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Using DNA for Sex Determination in Red-shouldered Hawks (Buteo lineatus)

 

INTRODUCTION
 

Red-shouldered hawks (Buteo lineatus) are medium-sized 
woodland hawks listed as threatened with extinction by the 
Wisconsin Department of Natural Resources. These birds are 
threatened by the loss of mature habitats because mature forests 
are extremely valuable for commercial logging operations. 
Further threats include activities such as ATV riding and 
camping. Protected habitats are minimal and are also at risk. 
Hawks are extremely sensitive to disruption and because of 
these activities, the adult birds abandon the nest thus 
unsuccessfully raise their young, Figure 2. In this particular 
project, DNA was isolated from feathers found on the ground or 
in nests that are no longer inhabited. This allows for less 
disturbance to the habitats and is more effective than capturing 
and marking the bird itself because hawks are extremely 
sensitive and smart. Given that male birds have two identical 
sex chromosomes (ZZ), whereas females are heterogametic 
(ZW), polymerase-chain-reaction (PCR) primers were used to 
amplify homologous sections of two conserved 
chromohelicase-DNA-binding (CHD) genes, located on sex 
chromosomes of all birds. The primers P0, P2, and P8 (Han, J., 
2009) were utilized to amplifiy the sex chromosomes. The 
ultimate goal of this work is to determine the genetic structure, 
relatedness, and nesting behavior of red-shouldered hawks in 
Northeast Wisconsin through the use of non-invasively 
collected feather DNA. 

METHOD

In order to determine the genetic structure, relatedness, and 
nesting behavior of Red-shouldered Hawks in Northeast 
Wisconsin, molecular techniques, coupled with isolated DNA 
from shed feathers, (either found on the ground or in nests 
dropped from molting), are being used. 
● The collection of more than 150 feathers from known 

Red-shouldered Hawk nests occurred between 2017-2020, 
Figure 1 and Figure 3.

●  DNA was then isolated from the feathers using commercially 
available kits (Qiagen).

●  In order to determine parentage and kinship relationships, as 
well as nest site fidelity, our first objective was to 
systematically determine the sex of the birds at each nest. 

●  To identify potential markers, an exhaustive literature search 
of previous research on sex determination in birds was done. 
Genbank and other database tools were then used to determine 
which markers would most likely amplify in the samples.

● Samples were amplified using polymerase chain reaction 
(PCR) utilizing P0, P2, and P8 primers designed to target the 
sex chromosomes of the birds, Figure 4. 

● Finally, gel-electrophoresis was used to visualize the markers 
and determine the sex of the birds. 

RESULTS

Utilizing P0, P2, and P8 primers have successfully amplified 
the sex chromomes of the Red-shouldered Hawks. 

● 16/150 samples have been alanyzed and sex determined so 
far. 

● 10/16 samples have been identified as ZZ.
● 6/16 samples have been identified as ZW.
● Females show two distinctive bands represing as a 

heterogametic sex. (ZW)
● Males show one band representing as a homogametic sex. 

(ZZ)

Figure 1: Map of sample collection

Figure 2: Red-shouldered Hawk Young

CONCLUSION

Figure 3: Red-shouldered Hawk Shed Feather

Figure 4: Results of a PCR utilizing P0, P2, P8 primers for numerous 
bird species from Han, J. (2009). Arrowheads indicate band amplified by 
P0 and P2. Female bands are 100bp longer compared to the band 
amplified by P8 and P2 primers.   

Figure 6: Successful PCR amplification of P0, P2, and P8 primers from 
shed feathers. Lane 1 is a 100bp DNA ladder, lanes 2 through 10 are 
PCR products with successful amplification in lanes 3, 7, 8, 9.  

Figure 5: Successful PCR amplification of P0, P2, and P8 primers from 
shed feathers. Lane 1 is a 100bp DNA ladder, lanes 2 through 10 are 
PCR products with successful amplification in lanes 2, 4, 5, 6, 7, 8.  

Figure 7: Failed PCR amplification of P0, P2, and P8 primers from shed 
feathers. Lane 1 is a 100bp DNA ladder, lanes 2 through 10 are PCR 
products with failed amplification due to contamination. 

The shed feathers for DNA samples demonstrate 
potential for successful DNA amplification, Figure 5 and 
Figure 6. Given that male birds have two identical sex 
chromosomes (ZZ), whereas females are heterogametic 
(ZW), polymerase-chain-reaction (PCR) primers P0, P2, 
and P8 successfully amplified homologous sections of 
two conserved chromohelicase-DNA-binding (CHD) 
genes, located on sex chromosomes for Red-shouldered 
Hawks. Contamination did challenge amplification of 
some sex chromosomes, Figure 7. We have had 
successful amplification and are working to sequence the 
PCR products and amplify all 150 samples of DNA. In 
the future, we will modify the gel to a 1% and run the gel 
at a low voltage of 90 for a longer duration. Research is 
still ongoing to sex determine all 150 shed feather 
samples.   
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