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2015 History of Life Interns on a geology hike in Pinnacles National Park

Internship Statistics and Accomplishments Since 2007
• More than 85 Interns have worked in the Payne Paleobiology Lab since 2007
• 50 research posters have been presented at AGU by interns
• Interns have contributed more than 280,000 measurements of more than 115,000 species
• 14 peer-reviewed publications have used intern-collected data
• These publications have been cited 272 times by other researchers
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Biodiversity
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2016 Interns

As the History of Life internship headed into its fourth summer as
a formal program in 2016, we decided to change the name to
“Stanford Earth Young Investigators: Biodiversity”. Although the
internship program did not changing substantially, there are
several important factors that lead to this decision. Now all of the
high school internship programs within the Stanford School of
Earth, Energy & Environmental Sciences are under the banner of
“Stanford Earth Young Investigators”. The History of Life interns
are now in the Biodiversity option, the Farm interns are in the
Agriculture option, and the remainder of the interns are in the
Geology and Environmental options (formerly known as “The
General Program”), depending on the labs to which they are
assigned.
In addition to creating unity among the Stanford Earth internship
programs, the name change accurately captures the broad range of
data collection and research projects that we are conducting at
present. Though the program continues to be motivated by
insights from paleobiology, we are currently emphasizing ecology
and evolution in living species. In particular, we are excited to
compile data on both living and extinct organisms to understand
the evolutionary processes that have shaped the Earth’s
biodiversity over the past 3.5 billion years as well as leveraging
paleontological data to inform our understanding of the modern
biodiversity crisis. For example, our data collection efforts last
summer were focused on measuring the sizes of living nematode
worms (and the few fossils that are known). These data are
important for answering question about the ecology and evolution
of living species, but as relatively small animals without skeletons
they also provide insights into what the fossil record is not
showing us about size evolution.

From Professor Payne
Summer internships in the Payne Paleobiology Lab at Stanford
University offer high school students authentic research
experiences in the areas of Earth history, paleontology, and
evolution. Interns receive classroom instruction in these areas and
participate in laboratory exercises, field trips, and lectures to

From Top to Bottom:
• Brainstorming research
projects in GeoCorner
• Finding fossils in the
Salinas Valley
• Will presenting his
nematode research at
AGU
• Grace & Jackie dropping
a plankton tow into San
Francisco Bay
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develop a knowledge base surrounding the study of the history of
life and an understanding of the daily activities of university
students, staff, and faculty studying and working in these areas.
They help us in our efforts to compile information on organism
sizes from the scientific literature into an ever-expanding database
and conduct their own original analyses of the data for
presentation at Stanford and at the American Geophysical Union’s
annual meeting in San Francisco. It is hard to believe that we have
been hosting interns for ten years! And it is a pleasure to report on
the many successes that resulted over the past decade.
In my Paleobiology Lab, we are particularly interested in
identifying the factors that control long-term patterns in the
evolution of life using data from the fossil record. We seek to
answer questions such as: Do animals tend to increase in size over
evolutionary time? When major changes in size occur, are they
controlled primarily by environmental factors (such as
temperature or oxygen availability) or by ecological interactions
(such as predation or competition)? Are larger animals typically
more susceptible to extinction than their smaller-bodied relatives?
To answer these questions and others, we need to compile large
volumes of data on the sizes of fossil organisms from many
different taxonomic groups, geological time intervals, and local
environments.

From Top to Bottom:
• Taking a lunch break in
Pinnacles National Park.
• Lauren & Kim presenting
their research poster.
• Collecting fossil crabs in
the Salinas Valley.
• Examining sea urchin
larvae at Stanford’s
Hopkins Marine Station
in Pacific Grove, CA.

High school interns have played a central role in our efforts to
understand the evolution of organism size over evolutionary time.
They have compiled most of the primary measurements of fossils
illustrated in the scientific literature that we are using to study
these patterns. Two years ago, we have used measurements of
more than 17,000 genera collected by interns to examine changes
in the minimum, mean, and maximum sizes of marine animals
over the past 550 million years, finding that the average animal is
more than 150 times the size of the average Cambrian animal 540
million years ago (Heim et al. 2015 Science). Last year, we used
measurements of living and fossil fish and mollusks to compare
the pattern of extinction threat in the modern oceans to the
pattern of extinction during the past 65 million years as well as all
of the major mass extinction events in the fossil record, going back
more than 400 million years (Payne et al. 2016 Science). We
found that the preferential loss of large-bodied species across
many groups of fish and mollusks has no counterpart in the fossil
record, indicating that this pattern is a unique signature of human
influence.
It is difficult to overstate the impact and importance of the History
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of Life program for the Payne Lab. The research enabled by high
school interns is having a big impact on the scientific community
and beyond. The Heim et al. paper from 2015 has already been
cited by more than 30 other scientific studies. In total, our studies
using data generated by interns have been cited more than 270
times and counting. The research is also being noticed by policy
makers. Secretary of State John Kerry highlighted the results of
the Payne et al. 2016 paper during a global meeting on marine
conservation in Washington, DC.
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2014 Interns

It is tempting, and perhaps typical, to view high school internship
programs as vehicles for scientists to serve their local
communities. Indeed, this is part of what we are trying to do and it
is, in my view, an admirable goal. However, the interns in the
Payne Paleobiology Lab have contributed at least as much to us as
we have to them. They have helped us to compile data that are
critical to our research efforts and have stimulated our thinking
through the questions they have asked and the analyses they have
run. They have reminded us – Jon, Noel, and all of the graduate
students – just how exciting it is to start out as a scientist and why
the quest for knowledge is so critical to the future of our society.
And so, I want to conclude by expressing my gratitude to each of
the interns. Thank you for sharing your enthusiasm, intelligence,
and ideas with us. You are all part of the Payne Lab family and I
hope that you will keep in touch and even stop by the lab the next
time you are on campus.

2015 & 2016 Summaries
There have been two summers since the last newsletter—sorry for
the delay! The summer of 2015 was really exciting. We had 18
interns and data collection focused on living bacteria and archaea
(collectively known as prokaryotes). Interns diligently went
through a massive, 239-chapter, 4436-page compendium called,
simply enough, The Prokaryotes. The compendium not only
provided the sizes of many bacterial cells, it also provided
information on temperature, salinity, and pH tolerances, which
allowed some interns to explore the relationship between cell size
and environmental tolerances in these single-celled organisms. By
the end of the summer, interns had gathered 3,984 measurements
from 2,229 prokaryote species! In addition to data collection and
research projects, we also went on several field trips. Of course we
went to New Brighton State Beach—it is the best place to see
fossils in the Bay Area. For the second summer in a row, we went
on an overnight field trip to Pinnacles National Park. We changed

From Top to Bottom:
• Setting up camp at
Pinnacles National Park.
• Checking out the
Hayward Fault @ UCB
Memorial Stadium.
• Chris presenting at AGU.
• Melody, Nicole & Divya
finding crabs at Bean
Hollow.
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the tide pool field trip this year. Rather than going to Bean Hollow
State Beach, we chartered a bus and all the Stanford Earth interns
went to the Hopkins Marine Station in Pacific Grove, CA. Hopkins
is a marine research field station run by Stanford. While at
Hopkins we explored the tide pools made famous by Ed Ricketts
(and John Steinbeck). After tide-pooling, we had guided tours of
the various research labs at Hopkins, which included a tank with
live tuna!
This past summer, 2016, brought 19 Bay Area teens to GeoCorner
for a summer of research. Like 2015, we focused data collection
mainly on living organisms. This time we targeted a phylum of
worms called nematodes. Nematodes are diverse and hyperabundant in the modern world, but because they don’t have a
skeleton, they are quite rare in the fossil record. Nematodes are
interesting in their own right. They have evolved a parasitic
lifestyle many times, and Will Sachson and Kelvin Ngo studied
how body size differed between closely related nematodes that
have parasitic versus free-living lifestyles. They found strong
differences, usually with parasitic forms being larger. We went to
Pinnacles and New Brighton Beach again this year, but once again
we made a change to our marine biology trip, this time to a San
Francisco Bay experience. We were fortunate enough to be able to
charter a boat from the Marine Science Institute. On the boat, we
trawled for bottom fish, found diatoms in a plankton tow, and
identified invertebrates from a sample of bottom mud. It was a
super fun trip!

Publications Using Intern-Collected Data
Get these articles at http://historyoflife.stanford.edu/research

From Top to Bottom:
• Long, Dan & Amogh
identifying fossils at
UCMP.
• Cathy & Sahaj collecting
data.

•Keating-Bitonti CR and Payne JL. 2016. Physicochemical controls
on biogeographic variation of benthic foraminiferal test size and
shape. Paleobiology 42:595-611.
•Payne JL, Bush AM, Heim NA, Knope ML, and McCauley DJ.
2016. Ecological selectivity of the emerging mass extinction in the
oceans. Science 353:1284-1286.

• Mohammad, Sai, Mayra,
Dan & Edgar Getting
oriented at New
Brighton State Beach.

Selected Media Coverage of Payne et al. 2016
Secretary of State John Kerry’s Remarks
http://tinyurl.com/llsfnx3

• Printing AUG research
posters.

Washington Post
http://tinyurl.com/n68kro3
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Los Angeles Times
http://tinyurl.com/zvy4unx
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Le Monde (France)
http://tinyurl.com/hdbdcoh

• Payne JL, Bush AM, Chang E, Heim NA, Knope ML, and Pruss SB. 2016. Extinction intensity,
selectivity, and their combined macroevolutionary influence in the fossil record. Biology Letters 12:
20160202.
• Smith FA, Payne JL, Heim NA, Balk MA, Finnegan S, Kowalewski M, Lyons SK, McClain CR,
McShea DW, Novack-Gottshall PM, Anich PS, and Wang SC 2016. Body Size Evolution Across the
Geozoic. Annual Reviews of Earth and Planetary Sciences 44.
• Zhang Z, Augustin M, and Payne JL. 2015. Phanerozoic trends in brachiopod body-size from
synoptic data. Paleobiology 41:491-501.
• Heim NA, Knope ML, Schaal EK, Wang SC & Payne JL. 2015. Cope’s rule in the evolution of marine
animals. Science 347:867-870.
Selected Media Coverage of Heim et al. 2015
New York Times
BBC
http://tinyurl.com/lq3ptw7
http://tinyurl.com/or4t3vx
Los Angeles Times
http://tinyurl.com/qfh7u5a

NRK (Norway)
http://tinyurl.com/mbmomaw

• Payne JL, Heim NA, Knope ML and McClain CR. 2014. Metabolic dominance of bivalves predates
brachiopod diversity decline by more than 150 million years. Proceedings of the Royal Society BBiological Sciences 281:20133122.
• Harnik PG, Fitzgerald PC, Payne JL, and Carlson SJ. 2014. Phylogenetic signal in extinction
selectivity in Devonian terebratulide brachiopod. Paleobiology 40:675–692.
• Caval-Holme F, Payne JL, and Skotheim JM. 2013. Constraints on the adult-offspring size
relationship in protists. Evolution 67:3537–3544.
• Payne JL, Jost AB, Wang SC & Skotheim JM. 2013. A shift in the long-term mode of foraminiferan
size evolution caused by the end-Permian mass extinction. Evolution 67:816-827.
• Rego BL, Wang SC, Altiner D, & Payne JL. 2012. Within- and among-genus components of size
evolution during mass extinction, recovery, and background intervals: a case study of Late Permian
through Late Triassic foraminifera. Paleobiology 38:627–643.
• Payne JL, Groves JR, Jost AB, Nguyen T, Moffitt SE, Hill TM & Skotheim JM 2012. Late Paleozoic
fusulinoidean gigantism driven by atmospheric hyperoxia. Evolution 66:2929–2939.
• Finnegan S, McClain CM, Kosnik MA & Payne JL. 2011. Escargots through time: an energetic
comparison of marine gastropod assemblages before and after the Mesozoic Marine Revolution.
Paleobiology 37:252–269.
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• Payne JL, Boyer AG, Brown JH, Finnegan S, Kowalewski M, Krause RA, Lyons SK, McClain CR,
McShea DW, Novack-Gottshall PM, Smith FA, Stempien JA & Wang SC. 2009. Two-phase increase
in the maximum size of life on Earth over 3.5 billion years reflects biological innovation and
environmental opportunity. Proc. Natl. Acad. Sci. U.S.A. 106:24-27.

Research Update: Is There a Relationship
Between Size and Complexity?
Over the past 3.8 billion years, the maximum size of living organisms has increased by approximately
18 orders of magnitude: a blue whale is the same size as 1,000,000,000,000,000,000 of the first
microbial fossils! Much of this increase occurred with two major evolutionary innovations. The first
happened ~1.9 billion years ago (Ga), and was the evolution of eukaryotes from prokaryotic cells.
Prokaryotes are single-celled organisms that lack membrane bound organelles, so they lack nuclei
and their DNA just “floats around” in the cell. Eukaryotes, on the other hand have membrane-bound
organelles like nuclei and mitochondria. The second increase in maximum size was associated with
the diversification of multicellular life, which evolved from unicellular ancestors ~ 0.6 Ga. The two
major evolutionary events associated with large increases in size are also events that show increases
in what we call hierarchical complexity: the number of levels of nestedness or levels of organization
in an organism. For example, solitary eukaryotic cells evolved from an association of prokaryotic cells
and are therefore one level above prokaryotes. A multicellular eukaryotic organism (e.g., animal,
fungus) is an association of unicellular protists and is therefore one level higher yet. Through the data
collection efforts of the Stanford Earth Young Investigators, we are now able to explore the
relationship between size and hierarchical complexity in more detail.
Our dataset for the complexity analysis, which includes only living species, includes organismal size
(i.e., biovolume) and level of complexity (i.e., virus, prokaryote, protist, multicellular eukaryote) for
11,172 extant genera spanning the three domains of life, plus viruses (virus sizes were compiled by
Noel and Linda Hambrick, a South San Francisco High School Teacher who many of you may
remember from the lab). When we make histograms of size for each level of complexity (see figure
below), we find several interesting patterns. 1) Both the mean size and the size range increase with
each additional level of complexity. 2) The increase in range is non-symmetric, such that the
maximum size increases more than the minimum size as we ascend the complexity hierarchy. 3) The
size distributions within complexity levels are unimodal whereas the aggregate distribution is
multimodal. These patterns have never been documented before, and this analysis could not have
been done without the efforts of the 2015 interns who collected prokaryote sizes and the 2016 interns
whose nematode data provided much better coverage of the small end of the animal size distribution.
Although the finding that size increases with increasing complexity is intuitively obvious, all these
patterns considered together provide interesting insights into the evolutionary processes that have
been shaping the history of life for 3.8 billion years.
One of the key questions in the history of life is whether or not there are active evolutionary trends.
An active evolutionary trend is one that is driven by selection. An increase in body size, for example,
could result from larger individuals surviving longer and producing more offspring or it could result
from genera with large-bodied species having higher speciation rates. The alternative to active
evolutionary trends are passive trends in which body size increases simply by chance. Flipping a coin
!7
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400
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is a good analogy for passive evolutionary trends. Even though the probabilities of flipping a “head”
or a “tail” are equal, sometimes you might flip a long sequence of tails. A passive evolutionary trend is
one that emerges from random chance rather than from a bias in towards larger or smaller size. This
question of active vs. passive trends is important because if there are clear trends that can be
attributed to specific processes, then there might be predictability in evolution, which will be helpful
in the search for life on other planets. If evolution is active, then when we find life on other planets
we might expect to see evidence of similar evolutionary trends. If evolution is passive, however, we
will not have a good expectation of what other evolutionary systems should look like.
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Size frequency distributions among four levels of complexity. Colored shaded areas highlight
the total size range occupied by living genera within a given level. As the hierarchy is ascended
from viruses to multicellular eukaryotes, the modal size as well as the total range in size increases.
The above figure is from a paper currently being reviewed for publication: Heim NA, Payne JL, Finnegan S, Knope ML,
Kowalewski M, Lyons SK, McShea DW, Novack-Gottshall PM, Smith FA, and Wang SC. in review. Hierarchical
complexity and the size limits of life. Proceedings of Royal Society of London B.
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Our main results show that there are likely strong constraints to how large an organism can be, and
those constraints are determined by complexity. We have a working hypothesis for what these
constraints are. The lower size is determined by physical space. For example, there is a minimum
amount of DNA, protein, etc. that need to be present for a bacteria to function and be recognized as a
prokaryote. At the large end, we think the constraint is physiological. Ultimately all physiological
processes rely on diffusion to transport O2, nutrients, etc. throughout the organism. Prokaryotes rely
entirely on diffusion with the environment inside their cells, thus there is a maximum size beyond
which materials can not reach the cell interior fast enough. Solitary eukaryotes, e.g., foraminifera,
have evolved a mechanism call cytoplasmic streaming which accelerates the transport of materials
throughout the cell. And finally, multi-cellular eukaryotes have evolved tissues and organ systems,
such as xylem in plants and the cardio vascular system in mammals, to transport materials through
even larger volumes. In conclusion, we are interpreting the overall history of life as a series or
independent evolutionary trajectories that are constrained by the level of complexity. The jumps
between hierarchical levels, as far as we know, have only happened once (with the possible exception
of viruses), which refutes previous hypotheses that the evolution of complexity has been a gradual
diffusive process. This study outlines some fundamental evolutionary patterns and presents some
compelling working hypotheses, but the work on the evolution of complexity is just beginning: there’s
a lot more out there to discover and explain.

Alumni Updates
Mayra Pelagio, 2012 & 2013
The History of Life internship was my first step to my path to higher education. As a first generation
student I had never imagined what life would be after high school, nor did I know what my career
options were. The internship provided me with a set of tools and skills that I continue to use in my
undergraduate career and that will stay with me forever.
During my first summer I worked with graduate and undergraduate students at Stanford University,
other high school students, an undergraduate student from Yale University and two high school
teachers. Such diverse work setting was the perfect way to learn from different points of views and
gaining knowledge from the rich ideas coming from all the participants in the lab. The same was true
during my second summer, I had the opportunity to interact with students that, like me, had a deep
passion for science. We worked in groups to complete projects and we helped each other understand
concepts of paleobiology that were new to us.
The internship provided with the best guest speakers, field trips and workshops that many high
school students don’t have the opportunity to have. All of these presentations exposed me and all the
interns to an array of scientific fields and knowledge of possible career paths, which is very important
for many high school students applying for college that are indecisive about what major to choose.
The most impacting component of the internship to me were the guest speakers. Each one of them
presented their project with a passion and dedication to the topic that was very inspiring to me.
There were climate change experts, watershed experts and many other fields and they all had in
common the dedication and passion for their field of study. The guest speakers motivated me to look
for research opportunities, to get involved and to find my passion. I am currently an third year
!9
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student at the University of California Davis, and I have spent my first two years doing research with
the Wildlife Conservation Biology department, and I cannot imagine gaining all of that research
experience without the motivation and skills I gained through the History of Life internship.

Lesly Ann Llarena, 2014
History of Life program has given me unexpected opportunities. Coming into the program, I had zero
to little experience in paleontology. Despite the lack of expertise, I opened my arms and heart to what
the program had to offer. At the end of the summer, I had gained knowledge and experience such as
understanding what ostracods are, learning the different time periods, tasting Noel’s baked goods,
and hiking through the humid air in Pinnacles National Park. The History of Life gave me the
perspective of what paleontology research is like. I had never imagined it to be under the hot sun
looking for rocks or shells, but it reminded me of the time when I would look for shells out on the
beach in pure bliss when I was younger. The connections I have established in the in the program led
me to a job opportunity in the Museum of Paleontology at UC Berkeley. I have been working in the
museum since my first year in college and I have to say that it has been a great experience so far.
History of Life has contributed to my love in biology. As I pursue a biology major in UC Berkeley, I
am forever thankful for what the program has given me.

Divya Sundararajan, 2014 and 2015
When I was in seventh grade, my sister was a research intern at the UCLA School of Engineering
during the summer after her junior year in high school. I visited the poster session and came away
thoroughly impressed by the quality of research done by the high school students. I was excited when
I got an opportunity to be a History of Life intern at the Stanford School of Earth, Energy and
Environmental Sciences in 2014.
I was worried because I did not know anything about research, and I thought I would be spending in
the classroom for six hours every day for six weeks. Within a week, I started looking forward to
coming to Stanford because the classroom where we collected the data was fun and, at the same time,
I was learning how to read and interpret research papers. I was proud of the fact the data we had
collected was used in research papers, which are peer-reviewed and published. Furthermore, I got
opportunity to listen to researchers working on a variety of research topics such as geochemistry or
sustainability, all under the umbrella of Earth Sciences. One of the more fascinating hands-on
activities that I participated in was a GIS workshop, in which we used Google Earth to simulate the
sea level rising and its effects on San Francisco. I found all the learning during the first four weeks
was useful when I started my project. We used R, a statistical programming language to graph
correlations and run statistical tests. I love programming, and I relished the opportunity to learn
another programming language. I found R very different from Java and Pascal but easy to learn. I
loved being a History of Life intern so much that I decided to come back in 2015.
Two important experiences other than learning that I took away from my time as an intern were
participating in the American Geophysical Union (AGU) Fall Meeting as a Bright STaRS (Students
Training as Research Scientists) and going on field trips to several cool places. As a Bright STaRS, I
!1 0
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went to the AGU Fall Meeting at San Francisco in 2014 and 2015 and was blown away by the
experience. Several people came and listened to my research and provided valuable feedback and
some encouragement to continue to conduct research. We had four to five field trips, including
overnight camping at Pinnacles National Park. My favorite trips were the overnight camping at
Pinnacles; the UC Berkeley Museum of Paleontology, where I saw the fossil remains of a huge Sabertooth tiger; and the Hopkins Marine Center at Monterey.
Not only did I enjoy my time as a History of Life intern, but I also learned how to read research
papers, conduct research, write posters, and present them.

William Sachson, 2015 & 2016
Sending out a big hello to all the Stanford Earth people from sunny Malibu, California, where my
family moved last August.
After working in the Payne Paleobiology lab in 2015 and 2016, I see that this internship has been the
biggest influence of my high school years. I now know that I want to work in paleobiology and can
really appreciate the usefulness of my biology, chemistry, and math classes as well as Mandarin (it’s
my goal to work on a dig in China some day). I also gained confidence in my public speaking skills
from attending the AGU meetings. Presenting my research poster on the Origins of Nematode
Parasitism in the Families Strongyloididae, Rhabditidae, Plectidae and Diplogasteridae to working
scientists was a high level challenge, so now I feel very prepared to take on any presentation
assignment. As a current junior at Malibu High, my time at
Stanford has been extremely useful in both my AP
Environmental Science and Honors Marine Biology classes,
which finds us walking down to the beach every week to record
data for an ongoing class catalogue of Zuma Beach. I know it
sounds a bit too much like fun -- but in all seriousness it has
made me more interested in marine paleontology and I’m
hoping to do some independent research on this topic. Because
of the Stanford internship, I also want to get involved in
research as an undergraduate as soon as possible. It seems like
a lot of former interns end up with science majors and
undergraduate research experience, and I’d love for that to
happen.
Outside of school, I’ve learned that the scientific community is
very welcoming to newcomers. Before going on vacations to
Washington D.C., Philadelphia, and Los Angeles in the past
two years, I made e-mail contact with paleontologists at local
museums who agreed to meet with me briefly. It’s so great that
career scientists are kind enough to respond to a high school
student and trade some stories about the new T. Rex at the
National Museum of Natural History, Cope’s backwards
Plesiosaur, and their latest finds at the La Brea Tar Pits and the

Will Sachson with the rare sand
dollar, Vaquerosella coreyi, he
discovered in Topanga Canyon
near his new home in Southern
California.
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Tibetan Plateau. And since moving to Malibu, I joined the Southern California Paleontological
Society, which has monthly field trips to local fossil sites. On my first day out with the group in
Topanga Canyon, I made a somewhat rare find of a sand dollar Vaquerosella coreyi, which the leader
said she has never seen at that particular site in four decades of visiting. Probably a combination of
beginner’s luck and my willingness to climb higher up the steep cliff, having done this already on our
Stanford trip to Pinnacles National Park!
I’m no longer in the Bay Area so I’m not eligible to return in summer 2017 but I hope fellow interns
will let me know if you come to the L.A. area, it would be fun to meet up. Thanks again to Noel Heim,
Jonathan Payne, and Jennifer Saltzman for giving all of us such a great experience.

Benjamin Ruiz, 2016
Hello, my name is Benjamin Ruiz and I took part in the internship at Stanford under the program
called the Stanford Earth Young Investigators: Biodiversity in the summer of 2016, which proved to
be a unique experience. I went in very shy, not knowing exactly what to expect. However, I soon
found out that the fellow interns were very friendly and open. We got along very well and enjoyed the
experience provided by this internship. I learned just how big colleges and universities can be as I
explored the beautiful Stanford campus. Although I did have to wake up early every work day to
make sure I got to Stanford on time, it was well worth it. This internship helped me develop a sense
of responsibility and self-dependence, especially since it was up to me to make sure I caught the right
bus to get to and from Stanford. Also, Stanford is quite a ways from my home, and so I did not have
my parents hovering over me telling me what to do. I felt independent and I enjoyed it. This
internship provided me the chance to keep myself learning rather than wasting my summer time
doing nothing productive, especially because of the presentations that the professors and university
students gave throughout the weeks. I was fascinated by much of the research that the guests came to
talk about, and this has motivated me even more to be satisfied with not only a bachelor’s degree, but
to pursue a PhD so I can do my own research one day in a field of my choosing. The presentation that
stood out to me the most was the presentation on the the relationship between malaria and sickle cell
disease in Africa. This stuck out to me because whenever I thought of sickle cell disease as only
detrimental to humans. However, researchers found that people with one gene for sickle cell disease
did not get as sick from malaria as people who did have a single gene for sickle cell disease. However,
having 2 genes for sickle cell disease left individuals worse off than those with only one. Another
event that sticks out to me is the camping trip. It was my first time camping in an actual tent, and I
enjoyed the hikes and fossil search that were part of that trip. I got to take home a few crab fossils
from that trip, and more memories to keep. One last thing I would like to note was the opportunity to
work on a research project that we got to present at the AGU science meeting in San Francisco. My
partner, Ben Shih, and I decided to see if there was any sort of relationship between the metabolic
rate of bivalves and gastropods and the depth at which they live in the ocean. Although working with
R statistical software proved challenging, we managed to do what we wanted and were happy to see
our work coming together. We were proud to have done such a project, and I would indeed want to
participate in future research as a result of my experience with this project. Every day of the
internship provided me with experiences that I will keep with me, and I highly recommend this
internship to other students looking for a valuable and memorable experience.
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Contact Information
Noel Heim
Stanford Earth Young Investigators: Biodiversity
Department of Geological Sciences
Stanford University
Stanford, CA 64305
naheim@stanford.edu
http://historyoflife.stanford.edu
http://younginvestigators.stanford.edu
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