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Abstract— In marine wildlife research, morphometric 
(shape, form, and measurement) analysis continues to facilitate 
an increased understanding of species ontogeny. When 
collecting morphometrics from deceased subjects, numerous 
factors can determine performance; for example, environmental 
conditions and the availability of expertise. Generating a three-
dimensional reconstruction of a subject through 3D 
photogrammetry (from which morphometrics are collected 
digitally) may alleviate some of these. This study aims to begin 
investigating such a prospect by first quantifying the accuracy 
of morphometrics collected using this method. Furthermore, it 
investigates whether a pre-existing knowledge of morphometric 
collection contributes to this accuracy.   
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I. INTRODUCTION 
Morphometry (the quantitative measurement of the form, 

in particular relation to living organisms) has proven highly 
effective within evolutionary sciences. The study of an 
organism’s shapes, their sizes and relationships can reveal 
aspects of ontogeny on both an individual and species-wide 
basis, such as in a 2003 study which demonstrated a direct 
correlation between gray matter volume in the human brain 
(measured through voxel-based morphometry) and an 
individual’s IQ [1]. 

In wildlife research, morphometrics have been employed 
in many methods of analysis [2]. In the case of species that are 
rare, large or pose a threat to humans (such as apex predators), 
morphometrics are often collected from corpses during 
necropsy. But even these instances are not without 
obstructions. Availability of the relevant expertise and 
logistics, or changes in the surrounding environment (such as 
weather and lighting) can complicate this process. 

Digital reconstruction using 3D photogrammetry may 
provide a solution. This method of digitization has seen 
steadily increasing application across several sectors 
including the videogame and film industries [3]. Such 
popularity is attributed to the speed and ease with which the 
process can generate highly detailed, accurately sized digital 
reconstructions of real-world subjects that users can interact 
with in real-time. Theoretically, individuals could take 
photographs of a subject, reconstruct it and collect the 
required morphometrics digitally. This would enable faster, 
safer, more adaptable data collection and facilitate a broader 
range of data types than current methods. 

The availability of low-cost consumer hardware and open-
source photogrammetry software also broadens the 
demographic of prospective data collectors. When the 
availability of a deceased animal is subject to a short time 
period, members of the general public could employ 
photogrammetry to collect the required data themselves, 
rather than risk losing it while waiting for qualified specialists. 
However, the viability of this approach is ultimately subject to 
the accuracy of the data collected. 

The fundamental goal of this project is, therefore, to 
quantify the accuracy of morphometrics captured from a 
digital reconstruction of an animal generated with 3D 
photogrammetry. Whilst doing so, its secondary aim is to 
establish whether a pre-existing knowledge of morphometric 
collection is a contributing factor to this accuracy. 

Initially, a review of current literature pertaining to the use 
of photogrammetry in both measurement collection and 3D 
digital reconstruction was required; culminating in a short 
investigation into the considerations and issues surrounding 
citizen science. The latter is an important factor in 
contextualising the potential audience size for our proposed 
method of morphometric collection. This literature review 
forms the framework of an experiment that can be easily 
undertaken by participants organised by their knowledge of 
the subject matter. The collected data is then analysed, 
highlighting any trends and investigating what may have 
caused them. The project concludes with a summary of our 
analysis and potential directions future research could pursue, 
while reflecting on improvements that could be made to the 
study itself. 

Based on previous experience, we did not expect the 
average margin of error to exceed 5CM across all 
morphometrics and users. We also hypothesised that although 
participants with a scientific background would achieve a 
higher average level of accuracy overall (due to pre-existing 
experience), the average accuracy of those without this 
background would fall within the same range if they were 
working from the same set of instructional materials. 

II. LITERATURE REVIEW 

A. Morphometric collection in Marine Science 
Our review began by focusing on approaches to 

morphometric collection for marine research. Specifically, the 
processes used and why. It was felt understand such methods 
and their purposes would help guide the research design, 
ensuring it is relevant and consistent with modern practices. 
Morphometrics are key to various research interests, such as 



the establishment of species biomass and other topics which 
may contribute to future studies and/or the development of 
conservation management procedures [4]. While the data 
itself tends to be simple in its presentation (a list of labels and 
values), the same cannot always be said for its collection. For 
example, species that pose a threat to human life must be 
approached with the utmost care and with minimal disruption 
to their behaviour. 

In an evaluation of underwater biopsy probe collection 
from bull sharks [5], the use of laser photogrammetry in 
measuring an animal’s body is demonstrated. By fixing two 
lasers parallel to each other at a known distance, the points 
projected onto the shark enabled the calculation of its body 
length. So long as the animal is swimming in a straight line 
(therefore minimising deformations to their body shape) many 
morphometrics can be calculated from a single photograph. 
This was explored in greater detail by a team who built on 
similar principles to collect data including size, sex and 
maturity [6]. In their conclusion, they reflect positively on the 
potential of photogrammetry in yielding information about 
species life histories in addition to the individual’s total length. 
Both these studies showcase the importance of morphometrics 
and the benefits of photogrammetry as a safe, non-destructive 
approach to their collection. In reviewing their work, it was 
interesting to recognise how easily their methods could be 
replicated digitally. Most 3D software packages support real-
world units and include measuring tools of their own, meaning 
a digital version could be created with relative ease. However, 
both these studies featured free swimming animals. Digital 
reconstruction via 3D photogrammetry requires the subject to 
be static, otherwise reconstruction software is incapable of 
matching pixels across collected photographs [7]. This led us 
to investigate principles and practices surrounding deceased 
subjects, from which suitable photographs could be taken. 

Policies regarding data collection from and disposal of 
wildlife carcasses vary across countries. We focused on South 
Africa, since we have partners there who could supply sample 
data. Here, necropsies are performed by scientists for reasons 
including the study of deadly diseases that could impact 
population dynamics, but are difficult to identify in living 
specimens [8]. In the context of marine wildlife, swift disposal 
of a carcass is imperative in environments subject to consistent 
public activity [9]. This means that there is a short time period 
for which the subject will be available to have data (such as 
species) collected, in accordance with Governmental policy 
[10]. While aspects of the process and data types vary between 
regions, it has become best practice among many in the marine 
research community to collect morphometrics of deceased 
animals prior to their disposal.  Although this process is an 
important one to undertake, success can vary depending on 
numerous factors, such as the size of the animal and 
environmental considerations which may affect how (and 
even, if) data can be [11]. These issues would be alleviated if 
a digital reconstruction of the subject as possible, with 
morphometrics being collected later. 

B. Accuracy of 3D photogrammetry 
3D scanners are a popular tool for digitising real-world 

objects, in some cases even exceeding the accuracy range 
advertised by manufacturers [12]. A significant drawback of 
Structured Light and Terrestrial Laser Scanners are their cost, 
technical and user proficiency requirements. Our own 
experience with 3D scanners includes handheld and tripod-
mounted devices, each with their own limitations and 

environmental considerations. The relative accessibility of 3D 
photogrammetry (for which data can be collected with a 
camera phone) and advances in reconstruction software have 
resulted in it reaching ever more comparable results, while 
also being accessible to a wider audience. A comparative 
study performed using a wolf crania [13] revealed 
photogrammetry was within an average range of 0.088mm of 
the laser scanned data, with a standard deviation of 0.53mm. 
Such instances of accuracy are not isolated events or 
scenarios, with comparably strong results demonstrated in 
areas such as cultural heritage [14]. This gave us confidence 
that 3D photogrammetry could produce models of sufficient 
accuracy, that morphometric data collected would be 
comparable to real-world methods. 

To investigate this further, we pursued literature pertaining 
to morphometric collection from digital reconstructions in the 
context of marine research specifically, although very little 
published was found. Most previous work focused on static 
wildlife such as corals [15] The closest study that could be 
found pertaining to wildlife such as whales and sharks, was 
published during the latter stages of this literature review [16]. 
In it, the authors created 3D models of harbor purposes using 
3D photogrammetry and compared morphometrics to those 
collected physically to confirm the accuracy. They reported a 
high level of accuracy in the model they produced, though it 
is worth noting that their measurements were not taken from 
the raw dataset. Their reconstruction method is detailed in a 
previous paper [17] and is very similar to asset pipelines 
utilised in the games industry on titles such as Star Wars: 
Battlefront [18]. The result is that the data they collected 
through photogrammetry is subject to numerous manual and 
automated processes that enhance the final model, improving 
its presentation and performance in real-time visualisations. 
While we agree that the methods used to suit these demands 
are both appropriate and highly effective, we conclude that 
this pipeline is not relevant to our study. We are interested 
more in the accuracy of data captured in its rawest format. 
Furthermore, their 2020 study does not test the accuracy of 
multiple data collectors. As our study aims to explore the role 
of citizen science, it is important that we recognise the 
variations in data quality this could lead to. 

C. Citizen science 
Citizen science is one of many used to broadly describe 

activities wherein members of the general public contribute to 
the furthering of scientific knowledge.  The same is true of the 
methods employed. One of the first published works we 
discovered demonstrated the importance of videogames in 
processing scientific data, citing successful examples in RNA 
Structural Modeling and neuron segmentation [19]. Although 
these aren’t the focus of our study, their results further 
demonstrate the range of application for videogame 
technologies and systems in enhancing scientific output. They 
also emphasise the importance of choosing the most 
appropriate methods. 

The benefits of citizen science are well documented from 
an ecological perspective also, with studies quantifying the 
benefits beyond immediate research and outreach concerns 
[20]. What is consistently highlighted across these studies 
(albeit in different ways), is the importance of concise, 
accessible materials in directing citizen participation. A 
quantitative review of data collected by citizen science [21] 
suggest that the researcher must consider the skills and 
limitations of the citizens when designing data collection 



methods. One of their recommendations includes the 
collection of reference data to aid them in identifying suspect 
contributions. 

D. Summary 
Our literature review clarifies and contextualises the 

importance of morphometric data and how effective 
photogrammetry is in its collection. The proven accuracy of 
photogrammetry when compared to laser scanners further 
corroborates the suitability of this approach to digital 
reconstruction. We’re therefore confident that a digital 
recreation of the scenario and tools utilised by scientists I 
possible. Not only is this parity important in ensuring our 
experiment is consistent with scientific standards, but it will 
help us create simple, accessible tools for citizen science. 

III. RESEARCH DESIGN 

A. Methodology 
Since the focus of this project is on numerical accuracy, a 

quantitative approach was taken. Simplicity was identified as 
a key goal in the experiment design of the experiment, in 
response to literature highlighting that citizen science is most 
effective when the processes are explained in a clear and 
concise manner. Furthermore, minimising the number of 
independent tasks involved in data collection would help ease 
participants into the process and enable them to focus on the 
most important aspect(s). 

As this project pertains to a potentially new and novel 
method of morphometric collection, we acknowledged that 
the data collected and experiences of the participants might 
raise questions not initially considered. Since accuracy was 
the focus, it was decided not to factor any such feedback into 
the experiment. It was resolved that broadening the topics 
covered may result in less depth in answering the core 
research question. Feedback was nevertheless encouraged as 
it could help inform future revisions to the design, but any 
contributions were voluntary and did not impact on the project 
itself. 

The two clusters (identified as Scientists and Non-
Scientists) were approached via email. Scientists were sourced 
from the author’s previous projects, whereas Non-Scientists 
were sourced from their immediate friends and colleagues. 

The materials for the experiment were the same for every 
participant. A Digital Measurement Scene (DMS) was 
created, which contained a digital reconstruction of a great 
white shark. This was generated using Reality Capture [22] 
from over three hundred photographs, comprsing the majority 
of secondary data used in this study. A visualisation of this 
reconstruction can be seen in Figure 1 and further information 
about how this was scaled to accurately represent the physical 
subject is available in the Research Proposal (Appendix A).  

The scene itself was created in Maya [23] and features a 
measurement tool as shown in Figure 2. Instructions as to 
which and where morphometrics required collection were 
included in the Morphometric Sheet [24. Participants saved 
their data in the same spreadsheet, resulting in a set of interval 
data that comprises the study’s primary data set . To aid in the 
collection process a pair of videos were produced, explaining 
how every step in the processes should be undertaken 
(Experiment Files, Appendix B). 

 
Figure 1 - The raw digital reconstruction of the great white shark 

from which participants collected morphometric data. 

 

 
 

Figure 2 - The Digital Measurement Scene (DMS) which features 
both the digital reconstruction and measuring tool. 

B. Ethical Issues 
As personal data was being used to communicate with 

participants, standard ethical considerations applied. User 
data was anonymized, a Proportionate Review Form 
(Appendix C) completed and consent to undertake the 
experiment was requested via a web-based form. A unique 
consideration for this project was the use of data related to 
exposed groups, in this case animals. The animal in question 
died from natural causes, with photographs and 
morphometrics collected by trained Marine Biologists at the 
Dyer Island Conservation Trust. This secondary data was 
donated freely for use in this project, as outlined in the 
authorisation letter included as Appendix D. 

C. Summary 
We created in a digital environment that is comparable to 

what scientists may encounter in the real-world. By following 
the instructions provided, participants were able to bypass 



many of the issues faced when learning new software. These 
files were submitted to participants once consent to be 
involved with the project was received. Participants 
submitted their completed Morphometric sheets via email 
and the results consolidated into a single spreadsheet for 
analysis. 

IV. DATA AND RESULTS 

Eight participants submitted data to the study, comprising 
equal dispersal across Scientists and Non-Scientists. As 
outlined in the introduction, accuracy is determined by the 
margin of error (sometimes referred to as error margin)- the 
absolute value by which a collected morphometric differs 
from its value in the physical dataset. The lower this number, 
the higher the accuracy.  

To address the primary question of how accurate 
morphometrics collected from a digital reconstruction are, the 
dataset was analysed in its entirety. Figure 3 shows the global 
probability distribution, mapping the value of error margins 
and their frequencies across all participants. The mean is 
3.15CM with a standard deviation of 3.24CM. It was therefore 
concluded that morphometrics collected via digital 
reconstruction are accurate to within 3.15CM of the physically 
collected data. 

Upon closer inspection, the lowest (therefore most 
accurate) measurement collected was 0.1CM and the highest 
(least accurate) 8.69CM. The high accuracy range (difference 
between lowest and mean values) is 3.05CM, whereas the low 
accuracy range (the difference between highest and mean 
values) is 5.45CM. The higher accuracy range is more than 
50% greater than that of the lower, which suggests a potential 
anomaly occurring exclusively among less accurate 
measurements. 

To investigate this further, the average values collected for 
each morphometric were analysed in the context of the entire 
group, plotted into Figure 4. Of the thirteen collected 
measurements, seven were more accurate than the mean, 
deviating by a range of 0.52CM. The six higher error margins 
deviate by 6.20CM, over eleven times greater. While this 
corroborates the initial observation that an anomaly occurs 

Figure 4 - The extent of variation among high and low accuracy 
measurements. 

Figure 3 - Probability distribution of error margins across all 
participants. 

Figure 5 – Probability distribution comparison between clusters 



within these higher measurements, it also demonstrates that a 
single, significantly incorrect value is not the cause. Rather, 
the anomaly occurs across a range of values, although it 
doesn’t identify what the cause is.  

Participant cluster and specific morphometrics were 
identified for further investigation, as they appear to be the 
only remaining variables which could contain the source of 
the anomaly. Figure 5 (previous page) shows the probability 
distribution of each cluster and we see that while the mean 
differs by only 0.05CM, standard deviation differs more 
considerably. It is 2.83 among Scientists and 3.37 among Non-
Scientists. This demonstrates that overall, Scientists were the 
more accurate and more consistently. More importantly, the 
difference between accuracy ranges among Non-Scientists is 
more closely comparable to that of the global data set. This 
contrasts with that of Scientists, which are more evenly 
balanced either side of the mean. This suggests that the cause 
of the anomaly is more prevalent among Non-Scientists than 
Scientists. 

Attention therefore turned to the measurements taken by 
this specific cluster. Theoretically, if a group of 
morphometrics were of distinctly higher error margins than 
those outside the group, they would further localise the source 
of the anomaly. When the margin of error collected by Non-
Scientists for each morphometric was plotted into Figure 6, 
FOR and PRC stood out for being measurably greater than the 
others. 

This prompted an investigation of the visual guide used by 
the participants, alongside the digital reconstruction that the 
measurements were taken from. Figure 7 demonstrates that 
inconsistencies between the two increase around these 
morphometrics, specifically where the tail fin bends. It is 
therefore theorised that the less consistent the digital 
reconstruction is with the user guide, the more a participant 
relies on personal interpretation. This ambiguity results in a 
wider range of accuracy for morphometrics collected around 
these areas, when compared to those taken from areas of the 
reconstruction which more closely resemble the guide. 

 
Figure 7 – A demonstration of how the body shape pertaining to 
low accuracy morphometrics may appear differently between the 

visual guide and digital reconstruction. 

To further test this theory, the same examination was 
performed on data collected by Scientists. Figure 8 shows that 
while specific error margins are different, the general pattern 
is consistent between both clusters. That is, the morphometrics 
for which average error margins are higher are consistent 
across both clusters. The only major difference was TOT. 
Upon scrutinising the data, one participant’s entry was 
revealed to be different to the others by a range of 35CM. 
Further investigation confirmed this to be an isolated incident, 
which given the severity of the error margin (compared to both 
the physical value and those collected by the rest of the group) 
was most likely an outlier which occurred as the result of user 
error. Although morphometric ING also shows a spike, the 
results for this morphometric collected within the cluster did 
not comprise an outlier the same way TOT does. 
Fundamentally, this corroborated our hypothesis that 
inconsistencies between the user guide and digital 
reconstruction lead to higher error margins. 

Figure 6 - Margin error per morphometric among Scientists. 

Figure 8 – Error margins for each morphometric collected by 
Scientists only. 



To further test the theory, the global data set was reviewed 
to examine whether these trends continued. Figure 9 shows 
that while fewer large error margins appear in this context, 
morphometrics FOR and PRC remained the most error-prone. 
PRN, POR and ING comprised the remaining morphometrics 
effected by larger error margins, which is true of both clusters’ 
datasets. The images beneath the graph compare the 
presentation of these morphometrics on both the visual guide 
and digital reconstruction. As highlighted previously, there are 
inconsistencies between each. 

While it is possible that other issues exist which our 
sample size and dataset are too small to demonstrate, we are 
confident in the observations we’ve drawn from the available 
results. In addition to quantifying the average measurement 
accuracy, we have identified anomalies and are satisfied that 
the above investigations support our hypothesis as to their 
cause.  

V. CONCLUSION 
Based on the collected data, 3.15CM represents the 

quantified value of accuracy for morphometrics collected 
from a digital reconstruction generated using 3D 
photogrammetry, regardless of the data collector’s pre-
existing knowledge of the subject. While the average margin 
of error achieved by Scientists (4.24CM) is only 0.05CM 
more accurate than that achieved by Non-Scientists (4.29CM), 
the latter cluster demonstrates a higher range of results across 
all morphometrics, achieving both the smallest and largest 

error margins across the entire dataset. Furthermore, it is 
evident from the data collected that consistency between the 
instructional materials and condition of the digital 
reconstruction has a measurable effect on the accuracy 
achieved. It is therefore concluded that instructional materials 
do help Non-Scientists perform at a level comparable to 
Scientists, despite their lack of specialist knowledge. 
However, this knowledge does facilitate a more consistent 
level of accuracy in instances where the materials do not 
match what the collector sees on screen. 

While these results positively demonstrate the potential 
application of digital reconstruction in morphometric 
collection, it is important that they be viewed in context. They 
raise questions of their own and have highlighted 
shortcomings in the current design that should be addressed 
before a definitive position (as to the approach’s overall 
suitability) can be confidently presented. Specifically, the 
sample size used here was very small and trends/patterns 
changed considerably as they were received. As a result, it is 
conceivable that further data might facilitate observations not 
currently possible, as well as a more thorough investigation 
and therefore a more robust conclusion. 

The study also assumes that the physical dataset is flaws. 
While this data was collected by experienced professionals, 
the results of this study demonstrate that human error is a 
factor, regardless. It is entirely possible that variations 
observed in the digital dataset could be present in that of the 
physical sample, had it been collected by multiple 
participants. A similar future study might benefit from having 
the same clusters collect data from a physical sample. The 
average values obtained could provide a baseline for 
comparison that accommodates inconsistencies between 
participants. 

Purely from a citizen science perspective, it could be worth 
repeating this experiment with a different subject. Great white 
sharks are large animals, which makes them easier to 
photograph and collect data from than smaller sharks, but 
they’re not a widespread species. When forming an argument 
regarding the potential roll of citizen science in this context, it 
might be more appropriate to use a subject (or subjects) that 
the general public are more likely to encounter. Also, our 
analysis reflected on issues that were created by 
inconsistencies between the visual guide and digital 
reconstruction. The limitations of this static, 2D format are 
therefore noted and should perhaps be considered justification 
for testing participant performance with alternate methods. It 
is arguably impossible to create a 2D visual guide that 
accommodates every possible condition that a corpse might be 
found in, so exploring alternative methods of instruction might 
present an interesting design challenge. 

Addressing these issues in sufficient depth might be better 
achieved by investigating each in isolation, rather than in 
conjunction.  

Were this practice to attract further support, it is inevitable 
that alternative software combinations and methods would 
need to be tested to establish an optimum process. It is worth 
noting that while participants used the software effectively, 
they were working from pre-built materials and weren’t 
responsible for any of the processing. Generating an 
accurately scaled digital reconstruction of a subject involves a 
steep learning curve to those unfamiliar with 3D software. 
This fact alone could be enough to deter public involvement, 

Figure 9 – An overview of all error margins across each 
morphometric (both clusters) and comparison of how areas of the 

body appear on the visual guide and reconstruction. 



before collecting data even becomes an issue. Finally, A 
quick, concise follow up to this study would be to repeat the 
same steps but utilise a more complete set of morphometrics. 
Doing so would give further insight into the issues faced 
therein and potentially uncover new methods for their 
resolution. 
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APPENDIX B 
EXPERIMENT MATERIALS 

 
The Digital Measurement Scene (DMS) comprises one Maya Script file that controls the workspace settings and a Maya 
Binary file which when loaded in Autodesk Maya, features the digital reconstruction and measuring tools used by participants 
in the experiment. 
 
Folder and file structure: 
 

• DigitalMeasurementScene 
o Workspace.mel 
o scenes 

 master.mb 
 
Accompanying the DMS are supporting documents and the data sheet into which participants submitted their data. 
 

• Guide 01 – Using Maya.mp4 
• Guide 02 – Data Collection.mp4 
• Morphometric Sheet.xls 
• Participant Information.pdf 
• Proportionate review form.pdf 
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PROPORTIONATE REVIEW FORM 
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