ANALYSIS OF MATERIALS

6. COMPLEMENTARY PROPERTIES OF ECOLOGY

6.1. History of Ecology

Ecology has a complex origin, due in large part to its interdisciplinary nature.
Ancient Greek philosophers such as Hippocrates and Aristotle were among the first
to record observations on natural history. However, they viewed life in terms of
essentialism, where species were conceptualized as static unchanging things while
varieties were seen as aberrations of an idealized type. This contrasts against the
modern understanding of ecological theory where varieties are viewed as the real
phenomena of interest and having a role in the origins of adaptations by means of
natural selection. Early conceptions of ecology, such as a balance and regulation
in nature can be traced to Herodotus (died c. 425 BC), who described one of the
earliest accounts of mutualism in his observation of "natural dentistry". Basking
Nile crocodiles, he noted, would open their mouths to give sandpipers safe access
to pluck leeches out, giving nutrition to the sandpiper and oral hygiene for the
crocodile. Aristotle was an early influence on the philosophical development of
ecology. He and his student Theophrastus made extensive observations on plant
and animal migrations, biogeography, physiology, and on their behavior, giving an
early analogue to the modern concept of an ecological niche.

Ecological concepts such as food chains, population regulation, and productivity
were first developed in the 1700s, through the published works of microscopist
Antoni van Leeuwenhoek (1632-1723) and botanist Richard Bradley (1688?—
1732). Biogeographer Alexander von Humboldt (1769-1859) was an early pioneer
in ecological thinking and was among the first to recognize ecological gradients,
where species are replaced or altered in form along environmental gradients, such
as a cline forming along a rise in elevation. Humboldt drew inspiration from Isaac
Newton as he developed a form of "terrestrial physics." In Newtonian fashion, he
brought a scientific exactitude for measurement into natural history and even
alluded to concepts that are the foundation of a modern ecological law on species-
to-area relationships. Natural historians, such as Humboldt, James Hutton and
Jean-Baptiste Lamarck (among others) laid the foundations of the modern
ecological sciences. The term "ecology" is of a more recent origin and was first
coined by the German biologist Ernst Haeckel in his book Generelle Morphologie
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der Organismen (1866). Haeckel was a zoologist, artist, writer, and later in life a
professor of comparative anatomy.

6.2. Sensory Ecology

Sensory ecology is a relatively new field focusing on the information organisms
obtain about their environment. It includes questions of what information is
obtained, how it is obtained (the mechanism), and why the information is useful to
the organism (the function).

Sensory ecology is the study of how organisms acquire, process, and respond to
information from their environment. All individual organisms interact with their
environment (consisting of both animate and inanimate components), and
exchange materials, energy, and sensory information. Ecology has generally
focused on the exchanges of matter and energy, while sensory interactions have
generally been studied as influences on behavior and functions of certain
physiological systems (sense organs). The relatively new area of sensory ecology
has emerged as more researchers focus on questions concerning information in the
environment. This field covers topics ranging from the neurobiological
mechanisms of sensory systems to the behavioral patterns employed in the
acquisition of sensory information to the role of sensory ecology in larger
evolutionary processes such as speciation and reproductive isolation. While human
perception is largely visual, other species may rely more heavily on different
senses. In fact, how organisms perceive and filter information from their
environment varies widely. Organisms experience different perceptual worlds, also
known as “umvelts,” as a result of their sensory filters. These senses range from
smell (olfaction), taste (gustation), hearing (mechanoreception), and sight (vision)
to pheromone detection, pain detection (nociception), electroreception and
magnetoreception. Because different species rely on different senses, sensory
ecologists seek to understand which environmental and sensory cues are more
Important in determining the behavioral patterns of certain species. In recent years,
this information has been widely applied in conservation and management fields.

6.3. Reactions of Organisms to Environmental Changes

Communication is the key to many species interactions. In particular, many species
rely on vocalizations for information such as potential mates, nearby predators, or
food availability. Human changes in the habitat modify acoustic environments and
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may make it more difficult for animals to communicate. Humans may alter
acoustic environments by modifying background noise levels, modifying habitat,
or changing species composition. These changes in acoustic environments can
mask the vocalizations of various species. Because humans can exert such strong
changes on acoustic environments, sensory ecologists have been particularly
interested in researching and understanding how organisms react to these changes.

Anthropogenic changes to acoustic environments have had perhaps the most
significant impacts on species that rely on auditory cues for foraging and
communication. Bats, for example, rely on ultrasonic echolocation to locate and
catch prey. When these auditory cues are masked by loud background noises, the
bats become less efficient at finding prey. Sensory ecologists have also found that
foraging bats avoid noisy habitats, perhaps as a result of this decrease in foraging
efficiency. Meanwhile, in bird communities, ecologists found that increased noise
led to changes in avian community composition, decreases in diversity, and even
decreases in reproductive success. One study showed that to avoid noise pollutions,
some birds changed the frequency of their calls. These studies demonstrate the
importance of auditory cues and have resulted in calls for the preservation of
“soundscapes,’or the collective sounds of ecosystems.

Hearing is a particularly important sense for marine species. Because of low light
penetration, hearing is often more useful than vision in marine environments. In
addition, sound travels about five times faster in water than in land, and over
greater distances. Sounds are important for the survival and reproduction of marine
species. Over the last century, human activities have increasingly added sounds to
water environments. These activities can impede the ability of fish to hear sounds,
and can interfere with communication, predator avoidance, prey detection, and
even navigation. Whales, for example, are at risk of reductions in foraging
efficiency and mating opportunities as a result of noise pollution. In recent years,
the creation of offshore wind turbines has lead conservationists and ecologists to
study how the noises produced from these turbines may affect marine species.
Studies have found that the sounds created by wind turbines may have significant
effects on the communication of marine mammal species such as seals and
porpoises. This research has been applied to development projects. For example, a
recent report assessed the risks of the acoustic changes brought on by offshore
wind farms on fish communities.



Changes in Lighting

Humans have strongly altered nighttime lighting. This light pollution has had
serious impacts on species that rely on visual cues for navigation. One recent study
of rodent communities showed that brighter nights led to community-level changes
in foraging behavior; while less predator-susceptible species foraged heavily, those
species susceptible to predation reduced their foraging activity as a result of their
increased nighttime visibility. Birds are also heavily influenced by light pollution.
For example, ecologists have found that lights on tall structures can disorient
migrating birds, leading to millions of deaths each year. These findings have
guided recent conservation efforts. The US Fish and Wildlife Service has created a
set of guidelines to reduce the impacts of lighting on migratory birds, such as
limiting tower construction, limiting the height of towers, and keeping towers away
from migratory zones. In addition, Programs such as the Fatal Light Awareness
Program (FLAP) in Toronto have reduced bird collisions by reducing the light
emissions of tall buildings. Studies have also found that artificial lighting disrupts
the orientation of baby sea turtles. This, in turn, has increased mortality in sea
turtle populations. This information has led to the proposed implementation of a
number of conservation and management strategies. The same researchers, for
example, have suggested pairing light reduction with dune restoration to improve
hatchling orientation and success. In addition, researchers have used information
on the sensory ecology of sea turtles to decrease their bycatch rate by fisherman.
Bycatch is the term for non-target fish, turtles, or marine mammals that are
incidentally captured by fishermen. Because researchers know that fishes and sea
turtles differ in their responses to visual sensory cues, they have devised a baiting
system that is non-detectable to fish, but less attractive or even repellant to sea
turtles. In this recent study, this method led to decreases in turtle bycatch while
Imposing no noticeable reduction on fishing yield.

Role of Sensory Ecology in Conservation Strategies

A goal of sensory ecologists has been to study what environmental information is
most important in determining how these organisms perceive their world. This
information has been particularly relevant in understanding how organisms might
respond to rapid environmental change and novel human-modified environments.
Recently, scientists have called for an integration of sensory ecology into
conservation and management strategies. Sensory ecology can thus be used as a
tool to understand (1) why different species may react to anthropogenic and
environmental change in different ways, and (2) how negative impacts of
environmental and anthropogenic change might be mitigated. In addition, sensory



ecology has been employed as a tool to shape management strategies for the
control and eradication for pests and invasive species as diverse as crop pests,
marine animals, cane toads, and brown snakes.

6.4. Conservation Through the Reduction of Ecological Traps

An ecological trap is an instance where organisms choose poor-quality habitats
over better, available habitats because of their incorrect evaluation of habitat
quality. Man-made landscapes present novel environments to organisms. In
addition, man-made materials can be mistaken for natural materials, leading some
organisms to choose poor-quality habitats over better-quality habitat locations.
Sensory ecology can be used to mitigate the effects of these ecological traps by
clarifying which particular information organisms are using to make “bad”
decisions.

Organisms often misinterpret man-made surfaces such as asphalt and solar panels
as natural surfaces. Solar panels, for example, reflect horizontally polarized light
that is perceived by many insects to be water. Since insects lay their eggs in water,
they will try to oviposit on the solar panels. This leads to widespread juvenile
insect mortality on solar panels. To mitigate the effects of this ecological trap,
researchers broke up the shape of the solar-active area on the panels. In doing so,
the panels became less attractive to insects, thus reducing mortality. A number of
bat species fall also prey to ecological traps that are the result of man-made
surfaces. A recent study by Greif and Siemers found that bats determine water
location based on the smoothness of a surface, not by actual presence of water.
Bats thus attempt to drink from smooth surfaces that are not in fact water, such as
glass. As a result, the bats waste energy and time, which could lead to decreases in
fitness. Bird species are also often subject to ecological traps as a result of their
sensory ecology. One of the recent areas of focus of avian sensory ecology has
been on how birds may perceive large wind turbines and other buildings. Each
year, countless birds die after colliding with power lines, fences, wind turbines,
and buildings. The flight paths around these structures act as forms of ecological
traps; while birds may perceive areas around buildings as “good habitat™ and
viable flight corridors, they can actually increase bird mortality because of
collisions. Sensory ecologists have linked these ecological traps to avian sensory
ecology. Researchers have found that while human vision is binocular, bird vision
Is much less so . In addition, birds do not possess high resolution frontal vision. As
a result, birds may not see large structures directly in front of them, leading to
collisions. A number of solutions to this problem have been proposed. One study
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showed that the response of birds to different airport lighting schemes differed, and
that bird strikes could be reduced by altering lighting patterns. Other researchers
have suggested that warning sounds or visual cues placed on the ground may help
reduce bird collisions. By adjusting the other sensory cues of birds, ecologists may
help reduce the presence of avian ecological traps around these structures.



