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reproductive interactions shape biodiversity?

Miller Fellow Focus: Matthew Kustra

hen looking out in our natural

world, there is incredible diversity
in life, and explaining how this diversity
is generated and maintained is a
problem that humans have been tackling
for centuries. Much of that diversity
can be explained by adaptations to
survive unique environments or exploit
underutilized resources. However, it is
hard to explain how the bright colors and
extreme ornamentations that captivate
our attention are beneficial for survival.
The counterintuitiveness of such traits
even had Charles Darwin remarking to
a colleague that “the sight of a feather
in a peacock’s tail, whenever | gaze at it,
makes me sick!"” One potential solution for
many of these traits is that they function
not for survival but for mating success
(sexual selection), which Charles Darwin
elaborated in his book The Descent of
Man, and Selection in Relation to Sex.

Historically, sexual selection was
studied in the context of mating
success, in other words, premating sexual
selection. However, it took over a century
for biologists to recognize that sexual
selection can continue to operate after
mating via postmating selection, selection
on traits that influence fertilization success.
Indeed, when we look across the tree of
life, sperm are the most diverse cell type
both in shape (Figure 1) and size: ranging
from 8 um in the parasitic wasp, Meteorus
sp., to almost 6 cm in the fruit fly (second
image of Figure 1), Drosophila bifurca,
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about 20x larger than the fly! Initially, the
early field of postmating sexual selection
focused on male-male competition (i.e.,
sperm competition). It took a few decades
for biologists to recognize that females
play an active role in this process and can
bias fertilization outcomes, a phenomenon
called cryptic female choice. Much
like the amazing diversity we see in
sperm morphology, female traits, such
as female reproductive tract morphology,
are similarly diverse and sometimes even
more so. Despite growing evidence of
cryptic female choice across a wide
range of taxa—from plants to urchins to
humans—cryptic female choice remains
understudied relative to other topics in
sexual selection.

As a Miller Fellow, | am investigating
postmating sexual selection and
speciation in Cyprinodon pupfishes.
Pupfishes occupy one of the broadest
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Our Mission

he Miller Institute is "dedicated

to the encouragement of creative
thought and the conduct of research and
investigation in the field of pure science
and investigation in the field of applied
science in so far as such research
and investigation are deemed by the
Advisory Board to offer a promising
approach to fundamental problems.”

“I love the interdisciplinarity of the Miller
Institute, and the fact that it's inclusive
across career stages. It makes for a
very vibrant community, ripe for fresh
exchanges of ideas and spontaneous
mentoring. The lunchtime talks stimu-
late me to think about how insights from
other fields—from mathematics to com-
puter science—can be applied to my

"
own research.

- Suliana Manley
Professor

Institutes of Physics &
Bioengineering

Swiss Federal Institutes
of Technology (EPFL)
Visiting Miller Professor
Fall 2025

miller.berkeley.edu @
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Figure 1. Sperm are the most diverse cell type (adapted from Pitnick
et al. 2009).

ranges of thermal and salinity gradients of any vertebrate
species. Geographically, this genus ranges from Venezuela to
Massachusetts in a wide variety of habitats (coast to desert
creeks). Another remarkable thing about pupfish is that in two
separate lake systems (Laguna Chichancanab, Mexico, and San
Salvador Island, Bahamas), there have been independent adaptive
radiations—a process in which a group of species diversifies into
three or more new species rapidly. In the case of these radiations,
they diversified within the past 10,000 years, with different species
specializing on different diets! So far, most of my work has focused
on the Chichancanab radiation, which includes a generalist (C.
beltrani), a bivalve specialist (e.g., clams; C. labiosus), and a
zooplanktivore (e.g., copepods; C. simus), with C. artifrons being
the sister species (Figure 2 A, B).

The role of postmating sexual selection in speciation

he role that postmating sexual selection plays in speciation

is relatively understudied. During my PhD, | developed one of
the first theoretical models exploring the coevolutionary dynamics
between postmating female (e.g., reproductive tract length or pH of
female reproductive fluid) and male traits (e.g., sperm length or the
optimal pH for sperm function). | found that these traits coevolve,
leading to rapid codivergence between populations. Much like
premating reproductive traits, this codivergence in postmating
traits can act as a reproductive barrier via assortative fertilization.
As a Miller Fellow, | am developing extensions of this work to
examine how premating and postmating sexual selection interact
in the speciation process. | am also testing for these postmating
reproductive barriers in multiple pupfish radiations.

y analyzing the entire genomes (i.e., the genetic code) of
pupfish within the Chichancanab radiation, | identified several
genes related to spermatogenesis that are under selection and
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Figure 2. (A) Map of the Caribbean showing the sampling site for C. arti-
frons, along with an inset map of Laguna Chichancanab and an aerial view
image from one of the sampling sites (PC: Dr. Jairo Arroyave). (B) Esti-
mated population sizes of Yucatan pupfish over time using genetic infor-
mation. Each colored line is an individual with different colors correspond-
ing to different species. (C) Sperm size has rapidly diverged between C.
beltrani and C. simus. (D) The sperm of C. beltrani and C. artifrons swim
faster in water from their native location relative to water from the other
species native location, and there has been a rapid divergence in sperm
morphology.

have rapidly diverged between C. simus and C. beltrani. | then
found that C. simus has larger sperm than C. beltrani (Figure
2C), suggesting a potential role of postmating sexual selection
in this radiation of pupfish. | am currently conducting additional
experiments to identify the genetic basis of this trait variation and
the functional role this rapid divergence in sperm morphology
plays in speciation. | am also exploring the role of cryptic female
choice in speciation in both the Chichancanab and SSl radiations.

Local adaptation of eggs and sperm to salinity
Reproductive interactions are not independent of the abiotic

environment, especially for external fertilizers, such as pupfish,
which release their gametes into the water. | am exploring the local
adaptation of reproductive traits in Cyprinodon pupfish. Laguna
Chichancanab is brackish and has a unique water chemistry,
with near-saturation of calcite and gypsum. This is quite different
from the ancestral coastal habitat, where the most closely related
species, C. artifrons, still inhabits. | have found that both egg and
sperm morphology have rapidly diverged between these species.
During fieldwork, | also found that the sperm of these species
swim faster in water from their respective habitats (Figure 2D).
| have generated hybrids to help map the genetic basis of these
reproductive traits.

he complex dynamics of reproductive interactions within
and between the sexes can drive organismal diversity in
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fascinating ways. My goal as an evolutionary ecologist is to bring
understanding to these complex dynamics. Some questions that
guide my research are: How do the biotic (e.g., microbes) and
abiotic environments (e.g., temperature) influence reproductive
interactions? How does premating sexual selection interact with
postmating sexual selection? How do reproductive interactions
contribute to diversity both within and across species? What
are the genetics underlying these processes? To address these
questions, | integrate fieldwork, theoretical modeling, behavioral,
experimental, and genomic approaches across multiple biological
scales (cellular, organismal, population, and species). | have applied
these approaches to taxa ranging from fish to sea urchins to lizards.

atthew Kustra is a second-year Miller Fellow in the Depart-

ment of Integrative Biology, hosted by Dr. Christopher Mar-
tin. Matthew received his B.S. in Biology and Computer Sci-
ence at the University of Virginia. Afterward, he obtained his PhD
at the University of California, Santa Cruz, advised by Dr. Su-
zanne Alonzo. Outside of research, you can find Matthew hik-
ing around California, in his local ceramics studio, or volunteer-
ing as an aquarium diver at the California Academy of Sciences.

Contact: matthewckustra@berkeley.edu
Website: https://kustra-matt.github.io

2025 Miller Fall Reception

Former Miller Institute Executive Directors: Marla Feller, Michael Manga, Beth
Burnside, Mimi Koehl and current Executive Director Chung-Pei Ma

Miller Fellows at the annual Fall reception held in October at the Tilden room
on campus: Manish Gupta, guest Hanna De Bruyn, Nathaniel Vilas, Jeff Groh,
Yuxiao Jiang and Tong Zhang

miller.berkeley.edu

2025 Annual Fall Dinner

(see more events: https://miller.berkeley.edu/events/miller-events)

Executive Committee member Nicole King with guest Jody DeAraujo and and Fall
Dinner Speaker Anand Varma. Miller members and their guests enjoyed an evening
of conversation at the David Brower Center on December 8th.

Visiting Miller Professor Tom Juenger and ~ Guest speaker Anand Varma presented
Executive Committee member Matt Francis  his talk “Inside WonderLab”

Submit Your News and Publications
Miller Institute alumni are welcome to submit their news and
publications for the Miller Institute to share broadly. Please send
your updates to millerinstitute@berkeley.edu.




Miller Research Competitions: Awards

The Miller Institute is proud to announce the awards for Professorships and Visiting Professorships during the 2026-2027 Academic Year.

On December 9, 2025, the Advisory Board of the Miller Institute met to select next year's Professorship awards. The Board is comprised
of four advisors external to UCB: Scott Edwards (Evolutionary Biology, Harvard), Anna Gilbert (Math, Statistics & Data Science, Yale),
Linda Hsieh-Wilson (Chemistry, Caltech) and Eliot Quataert (Astrophysical Sciences & Astronomy, Princeton); and four internal Executive
Committee members: Executive Director Chung-Pei Ma (Astronomy & Physics), Matt Francis (Chemistry), Nicole King (Molecular & Cell
Biology) and Alistair Sinclair (Computer Science). The Board is chaired by Chancellor Rich Lyons.

The Miller Professorship offers awarded UC Berkeley faculty the opportunity to join the Institute’s vibrant, interdisciplinary community to
pursue innovative research directions. Appointees are encouraged to exercise intellectual freedom, following promising leads that emerge
during their research. Miller Professors are also expected to be active members of the Institute’s community of scientists, interacting with
and providing mentorship to Miller Postdoctoral Research Fellows.

The Visiting Miller Professorship brings promising or eminent scientists to the Berkeley campus on a short-term basis for collaborative

research interactions within the Institute’s interdisciplinary community. The purpose of the Somorjai Award is to support a scientist within
the broad field of chemical sciences for a collaborative visit.

Together, these programs promote intellectual vitality at UC Berkeley and the Miller Institute, and provide crucial funding to accomplished
scientists pursuing basic science research.

Miller Professorship Awards

Richard Allen Jim Hurley Whendee Silver
Earth & Planetary Science Molecular & Cell Biology Environmental Science, Policy & Management
David Bilder Gary Karpen Laura Waller
Molecular & Cell Biology Molecular & Cell Biology Electrical Engineering & Computer Science
Manuela Girotto Shimon Kolkowitz Daniel Weisz
Environmental Science, Policy & Management Physics Astronomy
Grace Gu Thomas Maimone Ke Xu
Mechanical Engineering Chemistry Chemistry
Rebecca Heald Benjamin Safdi Michael Yartsev
Molecular & Cell Biology Physics Neuroscience and Bioengineering
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Visiting Miller Professorship Awards

John Brady Miroslav Krstic Gilbert Nathanson
Somorjai Visiting Miller Professor
Materials Science & Engineering Electrical Engineering & Computer Science .
Chemistry
Host: Ahmad Omar Host: Alexandre Bayen o
Host: David Limmer
Home Institution: Caltech Home Institution: UCSD

Home Institution: University of Wisconsin-Madison

Eshan Chattopadhyay Gongjie Li Michael Ortiz
Electrical Engineering & Computer Science Astronomy Civil & Environmental Engineering
Host: Venkatesan Guruswami Host: Eugene Chiang Host: Sanjay Govindjee
Home Institution: Cornell University Home Institution: Georgia Institute Home Institution: Caltech
of Technology
Gitti Frey Richard Samworth
Electrical Engineering & Computer Science Statistics
Host: Ana Claudia Arias Host: Bin Yu
Home Institution: Technion Home Institution: University of Cambridge
Andrea Ghez Johannes Lischner Christy Till
Astronomy Physics Earth & Planetary Science
Host: Jessica Lu and Chung-Pei Ma Host: Jeffrey Neaton Host: Penny Wieser
Home Institution: UCLA Home Institution: Imperial College London Home Institution: Arizona State University

Shunyuan Xiao

Stefania Gori Asaf Nachmias
Physics Statistics Plant and Microbial Biology
Host: Benjamin Safdi Host: Shirshendu Ganguly Host: Mary Wildermuth
Home Institution: UCSC Home Institution: Tel Aviv University Home Institution: University of Maryland

o
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Gifts to the Miller Institute

The Miller Institute warmly thanks the contributors to our programs in 2025. Through your generous support, the Institute
advances its mission to drive scientific discovery and innovation by sustaining basic research at UC Berkeley.

Kathryn A. Day Miller Postdoctoral Fellowship Fund

The Kathryn A. Day Miller Postdoctoral Fellowship was established with a generous gift by Nobel Laureate Professor Randy
Schekman and Professor Sabeeha Merchant to honor Kathy Day, who served as the Chief Administrative Officer at the Miller
Institute for Basic Research in Science from 1989 - 2019. The purpose of the Fund is to provide an annual stipend, benefits and
research fund to a postdoctoral researcher at the Miller Institute who has demonstrated efforts towards community building
and outreach in support of science.

Rachel Akeson Frederick Matsen
Anonymous (9) Thomas Pollard
Justin Brown Kenneth Ribet & Lisa Goldberg
Roland Blrgmann Jasper Rine
John Clarke Terence Speed
Kathryn A. Day Stephen & Suzanne Suh
Phyllis Day Jesse Thaler (12)
Eric & Christina Ford Rebecca Bishop White
Ronald S. Johnson Peter & Gloria Yu

Miller Institute for Basic Research in Science General Fund

The Miller Institute for Basic Research in Science is dedicated to the encouragement of creative thought and the conduct of
research and investigation in the field of pure science. Contributions to this fund will support the four programs of the Miller
Institute: the Miller Research Fellowship, the Miller Professorship, the Visiting Miller Professorship, and the Miller Senior
Fellowship.

Anonymous (2) Yasuyuki Kawahigashi
Steven & Diana Brenner Marcus Lee
Justin Brown Andrew Ogg
William Craig Carter Eve Ostriker
Gilbert A. and Judith W. Hawkins Kenneth Wachter

Miller Fellowship Program Development Fund

The Miller Fellowship Program Development Fund provides an annual stipend, benefits, and research support to young
researchers at Berkeley. The program gives researchers the opportunity to explore ideas in a stimulating and supportive
environment.

Dan-Virgil Voiculescu

UC Berk(ﬂey miller.berkeley.edu Q%




Recent Publications

Danqing Wang (Miller Fellow 2019-2022) is a first author and
Feng Wang (Miller Professor 2021-2022) is a co-author of the
paper, “Long-range optical coupling with epsilon-near-zero
materials”, published in Nature Communications.

Albert Ruhi (Miller Professor 2025-2026) and Todd Dawson
(Miller Professor Fall 2004) are co-authors of the recently
published paper, “Groundwater and Remotely Sensed Phenology
Reveal Vulnerability of Riparian Trees to Drought”, published in
Global Change Biology.

Jeff Groh (Miller Fellow 2025-2028) is a co-author of the pa-
per, “A species interaction kick-starts ecological speciation in
allopatry”, published in PubMed.

Robert Dudley (Miller Professor 2024-2025) is senior author
of a paper, “Ethanol ingestion via frugivory in wild chimpan-
zees", published in the journal Science Advances.

Adi Livnat (Miller Fellow 2006-2009) is a co-author of the pa-
per, "De novo rates of a Trypanosoma-resistant mutation in
two human populations”, published in PNAS.

Calvin Leung (Miller Fellow 2024-2027) is a co-author of the
paper, “James Webb Space Telescope Observations of the
Nearby and Precisely Localized FRB 20250316A", published
in The Astrophysical Journal Letters.

Michael Abrams (Miller Fellow 2018-2021) is the first author
of the paper, “Sleeping upside-down: Knockdown of a sleep-
associated gene induces daytime sleep in the jellyfish Cas-
siopea”, published in PNAS.

Andrew Rosen (Miller Fellow 2021-2024), R. David Britt (Visiting
Miller Professor Fall 2023) and Jeff Long (Miller Professor 2011,
2021-2022, Executive Committee member 2022-2025) are co-
authors of the paper, “Multigas adsorption with single-site co-
operativityinametal-organic framework”, publishedin Science.

James Santangelo
Assistant Professor
Department of Biology
University of Ottawa

June Vuong
Assistant Professor

Department of Computer Science & Engineering
UC San Diego

@ miller.berkeley.edu

In the News

(see more current & past Miller Institute news: miller.berkeley.edu/news)

Ray Jayawardhana (Miller Fellow 2000-2002) has been named
California Institute of Technology's next president, the tenth in
the Institute’s 105-year history.

Hitoshi Murayama (Miller Professor Spring 2006, Miller Senior
Fellow 2024 - present) was recognized as the recipient of

the American Physical Society's 2026 Julius Edgar Lilienfeld
Prize “for contributions to theoretical and experimental particle
physics, as well as inspirational public outreach and effective
science advocacy.”

Wencai Liu (Visiting Miller Professor 2025) was awarded the 2026-
2027 AMS Centennial Research Fellowship for the excellence of
his research. The AMS Centennial Fellowship Program makes an
award annually to an outstanding mathematician to help further
their career in research.

Dan Fletcher (Miller Professor 2019-2020) was elected a new
member of the National Academy of Medicine “for his work
developing mobile phone-based microscopy to diagnose
infectious diseases in developing countries, and for contributions
to the mechanistic understanding of biological self-assembly
and mechanotransduction.”

William Boos (Miller Professor 2021) co-developed an Al-based
weather model that delivers a timely prediction of a stalled monsoon.

Iwnetim (Tim) Abate (Miller Fellow 2021-2023), who is working to
develop a steady supply of sustainable energy, was named one of
the Innovators Under 35 by MIT Technology Review.

The father of metamaterials and ‘invisibility cloak’ pioneer, Sir
John Pendry FRS (Visiting Miller Professor Fall 1991), was award-
ed the world’s oldest scientific prize, the Royal Society's Copley
Medal “for his work on the concept and designs of metamateri-
als that represent the greatest advance in electromagnetism
since Michael Faraday and James Clerk Maxwell.”
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In late September, Miller members and their guests celebrated the end of summer
together at a picnic in Codornices Park in Berkeley. L to R: Guest Ji Hyun Oh, Miller
Professor Sung-Jin Oh, Miller Fellow Matt Kustra, Guests Sandy Sum and Keila Stark,
Miller Fellow Jeff Groh, Miller Fellow Daniel Kunin, Visiting Miller Professor Tom
Juenger, Guests Maria and Ben Juenger and Miller Fellow Ryan Unger.
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Make a Gift New Fellows Retreat

Private contributions are becoming an increasingly
vital resource for the Miller Institute. Your personal
commitment to sustaining the Institute’s future is
deeply valued.

Join fellow Miller members, friends, and alumni in
supporting this important effort by visiting miller.
berkeley.edu to help advance the independent
research undertaken by Miller Institute postdocs
and professors.

Members of our new Fellowship cohort (2025-2028) joined our Executive

Committee, Institute Staff, Miller Senior Fellows and a group of continuing
Fellows in September for a New Fellows Retreat at the Women's Faculty Club

s U B sc R I B E on campus to mark the beginning of their term. New Miller Fellows

TO OUR NEWSLETTER (Clockwise, starting from the left): Daniel Kunin, Nathaniel Vilas, Yuxiao Jiang,

Ce Jin, Ryan Unger, Jeff Groh, Manish Gupta, Tong Zhang, Allen Liu and
Ethan Epperly).

Visit miller.berkeley.edu/news/newsletters

and click SUBSCRIBE to receive our digital newsletter! For More Information:
Staff: Hilary Jacobsen, Emily Birman, Claudia Gey, Donata Hubert & Vrinda Khanna
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