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Presenter
Presentation Notes
Bad lighting is no stranger to south Florida!  This is a NASA Black Marble image of Florida at night in 2012.  Populated areas in Florida are awash in light pollution which results in higher intensity sky-glow or city-glow.  Note the intensity of lighting in southeast Florida!



Presenter
Presentation Notes
Boca Raton, Florida is located in the southeast at the southern border of Palm Beach County.



Presenter
Presentation Notes
The Palm Beach, Broward, and Miami-Dade Counties are highly developed areas as seen in this satellite view of southeast Florida.



Presenter
Presentation Notes
The developed areas of these counties emit a large amount of light pollution as evident in this 2012 image.  Boca Raton (red arrow) is located just north of the more developed county, Broward, with progressively increasing light intensities towards Miami-Dade County.



Park Areas 

Spanish River Park 

Red Reef Park 

South Beach Park 

South Inlet Park (PBC) 

Presenter
Presentation Notes
Boca Raton has 5 miles of beach which are broken down into 10-½ mile zones by the Florida Fish and Wildlife Conservation Commission.  Boca Raton is unique among urban areas in that slightly more than half of the beach length is represented by City and County Park areas with no beachfront lighting which makes this site an excellent laboratory for investigating potential sky-glow effects on sea turtles. 



South Beach Park Sky Glow 

Presenter
Presentation Notes
This is the view of South Beach Park (Zones E and F) looking south west.  The beach is clearly dark but the sky itself is far brighter than the ocean horizon.  This area has a very low and even dune line which reduces the amount of dark area that the hatchlings would use to orient themselves to the ocean.
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Total Crawl Densities 
South Beach Park 

Presenter
Presentation Notes
Since 2001 all sea turtle crawls in Boca Raton were located with GPS coordinates and were then plotted using ESRI ArcGIS.  These data are density maps generated with the Spatial Analyst add-on to ArcGIS to convert the point data to the shown density maps.  The area between the blue lines is the South Beach Park area (zones E and F).  From 2001 to 2005 there was an area of concentrated crawl activity seen to the right of the red arrow within the South Beach Park area.  
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Total Crawl Densities 
South Beach Park 

Presenter
Presentation Notes
From 2006 onward, that area of crawl activity disappeared giving us a strong cue as to the nature of the problem.  The first step was to look for anything that changed in the area the crawl activity existed in.



Area of Crawl Activity  

Presenter
Presentation Notes
This is an aerial oblique view of zone F from the west.  The arrow shows the location of that area of crawl activity seen in the last slide.  There are three Australian Pine trees in this one spot that rise 60 to 80 feet above the sea grape trees on the crest of the dune.  Was it possible that these three trees provided enough local “shade” from the sky-glow to attract nesting female sea turtles?



After Hurricane Wilma- October 2005 

Presenter
Presentation Notes
In order to determine whether the trees were providing shade from sky-glow the tree had to be removed.  Completely adherent to proper scientific method, Hurricane Wilma destroyed two of the three trees and the remaining tree was heavily damaged.  In the 2006 nesting season and thereafter there was no longer the area of crawl activity, the trees were apparently shading this area of beach from the sky-glow behind them.  Once these trees were destroyed, the low-even sea grape population left no potential shade from sky-glow on the beach.



Condominiums 

South Beach 

Presenter
Presentation Notes
That tall objects can attract nesting female sea turtles was first reported by Dr. Michael Salmon at Florida Atlantic University in the late 1990’s from a study performed in Boca Raton.  The GIS data clearly show a preference for the condominiums south of the South Beach Park area.  The wider, more rectangular condominiums seem to attract larger numbers of nesting females (red arrows).  This is data from 2012 which is representative of the other years from 2006 to 2013.



Natural emergence 
(seaward orientation) 

Presenter
Presentation Notes
Much of the data to follow is nest disorientation data.  A normal (not disoriented) hatchling emergence shows hatchling tracks constricted to a cone from the nest site to the ocean of less than 15 degrees.  Sea turtle hatchlings use multiple cues to orient towards the ocean, they crawl not only towards the brightest horizon but also away from dark silhouettes.  So large structures with appropriate beachfront lighting can act as a large, dark silhouette and help cue the turtles towards the ocean.  This emergence was in front of a large condominium in Boca Raton just north of the inlet.



Sky-Glow Disorientations 

Presenter
Presentation Notes
A disorientation that is caused by sky-glow characteristically shows a random, non-oriented emergence often referred to as a “bomb burst” pattern.  This nest was located in the north project area a year following the 2010 project.  All of the recorded disorientations but one in the park areas had this emergence pattern strongly implicating sky-glow as the disorientation cause.  The one disorientation not attributed to sky-glow was due to fireworks on the beach.



Disorientation Site, Zone F 

Presenter
Presentation Notes
The location of the nest in the previous slide is in South Beach Park, zone F in 2012.



Presenter
Presentation Notes
A daytime photo of South Beach Park from north to south (following Tropical Storm Sandy) shows the relatively low and even dune line that is predominantly composed of sea grape and sea oats. 



Central Project Area 
April 2004, March 2006 

Presenter
Presentation Notes
The Central Project Area had two renourishment projects completed in April 2004 and March 2006.  All of zone F is included in the project area and this represents South Beach Park.  Zones G and H both have large condominium complexes in that area.
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Presenter
Presentation Notes
Zone F has shown the steepest decline in nesting of any other zone in the City from 1998 to 2009.  The nesting has recovered somewhat since 2010 as it has in other zones.  This increase is largely due to increasing loggerhead nesting and a similar upswing is seen nationwide.  The most significant decline in nesting is seen following the 2004 and 2006 renourishment projects (red arrows).



Zone F Beach Width 
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Presenter
Presentation Notes
Since 1996 all nest distances from the toe of the dune was measured (referred to as “east of stake”), a beach width for each nesting season was calculated by taking the five highest distances and averaging the numbers for each zone. The beach width largely mirrors the false crawl to nest ratio shown in the previous slide indicating that the width of the beach is the issue to the nesting female sea turtles.  Note that after 2006 the beach width is double that of previous years.



False Crawl/Nest Ratio 
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Presenter
Presentation Notes
Interestingly the false crawl to nest ratio showed relatively little change following the renourishment projects of 2004 and 2006 (red arrows) compared to other projects in Boca Raton. Only the 2004 project seemed to significantly raise the false crawl to nest ratio.  It is interesting that the false crawl to nest ratio, on average, doubled from 2004 to 2012 compared to previous years.  This indicates that the female turtles were not altogether happy with the conditions in the park during those years.



False Crawl/Nest Ratio vs. Width, Zone F 

R² = 0.6521 
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Presenter
Presentation Notes
A rather strong correlation is seen when the false crawl to nest ratio is compared to beach width, as beach width increases so does the false crawl to nest ratio again indicating that the nesting females are not thrilled with the site.



Zone F Percent Disoriented Nests 
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Presenter
Presentation Notes
To study the effect of wider beaches on hatchlings the nest disorientations are investigated as a percentage of total nests in a zone.  The percent of disorientated nests (hatchling disorientations) rises significantly following the 2006 renourishment project and remains higher than previous years until this year (following Sandy).



Percent of Nests Disoriented vs. Beach Width 

R² = 0.1992 
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Presenter
Presentation Notes
The correlation of percent disoriented nests to beach width is not as good as that seen for the false crawl/nest ratio which may be due to the increased difficulty in recording nest disorientation events as hatchling tracks are often washed out during rains.  More disorientations can be recorded during a drought than during a rainy year which can have a great influence on these results.



Percent of Nests Disoriented vs. Beach Width 

R² = 0.2681 
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Presenter
Presentation Notes
If the renourished section of zone E is included with the zone F data, the correlation improves.  Three quarters of zone E is located within the renourishment project area.



North Project Area 
March 1998, March 2010 

Presenter
Presentation Notes
Seven renourishment projects have been carried out in Boca Raton since 1996, this slide shows the North Project Area which was renourished in March 1998 and March 2010.  Note that zone B is located entirely within a Park area, in this case, Spanish River Park.
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Zone B Total Nests (all species) 

Hurricanes 2004 and 2005 

Presenter
Presentation Notes
Total nests numbers for all species that nest in Boca Raton (loggerhead+green+leatherback) from 1997 to present.  A resurgence of nesting starting in 2010 resulted in an overall slight increase in nesting in this area since 1997.  The two lowest nesting years correlate with the time renourishment projects occurred shown by the red arrows.  It is interesting that the nesting appears to be rather stable from 1997 to 2005 (excluding the 1998 project year), then seems to decline from 2006 to 2010.  Before 2006, Spanish River Park had a heavy cover of tall Australian Pine Trees throughout the park.  Following two hurricanes in 2004 and Hurricane Wilma in 2005 (blue bar), most of those Australian Pine Trees were destroyed or removed in exotic removal projects.  This greatly reduced shade generated by the tall trees to the beach and have increased the effect of sky-glow on adult nesting sea turtles.



Zone B Beach Width 
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Presenter
Presentation Notes
The beach width in zone B nearly tripled and remained stable from 1998 to 2004 when Hurricanes Francis and Jeanne hit the area.  During that time period the zone was backed by sea grapes east of Highway A1A and Australian Pine trees west of A1A.  Following the hurricanes of 2004 and 2005 more than two thirds of the Australian Pine trees were destroyed or removed by exotic removal projects.



False Crawl/Nest Ratio 
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Presenter
Presentation Notes
This shows the familiar increased false crawl to nest ratio that commonly occurs the first season following a renourishment project (red arrows).  False crawls are non-nesting emergences, the normal false crawl/nest ration should be 1.00 for loggerheads.  A high false crawl/nest ratio indicates that the female turtles are not happy with some characteristic of the area.  As similar results are seen in relatively undeveloped areas, this is not likely a response to sky-glow although sky-glow or other lighting issues may contribute.  Note that the false crawl to nest ratio recovers the nest nesting season following the renourishment project.  It was a surprise to see that the false crawl/nest ratios for both the 1998 and 2010 projects were similarly high since in 1998 the streetlights along Highway A1A were on until the 2001 nesting season.  In 2010, there streetlights were off but the false crawl/nest ration was still high.  It is interesting that the nesting females were not apparently deterred by the lit streetlights in 1999 and 2000 judged by the false crawl/nest ratio.



False Crawl/Nest Ratio Minus Project Years 
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Presenter
Presentation Notes
The false crawl to nest ratio versus beach width is not correlated as it is in South Beach Park (Zone F) which may be due to the existence of Australian Pine trees in Spanish River Park before 2006.  The entire South Beach Park area had only three Australian Pine trees within a one mile area whereas Spanish River Park had hundreds of Pine trees before 2006 which changed the character of the area.  This data excludes the ratios from the project years in 1998 and 2010 which can be considered artifacts of renourishment rather than a response to lighting.  Perhaps nesting female sea turtles are not as sensitive to sky-glow if they have a large “shade” barrier from inland lighting?




Presenter
Presentation Notes
Spanish River Park (Zone B) was completely covered with hundreds of Australian Pine trees.  This recent photograph shows the remaining stand of trees in comparison to the height of the sea grape capped dune and in relation to a 14 story condominium.  After the hurricanes in 2004 and 2005, only the northern and southernmost stands of trees survive to ffer any shade from sky-glow.



Percent of Nests Disoriented in Zone B 
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Presenter
Presentation Notes
When the percent of nest disorientations are viewed from 1996 to 2013, an increase in nest disorientations is seen to correlate with years of renourishment (red arrows).  What is interesting about this area is that when the beach was renourished in 1998, the streetlights along State Highway A1A were exposed to the beach which explains the high percentage of nest disorientations in 1999 and 2000.  In 2001 the roadway was fit with embedded LED pavement markers which allowed the streetlights to be turned of form 2001 to present in this area.  Streetlights or other beachfront lighting sources were not present following the 2010 renourishment project which implicates sky-glow as a major cause of these disorientations.



Percent of Nests Disoriented vs. Beach Width 

R² = 0.347 
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Presenter
Presentation Notes
A correlation is seen when the percent of disoriented nests is compared to beach width in Spanish River Park (Zone B).  The years 1999 and 2000 were not included in these analyses since that data was definitely the result of streetlights visible from the beach. These data indicate that as beaches widen, the nest disorientation rate increases. 



Distance of Loggerhead Nests from the 
High Tide Line 

Presenter
Presentation Notes
One reason that nesting sea turtles and their hatchlings on wider beaches are more susceptible to sky-glow is shown in the thesis of Lawrence Wood from Florida Atlantic University (2005).  Loggerhead turtle crawls are typically found 5 to 10 meters from the high tide line regardless of beach width.  When the beach is wider, the sea turtles are farther away from the darker dune vegetation that they use to help orient themselves to the water.



Conclusions 
 To determine changes in sea turtle nesting behavior in 

response to sky-glow, the beach site MUST have the 
same dune/dune height conditions over the period of 
the study! 



Conclusions 
 Beach width in unlit park areas correlates with a 

higher false crawl/nest ratio apparently if the dune and 
vegetation height is less than 30 feet. 

 

 Beach width in unlit park areas correlates with a 
higher percentage of nest (hatchling) disorientations. 

 

 As the only lighting in these areas is sky-glow, the data 
shown must largely be the result of sky-glow. 

 

 Both adult nesting female sea turtles and their 
hatchlings are negatively impacted by this sky-glow in 

unlit park areas. 
 
 



Cautionary Note 
 This does not vilify renourishment as a method that 

negatively impacts nesting sea turtles and their 
hatchlings! 

 
 Renourishment is not the problem in this case. 



Remedy 
 Since sky-glow increases intensity about 6% a year, 
narrowing beach width by restricting renourishment 

projects is not the fix! 
 

 The best fix is to encourage responsible night-time lighting 
to minimize wasted light (sky-glow).  The use of full cut-off 

lighting fixtures and amber/red bulbs at night is the best 
cure. 

 
 Visit the International Dark-Sky Association’s website for 
more information about light pollution and it’s detrimental 

effect on our environment AND our health.- 
www.darksky.org.  

 



Future Sky-Glow Monitoring 

0.00 

0.01 

0.02 

0.03 

0.04 

0.05 

C
an

de
la

s/
M

et
er

2 

Time 

Candelas per Square Meter, July 9-10 

Presenter
Presentation Notes
Recently sky quality dataloggers were purchased (www.unihedron.com) and one was set up at Gumbo Limbo while another was set up in Spanish River Park.  The monitors are set to record the sky brightness every 15 minutes.  This slide shows the results from the night of July 9/10 which shows relative darkness from 8 PM to 12:30 AM.  After 12:30 AM overhead clouds reflected the sky-glow back down to the datalogger on the beach causing an increase in brightness.  In the future we will try to correlate cloudy nights with hatchling disorientations to further understand the impact of sky-glow on hatchling sea turtles.



Thank You!  Please Light the Night Right!! 
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