
Every year, Moreno Valley College in Southern California is 
host to the seasonal residence of the American cliff 
swallows, Petrochelidon pyrrhonota. They build multiple 
nests around campus, utilizing the nearby lake as a water 
source, and the surrounding hills as a mud source for their 
nests; they are insectivores feeding on insects flying in 
swarms. The swallows present an opportunity to develop a 
multi-year research-based learning initiative, Flying With 
Swallows project, that offers college students an 
opportunity to conduct scientific research while taking 
science courses.  Biology students have monitored 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. 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 MVC surroundings. The college’s ongoing 
research with the swallows and their diet contributes to our 
understanding of the cliff swallow as a migratory bird and a 
model organism for biomonitoring common pests.  In 
addition to the Community College Undergraduate Research 
Initiative support, the significance of this project was 
recognized by the National Science Foundation with the 
grant in natural sciences in 2015.

Abstract

During late winter, and early spring, the American 
cliff swallow (Fig. 2) 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

Results 

DNA Barcoding - Three significant insect pest 
species were successfully identified, supporting the 
swallows’ role as insectivores that regulate 
populations of insects considered pests directly to 
humans and indirectly as pests to agriculture.
Analysis on DNA yield revealed that our isolation 
efficiency was low. It is suspected that the nature of 
the isolated samples, being partially digested at the 
time of extraction, compromises the DNA within the 
insect fragments. We plan on continuing our study 
into the diet of the swallows. We are currently 
collaborating with University of California Riverside 
to improve our yield on DNA isolation.

All studies are ongoing.
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DNA Barcoding – Three insect species have been 
identified in the swallows’ diet samples harvested between 
May 11 and June 21, 2017: Solenopsis aurea (Fig. 4), 
Incisitermes minor (Fig 5.), and Arhyssus crassus (Fig. 7)

DNA Barcoding – During the 2017 breeding season, 
seven swallow chicks were found deceased on campus 
that died between May 11, and June 21, 2017. Stomach 
contents of swallow chicks were extracted via dissection 
(Fig. 1), and individual pieces were isolated with aid of a 
dissection mircroscope (Fig.3). 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 (Fig.4), 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 4: (left) 
Agarose gel 
showing DNA 
samples as 
observed after 
electrophoresis. 
Labeled is the 
Hind III Marker 
used to identify 
the target gene 
from other 
genetic material

Figure 4: (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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Figure 3: (above) showing two images of insect fragments of 
unknown identity extracted from the stomach of Cliff Swallow 
chicks and as visualized by a dissection microscope. Figure 5: (above) 

Showing an image of 
Incisitermes minor, the 
western drywood
termite

Figure 2: (left) Showing a cliff 
swallow, Petrochelidon
pyrrhonota, in flight
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