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STATE OF CALIFORNIA -- THE RESOURCES AGENCY EDMUND G BROWN JR, Governor

CALIFORNIA COASTAL COMMISSION

SOUTH CENTRAL COAST AREA
89 SOUTH CALIFORNIA ST., SUITE 200
VENTURA, CA 93001

(805) 585-1800

MEMORANDUM
FROM: Jonna D. Engel, Ph.D., Senior Ecologist, Technical Services Ecology
Group
TO: Alexander Llerandi, Coastal Program Analyst

SUBJECT: SeaWorld’s “Cirque Twilight” Show

DATE: May 8, 2017

Documents Reviewed:

Merkel & Assc. March 20, 2017. Letter Report to Sea World, Attention: Darlene Walter.
Biological Analysis of Lighting Effects for the SeaWorld Cirque Twilight Show.

EXP. February 22, 2017. Letter Report to Sea World. Attention: Darlene Walter. Re:
2016325-00 Sea World San Diego, Cirque Nighttime Show — Show Light Levels.

SeaWorld/AquaticaSeaWorld's Waterparks. February 6, 2017. Letter to Alexander
Llerandi. Re: Permit Application, Cirque Stadium. From Darlene K. Walter,
PMP. Vice President Engineering, SeaWorld

EXP U.S. Services Inc. January 31, 2017. Letter to Jonna Engel. Re: Sea World San
Diego; Cirque Nighttime Show, Revised Photometric Calculations. From:
Lindsay Dixon, EXP Lighting Designer and Brandon J. Lemonier, P.E. LEED
A.P., EXP Project Manager.

SeaWorld/AquaticaSeaWorld’s Waterparks. December 2, 2016. Letter to Alexander
Llerandi. Re: Coastal Development Application 6-16-0989. From Darlene K.
Walter, PMP. Vice President Engineering, SeaWorld

EXP U.S. Services Inc. December 2, 2016. Letter to Alexander Llerandi. Re: Sea
World San Diego; Cirque Nightime Show, Photometric Calculations. From:
Lindsay Dixon, EXP Lighting Designer.

SeaWorld is proposing to add a night version of their “Cirque de la Mer” acrobatic water
show during summer months. To add the new show, “Cirque Twilight”, SeaWorld is
proposing to install 112 light fixtures of various sizes, wattages, intensities, and heights
in the grandstands, along the shoreline, and on the man-made island within Waterfront
Stadium. This is a significant addition of artificial night lighting into a developed seaside
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area that also supports sensitive native animals. We have been asked to review the
potential impacts of SeaWorld’s Cirque Twilight night lighting on the natural resources in
the area. To do so we have reviewed the setting and the documents cited above,
studied light properties and peer reviewed literature on organisms and light, and
consulted with agency biologists.

Mission Bay
Waterfront Stadium is on SeaWorld’s northern shoreline, adjacent to the open waters of

Mission Bay Park. Mission Bay is a saltwater bay or lagoon located south of the Pacific
Beach community of San Diego. Mission Bay is a developed area surrounded by the
larger San Diego metropolis that supports water sports of every kind from sailing, kite
surfing, and stand-up paddle boarding to jet skiing and wake boarding. Along the

edge of the bay there are a multitude of things to do during the day and night including
shopping, eating out, walking and biking, volleyball, picnicking, concerts, and bonfires.
Despite all of the development and human activities, numerous native animals spend all
or part of their lives in Mission Bay. Several species of marine mammals including
harbor seals and bottlenose dolphin frequent bay waters, numerous species of
shorebirds, terns and gulls, and pelagic birds live and/or forage in the bay, and the bay
is full of marine invertebrates and fish. While Mission Bay is clearly far from a quiet or
pristine ocean lagoon, it continues to provide important habitat for many species of
native animals for part or all of their life cycles.

Development and artificial night lighting go hand in hand and Mission Bay and its
surroundings are no exception; it is far from a dark sky setting. However, as stated
above, Mission Bay continues to support numerous native animals. Of special concern
is a nesting colony of state and federally endangered California least terns
approximately 900 feet north of Waterfront Stadium at Stony Point on Fiesta Island.
California least terns also have a state rarity ranking of S2*. The California least terns
have used Stony Point for nesting for over 20 years. While the terns have apparently
become acclimated to the existing ambient noise and light conditions in Mission Bay, we
do not know if they are at risk or thriving under the current conditions nor do we know
what might tip the scales to their detriment. As USFWS biologist, Sandy Vissman
stated (Pers. Comm. April 26, 2017), we can assume that additional artificial night lights
will not be a beneficial addition to the surroundings for the California least terns.

The Coastal Commission is tasked with protecting sensitive coastal resources. Section
30107.5 of the Coastal Act defines Environmentally Sensitive Areas as:

Any area in which plant or animal life or their habitats are either rare or especially
valuable because of their special nature or role in an ecosystem and which could
be easily disturbed or degraded by human activities and development.

The state and federally endangered and state ranked S2, California least tern, is a very
rare species and therefore its nesting colony at Stony Point meets the definition of

! Global and state level 2 communities and species are identified as “imperiled — at high risk of extinction
due to very restricted range, very few populations (often 20 or fewer) steep declines, or other factors”.
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environmentally sensitive habitat area or ESHA. Section 30240 of the Coastal Act,
“Environmentally sensitive habitat areas; adjacent developments”; requires that ESHA is
protected as follows:

(a) Environmentally sensitive habitat areas shall be protected against any
significant disruption of habitat values, and only uses dependent on those
resources shall be allowed within those areas.

(b) Development in areas adjacent to environmentally sensitive habitat areas and
parks and recreation areas shall be sited and designed to prevent impacts
which would significantly degrade those areas, and shall be compatible with
the continuance of those habitat and recreation areas.

Properties of Light and Light Measurements

Light or electromagnetic radiation that is visible to the human eye is called “visible light”
and has a wavelength range from approximately 380 nanometers (nm) to about 740 nm
and occurs along the electromagnetic radiation spectrum between “invisible” infrared
radiation, with longer wavelengths, and “invisible” ultraviolet radiation, with shorter
wavelengths. All electromagnetic radiation is emitted and absorbed in tiny units

called photons, and exhibits properties of both waves and particles which is referred to
as the wave—particle duality. Two key characteristics of light are intensity and
wavelength or frequency. Light varies in its intensity (the number of photons per unit
area) and in its spectral content (expressed by wavelength)?>. The most common
measure of light intensity (the amount of light falling on a specific area) is called
illuminance; the standard measure of illuminance is footcandles which express the
intensity of light incident on a surface weighted for the spectral sensitivity of the human
eye. Footcandle (fc) measurements place more emphasis on wavelenths of light that
human eyes detect best and less on wavelengths that humans do not see as well®. In
other words, footcandles are correlated to human brightness perception. This inherent
property of footcandles limits our ability to assess the impacts of light on wildlife which
are known to exhibit a wide range of light intensity and wavelength sensitivities.

Adverse impacts from artificial night light can take several forms including light trespass
or spill, sky glow, and glare. Light trespass occurs when unwanted artificial light spills
onto an adjacent property lighting an area that would otherwise be dark®. Illuminance or
illumination is the measure used to detect light trespass. Sky glow and glare are
measured as luminance or physical brightness (measured in footlamberts®). Sky glow
is the bright halo that appears over urban areas at night, a product of light being
scattered by water droplets or particles in the air and from reflectance of lights on
objects on the ground. Sky glow is intensified when there is a low cloud ceiling or foggy

% Hecht, E. Optics (4™ Edition). 2002. Addison-Wesley Longman, Inc. 698 pgs.

®Rich,C. &T. Longcore (Eds.) 2006. Ecological Consequences of Artificial Night Lighting. Island Press,
Washington. 458 pgs.

* Chepesiuk, R. 2009. Missing the Dark: Health effects of light pollution. Environmental Health
Perspectives. v. 117 (1): A20-A-27

® Footlamberts, like footcandles, are based upon the human perception of light; that is it is weighted for

human light sensitivity and the wavelengths that humans see (visible light).


http://en.wikipedia.org/wiki/Infrared_light
http://en.wikipedia.org/wiki/Ultraviolet_light
http://en.wikipedia.org/wiki/Photon
http://en.wikipedia.org/wiki/Wave
http://en.wikipedia.org/wiki/Particle_physics
http://en.wikipedia.org/wiki/Wave%E2%80%93particle_duality
http://en.wikipedia.org/wiki/Intensity_%28physics%29
http://en.wikipedia.org/wiki/Frequency
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conditions because light refracts off water particles in the air. Sky glow may be
perceived as the presence of brightness within a field of view and can include directly
viewing a light source. Glare is defined as visual discomfort resulting from high contrast
in brightness levels and is created by light that shines horizontally.

Approximately 30% (depending on the type of surface) of all light directed to a surface is
reflected and contributes to sky glow. In addition, a portion of the light directed to a
surface is reflected off air particulates including dust and water vapor and this also
contributes to sky glow. Short wave-length blue light is the largest contributor of this
scatter known as ‘rayleigh scatter’.

Animals and Light (Electromagnetic Radiation)

The pivotal role of light (electromagnetic radiation) in organismal biology raises the
potential that there will be significant impacts on plants and animals from artificial night
lights. The source of natural light is the sun, moon, and stars. Light is used by plants
and animals to infer a wide range of information from their environment. One of the
most important roles of light for both plants and animals is regulation of their biological
clocks or circadian rhythms on a daily, weekly, seasonal, and annual basis. Light
information that contributes to the establishment of circadian rhythms includes
daylength, light intensity, and light wavelength. In animals, eyes ranging from very
simple to complex are the organ that collects light from the environment.

Animals typically fall into one of several patterns of daily activity. Diurnal animals are
active during the day; nocturnal animals are active at night; crepuscular animals are
active at dawn and dusk; and 24-hour pattern animals have activity bursts during the
night, dawn, and dusk. Thus daily behavioral activities such as resting, sleeping,
foraging, and eating occur at different times for different animals such that a single
habitat is partitioned into temporal niches regulated by light.

Most predators are specifically adapted to hunt under particular light conditions
(intensity, wavelength) and in most natural habitats, there is a distinct “changing of the
guard”, from a suite of animals that are active during the day to a suite of animals that
are active at dusk or dawn and/or at night. Introducing artificial night lights to an area
will change the ambient setting and may adversely impact animals. Likely effects of
artificial night lighting on animals include avoidance, disorientation, disruption of
foraging patterns, increased predation risk, disruption of biological clocks, increased
mortality on roads, and disruption of dispersal movements through artificially lighted
landscapes®.

Daylength, light intensity, and light wavelength also play a significant role in regulating
patterns of seasonal life-cycle activity such as flowering in plants and migration,
dispersal, hibernation, and reproduction in animals. The internal mechanism of the
biological clock is responsible for the hormonal, physiological, and anatomical

® Rich & Longcore. 2006. Op Cit.
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preparation that these activities require’. Although not the only parameter, the changing
length of day (photoperiod) is the most predictive environmental cue for the seasonal
timing of physiology and behavior®. Sensitivity to the length of day is often so acute that
many species can detect discrepancies in natural light as short as one minute®. For
many species the stages of their life cycle are set by daylength; research has shown
that reproduction cycles are disrupted when artificial night light interferes with species’
natural detection systems™. Atrtificial night lights may also interfere with the accurate
discernment of seasonal periods of weather conditions, food availability and/or predator
activity which is crucial for survival of many species.

Alternation of light and dark regulates and resets the biological clock and depending on
the timing, light can advance or delay circadian rhythms. The illuminance required to
reset biological clocks varies from species to species; lower light levels are required to
reset the clocks in nocturnal rodents than in humans**. In addition to daylength and
light intensity, wavelength of light is a factor in the regulation of the biological clock. Blue
light gives a physiological signal to humans and other organisms that it is daytime; when
artificial night lights include light in the blue wavelength range, circadian rhythms can be
disrupted®. Blue wavelengths are present in virtually all light sources so their
elimination requires special lights or filters which appear amber.

Significant adverse impacts from artificial night lighting include increased predation risk,
disruption of reproduction, nest abandonment, disruption of foraging patterns, lit area
avoidance, disorientation, and disruption of biological clocks, to name a few. Any one
or a combination of these impacts can lead to reduced survival and/or an increase in
mortality. While the impacts of light trespass or spill, sky glow, and glare may be
deemed inconsequential from a human perspective, we believe the artificial night lights
for the Cirque Twilight show have the potential to adversely impact the California least
tern nesting colony at Stony Point.

Artificial Night Lighting Design for Cirque Twilight

SeaWorld’s show team designed the fixture types and locations for the proposed Cirque
Twilight show. The show team has the light fixtures (lighting system) placed at various
points in and around the stadium and directed primarily at the barge and island stage
areas. SeaWorld hired EXP, an electrical engineering company, to analyze the lighting
for Cirque Twilight. EXP ran the software model ,AGi32, developed by Lighting
Analysts, to simulate light trespass within the lease area. EXP incorporated into the

" Gaston, K.J., T.W. Davies, J. Bennie & J. Hopkins. 2012. Reducing the ecological consequences of
night-time light pollution: options and developments. Journal of Applied Ecology. v. 49:1256-1266

8 Zivkovic, B. July 9, 2007. Clock Tutorial #16: Photoperiodism - Models and Experimental Approaches".

. A Blog Around the Clock. ScienceBlogs.

Ibid

10 Kempenaers, B., P. Borgstrom, P. Loés, E. Schlicht and M. Valcu. September 16, 2010.
Light is the Friend of Lovers: Artificial night lightin affects songbird behaviour and reproduction.
Current Biology, Published online.

" Revell, V.L., H.J. Burgess, C.J. Gazda, M.R. Smith, L.F. Fogg & C.I. Eastman. January 2006.
Advancing human circadian rhythms with afternoon melatonin and morning intermittent bright
light. Journal of Clininical Endocrinology and Metabolism. v. 91(1): 54-59.

2 Gaston et al. 2012. Op. Cit.


http://en.wikipedia.org/wiki/Illuminance
http://en.wikipedia.org/wiki/Nocturnality
http://scienceblogs.com/clock/2007/07/clock_tutorial_16_photoperiodi_1.php
http://www.mpg.de/english/illustrationsDocumentation/documentation/pressReleases/2010/pressRelease201009151/genPDF.pdf
http://www.cell.com/current-biology/
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model the IES fixture “files” or specifications that were available®®. The model provided
potential light trespass values at 10’ by 10’ spacing intervals outward from Marine
Stadium into the Mission Bay surroundings. While EXP provided values for light
trespass, they did not analyze the potential skyglow or glare from the Cirque Twilight
show. While we are concerned about light trespass, we also know that skyglow and
glare are important properties of light that should be analyzed. For instance, a number
of the night show lights are directed right at the water. Water is a very reflective surface
and this may result in significant skyglow.

While we appreciate that SeaWorld hired the biological consulting firm, Merkel &
Associates, to review EXP’s light show analysis, we respectfully point out that they are
not environmental lighting specialists. While Merkel & Associates provide a valuable
review, it was not comprehensive enough to determine if the proposed night light show
provides the lighting necessary for the show while simultaneously being the least
environmentally damaging night light show possible. To accomplish this, the night light
show review must include;

1) Evaluation of the proposed light locations, heights, and shielding/visors,
2) Evaluation of the luminaire specifications such as type of light (e.g. metal
halide, LED, conventional), light intensity, and light wavelengths,and,

3) Evaluation of the potential sky glow and glare produced by the show.

We are very pleased to learn that SeaWorld has hired environmental lighting specialists
Benya Burnett Consultancy to review the Cirque Twilight show per the requirements
listed above. Depending on the results of Benya Burnett Consultancy’s review,
SeaWorld may be required to modify the night light show to incorporate design
recommendations and light fixtures with the best visor and light direction technology and
light intensity and wavelength specifications to reduce light trespass, sky glow, and
glare.

California Least Tern Nesting Colony Monitoring

As detailed above, artificial night lighting has the potential to adversely impact
organisms in numerous ways. Learning about and understanding these impacts is an
emerging field of study. We are requiring SeaWorld to incorporate the latest and best
lighting design and technology which is expected to minimize or avoid adverse
environmental impacts of the night light show to the greatest extent possible.
Nevertheless, we are requiring monitoring for evidence of adverse effects on the
California least tern nesting colony because of its nearby proximity on Stony

Point. Cirque Twilight is a new nighttime show in a venue that has not hosted nighttime
shows in the past and the monitoring is designed to identify whether or not the show
impacts the California least tern nesting colony in any unanticipated way. If adverse
impacts are identified by qualified California least tern monitors, we are requiring
SeaWorld to suspend operation of the show and submit a revised set of lighting
parameters that will ensure that the adverse impacts are unlikely to occur during future
performances.

13 Not all fixture manufacturers provide IES with their fixture files.
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As part of SeaWorld’s proposal for the Cirque Twilight show, SeaWorld is proposing to
reduce their nightly summertime fireworks display to a total of 14 summer nights. As
with artificial night lighting, the potential adverse environmental impacts of fireworks are
not fully known or understood but it is hard to imagine that explosive bursts of noise and
light are not extremely disturbing to native wildlife'*. We believe that this is a very
positive move for the California least tern nesting colony and other native wildlife within
Mission Bay. With the significant reduction in nightly summer fireworks, the requirement
for the least environmentally damaging night show lighting design possible, and the
requirement for California least tern nesting colony monitoring, we believe the Cirque
Twilight show has been designed to prevent impacts that will significantly degrade the
tern nesting colony and will likely be compatible with the persistence of the California
least tern nesting colony.

4 Many pet owners who have temporarily or permanently lost their cat(s) or dog(s) can attest to this.
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