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FOREWORD

In putting together this book, we stand on the shoulders of others. The extensive bibliog-
raphy presented here spans centuries, and the resulting body of literature is based on the
work of researchers who dedicated their minds to a deeper understanding of chameleons.
We have taken pieces of this great puzzle and have made a start at constructing the whole
picture, but there are many glaring gaps. In some respects, it seems there are too many
pieces missing and the emerging picture is only a hazy nebula of unclear, scattered, and
fragmented bits. But the excitement that comes with the challenge of scientific thought,
of asking the questions “why” and “how,” is what compels us to keep looking for the miss-
ing pieces. For chameleons, the many missing pieces are the why and how of their remark-
able evolutionary radiation, and we must keep questioning, even if we never complete the
puzzle.

Although this book is built on the works of others, putting together this volume has
been a group effort of the authors, all of whom enthusiastically came to the party. Each
author brought their own expertise, and together we have made something more than any
one of us could have done alone. It has been an extraordinary experience working with this
team. As editors, we expected to be herding cats, but on the contrary, the process was sur-
prisingly smooth. Of course, each of the chapters was reviewed by our peers, all of whom
invariably provided positive and constructive criticism on the content. It is surprising how
many things we missed initially, and we owe much to our colleagues for taking time to
review and comment on these chapters: Salvidor Bailon, Bill Branch, Angus Carpenter,
Jack Conrad, Frank Glaw, Rob James, Charles Klaver, Lance McBrayer, John Poynton, Phil
Stark, Andrew Turner, James Vonesh, Bieke Vanhooydonck, and Martin Whiting. We are
grateful to several friends and colleagues who permitted complimentary use of their photos,
including Bill Branch, Marius Burger, Tania Fouche, Adnan Moussalli, Devi Stuart-Fox,
and Michele Menegon. We also owe much to Chuck Crumly for eagerly taking on the initial
responsibility of producing this book, as well as the National Research Foundation of South
Africa and Centre National de la Recherche Scientifique and Groupement de Recherche
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International for providing the funds that allowed the editors of this volume to collaborate
and to aspire. The follow-up production team at UC Press (Lynn Meinhardt, Ruth Weinberg,
Kate Hoffman, Blake Edgar, and Deepti Agarwal) were excellent in providing advice and
assistance throughout the process. In all, this has been a brilliant experience, despite initial
reservations in taking on such a big project. It’s clear that the ease of putting this together
was due to an outstanding team of authors, all of whom are passionate about their subject

and have not forgotten how to ask “why.”

Xii Foreword
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TEN

Chameleon Conservation

RICHARD JENKINS, G. JOHN MEASEY, CHRISTOPHER V. ANDERSON,
and KRYSTAL A. TOLLEY

Across the globe, species are in decline, primarily because of chronic degradation of
primary habitat from anthropogenic activities (Myers et al., 2000; Mittermeier et al., 2004;
Forister etal., 2010). The result is extensive habitat loss, and populations of some species are now
undoubtedly smaller than at any time in their history. When such species are range-restricted
and the rate of decline is rapid, the effects are compounded, leaving a distinct chance of extinc
tion in the wild (Brooks et al., 2002; Thomas et al., 2004; Butchart et al., 2010). Chameleons
are not exempt from these pressures, and a number of species are faced with severe declines.

Although some chameleons occur over relatively wide geographic areas, inhabit degraded
and anthropogenically modified habitats, including urban sites, and appear to have few active
threats, many other species are less resilient and suffer from the negative impacts of global
change. The challenges facing chameleon conservation are, therefore, to understand the biol-
ogy and distribution of each species, to know where direct and/or indirect threats are taking
place, and to know how to counter these threats with effective conservation actions. With this
information, the most threatened chameleon species can be identified and appropriate conser-
vation actions planned and implemented. It is necessary, therefore, to understand the biology
and assess the conservation status of the world’s chameleons and the types of threats they face
to facilitate the identification of species that are in most need of conservationists’ attention.

10.1 CONSERVATION STATUS OF CHAMELEONS

To prioritize conservation actions, conservation status of chameleons must first be assessed
using a standard procedure that is both transparent and uses the best available scien-
tific information (Rodrigues et al., 2006). The IUCN Red List of Threatened Species™

193
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(hereafter referred to as “ITUCN Red List”) is the international standard for assessing the
extent to which species are facing extinction (Rodrigues et al., 2006). By categorizing spe-
cies into different threat categories, the IUCN Red List provides a compendium of knowl-
edge on status and biology, and is often the starting point for conservation action. Also,
by tracking the conservation status of species over time, trends are revealed that indicate
whether conservation efforts are effective. Thorough assessments of the conservation sta-
tus of the world’s mammal and amphibian species have been completed (Stuart et al., 2004;
Hoffmann et al., 2010), but a similar initiative for the reptiles has yet to be finished (but see,
Bohm et al., 2013).

Chameleons on the IUCN Red List

In this section, the conservation status of the 103 chameleon species, assessed for the ITUCN
Red List, is summarized (www.iucnredlist.org), followed by a broader discussion of all
196 chameleon species (described as of August 1, 2012), including those species yet to be
assessed for the IUCN Red List. Most of the chameleon species assessed to date are native
and endemic to the Indian Ocean islands of Madagascar (n = 76), Seychelles Archipelago
[Mahé, Silhouette, and Praslin] (n = 1), Comoros Archipelago (Mayotte and Grand Comore;
n = 2) and Socotra (n = 1). Assessments for only 22 species from mainland Africa (which
is biased toward the South African Bradypodion) and one from the Arabian Peninsula were
available. The TUCN Red List categorizes extant species into six categories of descending
threat status from Critically Endangered, Endangered, Vulnerable, Near Threatened, and
Least Concern, while the category of Data Deficient is used for taxa for which insufficient
information is available to determine whether or not they are threatened (IUCN, 2012).

Four chameleon species are classed as Critically Endangered (Table 10.1), all of which
are endemic to Madagascar, making them, to our knowledge, currently the most threatened
chameleons in the world. These species typically occur over a very small geographic range
and are in decline because of active threats that are reducing the size and suitability of the
remaining habitats (Andreone et al., 2011,a—d). Two of the species (Calumma tarzan and C.
hafahafa) inhabit humid forest in the east of Madagascar, while the others occur in drier
areas in the west (Brookesia bonsi) and southwest (Furcifer belalandaensis).

There are 23 chameleon species in the Endangered category: 19 from Madagascar, one
from the Seychelles, and three from mainland Africa. These face similar threats to Criti-
cally Endangered species but are considered less prone to extinction because they occur
over a wider geographic area, or occur in more sites. All of the Endangered chameleons
in Madagascar (Brookesia, 9 spp.; Calumma, 7 spp.; and Furcifer, 3 spp.) and can be broadly
divided into those that are restricted to either the eastern humid or western dry deciduous
forests. Species in the east can be categorized as associated with low elevation (Calumma
gallus and C. furcifer), middle elevation (B. ramanantsoai, C. globifer, C. glawi, and F. baltea-
tus), or montane humid forests (B. karchei, B. bekolosy, C. hilleniusi, and C. andringitraense).
Many Endangered chameleons are also restricted to relatively isolated forest blocks, includ-
ing all the western Endangered species (B. dentata, B. decaryi, B. exarmarta, B. perarmata,

194 Chameleon Conservation
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and F. nicosiai). In mainland Africa, Rhampholeon spinosus of the Usambara Mountains
in eastern Tanzania inhabits humid forest, while the two Endangered South African spe-
cies (Bradypodion caffer and B. taeniabronchum) occur in coastal forest and montane fynbos,
respectively. Archaius tigris, which is also Endangered, occurs naturally on two islands in
the Seychelles, where it inhabits humid forests.

There are also 21 chameleons on the IUCN Red List categorized as Vulnerable, 17 as
Near Threatened, and 4 as Data Deficient. It is important to note that an additional 34 cha-
meleon species on the Red List are widespread and not considered of conservation concern
(Least Concern). Some of these taxa are also able to survive in human-modified landscapes,
including gardens and farmland.

Perhaps the most startling information from this assessment is that 63% of the known
chameleon species, for which assessments have been completed, are categorized as Threat-
ened or Near Threatened (i.e., Critically Endangered, Endangered, Vulnerable, or Near
Threatened). This compares with a global average of 23% for 867 species of lizards (Bshm
et al., 2013). This dramatic, nearly threefold, difference may be because many of the species
already assessed are from Madagascar (many of which have relatively small distributions).
However, it appears likely that once all chameleons are assessed, their level of threat may
be greater than that of other lizards. This may be because so many species inhabit tropical
forests, which themselves are threatened habitats. Also, a number of species are endemic to
small geographic areas, often single mountains, and this increases their likely extinction in
the face of threats. Illegal, or unsustainable, collection is also a current or potential threat
for many species.

During the assessment of all species for the IUCN Red List, assessors are asked to list
all actual and perceived threats to each species; these were then placed into a categoriza-
tion scheme, with a broad category encompassing major threats (Table 10.2). Although
very few mainland African chameleons have been assessed, and these are mostly southern
African Bradypodion, agriculture and the exploitation of biological resources are a threat to
nearly all species. These threats mostly relate to the continued degradation of forest systems
for agriculture (both subsistence and commercial) and harvesting (selective logging and
general removal) of timber, which together with natural system modifications impact as
habitat loss/modifications to chameleons. The impact of mining is prominent in Madagas-
car, while invasive species appear to affect more species in mainland Africa (with a bias to
southern Africa). While the loss or modification of forests is clearly the main threat to cha-
meleons, additional research is needed to determine the way in which the threat operates.
The susceptibly of different chameleon species will depend on whether they occupy the can-
opy or ground layer, their feeding habits, and their reproductive behavior. For example, spe-
cies that favor naturally open areas (e.g., rivers, edges and gaps) may tolerate modest levels
of disturbance (e.g., Jenkins et al.,, 1999; Chapter 5).

To date, almost all chameleon assessments (90%) have used the Red List’s B criterion,
which means that the threat level depends on the known extent of occurrence (or area of
occupancy—see IUCN, 2012, for detailed definitions) and ongoing threats to the habitat

Chameleon Conservation 195
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TABLE 101 Summary of Chameleons on The
TUCN Red List of Threatened Species as of 2011

Red List Category

No. of Species

Critically Endangered
Endangered
Vulnerable

Near Threatened
Least Concern

Data Deficient

Not Evaluated

4
23
21
17
34

4
93

TABLE10.2  Major Threats to Chameleon Species for Which There Were Recorded Threats,

Obtained from the TUCN Red List of Threatened Species.

The 103 species assessed are divided into mainland Africa (African) and Madagascar (Malagasy).

Major Threats All Species % African % Malagasy %

Residential and commercial 5 5.2 2 9.1 3 4.1
development

Energy production and 11 11.5 2 9.1 9 12.2
mining

Agriculture and 82 85.4 14 63.6 68 91.9
aquaculture

Biological resource use 79 82.3 15 68.2 64 86.5

Invasive and other 5 5.2 3 13.6 2 2.7
problematic species,
genes and diseases

Natural system 25 26.0 3 13.6 22 29.7
modifications

Total species with threats 96 22 74

within that area. Although these same criteria have been used for most species of reptiles

and amphibians on the Red List, they are based on minimal information of the actual spe-

cies concerned. All other criteria (except D2) are based on population data, for which we

are ignorant for most, if not all, species of chameleon. We do know whether the density

of different species of chameleons varies within the same habitats (see Chapter 5), and

for those that are rare, or at least seldom encountered, it is imperative that we start mak-

ing estimates of population size and population viability in habitats that are under threat.

To make meaningful assessments for species that are traded (see the section on “Trade in
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Chameleons,” below), we also require population-level data. Perhaps the most appropriate
assessment would be based on C criteria from population viability analysis (PVA), which
determines the probability that a species will go extinct in a given period of time, and as
such is extremely useful in conservation. Most PVAs are based on demographic models of
populations over a number of years (e.g., using annual Capture—-Mark-Recapture studies),
but these need to be carefully tailored to the unusual life cycle of some chameleons (e.g.,
Karsten et al. 2008; Chapter 5).

Chameleons Restricted to Single Sites

While a full assessment of extinction threats to chameleons is not possible until The I[UCN
Red List of Threatened Species includes all known species and appropriate supporting
information, it is useful to identify taxa that are restricted to single localities, probably occur
in small populations, and may be sensitive to external threats such as habitat loss. This
information provides a provisional indication across all chameleons of species that may
warrant greater conservation attention. There is considerable value in identifying the spe-
cies that are “narrow endemics”—that is, those that occur at a single locality. This approach
is exemplified by the Alliance for Zero Extinction (AZE; www.zeroextinction.org), which
uses three criteria in site selection: (1) endangerment, (2) irreplaceability, and (3) discrete-
ness. Because the first criterion requires a species to be listed as Endangered to Critically
Endangered on the [UCN Red List, this criterion has not been applied here because many of
the species have yet to be assessed. However, the latter two criteria can be applied to chame-
leons by identification of sites that have a discrete boundary and are the sole areas where the
chameleon species occur. All chameleons that can be considered “trigger species”—that is,
those restricted to single management area/site are evaluated here.

Information on the distribution of each chameleon species was obtained from the TUCN
Red List of Threatened Species, and other reference materials (Spawls et al., 2004; Tolley
and Burger, 2007; Menegon et al., 2009; Branch and Tolley, 2010; Glaw et al., 2012; Stipala
etal., 2012). There are 42 chameleon species that are endemic to discrete, small, geographi-
cal areas. We found 22 from Madagascar and 20 from mainland Africa, from 31 different
sites (Table 10.3). Most sites were in Madagascar (n = 13), followed by Kenya (n = 6), Tanza-
nia (n = 5), Mozambique (n = 2), South Africa (n = 1), Cameroon (n = 1), Ethiopia (n = 1),
Malawi (n = 1), and Sudan (n = 1). Eight of these sites are listed by AZE, based on the pres-
ence of other taxa (Table 10.3) but an additional three from Madagascar meet current crite-
ria for chameleons and should be incorporated into future AZE updates. With the exception
of three karst outcrops at Bemaraha, Namoroka, and Ankarafantsika National Parks, all the
sites are in montane areas.

Only two of these AZE-based sites are not known to be formally protected (Table 10.3).
However, as sites managed traditionally by communities, informally, or privately are
not well presented in our analysis, it is important not to assume that these sites are less
well protected, or managed, than those included in nationally recognized reserves. It is
imperative that sites with the entire known global population of a chameleon species are

Chameleon Conservation 197
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communicated to relevant stakeholders, including management authorities and community
leaders. In many cases, it may be sufficient to communicate the information because the
chameleons may not require any specific monitoring or management but would benefit
from, or be threatened by, the ongoing conservation and disturbance at the site. In a few
instances, which need to be identified, it is possible that the chameleons are subject to
specific threats (e.g., wild harvesting or habitat loss) and require direct conservation action.

10.2 TRADE IN CHAMELEONS

All chameleon species belonging to the genera Archaius, Bradypodion, Calumma, Chamaeleo,
Furcifer, Kinyongia, Nadzikambia, and Trioceros are currently included in the Appendix
IT of the Convention on International Trade in Endangered Species of Wild Flora and
Fauna (CITES). Species of the genus Brookesia are also included in Appendix II of CITES,
with the exception of Brookesia perarmata, which is in Appendix I (Carpenter and Rob-
son, 2005). Of the Rhampholeon species, only R. spinosus is listed in Appendix II of CITES
(because of its inclusion under its previous classification as a species of Bradypodion),
while all other Rhampholeon species and all Rieppeleon species are not currently CITES
listed. Species in Appendix II can be traded as long as it is nondetrimental to wild popu-
lations, while commercial trade is effectively prohibited for Appendix I species under nor-
mal circumstances.

Because chameleons are colorful and ornate, they attract considerable attention from
hobbyists, and many species are traded across international borders in large quantities.
The removal of chameleons from the wild can be illegal (e.g., inside a protected area or
without permission) or legal but detrimental (unsustainable harvest levels), and CITES is
an important mechanism for monitoring, which allows reporting that can influence trade
and protection measures. Patterns in the quantity and composition of international chame-
leon trade, obtained from the CITES Trade Database at the United Nations Environment
Programme—World Conservation Monitoring Centre (UNEP-WCMC), can provide impor-
tant insights into commercial trends, infractions, and impacts of suspensions as well as
highlighting potential cases of unsustainable trade (e.g., Carpenter et al., 2004, 2005).

To provide an up-to-date review of the trends in commercial chameleon trade, the data
from the CITES Trade Database were downloaded (CITES, 2012a) and corrected to reflect
current taxonomic nomenclature (e.g., Archaius, Trioceros). The trends were then sum-
marized utilizing data on the quantity of live chameleons imported between 1977 (when
CITES trade regulations were initiated) and 2010, from countries with native chameleon
populations. Thus, these trends reflected the documented commercial trade in live chame-
leons using reported import quantities, rather than the quantity for which permits were
requested, from countries where chameleons naturally occur.

These data show that between 1977 and 2010, more than 1.37 million chameleons have
been exported and nearly one million of those were exported in the second half of that time
range, from 1994 on (CITES, 2012a). In fact, since 1994, nearly 59,000 chameleons were
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FIGURE 10.1. Annual chameleon exports from 1977 to 2010 by genus. Each bar represents the
total export quantity for a year, subdivided to depict the proportion of the overall export quantity
representing the top four chameleon genera exported over the period 1977 to 2010 (each genus
designated by pattern).

exported annually from their countries of origin, with a high of more than 80,000 exported
in 2001 alone.

The aggregated data show that the overall level of exportation of chameleons exhibits
a bimodal distribution (Fig. 10.1) (CITES, 2012a), which is consistent with previously pub-
lished studies (Carpenter et al., 2004, 2005). An initial spike in documented chameleon
exports occurred between 1977 and 1981, when Kenya exported large numbers of Trioceros
species prior to prohibiting the export of specimens caught in the wild. Following the sud-
den drop in exportation rates associated with the closure of Kenyan export of wild collected
chameleons in 1981 (Carpenter et al., 2004), overall exportation rates climbed steadily until
the mid-1990s when exportation rates began fluctuating year to year, but staying above
50,000 animals per year until 2005 (Fig. 10.1). Overall exportation rates remained relatively
constant, from the mid-199os through 2010, with a peak in annual export in 2001 (Fig. 10.1).

Chamaeleo species were exported in the highest numbers, followed by Trioceros and
then Furcifer species (Table 10.4) (CITES, 2012a). Other genera, such as Nadzikam-
bia and Archaius, were subject to little or no trade. It should be noted, however, that
trade figures for Rhampholeon are limited to a single species, Rhampholeon spinosus, the
only Rhampholeon listed by CITES, and thus no trade data are available for any other
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TABLE 10.4 Total Live Chameleon Exports for Trade from 1977
to 2010 by Genus (Nonscientific/Zoological), by Absolute
Quantity and Percentage of the Total Number Exported

Genus Total Exported %
Archaius 12 <0.001
Bradypodion 333 0.02
Brookesia 5,833 0.4
Calumma 23,617 1.7
Chamaeleo 581,490 423
Furcifer 229,952 16.7
Kinyongia 113,367 8.3
Nadzikambia 0 0
Rhampholeon »® (1409 ? (0.01)
Rieppeleon » ?
Trioceros 392,509 28.6
“Chamaceleo spp.” (Madagascar) 6,858 0.5
“Chamaceleo spp.” (Mainland Africa) 19,525 1.4

a. Post-2003 data only.
b. CITES Trade Data lacking because of nonlisted status of genus.
c. CITES Trade Data for single species, Rhampholeon spinosus.

Rhampholeon or Rieppeleon species. Further, although trade data for Brookesia species are
available for the period 1997 to 2010, trade data prior to the inclusion of this genus on
CITES at the end of 2002 is incomplete (C. Anderson, personal observation). An example
is Brookesia perarmata, a species endemic to Bemaraha National Park in western Mada-
gascar, for which only 25 individuals were reportedly imported to the United States, all
in 1997, but were observed for sale in far higher quantities during this period (C. Ander-
son, personal observation).

Accounting for more than a quarter of all imports from 1977 to 2010, Chamaeleo sen-
egalensis remain the most traded chameleon species (Table 10.5), with sizable exports
from Benin, Ghana, and Togo (CITES, 2012a; see also, Carpenter et al., 2004, 2005).
This is followed by Trioceros jacksonii imports from countries where they are native
(i-e., not including feral populations), which accounts for approximately 8.3% of total
imports; however, more than 73% of that trade occurred prior to 1982, when Kenya was
not restricting exports (Carpenter et al., 2004) and between 1990 and 2010, T. jacksonii
was the ninth most traded species. From 1990 to 2010, C. dilepis was the second most
exported chameleon, and it was third most since 19777. The majority of the 10 most traded
species are the same when you consider the time period from 1977 to 2010 or from 1990
to 2010, however, T. hoehnelii is replaced on that list by T. quadricornis from 1990 to 2010.

Of the 10 most exported chameleon species from both aforementioned time periods
(Table 10.5) (CITES, 2012a), 5 are listed as Least Concern on the IUCN Red List of Threat-
ened Species (IUCN, 2012). Chamaeleo gracilis, Trioceros jacksonii, T. melleri, Kinyongia
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TABLE 10.5 Top 10 Exported Chameleon Species from Native Countries of Origin from
1977 to 2010

Species IUCN Red List Total % Native Range

C. senegalensis Least Concern 350,396 25.5 West Africa

T. jacksonii Not Evaluated 114,511 8.3 Kenya and Tanzania

C. dilepis Least Concern 108,214 7.9 Africa (Widespread)

C. gracilis Not Evaluated 90,623 6.6 Africa (Widespread)

F. lateralis Least Concern 82,957 6.0 Madagascar

F. pardalis Least Concern 81,023 5.9 Madagascar

K. fischeri® Not Evaluated 76,483 5.6 Tanzania

T. melleri Not Evaluated 48,284 3.5 Tanzania, Mozambique and Malawi
T. hoehnelii Least Concern 36,117 2.6 Kenya and Uganda

K. tavetana Not Evaluated 33,904 2.5 Kenya and Tanzania

a. Includes K. fischeri, K. matschiei, K. multituberculata, K. uluguruensis, and K. vosseleri.

tavetana, T. quadricornis, and K. fischeri (for which CITES [2012a] Trade Data also includes
K. matschiei, K. multituberculata, K. uluguruensis, and K. vosseleri); however, as with many
other traded species, have not been assessed for The IUCN Red List (IUCN, 2012).

Chameleon Exports

Tanzania is the single largest exporter of chameleons, with over 345,000 recorded
exports (Table 10.6, Fig. 10.2) (CITES, 2012a). Amazingly, almost 300,000 of those
have been exported since 1996, and between 2004 and 2010, Tanzania alone exported
an average 44% of the world’s chameleons during that period (Fig. 10.2). Tanzania is
followed by Togo (almost 284,000 individuals; Table 10.6) and Madagascar (almost
258,000 individuals; Table 10.6) as the largest exporter countries for chameleons. The
height of Togo’s chameleon exportation occurred between 1988 and 2003, but Togo’s
highest market share of chameleon exports occurred between 1982 and 1990, during
which they accounted for 48 to 99% of the annual export (Fig. 10.2). Exportation levels
for Togo, Benin, and Ghana may not be independent, however, as individual suppliers
have been known to collect and export across these countries (A. Carpenter, personal
communication). Peak exports from Madagascar occurred between 1992 and 1999,
during which time Madagascar alone exported an average of 38% of the world’s cha-
meleons (Fig. 10.2). In 1994, however, the CITES secretariat requested that importing
Party members suspend imports of all but four Malagasy Chamaeleo (now Calumma
and Furcifer) species (Carpenter et al., 2004, 2005) and in 1999, Madagascar drastically
cut annual export quotas of those four species, thus resulting in a decline in overall
exports (Carpenter et al., 2005).
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Between 2001 and 2010, a number of other exporting countries notably increased their
levels of exportation. Exports from Uganda, for instance, increased from less than 550 indi-
viduals exported between 1991 and 2000, to more than 30,600 individuals exported from
2001 to 2010. It should be noted, however, that 88% of that export volume occurred from
2001 to 2004 (CITES, 2012a). Other sizable increases in exportation include Benin (approx-
imately 32,300 to 48,000 individuals), Jordan (7o individuals of one species to over 7200 of
three species), Niger (no export to over 5250 individuals), and Mozambique (approximately
950 to 14,150 individuals). Kenya also saw an increase of exports, from 320 individuals
to over 10,800, however, this increase was because of exports of chameleons reported on
export documents to have been bred in captivity.

One increase in chameleon exportation is particularly noteworthy, however. Equato-
rial Guinea’s export quantities increased from 4100 individuals from 1991 to 2000, to
over 16,800 between 2001 and 2010 (CITES, 2012a). In fact, between 2004 and 2010,
Equatorial Guinea was the sixth largest single exporter of chameleons, but 53% of the
chameleons exported during that period were of species that are not known to occur
within Equatorial Guinea (Trioceros pfefferi, T. quadricornis, and T. wiedersheimi). Despite
the fact that these species do not occur in Equatorial Guinea, original CITES documents
(as opposed to reexport documents) were issued for animals listed as caught in the wild,
raising considerable concern about circumvention of international wildlife laws and
management efforts.

Chameleon Imports

The United States is the single largest importer of chameleons, having imported more
than 884,000 chameleons, or over 64% of all documented chameleon exports, between
19777 and 2010 (Table 10.7, Fig. 10.3) (CITES, 2012a). In fact, since 1978, the United States
has imported less than 50% of all documented chameleon exports for a given year only
four times, in 1984, 2003, 2009, and 2010 (Fig. 10.3). Europe as a whole has imported
almost 26% of all documented chameleon exports with Asia as a whole accounting for
only an additional 6.8% (Fig. 10.3). The overall global trends in chameleon exportation
levels are, thus, highly correlated with that of the importation levels to the United States
of America (Fig. 10.3).

Importation quantities between 2001 and 2010 to some countries have increased con-
siderably as compared with quantities from 1991 to 2000. Ghana has emerged as a new
import market, having no chameleon imports between 1991 and 2000 but almost 18,400
from 2001 to 2010 (CITES, 20122). Germany also saw a considerable rise in imports (from
approximately 16,000 to 56,400 individuals). Other sizable increases in importation include
Canada (approximately 4200 to 8200 individuals), Japan (approximately 34,000 to 48,000),
Mexico (20 to approximately 3600), and Thailand (approximately 100 to 3900). It should
be noted, however, that importation to the United States between these two time periods
declined from almost 361,000 to less than 332,000 individuals.
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1977 to 2010

Country Total Imported Percentage
United States 884,276 64.4
Germany 111,324 8.1
Japan 84,607 6.2
Netherlands 61,087 4.4
Spain 43,061 3.1
France 37,588 2.7
Belgium 35,183 2.6
United Kingdom 32,019 2.3
Ghana 18,398 1.3
Canada 12,589 0.9
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regions or nations. Each bar represents the total import quantity for a year. Each bar is subdivided

to depict the proportion of the overall export quantity imported by the United States (the top
overall importer of chameleons), Europe, Asia, and all other importing nations.
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Wild Caught versus Captive Bred

Of all chameleon species in the trade, relatively few are reliably produced in captivity in
any significant quantity and those that are imported as wild-caught individuals frequently
have high mortality rates during transit (Abate, 2001; C. Anderson, personal observation).
Because many wild-caught species are exported in such large quantities every year, many
of these have become species with which exporters fill shipments in order to increase the
overall shipment size and value (C. Anderson, personal observation). They are sent in large
quantities at a very low price per individual. This low price results in a minimal mark-up by
the exporter, and a thin profit margin means the animals are not worth the effort to care for
as well as the more valuable animals are. The importer then gets large shipments of these
species in an already compromised condition. In order to move their inventory of these ani-
mals, the importers sell them as quickly as possible at a very small mark-up (Abate, 2001;
C. Anderson, personal observation). The result is that these species end up at pet shops in
a severely compromised condition. They are then sold retail as quickly as possible for low
amounts (as low as $15 or less for Chamaeleo senegalensis; C. Anderson, personal observa-
tion) and often die in a matter of weeks to months. This trend is further bolstered by the
export of large numbers of adult animals, which tend to be more difficult to acclimate to
captivity than juveniles.

Unfortunately, because these animals are available for retail sale in such large numbers
and at such low prices, there is limited means for anyone interested in these species to make a
profit breeding that species in captivity (C. Anderson, personal observation). Even people who
are genuinely interested in breeding any of these species in captivity thus tend to give up their
efforts quickly because the market is flooded with underpriced alternatives and coming any-
where close to covering their costs is an unobtainable goal.

The entire dynamic of the trade changes, however, in species with annual importations of
more modest numbers of individuals. In these cases, the market is no longer flooded and any-
one working to propagate that species in captivity is able to sell their offspring at prices that
more accurately reflect the expense of producing these animals in captivity. The wild-caught
imports that are still available then become valuable animals to infuse into captive breeding
groups, with breeders being willing to pay more for animals that are healthier and have a bet-
ter chance of acclimating successfully and adding to their breeding efforts. This causes the
importers to value the condition of these animals, meaning they take better care of them so
they can mark them up more. As a result, they demand higher-quality specimens of these spe-
cies from their exporters, who are then inclined to take better care of these animals because
they too can ask more per individual and able to export fewer individuals.

For instance, while F. pardalis is the sixth most exported chameleon species, the aver-
age number of specimens exported every year dropped by 75% from the period 19912001
to the period 2002-2010, resulting in a considerable reduction in the number of imported
specimens available in the trade in recent years. The increased exportation rate of F. parda-
lis in the earlier period resulted in great availability of wild-caught imports on the market
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for relatively low prices—prices that were often lower than the price of captive-bred ani-
mals. Following the reduction in annual export quotas for this species, however, interest
in breeding this species in captivity increased, causing wild-caught imports to be sought
out by breeders to infuse new bloodlines into their breeding groups. At present, these wild-
caught imports are frequently more expensive than the captive-bred animals produced later.
The result has been that the quality of animals exported has increased and the proportion of
individuals that survive once in captivity has increased as well.

Overall, CITES trade data from all exporting countries (as opposed to data limited to
exporting countries with native chameleons) indicates that a total of 136,294 captive-bred
chameleons were imported between 1985 and 2010 (CITES, 2012a). Of that number, 95%
were imported between 1996 and 2010 and 85% in the last 10 years of this time period,
indicating a significant increase in the supply of captive-bred species. Sixty-six percent of
captive-bred imports were Chamaceleo calyptratus. Furcifer pardalis makes up the next larg-
est proportion of captive-bred imports, at approximately 11,800 individuals. Slovakia is
the largest exporter of captive-bred chameleons, with 26% of all exports (approximately
35,700 individuals), followed by the Ukraine (approximately 21,500 individuals) and the
Czech Republic (approximately 18,500 individuals). The United States is the single larg-
est importer of captive-bred chameleons, with 35% of all imports (approximately 47,500
individuals), followed by Japan (approximately 23,000 individuals), and Canada (approxi-
mately 10,000 individuals). It should be noted, however, that feral populations of F. ousta-
leti, C. calyptratus and Trioceros jacksonii xantholophus in the United States is also known
to offset a considerable amount of the domestic demand for these species (C. Anderson,
personal observation).

Sustainable Trade

The basic tenet of CITES is that international trade in species should be benign to wild
populations. The Antsingy Leaf Chameleon (Brookesia perarmata) is the only chameleon
in Appendix I, but all other CITES-listed chameleons are in Appendix II, which has differ-
ent mechanisms for managing and monitoring trade. The Significant Trade Review allows
CITES to review trade in Appendix-IT species in order to identify species for which trade
appears to be unsustainable and to recommend remedial actions. In cases in which unsus-
tainable trade is suspected, detailed recommendations aimed at specific Parties are made,
with failure to comply likely to lead to a suspension of imports of the species in question.
Parties are expected, when called upon by CITES, to demonstrate that collection and export
is nondetrimental to wild populations. This is challenging for many Parties, especially
those lacking sufficient resources. Carpenter et al. (2005) described the impact on liveli-
hoods, markets and the composition of exports following the 1994 suspension of all Mala-
gasy Calumma and all but four Furcifer species. As a more up-to-date example, in July 2012
CITES suspended imports of Trioceros feae because Equatorial Guinea failed to comply with
recommendations made through the Significant Trade Review process.
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The wider debate on the impact of trade in chameleons in general is hampered by a
lack of information. While Parties are rightly permitted to export species regardless of
their IUCN Red List status, taxa that are considered a conservation priority (e.g., Criti-
cally Endangered and Endangered) quickly become the focus of attention, especially when
export levels appear “high.” This can eventually lead to the involvement of the CITES
Standing Committee, which may enforce trade suspensions in cases in which Parties are
unable to provide convincing evidence that exports of threatened taxa are nondetrimen-
tal to wild populations. When considering the likely impact of collection on a species, two
important considerations need to be taken into account: (1) the proportion of the species’
range over which collection can legally occur and (2) the level and intensity of collection.
Put simply, collection outside of protected areas in scattered geographical localities might
be preferred for many species. When species are restricted in range, like Kinyongia fisch-
eri, even modest collection levels may be harmful. It is noteworthy that this species and K.
tavetana entered the CITES Significant Trade Process in 2012 because of concerns regard-
ing the potential impact of trade on wild populations. Both species are among the top ten
most exported chameleons (Table 10.5).

Annual export quotas are set by individual countries to limit the number of animals
exported to sustainable levels. Eleven countries, all from Africa, have used quotas to man-
age their chameleon exports in the last 10 years (Table 10.8). All countries set export quotas
for wild-caught chameleons and three set export quotas for ranched chameleons.

Illegal Trade

A complicating factor of limiting legal trade, unfortunately, is a surge in illegal trade if
demand significantly exceeds legal trade limits. These illegal markets are obvious in the
extensive captive trade of South African Bradypodion species and of Malagasy Calumma
and Furcifer species (excluding F. pardalis, F. lateralis, F. oustaleti, and F. verrucosus) world-
wide, but particularly in Europe (Anderson, personal observation). The nature of this ille-
gal trade takes various forms but includes the open trading of species that have never been
legally exported under CITES (e.g., Bradypodion setaroi; CITES, 2012a; C. Anderson, per-
sonal observation), the importation of species with forged CITES documents that were
not issued by the CITES Management Authority of the exporting country (i.e., Cameroon;
CITES, 2012b), the mass issuance of CITES documents and subsequent exportation of spe-
cies from countries where they do not naturally occur (e.g., Trioceros pfefferi, T. quadricor-
nis, and T. wiedersheimi export from Equatorial Guinea; CITES, 2012a), or the availability of
species that have been banned from export for more than 15 years (Carpenter et al., 2004,
2005) and never successfully propagated in captivity in sustainable numbers (e.g., C. gallus
and F. antimena; C. Anderson, personal observation).

One reason many of these species are traded in the open market is the inability of
authorities to verify whether or not specimens that are currently in captivity are of legal ori-
gin. Because any captive-bred descendants of CITES-listed specimens that were acquired
and imported legally are themselves legal, enforcement issues generally require authorities
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TABLE 10.8 Summary of Summed Annual Export Quotas Used by 11 African Countries
between 2003 and 2012

Country Wild Ranched/F1 Total Export Quota
Benin 3,600 104,600 108,200
Cameroon 9,000 0 9,000
Chad 4,000 0 4,000
DRC 106,000 0 106,000
Ethiopia 100,200 0 100,200
Ghana 21,000 0 21,000
Madagascar 84,800 0 84,800
Mozambique 42,000 0 42,000
Niger 39,000 0 39,000
Togo 55,000 85,000 140,000
United Republic of Tanzania 178,000 20,032 198,032

be able to prove that an animal is not a descendant of legally acquired and imported
specimens or was not itself legally acquired and imported (Todd, 2011). This is exceedingly
difficult because traders can falsely declare specimens as the direct descendants of speci-
mens on old CITES documents from previous legal shipments of that species (Todd, 2011).
Smuggled chameleons, or the progeny of smuggled chameleons, can therefore be laun-
dered through and “legal” CITES export documents acquired by almost anyone who has
ever acquired legal specimens of that species with little ability from the authorities to prove
otherwise unless they are caught in the act of smuggling itself (Todd, 2011). Some countries
(e.g., Thailand) have become hotbeds of such laundering operations (Todd, 2o11).

10.3 CHAMELEONS AND GLOBAL CHANGE

The world’s climate has already warmed by 0.6°C over the past 100 years, and the warm-
ing trend is set to continue. Although anthropogenic climate change is often generalized
as “global warming,” models of future climate suggest far more complex scenarios, includ-
ing changes in diurnal temperature range, cloud cover, and precipitation and their conse-
quent interactions (Adler et al., 2008; Zhou et al., 2009). Of particular note is an increase
in the expected frequency of extreme weather events, such as heat waves, droughts, floods,
storms, and cyclones (IPCC, 2011), which may result in disturbance to many ecosystems.
For example, Malagasy forests are expected to be negatively affected by an increasing fre-
quency of El Nifio events associated with climate change (Ingram and Dawson, 2005).
After habitat destruction, climate change is one of the most serious and widespread
threats to biological diversity (IPCC, 2007). Although extant species have undergone sig-
nificant climatic change in their past, these changes have occurred at a much slower rate,
allowing for both extinction and speciation processes (Chapter 7). In addition, many spe-
cies are under a high degree of threat because of anthropogenic changes to their habitats, so
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that climate change is acting as an added stressor. In broad terms, climate change has been
shown to have effects on the abundance, distribution, and phenology of species, although
many studies are suggesting that it is the complex interaction of these changes together
with other stressors that can produce devastating impacts on species. For example, climatic
warming is hypothesized as acting synergistically with a novel pathogenic fungus to cause
extinction and declines of multiple frog species in Central America (Pounds et al., 2000).
Fungi and other infectious diseases have been highlighted as potential causes of future bio-
diversity loss, with climatic changes as a potent cofactor (Fisher et al., 2012).

Although very few studies have addressed the influence of climate change directly on
chameleons, there are some general patterns emerging from studies on lizards that can
aid in producing an overview. Ectotherms are thought to be particularly vulnerable to ther-
mal climatic changes because of their direct dependence on external heat sources. This
is especially true of topical ectotherms, which are intolerant of high temperatures as well
as being sensitive to temperature change. In a comparative, macrophysiological analysis,
Huey et al. (2009) showed that lowland lizards living in neotropical forests are at a height-
ened risk from climatic warming. In Mexico, a study showed that increases in air tempera-
ture caused lizards to spend more time in the shade to avoid surpassing thermal maxima
(Sinervo et al., 2010). This resulted in less foraging time, with the greatest effect observed
duringtheirspringbreeding season. Inanother studyontemperatelizards, Massotetal. (2008)
showed that increasing spring temperatures were coupled with a decrease in juvenile
dispersal. Thus, species with low dispersal ability and geographic barriers to movement
are likely to be at an increased risk of extinction. The relationships between ambient tem-
perature, which affect lizard fitness through performance (critical thermal maximum and
the thermal optimum; Chapter 3), are crucial in our understanding of future environmen-
tal changes. Clusella-Trullas et al. (2011) suggested that as temperature variation and pre-
cipitation regimes are likely to have been influential in the evolution of lizard performance,
predicting future scenarios will rely on these factors in addition to average temperature.
The effects of climate on the predators and (mainly) invertebrate prey items of chameleons
are as yet unknown. There is a potential to alter timing of both activity period and breeding
success, but as yet there are no studies that have attempted to quantify such effects.

For chameleons that breed year round (Chapter 5), changes in climate are unlikely to
impact on phenology as they are likely to be able to take advantage of any favorable climatic
periods. However, some chameleons are known to have annual life-history traits that are
linked to particular climatic events, such as the onset of a rainy season or the change in nest
temperatures associated with hatching times (Karsten et al., 2008, Box 5.1). In future sce-
narios in which extreme weather events fall out of these seasons, or weather patterns gener-
ally become unpredictable, this could result in the loss of recruitment for an entire season.
It is also possible that changes in ambient temperature during embryogenesis have unex-
pected effects.

Many studies have used species distribution models to forecast future distributions
under different climatic scenarios. Such studies are strongly dependent on the predictive
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models used, and these are constantly being improved. Existing studies are useful, how-
ever, in that they provide a range of scenarios showing differential responses of a range of
species. Houniet et al. (2009) reported a range of responses for Bradypodion chameleons
from projecting distribution models into IPCC climate scenarios for 2080. While most spe-
cies were predicted to contract their range, one species (B. transvaalense) displayed a shift
southward, together with range contraction. In Spain, Moreno-Rueda et al. (2011) predicted
a northward shift for Chamaeleo chamaeleon. Predictions of shifting ranges are then depen-
dent on the dispersal ability of a particular species, coupled with the availability of appropri-
ate habitat to move to and appropriate corridors to disperse through.

Montane species are particularly vulnerable (cf. Janzen, 1967) because of the upslope
distribution displacements that occur when cold-adapted species are forced upward in the
face of rising temperatures. These typically montane species may eventually run out of suf-
ficiently cool climate to move to and may be forced into extinction. Although the most fre-
quently cited case for this phenomenon is the extinction of a Central American frog, the
same study also showed population crashes in arboreal anoline lizards (Pounds et al., 1999).
Raxworthy et al. (2008) made a study of changes in minimum altitude of herpetofauna on
Tsaratanana Mountain in central Madagascar. Their study included six chameleons, one of
which (Calumma malthe) was found to display upslope displacement (increasing both min-
imum and maximum altitudes) over a 10-year period (between 1993 and 2003). Clearly,
there are many other examples of chameleons that could be victims of upslope displace-
ment, in the mountains of East and West Africa, as well as in Madagascar, where there are
35 species of Calumma, which are endemic to zones within 600 m of mountain summits
(Raxworthy and Nussbaum, 2000).

Chameleons are not typical lizards (Chapter 1), and we may not be able to generalize
on the effects of climatic change from studies on other lizards groups. For example, if cli-
mate change is expected to play a key role in lizard performance, should we expect slow-
moving chameleons to be affected? On the other hand, their slow nature may make them
less able to disperse and move to areas of more appropriate habitat. Chameleons appear to
be unaffected by temperature-dependent sex determination (Andrews, 2005), which affects
the majority of reptile species, but they do have unique embryogenic systems that may put
them at increased risk (Chapter 5). In order to understand how future climate scenarios are
likely to affect this unique family of lizards, researchers will have to understand more of
how their ecology and physiology are influenced by climatic variables. It is also important to
recognize that some species may benefit from newly disturbed habitats because of extreme
weather events, while others have increased risk as they are already under the influence of
extreme climatic constraints or narrow environmental niches. A preliminary step may be to
identify species that could have an increased risk and for which research could concentrate.

The effects of climate change are difficult to predict, but over the long term, there is
little doubt that human-induced climate change will impact our environment. In contrast,
habitat loss is the greatest immediate and acute threat to biodiversity globally (Myers et al.,
2000; Butchart et al., 2010). Many chameleons have restricted distributions (Chapter 7),
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and some are endemic to a single forest (e.g., Bradypodion ngomeense, Brookesia micra,
Kinyongia magomberae) or locality (Table 10.3). In addition, chameleons are habitat-specific
and adapted to certain types of vegetation (Chapters 5 and 7). These factors make itunlikely that
chameleons can cope well with habitat destruction, alteration, and fragmentation. Although
there are a few species that appear to succeed in altered landscapes (e.g., K. boehmei in sub-
sistence shambas, Bradypodion pumilum and Bradypodion damaranum in urban gardens,
and Furcifer lateralis in disturbed environments) the vegetation structure in transformed
settings is probably similar in some way to that of their natural environment, allowing them
to endure. These examples should be considered the exception, rather than the rule.

It is not surprising that areas that retain the greatest diversity in Africa are also those
under the greatest pressure for habitat alteration (Myers et al., 2000; Burgess et al., 2007;
Fjeldsa and Burgess, 2008; Hall et al., 2009; Menegon et al., 2008, 2011; Williams, 2012).
Indeed, population density and growth are positively correlated with species richness and
endemism in top global biodiversity hotspots (Cincotta et al., 2000; Balmford et al., 200r;
McKee et al., 2004; Jha and Bawa, 20006). In Africa, areas that have high numbers of
chameleon species are in the same regions where human influence on the landscape is pro-
nounced (Fig. 10.4). Three areas of Africa are notable for chameleon diversity—Madagascar,
the Eastern Arc Mountains, and the Guinea—Congolian highland forests (Chapter 7). Not
surprisingly, population growth in the Eastern Arc region has increased by 24% in the past
decade and human population density has reached more than 8o people/km?. Although
the density is lower in Madagascar (43 per km?), the growth is faster, with the population
having increased by 35% in the past decade. Population in the Guinea—Congolian hotspot,
which encompasses the highland forests, is growing at twice the global average and now
stands at more than 165 per km? (Williams, 2012). Population growth globally is straining
our limited resources and advancing the degradation of the environment worldwide. Yet
these hotspots are reservoirs of our biodiversity, and they are bearing the brunt of direct
effects on habitat and ultimately species, such as chameleons.

10.4 THE WAY FORWARD

Conservation of the world’s chameleons will rely heavily on our ability to generate sufficient
data on biological/environmental requirements, threats, and their effects on populations
over the next 20 years. Although provisional, current information suggests that chameleons
may face a higher level of threats than reptiles in general, in part because of ongoing
trade, but also because of restricted distributions in dwindling forested habitat of the trop-
ics. Although we are poorly informed about how current populations of chameleons can be
conserved, we are completely ignorant of what the effects of climate change might bring to
these unusual arboreal lizards. In order to change this, we need physiological studies that
can help inform us, as well as better models incorporating these data and more, surpassing
the current species distributions models with mechanistic models (cf. Kearney and Porter,
2009) for the effects of climate change on chameleons.
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FIGURE10.4. (a) Human influence in Africa is shown in shades from light (more impact) to dark

(less impact), and (b) human population density in light (low density) to dark (high density). Both
maps are superimposed with those 1-degree grid cells where high numbers of chameleon species
occur. Particularly noteworthy is that in areas with high numbers of species, human influence and
population density are also high. Human influence and population density maps obtained from
Socioeconomic Data and Applications Center (SEDAC), http://sedac.ciesin.columbia.edu/wildareas/.
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While it is hoped that IUCN Red List assessments will be made for all chameleon species
in the near future, there is much more work to be undertaken in terms of gathering popu-
lation/behavioral ecological data on the most threatened species. Chameleon conservation
would also benefit from work focused on how global change (climate change and habitat
alternation) affects chameleon populations. Furthermore, studies that focus on gathering
data pertaining to chameleon population trends for species under trade would ensure confi-
dence in non-detriment findings” (which provide justification that collection and trade does
not negatively impact wild populations) and improve CITES regulations for chameleons.
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APPENDIX

List of 196 Described Chameleon Species as of 2012,

with the Broad Region in Which They Occur

Species

Region

Archaius tigris (Kuhl, 1820)

Bradypodion atromontanum Branch, Tolley, and Tilbury, 2006
Bradypodion caeruleogula Raw and Brothers, 2008
Bradypodion caffer (Boettger, 1889)

Bradypodion damaranum (Boulenger, 1887)
Bradypodion dracomontanum Raw, 1976
Bradypodion gutturale (Smith, 1849)

Bradypodion kentanicum (Hewitt, 1935)
Bradypodion melanocephalum (Gray, 1865)
Bradypodion nemorale Raw, 1978

Bradypodion ngomeense Tilbury and Tolley, 2009
Bradypodion occidentale (Hewitt, 1935)
Bradypodion pumilum (Gmelin, 1789)
Bradypodion setaroi Raw, 1976

Bradypodion taeniabronchum (Smith, 1831)
Bradypodion thamnobates Raw, 1976

Bradypodion transvaalense (Fitzsimons, 1930)
Bradypodion ventrale (Gray, 1845)

Seychelles

Southern Africa
Southern Africa
Southern Africa
Southern Africa
Southern Africa
Southern Africa
Southern Africa
Southern Africa
Southern Africa
Southern Africa
Southern Africa
Southern Africa
Southern Africa
Southern Africa
Southern Africa
Southern Africa
Southern Africa

Brookesia ambreensis Raxworthy and Nussbaum, 1995 Madagascar
Brookesia antakarana Raxworthy and Nussbaum, 1995 Madagascar
Brookesia bekolosy Raxworthy and Nussbaum, 1995 Madagascar
Brookesia betschi Brygoo, Blanc, and Domergue, 1974 Madagascar
Brookesia bonsi Ramanantsoa, 1980 Madagascar
Brookesia brygooi Raxworthy and Nussbaum, 1995 Madagascar
Brookesia brunoi Crottini, Miralles, Glaw, Harris, Madagascar
Lima, and Vences, 2012
Brookesia confidens Glaw, Kohler, Townsend, and Vences, 2012 Madagascar
Brookesia decaryi Angel, 1939 Madagascar
Brookesia dentata Mocquard, 1900 Madagascar
Brookesia desperata Glaw, Kohler, Townsend, and Vences, 2012 Madagascar
(Continued)
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Species Region

Brookesia ebenaui (Boettger, 1880) Madagascar
Brookesia exarmata Schimmenti and Jesu, 1996 Madagascar
Brookesia griveaudi Brygoo, Blanc, and Domergue, 1974 Madagascar
Brookesia karchei Brygoo, Blanc, and Domergue, 1970 Madagascar
Brookesia lambertoni Brygoo and Domergue, 1970 Madagascar
Brookesia lineata Raxworthy and Nussbaum, 1995 Madagascar
Brookesia lolontany Raxworthy and Nussbaum, 1995 Madagascar
Brookesia micra , 2012 Madagascar
Brookesia minima Boettger, 1893 Madagascar
Brookesia nasus Boulenger, 1887 Madagascar
Brookesia perarmata (Angel, 1933) Madagascar
Brookesia peyrierasi Brygoo and Domergue, 1974 Madagascar
Brookesia ramanantsoai Brygoo and Domergue, 1975 Madagascar
Brookesia stumpffi Boettger, 1894 Madagascar
Brookesia superciliaris (Kuhl, 1820) Madagascar
Brookesia therezieni Brygoo and Domergue, 1970 Madagascar
Brookesia thieli Brygoo and Domergue, 1969 Madagascar
Brookesia tristis Glaw, Kohler, Townsend, and Vences, 2012 Madagascar
Brookesia tuberculata Mocquard, 1894 Madagascar
Brookesia vadoni Brygoo and Domergue, 1968 Madagascar
Brookesia valerieae Raxworthy, 1991 Madagascar
Calumma amber Raxworthy and Nussbaum, 2006 Madagascar
Calumma ambreense (Ramanantsoa, 1974) Madagascar
Calumma andringitraense (Brygoo, Blanc, and Domergue, 1972) Madagascar
Calumma boettgeri (Boulenger, 1888) Madagascar
Calumma brevicorne (Glinther, 1879) Madagascar
Calumma capuroni (Brygoo, Blanc, and Domergue, 1972) Madagascar
Calumma crypticum Raxworthy and Nussbaum, 2006 Madagascar
Calumma cucullatum (Gray, 1831) Madagascar
Calumma fallax (Mocquard, 1900) Madagascar
Calumma furcifer (Vaillant and Grandidier, 1880) Madagascar
Calumma gallus (Glinther, 1877) Madagascar
Calumma gastrotaenia (Boulenger, 1888) Madagascar
Calumma glawi Bshme, 1997 Madagascar
Calumma globifer (Gunther, 1879) Madagascar
Calumma guibei (Hillenius, 1959) Madagascar
Calumma guillaumeti (Brygoo, Blanc, and Domergue, 1974) Madagascar
Calumma hafahafa Raxworthy and Nussbaum, 2006 Madagascar
Calumma hilleniusi (Brygoo, Blanc, and Domergue, 1973) Madagascar
Calumma jejy Raxworthy and Nussbaum, 2006 Madagascar
Calumma linota (Miller, 1924) Madagascar
Calumma malthe (Guinther, 1879) Madagascar
Calumma marojezense (Brygoo, Blanc, and Domergue, 1970) Madagascar
Calumma nasutum (Duméril and Bibron, 1836) Madagascar
Calumma oshaughnessyi (Giinther, 1881) Madagascar
Calumma parsonii (Cuvier, 1824) Madagascar
Calumma peltierorum Raxworthy and Nussbaum, 2006 Madagascar
Calumma peyrierasi (Brygoo, Blanc, and Domergue, 1974) Madagascar
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Species Region

Calumma tarzan Gehring, Pabijan, Ratsoavina, Kohler, Madagascar
Vences, and Glaw, 2010

Calumma tsaratananense (Brygoo and Domergue, 1967) Madagascar

Calumma tsycorne Raxworthy and Nussbaum, 2006 Madagascar

Calumma vatosoa Andreone, Mattioli, Jesu, and Madagascar
Randrianirina, 2001

Calumma vencesi Andreone, Mattioli, Jesu, and Madagascar
Randrianirina, 2001

Calumma vohibola Gehring, Ratsoavina, Vences, and Glaw, 2011 Madagascar

Chamaeleo africanus Laurenti, 1768 West-central Africa,

North Africa

Chamaceleo anchietae Bocage, 1872 West-central Africa

Chamaceleo arabicus (Matschie, 1893) Arabia

Chamaeleo calcaricarens Bohme, 1985 North Africa

Chamaceleo calyptratus Duméril & Duméril, 1851 Arabia

Chamaceleo chamaceleon (Linnaeus, 1758)

Chamaeleo dilepis Leach, 1819
Chamaceleo gracilis Hallowell, 1842

Chamaceleo laevigatus (Gray, 1863)

Chamaceleo monachus (Gray, 1865)

Chamaceleo namaquensis Smith, 1831

Chamaeleo necasi Ullenbruch, Krause, Bshme, 2007
Chamaceleo senegalensis Daudin, 1802

Chamaceleo zeylanicus Laurenti, 1768

Europe, North
Africa, Arabia

Pan Africa

East Africa,
West-central Africa
East Africa

Socotra Island
Southern Africa
West-central Africa
West-central Africa
Asia

Furcifer angeli (Brygoo and Domergue, 1968) Madagascar
Furcifer antimena (Grandidier, 1872) Madagascar
Furcifer balteatus (Duméril and Bibron, 1851) Madagascar
Furcifer belalandaensis (Brygoo and Domergue, 1970) Madagascar
Furcifer bifidus (Brongniart, 1800) Madagascar
Furcifer campani (Grandidier, 1872) Madagascar
Furcifer cephalolepis (Guinther, 1880) Comoros
Furcifer labordi (Grandidier, 1872) Madagascar
Furcifer lateralis (Gray, 1831) Madagascar
Furcifer major (Brygoo, 1971) Madagascar
Furcifer minor (Giinther, 1879) Madagascar
Furcifer nicosiai Jesu, Mattioli, and Schimmenti, 1999 Madagascar
Furcifer oustaleti (Mocquard, 1894) Madagascar
Furcifer pardalis (Cuvier, 1829) Madagascar
Furcifer petteri (Brygoo and Domergue, 1966) Madagascar
Furcifer polleni (Peters, 1874) Comoros
Furcifer rhinoceratus (Boettger, 1893) Madagascar
Furcifer timoni Glaw, Kohler, and Vences, 2009 Madagascar
Furcifer tuzetae (Brygoo, Bourgat, and Domergue, 1972) Madagascar
Furcifer verrucosus (Cuvier, 1829) Madagascar
Furcifer viridis Florio, Ingram, Rakotondravony, Louis, and Madagascar
Raxworthy, 2012
(Continued)
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Species Region

Furcifer willsii (Guinther, 1890) Madagascar
Kinyongia adolfifriderici (Sternfeld, 1912) East Africa
Kinyongia asheorum Necas, Sindaco, Koreny, Kopecnd, East Africa

Malonza, and Modry, 2009
Kinyongia boehmei (Lutzmann and Necas, 2002) East Africa
Kinyongia carpenteri (Parker, 1929) East Africa
Kinyongia excubitor (Barbour, 1911) East Africa
Kinyongia fischeri (Reichenow, 1887) East Africa
Kinyongia gyrolepis Greenbaum, Tolley, Joma, and East Africa

Kusamba, 2012
Kinyongia magomberae Menegon, Tolley, Jones, East Africa

Rovero, Marshall, and Tilbury, 2009
Kinyongia matschiei (Werner, 1895) East Africa
Kinyongia multituberculata (Nieden, 1913) East Africa
Kinyongia oxyrhina (Klaver and Bshme, 1988) East Africa
Kinyongia tavetana (Steindachner, 1891) East Africa
Kinyongia tenuis (Matschie, 1892) East Africa
Kinyongia uluguruensis (Loveridge, 1957) East Africa
Kinyongia uthmoelleri (Miiller, 1938) East Africa
Kinyongia vanheygeni Necas, 2009 East Africa
Kinyongia vosseleri (Nieden, 1913) East Africa
Kinyongia xenorhina (Boulenger, 1901) East Africa
Nadzikambia baylissi Branch and Tolley, 2010 East Africa
Nadzikambia mlanjensis (Broadley, 1965) East Africa
Rhampholeon acuminatus Mariaux and Tilbury, 2006 East Africa
Rhampholeon beraduccii Mariaux and Tilbury, 2006 East Africa
Rhampholeon boulengeri Steindachner, 1911 East Africa
Rhampholeon chapmanorum Tilbury, 1992 East Africa
Rhampholeon gorongosae Broadley, 1971 Southern Africa
Rhampholeon marshalli Boulenger, 1906 Southern Africa
Rhampholeon moyeri Menegon, Salvidio, and Tilbury, 2002 East Africa
Rhampholeon nchisiensis (Loveridge, 1953) East Africa
Rhampholeon platyceps Guinther, 1893 East Africa
Rhampholeon spectrum (Buchholz, 1874) West-central Africa
Rhampholeon spinosus (Matschie, 1892) East Africa
Rhampholeon temporalis (Matschie, 1892) East Africa
Rhampholeon uluguruensis Tilbury and Emmrich, 1996 East Africa
Rhampholeon viridis Mariaux and Tilbury, 2006 East Africa
Rieppeleon brachyurus (Giinther, 1893) East Africa
Rieppeleon brevicaudatus (Matschie, 1892) East Africa
Rieppeleon kerstenii (Peters, 1868) East Africa, North

Africa
Trioceros affinis (Riippel, 1845) North Africa
Trioceros balebicornutus (Tilbury, 1998) North Africa
Trioceros bitaeniatus (Fischer, 1884) East Africa
Trioceros camerunensis (Miiller, 1909) West-central Africa
Trioceros chapini (De Witte, 1964) West-central Africa
Trioceros conirostratus (Tilbury, 1998) East Africa
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Species

Region

Trioceros cristatus (Stutchbury, 1837)

West-central Africa

Trioceros deremensis (Matschie, 1892) East Africa
Trioceros ellioti (Giinther, 1895) East Africa
Trioceros feae (Boulenger, 1906) West-central Africa
Trioceros fuelleborni (Tornier, 1900) East Africa
Trioceros goetzei (Tornier, 1899) East Africa
Trioceros hanangensis Krause & Bshme, 2010 East Africa
Trioceros harennae (Largen, 1995) North Africa
Trioceros hoehnelii (Steindachner, 1891) East Africa
Trioceros incornutus (Loveridge, 1932) East Africa
Trioceros ituriensis (Schmidt, 1919) East Africa, Central
Africa
Trioceros jacksonii (Boulenger, 1896) East Africa
Trioceros johnstoni (Boulenger, 1901) East Africa, Central
Africa
Trioceros kinangopensis Stipala, Lutzmann, Malonza, East Africa
Wilkinson, Godley, Nyamache, and Evans, 2012

Trioceros kinetensis (Schmidt, 1943) East Africa
Trioceros laterispinis (Loveridge, 1932) East Africa
Trioceros marsabitensis (Tilbury, 1991) East Africa
Trioceros melleri (Gray, 1865) East Africa
Trioceros montium (Buchholz, 1874) West-central Africa
Trioceros narraioca (Necas, Modry, and Slapeta, 2003) East Africa
Trioceros ntunte (Necas, Modry, and Slapeta, 2005) East Africa
Trioceros nyirit Stipala, Lutzmann, Malonza, Wilkinson, East Africa

Godley, Nyamache, and Evans, 2011
Trioceros oweni (Gray, 1831)
Trioceros perreti (Klaver and Boshme, 1992)
Trioceros pfefferi (Tornier, 1900)
Trioceros quadricornis (Tornier, 1899)

West-central Africa
West-central Africa
West-central Africa
West-central Africa

Trioceros rudis (Boulenger, 1906) East Africa
Trioceros schoutedeni (Laurent, 1952) East Africa
Trioceros schubotzi (Sternfeld, 1912) East Africa
Trioceros serratus (Mertens, 1922) West-central Africa
Trioceros sternfeldi (Rand, 1963) East Africa
Trioceros tempeli (Tornier, 1900) East Africa
Trioceros werneri (tornier, 1899) East Africa

Trioceros wiedersheimi (Nieden, 1910)

West-central Africa

soURCE: Glaw and Vences, 2007; Tolley and Burger, 2007; Tilbury, 2010; Uetz, 2012.
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abundance, 7, 91, 92, 102, 105, 110, 212
accessory palmar/plantar spines, 169
accommodation, 1, 44, 57-58, 116, 128
Acrodonta, acrodontan, acrodont iguanian, 175,
178-83, 187-88 (fig. 9.3), 189-92
Acrodont dichotomy, 189
Acrodonty, acrodont dentition, 13, 151, 179-81, 183
adrenocorticotropic hormone, 118
aestivation, 96, 103
Africa, 2, 4-3, 63, 85-86, 93, 95, 112, 131-35,
137-38, 143, 14550, 152, 155—50, 161, 164,
175-76 (table 9.1), 185, 187, 188 (fig. 9.3),
190-92, 194, 196 (table 10.2), 197, 203
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(table 10.8), 214-15 (fig. 10.4)
Central, 98, 144, 149
East, 4, 91, 93, 136-37, 139, 143, 14546, 153,
155, 158—59, 166067, 173, 176 (table 9.1),
190-92, Fig. 5.1
North, 132, 134, 145
South, 68, 71, 102, 105, 112, 133, 135, 144, 147,
153, 159—60, 166—67, 177 (table 9.2), 183,
186, 19495, 197, 199 (table 10.3), 210,
Fig. 1.6, Fig. 5.1
Southern, 85, 93, 94, 98-99, 112, 134, 140-41
(table 7.1), 143—44, 14748, Fig. 5.1
sub-Saharan, 110, 113, 148, 195
West, 42, 91, 93, 90, 110, 136, 144, 146, 149,
154-55, I72—73, 204 (table 10.5), 213
Afromontane, 135, 142-44, 146-47, 149
Agama, 30-31, 39, 66, 183
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Agamidae, agamid, 3 (fig. 1.8), 13, 16, 25,
59—061, 120, 131, 151, 17576 (table 9.1), 179,
180-83, 187, 188, (fig. 9.3), 189—92, Fig. 7.1

Agaminae, 179

aggressive display, 123—24

aggressive rejection, 123—24

Albertine Rift, 13537, 140-41 (table 7.1), 143,
144,147,167

allopatric, 93—-94, 135, 160

allopatry, 99

amnion, 62

Anguidae, anguid, 181

Anguimorpha, anguimorph, 178, 188 (fig. 9.3),
189

Anhuisaurus, 181

Anquingosaurus, 183

antipredator behaviour, 115, 126-27, 129—30

arboreal, 1-2, 4-3, 25, 30, 31, 49, 55, 63—04, 60,
68, 70,72-73, 85-87,89-90, 93, 96, 98,
101, 1006, 109-12, 121, 12628, 13233, 135,
137-38, 149, 151-52, 157, 213-14

Archaius, 8, 11, 39, 47, 137, 153, 158, 188 (fig. 9.3),

191, 201-03, fig. 7.1, fig. 7.2
tigris, 101, 100, 138, 145, 170, 191, 195, fig. 8.1.
See also Calumma tigris
arrested development, 98
Asia, 63, 132, 13435, 145, 149, 155, 164, 176
(table 9.1), 185, 187, 189-92, 206, 207
(fig. 10.3)
Central, 189
auditory signal, 116
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auditory system, 1, 57-58, 116
Australia, 130, 182-83, 189

barriers, 92, 212
Belgium, 183, 207
Bharatagama, 180, 187, 189, 192
bicuspid claws, 39—40, 169-70
biodiversity hotspot, 142, 147, 214
Bioko Island, 136, 146
bite force, 94, 104, 106—07, 125-26
body size, 87, 97, 100, 102-03, 100, 115, 126, 138
Bradypodion, 8, 10-12, 14-16, 25 (fig. 2.3),
30-31, 3940, 45, 48, 51, 54, 65 (fig. 4.1),
68, 86, 93-94, 98-99, 112, 119, 121, 124,
125-27, 129, 133, 135, 140—4I (table 7.1),
144,147, 152, 158—60, 164, 166-68, 171,
177 (table 9.3), 186, 188 (fig. 9.3), 194-95,
199 (table 10.3), 201, 203 (table 10.4), 210,
213-14, Fig. 5.1, Fig. 6.3, Fig. 7.1, Fig. 7.2
damaranum, 37, 94
pumilum, 8, 9 (fig. 2.1), 14, 49, 60, 71, 94,
99, I01-07, 112, 118, 12123, 125—20, 141
(table 7.1), 153, 158—59, 160, 167, 214
transvaalense, 94, 112, 124, 129, 141, 158, 213,
Fig. 1.6, Fig 6.1
brain, 44, 49, 50,59
Brevidensilacerta, 182
Brookesia, 8, 10-12, 14, 25 (fig.2.3), 26-27,
29, 37-41, 45, 47, 51, 53-54, 63, 72,
86-87, 90-92, 96-98, 100-02, 106,
110, 112, 117, 120, 126—-29, 132-33, 136—40
(table 7.1), 146, 152, 155-57, 159—62,
170,188 (9.3), 190-92, 194, 198-99
(table 10.3), 201, 203 (table 10.4), 209-10,
214, Fig. 7.1, Fig. 7.2, Fig. 8.3
superciliaris, 9 (fig. 2.1), 14, 25 (fig. 2.3), 102,
110, 127, 160-061, Fig. 8.3
Brookesiinae, 152, 155—57, 165
burrows, 97
bushes, 93, 96, 129, 134-35

Calotes, 180, 183

Calumma, 8, 10-12, 30, 39, 51, 54, 63, 86-87,
89, 91-93, 98, 102, 100, 110-12, 121, 1206,
133, 137, 138—40 (table 7.1), 146, 152, 156,
158, 162—63, 166-68, 185, 188 (fig. 9.3),
191, 194, 198-99 (table 10.3), 201, 203
(table 10.4), 104, 209-10, 213
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brevicorne, 11, 92, 102—03, II1, 121, 162—63
globifer, 162, 185, 194
oshaughnessyi, 87, 102, 121, 162
tigris, 158, 191. See also Archaius tigris
camouflage, 3, 85, 94, 115, 119, 12628, 130
Canary Islands, 146
cannibalism, 101, 108, 115
casque, 7, I1-12, 1415, 38, 40, 95, 125-20, 159,
164, 166, 168, 171
Cenozoic, 188 (fig. 9.3)
Chamaeleo, 4 (fig. 1.9), 8, 10-12, 15, 25 (fig. 2.3),
27,31, 36, 38-39, 44-46, 48,51, 54, 58, 66,
67, 86, 91, 93, 96, 98, 112, 117, 123, 13335,
143—45, 147, 152, 159, 161, 163—65, 167-638,
177 (table 9.2), 178, 184-85, 187, 188
(fig. 9.3), 201—04 (table 10.5), 208
andrusovi, 177 (table 9.2), 184-85
bavaricus, 178 (table 9.2), 184
bitaeniatus, 153, 185. See also Trioceros bitaeniatus
calyptratus, 36, 53 (fig. 2.7), 60, 62, 67 (fig. 4.2),
68,70, 82 (fig. 4.6), 100—o01, 108, 117,
121-24, 130, 134, 145, 163, 185, 209
caroliquarti, 177 (table 9.2), 184—85
chamaeleon, 48—49, 96-98, 100—01, 105-00,
108, 111, 115, 120, 122-23, 1206, 129,
134-35, 146, 163, 177 (table 9.2), 185,
187, 213
dilepis, 49,72, 95, 111, 118, 120-21, 134,
143—45, 163—065, 203—04 (table 10.5)
intermedius, 177 (table 9.2), 185
Jjacksonii, 187. See also Triocerus jacksonii
namaquensis, 60, 96-97, 103, 105, 107—09,
111, 113, 120, 127, 13435, 144, 163-65
pfeili, 177 (table 9.2), 184
simplex, 177 (table 9.2), 184
sulcodentatus, 184
Chamaeleonidae, 3 (fig. 1.8), 7, 26, 105, 117, 119,
126, 13031, 151-54, 155—57, 160, 166, 172, 174,
177 (table 9.2), 179, 183, 185, 188 (fig. 9.3), 190
Chamaeleoninae, 152, 155, 156
Chamaeleonoidea, 179
Changjiangosaurus, 181
China, 180-83, 190
Chlamydosaurus, 183
chromatophore, 61, 117
CITES appendix, 201, 209
cladistic, 153
climate change, 169, 211-13, 214, 216
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clutch size, 100
color, 2-3, 37, 51-52, 61, 86, 93-94, 90, 100,
115-30, 132-33, 138, 148, 165, 201
Comoros Islands, 139, 148
conservation, 193-5, 197, 201, 210, 216
status, 4, 193-194
contest, 119, 121, 125-26, 129
copulation, 53, 120, 122-23
courtship, 89, 117, 121-26, 129
rejection, 122
Cretaceous, 4, 131-32, 162, 176 (table 9.2),
180-83, 188 (fig. 9.3), 189-192
critically endangered, 196-97
Crotaphytidae, 179
Czech Republic, 145, 177 (table 9.2), 183-85, 209

death-feigning, 129

desert, 2, 60-63, 81, 93, 96-97, 134, 143, 144

development, 8, 31-32, 45, 48, 54, 57, 62, 74, 88,
97-98, 100-01, 137, 155, 158, 169, 171, 196

dispersal, 134, 136, 138-39, 14540, 161,
191-92, 21213

distribution, 7, 87, 91-92, 95, 98, 113, 117,
134-35, 137, 139, 142, 144-50, 160, 169,
171, 185, 187, 190-91, 193, 195, 197, 202,
212-14

divergence dates, 190—91

diversity, 4, 64, 68, 7o-71, 86, 91, 95, 125—20,
130, 138—39, 140 (table 7.1), 14144,
14648, 150, 163, 175, 187, 190, 192, 211, 214

dominant coloration, 119

Dorsetisaurus, dorsetisaur, 188

Draco, 180

draconine agamids, 180, 187

dry forest, 93, 138-39, 144

dwarf chameleons, 68, 72, 93-94, 119-20, 123,

129, 153, 159—60

ear, 42, 4546, 58

East Usambara Mountains, 89, 92, 136

Eastern Arc Mountains, 135-37, 140—41
(table 7.1), 142, 147, 149, 214

Eastern Highlands, 144

ecomorph, 105-07, 125, 160, 174

ecotones, 90—91, 95, 107, 137

edge effect, 91

egg, 52, 62, 83, 88, 9g7-102, 10911, 11§

egg retention, 98
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Egypt, 182

embryo, 62, 85, 88, 97, 98—99

embryonic diapause, 62, 97-98

endangered, 194—97, 200—-01, 210

endemic, 134, 136, 138—39, 142-145, 147, 149,
152, 158, 194—95, 197, 203, 213—14

endemism, 4, 139, 142, 146, 148—49, 214, Fig. 7.3

England, 188

Eocene, 132, 137, 158, 176 (table 9.2), 181-83,
188-92, Fig. 7.1

epinephrine, 119

erythrophore, 61, 117-18

Ethiopian Highlands, 140-41, 143, 146, 148—49

Europe, 4, 63, 85, 96, 134-35, 145, 149, 155,
164, 175—76 (table 9.2), 181-85, 187-88
(fig. 9.3), 190-92, 206-07 (fig. 10.3), 210,
Fig. 7.2

exports, 202—05 (fig. 10.2), 206, 209-10

eye, 1,7, 13, 16, 40, 43-45, 47, 4950, 57-59, 76,
85, 111, 116-17, 128, 132, 151, 180, Fig. 1.2

feeding, 1, 13, 63-64, 72—82, 89, 105-00, 195
fertilization, 122
fire, 87, 93
forest canopy, 9o
fossil record, 4, 5, 131, 154, 175-706, 179, 181, 183,
187, 191
France, 138, 182-83, 187, 207
Furcifer, 8, 10-11, 27, 39, 42 (fig. 2.5), 45,
51, 53 (fig. 2.7), 54, 63, 85-86, 90-93,
95-96, 98-99, 103, 106-08, 110, 112,
122—20, 133, 137—40 (table 7.1), 145, 152,
156, 162, 165-68, 172, 188 (fig. 9.3), 194,
198, (table 10.3), 201-02 (fig. 10.1), 203
(table 10.4), 204 (table 10.5), 209-10, 214
labordi, 8s, 88, 96, 98, 103, 122-25, 138,
165-66
lateralis, 10—11, 91, 96, 110, 122, 214, (fig. 8.6)
pardalis, 11, 62, 89, 90-92, 95, 104, 107, 138,
140, 156, 165, 172, 185, 204 (table 10.5),
208-10
verrucosus, 11, 87-88, 96, 99, 123-25, 138,
165, 210

gardens, 96, 102, 195, 214

Germany, 145, 177-78 (table 9.2), 183-85, 200,
207 (table 10.7)

global change, 193, 211, 216
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Gondwana, 176 (table 9.1), 188 (fig. 9.3), 189—91

Gonocephalus, 180

grassland, 2, 86, 93-94, 96, 102, 112, 12627,
133, 135, 137, 143

Greece, 183, 185

grip, 64, 66, 85, 89-90, 94, 112, Fig. 1.1

ground-dwelling, 85, 89—-90, 100, 106

guanophores, 117

guilds, 85-87, 9o

Guinean-Congolian forest, 144

gular, 21, 38, 41, 51, 111, 125-26, 129, 159, 104,
167-68, 170-71

pouch, 51, 159, 164, 168

habitat alteration, 4, 214

hatchling size, 100

head bobs, 121

head shake, 121, 125

heathland scrub, 93

hemipenal, 50, 53, 152, 155-56, 159, 162,
164-05, 168-70

hemipenal apical ornamentation, 164

Holocene, 4, 177 (table 9.2), 183, 187

home range, 5, 120, 121

hotspot, 141-42, 147, 214

Huadiansaurus, 182

Huehuecuetzpalli, 189

Hungary, 183

Iguania, 25, 175, 178, 181, 187-88 (fig. 9.3), 189

Iguanidae, 25, 126, 131, 178-79

imports, 203-04, 206-07 (fig. 10.3), 208—09

incubation periods, 98

India, 63, 96, 134-35, 138, 145-46, 148, 175-76
(table 9.1), 180-83, 188 (fig. 9.3), 190, 192,
Fig.7.4

iridophores, 117-18

Isodontosaurus, 181, 188 (fig. 9.3), 192

Israel, 108, 111, 177 (table 9.2), 183, 187

Jacobson’s organ, 48. See also vomeronasal
organ

Jurassic, 131, 176 (table 9.1), 179-80, 187-88
(fig- 93). 190

Kazakhstan, 181, 182

Kenya, 72,99, 107, 112, 137-39, 142-43, 14647,
149, 155, 167, 173, 177 (table 9.2), 183, 185—-86
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(fig. 9.2), 197—98 (table 10.3), 202—04
(table 10.5), 205 (table 10.6, fig. 10.2), 206

Kenyan highlands, 99, 112, 135-36, 140
(table 7.1), 142, 167

Kinyongia, 8, 11, 39, 51, 54, 86, 92, 95, 100, 100,
133, 135, 137, 140 (table 7.1), 141 (table 7.1),
142,147, 149, 152, 158, 163, 166—68, 188
(fig. 9.3), 198 (table 10.3), 200 (table 10.3),
201-02 (fig. 10.10), 203 (table 10.4), 204
(table 10.5), 210, 214

Kyrgyzstan, 179, 182

lateral compression, 7, 121, 125, 127, 129, 132

lateral display, 121, 125, 126

Laudakia, 183

Laurasia, 132, 176 (table 9.1), 189-90, 192

leaf chameleons, 88-90, 92, 96, 106, 131, 190,
Fig. 5.1

least concern, 194—96 (table 10.1), 203—04
(table 10.5)

Lebanon, 177 (tableg.2), 183, 187

Leiolepidinae, 179, 188 (fig. 9.3)

Leiolepis, 179, 182, 189—90

Lepidosauria, lepidosaurian, lepidosaur, 179,
180, 187

life-history, 85, 97—99, 102—03, 130, 212

limb, 2, 31, 34-36, 38—39, 59—60, 63—065
(fig. 4.1), 66-67 (fig. 4.2), 68-69 (fig. 4.3),
70-71, 112, 157, Fig. 2.4

locomotion, 2, 31-32, 34, 59, 63—64, 66, 68,
70—72

longevity, 103, 104

lung diverticulae, 51, 159, 168, 172-73

lung type, 156-57, 163—64, 16667, 172-74

Madagascar, 2, 4, 5, 63, 85-99, 107, 109-12,
131-34, 13740 (table 7.1), 143, 145-50,
152, 155, 163, 166, 176 (table 9.1), 177
(table 9.2), 183, 187-88 (fig. 9.3), 190-92,
194—98 (table 10.3), 200 (table 10.3), 203
(table 10.4), 204 (table 10.5), 205 (table 10.6,
fig. 10.2), 211 (table 10.8), 213-14, 216,
Fig. 5.1, Fig. 5.7, Fig. 7.2, Fig. 7.4

male harassment, 123

male-male competition, 124-25

Maputo-Pondo-Albany, 144

Mascarene islands, 155

mate choice, 122, 124
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mate guarding, 88, 99, 100, 120, 121

mating system, 120, 121

Mediterranean, Mediterranean islands, 2, 61,
99, 134, 145-406, 148-49, 185, 192

melanophore, 61, 117-18, 128

melanophore-stimulating hormone (MSH), 118

melatonin, 119

Mergenagama, 182

Mesozoic, 132, 176 (table 9.1), 179, 188 (fig. 9.3),
190—91

metabolism, 6o

Mexico, Mexican, 176 (table 9.1), 189, 200, 212

microcomplement fixation of albumin, 154

microendemism, 163

Middle East, 4, 155, 164, 175, 187, 190, 192

migration, 91, 102, 134, 185, 19T

Mimeosaurus, 180, 183

Miocene, 93, 13336, 145, 160, 175-76
(table 9.1), 177 (table 9.2), 182—-86 (fig. 9.2),
188 (fig. 9.3), 189—91, Fig. 7.1

Miocene Climate Optimum, 191

mite pockets, 170. See also axillary and/or
inguinal pits

Molecular Assumption, 154,

molecular phylogenetics, 154, 157, 174

molecular phylogeny, 5, 138, 172, 174

Mongolia, 176 (table 9.1), 180-82, 189

montane fynbos, 195

montane habitats, 98, 137

Morocco, 146, 182, 190

movement-based camouflage, 128

Mulanje, 136, 199 (table 10.3)

muscle, 2,7, 13-14, 16-19 (table 2.1), 20
(fig. 2.2), 21-24, 26-37, 4344, 51-52, 54,
59—60,70-79, 81, 82, Fig. 2.4

muscle physiology, 59—60, 81

Nadzikambia, 39, 51, 136, 140—41 (table 7.1),
152, 166-68, 188 (fig. 9.3), 199 (table 10.3),
201, 202, 202 (table 10.4), Fig. 7.1, Fig. 7.2,
Fig, 8.8

Namib desert, 143

Namibia, 111, 135, 144, 148, Fig. 5.1

natural selection, 126

near threatened, 4, 194—95, 196 (table 10.1),
200 (table 10.3)

Neogene, 136, 142, 176 (table 9.1), 180, 182, 184,
186-87, 188 (fig. 9.3), 192
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neurophysiology, 57

nocturnal activity, 88-89, 112, 128
norepinephrine, 119

North America, 63, 181, 188, 190
numerical taxonomy, 153

oceanic dispersal, 138—39, 14546

Oligocene, 13335, 143, 145, 149, 158, 176
(table 9.1), 182, 188 (fig. 9.3), 189-91,
Fig. 7.1

Oman, 134, 149, 182

open habitat, 71, 86, 93, 94-95, 105, 125

Opluridae, 179

origins, 34, 98, 187-91

ornament, ornamentation, ornamented, 3,7
37, 4041, 53, 93, 125-20, 130, 155-50, 159,
164, 166-72, Fig. 1.6, Fig. 6.2

osteological, 152

oviparouos, 2, 98-100, 168, 172—73

oviposition, 62, 98

Palaeochamaceleo, 182—83

Paleobiogeography, 175

Paleocene, 132, 176 (table 9.1), 179, 181-83, 188
(fig. 9.3), 189—90, Fig. 7.1

Paleogene, 132, 176 (table 9.1), 179, 181, 188
(fig- 9.3), 190-92

parallax, 116, 128

parental care, 115

perch size, 101

phenetic assemblages, 157, 160

photoreceptor, 44, 118, 128

phylogeny, 5, 94, 98, 138, 151-53, 155-56, 158,
165, 172, 174, 178

Physignathus, 182, 183

pigment, pigmentation, 61, 117-18, 127, 159,
161, 166, 170, 173

Pleistocene, 144, 176 (table 9.1), 177 (table 9.2),
182-83, 187, 192

pleuroacrodont, 181

Pleurodonta, pleurodont iguanian, 178-79, 181,
188 (fig. 9.3), 189

Pleurodontagama, 180

Pliocene, 93, 145, 176 (table 9.1), 177 (table 9.2)
183, 186, 188 (fig. 9.3)

Polychrotidae, 179

polygamous, 120

Portugal, 183, 188
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predation, 3, 87-89, 97, 107, 109-12, 115,
123-24, 130, 132

predator, 1, 3, 57, 89, 93-94, 101, 104, 109—13,
116-19, 126, 127-29, 212

prey abundance, 105

Priscagama, 180

Priscagamidae, 181, 188 (fig. 9.3)

Pseudotinosaurus, 182

Qianshanosaurus, 181
Quercygama, 182

range-restricted, 134, 137—41 (table 7.1), 143, 147,
149,193

receptivity, 118, 120, 123

REM, 59

reproduction, 2, 99—100, 102, 115, 120, 123, 125,
130, 168, 170, 17273

reproductive diapause, 96

reproductive status, 122-23

reproductive success, 120, 126

Réunion Island, 146, 150, 155

Rhampholeon, 8, 10-11, 38—40, 45, 49, 51, 53
(fig- 2.7), 54. 63,75 (fig. 4.4), 86,89-92,
98-99, 102, 106, 110-12, 117, 120, 1206, 128,
13233, 136-37, 140—41I (table 7.1), 142, 144,
146-47, 149, 152, 155-57, 161-62, 168-71, 177
(table 9.2), 186 (fig. 9.2), 188 (fig. 9.3), 195,
199—200 (table 10.3), 201-03 (table 10.4),
Fig. 1.4, Fig. 5.1, Fig. 7.1, Fig 7.2, Fig. 8.9

gorongosae, 120

Rhynchocephalia, rhynchocephalian, 179-8o,
182, 187-88 (fig. 9.3)

Rieppeleon, 8, 10-12, 38—39, 43, 51, 53 (fig. 2.7),
54, 63,75 (fig. 4.4), 76-77 (fig. 4.5), 86,
93, 96, 107, 117, 132, 13638, 145, 147, 152,
15658, 161, 168-71, 186, 188 (fig. 9.3),
191, 201, 203 (table 10.4), Fig. 7.1, Fig. 7.2,
Fig. 8.10

Rift Valley, 137, 142—43, 169, 186

riparian vegetation, 91

Romania, 183

roost, 88-90, 97, 101, 121, 128

roosting, 87-91, 95, 10102, 110, 121, 128

roosting height, 89—90

roost-site fidelity, 121

rostral appendage, 125-26, 165, 169

rostral horn, 41, 126, 171, Fig. 6.4
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salt gland, 54, Go

savannah, 118

scincomorph, 181

Scleroglossa, 175, 178, 188 (fig. 9.3)

seasons, 85-88, 102—03, 105, 144, 212

sensory physiology, 57

sexual differences, 95

sexual dimorphism, 120, 126, Fig. 6.2

sexual maturity, 123

sexual selection, 3, 37, 40, 61, 120, 125-20,
130

Seychelles, 63, 101, 106, 134, 13738,
145, 152, 155, 158, 176 (table 9.1), 1971,
194-95, 217

skin, 13, 25, 37, 41-42, 44—45, 54, 61, 64,
117-18, 128-29, 167

sleep, 59, 101

social behavior, 115, 130

Socotra, 13435, 145, 194, 219

sound, 45—46, 58, 129, 262

Spain, 96, 100-01, 100, 108, 177 (table 9.2),
183, 185, 187, 192, 207 (table 10.7), 213

species assemblages, 87, 91

species diversity, 86, 143—44, 147

species richness, 4, 139, 142, 144, 146—49, 214,
Fig.7.3

sperm storage, 99, 121-22

sprint speed, 2, 59, 81

Sqamata, sqaumate, 3 (fig. 8.1), 7, 25, 52,
97-98, 101, 116, 131-32, 154, 157, 175—76
(table 9.1), 179, 181, 187-88 (fig. 9.3),
189—-91

Sri Lanka, 63, 96, 134, 146, 175

starch gel electrophoresis, 154

stem-acrodontan, 180, 182, 188 (fig. 9.3), 189,
191-92

stem-chameleon, 183, 191-92

subcaudal lamellae, 156

submissive coloration, 119, 12425

Sulcatidens, 182

supercontraction, 22, 74

Switzerland, 145, 178 (table 9.2), 183-85

sympatry, 86, 93, 137, 147

symplesiomorphy, symplesiomorphic, 161, 164,
166, 169, 157

synapomorphy, 151, 153, 155, 157, 159, 101,
164-66, 170-72, 174

synchronous hatching, 88, 97-98
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Talosaurus, 182

Tanzania, 86, 13637, 139, 142, 145—47, 149,
155, 177 (table 9.2), 183, 187, 195, 197,
200 (table 10.3), 204 (table 10.5), 205
(table 10.5, fig. 10.2), 211 (table 10.8),
Fig. 1.4, Fig. 1.7

temperature, 2, 60-62, 81-82 (fig. 4.6), 88-89,
95—-98, 100—01, 118, 132, 211-13

temperature-dependent colour change, 118

temporal gland, 54, 116

terrestrial, 2, 25, 31-32, 55, 66, 68, 70, 72, 90,
100, 110-12, 127, 130, 13235, 137, 139, 144,
146, 152, 157, 191, Fig. 1.4

territorial, territoriality, territory, 120-21

thermoregulation, 2—3, 61, 82, 96, 119, 130

Tikiguania, 179-80, 187

Tinosaurus, 181-83, 188 (fig. 9.3), 189

tongue, 1, 2, 7, 16, 20 (fig. 2.2), 21-24, 4750,
55, 57, 59-61, 63, 7275 (fig. 4.4), 76-77
(fig. 4.5), 78-82 (fig. 4.6), 83, 85, 104, 109,
132, 151

trade, illegal, 210-11

trade, legal, 201-03 (table 10.4), 204, 210-11

tree falls, 9o, 91

Triassic, 179, 187-88 (fig. 9.3)

trigger species, 197, 198—200 (table 10.4)

Trioceros, 8—9 (fig. 2.1), 10-12, 14, 20 (fig. 2.2),
25,31, 39, 41-42, 45-47, 49, 51, 54, 5859,
63, 66, 86, 89-91, 93, 95, 98-107,
116-18, 120, 122, 125-120, 133, 137, 140—41
(table 7.1), 142—43, 14547, 149, 152, 164,
166-68, 171-73, 177 (table 9.2), 187-88
(fig. 9.3), 198—200 (table 10.3), 201-02
(fig. 10.1), 203 (table 10.4), 204 (table 10.5),
200, 209-10, Fig. 1.1, Fig. 1.2, Fig, 1.5,
Fig. 7.1, Fig. 7.2, Fig. 8.11

ellioti, 118, 171-73
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hoehnelii, 31, 41, 46 (fig. 2.6), 49, 58, 95,
99-100, 102—04, 120, I71-73, 203—04
(table 10.5)
Jjacksonii, 47, 58, 61,72, 95, 99—-100, 102-006,
118, 120, 125-20, 171-173, 177 (table 9.2),
187, 203—04 (table 10.5), 209, Fig. 6.2,
Fig. 6.4. See also Chamaeleo jacksonii
trogonophidae, trogonophid amphisbaenian,
179
Turkey, 185

Udzungwa Mountains, 147, 200 (table 10.3)
Ukraine, 183, 209

ultraviolet, 58, 6162, 124

undisturbed forest, 91—92

Uromastyx, 179, 182—83, 189—90

Vastanagama, 182

vibration, 89, 117, 121-22, 129

vicariance, 133-34, 1306, 145, 169

vision, 58, 115-16, 127

visual system, 1, 5758, 116, 119, 124, Fig. 1.3

vitamin D, 61

viviparity, 85, 95, 98, 159, 166, 172,

vulnerability, vulnerable, 4, 81, 93, 100,
109-12, 128-29, 195-96 (table 10.1),
200 (table 10.3), 212-13

water, 37, 52, 60, 86, 93, 104, 108, 136, 144—40,
148, 191
weighted endemism, 148, Fig. 7.3

xanthophore, 61, 117-18
Xianglong, 180

Zephyrosaurus, 182
Zimbabwe, 89, 103, 112, 137, 144, 148
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