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Executive summary

This report explores the question, “How might autonomous technology be effectively implemented
by environmental initiatives in supporting seed dispersal to remote wilderness land regions
experiencing biodiversity degradation?” This topic was considered to be important because
natural seed dispersal is being disrupted by the increasing human activities. As described in

the introduction and background section of the report, the decline of animal species that are
responsible for seed dispersal impact many ecosystems’ ability to regenerate plant species.
Benchmarking of existing autonomous solutions used for seed dispersal was also included in
this report, where solutions where compared to identify market gaps. Two methods of research
were used for this research project, the first being surveying of experts in ecology, conservation,
autonomous technology and other related expertises. The second method involved reviewing
archival observation videos demonstrating drone seeding experiments. After data collection, the
report then goes through data analysis using a variety of methods.

The findings then revealed the most significant themes relevant to the research topic, the results
was then discussed. As this research project is to inform a design solution, this report also
included the most significant design implications. View each section of the report in detail below.
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Introduction

One of the most precious values of our planet is that it is teeming with diverse types of plant and
animal species. The extent of human activities in the era of accelerating climate change is
increasingly threatening the natural processes responsible for sustaining healthy and rich
ecosystems (Hernandez et al., 2023). Among these disrupted processes is seed dispersal, which
plays a critical role in the repopulation of many plant species across regions (Tucker et al., 2021,
Neuschulz et al., 2016). This, in turn, also supports animals by providing access to food sources
(Mendes et al., 2024, Young et al., 2012). However, many of the animals responsible for seed
dispersal are declining due to habitat fragmentation and other human-induced impacts (Mendes et
al., 2024, Fonturbel et al., 2015), leading to many connected ecosystems experiencing biodiversity
decline (Artamendi et al., 2025).

While efforts have been made to support seed dispersal through human intervention (Rossander &
Lideskog, 2024), its impact on remote wilderness regions suffering from declining biodiversity is
limited (Robinson et al., 2022, Madsen et al., 2016). The increasing trend of autonomous
technology across various sectors presents an opportunity for this project to explore its potential
application in environmental efforts to reduce human impacts (Sharma et al., 2024, Mahant & Pal,
2025), which could help the project aim to bridge the gap between emerging technology and
addressing environmental concerns. As such, this project proposes to investigate how
autonomous technology might be effectively implemented by environmental initiatives in
supporting seed dispersal to remote wilderness land regions experiencing biodiversity
degradation. This moves the project toward a design-driven approach that contributes to long-term
environmental goals (Ribeiro da Silva et al., 2015), including Goal 15: Life on Land, targeted by
the United Nations, which focuses on protecting and restoring ecosystems (UN.ESCAP, 2022).
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Figure 1: Visual representation of the initial planned project structure, with key stages being
research, initial concepts development, and design development.



Background

Seed dispersal is a crucial area of study because it significantly contributes to global biodiversity,
especially in a time where biodiversity loss is one of the most severe environmental challenges on
the planet (Beckman & Sullivan, 2023). Seed dispersal is the natural distribution of seeds to other
wilderness regions, enabling the recruitment of plant species to enrich ecosystems (Fonturbel et
al., 2015). Additionally, an indirect outcome of seed dispersal is providing food sources for the
many animals that depend on it, attracting diverse wildlife and enhancing overall biodiversity
(Bonfim et al., 2018). Seed dispersal occurs through biotic or abiotic means, while water and wind
naturally carry seeds across landscapes, a significant proportion of seed dispersal relies on
animals (Hernandez et al., 2023), as mentioned previously. This mutualistic relationship means
the process continues as animals help with seed movement through their natural behaviours
(Teixido et al., 2022). Anthropogenic activities, which in this case refer to human impacts in the
form of deforestation, land-use, hunting and promoting climate change (Fricke et al., 2025, Sperry
et al., 2021), contribute to the decline of animal seed dispersers (Sampaio et al., 2021, Bofim et
al., 2018). As a result, the consequences of reduced seed dispersal activity have reached even
distant regions untouched by anthropogenic activity, leading to large-scale ecological imbalance
(Young, 2012).

Understanding how ecological interactions between species are impacted by anthropogenic
activity will be important for preservation efforts (Bomfim et al., 2018). The clearing of native fruit-
bearing plants not only reduces the availability and diversity of food resources but also fragments
habitats, dividing them into patches of various sizes (Cazetta & Fahrig, 2021, Bomfim et al., 2018).
While studies suggest that some frugivorous birds, particularly smaller-sized, can persist in these
degraded environments (Ong et al., 2021), birds with larger body mass are especially sensitive to
habitat loss as they struggle to meet their metabolic demands (Mendes et al., 2024, Godinez-
Alvarez et al., 2020). Larger birds are considered priority seed dispersers due to their capacity to
consume greater quantities of fruit and disperse larger seed types (Godinez-Alvarez et al., 2020,
Vidal et al., 2013). Therefore, it has been suggested that their decline diminishes both the quality
and quantity of seeds being dispersed (Sperry et al., 2024, Ong et al., 2021). Moreover, these
species are responsible for long-distance dispersal, which benefits remote ecosystems by
migrating across extensive distances and assists in sustaining biodiversity (Lososova et al., 2023,
Neuschulz et al., 2016).

The science of natural seed dispersal has established that it is a fragile process vulnerable to
disruption from anthropogenic activities (Mendes et al., 2024, Fricke et al., 2025). The fact that
numerous plant and animal species depend on seed dispersal for regeneration and survival
makes it incredibly crucial for maintaining the health of ecosystems. Background research
highlights the importance of preserving seed dispersal processes, however it can be predicted that
this would be challenging with the trend of growing population, which only drives more land-use for
urbanisation and resource consumption (Jakovac et al., 2021).



Benchmarking

The growing recognition of biodiversity decline has accelerated the development of autonomous
devices designed to reverse ecological damage. Their application is valued largely due to their
ability to perform tasks beyond human capabilities (Robinson et al., 2022). Benchmarking
prominent existing solutions provides an understanding and comparison of their strengths and
limitations, while also offering insight into the existing technological progress and revealing
significant gaps and opportunities for further innovation.

Autonomous technology used for restoring biodiversity focuses on re-establishing plant
populations in degraded ecosystems. Five most prominent and recent solutions were identified
(Table 1 below), each having its unique method of seed dispersal and relative measure of
success. Aerial drones are the most widely adopted approach, valued for their ability to cover
large areas with speed (Sharma et al., 2024). The DJI Agras T100 is a recent flagship model
primarily designed for agricultural spraying (NuWay Ag, 2025, DJI, n.d.), but also adaptable for
ecological restoration. In contrast, the Airseed Artemis drone was specifically developed for
ecological restoration (Rees, 2022). It was designed to release seed pods composed of mineral
materials that encapsulate a seed (AirSeed, n.d., Rees, 2022).

Robotic devices are of significant interest for their ability to perform complex functions on the
ground, which are beyond the capabilities of drones. The A’seedbot is a final year student project
that demonstrates a miniature device capable of roaming around light terrain and selecting optimal
sites for dispersal (Sheth, 2021). While it’s a prototype, it represents an innovative design
direction. The LandLife Tree Seeding Robot represents a more advanced engineered solution.
Developed in 2021 by LandLife and Continental Engineering Service, it is capable of traversing
rough terrains and planting seeds into the soil (LandLife, n.d.). Lastly, the FarmDroid FD20 was
developed specifically for large-scale agricultural seed planting (FarmDroid, n.d.). It demonstrates
strong potential for ecological restoration and is therefore included for benchmarking.

Table 1: Summary of existing autonomous solutions selected for benchmarking.

DJI Agras T100

MODEL

YEAR 2025

- Developed by global
drone industry leader DJI

Development

Primary Agricultural purposes
context
Seed Moves in the air and
dispersal scatter seeds at a

controlled rate to the
terrain below

function

Capable of adjusting
seed dispersal rate, also
equipped by water and
pesticide sprayer

Distinguished
features

AirSeed Artemis

2021

- Developed by private
environmental restoration
company Airseed

Reforestation

Moves in the air and
drops seed pods
precisely to the desired
position

Seed pods contain
mineral materials that
protects the seed, it also
breaks down to help the
seed germinate

A'seedbot
Prototype

2021

- Final year student
project by Mazyar Etehadi
from the Dubai Institute of

Design and Innovation

Transforming desert
environments

Roam around the desert
terrain and push seed into
the ground to increase
germination success

Solar powered device
that can survey the area
to determine optimal
seed placement area

LandLife Tree
Seeding Robot

2024

- Developed by
private environmental
restoration company

LandLife in collaboration
with Continental
Engineering Services

Reforestation

Can move on rough
terrain, plants seed by
drilling into the soil and

patching it up

Creates a patch in
the ground for water
collection, drills the
optimal depth and shoots
the seed into the soil

FarmDroid FD20

2020

- Developed by
agricultural robotics
company FarmDroid

Agricultural planting

Move on flat fields, can
carry out planting of
multiple seeds by sowing
and placing them in
optimal depth

Solar powered device,
also capable of clearing
weeds to make room for

seed growth
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Figure 2: Combined radar chart illustrating the performance of the five benchmarked solutions in
the eight crucial variables using colour patches, highlighting individual strengths and weaknesses
on a 1 to 10 scale, with 10 being highest rated score, and 1 being lowest rated score.

Eight key variables were identified as most relevant for assessing the performance of autonomous
devices used for seed dispersal to restore biodiversity, as represented in Figure 2 above.
Dispersal effectiveness, which refers to the ability to produce successful germination outcomes, is
arguably the most significant variable. Figure 2 illustrates that the LandLife robot and FD20, which
are robotics capable of precision seed planting, significantly outperform drones by creating
favourable conditions for seed germination (Lamichhane et al., 2018). The Agras T100 is
considered to have poor effectiveness because it relies on scattering high volumes of raw seeds
with limited germination success (Castro et al., 2022, Sharma et al., 2024, Stamatopoulos et al.,
2024). However, figure 2 further illustrates that drones demonstrate superior efficiency by being
able to disperse across large areas quickly (Robinson et al., 2022, Rossander & Lideskog, 2024).
This reveals a market gap for solutions that combine aerial mobility efficiency with the
effectiveness of precision planting.
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Figure 3: Matrix graph illustrating the performance of each benchmarked solution based on their
individual ability to access lands (Y-axis) and operational duration (X-axis). The position of the
identified market gaps is highlighted.

Access to wilderness lands is recognised as a significant limitation, especially for ground-based
robotics. Figure 2 above illustrates that while the FD20 excels in effectiveness and efficiency, it
has the poorest land access capability, because its large size makes it unsuitable for natural
environments with dense vegetation. Comparatively, the LandLife robot scored higher as its
design focuses on adapting to different terrains to reach more lands (LandLife, n.d., Hekkert,
2024), though it remains limited when compared to the aerial mobility of drones. However, drones
are constrained by high energy consumption and dependence on manual recharging (Sharma et
al., 2024, Stamatopoulos et al., 2024), which prevents them from reaching distant areas. In
contrast, the FD20 and A’seedbot possess superior endurance by relying on solar self-sufficiency
(Sheth, 2021, FarmDroid, n.d.).

Based on Figure 2, a correlation between the two variables can be suggested, where devices with
greater land access often have shorter operating times. This relationship is further visualised in
Figure 3 above, where it demonstrates that solar-powered devices with superior operational
duration, but poor land accessibility, are positioned in the lower-left quadrant. While drones,
offering greater land accessibility but shorter duration, appear in the upper-right. Notably, no
device occupies the upper-left quadrant, which represents optimal conditions in both variables.
This absence suggested a significant market gap for autonomous devices with excellent
accessibility to land while sustaining longer operations with minimal human assistance.
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Figure 4: Matrix graph illustrating the performance of each benchmarked solution based on their
individual seed dispersal effectiveness (Y-axis) and risk to the environment (X-axis). The position
of the identified market gaps is highlighted.

Figure 4 illustrates another significant correlation between dispersal effectiveness and degree of
environmental risk. Ground mobility devices like the LandLife robot, which relies on heavy-duty
tracks that can potentially damage small plants (Continental Engineering Services, 2024), are
considered to pose higher environmental risks. Therefore, it is positioned at the very top of the
upper-left quadrant in Figure 4, suggesting that robotic devices with the greatest effectiveness also
pose greater threats to the environment. Notably, no device occupies the upper-right quadrant,
which represents high effectiveness with minimal environmental impact. This suggested a strong
market gap for solutions that balance both outcomes.

Benchmarking the five diverse autonomous seed dispersal solutions revealed major opportunities
for innovations that target effectiveness, efficiency, low environmental risk, operational duration
and accessibility to land.



Research

The approach for this research project was to utilise both primary and secondary data collection,
which supports triangulation by allowing findings to be corroborated and establishing connections.
The research question involves exploring the effectiveness of autonomous technology for seed
dispersal in degraded wilderness environments experiencing biodiversity decline. Therefore, data
collection targeted key themes that would help with gaining scientific and technical understanding.

Primary data collection was conducted through distributing surveys to experts in fields related to
the research question. Given the highly scientific nature of the topic, the decision to focus on
targeting experts was deliberate, as it was anticipated that individuals with extensive knowledge
and experience have the best capacity to provide informed and reliable responses. The maijority of
experts invited were academic professors, researchers, and scientists specialising in ecology,
environmental science, and restoration applications. This was to ensure the data collected would
support a strong understanding of ecological context and themes. Although it was recognised that
many of these experts may have limited familiarity with autonomous technology, their perspectives
were beneficial for understanding the ecological and practical requirements that such technology
should address. To complement this, a smaller number of experts in autonomous technology and
robotics were also invited to incorporate technical perspectives to enrich the data.

Surveys were selected for this research project due to their advantage of gathering structured
information from multiple experts efficiently. Close-ended questions in the form of multiple choice
and interval rating enabled the identification of general trends, most notably to gain insight into
which ecological contexts would most benefit from technology-assisted seed dispersal and the
attitude towards autonomous technology for ecological restoration. The open-ended questions
were valued as they provided the opportunity for detailed textual responses comparable to those
obtained in structured interviews. It allowed experts to further elaborate on ecological risks,
potential applications, and contexts where autonomous technology might be most effective.
Additionally, it also encouraged personalised responses based on individual experience,
potentially bringing attention to new areas of exploration. The complexity of the topic meant the
survey was relatively extensive, as such, questions were carefully framed in accessible language,
avoiding complex technical terminology that might appear foreign.

The survey was distributed electronically to maximise reach and convenience. 48 experts were
carefully selected for participation based on their specialities highlighted by their publicly available
professional profiles on university and NGO websites. This purposive selection strategy ensured
that the data collected rested on an expert-driven foundation, which strengthened the integrity and
reliability of the findings.



Secondary research data was obtained through reviewing archival observation videos, which were
publicly available online sources documenting drone dispersal experiments. This method was
selected for its capacity to provide video and audio data evidence based on the direct
demonstration of autonomous technology in operation. Unlike purely textual data, videos have the
advantage of representing technical processes with visuals. Archival observations were also
valued for revealing limitations and gaps based on real-world practices, to provide understandings
that may not yet be extensively addressed in survey data or academic literature.

Drone dispersal was the focus for observation because it represents the most widely adopted
method of autonomous seed dispersal, which meant there was an abundance of video sources
available for selection. To ensure source integrity, experiments in two of the three selected
sources were conducted by university research institutions. The first documented the dispersal of
native prairie seeds under harsh snowy weather to restore a degraded landscape, providing
insight into performance and environmental adaptability. The second demonstrated the structured
process of large-scale dispersal on farmland. Although not directly focused on ecological
restoration, it provided valuable technical understanding of how drone dispersal operates in
practice. Lastly, the third source was produced by a professional practitioner, providing a detailed
walkthrough of the process. While this video was argued to have less academic integrity, it was
particularly valuable for highlighting technical challenges absent in institutional experiments. The
evidence was also corroborated with university-produced sources, thus strengthening its
relevance.

Visual and audio data were collected through thorough observation of selected archival sources.
Relevant photographic stills were captured as screenshots, while complete audio transcripts were
generated using the Al software TurboScribe, which was identified after multiple trials as the most
accurate tool. Despite this, manual refinements were required to address several inaccuracies and
to include verbal reactions and pauses that the software excluded, as these were considered
important for capturing emotional nuance and meaning. Together, these two forms of data were
very valuable as they allowed both observable processes and expert explanations to be collected.

Research was conducted using a combination of primary and secondary data collection methods.
Surveying enabled the collection of quantifiable data to identify broader trends, while also
capturing expert perspectives. Archival video observations offered practical demonstrations of
technology in operation. Together, this helped the research to effectively explore the scientific and
technical aspects of the topic.



Analysis & Findings

The conclusion of data collection progresses the research into analysis. Survey responses from
experts were examined alongside coded information from archival observation videos to extract
results most relevant to the research question. Analyses were conducted using methods that
enabled comparisons of results and the identification of themes, with figures and tables used to
illustrate results and highlight relevant findings.

Multivariate analysis was conducted for relevant survey data to examine relationships between
categorical and numerical variables. This method allowed trends and associations to be identified
across expert responses, particularly considering a significant proportion of the data were
categorical and interval in nature. For open-ended textual responses, conceptual analysis was
applied. Responses were coded with relevant themes, and their frequency was assessed to
identify key concepts, problems, and opportunities repeatedly highlighted by experts. This method
also allowed distinctive themes to be recognised from individual responses, which may not be
frequently represented in the data, but ensured the inclusion of unique perspectives.

In analysing the observation videos, affinity diagramming was used. Raw visual and audio data
were coded with themes and then systematically assigned and organised into diagrams that
categorise the data. This method enabled connections to be drawn across technical
demonstrations of drone dispersal, which was useful in highlighting important variables, recurring
challenges and practical limitations that are more relevant to the technical aspect of autonomous
technology.
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Figure 5: Bar graph comparing the number of selections (X-axis) of each barrier limiting seed
dispersal effectiveness in wilderness regions (Y-axis). Individual expert participants were
requested to select three aspects from a predefined list that they considered to be most significant.
The option to select a custom response was provided to allow participants to input alternative
barriers not captured within the list.



One of the most significant findings emerged from categorical data representing the significant
barriers limiting seed dispersal effectiveness in wilderness regions. The results of multivariate
analysis are illustrated in Figure 5 above. It can be described that the majority of experts, 4 out of
6, or 66.7% have recognised operational cost as one of the three most significant barriers. This
was closely followed by land accessibility, selected by three or 50% of experts. Labour difficulty
and time each received two selections, while the remaining five barriers only carried one selection.
Although findings indicated that operational cost and land accessibility emerged as the barriers
with the strongest influence on limiting effectiveness, the distribution of selection suggested that all
barriers hold some relevance, given that all were selected at least once. Therefore, it can be
argued that prioritising focus to address the leading two factors may yield the greatest
improvements in practice.

Participants selecting ecosystem aspects that seed dispersal activities for
biodiveristy restoration should prioritise the most
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Figure 6: Bar graph comparing the number of selections (X-axis) of each ecological aspect (Y-
axis). Individual expert participants were requested to select two aspects from a predefined list
that they considered to be the priority for seed dispersal activities in supporting biodiversity
restoration.

Figure 6 illustrates that the most frequently selected aspects were reforestation to repopulate
damaged lands and preventing over-predation and invasive species takeover. Each received three
selections, representing 50% of experts. This strongly emphasises that seed dispersal efforts
should prioritise plant regeneration and address ecological threats that hinder it. Providing food
sources for native animals, stabilising populations, and connecting wilderness environments, each
received two selections, indicating a moderate level of prioritisation for these aspects. Notably,
promoting soil health received no selections, suggesting it was perceived as a secondary objective
with lesser significance for biodiversity restoration.

When referring to previous data in Figure 5, it was revealed that one custom response identified
invasive species as a significant barrier to seed dispersal. A connection can be established with
findings shown in Figure 6, where preventing the takeover of invasive species emerged as one of
the top priorities for biodiversity restoration. The recurrence of this theme across datasets
suggested a consistent trend of experts recognising the disruptive role of invasive species in
impacting the effectiveness of seed dispersal activities.
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Figure 7: Bar graph comparing the mean importance rating (X-axis) of each criterion when it
comes to implementing autonomous technology for seed dispersal in wilderness regions (Y-axis).
Ratings were based on a scale where 1 = least important, and 5 = most important.

Figure 7 above illustrates the multivariate analysis of interval data representing the rated
importance of each criterion when applying autonomous technology for seed dispersal. Given the
wide distribution of ratings across the scale, as presented in the original data (See appendices 17
to 26 below), the mean value was adopted as the primary measure. Results revealed that
ecological suitability and data feedback were rated highest, sharing a mean value of 4.5. Safety
was also rated notably high with a mean value of 4.0, followed by minimal habitat disturbance with
a rating of 3.8. Other criteria clustered within a mid-range of 3 to 3.5, apart from operating under
harsh conditions, which stood out with the lowest mean rating of 2.2, indicating less importance
relative to other criteria. The findings suggested that ecological adaptability and the ability for
autonomous operations to provide data feedback are considered by experts to be dominant
considerations over purely technical performance.



Table 2: Frequency of relevant key themes to the research topic identified in the conceptual
analysis of relevant textual short responses data from expert survey participants.

Theme Frequency Data example - Quote

Ecological risks & 6 “Creating novel ecosystems that perform worse than the
unintended impacts original ones”

Seed selection & placement | 5 “Putting the right seed in the right place”

Cost barrier 4 “At the moment it's very expensive”

Restoration complexity 4 “Need to disperse a community of plant species, not just

monoculture”

Monitoring & feedback 3 “Need to be able to monitor output and ongoing
germination”
Post-dispersal maintenance | 3 “Most seeds won'’t survive without follow-up maintenance

(e.g., watering)”

Potential hazards 2 “An ecological risk could be fires from batteries or tech
waste”

The result of conceptual analysis applied to textual data is represented in Table 2 above. Eight key
themes emerged across three datasets of short responses that were most relevant to the research
question (See appendices 27, 32 and 33 below). Ecological risks emerged as the most frequent
theme across six responses. When experts were asked to identify risks or unintended impacts,
one expert suggested “creating novel ecosystems that perform worse than the original ones”,
while another noted “loss of ecosystem processes involving natural seed dispersers”. These
responses highlighted the ecological concerns of inappropriate autonomous technology
implementation. The theme of seed selection and placement also appeared prominently, identified
in five responses that highlighted the importance of matching seeds to their environment. This was
expressed in quotes like “putting the right seed in the right place” and concerns like “wrong plant in
the wrong place”.

Cost barrier emerged in four responses, with simple and direct statements like “cost of systems”
and the technology is “at the moment it's very expensive”. Furthermore, the theme of restoration
complexity was also addressed in four responses, with notable responses stressing the need to
“dispersing a community of plant species, not just monoculture of one species”. This suggests that
autonomous solutions should prioritise meeting ecological criteria to produce effective outcomes
instead of simply focusing on successfully dispersing seeds.




Table 3: Summary of categories, themes, and tagged concepts derived from the affinity diagram
(See appendix 36 below for link) of coded visual and audio data from three observational video

sources.

Category Theme Tagged concepts

Operational Pre-dispersal activity Pre-dispersal activity, Adding material, Calibration, Device deployment,
workflow Seed material adaptability, Landing condition, Dispersal mapping;

Decreased productivity

Dispersal process

Autonomous operation, Software assist, Remote controlled, Manual
input, Custom setting, Supervision, Aerial spreading, Large-scale
dispersal, Seed scattering, Random scattering, Desired patterns;
Successful scatter, Unpredictable, Obstacles on-site

Operational complexity

Operational complexity, Spread calibration, Technical issue, Decreased
productivity, Wasted material, Improvised solution, Sustainability,
Unsustainable, Additional equipment

Human factors

Human dependence

Human reliance, Supervision, Remote controlled, Manual input, Custom
setting, Additional equipment, Frequent maintenance, Cleaning difficulty,
Removing material, Repetitive labour, Device deployment; Improvised
solution; Decreased productivity

Human workload

Effort-demanding; Exhausting labour; Repetitive labour; Uncomfortable
labour; Improvised solution; Design flaw; Decreased productivity

Ergonomics
considerations

Exhausting labour; Uncomfortable labour; Carrying feature;
Convenience; Transport difficulty, Cleaning difficulty; Removing material;
Ease of use; Adding material; Design flaw

Training & Expertise

Technical knowledge; Improvised solution; Experience; Human error

Autonomous
device design

Structure & protection

Exposed hardware, Fragile parts, Non-collapsible, Collapsible feature,
Hatch design, Vulnerable design, Mechanical assembly, Large size

Dispersal function

Design flaw, Component customisation, Dispersal tool, Aerial spreading,
Material selection, Seed flow problem, Hatch design, Seed material
adaptability, Remote controlled, Manual input

Operational risks

Safety, Design flaw, Human risks, Dangerous, Propeller risks, Human
reliance

Device maintenance

Human reliance, Recharge method, Energy priority, Adding material,
Component customisation, Cleaning difficulty, Removing material,
Frequent maintenance, Accelerate process, Wasted material, Additional
equipment, Mechanical assembly, Design flaw

Interaction design

Interaction design, Simplicity, Simplistic interaction, Ease of use, User-
experience, Simplistic visual, Physical Ul design, Digital Ul design,
Adjustable camera, Hatch design, Device deployment, Transport
difficulty, Remote controlled, Complex visuals, Non-collapsible

Feedback & response

Active feedback, Indication, Device response, Supervision

Device
performance

Dispersal effectiveness

Effective dispersal, Efficiency, Desired patterns, Successful scatter;
Random scattering, Unreliable dispersal, Unpredictable

Adaptability

Seed material adaptability, Environmental capability, Lifting power,
Material capacity, Harsh weather

Coverage & reach

Land coverage, Large-scale dispersal, Aerial spreading, Custom setting,
Component customisation, Dispersal tool, Efficiency

Reliability

Unreliable, Design flaw, Technical issue, Device response, Seed
material adaptability; Decreased productivity; Seed flow problem

Autonomy condition

Autonomous operation; Software assist, Remote controlled; Manual
input; Custom setting, Supervision, Human reliance

Environment

Environmental

Suitable land, Landing condition, Environmental condition, Harsh

context conditions weather, Degraded land, Weed problems, Obstacles on-site, Large-
scale dispersal
Accessibility Transport difficulty, Device deployment, Large size, Additional
equipment, Landing condition, Energy priority
Potential disturbance Noise produced; Landing method; Landing condition; Large size
Emotional Task response Positive expectation, Exhausting labour, Uncomfortable labour,
response Frustrated, Carefulness, Accelerate process

Risk perception

Cautious, Concerned, Experience, Carefulness

Perceived complexity

Experience, Confusing, Cautious, Improvised solution




Data analyses conducted through affinity diagramming identified three key recurring themes most
relevant to the research question. As shown in Table 3 above, operational complexity emerged as
a significant theme, as all three observation sources demonstrated the number of processes and
requirements that complicate drone dispersal operations. A key observation was the extent of
essential activities done manually prior to dispersal action. Visual stills in video one (4:01) and
video three (12:12) demonstrated the controller screen displaying a mapped dispersal field, which
operators created manually by adding boundaries. Device configuration further contributes to
complexity, particularly highlighted in video two at 2:56, showing the operator manually adjusting
settings including hopper outlet size and spin speed, on the remote. This burden is reinforced by
the accompanying quote at 2:53 stating “What do you choose? Well the faster you spin it, the
wider you should throw it, but of course you might damage seed”, suggesting the complication of
knowing how to configure the device to perform as desired.

Reliability emerged as a recurring theme across data. Concepts like unreliable dispersal and
decreased productivity (Table 3 above) were frequently tagged. One significant instance of
unreliability was highlighted in video one, where the technology struggled to adapt to different
seed materials. As the professional addressed at 4:46, “The next issue we really ran into was...
the seed flow. Uh that real fluffy seed... we mixed all the seeds together, tried to give it a way to
flow a little bit better. There was so much chaff, and yet it just still couldn’t really go through”. It
would be relevant to address technological limitations that impact the reliability of the device in
ensuring desired seed dispersal outcomes.

Human dependence was recognised as a significant central theme. Despite data demonstrating
evidence of autonomous dispersal, a substantial amount of manual input was required. As shown
in Table 3, concepts associated with human labour at varying difficulties were frequently tagged.
Repetitive labour was particularly observed in video one at 3:22, where seed material was
repeatedly transferred from a bucket to the drone each time it emptied. Video two documented
another instance at 16:07, where the battery was manually replaced after each trip across the
field. Exhausting labour was also identified multiple times, most notably in video two at 7:01,
where the operator constructed an improvised platform using buckets to elevate the drone,
followed by 8:00 where the operator tediously dug into the ground beneath the drone to place a
bucket for calibration. It can be suggested that autonomous drone dispersal remains heavily reliant
on human intervention.

Overall, multivariate and conceptual analysis of survey data primarily focused on identifying
ecologically related themes that are important to consider for the research. While the analysis of
archival video observation data through affinity diagramming prioritised themes with strong
technological contexts.



Discussion

The findings generally establish that the effectiveness of autonomous technology for seed
dispersal to restore biodiversity is strongly limited by both ecological and technological variables.
Experts prioritised the ecological adaptability of autonomous solutions and their ability to provide
data feedback (Figure 7). This aligns with background literature that addressed the importance of
matching different seeds to their ideal site conditions and monitoring their ongoing post-dispersal
status once released to the environment (Lamichhane et al., 2018, Sharma et al., 2024, Doherty et
al., 2017). This supports the view that germination success must be verified, instead of assuming
success from dispersal alone (Doherty et al., 2017, Kildisheva et al., 2020). Furthermore, the
highlighted significance of seed selection and placement as a theme in Table 2 is consistent with
studies showing that dispersal without species and habitat matching results in inefficient
ecosystem regeneration outcomes (Gonzalez-Castro et al., 2015, Shaw et al., 2020).

The prioritisation of restoring damaged lands and invasive species control (Figure 6) for seed
dispersal reinforces the understanding that post-disturbance environments suffer from species
recruitment issues (Mendes et al., 2024), and pressure from invasive species further undermines
biodiversity regeneration (Linders et al., 2019, Dyderski & Jagodzinski, 2020). This expands on
earlier literature by suggesting that autonomous technology for seed dispersal is more valuable
when applied in high-disturbance contexts than in more stable, relatively disturbed environments.
This contributes knowledge to the research gap identified earlier that focused on remote degraded
ecosystems, where there was little research reviewing which ecological contexts can benefit the
most from restoration technology.

The thematic analysis (Table 3) through affinity diagramming highlighted the reliability of
autonomous seed dispersal as a severe limitation. Data revealed seed flow blockage issues due
to the demonstrated drone device’s inability to optimally adapt to various seed types. This
supports earlier benchmarking information, which addressed that dispersal effectiveness depends
not only on device functionality but also on seed material properties (Sharma et al., 2024). One
valuable aspect of the findings was that it extended the earlier literature research that prioritised
the ecological aspect of the research question, by detailing technical constraints that limits
dispersal effectiveness.

The findings strongly demonstrated that autonomous-driven operations remain heavily human
dependent, which was surprising. The volume of tasks requiring persistent and tedious manual
labour, like dispersal calibration, seed refilling and battery replacement, raises questions about
whether current systems can be considered truly autonomous. This consideration adds depth to
the research gap by demonstrating that autonomy in ecological contexts is relative, potentially
suggesting that persistent human involvement is necessary to ensure desired outcomes.



Design implications

Based on the findings, several key considerations can be suggested for the design of autonomous
seed dispersal technology used for biodiversity restoration. Dispersal effectiveness is not defined
by the device’s ability to disperse and cover large areas with seeds, but by the suitability of seeds
to site conditions and the ability to adapt to different seed types to ensure consistent reliability. It
can be strongly suggested that designs prioritise the need to incorporate adaptable functions
capable of handling a wide variety of seed types without being vulnerable to technical issues like
blockage or damage. As drone dispersal is the most common method in the industry, targeting
improvements to existing solutions could address the significant theme of reliability. This could
involve improved internal mechanisms and perhaps introduce monitoring features that detect and
report flow irregularities during operation.

Another highly promising design direction would be to develop dispersal methods that enhance
germination success rather than focusing solely on seed distribution. This can also be approached
by designing supportive functions such as watering systems or soil preparation to create optimal
conditions that increase seed germination. This would move the design beyond dispersal to
consider the early stages of plant growth.

Addressing the impact of invasive species would be highly recommended. The presence of
invasive plants and their rapid colonisation of degraded dispersal sites was highlighted as a strong
concern by findings. This suggests that design implications should not only focus on effective
dispersal but also target strategies for monitoring, controlling, or displacing invasive species to
create ideal conditions for plant repopulation, ensuring successful restoration outcomes.

Design implications should also prioritise reducing human reliance. Although the existing solutions
examined in observation videos demonstrated autonomous seed dispersal functions, they required
a substantial amount of repetitive and frustrating manual labour. The findings suggest
opportunities for design improvements that reduce difficult labour, such as automated calibration
systems, ergonomic-focused interactions for tasks like refilling and transport, or docking systems
for convenient battery replacement. Alleviating physical demands would allow the design to better
take advantage of autonomy while improving user engagement.

Conclusion

The research question, “How might autonomous technology be effectively implemented by
environmental initiatives in supporting seed dispersal to remote wilderness land regions
experiencing biodiversity degradation?” was investigated. Benchmarking and findings suggested
that while autonomous solutions offer significant potential, their effectiveness is limited by many
ecological and technical variables revealed by analysis and findings. Research surveys produced
expert-driven data that focused on the scientific aspects relevant to the topic, while archival video
observations focused on exploring the technical aspects of autonomous seed dispersal
technology. The research was then used to inform design implications that could address the
research question. However, the validity of findings could be strengthened with a larger survey
sample, as only six experts participated in the research.
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https://www.yankodesign.com/2021/12/17/tiny-autonomous-solar-powered-robot-roams-around-on-deserts-planting-seeds-to-cultivate-greenery/
https://www.yankodesign.com/2021/12/17/tiny-autonomous-solar-powered-robot-roams-around-on-deserts-planting-seeds-to-cultivate-greenery/
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