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EDITORIAL

Living in a global environmental
emergency ward — the need to address
problems with science, action and speed

Welcome to the new Issue of the PNSIS. This piece is being written
at the end of the summer, midway through another hurricane season
in the Maritimes and this one purported to be noteworthy. So far,
three storms have barreled up the Atlantic coast, with post-tropi-
cal storm Lee hitting us directly and with more predicted to come.
This follows several months of unsettled weather, resulting in Nova
Scotia being marred by wildfires, excessive rain, unusual and tragic
flooding, and a slow recovery from last years, massive subtropical
storm Fiona. Wildfires continue in Quebec and out west in Alberta,
BC and the NWT, causing people to evacuate and resulting in enor-
mous loss of forests, homes and other community infrastructure.
It has made Canadians across the country, especially residents of
Nova Scotia, much more aware of extreme weather events and the
changing climate, and wondering what the future holds for their
descendants.

During times of reflection about such issues, the environment in
general, and with my head in an excellent autobiography penned by
a distinguished environmental biologist (Ehrlich 2023), it appears as
though we are currently living in an environmental emergency ward,
the patients (forests, waters, coastal and ocean ecosystems, wildlife,
our homes and communities, us!) coming in faster than they can
be diagnosed, stabilized and treated. Although the gravity of these
events may be accentuated by the 24 hour news cycle, it is clear that
the problems we face are real, serious and a bit overwhelming.

Throughout much of my career as a marine environmental scientist,
I have felt that based on the facts, humanity is in a dire environmental
situation. This was predicted by some but until recently, not generally
recognized. My first wake-up call to the challenges was as a young
zoology graduate student involved in a global population conference
in Fall, 1968 (Regier and Falls 1969). It alerted me to the population
explosion that was occurring throughout the 20th century (3.45 billion
in 1968, now 8 billion in 2022), with many implications for society.
Soon afterwards, I read the literature on global issues of concern
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(e.g. Ehrlich 1968, Meadows et. al. 1972, Dubos and Ward 1972),
spurred on by Silent Spring (Carson 1962). Then, in my first job con-
ducting fisheries research at sea, I saw firsthand the pollution, over
fishing, and habitat damage in our Atlantic coastal waters. I contin-
ued studying and the rest is personal history, a career in the nascent
Environment Canada and in academia. It was clear throughout that
the list of environmental stressors is endless, against a back drop of
greater numbers of people and global climate change.

Circa 2023 — on top of such problems, there is the continued and
growing demand for resources (minerals, oil and gas, lumber, food,
chemicals). We are clearly making huge demands of the planet, some
saying that we have overshot that mark. What is our future with 8
billion people all requiring a place to live, food, essentials, health
care, and security? As Paul Ehrlich and others have asked — are we
at the point of continuing to extract more resources from the earth
each year than we are returning to it? Will food famines, mass migra-
tions and wars eventually overwhelm us, in addition to the current
major environmental concerns of climate change, loss of biodiversity,
over fishing, environmental contamination, etc.? Are we at a crucial
tipping point for a livable planet? These are crucial questions that
should engage us as citizens and scientists, be rigorously discussed,
and foster an interdisciplinary approach to solutions with all haste.

I try to be optimistic. The good news is that many core problems
are recognized, they are being well studied and considerable efforts
are occurring to address them. There is much effort to optimize the
science-information-policy — management interface. We should be
especially thankful for the continued work of the United Nations and
its many agencies and advisory groups; the UN is truly our Florence
Nightingale in the efforts to care for people and the environment,
and to respond to ongoing crises (wars, famines, earthquakes, floods,
mass migration). Great strides have been made globally to increase
food production and distribution. Advances in medicine continue,
at times seemingly miraculous as shown by the rapid production of
novel and effective vaccines in the recent (and still ongoing) Covid
pandemic. Finally, diplomacy continues on many fronts to diffuse
confrontations and increase understanding and cooperation in this
rapidly changing world.

That said, there is an ongoing climate crisis, recognized now by
most governments and influential groups. Climate change is here,
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the globe is warming. This will be a primary concern for the rest of
the century (see the references and the last IPCC report). As well,
pandemics will likely recur as history repeats itself.

Solutions for many of the above mentioned problems have scientific,
technological and social underpinnings. Reliable, salient and timely
information is always needed, hence the continued role of science
and the communications work of groups such as the NSIS. The NSIS
should continue to be a hot bed of talks and actions on these important
topics, utilizing the immense scientific resources of Nova Scotia and
the Atlantic region. The problems that we face require discussion,
collaboration, scientific and social understanding, and above all,
timely decision making and action.

In support of this, it is crucial to have the engagement of NSIS mem-
bers with those from other societies in NS and the region — working
together, sharing reliable information, encouraging the engagement
of young people, discussing key issues, and looking for solutions that
work. That is the only way to look after our environment, ourselves
and the future of the planet. Where we can, we must also engage the
help, support and action of governments at all levels.

While you ponder this challenge, browse the content of this PNSIS
issue. There are articles on a range of topics, from fungi to fish,
developmental biology, climate change and science history, as well
as remembrances to past distinguished NSIS members. For the first
time, a report on the NSIS summer excursions of 2023 is included,
and the book reviews remain popular with readers.

Please consider contributing to the varied NSIS program of activi-
ties. Encourage your colleagues and students to join the NSIS and
attend our monthly talks. Our journal, the PNSIS, is one voice piece
for science and science-based action on crucial information-based
issues in Nova Scotia and throughout the Maritimes. Consider sending
in a contribution to the next Issue. Perhaps offer an alternative view
to this polemic, penned by a “despairing optimist” (Dubos 1970) in
a year of much change and concern for our future.

Acknowledgements Many thanks are owed to the contribu-
tors, reviewers, and the Editorial Board for this Issue of the PNSIS.
I also thank David Richardson (SMU), Jon Percy (SEAPEN and
BoFEP), and Mike Butler (International Ocean Institute — Canada)
for their comments on the draft of this article. It is dedicated to
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the memories of Nova Scotia colleagues Meinhard Doelle, Alan
Ruffman and Charles Schafer, who have recently passed away but
have left long-lasting legacies in their fields of specialty — interna-
tional law, geology, environmental activism, and oceanography.
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ABSTRACT

Many of the ways in which we interact with the world around us have
been shaped by the dual efforts of fundamental and applied sciences.
Generally speaking, fundamental science generates knowledge about
how things work at a fundamental level, and applied science employs
this body of knowledge to create a new product or overcome an existing
challenge. Developmental biology is a classic example of fundamental
science that drives several avenues of applied science. For example,
understanding how cells, tissues, and organs develop, and are coordinated
within a functioning organism can form the basis for diagnosing medical
conditions and exploring treatments. As a developmental biology lab
researching bone and cartilage in birds and fish, we are acutely aware
of the disparity in financial support between fundamental and applied

* Author to whom correspondence should be addressed:
tamara.franz-odendaal@msvu.ca
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science research in Canada. Funding cutting-edge applied research with
immediate impacts on society is attractive and more easily justifiable to
tax payers. However, funding grassroots fundamental science research
is equally important but receives significantly less attention and
support because the impacts are harder to predict and are longer-term.
This commentary addresses this inequity in science funding and high-
lights the dire need to improve supports for early career scientists.

Keywords: Fundamental science, developmental biology, students,
Canada, science funding

INTRODUCTION

Both fundamental science research and applied science research
involve critical thinking and developing international and national
collaborations. In Canada, there are many funding initiatives to sup-
port applied science research, however, the importance of funda-
mental science is often overlooked yet underlies the advancement
of society (Naylor et al. 2017). The ripple effects of fundamental
science are a major driver of economic growth. Unfortunately, as
noted in the Naylor report (Page 19, xix) in 2017, the Canadian gov-
ernment continues to fund applied science research over fundamental
science. There are major federal funding sources for fundamental
science (e.g., the Natural Sciences and Engineering Research Coun-
cil of Canada, NSERC, Discovery Grants program) but they are
limited. In contrast there are numerous funding opportunities for
applied research (NSERC alliance grants, Canadian Institutes of
Health — CIHR grants, MITACs grants, New Frontiers Grants, etc.).
This article describes why fundamental science deserves more atten-
tion and needs more federal and institutional support. We also high-
light the impact that under-funding has had on the well-being of
scientists.

THE SCIENTIFIC PROCESS

All science research, whether applied or fundamental follows the
same scientific process. This is an iterative process, which involves
a series of steps that start with a thorough understanding of the
knowledge that has previously been gained in the specific research
area. With this basis, scientists develop the study objectives, a hypoth-
esis and the methodology and approach (Atkamis & Ergin 2008).
Controlled experiments with measurable results ARE validated by
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appropriate statistical analyses AND are essential for scientific dis-
covery.

Skilled people are required to design and execute a study. A well-
designed project requires including people with different experiences
and perspectives during the design phases (Powell 2018). The output
of science in terms of published research papers is often considered
the most important aspect of one’s research, and this aspect is primar-
ily judged during grant reviews. However, the people that are trained
during a research study are also of great importance — they are not
only essential to obtain results but they are also the future knowledge
holders in terms of expertise and scientific research approaches.
The more scientifically literate Canada is, the better we are able to
make informed decisions about our health and environment.

Another aspect of the scientific process that is often not recognized
is that even if a study does not lead to a major new understand-
ing, the process of conducting that study is nevertheless valuable.
For example, the protocols and procedures of how to conduct an
experiment that are developed and optimized during a study are valu-
able assets to future research. While scientific studies always include
a methods section, these are becoming more and more abbreviated
such that studies can not be repeated based on these sections alone.
It is only in the last three decades that journals, which solely publish
protocols or methods, have been established. Thus, the benefits of
science funding are more than just the actual scientific output (i.e.,
the publication or the product). These added benefits apply to both
fundamental and applied scientific studies. Fig 1 highlights some of
the hidden and obscured aspects of science, and the important role
that trainees play in science research endeavours.

THE IMPORTANCE OF FUNDAMENTAL SCIENCE

The scientific discoveries made within Nova Scotia are numerous.
Well-known inventions include the Silver Dart, designed by Graham
Bell, which was the first aircraft to make a controlled powered flight
in Canada and the British Commonwealth in 1909. A lesser-known
example was the invention of modern paper by Charles Fenerty
in Halifax, NS in 1844. He was the first to use wood pulp for paper,
which revolutionized world paper production. A more recent inven-
tion was the bionic knee brace that was developed by Spring Loaded
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Fig 1

A depiction of a typical research project represented by an apple tree.
The research that is visible to the public is above ground whereas the
research that is hidden from the public is below ground. For example,
results of scientific studies are often shared at conferences, in publications
and on social media. Below ground, this research is supported by the pur-
chase of equipment and supplies, by previous research and by establishing
optimized protocols. Importantly, the researchers (i.e., trainees, students)
conducting the science research (represented by apples), are often obscured,
they may drop off the project and start their own research group, or they
may leave science all together. Principal investigators design the project
and ensure its success.
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Technology in Dartmouth, NS in 2016. These examples have been
mentioned in the proceedings of the Nova Scotian Institute of Sci-
ence published since 1864. These examples are of applied research
leading to a product and they were made possible by existing fun-
damental knowledge. An understanding of developmental biology
and the anatomy of how tissues interact underpins the knee brace
invention, cellular chemistry underpins the paper invention and the
invention of powered flight was not possible without an understand-
ing of the physics of air flow, metallurgy and the chemistry of oil and
combustion. Thus, years of fundamental science research preceded
these inventions.

Throughout history, global crises lead to pivotal points for life-
changing innovations and discoveries. A recent crisis is the COVID-
19 pandemic, which rapidly had an impact on the lives of millions
of people. The development of the COVID-19 vaccines was the
result of previous scientific knowledge which enabled the rapid de-
velopment of vaccines in response to this pandemic (Kashte et al.
2021). Researchers had to look for a solution to provide protection
against this strain of COVID, and to understand it, they had to inves-
tigate where it came from, how it enters and impacts the body, and
finally, how it can be managed. These questions were answered by
investigating RNA viruses, testing a multitude of techniques, and
developing solutions and vaccines. Under the pressure of a world-
wide crisis scientists needed to produce a fast response and this
was achieved with the help of governments who provided signifi-
cant funding. This all contributed to the rapid development of
COVID-19 vaccines with many scientists around the world collabo-
rating. Without fundamental knowledge, however, it would have
taken much longer to design the strategies required to address the
COVID-19 pandemic. Scientific discoveries are the result of a solid
fundamental research base that is continually reinforced and expanded
by scientists (Fig 2).

WHY DEVELOPMENTAL BIOLOGY IS IMPORTANT

Developmental biology is one of the oldest fields in biology and
dates back 500 years when the focus was centred on anatomy and
the comparative morphology of organisms (Schoenwolf 2002).
Today, it is one of the core fields of vertebrate biology. Filled with
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Fig2  Metaphorical representation showing that fundamental science is the foun-
dation on which all applied research projects are built, regardless of the
field.

wonder for the diversity of animals, scientists turned to under-
stand how this diversity arose by studying the embryos of animals.
The field now known as developmental biology studies the develop-
ment and growth of both plants and animals.

With the advancement of genetic and molecular biology tech-
niques in the last century, these descriptive studies have been com-
plemented by experimental embryology studies, which assess how
organisms develop at the cellular and tissue level. Developmental
biology research is incredibly useful in that it spans the gap between
the cellular and molecular levels, and the systems and organismal
levels. Developmental biology generates knowledge for other fields
of research, such as anatomy, stem cell research, genetics, neurobiol-
ogy, cancer biology, and evolutionary biology (Fig 3, Gilbert 2017).
Understanding how organisms normally develop helps to provide
information on the progression of diseases that may arise during
development (i.e., congenital disorders) or those that arise later in life
(e.g., osteoporosis). This understanding helps to explain, for example,
why some animals are able to heal wounds and regenerate certain
body parts, and also provides insights into the causes of birth defects
in human populations.

More recently, developmental biologists have turned to the his-
tory of organisms to answer some of their questions in a “new” field
called evolutionary developmental biology (Miiller 2007). This field
studies developmental processes over evolutionary time. For exam-
ple, why are some birds flightless and why do snakes have no legs?
Biology helps us to understand more about the world around us. It is
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Fig3 A flow chart detailing the interconnected nature of some common fields
of biological science, and how these fields are connected to developmental
biology.

the inter-connectedness of many fields of biological research that has
led to progress in fundamental research, and ultimately to progress
in our society (Naylor ef al. 2017).

SKELETAL BIOLOGY RESEARCH

Our research group conducts fundamental science research to
understand the development and growth of bones and cartilages of
vertebrates. Because studying the cells of human embryos is difficult,
scientists often turn to animal models. What we learn about bone
and cartilage development from our work is important for applied
research (e.g., to understand congenital birth defects, environmental
effects on the skeleton, space biology, etc.)

We utilise two model organisms to answer different research ques-
tions. One of the traditional developmental biology animal models is
the chicken (Gallus gallus). Eggs are easily obtainable and embryos
are large (e.g., Stern 2005, Burt 2007). These embryos are also easy
to access, manipulate, and observe. Chickens are one of many bird
species that have ocular skeletons. These are bones and cartilages
within the eyeballs that support the retina. Ocular skeletons have a
long evolutionary history among vertebrates. Our research over the
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last decade and a half has explored how bones and cartilages develop
in birds as well as in bony fish. The other model organism we use is
the common zebrafish (Danio rerio). This fish offers advantages, such
as ease of reproduction and rapid development (Mariotti et al. 2015).
We use this organism to study environmental impacts on the growth
of the skeleton since the entire lifespan or life cycle of zebrafish can
be studied in the laboratory.

A key aspect of development of the skeleton is ossification. Ossifica-
tion is the series of processes that occur during the formation of bones
and can be broadly split into one of two categories: intramembranous
ossification and endochondral ossification (Hall 2015). Intramembra-
nous ossification results in the formation of bone directly from the
surrounding tissue without the need for a pre-existing template (e.g.,
development of the skull roof). Cells intercommunicate to form an
aggregation or cluster of cells, which then directly differentiate into
bone cells (i.e., osteoblasts and osteocytes). In contrast, endochondral
ossification first requires the formation of a cartilaginous template,
which is later replaced by bone (e.g., long bones in arms, wings and
fins). As part of the replacement process, the cartilage must be broken
down and resorbed to make room for bone tissue to form. There are
still many large gaps in our understanding of bone formation and
resorption — what mechanisms are used to direct cell aggregation
and differentiation into bone cells, and what changes need to occur
in cartilage tissue prior to resorption? Whereas these fundamental
questions still remain, their answers have massive impacts on our
understanding of the overall development, growth, and maintenance
of the skeleton. This knowledge is critically important if we want to
understand and treat human skeletal disorders. In our research group,
we have uncovered some of the key signaling pathways in the earli-
est stages of bone development and how these genes interact (e.g.,
Duench and Franz-Odendaal 2012, Jourdeuil and Franz-Odendaal
2016, Giffin and Franz-Odendaal 2020).

One of the problems facing human civilization is how to survive
extreme environments. We highlight our research as an example
of the research in this field taking place in Nova Scotia. We focus
our research on the effects of vibrations and microgravity. After a
space trip, astronauts face several health issues, but one of the main
problems is a substantial loss of bone mineral density recorded at an
alarming rate, about 1.5% per month in long duration spaceflights
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(Iwamoto et al. 2005, Sibonga et al. 2015). The loss of bone density
imposes a high health risk in astronauts as it reduces their fitness, and
increases the risk of fractures and body support (Sibonga et al. 2015).
We use zebrafish and/or their scales in a random positioning machine
or on a vibration platform to understand the effects of these environ-
mental stressors on the skeleton. Zebrafish have scales composed of
a thin layer of bone and we can use these scales as an in vivo way to
study the responses of adult bone tissues. Larval fish can be placed
into the random positioning machine or on the vibration platforms to
determine the effects this has on their skeletal growth. We have the
tools and methods to study these effects, through fluorescence micro-
scopes, as well as to study changes in bone morphology, disruption
of tissues and organs, and changes in gene expression in the tissue
(e.g., Duench and Franz-Odendaal 2012, Giffin and Franz-Odendaal
2020). These results will generate a basis for future research in the
use of developing organisms on board the International Space Station.
Understanding developmental biology should enable scientists and
engineers to design methods to circumvent environmental stressors
such as zero-gravity and vibrations.

INEQUITIES OF SCIENCE FUNDING IN CANADA

Many important discoveries in science have been incredibly ser-
endipitous: take for example the discovery of penicillin by Sir Alex-
ander Flemming (Hare 1970, Ligon 2004). Many other important
discoveries in science have been the result of chance encounters
— showing that science is non-linear, and it is often unknown where
a given project will lead. While many perceive scientific research
as an objective study of the universe that is free from outside influ-
ence, it is critical that we recognize the effects that biased funding
decisions have on scientific progress. A poignant example of this
is the impact of the sugar industry on health research in the 1970s
(Kearns et al. 2015). Here, scientists were influenced by funding
sources from within the sugar industry to favour the publication of
studies that suggested that a low-fat, high-sugar diet was healthier
to consume (e.g., Larsen and Dougall 2017). This led to a massive
increase in sugar sales, at the overall expense of societal health.
In contrast, cultures that support and encourage scientific research
often are responsible for massive advances in their fields; for a period
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of 500 years, the Arabic-Islamic world led a golden age of science due
to the religious emphasis on research and scholarship (Faruqi 2006).
The impacts of this golden age are still felt today and it is clear that
society can have massive impacts on science outcomes.

One would think that an equal opportunity would be given to
funding scientific research for each and every scientifically sound
project. While this may be how it appears to the public, the bias in
scientific funding is apparent to those within the science sector.
The outcome of grant applications often reflects how a project is
marketed and its short-term impact rather than the value that the
research may bring to society decades in the future. In Canada,
the federal government funds research through three main funding
bodies: The Natural Science and Engineering Research Council of
Canada (NSERC), The Canadian Institute of Health Research (CIHR),
and the Social Sciences and Humanities Research Council (SSHRC).
These three agencies (known collectively as the Tri-Council) are
responsible for funding much of the research that occurs in public
institutions. When looking at the size of the grants that fund sci-
ence from each agency (NSERC Discovery Grants, CIHR Project
Grants, and SSHRC Insight Grants), it is clear where the priorities
of the Federal Government lie. The average CIHR Project Grant
is valued at $174,320, the average SSHRC Insight Grant is valued
at $158,074, and the average NSERC Discovery Grant is valued at
$36,516 (CIHR 2021, NSERC 2021, SSHRC 2021). Only the latter
grant type funds fundamental science research and a researcher can
only hold one of these grants at any one time. This is in stark con-
trast to applied science research, in which a researcher can hold any
number of these grants concurrently, and often with higher funding
envelopes. Clearly, with this structure, the progress in fundamental
science research in Canada will be at a much slower pace than that
in applied science projects.

One particularly important group that is disproportionally impacted
by the current funding system is graduate students (Graddy-Reed
et al. 2021). These students typically begin their graduate studies
shortly after finishing their undergraduate degree; meaning that these
students typically haven’t had access to well-paying employment to
save a meaningful amount of money to help cover expenses (e.g., rent,
utilities and essentials, medical expenses, etc.) during their studies.
Thankfully, many programs guarantee stipends for each student,



FUNDAMENTAL SCIENCE: A PERSPECTIVE 15

with the idea that graduate students should be able to commit fully
to their research without the need to worry about their financial situ-
ation. Often the research students involved also work as Teaching
Assistants, which provides financial support, but reduces the time
available to do the required research. Despite the availability of sti-
pends, institutions still fail to provide adequate financial security for
their graduate students.

The graduate school experience is one that can often be charac-
terized by scathing self-criticism, anxiety, and overwork. A quick
internet search turns up countless discussions concerning these issues
and how graduate students can suffer damage to self-image and physi-
cal health (Okoro et al. 2022). Graduate school is inherently stress-
ful because of the nature of a thesis and is made significantly more
stressful by financial worries. Much of the mentoring and bench-level
work conducted in academic labs is done by graduate students, and
therefore the stress experienced by graduate students has cascading
effects across the academic system. Without adequate support for
graduate students, it is very difficult for research groups to produce
high quality, grant-winning research. Principal investigators are also
pressured to train more graduate students in order to successfully
secure funding, which is then not adequate to support these stu-
dents. Clearly, more investments must be made to improve the well-
being of graduate students, in addition to a dire need to increase the
funding that supports these students. This is particularly true for
those students conducting fundamental science research and who are
dependant on NSERC for funding.

CONCLUSIONS

Our intent with this article is to shed light on overlooked aspects
of conducting scientific research and the critical need for significant
increases in the recognition of the importance of fundamental science
that fuels the success of applied science projects. In Canada, there
is a dire need to significantly increase funding to support trainees
(students and postdoctoral fellows) within research groups. The huge
discrepancy in funding dollars for fundamental science compared
to applied research must be addressed, as previously highlighted
in the Naylor report (Naylor et al. 2017). We need to avoid elitist
funding where a few researchers get millions of dollars while others
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have to make do with very modest and often inadequate amounts.
Fundamental science is the driver of applied research and should be
recognised as such by funding bodies and society in general. It is time
to reassess the funding of science in Canada to be more equitable
across disciplines and research areas.
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Hurricane Fiona battered the Canadian Maritime provinces (New
Brunswick — NB, Nova Scotia— NS, and Prince Edward Island — PEI)
on 24 September 2022. It was a record-breaking storm in several
regards. At St. Peters, PEI (Climate ID 8300562), the barometric pres-
sure dropped to 95.23 kPa and wind gusts of up to 140 km/hr from the
north were recorded. The storm surge was at least 2 m (Mulligan et
al. 2023) and news media reported on widespread damage to coastal
infrastructure and significant coastal erosion. In the following weeks,
I visited several sites in PEI National Park and NB (the Shediac and
Bouctouche areas) to survey the damage. The impacts of Hurricane
Fiona were readily apparent at all north-facing coastal sites visited
(Fig 1). So, was Fiona ‘unprecedented’? Do the impacts of Fiona
represent the future for the coasts of Maritime Canada? As it turns
out, this is a difficult question to answer, primarily because by the
time we have sufficient data from major storms to draw statistically
significant conclusions, it will be too late to adopt some solutions/
responses. We must therefore rely on computer models, data from
other regions, and on our own observations to judge what we might
expect in the coming decades at our Maritime coasts.

Just as Fiona battered PEI in 2022, Hurricane #5 battered PEI in
1923 (MacEachern 2022, Mathew et al. 2010). Damage from Hur-
ricane #5 was widely reported at the time in the newspapers of the
day. Wharves were damaged, bridges and rail lines washed away,
barns flattened, and so on. To the best of my knowledge, the storm
surge associated with Hurricane #5 produced catastrophic overwash
along the whole length of what is now the Greenwich Dunes section of
PEI National Park, which is about 10 km west of St. Peters (Mathew
et al. 2010). The 1936 aerial photos show complete destruction of all
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Fig1 The Pointe-du-Chéne Wharf, NB, on 24 September 2022, a few hours after
the passage of Fiona. Note the Sandbar Restaurant that was pushed off its
foundation (which also happened during Hurricane Dorian in 2019) and
the wharf’s fuel tanks that were pushed into the road. Photo credit: Andrew
Ollerhead.

foredunes. It took nearly 40 years for a continuous foredune system
to become re-established at Greenwich, and a further 30 years before
the inland dunes stabilized. Details of the recovery process can be
found in Mathew et al. (2010).

Given that Fiona was at least as powerful as Hurricane #5, why
was there not more coastal erosion and damage? Why did Hurricanes
Dorian (7-8 September 2019) or Juan (29 September 2003) not cause
as much coastal erosion and damage? Over the course of our research
(e.g., Ollerhead et al. 2013) it has become clear that storms of similar
magnitude do not result in a similar amount of geomorphic work
being done nor, apparently, the same amount of damage to infra-
structure. Some of the reasons for this can be explained by advances
in technology. Bridges built in recent decades are constructed with
concrete and/or steel and placed well above the highest expected water
level. Most bridges built 100 years ago in PEI were constructed of
wood and were likely not well above the highest expected water level
(A. MacEachern, personal communication). Buildings are now engi-
neered to higher standards and constructed with certified materials.
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Thus, less infrastructure damage today cannot be viewed as evidence
of a less intense storm. This is not, however, the case for our natural
coasts, which unless armoured, have much the same geomorphology
today as 100+ years ago.

Determining whether our Maritime coastal geomorphology is now
being impacted to a greater degree by climate change is difficult and
may well be impossible. Controlling parameters that operate on a
decadal-to-century scale, like bedrock geology and rate of relative
sea level rise (RSL — the combination of rising global sea level and
any rise or fall of land level), can be predicted and/or measured with
relatively high confidence. Likewise, controlling parameters that
operate on an annual-to-decadal scale, like sediment budget or veg-
etation cover, can be predicted and/or measured with relatively high
confidence. What is difficult or impossible to predict, more than a few
days or weeks in advance of a storm, are those controlling variables
that operate on a weekly to monthly scale, such as presence/absence
of embryo dunes in front of a foredune system, amount of sea ice
that can offer storm protection, and time in the tidal cycle. As an
example, a storm of a given magnitude will have different impacts
on the coast if i