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Abstract 

The increasing demand for energy-efficient buildings has stimulated the search for innovative design 

approaches inspired by natural systems. Biomimicry has emerged as a promising framework for translating 

biological strategies into sustainable architectural solutions. However, most biomimetic studies focus on 

extant organisms, while the fossil record remains largely unexplored as a source of functional knowledge. 

This study analyzes ecological strategies reconstructed from the fossil record and evaluates their potential 

application to the energy optimization of built environments. A qualitative, interdisciplinary, and theory-

driven research design was employed, integrating paleobiology, paleoecology, biomimicry, and sustainable 

architecture. Scientific literature related to functional morphology, adaptive evolution, fossil ecosystems, 

and energy-efficient building design was reviewed and synthesized. The analysis identified four major 

categories of adaptive strategies with potential biomimetic value: thermal regulation, fluid circulation and 

ventilation, structural optimization, and environmental resilience. Examples include gigantothermy in 

sauropod dinosaurs, porous architectures in fossil coral reefs, layered growth patterns in stromatolites, and 

compartmentalized geometries in ammonites. These biological mechanisms were translated into 

architectural principles such as thermal mass, passive ventilation, multilayer envelopes, and resource-

efficient structural systems. The findings suggest that the fossil record represents an underutilized 

repository of evolutionary solutions capable of informing sustainable design practices. Rather than 

replicating extinct biological forms, the proposed framework emphasizes the abstraction of ecological 

functions and their transfer into building performance strategies. The study contributes a conceptual model 

linking paleoecological reconstruction and biomimetic design and proposes a new perspective termed 

paleoecological biomimicry. Future research should validate these concepts through computational 

simulations, environmental performance assessments, and experimental architectural applications. 
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1. Introduction 
The construction sector represents one of the world's leading consumers of energy and resources, as well 

as being a significant source of greenhouse gas emissions. Faced with the challenges associated with climate 

change, accelerated urbanization and the need to increase the energy efficiency of buildings, innovative 

approaches have emerged aimed at finding solutions inspired by natural systems. Among these approaches, 

biomimicry has established itself as an interdisciplinary field that studies biological models, processes, and 

strategies with the purpose of transferring them to design and human engineering to solve complex 

problems in a sustainable way (Benyus, 1997). 

Biomimicry is based on the assumption that living organisms have developed, through approximately 3.8 

billion years of evolution, highly efficient mechanisms for managing energy, materials, and environmental 

flows. These adaptations constitute solutions optimized by natural selection and represent a source of 

knowledge relevant to the design of sustainable technologies and resilient built environments. In 

architecture, the application of biomimetic principles has shown potential to improve energy performance, 

reduce operational consumption and promote regenerative approaches beyond conventional sustainability. 

However, most of the biomimetic literature has concentrated on present-day organisms, contemporary 

ecosystems, and presently observable biological mechanisms. Research on bioinspired architecture often 

draws on examples from termites, cacti, leaves, shells, corals or living plant systems, while the 

informational potential contained in the fossil record remains relatively unexplored. 

The fossil record constitutes an exceptional source of evidence for adaptive processes developed over long 

geological intervals under climatic conditions very different from those of today. The extinct organisms 

faced extreme thermal fluctuations, atmospheric changes, modifications in the availability of resources and 

ecosystem transformations of great magnitude. As a consequence, morphological, physiological and 

ecological strategies evolved that allowed maximizing efficiency in energy use and ensuring survival in 
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highly variable environments. These adaptive solutions, partially or fully preserved in the paleontological 

record, can bring new perspectives for the energy design of contemporary buildings and cities. 

From functional paleobiology, various studies have shown that the biological structures recorded in fossils 

allow inferring behaviors related to thermoregulation, heat exchange, ventilation, efficient mobility and use 

of environmental resources. Although these analyses are usually oriented towards the ecological 

reconstruction of extinct organisms, their results also have an important potential for transfer to applied 

disciplines such as engineering and sustainable architecture. Understanding how certain organisms solved 

energy problems in contexts of extreme environmental pressure can contribute to the development of 

innovative solutions to today's energy challenges. 

In parallel, the field of biomimetic architecture has undergone significant expansion over the past decade. 

Recent reviews show a sustained growth of publications focused on adaptive facades, smart envelopes, 

passive ventilation systems and bio-inspired materials aimed at reducing the energy consumption of 

buildings. Various authors argue that nature is a valuable reference for the design of construction systems 

capable of responding dynamically to environmental conditions, simultaneously optimizing comfort and 

energy efficiency. 

However, an important conceptual gap remains. Most research focuses on living organisms today and rarely 

considers the deep evolutionary dimension offered by the fossil record. This limitation restricts the 

spectrum of solutions available for biomimetic innovation. If contemporary nature represents only a 

snapshot of the evolutionary process, then the fossil record can be understood as an expanded archive of 

biological experimentation accumulated over hundreds of millions of years. From this perspective, fossils 

are not only historical evidence, but also potential repositories of adaptive strategies susceptible to 

technological reinterpretation. 

The relevance of this approach is increased in the current context of energy transition. Buildings consume 

a considerable proportion of global energy, especially in HVAC systems, lighting and air conditioning. In 

response, numerous investigations have promoted bio-inspired solutions aimed at improving energy 

performance through passive mechanisms of thermal regulation, solar control, natural ventilation and 

efficient resource management. 

Under this scenario, it is pertinent to explore whether ecological strategies identified in fossil organisms 

can provide additional principles for the energy optimization of built environments. The reconstruction of 

these strategies would allow expanding the available biomimetic repertoire and generating new design 

alternatives based on long-term evolutionary processes. 

The present research proposes a conceptual framework that links functional paleobiology, biomimicry and 

sustainable architecture. Through the analysis of ecological strategies inferred from the fossil record, it 

seeks to identify adaptive principles with potential application in energy-efficient construction systems. 

Rather than reproducing extinct biological forms, the study aims to understand the underlying functional 

mechanisms that allowed such organisms to interact effectively with their environment and manage energy 

resources under changing environmental conditions. 

Consequently, this work contributes to broadening the field of architectural biomimicry by incorporating a 

deep evolutionary perspective, offering an innovative approach to sustainable design based on learning 

derived from the ecological history of life on Earth. 

 

1.1 Research gap 

Despite the growth of the literature on biomimicry applied to architecture and energy efficiency, there is 

limited integration between knowledge from palaeontology, palaeoecology and the design of built 

environments. Recent reviews highlight the potential of biological systems to inspire architectural solutions, 

but they virtually do not address the fossil record as a systematic source of biomimetic innovation. 

Therefore, a gap is identified related to the absence of methodological frameworks that allow reconstructing 

fossil ecological strategies and translating them into principles applicable to the energy optimization of 

buildings. 

 

1.2 Justification 

The research is justified for three fundamental reasons: 

1. Scientific, because it integrates traditionally separate disciplines such as paleobiology, biomimicry, and 

sustainable architecture. 

2. Technological, because it expands the repertoire of bio-inspired solutions available for the energy 

design of buildings. 

3. Environmental, because it contributes to the search for passive strategies that reduce energy 

consumption and emissions associated with the built environment.  

 

1.3 General objective 

To analyse ecological strategies reconstructed from the fossil record to evaluate their potential biomimetic 

application in the energy optimisation of built environments. 

 

1.4 Specific objectives 

1. Identify adaptive strategies related to the efficient use of energy in fossil organisms and ecosystems. 
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2. To analyze the ecological function of these strategies from a paleobiological perspective. 

3. To establish correspondences between fossil mechanisms and contemporary energy efficiency 

solutions. 

4. To propose a conceptual model of biomimetic transfer applicable to the sustainable design of buildings. 

 

1.5 Working hypothesis 

H1: Ecological strategies inferred from the fossil record contain adaptive principles that can be transferred 

to the design of built environments and can contribute to improving energy efficiency through passive 

solutions inspired by long-term evolutionary processes. 

 

2. Literature Review 
2.1 Biomimicry and sustainability in the built environment 

Biomimicry is defined as a discipline that studies the functional principles of nature to apply them to the 

development of more efficient and sustainable technologies, materials and human systems. Since the 

publication of  Benyus's Biomimicry: Innovation Inspired by Nature (1997), the field has evolved from 

simple formal imitation of organisms to more complex approaches based on ecological processes, 

functions, and systems. 

In architecture, biomimicry has been used to improve energy efficiency by incorporating natural strategies 

for thermal regulation, ventilation, lighting, and resource management. According to Badarnah (2017), 

living organisms are models optimized by millions of years of evolution, capable of solving environmental 

problems with minimal energy consumption. This perspective has driven the development of adaptive 

facades, passive cooling systems and smart materials inspired by biological mechanisms. 

Recent reviews show that most biomimetic applications in buildings are concentrated at three main levels: 

organism, behavior, and ecosystem. The organism level focuses on specific biological structures; the 

behavioral level studies functional mechanisms; while the ecosystem level seeks to reproduce energy and 

material exchange processes observed in complex natural systems (Zari, 2018). 

However, much of this research is based exclusively on contemporary organisms. The fossil record has 

received scant attention as a source of inspiration for architectural design, despite representing an extensive 

evolutionary database documenting adaptive solutions developed under multiple environmental scenarios. 

 

2.2 The fossil record as a repository of adaptive strategies 

The fossil record is one of the main sources of information on the evolution of organisms and their 

ecological interactions over geological time. Through body fossils, ichnofossils, biogenic sedimentary 

structures, and paleoenvironmental reconstructions, it is possible to infer aspects related to behavior, 

thermoregulation, locomotion, energy exchange, and climate adaptation (Benton & Harper, 2020). 

Functional paleobiology has developed advanced methodologies to reconstruct biological functions in 

extinct organisms. These approaches include morphometric, biomechanical, isotopic and computational 

modeling analyses that allow interpreting how certain structures contributed to the survival of species under 

specific environmental conditions (Briggs & Crowther, 2022). 

From a biomimetic perspective, these reconstructions are especially relevant because they reveal 

mechanisms that were successful over millions of years of evolution. Unlike current species, fossil 

organisms offer evidence of strategies developed in very diverse climatic contexts, including periods of 

global warming, extreme cooling, atmospheric hypoxia, and drastic changes in ecosystems. 

Several authors have pointed out that evolutionary processes can be considered a form of long-term natural 

optimization, where natural selection favors energy-efficient solutions (Vincent et al., 2006). Under this 

logic, the fossil record can be interpreted as a historical archive of optimized strategies that have not yet 

been sufficiently explored in architecture and engineering. 

 

2.3 Fossil ecological strategies with biomimetic potential 

The palaeobiological literature allows us to identify multiple adaptive mechanisms susceptible to 

conceptual transfer to the built environment. 

 

Table 1. Ecological strategies identified in the fossil record and their potential energy function 

Organism the 

fossil group 

Inferred adaptive 

strategy 

Ecological function Possible architectural 

application 

Sauropod 

dinosaurs 

High body thermal mass Thermal Stabilization Buildings with high 

thermal inertia 

Trilobites Segmented exoskeletons Load distribution and 

thermal dissipation 

Adaptive modular 

façades 

Stromatolites Stratified growth Optimisation of energy 

capture 

Multi-layer wraps 

Fossil corals Complex porous 

structures 

Ventilation and fluid 

circulation 

Passive ventilation 

systems 
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Ammonoids Compartmentalized spiral 

geometry 

Efficient Pressure and 

Energy Distribution 

Optimized structural 

design 

Coal forests Stratified vertical 

organization 

Light and temperature 

management 

Multilayer bioclimatic 

design 

Source: Authors' elaboration based on Benton and Harper (2020), Briggs and Crowther (2022) and Vincent 

et al. (2006). 

 

2.4 Thermoregulation and energy efficiency in extinct organisms 

Thermoregulation is one of the most studied aspects of functional paleobiology due to its importance for 

the survival of organisms. Various studies have analyzed how certain dinosaurs, marine reptiles and extinct 

vertebrates maintained relatively stable thermal conditions despite environmental fluctuations. 

Giant sauropods from the Jurassic and Cretaceous represent a particularly interesting case. Physiological 

studies suggest that their large body size allowed them to store heat and reduce daily thermal variations 

through a phenomenon known as gigantothermy (Gillooly et al., 2006). This mechanism can be compared 

to the thermal mass principles currently used in bioclimatic buildings to minimise HVAC energy demands. 

Similarly, some marine organisms developed structural configurations that favored efficient heat exchange 

with the environment. These strategies could inspire new solutions for adaptive architectural envelopes 

capable of responding dynamically to climatic variations. 

 

2.5 Natural ventilation and porous structures 

Ventilation is one of the main passive mechanisms for reducing energy consumption in buildings. Various 

biomimetic research has found inspiration in termite mounds, combs and contemporary plant systems. 

However, the fossil record shows equally relevant examples. 

Fossil coral reefs have highly porous architectures that favored the continuous circulation of water and 

nutrients. These configurations optimize flows of matter and energy through complex three-dimensional 

networks. Recent research on architectural biomimicry suggests that structures inspired by natural porous 

systems can significantly improve passive ventilation and thermal dissipation in buildings (Pawlyn, 2016). 

The application of principles derived from fossil coral systems could contribute to the design of ventilated 

facades, passive cooling systems and urban configurations aimed at maximizing airflow. 

 

2.6 Climate resilience and evolutionary adaptation 

One of the most relevant contributions to the fossil record lies in the possibility of studying organisms that 

survived extreme climate scenarios. During events such as the Paleocene-Eocene Thermal Maximum, the 

glaciations of the late Paleozoic or the climatic transitions of the Mesozoic, numerous species developed 

adaptive mechanisms that allowed ecological functions to be maintained under changing conditions. 

The resilience observed in these organisms offers valuable lessons for contemporary architecture. Faced 

with rising urban temperatures, extreme weather events, and growing energy demand, buildings require 

adaptive capabilities similar to those developed by biological systems throughout evolution. 

According to Zari (2018), ecosystem-level biomimicry allows principles of ecological resilience to be 

transferred to urban design. Also incorporating information from the fossil record broadens this perspective 

by including strategies that were successful in environmental contexts very different from those of today. 

 

2.7 Conceptual framework of biomimetic transfer from the fossil record 

The conceptual proposal of this study is based on four sequential stages: 

This model posits that innovation does not arise from copying specific fossil forms, but from understanding 

the ecological functions that these structures performed within their original ecosystems and subsequently 

translating them into solutions contemporary technological technologies. 
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3. Methodology 
3.1 Research design 

The present research was developed under a qualitative approach of a theoretical-applied nature, supported 

by a structured narrative review of scientific literature and the functional reconstruction of ecological 

strategies identified in the fossil record. The study integrates knowledge from paleobiology, paleoecology, 

biomimicry and sustainable architecture with the purpose of generating a conceptual model for the energy 

optimization of built environments. 

Unlike a systematic review oriented to the quantitative synthesis of evidence, this work focuses on the 

identification, interpretation and functional transfer of adaptive mechanisms documented in fossil 

organisms. The methodological strategy adopted is close to the functional biomimicry approaches proposed 

by Vincent et al. (2006) and to the biology-design translation models developed in recent research on 

bioinspired innovation. 

Design can be classified as interdisciplinary research of an exploratory and propositional nature, because it 

seeks to establish conceptual connections between scientific domains that have traditionally evolved 

independently. 

 

3.2 Bibliographic search strategy 

The collection of information was based on indexed scientific literature related to: 

• Functional paleobiology. 

• Paleoecology. 

• Fossil record. 

• Biomimetics. 

• Bio-inspired architecture. 

• Energy efficiency in buildings. 

• Passive design. 

• Adaptive systems. 

Searches were conducted using keyword combinations such as: 

• fossil record AND biomimicry 

• paleobiology AND sustainable design 

• functional morphology AND architecture 

• biomimetic architecture 

• energy-efficient buildings 

• adaptive systems in nature 

• evolutionary design principles 

Priority was given to scientific publications, academic books and specialized reviews published mainly 

between 2018 and 2025, complemented by seminal works considered fundamental for the conceptual 

development of biomimicry. 

 



737 Juan Miguel Guerrero Orbegozo et al. 

 
3.3 Inclusion and exclusion criteria 

Inclusion criteria 

Documents that met at least one of the following requirements were considered: 

• Studies on functional reconstruction of fossil organisms. 

• Research related to ecological adaptation and energy efficiency in biological systems. 

• Works on biomimicry applied to design and architecture. 

• Studies on natural strategies of thermal regulation and ventilation. 

• Methodological literature on biomimetic transfer. 

Exclusion Criteria 

The following were excluded: 

• Studies without peer review. 

• Publications of an informative nature without scientific support. 

• Research focused exclusively on taxonomy with no functional implications. 

• Work unrelated to adaptive or energetic processes. 

 

3.4 Analysis procedure 

The methodological procedure was developed in four consecutive phases. 

Phase 1. Identification of relevant fossil organisms and systems 

Fossil organisms were selected whose paleobiological evidence would allow inferring functions related to: 

• Thermoregulation. 

• Energy exchange. 

• Ventilation. 

• Resource management. 

• Environmental resilience. 

Phase 2. Functional reconstruction 

From the paleobiological literature, the morphological and ecological characteristics associated with each 

organism were analyzed. 

Functional reconstruction was based on: 

• Comparative anatomy. 

• Morphometry. 

• Biomechanical models. 

• Paleoecological interpretations. 

Phase 3. Biomimetic abstraction 

The ecological functions identified were translated into general principles independent of the original 

organism. 

For example: 

Biological function Biomimetic principle 

Thermal Storage Thermal inertia 

Fluid circulation Passive ventilation 

Ecological stratification Climate Zoning 

Heat Dissipation Adaptive façades 

Phase 4. Application to the built environment 

The abstracted principles were associated with contemporary sustainable energy design strategies. 

 

3.5 Paleoecological Analysis Matrix 

To systematize the information, an analysis matrix was designed that allowed relating fossil characteristics 

with potential applications in architecture. 

 

Table 2. Fossil adaptive mechanisms and associated energy functions 

Fossil strategy Paleobiological evidence Inferred ecological 

function 

Biomimetic 

principle 

Gigantothermy in 

sauropods 

Massive body size Thermal stability Thermal mass 

Porous coralline 

skeletons 

Three-dimensional 

architecture 

Fluid flow Natural ventilation 

Laminar stromatolite 

growth 

Successive stratification Efficient energy 

harvesting 

Multi-layer wraps 

Ammonite Geometry Spiral 

compartmentalization 

Efficient power 

distribution 

Structural 

optimization 

Stratified Paleozoic 

forests 

Vertical organization Microclimatic 

regulation 

Bioclimatic design 

Source: Own elaboration based on Benton and Harper (2020), Briggs and Crowther (2022) and Pawlyn 

(2016). 
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3.6 Biomimetic Transfer Approach 

Biomimetic transfer was developed following a functional approach, widely recommended in the 

specialized literature. 

This approach avoids the literal reproduction of biological forms and prioritizes understanding the 

processes that explain the ecological performance of organisms. 

The sequence applied was: 

Ecological function → Physical principle → Design strategy → Energy application 

For example: 

Gigantothermy → thermal storage → constructive thermal mass → reduction of air conditioning 

demand. 

This procedure makes it possible to establish scientifically justified connections between the 

paleobiological evidence and the proposed architectural solutions. 

 

3.7 Conceptual validity of the study 

The validity of the research is based on the triangulation of three bodies of knowledge: 

1. Functional paleobiology. 

2. Biomimetics. 

3. Sustainable architecture. 

Conceptual consistency was evaluated by verifying that each biomimetic principle was derived from 

documented paleobiological evidence and that its potential application was supported by literature on 

energy efficiency in buildings. 

Given that the study is conceptual and exploratory, its results should be interpreted as a theoretical proposal 

susceptible to future experimental validation through energy simulations, architectural prototypes or 

thermal performance studies. 

 

4. Results 
4.1 Identification of fossil green strategies relevant to energy efficiency 

The analysis of the paleobiological literature allowed the identification of various adaptive strategies 

present in fossil organisms and ecosystems with potential application in the energy design of built 

environments. These strategies share a common characteristic: they were developed in response to 

environmental constraints related to efficient energy management, thermal regulation or resource 

optimization. 

The review showed that the most promising mechanisms can be grouped into four main functional 

categories: 

1. Thermal regulation. 

2. Flow management and ventilation. 

3. Structural optimization. 

4. Environmental adaptation and resilience. 

Each of these categories presents potential correspondences with current technologies of bioclimatic 

architecture and passive design. 

The results suggest that biomimicry based on fossil organisms should not focus on the morphological 

reproduction of extinct structures, but on understanding the functional principles that allowed their 

persistence under changing environmental conditions. 

 

4.2 Thermal regulation strategies 

Among the strategies identified, thermal regulation mechanisms are one of the most relevant findings. 

The available paleobiological evidence indicates that several groups of Mesozoic vertebrates developed 

mechanisms capable of reducing thermal fluctuations and optimizing the body's energy balance (Gillooly 

et al., 2006). 

In particular, inferred gigantothermy in sauropods demonstrates how large volumes can act as thermal 

reservoirs, absorbing heat during warm periods and gradually releasing it during colder periods. 

From an architectural perspective, this principle coincides with the fundamentals of thermal mass used in 

bioclimatic buildings, where materials with a high heat capacity allow the interior temperature to be 

stabilised and the dependence on mechanical air conditioning systems to be reduced. 

The results show that this strategy has a high conceptual compatibility with contemporary construction 

solutions aimed at energy saving. 

 

4.3 Ventilation and flow circulation strategies 

The analysis also identified multiple examples of fossil structures characterized by high levels of porosity 

and geometric complexity. 

Fossil coral reefs are one of the most representative cases. Its spatial organization favored the continuous 

circulation of water, nutrients, and oxygen through highly efficient three-dimensional networks. 
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This functional behaviour can be reinterpreted in architecture through passive ventilation systems, 

permeable façades and envelopes capable of optimising air flows without requiring additional energy 

consumption. 

The observed principles have similarities with contemporary biomimetic strategies inspired by current 

organisms, but incorporate an additional evolutionary dimension derived from ecosystems that persisted 

for millions of years under different climatic conditions. 

 

4.4 Structural optimization strategies 

The literature reviewed showed that numerous fossil organisms developed geometric configurations 

capable of maximizing mechanical strength using minimal amounts of material. 

Ammonites are a prominent example due to the presence of internal chambers organized by complex spiral 

patterns. 

Research on natural geometry indicates that this type of configuration allows for efficient stress distribution 

and structural stability with reduced consumption of material resources. 

In architectural terms, these principles can contribute to the design of lightweight structures, optimized 

envelopes and construction systems that simultaneously minimize the use of materials and the energy 

incorporated during their manufacture. 

 

4.5 Ecological resilience strategies 

Another important finding corresponds to the adaptation mechanisms developed by organisms and 

ecosystems that survived significant environmental changes. 

The fossil record shows that numerous ecological systems managed to maintain functionality under 

scenarios of global warming, atmospheric variations and profound ecosystem transformations. 

This adaptive capacity has special relevance for contemporary design due to the increase in extreme weather 

events associated with climate change. 

The results suggest that the resilience principles observed in fossil systems can contribute to the 

development of buildings capable of responding dynamically to variable environmental conditions, 

improving their energy performance in the long term. 

 

Table 3. Correspondence between fossil strategies and applications in sustainable architecture 

Fossil strategy 

identified 

Ecological function Biomimetic 

principle 

Potential application in 

buildings 

Sauropod 

gigantothermy 

Thermal stability Thermal mass High thermal inertia walls 

Fossil coral reefs Fluid circulation Passive ventilation Ventilated façades 

Laminated 

stromatolites 

Efficient energy 

harvesting 

Functional 

stratification 

Multi-layer wraps 

Ammonite Geometry Voltage distribution Structural 

optimization 

Lightweight Covers 

Paleozoic forests Microclimatic 

regulation 

Bioclimatic zoning Integrated passive design 

Source: Authors' elaboration based on the literature reviewed. 

 

4.6 Qualitative assessment of energy potential 

Since the present study does not incorporate energy simulations or experimental validations, the evaluation 

of the energy potential was carried out qualitatively by comparing identified biological functions and 

recognized energy efficiency strategies in buildings. 

The results indicate that applications related to thermal regulation and natural ventilation have the greatest 

transfer potential due to the abundant existing evidence on their effectiveness in bioclimatic architecture. 

On the other hand, structural optimization and environmental resilience strategies show considerable 

potential, although they require additional research for their practical implementation. 

 

Table 4. Biomimetic Transfer Potential for Energy Optimization 

Adaptive strategy Estimated energy 

potential 

Current level of technological 

maturity 

Gigantothermy-inspired thermal mass High High 

Ventilation based on fossil porous 

systems 

High Medium 

Multi-layer envelopes inspired by 

stromatolites 

Medium-High Medium 

Ammonite-inspired structures Medium Medium 

Resilient design based on 

paleoecosystems 

High Low 

Source: Authors. 
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4.7 Conceptual model of energy optimisation 

The results obtained allowed the formulation of a conceptual model that integrates paleobiological 

information with architectural design processes. 

 
 

5. Discussion 
5.1 General interpretation of the findings 

The results obtained indicate that the fossil record constitutes a potentially relevant source of knowledge to 

expand the field of biomimicry applied to the energy optimization of built environments. Although 

architectural biomimicry has experienced significant growth over the past few decades, most research 

continues to focus on current organisms and contemporary ecosystems, leaving the informational potential 

of evolutionary history recorded in fossils relatively unexplored (Pawlyn, 2016; Zari, 2018). 

The present research suggests that the incorporation of a paleoecological perspective allows to extend the 

traditional conceptual framework of biomimicry. While present-day organisms represent only a fraction of 

the solutions developed by biological evolution, the fossil record documents hundreds of millions of years 

of adaptive experimentation under diverse environmental conditions. Consequently, paleobiology can be 

considered a complementary source of inspiration for sustainable design. 

This approach coincides with the view proposed by Vincent et al. (2006), who argue that biomimicry should 

focus on the identification of functional principles rather than on the direct imitation of biological forms. 

From this perspective, fossil organisms offer particularly valuable opportunities because they allow us to 

study adaptive mechanisms that are no longer represented in the current biosphere. 

 

5.2 Contribution to architectural biomimicry 

One of the main contributions of the study is to propose a conceptual extension of the biomimetic process. 

Specialized literature usually structures architectural biomimicry around three levels of inspiration: 

organism, behavior, and ecosystem (Zari, 2018). The results obtained suggest the incorporation of a fourth 

dimension related to the temporal depth of evolutionary processes. 

This dimension can be called paleoecological biomimicry, understood as the use of functional strategies 

reconstructed from extinct organisms and ecosystems to solve contemporary design problems. 

Under this approach, fossils cease to be exclusively objects of historical or paleontological interest and 

become repositories of potential technological knowledge. 

The relevance of this proposal lies in the fact that it significantly expands the set of biological references 

available to architects, engineers and designers. 

 

5.3 Thermal regulation and passive design 

The findings related to the gigantothermy of sauropods show a clear convergence between biological 

principles and contemporary architectural strategies. 

The ability of large organisms to stabilize their internal temperatures through thermal storage presents direct 

analogies with the concept of thermal mass used in bioclimatic buildings. Numerous studies have shown 

that materials with high heat capacity contribute to reducing indoor thermal fluctuations and reducing the 

energy demand associated with air conditioning systems (Attia, 2022). 
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The coincidence between both strategies suggests that certain fundamental principles of energy efficiency 

can emerge in a convergent way in both biological and constructive systems. 

In this sense, paleobiology does not necessarily introduce entirely new mechanisms, but it does provide 

additional evidence on the adaptive efficacy of certain physical principles in complex environmental 

contexts. 

 

5.4 Ventilation inspired by fossil systems 

The results also highlight the potential of porous structures observed in fossil coral reefs as functional 

models for passive ventilation systems. 

Contemporary architecture has extensively explored bio-inspired configurations to enhance the natural 

movement of air and reduce reliance on mechanical systems. However, most of these approaches are based 

on living organisms, particularly African termite mounds and plant systems (Badarnah, 2017). 

The incorporation of models derived from fossil coral systems could enrich the repertoire of available 

strategies by analyzing geometric configurations that demonstrated ecological stability over long geological 

intervals. 

However, the effective translation of these structures into the built environment requires additional research 

supported by computational simulations of fluid dynamics and experimental evaluations. 

 

5.5 Structural optimization and material efficiency 

Another relevant aspect identified in this study corresponds to the possible application of fossil geometries 

in structural optimization processes. 

The configurations observed in ammonites, trilobites and other extinct organisms show principles of 

efficient distribution of mechanical stresses developed through long-term evolutionary processes. 

Various research in nature-inspired engineering has shown that biological geometries can contribute to 

reducing the use of materials without compromising structural strength (Vincent et al., 2006). 

From a sustainability perspective, this reduction has important energy implications because a significant 

proportion of the energy embodied in buildings is associated with the production and transport of building 

materials. 

Therefore, structural optimization inspired by fossil organisms could indirectly contribute to improving the 

overall energy performance of buildings. 

 

5.6 Climate resilience and evolutionary adaptation 

One of the most conceptually relevant findings of the study relates to the ecological resilience observed in 

organisms that survived significant climate changes during geological history. 

Current environmental conditions present comparable challenges in terms of climate transformation, rising 

temperatures, and altering ecological patterns. 

In this context, the adaptive mechanisms documented in the fossil record could provide criteria for the 

design of more resilient buildings in the face of future scenarios of climate uncertainty. 

Recent literature on sustainable architecture highlights the need to develop construction systems capable of 

responding dynamically to environmental changes rather than relying exclusively on static solutions (Attia, 

2022). 

The results of this research support this perspective and suggest that biological evolution can offer valuable 

examples of successful long-term adaptation. 

 

5.7 Limitations of the study 

Despite its theoretical contributions, the research has several limitations that must be considered. 

First, the study is conceptual in nature and does not incorporate experimental validations of the proposed 

strategies. Consequently, the results should be interpreted as hypotheses of biomimetic transfer and not as 

empirical demonstrations of energy performance. 

Second, functional reconstructions of fossil organisms are subject to uncertainties inherent in the 

paleontological record. Although modern paleobiology has advanced tools to infer biological behaviors and 

functions, many interpretations continue to be the subject of scientific debate (Benton & Harper, 2020). 

Likewise, the translation of biological mechanisms into architectural solutions involves abstraction 

processes that can considerably simplify the complexity of the original natural systems. 

Finally, the paucity of previous research on fossil-based biomimicry limits the possibilities of direct 

comparison with similar studies. 

 

5.8 Implications for future research 

The results obtained open up several potentially relevant lines of research. 

These include: 

• Development of biomimetic databases derived from the fossil record. 

• Application of energy simulations to evaluate the performance of designs inspired by extinct organisms. 

• Studies of fluid dynamics based on fossil geometries. 

• Parametric design of architectural envelopes inspired by paleobiological structures. 
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• Integrating artificial intelligence to identify functional patterns in complex fossil records. 

Future research could also explore specific fossil groups with high biomimetic potential, including 

ammonites, Paleozoic reefs, large dinosaurs, and Carboniferous plant ecosystems. 

 
 

5.9 Summary of the discussion 

The discussion confirms that the fossil record represents a little-explored but conceptually promising source 

for biomimetic innovation applied to sustainable architecture. 

The findings suggest that multiple ecological strategies developed by extinct organisms can be reinterpreted 

as useful functional principles for improving energy efficiency, climate resilience, and the sustainability of 

the built environment. 

Although experimental research is required to validate the proposed applications, the study demonstrates 

that the integration between paleobiology and biomimicry constitutes an emerging line of research with the 

potential to significantly enrich current approaches to sustainable architectural design. 

 

6. Conclusions 
The objective of this research was to analyze ecological strategies reconstructed from the fossil record and 

evaluate their potential biomimetic application in the energy optimization of built environments. From the 

integrated review of paleobiological, biomimetic and architectural literature, multiple adaptive mechanisms 

were identified that could be reinterpreted as functional principles for sustainable design. 

The results showed that the fossil record is a widely underutilized source of knowledge within architectural 

biomimicry. While most of the current research focuses on contemporary organisms, fossils represent an 

evolutionary archive that documents adaptive solutions developed over hundreds of millions of years under 

diverse environmental conditions. This perspective significantly broadens the spectrum of strategies 

potentially applicable to today's energy challenges. 

Among the strategies identified, mechanisms related to thermal regulation, natural ventilation, structural 

optimization and environmental resilience showed the greatest potential for transfer to the built 

environment. In particular, the gigantothermy inferred in large fossil vertebrates presented a clear 

conceptual correspondence with the principles of thermal mass used in bioclimatic architecture. Similarly, 

the porous structures observed in fossil reefs revealed opportunities for the development of energy-efficient 

passive ventilation and envelope systems. 

Likewise, the analysis showed that the most robust biomimetic transfer does not depend on the formal 

reproduction of extinct organisms, but on the understanding of the functional processes that underpin their 

ecological performance. This conclusion coincides with contemporary approaches to functional 

biomimicry, which prioritize the abstraction of physical and ecological principles over simple 

morphological imitation. 

From a theoretical perspective, one of the main contributions of the study is to propose the incorporation 

of a paleoecological dimension within architectural biomimicry. This approach allows evolutionary history 

to be considered as an additional source of innovation for sustainable design, integrating knowledge from 

functional paleobiology with energy efficiency and climate resilience strategies. 



743 Juan Miguel Guerrero Orbegozo et al. 

 
However, the results must be interpreted considering the limitations inherent in the conceptual nature of 

the research. The absence of energy simulations, experimental prototypes or performance validations 

prevents definitive conclusions from being drawn about the quantitative effectiveness of the proposed 

applications. Consequently, the strategies identified should be understood as design hypotheses that require 

empirical evaluation in future research. 

Despite these limitations, the study demonstrates that the convergence between paleobiology, biomimicry 

and sustainable architecture has a high scientific and technological potential. The reconstruction of fossil 

ecological strategies can contribute to the development of more efficient, adaptive, and resilient buildings 

in the face of contemporary environmental challenges. 

Finally, it is concluded that the fossil record should not only be considered as a source of information about 

the past of life on Earth, but also as a reservoir of adaptive solutions capable of inspiring innovations for 

the future of the built environment. The systematic exploration of these strategies represents an emerging 

line of research with the capacity to enrich current approaches to sustainability and energy optimization in 

architecture. 
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