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Devices and Methods for Rapid 3D Photo-Capture and 
Photogrammetry of Small Reptiles and Amphibians in  
the Laboratory and the Field

Because of the importance of specimen identification, and 
for establishing protocols for new species boundaries, novel 
methods and tools for identifying and sharing specimen data 
for vertebrate organisms, particularly amphibians and reptiles, 
is an important aim for taxonomists (Dayrat 2005; McDiarmid 
et al. 2011). In general, the gold standard for specimen 
collection and identification for reptiles and amphibians is 
euthanization with appropriate preservation and deposition 
as vouchered material in natural history holdings (Allmon 
1994; Davis 1996; Shaffer et al. 1998; Suarez and Tsutsui 
2004; Reynolds and McDiarmid 2011; Simmons 2015). This 
important approach will rightfully remain the gold standard 
for collecting and identifying most reptile and amphibian 
specimens (McDiarmid et al. 2011). However, there is also value 
in establishing other methods to gain specimen identification 
as a complement to this method. Several methods already exist 
(Simmons 2015), including photographs, audio recordings, and 
scientific illustrations, among others (e.g., https://soundcloud.

com/frogvoicesofborneo). Photographs have proven to be a 
useful resource for specimen identification and are widely 
used in online resources such as AmphibiaWeb (amphibiaweb.
org). The collection of audio recordings is especially valuable 
for recording of vocalizations, such as from frogs (e.g., Köhler 
et al. 2017). Scientific illustrations can be a valuable tool for 
effective recreation of specimens, especially for emphasizing 
key elements of scalation and color that might be challenging 
to document in a photograph. Here, we describe novel tools 
and techniques for the creation of 3D models of live reptiles 
and amphibians, both in wild settings in the field and in the 
laboratory.

Over the last few years, there has been increasing interest 
in establishing 3D techniques to describe various kinds of 
specimens, with a focus on museum specimens such as bones, 
skulls, or other physical features (Aldridge et al. 2005; Chiari et 
al. 2008; Falkingham 2012; Boyer et al. 2015; Evin et al. 2016; 
Gignac et al. 2016; Bot and Irschick 2019). The value of 3D 
scanning methods is their ability to represent high-quality, 
accurate, shareable, and (typically) complete 3D visualizations 
of the specimen. Methods for 3D reconstruction include 3D 
photogrammetry, laser and white-light scanning, and CT-
scanning, among others (Weinberg et al. 2004; Gunga et al. 
2007; Falkingham 2012; Laforsch et al. 2012). Although widely 
used for preserved museum specimens, explanation of how 
these methods can be used for live specimens in the field or the 
laboratory has been largely unexplored, with some exceptions 
(Bot and Irschick 2019; Irschick et al. 2020b). However, these 
methods hold great potential for identifying and cataloguing 
live reptile and amphibian specimens. This is especially timely 
given the increasing restrictions placed on scientists striving 
to access and export reptile or amphibian specimens (Renner 
et al., 2012). In addition, the software, hardware, and methods 
for creating and visualizing 3D data have been rapidly evolving 
over the past decade, and thus represent new opportunities as 
a powerful visualization tool for specimens.

Here, we present novel inexpensive, portable, multi-camera 
3D photogrammetry devices that can relatively quickly (1–2 
min) create accurate 3D models of live reptile and amphibian 
species, either in field or laboratory settings. Further processing 
(several hours) of computer processing time can then result 
in high-quality RAW 3D models. Finally, an additional input 
of time (multiple hours) by CG artists can result in full-body 
3D meshes for these specimens. 3D photogrammetry is a 
proven method for accurate recreation of both the shapes and 
colors of objects using photographs, but while this method 
is widely used in forensics, art history, paleontology and 
archaeology, and other scientific applications (Weinberg et 
al. 2004; Falkingham 2012; Evin et al. 2016), its usage for live 
animals, including reptiles and amphibians, has hardly been 
documented (but see Bot and Irschick 2019). We describe the 
construction of these devices, their usage, and describe the 
basic workflow of 3D photogrammetry for small reptiles and 
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amphibians both in the field and in the lab. We demonstrate this 
process by providing examples with 10 species total (four frog 
species, four lizard species, and two snake species), with five 
specimens (four frogs, one snake) photocaptured in the field, 
and five in the laboratory. From these 10 species, we created 
a total of 11 3D models of which six were RAW (unprocessed) 
scans, and five were complete (full-body) 3D meshes re-created 
by CG artists (one species was presented both as a RAW and 
full-body 3D mesh). By RAW, we mean scans which have not 
been significantly edited by CG artists and represent initial 3D 
output. The full-body 3D meshes only show body shape, and 
not the colors and textures of the species. We demonstrate the 
relative accuracy of our approach by comparing measurements 
taken on live individuals with that taken on the digital 
specimens.

Methods

Specimens.—Table 1 lists all ten species and 11 models 
(one model was provided both in RAW and full-body format 
to demonstrate the transition) and an appropriate size metric 
(Fig. 1). All specimens were adults, with the exception of the 
Lycodon snake, which was a subadult. The specimens came 
from three sources: 1) Field specimens from two separate 
trips to the Philippines in 2016 (Rhinella marina) and 2017 

(Limnonectes macrocephalus, Lycodon capucinus, Occidozyga 
laevis, Polypedates leucomystax); 2) captive specimens from 
the Irschick Laboratory at the University of Massachusetts 
at Amherst (Gekko gecko, G. kuhli, Hemidactylus platyurus); 
and 3) field specimens from the Zotos Laboratory at the Terra 
Cypria Foundation in Cyprus (Dolichophis jugularis cypriacus, 
Stellagama stellio cypriaca). Of the above specimens, the 
specimens from the Philippines were all deposited as museum 
specimens at the Sam Noble Oklahoma Museum of Natural 
History (OMNH): Limnonectes macrocephalus (OMNH 47709), 
Lycodon capucinus (OMNH 46546), Occidozyga laevis (OMNH 
47728), Polypedates leucomystax (OMNH 47785), and Rhinella 
marina (OMNH 46722).

Specimens were collected from five field sites: 1) 2016 – 
Philippines, Luzon Island, Camarines Norte Province, Tulay 
na Lupa (Rhinella marina); 2) 2017 – Philippines, Luzon 
Island, Cagayan Province, Nasipping, Nasiping Reforestation 
Project (Polypedates leucomystax); and 3) 2017 – Philippines, 
Luzon Island, Nueva Vizcaya Province, Maddiangat, Mt. 
Palali, (Limnonectes macrocephalus, Lycodon capucinus, and 
Occidozyga laevis). 4) 2019 - Cyprus, Limassol district, near 
Kolossi village (Dolichophis jugularis cypriacus); 5) 2019 - 
Cyprus, Limassol district, near Parekklisia village (Stellagama 
stellio cypriaca). Additional information on some of the 
specimens can be obtained through consulting the Oklahoma 

Fig. 1. The 10 species used in this 3D photogrammetry study. From left to right, top to bottom, the specimens are: Limnonectes macrocepha-
lus, Occidozyga laevis, Polypedates leucomystax, Lycodon capucinus, Rhinella marina, Gekko gecko, Hemidactylus platyurus, Gekko kuhli, 
Stellagama stellio cypriaca, and Dolichophis jugularis cypriacus.

table 1.  Reptile and amphibian specimens captured for the 3D analysis. SVL is in cm. ID numbers are OMNH (Oklahoma Museum of 
Natural History).

Species Locality SVL Type Museum ID Link

Limnonectes macrocephalus Philippines 9.8 RAW scan 47709 https://skfb.ly/6EsLS

Lycodon capucinus Philippines 13.2 RAW scan 4654 https://skfb.ly/6sCQM

Occidozyga laevis Philippines 5.0 RAW scan 47728 https://skfb.ly/6ROpu

Polypedates leucomystax Philippines 5.3 RAW scan 47785 https://skfb.ly/6ROpZ

Rhinella marina Philippines 9.9 RAW scan (leaf) 46722 https://skfb.ly/TyOR

Gekko gecko Captive 14.4 RAW scan (branch)  https://skfb.ly/VLpB

Hemidactylus platyurus Captive 5.3 Full-body 3D mesh  https://skfb.ly/6ROpX

Gekko kuhli Captive 8.5 Full-body 3D mesh  https://skfb.ly/6ROpW

Gekko gecko Captive 14.4 Full-body 3D mesh  https://skfb.ly/6SNEn

Stellagama stellio cypriaca Cyprus 10.7 Full-body 3D mesh  https://skfb.ly/6ROpL

Dolichophis jugularis cypriacus  Cyprus 146.0 Full-body 3D mesh  https://skfb.ly/6RMRn
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Museum of Natural History website through their OMNH 
numbers in Table 1. The Cyprus specimens were released 
several days after capture at their original collection points. 
The Irschick captive laboratory specimens were all obtained 
originally through the commercial pet trade. 

3D photogrammetry methods.—We created two custom 
devices to photo-capture small reptiles and amphibians 
both in the field and in the laboratory. We term these devices 
the MACRO (Fig. 2) and ARRAY systems (Fig. 3). The MACRO 
system uses a circular array of up to 24 small digital cameras 
on 12 foldable arms and a stationary center plate to obtain 3D 
models of small organisms ranging from about 2.5 to 22 cm in 
length (total width of device is 61 cm. The close configuration 
of the cameras enables them to be used with macro settings, 
which are ideal for photography of smaller specimens. The 
system is rotatable, and provided the subject has not moved, 

the camera arms can be moved to gain additional photos, 
which can be repeated as necessary to gain sufficient images 
for reconstruction. The MACRO arms can be folded inwards 
to fit into a carrying case and can then be redeployed with no 
assembly required.

The ARRAY system is like the MACRO device, except being 
larger, and therefore is best suited for organisms ranging from 
about 22 cm to 35 cm in length, although a larger snake or lizard 
that is curled could also be scanned. The ARRAY is also rotatable, 
97 cm in total diameter, with 15 fixed arms for cameras, and has 
a central plate which is 46 cm in diameter. The system, because 
of its larger size, can accommodate a larger number of cameras, 
such as three small Canon G16 cameras on each vertical arm 
or one on each horizontal brace (up to 60 cameras, although 
we typically used 30). Because of its larger size and weight, the 
ARRAY device is better suited to laboratory research on larger 

Fig. 2. The 12-armed MACRO multi-camera rig, which is designed for smaller organisms of between about 2 and 20 cm in length. 
Panel A shows the top view and Panel B shows a side view. Panel C shows the MACRO in use at the University of Massachusetts 
at Amherst.
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specimens and is less amenable to being transported to remote 
field locations, although it can be disassembled and placed 
into a carrying case. Both devices were built using all off the 
shelf products, and each custom base plate was machined in 
the UMass Amherst Machine Shop. We used 12 MP Canon G16 
cameras (Focal lengths 28–140 mm) with this system, which 
had wireless triggers (RF-603C II Remote Flash Trigger Kit 
from Yongnuo) set to the same channel so that the photographer 
could automatically trigger all the cameras simultaneously. For 
each of the photoshoots, we used 12 cameras for the MACRO 
and 30 for the ARRAY, although because of the rotational ability, 

we were able to capture between about 24 to about 90 images 
per specimen. We used either ambient light (all research in the 
Philippines, see below), or 250W 125V LED bulbs on stands 
for external lighting for modelling (all other models). Only the 
Gekko gecko was scanned with the ARRAY device. Rhinella was 
photographed with a CANON Mark III camera and a 100mm 
lens while walking around it. The other specimens were all 
scanned using the MACRO device.

Underside images and other assorted images.—Beside 3D 
scanning the live animals using the MACRO or ARRAY devices, 
several close-up pictures of the animals were taken using 

Fig. 3. The 15-armed ARRAY multi-camera rig, which is designed for smaller to mid-sized organisms ranging from about 20 to 
60 cm in length. Panel A shows the top view and Panel B shows a side view. Panel C shows the MACRO in use at the University of 
Massachusetts at Amherst.
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Canon G16 or the CANON Mark III cameras (the latter had 
a 100 mm MACRO lens). Through those pictures, we aimed 
to document features or/and parts of the animals that were 
unique or more challenging to visualize in the 3D scan. These 
images also represented another source of high-quality data 
for the CG artists to accurately represent those features. The 
ventral surface was typically visualized through photographing 
the specimens when they were resting on a clean glass plate.

3D model reconstruction.—We created two kinds of models. 
One set of models were RAW models, which represent 3D 
photogrammetry scan output from Capturing Reality Software, 
and which were not retopologized, or were altered. These tend 
to be large (> 50 MB) files with a great level of texture and 
detail, and typically a large (> 1 million) number of vertices. 
For these RAW models, these specimens were photoscanned 
when sitting in a typical “neutral” pose (i.e., a frog sitting in 
a typical “tucked” position, lizards with all four limbs placed 
outwards, and snakes with their bodies spread out) on a 
surface, such as a piece of paper, or a more natural substrate 
(e.g., a leaf or branch). The other kind of model were 3D mesh 
models, which were full body reconstructions of specimens. 
These reconstructions were based on RAW scans, as well as 
photographs and measurements of the original specimen, and 
follow the detailed protocol laid out in Bot and Irschick (2019). 
We briefly explain this procedure below.

For the full-body 3D meshes, we worked with two CG artists 
who reconstructed them using methods outlined in Bot and 
Irschick (2019). The team members work together as part of 
the Digital Life Project (www.digitallife3d.org) and share a set 
of techniques that provide a level of consistency among the 
models. This workflow is briefly summarized here. Our process 
began with using a high-quality 3D scan of the dorsal view 
of the specimen using Capturing Reality Software (https://
www.capturingreality.com/), Meshroom (Alicevision 2018) 

or Colmap (Schönberger and Frahm 2016), and then created 
single 3D models of each individual using Blender software 
(Community 2018). The undersides of the specimens for the 
full-body 3D meshes were created using the original RAW scan 
combined with images taken of the underside of specimens, 
as well as measurements (Fig. 4, Appendix 1). The surface of 
the RAW scans was projected onto a new retopologized base 
mesh to create the majority of the 3D models. We retopologized 
the models manually using Blender. However, the RAW scans 
lacked sufficient data for reconstruction of the ventral surfaces, 
so photo reference of the body underside was used to create the 
surface of the underside. Basic morphometric measurements 
were used to ensure that the photo reference and mesh were to 
the same scale. Once the surface was projected and the ventral 
surface manually reconstructed, any errors in the projection, 
such as surface noise, were sculpted to match the reference 
images of both the ventral and dorsal sides. One advantage 
of the full-body 3D meshes was the overall lower level of 
complexity in the 3D mesh, which reduced file size (Fig. 5). As 
an example of this reduction of size, the RAW scan of Gekko 
gecko had 2.2 million triangles, whereas the full 3D mesh model 
had 7.7 thousand triangles.

The terms “resolution” and “accuracy” within the context 
of 3D photogrammetry and 3D modelling require some 
brief explanation. It is challenging to assess “accuracy” at a 
very fine scale without sophisticated measurement devices. 
Determining accuracy on a larger measurement scale is 
more straightforward, such as comparing whether a digital 
measurement of a limb, for example, is similar to a physical 

Fig. 4. Three images which show how a single 3D model can be re-
constructed from scans and photos taken from individual reptiles. 
The key elements include a 3D scan of the dorsal side of an animal 
(A, Tokay Gecko, Gekko gecko), photocaptured with the ARRAY cam-
era rig, images of the underside of the animal, as well as other more 
obscure areas of the body (B), resulting in the final 3D mesh (C) 
which incorporates both the 3D scan, images, and measurements to 
ensure accuracy.

Fig. 5. Panel A shows mesh topology from a RAW scan of a Tokay 
Gecko (Gekko gecko), whereas Panel B shows the retopologized ver-
sion on the same individual as a full 3D model.
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measurement of a limb. Here, we only refer to “accuracy” in 
this broader sense. A more relevant term is “resolution,” which 
refers to the level of detail that is effectively reconstructed 
by the scanning method. Unlike scanning methods such as 
CT-scanning and laser scanning, 3D photogrammetry does 
not automatically provide a set level of resolution (e.g., 0.1 
mm, 1 mm). Indeed, resolution will vary according to several 
parameters discussed below, but at the high level, with certain 
imaging systems and conditions (and objects), accuracy has 
been reported as high as 0.1 mm by some companies (https://
www.photomodeler.com/kb/factors_affecting_accuracy_in_
photogramm/), but this is rarely achievable for most scientific 
applications, as resolutions of about 1 mm (Tucci et al. 2001; 
González-Vera et al. 2020) are more typical. Quantifying 
level of resolution in any 3D photogrammetry study requires 
significant additional analysis that is beyond the scope of our 
study, but given that we were able to achieve a good depth 
of field due to the large size of the objects (small reptiles and 
amphibians), and because we employed other good practices 
(e.g, cameras on tripods, reasonable megapixel counts (12 MP), 
good lighting), a resolution of around 1 mm is a reasonable 
approximation.

Some of the factors affecting resolution include: 1) camera 
type and megapixel count. In general, cameras with a higher 
megapixel count (e.g., Canon 5DS, 50.6 megapixel) will enable 
higher levels of resolution, assuming basic good practices 
with photography, such as even, plentiful lighting. Similarly, 
higher-quality DSLRs with superior sensors will typically 
enable superior levels of resolution than lower-quality DSLRs 

under similar conditions. 2) Filling the camera frame with 
the image is critical to achieving higher levels of resolution, 
especially in the context of megapixel count. For example, if an 
image of a sea turtle fills up 1/3 of a frame in a camera that 
has a 4K × 3K resolution, then the overall resolution has the 
potential to be dropped by 2/3 or more. 3) Use of a tripod and 
achieving a higher depth of field (such as with higher aperture 
settings) will enable sharper images, which in turn will allow 
photogrammetry software to more effectively reconstruct the 
object. Other considerations in achieving higher levels of 3D 
photogrammetry resolution are discussed in detail elsewhere 
(e.g., Aldridge et al. 2005; Chiari et al. 2008; Falkingham 2012), 
and on various websites (e.g., https://www.photomodeler.
com/kb/factors_affecting_accuracy_in_photogramm/). Our 
process used relatively favorable parameters (12 MP cameras, 
a relatively high depth of field [F8], and relatively large objects 
[i.e., > 10 mm), and this promoted our ability to accurately 
(see definition above) reconstruct the specimens. Prior studies 
have shown that 3D photogrammetry is relatively accurate 
given basic parameters (e.g., avoidance of extreme wide-angle 
lenses, Aldridge et al. 2005; Chiari et al. 2008; Falkingham 2012; 
Postma et al. 2015; Evin et al. 2016; Amado et al. 2019; Bot and 
Irschick 2019), and our results are consistent with these studies. 
No method is “perfectly” accurate, but rather is “relatively” 
accurate compared to other methods. 

Confirming accuracy.—Once the models were complete, 
we confirmed the relative accuracy of the full-body 3D meshes 
by comparing digital measurements of the 3D models taken 
in Blender software to known morphometric distances as 
reported in Appendices 1, 2 and 3. Morphometric measures 
in Appendix 1 were taken on five of the specimens that were 
converted to full-body 3D meshes near the time of modelling 
(Dolichophis jugularis cypriacus, Gekko gecko, G. kuhli, 
Hemidactylus platyurus, and Stellagama stellio cypriaca). These 
measures were taken with standard digital calipers accurate to 
0.1 mm. For comparing on-site calipered measurements (live) 
with digital measurements from 3D models (digital) we used 
Blender software. We used linear least-squares regression to 
compare digital and live morphometric measurements.

Results

Links to each of the five full-body 3D models and the six 
RAW scan models are provided in Table 1. All models are freely 
accessible and open to be downloaded through a creative 
common (CC) attribution non-commercial license. The “live” 
and “digital” measures were strongly correlated (F1,107 = 26; 
R-squared = 0.99, Y-intercept = -0.66 ± 0.27, Slope = 1.00 ± 0.006, 
P < 0.001). The estimated slope of 1.00 was not significantly 
different from an expected slope of 1.0 (if the measures were 
perfectly correlated, t-value = 0.17, df = 1, P > 0.50), which 
indicates that the 3D models were accurate representations of 
the basic shape of the living animal.

discussion

We have described devices and methods for effectively 
creating accurate 3D models of small live reptile and amphibian 
species, both in the field and the laboratory. These devices and 
methods can be used by field and laboratory biologists to gain 
valuable shape and taxonomic information on field or captive 
specimens. Further, as noted by others (Chiari et al. 2008; 

Fig. 6. Panel A shows a full-color 3D model of a Marine Toad (Rhinella 
marina) photo-captured with a single Canon Mark III camera with a 
100 mm lens. The toad was still when a series of photographs were 
taken. Panel B shows a 3D model of a Wolf Snake (Lycodon capucinus) 
photo-captured on a piece of wood using the MACRO camera rig.
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Amado et al. 2019), 3D photogrammetry can be used to explore 
organismal shape in a wide range of preserved specimens, and 
for a variety of ecological and evolutionary purposes.

The increasingly widespread use of 3D data has provided 
scientists with a range of new tools that are changing how 
specimens are accessed, and while this approach is widely 
used in biology (e.g., Laforsch et al. 2012; Miller et al. 2012; 
Fish and Lauder 2017), the practice of 3D photocapture of 
living animals, and the value of such 3D models, has been 
less widely examined. Of course, our approach here raises the 
question of how these 3D models of living animals can be used 
in scientific applications, and how future studies can build on 
this framework. Prior studies have used 3D photogrammetry 
and modelling approaches to examine a range of questions 
in biology, ranging from body condition (Christiansen et al. 
2019), linking body shape to climatic variables (Amado et al. 
2019), to assessments of morphometric shape (Chiari et al. 
2008). All these approaches remain valid for the models created 
using our techniques, but our focus on photocapture of living 
animals presents several additional possibilities. Especially for 
situations in which the original specimen cannot be euthanized 
and deposited in a natural history collection, our method may 
still enable species identification, which typically requires 
close examination of external landmarks (e.g., scales, color, 
morphometric variables), although genetic data represent 
an additional valuable source of information (Bickford et al. 
2007). Indeed, our 3D modelling approach can also showcase 
specimens in more photogenic surroundings, such as on a leaf 
or piece of bark (Fig. 6; for link to the wolf snake model on bark, 
see https://skfb.ly/6sFpx). Given the trend of countries towards 
reducing access to collection and export of vertebrates, other 
means of species identification (e.g., photos, 3D models) might 
prove valuable in such cases.

Identifying reptile and amphibian species is multi-
faceted, but as an example, Watters et al. (2016) outlined key 
morphometric variables that are used to identify anuran 
species in the field. As a basic proof of concept, we were able 
to measure 15 of 16 of these traits on the Polypedates frog 
model (e.g., eye diameter, tympanum diameter, head width, 
eye–nostril distance). Only one variable (snout–vent length) 
could not be measured because the ventral side was hidden. 
That certain features were hidden during the scanning process 
highlights one weakness of this approach, although the fact that 
we were able to measure over 90% of typical species-identifying 
metrics suggests that these models might be used to identify 
most species, although more data are needed to confirm this. 
Conversion of the original raw 3D scans into full-body 3D 
meshes, such as shown here for Dolichophis jugularis cypriacus, 
Gekko gecko, or Stellagama stellio cypriaca offers a potential 
remedy to this issue, but as noted below, conversion to these 
full-body models is currently a time-consuming process, and 
using the raw 3D scans taken from a dorsal view is currently 
the most feasible method to scan large numbers of individuals. 
Furthermore, for reptile species, aspects such as scale counts 
in different regions represent critical information for species 
identification, and any full-body reconstruction would have to 
ensure that the integrity of scale characteristics is maintained. 
As a second use, as demonstrated recently by Christiansen 
et al. (2019), creation of 3D models of whales can be used to 
estimate body mass and hence body condition, which provides 
a valuable window into animal health. Similarly, our 3D models 
can be used to study volumetrics and body condition, and 

then (as shown by Amado et al. 2019), related to a range of 
environmental variables. While measurements of body mass 
are typically easily gathered in the field, gathering volumetric 
data, or surface area data, is far more challenging, yet with basic 
measurement tools in open-access software such as Blender, 
areas and volumes are easily measured with 3D models.

A third use for our 3D models is for education and outreach 
regarding body shapes and colors of reptiles and amphibians. 
Over the past several years, integrating outreach into research 
programs (Ecklund et al. 2012) has become an important 
goal for natural history collections and scientists. These 3D 
models can be placed online, such as either more scientifically 
oriented (e.g., morphosource.org) or commercial public 3D 
databases (e.g., sketchfab.com), and shared widely. Most 3D 
viewing systems allow users on different platforms (e.g, cell 
phones, desktops, laptops) to manipulate, zoom in, share, 
and download 3D models. For example within the Digital Life 
Projects Sketchfab site (https://sketchfab.com/DigitalLife3D/
models), five 3D sea turtle models created in a similar manner 
as the reptiles and amphibians described here (Irschick et al. 
2020b) have been viewed over 80,000 times, and downloaded 
over 8000 times. In this manner, these 3D models also represent 
a valuable complement to typical vouchered specimens by 
providing another form of sharing data (e.g., Florida Museum 
of Natural History, https://sketchfab.com/ufherps). Further, 
given the growing usage of virtual and augmented reality 
applications (Pantelidis 2010), both at the K–12 level, and 
college, these 3D models provide opportunities to showcase 
the body shape, color, and natural history of reptiles and 
amphibians in a new way.

However, despite the promise of this approach, there 
remain several technical hurdles that need to be overcome 
before this system can be more widely adopted. First, for use in 
remote regions, our custom-made device is not an insignificant 
effort to transport and use. Second, 3D photogrammetry is 
not always effective for reconstruction of every specimen in 
every situation. For example, amphibians with extremely shiny 
skin are more challenging for photogrammetry software to 
reconstruct, as animals with matte-colored skin textures fare 
much better in the reconstruction process. As discussed in 
some detail by Bot and Irschick (2019), there are a number of 
methods to effectively reconstruct skin textures from original 
photographs, but such processes can be time-consuming, and 
are not generally amenable to a high-throughput workflow. 
Other considerations include the fact that not all reptiles 
and amphibians will stay still for the several seconds needed 
to photo-capture them, or they may be too elongated (e.g., 
snakes) to effectively view in a small space. Nevertheless, as 
with all new technologies and methods, there is always room 
for additional development and growth over time.
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aPPendiX 1

Morphometric measurements taken on several of the species 
sampled to test for accuracy of the 3D models. 

Gekko gecko, G. kuhli, Hemidactylus platyurus, Stellagama 
stellio cypriaca: total length (distance between tip of nose to tip 
of tail); snout–vent length (distance between tip of nose to cloaca 
from the ventral side); body length (distance between cloaca to 
insertion of head into the shoulder); Forelimb to hindlimb distance 
(distance between the primary fore-limb joint to the primary hind 
limb joint when both limbs are held in a natural posture); head 
length (distance between insertion of the head and tip of nose); 
head width (greatest width of the head as measured close to the 

ear); head depth (greatest depth of the head, as typically measured 
in front of the ear); body width (width of the body from side to 
side as taken at the mid-point of the body); pelvic width (distance 
between the insertion of each limb at the pelvis); tail width 
(maximum width of the tail as measured from side to side, typically 
measured near the cloaca); pelvic height (maximum height of the 
pelvis, typically measured in front of the cloaca); Humerus length 
(an estimated length of the humerus, taken from insertion of the 
limb into the body to the elbow joint); Ulna length (an estimated 
length of the ulna, taken from primary elbow joint to insertion of 
toes); Forefoot length (an estimate of metacarpal length on the 
forefoot, taken from tip of longest toe to insertion of toe into foot); 
Femur length (an estimate of femur length, taken from insertion 
of the limb into the body and the knee joint); Tibia length (an 
estimate of tibia length, taken from knee joint to insertion of limb 
into body); Hindfoot (an estimate of the metacarpal length on the 
hindfoot, taken from the edge of the heel to the tip of the longest 
toe). Dolichophis jugularis: tail length (distance between tip of 
tail and cloaca); total length (distance between tip of tail and tip 
of nose); head width (same measure as above); head length (same 
measure as above); head length (same measure as above); head 
depth (same measure as above), circumference every 10 cm from 
tip of nose to tip of tail (18 measurements); body depth (distance 
from dorsal to ventral side of body) taken every 10 cm from tip of 
nose to tip of tail (18 measurements).

aPPendiX 2 

Morphometric data for the four lizard species. Values in cm.

 Gekko gecko Gekko kuhli Hemidactylus platyurus Stellagama stellio cypriaca

Total length 265.0 165.0 92.0 19.4

Snout–vent length 144.0 85.0 53.0 10.7

Body length 86.0 75.0 36.0 6.8

Forelimb to hindlimb distance 73.0 49.0 24.5 4.2

Head length 54.0 38.0 14.5 2.7

Head width 37.0 22.0 11.0 2.8

Head depth 29.0 10.0 7.0 1.8

Body width 43.0 21.0 12.5 3.0

Pelvic width 18.0 10.1 8.5 1.8

Tail width 15.0 17.0 6.5 1.7

Pelvic height 20.0 8.5 4.5 1.4

Humerus Length 27.0 10.5 7.0 1.9

Ulna Length 26.0 9.0 8.5 2.3

Forefoot Length 17.0 11.0 6.5 1.6

Femur Length 24.0 18.0 9.5 2.3

Tibia Length 29.0 14.5 9.0 3.0

Hindfoot Length 26.0 14.0 8.0 3.1
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aPPendiX 3 

Morphometric data from the snake specimen Dolichophis jugularis. Val-
ues in cm

 Variable Dolichophis jugularis

 Tail length 43.0

 Total length 189.0

 Head width 1.6

 Head length - 1 1.7

 Head length - 2 3.1

 Head depth 1.5

 Circumference 10 cm 5.2

 Circumference 20 cm 6.7

 Circumference 30 cm 7.6

 Circumference 40 cm 7.7

 Circumference 50 cm 7.7

 Circumference 60 cm 8.1

 Circumference 70 cm 8.7

 Circumference 80 cm 8.2

 Circumference 90 cm 7.5

 Circumference 100 cm 7.0

 Circumference 110 cm 6.8

 Circumference 120 cm 6.8

 Circumference 130 cm 6.8

 Circumference 140 cm 6.2

 Circumference 150 cm 4.8

 Circumference 160 cm 4.0

 Circumference 170 cm 3.2

 Circumference 180 cm 2.1

 Depth 10 cm 1.9

 Depth 20 cm 2.4

 Depth 30 cm 2.7

 Depth 40 cm 3.1

 Depth 50 cm 3.3

 Depth 60 cm 3.2

 Depth 70 cm 3.2

 Depth 80 cm 3.1

 Depth 90 cm 2.8

 Depth 100 cm 2.8

 Depth 110 cm 2.5

 Depth 120 cm 2.5

 Depth 130 cm 2.5

 Depth 140 cm 2.2

 Depth 150 cm 1.6

 Depth 160 cm 1.4

 Depth 170 cm 1.0

 Depth 180 cm 0.6


