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Comparing Genetic Diversity 
Among Populations of Rock 
Sandpiper (Calidris ptilocnemis)

Hyland Alfonso and Christin L. Pruett PhD
Ouachita Baptist University 

Presenter
Presentation Notes
Hi, I’m Hyland Alfonso and my research project with Dr. Pruett focused on comparing the genetic diversity among populations of Rock Sandpiper populations



ROCK SANDPIPERS

● Shorebird only found in the North 

Pacific Basin

● Four subspecies of Rock Sandpipers

● Three are endangered 

● Assess genetic diversity between 

island and mainland populations

● Provide insight for conservation 

status
Adult Rock Sandpiper

Presenter
Presentation Notes
Rock Sandpipers are a shorebird species that breed and migrate strictly in the North Pacific Basin
There are 4 subspecies of Rock Sandpipers , three of which are endangered : Ptolcnemis, Chucks-Schorum, and Coo-Esi
The goal of this project was to assess the differences in genetic diversity between the island and mainland populations of these subspecies
This would help us provide insight for better determining the conservation status of the shorebird and future conservation plans



North Pacific Basin

AlaskaSeward Peninsula 

Attu Island

St. Matthew 
Island

St. Paul 
Island

Cold Bay

Russia

Presenter
Presentation Notes
This is a map of the North Pacific Basin where Rock Sandpipers are found along the coast that surrounds the Bering Sea and islands found in the Bering Sea and the Aleutian Islands. As you can see, the populations studied are separated by large geographic distances, some populations as far as 2000 km from one another. This geographic isolation affects populations’ adaptive potential to external disturbances and can lead to small population sizes, which may lead to decreased genetic diversity. Some of these disturbances in the Rock Sandpiper’s habitat are maritime pollution, invasive mammal species, and climate change.
C. p . Ptilocnemis is found in the St. Matthew and St. Paul islands
C. p.  Tschuktschorum (pronounce Chuck-Schorum) is found in the Seward Peninsula and Cold Bay
C.p. Couesi (pronounce Coo-AC) is found in Attu island



Implications for Conservation



Population Size of 
St. Matthew & St. 
Paul Islands

● C. p. ptilocnemis breeds 
on St. Matthew and St. 
Paul 

● St. Matthew has a greater 
population than St. Paul

● Small population size 
affects extinction risk 
and inbreeding risk and 
overall loss of adaptive 
potential

Gibson & Kessel. 1997. Western Birds 28:45-95
Gibson & Withrow. 2015. Western Birds 46: 94-185

C. p. tschuktschorum​

C. p. ptilocnemis​

C. p. cousei

Presenter
Presentation Notes
The first implication is the differing population sizes of St. Matthew and St. Paul. St. Matthew has a larger population than St. Paul. Small population sizes affects a species’ extinction risk and inbreeding risk, overall, leading to a loss of adaptive potential. At this point, there is a low probability that the endangered subspecies will be able to restore its population’s genetic diversity and improve it’s adaptability (to environmental disturbances). 
To the right, you can see the phenotypic differences between the three endangered subspecies due to population divergence.



Genetic Diversity among North Pacific Birds

● Other species of birds with populations on the North Pacific islands have much 

lower genetic diversity than populations on the Alaska mainland 

● Correlation between geographic distance and genetic diversity

Rock Ptarmigan Pacific Wren Common RavenSong Sparrow

Presenter
Presentation Notes
The second implication is other species of birds with populations found in the North Pacific islands have much lower genetic diversity than their counterparts on the Alaska mainland. Some of these birds are rock ptarmigans, song sparrows, pacific wrens, and the common raven.  Studies of these birds show that there is a correlation between geographic distance to the mainland and genetic diversity. As the distance from the mainland increased, the genetic diversity decreased and vice versa. Some of these birds also show a low probability of restoring their populations naturally and/or without intervention.
Many of the factors that affected Rock Sandpipers’ genetic diversity affected that of these birds as well, such as invasive mammal species interfering with colonization and descending from small populations with a small gene pool. 



Genetic Differences among North Pacific Birds

● Genetic differences show advantages through evolution

● Genetic differences are found among subspecies of North Pacific birds 
○ Four of the five subspecies of Rock Ptarmigan were unique to one another and treated as separate 

conservation units

● Genetic differences found among Rock Sandpipers ‘ subspecies would improve its 

conservation plans and management 

Rock Ptarmigan



DNA EXTRACTION

● Serves as the template DNA for 

polymerase chain reactions

● 84  samples

● Five populations

○ Two from C.p. ptilocnemis

○ One from C.p. couesi

○ Two from C.p. 

tschuktschorum Qiagen DNA Extraction Kit

Presenter
Presentation Notes
The first part of the project was performing DNA extraction using the Zymo miniprep DNA extraction kit 
The DNA extracted from each bird tissue sample served as the template DNA for polymerase chain reactions
84 tissue samples were extracted from 5 different populations
2 populations from the C.p. ptilocnemis subspecies
1 population from the C.p. couseu subspecies
2 populations from the C.p. tschuktschorum subspecies



POLYMERASE CHAIN REACTION

● Amplify targeted DNA sequences using 

specific primers

● Amplified DNA used for genotyping

● Able to assess genetic diversity between 

five populations

○ Heterozygosity

○ Allelic Richness

○ Genetic Clusters Amplification from PCR

Presenter
Presentation Notes
The second part of the project was to amplify the extracted DNA samples using polymerase chain reactions
DNA sequences were targeted using specific forward and reverse primers that bind to the start and end of the DNA segment of interest 
PCR is advantageous since alleles at microsatellite loci can be amplified using small amount of DNA
After these reactions, gel electrophoresis was used to verify the presence and size of the amplified DNA- successful PCR appeared as bight bands on the gel with little migration tails when viewed on the UV light 
The amplified DNA samples were then used for genotyping to allow for comparison between the 5 populations
These variations were analyzed using heterozygosity, allelic richness, and identifying genetic clusters 



ANALYSIS: HETEROZYGOSITY 

● Measures genetic 

variability (0-1.0) 

● Low heterozygosity in a 

population leads to 

lower genetic diversity 

● Similar heterozygosity  

found among five 

populations

Avg. Heterozygosity between Five Populations

Presenter
Presentation Notes
Heterozygosity measures genetic variability of a population
This variability correlates with allele richness, which we will discuss next
High heterozygosity in a population is beneficial because it means variation is maintained in ways such as gene flow or genetic drift
As you can see from this chart, the 5 populations all had similar heterozygosity, meaning that the populations and subspecies studied are maintain their genetic variability and diversity 



● Measures the allele frequency 

in a population or species

● Alleles passed on from the 

parent generation

● In small populations

● Similar allelic richness found 

among five populations

ANALYSIS: ALLELIC RICHNESS

Avg. Allelic Richness  between Five Populations
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Allelic richness measures the allele frequency in a population or species 
As an individuals from a population migrate, they acquire variations in their alleles which help them survive change 
Small populations may experience low allele frequency due to a low gene pool
As you can see from the chart, the 5 populations had similar allelic frequency



ANALYSIS: GENETIC CLUSTERS

● A group of two or more 

genes that encode similar 

polypeptides

○ Similar location

○ Shared genetic 

function

● Variation shows genetic 

advantages for a 

population or speciesThree distinct genetic clusters for three Rock Sandpiper subspecies

Presenter
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The final analysis was identifying the genetic clusters of the 5 populations 
These clusters were identified using microsattelite loci as genetic markers  Genetic clusters are a group of 2 or more genes that encode similar polypeptides found in a similar location on the DNA and share a similar genetic function
Variations found between the subspecies shows genetic advantages for its populations through evolution
This graph shows that there were three distinct clusters, one for each of the subspecies
The light blue clusters represent the C.p. cousei subspecies in Attu Islands
The dark blue clusters represent the C. p. tschuktschorum subspecies in the Seward Peninsula & Cold Bay
The gray clusters represent the C. p. ptilocnemis subspecies in the St. Matthew & St. Paul islands




1. Hypothesis and Conclusion

● The St. Matthew Island's 
population will have higher genetic 
diversity than the St. Paul Island’s 
population

● St. Matthew and St. Paul islands 
have similar genetic diversity and 
are found in the same genetic 
cluster

● Gene flow is high enough to 
maintain diversity on St. Paul 
Island

St. Matthew 
Island

St. Paul 
Island

Presenter
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The St. Matthew Island's population will have higher genetic diversity than the St. Paul Island’s population because the St. Matthew Island population has a larger population size than the St. Paul Island population (Ruthrauff et al. 2012).
Although St. Matthew had a larger population size than St. Paul, the two populations have similar genetic diversity, evident in the results for heterozygosity and allelic richness, and are found in the same genetic cluster
It is suggested that gene flow is high enough to maintain diversity on St. Paul – Gene flow is the movement of alleles in an individual in and out of its population, which increases allelic variation and richness. 





2. Hypothesis and Conclusion

● Island populations of Rock Sandpipers will have a lower genetic diversity than the 
mainland populations

● From the heterozygosity and allelic richness results, the genetic diversity between 
island and mainland populations was not different

● Rock Sandpipers unique among North Pacific birds
● It is suggested that a large population size could have founded the island 

populations, reducing the risk of a loss of diversity 

Presenter
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We will see that island populations of Rock Sandpipers have a lower genetic diversity than the mainland populations because other Alaskan shorebird species with populations on the North Pacific islands have much lower genetic diversity than populations on the Alaska mainland (Pruett & Winker 2005, Pruett et al. 2010, 2017).
Referring to my second hypothesis, the island populations of Rock Sandpipers do not have lower genetic diversity than mainland populations, making this species unique among North Pacific birds. We know this because the heterozygosity and allelic richness analyses for the 5 populations were all very similar, showing similar genetic variability. Large numbers of individuals could have founded these island populations, thus reducing the chance of loss of diversity during colonization. 





3. Hypothesis and 
Conclusion

● The subspecies of Rock 
Sandpipers will have 
genetic differences

● Each subspecies was 
found in a different 
genetic cluster

● The three endangered 
subspecies should be 
treated as separate 
conservation units

Three distinct genetic clusters for three Rock Sandpiper subspecies

Presenter
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The subspecies of Rock Sandpipers will have genetic differences because there are differences found among subspecies of other North Pacific birds (Pruett & Winker 2005, Pruett et al. 2010, 2017). 
Referring to my third hypothesis, each subspecies was found in a different genetic cluster. This suggests that the subspecies should be treated as separate conservation units, meaning that the three subspecies of Rock Sandpipers studied are distinct enough for conservation due to differing environmental disturbances and adaptation.




FUTURE 
DIRECTIONS

● Incorporate more microsatellite 

loci

● Increase targeted DNA sequences

● Increase sample number

● Compare additional populations 

Presenter
Presentation Notes
Microsatellite loci to use as genetic markers to assess genetic variation and identify genetic clusters 
Incorporate more oligonucleotide primers to increase the number of targeted DNA sequences amplified
Increase the sample number to improve the significance of our results
Compare additional populations to the ones already studied – populations found on other islands, coastlines, and the mainland of Alaska and Russia (the 2 borders of the North Pacific Basin)
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I would like to thank Dr. Pruett for being my advisor, mentor, and friend through this research project.
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