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Presenter Notes
Presentation Notes
The work I’m going to be presenting today is summary of a study that was conducted in 2012 and 2013 in Martin County, Florida. We’ve presented preliminary information on this study at prior conferences, but we’ve finally got a manuscript conditionally accepted with the Journal of Coastal Research so felt it was pertinent to present our final results and recommendations for future construction templates to this audience.
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Presenter Notes
Presentation Notes
There have been many collaborators and partners who have over the years contributed to the investigation of how beach nourishment impacts sea turtles and how design templates can be adjusted to be more “turtle-friendly”

The major partners in the Martin Co. study, which was funded by the National Fish and Wildlife Foundation, included FWC, the USFWS, the US Army Corps or Engineers, the FDEP, Martin County (who was the local sponsor) and their engineers Taylor and Atkins.
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1. HOW NOURISHMENT AFFECTS SEA TURTLES
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• Three species of sea turtles commonly 
use Florida beaches as nesting habitat

• Sea turtles are protected under the U.S. 
Endangered Species Act and the Marine 
Turtle Protection Act (FL)

• Many Florida beaches are designated or 
proposed as critical habitat for the NW 
Atlantic population of loggerheads and 
the Atlantic green turtle

Loggerhead
Caretta caretta

Leatherback
Dermochelys coriacea

Green Turtle
Chelonia mydas

Presenter Notes
Presentation Notes





1. HOW NOURISHMENT AFFECTS SEA TURTLES

• Beach nourishment is an 
effective means of mitigating 
shoreline erosion

• Impacts to sea turtles have 
been documented

• Reduced nesting success
• Increased nest wash outs
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Presenter Notes
Presentation Notes
Reduced nesting success – which can be defined as the proportion of total crawls that result in nests. A female turtle doesn’t necessarily nest every time she crawls up onto the beach. There are some number of “crawls” that are exploratory but result in the turtle returning to the water without nesting (we call these false crawls or non-nesting emergences)

Beach equilibration, where wind, waves and tides shift and re-work the sediments on the beach during the first year or two following construction, causes the formation of escarpments (or scarps). This is one factor that contributes to reduced nesting success because scarps act as obstacles to turtles trying to ascend the beach, and may result in nests being washing out if they are too close to the waterline. 




2. THE MARTIN CO. 
STUDY
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Insert photo of lots of 
marked nests on a beach 
or lots of crawls

Objective: 
To identify how beach profile 
impacts the placement of 
loggerhead nests on a 
nourished beach compared to a 
non-nourished beach

Methods: 
RTK GPS 
Binned logistic regression

Presenter Notes
Presentation Notes
The site chosen for this study was the Martin County 4-Mile Beach Nourishment Project, on the southeast coast of Florida. Data were collected throughout the entire 2012 nesting season and following completion of construction during the 2013 nesting season. The original design of the study was more experimental, in that it included 8 cells of equal length, each .61 km long and separated by a .21 km transition area, that were to be built with alternating templates, a traditional beach nourishment design, and then one that included a more sloped berm instead of the traditional flat berm.  However, rough seas during the final weeks of the project caused sand to shift dramatically, resulting in a more uniform “typical” beach nourishment profile across the entire study area. Preliminary analyses showed little difference in nesting behavior among the 8 study cells. Therefore, we pivoted to a before-and-after comparison of nesting activity. The map shown on the screen illustrates the original experimental design

We used Real Time Kinematic or RTK GPS to capture information on a variety of locations along each sea turtle crawl. This survey-grade technology provided elevation data which allowed us to easily calculate slopes between points of interest. Nest or false crawl placement was also assessed relative to the locations of the HWL and TOD on the date of the crawl. Results were analyzed using binned logistic regression which helped us pinpoint more precisely what values in terms of slope, elevation, or distance from the waterline or dune were affecting a turtle’s decision to nest or abandon its nesting attempt. Binned logistic regression separates all of the data collected during both years of study into equally sized bins and then determines the probability of a binary outcome (in our case nesting vs not nesting) for each bin. The information I’m presenting today is strictly for loggerheads. 

Other things that were examined in this study include sediment compaction, sediment grain size and moisture content, human use of the beach at night, beachfront lighting, and wave heights to help identify other factors that might have contributed to observed nesting patterns. I won’t be discussing these in detail but will note that there was no evidence that any of them accounted for the between-year differences we observed in nesting behavior. 

There was no significant difference in sediment compaction before and after nourishment. Additionally, in the analyses we performed we only used crawls that did not encounter a scarp. Sediment compaction and scarp encounters are considered possible causes for reduced nesting success and nest placement. We have eliminated those as factors in our study.
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Presenter Notes
Presentation Notes
This is the cross sectional profile of the beach in 2012, taken prior to construction. 
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Foreshore slopeBerm

Dune

Presenter Notes
Presentation Notes
This profile shows you the beach elevation following nourishment in 2013. 
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2013 post-fill

2012 pre-fill

MHW

DUNE 

Presenter Notes
Presentation Notes
Here are the two profiles, overlayed
Note how much wider the beach is in 2013 and also how the overall profiles vary substantially between years. 
In 2012, the mean beach slope was between 6 and 7° (~1:9). In 2013, after nourishment, the Foreshore slope averaged approximately 14° (~1:4), and then you see a negative slope to mid beach before it becomes positive from mid beach to the dune. However, overall the beach berm is relatively flat.



3. RESULTS

• The total  number of crawls was 
similar between years, but 
nesting success decreased in 
2013 (# of nests decreased and 
# of FC increased)

• 2013 post-construction beach 
was 85% wider but turtles did 
not use all the habitat available 
to them and nested primarily in 
the seaward third of the beach
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Presenter Notes
Presentation Notes
Turtles that explored the wider beach in 2013 had decreased odds of nesting as they approached mid-beach. However, an interesting result we found was that those turtles that crawled landward of the mid-beach trough, through 60-90% of the upper beach actually had a higher likelihood of nesting– meaning as they approached the dune and encountered a more typical natural beach profile, they were more likely to nest.  Although this was interesting, very few turtles actually crawled this far landward on the beach. In general, nests in 2013 were 2x farther from the toe of dune than prior to nourishment. 

Visual cues are important to turtles and that they appear to be influenced not only by artificial lighting but also by the presence of a darker dune with vegetation, backlit by ambient light. The visual cues turtles were presented with on the nourished beach differed greatly from the naturally-sloped beach in 2012 and we think this is also a factor in some of the results we found
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MHW

November 2012 (pre-fill) Elevation

DUNE 

Middle

Lower

Upper
Avg Nest Elevation 
2.59m

Presenter Notes
Presentation Notes
In 2012, prior to nourishment, we found that turtles were more likely to nest in the middle third of the beach at an average elevation of 2.59m
Although nesting success was highest in the middle third of the beach  (as shown by the taller black bar), turtles did explore and nest in the lower and upper thirds of the beach as well.
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May 2013 (post-fill) Elevation

DUNE

MHW

UpperMiddleLower

Avg Nest Elevation 
2.30m

Presenter Notes
Presentation Notes
Following nourishment, turtles tended to nest in the seaward third of the beach and there were fewer crawls on the middle and upper portions of the beach, despite the beach being substantially wider in 2013. The average nest location in 2013 was at a lower elevation than in 2012, at 2.30 m. Though a relatively small difference between years, this result was significant. 

The majority of turtles that ascended the beach terminated their crawls relatively early into the journey, despite there being a large portion of beach beyond the landward crest of the foreshore slope. 
In the bar graph, note that there was a small percentage of turtles who did nest successfully once they reached the landward portion of the beach, but this was dwarfed by the majority of crawls that terminated much closer to the water.





3. RESULTS
• 9.8% of nests washed out in 

2013 (compared to only 2.8% 
in 2012)

• Loggerheads were 4-5x more 
likely to nest in areas where 
the slope was between 2.4 
and 14.3° (both before and 
after nourishment)

• Negative slopes (-0.6°) or 
very steep slopes (>20.2 °) 
were not associated with 
nesting
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Presenter Notes
Presentation Notes
When we looked at daily wave data from the closest NOAA buoy for the period when loggerhead nests were on the beach, we found no significant difference in mean wave heights or periods of excessive wave heights between years that would explain the greater incidence of washouts in 2013. 

The binned logistic regression analysis indicated that there was a significant increase in the odds of nesting at slopes of 2.4 to 14.3 degrees (~1:25 – 1:4 rise over run), with the highest odds of nesting at slopes between 5.4 degrees (~1:10) to 11.3 degrees (1:5), and this was across both years. To clarify, these slopes were those experienced by the turtle at the point where she nested and not for the whole beach. Negative slopes, in general, along with very steep slopes were not associated with nesting.

The major changes in beach profile observed after construction were a steep foreshore slope and a relatively flat berm. Soon after the turtles emerged onto the beach in 2013 they were met with a foreshore slope of about 14 degrees (1:4). That was more than double the slope encountered on the naturally sloped beach. Most turtles that terminated their crawls on the beach seaward of the foreshore slope did not nest – suggesting that this foreshore slope might have acted as a visual deterrent. 



4. RECOMMENDATIONS

Include slope 6-9°
(~1:8) as much as 

possible

Avoid wide flat berm 
and negative 
slopes/troughs
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Additional research 
on other FL beaches 

using RTK GPS

Presenter Notes
Presentation Notes
Based on our findings that slopes in the range of  5 to 11 degrees had the highest likelihood of turtles nesting, it implies that beaches in SE Florida built within that range would have good nesting success. The naturally sloped beach in 2012 had a slope of 6-7°, which seems like a reasonable target for future projects at the Martin Co. site. However, the highest odds of nesting were found in the 9-11° range, suggesting that even steeper slopes might be appropriate for other beaches in SE FL.

Furthermore, our findings suggest that a continual slope from the waterline to the dune is more conducive to nesting and would help avoid troughing and associated negative slopes that can sometimes result when a flat berm is constructed. We recognize that building a berm with a 1:10 or 1:5 rise over run from the waterline to the dune would pose problems at many sites where hardbottom issues limit the seaward placement of fill and thereby limit the volume of sand that can be placed above MLW. In those cases, we recommend adding in as much slope as possible from the seaward edge of the berm to the dune. 

Regulatory agencies such as FWC, FDEP, and the Army Corps need to be involved in site-specific designs to evaluate proposed slopes. 

One of the most important outcomes we could change with an improved beach design would be a reduction in the number of nests washed out as the beach equilibrates. So, localized equilibration processes should be taken into account for each project to maximize success of the design and to ensure the desired slopes are maintained as the beach changes.

Each beach is different, and rigorous monitoring is needed to ensure that an altered design improves the suitability of nesting habitat.  We encourage additional studies to be performed on other Florida beaches using RTK GPS, as we know that the beaches in Florida vary widely depending on the region, and so the cues that trigger a nesting response by loggerheads vary in those places too. 
The biggest engineering takeaway was that building an experimental project with relatively shorth lengths of beach intended to have differing slopes was a challenge, so we suggest avoiding that strategy. If this type of design is pursued in the future, using longer stretches of beach to test experimental templates would be most advantageous.











THANK YOU!

niki@ecological-associates.com

20XX 15

Proceeds from the event will 
be donated to the 

Environmental Studies Center 
to be used as scholarships for 

summer camp! 

Presenter Notes
Presentation Notes
Shameless plug! To celebrate our 30th anniversary we are hosting a 5k run on Saturday April 20th at Jensen Beach. We’d love to have you come out and support us, so please sign up to run or consider a sponsorship! Stop by our exhibit booth to learn more!
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