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Executive Summary  

 

Mosquito-borne diseases remain a major challenge to global health and 

international development. These vector transmitted diseases effect millions of lives 

with risk of death and/or debilitating symptoms. Last year, malaria alone was 

responsible for nearly half a million casualties with half of the world’s population at risk 

of infection.  Combating malaria and other mosquito-borne illnesses can be difficult as 

many of society’s most vulnerable lack access to resources and medical facilities to aid 

in prevention. Additionally, many methods position individuals to choose between 

prevention and comfort. 

Wings of the Night proposed a unique, ecofriendly, and financially viable 

preventative approach in helping combat mosquito-borne diseases. Utilizing natural 

predation and biological advantages of native insectivorous bat species, Wings of the 

Night established large-volume bat housing complexes near rural, mosquito dense 

communities. Constructed with local lumber and materials, the project remains 

sustainable as guano is collected via a guano collection apparatus to be sold or used for 

agricultural fertilizer.  

Initial installation of the project occurred in March of 2017 in Sucusari, Peru, a 

rural community in the Northern Amazon region of Peru. Wings of the Night has 

established important partnerships in Peru and are looking to expand their venture with 

research and scalability options.  

Wings of The Night addresses four goals to measure success. 1) A depletion in 

local mosquito populations per site to decrease the infection rate of malaria. 2) A 

reduction in the reliance on chemicals and insecticides to combat malaria. 3) The 

creation of more disposable income for the villagers through less reliance on expensive 

insecticides and the marketability of bat guano. 4) Spreading awareness on bat 

conservation and education. 
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Problem Statement 

Twelve millimeters, that is the average size of the world’s most deadly animal: the mosquito. This title 

is not earned not due to the insect directly, but rather what microorganisms it plays host to. Mosquito-

borne diseases are caused by a parasite, bacteria, or virus that is vectored by the mosquito. The 

exhaustive list of diseases spread through mosquitoes include malaria, dengue, West Nile virus, 

chikungunya, yellow fever, filariasis, tularemia, Japanese encephalitis, and Zika, just to name a few. 

Every year, nearly 1 billion people are infected with a mosquito-borne illness resulting in over one 

million deaths1. More than half of the world’s population is at risk with the most vulnerable and 

marginalized members of society most affected. One of the most notable and life-changing vectored 

diseases is malaria.  

 

Malaria: A Global Issue 

For more than 4,000 years2, malaria has been a major threat to public health. Malaria is caused by a 

Plasmodium, which is spread to humans through mosquitoes. In 2016, 3.2 billion people lived at risk 

of malarial infection with 445,000 deaths estimated3. Malaria triggers fever, chills and intense flu-like 

symptoms. Depending on the strain, malaria can also form chronic symptoms reemerging years later.  

Mosquito populations and malaria infection rates are extremely high in tropical climates, especially 

that of the Amazon Basin and Sub-Saharan Africa. A combination of a hot, humid climate and heavy 

rainfall equates to extremely plentiful mosquito populations, and likewise the prevalence of malaria. 
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Limitations in Combating Malaria 

Combative approaches to solving malaria and other mosquito-borne diseases can be divided into two 

parts: 1) decreasing mosquito transmission, and 2) medical disruption in Plasmodium induction. There 

is currently no vaccine for malaria. Additionally, contraceptive medication is expensive and requires 

constant dosage1. Preventative pre-bite measures include the use of insecticides and mosquito nets. 

Insecticides are also costly and can be damaging to human health and the environment. A mosquito net 

is applicable only when an individual sleeps under it – often creating unfavorable sleeping conditions 

due to a sauna effect. Many low-income families are not able to afford air conditioning or ventilation 

systems which could result in overheating and discomfort associated with use of mosquito nets. Due to 

this excessive heat, many villagers choose to not sleep in mosquito nets. Additionally, treating malaria 

post-infection is a less desirable option due to the high cost and lack of availability of medications and 

proper treatment procedures, especially for individuals in rural communities. 

The prevalence and treatment of mosquito-borne diseases embodies what is known as a wicked 

problem. Combined in suitable circumstances, all the above actions help decrease the transmission of 

malaria infection. However, standing alone, none of these preventative approaches factor in 

environmental and human health benefits, affordability, and ease of comfort.  Each vulnerable 

community and individual household has unique problems facing the control of mosquito-borne 

diseases. Many must make an active choice between comfort and protection from mosquitoes. 

 

Opportunity Questions 
What method exists in helping combat mosquito-borne diseases that doesn’t force the individual to 

choose between comfort and protection?  

How can this approach consider human health, local biodiversity, and financial constraints? 

 

Value Proposition 
Wings of the Night proposes a unique, ecofriendly, and financially viable preventative approach to 

help deplete the infection rate of malaria and other mosquito-borne diseases in the most vulnerable 

regions of the world.  

The decrease in malarial infection will be ascertained through the depletion of micro-populations of 

mosquitoes surrounding rural residential areas by utilizing the hunting skills and biological advantages 

of native insectivorous bats. Bats are attracted to the residential region through the construction of bat 

roosting modules in a suitable environment. The housing structures will be equipped with guano 

harvesting compartments. Guano is one of the world’s most nutrient-rich and effective fertilizers, it is 

also a vital component helping to catalyze sustainable agriculture.  

Answering the opportunity questions above, Wings of the Night supplements already present methods 

of malarial prevention. At a local scale the utilization of natural insectivorous predators like bats can 

increase disposable income as less resources are used for mosquito prevention. Additionally, 

community members do not have to choose between comfort and protection as bat predation occurs 

independently of human diurnal activity.  
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Why Bats? 

 

 

Large concentrations of hunting bats saturate the surrounding area 

with ultrasonic waves. The range of a bat’s sonar waves extend on 

average 40 meters, interdependent on species and terrain9. When 

several bats are hunting together and sending out sound waves, 

mosquitoes become unable to pinpoint the specific location of bats.  

Due to this confusion, mosquitoes consequently avoid large 

concentrations of bats through neural stimuli. Through predation 

and ultrasound avoidance, establishing large-volume bat 

communities near residential areas can create a sphere of protection 

for community members. 

  

 

 

 

 

 

Figure 3. Bat Sphere of 

Protection 

___ = Hunting range ~ 2.5 km.  

___ = Ultrasound saturation 

zone ~300 m3 

 

Bats are extremely successful 

predators; under ideal conditions, a 

lone bat is capable of eating 1,000 

mosquitoes in a single hour5. A 

bat’s hunting range can extend 

several kilometers over varied 

terrain.  

Additionally, bats and flying insects 

have had a long co-evolutionary 

relationship. Bats hunt using echo-

location. The capability to detect 

ultrasonic signals has evolved 

primarily in insects that are preyed 

upon by bats6. Many flying insect 

species possess the ability to detect 

the ultrasonic sounds bats create 

when hunting; this is known as 

ultrasound avoidance7. Several 

research studies support that 

mosquitoes also possess ultrasound 

avoidance8.  

 

Figure 3. Community 

Sphere of Protection 

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiwy6mcnLLZAhUJ1oMKHWBRDBcQjRwIBw&url=http://www.iconarchive.com/show/outline-icons-by-iconsmind/Forest-icon.html&psig=AOvVaw34HDK9KwGR-WFNzs88q6WQ&ust=1519138001640668
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwixsM-CnLLZAhVs5oMKHam0BxEQjRwIBw&url=https://thenounproject.com/term/village/&psig=AOvVaw3XHL800L0_K8-NNa3vwU9X&ust=1519137951946808
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjJz-vjnbLZAhXqzIMKHQ2tBHcQjRwIBw&url=https://www.vexels.com/vectors/preview/521/bats-and-full-moon&psig=AOvVaw00S8cnMDP14Yuw0gjFhAem&ust=1519138420867045
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiFwLvknrLZAhVD5IMKHYa3AcoQjRwIBw&url=https://thenounproject.com/term/wifi/153229/&psig=AOvVaw0dwryVnPpNHjd3qlK1Enc5&ust=1519138693272289
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Bats as Biological Control 

The implementation of bat roosting modules near villages has three important advantages: 

1. Safety to human and environment health using no pesticides, only native bat species. 

2. Inexpensive and financially sustainable, with no villager having to pay for the service. 

3. Easily adjustable to villagers’ lifestyles, requiring very little intervention. 

 

 

Project History and Timeline 

Wings of the Night was founded in 2014 between three students who believed in finding new solutions 

to help alleviate the devastating impact of malaria. Isaac Chikuse, Ana Julante, and Tyler Vogel 

studied at Wartburg College in Waverly, Iowa and represented various academic and personal 

backgrounds. Ana and Isaac were deeply invested in reducing the suffering malaria currently causes in 

their home countries of Angola and Malawi. Isaac describes suffering of malaria in his hometown 

comparable to that of chicken pox in the U.S. 

“Everyone seems to get it and they are always miserable. The only difference is you keep getting 

malaria.” 

The team competed in the Social Venture Challenge at the Clinton Global Imitative University 

Conference held at Arizona State University in March 2014. They were finalists for the competition 

and were recognized with fellowship through the Resolution Project, a social entrepreneurial incubator 

based out of New York City.  

The team spent the next two years gathering community connections and mobilizing a team. Key 

partners were established between EcoTeach and Amazon Rainforest Workshops, educational travel 

organizations, and OnePlanet, an NGO that partners with indigenous communities to build a more 

sustainable and just future through community-based projects.  These partners helped establish a 

community connection with the Maijuna people of Northern Peru.  

Between February 25 – March 3, Tyler and the team advisor Dr. Michael Bechtel worked with 

representatives of the Maijuna community and OnePlanet to establish the first bat roosting module in 

Sucusari, Peru. 

The implementation of the project was successful in setup and in establishing a networking of key 

stakeholders connected by service in empowering traditional communities. Successful colonization of 

the housing complex has been monitored between local partnering institutions and community leaders. 

Currently, bat behavior is observed around the roosting module, but no multiclonal establishment has 

occurred.  

 

The three other Maijuna communities in the Loreto region of Peru have expressed immediate interest 

in expanding the bat complex design. As many as 30 other communities in the greater Amazon Basin 

of Peru, through partnering investment, have also identified interest.  
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Geographic Scope 

The Sucusari community is located in the Amazon Loreto region of Northern Peru. The Maijuna 

people have called this region of rainforest their home for generations. Loreto has the second highest 

number of reported malarial cases in South America since 199711. Additionally, the Amazon region of 

Peru is the most species-rich mammalian fauna in the Neotropical Region of the Americas, which 

includes 152 known bat species12. OnePlanet has been working with Maijuna communities since 1999. 

Sucusari is only reachable through a 3-hour boat ride up the Amazon River from Iquitos, Peru. Figures 

4 & 5 show where and what the Sucusari community looks like.  

 

 

Prototype Initialization 

Design schematics were scaled from Bat Conservation International Prototypical Bat Habitat for 

Palestine, Texas. Two engineering students at Wartburg College constructed a smaller model which 

was more durable in tropical climates and utilized local materials. This blueprint also included 

incorporating a guano collection apparatus.  

Locally harvested lumber and materials was gathered by Elvis Valderrama, OnePlanet’s Director of 

Field Operations who is based in Iquitos, Peru. The roosting complex stands approximately 9 meters in 

height with six 80 cmx40 cm roost modules which together can hold 5,000 bats. Native lumber was 

utilized to be more rot resistant, much of which was harvested meters from the community. Peruvian 

cement board was utilized in constructing the roosting modules for better traction for bat climbing. 

Much of the construction was completed by two carpenters connected through OnePlanet. Thatching 

and assembly was supported by various members of the Sucusari community. Spacing between roost 

siding was kept < 2 cm as to ensure only insectivorous bat colonization. Larger fruit eating and 

vampire bats would not be able to fit through these slits. Figures 6 & 7 show stages of construction and 

the roost modules made of concrete board.  

Figures 4 & 5. The Sucusari Community 

      = Sucusari Community 
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Sustainability Model 

Wings of the Night desires to function for and by the community it serves. All materials, including 

lumber and palm thatch, were sourced from the surrounding region. The location and vendors of 

additional materials, including a pulley system, metal rods, and concrete boards, were located and 

contacted in Iquitos.  

As the bat colony begins to roost, guano will be collected safely from guano collection apparatus. 

Guano is one of the world’s most nutrient rich fertilizers, and is a vital component for overcoming overused 

nutrient-deficient soil.  

One of the greatest assets to the implementation of a bat housing community is the sustainability 

factor. The locally sourced materials keep costs low for set-up. After perfecting the design, the housing 

complex will virtually be self-sufficient and require little to no additional financial investment. Once 

bats find a suitable site, they will roost there indefinitely, raising young and establishing a healthy 

colony for many decades to come13. Very little funding would need to be applied to upkeep of the 

houses, and if damage do occur, the sale of guano could be used to fund repairs. 

Lastly, Wings of the Night supports the education of bat conservation for the community members. 

Insectivorous bats are vital to a healthy ecosystem and do not harbor diseases harmful to humans, such as 

hemorrhagic fever, which are exclusively spread by fruit eating species of bats14. 

 

 

 

 

Figures 6 & 7. The Bat Housing Complex & Roosting Modules 
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Moving Forward: Phase Two 

The project is quickly approaching one year since installation. The next phase of this project is 

ensuring sustainability in operation. Careful documentation and revisions to the design plans must be 

made to ensure the conditions are suitable for bats to roost in large numbers. A population of ~5,000 

bats will maximize the benefits from predation and ultrasound-avoidance. Additionally, this size of 

population will generate several kg of guano to be harvested bi-weekly.  

The team desires to ensure design plans are scaled appropriately to the Peruvian climate before 

expanding to surrounding communities. Phase two of the project ensures the creation of Wings of the 

Night as a formal entity either 501(c)(3) or B-corporation. Working with OnePlanet and Dr. Gerald 

Zuercher, a vertebrate ecologist specializing in bats from the University of Dubuque, Wings of the 

Night will begin documenting bat species and finalize a design plan designed specifically for the 

Loreto Region of Peru. Initial analysis will also take place for the expansion of Wings of the Night into 

surrounding communities. Lastly, interviews will be conducted with key stakeholders around Sucusari 

to see how the project is being received and if it helps benefit health and local ecotourism.  

In support of this work, Wartburg College will be leading a May term study abroad class to the 

Sucusari community in May 2019. Here undergraduate students will help conduct research in tangent 

with recommendations from Phase Two recommendations.  

 

Purpose of Funds 

A complete list of original expenses for roosting module installation is provide in the Appendix 

section. Wings of the Night is seeking support from the Acara Challenge to help jumpstart Phase Two. 

Troubleshooting design plans, travel, research methodology, and organizing of materials will constitute 

the majority of expenses. Wings of the Night has developed a relationship with Explorama Ecolodges 

located within 20 minutes of Sucusari for housing. Research materials including bat acoustic 

identification tools and mosquito traps, will depend on recommendation and availability from Dr. 

Zuercher and OnePlanet.  

According to Bat Conservation & Management (https://batmanagement.com/collections/bat-detector-

buyers-guide-active-detectors), price ranges from $750-$2,000. Air travel to Iquitos Peru round trip is 

approximately $1,400 per person. Materials and lumber cost for roosting modules have been 

significantly reduced. Total material expenses would come to about $2,500 including shipment and 

mill services. Labor cost and Maijuna food compensation will be approximately $1,000. Ground travel 

and housing will come in at $600 for two weeks per person. Addition expenses may apply for legal 

support in status of the organization.  

Understanding that materials and expenses may vary, total expense is estimated between $6,500-

$7,500. 
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Theory of Change 

 

 

Conclusion 

The implementation of bat communities near rural villages to combat malaria as a preventative 

approach is beneficial in three ways.  

1) It is safe to the environment and humans. No pesticides are used, benefiting the surrounding 

ecosystem and human health. The bats are native to Peru and beneficial in controlling insect 

populations.  

2) The cost is low, and after initialization, is virtually self-sufficient and will require little to no 

additional financial investment. Most importantly, the villagers do not have to pay for the 

service. Collected guano can also be utilized as natural fertilizer for local agriculture.  

3) Bat houses are an easily adjustable phenomenon to villagers’ lives and require little 

intervention.  Villagers are not required to change their lifestyle when bat houses are 

constructed. The villagers would come into very little direct contact with the bats due to diurnal 

vs nocturnal sleeping habits.  

Wings of the Night depletes mosquito-borne transmission rates utilizing natural predation from bats, 

all while empowering the local community through education and reduced financial burdens. 

Installation of bat roosting modules 
near vulernable communities

Attraction of insectivorous bat species 
to the community 

Decreased cocentration of mosquitos 
surrounding the community 

Decreased prevalnce of mosquito-
borne diseases

Increased health and disposible 
incomoe

Improved quality of life
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Team Description 

  

 

 

 

 

 

 

 

Isaac Chikuse grew up in Malawi 
and has expereinced the effects of 
malaria firsthand. He is currently 

employed as an Engineering Tech 
with Seagate Technology LLC in 
Oklahoma City. He is currently 

interested in the livlihoods of pig 
farmers.

Ana Julante is originally from 
Angola and has since returned 
home after graduation. She is 

currently leading the Engineering 
and IT Department at ISPCAN at 

the University of Malanje.

Tyler Vogel is currently pursuing a 
Masters of Devlopment Practice 

(MDP) through the Humphrey 
School at UMN. He will be working 
with the Maya Leaders Alliance in 
Southern Belize this summer as a 

graduate consultant. 
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Appendix 

 

2017 Initial Initialization Budget Breakdown 

 

INCOME 

 Resolution initial grant      $2,500 

 Resolution final grant       $2,500 

 McElroy Research Grant      $1,000 

 Wartburg Student Senate      $737 

 Professional Donations (Oelwein Rotary)    $200 

 Additional Resources       $538 

TOTAL……………………………………………………………………. $7,475 

 

EXPENSES 

 Materials and Lumber (bat complex)     $4,000 

 Shipment and Mill Services      $1,500 

 Tribal Compensation (food for labor) *    $300 

 Air Travel (1)        $1,194 

 Travel Insurance and Services      $81 

 Amazon Lodging/Travel (1)      $400 

TOTAL…………………………………………………………………….$7,475 

 

*The Maijuna spend a majority cycle hunting and gathering. Compensation of provided food while 

working on the housing complex is easier and better through the culture through direct providing of 

food instead of money. The intermediary will be through OnePlant-NGO.  
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Bill of Materials from Engineering Designs 

 

 

 



13 

13 
 

 

 

3D Design Visual  
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Project Pictures 
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