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Abstract 

 
Every year, Moreno Valley College (MVC) in Southern California is host to the seasonal residence of the American 

cliff swallows, Petrochelidon pyrrhonota. The swallows present an opportunity for research within the community 

college. Biology students have monitored nesting habits of swallows on campus since 2014 using Esri’s ArcGIS 

software to map the location of the swallow nests along with status of the nests in question. The five-year observations 

indicate fluctuations in population size of swallows on MVC campus and time of their arrival. Cooler springs (2013-

2015) promoted larger and more synchronized populations. Warmer springs in the last two years resulted in swallows 

arriving in 2-4 waves and prolonged the breeding season. The second avenue of research involves studying the diet of 

the cliff swallows. DNA barcoding technique is used to analyze the stomach contents of the birds once found deceased 

on campus. The consumed insects are identified using CO1 (cytochrome oxidase subunit 1) gene sequence and NCBI’s 

nucleotide blast tool. Preliminary results show that flying fire ants, western drywood flying termites and scentless 

weed bugs compose the main basis for the diet of the swallows in the Moreno Valley College surroundings. The 

college’s ongoing research with the swallows of monitoring the swallows’ population and diet contributes to our 

understanding of the cliff swallow as a migratory bird and a model organism for biomonitoring. 
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1. Introduction 
In the spring and summer every year, cliff swallows (Petrochelidon pyrrhonota) migrate from Central and South 

America to Southern California to breed1. All swallow species are protected under the Migratory Bird Treaty Act of 

1918 as migratory insectivorous birds, and as such, are protected by state and federal regulations. The California 

Department of Fish and Wildlife considers February 15 to September 1 to be the swallow nesting season.  

   Over the past 10 years, colonies of cliff swallows have migrated to Moreno Valley, California, and have consistently 

returned to Moreno Valley College (MVC) to nest, forage, and raise their young. Cliff swallows build multiple nests 

between the exterior walls and eaves of buildings across campus, building their nests over the stucco that covers the 

exterior of MVC’s buildings and provides support for their gourd-shaped mud nests; accessing nearby ponds, lakes 

and the surrounding hills and open fields as mud sources for their nests.  The abundance of open space surrounding 

and adjacent to the college, provides abundant food sources for the swallows and other wildlife.  Cliff swallows are 

insectivores that feed on swarming insects.  MVC is surrounded by hills adjacent to the Lake Perris Recreational and 

San Jacinto Fish and Wildlife Areas where cliff swallows most likely forage.  

   The presence of cliff swallows initiated the study of monitoring the swallow population on campus, and 

investigations of the swallow’s diet through molecular biology tools to analyze these bird’s role as a potential natural 

regulator of insect pests and invasive species.   

 



 

2. Material and Methods 

 

2.1 Population Tracking 
  

Esri’s ArcGIS Online software was used to track the location of the swallow’s nests during the 2014-2018 breeding 

seasons. Moreno Valley College’s “Adopt a Window” initiative provided the invitation to the entire college 

community to conduct weekly observations of the nests. 

 

 Fig. 1. Completed cliff swallow nest against Moreno Valley College’s stucco buildings 

  
 

2.2 DNA Barcoding 
 

During the 2017 breeding season, seven swallow chicks were found deceased on campus that died between May 11, 

and June 21, 2017, and one hatching on May 22, 2018. Individual pieces of insects were extracted from the chick’s 

stomachs (Fig. 2), and DNA was isolated using Qiagen’s Stool Isolation Kit. The samples were then subjected to PCR 

to amplify the targeted Catechol Oxidase 1 mitochondrial gene (658 bp) using Folmer primers. Purification of DNA 

from an agarose gel was performed using Qiagen’s Gel Purification Kit, and samples were sent for sequencing to 

Eton, Inc. The bioinformatics software, FinchTV, was used to visualize and clean the resulting chromatogram. The 

final trimmed sequence was input into NCBI’s BLAST to identify insect species2, 3.  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Fig. 2. A deceased cliff swallow chick is dissected after having been found dead in early May 2017. Its stomach 

contents were extracted for isolation of DNA from partially digested insect remains. 

 
 

 

3. Results 

 

3.1 Population Tracking 

 
Tracking of cliff swallow populations on campus over five years (2014-2018) revealed that the population of cliff 

swallows arriving to nest at MVC has shown fluctuations in their populations with a trend towards decline.  The 

number of active nests with hatchlings in 2014 was 85, in 2015 64, in 2016 93, in 2017 74, and 48 in 2018, respectively.  

Monitoring the time of arrival of swallows has also revealed that the population has become less synchronous over 

time and has begun arriving in waves (Fig. 3). In 2014 and 2015 all birds came in the middle of March and left before 

the middle of July as one flock. Starting from 2016, cliff swallows started to arrive to MVC in waves with the earliest 

wave on February 23 in 2017, and the latest on April 16 in 2018.  In 2018, the first swallows arrived on March 7 and 

then disappeared for 10 days, to return in the second half of March (it has not been determined if the returning birds 

belonged to the first arriving group).  It was also observed that the number of unfinished nest has increased over 2017-

2018.  There were seven nests in 2017 when the birds started to build the nest and abandon it during the process, while 

in 2018 16 nests were left unfinished and never occupied.  

   Sampling of nests revealed heavy infestation of nests with the swallow bug (Oeciacus vicarius)4, especially the 

annually occupied nests.  In 2016 birds started to build nests on different buildings, and returned to the old infested 

nest less frequently.  In 2018 relatively few old nests were occupied with majority of nests placed in new locations.  

In addition, the year 2018 differs from previous years by the high number of fallen nest during the hatching incubation 

period; twelve nests came down in the new locations for unknown reason as compared to 2-3 nests in the 2014-2017. 

 

 

 

 

 

 

 

 

 

 

 

 

 



Fig. 3. Moreno Valley College campus maps indicating the cliff swallow nest locations in 2014 (top left), 2015 (top 

right), 2016 (middle left), 2017 (middle right) and 2018 (bottom left).  The maps were prepared using ArcGIS 

software. 

 

 
 

 



3.2 DNA Barcoding 
 

DNA isolation and PCR amplification of the mitochondrial DNA of cytochrome oxidase I resulted in a 658 bp DNA 

fragment (Fig 4). 

 

Fig 4. Agarose gel showing electrophoresis of Lambda DNA/HindIII Marker (far left), and two, 658 bp DNA 

fragments (second and fourth wells lanes from left) after DNA amplification following extraction and isolation of 

swallow chick stomach contents. 

 
 

   Figure 5 indicates the sequencing results of one of the samples as a chromatogram in FinchTV that are used for 

blasting in NCBI. 

 

Fig. 5.  Chromatogram as displayed on FinchTV bioinformatics software post sequencing, alongside an NCBI Blast 

100% match to Arhyssus crassus from the chromatogram 

 
 

  Three insect species have been identified in the swallows’ diet samples harvested between May 11 and June 21, 2017 

and on May 22, 2018: fire ants (Solenopsis auera), scentless weed bugs (Arhyssus crassus), and western drywood 

termites (Incisitermes minor) (Fig. 6).   



 

Fig 6. Insects identified by DNA barcoding that were found in stomachs of cliff swallows at Moreno Valley College, 

CA.   

   
Solenopsis aurea     Arhyssus crassus          Incisitermes minor 

 

 

4. Discussion 

 

4.1 Population Tracking  

 

The long-term goal of the longitudinal cliff swallow population studies is an effort to curb the decline in their 

population. The decline in population size of cliff swallows, the change of their overall migratory synchronization, 

and higher numbers of unfinished and fallen nests in 2018 have coincided with rising temperatures and the industrial 

expansion of Moreno Valley.  

   Cooler springs (2013-2015) promoted larger and more synchronized populations. Warmer springs in the last two 

years resulted in swallows arriving in 2-4 waves and prolonged the breeding season. 

   The studies are very relevant for MVC and the surrounding areas, since the city is located in one of the areas most 

affected by Southern California smog. In addition, Moreno Valley was recently selected as the site for a massive 

storage facility for online retailer Amazon.com. An increase in storage facilities will result in an increase in the 

amount of tractor-trailer traffic, which leads to higher concentrations of pollutants found in the environment, including 

diesel fuel and heavy metals. The objective of this study is to provide data that will extend our information about local 

pollution and extend the mission of the California Bio-monitoring Plan (2003;  http://www.dhs.ca.gov/ehlb/BPP).    

  It is uncertain if the warming tendency of the local weather and industrial development have directly impacted to the 

cliff swallow population in Moreno Valley area.  MVC is currently establishing expansion of these population studies 

to local institutions such as high schools and middle schools that also experience migration of cliff swallows to their  

campuses to form a citizen science project where Moreno Valley’s community will contribute observational data to 

cliff swallow database.  

  The increasing number and diversity of observations conducted on cliff swallows at MVC area will contribute to the 

general knowledge about those birds as migratory species that affect human population and that are affected by human 

activities.  Cliff swallows are social birds that express colony size variations due to numerous factors5 and evolve to 

adapt to the changing environment6.  

 

4.2 DNA Barcoding 

 
Insect species identified in the MVC cliff swallow diet, fire ants and plant bug, represent categories of insect with 

different importance to local environment.  According to Purcell7 from University of California, Riverside (UCR), 

there are three fire ant species native to MVC area and one closely related species of invasive fire ants.  Future studies 

in collaboration with Dr. Purcell will address the question if cliff swallows forage native or invasive species of fire 

ants.  Plant bugs (piercing and sap sucking insects) are known insect pests8, therefore elimination of these insects by 

swallows might benefit local agriculture. The western drywood termite is known as the single most damaging insect 

pest in the United Stated, their feeding habits having an estimated impact of $250 million per year in repairs to private 

and public structures in California and Arizona alone9; cliff swallows may act as an effective natural deterrent to the 

economic impact of these pests. Cliff swallows are known to provide biological defense again other insect pests, such 

as mosquitos10. 

http://www.dhs.ca.gov/ehlb/BPP


   Analysis on DNA yield following DNA isolation and PCR amplification revealed low efficiency of DNA recovery, 

within the range of 10%. It is unclear which factor(s) lead to a deficient yield from the total pool of samples. The 

insect samples extracted from the stomachs of collected birds were in varying  degrees of digestion, and the 

regurgitative feeding of the swallows’ chicks by the parent may have contributed to the low DNA yield. The 

collaboration with UCR, Entomology Department was established to improve the yields on DNA recovery. 
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