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Creating 3D Models of Several Sea Turtle Species  
as Digital Voucher Specimens

Sea turtles are important residents in marine ecosystems 
and have been extensively studied by ecologists, conservation 
biologists, and others in terms of their life-history, ecology, 
behavior, anatomy, and conservation status (Carr and Ogren 
1960; Lutz and Musick 1996; Wyneken 2001; Hays et al. 2010a, 
b; Mansfield et al. 2014). Over the past few decades, attention 
towards conservation of all sea turtle species has increased, 
especially given that climate change, fisheries, the wildlife 
trade, and habitat degradation have all negatively affected 
populations, with several species (e.g., Hawksbill, Eastern 
Pacific Leatherback, and Kemp’s Ridley) becoming critically 
endangered (Frazer 1992; Seney and Landry 2008; Hays et al. 
2010a; Fuentes and Porter 2013; Lutcavage 2017, TLO Network 
2020). However, there remains a great deal that we don’t know 

about the ecology, life-history, and locomotor patterns of various 
sea turtle species, despite over 50+ years of intensive studies, 
and there is a continuous need for novel tools and technologies 
that will inform us about these species (Lutz and Musick 1996; 
Wyneken 2001; Mansfield et al. 2014). 

Their size, protected status, and the challenges associated 
with preservation have resulted in few high-quality preserved 
specimens of sea turtles (particularly of subadults or adults) 
present in museums or other natural history collections. This 
limitation has prevented construction of usable 3D models of 
sea turtles. 3D modelling from live animals can result in more 
realistic models that are more useful to scientists to investigate 
a wide range of questions regarding locomotion, body shape, 
bioenergetics, and others (e.g., Brody 1968; Gillooly et al. 2001; 
Alexander 2005; Brose 2010; Miller et al. 2012; Dudley et al. 2014; 
Evin et al. 2016; Dawson et al. 2017; Christiansen et al. 2019) and 
for educational tools. Prior authors (e.g., Miller et al. 2012; Fish and 
Lauder 2017) have shown how 3D modelling, flow-tank research, 
and computational fluid dynamics have been instrumental in 
understanding the (possible) adaptive value of form of various 
body parts of marine species. For example, Miklosovic et al. 
(2004) used wind-tunnel experiments to investigate the role of 
the tubercles of Humpback Whales (Megaptera novaeangliae) for 
swimming behavior and energetics. Thus, creation of 3D models 
of different sea turtle species may open the door towards similar 
uses.

Our goal in this paper was to create 3D models for several sea 
turtle species through using a novel and portable 3D multicamera 
rig that allowed us to create photogrammetric models, both in the 
field, and in captivity. We combined these 3D photogrammetry 
models with 3D modelling techniques (outlined in Bot and 
Irschick 2019) to create 3D meshes for scientific applications. As 
a secondary goal, we also created colored, animated 3D models 
for educational purposes. 

 
Methods

Specimens.—Given the rarity of live sea turtle specimens for 
some species (e.g., Hawksbill), our sampling was opportunistic, 
and depended in large part on availability through key partners, 
either in rehabilitation centers (Green, Kemp’s Ridley, and 
Hawksbill sea turtles), or in the field (Loggerhead and Flatback 
sea turtles). Hence, we were not always able to access adults, 
and our sample included a single individual for each of the five 
species: Hawksbill Sea Turtle (Eretmochelys imbricata, hatchling, 
sex unknown), Kemp’s Ridley Sea Turtle (Lepidochelys kempii, 
subadult, sex unknown), Green Sea Turtle (Chelonia mydas, 
subadult, sex unknown), Flatback Sea Turtle (Natator depressus, 
adult female), Loggerhead Sea Turtle (Caretta caretta, adult 
female). Table 1 provides information on the five sea turtles, 
localities where they were collected, and other information. 
Dates for sampling were: Eretmochelys imbricata (March 2018), 
Chelonia mydas (June 2017), Lepidochelys kempii (April 2018), 
Natator depressus (November 2017), and Caretta caretta (June 
2017). The Green Sea Turtle had a missing flipper and scarring 
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on the carapace, most likely from a shark bite, as this animal was 
originally found injured in the wild (see https://marinelife.org/
turtles/scallywag/). 

Morphometrics.—As per Wyneken (2001), our measures in-
cluded: CCLmin (minimum curved carapace length), CCLmax 
(maximum curved carapace length), SCLmin (Minimum 
straightline carapace length), SCLn-t (maximum straightline car-
apace length), CCW (curved carapace width), SCW (straightline 
carapace width), HW (head width), SPL (plastron length), Tail 
length (length of tail). Straight-line (SCL) measurements were 
taken with large tree calipers (Haglof Aluminum Calipers, Haglof 

Inc., Madison, Mississippi, USA) to the nearest 0.1 cm, and 
curved-line (CCL) measurements with a flexible, nonstretching 
tape measure to the nearest 0.1 cm. Several morphometric mea-
sures were taken on each of the sea turtles, which are (per spe-
cies): Caretta caretta (Head width, SCLmax, CCLmin, CCW, SCW, 
SPL, Tail length); Chelonia mydas (SCLmin, SCW, CCLmax, CCL-
min, CCW); Eretmochelys imbricata (SCW, HW, SPL, CCLmax, 
CCLmin, CCW), Lepidochelys kempii (SCLmin, SCLmax, SCW, 
CCLmax, CCLmin, CCW), Natator depressus (CCLmin, CCW). 

3D photogrammetry methods.—We used a multi-camera 
system to create 3D photogrammetry models which we used as 

Fig. 1. A) A multi-camera setup for 3D photogrammetry of a live sea turtle. Note that this system allows photog-
raphy of the sea turtle without touching the animal (B). A scale bar can be included in the scene, which allows 
for calibration of the 3D model.
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the foundation for our modelling process. This system allows 
a non-invasive method of 3D photocapture of sea turtles, and 
can be done, for example, when research staff are actively 
working on the turtle for other reasons. We used variants of the 
system shown in Fig. 1, which consists of a series of poles with a 

metal base attached at the bottom. Custom 3D-printed plastic 
mounting pieces placed over the poles provided standardized 
attachment points for cameras. This system enables several 
cameras to be placed on a single pole. Each pole was 61.3 cm 
tall. The added arm resulted in an overall height of 119.4 cm, and 
on some poles, we added an additional attachment and camera 
to provide additional coverage above the turtle. The spacing 
of the tripod system and the orientation of the cameras were 
adjusted as needed based on the size of the turtle. This system 
was effective for holding 20–30 cameras per photo shoot, so that 
many simultaneous images were collected per turtle model. We 
captured dorsal views and ventral views of each turtle which 
allowed us to create separate 3D models for dorsal and ventral 
sides for each specimen. 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 cameras simultaneously. Based on the size of the 
turtle, we varied the focal lengths of the cameras, which were 
adjustable. In general, we used an aperture setting of F8 (the 
maximum setting for this camera) to promote an adequate 
depth of field, and used an ISO between 250 and 400, depending 
on lighting conditions. Shutter speeds varied between 1/60 s and 
1/125 s, again based on lighting conditions. We used ambient 
lighting for Chelona mydas, Eretmochelys imbricata, and Caretta 
caretta), and LED lighting for the other two species (Natator 
depressus, Lepidochelys kempii).

 We worked with a team of Computer Graphics (CG) artists 
who each individually reconstructed the sea turtle meshes and 
ultimately also the textures, colors, and motions using methods 
outlined in Bot and Irschick (2019). The team members are part 
of the Digital Life Project (www.digitallife3d.org) and share a set 
of techniques that provide a level of consistency among the sea 
turtle models (see Bot and Irschick 2019). 

We discuss the concepts of “resolution” and “accuracy” in 
more detail in another paper (Irschick et al. 2020a), but in brief, 
without certain scientific tools, it is challenging to quantify 
accuracy at a small scale (e.g., < 1 mm). Instead, we focus on 
measuring accuracy on a broader scale (e.g., comparing the 
length of a digital shell to an actual shell). 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; Ferreira et al. 2019; Bot and Irschick 
2019; Amado et al. 2019). Our results are consistent with these 
studies (see Results). Of course, we note that there is no method 
that is “100% accurate,” as accuracy is somewhat of a relative 
term. Based on other studies (Tucci et al. 2001; González-Vera et 
al. 2020), the likely level of resolution in our study is about 1 mm, 
which is typical of higher-quality 3D photogrammetry studies 
that employ good practices such as reasonably higher-megapixel 
cameras, tripods, and good lighting.

3D model reconstruction.—More exact details on our 
3D reconstruction method are provided in Bot and Irschick 
(2019), and we provide a brief overview of our methods here. 
In general, our system allowed the photographers to act as 
passive observers as approved researchers or veterinary staff 
(Merigo, Manire, Fossette, Whiting, Gleiss, and Bresette, see also 
Acknowledgments) who worked with the sea turtle. Our system 
allowed us to capture photographs of the sea turtle from multiple 
points of view without the primary photographers (Irschick, 
Brooks, Christine Shepard) touching the turtle. Further, the 

Fig. 2. Different depictions of one of our typical 3D models (Chelonia 
mydas), including the UV map (A), normal map (B), vertex normal 
(C), and the final render (D).
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researchers and veterinary staff could work with the sea turtle 
when our system surrounded them. We opportunistically 
captured 3D photosets of the sea turtles from different points of 
view, but the dorsal view as shown in Fig. 1 was the foundation 
for our models, with additional photosets taken to reconstruct 
the underside as needed. We used a known distance on the 
ground, such as a ruler, as our method of calibration. We also 
gathered additional photos of all body parts (carapace, plastron, 
limbs, head) using either a handheld CANON T6i camera with 
a 50mm lens, or a Canon G16 camera. For each turtle, we 
were able to reconstruct at least one, typically two to three 3D 
photogrammetry models and we were able to reconstruct the 
dorsal and ventral sides by using landmarks on the body. 

The 3D photogrammetry models were created using 
Capturing Reality Software, Meshroom, or Colmap, and we 
then created single 3D models of each turtle using Blender. 
Using lattices and armatures (see https://docs.blender.org/
manual/en/latest/animation/armatures/index.html for a more 
detailed explanation) in Blender, we morphed and straightened 
the scans together to match (Fig. 2A). This method resulted in 
a roughly complete body shape, which we overlaid onto the 
base mesh 3D model (Fig. 2B). The base mesh was created by 
retopologizing the 3D photogrammetry scans and joining and 
editing them until they formed a complete 3D mesh. We then 
overlaid morphometric measurements of the sea turtles, and the 
3D model was scaled to fit. After creation of the meshes for each 
individual, we created a textured and animated version of each 
live sea turtle in Blender for use in educational outreach (Fig. 2C, 
D). We based the coloration on photographic data and texture 

data captured in the photogrammetry scan, and in individual 
photographs. We based the animation on video reference of sea 
turtles swimming and feedback from project contributors. We 
confirmed the accuracy of the 3D models by comparing digital 
measurements of the 3D models taken in the Blender software to 
known morphometric distances (see list above for morphometric 
variables). We did this through calculating a linear least-squares 
regression between the actual measurements (taken on the live 
individuals) and the digital measurements (taken on the digital 
3D models). If the two sets of measures were perfectly correlated, 
then the regression should have a slope of 1.0, and we compared 
the actual slope to this expected slope using a t-test.

Results

The dimensions of the five models are summarized in Table 
2, and links to the 3D meshes (Fig. 3) are: Natator depressus 
(https://skfb.ly/6R7JK); Lepidochelys kempii (https://skfb.
ly/6R7JM); Chelonia mydas (https://skfb.ly/6R7JJ); Eretmochelys 
imbricata (https://skfb.ly/6R7JN); Caretta caretta (https://skfb.
ly/6QStY). The calculated volumes for each sea turtle were: 
Natator depressus (0.1030 m3), Lepidochelys kempii (0.0654 m3); 
Chelonia mydas (0.0177 m3); Eretmochelys imbricata (0.0002 m3); 
Caretta caretta (0.0410 m3). The “live” and “digital” measures were 
strongly correlated (Fig. 4, F1,24 = 4305.2; R2 = 0.99, Y-intercept = 
-0.52 ± 0.691, Slope = 1.03 ± 0.015, P < 0.001). The estimated slope 
of 1.03 was not significantly different from an expected slope of 
1.0 (t-value = 2, df = 1, P > 0.25). The estimated volumes and body 
masses were also strongly correlated among species (F1,2 = 440.5; 

table 1.  Basic information on the five sea turtle species/individuals measured in this study.

Common name Species Locality Mass (g) ID

Hawksbill Sea Turtle Eretmochelys imbricata Loggerhead MarineLife Center, Florida, USA 220 Ei1801

Green Sea Turtle Chelonia mydas Loggerhead MarineLife Center, Florida, USA 14,240 CM1648

Loggerhead Sea Turtle Caretta caretta Florida, USA 37,000 982.000406129037

Kemp’s Ridley Sea Turtle Lepidochelys kempii New England Aquarium, Boston, USA 2,850 132

Flatback Sea Turtle Natator depressus Thevenard Island, Australia N/A 900119000520197

Fig. 3. 3D meshes of the five species of sea turtle, namely (A) Lepidochelys kempii, (B) Chelonia mydas, (C) Eretmochelys imbricata, 
(D) Natator depressus , and (E) Caretta caretta.
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R2 = 0.99, Y-intercept = 691.7 ± 1203.3, slope = 1.10 ± 0.05, P < 
0.05). The slope of 1.10 was also not significantly different from 
the expected slope of 1.0 (t-value = 2, P > 0.25), which is another 
indication of the overall accuracy of the models, although the low 
sample size (N = 5) suggests that this regression should be viewed 
with caution. The colored, animated 3D models (Fig. 5) for the 
educational/outreach audiences are: Natator depressus (https://
skfb.ly/6UuBT); Lepidochelys kempii (https://skfb.ly/6AsYZ); 
Chelonia mydas (https://skfb.ly/6QXQY); Eretmochelys 
imbricata (https://skfb.ly/6QTKp); Caretta caretta (https://
skfb.ly/6QStY). As noted above, these models are designed for 
educational outreach more than for scientific applications. Of 
these five 3D models, only Natator depressus was not animated, 
due to lack of funding for the CG artists.

discussion

In this paper, we described our methods for creating 3D 
models of sea turtles of five different species (Eretmochelys 
imbricata, Caretta caretta, Lepidochelys kempii, Chelonia mydas, 
and Natator depressus). We confirmed the accuracy of the 3D 
meshes by comparing measurements on our digital models to 
those taken on live individuals, although we note that we did not 
include measurements on the limbs. However, given that our 3D 
modelling process relied on 3D photogrammetry reconstruction 
of the limbs in a similar manner as the carapace and the head, 
we believe the accuracy would extend to the limbs as well. 
In addition to creating 3D meshes, we also created colored, 
animated versions of the models for outreach and education. 
While we make no scientific claim about the accuracy of these 
colored, animated models, given that they are based on the 
3D meshes, they represent an important step forward in more 
scientific educational representation for sea turtles.

 As with many animals, sea turtle species are known for 
notable variation within species, such as morphological changes 
across ontogeny, sexes, and across different geographical 
areas (Wyneken 2001; Salmon et al. 2015). There exist known 
geographical differences among populations in aspects such 
as shell color and diet (Hirth 1971; Balazs 1986), although more 
data are needed to quantify these differences, among others. 
Indeed, changes in shell morphology are likely to be complex 
and not easily quantified using standard linear morphometrics. 
In this vein, our 3D modelling approach offers an opportunity 

to investigate these questions, as the models can be examined 
using a range of shape techniques, such as 3D elliptical fourier 
analysis, volumetrics, or other measures (e.g., Shen et al. 2009; 
Fu et al. 2016). Clearly, gathering a wider range of 3D models of 
sea turtles across sexes, age groups and geographic areas would 
be desirable.

A central axiom of ecomorphology is that form follows 
function, which in turn is often linked to variation in habitat 
use among species (Miles and Ricklefs 1984; Wainwright 1994; 
Irschick et al. 1997; Irschick and Higham 2016). While studying 
function in live adult sea turtles is challenging, these 3D models 
offer an opportunity to quantify some aspects of function using 
computational fluid dynamics, or flow-tank studies to examine 
swimming energetics and performance (e.g., Miklosovic et al. 
2004; Miller et al. 2012; Fish and Lauder 2017). As an example, the 
sea turtles sampled here vary in their habitat use and locomotor 
habits. For example, Green Sea Turtles are open-ocean travelers 
during major parts of their lives, whereas Hawksbill Sea Turtles 
move to, and stay, on coral reefs beginning at relatively young 
ages. One would therefore expect correlated differences in 
body form and function that would be consistent with such 
differences in locomotor habits, and our 3D models offer one 
avenue to study that. Similarly, sea turtles vary in habitat use and 
locomotor behavior across ontogeny, which may also impact 
body shape. For example, whereas hatchling Chelonia mydas 
from the Northwestern Atlantic are thought to be dispersed by 
powerful currents such as the Gulf Stream, or perhaps become 
resident in more low flow areas like the Sargasso Sea, juvenile 
and subadult Green Sea Turtles typically occupy tidal creeks or 
shallow bays along the US and Central American coastline and 
in areas such as The Bahamas (e.g., Eguchi et al. 2012). When 
individuals develop into mature adults, they may migrate from 
feeding grounds to distant rookeries, across open oceanic waters 
(Carr and Ogren 1960; Pritchard 1973; Mortimer and Carr 1987; 
Arthur et al. 2008). These ontogenetic shape transformations 
could be reflected in the shape of the shell, limbs, and head, all 
of which could be quantified using 3D models such as we have 
created here, although our sample does not include a variety of 
age classes.

For long-term demographic studies with rare animals that 
are seldom recaptured, such as sea turtles, sharks, or other 
marine megafauna, one of the primary challenges is keeping 
track of individuals by using photos, video, or other similar 
methods. While the methods outlined here are not yet ready for 
processing large numbers of individuals, they offer the potential 
for scientists to possess digital specimens of known animals in 
studies where individuals are followed across long periods of 

Fig. 4. Basic relationship between measurements taken on live animals 
(X-axis) and those taken on the digital models for the same variables 
(see text for list of variables).

table 2.  Basic metrics of 3D model composition for each of the five 
sea turtle individuals. The Quads refers to the resolution in terms of 
the total number of squares in the 3D mesh, whereas the Total Tri-
angles refers to the total number of vertices in the 3D model.

Species Quads Total Triangles File size
 (k) (k) (mb)

Eretmochelys imbricata 3.8 7.9 86

Chelonia mydas 3.4 7.6 7

Caretta caretta 25.5 50.3 46

Lepidochelys kempii 13.8 27.8 40

Natator depressus 17.3 34.7 27
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time. The value of this approach would be to enable scientists 
to track changes in body condition, shape, and scarring, for 
example. However, more research and data collection are 
needed before both 3D collection methods in the field, as well as 
3D reconstruction methods, thereafter, can be applied en masse. 
While 3D photogrammetry models can be relatively quickly and 
cheaply constructed (Chiari et al. 2008; Amado et al. 2019) for 
simple shapes (e.g., bird eggs), creating complete models that 
have key parameters of completeness, consistency, and having 
a small (e.g., less than 100 MB) file size, can be time-consuming 
(Bot and Irschick 2019). For more complex species such as sea 
turtles, the time commitment towards creating complete digital 
specimens is not insubstantial, and ideally with more research 
in machine learning and 3D reconstruction techniques, it will be 
possible to lower this barrier.

Conservation of threatened species is driven in part by the 
exchange of knowledge and communication coupled with 
engaging and creative methods of transferring information. The 
creation of, colored, animated models has opened countless 
opportunities for stakeholders and end-users to use and modify 
these products to enhance conservation and educational 
messaging opportunities. Some examples include the creation 
of realistic physical models in museums and zoos, and digital 
models on webpages, information sheets, school curriculum, 
and in growing areas such as virtual and augmented reality 
(Pantelidis 2010).
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