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ARTICLE INFO ABSTRACT

Keywords: We conducted surveys to estimate densities and study perch characteristics of
. three internationally traded Brookesia species, such as B. superciliaris, B.

(B:’i For%ksesm Y92, therezieni, and B. thieli, from the eastern rainforest of Madagascar. This study

e was conducted within two forest fragments outside of the protected areas, which

Non-Detriment Finding may be considered as a collecting site for those species. Distance sampling

Population size method with line transects was used for searching the animal during the night
with head lamp. In total, we encountered eight chameleon species, composed of
four Brookesia and four Calumma, but our analysis was focused on the three
targeted Brookesia species. We found that the number of encountered species
varies from fragments to fragments even they are belonging to the same
ecoregion and it was the same for the animal densities. This change might be
related to the geographical position of the site, considering their size and distance
from a larger forest block. Roost characteristics differ between species, which
may be related to their morphological shape. Trade management for the target
species was recommended, and our results can be used for their new NDF
formulation with new export quota calculation. On the other hand, long-term
monitoring and management of the collecting sites are recommended for
ensuring viability of the species considering their economic value.
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Introduction

Chameleonidae family is belonging to squamata who is the most diversified reptiles’ order with
12,205 described species presently (Uetz et al., 2026). This family is divided into two major
subfamilies and 12 genera (Glaw, 2015; Uetz et al., 2026). The number of described species
increased considerably during the last ten years, from 203 in 2015 (Glaw, 2015) to 240 currently
(Uetz et al., 2026). Madagascar is the richest country in terms of chameleons (Glaw et al., 2025),
and the island is now home to 100 described species (Uetz et al., 2026); this number will increase
because the taxonomy of many complex species or groups of species is still unclear. Madagascar
chameleons are divided into two subfamilies of Brookesiinae, also called the dwarf chameleon,
combining two genera such as Brookesia and Palleon, which are endemic to the island (Glaw et
al., 2013). This subfamily is characterized by the presence of ossified, transverse spines on the
back on each side of the vertebral region (Glaw, 2015). The second subfamily is Chameleoninae,
which i1s known as the true chameleon subfamily and comprises two
genera, Calumma and Furcifer (Glaw, 2015). A recent study indicated that the genus Calumma is
not exclusively endemic to Madagascar (Ceriansky et al., 2020). Three species of Furcifer are
also found on the islands of Réunion, the Comoros, and the Seychelles (Glaw & Vences, 2007;
Glaw, 2015). All Madagascar chameleons are listed in Appendix II of the CITES convention
except Brookesia perarmata, which is known from a limited range in Tsingy de Bemaraha
National Park (Glaw & Vences, 2007; Randrianantoandro et al., 2008). Since 1994, exportation of
Madagascan chameleon for international trade purpose was banned by CITES except for eight
species with large distribution range such as B. superciliaris, B. therezieni, B. thieli, B. stumpffi,
Furcifer oustaleti, F. verrucosus, F. lateralis and F. pardalis. This decision was based on the lack
of scientific information to support the Non-Detriment Finding (NDF) required by the CITES
convention in order to guarantee that the exports will not have a negative impact on the wild
population from the species' original habitat. In 2011, Madagascar undertook its first [UCN Red
List assessment of all its reptile species, with the results published in 2014 (Jenkins et al., 2014).
This assessment enabled the compilation of available data and the development of a conservation
status review for each species, based on information provided by various stakeholders, including
national and international researchers, as well as national conservation practitioners. In 2013,

Madagascar began reopening the international trade of certain chameleon species based on the
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species status reviews published on the IUCN website, together with newly collected data
specifically gathered for this purpose (CITES, 2013).

This research aims to collect new data on the population density of three Brookesia species that
are not subject to any export ban. Our objectives are to provide density estimates for the target
species outside protected areas, where the collection of live specimens for trade is permitted, in
order to support their Non-Detriment Finding (NDF) and export quota calculations, ensuring that
harvesting will not affect their survival.

Material and methods

Study sites

Data collection was carried out in November and December 2020. This period corresponds to the

hot and rainy season, during which chameleon activity reaches its peak (Raxworthy, 1998),

providing optimal conditions for observing these animals. The study was undertaken in two mid-

altitude rainforest fragments with an altitude range between 960 and 1 310 m, located outside

protected areas in eastern Madagascar (Figure 1). Ampitambe forest fragment (Latitude

S18°49'40.01"; Longitude E48°16'12.54") is located near Moramanga, one of the principal

wildlife trade collection zones in Madagascar (Robinson et al., 2018). Fierenana forest (Latitude

S18°26'19;14"; Longitude E048°27'42.12") is situated close to the Ankeniheny—Zahamena

Corridor (CAZ), one of the largest remaining humid forest blocks in eastern Madagascar. Both

forests are managed by local communities and are subject to varying levels of anthropogenic

pressure, including selective timber extraction and subsistence resource use, which disturb the

herbaceous stratum, which is very important for Brookesia species. Vegetation is characterized

by evergreen humid forest dominated by Tambourissa, Weinmannia, Symphonia, Dalbergia, and

Vernonia species (Humbert, 1955; Koechlin, 1972; Du Puy & Moat, 1996).
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Figure 1. Map showing the study site and protected arecas

Field data collection

For both visited sites, we searched for chameleons at night along line transects using the distance
sampling method principle (Buckland et al., 2001). Transects were systematically placed inside
the forest, composed of four parallel lines of 50 m. The length of one transect is the total length of
four lines of 50 m, which gives a total length of 200 m. They were set up at least 24 hours before
the search time to minimize disturbance, which can affect the methodology assumptions (Brady &
Griffiths, 1999; Buckland et al., 2001; Jenkins et al., 2003; Randriantoandro et al., 2008). Survey
teams were composed of two experienced observers and one local guide who moved slowly along
each line at night, searching opposite flanks for chameleons with the aid of Petzl Myo XP LED
head torches, and the animals became easy to find, reflecting the torchlight (Jenkins et al., 2003).
Species identification was based on the key descriptions in Glaw & Vences (2007) and recent
papers with new species descriptions such as Protzel et al. (2010, 2017) and Glaw et al. (2025).
For each encountered chameleon, we collected data such as the perpendicular distance from their
original position to the transect line and their roosting (perch) height using a tape measure. Each
chameleon was placed in a cloth bag individually and brought into the camp for biometric
measurements the following morning. The biometric parameters, including the snout-vent length

(measured with calipers with 0.1mm precision), the body mass (taken with a pesola balance with
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0.1 g precision), age (juvenile or adult), and sex (male or female), were recorded. Male chameleons
can be distinguished from females by the presence of a protuberance at the base of the tail, which
is absent in females. Then, chameleons were released at the exact point of capture during the
nocturnal survey.

Data analysis

Chameleon densities were calculated using the computer Distance software version beta 8.3
(Thomas et al., 2004). There are several important assumptions regarding the use of Distance
sampling and the key one is that all animals on the line (i.e., at 0 m) are detected and we made
every effort to locate chameleons through careful searching of all vegetation on the transect line.
The program gives a series of functions to the distance data (Thomas et al., 2002) and the model
best fitting the data was selected by the Akaike Information Criterion (Buckland et al., 2001).
Analysis was started with excluding the non-accurate observation from the in-site survey. As noted
in other studies (Jenkins et al., 1999; 2003), nocturnal surveys of chameleons are limited by
reduced detection of animals. In this study, we used a vertical ceiling of 6 m based on the field
observation and which is similar to the vertical truncation in other studies made in the rainforest
(Jenkins et al., 1999; 2003; Andreone et al., 2005). Hatchling chameleons were excluded from the
analysis because they are in general found in grouped individuals near the area where they hatched.
We used four models pre-defined in Distance software following Thomas et al. (2010) suggestions,
such as: a uniform key with cosine adjustments, a half-normal key with cosine adjustments, a half-
normal key with Hermite polynomial adjustments, and a hazard-rate key with simple polynomial
adjustments, which perform best in many studies (Thomas et al., 2010). For the perch height
preference, we used RStudio with R version 4.3.1 (R core team, 2002) for the analysis. For all
analyses, we used non-parametric tests because the Shapiro-Wilk test indicated that the animal
perch height and branch size data distributions were not normal. Animal perch height and substrate
size were analyzed using non-parametric tests such as Kruskal-Wallis for interspecific comparison
and Mann-Whitney for intraspecific between sex comparison.

Results

Encountered chameleon species

A total of 5,800 m of survey effort was conducted during the study, with 2,900 m surveyed in each
forest fragment. We encountered eight species belonging to two genera, including Brookesia and

Calumma, with both study sites having seven species each. Six species are shared between both
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sites. Both sites have one non-shared species, such as B. ramanantsoai for Fierenana and C. juliae
recorded only from Ampitambe. All of the encountered species are Least Concern under the [IUCN
Red List of endangered species, except B. ramanantsoai, classified as Endangered, and C. juliae,

which isn’t assessed yet for Red List status.

Table 1. List of encountered species from each study site (1=presence, O=absence)

Species TUCN status Ampitambe Fierenana
B. ramanantsoai EN 0 1
B. superciliaris LC 1 1
B. therezieni LC 1 1
B. thieli LC 1 1
C. brevicorne LC 1 1
C. gastrotaenia LC 1 1
C. nasutum LC 1 1
C. juliae NE 1 0

Total number of encountered species 07 07

EN: Endangered; LC: Least Concern; NE: Not Evaluated
Animal densities
The number of encountered animals varies between sites and species. Because of the low number
of observed individuals for B. ramanantsoai, we didn’t perform its density calculation; therefore,
we focused only on three other species (Table 2). The density varies between species, with B.
superciliaris being the most abundant, with 29.77 individuals per hectare. In contrast, B. therezieni
had the lowest density with 12.62 ind*ha!* and the density for B. thieli was 14.59 individuals per

hectare.

Table 2. Density of the three target species

Species Total effort (m) N Density CV (%) IC (95%)
(ind*ha™)
B. superciliaris 5,800 105 29.77 22.41 18.92 — 46.83
B. therezieni 5,800 55 12.63 34.81 6.41-24.88
B. thieli 5,800 55 14.59 22.33 9.31-22.87

N: number of individuals; CV: coefficient of variation; IC: interval of confidence
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Population structure

The animals observed during this study were predominantly adults, representing 89% (n=172) of
the total individuals recorded, whereas juveniles represented only 11% (n = 22). This pattern was
consistent across all three species, particularly for Brookesia superciliaris and B. therezieni, in
which adults were respectively about 93% and 95% of the observed individuals. Concerning sex
ratio, females were more frequently encountered than males in all species, with the highest
proportion recorded in B. thieli, where females accounted for approximately 80% of the observed
individuals. We recorded few gravid females for each of the three species during the study period.
Body size varied among species and between sexes (Figure 2). Brookesia therezieni was the largest
species, whereas B. thieli was the smallest. In both B. superciliaris and B. therezieni, males tended
to be larger and heavier than females. These differences were significant for both species. In
contrast, females of B. thieli were larger than males. However, these differences were not

statistically significant for this species.
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Figure 2. Bar chart of Snout-Vent-Length (on the left) and weight (on the right) for both sexes (male and
female) of the target species with their p-value from the Mann-Whitney test

Animal perch characteristics

Roosting height varied among species, but the differences were not statistically significant. The
Kruskal-Wallis test indicated no significant difference in roosting height among species
(H=3.56, df =2, p-value = 0.16). Most individuals were found less than 0.5 m from the ground.
Brookesia therezieni species was found on higher branches, with an average of 0,30m from the
ground, with a maximum recorded at 1.05m. B. superciliaris was found between 0.04 and 1 m

from the ground, with an average of 0.28m. B. thieli perch in lower branch which it was found
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from 0.02 to 0.80 m with an average of 0.23 m from the ground (Table 3). The second perch
characteristic that we measured was the branch size. It varies between species, and the statistical
analysis indicated that this change was still not significant using the Kruskal-Wallis nonparametric
test H=15.55, df = 2, p-value = 0.06). Brookesia thieli perch on the smallest branch with 3.06 mm
of diameter. B. superciliaris and B. therezieni perch, respectively, on branches with average

diameters of 3.29 mm and 3.82 mm (Table 3).

Table 3. Roost characteristics of each target species during the study

Species Number of | Roost height (m) Number of | Branch  diameter
individuals individuals (mm)

B. superciliaris 86 0.28+0.02 49 3.2940.35

B. therezieni 60 0.30+0.03 36 3.82+0.33

B. thieli 48 0.2340.02 39 3.06+0.28

However, the intra-specific variation of roost height and branch size between sexes was noticed
during this study (Figure 3). The difference in perch height between the sexes of the animal was
significant for Brookesia therezieni (p-value=0.017) and B. superciliaris (p-value=0.004) but not
significant for B. thieli (p-value=0.5839). For both Brookesia superciliaris and B. therezieni, males
are perching higher than females. For the first species, males were found at 0.374+0.04 against
0.21£0.01 for females. Males of B. therezieni perched at 0.45+0.09 and females at 0.24+0.02.
However, this parameter seems to be similar regardless of sex for B. thieli, which is about
0.30+0.16 for both sexes. Regarding the second parameter, males perch on bigger branches than
females for B. superciliaris and B. therezieni, unlike the case of B. theli, in which females perch

on bigger branches than males. Only B. therezieni presented a significant difference (p-

value=0.01).
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Figure 3. Roost height (on the left) and branch size (on the right) used by each species for both sexes

Discussion

In total, we found eight species during this study, and they belong to the genera Calumma and
Brookesia. This isn’t a surprise because those two genera are commonly known from eastern
Madagascar (Glaw & Vences, 2007; Jenkins et al., 2014). Furcifer willsii occurs around our study
area, but it prefers open and non-forest zones (Glaw & Vences, 2007), which can explain its
absence from our list because we focused the study on the rainforest. The change in species
composition and richness from both sites can be explained by their biogeographical situation,
which plays an important role in reptiles’ distribution (Raselimanana & Rakotomalala, 2008).
Fierenana site is located near the big block of the forest of CAZ, which is home to at least 10
species (Rabibisoa et al., 2005; Andriantsimanarilafy et al., 2024). On the other hand, the
Ampitambe fragment is now represented by a small patch of forest, and my already-discussed edge
effect led to the non-observation of species with high dependence on primary forest, such as the
case of Brookesia ramanantsoai (Glaw & Vences, 2007). Calumma juliae was only found in the
Ampitambe forest fragment. We found that the population density differs between species such
was the case reported by Andriantsimanarilafy et al., 2022 from Ambatofotsy reserve which
Brookesa thieli with 22.09 individuals per hectare against 42.92 for B. superciliaris. In general,
our densities are lower than reported in previous studies, but it might be a result of the habitat
quality because all of the previous studies were undertaken inside protected areas. For example,
Jenkins et al., in 2003, reported that the density of Brookesia thieli from the Angavo-Anjozorobe
corridor was calculated to range from 51.7 to 88.5 per hectare. The density of Brookesia
superciliaris from the mid-altitude humid forest ranged between 39 ha™! in the austral summer and

14 ha! in the austral winter (Rabearivony, 1999). B. therezieni from Ankorabe Reserve was
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estimated at around 13.47 individuals per hectare (Andriantsimanarilafy et al., 2022). Change on
the animal size between sexes was already mentioned by Glaw and Vences in 2007 and our results
corroborate their citation that males of Brookesia superciliaris and B. therezieni are largest than
females. Our results indicated that night perch characteristics change between species. Brookesia
thieli was found to be lower than the two other species. This situation is probably related to the
species' morphology and its roosting behavior. Previous research indicated that the variation in
perch height of Brookesia species is related to their body size (Akani et al., 2007). Our results
confirm this citation, in which the larger species was found at the highest perch. Regarding branch
size, Randrianantoadro reported that this parameter changes between species and is positively
correlated (Randrianantoandro et al., 2007). Larger species were found on bigger sticks. Also, we
found an intraspecific variation of roost characteristic between both sex for all target species which
male perch from higher and bigger stick that female. Randrianantoadro et al. also reported that
there were few differences between males and females in roost site characteristics in their study

on the roost characteristics of dwarf chameleons (Randrianantandro et al., 2007).

Conservation implication

This study provides new and critical information on the population status of these species outside
protected areas. All of the species investigated are currently subject to international wildlife trade
under CITES quotas, which were proposed based on their respective [IUCN Red List conservation
status. Based on the new population density estimates obtained in this study, we recommend the
development of a new and detailed non-detriment finding (NDF), including a revision of the
current quota calculation, particularly at the level of individual collection sites. We also
recommend that post-harvest monitoring studies be conducted to assess the impact of collection
for international trade on wild populations of these species. Such monitoring would provide
valuable information on population trends and help determine whether current harvesting levels
are sustainable over the long term.

Finally, we recommend strengthening the local management of these collection sites by involving
local communities in the harvesting and monitoring processes. Greater community participation,
combined with appropriate benefit-sharing mechanisms from the wildlife trade, could provide
incentives for local communities to support the sustainable management and conservation of these

species.
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