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1. Introduction 

One of the main objectives of the CONOPS Project is the development of a Prototype 

Invasive Mosquito Species (IMS) Monitoring Device/System that will effectively 

combine the advantages of the most effective mosquito attracting and entrapment 

methods.  

In this framework, the methods for collecting IMS were analysed. Besides, a state-of-

the-art and market study regarding IMS traps implementations and relative 

technologies took place so that to provide a coherent set of inputs for the further 

design and development of the Prototype IMS Monitoring Device and its sub-systems. 

Furthermore, a feasibility study took place in order to investigate potential 

technological and business limitation(s) regarding the development of the Prototype 

IMS Monitoring Device and its sub-systems.  

The final results of the above tasks are described in this Report. 
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2. Methods of collection of IMS 

Surveillance by larval survey is of key importance as all mosquito species rely on 

water bodies for their development, thus allowing a focused and rapid inspection 

(sampling and identification can be performed on the same day), thus offering an 

optimal cost-benefit ratio. Currently the risk of IMS introduction is mainly restricted 

to container-breeding species which can exploit artificial containers, which widely 

available in inhabited areas [1]. Recent introductions are mainly passive and related to 

human activities, mostly in urban areas. 

Larval investigation in urbanized areas must be focused on man-made water bodies 

found on both public and private property, below and above ground level, such as 

discharged containers of different shapes and volumes, flower vases and flower pot 

dishes in gardens and cemeteries, used tires left outdoors, rain water barrels, road 

drains, pits, as well as road beds and potholes for Ae. koreicus. Natural containers like 

tree holes or rock pools may also be inspected in some situations [1], [2]. Other 

stagnant water bodies (ditches and ponds with vegetation, forest ditch, fen, flooded 

meadows or forest) are never colonised by invasive Aedes species. 

The best season for larval detection depends on the latitude and altitude, as well as the 

mosquito species. In general, mosquito larvae develop when water temperatures are 

above 10°C. For optimal development and growth, water temperatures must range 

between 25°C and 30°C. In spring, the blossoming of dandelions indicates the start of 

mosquito activity season, and the first frost of autumn may indicate its end. Even if 

IMS larvae survive in the water, they have very little chance of emerging as adults. 

The precise start and end of surveillance needs to be adjusted to the particular IMS, 

considering specific IMS tolerances (temperature, diapause). 

When surveying a large stock of used tires it is suggested to search in the shadow of 

trees, as shady spots are more frequently colonised. When sampling road drains it is 

suggested to wait a few minutes after the opening of the cover before sampling in 

order to allow the re-surfacing of larvae disturbed by the operation. 

Mosquito juveniles (larvae and pupae) can be collected from potential larval breeding 

sites by netting, dipping, or sucking, depending on the size of the inspected container. 

Large containers (surface > 0.5 m
2
) can be checked with an aquatic net (maximum 

diameter 20 cm, 500 meters mesh), a classic dipper, or a one-liter-plastic tray. Smaller 

containers can be checked with a smaller net (aquarium water nets are usually fine), a 
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kitchen ladle, or a small white plastic cup. Very small containers can be emptied into 

a plastic tray; if not removable (like tree holes), water can be sucked out with a silicon 

tube or a mucus vacuum. 

Collected water samples can be inspected better for the presence of juveniles when 

decanted in a white plastic tray (1 liter). Larvae are then easily collected with a plastic 

pipette and put in a fully labeled vial with water (for rearing the larvae to 4th instar or 

to adults) or directly in 70% ethanol for later species determination. Rearing larvae to 

L4 is recommended for more reliable identification. 

Mosquito adult females can be caught by aspirating from resting sites (indoor in 

shelters, or outdoor in the vegetation) or on hosts (animal or human), and by netting in 

the vegetation (well-suited for dense mosquito populations). 

Human Landing Collection (HLC) can also be performed for estimating 'landing 

rates', as mosquitoes must not be allowed to take their blood meal, and must be used 

only if there is no evident risk of transmission. It is sometimes, however, the most 

direct and rapid way for estimating a nuisance and can be performed in 15 minutes, 

for example when visiting a site to check for larvae or inspect adult traps. 

Surveillance by adult collection may be best carried out by using effective traps. A 

number of mosquito traps have been developed which exploit the mosquito's 

preferences in odor, cues, colors, light, host characteristics, or behavior. As for 

invasive mosquitoes, the most efficient traps are suction traps baited with chemical 

lures and/or carbon dioxide (usually from dry ice; light is not attractive at all), and 

traps that attract females seeking a place to oviposit. Traps targeted to collect females 

may be useful not only to detect/identify the invasive species but also to obtain 

samples to be submitted to analysis for pathogen screening. 

In summary, the use of traps is highly recommended, but animal baits (if specificity is 

needed) and HLC are also an option if carried out with the necessary caution. 

Note: When not performing HLC, people who sample adult mosquitoes in the field 

should wear protective clothing (long trousers and sleeves), gloves and netting 

protection of the neck or the whole head (mosquito head net), as mosquitoes may be 

aggressive during site inspection. 
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Traps may be positioned in the sites under surveillance [1], [2] and operated 

periodically or continuously to cover the whole sampling season; samples are 

collected during regular inspections. The choice of the most appropriate trap will 

depend on the most probable mosquito species to be found, the environmental 

conditions under which the trap will operate, and the availability of skilled technicians 

and resources (laboratory/domestic animals, dry ice, etc.). 

Eggs of invasive Aedes spp. are usually deposited on the insides of containers, just 

above the water level. Thus, they can be collected by applying strong white paper tape 

to those surfaces. This method is particularly useful when checking for introduced 

eggs in containers of freshly imported goods. All in all, eggs are easier to find than 

flying adults and offer the added benefit of early detection. 

Surveillance of IMS adult presence and activity can efficiently be based on ovitraps 

that attract adults which lay their eggs on the provided oviposition supports. In this 

case, only eggs are collected, but if enough traps are used [1] to cover the area, one 

may interpolate the size of the adult population. Ovitraps are cheap and easy to 

handle, but identification of eggs can be difficult and time-consuming. To complicate 

matters, the correlation between number of eggs and female density is not always 

obvious, as females do not lay all their eggs in a single vessel, particularly if there are 

other options like used tires. 
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3. Comparison between different mosquito and egg collection methods 

3.1 Human Landing Collection (HLC) 

This is probably the oldest and simplest method of collecting host-seeking mosquito 

females. It catches anthropophilic species most efficiently when performed in shaded 

environments during the peak of the day. Disadvantages include high cost 

(manpower, particularly if HLC is performed after hours, e.g. at dusk) and the risk of 

catching a disease if there is pathogen circulation, even though it is recommended to 

collect the females before they bite. For standard comparison, a sampling duration of 

15 minutes is recommended. 

3.2 Dry ice/carbon dioxide cylinder-baited suction traps 

This type of CO2-baited suction trap operates with dry ice (producing carbon dioxide 

through sublimation) or a carbon dioxide tank. CO2 acts a highly effective mosquito 

attractant for some species of host-seeking females. These suction traps require 

battery or AC power to generate electricity in order to run the intake fans. These traps 

may run with or without a light source. They are not recommended for species such as 

Ae. aegypti, Ae. albopictus and Ae. japonicus, which are not strongly attracted by 

CO2. They have the advantage of not being significantly influenced by background 

light in urbanised areas, while the main disadvantage is the need to have access to dry 

ice or carbon dioxide supplies. They also collect non-mosquito haematophagous 

insects such as Phlebotominae (sand flies), Simuliidae (black flies), and 

haematophagous Ceratopogonidae (biting midges). These traps usually have an 

operational time limited by their CO2 supply (one trapping day/night with dry ice) or 

battery capacity (12V, 10A, maximum 48 hours). 

3.3 Mosquito Magnet (MM) traps 

Mosquito Magnet traps are CO2-baited suction traps that produce CO2 by burning 

butane. They use excess heat from the combustion process to generate electricity in 

order to run the intake fans, they can thus be used in remote locations without 

additional power supply and last up to three weeks. Chemical attractants such as 

Lurex (L-lactic acid) and octenol (1-octen-3-ol) can be added. These traps are not 

known to be highly attractive to IMS. Being large, heavy and relatively expensive, 

they may not be suitable for large-scale studies. 
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3.4 BG-Sentinel trap and Biogents Mosquitaire 

These traps have been designed to be attractive to Ae. aegypti and Ae. albopictus, as 

they are baited with a specific chemical lure (BG-Lure or Sweetscent). Their 

effectiveness can be increased by putting a host (e.g. a mouse in a cage) in the trap or 

by the addition of a carbon dioxide source (Biogents device). With carbon dioxide, 

the trap is attractive to a wide range of mosquito species. They may operate 

continuously when a power source is available, but can also run on a 12V battery. 

They may be used in urbanised as well as rural areas. The traps have also been 

reported to catch male, gravid and blood-fed Ae. albopictus. 

3.5 Light traps 

Light traps operate at night and are most efficient when there are no other lights 

nearby. They are therefore not well-suited for catching diurnal mosquitoes in 

urbanised areas and are not particularly attractive to IMS. They also have a large by-

catch of other insect species. 

3.6 Gravid traps 

These traps consist of standing water in a black bucket and are designed to collect 

gravid females as they search for oviposition sites. They are used in arbovirus 

surveys, as gravid females have taken at least one blood meal and are therefore 

possibly infected, are more effective indicators of pathogen activity than host seeking 

females which may have not taken any blood meal. Gravid traps are not considered to 

be particularly attractive to Aedes mosquitoes, but their attractiveness can be 

improved by using infusions of old oak leaves or grass (bluegrass Poa sp.) that have 

proved to be attractive to Ae. japonicus, and, to a lesser extent, to Ae. albopictus and 

Ae. triseriatus). 

3.7 Sticky traps 

Like the ovitraps and gravid traps, sticky traps attract gravid egg-laying females 

which land on internal surfaces and stick to them. It is therefore possible to determine 

the species and use them for pathogen screening. When used in high numbers, these 

traps also reduce the adult population, especially when adults are not numerous and 

only few alternative breeding vessels are available. Sticky traps are thought to be 

effective for all container- breeding Aedes species, although this has not been tested 

for all species considered in this guidance document. 
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3.8 Ovitraps 

Ovitraps are very simple and considered effective for container-breeding Aedes 

species. They consist of a small black plastic bucket with an overflow hole (0.3 to 1.0 

liters), filled with water to two thirds so eggs can be flooded, and an oviposition 

support (usually germination paper, a wooden stick, or a piece of polystyrene). The 

size of the bucket has to be adjusted to the trap-checking frequency and local rainfall 

in order to prevent the trap from drying out. If the trap-checking interval exceeds 

eight days, it is recommended to add some long-lasting insecticide (biopesticide or 

insect growth regulator) in the water to stop the trap from becoming a breeding vessel. 

Ovitraps can be positioned close to or under vegetation or near buildings and should 

be labeled, e.g. with 'Ongoing scientific study. Please do not remove! Contact...'. 

Although ovitraps are cheap and easy to use, identification of eggs is difficult and 

time-consuming, and the correlation between number of eggs and female density is 

not always obvious, as females do not lay all their eggs in a single vessel, particularly 

if there are other options like used tires. This can be improved by modifying the 

number of traps [1]. 

For detecting the presence of an IMS, it is recommended to use three to five ovitraps 

simultaneously in one place (i.e. a parking lot or a district of a city) in order to 

increase the sensitivity of the trapping. Traps can also be placed in different micro-

environmental conditions (e.g. south or north side of a building, under vegetation, in a 

less obstructed area, or near various putative hosts). 

If several breeding sites are available, ovitrap efficiency is reduced, but their 

attractiveness can be improved by using oak leaves or grass infusion (as for gravid 

traps). Ovitraps can be a useful tool for surveying remote locations with low risk of 

introduction, as they can be checked infrequently (several weeks to several months). 

In high-risk areas they should be checked more frequently, and can be used in 

conjunction with larval searches in other containers. Ovitraps are also useful to assess 

the extent of colonisation if an invasive species is already known to be present. In this 

case it is no longer necessary to systematically identify the eggs; it is sufficient to 

identify new positive sites and conduct a random selection of samples. 

Table A summarises the characteristics of the most commonly used traps for adult 

mosquitoes. 
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Table A. Most commonly used traps for adult mosquitoes: specifications, 

strengths and weaknesses. 
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4. Feasibility of the Prototype IMS Monitoring Device  

Considering the aforementioned information and the distinct characteristics of the 

Southeast Europe – Mediterranean region, as well as the CONOPS Project objectives, 

a unique type of IMS Monitoring Device will be developed in order to satisfy the 

specific goals of the CONOPS Project. Specifically, the Prototype IMS Monitoring 

Device will include multiple types of mosquitoes’ traps / collection mechanisms. In 

fact, the Prototype Device will incorporate two different collection methods (for eggs 

and adults), that is: 

 The first type of collection subsystem of the Prototype IMS Monitoring Device 

will include the basic characteristics of the oviposition traps (gravid, sticky and 

ovitraps). 

 The operation of the second type of collection subsystem of the Prototype IMS 

Monitoring Device will be based on the release of CO2 and BG-Sentinel 

attractants.  

These two collection subsystems are sufficient when the “host-seeking” type of 

attractiveness is applied. There will be the capacity to use different chemical 

attractants (alone or in combination e.g. CO2, ammonia, lactic acid etc). The 

collection subsystems of the Prototype IMS Monitoring Device will incorporate 

existing, commercial technologies, thus minimising development costs and risks.    

The IMS Monitoring Device will incorporate a special preservation subsystem so that 

to preserve the entrapped mosquito specimens for later analysis in the laboratory (both 

identification or/and virus surveillance). The preservation subsystem will also 

incorporate existing, commercial technologies, thus eliminating development costs 

and risks.    

Besides a special mechanism for separating specimens to identify patterns of flight 

and behavior will be incorporated, also based on commercial technologies and 

subsystems (Commercial-Off-The-Shelf - COTS). 

Furthermore, the Prototype IMS Monitoring Device will include:  

 An embedded processing unit (controller) for the monitoring and management of 

its functions.  

 A wireless communications subsystem, involving GSM/GPRS/3G technologies, 

so that to provide remote monitoring and management capabilities via existing 

mobile operator network(s).  
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 An environmental monitoring subsystem, containing temperature and humidity 

sensors, for local weather conditions monitoring, thus eliminating the requirement 

for the acquisition of meteorological data from external sources and supporting 

automated IMS monitoring device operation (e.g. automatic start and stop of the 

device operation when the temperature or humidity passes certain levels). 

 A special power supply system consisting of a small-form factor solar panels unit 

and a backup batteries unit so that to ensure that the device is power autonomous.  

All based on commercial technologies and (COTS) subsystems, thus minimizing 

development costs and risks.  

The Prototype IMS Monitoring Device will be physically hardened and housed inside 

a special industry standards-based casing, which will be of special form and size, 

surface relief and color. The utilized materials will be also commercially available. 

However, as it is understood, the integration of all the aforementioned subsystems, 

each one providing a distinct functionality in terms of the IMS Monitoring Device, 

will lead to the development of a unique prototype system, not commercially 

formulated at present as a sole device that will completely satisfy the specific 

objectives of the CONOPS Project. Also, since the subsystems of the Prototype IMS 

Monitoring Device will be based on COTS equipment, its development will incur 

minimum risk and associated costs, therefore being essentially cost-effective and 

feasible. 
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