950s for human pregnancy testing disseminated the
pathogen to differing regions of the world (Weldon et al., 2004).
There is a discrepancy in the overlap of X. laevis distributions and
the nature of B. dendrobatidis outbreaks, however, suggesting addi-
tional hosts must play a role in the spread of this disease (Rach-
owicz et al., 2005).

The North American bullfrog (Rana catesbeiana) is another po-
tential carrier of B. dendrobatidis, exhibiting no clinical signs when
experimentally or naturally-infected with the fungus (Daszak et al.,
2004). This species is farmed for the international food and pet
trades, and large numbers are imported into the USA annually for
human consumption (Schlaepfer et al., 2005). Previous studies
have established the presence of B. dendrobatidis in farmed and es-
caped bullfrogs in South America (Hanselmann et al., 2004), and in
other regions (Garner et al., 2006). The international trade in live
amphibians is also implicated in the spread of ranaviruses. Ranav-
iruses isolated from pig frogs (Rana grylio) farmed in China (RGV-
9506, RGV-9807 and RGV-9808) are genetically similar to Frog
virus 3 (FV3), originally isolated from R. pipiens in North America
(Zhang et al., 2001). The pig frog is native to North America and
was exported to China specifically for the frog farming industry
(Chinchar, 2002; Zhang et al., 2001). Evidence also suggests that
ranaviruses linked to seasonal mortalities in amphibians in the
western US may have spread throughout the region via the trade
in salamanders as bait for freshwater fishing (Jancovich et al.,
2005; Picco and Collins, 2008). This and other evidence prompted
the World Organization for Animal Health (OIE – Office Interna-
tional des Epizooties) to list B. dendrobatidis and ranaviral diseases
of amphibians as ‘notifiable’ (www.oie.int/eng/maladies/en_classi-
fication2009.htm?e1d7, 2009, accessed 29 January).

Despite interest in the origins of these pathogens, there are no
published reports on the presence of B. dendrobatidis or ranaviruses
in Ranid frogs imported into the USA, nor accurate data on the vol-
ume and geographical pattern of these trades. To assess overall
trends in the amphibian trade in the USA, and their potential to
spread these diseases, we analyzed data collected by the US Fish
and Wildlife Service from three major US ports of entry over a
six-year period (2000–2005) and tested live amphibians sold for
human consumption in each of these three cities for B. dendrobat-
idis and ranaviruses.

2. Methods

2.1. Importation data

Using the Freedom of Information Act (FOIA), a request was
submitted to the US Fish and Wildlife Service (USFWS) Law
Enforcement Management Information Systems (LEMIS) division
for records of all imports and exports of live amphibians and
amphibian parts from January 1, 2000 to December 31, 2005 for
the ports of Los Angeles, New York and San Francisco.

The USFWS assigns a control number to each shipment crossing
USA borders. A shipment may contain more than one species, in
which case the database will contain multiple lines of entry for
one particular shipment, with each line representing a distinct spe-
cies. For our analyses, each line of data is referred to as a distinct
shipment. The LEMIS database identifies the contents of each ship-
ment to the species or genus level. We combined all Rana spp. ship-
ments with R. catesbeiana shipments and refer to the combined
numbers as Ranids. Similarly, X. laevis and Xenopus spp. codes are
collectively referred to as Xenopus.

For each shipment, the database also contains information re-
lated to shipment date, country of origin, country of import/export,
port of entry, quantity, description (indicating live animal or ani-

mal parts and derivatives), source population, and purpose. Wild-
life source codes indicate whether the animal was taken from the
wild, originated from a ranching operation, bred in captivity, and
more. For our analyses, all shipments whose source population
did not come from the wild were grouped as originating from cap-
tive populations, excluding those whose origins were unknown.
Purpose codes identified whether the shipment was commercial,
intended for a zoological institution, for scientific purposes, per-
sonal, for biomedical research or educational, among others.

Shipment size was recorded in one of four unit measures: num-
ber of individuals, kilograms, pounds, or gallons. More than 99% of
all shipments recorded in units of kilograms, pounds, or gallons
were identified as Ranid shipments. Therefore, all live shipments
recorded in a weighted measure were converted to number of indi-
viduals based on the average weight of adult R. catesbeiana sam-
pled at each of the markets (0.4 kg, n = 200). All shipments
denoted as SKI (skins) and SPE (scientific specimens including
blood, tissue and histological preparations) were excluded from
our analyses.

2.2. Sample collection

We obtained samples from shops selling live amphibians for
human consumption in three major US cities: 1 in Los Angeles, Cal-
ifornia (LA); 13 in New York, New York (NY); and 4 in San Fran-
cisco, California (SF). The market frogs were on display in large
plastic bins or trash cans, typically containing water (Fig. 1). The
number of frogs per container was variable and could be as few
as 10 or >50.

The animals were purchased from the shops, killed by the shop
owners (we were informed by shop owners in California that the
sale of live frogs is illegal in that state, but calls to contacts at
the appropriate authorities have been unable to verify this state-
ment) and transported to the laboratory post mortem on ice. We
requested each animal be placed in a separate bag for transporta-
tion to prevent any contamination that could result from the mix-
ing of blood from one individual to the next. Due to language
restrictions, however, there were several occasions where the ani-
mals were bagged collectively. To prevent additional cross-con-
tamination of residual DNA, a fresh pair of gloves was used for
each frog and equipment was sterilized with ethanol and subse-
quently flamed between specimens. Each individual was swabbed
along the ventral surface and between the digits (i.e. webbing)
using Medical Wire and Equipment Company’s MW100 dry swab.

Fig. 1. Live Rana catesbeiana on sale for human consumption from a shop in New
York, NY.
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40 yrs = 22 spp. 

  Loss of avian and mammalian 
insectivores 
o  Increase in insect populations 

  Increase damage to native plants 

  Loss of frugivores 
o  Loss of pollinators and fruit-

dispersal 
  Changes in floral composition 



4/8/10 

3 

  Native species adaptations 
  2 snake species -      gape width,     body size 
  Toxin resistance  
  Eating aversion 
  Spatial avoidance 

  Exotic species adapt as well 
o  Toad morphology 

       body size,     parotoid gland size,     leg length 

o  Hunting behavior – Nocturnal to Diurnal 

  Brown tree snake - $12 million/yr 
o  Damages, species control, and spread prevention 

  Coqui – estimated $8 million/yr in Hawaii alone 
in property loss 

  Germany - $188,000 USD annually to control 
American bullfrogs 

50 monitor lizards, 39 cobras, two iguanas, 16 
big vipers, and eight small vipers (Bangkok) 

Norway 
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  Lacey Act - illegal to import, export, transport, sell, receive, 
acquire or purchase fish, wildlife or plants taken, possessed, 
transported or sold in violation of a federal law 

o  No laws preventing importation 
o  Except CITES and ESA 

o  Injurious Wildlife Species Provision (2005) 

99.9% OF SPECIES INCLUDED IN THIS 
LECTURE ARE UNRESTRICTED 

  Jan. 2008 
  Any species of reptile that has the potential to 

impact the environment 
  Burmese python 
  Reticulated python 
  African rock python 
  Scrub python 
  Green anaconda 
  Nile monitor 

  Must be licensed, pay $100/yr, and meet caging 
requirements 

  Also makes it unlawful to release ROC’s into wild 

82 20 
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     Fecundity 
o  Avoid egg laying 
o     embryo and hatchling survival 

  Larval and adult predation 

78 species! 
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Burmese Python (~15-20’) Green Anaconda (~20-30’) 

Nile Monitor (~4-6’) Water monitor (~7-9’) 

  Competition 
  Predation 
  Alteration of habitat  

Usually a greater threat to native mammal and reptile populations 
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Greatest Threat to Native Amphibians 
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  First appeared – 1931 
  Largest Hylid in US (5-7”) 
  Highly arboreal 
  1 female may lay in excess of 15,000 eggs in 

one season 
  Easily spread- Horticult. 

  Predator of other native anurans 
  Competition with native anurans 

o  Both aquatic and terrestrial 
phases 

  Noxious skin secretions – 
reduces predation by native 
predators 

  Economic impacts – Frequent 
transformer boxes 
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  Largest native frog in U.S. (> 6” SVL) 
  Eat anything 
  Self-sustaining 

  Highly cannibalistic 
  Doesn’t rely on other food source 

  Can affect algae population  change in 
aquatic community structure 

  1 female – 20,000 eggs/clutch 
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Listed as “Threatened” 
by USFWS 

Sympatric with RACA ~ 60 yr. 

Exposed to Larvae Exposed to Adults 
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Rana aurora alone 

w/ mosquito fish 

w/ bullfrogs 

fish & 
bulls 

w/ mosquito 

General Description: 
  5-9 inches (Body length) 
  Large parotid glands 
  Native to Central and South America 
  1 female – 8,000-35,000 eggs 2X/yr 

  Tolerate salinity – 15% 
  Tolerate Temps – 41-104°F 
  Can lose 50% of body water 
  Will eat most anything 

o  Insects, vegetation, small birds, amphibians, 
reptiles, mammals, dog and cat food, table scraps, 
etc. 
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  11 U.S. states and territories 
  18 islands in the Caribbean 
  12 Countries in the Pacific 

50 Countries 

  Control of agriculture pests (Cane beetles) 
o  However, beetles live in the upper stalk 

  Intentional releases 
  Escapees from Zoos or pets 
  Micronesia – Monitor Lizard Control 
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  Highly toxic skin 
o  Kills dogs, cats, native birds, mammals, and 

reptiles 
  Competes with native amphibians for resources 
  Adversely affects invertebrate populations 
  Eats domestic honeybees 

  Inconclusive 
  26 native species – toad-induced mortality 
  Extremely high mortality rate of varanid lizards 
  Potential risk of >49 snake species 
  Declines in varanids, snakes, and turtles -

significant cultural and economic effects on 
Aboriginal communities (van Dam et al. 2002) 

  Numerous techniques have been employed 

All funded by Australian Government 
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  Trapped for decades 
  Insufficient on broad scale 
  Developing scented traps 

  Baits laced with poison 
  Also began using sex pheromones  - unsuccessful 

Not species specific 

  Daughterless Males program 
  Special gene that prevents female offspring 

  Male with inherited sterility 
  Advantages: 

  Species-specific, non-toxic, no global risk 

  Disadvantages: 
  Mass rearing, sterilization, and release of  large number 

of individuals – these must be as fit as wild types 
  Cost - $750,000 over 3 yrs 

Models indicate that would have to release 2 orders of magnitude 
> males than already present in wild 

  Lungworms came with introduction of cane 
toad 
  However, been present > 35 yrs. – No effect yet on 

population 

  Lavender Beetles 
  Poisonous to amphibians 

  Native amphibians already know 
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  Mostly considered for the Quoll 
  Considered using to islands of NE coast 
  Cost – $1,310,000 over 3 yrs. 

Carnivorous marsupials 
Highly Endangered 

  Cane-toad specific poison 
  Tadpole alarm pheromone 

  Chronic exposure has led to increased mortality 

  Advantages: 
  Non-disseminating 
  Could be controlled 

  Disadvantages: 
  Unknown effects on non-target species 
  Cost - $350,000/yr 

Total cost of cane toad control methods from 
1989-2001 for AU government - $9,550,000 

  10 McLaren F1’s - $970,000 
  15 2010 Formula 45 Yachts - 

$656,115 
  2 Solid gold toilets - $5 mill 
  20 Jimi Hendrix’s 1965 Fender 

Stratocasters (If they existed) - 
$500,000 

  38 La Modernista Diamond Pens - 
$265,000 

  67 White lion cub - $150,000 
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  AU Government  Scientists to South America 
  Why isn’t toad pest in native habitat? 

  Found no reasons 
  But isolated a ranavirus 
  Cost: $2,000,000 

99

Invasive Animals Cooperative Research Centre

Results

The paper of Sutherst et al. (1996) provides a map of the natural range of B. marinus in South 

and Central America as well as a predictive range based on CLIMEX modeling. Comparison of 

these maps indicates that the Corrientes region in northern Argentina (Figure 1) is bioclimatically 

highly favourable for permanent colonisation by cane toads, however it lacks any habitation by 

the species. This region approximately equates with the current southern range of B. marinus 

in Australia and although Lever (2001; citing Easteal et al. 1981) states Argentina to be a 

part of the species natural range, Argentinean scientists specialised in amphibians inform 

me the species does not occur at all in Argentina (Marcos Vaira and Monika Hamann pers. 

comm. 2005). It is unknown how long B. marinus has been in Paraguay, however based on its 

colonisation of Australia (Lever 2001, Phillips et al. 2006), it is considered highly likely to have 

had sufficient time to allow for colonisation of the bioclimatically suited neighbouring northern 

Argentina, if this was possible. If not due to inter-specific competition from the resident B. 

paracnemis or B. arenarum, absence of B. marinus from the Corrientes region may be due to 

a pathogen of these resident Bufo, or perhaps an associated environmental pathogen.

Figure 1: Natural range of Bufo marinus (from Lever 2001 p. 2) with proposed biocontrol 

search area

If absence of B. marinus is due to a pathogen, such a pathogen may be having minimal impact 

on the resident toad species, as proposed by the National Cane Toad Taskforce (Taylor and 

Edwards 2005), but may be fatal to any B. marinus attempting to colonise the region from 

adjoining Paraguay, or from elsewhere. Assessment of all the known parasites and viruses 

associated with B. paracnemis or B. arenarum that could be inhibiting any colonisation of the 

Corrientes area by B. marinus was not conducted. Alternatively, it was considered that the best 

strategy for testing the hypothesis that a B. marinus pathogen exists in the Corrientes region 

was to use this toad in a bioprospecting manner. Being open to all possible pathogens and their 

sources using a bioprospecting approach was supported by the following examples:

1. The serendipitous discovery of (+)-calanolide, found to stop replication of the AIDS virus, 

was achieved using a bioprospecting approach (Wilson 2002 p. 123-124). 

Proposed biocontrol 

search area

  Animal Health Lab in Geelong 
  Wanted to create virus that killed cane toads 
  In 1996, Project was abandoned  
  Found that a native frog (White-lipped tree frog) 

could be easily killed by virus as well 

  2001-2008 – Aust. Commonwealth Scientific and 
Industrial Research 

  Goal was to make a recombinant virus to attack 
adult proteins 

  Ranavirus (Bohle iridovirus) used as a “taxi” to get 
the recombinant into the larvae 
  They attenuated the ranavirus so toads would not 

experience negative affects 
  Cost - $1,000,000 
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A new approach

With the imminent arrival of cane toads into Kakadu National Park interest in cane toad control 

was renewed and in 2000 CSIRO was successful in bidding for a government contract to 

commence development of a biocontrol agent. Given the lack of success in finding naturally 

occurring viruses that would be suitable, the idea of using a virus that could be modified to 

contain a gene that would interfere with some essential process in the cane toad is to be 

explored (Figure 1). 

We have begun by targeting the process of metamorphosis. In amphibians there are a number 

of genes that are switched on for the first time at metamorphosis (Flajnik et al. 1987) and it has 

been shown that the proteins that are produced by these genes are potentially immunogenic 

if introduced into tadpoles before this switch-on. In an experiment with bullfrogs (Rana 

catesbiana) adult haemoglobin extracted from blood and inoculated into bullfrog tadpoles was 

able to change the outcome of metamorphosis (Maniatis et al. 1969). The ensuing adults 

lacked proteins at the expected positions in polyacrylamide gels for adult globin or tadpole 

globin and instead appeared to be producing a third form of globin. The effect was postulated 

to be mediated by antibody to the adult globin.

Figure 1: Diagramatic representation of a strategy for interfering with metamorphosis in 

cane toads.

Establishment of a cane toad breeding colony

Essential to any study of this nature is a reliable source of experimental animals. We have 

established a cane toad breeding colony which can supply us with all the life stages of the 

cane toad that we need (Hamilton et al. in press). Adults are sourced from Queensland and 

on arrival are treated with Ivomectin to treat infestation with the lung roundworm, Rhabdias 

sp. Two other infections we have found in the toads are Mucor amphibiorum which causes a 

wasting disease in the toads and Mycobacterium marinum which causes skin ulcers. M. marinum 

infection can be controlled by ensuring there are no sharp objects in the toad enclosures that 

can cause skin punctures. For this reason we have discontinued the use of saw dust and wood 

shavings as bedding and replaced them with marine matting.
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  1st time anyone has manipulated a ds-DNA 
ranavirus 

  Ranavirus would not take recombinant 
  Resulted in recombinant virus that could 

protect amphibians from ranaviruses – Possibly 
lead to a cure 

  Department of Environment, Water, Heritage, 
and the Arts – determined GMO’s not 
acceptable for control measures 

  Funding ended in April of 2008 
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