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Report Objectives  

This report is a compilation of concepts from peer-reviewed literature, ecology, evolution, organismal 

biology used by the report writer to develop plausible systems and methods for copepod production. 

Where applicable source material is sited and will be provided as reference for this document. The 

system described is intended to replicate the natural processes and thereby limit the work and 

involvement required by the operators. Unlike other copepod production systems the system described 

here is designed not to require purified cultures of organisms for feeding copepods that must be 

procured and maintained. This report describes a system that, to my knowledge, is novel in its operation 

and is theoretically sound given the following assumptions: 

 Mice feces contains flagellated organisms that copepods will eat 

 Mosquitoes will feed on mice or other CO2  producing animals 

 Mosquitoes lay eggs on water 

 Copepods will eat mosquito larvae 
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It is the objective of this report to;  

 Provide a system that exploits organismal  interdependence to create selective pressure on 

copepods encouraging the reproduction of mosquito larva-eating copepods over less selective 

eaters of the same species.  

 Provide advice and guidance on selection and modification of the essential elements and 

organisms to provide the user the best opportunity for success. 

 Provide diagrams and discussion of the essential components of the system such that an 

individual with the proper construction skills could build such a system. 

 Provide methods for monitoring copepod production and potential means of adjusting 

conditions to improve copepod production. 

 Provide guidance and advice on collection, storage, and distribution of copepods post collection. 

 Provide considerations for scaling-up production to provide bulk quantities capable of 

distribution by plane/helicopter. 

 Provide safety considerations of the system to ensure the user is aware of potential health 

threats posed by operation. 

 

System Overview 

Purpose 

The development of a low-cost self-sustaining system that produces an environmentally resistant 

population of Cyclopoid copepods specialized in consuming 1st instar mosquito larva for distribution to 

natural aquatic environments of salt or freshwater. 

The system will be composed of 4 main components 

o Copepod Aquarium 

o Mosquito Habitat 

o Mosquito Feeding Cage 

o Copepod Collection Tank 

Operation and maintenance of the system will require the following processes 

o Copepod Species Selection 

o System Construction 

o System Monitoring and Adjustment 

o Modification for Species and Purpose 

o Bulk Production 
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Tools of the Trade 

o Stereo Microscope Capable of 20X Magnification 

o Sieves (2 mm, 200 µm, and 100 µm) 

o Low RPM Hand Fan 

o Magnifying Glass 

o Mosquito Netting 

o Standardized Collection Instrument (A measured volume) 

Concept of Operation 

The Life-cycle and Food Web of the System 

The system revolves around the life-cycle requirements and exploitation of those requirements to 

develop self-sustainment illustrated in Figure 1. Understanding how these organisms interact is essential 

to setup, modification, and maintenance of the system.  

Copepods will mate and produce eggs. The Eggs will hatch and the small nauplii (Naw-Plee-Eye) will 

emerge. The nauplii will emerge and eat bacteria found in the mouse feces (if you choose to use this 

process) and small motile algae (e.g. Chlamydomonas reihntardii). They will develop into copepodids 

(Coh-Pih-Pod-Ids) which will continue to eat the bacteria and algae but will begin to eat mosquito larvae 

in the later stages of this phase. 

Male and female mosquitoes subsist on plant juices. However, a blood-meal is required in-order for the 

female mosquito to generate eggs. Blood meals are provided by the mice/rat or another warm-blooded 

animal that produces the primary attractant of mosquitoes (CO2) based on your local laws regarding the 

use of animals in industry. Mosquitoes will retreat to dark areas to rest after blood meals. After resting 

and oogenesis (creation of eggs) they will be fertilized and the mosquitoes will lay eggs in rafts on or 

near water. These eggs require contact with water to hatch. Once the mosquito larvae hatch they 

emerge as larva and are primarily filter feeders at this stage. This initial larval form is known as the 1st 

instar and is most susceptible to mature copepod predation.  

Once a significant population has been grown a number of options are available for selection, storage, 

and distribution. The aquarium water is collected through a drain in the base and copepods are selected 

via mesh sieving to concentrate and separate the copepod population by size and thereby life-stage. The 

flow-through, containing the bacteria, algae, and other micro nutrients can be poured back into the 

aquarium for reuse. 

The Benefit of a Mosquito Diet for Copepods 

In copepods genetics provide much of the instinctive behavior. These genes are “shuffled” every time 

mating occurs because Cyclopoids are not primarily asexual. Providing mosquito larvae as a primary 

food source during the generation cycles allows those copepods genetically better at subsisting on the 

mosquito larvae to grow faster and produce eggs sooner. That behavior will be passed to the offspring in 
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a probabilistic nature through the genes. Therefore, the system enriches those copepods you have 

harvested in the same way that plants, cattle, horses, have be bred through the years for favorable 

traits. 

 

System Design 

Figure 2 illustrates a Test Habitat identifying how the structural components of the system could fit 

together to accomplish the purpose of the system. A Test Habitat should be built to identify the ideal 

conditions and metrics prior to initiating bulk production.  

The system should include the Feeding Cage on the top of the structure to facilitate the movement of 

mosquitoes upward into the cage, attracted by the animal producing CO2 pouring downward into the 

Mosquito Habitat. The Feeding Cage will ideally be made of a sturdy transparent plastic, allowing for 

easy modification as necessary. A closable opening in the top of the Feeding cage (Fig.2 -1) would 

provide access to place/remove the feeding animal.  

*During placement and removal, an electric hand fan should be used to create airflow into the cage 

through the door while open to ensure mosquitoes do not escape.  
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Roughly 2/3 of the floor should be covered with a wire mesh (Fig.2-2) with an opening (~ 1 cm) that 

allows: 

 Mosquitoes to move upward through the mesh 

 Animal feces to drop into the aquarium  

 Prevents the animal from moving downward into the Mosquito Habitat 

The Mosquito Habitat would ideally be a sturdy skeleton of a cube (no faces, only edges and vertices). 

Mosquito Netting would be used to cover all sides except the top (open to the Feeding Cage) and the 

bottom (open to the Aquarium Surface). The Mosquito Resting Area (Fig. 2 -3) is a cardboard or thin 

wooden box covered in black material (paper or cloth) also containing vegetation for feeding. 

The Copepod Aquarium (Fig. 2-4) should have definable volumes marked on it for calculations in liters. 

The aquarium should be separated into an upper and lower region defined by a removable mesh with ~ 

100 micron (micrometers) openings (Fig.2-5). The screen mesh opening size must be between the 

mature adult Cyclopoid size ( > 1.2 mm) and those of the nauplii and egg stages (often less than 100 

micrometers but may vary by species). 

The collection drain (Fig.2 -6) should have a screen with a 2mm mesh to allow all copepod life stages to 

pass through. Subsequent sieves can be used after collection to select out the various life stages. 
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Species Selection 

Most colleges and universities that maintain a Biology Department may have an entomologist. The 

Entomologist is generally a friendly scientist, deeply devoted to their discipline and often over-joyed to 

discuss insects and crustaceans. These experts will be indispensable in identifying and learning about the 

local copepod selection as well as conditions that initiate diapause (a form of hibernation) as well as 

optimal temperature and feeding conditions for the species. Indispensable. 

An excellent manual was written by Gerald Marten (Marten, 1997). The manual details numerous 

aspects of rearing methods. The methods will provide valuable insight into the culturing needs of 

Cyclopoid type copepods.  

Selecting the Copepod 

Copepods are a ubiquitous sub-class of Crustacea containing several groups or Orders of copepods. The 

Cyclopoid Order of Copepod has been well documented in eradicating mosquito larvae (Marten, 1994). 

The other Orders of Copepod are either parasitic in life-style or primarily herbivorous. In development of 

a system that harvests copepods eggs and/or copepods for travel/distribution the primary challenge 

comes from the fact that Cyclopoids do not drop their eggs but carry them until they hatch. Selection of 

the species should be harvested from local sources to ensure invasive species are not introduced. Using 

local species also ensures that copepods will be adapted to the environment when re-introduced in 

larger numbers. 

Species Requirements:  

 Member of the Cyclopoid Order of Copepod 

 Greater than 1.2 millimeters in body length 

 Have a short Generation Time (The sooner they develop the better) 

 Have significant fecundity (The more eggs the better) 

 Preferably a Temporary Flood plain dweller (Best diapause (hibernation) characteristics) 

 Salt-water variety/ Freshwater Variety. (The mosquito and copepod need to match) 

 Display mosquito larvae predation  

Order Mesocyclops has numerous members that fit these characteristics.  

Some representative species found to prey on mosquito larvae (Marten, 1994); Mesocyclops 

aspericornis, Mesocyclops longisetus, Macrocyclops albidus, and Mesocyclops longisetus. 

One hundred adult female Mesocyclops produce about 25,000 new adult females within a month. 

Females are inseminated during adolescence and require no further contact with males to produce 50 

to 100 eggs weekly during their several-month life span (Marten, 2001). 

Selecting the Mosquito 
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Selected mosquito species should prefer to lay eggs on water surfaces. Anopheles, Culex, and Aedes sp.  

Will all lay their eggs directly on water and are common throughout the world. A note of caution 

Anopheles sp and Aedes egypti are well known human disease vectors of the Malarial apicomplexan 

(type of protozoan) and Dengue Fever Virus, respectively. Culex sp. Also can carry several types of viral 

encephalitis. Mosquitoes would have to have been infected by biting an infected human or disease 

reservoir (animal). 

Mosquito eggs, in general, float and are between 0.5 – 1 millimeter in length. Therefore they are smaller 

than the copepods and this should be considered when draining and sieving to select for copepods. DO 

not drain all the water as mosquito eggs will likely pass through the sieve as well. 

There are commercial means of purchasing mosquitoes from the Carolina Biological Supply Company 

www.carolina.com. The can also be wild-caught with kits http://fmel.ifas.ufl.edu/kits/.  

Additionally some species are easier for Cyclopoids to eat than others (Marten, 1994). Aedes sp. have 

been eradicated by Mesocyclops sp. copepods from several Vietnamese villages (Nam,1998).  

Selecting the Feed Animal, Algae, and Micro flora 

The feed animal should be treated in a manner consistent with local laws. Mice can be shaved but it is 

likely more cost effective to purchase the naturally bald mice. An appropriate feed animal would contain 

micro flora that would sustain copepod development and provide nitrogen and phosphate sources as 

fertilizer. Cyclopoids prefer moving prey in all stages (Marten, 1997). Most warm-blooded animals would 

produce significant numbers of flagellated micro-organisms (Falk, 1998) for nauplii and copepodid stage 

nutrition. Therefore feces from most warm-blooded animals such as mice or rats should be sufficient. 

However if the feces is not desired as a source of nutrition due to pathological concerns the manual 

identified earlier (Marten,1997) provides species, growth, and nutritional conditions. 

Algae will provide a ready source of food for the nauplii, copepodids, bacteria, and mosquito larvae and 

will require little else except a light source, ambient room light would be sufficient. The danger is oxygen 

depletion of the water. This can be avoided simply by using a bubbling aquarium pump. You can take 

some algae directly from a local pond (not recommended) or purchase a small starter stock from a local 

aquarium / pet store. There are plant-like alga and micro-organismal-type alga. The plant-like alga will 

be far easier to deal with and would be preferred in this instance. 

 

Monitoring and Adjustment 

Starting Up 

The Test Habitat in Figure 2 should be ~ 1 meter in height and constructed using all the specifications 

and requirements in the previous section (System Design). 

http://fmel.ifas.ufl.edu/kits/
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All water used for holding or containing copepods should be non-chlorinated. The early life stages are 

especially sensitive and will not survive in chlorinated water. To de-chlorinate simply allow to sit out, 

preferably in sun for a few days. Chlorine and chloramines use to chlorinate water will naturally vaporize 

out of the water. Chlorine test strips are inexpensive and easy to use and can be purchased at stores 

selling hot-tub or swimming pool supplies. Pet stores may have them as well. 

Ensure the habitat is completed prior to performing the steps below. Have additional stocks of 

mosquitoes, copepods, algae, and some dried fish food flakes to assist in adjusting the process. 

Step 1: Prepare the aquarium with your selection of algae. If you’ve chosen a plant-like alga ensure that 

it will not clog the drain during collection by enclosing it in a wire mesh. Use only a small amount (4-5 

ml) to start as it will grow. 

Step 2: Settle the mice into the top cage with some food. Introduce mosquitoes into the netted middle 

habitat. Depending on what life-stage you have your mosquitoes will determine how long the process 

will take to begin but you can use the below life-cycle times as estimates. 

 From Blood-meal to laying eggs 3-6 days 

 From egg to 1st instar larva 1-6 days 

Step 3: About 24 hours prior to mosquito eggs hatching add the copepods to the aquarium. 

Step 4: Observe and adjust. 

 

Observe and Adjust 

You will need the stereo-microscope to observe and adjust. Additionally you will need to be able to 

identify the difference between, copepods, mosquito larvae, non-copepod micro-organisms, and the 

younger copepod life stages. 

Measurement: 

In order to monitor your system you will need to know how to compare the aquarium one week to the 

next. By using standard units of measurement you will be able to gage whether populations are going up 

or down. The principle measurement unit:    # of organisms / Liter of water 

To obtain this unit for your aquarium you will take a sample using a basting tool, cup, or other means of 

obtaining a representative sample from you aquarium.  

The sample method should: 

 Take the same amount every-time  

 Have a known amount in milliliters 
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 Be small enough amount that can be easily counted with stereo-microscope 

Recommending a wide-mouth 50 ml plastic syringe and a sample volume of 10 milliliters (ml) 

Example:  

To determine how many copepods I have per liter of water I take a 10 ml sample. I then strain the 

sample through a mesh which does not allow mature copepods to pass through (200 micron). I place the 

mesh under the stereo-microscope and count. The number of copepods I count is then the amount in a 

10 ml volume. There are 100 – 10 ml volumes in a liter. Therefore I multiply the number of copepods I 

counted in 10 ml by 100 to estimate the number of copepods in a liter. This value will be my standard 

aquarium density for copepods in # of copepods per liter of aquarium water. 

This standard unit can then be tracked weekly to determine if you copepod population is going up or 

down. 

Adjustments 

The micro-ecosystem should run itself but in order to ensure copepods are reproducing and the 

population is increasing it is essential to sample and count as in the above section. There are two 

potential situations requiring adjustment based on the change in copepod numbers: 

Copepod population decreases: 

If the copepod population decreases this indicates that mature copepods are dying and not being 

replaced by their progeny. Consider the following potential issues. 

Potential Issue Diagnose Fix 

Not enough algae Algae present Add more algae 

Toxic Algae Numerous dead large 
mosquito larva 

Drain and switch Algae type 

Too many 
copepods 

no mosquito larva If copepod population was increasing and has reached a 
plateau this may be the maximum population density. 
Collect the culture at this time for distribution. 
Otherwise add more mosquitoes. 

No mosquito eggs Use a magnifying glass 
and inspect near the 
surface of the 
aquarium water. 

If numerous eggs exist above the waterline then add 
enough water to the aquarium to submerge them. Else 
add more mosquitoes and mosquito food (vegetation) 
to induce feeding. 

Too much algae Water turbidly green Remove excess algae, add aeration pump to increase 
oxygen content. 

Contamination with 
other insects 

Moths, flies, etc. Isolate and remove invading insect. Else restart 
mosquito population 

Too dirty Films, foul smell Drain and add new water. 
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Copepod population remains stable: 

This situation may represent a plateau for the population. At which point the system should be drained 

for collection. However if the population has not significantly increase (< 1000 copepods / liter) then 

refer to the Potential issues matrix above. 

Draining the Tank for the Purpose of Cleaning without Collection 

If the tank needs to be drained for the purpose of cleaning and a copepod culture is currently growing  

you can use a siphon with a small 80 micron mesh over the intake end. This will ensure that most nauplii 

and larger stages are not siphoned out of the tank but the dirty water and smaller particles and bacteria 

are. 

 

Preparation for Application 

Collection: 

Remove the mesh in the aquarium and ensure algae will not clog the drain. Drain ¾ of the aquarium into 

a collection vessel such as a carboy through a 200 micron filter. Transfer the filter mesh to a preparation 

jar for the concentrated copepods. It is important to sample and estimate the population density prior 

to collection as this will not be possible after you have concentrated the copepods in the collection step. 

Preparation for near term application: 

The concentrated copepods can be applied directly at this point to control bodies of water, ditches, 

containers, and marsh-land. If mosquitoes are already present Bacillus Thuringensis israeliensis 

(powdered bacteria sold as a pesticide) can be added to concentrated copepods prior to application to 

control the mosquito larva that are already too large for the copepods. The amount of copepods to use 

can be estimated. In research (Nam, 1998) a 55 gallon drum can be inoculated with 50 copepods to 

produce near 90% reduction. Therefore, 1 copepod / gallon appears to be sufficient. This can always be 

doubled or quadrupled to ensure a significant number of copepods will en-niche into a natural 

environment. At 4 copepods/gallon simply estimate the body of water in gallons and multiply the 

number by 4 to determine the amount of copepods needed. If application will not occur within a week 

the copepods should be cooled to near their species lower tolerance and stored for longer periods but 

this is not a preferred or long-term storage or practical for distribution by postal methods. Application 

by spray should only require that the process of being pulled from the tank to being pushed from the 

nozzle will allow the copepod to remain alive, therefore no screens or meshes should be in the flow 

path. Hand pump pressurized containers should not injure the copepods but mechanical pressurization 

would require some testing to determine if the copepods are still viable afterward. 

Preparation for storage and broad distribution by post: 
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If the selected copepod has an inducible diapause stage (hibernation) the culture can be prepped in the 

aquarium prior to collection via light-period (Light on:off ratio) and temperature changing signals can be 

used to induce diapause, allowing the copepods to be cooled or dried to an environmentally resistant 

cyst for long-term storage after collection. The diapause copepods can then be applied as a powder or 

re-constituted in water and sprayed. 

The signals that induce diapause in copepods are diverse and are specific by species. These will 

therefore be dependent on the copepod species. This information can be found through dialogue with 

local entomologists that study the species or peer-reviewed literature on diapause e.g. (Frisch, 2004). 

Lastly, if no information exists and the species selected is a temporary pool dweller it may be possible to 

replicate its natural conditions to induce diapause with the following method. 

Use a small (10 X 10 cm) tray with a depth of ~ 2-3 cm. add a thin layer of dirty in the bottom of the tray 

to simulate a pond bottom. Add water to half. Add a known amount of copepods. Allow the pool to 

evaporate over the course of a few days. Do not allow to entirely dry out (keep moist no pools) and cool 

to the lower limit of their activity tolerance (species specific). After several weeks sift out the copepods, 

acclimate to room temperature and determine the number still alive relative to the number added. By 

replicating this experiment and modifying a single parameter each time you may be able to optimize the 

diapause conditions. Even if you are unable to induce true diapause you will be able to identify the limit 

to storage conditions in this way. 

Scaling to Bulk Production 

The test habitat is primarily used as a proof of concept system. Once the functioning system has allowed 

the operator to identify all the operational parameters such as algae species, mosquito species, copepod 

species, which produce a viable product in an adequately short amount of time, up-scaling can be 

optimized to take advantage of those parameters. Up-scaling for bulk production prior to having a 

successful Test Habitat would potentially be a significant waste of time and money. 

Metrics and Scaling 

Collect the metrics to be used for up-scaling from the test habitat experimentation. How many mice 

were required to produce 10,000 copepods? How much did you have to feed those two mice? How 

often did you have to change the vegetation in the Mosquito habitat?  

If the bulk production tank will be 10 times larger, you will need ten times as many mice that will eat ten 

times as much. It unlikely that this same scaling metric will not be required for mosquitoes and 

copepods as their populations will spread out in a larger habitat and will be controlled primarily by 

space and food availability. 

Access and Habitat 

Simply enlarging the test habitat to make a long and wide square tank means you will have difficulty 

doing any work needed in the center of the tank, therefore one dimension needs to be no longer than 
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your arm. Bulk production habitats will then simply be an elongated version of the test habitat with a 

few modifications (Figure. 3). The mice cages should not be the entire length of the habitat. You must be 

able to corner the mouse through the opening in the top, therefore the mouse cage length will repeat. 

The mosquito habitat should be open to the aquarium surface and need not be separated but should 

have a resting box beneath every mouse cage. The aquaria need not be separated from one another but 

there should be multiple drains to facilitate collection. 
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Safety Considerations 

The primary concern for operators is the accidental infection with a pathogenic organism through the 

bite of an infected mosquito. Mosquitoes become infected with pathogenic organisms through biting 

infected people or animals and/or then by transovarian processes (the mosquito which laid the eggs was 

infected and passed it to the eggs). Mitigating this risk requires purchasing or procuring your mosquitoes 

through a commercial or certified source and ensuring the production environment, outside the Habitat, 

is free of mosquitoes. Operators could also wear insect repellent; however care must be taken not to 

contaminate the habitat water or surfaces with the repellent. Also, mosquitoes found outside the 

habitat should be killed and not placed back into the habitat. 

Mice can bite. Therefore, leather work gloves (or more sturdy bite-resistant gloves) should be worn 

when handling the mice to prevent bites and potential infection from mouse feces. Mice are vectors for 

numerous human diseases and should be kept free of flees. Shaving mice or purchasing bald mice assists 

with this process and make the mice better feeding sources for mosquitoes. 

Copepods can also carry diseases and if ingested can pass along parasites and other pathogenic 

organisms in them or in their water. Additionally rat feces can harbor organisms pathogenic to humans. 

Operators should wash their hands after working with the water in the tank and with the copepods. 

Operators should not touch their mouths, smoke, or drink while working with copepods or water 

containing copepods, or cleaning the cage. 
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