
Appendix A: Database of Introductions

Database Structure and Content

The database currently includes 2,142 records for 676 taxa. All these records 
consist of species except for 67 instances that were originally identified only to 
genus or family. In all cases, a single record consists of an introduction of a particu-
lar species to a particular location. Data collected, as available, include (1) species, 
(2) locality to which introduced, (3) success of the introduction, (4) dates of intro-
ductions (including dates for multiple introductions, when known), (5) reason(s) for 
introduction, (6) minimum number of independent introductions of the same 
species to the same locality, (7) literature supporting the data in these prior 
cells, (8) literature providing additional data on the ecology or evolution of the 
species in the recipient jurisdiction, and (9) taxonomic synonyms. Not all these 
data are available for all species, but some are available for most. Each field 
requires some explanation.

1. Species. Effort has largely been made to render the species names consistent 
with the latest accepted taxonomic usage. However, herpetological nomencla-
ture has been in a period of considerable flux in the past decade and I have not 
incorporated all proposed recent changes. One such exception is that I have not 
adopted the generic name changes proposed for Bufo, Eleutherodactylus, and 
Rana by Frost et al. (2006). This is partly because the proposed taxonomic 
changes haven’t stabilized, but also because the changes would make the data-
base presentation totally dissonant with the primary literature for a variety of 
important introduced amphibian species, making it harder for non-systematists to 
gain access thereto. Since most users of this database will be non-systematists, 
I give them priority of consideration. Nonetheless, interested researchers should 
be aware of these proposed nomenclatural changes and may adopt them for 
future work, as interested. Changing nomenclature and mistaken identifications 
sometimes result in conflict between the current name and that used in some of 
the earlier cited literature. To make it easier for researchers to access that litera-
ture, each entry includes under the heading “syn:” synonyms or mistaken names 
under which the species has been referred in the literature for that jurisdiction, 
if different from current usage. I cannot guarantee I’ve identified every alternate 
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name for every entry, but all relevant alternates should be identified within the 
pool of locality records for each species. This should facilitate recognition of the 
older literature passages that differ from current nomenclature.

2. Locality. Locality of introduction is typically a defined political jurisdiction, 
usually a country, but for the United States and Canada I subdivided jurisdiction 
by state or province. As well, because political jurisdictions are arbitrary, I also 
tracked data separately for biologically important islands or island groups that 
are parts of larger, distinct countries. Importance, in this case, was determined 
by the biogeographical significance of the island or island group irrespective of 
its current political affiliation. So, for example, records for the Galapagos are 
treated separately than those for the remainder of Ecuador, those for the Ryukyus 
separately than for the remainder of Japan, Sardinia and Sicily separate from 
Italy, etc. Doing this allows for better assessment of the degree to which intro-
ductions to islands are more successful than those to continental areas.

I excluded the following from the database: (1) conservation re-introductions to 
a species’ native range; (2) releases of animals from one part of their native range 
to another, unless a distinctly different genetic lineage (operationally, typically 
involving a different subspecies) or source population was unambiguously 
involved; and (3) experimental introductions to tiny unoccupied islands in the 
midst of a species’ native range. The first is irrelevant to assessing the degree to 
which reptile and amphibian introductions serve as a conservation threat, as 
opposed to a remedy. The second is usually unknowable and rarely reported in the 
literature (see Eckstein and Meinig, 1989; Münch, 1992 for exceptions). The third 
is likely a reflection of colonization or extinction stochasticity, is biogeographi-
cally meaningless, and adds nothing to my analyses. So, for example, I do not 
include in the database experimental introductions of Anolis sagrei to several 
uninhabited islets in the midst of its native range in the Bahamas (Schoener and 
Spiller, 1996, 1999; Losos and Spiller, 1999, 2005), Podarcis pityusensis to Dau 
Gran in the Balearic Islands (Böhme and Eisentraut, 1981), or Podarcis sicula to 
coastal islands in Croatia (Radovanović, 1959, 1965; Nevo et al., 1972). In each 
case, the species in question is native to the immediately adjacent mainland or 
surrounding islands and biogeographic patterns remain unobscured. I do include 
all other introductions to islands, even if near a species’ native range, because the 
introduction is potentially of some biogeographical significance. For example, 
I include the introductions of Podarcis sicula to the Aeolian Islands of southern 
Italy and Sauromalus species in the Sea of Cortez because in each case biogeo-
graphic patterns are potentially obscured by the introduction and/or endemic congeners 
are potentially affected by the introductions.

These distinctions can admittedly be somewhat arbitrary, and two problematic 
issues remain, although relatively few taxa are involved. First, I do include in the 
table introductions of species to areas outside of their historic ranges even if those 
areas were inhabited prehistorically but modern presence in the area is  compellingly 
ascribed to human introduction. The primary example of this is Emys  orbicularis, 
which inhabited virtually all of Europe during xerothermic eras but has been absent 
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from most of central Europe during historic times. Also, it has recently been pro-
posed that Rana lessonae had at least one native historic population in Great Britain 
(Gleed-Owen, 2000; Beebee et al., 2005; Snell et al., 2005; but see Langton and 
Burton, 2006, for a contrary opinion) even though current populations derive from 
introductions. Normally, such an instance would be excluded from Table A.1; how-
ever, the introduction is so well-known and documented (and the involved lineages 
are genetically distinct) that I have elected to include it in the table for the sake of 
completeness. Second, there is a number of species of questionable introduction 
status in certain areas, as discussed in Chapter 3. For example, it is widely assumed 
that most of the geckos and skinks to be found in the eastern reaches of the Pacific 
(and parts of the Indian Ocean) were introduced by humans (e.g., Beckon, 1992; 
Moritz et al., 1993; Austin, 1999). Similar claims are made for populations of 
Iguana iguana and Geochelone carbonaria in the Caribbean (e.g., Censky, 1988; 
Corke, 1992) and are becoming rather commonplace for a variety of species on 
Mediterranean islands (e.g., Böhme and Wiedl, 1994; Corti et al., 1999). As dis-
cussed earlier, many of these claims are reasonable on biogeographic, morphologi-
cal, or genetic grounds but are problematic because direct evidence in support of 
these claims hasn’t been provided in most instances and details delineating native 
from introduced ranges are lacking for all examples. I am happy to assume that 
many of these hypotheses will eventually be demonstrated to be correct; nonethe-
less, I have largely left such instances out of this database for two reasons: (1) the 
quality of evidence in support of such claims is generally not yet very advanced, 
and it becomes difficult to justify inclusion of these claims with the same level of 
confidence that characterizes the other entries in this database, which are based on 
discovering species unobserved during older surveys, or known with certainty to be 
foreign, or whose introduction has been directly admitted/observed; and (2) delet-
ing claims of prehistoric introductions, even if they later prove true, has no practical 
effect on the analytical goals of assessing the modern phenomenon of herpetologi-
cal homogenization. Exclusion of these relatively few examples is not intended as 
a curt dismissal of the truth of these claims so much as a desire to await clearer evi-
dence before including them. For some island groups, where evidence of recent 
introduction is clearer and explicitly presented, I have included these species as 
introductions even though they may not be listed as such for nearby areas for which 
compelling arguments have not yet been made.

3. Success. This cell records whether or not the introduction was reported to be 
established at the time of the most recent literature citation for the population in 
question. Categories are “yes” if established, “no” if not established, or “?” if the 
status of the introduction could not clearly be inferred from the literature. 
Populations that were successfully established for years but later became extinct 
(e.g., Podarcis sicula in Pennsylvania) are included in the database as failures. 
Including data for both established and unsuccessful introductions was done to 
assess relative success of introduction pathways and to better assess pathway 
importance.
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4. Number. The minimum number of independent introductions of a species to a 
jurisdiction is given, when known or able to be estimated from the literature. By 
“independent” I mean separate colonizations from outside the locality in ques-
tion, including division of a single lot of animals for release into separate areas 
at the same time. This is meant to exclude the phenomenon of spread of the alien 
species once successfully established in the new region (whether done by “natu-
ral” dispersal of the species or by further saltational movement of animals by 
humans), although it is possible that I have inadvertently counted as independent 
introductions a few instances of what are, in reality, translocations of existing 
stock. It is sometimes difficult to distinguish between the two from the literature 
available.

Instead of explicitly providing numbers of separate introductions, authors fre-
quently summarize observations of alien herpetofauna verbally as “commonly”, 
“frequently”, or “occasionally” seen, for example. I have operationally rendered 
“some”, “occasional”, and “a few” as a minimum of “2”; “several” as “3”, and 
“many”, “numerous”, “frequent”, or “common” as “4” in the following table. The 
value in this column frequently defaults to “1” because most authors don’t specify, 
even in this approximating verbal fashion, the number of introductions they are 
discussing, especially when considering incidences of escaped or released pets. 
Sometimes I have been able to estimate a minimum number of introductions by 
counting numbers of independent introduction locations on maps provided in origi-
nal articles. In such instances, each location counted as only a single introduction, 
even though many more may have occurred at some localities. This option could be 
used, for example, in obtaining numbers of Trachemys scripta introductions to 
some European countries because of active herpetological atlas projects in that 
region. Again, note that I have adopted a conservative stance in estimating numbers 
of introductions, so the number given in this column is a bare minimum estimate of 
introduction intensity based on literature information. It is not intended to be, nor 
can it be interpreted as, a precise measure of number of introductions because those 
are impossible to know in most instances. For example, it is impossible to know the 
real number of times a species such as Trachemys scripta has been released (no 
doubt in the tens or hundreds of thousands) because not all releases are known or 
reported in the literature. Nonetheless, including a minimum estimate of number of 
independent introductions does provide some measure of relative propagule pres-
sure across taxa and pathways.

5. Pathway. The reason for introduction is included in the database only if 
explicitly mentioned in one or more of the supporting literature citations or if it 
could be reasonably inferred from data presented or something said in those 
citations. For all other instances, even if the general pathway of introduction for 
a species is well-known, that information cell was left blank. For example, 
Ramphotyphlops braminus has been introduced around the world in nursery 
materials, and many authors have pointed to this introduction pathway – and to 
no other – in explaining its recent arrival to their particular geographic area. 
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But claims for  introduction pathway were not explicitly made by some authors 
for several areas in the introduced range of this species; thus, I did not ascribe a 
pathway for those areas. Occasionally, species have been repeatedly introduced 
to a particular jurisdiction for multiple reasons, and in these instances each docu-
mented or claimed reason is provided, as well as the minimum number of times 
that pathway was utilized, if known or liable to estimation. If a single introduc-
tion was done for multiple reasons, both are listed within braces. In those few 
instances in which introduction pathway is uncertain but is narrowed down to a 
couple options, both options are listed within brackets. Parenthetical numbers 
following a pathway designation indicate the minimum number of introductions 
that are claimed or implied for that pathway. If no number is provided, the path-
way was either generally mentioned in reference to some introduction but not 
clearly associated with any particular introduction event (if multiple events 
occurred), or is unambiguously assigned when only a single introduction 
occurred. Pathway designations should be self-explanatory with one exception. 
As explained in Chapter 2, I have used the pathway designation “intentional” to 
denote those introductions known to have been deliberately made by individuals 
but without fitting into one of the other deliberate categories of introduction 
(e.g., for biocontrol or food use). These “intentional” introductions have often 
been noted or implied as being done out of personal aesthetic interest, but fre-
quently motives are unspecified although likely to derive from some form of 
aesthetic satisfaction.

6. Date. Date of introduction is provided when known or liable to close estimation, 
whether done explicitly by an original author or done by me based on data an 
author provided. Dates of single specimens of obvious pet animals that never 
formed established populations were typically approximated as the date of dis-
covery or the previous year, based on the assumption that most such animals do 
not survive for extended periods in most jurisdictions. Multiple dates for multi-
ple introductions are recorded when known. Only introductions from outside the 
boundaries of the jurisdiction in question are included; dates of subsequent dis-
persal of animals to new localities within the jurisdiction are not tracked. 
Approximate date of entry into a jurisdiction by normal dispersal of animals 
from a naturalized population in an adjacent jurisdiction are shown in brackets; 
those dates were excluded frm the pathway analyses.

In the pathway analyses of Chapter 2, dates were grouped by decade, beginning 
from 1850, so analytic methods are robust to some imprecision in date estimation. 
In many cases, dates of introduction cannot be estimated or are insufficiently pre-
cise to be unambiguously assigned to decade. Such records were excluded from 
calculations of pathway development through time. I made exceptions for two 
studies (Kraus and Cravalho, 2001; Eterovic and Duarte, 2002) that each presented 
many introduction records for a date range that spanned several years of the 1990s 
but only the first few months of 2000. In those two cases, I counted all introductions 
as falling into the 1990s so as to increase the data available for analyses. Although 
this is not exactly correct (one might expect 5 of 76 introductions in São Paulo 
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and 1 of 18 in Hawaii to be mis-assigned to decade on the basis of chance), the 
resulting error is too small to compromise the overall patterns shown, but the gain 
in evidence is large. Introductions prior to 1850 were clustered together as “< 1850” 
and used to set the Y-intercept for the timeline graphs illustrated in Chapter 2.

7. Supporting Literature. Included here are references documenting all preced-
ing data cells for the introduction record as well as references providing infor-
mation on continued range expansion within the invaded jurisdiction. For many 
introductions there is some degree of redundancy among these included citations 
as more recent references repeat the claims of those preceding them. I have 
deliberately retained this redundancy because it will help ensure that interested 
researchers can locate at least some of the relevant literature pertaining to any 
particular introduction of interest. This is important because the primary litera-
ture for a large number of introductions resides in a wide array of obscure, fre-
quently regional journals that may be difficult for many interested researchers to 
obtain. Despite this favorable bias toward some amount of redundancy, I did not 
strive for an absolutely complete coverage of all possible herpetological books 
that might mention a particular introduction because I reckon any sensible per-
son will think of these sources without my assistance and because it is becoming 
impossible to keep up with the flood of regional herp books swamping the mar-
ket, especially from a bibliographically starved location such as I inhabit. 
Typically, when I have cited books in the database it is because they provide 
some amount of novel information for the relevant introduction.

8. Additional Literature. Included here are references that were not relevant to 
populating the main cells of the database but which provide information on eco-
logical attributes, interactions, or impacts, as well as genetics or evolution of the 
introduced populations. Many of these citations involve brief and fairly unin-
formative notes that, nonetheless, could be construed as providing a modicum of 
relevant habitat or behavioral information. A few references are for laboratory 
behavioral studies that are nonetheless directly relevant to understanding the 
ecology of the alien populations from which the investigated animals were 
taken. Citations in this column were included to assist the interested researcher 
in entering the relevant literature. They also serve to highlight the paucity of 
studies on these relevant biological topics for the large majority of alien herpeto-
fauna. Perhaps drawing attention to these lacunae may stimulate interest in their 
diminishment.

I made every effort to have the citations in columns (7) and (8) as complete as 
possible through 2006. I have also included whatever citations from 2007 that I 
have incidentally encountered, although I have made no attempt to comprehen-
sively sample the literature after 2006. Excluded from both columns of the litera-
ture cited are theses and dissertations. This is because such sources are frequently 
difficult to obtain but primarily because I figure if the authors can’t be bothered to 
publish their findings I can’t be bothered to cite them. Also excluded are articles in 
newspapers because it would be impossible to capture that information on a global 
scale. Nevertheless, interested researchers might bear in mind that such sources 
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could provide additional information that might be relevant to assessing introduc-
tion rates and pathways at a local level. For the same reason, I have not included 
personal communication of unpublished introduction or naturalization events – they 
simply cannot be captured comprehensively at a global scale. Finally, I have made 
no sustained attempt to capture the gray literature of government reports. The rela-
tively few exceptions I’ve made to this rule are for studies that have been repeatedly 
cited in the literature, are not too difficult to obtain, and provide information not 
available in the published literature. I believe most of these exceptions are of 
reports coming from Australia or the United States. Again, interested researchers 
are likely to find it productive to pursue such reports at their local level.

A note on bibliographic completeness: this published bibliography includes 
> 4,000 literature citations and a brief perusal of the journal titles will indicate the 
wide range of sources involved. Every effort was made to make this bibliography 
as complete as possible, given the constraint that I actually see the article (or have 
a translation provided by a native speaker) myself. This criterion has required me 
to exclude ca. 70 additional references that I have been unable to find in any library 
in the United States, Australia, or at the British Museum (Natural History), or to 
obtain directly from the printer overseas. Most of these unavailable citations derive 
from the European or Japanese literature (some of these are cited in Lever, 2003) 
and to note that they are in obscure, difficult-to-obtain regional journals would be 
an understatement. The important point is that the interested researcher may not 
find every relevant citation for an introduction included in this bibliography, but 
they should be able to use the citations so provided to trace back and find the addi-
tional missing citations on their own, should they so desire.

Despite my best efforts to avoid them, I have every confidence that some errors 
and inconsistencies will remain in this database. I hope they will be sufficiently rare 
that the overall usefulness of the final product is not thereby compromised. I can 
only apologize for these in advance and note that I welcome learning of mistakes 
or overlooked literature that I can use to update or correct the database.
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re
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Appendix B: Table of Erroneous and Uncertain 
Introduction Claims

Table Structure and Content

In addition to the questionable ancient introductions discussed under Appendix A, 
Section 2 the literature contains a number of claimed herpetological introductions 
that are either uncertain or invalid. Claims are uncertain either because the original 
claim was noted to be questionable and hasn’t subsequently been clarified or 
because an original claim has subsequently been demonstrated to be false or unreli-
able. Many of the claimed introductions presented here are clearly erroneous, others 
are speculative, a few are reasonable but insufficiently resolved to justify inclusion 
in the primary database. Erroneous claims already corrected in the literature are 
included here so as to save other researchers the effort of independently re-discovering 
the corrections or missing them altogether. Other corrections to clearly erroneous 
claims appear here for the first time (e.g., a number of Emoia species claimed by 
C. Lever [2003] to be introduced). Several of the entries in Table B.1, however, 
consist of speculative claims of introduction for which no compelling evidence is 
yet presented. In each case I cite countervailing arguments and evidence, if available. 
In some instances, the claims are not entirely unreasonable and no countervailing 
argument has explicitly appeared in the literature but the evidence at present is not 
sufficiently compelling to warrant their inclusion with the better-supported examples 
collected in Appendix A. The fields in this table include species, locality for which 
the introduction is claimed, citations for this claim, best estimate of the claim’s 
validity, reason or rationale for rejecting or questioning the claim, and authority for 
refuting or questioning the claim. Obviously, in cases wherein the same citation 
appears in the fields presenting and questioning the claim it is because that literature 
source raised the reasonable possibility of introduction but lacked sufficient evidence 
to clearly demonstrate or refute it.
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