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EXECUTIVE SUMMARY
This report presents the architecture of a viable Closed Artificial Ecosystem (CAE) for initial colonization and expansion

on Mars. The system is based on a rigorous selection of terrestrial organisms, prioritizing efficiency, safety, redundancy,

and complete self-sufficiency. The analysis led to the exclusion of any organism whose risk of infestation, danger, or

inefficiency could compromise habitat stability.

Key Finding: A pioneer colony of 100 inhabitants can achieve nutritional self-sufficiency and basic nutrient cycling

with approximately 1.5 to 2 hectares (15,000–20,000 m²) of intensive cultivation area, organized into pressurized,

controlled modules. The system requires a continuous external energy input (1–2 MW) but closes water (>98%) and

nutrient (>95%) cycles. The critical establishment and stabilization phase of the CAE is estimated at 10 years, after which

the colony would reduce its logistical dependence on Earth to minimal levels.

Keywords: Closed Ecosystem, Life Support, Space Agriculture, Martian Sustainability, Bioengineering, Biological

Containment.

1. FUNDAMENTAL PRINCIPLES AND
DESIGN PHILOSOPHY

1.1. Guiding Principles



1. Triple Redundancy: Every critical element (O₂, water, food) must have at least three production or backup

pathways.

2. Closed-Loop Cycling: Waste is redefined as a resource. Nothing is “discarded”; everything is processed and

reintegrated.

3. Absolute Containment: No organism may pose an existential threat to the habitat or colonists. Biosafety is

paramount.

4. Extreme Efficiency: Priority given to organisms and technologies with the best resource-to-output conversion ratio

(energy, water, mass → kcal, nutrients, O₂).

5. Multifunctionality: Each organism should fulfill multiple roles within the ecosystem (e.g., a plant providing food,

compostable biomass, and psychological benefits).

1.2. Organism Selection Criteria
� APPROVED ORGANISMS must satisfy ALL of the following criteria:

High Productive Efficiency: Maximum output per unit area/volume/time/energy.

Low Resource Input: Minimal consumption of water, specific nutrients, and maintenance.

Feasible and Robust Containment: Life cycle compatible with confinement in bioreactors or sealed modules, with

no capacity to infest the main habitat.

Demonstrated Multifunctionality: Contributes to more than one subsystem (e.g., food + waste processing).

Environmental Resilience: Tolerance to expected variations (light, temperature, CO₂) in a controlled habitat.

Closed-Loop Synergy: Its waste or byproducts serve as valuable inputs for another CAE component.

� BANNED ORGANISMS (NON-EXHAUSTIVE LIST):

Infesting Insects: Cockroaches, ants, termites (inevitable infestation of structures, risk of damage to electronics and

cabling).

Hazardous or Useless Insects: Wasps, hornets, mosquitoes (direct danger, disease vectors with no Martian

equivalent, ecological function replaceable).

Venomous Organisms: No exceptions, even if antidotes are available (unnecessary risk).

Apex or Large Predators: Any animal requiring free-range rearing, large resource inputs, or posing physical

danger.

Known Human or Plant Parasites/Pathogens: Strict exclusion in introduction protocols.

Any organism that, on Earth, routinely requires pesticide or exterminator intervention.

1.3. Adaptations to the Martian Environment
Martian
Condition Challenge CAE Mitigation Strategy

Gravity
(0.38g)

Unknown long-term
effects on plant growth,
fluid dynamics, and
animal behavior.

Selection of gravity-insensitive organisms (e.g.,
hydroponics, fish). Gravity-independent modular
designs. In situ research.

Atmospheric
Pressure
(~0.6 kPa)

Lethal to terrestrial life.
All organisms housed in pressurized habitats
(~101.3 kPa) with artificial atmosphere (78% N₂,
21% O₂, 1% Argon/other).



Martian
Condition Challenge CAE Mitigation Strategy

Average
Temperature
(−63°C)

Instant freezing.
Modules with advanced thermal insulation, internal
heat sources (people, equipment, reactors), and
active thermal control systems.

Radiation
(High UV +
GCR)

Lethal DNA damage,
surface sterilization.

Mass shielding: Habitats buried under 3–5 m of
regolith. Module-level radiation shielding. Selection
of radioresistant organisms.

Atmosphere
(95% CO₂)

Suffocation; negligible
O₂ partial pressure.

Resource, not obstacle: CO₂ serves as feedstock
for plants and algae, which convert it into O₂ and
biomass. Compression/storage systems for
controlled enrichment.

Regolith
(Soil)

Toxic (perchlorates,
heavy metals); no
organic matter.

Not used in Phase 1. Crops grown in
hydroponic/aeroponic systems. Future regolith
processing for mineral extraction after detoxification.

Temporal Strategy: The first 20–50 years will rely on fully isolated, controlled habitats. Terraforming or surface

greenhouse cultivation are multi-century objectives and are not considered in this initial colonization design.

2. ECOSYSTEM STRUCTURE
2.1. Optimized Martian Food Web

Terrestrial trophic pyramids are inefficient for space. We propose a Resource Conversion Network, highly integrated and

with few trophic levels.

SUN: Solar Energy (Mars) + Nuclear Energy (Fission) → ELECTRICITY.

ELECTRICITY + CO₂ (Martian atmosphere) + Water (subsurface ice) → Technology-Based Environmental

Control and Life Support Systems (ECLSS).

ECLSS + Biological Seeds/Stocks → CLOSED ARTIFICIAL ECOSYSTEM (CAE).

Within the CAE:

1. PRIMARY PRODUCERS (Photosynthetic Organisms):

High-Efficiency Food Crops: Sweet potato, potato, dwarf wheat, quinoa, dwarf rice, beans, lentils, peas,

spinach, kale, carrots, strawberries, tomatoes (in high-efficiency greenhouses).

Microalgae and Cyanobacteria: Spirulina platensis and Chlorella vulgaris (in photobioreactors). Function:

Ultra-rapid production of protein, supplements, O₂, and CO₂ sequestration; potential water purification.

Edible Fungi: Oyster mushroom (Pleurotus spp.). Function: Decomposition of lignocellulosic waste (straw,

sawdust) into protein-rich food.

2. WASTE CONVERTERS (Contained Detritivores):

Bio-Processing Insects: Black Soldier Fly larvae (Hermetia illucens) and Superworms (Zophobas morio).

Function: Processing inedible organic waste (leaves, stems, processed food scraps, sterilized human

feces) into animal feed protein (Level 3) and nutrient-rich fertilizer (frass).



3. CONCENTRATED ANIMAL SOURCE (Efficient Conversion):

Aquaponic Fish: Tilapia (Oreochromis niloticus) and/or Carp. Function: Provide high-quality animal protein

and lipids. Integrated in a closed loop with plants: fish excreta (ammonia) → nitrifying bacteria → nitrates →

plant nutrients → plants filter water → clean water returns to fish. Fed with algae- and insect-based feed.

4. SYSTEM OPTIMIZERS (Ecosystem Services):

Pollinators: Stingless bees (Meliponini, e.g., Jataí). Confined to controlled-access pollination chambers

linked to greenhouses.

Final Decomposers: Red wigglers (Eisenia fetida) and springtails. Operate in composting beds to complete

humification of insect frass and plant residues, producing high-grade humus.

Selected Microorganisms: Bacterial consortia and yeasts for fermentation, food production (bread, cheese,

tempeh), and bioremediation.

5. HUMANS: Act as ecosystem managers, final consumers, and sources of CO₂/organic waste that restart the cycle.

2.2. Modular Architecture and Material Flow
The CAE will be distributed across Interconnected Specialized Modules (ISM), enabling isolation in case of contamination

or failure.

flowchart TD A[Habitat CO₂<br>+<br>Recycled Water] --> B[Primary Production Module<br>Greenhouse +

Photobioreactors] C[Thermally Treated<br>Human Waste] --> D[Biological Processing Module<br>Insect Bioreactors +

Composting] E[Inedible Plant Waste] --> D D --> F[Solid Output: Frass/Biofertilizer] D --> G[Protein Output: Insect

Biomass<br>for Feed] F --> B G --> H[Animal Production Module<br>Aquaponic System] H --> I[Animal Protein: Fish] H -->

J[Nitrate-Enriched Water] J --> B B --> K[PRIMARY FOODS<br>Vegetables, Grains, Algae] I --> L[SECONDARY FOODS] K

& L --> M[Human Colonists] M --> N[Organic Waste + Exhaled CO₂] N --> C N --> A

Description of Core Modules:

ISM-01: High-Efficiency Greenhouse: Tunable-spectrum LED lighting, CO₂-enriched atmosphere (0.1–0.2%),

predominantly aeroponic/hydroponic cultivation. Precise control of temperature, humidity, and nutrients.

ISM-02: Biofactory: Houses algal photobioreactors, insect bioreactors, and worm composting systems. Includes

thermal/UV sterilization at waste input.

ISM-03: Aquaponic Module: Fish tanks integrated with plant-growing beds (NFT, Floating Raft). Automated

management of pH, ammonia, nitrites, and nitrates.

ISM-04: Processing & Storage: For post-harvest processing, freeze-drying, vacuum sealing, and refrigerated/dry

storage.

2.3. Feasibility Analysis for a 100-Person Colony
Required Cultivation Area: 1.5–2.0 hectares (15,000–20,000 m²).

Baseline Calculation: ~100 m²/person for an optimized vegetarian diet in high-productivity systems (e.g.,

aeroponics).

Additional Area (50%): For redundancy, feed production (insects/algae), corridors, support systems, and

experimental/leisure crops.



Water Consumption: >98% closed-loop. Water loss occurs mainly through human respiration and plant

evapotranspiration, recovered via humidity condensers and gray/blackwater purification systems.

Energy Demand: 1–2 MW (continuous). Primary external input.

LED Lighting (Greenhouse): ~50–70% of total.

Environmental Control (Heating/Cooling, Ventilation): ~20–30%.

Processing & Support Systems: ~10–20%.

Proposed Sources: Fission nuclear reactor (base load, 1–1.5 MW) + Photovoltaic solar panels

(supplemental, ~0.5 MW, accounting for Martian insolation).

Timeline to Self-Sufficiency:

Phase 0 – Deployment (Years 0–2): Full dependence on Earth supplies. Deployment of initial pressurized

modules and physicochemical life-support systems.

Phase 1 – Stabilization (Years 2–5): Gradual introduction of CAE organisms. Complementary production

(<25% of needs). Fine-tuning of cycles.

Phase 2 – Expansion (Years 5–10): Expansion of cultivated area and diversification. Production reaches

50–75% of needs. Water and nutrient cycles are mostly closed.

Phase 3 – Self-Sufficiency (Year 10+): Basic food self-sufficiency (>95%). Colony still depends on Earth for

high-tech equipment replacement, spare parts, specialized medicines, and limited genetic influx (seeds,

breeding stock).

3. APPROVED ORGANISMS AND THEIR
FUNCTIONS

Organism
(Scientific
Name)

Category Primary
Function

Secondary
Functions

Reason for
Approval

Required
Containment
Level

Spirulina
platensis Microalga

Rapid
protein/O₂

production

Nutritional
supplement,
possible
bioremediation

Extreme
photosynthetic
efficiency,
high
nutritional
value

High (Sealed
photobioreactor)

Ipomoea
batatas
(Sweet
potato)

Plant (Tuber)
Dense source
of calories and
carbohydrates

Edible leaves
(high protein),
compostable
biomass

Exceptional
yield, resilient,
multiple edible
parts

Low (Standard
cultivation
chamber)

Hermetia
illucens
(Larva)

Insect
(Detritivore)

Organic waste
processing

Animal feed
protein
(biomass),
fertilizer
(frass)

>60% waste
conversion
efficiency,
controllable
life cycle

Critical (Sealed
bioreactor with
physical
barriers)



Organism
(Scientific
Name)

Category Primary
Function

Secondary
Functions

Reason for
Approval

Required
Containment
Level

Oreochromis
niloticus
(Tilapia)

Fish (Aquatic)
High-quality
animal protein
source

Nutrient
production
(excreta) for
aquaponics

Efficient feed
conversion,
water-quality
tolerance,
prolific

High (Closed
aquaponic
system)

Tetragonisca
angustula
(Jataí bee)

Insect
(Pollinator)

Efficient
pollination in
controlled
environments

Honey
production
(dense
calories,
preservative)

Efficient
pollinator,
non-
aggressive,
easy to
manage in
compact hives

Medium-High
(Hive in
chamber with
controlled
greenhouse
access)

Eisenia
fetida (Red
wiggler)

Annelid
(Decomposer)

Production of
high-grade
humus

Aeration and
structuring of
final compost

Efficient final
processor,
minimal
maintenance,
no infestation
risk

Low (Contained
composting
bed)

Pleurotus
ostreatus
(Oyster
mushroom)

Fungus
Decomposition
of
lignocellulosic
waste

Protein and
vitamin-rich
food source

Grows on low-
value
substrate
(straw,
sawdust), high
yield

Medium (HEPA-
filtered
cultivation
chambers)

4. RISKS, CHALLENGES, AND
MITIGATION STRATEGIES

Risk Category Risk Description Initial
Probability

Potential
Impact Mitigation Strategies

Biological

Cross-
contamination
between modules
(pests,
pathogens).

Medium
High (crop
loss, system
imbalance)

Isolatable module design,
periodic lockdowns, strict
decontamination protocols
between modules, continuous
genetic monitoring.

Biological
Insect
containment
system failure.

Low Catastrophic
(infestation)

Physical redundancy:
Bioreactors inside negatively
pressurized sealed chambers.
Continuous monitoring traps.
Emergency module sterilization
protocol.

Biological
Genetic
degeneration of
crops/animal
stocks.

High (long-
term)

Medium–
High
(productivity
decline)

In situ cryogenic germplasm
bank. Planned introduction of
new genetic material from
Earth. Selection of stable
varieties.



Risk Category Risk Description Initial
Probability

Potential
Impact Mitigation Strategies

Technical
Catastrophic
power system
failure.

Low
Catastrophic
(total
collapse)

Triple redundancy: Nuclear
reactor + solar panels +
battery/fuel cell banks.
Modules can enter “hibernation
mode” with minimal power.

Technical Habitat rupture
(depressurization). Very Low Catastrophic

(total loss)

Robust structures, integrity
monitoring, internal
compartmentalization,
emergency spacesuits always
accessible.

Human
Human error in
ecosystem
management.

Medium Medium–
High

Maximum automation of
critical processes. Extensive
and continuous training.
Emergency simulations. Clear
protocols and dual verification.

Psychological
Fatigue or
rejection of
repetitive diet.

High
Medium
(morale,
health
impact)

Continuous crop
diversification. Dedicated
“leisure garden” spaces.
Creative food processing
(flours, ferments). Inclusion of
“comfort foods” in initial
selection.

5. CONCLUSIONS AND
RECOMMENDATIONS

1. Immediate Technical Feasibility: Self-sufficient Martian colonization is feasible with current or near-term

technology. The greatest challenge is not biological, but one of scale, energy, and logistics for transporting and

deploying initial infrastructure.

2. The Ecosystem as Critical Infrastructure: The CAE is not an “add-on” to the colony—it is its circulatory and

digestive system. Its design must be integrated from the earliest architectural sketches of the habitat.

3. Biosafety as Priority: Conservative organism selection, emphasizing absolute containment, is the most prudent

strategy. Risks of introducing problematic organisms far outweigh marginal benefits of greater diversity.

4. Gradual and Iterative Pathway: Self-sufficiency is a long-term goal. A development program should include

precursor missions for validation in analog environments (e.g., Antarctic bases, deserts, or orbital stations) at

increasing scales.

5. Final Recommendation: Immediately initiate terrestrial R&D programs for Large-Scale Closed Ecosystems,

focusing on integration of proposed subsystems (insect-aquaponics, algae, crops), energy optimization, and full

automation. Success on Mars depends on mastering these technologies on Earth.

END OF REPORT

This document constitutes an initial strategic vision. Engineering details, mass-flow mathematical models, specific

architectural designs, and mission plans require subsequent-phase studies.


