
49 

EFFECTS OF BEACH USE AND ENVIRONMENTAL CONDITION 
ON EMERGENCE SUCESS OF LOGGERHEAD TURTLES 

(CARETTA CARETTA) IN YAKUSHIMA ISLAND, JAPAN 

Hiromi Kudo, Takashi Kitagawa, and Shingo Kimura 

Ocean Research Institute, University of Tokyo 
1-15-1 , Minamidai, Nakano-ku, Tokyo, Japan, 164-8639 

ABSTRACT 

Emergence success of loggerhead turtles in lnakahama beach is decreasing and this phenomenon seems to 

be related to human beach use. To clarify this relationship, locations and numbers of loggerhead turtle's nests and 

beach users were recorded at each area. Some nests were excavated and development of embryos was checked. 

Pressure, temperature, and humidity in the nests were also measured (40cm under the surface) at each examination 

area. In lnakahama Beach, mean rate of emergence success was lower than the areas which are frequently used 

by visitors. In this area, visitors stomping on the nests cause the decrease of emergence success of the turtles. 

Visitors stomping on the nests cause overheating in the nests, resulting in retarding of hatchling emergence from 

their nests. 

INTRODUCTION 

lnakahama Beach located in Yakushima Island, 

Japan is an important nesting area for loggerhead turtles 

(Caretta caretta) in the North Pacific Ocean. Recently, its 

emergence success rate in this beach is decreasing 

with increase of the number in sightseeing visitors to this 

island (Yakushima-umigamekan, 2000). As factors of the 

emergence success, Mortimer (1990) suggested that 

desiccation and caving-in of beach sand depressed 

emergence success of green turtles at Ascension 

Island. Peters et al. (1994) indicated that compactness of 

beach sand obstructed emergence of loggerhead 

hatchlings in Turkey. These studies reported that the 

change of sand density and three-phase system made 

up of solids, liquids and gases of the sand (Campbell 

1985) in nests might affect emergence of hatchlings. 

Temperature (Mrosovsky et al. 1984), gas diffusion 

(Ackerman 1980, Bustard and Greenham 1968) and 

moisture content (McGehee 1990., Mortimer 1990) in 

nests have also influenced hatchlings mortality. 

Thus, to cla rify relationship between thei r 

hatchlings mortality and beach use, particularly focusing 

on the upper pressure of nest cavity, we made field 

survey at this beach. 

SURVEY AND METHODS 

Study site, lnakahama Beach on Yakushima Island, 

Japan (Fig. 1 ), was divided in to several examination 

areas at interva ls of 100m along the shoreline for this 

study. Locations and numbers of loggerhead turtle's nests 

and beach users were recorded at each examination 

area during a period from 23rd of June to 4th of September 

2001. In addition, some nests were excavated to count 

the number of empty egg shells, unhatched eggs, embryos 

that died during the process of hatching, and dead plus 

live hatchlings remaining in the egg chamber. The terms 

used in this study were defined as follows; hatchling 

success as a ratio of the number of empty eggshells to 

the number of reburied eggs and emergence success 
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Fig. 1 Study site, lnakahama Beach on Yakushima Island 

as a ratio of the number of hatchling completely emerged period from the nesting to the last emergence (rs=-0.829, 

out of the nest. Furthermore, temperature and humidity in n=6, p<0.05, Fig.3). These results suggest that visitors 

random sampled nests were also measured (40cm stomping on nests affect emergence success of turtle 

under the surface) at each examination area, and pressure hatchlings. 

was measured in some nests located in Sm away from 

the entrance of lnakahama Beach. 

RESULTS AND DISCUSSION 

Figure 2 shows the comparison hatchling suc

cess, emergence success, and number of beach users 

among examination areas in lnakahama Beach. Mean 

rate of emergence success in 10-200m areas frequently 

used by visitors was significantly lower than other areas 

(AN OVA followed Fisher's PLSD by post-hoc test n=S-20 

p<0.05,). In addition, the emergence success rate negatively 

was correlated with cumulative pressure during the 

There was a significant positive correlation 

between the cumulative temperature and cumulative 

pressure from the nesting to emergence (rs =0.771, n=6, 

p<0.05, Fig.4). The cumulative temperature during nest

ing to end of emergence was significantly negatively 
( 

correlated to the emergence success (rs =-0.943, n=6, 

p<0.01 ). According to Moran et al. (1999), activity of sea 

turtle hatchlings decreases at high temperature and the 

critical threshold temperature is 32.4°C. Loggerhead 

hatch lings cannot emerge above this degree. Taking these 

into consideration, we conclude that cumula ti ve 

pressure was supposed to cause temperature rise 

in nests and hatchlings trapped in thei r chambers is 
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Fig 2. Comparison of hatching success, emergence success, and number of beach users among examination 
areas in lnakahama Beach 
• indicate ANOVA followed Fisher's PSLD by post hoc test n=5-20 p<0.05 
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Fig 3. Relationship between cumulative pressure and 
emergence success rate 
(Spearman rank test rs= -0.829, n=6, p<0.05) 

probably due to heat, not direct physica l impact of 

pressure on the eggs. 

In this study, we clarified the mechanism of human 

impact on hatchling emergence of loggerhead turtles, 

which is not as sim ple as previo us ly tho ught . A 

conserva tion strategy for protecting nesting areas in 

Yakushima Island should be related carefu lly after 

further research. 

100 

80 . 
,......_ 
~ 
~ • "' "' 60 r ., 
0 
0 • ::, 

"' ., 
0 40 C ., 
~ 
"' E 20 Ul 

0 

0 20 40 60 80 100 120 140 

cumulative pressure(kg/cm2) 

Fig 4. Relation ship between cumulative pressure and 
cumulative temperature 
(Spearman rank test rs= -0. 771, n=6, p<0.05) 

ACKNOWLEDGMENT 

We would like to express our heartfelt gratitude 

to the residents people in Nagata district in Yakushima 

Island and volunteers of the field assistance. We also 

thank K. Omuta for giving us useful information on 

lnakahama beach. 



52 

REFERENCES 

Ackerman, R.A., 1980 Physiological and ecological aspects of gas exchange by sea turtle eggs. American 

Zoology., 20, 575-583. 

Bustard, H.R. and Greenham, P.M., 1968 Physical and chemical factors affecting hatching in the green sea 

turtle, Chelonia mydas (L.). Ecology., 46(2), 269-276. 

Campbell, G.C., 1985 Soil physics with basic. , Development in soil science., 14,6-12. 

McGehee M.A., 1990 Effect of moisuture on eggs and hatchlings of loggerhead sea turtle (Caretta caretta). 

Herpetologica., 46(3), 251-258. 

Moran, K.L., Bjorndal, K.A., and Bolten, A.B., 1999 Effects of the thermal environment on the temporal pattern of 

emergence of hatchling loggerhead turtles Caretta caretta. Mar. Ecol. Prog. Ser. , 189, 251-261 . 

Mortimer J.A., 1990 The influence of sand characteristics on the nesting behavior and cluch survial of green 

turtles (Chelonia mydas). Copeia., 1990(3), 802-817. 

Mrosovsky. N., Dutton. P.H., and Whitmore. C.P. 1984. Sex ratios of two species of sea turtle nesting in 

Suriname. Can. J. Zoo/., 62, 2227-2239. 

Peters. A., Koen. J., Verhoeven. F., and H. Strijbosch., 1994 Hatching and emergence in the Turkish Mediterra 

nean loggerhead turtle, Caretta caretta: natural cases for egg and hatchling failure. Herpetologica. , 50(3), 

369-373. 

Yakushima Umigame-kan., 2000 Annual report on investigation of sea turtles in Yakushima Island., 1-23 ( in 

Japanese). 




