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(ABSTRACT)
In April of 1990 the Sebastian Inlet Tax District received a long-term (25 year) permit to conduct
maintenance dredging of the navigation channel at Sebastian Inlet, Florida. Approximately 105,150
cubic meters of sediment will be removed every two years and pumped to a feeder beach
immediately south of the inlet. The renourished beach, a high density nesting beach for loggerhead
(Caretta caretta) and green (Chelonia mydas) sea turtles, is within the proposed Archie Carr
National Wildlife Refuge and will play a critical role in the long-term maintenance of Sebastian Inlet
as a navigable waterway. A turtle monitoring program was implemented by the District at the
request of the U.S. Fish and Wildlife Service. The monitoring program was designed to investigate
nesting behavior, reproductive success and physical characteristics of the nesting habitat on the

renourished beach at Sebastian Inlet and on a control beach (Wabasso Beach).

Daily nesting surveys were conducted to record all sea turtle nests and non-nesting emergences in
each study area. All nests were marked, monitored throughout incubation and inventoried to
determine hatching and emergence success. Data on physical parameters were collected in monthly
profiles of each beach. Compaction values were recorded with a cone penetrometer along transects
from the dune to mean high water line. Temperature of the ambient beach was recorded at 30 and
60-cm depths along two transects from the dune to mean high water line. Moisture and sand grain
analysis were conducted monthly in 1991. Sea turtle nesting and hatching success were similar on
the renourished and control beaches in 1990 and 1991, suggesting that renourishment had no adverse
effect on sea turtle reproductive success. Nesting success on the renourished and control beaches,
respectively, was 42.0% (N = 104) and 45.0% (N = 65) in 1990, and 62.9% (N = 165) and 62.4% (N

= 118) in 1991. Hatching success on the renourished and control beaches, respectively, was 80.7%

ii



(N = 85) and 79.3% (N = 59) in 1990, and 69.1% (N = 118) and 66.7% (N = 102) in 1991.
Compaction values averaged 500 PSI on the renourished beach, while values on the control were
approximately 250 PSI. The higher level of compaction on the renourished beach resulted in a lack
of complete nest covering, and aberrant nest chamber configurations on the renourished beach. Grain
size and moisture content were similar on the renourished and control beaches. Compaction levels
were not related to incompatible fill. implying that the manner in which the material was deposited
resulted in the increased compaction. Beach temperatures measured at 30-cm and 60-cm depths

indicated that the renourished beach was consistently 0.5°C warmer than the control beach.

If the physical parameters of a subsequent renourishment project are within the findings of 1990 and
1991, there should be no adverse effect on sea turtle nesting and hatching success. The results of this
project cannot be applied to other beach renourishment projects however, but should be restricted to
future dredging projects at Sebastian Inlet. Although the results are not applicable to other locations,
the methodologies developed to study the effects of renourishment on sea turtles could be applied to
other beach renourishment situations. Future research should focus on how the physical parameters
of a renourished beach affect the micro-environment within the actual nest chamber and embryonic

development.
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Introduction

Sebastian Inlet is a méﬁmade navigation channel connectiﬁg the Indian River Lagoon to the
Atlantic Ocean on the Brevard and Indian River County line in East-Central Florida. The net
longshore transport at Sebastian Inlet is directed to the south by northeast waves and winter storms.
The inlet historically has interrupted this longshore transport and removed sediment from the system
by shoreline accretion adjacent to the north jetty. The inlet has had the greatest impact on beaches
south of the inlet where the beach has been deprived of sand that would have moved south (Walther
et al. 1992). These inlet dynamics are characteristic of other inlets in Florida.

In 1989 the United States Army Corps of Engineers and the Florida Department of
Environmental Regulation issued permits for the maintenance dredging of Sebastian Inlet. Dredging
commenced in December 1989 and was completed 4 May, 1990 prior to the main portion of the sea
turtle nesting season. Approximately 191,125 cubic meters of sand were removed from the inlet and
placed on a feeder beach south of the inlet. The resulting renourished beach was 503 m in length.
The U.S. Fish and Wildlife Service (USFWS) required the Sebastian Inlet Tax District Commission
to initiate a 3-year study to monitor the effect of this beach renourishment project on nesting and
hatching success of loggerhead (Caretta caretta) and green (Chelonia mydas) sea turtles on the
Indian River County portion of Sebastian Inlet State Recreation Area. A control area of equal length
was designated on Wabasso Beach, Indian River County, based on data from 1988 and 1989 nesting
surveys (Horton 1990).

Previous renourishment projects at this location raised concerns about the quality of nesting
habitat that resulted, and the potential impacts this might have on sea turtles utilizing this beach. In
1989, 90,000 cubic yards of sand were trucked to the beach south of the inlet (Walther et al. 1992).
This sand was not beach quality and the trucking resulted in a very compacted beach. From 1987
through 1989 the artificial beach profile necessitated the relocation of many nests to prevent
washout. The hard, clay substrate caused a higher false crawl ratio and shallow nest chambers
(O’Toole 1987; Horton et al. 1988; O’Toole 1989). Surveys conducted by Sebastian Inlet State Park
personnel provided information on numbers of sea turtle crawls on this beach. A comprehensive
monitoring program was proposed to provide biological data on nesting behavior and hatching
success, as well as the physical parameters affecting nesting habitat and the nest chamber
environment.

The physical characteristics of a beach influence the reproductive behavior of sea turtles.
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Any factor such as renourishment which distorts or threatens the relationship between sea turtles and
the nesting beach may endanger the future of sea turtles (Ackerman 1980). Ensuring that beach
nourishment projects are compatible with maintaining good quality nesting habitat is a priority 2 task
in the loggerhead and atlantic green turtle recovery plans (USFWS 1991). Evaluating the relationship
of sand characteristics and hatch success, hatchling fitness and sex ratios, and nesting behavior is
also identified as a priority 2 task (USFWS 1991).

Studies conducted on other renourished beaches in Florida are not applicable to Sebastian
Inlet. Each renourishment project produces a different physical nesting habitat, making it necessary
to monitor each renourishment project on a case by case basis. The east coast of Florida has been
subject to intense development pressure, which has resulted in an increased demand to provide
stable and aesthetic beachfront to protect upland properties and provide recreational opportunities.
Inlets are a major -cause of erosion and require periodic maintenance in the form of dredging.
Dredging and renourishment will continue to affect threatened and endangered sea turtle nesting
habitat. Accurate and comprehensive biological and physical data are needed to insure the future
coexistence of threatened and endangered sea turtles and inlet maintenance. The study conducted at
Sebastian Inlet was the most demanding sea turtle monitoring yet required by the U.S. Fish and
Wildlife Service for a renourishment project. The results of this research provided baseline
information for future management of this inlet, and the methodologies developed will be applicable
to renourishment studies on other beaches throughout the Southeast. Ultimately, we may learn to
conduct beach renourishment in a manner that is biologically and physically compatible with the
needs of threatened and endangered sea turtles.

During 1988 and 1989, Virginia Tech studied sea turtle nesting and hatching success on
Wabasso Beach, Florida, south of Sebastian Inlet State Recreation Area (Horton 1990). These
nesting surveys were continued during 1990 and 1991 in conjunction with the renourishment study
as part of the Florida Department of Natural Resources (FDNR) Index Nesting Beach Survey to
provide accurate, standardized data on nesting concentrations on 8 km of beach for the USFWS and
FDNR. Additional information was obtained on hatching success on the Indian River County portion
of the Archie Carr National Wildlife Refuge.

This monitoring program was in compliance with the Department of Environmental
Regulation Permit numbers 05 & 311513539 and the United States Army Corps of Engineers permit
number 88IPT-20646. All handling of sea turtles, nests, eggs and hatchlings followed guidelines
established by the USFWS and FDNR as mandated under Turtle Permit #189 issued by FDNR.



Effects of Beach Renourishment Operations

Beach renourishment is a process with potentially adverse effects for sea turtles throughout
execution of a given project. The inshore and offshore effects of hopper dredge mortality by
impingement in dragheads have been well documented by endangered species observer programs at
Cape Canaveral, Florida and Kings Bay, Georgia (Table 1; Dickerson et al. 1988). The U.S. Army
Corps of Engineers and the National Marine Fisheries Service have initiated a program to study the
abundance and behavior of sea turtles in navigation channels and to develop modifications to
dredging equipment that will be less harmful to sea turtles (McNair 1992). The process of placing the
material on the beach by establishing a pipeline to pump off a hydraulic cutter head dredge or hopper
dredge can physically harm existing nests by burying or disturbing nests which have been laid in the
area to be renourished. Equipment such as pipelines and heavy machinery can act as a deterrent to
nesting sea turtles and damage nesting habitat. Lights associated with dredging and renourishment

operations can deter nesting adult turtles or disorient emerging hatchlings (Nelson et al. 1989).

Table 1. Hopper dredge mortality associated with dredging projects.

Year Caretta caretta Chelonia mydas Unidentified’ Total
Cape Canaveral entrance channel, Florida

1980 50 3 18 71
1981 1 1 1

1984/85 3 0 6 9
1986 5 0 0 5
1988 2 18 28
1989/90 0 6 1 7
Totals 67 12 44 123

King’s Bay entrance channel, Georgia/Florida

1987/88* 7 1 1 9
1988 3 0 2 5
1989 9 0 1 10
Totals 19 1 4 24

' This number includes two Lepidochelvs kempi caught in 1988 at King’s Bay, Georgia.
? Initial construction dredging for Trident submarine base.
* Fragments of sea turtle carcasses not identified to species. It is assumed that most are Caretta caretta.

Source: Dickerson and Nelson 1990



Beach renourishment previously took place primarily during the summer months, and all
nests were relocated to hatcheries or other stretches of beach prior to renourishment.  This is no
longer perceived as a viable management practice, because relocation to hatcheries can result in the
following negative effects (Meylan et al. 1991):

Decreased hatching success

Altered sex ratio

Decreased fitness

Interference with imprinting mechanisms

Vulnerability of hatcheries to catastrophic events

Disruption of normal release conditions
7. Missed nests

Thus, relocating nests cannot be considered a “no impact” solution to renourishing beaches during
the nesting season. In a study comparing relocated and in-situ nests in Broward County, Burney and
Mattison (1992) concluded that there was no evidence that nest relocation had any significant
biological effect on hatching success. However, examining hatching success does not provide the
whole picture; without looking at sex ratio or hatchling vigor or considering the problems inherent in
manipulated hatchling release, biological effects cannot be ruled out. Fleetwood et al. (1991)
reported impaired respiratory function in hatchlings from relocated eggs. There are several other
concerns associated with relocation programs. Even the most experienced personnel surveying a
beach can miss a small percentage of nests (Barbara Schroeder, pers. comm). On beaches which have
been renourished previously nesting behavior can be altered, resulting in nests which are reported as
false crawls. These nests would not be relocated, resulting in probable loss of some nests in the area
being renourished.

Rather than continuing to relocate nests, the optimal management strategy is to allow nests
to remain in-situ. This can be achieved by requiring beach renourishment to occur outside the main
portion of the sea turtle nesting and hatching season. Ensuring that beach nourishment and coastal
construction activities are planned to avoid disruption of nesting and hatching activities is a priority
3 task number in the loggerhead and atlantic green turtle recovery plans. Now the USFWS and
FDNR review beach nourishment proposals to allocate an appropriate time schedule for execution
and completion of projects to minimize impacts to turtles (USFWS 1991). The “window” for
renourishment in north Indian River County, a high density nesting beach, would be more restrictive
than for a similar project in Nassau or Duval Counties in north Florida where nesting densities are

lower. At Sebastian Inlet, the optimal time to conduct renourishment activities is after S November



and before 1 May, with surveys conducted from 1 March to 30 April to ensure that no leatherback
nests are present (USFWS 1990).

There has been resistance from communities and the dredging industry to these “windows”
based on perceived cost increases associated with winter dredging when adverse weather conditions
can cause delays. There currently are no data to substantiate the magnitude of these cost increases on
the east coast of Florida. Dredging activities frequently occur on the west coast of Florida in the
winter. Applied Technology (1991), in a preliminary report on a proposed 6.4 km beach restoration
project on Hutchinson Island, Florida, stated that: “The basic principle and engineering of the
techniques of hydraulic dredging have remained unchanged for many years. The lack of change does
not necessarily imply that there are not any environmentally better ways to conduct dredge and fill
operations.” They recommend that communities lobby for a more environmentally sensitive
technology which is less dependent on seasonal weather patterns. A technological response to

renourishment “windows” becomes increasingly important given the kilometers of proposed

renourishment projects affecting turtle habitat (Table 2).

Table 2. Proposed beach renourishment projects in Florida affecting turtle habitat.

Florida Federal Constructed Lengths of project  Total neartern  Percent nearterm
authorized length (km) beaches being potential length total to
project length readied for of restored authorized total
(km) construction (km) beaches (km)
West coast 67 27 14 41 61.9%
East coast 174 80 12.2 (COE) 92 64.1%
19.5 (PBC) 19.5
Totals 241 107 46 153 63.5%
Beaches affected by recent policy decisions on recreation 25.4 km
Potential restored beaches affected by increased costs 38.5km

Source: U.S. Army Corps of Engineers 1992

Renourishment Resulting in New Nesting Substrate

Renourished beach material may improve or worsen nesting, hatching success, and survival
depending on the physical properties of the beach before and after renourishment (Nelson 1991).
Numerous studies have documented successful nesting activity on renourished substrates. Very often
these studies have been conducted by simply observing the numbers of nests that occur on
renourished beaches without examining the physical parameters associated with the beach after

renourishment. Renourishment often takes place on beaches that have been entirely without sand for
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a number of years. Many Florida beaches that once provided sea turtle nesting habitat have become
sub-optimal nesting substrate because of the complete loss of beach fill due to erosion caused by
manmade beach armoring structures or other factors. In these situations where an entirely new, stable
renourished beach has been created, investigators claim that beach renourishment enhances sea turtle
nesting since there is subsequently sea turtle nesting habitat where it had been absent.

Lebuff et al. (1990) compared the number of false crawls and nests before and after
renourishment on Captiva Island, Florida and concluded that sea turtle nesting was enhanced by
beach renourishment in 1981 and 1988. In 1980 when over half of Miami Beach north of
Government Cut was unsuitable for nesting, surveys recorded only 10 nests on the 21 km beach.
Since the last major renourishment project in 1988 the entire beach has provided viable nesting
habitat, and now surveys document 160 to 180 nests per year over the 21 km beach (Flynn 1992).
Sea Island, Georgia was renourished in 1989. Prior to renourishment Sea Island was devoid of
beachfront for 15 years, and the last season before renourishment only 15 nests were recorded. In
1990, the first year after renourishment, surveys documented 51 nests; in 1991 114 nests were
recorded (Mike Harris, Georgia DNR, pers. comm). The renourishment project created new nesting
habitat which sea turtles utilized. There was a concurrent decline in the numbers of nests on the
island north of the newly created beach. It would be premature to conclude that the renourishment
project resulted in increased numbers of nests, when what may have occurred was a redistribution in
nesting activity. In 1992 the number of nests on Sea Island decreased to 70, which was keeping with
coast-wide trends for that nesting season.

Jupiter Island, Florida has a long history of beach renourishment going back to 1957 and
continuing to the present time, with the next renourishment scheduled for 1993. Without examining
the physical parameters of the beach, Witham (1990) concluded that sea turtles effectively utilize
this beach and that beach renourishment is beneficial for sea turtle nesting habitat. Clearly, having
some sort of usable habitat was an improvement over a solid wall of hard armoring. Consequently,
there were greater numbers of nests after the renourishment projects. It is worth noting that Jupiter
Island had to be continually renourished, implying that these projects did not result in habitat that
was stable for longer than 1 or 2 nesting seasons. Witham (1990) compared the nesting densities on
Jupiter Island (354/km) to those on Hutchinson Island immediately north (138/km). These 2 islands
historically have had different nesting densities>so that comparisons between them are largely
meaningless in terms of how to assess nesting on Jupiter Island.

Increasingly the issue of concern is not whether sea turtles can nest in this renourished



material, but how this material may affect development of the nests or the sex ratio and vigor of the
hatchlings. Hatching success was not significantly different between the renourished and the natural
beaches. Witham (1990) found that hatching success in the 1988 study ranged from 0-100% and
noted that the nest with 0% was on the natural beach while that with 100% was on the renourished
beach. These statistics are irrelevant. Overall the renourished beach had a hatching success of 91%
while the natural beach had a hatching success of 90%. Lund (1986) examined the entire history of
renourishment on Jupiter Island and documented the following:

1. Displacement of nesting activity from immediate construction area

2. Increased frequency of false crawls at surf line because females are unable to scale the
steep project berm

3. Increased frequency of false crawls on fresh fill because females are unable to excavate
egg chambers in highly compacted material.

Lund (1986) found a continued lower nesting density within the fill zone compared to adjacent
unarmored, natural beaches. He concluded that increased utilization of the renourished areas resulted
from rough winter seas winnowing and sloping the filled areas. He found that this process took 1-2
years to shape nesting beach from the fill and that this beach would be usable for 3-4 years until
erosion exposed seawalls. Dickerson and Moss (1988) reported that recently renourished sections
of Jupiter Island had the most nests laid below scarp formations and consequently, the highest
number of inundated nests. By 1989 a 1.2 km stretch of Jupiter Island was again unsuitable for
nesting (Steinitz 1989). In 1990, 2.8 km of Jupiter Island was renourished. Steinitz (1990) found a
significant difference in the nesting to false crawl ratio between the natural and renourished beaches.
The renourished beach was subject to severe scarping. This same pattern was evident after the 1991
renourishment along the north end of the study area (C. Keske-Crady pers. comm). Jupiter Island
will be renourished again in 1993.

Captiva Island, Jupiter Island and Sea Island are all examples of renourishment projects
which resulted in new nesting substrate. Possardt (1991) observed that if highly eroded beaches are
renourished with good quality sand, the results can be beneficial for sea turtles. Soft armoring such
as sand fill is a preferred erosion control technology over the hard armoring (seawalls; bulkheads;
groins; revetments) that exists along much of Jupiter and Sea Islands. This is a different situation
than at Sebastian Inlet State Recreation Area where the renourishment altered an existing nesting

habitat that was not in need of renourishment, but served as a feeder beach for inlet maintenance.



Renourishment of an Existing High Nesting Density Beach

Raymond (1984) examined the effects of beach renourishment on sea turtle nesting in South
Brevard ‘County, Florida. South Brevard County is a major nesting beach for sea turtles in the
southeastern United States. This beach, just to the north of Sebastian Inlet, has the greatest density of
sea turtle nests in Florida (Ehrhart et al. 1987). When a renourishment project was conducted in 1981
depositing dredged material from Port Canaveral at Indialantic and Melbourne Beaches, a highly
compact nesting substrate resulted. Raymond examined the nesting to false crawl ratio on this beach
and compared it with 2 control beaches to determine the effects of the renourishment on nesting
behavior. He also monitored the effect of the restoration on clutch development and survival. His
data on the degree of compaction were anecdotal. The substrate was simply tested by how hard it
was to dig in, without utilizing any equipment to measure the actual compaction levels. Raymond
found that the renourished beach had a higher proportion of false crawls and that nests laid in the
renourished substrate experienced an increased inundation and erosion threat.

The observed nest chambers were often shallow in the compact sand, resulting in eggs
overflowing the nest chamber. Nests in the compact sand often failed to demonstrate the
characteristic flask shape of a typical nest chamber. Ackerman (1980, 1981) provided evidence
suggesting that the nest building behavior of sea turtles may be functionally significant by acting to
equalize gas exchange for all the eggs buried in a clutch. The geometry and structure of the nest
chamber were both critical factors in this process. In this case, Raymond (1984) found that for eggs
that did successfully develop, the compact material had no apparent effect on hatching success and
hatching emergence. He suggested that the hatchlings may have been able to emerge because the
nesting female turtle already had loosened the compact material above the nest chamber.

In a similar study, Nelson et al. (1987) found no significant differences in hatch success for
natural and renourished beaches at Delray Beach, Florida. The number of eggs, number of eggs
hatched, number of eggs unhatched, hatch success, number of pipped dead hatchlings, number of live
hatchlings and hatchling ratio were similar between natural and nourished beaches. A 6.5 km stretch

of Delray Beach is scheduled for renourishment in the fall of 1992.
Renourishment and Enhanced Emergence Success

Broadwell (1991) examined the effect of beach renourishment on hatching and emergence
success in Boca Raton, Florida and found that significantly more hatchlings emerged from nests

deposited on the renourished beach. The emerged hatchlings from the renourished beach also had



higher weights. Hatching success was similar on the renourished and natural beaches. Broadwell
(1991) compared the sites with regard to their thermal regime, moisture content, sand grain size and
sand pore spacing to examine the micro-environment of the nest. She concluded that the renourished
beach at this site contained more moisture, provided increased pore spacing and presumably better
gas exchange between the turtles and the external environment. As pore spacing, moisture and
temperature increased, mortality within the nest chamber decreased. She concluded that
renourishment can have a positive effect on the fate of sea turtle clutches. It is important to note that
this beach was softened to nest depth by tilling immediately after renourishment with a large
commercial root-rake. This is the only study to date to suggest that the renourished material resulted
in improved hatchling fitness. Broadwell concludes that these results should not be misused or
applied to other renourishment situations and that it would be erroneous to assume that there were no

adverse effects to sea turtles (Broadwell, pers. comm).
Renourishment and Compaction

Nelson and Dickerson (1988) of the U.S. Army Corps of Engineers examined the physical
parameters of the renourished sea turtle nesting beaches in Florida. They found that sand
compaction, sheer resistance, beach moisture content, sand color, sand grain size, shape and mineral
content could potentially have adverse effects on sea turtle nesting and hatching success. The harder
beaches resulted from angular, fine grain sand dredged from stable, offshore sites while less
compacted beaches resulted from smoother, course sand dredged from high energy inlets such as that
found at Sebastian Inlet in 1990. In the past, some fine material derived from the sand trap on the
west side of the inlet has resulted in a high component of silt/clay particle size in the beach fill.

Poorly sorted, fine-grained sediment dredged from nearshore sea beds is often used in
renourishment projects. Nelson et al. (1989) utilized a cone penetrometer to provide cone index
values for 10 renourished beaches in Florida and compared these values with values obtained for 15
natural beaches (Figures 1 and 2). Four of the 10 renourished beaches were extremely hard. This
harder substrate can last from 1 to 10 years after nourishment depending on weather and wave action
which reworks the material. A comparison of time spent for each stage of the nesting process
indicated that nesting turtles took longer to dig in compact renourished beaches (Nelson et al. 1989).
Natural beaches also can be very compact (Figﬁre 2). Increased compaction is characteristic of
natural beaches on the west coast of Florida (Stephe 1992).

Nelson et al. (1989) recommended minimizing the negative effects of beach renourishment
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Figure 1. Sheer resistance measurements in cone index values at the depth interval 30cm below the beach sand surface
for the following 10 Florida east coast beaches: 1) Fernandina, 2) Jetty Park, 3) Hutchinson Island, 4) St. Lucie Inlet, 5)
Jupiter Island, 6) Boca Raton, 7) Pompano, 8) John U. Lloyd, 9) Haulover, 10) Key Biscayne.

CONE INDEX VALUES (PSI)
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Figure 2. Shear resistance measurements in cone index values at the depth interval 30cm below the beach sand surface
for the following 15 Florida east coast beaches: 1) Little Talbot Island, 2) Canaveral National Seashore, 3) Melbourne
Beach, 4) Sebastian Inlet, 5) Vero Beach, 6) Hutchinson Island, 7) Ft. Pierce, 8) St. Lucie Inlet, 9) John D. MacArthur
SRA, 10) Hobe Sound NWR, 11) Jupiter Island, 12) Highland Beach, 13) Boca Raton, 14) Port Everglades, 15) Golden
Beach. Source: Nelson and Dickerson 1989
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by tilling compacted beaches, using compatible sand for renourishment, smoothing scarp formation
and being judicial in use of equipment use and its placement. Possardt (1991) recommended tilling
beaches exceeding 500 PSI compaction as measured by a cone penetrometer. Implementing and
evaluating beach tilling as a method of softening compacted beaches is identified as a priority 3 task
in the loggerhead and atlantic green turtle recovery plans (USFWS 1991). The U.S. Fish and Wildlife
Service elected not to till the beach at Sebastian Inlet State Recreation Area after the 1990
renourishment in order to study this mid-range of compaction, which had not been examined
previously.

Mortimer (1990) examined the influence of beach sand characteristics on the nesting
behavior and clutch survival of green turtles. She suggested that optimal particle size varies from
one locality to another depending on patterns of precipitation and on mineral composition and shape.
However, she found that most of the major green sea turtle nesting beaches are characterized by
moderately sorted sand with mean particle diameters from 0.2-1.0 mm, with high sphericity and low
levels of organic carbon. Her findings indicated that poorly sorted substrates with a high silt/clay
component were unlikely to constitute a successful incubation habitat. Mortimer (1982) concluded
that sea turtles do not seem to have evolved the ability to select beaches at which eggs have the
highest survival. In contrast to this conclusion, Ackerman (1977) suggests that one of the
evolutionary forces behind sea turtles returning to the same beach year after year to nest may be the
need to maintain a constant and stable respiratory environment for eggs, maximizing hatching

success by returning to a beach that provides suitable gas exchange.
Renourishment and Beach Temperature

The direction of sexual differentiation in a number of reptiles depends on the egg
temperature during the initial third of incubation. In turtles, higher temperatures result in female
phenotype, while lower temperatures result in male phenotype (Mrsovsky 1987). The temperature in
between giving 50% of each sex is referred to as the pivotal temperature (Yntema et al 1982). All
pivotal temperatures in North Carolina, Georgia and Florida are close to 29.0 degrees C (Mrsovsky
1987). At Cape Canaveral, Florida where the sand temperatures were well above the 29.0 degrees C
pivotal temperature point for loggerhead turtles, 95% of the hatchlings were classified as females
based on ambient sand temperatures of the beach (Provancha and Mrsovsky 1988).

Until 1991 there was little available literature on the effect that beach renourishment could

have on the ambient temperature of nesting beaches. Nelson et al. (1988) suggested that renourished
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sand color could affect ambient sand temperatures and consequently affect incubation time and sex
ratio of hatchlings. At that time there had been no studies examining this aspect of renourishment.
Ackerman et al. (1991) were the first to conduct a comprehensive thermal profile of renourished and
natural beaches in Florida. Thermal characteristics of 6 pairs of renourished and control beaches in
Florida were examined including the beach just north of the renourished beach at Sebastian Inlet.
Their findings indicated that all of the renourished and natural beaches examined exhibited sand
temperatures above 29.0 degrees C in every month except May, (Ackerman 1992), suggesting that
Florida beaches may be “female beaches”. Ackerman (1991) suggests that incompatible renourished
material potentially could alter the temperature of the subsequent beach by altering the color of the
material or altering the hydric properties of the sand, which could influence thermal properties of the
sand. Renourished beaches resulting in a warmer ambient sand temperature could shorten incubation
time and potentially produce more female hatchlings. If beaches are already producing females the

effect of this increase in temperature could be undetermined.
Renourished Beaches and the Hydric Regime

One mechanism by which renourished material increases ambient temperatures is the hydric
structure of the beach. Ackerman et al. (1991) looked at the hydric structure of 6 pairs of renourished
and natural beaches in Florida and reached the following conclusion after the first year of the study:

The hydric structure of renourished beaches is different from that of natural beaches.

2. The water content of renourished beaches below a depth of around 10 cm is greater than
that of natural beaches in the upper and middle section of the beach, but lower than that
of natural beaches in the lower (closer to the ocean) part of the beach.

3. These differences are likely due to differences in the shape of renourished and natural
beaches and to the differences in the beach deposition between renourished and natural
beaches.

4. The differences in beach water content are not likely to influence the water exchange of
incubating sea turtle eggs.

5. The differences in beach water content are likely to influence the heat and gas exchange
of incubating sea turtle eggs.

6. The differences in beach water content and beach coloration are likely to produce
differences in beach temperature, which also may influence incubating sea turtle eggs.

The differences in observed water content could be critical in 2 ways. Ackerman et al.
(1985) found that sea turtle nests increase in temperature above beach temperature as incubation
progresses, with the center of the nest chamber increasing in temperature to a greater extent than the
periphery. This increase is a function of the degree to which water is conducted away from the nest.

The second effect involves the actual temperature of the beach rather than the nest chamber. Beach
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temperature is highly dependent on the movement of heat inside the beach and on heat exchange at
the beach surface. Ackerman et al. (1991) concluded that renourished beaches should have greater
thermal conductivities because of their differences in water content. Because water stores large
quantities of heat, an increase in the beach water content will increase the heat capacity of the beach.
These two differences in thermal properties between natural and renourished beaches are likely to
produce differences in absolute beach temperatures and in daily and seasonal temperature cycles.
After the second year of this study Rimkus (1992) suggested that the overall differences in the hydric
regime between 6 pairs of renourished and natural beaches in Florida appeared to be small.

McGehee (1990) conducted a study to determine the extent to which moisture affects eggs
and hatchlings of loggerhead turtles. She was interested in the applicability of this information to
hatcheries, but it also has implications for renourished substrates. She found that excessive moisture
retention within the nest chamber can result in a longer incubation time, decreased gas exchange or

heavy infiltration of fungus. Limited moisture resulted in desiccation and collapse of eggs.
Renourishment with Aragonite

Nelson et al. (1987) found evidence to suggest that fine white aragonite sand might have
clung to hatchlings and caused higher hatchling mortality. Florida beach sand is silica-based.
Recently, oolitic aragonite commercially mined in the Bahamas has been proposed as a fill source in
renourishment projects in Broward and Dade Counties in Florida where there is a shortage of native
Florida sands. The first large scale renourishment project utilizing aragonite took place at Fisher
Island, Miami, Florida in 1991. A 3-year study was commenced in 1991 to monitor hatching success
and hatchling morphology as well as temperature and gas exchange. Lutz et al. (1991) found that
aragonite sand temperature averaged 2 degrees C lower than Florida sand. They attributed the
difference to the lighter color of the aragonite. As a consequence of the cooler temperature,
incubation times were extended by 5 days in the aragonite. The impact on sex ratio of the hatchlings
was not determined. Aragonite was slightly more conductive to oxygen than Florida sand while
water potential and grain size were similar. Hatching success between Florida and aragonite sands
did not differ, nor did hatchling mass, length or width. Results were similar in the second year of the
study (P. Lutz, pers. comm). A moratorium has been placed on all renourishment with aragonite

until more is known about this material.
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Objectives

In an effort to contribute to the small body of literature addressing the effect of beach

renourishment on sea turtle nesting and hatching success and to develop methodologies for studying

this problem on other beaches, the specific objectives of this study were:

1.

To determine sea turtle nesting and hatching success on the 503 meters of renourished
beach at Sebastian Inlet State Recreation Area and on a control site of equal length.

To conduct monthly temperature profiles on the renourished and control beaches.
To conduct monthly compaction profiles on the renourished and control beaches.

To coordinate compaction and temperature data with monthly sand and moisture analysis
profiles.

To continue the research started by Virginia Tech student Mike Horton, two additional objectives

were:

1. To provide historical nesting density and hatching success data on the Indian River
County portion of the Archie Carr National Wildlife Refuge.

2. To conduct the Florida Department of Natural Resources Index Nesting Beach Survey on
Wabasso Beach and to monitor this beach in a manner consistent with surveys conducted
in 1988 and 1989 by Virginia Polytechnic Institute and State University.

Study Period

The 1990 phase of the study was conducted from 3 May to 6 November when the last

available emergence data were obtained from Wabasso Beach. The last nest on the renourished beach

was inventoried on 4 October, and the last control nest was inventoried on 7 October. Both the

renourished and control beaches were monitored on a daily basis until 31 October to observe any

changes in beach profile and to record any sea turtle stranding incidents. In 1991 the study was

conducted from 1 May to 13 October when the last available emergence data were obtained from

Wabasso Beach. The last nest on the renourished beach was inventoried on 7 October and the last

control nest was inventoried on 20 September.
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Study Area

The 503 m renourished beach was located at Sebastian Inlet State Recreation Area in
East-Central Florida (Figure 3). The beach is situated on the south side of Sebastian Inlet, which is
one of few navigable waterways between the Indian River lagoon system and the adjacent coast. This
beach is considered to be a high density nesting beach, although nesting concentrations are not as
high as on the South Brevard County beaches on the north side of the inlet. The beach on the south
side of the inlet is 20-30 m wide. The control beach on Wabasso Beach was narrower (8-15 m) with
a less prominent primary duneline that has demonstrated historically lower concentrations of nests
per km than at Sebastian Inlet (Horton 1989, O’Toole 1989). The renourished beach is in an area
protected from development and nighttime use, but is subject to intense recreational use. The control
beach, owned by Indian River County, is also undeveloped but utilized for public recreation.

The Wabasso Beach morning index survey area consisted of 8 .km of nesting beach
extending from the southern boundary of Sebastian Inlet State Recreation Area to the Wabasso
County Park at State Rt. 510 in Indian River County. The 8 km was divided into 16, 0.5 km sections.
Wabasso Beach has become increasingly developed with single family homes and 2 Indian River
County Parks since Virginia Tech first started conducting surveys in 1988.

The Archie Carr National Wildlife Refuge consists of 202 hectares of beachfront property
between Melbourne Beach, Brevard County and Wabasso Beach, Indian River County. These
beaches host the largest concentration of nesting loggerhead and green sea turtles in the United
States. The Indian River County portions of the Archie Carr National Wildlife Refuge are on 4.5 km
within the Wabasso survey area (sections 5-13). A large core area initially identified for active
management and protection has been fragmented since the development of the Land Protection Plan

in 1990.
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Figure 3. Regional location map of Sebastian Inlet, Florida. Renourished beach at R-4 and control beach at R-23.
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