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ABSTRACT _

DAVIS, R.A.; FITZGERALD, M.V. and TERRY, J., 1999. Turtle Nesting on Adjacent Nourished Beaches with Different
Construction Styles: Pinellas County, Florida. Journal of Coastal Research, 15(1), 111-120. Royal Palm Beach (Flor­
ida), ISSN 0749-0208.

Successful nesting ofloggerhead turtles is an important aspect of beach management along the Gulf Coast of Florida.
A detailed time series ofbeach monitoring has provided a wealth ofdata on turtle nesting and resistance to penetration
in order to assess the effect of beach nourishment on turtle nesting. Three adjacent, nourished beaches, and nearby
unnourished beaches provided the locations for systematic measurement ofconditions. Twoyears ofdata are provided,
1994 and 1995, with the latter including tilling of the nourished beach on one of the projects.

Nesting density increased from 1994 to 1995. Although cone penetrometer measurements routinely exceededguide­
lines for turtle nesting, the turtles paid no attention to compaction. The nature of the sediment with large quantities
of bivalve fragments is such that although vertical penetration is very difficult, the style of digging by turtles expe­
riences little resistance. Data provided in this study indicate that the current guidelines based on cone penetrometer
data for nesting in highly compacted beaches are incorrect. Nourished beaches on the Gulf Coast of Florida do not
inhibit turtle nesting, they encourage it by providing a wide, dry beach.

ADDITIONAL INDEX WORDS: Beach nourishment, turtle nesting, compaction, cone penetrometer.

INTRODUCTION

The loggerhead turtle (Caretta caretta) is listed as a threat­
ened species by the U.S. Fish and Wildlife Service. Its nesting
area in the continental United States ranges from Texas to
New Jersey (NELSON, 1988) but more than 99% of the nests
are in Florida, Georgia, South Carolina and North Carolina.
In 1983, nearly 85% of all nests were in Florida (GORDON,
1983). The number of nests on the Gulf of Mexico Coast of
Florida pales in comparison with that on the Atlantic Coast,
however, at least several hundred are present on Gulf beach­
es in any given year. Four other turtle species have been
identified on the Florida coast, but all are rare.

Turtle-nesting habits are categorized into four types: (l) a
false crawl where the turtle emerges from the water and
crosses the beach without digging; (2) a false dig where the
turtle emerges and digs without laying eggs; (3) a successful
nest with hatchlings; and (4) an unsuccessful nest with eggs
that do not hatch. This discussion will concern only the nest­
ing.

Many factors influence the beach environment for success­
ful turtle nesting. These include moisture of the beach, sed­
iment characteristics, compaction, temperature range, and
human activity of various types. Several investigations into
the effect of each of these factors have been conducted on

96158 Received 15 December 1996 accepted in revision 28 December
1997.

Florida beaches (e.g, RAYMOND, 1984; NELSON, 1988; NEL­
SON and DICKERSON, 1988). The general conclusions reached
by these and other investigations are that successful turtle
nesting requires a dry beach with a narrow temperature
range. In addition, the sediment should be loosely compacted
in order to facilitate efficient excavation by the turtles (NEL­
SON, 1988). All of these important characteristics ofthe beach
can be modified by human activities.

Florida beaches are one of the most valuable natural re­
sources of the State and as such, they are monitored, con­
trolled, and rebuilt on a regular basis. Beach nourishment in
Florida has become the standard method of beach manage­
ment over the past two decades or so. This type of construc­
tion has obvious implications for turtle nesting and as a re­
sult, its effects have been examined on multiple nourishment
projects (e.g. NELSON and MAYES, 1986; NELSON et al., 1987;
NELSON and DICKERSON, 1989; PARKINSON and RYDER,
1992; HODGIN et al., 1993). Most of these studies have con­
cluded that nourished beaches generally have a detrimental
effect on turtle nesting, caused primarily by producing com­
pacted beach sediment.

Because beach nourishment is widely used and because it
is viewed by most people as the only viable answer to most
beach erosion problems, it is necessary to reconcile this prob­
lem. The most commonly invoked method of doing this is by
tilling the compacted beach to loosen the sediment and thus
facilitate excavation by loggerhead turtles. The depth of till-
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STATEMENT OF PROBLEM AND OBJECTIVES

Most of the previously cited studies and generalizat ions are
bas ed on work conducted along th e southeast coast of Florida
where turtle nest ing den sity is the highest in the Unite d
St ates; up to 100/mil e (100/1.6 krn ). Th e Florid a Gulf Coas t
a lso hosts a mode st number of turtl e nest ings each yea r; gen­
era lly several hundred, up to abou t 10/mil e (10/1.6 krn ). Thi s
coast ha s also experie nced numerous beach nourishment pro­
ject s over the past 15 years . It is th ese nouri shment projects
tha t provide excellent conditions for conducting a tim e-ser ies
investigation of the relationships between beach condit ions
and tilling on turtle nesting.

Th e Pin ellas County coas t exte nds for about 60 km along
the centra l peninsular Gulf Coas t of Florida. Most of thi s
coast has been nourish ed at lea st once over th e past decad e.
Th e best opport unity to investigate how nourishment might
influ ence turtle nesting is along th e beach es of Sand Key in
th e central part of th e county (Figu re 1). Th is barrier is con­
tinuous for 30 km and ha s experienced three major nouri sh­
ment proj ects over the past decad e with anothe r in th e plan ­
nin g stages. Th ese projects, known as Sand Key Phases 1­
III , were const ructe d a t Red ington Beach (1988), Indi an
Rocks Beach (1990 ) and Indian Shores (1992) (Figure 1).

Th ey represent three distinct combinati ons of borrow area
and cons t ruct ion techniques thus providin g an excellent data
ba se for a na lyzing th eir respectiv e effects, if any, on turtle
nesting. The first phase, Redington Beach , was cons tructed
with borro w material from th e ebb-t ida l delta of J ohn s Pass
(Figu re 1) usin g traditional suct ion dr edging and piping in a
slur ry to th e site. Th e second ph ase was cons tructed with
materi al tak en from the Egmont ebb-tida l delta at th e mouth
of Tampa Bay (Figure 1) using a suct ion dr edge but th e bor ­
row mater ial was then barged and off-load ed by pumping in
a slurry to th e site. The borrow materi al for the last phase
a t Indian Sores wa s also tak en from th e Egmont ebb-t ida l
delta but a dragline was utilized. The sedimen t was barged
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ing is cr it ical becau se this turtle species ha s a rather distinct
depth ra nge for th eir nests; typically from 45-90 em (1.5-3.0
It) (N E LSON, 1988). Tilling mu st th erefore extend to a t least
that depth ran ge in order to be effect ive. Studies on th e east
coast of Florida te.g, N E LS ON , 1986, 1987 ) have found th a t
till ing results in consi dera ble reduction in compaction bu t
th at th ere is a signi ficant increase in compaction after se vera l
months. It has been recommended that tilling be conducte d
on nourish ed beaches annuall y before th e initiation of th e
nesting season in late spring (N ELS ON, 1987 ).

Figu re 1. Map of Sa nd Key, Pinell as County , Florid a show ing location
of th e study area .
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Fig ure 2. Diagra m of portab le cone penet rometer used to collect data on res istance to pen et rati on of bea ch sedime nt.
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Figu re 3. Schem at ic diagr am of a beach profile showing locati ons of
sa mpling sites a long each profile.

to th e site where it was placed on th e beach using a conveyor .
As a consequence, the sediment was never pum ped during
th e construction process and the initial compaction was quite
low.

Th e primary objectives of this study are;
(1) to det ermine the influ ence, if an y, of beach nourishment

on turtle nesting,
(2) to det ermine if th ere is any differ ence in compact ness

of th e beach betw een the three adjacent nourishment projects
that utilized differ ent construction procedures, a nd

(3) to determine if tilling of the nourished beach has a sub­
stantial effect on turtle nesting and compactness.

DATA COLLECTI ON

Beach monitoring has been a cont inual process at each of
th e three nouri shment pr ojects. Sh ear resi stance has also
been measured as part of this ongoing monitor ing . Thi s pa­
rameter is measured by a ha nd-h eld cone pen etrometer (Fig­
ure 2) and is commonly used as a proxy for compaction (NEL-

SON, 1987; NELSON and DICKERSON, 1988 ). The pen etrome­
ter has a 0.2 in" (1.25 cm-), 30-degree, circular cone an d a
dial ranging from 0-1000 cone ind ex units (pounds per
square inch -psi). Th e penetromet er is held in the vertical po­
sition and manually pushed into the beach sediment. Th e
commonly accepted technique is to take measurements at 6,
12 and 18 inches (approx. 15, 30 and 45 cm respectively) (e.g,

NELSON and DICKERSON, 1988).
Each of 40 beach profiles was visited 4 times per year for

two years (1994- 95). Pen etrometer measurements were
taken at eac h of three sites along all profiles; in th e swas h
zone, a t th e berm crest, and in th e back beach, Gulfward of
th e foredunes, seawa ll or oth er st ructure (Figu re 3). The 6
inch (15 em ) reading was taken as th e penetrometer was in­
serte d from th e surface to a depth of 6 in (15 ern ). A hole was
excavate d to 6 inches (15 ern) a nd the penetrometer was in­
se rted an additional 6 inches (15 em ); a total depth of 12 in
(30 em ), Th e same procedure was conducted for th e 18-inch
(45 ern ) measurement. All mea surements th at exceeded the
values on the dial of th e pen etrometer are considere d to be
1000.

Of th e 40 profile s measured, 4 are beyond th e act ua l nour­
ish ed beach ; two at th e north end a nd two at the south end.
Th ese sites are at each end of th e total pr oject, and are not
included in th e data presented throughout th e discussion be­
cau se they do not represent truly nourish ed locations.

Tilling was condu cted only in the Indian Shores nouri sh ­
ment project as part of the permit requirements. Thi s is th e
only one of the three nouri shment projects for which borrow
material was not pla ced on th e beach by th e pumping-slurry
method. Tilling was ca rried out by a commercial firm with
the dep th of reworking bein g 36 inch es (92 ern ). Th e ent ire
un veget ated dry beach was till ed in a pattern of regul ar tra­
verses. Numerous tests were conducted throughout th e tilled
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Figur e 4. Histogram show ing tp ical bimodal sedime nt th at occurs a long thi s part of th e Flor ida coas t with one mode being fine qua rtz sand an d th e
other comprise d of coarser she ll debris.
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Figure 5. Nes ti ng frequ en cy by R-locati on on Sa nd Key , Flori da . Each numbered beac h seg me nt is 1000 feet (306 rn ) ap art. Each ne st was placed on
this diagr a m at th e closest of th ese DEP mon um ents . (Da ta from Ha rm an , 1994 ; 1995 ).

a re a to be cer ta in th at the resistance to penetration was less
than 500 psi from the surface to the base of the tilled mate­
rial.

BEACH SEDIMENTS

er ing is facilitated by the slurry-pumping mode of construc­
tion. The draglin e and conveyor approach to construction
does not provide a mean s for preferentiall y organizing th e
platy she ll particles .

Sediments along th e peninsular Florida Gulf Coast are dis­
tinctly bimodal in both grain size and composition. They are
comprised of a fine sand quartz fracti on and a med ium sa nd
to gravel biogenic sh ell fraction . Th e quartz fract ion is dom­
inant at most locations a nd the she lly fra ction is typically the
variable. Thi s fraction tends to be gr anu le to fine cobble in
size and varies in both location and time. A typical perc ent­
age of she ll gravel is 10-15% for natural beach es but is gen­
erally higher for borrow materi al used on nourished bea ches.
Th ere is commonly a sand fraction of carbonate she ll a lso.
Th e distribution of both grain size and composition is shown
by an exa mple from Pinella s County (Figu re 4).

As a consequ en ce of th is bimod al texture, it is inappropri­
ate to cha racterize the se dime nts of thi s coast by th eir mean
grain size . In actu al fact, th ere is a very sma ll perc entage of
sediment grains that represents the mean value. Thi s tex­
tural charac te rist ic of Florida Gu lf Coast is in contrast to th e
east coast where sediments tend to be mor e unimodal (see
NELSON and MAYES, 1986; NELSON et al., 1987). This is an
important differ ence insofa r as sedi ment compa ction is con­
cerned . Th e shell component of the sediments is almost en­
tirely comp osed of bivalv es; both fragments and complete
shells . The platy shape of th ese grains re sults in a pr efer­
ent ia l orientation th at produces a distinct layering. Th is lay-

Borrow Material

The Gu lf Coas t of Florida suffers from a general dearth of
sediment for nourishm ent purposes. The shoreface commonly
has less than a meter of se diment resting on Miocene lime­
stone bedrock th ereby prov iding insu fficient volum e for a ma ­
jor borrow sou rce along much of this coast. The alternat ive
borrow area and most wide ly used sedimenta ry environment
along thi s coast is the ebb-t ida l deltas as sociated with t idal
inlet s. These sediment bodies are numerous, la rge, have a
very low content of fines , and are typically coarser th an ad­
jacent beache s. The reason for the coarse grain size is th at
th e ebb deltas tend to have high concentrations of shell ma­
terial; up to 50% (DAVIS et al ., 1991 ). Grain size distribution
of t hese borrow sites st ill maintain a bimodal character (Fig­
ure 4). Examples of ebb deltas that have been used as pri ­
mary nourishment sources on this coas t includ e J ohn s Pass ,
Pass-a-Grill e, Egmont Channel, Longboat Pa ss and Redfish
Pass.

RESULTS

Th e data base used for analysis in this inves t iga t ion in­
clud es th e afore mentioned cone penetrometer readings plu s
turtle nesting data pr ovided from annua l reports to Pin ell as

Jo urna l of Coasta l Research, Vol. 15, No.1, 1999
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Figure 6, Resist an ce to pen etration at eac h loca tion by depth for 1994, Each bar on the histogr am represents one measu rement and this diagram shows
all data collected,

County from th e Clearwater Marine Aquarium (H ARMAN ,

1994; 1995).

Turtle N ests

Pinellas County contracted with th e Clearwater Marine
Aquarium to monitor turtle nest ing along th e entire sho reline
of its jurisdiction (HARMAN , 1994 ; 1995 ), The data are quite
complete and include fals e crawls, nests and the su ccess of
the nests. Thi s report will address only th e nests and their
relationships to shear resistance.

The total number of nests located and mon itored along the
entire Pin ella s coast during 1994 was 91 and during 1995 it
was 137. Each was located by street address and by the St ate
of Florida permanent monuments. For purposes of th is study,
all nests betw een monuments R-60 and R-1l9 are included.
Each nest is assign ed to a R-monument ba sed on the closest
positi on. Th ese two years of data provide for a comp arison of
a year during which tilling was conducted (1994) and one

when it was not (1995 ). Th e northernmost nourishment pro­
ject and the second phase chronologically, Indian Rocks
Beach (1990), inc ludes monuments R-72 to R-85. The middle
project and th e third phase, Indian Sho res (1992 ), includes
monuments R-86 to R-98. The southern project was th e first
compl et ed , Redington Beach (1988 ), which includ es monu­
ments R-99 to R-107 (Figur e 1).

In considering nesti ng frequency, ten monuments are also
included north of the nouri shed section, monuments R-60 to
R-70, and ten are included to th e south , R-110 to R-119. Thi s
provides two shore line reaches that are about the same
length as the nourished sites for comparison during each of
th e two study yea rs .

Counts of th e number of nest s in ea ch of th ese five beach
segment s over th e two-year period (H ARMAN, 1994 ; 1995)
show that th e relat ive frequ ency is simila r in each (Figu re
5). The se data also show that th ere is some difference in nest
frequ ency among th e three nouris hme nt project s. Within thi s

J ourn al of Coas ta l Resear ch, Vol. 15, No. 1, 1999
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Figure 7. Resist ance to pen etration by nou rishment segme nt for 1994. Ea ch ba r on th e h istogram rep resents th e mean va lue for ea ch depth at all
locat ions within a given beac h nourish ment project (IRB n = 14, IS n = 13, RB n = 9).

shore line invest igated, there were 62 nests in 1994 and 88 in
1995. In both years th ere were more nests at Ind ian Rocks
and Redington th an th ere were at India n Shores (Figure 5).
Indian Shores was the only segme nt where t illing of the
beach wa s conducted and tha t was don e only in 1994.

Noti ce that the Bella ir area (H55-70; Figure 5) has a much
lower ne st frequency than th e other four with only 3 nests
eac h year. Th e reason for th is situa t ion is a simple one . There
is essent ially no dry beach along this reach of shoreli ne . Th is
area has not been nourished and it has not gained much sed­
iment from end loss as a result of littora l dr ift from th e In­
dian Rocks Beach project loca ted immediately to th e south .
The opposite situation has occurred at the south end of the
project at the south end of Sand Key (Figu re 5) where there
is a subs tantial dry bea ch with th e resulti ng increase in
t urtle nest density.

Beach Compactness

Measu rements of penetration resistance acquired from th e
cone pene trometer show a wide range; spat ia lly, temporall y,

and with depth . Beca use of the dynamics of th e foreshore
zone coupled with the abse nce of tu rtl e nest ing in that zone
a nd in the berm cres t , these data are not cons idered in th is
discussion . On ly data from the backbeach are discussed (Fig­
ure 3).

There are two primary ways of looking at these data . One
is to conside r the values at ind ividual sites du ring each sur­
veying perio d (e.g . Figure 6) and th e oth er is to look at mea n
values for each of the three ph ases of nourishm ent (e.g . Fig­
ure 7). The former illu strates well the rather wide range of
varia tion within the study area but the latter shows the av­
erage differences, if any, between adjacent nourishmen t pro­
ject s . Th e usual sta tisti cal treatmen ts are not applicable be­
cau se of the combinati on of the sma ll samples at each nour­
ishm ent project (n = 9- 14), a nd the large standa rd deviation
a mong the readings.

Anothe r problem with analyzing the data is the temporal
vari ation in compaction va lues . If the mean values at each of
t he three projects are considere d, it is appare nt that there
are gre at differ ences at each locat ion between successive

Jo urna l of Coas tal Resea rch, Vol. 15, No. 1, 1999
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Figure 8. Resis ta nce to penetration at each locat ion by depth for 1995. Eac h bar on th e histogram represents one measurement an d thi s diagram shows
all data collected.

sa mpling periods (Figure 8). This also holds for the rela t ive
compactn ess values at adjacent projects du ri ng a given sam­
pling peri od.

Th e differ ences in compactn ess at a given site or even th e
differences in mean values for a segment do not show a trend
of increasin g compac tnes s. One would expect that, in the ab­
sence of till ing or some similar process, th e compactness of
the beach should remain th e sa me or increase over t ime. This
does not occur ; some sites and segme nts show a decrease in
compactness values through ti me. The only explanations for
this cha nge are th e possibl e influ ence of gr oundwater see ping
from th e landward direction and/or the influ en ce of storm
tidal flux through the sedime nt as the resul t of surges. Both
of th ese phenomena , if flow is sufficiently strong , could re­
duce sediment compaction. Sur face and grou ndwater move­
ment over and within th e sediment do show marke dly lower
compac tness values for the fores hore locations than on eithe r
the berm crest or the backb each sites. Another factor might

be the nature of the cone penetrometer and the accuracy of
it s measu rements. Temperat ure differences of th e meta l
could cause changes in the resistance to deformation of the
stainless stee l ring on the penetromet er (Figu re 2) al th ough
thi s would be expected to be quite sma ll.

Th e backbeach part of th e beach remains re latively undi s­
turbed except during high-en ergy events lik e storms when it
is inundated by storm surge. It is possible th at th is influx of
wate r on the normally dry beach would cause a reduction of
compactness. The high densi ty and occurre nce of people on
nearly all Sa nd Key beaches may contribute to increasing th e
compactness of the backbeach.

1994- Data from thi s yea r show th at in June, just prior to
till ing, the compactness was variable in the Ind ian Rocks seg­
ment an d nearly uniforml y high through out the othe r two
areas (Figure 6A). After t illing of the Ind ian Shores segment
only, the re was a mark ed redu ction in th e compact ness of
that seg ment as sh own by the September data (Figure 6B).

Journal of Coastal Research , Vol. 15, No.1, 1999



118 Davis, -Ir., FitzGerald and Terry

Average Backbeach Compactne ••

March 1995

Average Bac kbeach Compactne• •

June 1995

'000 .....,--=-- - - - - - - - - - - - - - - - - - - - -,

900

800

700

~
c

1
E
o
u

Inchan Rocks trsnan Shores Redington IndIan Rocks Indian Shores Redington

Average Backbeach Compac1ness Avera ge Backbeach Compactness

Septem ber 1995 December 1995

, 000 1000

900 90 0

800 800

700 700

iii iii
!!:. 600 !!:. 60 0
c !'i 500 50 0

40 0 ~ 40 0E E
0 0
u

300
u

300

2 00 2 00

10 0 '00

Indian Rocks Indian Shores Redington lrdran Rocks IndianShores Reding'lon

I 0 0-6 inches W] 6-12 inches • 12-1 8 inc hes I

Figure 9. Resistance to penetration by nourishment segment for 1995. Each bar on th e his togram represents th e mean valu e for each depth at all
loca t ions with in a given beach nourishment project (IRB n = 14, IS n = 13, RB n = 9).

Surprising ly, the Redington seg ment (R98-107) showed a
simi lar red uction in compactness without benefit of t illing. A
question arises as to whether the till ing is causing the de­
crease in compactness or some natu ral phe nomenon. Th e De­
cember data show a sim ilar pattern to th e Sep tember values
excep t in the Indi an Rocks area (R72-85).

The summarized data for 1994 for eac h segment of the
three nourishment projects (Figure 7) show that in the ea rly
part of the nesting season the Redingt on segment was very
highly compacted, the Indi an Shores less an d Ind ian Rocks
was the least compacted of the three nourished segments
(Figur e 7A). Tilling took place shortly after th ese data were
collected and showed a modes t red uction in th e compactness
of the Ind ian Shores segment (Figure 7B) however , the Red­
ington seg ment showed a greater redu cti on without benefit
of tilling. Indian Rocks displ ayed a ma rke d increase in com­
pact ion over th e same peri od (Figure 7B). By Decemb er , In­
dian Shores showed furth er reduction in compaction, and In -

dia n Rocks and Redington wer e th e sa me as in Septe mber
(Figur e 7 B an d C).

1995 - The 1995 data for ea ch of th e profile locations also
show great spatia l variability but less tempora l cha nge th an
the 1994 data (cr Figu res 8 and 9). During March th ere was
a ra ther uniforml y highly compacte d cond ition at Ind ian
Rocks (R72-85) an d quite a range of compactness throughout
the othe r two seg ments (Figure 8A). Th e June data show a
generally similar pattern bu t with more compaction at th e
Ind ian Shores (R85-98) and Redd ington (R99-107) segments
(F igure 8B and C). September data also show great ran ge but
with less uniform and seve re compaction in the Indi an Rocks
segment and more at th e Redington segment; th e Indian
Shores segme nt was about th e sa me.

The summa ry da ta by seg ment for 1995 show distin ct pat­
terns and some expec ted rela tions hips. The Marc h compac­
tion readings (Figure 9A) clearly show th at the Redington
seg ment has the highest mean values and the Indi an Shores
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Figu re 10. Plot s of mean pen et rometer readings in the backshore of the
beach at each nouri shm ent proje ct over the two-year stu dy period. Ea ch
value repre sen ts the following ind ividual s ites : Ind ian Rocks Beac h, n =

14, Indi an Shores, n = 13, Redin gton Beach, n = 9. The hori zon ta l line
repr esen ts 500 psi.

0 .0 0

CONCLUSIONS

pared to Indi an Shores. Th is shell gravel is comprised dom­
inantly of partia l and whole bivalve shells. Becau se th e nour ­
ishm ent material is pumped onto th e beach in a slur ry, th ese
bivalv e pieces are oriented parallel to th e sediment sur face.
Th ese platy shapes oriented in such a fash ion present con­
sidera ble resistan ce to penet rati on by the cone penetromet er.
Th e res ult is eleva ted compactio n values.

Th e higher nesting freq ue ncy occurs in th e beach nourish­
ment segments tha t have th e highest she ll concentration and
th e highest compaction (Figure 5), i.e. Ind ian Rocks Beach
and Redington Beach. We do not believe tha t the turtles are
prefer entially se lecting the more compac t beach for nesting
bu t tha t th e values are a rt ificially elevated due to th e ori­
enta t ion of th e shells , and the method of nourishing th e
beaches. The absence of any slur ry pumping at Ind ian Shores
pr oduced a constructed beach th at was less compacte d from
its init ua l construction. Thi s is demonstra ted by th e sum­
mary histograms th at cover all three depths of measur emen ts
at all three nouri sh ed beach reach es for both of th e study
years (Figur e 10). Th is clearly shows th at Indi an Sh ores pen­
et ra tion values a re lower throughout the study with th e pos­
sible exception of th e June, 1994 surveys which wer e after
tilling. Th is figure also shows th at the vast majority of loca­
tion s throughout all three projects have values above th e 500
psi level most of th e time.

Turtles do not dig ver tically in th e sa me fash ion as th e cone
pen etrometer moves through th e sediment layer s. It is our
opinion t ha t th e cone penetromet er is providin g data th at are
not a ppropria te for assessing turtle nesting limitations. Th e
500 psi limitat ion on nourish ed beach es or any other beaches,
is unw arranted. Th e summa ry da ta (F igu re 10) show th at all
re adings at 12 and 18 inches (30 and 45) at Ind ian Rocks
Beach and Redington Beach exceed 500 psi. Nesting frequen­
cies show th at turtles do not perceive any differences in com­
pactness on th ese bea ches and a ppea r to be able to nest any­
where there is a dry beach . Other factors such as lighting,
temp erature and vegetation are potentially import ant and
wer e not addressed in thi s study.
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segment has the lowest. The June data (Figure 913 ) show th e
sa me pattern. The Septemb er data displ ay a modest depar­
tu re from thi s pattern in th at th e Redington segme nt had th e
highest compact ion; Indian Shores was the lowest (Figu re
9C). Throughout th e period of monitoring the Indian Shores
segment has shown the greatest rate of erosi on (OAVIS et al.,
1993). It is also th e most recently compl eted nourishment
project of th e three investigated .

DISCUSSION

Th e most compacted segme nts are at Indian Rocks and
Redington (Figures 6-9). Both of these segments were con­
str ucted by suction dr edge and pumping in a slurry onto th e
beach . In addit ion, both of th ese segm ents have sediments
t hat hav e relatively high percentages of shell gravel com-

Th ere have been numerous reports on conflicts between
turtl e nesting a nd beach nourishment. Th ese st udies have
been la rgely responsible for se tt ing limitat ions on compact­
ness of nouri sh ed beach es and for requi r ing tilling of nour­
ish ed bea ches prior to th e nesting sea son.

Th is study shows that on a significant reach of th e penin­
sula r Gulf Coas t of Florida:

(a) there is no rel ationship betw een turtle nesti ng and
beach sediment compactn ess ,

(b) Nesting frequ ency is primarily related to th e pr esence
of a wide dry beach provided directly or indirectly by beach
nou rishment,

(c) the comp actness of the bea ch ran ges and varies widely
in both space and time with littl e rational e,

(d) tilling has a quite temporary influe nce on compactness
and no demonstrable influence on nesting frequency, and

(e) upp er values of compactness toler anc e currently utilized
(500 psi) are art ificial.
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