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Figure 11. Steep slope at the Casuarina beach type, dead debris and swash mark 
showing the high tide level.  

Figure 12.  Casuarina plants till the high tide line of beach with very less dune 
vegetation. 
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6.3. Temperature 
6.3.1. Mean temperature 
Box plots revealed that the mean temperature is different at all three beach types; average 
temperature at Casuarina beaches (28.91 0C ± 0.28) is lower than the open beach (29.33 °C ± 0.39) 
and vegetated beach (29.72 °C ± 0.33) (Fig. 13). (One way ANOVA F(2, 9) = 5.722, p<0.05). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Tukey HSD multiple comparison tests showed that there is no difference in the mean 
temperature of Casuarina and open beaches, but there is a significant difference in the mean 
temperature of Casuarina and vegetated beaches. Temperature readings showed that the average 
temperature at all three beach types is significantly different.  

 

Table 6. Results of One way ANOVA for differences in the temperature between beach types. 

Effects  SS df MS F P 

Average temperature Between Groups 1.31 2 0.655 5.72 0.025 

 Within Groups 1.03 9 0.114   

4:00 pm Between Groups 3.043 2 1.522 3.07 0.097 

 Within Groups 4.468 9 0.496   

6:00 am Between Groups 5.517 2 2.758 57.4 0.000 

 Within Groups 0.432 9 0.048   

 

Figure 13. Box plots drawn for average day temperatures; 
taken from measurements done three times a day at each 
beach type and pooled data of study period. 
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6.3.2. Temperature at different times of the day 
Temperature graphs plotted at different times of the day showed that the temperature under 
Casuarina is lower in the early hours of the day till the afternoon, but is higher at night (Fig. 14). 
Variances were significantly different between the beach types at 4:00 pm (W (2, 9) = 4.87, p<0.05). 
ANOVA showed no significant difference in temperature between beach types at 4:00 pm (F (2, 9) 
=3.07, p>0.05). Even using the Welch and Brown-Forsythe statistics, the significance value of these are 
both > .05, so the null hypothesis is accepted. But there is a significant difference in the temperature 
between beach types at 6:00 am (F (2, 9) = 57.42, p<<0.05) and at 10:00 pm (x2

(2) =7.25, p>0.05) with 
similar variances (Table 6). Tukey HSD multiple comparison tests showed that there is a significant 
difference in the mean temperature between Casuarina and the other two beach types at 6:00 am 
(Table 7). Temperature graphs were also plotted for the three beach types at different distances from 
the high tide line (Fig. 15). 

Table 7. Multiple comparisons to see the difference between the beach types for average 
temperature and temperature at 6:00 am.  

Test 
statistics 

 Multiple 
comparison 

(I) beach 
types 

(J) beach 
types 

Mean 
Difference 

(I-J) 
Std. 

Error Sig. 

Tukey HSD Average 
temperature 

 Open  Vegetated  
-0.39 0.24 

0.288

     Casuarina 0.42 0.24 0.235

   Vegetated   Open 0.39 0.24 0.288

     Casuarina 0.81(*) 0.24 0.020

   Casuarina  Open -0.42 0.24 0.235

      Vegetated  -0.81(*) 0.24 0.020

Tukey HSD 6:00 AM  Open   Vegetated  -1.07(*) 0.16 0.000

     Casuarina  0.56(*) 0.16 0.013

   Vegetated   Open  1.07(*) 0.16 0.000

     Casuarina  1.64(*) 0.16 0.000

   Casuarina   Open  -0.56(*) 0.16 0.013

       Vegetated  -1.64(*) 0.16 0.000

* The mean difference is significant at the .05 level. 

 

Table 8. Krusakal-Wallis ANOVA for temperature difference between the beach types at 10:00 pm. 

Effect X2 df P 

10:00 pm 7.27 2 0.03 
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At 10:00 pm there is a significant difference in the temperatures (Table 8) (x2
(2) = 7.27, p< 

0.05).  Mann-Whitney U Test showed a significant difference in the temperature between open and 
Casuarina beaches (U=1, p<0.05 two tailed) (Table 9), while there is no difference in the temperature 
between vegetated and Casuarina beaches (U=4, p>0.04, two tailed).  

  

Table 9. Mann-Whitney U test for differences in mean temperature between open and Casuarina; 
vegetated and Casuarina beach types. 

Variables  Mann-Whitney U Wilcoxon W Z Asymp. Sig. (2-tailed) 

Open- Casuarina 1 11 -2.021 0.043 

Vegetated-Casuarina 4 14 -1.155 0.248 
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Figure 14. Temperature at different times of the day at each beach type. 
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 Figure 15. Pattern of temperature at different distances from high tide line for each beach type.
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6.4. Vegetation 
6.4.1. Species diversity and evenness  
Vegetation analysis showed the following results: 

 The number of native species recorded (S) at 3 year old plantations, 1 year old plantations 
and non-Casuarina areas are 3, 4 and 12 respectively.  Shannon diversity Indices, H for 3 year old 
Casuarina, 1 year old Casuarina and non-Casuarina beach is 0.35, 0.93 and 1.26 respectively, 
while the Evenness, EH is 0.32, 0.67 and 0.51 respectively. The evenness in 3 year old 
Casuarina plantations is lower than the other two beach types, and though the diversity in 
non-Casuarina areas is higher, evenness at 1 year old Casuarina plantations is higher than the 
non-Casuarina areas.  

 The total number of individuals of native species was recorded to be 335 in 3 year old 
Casuarina (6.9 individuals/m2), 2777 in 1 year old Casuarina (57.85 individuals/m2) and 3175 
in non-Casuarina (66.15 individuals/m2).   

 

6.4.2. Light intensity 
Box plots drawn for the proportionate light intensity under Casuarina plantations and non-Casuarina 
beaches shows that light intensity is much lower under Casuarina (Fig. 16). This might be a reason 
for finding fewer species under Casuarina. 
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Figure 16. Box plot for proportionate light intensity measured as 
a ratio of LUX reading inside the quadrat to open area outside to 
transact (values inside / outside). 
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7. Discussion  
 
7.1. Nesting 
During the previous year, SSTCN and TREE foundation recorded 60 and 66 nests, which is similar 
to that found during the study period. While there was little change in the nesting intensity between 
seasons, nesting at the Casuarina beach type for current season is low compared to previous records 
wherein Madras Crocodile Bank Trust documented 20 nests per season in the same area 
(Subramanean 2001; Devi & Mundoli 2004). The overall nesting intensity recorded earlier for the 
stretch from Mamallapuram to Chennai is 3.25 nests/night/10 km (Bhupathy & Saravanan 2001).  
Nesting is also low compared to the other two beach types. The beach has relatively remained the 
same at the Casuarina beach type; there has not been any developmental activity at the beach apart 
from the establishment of Casuarina plantations. The plantation is relatively young but still seems to 
have a considerable impact on nesting.  

The histogram plotted shows that most of the nesting occurred in the slope range of 5 to 8 
degrees. Irrespective of beach types, nesting occurs more in beaches that have gentle slopes 
presumably because access is easier.  Similarly, most of the nesting happened at a beach width of 5 
to 25 m. This demonstrates that the greater the beach width, the more likely it is that there is suitable 
nesting habitat.  Earlier studies have shown that olive ridleys nest at an average of 17.2 m from the 
high tide line on this coast (Bhupathy et al. 2007).  

 

7.2. Beach characteristics 
7.2.1. Slope 
The slope of the beach at Casuarina beach types is steeper than the other two beach types. This is 
primarily because of sand blockage by roots of Casuarina trees. Beach sand is constantly subjected to 
wind and wave born erosion, which is a natural process of a healthy beach. In Casuarina planted 
beaches, these dynamics and transport of sand has been retarded. Thousands of individual trees 
obstruct the flow and transport of sand.  This obstruction in transport results in the erosion of fore 
dune sand where the influence of Casuarina is absent, while sand gets piled up at the lateral margin of 
the plantation. As olive ridleys prefer to nest on beaches with a gentle slope, steep Casuarina beaches 
are not conducive for turtle nesting.  

 

7.2.2. Beach width 
Much of the nesting occurred where the beach width was 5 to 20 m, showing a preference for wider 
beaches. This was case at the open and vegetated beach types. The results also showed that the 
beach width available at Casuarina for turtles to nest is less than in open and vegetated beaches. 
Thus, Casuarina also impacts beach width, further reducing the space available to nest. All the nests 
in this area are vulnerable to flooding by sea water. The beach width might be narrow because of 
erosion of sand at the fore dune side of beach, with Casuarina roots holding sand and obstructing 
their transport. Secondly, the forest department may have planted Casuarina too close to the high 
tide line at some sites. 
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The comparison of beach width at the same point after two weeks revealed that there is no 
change in beach width, indicating that there is no fresh flux of sand enriching the beach. As a result 
the natural beach nourishment might have been stalled.    

 
7.3. Temperature  
Mean temperature in the morning was different from the evening. This shift in temperature can be 
attributed to the ecology of plants, which retain heat during the night. Sand absorbs and releases 
heat faster, which is the exact opposite of what happens under Casuarina plantations.  Thus the 
pattern in temperature fluctuation is quite different at Casuarina and open and vegetated beaches.   

The pivotal temperature, in which equal numbers of males and females are produced, is 
29.5°C for olive ridley sea turtles in Orissa (Dimond & Mohanty-Hejmadi 1983, 1986; Mohanty-
Hejmadi et al. 1985). Considering this, average temperature at Casuarina beaches 28.91 °C ± 0.28, is 
lower than the pivotal temperature of olive ridley turtles. So even if nesting occurs at Casuarina 
planted beaches, temperatures are likely to be lower and might result in male biased hatchling sex 
ratios.  

There was a significant variation in the mean temperature between the three beach types at 
different distances from high tide line. It follows a pattern in which there is gradual decrease in the 
mean temperature away from the high tide line.  

 

7.4. Vegetation 
The richness is lower in the quadrats laid at 3 year old and 1 year old Casuarina plantations in 
comparison to non-Casuarina beaches. Similarly, the total number of individuals, N, of all native 
species is less in both Casuarina beach than the non-Casuarina beach. 

Biomass also varies between beach types. Older Casuarina shades more leaves covering the 
whole floor with a thick mat of litter.  Similarly, the light available under Casuarina is very low; the 
older the plantation, the more it shades, and this reduces the availability of light for native ground 
vegetation.  Most of the native vegetation is creepers, which absorb nutrients and water from the 
ground, and are adapted to dunes. Under the thick canopy cover of Casuarina, these creepers are 
unable to survive. 

 The absence of native vegetation prevents the formation of dunes. The faunal community, 
including ghost crabs, lizards, sand dune skinks and other invertebrates, might be affected over time.  
In the long run, the loss of native species will prove detrimental for beach dynamics, which relies on 
the enrichment of new sand from littoral current and system flows can stagnate.  

 

 

 

 

 

 

 



Impact of Casuarina on sea turtles 
 

 35 
 

8. Conclusions 
 
The plantation of Casuarina equisetifolia in areas where it was not found before has dramatically 
changed the habitat and may have resulted in lower nesting of olive ridley turtles in these areas.  
Thus it is important to balance ecological needs with human requirements, to ensure that ecosystem 
processes in natural systems are maintained.   

Numerous studies have now questioned the protective value of bioshields, especially exotics 
such as Casuarina. Such plantations might have negative impacts on coastal systems, while having 
few positive benefits in terms of coastal protection. In fact, in many instances, the plantations are 
not even established in front of fishing villages because fisherfolk insist on having direct access to 
the sea. The plantations are established beside the villages where they can play no protective role and 
community support for the plantations therefore has been questionable (Rodriguez et al. 2008).  

Any permanent structure built in close proximity to the beach is always prone to erosion, 
and thus any developmental initiative near sand dunes or turtle nesting beaches should adhere to 
conservative set back requirements. Based on the study, most of the nesting occurred at a distance 
of 5 to 50 meters from high tide line. A setback distance of 50 meters should be fixed as a no 
activity zone; this has to be made mandatory to ensure natural sand dynamics. This set back distance 
should be greater at shorelines with more dynamic cycles of erosion and accretion.  If property and 
lives are threatened by erosion or storms they should be moved away from the sea if at all possible; 
armoring and shelterbelt development, which are expensive and have uncalculated ecological 
damages, should be the last priority.  

Sea turtles have been around for millennia; they have seen many drastic changes throughout 
their ancient history, and although their numbers may have declined on many occasions they have 
managed to survive. They have adapted to these dynamic systems which often change from year to 
year. The human need to impose stability on these fundamentally unstable ecosystems may destroy 
both the system itself and the fauna that depend on it, such as sea turtles. It is necessary to develop 
policy and management strategies that can cope with the inherent dynamic nature and instability of 
these crucial coastal habitats.  
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Appendix 1 
 
Table I: Checklist of plant species recorded across three study site using 4  4 quadrats. 

Sr No Species Family 

1 Ipomoea pes-capre Convolvulaceae 

2 Ipomoea  carnea Convolvulaceae 

3 Spinifex littoreus Poaceae 

4 Launea sarmentosa Asteraceae 

5 Cyperus arenarius Cyperaceae 

6 Oldenlandia umbellata Ribiaceae 

7 Pupalia lappacea Amaranthacease 

8 Mollugo pentaphylla Mulluginaceae 

9 Alysicarpus rugosus Papilionaceae 

10 Glinus oppositifolius Molluginaceae 

11 Fimbrystilis miliacea Cyperaceae 

12 Calotropis gigantia Asclepidiaceae 

13 Vinca rosea Apocynaceae 

14 Sida cordifolia Malvaceae 

15 Sida acuta Malvaceae 

16 Pergularia daemia Asclepiadaceae 

17 Lucas aspera Labiatae 

18 Tephrosia pumila Fabaceae 

19 Pandanus tectorius Pandanaceae 

 

Table II: Diversity indices of native vegetation in different areas. 

 

 

 

 

 

 

 

CP3: Casuarina Plantation 3 year old; CP1: Casuarina plantation 1 year old; NC : Non-Casuarina area

No Indices CP3 CP 1 NC 

1 Richness S 3 4 12 

2 N 335 2777 3175 

3 Shannon’s diversity Index, H 0.35 0.93 1.26 

4 Evenness EH  0.32 0.67 0.51 

5 Litter Biomass(gm/m2) 159.65 70.69 0 
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Appendix 2 
 
Table I: Descriptive statistic; mean and standard deviation for average temperature, temperature at 

6:00 am, 4:00 pm and 10:00 pm. 

Effects Beach type  N Mean Std Dev

Average temperature  Open 4 29.33 0.39

 Vegetated  4 29.72 0.33

 Casuarina 4 28.91 0.28

6:00 am Open 4 26.53 0.06

 Vegetated  4 27.6 0.32

 Casuarina 4 25.96 0.19

4:00 pm Open 4 33.62 1.15

 Vegetated  4 32.87 0.39

 Casuarina 4 32.4 0.07

10:00 pm Open 4 27.85 0.1

 Vegetated  4 28.69 0.47

 Casuarina 4 32.25 0.72

Beach Width Open 8 27.49 8.54

 Vegetated 8 13.11 9.39

  Casuarina 8 4.51 3.13

 

 

Table II: Test of normality for temperatures at different time of the day with Kolmogorov-Smirnov(a) 
and Shapiro-Wilk. 

Effect  Kolmogorov-Smirnov(a) Shapiro-Wilk 

  Statistic df Sig. Statistic df Sig. 

4:00 pm .217 12 .123 .886 12 .104 

6:00 am .215 12 .130 .913 12 .233 

10:00 pm .240 12 .054 .826 12 .019 
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Table III: Test of normality for Slope by Kolmogorov-Smirnov and Shapiro-Wilk. 

 Kolmogorov-Smirnov(a) Shapiro-Wilk 

  Statistic df Sig. Statistic df Sig. 

Open .253 7 .196 .916 7 0.442

Vegetated  .247 8 .162 .736 8 0.006

Casuarina .273 8 .081 .850 8 0.095

 

Table IV: Test of normality for beach width by Kolmogorov-Smirnov and Shapiro-Wilk. 

BEACH TYPE Kolmogorov-Smirnov(a) Shapiro-Wilk 

  Statistic df Sig. Statistic df Sig. 

Open .185 8 .200(*) .933 8 0.540 

Vegetated  .263 8 .110 .827 8 0.055 

Casuarina .237 8 .200(*) .886 8 0.216 

* This is a lower bound of the true significance 

 

Table V: Levene statistic to test the homogeneity of variances. 

Effect  Levene Statistic W df1 df2 Sig. 

Slope  7.887 2 21 0.003 

Beach width 4.410 2 21 0.025 

Average temperature  .211 2 9 0.813 

6:00 am 2.433 2 9 0.143 

4:00 pm 4.871 2 9 0.037 
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