Isabelle Hwang and
Athena Mitchell in the field
on Protection Island

Mathematics Helps
Guide Intelligent
Stewardship
by Shandelle Henson

Andrews University master’s
student Athena Mitchell and
undergraduate Honors and research
student Isabelle Hwang hiked
along the trail that edges down the
cliff toward the seabird colony on
Protection Island, Washington. In
the early morning light, the Strait of
Juan de Fuca stretched before them
in a stunning vista ringed with the
snow-capped mountain ranges of the
Cascades and Olympics. Bald eagles
soared overhead, harbor seals barked
along the shore, and the murmur of
the large gull colony below rose on
the spring breeze above the sound of
breaking waves. The whole scene was
alive, slung across the breast of the
steadily-breathing sea. The students
forged carefully into the colony in
high rubber boots and protective gear,
kneeling at each nest to record the
number of new eggs and missing eggs.
Anxious parent birds screamed from
a few feet away or dive bombed the
students’ hardhats in long figure-eight
swoops from above. Later, the students
bent over computers and stood before
chalkboards at the University, writing
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code in Matlab and analyzing their
data using mathematical techniques.
Athena and Isabelle were members
of the Seabird Ecology Team, a U.S.
National Science Foundation (NSF)funded research group based at
Andrews University.
Planet Earth has entered what many
scientists call the “Anthropocene
Epoch,” an era in which humans have
earned the dubious distinction of
acting both as biologic and geologic
forces of environmental change (Waters et al. 2016). The rapid pace and
enormous scale of planetary change
driven by human activity are leading
to abrupt changes in ecological and
social systems, some of which may be
irreversible. Mathematical approaches
for understanding the dynamics and
tipping points of such systems are
imminently important.
For the past 16 years, the Seabird
Ecology Team has been funded by
NSF to develop mathematical models
to study the effects of environmental
change on the behavior of marine
birds, mammals and reptiles. The team
is led by an interdisciplinary group of

four senior scientists: James L.
Hayward, Gordon J. Atkins and I
are from the Departments of Biology and Mathematics at Andrews
University, and J.M. Cushing is
from the Department of Mathematics at the University of Arizona. The team has studied harbor
seals, marine iguanas and bald
eagles but has focused primarily
on colonial seabirds breeding
along the Pacific Northwest coast
of North America.
The group engages in three main
activities: 1) the collection of large
sets of temporally-dense animal
behavior data in the field; 2) the
construction of realistic mathematical models, tied rigorously to
data, which describe, explain and
predict behavioral dynamics as
functions of environmental variables; and 3) the construction of
simplified proof-of-concept mathematical models to probe dynamic
mechanisms, to clarify ideas and
suggest testable hypotheses, and
to study population dynamic
consequences of environmental
perturbations and evolving traits.
One of the major findings of

“The Seabird Ecology
Team discovered that
females nesting close
together in the colony
tend to synchronize
their egg laying on
an every-other-day
schedule.”
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the team is that increased sea
surface temperature is associated
with increased egg cannibalism
in the breeding colony of gulls on
Protection Island (Hayward et al.
2014). Average seawater temperatures in the Strait of Juan de Fuca
have increased by 1°C since the
1950s. The team found that every
increase of one-tenth of a degree
in temperature increases the odds
of egg cannibalism in the colony
by 10 percent. This apparently
happens because as sea surface
temperatures increase, fish move
to deeper and cooler water where
gulls cannot reach them. Deprived
of their normal food, they plunder
their neighbors’ calorie-rich eggs.
Another major discovery is
the phenomenon of egg-laying
synchrony (Henson et al. 2010).
Female gulls typically lay one egg
every two days until they complete a clutch of three eggs. The
Seabird Ecology Team discovered that females nesting close
together in the colony tend to
synchronize their egg laying on an
every-other-day schedule. Mathematical models predicted that
synchronized egg laying would
reduce the chance that a given egg
would be cannibalized, and field
work by Honors student Sumiko
Weir (BS ’16) verified this. Thus,
synchronized egg laying appears
to be an adaptive response to egg
cannibalism.
A large part of the budget
of each of these NSF grants to
Andrews University has been earmarked for training and research

“The activities of
the Seabird Team
have contributed to
the career training
and success of over
50 STEM students
since 2003.”

salaries for undergraduate and
master’s students. These students
engage in every aspect of the
research, from data collection
and bottle washing to writing
computer code to proving difficult
mathematical theorems. The activities of the Seabird Team have
contributed to the career training
and success of over 50 STEM students since 2003. These students
have co-authored over two dozen
scientific papers in peer-reviewed
journals and have given large
numbers of talks at research
conferences. They’ve gone on to
PhD programs and to medical and
professional graduate programs,
with careers ranging from medicine and dentistry to mathematics
and biology.
Undergraduate researchers in
the Department of Mathematics
who work with the Seabird Team
are not operating in a vacuum.
The whole culture of the department stresses the value of
research for both faculty and
students. Each of the faculty
members in the department has

an active research program in an
area of knot theory, mathematics
education, partial differential
equations, differential geometry
and/or mathematical ecology,
and undergraduate students
are involved deeply in each of
these projects. I also serve as
editor-in-chief of the international
peer-reviewed research journal
Natural Resource Modeling,
published by Wiley & Sons. This
editorship models scientific career
leadership and active stewardship
of natural resources for students
in training, especially women.
Another example of departmental culture comes from the
student-led Eigen, which is a
mathematics and physics club.
Eigen intentionally builds an

inclusive culture of professional
development, integrity and ethics
in science and research and of
integrated scholarship and faith.
Many of the research students are
also in the J.N. Andrews Honors
Program, which has a vigorous
culture of research. Honors students develop strong skills in the
humanities, and these skills make
them better scientists.
The role of the burgeoning
human populace as a major
planet changer provides a rich
field of opportunities for applied
mathematicians and ecologists
and their students. Never has
there been a more opportune time
for mathematicians and biologists
to work together to solve pressing
scientific problems. At Andrews
University, we are at the forefront
of meeting this challenge.

Shandelle M. Henson is professor of
mathematics and professor of ecology
at Andrews University. She uses
dynamical systems theory to describe,
explain and predict the dynamics of
ecological systems and animal behavior.
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