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2OO1 MARINE TURTLE NESTING SUMMARY
CANAVERAL NATIONAL SEASHORE

INTRODUCTION

Canaveral National Seashore is an important nesting area for several species of threatened and

endangered sea turtles. These are primarily the loggerhead (Ca:retta caretta), with a lesser

,r*UJr of green Gbgfolqarn@) and an occasional leatherback @ermocnetys corlacea). Nest

depredation, primarily by raccoons, is a serious tlueat, with depredation rates exceeding 90

percent in the earty tbSO's (McMurtray 1986). In 1984, the park implemented a nest screening

progfttm to protect nests while allowing the raccoon to remain as an integral part of the seashore

ecoiyst"m. ln 1993 and 1994,the University of Georgia compared three methods of nest

protection" screening, predator removal and conditioned-taste-aversion (Ratnaswamy 1995;

ivu11"n 1996). They found screening to be most effective and compatible withNational Park

Service guidelines and objectives.

2001 was the eighteenth year for Canaveral National Seashore's sea turtle nest protection

program. Since tgqS, park staffhas managed to screen over 90 percent of the several thousand

tt"G d.porited each year, reducing nest depredation to as low as 19.85 percent in 2001. The

park's goal is to achieve the 60 percent hatching rate targeted in the loggerhead and green sea

i.tttl" ti"ou"ry plans (NMFS and USFWS 1991) without removing predators fromtheir important

role in the barrier island ecosystem.



STUDY SITES AND METIIODS

Canaveral National Seashore is located along the east―central cottt ofFlorida with Bethune

B e a c h  t o  t h e  n o ■h  a n d  K e m e d y  S p a c e  C e n t e r t o  t h e  s o u t h ( F t t l l r e  l ) . T h e  n O t t h e m  1 8 . 1

k i l o m e t e r s ( 1 1 . 2 5 曲s ) o f t t a c h お鋭u a t e d  i n  V o l u s i a  C o u t t  a n d  t h e  s o u t h e m  2 0 . 2  k i l o m e t e r s

(12.5 mms)h Brevard Colttty.

The beach is essenttt undeveloped with ody a few artinctt lights and a nmber ofboardwalks
t O  p r o t e c t  t h e  d u n e  v e g e t a tねn. T h c  d u n eおwe l  d e v e l o p e d  a l o n g  l n o s t  o f t h e  b e a c h  a n d  i s

説abilized by a thick growtt ofsea o航 s ttniChpanic聖 幽り ,Sea grape c壁 鯉重堕 め ,Saw

pahe■ oG凶 型塑 鰻距墜 )and Other dune species.The beach was divided抽
o94 quarter― m礎

b n g  g r i d s  b y  p l a c t t  n m b c r c d  f o l l r  t t  f o l l r  p o 立s  a l o n g  t h e  d u n e  l i n e . T h c s e  g t t s  p r o v i d e  a

refcrencc point for documcnting nett bcatioIIs.

The beach is closed to thc public bemeen slNet and sllulsc except for occaslonal gumed turtle

w a k s . T h e s e  w a l k s a r t t t e d i t t  t o  l n ―e  d i t t w b a n c e  t o  t h e  n e 立士唱t w t L s .

The park ttttted sporadtt patrols on follr‐wheettd al‐tcrram ve血掟stATV's)On Apri1 6,2001

to record sea twtle emergencies(nettS and false crawls)and tO SCreen nests.Daily patroL were

started on May 9,2001.The 24 miles ofbeach was divided into two 12血 随 seglllents,each

covered tt a tearn consisting ofa ranger and a volunteer.The tealns worked iom ll:00p.m.to

7幻 O a . I I L , S e V e n  m g h t s  a  w e c k . I n  a d d t i o t t  d a y t i t t  p a t r o l s  w c r c  c o n d u c t e d  a t  l e a s t  t h r e c  t i m e s  a

week to docment any subsequent deprcdations to recorded nestsc On August ll,2001,patrols

w e r e  s w l t c h e d  t o  4 : 0 0 a . m . t o  n o o 乳d u e  t o  a  d e c r e a s e  h n e s t i t t  a n d  t o  e t n c e  n e s t  e x c a v a t i o n

act、ttおs.

I n i t t t  d a t a  c o l e c t e d  f o r  e a c h  n e s t  m c l u d e d : d a t e , n e s t  n m b e r , s p e c i e s , g 配, n m b e r  o f e g g s

d e p r e d a t e d  a n d  s i g h t i n g / t r e a t m e n t e  S t t h t i n g / t r e a t l n e n t  r e f e r r e d  t o  t h e  c o n d i t b n  o f t h e  n e t t  u p o n
discovcry tundepredated,partialy depredated or totally depredateのand the subsequent treatment

(nett SCreened or le盆linミcreened)。Each呼車was mrked with a nmbered ttake forlater
組entttation.Date and grtt location ofeach false crawl was also recorded.

T h e  s c r e e t t g  p r o c e d u r e  c o l l s t t d  O f p l a c i n g  a  4  f e e t  x  4  f e e t  w t t  m e s h  s c r e e n  o v e r  t h e  n e t t  a n d

説aking dowllthe corttlers wttt tree fOot sectioIIs of#3 rebar.The rebar was bent over near one

end to fomla 70 dcgrcc angL.The 2 inchcs x 4 inches nlesh size was large enough to alow

h a t c m i n g S  t o  e l n e r g e  w h i l e  d おc o u r a g t t  a t t e m p t s  b y  p r e d a t o r s  t o  r e a c h  t h e  e g g s . P a r t i a l y

depredatcd netts that retalned a signiacant nmber ofintact eggs had the broken eggs relnoved

and werc covered w■曲 clean sand:     一

Dtl血唱 daytime patroL,au new nett depredttiolls were recorded,the nmber ofdepredtted eggs

counted and al broken eggs relnoved aЮm the beach. The latter was done to deter predators

±omeasilyrelocatitt any rtt eggS and to prevent countmg depredatiolls IIlore than otte.

I f a  S t t m c a n t  n m b e r  o f v i a b l e  e g g s  r e I I l a m e d , b r o k e n  e g g s  w e r e  r e l ■o v e d  a n d  t h e  n e t t  w a s  r e ―

covered wlth clean sand.



Figure 1: Canaveral National Seashore



The stake for every tenth nest was marked with white spray paint for identification. After a

minimum of 70 days, or 3 days after evidence of hatching, the nests were excavated and the

following informaiion recorded: number ofhatchlings emerged (empty eggshells), number of

unhatched eggs, number of live hatchlings in nest, nurnber of dead hatchlings in nest and number

ofpipped *ggs thutchlittg still partially in eggshell). Depredated eggs recorded during daytime

runs were added to the total of unhatched eggs prior to analysis. This data was then used to

calculate average hatching success for the entire beach.

Fifty (50) nests were relocated for one of three reasons: 1) the nest was located at the base of a

heavily traveled boardwalk; 2) the nest cavity and eggs had been fouled by the contents of broken

.ggr;'f; the nest was in imminent danger oferosion Pits approximating the natural nest cavity

were dug near the base of the duns. The eggs were then carefully transferred, buried and
screened in the usual manner.

An attempt was made to remove individual raccoons that had learned how to repeatedly tunnel

under the screens. These raccoons were captured using Tomahawk live-traps.



RESULTS

Nestintt and False Crawl Totals

A tttal of3274 sea turtle nests were deposied at CANA血2001-3274 1oggerhead,ten
Latttrback and 7 green(Table l).OVerall nest deIIsiy was 86.04 per kilometer for the

loggerhead,0。26 per kilometer for the leatherback,and O,18 per kilometer for the green.

T h e  t o t a l  n M b e r  o f l o g g e r h e a d  f a l s e  c r a w l s  w a s  2 1 1 2  o r  5 5 。1 4  p e r  k i l o m e t e r , a  f a l s e  c r a w i t o

n e t t  r a t ねo f l : 1 . 5 4 ( T お拒1 ) , T h e r e  w e r c  1 0  g r e e n  f a l s e  c r a w i s  o r  O . 2 6  p e r  t t b m e t e r , a  f a l s e

crawito nest ratio of l:0,70.Three leatherback ttse crawls were recorded or O.08 pcr kmIIleter,

for a falsc crawito nest ratio of l:3.33.

A s  i n  f o r l n e r  y e a r s , t h e  g r e a t e t t  c o n c e n t r a tおn  o f n e t t i n g  w a s  n o t e d  i n  t h e  s o u t h e m  h a l f o f C A N A

with 63.8%(2089)ofthe netts occwmg m the South D血血t erevard Countyp and 36.2%

(1185)in the North D撤宜bt G/Olusia Countyp(Table l).Nest的喜dens北拒s werc 103.4 and 65.5

per路陥meter respectively.FをWes 2a and 2b show the nmber ofnetts and false crawls by

i n d市曲脇l gri d s  f o r  t h e  e述掩 beach ,

Itttial Sighthtt and Nests Screened

ln 2001,98 Percent(3207)ofthe 3274 netts depotted at CANA were screened,cottsing 2996
undepredated and 301 part畳劇けdepredated nests(Table 2,Init』 Encounteo.1脇 占五距luded ten

leatherback,7 green and 3190 1oggerhead nests.

A tottt of67(2.1%)ofthe loggerhead netts were totaly depredated and 299(9,2%)were

par航町 depttdated prねr to discovery(TabL 2,Ittial Encounter)。

No green depredatおIls ocCllred prior to discovery.One ofthe ten leatherback netts was part的

depredated,



Table l:2001 Marine Tu■le Crawi Survey,Canaveral Natおnal Seashore.

Overall

Distribution by District

Loeeerhead Green Leathcrback Total

Nests 3257 7 10 3274

False Crawls 2112 10 3 2125

Nest Dcnsiv(nest胞品) 86.0 0.2 0.3 85.5

FC Densiv(FG駈 ) 55.1 0。3 0。1 55.5

FC to Ncst Ratio 1:1.54 1:0.70 1:3.33 1:1.54

North Dお竹通t rvolusねco

Loggerhead G r e e n Leatherback Total
Nests 1179 1 5 1185

False Crawls 638 0 1 639

Nest Densitv (nestlkm) 65,1 .06 0,28 65.5

FC DeIIsitv OFC/kmb 35,3 ,06 35.3

FC to Nest Ratio 1:1985 0,1,0 115.0 1:1,85

South District

Losserhead Green Leatherback Total
Nests 2078 6 5 2089

False Crawls 1474 10 2 1486

Nest Densitv (nest/km) 102.9 0,3 0.3 103.4

FC Density fFC/kmb 73.0 0.5 0。1 73.6

FC to Nest Ratio 1:1,41 1:0。6 1:2.5 1:1.41
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Table 2. Nest Treatment and Depredatioq 2001. Canaveral National Seashore.

Initial Encounter

P a r t = P a r t i a l  D e p = D e p r e d a t i o n

Screened Nests

* Percentages in species columns are derived fromtotal number of nests for that species
^ Percentages in Total column are derived from total number of nests for all species (3274)

Losserhead 位 een Leatherback Total

Not Dep/Screened

Part Dep/Screened

T o t a l  D e p r e d a t i o n

TOTAL

2890(89%)

300(09%)

67(020/0)

3257

7(100%)

0(0%)

0(0%)

7

9(90° /o)

1(10° /o)

0

1 0

2906(890/0)

391(09°/0)

67(020/6)

3274

Loggerhead Green Leatherback Total

North District 174 0 0 174(15%)

South E)istrict 144 0 0 144r07%〕

Total 318 0 0 318r10%)

AL Nests

Loggerhead G r e e n Leatherback Total

Partial Depredation 518r16%ゝ * 0 1(100/o) 519(160/6)A

Total Depredation 132(040/Ob 0 0 132r04%)

Total 650r20%ゝ 0 1(10° /o) 651r20%)

Dお位 t

Logserhead G r e c n Leatherback Total

North Disttct 342 0 1 343(290/0)Ⅲ

S oこ血 Dおt t t t 308 0 0 308r150/Ob春

Total 650 0 1 651(20%)
* Percentages are derived from total number of nests in each district



Subsequent Depredations

Ten percent (318) of the screened nests were partially or totally depredated by predators that
reached through the screens to get the upper layers ofeggs or tunneled undemeath the screens
(Table 2, Subsequent Depredation). Tunneling was higher in the North District, with 15 percent
(174) of the screened nests being depredated versus 6.8 percent (144) :r:,the South District.
Twenty (20) nests were recorded as being depredated more than once after screening (CANA
files).

Overall, including both screened and unscreened nests and initial and subsequent depredations, 20
percent (650) ofthe loggerhead, none ofthe green, and 10 percent (1) ofthe leatherback nests
were either partiafu or totally depredated during the 2001 season (Table 2, Overull Depredation,
All Nests). Specifically, four percent (132) of the loggerhead nests were totally depredated and
16 percent (518) were partially depredated. The single leatherback depredation was a partial.

As in past years, the highest percentage of depredations (partial and total) occurred in the North
District, where 29 percent (343) ofthe nests were depredated, compared to 15 percent (308) in
the South District (Table 2, Overall Depredation, By District).20 percent (651) of the nests
deposited at CANA were either partialty or totally depredated.

A small number ofproblemraccoons ("tunnelers") were removed fromthe beach during the
nesting season.

Monitored Nests

Every tenth loggerhead nest was marked for excavation after the incubation period to determine
hatching success. Ofthe 321 marked loggerhead nests, 257 (80%) were excavated (Table 3).
Two-hundred-and seventeen (217) of these were undepredated and 49 partially or totally
depredated. Hatching success for undepredated nests was 690/o and36% for depredated nests.
Combining the two yelds a hatching rute of 64Yo.

Average clutch size was 101.0 eggs for undepredated nests and 95.5 for depredated nests. If an
estimaled 901 eggs are added to the unhatched total to represent 9 totally depredated nests where
an egg count could not be made (9 nests times average clutch size of 100.1 eggs : 901 eggs), the
adjusted hatching success is 62%.

An estimated number of loggerhead hatchlings was calculated, based on the hatching success of
marked nests. This was done as follows:
(62%Intchlngsuccess)x(100.1 eggslclutch) x(3274 nests):203,19t hatchlings.

Fifty- five (17%) marked nests were of unknown Ate Gable 3).

10



head

l

Non-depredated Depredated Overall

Nests marked 264 57 321
Nests Excavated 217 40 257

Total Eggs 21,924 3,814 25,738
Ave. Clutch Size 101.0 95.5 100.1

Hatchlinss Emersed 15.162 r .372 16,534

Hatchins Success 69% 36% 64.20/0

Nests Destroyed by
Deoredation

N / A 9 e (03%)

Adjusted Hatching
Success*

N/A 29.30/0 62%

Erode〕 UttwllFatc 47(18%) 8r14%) 55(17%め

Table 3. Hatching Success of marked Nests, 2001. Canaveral National Seashore.

* Adding average clutch size for 25 totally depredated nests where egg count not possible

Leatherback

Non-depredated Depredated Overall

Nests marked 9 I 10

Nests Excavated 9 I 10

Total Eees 655 56 711

A v e . C l u t c h  SЙ 72.8 56 71.1

Hatchlines Emerged 197 27 224
Hatchins Success* 31% 48 31.5%

Nests Destroyed by
Depredation

N / A 0 N/A

Eroded/UnowIIFate 0 0 0

None ofthe seven marked sreen nests were excavated.

All ten leatherback nests were excavated. One was pafiially depredated with a loss of 29 out of 56
eggs. Average clutch size was 71 . I eggs with a hatching success of 3 1 .5 percent and a total of
224 hatchlings (Table 3 ).



DISCUSSION

Nesting and False Crawl Totals

The3274 nests recorded at CANA in 2001 were the lowest total since 1997 (Tabke 4). True to
form, the green continued the up and down pattern exhibited every year except one (1989) since
1985 (Figure 3).

The loggerhead nesting pattern also fluctuates, although it is less predictable (Figure 4). The ten
leatherback nests recorded exceeded the previous high reported in 1999 and 2000 by one (Table
4).

$/ith a false crawl to nest ratio of l:1.54, the number of loggerhead nests exceeded false crawls
for the fourteenth time in the last 17 years (Table 5). The three years that it did not, the ratio was
almost one-to-one (1993-1:0.99; 1988-l:0.94; and 1986-1:0.98). While green false crawls
exceeded nests in ttre past two years, with almost identical values of 1:0.71 and 1:0.70, nests
exceeded false crawls in ten of the past 16 years (Table 5). Leatherback nest totals exceeded false
crawls in nine of 12 years (Table 5). In two years they were equal; only once did leatherback false
crawls exceed nests.

Screening Activitv and Nest Depredation

Ninety-eight percent (3207) of the sea turtle nests deposited at CANA in 2001 were screened.
Overall nest depredation was slightly lower, dropping from 23.0 percent to 19.9 percent (Table
6). The depredation rate has fluctuated between 29.9 and 14.8 percent since 1993, when daytime
runs were implemented to detect subsequent depredations to nests.

Tunneling activity, digging under the screens to reach the eggs, rose slightly from 7.2 percent in
2000 to 9.9 percent in 2001 (Table 6). Since 1985, tunneling has ranged from 18.7 percent in
1988 to 1.9 percent in 1990. The unusually high value in 1988 was almost twice that of any prior
year.

The yearly oscillations in depredation and tunneling are likely tied to periodic fluctuations in the
raccoon population and number of experienced anirnals foraging on the beach (i.e. individuals that
have learned to tunnel). There is always potential for an e4plosion in the raccoon population at
the park. Kramer (1996) noted breeding in most months of the year at CANA. There are ample
food resources and natural predators are absent. Although park staffworks hard to remove trastr,
refase from one million visitors a year adds to the food source. Wkren periods of little disease
coincide with the above, periodic surges in the raccoon population at CA].{A are inevitable.
Natural factors, such as distemper, serve to return the raccoon population to lower levels.



Table 4.Sca Turtle Nest Totals,1984-2001,CttVeral Natお ml Seashore.

Ⅶ AR LOGGERPIEAD GttEN LEATHERBACK UNKNOヽ N TOTAL

2001 3257 7 10 3274

2000 3892
命
ん
て
Ｕ
て
じ 9 4563

1999 4501 5 9 4515

1998 3976 427 5 4408

1997 2702 21 4 2727

1996 3260 222 3 3485

1995 4121 47 1 4169

1994 3886 364 2 4252

1993 3140 28 0 3168

1992 3279 298 0 3577

1991 4074 25 1 4100

1990 3922 185 1 4108

1989 3091 41 1 3133

1988 2203 43 0 4 2250

1987 1670 90 1 15 1776

1986 3349 つ
ん
今
々

●
Ｄ 3374

1985 2389 94 0 25 2508

1984 ホ 2125

キ=Indivkll狂斌breakdown not avttble`

Takcn iom yearly Sea Tttle Ncstmg Sll― rtts,198年 2001,Ca■ averal Nttional Seashore,

Tlu餓 江le,Florida.
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Table 5.False Crawito Nest Ratio,1984o2001.Canavcral Natお nal Seashore.

TakenJmmyearly Sca Turttt Nestt S甑 血成Ls,1984-2001,Cttnaveral Natおnal Seashorc,

Timsville,Flo魚 比.

Year Loggerhead Grecn Leatherback

2001 1:1.54 1:0,70 1:5.00

2000 1:1.02 1:0,71 1:3.00

1999 1:1.20 1:0.53 1:3.00

1998 1:0,99 1:0.52 1:0,63

1997 1:1,19 1:0.72 0:4.00

1996 1:1.32 1:0.77 1:1.00

1995 1:1.36 1:1.21 0:1.00

1994 1:1.60 1:1.38 0:2.00

1993 1:1.46 1:1.87

1992 1:1.43 1:1.10

1991 1:1.10 1:1,66 011.00

1990 1:1.31 1:1,17 1:1.00

1989 1:1.53 1:3.00

1988 1:0.94 1:1.16

1987 1:1.02 1:0。72 0:1,00

1986 130。98 1:0.76 0:3.00

1985 1:1.22 1:1.02

1984

16



Table 6. Amount of Screening and Depredation of Screened Nests, 1984-2001.
Canaveral National Seashore.

* Daytime runs to check secondary nest depredation were not conducted on a regular basis.

■電AR NESTS NESTS

SCREENED

SCttENED■ lESTS

DEPttDATED(%)

ESTIMLATED

OVERALL

DEPttDATION(%)

2001 3274 3207(980/0) 9,9 19.9

2000 4563 4304(94%) 7.2 23.0

1999 4515 4311(95%) 8.2 22,2

1998 4408 4233(96%) 7.2 19.3

1997 2727 2510(920/0) 9.6 29.9

1996 3485 3198(92%) 5ぉ7 19.7

1995 4169 3975(95%) 4.8 14.8

1994 4252 1724(41%) 4.3 18.7

1993 3168 1221(39%) 7.6 28.6

1992 3579 2213(62%) 4.3串 11.6率

1991 4100 1507(37%) 3.3単 13.9*

1990 4108 1547(38%) 1.9キ 9.2キ

1989 3132 1030(33%) 3.4 17.5

1988 2250 887(39%) 18,7 64.1

1987 1776 766(43%) 7.2 58.7

1986 3374 1517(45%) 3.7 47.3

1985 2508 1023(410/0) 5.0 41.7

1984 2125 213(190/o) 65,0



Hatching Success

The target level for hatching success was 60 percent, established in the U.S. Fish and Wildlife
Service sea turtle recovery plans (NMFS and USFWS l99l). This was achieved with a rate of
69% n undepredated nests, 64Yo overalJ and 62% when adding in totally depredated nests (Table
3). None ofthe seven grcen nests were excavated. The success rate for partially depredated
loggerhead nests was much lower, 36 percent for the 40 nests that were evaluated. In 2000, the
hatching rate of partially depredated nests was thirty-seven percent. However, most of the
unhatched eggs were those destroyed by predators prior to discovery. Of the undamaged eggs
remaining in the nests (after broken eggs were removed and the nest screened), 55 percent
hatched. In 2000, fifty-seven percent ofthe undamaged eggs hatched. This indicates that the
effort to clean up and screen partially depredated eggs can save a significant portion of the
remaining eggs. Cornbining totals from partially depredated, totally depredated and undepredated
nests lowered overall hatching success to 56 percent for both loggerhead and green turtles.

To ensure that all eggs in the marked nests were accounted for, daytime patrols were
implemented at least three times a week to record any eggs lost to nest depredation. The average
clutch size for partially depredated loggerhead nests was 5.5 eggs less (101.0 versus 95.5) (Table
3). This indicates that keeping atally of depredated eggs throughout the season and adding them
to the total clutch size when excavations are done is a fairly accurate indicator of actual clutch
size. Average clutch size ofundepredated nests was only 0.2 of an egg less than in 2000 (101.0
to 101.2).

Leatherback hatching success was 31.5 percent, based on the excavation of ten nests (Table 3).
This is within the range observed over the previous five years (23%to 56%) (Table 7).
Loggerhead hatching success equaled the previous high of 64 percent in 1998.

Table 7. Comparison of Hatching Success with Previous Years, 1996-2001.
Canaveral National Seashore

Losserhead Green Lcatherback

2001 64%r62%〕 31.5%N/A)

2000 610/0(56%) 560/O NI為 38%rN/Ab

1999 620/O r53%う 640/0(55%) 29%NI為

1998 640/0`620/0) 71%卜 1為 560/O r420/0め

1997 55%r49%お 5 1 %ミ 1患 23%N/Ab

1996 590/O r53%う 650/00品4Ab 27%卜 1患

( %) Percentages in parentheses are adjusted hatching rates, adding in average clutch size for
totally depredated nests.
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Hwicane Gabriele brushed the area h mid― September causlng a four to ave f。。t stoェ11l Sllrge

and washing ah7寧a nmber ofnetts and nett mrkers,Becausc oftts,about 750 netts hid tte

in the season could not be relocated and are ofuttmⅦ fate.
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