
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 four-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 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.

Abstract

During late winter, and early spring, the American cliff 
swallow begins to arrive to the continental United 
States from their winter habitat in the southern 
hemisphere. The swallows return to North America to 
breed and rear their young, and have consistently 
stopped in Southern California, and subsequently, 
Moreno Valley College using the stucco walls of the 
campus for the nesting site. The presence of the 
birds initiated the study of monitoring the swallow 
population on campus, and investigations of the 
swallow’s diet through molecular biology tools to 
analyze the swallow’s role as a natural regulator of 
insect pests and invasive species.

Introduction

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. 2).

Results 

Population Tracking – The long term goal of the 
longitudinal population studies is to form a citizen 
science project where Moreno Valley’s community is 
invited to contribute observational data to a swallow 
database, in an effort to curb the decline in their 
population. The decline in population size of cliff 
swallows, and the loss of their overall migratory 
synchronization have both coincided with rising 
temperatures and the industrial expansion of 
Moreno Valley. Further study is needed to determine 
causes of the decrease in the swallows and their 
desynchronization.

DNA Barcoding- Analysis on DNA yield revealed 
that our isolation efficiency was within the range of 
10%. It is unclear which factor(s) lead to a deficient 
yield from the total pool of samples. We plan on 
continuing our study into the diet of the swallows. 
We are currently collaborating with University of 
California Riverside (UCR) to improve our yield on 
DNA isolation.Future study will determined if the fire 
ants consumed by swallows represent native or 
invasive species found in CA. Also quantitative 
studies of the bird's diet will indicate the importance 
of swallows in controlling pest insects such as weed 
bug.
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Population Tracking – Tracking of cliff swallow 
populations on campus appear to suggest that population of 
cliff swallows arriving to nest at Moreno Valley College has 
been declining. 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. 4)

DNA Barcoding – Two insect species has been identified 
in the swallows’ diet samples harvested between May 11 
and June 21, 2017: Solenopsis aurea (Fig. 5), and Arhyssus
crassus (Fig. 6)

DNA Barcoding – During the 2017 breeding season, 
seven swallow chicks were found deceased on campus that 
died between May 11, and June 21, 2017. Individual pieces 
of insects were extracted from the chick’s stomachs (Fig. 
1), and DNA was isolated using Qiagen 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 Gel Purification Kit (Fig. 
3), and samples were sent for sequencing. The 
bioinformatics software, FinchTV, was used to visualize and 
clean the resulting chromatogram (Fig. 6). The final product 
was input into NCBI’s BLAST to identify insect species.

Figure 1: 
(right) A 
swallow 
chick, found 
deceased in 
early May, 
and 
dissected on 
05/11/17 to 
remove 
contents of 
stomach

Figure 2: (left) 
Showing the first 
completed 
swallow nest of 
the 2018 season

Figure 4 (left) 
Maps showing 
the position of 
nesting 
swallows on 
Moreno Valley 
College’s 
campus 
throughout the 
2014 (top right), 
2015 (top left), 
2016 (bottom 
left), and 2017 
(bottom right), 
as observed by 
the “Adopt a 
Nest” initiative.

Figure 3: (right) 
Agarose gel 
showing DNA 
samples as 
observed after 
electrophoresis. 
Labeled is the 
 Hind III Markerג
used to identify 
the target gene 
from other 
genetic material

Figure 5: (left) a photo of 
the sample taken in lab 
as compared to a 
Google image search of 
Solenopsis aurea (top) 
and the report of percent 
match to S. aureaa CO1 
gene from NCBI’s 
BLAST database 
(bottom)

Figure 6 (Above): A Chromatogram of Arhyssus crassus CO1 gene 
displayed on FinchTV (top), along with the percent match from 
NCBI’s Nucleotide BLAST (bottom)

Figure 7 (Left): Showing the scentless 
weed bug, Arhyssus crassus
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