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Abstract We examined data comprising 1,028 suc-

cessful and 967 failed introduction records for 596

species of alien reptiles and amphibians around the

world to test for factors influencing establishment

success. We found significant variations between

families and between genera. The number of jurisdic-

tions where a species was introduced was a significant

predictor of the probability the species had established

in at least one jurisdiction. All species that had been

introduced to more than 10 jurisdictions (34 species)

had established at least one alien population. We also

conducted more detailed quantitative comparisons for

successful (69 species) and failed (116 species)

introductions to three jurisdictions (Great Britain,

California and Florida) to test for associations with

climate match, geographic range size, and history of

establishment success elsewhere. Relative to failed

species, successful species had better climate matches

between the jurisdiction where they were introduced

and their geographic range elsewhere in the world.

Successful species were also more likely to have high

establishment success rates elsewhere in the world.

Cross-validations indicated our full model correctly

categorized establishment success with 78–80% accu-

racy. Our findings may guide risk assessments for the

import of live alien reptiles and amphibians to reduce

the rate new species establish in the wild.
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Abbreviations

ROC Receiver operating characteristic curve

USA United States of America

Introduction

Alien species are transported via a variety of

pathways (Carlton et al. 2003), with pathway impor-

tance varying taxonomically. Once alien species are

admitted to a new country there is no such thing as

zero risk of escape or release (Shine et al. 2000). Six

pathways have been identified as of primary impor-

tance in the spread of alien reptiles and amphibians,

but these show significant temporal, taxonomic, and

geographic variation (Kraus 2003). The pet trade,

deliberate introductions for personal aesthetic plea-

sure, cargo hitch-hikers, and nursery-trade hitch-

hikers have been especially important in the dispersal

M. Bomford � E. Lawrence (&)

Bureau of Rural Sciences, GPO Box 858, Canberra,

ACT 2601, Australia

e-mail: emma.lawrence@brs.gov.au

F. Kraus

Department of Natural Sciences, Bishop Museum,

1525 Bernice St., Honolulu, HI 96817, USA

S. C. Barry

CSIRO Mathematical and Information Sciences,

GPO Box 664, Canberra, ACT 2601, Australia

123

Biol Invasions

DOI 10.1007/s10530-008-9285-3



of alien herpetofauna in recent decades. Deliberate or

accidental release of pets and aquarium specimens is

an especially serious problem.

Alien species in new environments can cause

major economic damage and irreversible ecological

changes (Pimentel et al. 2000; Pimentel 2002; Bom-

ford 2003; Andersen et al. 2004). Impacts

documented for alien reptiles and amphibians

include, for example, extinctions or declines of native

prey species (Fritts and Rodda 1998; Karube and

Suda 2004; Greenlees et al. 2006), poisoning of

native predators (Doody et al. 2006a, b, competitive

displacement (Boland 2004; Cole et al. 2005), dis-

ease transmission (Daszak et al. 1999; Garner et al.

2006), hybridization with and genetic swamping of

native species (Arntzen and Thorpe 1999; Riley et al.

2003; Storfer et al. 2004), evolutionary changes in

native species (Phillips and Shine 2004, 2006a, b),

economic damage (Fritts et al. 1987; Fritts and

McCoid 1999; Fritts and Chiszar 1999; Kaiser and

Burnett 2006), and human-health damage (Fritts et al.

1990, 1994). Many additional examples exist (Kraus

in preparation), yet impacts from invasive herpeto-

fauna have been little studied.

While improved public education about the risks

posed by alien species may reduce the incidence of

releases, it is also desirable to restrict the import and

keeping of high-risk species (Reed 2005). To achieve

this goal, risk assessments are needed to identify

which species are most likely to establish.

Government legislation in some countries (e.g.,

New Zealand) now requires that the risk that

imported alien species might establish wild pest

populations be assessed before import is permitted. In

theory, science-based risk assessments of alien spe-

cies’ invasive potential can enable quarantine

authorities to permit the import of low-risk species,

whilst identifying and excluding high-risk species

(Kolar and Lodge 2002; Bomford 2003). This will

maintain trade and enable alien species to be

imported for productive and recreational uses, whilst

protecting against potential pest species (Keller et al.

2007). Yet how such risks can be assessed is still a

matter for debate, and some ecologists consider that

generalisations across taxonomic groups are not

feasible (Williamson 1999; Kolar and Lodge 2001;

Heger and Trepl 2003; Cassey et al. 2004). Risk

assessments need to be accurate, open, and repeatable

in order to minimise risk. There is a pressing need to

formulate scientifically sound methods and

approaches in the field of risk assessment for invasive

species (Andersen et al. 2004). Ecologists continue to

suggest and test a large number of attributes in search

of a set that is consistently associated with establish-

ment success, and risk analysts continue to

recommend their use in risk-management schemes

(Kolar and Lodge 2002; Stohlgren and Schnase 2006;

Hayes and Barry 2008).

Hayes and Barry (2008) examine 24 studies that

identified correlates of establishment success across

six animal groups and find only three characteristics

are consistently associated with establishment success

across taxa: climate/habitat match, establishment suc-

cess elsewhere, and propagule pressure (number of

arriving/released individuals and/or number of release

events). Hayes and Barry (2008) conclude that risk

managers can place faith in risk assessments based on

these factors, while warning that results must be

interpreted carefully. Information on the last two

factors will frequently be unavailable for reptiles or

amphibians, leaving climate match most broadly

reliable.

We found no previously published studies on

factors affecting the introduction success of alien

reptiles or amphibians. We examined data for pub-

lished introduction records worldwide to see if number

of introduction events or taxonomic group are corre-

lated with establishment success. We also examined

records of introduction outcomes for reptiles and

amphibians introduced to Great Britain, California and

Florida to test for associations between establishment

success and climate match between the jurisdiction

where they were introduced and their geographic range

elsewhere in the world, and their history of establish-

ment success elsewhere in the world.

A key component of our analyses was climate

matching between origin and release sites based on

rainfall and temperature data. A ‘climate envelope’

approach was used in which a species’ world

geographic range (including both its native and

introduced ranges but excluding the jurisdiction

being tested) was mapped and the climatic attributes

measured, and then locations with matching climate

attributes were determined for the jurisdiction being

tested. Climate matching can be used to generate

maps of establishment likelihood for a species from

any part of the world to a nominated target region

(Pheloung 1996; Sutherst et al. 1998; Baker et al.
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2000; Duncan et al. 2001; Kriticos and Randall 2001;

Forsyth et al. 2004).

Methods

Introduction data

Data comprised literature records for 596 species

introduced around the world; of these, there were

records for 1,028 successful establishments and 967

failed introductions. These data were taken from a

global database of alien herpetological introductions

that will be published in an updated form in its entirety

(Kraus in preparation). This sample represents a large

majority of the world’s published instances of intro-

ductions involving reptiles and amphibians. We

classified species as either established or failed for

each jurisdiction to which it was introduced—a juris-

diction being either a country or, for North America, a

state or province. Many records consisted of multiple

introductions of the same species to the same jurisdic-

tion, but a successful establishment indicates only that

at least one of these was successful; it was impossible to

determine from the literature the fate of each instance of

introduction. Further, assessments of success or failure

were based on the most recent information in the

literature. Species introductions that persisted for sev-

eral decades but eventually died out were categorized as

failures. We excluded records from our analyses if

identification to species was uncertain, or the outcome

of the introduction (established or failed) was unknown

or uncertain. Most introductions in the database were

intentional movements via the pet trade, followed by

accidental imports in cargo shipments.

We chose a subset of the data comprising 175

records for Great Britain, Florida, and California

(Table 1) to test the importance of climate matching

in determining establishment success. These three

jurisdictions were selected because they each had a

reasonable sample of both successful and failed

species representing a wide taxonomic range and

because the CLIMATE data base contained a

reasonable number of meteorological stations spread

across each jurisdiction. For Florida, only alien

species introduced from outside the USA were

included. For California, species translocated from

the eastern states of the USA were included to

increase the sample size, but translocated species

native to California were excluded. For Britain, only

species introduced from outside the British Isles were

included. World range data included both native and

alien ranges but excluded the range in the target

jurisdiction (Britain, California or Florida); these

were sourced from literature and web databases for

each species and digitized.

Climate matching

We used a climate-matching procedure to quantify the

climatically suitable habitat available to each intro-

duced species within the three target jurisdictions. For

a species introduced to Britain, for example, the

climate match between Britain and the species’ world

geographic range outside Britain (including any

introduced range) was calculated using CLIMATE

(Bureau of Rural Sciences 2006). The CLIMATE

software contains data for 16 temperature and rainfall

variables (Table 2) imported from BIOCLIM (Busby

1991) for 8,331 meteorological stations worldwide (in

the worlddata_all.txt climate data source file). CLI-

MATE calculates a climate-match score for each

meteorological station within Britain based on the

minimum Euclidian distance in the 16-dimensional

variable space between that meteorological station

and all other world meteorological stations in the

species’ geographic range outside Britain. Each

variable is normalised by dividing it by its worldwide

standard deviation. These climate-match scores range

from 10 for the highest level match to zero for the

poorest match. For a meteorological station in Britain

to have scored highly, it must have matched closely all

16 climatic variables of at least one meteorological

station in the species’ geographic range outside

Britain. When assessing a species’ climate match to

Britain we summed the number of meteorological

stations with climate-match scores at each level. We

then calculated cumulative scores, i.e., for each match

level we summed the number of meteorological

Table 1 Numbers of alien reptile and amphibian species

introduced to Britain, California and Florida

Jurisdiction Successful Failed Total

Britain 12 39 51

California 13 49 62

Florida 47 33 80
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stations with scores at that level and at all higher

match levels to create Sum Climate scores. For

example, Sum Climate 8 includes data for climate

match scores in the three highest match levels (8, 9

and 10) whereas Sum Climate 5 also includes lower

match levels (5–10). We then expressed these Sum

Climate scores as percentages of the total number of

meteorological stations in Britain to enable us to make

comparisons with other jurisdictions. We used the

same process to calculate Sum Climate% scores for

the species introduced to Florida and California. We

then repeated the climate-matching analyses twice,

restricting our analyses to either the eight temperature

variables or the eight rainfall variables in Table 2.

World range size

We plotted each species’ world geographic range,

excluding the species’ range within the recipient

jurisdiction being assessed, onto a world map traced

with five-degree (latitude by longitude) grid squares.

We then counted the number of occupied grid squares

in each latitude band to the nearest 0.1 of a grid

square. We used a spreadsheet to convert the number

of occupied grid squares in each latitude band to an

equivalent number of square kilometres and summed

these values to obtain the total world range size.

Phylogenetic factors

Correction for phylogenetic non-independence is a

common approach in assessing factors correlated with

establishment success or invasiveness (Sol and Lefebvre

2000; Forsyth et al. 2004). Statistically, this approach is

necessary if we believe that we have a taxonomically

non-random sample compared to the population for

which we wish to make inference (biased sampling).

The use of generalized linear mixed models with

phylogenetic group as a random effect(s) would

appear to be the most natural statistical way of

incorporating this variation (Wood 2006). In our

generalised linear mixed model we had:

Logit Pr invasiveð Þð Þ ¼ Xbþ r ð1Þ

where r is the random effect which has mean zero and

variance r2 and represents systematic variation

between taxonomic groups unexplained by the co-

variates, X is a matrix of co-variates, and b are the

regression parameters. This conditioned out the effect

of taxonomy, which corrected for any bias in b

caused by the biased taxonomic sampling. For

prediction, we used our estimate of r if the taxon

has been observed before. Otherwise, we incorpo-

rated our fitted value of r2 into the prediction.

Higher-level relationships among reptiles and

amphibians have undergone considerable revision and

controversy in recent years, with family definitions

often changing considerably. For amphibians we fol-

lowed the family-level taxonomy of Frost et al. (2006).

For squamates and crocodilians we followed Zug et al.

(2001) updated for Gekkota according to Han et al.

(2004) and for Serpentes according to Slowinski and

Lawson (2002) and Lawson et al. (2005). For turtles we

followed Gaffney and Meylan (1988) updated for

Geoemydidae according to Spinks et al. (2004).

Analyses

We tested whether species, genus, family or order

were correlated with establishment success for the

Table 2 The 16 climate parameters used to estimate the extent of climatically matched habitat in the CLIMATE program

Temperature parameters (�C) Rainfall parameters (mm)

Mean annual Mean annual

Minimum of coolest month Mean of wettest month

Maximum of warmest month Mean of driest month

Average range Mean monthly coefficient of variation

Mean of coolest quarter Mean of coolest quarter

Mean of warmest quarter Mean of warmest quarter

Mean of wettest quarter Mean of wettest quarter

Mean of driest quarter Mean of warmest quarter

Estimates of these parameters are derived from long-term averages of monthly minimum and maximum temperatures and rainfall for

each of the 8,331 meteorological stations in the CLIMATE database
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1995 introduction records of alien reptiles and

amphibians around the world. We calculated each

species’ introduction success rate as the number of

jurisdictions where the species was successfully

introduced divided by the total number of jurisdictions

where the species was introduced. We calculated

genus success rate as the number of times species in

that genus were successfully introduced to any

jurisdiction divided by the total number of times

species in that genus were introduced to any jurisdic-

tion. We repeated this process for family, order and

class. We used these taxon-success rates to rank 596

species, 266 genera, 46 families, and five orders

according to their establishment-success rates. We

analysed these data using a generalised linear mixed

model where we partitioned the variation between the

three levels: order, family, and genus. We modelled

probability of successful introduction, p, as:

Logit Pð Þ ¼ alphaþ orderþ familyþ genus ð2Þ

where alpha is the intercept and order, family and

genus are Gaussian random effects with mean zero

and separate variances. These partitioned the varia-

tions for each level.

We tested the significance of the number of

jurisdictions where a species has been introduced

on the probability of successful introduction in at

least one location, q, as:

Logit qð Þ ¼ alphaþ orderþ familyþ genus

þ log number of jurisdictionsð Þ ð3Þ

where log (number of jurisdictions) is a fixed effect

and alpha, order, family and genus are as in the

previous model. We transformed the number of

jurisdictions to the logarithmic scale to create a

linear relationship.

We also conducted quantitative comparisons for

175 species introduced to three jurisdictions (Great

Britain, California, and Florida) to test for associa-

tions with climate match, global geographic range

size, and history of establishment success elsewhere.

Statistical arguments suggest it is better to model

variables jointly rather than one at a time, as this

allows the analysis to consider the effects of con-

founding variables and provides more concise results

with a clearer interpretation. Our data were analysed

by a generalised additive mixed model (Wood 2006).

This model is an extension of generalised additive

models (Hastie and Tibshirani 1990). We modelled

the probability of successful introduction, p, as:

Logit pð Þ ¼ s climateð Þ þ jurisdiction

þ prop:success:species

þ prop:success:genus

þ prop:success:familyþ familyre: ð4Þ

In this model, s(climate) is a smooth function of

the climate match score expressed as a proportion of

all data locations in the jurisdiction, jurisdiction

allows the mean prevalence in countries to vary, and

the prop. * variables denote the proportion of intro-

ductions at each taxonomic level that were successful

worldwide. Familyre is a family random effect

assumed drawn from a Gaussian distribution with

mean zero and variance that is estimated from the

data. Although reptile and amphibian phylogenies are

not well resolved, Familyre accounts for systematic

variation in invasion success between genera and

attempts to quantify the unexplained variation

between genera after the known characteristics of

the species are taken into account. To fit this as a

fixed effect was not statistically defensible because

the number of additional parameters needed would be

prohibitively large. A smooth function was used for

the climate match to allow for the fact that there may

not be a linear relationship between the raw sum of

Climate and probability of establishment. The smooth

function allows the relationship to vary. A smooth

term was not considered for all variables because of

the number of parameters involved.

To explore the relationship between extent of

climate match and probability of invasion success we

fitted a model for each level of the climate match and

looked for consistency of effects. We note that these

variables are strongly correlated, so the results should

be interpreted carefully. The model was fit using the

statistical package R and the gamma function in the

mgcv library.

We used receiver operating characteristic (ROC)

curves to determine the range of model predictions

likely to indicate species establishment. ROC curves

are obtained by plotting the rate of true positives

versus false positives based on a range of test

thresholds (Lobo et al. 2007). ROC curves are a

useful tool to guide selection of a threshold to convert

continuous predicted probabilities into binary

predictions.
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The ability of the fitted model to correctly classify

new data was determined using a 10-fold cross-

validation approach. This involved partitioning the

dataset into 10 subsamples. Of the 10 subsamples,

one was used as validation data for testing the model

predictions and the remaining nine were used as

training data on which the model was fitted. This

process was then repeated a further nine times, i.e.,

using each subsample as the validation dataset. The

resulting models were then applied to the test datasets

and model predictions compared with observed

values, using the threshold determined through the

ROC curve analysis.

Results

Global introductions

Of 1995 introduction events of alien reptiles and

amphibians to jurisdictions around the world, 51.5%

were successful. We found both genus (P \ 2.2 9

10-16) and family (P = 1.54 9 10-9) were significant

predictors of establishment success. Taxonomic order

was marginally significant (P = 0.089), with Anura

being the most successful order (297 of 482 introduc-

tions being successful = 61.6%), followed by

Squamata (549/1007 = 54.5%), Caudata (35/80 =

43.8%), Testudines (144/398 = 36.2%) and Crocodilia

(3/28 = 10.7%). Species effects were independent,

conditional on the higher-level random effects, and

most species had patterns of establishment that were

indistinguishable from random (Fig. 1). The most and

least successful taxa are presented in Table 3.

The number of jurisdictions where a species had

been introduced was a significant predictor of the

probability of at least one successful introduction

(P \ .0001). All species that had been introduced to

more than 10 jurisdictions (34 species) had estab-

lished an alien population in at least one jurisdiction.

Introductions to Britain, California and Florida

Relative to failed species, successful species had

significantly higher climate-match scores in the

jurisdiction to which they were introduced (Fig. 2)

at all four levels of climate match tested (Table 4).

Climate matching using all 16 rainfall and temper-

ature parameters gave better discrimination between

successful and failed species than analyses using

either the eight temperature (Table 4) or the eight

rainfall (Table 4) parameters alone.

Relative to failed species, successful species also

had significantly higher establishment success rates in

other jurisdictions (Table 4). The jurisdiction where

the introduction occurred was also significantly

associated with introduction outcome, with Britain

having 24% of introduced species establishing,

California 21%, and Florida 41%. Geographic range

size was not significantly associated with species’

establishment success.

We used ROC curves to identify the threshold

value corresponding to equal numbers of false

negative and false positive establishment outcomes

in our full model (Fig. 3). The results of a 10-fold

cross-validation based on a threshold of 0.4 for each

of the 12 models summarised in Table 4 are listed in

Table 5.

Discussion

We used data on successful and failed introductions

of alien reptiles and amphibians to test for factors

associated with establishment success. For our global

data set, we found both genus and family were

significant predictors of establishment success. The

number of jurisdictions where a species was intro-

duced was also a significant predictor of the

probability of there being at least one successful

introduction. Our findings support those of Hayes and

Barry (2008) who found that number of release

events was consistently associated with establishment

success in studies on finfish, insects, mammals, and

birds. Repeated releases over an extended period

increase the chance of successful invasion simply

because the release ‘experiment’ is repeated many

times, under different biotic and abiotic conditions,

including different climates and seasons, and condi-

tion of released animals (Williamson 1999; Kolar and

Lodge 2001).

Relative to failures, we found species successfully

introduced to Britain, California, and Florida had

significantly higher climate-match scores in the

recipient jurisdiction and were also significantly

more likely to have high establishment success rates

elsewhere. In contrast, global geographic range size

was not associated with establishment success. The
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Table 3 Establishment success residual values estimated by the model (Eq. 2) for alien reptile and amphibian (A) families, (B)

genera and (C) species

A.

Most successful families Residual value Least successful families Residual value

Typhlopidae 1.293 Colubridae -0.622

Gekkonidae 1.188 Viperidae -0.721

Teiidae 1.015 Salamandridae -0.880

Proteidae 0.932 Elapidae -0.974

Agamidae 0.919 Boidae -1.477

B.

Most successful genera Residual value Least successful genera Residual value

Ramphotyphlops 1.985 Holbrookia -0.610

Trachemys 1.973 Hymenochirus -0.621

Lycodon 1.371 Ophisaurus -0.652

Hemidactylus 1.143 Python -0.668

Triturus 1.129 Lacerta -0.741

Chamaeleo 0.992 Sceloporus -0.742

Lipinia 0.987 Thamnophis -0.744

Hemorrhois 0.965 Terrapene -0.779

Telescopus 0.965 Gekko -0.820

Necturus 0.962 Uromastyx -0.963

Emys 0.955 Leptodactylus -0.993

Calotes 0.947 Phrynosoma -1.115

Eleutherodactylus 0.927 Egernia -1.120

Caiman 0.889 Lampropeltis -1.183

Anolis 0.864 Gopherus -1.261

C.

Most successful species Residual value Least successful species Residual value

Ramphotyphlops braminus 2.328 Cynops pyrrhogaster -0.810

Hemidactylus mabouia 2.202 Litoria caerulea -0.810

Hemidactylus frenatus 1.600 Malaclemmys terrapin -0.810

Rana catesbeiana 1.549 Micrurus fulvius -0.810

Eleutherodactylus johnstonei 1.546 Python sebae -0.810

Hemidactylus turcicus 1.487 Terrapene ornata -0.810

Necturus maculosus 1.486 Ambystoma mexicanum -0.899

Rana perezi 1.486 Lampropeltis triangulum -0.899

Sphaerodactylus argus 1.486 Macroclemys temminckii -0.899

Eleutherodactylus planirostris 1.420 Natrix natrix -0.899

Hemidactylus flaviviridis 1.394 Gopherus berlandieri -0.973

Rana ridibunda 1.361 Terrapene carolina -0.990

Calotes versicolor 1.294 Lampropeltis getula -1.038

Anolis cristatellus 1.282 Mauremys caspica -1.038

Phelsuma dubia 1.282 Pseudemys floridana -1.038

Rana berlandieri 1.282 Python regius -1.038
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results of 10-fold model cross-validation showed our

full model correctly classified 78–80% of species.

Several caveats must temper interpretation of our

results. First, our data did not represent a random

selection of the world’s reptile and amphibian

species. Many families and most genera have not

been introduced anywhere, and our sample was

biased towards species from the pet trade or liable

to human commensalism. Scientific reporting biases

will also over-represent successfully established

species (Kraus 2003). Nonetheless, for the sample

of taxa known to be introduced by humans, our

findings demonstrated that climate match and history

of successful establishment elsewhere served as

reliable predictors of which introductions were likely

to succeed.

Second, we showed that propagule pressure was

important in establishment success, but our assess-

ment could only quantify number of recipient

jurisdictions and not numbers of released animals or

numbers of independent release events because those

more detailed data are virtually absent from the

literature. Those unavailable data may account for

some of our ROC misclassifications. Hayes and Barry

(2008) review 10 studies that investigate the rela-

tionship between the number of released individuals

and establishment success for alien birds and fish, and

Table 3 continued

C.

Most successful species Residual value Least successful species Residual value

Varanus indicus 1.282 Python reticulatus -1.038

Lipinia noctua 1.220 Thamnophis sirtalis -1.038

Lepidodactylus lugubris 1.168 Alligator mississippiensis -1.192

All taxa are listed in descending order of establishment success. There were 47 families, 268 genera and 596 species in our database,

but only the taxa that were most and least successful at establishing alien populations are presented

Fig. 1 Proportion of alien reptile and amphibian introductions

that resulted in establishment for 1995 introduction events of

596 species. Multiple introductions of the same species into a

single jurisdiction are only counted as a single introduction

event; hence, the proportion of successes (y-axis) is the number

of jurisdictions in which a species is established divided by

total number of jurisdictions to which it has been introduced.

Lines show the upper and lower 90% confidence bands

(smoothed to the outer points of the fitted lines) around the

overall proportion established (0.515) based on a binomial

distribution. Most species fell within these confidence limits

and thus had patterns of establishment that were indistinguish-

able from random. Species with particularly high and low rates

of establishment are presented in Table 3C
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all the studies demonstrate a significant association.

However, species of long-lived reptiles and amphib-

ians that have large clutch or litter sizes and are either

parthenogenic or able to store sperm for years may be

less dependent on large or multiple introductions to

successfully establish wild populations (Reed 2005).

Third, our taxonomic measures of success may

have been overly sensitive to taxa introduced only a

few times but which were successful by chance (e.g.,

Proteidae, Hemorrhois, Telescopus). We give greater

credence to results for taxa introduced many times.

Fourth, climate matching set the broad parameters

for determining if an area was suitable for a species to

establish, but was not a complete explanation because

biotic factors, such as the absence of suitable food,

nest sites or shelter, or the presence of competitors,

predators or diseases, may have excluded species

from areas with an otherwise suitable climate.

Although a suite of biotic attributes (such as body

size, diet, offspring per year, growth rate, lifespan or

adaptation to disturbed habitat) has been proposed to

influence establishment success for alien vertebrates

(Kolar and Lodge 2001, 2002; Reed 2005) none are

demonstrated to have consistent effects across taxa

(Hayes and Barry 2008). We did not test biotic

variables because, for most of the species in our

database, we could not obtain sufficient reliable data.

However, such analyses may be feasible on a smaller

sample of relevant taxa—an assessment beyond the

scope of this study. Hence, the importance of biotic

attributes in determining establishment success

among reptiles and amphibians remains to be

determined.

Our findings may prove useful in developing

quantitative risk-assessment models that can identify

potential invaders and so help governments take

preventative action to slow the rate of herpetological

invasions. Species with high global introduction

success rates (and high propagule pressure) are

considered to pose a high risk of establishing in any

Table 4 Statistical probabilities of significance for six factors tested by logistic regression analyses (Eq. 4) for alien reptiles and

amphibians introduced to Florida, California, and Britain

Factor Sum Climate 5 Sum Climate 6 Sum Climate 7 Sum Climate 8

P-values for 16 rainfall and temperature climate parameters

Jurisdiction 5.79 9 10-6*** 3.93 9 10-5*** 0.000299*** 6.38 9 10-6***

Species success rate 0.00132** 0.00367** 0.020225** 0.00572**

Genus success rate 0.50209 0.46104 0.365586 0.47769

Family success rate 0.13498 0.10750 0.335662 0.23239

World range size 0.15723 0.13671 0.454797 0.53577

Climate match 2.24 9 10-5*** 2.47 9 10-7*** 2.29 9 10-5*** 1.15 9 10-5***

P-values for the eight temperature climate parameters

Jurisdiction 0.000391*** 0.00313** 0.00876** 0.0161*

Species success rate 0.002282** 0.00686** 0.01200* 0.0341*

Genus success rate 0.993110 0.38742 0.33872 0.3653

Family success rate 0.256629 0.25794 0.28782 0.4184

World range size 0.346213 0.25023 0.28281 0.5649

Climate match 1.18 9 10-5*** 1.34 9 10-5*** 8.23 9 10-6*** 0.000315***

P-values for the eight rainfall climate parameters

Jurisdiction 0.000124*** 0.000102*** 5.0 9 10-5*** 1.09 9 10-7***

Species success rate 0.005466** 0.004448** 0.00320** 0.000101***

Genus success rate 0.925858 0.871957 0.78186 0.141136

Family success rate 0.795478 0.768579 0.57549 0.242423

World range size 0.848189 0.915041 0.42823 0.045236*

Climate match 0.0749 0.0346* 0.00441** 6.72 9 10-8***

Twelve models were tested: three combinations of climate parameters 9 four Sum Climate Match levels

* P \ 0�05, ** P \ 0�01, *** P \ 0�001
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future introductions. Previously unsampled species

that come from a genus or family having a high

introduction success rate may also pose a high risk,

although there is scope for further testing here.

Species having a close climate match to the jurisdic-

tion where they are introduced will also pose a high-

risk. Species exhibiting risk due to both taxonomic

and climate-matching attributes may be expected to

pose the highest risk. Establishment success involves

complex interactions between the invading species

and the physical and biological characteristics of the

recipient environment, which may be case-specific

and include positive feedback mechanisms (Noble

1989), Allee effects (Drake 2004), and genetic

variability (Holdgate 1986). To cope with these

complexities it may be desirable to use a combination

of qualitative and quantitative methods to provide a

framework for risk assessments for alien species

introductions (Sikder et al. 2006; Stohlgren and

Schnase 2006). Sikder et al. (2006) suggest that this

combination approach is required, as quantitative

data alone are insufficient to deal with the complex-

ities and uncertainties inherent in invasive species’

interactions with their environment.

We used ROC curves to determine the range of

model predictions likely to indicate species estab-

lishment. We chose a threshold value that gave equal

numbers of false negative and false positive out-

comes. For risk-assessment modelling, a different

threshold could be selected if a higher or lower

establishment risk was required. Our fitted model

could be used to classify new species data to estimate

establishment risk for species introduced to the three

jurisdictions used in our study. Extending our find-

ings to develop quantitative assessment models for

other jurisdictions will require additional work

because we found jurisdiction was significantly

correlated with establishment success in our models,

and the cause of this variation is as yet uncertain.

Acknowledgements L. Brown, B. Raphael and L. Walter

assisted with climate matching. J. Crombie did the analysis for

Fig. 1. Overseas ranges were calculated with a digitized system

developed by L. Randall. Funding was provided by the

Australian Invasive Animals Cooperative Research Centre,

the Australian Government Department of Environment and

Heritage, the USA Fish and Wildlife Service and the Hawaii

Invasive Species Council.

References

Andersen MC, Adams H, Hope B, Powell M (2004) Risk

assessment for invasive species. Risk Anal 24:787–793.

doi:10.1111/j.0272-4332.2004.00478.x

Arntzen JW, Thorpe RS (1999) Italian crested newts (Triturus
carnifex) in the basin of Geneva: distribution and genetic

interactions with autochthonous species. Herpetologica

55:423–433

Table 5 Results of 10-fold model cross-validation using

models based on 16 climate parameters, eight temperature

parameters or eight rainfall parameters, indicating the per-

centage of our species introduction outcomes that were

correctly classified (established or failed) by our model (Eq. 4)

Level of climate

matching

Sixteen

climate

parameters

(%)

Eight

temperature

parameters

(%)

Eight

rainfall

parameters

(%)

Sum Climate 5 78 78 78

Sum Climate 6 80 77 76

Sum Climate 7 79 80 74

Sum Climate 8 78 80 80

Fig. 3 ROC curve based on the model (Eq. 4) for Sum

Climate 6 with 16 climate parameters. The threshold giving

equal weighting to false negatives and false positives

corresponds to the point where the ROC curve crosses over

the diagonal line that runs from the top left point of the plot to

the bottom right point of the plot. This was approximately 0.4

for all four levels of climate matching with 16 climate

parameters summarised in Table 4, i.e., a model prediction of

less than 0.4 indicated a prediction the species would not

establish and a prediction of 0.4 or greater predicted the species

was likely to establish

M. Bomford et al.

123

http://dx.doi.org/10.1111/j.0272-4332.2004.00478.x


Baker RHA, Sansford CE, Jarvis CH, Cannon RJC, MacLeod

A, Walters KF (2000) The role of climatic mapping in

predicting the potential geographical distribution of non-

indigenous pests under current and future climates. Agric

Ecosyst Environ 82:57–71. doi:10.1016/S0167-

8809(00)00216-4

Boland CRJ (2004) Introduced cane toads Bufo marinus are

active nest predators and competitors of rainbow bee-

eaters Merops ornatus: observational and experimental

evidence. Biol Conserv 120:53–62. doi:10.1016/j.biocon.

2004.01.025

Bomford M (2003) Risk assessment for the import and keeping

of exotic vertebrates in Australia. Bureau of Rural Sci-

ences, Canberra, Australia. Available online from BRS

shop at: http://www.affashop.gov.au/product.asp?prodid=

12803

Bureau of Rural Sciences (2006) CLIMATE software. Bureau

of Rural Sciences, Department of Agriculture, Fisheries

and Forestry, Canberra, Australia. Available online from

BRS shop at: http://affashop.gov.au/product.asp?prodid=

13506

Busby JR (1991) BIOCLIM—a bioclimate analysis and pre-

diction system. In: Margules CR, Austin MP (eds) Nature

conservation: cost effective biological surveys and data

analysis. CSIRO, Canberra, pp 64–68

Carlton J, Ruiz G, Mack R (eds) (2003) Invasive species:

vectors and management strategies. Island Press,

Washington

Cassey P, Blackburn TM, Jones KE, Lockwood JL (2004)

Mistakes in the analysis of exotic species establishment:

source pool designation and correlates of introduction

success among parrots (Aves: Psittaciformes) of the

world. J Biogeogr 31:277–284

Cole NC, Jones CG, Harris S (2005) The need for enemy-free

space: the impact of an invasive gecko on island endem-

ics. Biol Conserv 125:467–474. doi:10.1016/j.biocon.

2005.04.017

Daszak P, Berger L, Cunningham AA, Hyatt AD, Green DE,

Speare R (1999) Emerging infectious diseases and

amphibian population declines. Emerg Infect Dis 5:

735–748

Doody JS, Green B, Sims R, Rhind D (2006a) Initial impacts of

invasive cane toads (Bufo marinus) on predatory lizards

and crocodiles. In: Molloy KL, Henderson WR (eds)

Science of cane toad invasion and control. Proceedings of

the invasive animals CRC/CSIRO/Qld NRM&W cane

toad workshop, Brisbane. Invasive Animals Cooperative

Research Centre, Canberra, Australia, pp 33–41

Doody JS, Green B, Sims R, Rhind D (2006b) Indirect impacts

of invasive cane toads (Bufo marinus) on nest predation in

pig-nosed turtles (Carettochelys insculpta). Wildl Res

33:349–354. doi:10.1071/WR05042

Drake JM (2004) Allee effects and the risk of biological

invasion. Risk Anal 24:795–802. doi:10.1111/j.0272-

4332.2004.00479.x

Duncan RP, Bomford M, Forsyth DM, Conibear L (2001) High

predictability in introduction outcomes and the geo-

graphical range size of introduced Australian birds: a role

for climate. J Anim Ecol 70:621–632. doi:10.1046/j.

1365-2656.2001.00517.x

Forsyth DM, Duncan RP, Bomford M, Moore G (2004) Cli-

matic suitability, life-history traits, introduction effort and

the establishment and spread of introduced mammals in

Australia. Conserv Biol 18:557–569. doi:10.1111/j.1523-

1739.2004.00423.x

Fritts TH, Chiszar D (1999) Snakes on electrical transmission

lines: patterns, causes, and strategies for reducing elec-

trical outages due to snakes. In: Rodda GH, Sawai Y,

Chiszar D, Tanaka H (eds) Problem snake management:

the habu and brown treesnake. Comstock Publ, Ithaca,

pp 89–103

Fritts TH, McCoid MJ (1999) The threat to humans from

snakebite by snakes of the genus Boiga based on data

from Guam and other areas. In: Rodda GH, Sawai Y,

Chiszar D, Tanaka H (eds) Problem snake management:

the habu and brown treesnake. Comstock Publ, Ithaca,

pp 116–127

Fritts TH, Rodda GH (1998) The role of introduced species in

the degradation of island ecosystems: a case history of

Guam. Annu Rev Ecol Syst 29:113–140. doi:10.1146/

annurev.ecolsys.29.1.113

Fritts TH, Scott NJ Jr, Savidge JA (1987) Activity of the

arboreal brown tree snake (Boiga irregularis) on Guam as

determined by electrical outages. Snake 19:51–58

Fritts TH, McCoid MJ, Haddock RL (1990) Risks to infants on

Guam from bites of the brown tree snake (Boiga irregu-
laris). Am J Trop Med Hyg 42:607–611

Fritts TH, McCoid MJ, Haddock RL (1994) Symptoms and

circumstances associated with bites by the brown tree

snake (Colubridae: Boiga irregularis) on Guam. J Her-

petol 28:27–33. doi:10.2307/1564676

Frost DR, Grant T, Faivovich J, Bain RH, Haas A, Haddad

CFB et al (2006) The amphibian tree of life. Bull Am Mus

Nat Hist 297:1–370. doi:10.1206/0003-0090(2006)297

[0001:TATOL]2.0.CO;2

Gaffney ES, Meylan PA (1988) A phylogeny of turtles. In:

Benton MJ (ed) The phylogeny and classification of tet-

rapods. Clarendon Press, Oxford, pp 157–219

Garner TWJ, Perkins MW, Govindarajulu P, Seglie D, Walker

S, Cunningham AA et al (2006) The emerging amphibian

pathogen Batrachochytrium dendrobatidis globally

infects introduced populations of the North American

bullfrog, Rana catesbeiana. Biol Lett 2:455–459. doi:

10.1098/rsbl.2006.0494

Greenlees MJ, Brown GP, Webb JK, Phillips BL, Shine R

(2006) Effects of an invasive anuran [the cane toad (Bufo
marinus)] on the invertebrate fauna of a tropical Austra-

lian floodplain. Anim Conserv 9:431–438. doi:

10.1111/j.1469-1795.2006.00057.x

Han D, Zhou K, Bauer AM (2004) Phylogenetic relationships

among gekkotan lizards inferred from C-mos nuclear

DNA sequences and a new classification of the Gekkota.

Biol J Linn Soc 83:353–368

Hastie TJ, Tibshirani RJ (1990) Generalized additive models.

Chapman & Hall, London

Hayes KR, Barry SC (2008) Are there any consistent predictros

of invasion success? Biol Invasions 10:483–506

Heger T, Trepl L (2003) Predicting biological invasions. Biol

Invasions 5:313–321. doi:10.1023/B:BINV.0000005568.

44154.12

Predicting herpetile establishment success

123

http://dx.doi.org/10.1016/S0167-8809(00)00216-4
http://dx.doi.org/10.1016/S0167-8809(00)00216-4
http://dx.doi.org/10.1016/j.biocon.2004.01.025
http://dx.doi.org/10.1016/j.biocon.2004.01.025
http://www.affashop.gov.au/product.asp?prodid=12803
http://www.affashop.gov.au/product.asp?prodid=12803
http://affashop.gov.au/product.asp?prodid=13506
http://affashop.gov.au/product.asp?prodid=13506
http://dx.doi.org/10.1016/j.biocon.2005.04.017
http://dx.doi.org/10.1016/j.biocon.2005.04.017
http://dx.doi.org/10.1071/WR05042
http://dx.doi.org/10.1111/j.0272-4332.2004.00479.x
http://dx.doi.org/10.1111/j.0272-4332.2004.00479.x
http://dx.doi.org/10.1046/j.1365-2656.2001.00517.x
http://dx.doi.org/10.1046/j.1365-2656.2001.00517.x
http://dx.doi.org/10.1111/j.1523-1739.2004.00423.x
http://dx.doi.org/10.1111/j.1523-1739.2004.00423.x
http://dx.doi.org/10.1146/annurev.ecolsys.29.1.113
http://dx.doi.org/10.1146/annurev.ecolsys.29.1.113
http://dx.doi.org/10.2307/1564676
http://dx.doi.org/10.1206/0003-0090(2006)297[0001:TATOL]2.0.CO;2
http://dx.doi.org/10.1206/0003-0090(2006)297[0001:TATOL]2.0.CO;2
http://dx.doi.org/10.1098/rsbl.2006.0494
http://dx.doi.org/10.1111/j.1469-1795.2006.00057.x
http://dx.doi.org/10.1023/B:BINV.0000005568.44154.12
http://dx.doi.org/10.1023/B:BINV.0000005568.44154.12


Holdgate MW (1986) Summary and conclusions: characteris-

tics and consequences of biological invasions. Philos

Trans R Soc Lond B Biol Sci 314:733–742. doi:10.1098/

rstb.1986.0083

Kaiser BA, Burnett KM (2006) Economic impacts of E. coqui
frogs in Hawaii. Interdiscip Environ Rev 8:1–11

Karube H, Suda S (2004) A preliminary report on influence of

an introduced lizard, Anolis carolinensis on the native

insect fauna of the Ogasawara Islands. Res Rep Kanagawa

Prefect Mus Nat Hist 12:21–30 in Japanese

Keller RP, Lodge DM, Finnoff DC (2007) Risk assessment for

invasive species produces net bioeconomic benefits. Proc

Natl Acad Sci USA 104:203–207. doi:10.1073/pnas.

0605787104

Kolar CS, Lodge DM (2001) Progress in invasion biology:

predicting invaders. Trends Ecol Evol 16:199–204. doi:

10.1016/S0169-5347(01)02101-2

Kolar CS, Lodge DM (2002) Ecological predictions and risk

assessment for alien fishes in North America. Science

298:1233–1236. doi:10.1126/science.1075753

Kraus F (2003) Invasion pathways for terrestrial vertebrates.

In: Carlton J, Ruiz G, Mack R (eds) Invasive species:

vectors and management strategies. Island Press, Wash-

ington, pp 68–92

Kraus F, Cravalho D (2001) The risk to Hawai’i from snakes.

Pac Sci 55:409–417. doi:10.1353/psc.2001.0034

Kriticos DJ, Randall RP (2001) A comparison of systems to

analyse potential weed distributions. In: Groves RH,

Panetta JG, Virtue JG (eds) Weed risk assessment. CSIRO

Publishing, Collingwood, pp 61–79

Lawson R, Slowinski JB, Crother BI, Burbrink FT (2005)

Phylogeny of the Colubroidea (Serpentes): new evidence

from mitochondrial and nuclear genes. Mol Phylogenet

Evol 37:581–601. doi:10.1016/j.ympev.2005.07.016

Lobo JM, Jimenez-Valverde A, Real R (2007) AUC: a mis-

leading measure of the performance of predictive

distribution models. Global Ecol Biogeogr (online early

articles)

Noble IR (1989) Attributes of invaders and the invading pro-

cess: terrestrial and vascular plants. In: Drake JA (ed)

Biological invasions: a global perspective. Wiley,

Chichester, pp 301–313

Pheloung PC (1996) CLIMATE: a system to predict the dis-

tribution of an organism based on climate preferences.

Department of Agriculture, Perth

Phillips BL, Shine R (2004) Adapting to an invasive species:

toxic cane toads induce morphological change in Aus-

tralian snakes. Proc Nat Acad Sci USA 101:17150–17155

Phillips BL, Shine R (2006a) An invasive species induces rapid

adaptive change in a native predator: cane toads and black

snakes in Australia. Proc R Soc Lond B Biol Sci

273:1545–1550. doi:10.1098/rspb.2006.3479

Phillips BL, Shine R (2006b) Allometry and selection in a

novel predator-prey system: Australian snakes and the

invading cane toad. Oikos 112:122–130. doi:10.1111/

j.0030-1299.2006.13795.x

Pimentel D (ed) (2002) Biological invasions: environmental

and economic costs of alien plant, animal, and microbe

invasions. CRC Press, New York

Pimentel D, Lach L, Zuniga R, Morrison D (2000) Environ-

mental and economic costs of nonindigenous species in

the United States. Bioscience 50:53–65. doi:10.1641/

0006-3568(2000)050[0053:EAECON]2.3.CO;2

Reed RN (2005) An ecological risk assessment of nonnative

boas and pythons as potentially invasive species in the

United States. Risk Anal 25:753–766. doi:10.1111/j.1539-

6924.2005.00621.x

Riley SPD, Shaffer HB, Voss SR, Fitzpatrick BM (2003)

Hybridization between a rare, native tiger salamander

(Ambystoma californiense) and its introduced congener.

Ecol Appl 13:1263–1275. doi:10.1890/02-5023

Shine S, Williams N, Gündling L (2000) A guide to designing

legal institutional frameworks on alien invasive species.

IUCN, Gland

Sikder IU, Mal-Sarkar S, Mal TK (2006) Knowledge-based

risk assessment under uncertainty for species invasion.

Risk Anal 26:239–252. doi:10.1111/j.1539-6924.2006.

00714.x

Slowinski JB, Lawson R (2002) Snake phylogeny: evidence

from nuclear and mitochondrial genes. Mol Phylogenet

Evol 24:194–202. doi:10.1016/S1055-7903(02)00239-7

Sol D, Lefebvre L (2000) Behavioural flexibility predicts

invasion success in birds introduced to New Zealand.

Oikos 90:599–605. doi:10.1034/j.1600-0706.2000.

900317.x

Spinks PQ, Shaffer HB, Iverson JB, McCord WP (2004)

Phylogenetic hypotheses for the turtle family Geoemydi-

dae. Mol Phylogenet Evol 32:164–182. doi:10.1016/j.

ympev.2003.12.015

Stohlgren TJ, Schnase JL (2006) Risk analysis for biological

hazards: what we need to know about invasive species.

Risk Anal 26:163–173. doi:10.1111/j.1539-6924.2006.

00707.x

Storfer A, Mech SG, Reudink MW, Ziemba RE, Warren J,

Collins JP (2004) Evidence for introgression in the

endangered Sonora Tiger Salamander, Ambystoma tigri-
num stebbinsi (Lowe). Copeia 2004:783–796. doi:

10.1643/CG-03-095R1

Sutherst RW, Maywald GF, Yonow T, Stevens PM (1998)

CLIMEX. Predicting the effects of climate on plants and

animals. Users guide. CSIRO Publishing, Melbourne,

Australia

Williamson M (1999) Invasions. Ecography 22:5–12

Wood SN (2006) Generalized additive models: an introduction.

R. Chapman & Hall, Boca Raton

Zug GR, Vitt LJ, Caldwell JP (2001) Herpetology, 2nd edn.

Academic Press, San Diego

M. Bomford et al.

123

http://dx.doi.org/10.1098/rstb.1986.0083
http://dx.doi.org/10.1098/rstb.1986.0083
http://dx.doi.org/10.1073/pnas.0605787104
http://dx.doi.org/10.1073/pnas.0605787104
http://dx.doi.org/10.1016/S0169-5347(01)02101-2
http://dx.doi.org/10.1126/science.1075753
http://dx.doi.org/10.1353/psc.2001.0034
http://dx.doi.org/10.1016/j.ympev.2005.07.016
http://dx.doi.org/10.1098/rspb.2006.3479
http://dx.doi.org/10.1111/j.0030-1299.2006.13795.x
http://dx.doi.org/10.1111/j.0030-1299.2006.13795.x
http://dx.doi.org/10.1641/0006-3568(2000)050[0053:EAECON]2.3.CO;2
http://dx.doi.org/10.1641/0006-3568(2000)050[0053:EAECON]2.3.CO;2
http://dx.doi.org/10.1111/j.1539-6924.2005.00621.x
http://dx.doi.org/10.1111/j.1539-6924.2005.00621.x
http://dx.doi.org/10.1890/02-5023
http://dx.doi.org/10.1111/j.1539-6924.2006.00714.x
http://dx.doi.org/10.1111/j.1539-6924.2006.00714.x
http://dx.doi.org/10.1016/S1055-7903(02)00239-7
http://dx.doi.org/10.1034/j.1600-0706.2000.900317.x
http://dx.doi.org/10.1034/j.1600-0706.2000.900317.x
http://dx.doi.org/10.1016/j.ympev.2003.12.015
http://dx.doi.org/10.1016/j.ympev.2003.12.015
http://dx.doi.org/10.1111/j.1539-6924.2006.00707.x
http://dx.doi.org/10.1111/j.1539-6924.2006.00707.x
http://dx.doi.org/10.1643/CG-03-095R1

	Predicting establishment success for alien reptiles �and amphibians: a role for climate matching
	Abstract
	Introduction
	Methods
	Introduction data
	Climate matching
	World range size
	Phylogenetic factors
	Analyses

	Results
	Global introductions
	Introductions to Britain, California and Florida

	Discussion
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


