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BEFORE THE NATIONAL GREEN TRIBUNAL (SZ) CHENNAI  

MEMORANDUM OF APPLICATION 
(Under Section 18(1) read with Sections 16 (h) of National Green Tribunal 

Act, 2010) 
 

Appeal No.14 of 2022 

M. Yuvadeeban         ...Appellant  

 

Vs. 

Department of Fisheries & Ors.       ...Respondents  

 

AFFIDAVIT DATED 27.11.2022 FILED BY THE APPELLANT PURSUANT TO 
THE ORDER DATED 14.11.2022 

I, M. Yuvadeeban s/o Margaret Lawrence, aged about 26 years, residing at B2, 
Ramaniyam Marvel, Seshadripuram, 1st main road, Velacherry, Chennai 42, do hereby 
solemly affirm and sincerely state as follows:  

1. I am the Appellant herein and am aware of the facts and circumstances of the 

case and am competent to affirm to the contents of this affidavit.  

2. I submit that during the course of the hearing on 14.11.2022,  it was submitted 
that the presence of inter alia, the admitted seagrass beds in the estuary and 

the fact that the coast is admittedly a turtle nesting ground, entitles it to 
protection of the law as a CRZ 1A area, where harbours are not permitted to 

be established.  
3. This Hon’ble Court directed the appellant to file a note on the impact of the 

construction of training walls on nesting of the olive ridley turtles.  

Training walls and impact on turtle nesting  

4. The project involves the construction of two training walls, dredging, removal 

of  the sand bar and permanent opening of the estuary mouth. The fact that 
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erosion would occur on the Northern side (Alamparai kuppam) side is an 
admitted fact in reports of the project proponent.  

Alamparaikuppam  

5. In the rejoinder filed by the appellant, detailed submissions have been made 

on this aspect and relevant pages from the EIA, feasibility reports and time 
series google earth imagery have been filed. The coast to the north of the 

training wall will experience severe erosion on account of net loss of sediment 
and given the fact that the shoreline north of the estuary mouth already faces 

erosion which is managed naturally – the coast is in a state of dynamic 
equilibrium, which is impaired irreversibly when interfered with by hard 

structures such as breakwaters, groynes etc.  
6. The respondents do not dispute the fact that the coast on the Alamparai side 

will undergo severe erosion on account of the training walls to be constructed. 

The solution of three groyne fields proposed in the counter affidavit is adding 
insult to injury – it will exacerbate the problem and cause erosion of the 

shoreline to the north and result in construction of more groynes and seawalls 
– permanently destroying the coast. It is the mindless construction of groynes 

and seawalls by the fisheries department and public works department which 
caused the destruction of our coast – this Hon’ble Tribunal in its orders in OA 

No.4 of 2013, has finally put a stop to it.  
7. Irrefutable evidence of Turtle nesting on the Alamparai side : 

1. Report of the DFO to APCCF dated 11.04.2022 provides a table with 73 
nests in 2021-2022.  

2. See data from Tree foundation (which works for the forest department) 
from 2010 – 2022 @ page 694 (rejoinder – File D) 

3. Photos of turtle nesting on the Alamparai coast with GPS locations @ 
page 741 – 782  (rejoinder – File D) 

4. Google earth imagery with turtle nests on the Alamparai coast in 2021-
2022 @ page 783 (rejoinder – File D) 

8. Due to the construction of the training walls, the beach will get eroded and 
these turtle nesting grounds will be destroyed. This is impermissible in law.  
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Azhagankuppam 

9. On the Southern side (Azhagankuppam side), there will be a net accretion of 
sand, causing a build-up of sediment in the immediate vicinity of the southern 

training wall.  
10. The Azhagankuppam coast is an admitted turtle nesting ground:  

1. GO Ms.146  dated 27.09.2016 mentions Azhagankuppam 
2. Report of the Conservator of Forests , Villupuram to the PCCF dated 

18.04.2022 clearly states that during 2021-2022 at Azhagankuppam 
village 33 nests have been identified and 3717 eggs have been collected. 

The report also states that the location where the retaining walls 
(training wall) are to be constructed and dredging (digging) is a habitat 

of olive ridley turtles. Forest range officer’s report dated 12.04.2022 also 

provides the above information.  
3. Map submitted by the forest department of nest locations shows nests 

on the sand bar – clear proof that the sand bar itself is a nesting ground. 
The sand bar is wide and does not shift during the turtle nesting season.  

11. The respondents, including the forest department, without any pleading or 
evidence, submitted that the fact that accretion of sand would occur on the 

Southern side (Azhagankuppam side), would help turtle nesting as turtles 
would have a wider beach to nest. This contention is devoid of logic and merit.  

12. Firstly, the training wall itself is proposed to constructed on the sand bar, which 
is identified as a turtle nesting ground by the forest department. The 

construction of the training wall, removal of the sand bar to open up the mouth 
would destroy this turtle nesting ground. This is impermissible in law.  

13.  Secondly,  Turtles do not land up in larger numbers to a specific spot because 
more sand is available. The coast on the Azhagankuppam side is already an 

active turtle nesting ground with a wide beach. The accretion in no way would 
“improve” the turtle nesting grounds.  

14. Turtles are born with magnetite particles in their brain, which imprints  location 
as soon as they emerge. Using the earth’s magnetic field as a guide, turtles 

910



return to the beaches where they were born. Therefore, the contention that 

more sand and a wider beach will be available and hence more turtles will come 
ashore to nest lacks substance. Studies on turtle’s magnetic orientations are 

annexed as Annexure A-73.  
15. Thirdly, accretion of sand on the southern side would alter the profile of the 

beach and affect turtle nesting. Studies have shown that beaches formed by 
non-natural processes are not conducive for turtle nesting.  

16. A study titled “Effects of Beach Nourishment on Sea Turtles: Review and 
Research Initiatives” by D. Andrew Crain et al states, "A review of the literature 

on sea turtles and beach nourishment found certain problems repeatedly 
identified. For nesting females, characteristics induced by nourishment can 

cause (1) beach compaction, which can decrease nesting success, alter nest-
chamber geometry, and alter nest concealment, and (2) escarpments, which 

can block turtles from reaching nesting areas. For eggs and hatchlings, 
nourishment can decrease survivorship and affect development by altering 

beach characteristics such as sand compaction, gaseous environment, hydric 
environment, contaminant levels, nutrient availability, and thermal 

environment. Also, nests can be covered with excess sand if nourishment is 
implemented in areas with incubating eggs" Copy annexed as Annexure A-

74.  

17. A study titled “The Nest Environment and the Embryonic Development of Sea 
Turtles” by Ralph A. Ackerman states, "In particular, renourished beaches 

appear to be harder than natural beaches and a vertical erosional scarp often 
forms on the surface zone of the beach" Copy annexed as Annexure A-75.  

18. It is submitted that beaches formed due to accretion are not natural beaches 
– their profile is very different from a beach formed by natural process – they 

are similar to a beach formed by nourishment.  
19. The argument raised by the respondents is devoid of merit and no “benefit” 

occurs to the Azhagankuppam side due to the training walls in so far as turtle 
nesting is concerned.  

20.  Further, the respondents are silent about the impact of increased motorised 
boat traffic in the area on turtle mortality. The leading causes for turtle 
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mortality when they migrate and approach nesting grounds are propeller hits 

from boats and death due to entanglement in nets. This is an acknowledged 
fact. A study titled “Incidental Capture and Mortality of Olive Ridley Turtles 

(Lepidochelys olivacea) in Commercial Trawl Fisheries in Coastal Waters of 
Orissa”, India by G. V. Gopi et al states,  "This study concludes that more than 

70% of turtle captures in shrimp trawl fisheries in Orissa occurred within 5 km 
from shore. These were in generally shallow waters, less than 10 fathoms. A 

steep increase occurred in the mortality rate when the duration of the trawl 
was extended beyond 2 hours. Strandings were higher in zones where there is 

heavy marine fishing and high sea turtle abundance." Copy annexed as 
Annexure A-76.  

21. A study titled Threats to sea turtles on the Rameswaram – Dhanushkhodi Coast 
by S. Krishnapillai states” "Sea turtle populations in this area have already been 

depleted due to their over-exploitation for trade and from accidental drowning 
in fishing gear of gill nets and trawlers (Bhupathy and Saravanan, 2002). Boat 

propellers can also cause damage to the flippers and shells of sea turtles." The 
study further states, "Introduction of mechanisation in fisheries resulted in the 

accidental catch of turtles in gillnets, which became a major threat to their 
populations.” Copy annexed as Annexure A-77. 

22. It is reiterated that the impact of fishing vessels on turtles has not even been 
discussed in the EIA reports submitted for the present project.  

Bird diversity of Yedayanthittu estuary  

23. The E-bird checklist showing 165 species of birds observed at the estuary. A 

note by Dr. Shantaram has already been filed on the importance of shallow 
estuaries to birdlife. The list of Globally threatened species of birds at 

Yedaiyanthittu estuary (https://www.birdsofindia.org/IUCN-Red-List) : 
1. Black-headed Ibis 
2. k Pallid harrier 
3. Painted stork 
4. Spot-billed Pelican 
5. Oriental darter 
6. Grey-tailed tattler 
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7. Eurasian curlew 
8. Great knot 
9. Black tailed Godwit 
10. Curlew Sandpiper 
11. Lesser Flamingo 

 
24. 68 species of migratory birds at Yedaiyanthittu estuary are listed under 

Convention on migratory species as well.  
1. Brown Shrike 

2. Black-headed Gull 

3. Rosy Starling 
4. Purple Heron 

5. Common Kestrel 
6. Green Sandpiper 

7. Brown-headed Gull 
8. Blyth's reed warbler 

9. Pintail Snipe 
10. Oriental Honey Buzzard 

11. Pallid Harrier 
12. Lesser Black backed Gull 

13. Pacific Golden Plover 
14. Common Sandpiper 

15. Pied Cuckoo  
16. Grey Tailed Tattler 

17. Barn Swallow 
18. Osprey 

19. Eurasian Marsh Harrier 

20. Spotted Redshank 
21. Eastern Yellow Wagtail 

22. Greylag Goose 
23. Northern Shoveller 

24. Eurasian Wigeon 
25. Northern Pintail 
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26. Green Winged Teal 

27. Whimbrel 
28. Curlew 

29. Common Snipe 
30. Wood Sandpiper 

31. Common Redshank 
32. Peregrine falcon 

33. Garganey 
34. Dunlin 

35. Asian Brown Flycatcher 
36. Blyth's Pipit 

37. Lesser Sand plover 
38. Greater sand plover 

39. Kentish Plover 
40. Caspian tern 

41. Montagu's Harrier 
42. Great Knot 

43. Slender Billed Gull 
44. White winged tern 

45. Sandwich tern 

46. Ruddy Shelduck 
47. Greater Flamingo 

48. Lesser Flamingo 
49. Pied Avocet 

50. Black tailed Godwit 
51. Pallas Gull 

52. Whiskered Tern 
53. White Stork 

54. Green Warbler 
55. Black Bellied Plover 

56. Little Ringed Plover 
57. Ruff 
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58. Curlew Sandpiper 

59. Temminck's Stint 
60. Little Stint 

61. Terek Sandpiper 
62. Common Greenshank 

63. Marsh Sandpiper 
64. Little tern 

65. Common tern 
66. Western Yellow wagtail 

67. Richard's Pipit 
68. Paddyfield Pipit 

 
25.  It is submitted that Asian Waterbird Census (AWC) is an integral part of the 

global waterbird monitoring programme, the International Waterbird Census 
(IWC), coordinated by Wetlands International. The AWC was initiated in 1987 

in the Indian subcontinent and since has grown rapidly to cover major region 
of Asia, from Afghanistan eastwards to Japan, Southeast Asia and Australasia. 

The census, thus covers the entire East Asian – Australasian Flyway and a large 
part of the Central Asian Flyway. Data from the annual census (January 2022) 

carried out by them was requested from its Tamilnadu State coordinator and is 

filed herewith as Annexure A-78.   
26. Data on bird diversity was also requested from Birdcount India, a coalition of 

several organisations working on conservation and citizen science and the lists 
of species given by them for the Yedayanthittu estuary as well as the Alamparai 

fort area of the estuary are annexed as Annexure A-79.  
27. It is submitted that the report of the Annamalai university submitted by the 

project proponent for the purpose of obtaining the impugned clearance, at page 
73 of the report records that during the survey wide variety of migratory water 

fowls were observed at the survey stations. Extract below. 
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28. It is submitted that the importance of the Yedayanthittu estuary are for birdlife 
cannot be doubted and it is important to protect the estuary from any 
disturbance.  

Seagrass beds  

29. The estuary is covered in seagrass beds. The presence of seagrass beds in the 
estuary is recorded in several published literature, copies of which have been 

filed by the appellant in file B.  
30. The report of the Annamalai university submitted by the project proponent to 

the SEIAA states at page 72 under the head “Other ecologically sensitive 
groups” also records the presence of seagrass at the survey stations. Extract 
below: 
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The location of the survey stations is at page 5 of the report, figure 1. The 

latitude and longitude provided in Table 1 is marked in the image provided in 
figure 1. It shows that the survey stations covered the area from the estuary 
mouth to the areas well past the harbour locations. 
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31. It is submitted that the appellant has pleaded in the appeal as well as the 

additional affidavit, rejoinder about the presence of seagrass beds in the 
estuary and that the sites ought to be protected as CRZ 1 A.  

32. In order to further obviate any doubt about the presence of seagrass beds in 
the estuary, the Azhagankuppam harbour site was visited on 20.11.2022 and 

photos and videos of seagrass beds right at the site where the project 
proponent commenced dumping of sand and reclamation. The area around this 

site was also surveyed and seagrass beds were recorded. A video clipping is 
uploaded at this link : https://drive.google.com/file/d/1l-

4jhPSwyKpkhn5poUV3V4E9OlinZyWg/view?usp=share_link . A photo of the 
seagrass beds adjacent to the Azhagankuppam site is pasted below for 
reference, photos and videos marked as Annexure A 80.  
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Effects of Beach 
Nourishment on Sea 
Turtles: Review and 
Research Initiatives 
D. Andrew Crain1.2 
Alan B. Boltenu 
Karen A. Bjorndall.2 

Abstract 

Beach nourishment is an engineering solution to erosion 
of beaches. As in any restoration project, the goals of beach 
nourishment are the restoration of habitat to promote sur- 
vival of plants and animals and to maintain aesthetically 
pleasing sites for humans. Unfortunately, beach nourish- 
ment sometimes alters parameters of the natural beach, 
decreasing the reproductive success of sea turtles. Engineers 
have recognized this problem and are working to improve 
nourishment practices. Biologists must specify problems in- 
curred by sea turtles as a result of beach nourishment so 
that they may be addressed. A review of the literature on 
sea turtles and beach nourishment found certain problems 
repeatedly identified. For nesting females, characteristics 
induced by nourishment can cause (1) beach compaction, 
which can decrease nesting success, alter nest-chamber ge- 
ometry, and alter nest concealment, and (2) escarpments, 
which can block turtles from reaching nesting areas. For 
eggs and hatchlings, nourishment can decrease survivor- 
ship and affect development by altering beach characteris- 
tics such as sand compaction, gaseous environment, hydric 
environment, contaminant levels, nutrient availability, and 
thermal environment. Also, nests can be covered with ex- 
cess sand if nourishment is implemented in areas with in- 
cubating eggs. The extent and implication of each problem 
are discussed, and future research initiatives are proposed. 

lArchie Can- Center for Sea Turtle Research, University of 
Florida, Gainesville, FL 32611, U.S.A. 
2Department of Zoology, University of Florida, Gainesville, 
FL 32611, U.S.A. 
3Department of Wildlife and Range Sciences, University of 
Florida, Gainesville, FL 32611, U.S.A. 
Address all correspondence to: D. Andrew Grain. 

Cl 1995 Society for Ecological Restoration 

B each nourishment is the placement of beach fill as an 
engineering solution to beach erosion. Virtually all 

habitats have been altered by human influences, and beaches 
are included in the list of habitats requiring restoration. In 
this sense, beach nourishment should be viewed as having 
great potential to help sea turtle populations by providing 
nesting habitat that would otherwise be unavailable. 
Nourishment should not be viewed as a practice necessar- 
ily harmful to sea turtles. Although nourishment techniques 
may pose problems for sea turtles, properly enacted 
management techniques can alleviate many of these prob- 
lems (Nelson & Dickerson 1988a). Because halting beach 
nourishment activities is not a viable option, modifications 
of current nourishment methods are required. Engineers 
have begun to consider sea turtles in the design criteria for 
nourishment projects (Montague 1993), but a thorough re- 
view of how the changes induced by nourishment can af- 
fect sea turtles is lacking. We review beach nourishment 
as it relates to life-history stages of sea turtles and offer sug- 
gestions for future research initiatives. Many of the studies 
cited in this review are derived from "gray" literature, and 
therefore their conclusions must be considered with cau- 
tion. Nevertheless, a synthesis of current information is 
necessary. We hope that this review will stimulate collabo- 
rations between engineers and biologists. Such endeavors 
can result in a solution satisfying both the biological re- 
quirements of sea turtles and the engineering and economic 
requirements of humans. 

Effects of Beach Nourishment on Nesting Females 

Female turtles require certain beach characteristics to nest 
successfully, and beach nourishment has the potential to 
change some of these physical characteristics. Adult female 
turtles s h y  a nesting beach from the water before emerg- 
ing to nest (Carr & Ogren 1960; Hendrickson 1982). This 
behavior apparently is one method by which a turtle as- 
sesses the quality of a potential nesting beach. Other 
methods that sea turtles use to assess beaches are unknown, 
but Mortimer (1982) noted that sand-grain size is not an 
important factor in a turtle's choice of nesting beach. Ob- 
viously, placement of sand on eroded beaches increases the 
habitat available for nesting, and the total number of nests 
and turtle crawls often increase after nourishment (Lund 
1986; Witham 1990; Flynn 1992). Therefore, the amount 
of habitat available to a turtle after beach nourishment is 
not the problem; it is the quality of that habitat that is of- 
ten questionable. Unless drastic alterations in beach profile 
result, it is doubtful that beach nourishment affects beach 
selection by a nesting female. 

After emerging from the sea, a female turtle must crawl 
up the beach and select a nesting location. Nest placement 
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Beach Nourishment and Sea Turtles 

has important consequences for reproductive success: place- 
ment can affect a female's reproductive success and fitness 
through her own survival, the survival of her offspring, and 
the sex of her offspring (Bjomdal & Bolten 1992). How are 
nest sites selected, and how can characteristics induced by 
nourishment alter such selection? Stoneburner and Richard- 
son (1981) hypothesized that nest-site selection by Caretta 
caretta (loggerhead turtle) may be related to thermal gra- 
dients in beach sand, but adequate support for this hypoth- 
esis has not been generated. No consistent pattern of nest 
distribution was found in a study of Chelonia mydas (green 
turtle) at Tortuguero, Costa Rica (Bjomdal & Bolten 1992), 
or in a study of Dermochelys coriacea (leatherback turtle) 
at Saint Croix, U.S. Virgin Islands (Eckert 1987). Because 
nest-site selection by female turtles is poorly understood, 
it is difficult to predict any effects that changes induced by 
nourishment could have on selection of a nest site. 

Important physical characteristics of beaches include 
sand-grain size, grain shape, silt-clay content, sand color, 
beach compaction, moisture content, mineral content, sub- 
strate water potential, and porosity/gas diffusion (Nelson 
1992a). Beach profile may also be an important character- 
istic. Alterations of these physical characteristics can make 
beaches unsuitable for sea turtle activity. Therefore, per- 
haps the most critical step in an environmentally sound 
nourishment project is choice of quality fill material (Yanno 
& Sultzrnan 1992). Optimal fill material is sand that closely 
matches the physical qualities of the natural beach (Coastal 
Engineering Research Center 1984). Replacement sand is ob- 
tained from three main sources: inlets, channels, or offshore 
borrow pits. Offshore borrow pits provide sediments more 
similar to natural beach sediments, but sources of such sand 
are becoming scarce and alternative sources are being ex- 
plored. Sediment types vary in amount of carbonate sand, 
quartz sand, shell, coral, clay, and silt content. Sediments 
with high clay or silt content (perhaps greater than 5-10%) 
must be avoided because beach compaction or concretion 
can result from the dryii of newly laid sediments (Dean 
1988). 

Increased compaction as a result of nourishment may de- 
crease nesting success by impeding or preventing nest ex- 
cavation by a female sea turtle (Mann 1977). Nourishment 
can cause compact beaches by (1) increasing the siltklay 
percentage of a beach (W. G. Nelson 1985), (2) changing 
grain size or shape (W. G. Nelson 1985; Nelson 1985; Nel- 
son & Mayes 1986), (3) altering natural grain layering (Nel- 
son 1985; Nelson & Mayes 1986), and/or (4) use of con- 
struction equipment on the beach (W. G. Nelson 1985; 
Nelson & Mayes 1986). Compaction of a beach has been 
quantified by two methods: (1) by determining the bulk den- 
sity of a core sample, which is the ratio of dry soil mass 
to its total volume (mass of dry sand/total volume of dry 
sand), and (2) by measuring sediment shear resistance or 
ability to penetrate the sand. Bulk density is measured from 
a standard volume core sample extracted from the beach, 

whereas shear resistance is measured with a cone penetrom- 
eter which is thrust into the sand to determine resistance 
in cone index units (CIUs; same as cone penetrometer in- 
dex units, CPUs; often converted to poundsper square inch, 
PSI). Shear resistance would seem to be the better of the 
two methods for predicting a turtle's ability to dig through 
the sand, and thus the better measurement. Shear resistance 
is used to estimate compaction, although factors other than 
compaction can cause increased shear resistance (Spangler 
& Handy 1982). For simplicity we will assume that mea- 
surements of increased shear resistance indicate compac- 
tion, but this may not always be true. 

The U.S. Army Corps of Engineers offers guidelines for 
measurement techniques and analysis of beach compaction 
using a cone penetrometer (Nelson 1992b). The guidelines 
suggest beach tilling on beaches where the 6" or 12" cone 
index value exceeds an average of 750 CIU. Beaches with 
a 12" cone index value between 650 and 750 CIU require 
further evaluation to determine the need for tilling. These 
criteria led engineers and management agencies to assume 
that an optimal compaction for sea turtle nesting exists (Ap- 
plied Technology and Management, Inc. 1991). The impor- 
tant consideration of compaction measurement is not some 
optimal value, however, but the natural variance in com- 
paction values and the nesting success on beaches with such 
values. Reasons for variations in beach compaction are im- 
portant to uncover. 

The designation of 750 CIU as the maximum acceptable 
compaction value was based on surveys of Atlantic beaches 
in Florida (Nelson 1987). It has been suggested that Florida's 
Gulf Coast beaches are naturally more compacted, and that 
the 750 maximum CIU designation is not applicable to Gulf 
beaches (Hodgin et al. 1993; Truit & Foote 1993). A study 
on a Gulf beach of M a m  Island, Florida, consistently found 
compaction levels exceeding 750 CIU on both natural and 
nourished portions of beach, and turtle nesting occurred 
on both beach types (Coastal Engineering Consultants, Inc. 
1992). Density of turtle nesting is much lower on Florida's 
Gulf Coast beaches than on the Atlantic Coast beaches, sug- 
gesting that sand compaction acts as a natural limitation 
to sea turtle nesting activities. 

Compaction is a problem associated with beach nourish- 
ment but does not occur with every nourishment project. 
Rimkus (1992) inferred that of six natural and six nourished 
beaches studied, natural beaches were more compacted 
based on bulk density measurements. Nevertheless, shear 
resistance is often higher on nourished beaches than on nat- 
ural beaches in the same area (Nelson & Dickerson 1988b, 
1989; Moulding & Nelson 1988; Parkinson & Ryder 1992). 
Apparently due to increased compaction, nesting success 
[(female nesting emergences/female total emergences) X 
1001 commonly decreases in the first nesting season after 
nourishment but returns to normal values in subsequent 
years (Raymond 1984; Burney & Mattison 1992, 1993; 
Lebuff & Haverfield 1992; Burney & Margolis 1993). Foote 
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and Sprinkel(1994) noted a negative relationship between 
compaction and nesting success, but the correlation was not 
significant. Compacted sand caused by beach nourishment 
can last from one to seven years, depending on weather and 
wave conditions (Moulding & Nelson 1988); quality of sedi- 
ment also determines duration of compaction. 

Nelson et al. (1987) prescribe beach tilling to soften com- 
packed sediments after nourishment activity. Tilling appears 
to reduce compaction (Nelson et al. 1987; Nelson & Dick- 
erson 1988c), but the effect of tilling on sea turtle nesting 
success and hatching success is not dear. A study of the 
effectiveness of beach tilling in increasing female nesting 
success showed no significant difference in mean nesting 
success on tilled and untilled nourished beaches (data ana- 
lyzed from Dickerson & Moss 1990). We found no studies 
addressing the effect of tilling on hatchling emergence. The 
Recovery Plan for the U.S. Population of Loggerhead Tur- 
tles (National Marine Fisheries Services and U.S. Fish and 
Wildlife Service 1991) recommends that the effectiveness 
of tilling on softening beaches be fully evaluated to deter- 
mine the persistence of beach softening, frequency of till- 
ing required, and the best mechanical method for soften- 
ing. Although this recommendation is still applicable and 
studies in this area are needed, emphasis should not be 
placed solely on correcting compaction once it has occurred. 
Efforts would be best spent studying methods to prevent 
compaction during beach nourishment (Nelson & Dicker- 
son 1988~). 

Other physical characteristics of the beach can be modi- 
fied as a result of nourishment. Steep escarpments often 
form as the nourished beach adjusts to its new profile. These 
escarpments can restrict turtle access to the nesting beach 
(Davis et al, 1993) and usually result in increased non- 
nesting emergences (Gahagan and Bryant Associates 1990; 
Steinitz 1990,1991; Bagley et al. 1994; Ehrhart et al. 1994). 
Bagley et al. (1994) and Ehrhart et al. (1994) note increased 
nesting activity on beaches adjacent to those with escarp- 
ments, suggesting that deterred animals were able to nest 
successfully on nearby beaches. Scarps normally dissipate 
with time as the beach assumes a natural profile (Steinitz 
1991), but they can be smoothed with construction equip- 
ment as they form to alleviate problems associated with sea 
turtles (Nelson 1991). 

Proper nest-chamber geometry is fundamental to the suc- 
cess of a nest. In a survey of three nourished and three nat- 
ural beaches, Fletemeyer (1983) noted that turtles nesting 
on nourished beaches constructed shallower nests. A recent 
study of loggerhead nests showed no significant difference 
in mean nest depth between nests on a nourished and a nat- 
ural beach, but it did find a significant difference in the vari- 
ance of the nest depths (Carthy 1994). More research is 
needed to evaluate the effects of nourishment on nest-cham- 
ber geometry and egg incubation. 

After depositing her eggs, a female turtle attempts to cam- 
ouflage her nest to conceal it from predators. Changes im- 

posed by nourishment could inhibit nest concealment and 
make the nest more prone to predation. Nelson and Dick- 
erson (1987) found no differences in the time spent camou- 
flaging nests on nourished versus natural beaches. Ryder 
(1991), however, observed that many nesting females on 
a nourished beach failed to cover the nest with a disguising 
mound of sand, whereas females on a control beach had 
no such problem. Raccoon predation was much higher (9%) 
on the nourished beach than on the natural beach (0.5%). 
Ryder attributed increased predation on the nourished 
beach to a higher raccoon population associated with an 
adjacent recreational area. A thorough study that avoids 
pseudoreplication is necessary to determine criteria that af- 
fect nest predation. 

Effect* of Beach Nourishment on Eggs and Hatchllngs 

Physical and chemical changes induced by nourishment 
could have detrimental effects on the survival and future 
reproductive contribution of developing embryos and ernerg- 
ing hatchlings. Three main abiotic factors that influence the 
survival of reptilian eggs are temperature, gas diffusion, 
and available moisture (Packard & Packard 1988). These 
factors have a tremendous impact on egg survival due to 
the semipermeable nature of the reptilian egg. During the 
development of a sea turtle embryo, a mesh of blood ves- 
sels, emanating from the embryo's umbilicus, coats the in- 
side of the shell. This vascularization transports gases- 
(most important, oxygen) - and nutrients that diffuse across 
the shell to the embryo, permitting normal development 
and growth. 

The availability of gases to the embryo is a result of the 
physical properties surrounding the nest. Geological and 
physical factors can alter physical properties of a beach and, 
thus, the characteristics of gas movement in beaches (Ac- 
kerman 1980). As an example, consider the way an embryo 
obtains oxygen. Diffusion is the primary mechanism of ox- 
ygen exchange between the developing embryo and the air 
(Prange & Ackerman 1974). Therefore, any alteration in 
the physical characteristics driving oxygen diffusion could 
inhibit the embryo from obtaining oxygen. Indeed, Acker- 
man (1981) found that embryonic growth slowed and mor- 
tality increased in environments in which gas exchange was 
reduced below levels occurring on "natural" beaches. Be- 
cause the oxygen consumption of turtle embryos increases 
during the latter half of embryonic development (Maloney 
et al. 1990), embryos in these stages may be particularly 
sensitive to altered beach characteristics. 

The hydric environment surrounding buried eggs is im- 
portant to the hydric, thermal, respiratory, and osmotic 
properties that affect egg incubation (Ackerman 1991). The 
hydric environment of a beach depends on the type and 
size of sand grains and the sorting of these grains on the 
beach; all three factors can be altered on nourished beaches. 
Nourished beaches often retain significantly more water 
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than do natural beaches (Ackerman et al. 1991,1992; Broad- 
well 1991; Rimkus 1992; Parkinson et al. 1994), probably 
due to alterations in sediment type and size. This increased 
water content can drown eggs (Horikoshi 1992) or increase 
heat capacity, which can buffer temperature changes (Ac- 
kerman et al. 1985). McGehee (1990) found that 25% wa- 
ter by weight was optimal for loggerhead eggs. Water con- 
tent is not an accurate measure of water availability to the 
egg, however; water potential is the more appropriate mea- 
sure. Water potential is a measure of the energy required 
to overcome forces of adhesion, cohesion, and ionic attrac- 
tion that bind molecules of water to soil particles. Water 
potential and absolute moisture content are related in a non- 
linear fashion, but it is water potential that actually dic- 
tates the diffusion of water across the eggshell. Each sedi- 
ment type has a different water potential and, thus, the 
results of McGehee (1990) cannot be extrapolated to other 
sediments. The water potential of beach sediments should 
be measured before and after nourishment to assure that 
alterations in available moisture do not occur. In a survey 
of 15 beaches in Florida, Ackerman et al. (1992) noted that 
although nourished beaches have significantly greater wa- 
ter content than natural beaches, there is little difference 
in water potential between nourished and natural beaches. 

Most minerals essential for embryonic growth are in the 
egg prior to oviposition (Palmer & Guillette 1991). It is pos- 
sible, however, that externally derived minerals are required 
during embryonic development; research in such areas is 
lacking. If nourishment sand differs in amounts of these 
critical minerals, altered development may occur. 

Environmental contaminants have the potential to alter 
the hatching success of sea turtles and the health and sex 
of hatchlings. These contaminants can be packaged mater- 
nally in egg yolk or albumen prior to eggshell formation 
or can be passed across the eggshell during egg incubation. 
Of interest to this study are the sediment-home contam- 
inants. Canals, harbors, channels, and inlets are sinks for 
contaminants, and if material from such sources is used in 
nourishment projects, adverse effects on sea turtle survival 
could result. Contaminants are linked to decreased survivor- 
ship in the eggs of Chelydra serpentina (snapping turtle) 
(Bishop et al. 1991) and Alligator mississippiensis (Ameri- 
can alligator) (Woodward et al. 1993). Some contaminants 
such as polychlorinated biphenyls (PCBs) and D M  metab- 
olites (DDD, DDE, and DDT) also have estrogenic effects 
that can cause abnormal gonadal development in reptiles 
(Bull et al. 1988). Many of these hormonal-modifying con- 
taminants can move across the eggshell (Bergeron et al. 
1994), resulting in the embryo being exposed to con- 
taminants in the surrounding substrate. PCB and DOT me- 
tabolites have been detected in eggs of loggerhead turtles 
(Clark & Krynitsky 1980,1985) and green turtles (Thomp- 
son et al. 1974; Clark & Krynitsky 1980). The effects of 
the contaminant concentrations reported in these studies 
are unknown. 

A natural thermal regime during egg incubation is neces- 
sary for normal metabolic activities and sex determination. 
In sea turtles, sex is determined by temperature during the 
second trimester of egg incubation, with high temperatures 
primarily producing females and low temperatures produc- 
ing males (Mrosovsky & Yntema 1980). Thus, the thermal 
climate of the beach determines the sex ratio of hatchlings 
produced. Abnormal sex ratios can be expected if a nourished 
beach differs from the natural beach in thermal parameters. 
Several studies have quantified the sex ratios produced in 
natural beaches (Mrosovsky et al. 1984; Mrosovsky 1988; 
Horikoshi 1992). Such studies have been limited due to the 
lethal techniques used to sex hatchlings, and no studies have 
determined the ratios produced in nourished beaches. A new 
technique has the potential to determine the sex of hatch- 
lings noninvasively by hormone analysis of allantoic fluids 
in the egg (Crain et al. 1994). 

Changes induced by nourishment can cause abnormal 
thermal conditions by altering sand color and heat capac- 
ity. Nourishment can directly alter thermal conditions by 
changing the sand color of a beach: darker sands absorb 
more radiation than lighter sands, and darker beaches would 
be expected to be wanner. Indeed, Ackerman et al. (1992) 
found wanner temperatures on the darkest nourished beach 
in a study of twelve beaches. Heat capacity (heat storage) 
of nourishment sand must also be considered because in- 
creased water content increases heat capacity. Because 
nourished beaches generally have greater water content than 
natural beaches, changes in beach temperatures may be 
buffered. 

The search for optimal sediments for nourishment 
projects has led to the use of sediments from various sources. 
An alternative to sediments that naturally occur along the 
southeastern United States is aragonite sand commercially 
mined in the Bahamas (Olsen & Bodge 1991; Bodge & 01- 
sen 1992). Aragonite sand has a lighter color than sands of 
the southeastern United States, and this lighter color in- 
creases the reflectivity of the aragonite sediments. This leads 
to incubation temperatures 2OC cooler on average than 
Florida silicatekakite sand, which causes significantly 
longer incubation times for eggs in aragonite sand (Lutz et 
al. 1992,1993; Schulman et al. 1994). Although alterations 
in sex ratios due to these cooler temperatures have not been 
addressed, experimental studies show that temperature al- 
terations of 2OC can produce significantly more males. Nel- 
son and Fletemeyer (1987) noted a higher mean number of 
pipped dead hatchlings from clutches in aragonite sand, but 
other studies have found no such problem (Lutz et al. 1992, 
1993). 

Sediments from inlets and channels are also considered 
as alternatives to offshore sediments. Material dredged from 
Sebastian Inlet, Florida, was finer, moister, and more com- 
pacted and had a mean temperature of 1Â° cooler than did 
sediments on a control beach (Parkinson et al. 1994). 

The tuning of beach nourishment activity directly affects 

Ã Restoration Ecology JUNE IÃ‡ 

940



Beach Nourishment and Sea Turtles 

the success of sea turtle eggs. Nourishment projects con- 
ducted during the period of reproductive activities in the 
summer and fall can cause decreased &a turtle nesting suc- 
cess and hatching success as a result of outdoor lighting, 
nighttime beach activity, use of dredging equipment at 
night, and obstruction of beach by the dredge pipe (Wolff 
1988). Also, nests can be covered with excess sand if nourish- 
ment occurs after turtle nesting. Such adverse effects can 
be avoided by conducting beach nourishment operations 
outside of the turtle nesting season (Pullen & Yancey 1979; 
Arnold 1992). Unfortunately, winter and spring projects are 
often less desirable due to unsafe conditions for workers, 
increased cost for funding agencies, and potentially less sta- 
ble beach sediment (Bonner 1992; Green 1992). Rule 16B-41 
of the Florida Department of Environmental Protection 
(passed August 23,1992) restricts nourishment projects in 
Florida during sea turtle activities (May 15 through October 
15) unless (1) "appropriate measures to protect marine t&- 
ties and their habitat, such as nest surveys, nest relocation, 
nest marking, modification of coastal construction and 
measures to reduce sand compaction are to be used," (2) 
the Department of Environmental Protection deems the 
project justified based on economic, safety, public health, 
and technological reasons, or (3) the habitat is degraded 
to the point of not supporting successful marine turtle nest- 
ing activity. If nourishment is to occur during the nesting 
season, nests must be relocated; several relocation projects 
conducted during beach nourishment have been successful 
(Wolf et al. 1987; Wolf 1989), but relocation should be wn- 
sidered on a site-specific basis   fly^ 1992; Spandoni & 
Cummings 1992). Nest relocation is obviously preferred to 
nests being covered by excess sand, but eggs may be 
damaged during movement (Pritchard 1992) or unknown 
biological mechanisms may be altered. 

Sand compaction can inhibit hatchling emergence by 
physically impeding the upward crawl of hatchlings. De- 
spite anecdotal accounts of such occurrences, most studies 
find no adverse effect of nourishment on hatchling emer- 
gence (ability of the hatchling to move from the subterra- 
nean nest to the sand surface) (Raymond 1984, Gahagan 
and Bryant Associates 1990; Broadwell 1991,1992). In fact, 
Broadwell (1991, 1992) noted that more turtles emerged 
from nests in nourished areas (90% of eggs laid) than from 
nests in natural areas (80.2% of eggs laid), which she at- 
tributed to the optimal substrate used for nourishment. 

Evidence indicates that female sea turtles return to nest 
on beaches where they hatched (Can 1986; Bowen et al. 
1992). A hatchlii that takes minutes to crawl to the ocean 
and spends years if not decades at sea as passively pelagic 
flotsam can return to the same region, same beach, or per- 
haps even the same spot on a beach to nest. Suggested mech- 
anisms for the phenomenon are (1) a magnetic compass such 
as in carrier pigeons, (2) chemical imprinting such as in Pa- 
cific salmon, or (3) a combination of the two. Recent re- 
search examining the magnetic compass model shows that 

hatchlings do have a sense of polar orientation (Lohmann 
& Lohmann 1994). But no model is yet sufficient to pro- 
vide a mechanism for natal homing in sea turtles, and chem- 
ical messages are possibly involved. The porous nature of 
sea turtle egg shells exposes the developing embryo to chem- 
ical signals from the beach. Thus, the turtle is exposed to 
potentially orienting chemicals for almost two months as 
it develops. If chemical signals are involved in hatchling im- 
printing, beach nourishment could alter the ability of a nest- 
ing female to find a particular beach. The behavior of nest- 
ing females when natal beaches are altered is unknown, and 
perhaps the dynamic nature of barrier islands and main- 
land beaches has promoted plasticity in beach selection. 
The suggestion that nourishment alters natal homing is 
offered not to hinder nourishment activities but to promote 
consideration of nourishment effects on unknown biologi- 
cal mechanisms. 

Both biological and physical parameters must be addressed 
in any research concerning the effects of nourishment on 
sea turtles, and the research initiatives we suggest attempt 
to integrate the two types of parameters. No single recom- 
mendation can solve the problems associated with beach 
nourishment; solutions will be obtained only through col- 
laborative research between coastal engineers and biologists. 

(1) Stop concopfualMng nourtshmmt as a singlo on!@ A 
nourished beach can vary greatly in physical, biological, 
and chemical characteristics. Too often, researchers extrapo- 
late the results of a single nourishment project to all nourish- 
ment projects. Many variables determine the success of a 
nourishment project with respect to sea turtles, and these 
variables fall under two major categories: source sand and 
application technique. If one or more variables is sub- 
optimal, restorationists may encounter problems. Con- 
ceptualizing the many facets associated with a successful 
beach nourishment project is necessary for appropriate 
assessment. 

(2) Utllko sfmtord methodology and lncofponto m c ~ u r y  cam- 
~ r t s o n 8  wftm Â¥Ã‡Ã‘Ã (ft* bWagkalÂ¥Met of 6Ã‘ehnourkh 
mont. Studies of the biological effects of beach nourish- 
ment could benefit from (1) using standardized method- 
ology, (2) comparing pre- and post-nourishment biologi- 
cal parameters, and (3) comparing nourished and natural 
beaches. Standardized methodology and comprehensive 
data collection are essential for accurate assessment of all 
parameters associated with beach nourishment (Witham 
1989; Bell 1991) but are especially important in assessing 
compaction. Also, lack of prenourishment data precludes 
drawing valid conclusions, and inadequate comparisons of- 
ten result in pseudoreplications. Adequate assessment of 
nourishment depends upon pre- and post-nourishment corn- 
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parisons of total nests! nesting success, and hatching suc- 
cess. Many researchers have begun to collect pre- and post- 
nourishment information in an effort to better understand 
the intemction of beach compaction and sea turtle reproduc- 
tive success (Davis et al. 1993). Also needed are compari- 
sons of many natural and nourished beaches. Annual fluc- 
tuations in total nestsl nesting success, and hatching success 
are common, and concurrent comparisons of nourished and 
nearby natural beaches are necessary to address such fluc- 
tuations. 

(3) Determlno the natural varlatlon In beach compactlon end w* 
ter potentla/, and how theso values rolate to 8.8 turtle nestlng 
and hatchlng swcass. For any factor of interest, control or 
normal values are needed to make accurate interpretations 
of data from manipulated areas. Values of compaction and 
water potential for natural beaches have been documented, 
but sufficient data are not available to assess natural varia- 
tion in these factors. Variation within a given beach is ac- 
counted for in most compaction sampling designs, but vari- 
ation among beaches is seldom considered. There may be 
significant geographic variation in compaction and water 
potential. Florida beaches along the Gulf of Mexico appear 
to be more compacted than beaches of the Atlantic Coast, 
and certain regions may be characteristically more or less 
compact than others. If geographic differentiation of these 
variables exists, maximum acceptable values should be de- 
termined on a regional basis, Compaction and water poten- 
tial should be analyzed with respect to sea turtle nesting 
success and hatching success. Resulting correlations could 
be used (1) to help set maximum acceptable compaction and 
moisture values, (2) to explain natural barriers to nesting, 
and (3) to optimize conditions at established turtle projects. 

(4) Test tho offoci of tllllng on beach sand compactlon, sea turtle 
nestlng success, and sea turtle hatching succos~ Compac- 
tion values, nesting success, and hatching success should 
be assessed before and after tilling due to conflicting results 
concerning the effects of beach tilling. Results will indicate 
whether or not tilling can mitigate some of the adverse ef- 
fects of nourishment. 

(5) Dotomlno the effects of lnC~b8tl0n In aragonite sand on tho 
sox of hatchllnga Aragonite is being considered as an d- 
temate source of nourishment sand. Studies show that 
aragonite sediments have cooler temperatures at nest depth 
than do natural sediments, which could result in skewed 
sex ratios because sex determination in sea turtles depends 
on nest incubation temperature. The effects of incubation 
in aragonite sand on hatchling sex ratio should be deter- 
mined. Both basic research on the mechanism of how tem- 
perature affects sex determination and applied research on 
assessing differences in aragonite and silicatelcakite sedi- 
ments are needed. 

(6) Determlno tho ofbets of toxlconts on embryo and hatchling 
s u ~ l w n h l p  Canals, harbors! channelsl and inlets act as 
"sinks" for environmental contaminants. When sand for 
nourishment activities is obtained from such sources, ad- 
verse effects can be manifested in sea turtle eggs and hatch- 
lings. First, mobilization of toxicants must be understood. 
With what efficiency do contaminants move across the egg 
shell7 How does moisture affect this mobilization7 How is 
the contaminant compartmentdid once inside the egg- 
shell (in yolk, albumen, embryo)? The actual effects of the 
contaminants must also be assessed (for example, increased 
mortality, immune suppression). Complete assessment 
would require both descriptive and experimental studies. 
A surrogate species! such as a freshwater turtle, could be 
used for experimental research. 

(7) Dotwrmlne nuthnt and mlnoml mqulremont8 and mob l l~ t lon  
a c m s  tha eggshell. water and oxygen pass across the egg- 
shell during egg incubation, but little is known about the 
transport of minerals and nutrients across the eggshell. If 
minerals and nutrients pass across the eggshell and are im- 
portant in embryo s u ~ v a l ,  beach nourishment has the 
potential to change survival by altering concentrations of 
nutrients and minerals. Both basic and applied research are 
needed to answer these questions. 

(8) Dotemlne how nourlshmont can atfoci nost Ch8mhf amh/toc. 
turn A recent study revealed differences in architecture 
between nest chambers on a natural and a nourished beach 
(Carthy 1994). The positioning of eggs in the beach can de- 
termine rate of metabolism, sex of individualsl and survival 
of the embryos. Surveys of nest chamber architecture on 
natural and recently nourished beaches are needed. 

(a) mom/no how nour~shmonr can atfoci nostpedarhm. Many 
problems confound the assessment of predation on 
nourished beaches. F i t ,  the formula for hatching success 
should be standardized, and depredated nests should be in- 
chded in the calculation of hatching success [hatching suc- 
cess = (total eggs hatched/total eggs laid) X 1001. Stan- 
dardization will allow valid comparisons among beaches. 
Another problem with predation studies is pseudoreplica- 
tion. Before research is begun, beaches should be carefully 
matched to avoid confounding factors such as higher pred- 
ator density. Basic research is needed to define the beach 
criteria that determine nest predation rates. 

(10) Detemlne etfocts of nourlshmont on hatchlhg lmprlnt- 
lng. Sea turtles have the ability to return to nest on their 
natal beaches. The mechanism of this natal homing has not 
been determined. Therefore, determination of the effects 
of nourishment on hatchling imprinting is an enormous 
task. Nevertheless, basic and applied research should be 
undertaken to elucidate the mechanism(s) of natal homing 
and the potential effects of using sand from various sources. 
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(11) Pub/kh f8888tCh /n p 8 e ~ f 8 ~ h W  jOurf18k. A review of 
the literature concerning effects of beach nourishment on 
sea turtles rewaled a paucity of papers in peer-reviewed 
journals. A subject as important as the effects of beach 
nourishment on sea turtles merits rigorous research cul- 
minating in publication in peer-reviewed journals. 
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4.1 INTRODUCTION 

Sea turtle eggs are deposited in a large clutch in a nest excavated by the female in 
sandy marine beaches. Incubation requires several months during which time the 
sea turtle embryo grows from a few cells to a fully fonned organism capable of 
independent existence. During this process energy stored in the egg by the female 
is transfonned into embryonic tissue. The developing embryo is coupled to the 
nesting beach through the exchange of the 02' CO2, H20, and heat that is either 
required or produced by the energy transfonnation process. The nesting beach is 
the incubator for sea turtle embryonic development and operates by producing a 
climate space that is appropriate for embryonic development. Deposition of the egg 
clutch depends on the ability of the female to select and excavate a suitable nest 
chamber. Successful incubation of the eggs depends on the presence of suitable 
conditions in the beach sand. Among these conditions are temperature, humidity or 
water potential, salinity, and levels of respiratory gases. A microclimate suitable for 
incubation is generated by interaction among the physical characteristics of the 
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material composing the beach, the physical Ntructurc of the beach, local climate, 
and the eggs in the clutch. The microclimate is dynumic and changes with the state 
of biological activity in the clutch and in the beach . Unfortunately, we know very 
little about the microclimate of sea turtle eggs during incubation. We know even 
less about how the physical characteristics of the beach influence the microclimate. 

Our understanding of sea turtle embryonic adaptations for development in an 
egg clutch buried in a nesting beach is not extensive. There is little information 
available to describe how variation in beach characteristics, hydrology, topography, 
or local climates influence the environment around eggs. The coupling between eggs 
and beach is poorly described. No detailed climate space for a reptile egg of any 
species has been described and, as a result, egg, embryonic, and developmental 
adaptation are not well understood. This extensive lack of information and insight 
will not be remedied in this chapter. My focus will be on the environment for 
incubation and on conceptual ways of examining and describing it while pointing 
out remaining issues. Unfortunately, the lack of hard information on sea turtle 
embryonic development and its environment limits the extent to which conceptual 
synthesis is possible. 

4.2 EMBRYONIC DEVELOPMENT 

During the course of incubation, the embryo grows inside the egg from a few cells 
at the beginning to a self-sufficient organism at hatching some 50 to 80 d later. 
Throughout this process, the egg exchanges heat, H20 , 0 2' and CO2 with other eggs 
in the clutch and with the beach surrounding the clutch. The developing embryo is 
involved in this exchange, because it produces heat and CO2 and consumes 0 2' The 
embryo may also produce or require H20. The osmotic environment of the egg must 
be influenced to some extent by the exchange of H20 between the egg and the 
environment. Because the extraembryonic parts of the egg are interposed between 
the embryo and the environment, these structures have the potential to act as an 
agent buffering or even regulating the embryonic milieu. Moreover, the embryo 
clearly must be developing regulatory processes as it develops so that it is self­
sufficient at hatching. These regulatory processes can be expected to mature as 
development progresses. Thus there is potential for a complex and shifting interac­
tion between the egg and the embryo developing inside. Unfortunately, our knowl­
edge of developmental and regulatory physiology inside the egg is rudimentary for 
all reptile eggs and especially so for sea turtle eggs and embryos. 

Embryonic growth has been described for a number of species. Miller l reviewed 
the embryology of sea turtles and presented a stage-by-stage description. He reports 
that many measures of embryonic growth can be related to developmental time 
(incubation period) using 2° and 3° polynomials. Ackerman2 described the change 
in embryonic wet mass with time using a logistic equation. In this case, the growth 
rate is described by a 2° polynomial. How embryonic growth may be influenced by 
the environment or by exchange with the environment is unknown; however, embry­
onic growth is unlikely to be independent of the environment. 

Embryonic growth is a metabolic process. Fuel, stored in the egg yolk by the 
female, is moved from the yolk to cells where it is transformed into energy and then 

used for differentiation and growth. Ackerman' measured the O2 uptake of Caretta 
and Chelonia eggs during development. The pattern of change in O2 uptake with 
time was sigmoidal, peaking at about the time that hatching occurred and could be 
described with a logistic curve. Vleck and Hoytl reported data for Dermochelys and 
summarize the available data for reptile eggs in general. Peak O2 uptakes are a 
function of initial egg size and, presumably, hatchling mass and increase with about 
the 0.8 power of initial egg mass. Peak O2 uptakes for sea turtles are in the range 
of 90 to 250 ml ° ' day-I. Total O2 cost of incubation is in the range of 38 to 90 
kJ (after convertin; to energy units) and increases with about the 0.8 power of initial 
egg mass. Note that the O2 cost is an estimate of the energy lost due to metabolic 
inefficiency during development and is not an estimate of the total cost. 

4.3 TEMPERATURE 

Reptile embryos develop successfully over a range of temperatures.5-? Typically, 
incubation period (I, days) decreases as incubation temperatures (T, 0c) increases. 
The reciprocal of I can be used as a developmental rate (Rd' days-I) .? Ackerman? 
discusses how the relationship between I and T can be described. One descriptor is 
the range of T over which development occurs with the end points being descri~ed 
as upper and lower lethal temperatures . Another is the position of the curve relatmg 
lor R to T (the response curve) on the T scale. A third is the slope of the response 
curve ~f I or R to change in T. Sea turtle eggs are typically incubated at constant 

d , . , .• 
temperature in the laboratory where I can be determmed WIth the greatest preclSlon. 
Eggs in nature do not experience constant temperatures. While diurnal temperature 
changes in the beach are damped by the depth of the nest, there is still likely ,to be 
some diurnal change, and furthermore , nest temperatures may change systematically 
over the course of incubation (see discussion below). Because there are no experi­
mental or empirical observations, it is not clear whether or not the average of a 
changing temperature produces the same effects as a constant temperature of the 
same value. However, because temperature effects are typically nonlinear,? we might 

expect differences. 
The thermal tolerance range (TTR) for development of sea turtle embryos 

incubated at constant temperature appears to fall between about 25 to 27°C and 33 
to 35°C and is around lOoC wide. Data for I and T for two sea turtle species are 
shown in Figure 4.1. The data appear nearly linear as do the summarized data of 
Miller. I However, temperature effects on growth rate are typically nonlinear,7 and 
nonlinear curves yield better fits to the data than do linear ones. The Arrhenius 
equation is often used to describe temperature influences on rate functions 7 and 

takes the form: 

R = B · e (-E/R-T) 
d 

where Rd is a rate (days-I), the pre-exponential factor (B, days- I), represents the 
position of the curve on the T scale, R (kJ . mol-I. K-I) is the gas constant, T .(OK) 
is the incubator temperature, and E (kJ . mol- I) is the free energy. The quantIty E 
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FIGURE 4.1 The influence of incubation temperature on incubation time. Open circles are 
for the hawksbill turtle, Eretmochelys imbricata. The closed circles are for the loggerhead 
turtle, Caretta caretta. Data are taken from the literature cited in the text. 

~an be used to describe the shape or sensitivity of the response of Rd (or I) to change 
m T. QlO can also be used to define the shape or sensitivity, 

Q = (T+lO)'e(RT-(T+lO») ~ 
lO·E 

10 T 

where T is again in oK. Note that QlO is temperature dependent, whereas E is single 
v.al~ed. Acke~an 7 reported an E of 38 kJ . mol-I, equivalent to a QlO of 1.6. A 
sundar analysIs for the Eretmochelys data shown in Figure 4.1 yielded an E of 66 
kJ . mol-I, equivalent to a QlOof2.4 between 25 and 35°e. The values for the species 
are probably not different,? indicating that changes in temperature produce similar 
changes in I. However, the position of the curves appear to be different, with the 
Eretmochelys data displaced below the Caretta data. An explanation for this remains 
to be found, but the difference may be related to beach temperature. 
. Th~ influence of temperature on sea turtle embryonic sex determination is very 
mterestmg.and very puzzling. Temperature-dependent sex determination (TSD , also 
called envIronmental sex determination, or ESD) among sea turtles operates to 
produce fe~ale hatchlings at warm temperatures and males at cool. Mrosovsky8 has 
recently revIewed TSD among sea turtles and Ewert et al.9 for all turtles. The sensitive 
period for sex determination appears to occur around the middle third of incuba­
tion.S

•
IO

, 11 Th~ threshold temperature (or pivotal temperature, Tpiv) for the transition 
from productIOn of one sex to the other (i.e., a sex ratio of 1: 1) is around 28 to 30°C 
for all the species for which there are data. The amount of variation within species 

is not well defined. Figure 4,2 illustrates the inllucncc of constant incubation tem­
perature on hatchling sex ratio for 4 species of sea turtle. The data are taken from 
Paukstis and Janzen l2 and Mrosovsky et alY A cumulative normal distribution 
(represented by the line) is fitted to the data. This distribution is often used to describe 
dose-response relationships. 14 The estimated Tpiv is 29.0°C with a standard deviation 
of l.77°e. Table 4.1 summarizes Tpiv estimated by linear regression on data for the 
individual species as well as on the pooled data. There is considerable scatter in the 
data both within and among the species, but the Tpiv values are quite similar among 
the species. The data sets are not of sufficient quality to determine whether or not 
T pi. varies within species. Typically, because of the endangered and threatened status 
of sea turtles, only small samples with few replicates are collected. If we treat sex 
determination as a binomially distributed random variable (i.e. , either male or 
female), Figure 4.3 illustrates the random variation which we might expect from 
samples of size 10, replicated 10 ten times. Here, 10 replicates were drawn for S 
different, evenly spaced probabilities ranging from 0.1 to 0.9 with Tpiv (p = 0.5) set 
to 29°C. The situation is very much improved for larger sample sizes on the order 
of 50 eggs. Much of the variation that is seen in sea turtle TSD data is likely to be 
random. Tpiv is of interest because it ought to be useful for predicting the beach 
temperature required to produce a sex ratio of 50%. This assumes that the Tp1v 
produced by constant incubator conditions can be extrapolated to the beach where 
temperature is not constant. Mrosovskys reports that beach temperatures in some 
locations are around the levels of Tpiv, but in other locations, such as the Atlantic 
coast of Florida, average beach temperatures appear to be in excess of T piv during 
incubation with an excess production of female hatchlings as a result. The life history 
consequences of imbalances in sex ratios are poorly understood.s One problem, as 
pointed out by Mrosovsky,8 is that we know little about the long-term variation of 
beach temperature. This is of particular importance for long-lived animals such as 
sea turtles. Unfortunately, there are few long-term temperature data available for 
beaches. I have found a 12-year record for soil temperature at 10 cm near Gainesville, 
FL. Figure 4.4 illustrates average July soil temperatures. The data for June and 
August are similar. Although temperatures in beaches at greater depth are likely to 
be somewhat cooler, we can see that the average temperature near Gainesville is 
typically well in excess of Tpiv ' This is consistent with the trend for nesting beach 
temperature noted by Mrosovsky8 from a much smaller data base: beach tempera­
tures at appropriate depths seem to be in excess of T piv and ought to produce more 
female than male hatchlings. It is possible if not likely that the Florida beaches have 
been warm (in excess of TpiJ for some time, perhaps in excess of a decade. To 
understand TSD in this system we need to know what the normal beach temperature 
is and how it varies, at least over some period of time in excess of the life span of 
the sea turtles nesting on the beaches. This is a problem, but could potentially be 
approached by correlating beach temperature with the temperature at some known 
(and, hopefully, close) location. 

Because temperature has such a pervasive influence on the embryonic develop­
ment of sea turtles, it is important to understand the determinants of clutch temper­
ature. The most important determinant is, of course, beach temperature. The second 
important determinant is the exchange of heat between the clutch and the beach. 
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FIGURE 4.2 The influence of constant incubation temperature on hatchling sex ratio of 
sea turtles. Loggerhead turtles (open circle), ridley turtles (diamond), green turtles (Plus), and 
hawksbill turtles (square) are shown. Data are taken from the literature as described in the 
text. The line represents a cumulative normal distribution fitted to the data as described in 
the text. 

TABLE 4.1 

Pivotal Temperatures (0C) of Several Sea Turtle Species 
Pivotal 

Species temperature 95% CI R2 

Chelonia rnydas 28.26 1.06 0.52 
Caretta caretta 28.74 0.36 0.58 
Lepidochelys olivacea 29.13 1.14 0.68 
Eretrnochelys irnbricata 29.32 0.23 0.81 
Grouped data 28.74 0.31 0.54 
Temperatures were determined using inverse solution of a linear regression 
equation for sex ratio on temperature at a sex ratio of 50%. 

There are extensive records of beach temperature, especially in regard to hatchling 
sex determination,13.15-22 but they tend not to be very long term or extensive. Beach 
temperatures are typically in the range of 26 to 35°C. In some cases beach temper­
ature is relatively constant over the period of incubation, and in others there may 
be substantial change in beach temperature over incubation. 15 Data for 7 beaches 
along the Atlantic coast of Florida are shown in Figure 4.5. The data were measured 
at a depth of 50 cm over a 24-h period, and, because there is little change in 
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FIGURE 4.3 The number of females resulting from samples from a binomial distribution. 
Clutch size was 10 eggs and each sample for 5 probabilities between p = 0.1 and p = 0.9 waH 
run ten times. Only different results are shown. The line is a linear regression through the 
data. At p = 0.5, Tpiv was 29.0°C. 

temperature at this depth, can be used as estimates of average mon~ly temperat~r~,2J 
Patterns of change in beach temperature surely reflect the phYSIcal charactenstlcs 
of the beach as well as the local boundary layer climate. As a result we can expect 
considerable variation among beaches. Even distances of a few miles may be suffi­
cient to influence patterns of beach temperature (Figure 4.5). Beach temperature is 
determined by the exchange of thermal energy at the beach surface with the local 
boundary climate and by the transmission of heat within the beach. Both the heat 
balance at the surface of the soil and heat transmission within the soil column are 
will understood,24.25 but this knowledge has never been applied to the analysis of 
beach temperature. Models such as those of Horton et al.26-28 could be applied to 
the thermal modeling of the sea turtle nesting beach with the intent of developing 
more predictive relationships. 

4.4 WATER 

Sea turtle eggs contain a supply of water when they are oviposited. Water is st?red 
in the albumen at the beginning of incubation and is supplemented by water gamed 
through the transformation of yolk.29 Because there are a number of anatomically 
and physiologically different compartments inside the eg~s, inclu~g the embryo 
and extraembryonic membranes, the yolk sac, the chonoallantolc sac, and the 
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FIGURE 4.4 The average daily temperature at a soil depth of 10 cm in July at Gainesville, 
FL. The solid line represents pivotal temperature for sea turtles. The asterisks represent average 
daily temperatures for July 1995. 

amniotic sac, water and osmotic balance may be complex. Vleck30 has reviewed the 
water economy and osmotic regulation of a number of reptile species, but we know 
very little above the osmotic events and processes occurring inside the sea turtle 
egg at any stage of embryonic development. Egg and embryonic osmotic balance 
are especially interesting because the egg must be open to the exchange of water 
vapor with the environment in order to exchange respiratory gases. The sea turtle 
egg is coupled to the environment through the exchange of water vapor and possibly 
through the exchange of liquid water.31-33 We know that for some species of reptile, 
embryonic growth is influenced by egg water exchange34.35 while for other species, 
embryonic growth is independent of egg water exchange over some range of 
exchange rates. Some reptile eggs must take up water in order to produce a viable 
hatchling.36 Ackerman et alY suggested that water exchange was likely to be 
relatively less important for large eggs such as sea turtles than for smaller reptile 
eggs. We have recently found65 that the embryonic growth of Caretta caretta is 
independent of egg water exchange over a range of total egg water exchanges of 
around -10 to +30% of initial egg mass. There also appeared to be little effect on 
hatchability over this range, which is consistent with the observations of Bustard. 15 

It is clear that hatching success can be correlated with some physical character­
istics of the sand environment. 37 Mortimer38 found that hatching success of Ascension 
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FIGURE 4.5 Average monthly soil temperatures at a 50-cm depth in 8 beaches along the 
Atlantic coast of Florida betw~en Ft. Pierce Inlet and Boca Raton. 

Island Chelonia mydas was negatively correlated with sand grain size. However, 
there appears to be very little data on the water exchange of sea turtle eggs during 
incubation. It seems to be generally accepted that eggs take up water during early 
incubation and become more turgid,15 but the quantity of water exchanged is unclear. 
There is at least one report39 indicating that eggs may lose water near the end of 
incubation, producing a reduction in clutch volume. There is very little available on 
what happens in between. However, because the water in the sand surrounding the 
clutch is likely to have a water potential on the order of -5 to -50 kPa and because 
the water potential inside the egg is on the order of -900 kPa32,40 there is a net 
tendency of water to move into the egg during incubation. An added complication 
for the understanding of egg water exchange is that sea turtle eggs are incubated in 
large clutches rather than as single eggs. Eggs in the interior of the nest contact each 
other and the spaces between because the interior of the clutch remains free of sand. 
As the eggs take up water and swell, these spaces will shrink and disappear. Eggs 
at the periphery of the nest contact sand over some fraction of their surface as well 
as other eggs, a rather different physical situation. Moreover, clutches heat up by 
several degrees during incubation with peak temperature occurring at the center of 
the clutch. 18,31 Temperature increases of this magnitude will have a significant impact 
on egg water exchange,31,33 

The general concepts of egg water exchange can be examined using a steady­
state model for the water exchange of a single egg in contact with soil: 
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(4.1 ) 

where MH20 (mg/d) is the rate of water exchange, Lp (mg day-' cm-2 kPa- l ) is the 
permeability of the eggshell and shell membranes, A (cm2) is the area of the eggshell 
and PEH20 (kPa) and PSH20 (kPa) are the vapor pressures of the egg and sand, 
respectively. The product, Lp . A, is often described as the water vapor conductance 
of the eggshell: 

(4.2) 

where GH20 = mg day-' kPa- l . Egg water exchange as modeled by Equation 4.1 is 
driven by a vapor pressure (vp) difference between the egg and the surrounding sand 
which describes the direction of the exchange, while the magnitude of the water 
exchange is given by the product of the vp difference and the conductance. It is 
important to note32 that the permeability represents the sum, in series, of the eggshell 
permeability (Lpe) and the soil permeability (LpS): 

(4.3) 

However, Lps for moist sand is orders of magnitude greater than Lpe. As a result, 
Lp· becomes limiting32 and Equation 4.3 reduces to: 

(4.4) 

Thus Equation 4.2 should describe the only important conductance for water vapor 
exchange of the sea turtle egg. The GH20 of only Caretta caretta appears to have 
been measured (2175 mg . day-I. kPa-I).41 This value was close to that expected 
for other flexible-shelled reptile eggs and about 3 orders of magnitude larger than 
for a similarly sized bird egg.41,42 The magnitude of the Caretta GH20 means that 
the eggs should lose water at a high rate in an environment only slightly drier than 
the egg itselp2 One implication seems to be that the environment of sea turtle eggs 
must be very humid. In any event, the magnitude of the vp difference between the 
inside and outside of the egg takes on much greater significance for the sea turtle 
than it does for a bird egg. To my knowledge, no one has reported values for the vp 
(PEH20 ) of sea turtle eggs. We can assume that the egg vp is equivalent to typical 
vertebrate tissue vp. Data for other reptile eggs indicate that this assumption is not 
unreasonable.35.43 It is possible, however, that PEH20 changes with incubation time 
due to osmotic processes occurring inside the egg.35.43 Moreover, PEH20 is a function 
of egg temperature and will change with time as the temperature of the egg changes 
during development.7•31 

Sand vp (PSH20 ) at the other end of the vp difference driving egg water exchange 
is a function of several variables. PSH20 is determined chiefly by the relationship 

between the watcr contcnt and water potential (If') of the sand and is a function of 
sand water content. Dry sand is comprised of solid sand grains and gas. When water 
is present, gas is displaced until the water completely fills the gas space. The sand 
is then considered to be saturated with water. At saturation, the hydraulic pressure 
in the water is zero with reference to atmospheric pressure. As the water content of 
the soil decreases from saturation, a negative pressure occurs in the soil water. This 
pressure is often described as a water potential (\}', the potential energy per unit 
volume, J . m-3) whose dimensions are equivalent to those of pressure (kPa) and 
can be generated in several ways.24,44 (1) \}' is a matric potential if it is due to the 
capillary effects of surface tension in soil pores or to the binding of water to the 
surface of soil particles.45 This is a negative potential. As the soil dries, \}' becomes 
increasingly negative. A characteristic curve describes graphically the relationship 
between sand water content and \}' of water. (2) An osmotic potential may be present 
in the water if solutes such as salt are present. This is also a negative potential that 
is proportional to the concentration of solute present. (3) If the liquid water in t~e 
soil is connected hydraulically to a saturated water source (the water table), as IS 

likely to be the case for a nesting beach, then a gravitational potential is also present. 
This potential is positive and is equivalent to 10 kPa for each meter above the water 
table. The total potential in sand water is thus the sum of the matric (-), osmotic 
(_), and gravitational (+) potentials. In terms of water transport in the sand, the 
matric potentials tends to hold water in while the gravitational potential tends to 
cause water to drain out. The vp of water in the soil gas phase is generally assumed 
to be in equilibrium with 'P. Relative humidity (Hr , %) can be related to water 
potential (\}', 1 kPa = 1 J . kg-I) by: 

\}' = (R . T/Mw ) • In(Hr) (4.5) 

where the gas constant R is 8.31 J . mol-I . K -I, the molar mass of water, Mw, is 
0.018 kg . mol- I and T is temperature CK). Characteristic curves for sand from a 
number of nesting beaches are shown in Figure 4.6. Only a limited range for \}' is 
shown because totally dry sand is assumed to have a water potential of -1 ,000,000 
kPa.45 Sand loses cohesiveness at \}' greater than -50 to -100 kPa and can no longer 
support nest excavation. The horizontal section of the characteristic curve represents 
the presence of bulk water in the sand. The vertical section of curve represents water 
bound to the surface of the sand particles. Bound water remains after the bulk water 
has drained from the soil.45 When bulk water has been removed, leaving only bound 
water, sand loses its cohesiveness and the individual particles no longer stick 
together. The sand appears to be dry. When the external pressure exceeds the capillary 
pressure holding water in the soil, the soil pores empty. When bulk water is present 
in the soil, \}' is only weakly dependent on soil water content. This is pronounced 
for sand (Figure 4.6), where water potential is still above -10 kPa even though most 
of the water has been lost. I have data for sands from 16 different nesting beaches. 
All release their bulk liquid water at matric water potentials less negative (lower) 
than -10 to -15 kPa. In sands, the pores are relatively large and of similar size so 
that emptying (or filling) occurs abruptly as matric forces are exceeded by drying 
(or wetting) forces ,45 but the characteristic curves are dependent to some extent on 
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sand grain size. More coarsely textured sands will hold water less tightly than more 
finely textured sands because the pores are larger in the coarser sands. This means 
that coarsely grained sands will empty at lower matric water potentials than more 
finely grained sands. 
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FIGURE 4.6 Characteristic cw"Ves for sand taken from a number of beaches along the 
Atlantic coast of Florida. Details as described in the text. 

The vp and 'I' present in the beach sand depends fundamentally on the quantity 
of water in the sand and its distribution in the beach. The distribution of water in 
the beach is a result of the balance between water entering and leaving a layer of 
sand at any depth in the sand depth profile. If the distribution is stable it is because 
on the average, the same quantity of water enters a layer as leaves it. Sea turtle 
nesting beaches are characterized by what appear to be relatively stable distributions 
of beach water that are far from equilibrium and dry out only slowly in the absence 
of rain.32 The elements of a water balance for a beach are presented by Ackerman. 32 

Nesting beaches are likely to have a source of liquid water (a water table) present 
not far from the surface (1-5 meters). The water table is close enough to the surface 
to generate a gravitational potential in the beach. Water will drain downward toward 
the water table, but slowly because the 'I' difference driving water movement is 
small (on the order of a few kPa). The chief source of water in the beach is rain. 
Water injected by rain enters the beach and drains down its gravitational field until 
it reaches equilibrium with the capillary forces (the matric water potential). Thus at 
1 m above the water table the equilibrium matric potential would be -lO kPa, 
offsetting the lO kPa gravitational potential and producing a total potential of 0 kPa. 

Note that sand with a 'I' of -10 kPa is not dry ano still retains I to 2% water. The 
equilibrium condition is approached slowly because the potential ditl'erences are 
usually small , as demonstrated by the Caretta nesting beaches in Israel where no 
rainfall occurs during the nesting season.32 When drying at the surface occurs after 
a rainfall, water is lost from the soil to the atmosphere.24•25.46 As water is lost at the 
surface, it is drawn up from the underlying sand and the water potential of the sand 
falls below its equilibrium point. Water is, in tum, pulled up from the free water 
surface further down in the sand column. Water transport in the soil column produces 
a characteristic profile in which, after a period of drying, a layer of dry sand comes 
to overlie a layer of wetter sand. This distribution is familiar to anyone who has 
worked on a sea turtle nesting beach where a layer of dry sand always overlies 
moister sand underneath (in the absence of rain). The top, dry soil layer limits water 
loss to the atmosphere from the wetter layer. Near equilibrium, liquid water may be 
drawn up at a rate sufficient to balance the water lost across the surface.24,25.46 The 
evaporation from the surface is self-limiting. This is because the rate of water vapor 
transport decreases as the length of the diffusion path increases. It is also because 
the density of vapor in the pathway decreases substantially after short periods of 
time.24.25 The thickness of the dry layer will depend, among other things, on the time 
since the infiltration of surface water, on the sand structure, and on the depth of the 
water table. Given sufficient time after surface infiltration, an equilibrium distribution 
may be reached, but this is likely to require weeks to months.25 Thus in Israel, with 
no rain during the nesting season, it appears to take in excess of 3 months to approach 
equilibrium.32 The deeper the liquid water surface, the thicker the dry layer is likely 
to be. It is also likely to be thicker in coarser sand than in finer sands because coarse 
sands hold water less tightly than finer sands. This phenomenon may account for 
the observation by Mortimer38 that hatching success was lower in more coarsely 
grained Ascension Island beaches. These beaches appeared to be drier than the more 
finely grained beaches. Most likely, drying fronts had penetrated much more deeply 
in the coarser beaches, resulting in a much drier environment for the eggs, perhaps 
dry enough to produce an increase in egg mortality. 

Reports of water content profiles in sea turtle nesting beaches are not extensive. 
Ackerman32 presented a profile for an Israeli beach taken near Caretta nests. Figure 
4.7 presents the average water content in five beaches along the Atlantic coast of 
Florida.40 The profiles appear as described above with a dry layer at the surface, an 
intermediate layer with increased water content, and wet layer at the intersection of 
the soil column with the water table. The moist intermediate layer is characterized 
by an essentially constant water content throughout its depth. The water content was 
around 4 to 6% (by mass) and was far from the saturation values of around 35 to 
45%. It is in this layer that sea turtle eggs are placed. The most important difference 
between the Florida and Israeli beaches is in the frequency of rainfall. In Florida, 
rain often occurs daily and weekly during the nesting season. The result is that the 
water content of Florida beaches is higher throughout the season, while the water 
content in Israel starts out high (but lower than in Florida) and decreases during the 
nesting season as gravitational drainage occurs. Moreover, a drying front fonns in 
both locations, but is much deeper in the Israeli beach (15 to 20 cm) than in the 
Florida beaches (5 to 10 cm). In both locations, the dry sand at the surface has a 'II 
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FIGURE 4.7 Water content profile for 5 beaches along the Atlantic coast of Florida. The 
beach surface is at O-cm depth. Water table is typically in excess of 1 m. 

of around -100,000 kPa or more while the matric 0/ in the intermediate layer is 
around -5 to -10 kPa. The drying front where the transition from dry sand to moist 
sand occurs is around 5 cm wide and has a 0/ gradient on the order of 10,000 to 
20,000 kPa . cm-l. The presence of salt in the water will increase 0/ somewhat. 
Mortimer38 and Rimkus et al.40 report low levels of salt in beach water producing 
osmotic potentials on the order of -10 to -60 kPa. These represent very low salt 
concentrations because seawater has a water potential of around -2000 kPa. Rainfall 
is likely to flush salt from beach water rapidly. Rimkus et al.,40 studying the effect 
of beach renourishment on beach water, found that beaches renourished with sand 
in a seawater slurry lost all their salt in two weeks or less. Average total 0/ (matric 
plus osmotic potential) is shown for some Florida beaches in Figure 4.8. Total 0/ is 
likely to be higher in locations such as Israel, where there is much less rainfall.20 

It appears that the 0/ and therefore the water vp in the sand around the sea turtle 
clutch is relatively constant throughout the typical incubation period. If we assume 
a sand temperature of 30°C and take a typical 0/ to be around -30 kPa, then the 
water vp in the sand is around 4.232 kPa. If the osmotic concentration of the egg 
is typical of vertebrate tissue, then the water vp of the egg is around 4.207 kPa. The 
water vp difference across the eggshell is around 0.025 kPa. Substituting this value 
and the value for G H20 (2175 mg . day-I. kPa-l) into Equation 1, we find that a 
typical egg would take up around 54 mg day-l of water vapor. Over 60 d, this is 
around 3.3 g or about 6.5% of the mass of a 50-g Caretta egg. This water uptake 
should be considered the maximum quantity possible because the eggs are incubated 
in clutches rather than singly and because the clutch heats up. Eggs at the periphery 
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FIGURE 4.8 Total water potential (matric plus osmotic) as a function of depth for beaches 
along the Atlantic coast of Florida. Data are averaged for 7 beaches .. The increas~~ variat.ion 
at depths greater than 80 cm is due to proximity to the water table which had a sahlllty tYPical 

of seawater. 

of the clutch will be closer to this value than eggs at the center of the clutch. Indeed, 
eggs toward the center will heat up sufficiently to reverse the direction o~ water 
vapor transport. An increase in egg temperature of 0.1 °C is sufficient to bnng egg 
water vp to the same level as sand water vp. Pearson47 analyzed the effect of clutch 
position and heating on egg water exchange. His model indicated that eggs at the 
periphery of the nest should experience a net water uptake and eggs at the center 
of the nest a net water loss during incubation_ Water loss for the central eggs occurred 
near the end of incubation. The observation39 of a decrease in egg volume near the 
end of incubation is consistent with the Pearson47 analysis. 

4.5 GAS EXCHANGE 

Sea turtle egg clutches are deposited in a medium, the nesting beach, which limits 
respiratory exchange because O2 and CO2 are free to move only through the gas­
filled fraction of soil. This fraction is usually much less than half of the volume 
present. Gas exchange in the clutch is limited for the same reason. Most of the clutch 
is composed of the eggs themselves, and respiratory gases can only move through 
the gas spaces among them. Respiratory gas exchange in these two cir~umstances 
can occur by convection or diffusion. Convection in the beach can be mduced by 
temperature variation, changes in atmospheric pressure, or displacement of soil a~r 
by water table movement. The magnitude of convection due to these sources 18 

thought to be very small.45 Prange and Ackerman48 found little or no effect. of water 
table movement (due to tidal pumping) on the gas exchange of Cheloma mydas 
clutches, but Maloney et al. l9 speculated that tidal pumping may be important. 
Diffusion of respiratory gases is likely to be the principle means of gas exchange 
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of sea turtle eggs. Net diffusion of any gas call only occur when there is a concen­
tration difference for the gas. This means that, in order to supply the 02 or get rid 
of the CO2 associated with developmental metabolism, concentration differences 
must set up between the center and edge of the egg clutch and between the edge of 
the egg clutch and the surrounding sand. As egg and clutch metabolism change with 
time during incubation, so too should the concentration differences which occur to 
supply the respiratory needs of the clutch. Ackerman49 measured ~ and ~ in . ~ ~ 
the sand surroundmg the clutch and inside the clutch of C. mydas and Caretta caretta 
nests in Costa Rica and Florida. P02 decreased in the center of the clutch from near 
atmospheric levels at the beginning of incubation to around 12 to 14 kPa near the 
end of incubation, while PC02 increased to around 4 to 6 kPa near the end of 
incubation. Maloney et al. 19 reported similar patterns of change, but smaller magni­
~des ~ Caretta nests in Queensland. Ackerman49 used a one-dimensional, spherical 
dlffuSIO~ model to quantitatively describe gas change by sea turtle clutches, treating 
the medIUm (the beach) as if it were infinite. Among other things, this implies that 
clutch gas exchange is independent of the beach surface. However, Maloney et al.19 
concluded that the model used by Ackerman49 was not adequate to describe clutch 
gas exchange in their location. In the situation described by Maloney et al.,19 the 
surface may well have influenced clutch gas exchange. This would mean that gas 
exchange through the top of the nest would have a disproportionate influence on 
nest gases. The model49 can be modified easily to deal with this by adding dimen­
sions. An explanation for the observation of Maloney et a1. 19 may lie in the relation­
ship between the gas diffusivity of the sand, its water content, and the distribution 
of water in the sand above the clutch (as described earlier). The gas diffusivity of 
sand (Dg) can be approximated by the relationship;45 

(4.6) 

where Do is the gas diffusivity in air and <1> is the fraction of the sand that is air 
(taking into account the water present). M;re accurate estimators are available if 
required.

24 
As described above, a dry layer of considerable thickness is usually found 

at the beach surface. This layer will have a Do greater than the moist underlying 
~aye~s wh~re the ,:",ater content is on the order of 2 to 10%. Egg clutches incubating 
~n dner chmate WIll tend to be closer to the dry layer (i.e., the dry layer will penetrate 
mto the beach more deeply) than egg clutches incubating in wetter climates. The 
increased thickness of the dry layer should (at some point) increase the contribution 
of gas exchange through the top of the nest to overall nest gas exchange. For locations 
where extensive surface drying may occur, such as Israel or Queensland, a radial 
(one-dimensional) gas exchange model might not account well for clutch gas 
exchange, and a two-dimensional model might be more suitable. It is also worth 
considering the influence of nest crowding on clutch gas exchange. The model used 
by Ackerman49 assumed that each nest in the beach was independent of all other 
nests; that is, that nests were not "breathing" each other's gases. When nests are 
crowded together, as, for example, may occur in hatchery situations, the gas exchange 
of nests will not be independent of each other. It is not clear what crowding means 
quantitatively, but if nests are within a meter or less of each other then it is likely 

that the influence of one nest on another must be taken into account. As crowding 
increases, then clutch gas exchange through the top or bottom of the nest becomeM 
progressively more important than gas exchange through the sides, and u two­
dimensional planar model may become more applicable. 

Clutch gas is important because it establishes the background concentrations of 
respiratory gases in which the individual egg must exchange the gases necessary to 
support the metabolic activity of the developing embryo. Gas exchange between the 
clutch gases and blood in the chorioallantoic capillaries of the egg occurs across the 
eggshell and associated eggshell membranes. This gas exchange process has been 
reviewed by Deeming and Thompson42 for reptile eggs, but has not been extensively 
studied. Ackerman and Prange50 reported the 02 diffusion coefficient for Chelonia 
mydas eggshell and outer shell membrane to be around 5 x 10-5 cm3 S-I cm-2 kPa- I, 

a magnitude about twice that of a similarly sized chicken egg. Because the 02 uptake 
of the sea turtle egg is only about 20% that of the chicken egg, the 02 difference 
across the eggshell and membrane must be much smaller than for the chicken egg. 
An interesting aspect of this is that the diffusivity of the sea turtle shell must be a 
function of its water content. When the egg is oviposited, the shell is flooded with 
fluid. This fluid, if allowed to remain in the shell, would present such a large 
resistance to 02 transport (given the shell thickness) that the embryo would run out 
of 02 well before the end of incubation. Therefore, the shell must be dried out in 
some may; furthermore, as water is taken up by the egg during incubation, that water 
cannot be allowed to accumulate in the eggshell. The relationship between egg gas 
exchange and egg water ex'change is unexplored. 

4.6 ALTERED BEACHES 

Among other problems faced by sea turtles is the disappearance of nesting beaches, 
due either to submergence (sea level changes) or to erosional processes. Recent 
projections based on estimates of climate warming indicate that ocean level may 
rise by about 1 ft by 2100 (and more thereafter, if nothing changes), submerging 
many beaches. Beaches are dynamic geological structures with finite life spans, 
moving in time and space; moreover, sea level has changed many times over the 
geological life span of sea turtle species. The problem, however, is that the predicted 
sea level change may occur quite rapidly. This will accelerate beach dynamics. An 
added complication is that beaches are valuable economic entities. As a consequence 
there is strong political interest in replacing or maintaining beaches when they begin 
to disappear. The state of Florida in the U.S., a major nesting site for loggerhead 
turtles (Caretta caretta) as well as for leatherback (Dermochelys coraceia) and green 
(Chelonia mydas) turtles, suffers from major erosion of its primary sea turtle nestina 
beaches. Around 40% of the Atlantic coast beaches are experiencing erosion and 
33% are eroding at a critical rate.51 Because of the economic value of beaches to 
Florida, the eroded beaches are usually restored to something resembling a natural 
condition using artificial renourishment techniques. Beach renourishment often 
involves locating a suitable source of sand offshore of the eroded beach, pumpina 
the sand in a seawater slurry onto the eroded beach to supplement the natural sand 
present, and shaping the beach platform mechanically. Because renourishment has 

956



no influence on the nearshore processes which eroded the beach in the first instance 
(or on sea level increases), it generally has to be repeated at intervals. It is clear that 
the process of renourishment produces a beach that is different in some ways from 
natural beaches. In particular, renourished beaches appear to be harder than natural 
beaches and a vertical, erosional scarp often forms in the surface zone of the beach. 
It has been argued that this is due to compaction of the new beach materia1.52-57 The 
continued use by sea turtles of the renourished beaches for egg incubation has 
generated concern that beach renourishment might adversely influence sea turtle 
reproduction. This is of some concern because, as we have discussed above, it is 
known that the incubation climate critically influences embryonic development in 
sea turtles and other reptiles. Moreover, beach hardening may well impact nest 
excav~ti~n an.d structure as well as emergence from the nest of hatchlings. However, 
there IS lIttle mformation available on how renourishment might change the climate 
for development in the beach. 

Rimk 140 . us et a. exammed the hydric properties of eight renourished and seven 
natural beaches along the Atlantic coast of Florida in order to provide adequate 
replication for analyzing treatment effects. Although the distribution of water in both 
types of beach were similar, renourished beaches appear to retain more water than 
natural beaches. The field capacity25.46 of renourished beaches was greater than that 
of natural beaches. The difference in water retention (i.e., increased water content) 
is consistent with a difference in the characteristic curves of renourished and natural 
sand. Renourished sand appears to hold slightly (but significantly) more water at 
the 'P occurring in the sand. The difference in water retention may be attributable 
to differences in the sorting of sand composing the beach. The natural process of 
beach formation results in extensive sorting of the sand both by layers and within 
layers. 59 The orientation of the layer is determined by the wave wash on the beach 
and is typically inclined. Renourished beaches are unlikely to be sorted in the same 
way because they are not constructed in the same way. 

Renourished beaches had a lower bulk density and were less compact than 
natural beaches.40 This finding was not consistent with earlier work where the reverse 
was reported.52-57 However, the earlier findings were not based on measurements of 
bulk density; rather, increased compaction was inferred from measurements of beach 
shear resistance using cone penetrometers.60 Increases in shear resistance can be due 
to increases in compaction, but they may also be due to other factors such as sand 
particle shape and surface characteristics and to interactions (e.g. , chemical) between 

. I 61 S -I' • partiC es. carp 10rmatlOn can be attributed to an increase in the shear resistance61 

rather than to beach compaction and thus the presence of scarps does not confirm 
that a beach is compacted. Another explanation needs to be sought. A measure of 
beach shear resistance can also be described as a measure of beach hardening or 
strength. Shear resistance describes the ability of a soil, in this case, beach sand, to 
resist sliding along internal surfaces. In addition to the external force operating on 
the object, the object exerts a normal force on the surface over which it is tending 
to m~ve. For a beach, the normal force would be the weight of sand (overburden) 
pressmg down at the point of movement. The force required to just cause the surfaces 
to slide along each other (the point at which the material fails) is called the shearing 

I 

stress ('t
r
) and is relutcd to the angle of stress of thc normal force (0) and the friction 

angle (<p) by the equation: 

'tf = 0 . tan <p (4.7) 

For soils, <P is defined as the angle of internal friction. This angle rep.resents the sum 
of the sliding friction (<Ps) and the effect of interlocking by the partIcles (9): 

<p = <Ps + 9 
(4.14) 

The contributions of <Ps and e can be separated experimentally. Sliding friction. III 
characteristic of a particular soil and has to do with the nature of the surfaces which 
are in contact. Interlocking describes the tendency for particles to move out of each 
other's path as shear (failure) occurs and is strongly influe?ced by th~ distribution 
of particle sizes present (gradation) and density (compactIon). EquatIon~ 4.7 and 
4.8 demonstrate how beach shear resistance ('ef) could change when only <Ps Increases 
with no change in compaction or if compaction changes with no change in the type 
of particles in the beach (Ij>s)' Thus, the measurement of increased beach shear 
resistance does not necessarily establish that the beach is also compacted. Measure­
ment of increased shear resistance in renourished beaches would indicate beach 
compaction, only when the particles on the renourished beach were identical to those 
on a reference beach. The relationship between shearing strength ('ef) and the nonnal 

force (0-) is describe by the Coulombe equation: 

(4.9) 

where an additional variable, cohesion (c), has been added to Equation 4.7. Thill 
relationship can be determined in the laboratory. However, anoth.er factor mus~ also 
be considered. The new material used to renourish beaches may mteract chemIcally 
through organic molecules bound to the surface. This could also result in incr:ased 
shear resistance and should be evaluated. The scarps observed on renounshed 
beaches in the tidal wash zone of the beach can be of considerable height and can 
be dangerous to humans, while limiting sea turtle access to the beach. Increased 
shear strength acts to increase the stability of slopes6

\ with the result that scary's 
should be more stable on renourished beaches which exhibit increased shear resIs­
tance. Vertical cuts, such as scarps on beaches, are common in gullying or erosional 
situations. The height of the scarp (He> can be calculated from the angle of internal 
friction (Ij» and the cohesion (c). To a first-order approximation, the greater the ~ 
the greater the height (He) of the scarp that can develop: 

He = 2 . c/y . tan (45 + 1j>/2) (4.10) 

where y is the unit weight of sand. Thus the magnitud~ of scarp f~rmation on a 
renourished beach could serve as an index to changes m shear resIstance of the 
beach if compaction were measured in some independent way. 
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The inl1ucnl:c of bellch rcnourishmcnt on sea turtlc rcproduction or egg inl:uba­
tion has not been studied extensively. However. because the hydric. thermal, and 
respiratory properties of soil are a function of soil wetness, it might be expected 
that the microclimate of renourished beaches is different from that of natural 
beaches.40 Whether or not and to what extent this difference might impact egg 
incubation can only be conjectured at this point and must ultimately be assessed 
empirically. Egg water exchange is driven by the difference in 'I' between the interior 
of the egg and the beach.32 Observed differences40 indicate that it is likely that the 
water potentials of renourished and natural beaches are so similar that the hydric 
climate in renourished and natural beaches are identical. The matric 'I' are in the 
range of -5 to -15 kPa for both types of beach.40 If the total 'I' of the beach is the 
sum of the 'I' due to salt and the matric '1', then the value is around -20 to -40 kPa 
for both renourished and natural beaches. Because the driving force for water 
exchange between eggs and beach is likely to be around 800 kPa,32 small differences 
between the two beach types are unlikely to be quantitatively important. However, 
the increased wetness is likely to alter the thermal and respiratory exchange of the 
eggs in the clutch. The differences in observed water contenro between renourished 
and natural beaches could produce a substantial increase in the thermal 
conductivity24.62 of renourished relative to natural beaches. This difference is likely 
to be important in two different contexts. First, sea turtle nests increase in temperature 
above beach temperature as incubation progresses,3l with the center of the nest 
increasing in temperature to a greater extent than the periphery. The increase in 
temperature is a function of the degree to which heat is conducted away from the 
nest. Thus, if beach thermal conductivity increases, we would expect to find that the 
temperature in nests in renourished beaches would increase substantially less than 
in natural nests . The difference should be sufficient to influence both the duration 
of incubation and the water exchange of the egg?·33 in clutches in renourished 
beaches. The second context involves the temperature of the beach rather than the 
temperature of the clutch. Beach temperature will be strongly dependent on the 
movement of heat inside the beach and on heat exchange at the beach surface. These 
processes are well understood for soils in general,24 but, to my knowledge, have not 
been applied to nesting beaches. Renourished beaches should have greater thermal 
conductivity than natural beaches as a consequence of their increased in water 
content. In addition, because water stores large quantities of heat (relatively) an 
increase in beach water content will result in an increase in the heat capacity63 of 
the beach. The differences in these thermal properties are likely to cause differences 
in the beach temperature of renourished and natural beaches on a daily and seasonal 
basis. The magnitude of such differences cannot be easily or reliably predicted. 
However, it is well known that incubation temperature influences important biolog­
ical variables such as hatchling sex ratio, where even small differences in temperature 
at the right time and temperature can have important effects on sex determination. 
Sand water content also influences the gas permeability of sand.24,45 It appears likely 
that observed water content differences40 could result in a substantial decrease in 
gas permeability of renourished beaches. It can be estimated49 that the gas exchange 
of nests in renourished beaches would be impeded to some extent. This is likely to 
result in lower concentrations of oxygen and higher concentrations of carbon dioxide 

. , . 10 'iclIl relevancc of this potential effect remain!! 
in the center 01 the dutl:h. The blo g 'mentally that sea turtle eggs are 
to he investigated. but it has been shown c~,:n . 
sensitive to altered respiratory gas exchange . . 
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ABSTRACT. – A shrimp trawl fishery study was conducted
in the coastal waters of Orissa, India, from November
2001 to March 2002; 76 trawls in water of 6–35 fathoms
resulted in the capture of 26 olive ridley turtles
(Lepidochelys olivacea). Most turtle captures occurred
within 5 km of the shoreline and at a depth of less than
10 fathoms, emphasizing the need for greater protection
of these nearshore habitats. Data revealed a strong
relationship between tow time and mortality of turtles.

Sea turtles face threats at every stage of their life

cycles from natural and human-induced factors—both on

land where females nest and hatchlings emerge and in

offshore waters where they spend their life as hatchlings,

juveniles, and adults. Of all known causes, fishery-related

mortality is, by far, the most important cause of mortality

of adult sea turtles and is considered the single largest

threat to sea turtle populations globally. Five species of

endangered sea turtles inhabit India’s coastal waters, of

which four are known to occur in Orissa: olive ridley

(Lepidochelys olivacea), green (Chelonia mydas), hawks-

bill (Eretmochelys imbricatta), and leatherback (Der-
mochelys coriacea). All species occurring in India are

legally protected in Schedule I of the Indian Wildlife

(Protection) Act, 1972.

Orissa has three major mass nesting grounds for L.
olivacea: Gahirmatha, Devi River mouth, and Rushikulya

River mouth. There is global concern regarding the future

of olive ridleys in Orissa, particularly due to large-scale

mortality of sea turtles from incidental capture-related

mortality (Rajagopalan et al. 1996; Pandav et al. 1998;

Shanker and Mohanty 1999).

Sea turtle strandings related to shrimp fisheries on

beaches of the southeastern United States was first

documented in the early 1970s (Ulrich 1978; Murphy and

Hopkins 1989). Hillestead et al. (1982) documented that sea

turtles are caught in fisheries around the world, especially in

trawl nets, and also reported that incidental or accidental

capture in fishing nets was emerging as a global problem for

sea turtle survival. Magnusson et al. (1990) emphasized that

drowning in trawl nets in the Gulf of Mexico and along the

US Atlantic coast is the major cause of sea turtle mortality

due to human activities; this was also previously noted by

Henwood and Stuntz (1987) who demonstrated a strong

positive relationship between tow time and incidence of sea

turtle mortality in the shrimp fishery.

Gove et al. (2001) highlighted the impact of shallow-

water shrimp trawlers operating in Safola Bank, which

caught between 1932 and 5436 sea turtles every year;

these figures placed the shrimp fishery as one of the main

sources of marine turtle mortality in central Mozambique.

Guinea and Whiting (1997) inferred that flatback, logger-

head, and olive ridley turtles were being caught in

Queensland waters. Dash and Kar (1990) and Pandav et

al. (1997) have suggested that uncontrolled, mechanized

fishing in areas of high sea turtle concentration has

resulted in large-scale mortality of olive ridleys during the

last two decades in Orissa. However, no quantified

information about sea turtle and shrimp fishery interactions

is available from the coastal waters off Orissa, and

information on actual capture levels is relatively scarce.

The intent of this study was to estimate the incidental

captures of sea turtles in the shrimp fishery off Orissa

coastal waters. The rationale of the study was to determine

which species were affected, what size classes, where

captures occurred, and catch per unit effort (CPUE) of sea

turtles in stratified study zones. We also wanted to

determine the relationship between tow time and turtle

mortality and to assess the relationship between sea turtle

strandings and shrimp trawling patterns. The study also

recommends conservation measures to safeguard sea turtle

populations of Orissa while they are in offshore waters.

Study Area. — Orissa, an important maritime state on

the east coast of India, has a coastline of 480 km and a

continental shelf area of 24,000 km forming 8% and 4.5%,

respectively, of the nation’s total area. Orissa accounts for

an annual production of 6858 tons of shrimp and 125,000

tons of other marine fisheries. A total of 545,109,387

USD are earned per annum by export of marine products

from Orissa (Anonymous 1997). High sea turtle concen-

trations occur in Brahmini-Bhaitarini, Devi, and Rush-

ikulya river mouths. Thus, the coastline between

Brahmini-Baitarini and the Devi river mouths was chosen

for sampling (Fig. 1). For easy accessibility to these areas,

Paradip was selected as the base station to carry out the

experimental trawling. The selected coastline was classi-

fied into three zones of 35, 55, and 60 km (Fig. 1):(Zone I)

the coastal waters of Gahirmatha that extend from Dhamra

River to Barunei, the mouth of River Hansua and forms

the eastern boundary of the Bhitarkanika Wildlife

Sanctuary, (Zone II) the coastal waters of Paradip that

stretch from Barunei to the mouth of Jatadhara, near

Paradip, the only natural harbor along the Orissa coast

where the Mahanadhi enters Bay of Bengal, and (Zone III)

the coastal waters of Devi that stretches from the Jatadhra

River mouth to the Kadua River mouth. Operation of

mechanized and nonmechanized boats in Orissa (Anon-

ymous 1997) is given in Table 1.
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Methods. — Data collection was carried out between

November 2001 and March 2002, and was conducted both

at sea and along the coast. Stranded turtles on shore were

counted and marked with white paint every 2 weeks from

November 2001 to March 2002, and the size class and sex

were recorded. Offshore data collection took place

between January 2002 and March 2002. A fishing trawler

(M.V. Telaban) was hired from the Orissa Fisheries

Department. The authors also accompanied other private

vessels to document the incidental capture of sea turtles in

the private vessels. For this study, otter board single net

trawling was used uniformly, because such trawlers are

common along the Orissa coast. Trawling speed was

maintained between 2 to 4.5 knots/h. Trawl time was

limited to 1–2 hours in the research vessel to avoid sea

turtle mortality due to drowning and 3–4 hours in the

observer vessels, where the fishing protocols duplicated

those of private vessels. The geographic locations of all the

sampling areas (start and end position of the trawler) were

taken with Garmin 12 Global Positioning System (GPS).

Other parameters, such as start and end times of trawls and

depth of the trawl, state of the sea, weather condition, and

turtle captures and sightings, were recorded. Turtles caught

in the net were kept aboard the vessel, and their physical

condition was examined (i.e., alive, comatose, or dead).

All turtles were identified by species and sex; and their

curved carapace length (CCL), curved carapace width

(CCW), straight carapace length (SCL), and straight

carapace width (SCW) were measured, after which they

were released at sea. The activity of comatose turtles was

studied until they recovered. CPUE also was calculated

according to the methods suggested by Jamir (1999). For

each trawl sampled, effort (E) was standardized to reflect

hours towed with a 50-m net using the formula:

E¼ (nets 3 length/50 m) 3 (min/60)

Where nets¼ number of nets towed in a trawler, length¼
head rope length of the net, min¼min fished.

R¼
P

T/
P

E

Where R¼CPUE, T¼ number of turtles captured,

E¼Effort (standardized to 50-m net hours).

To determine the relationship between tow time and

mortality, turtles captured were classified as alive,

comatose, or dead (Magnusson et al. 1990). Because

comatose turtles are already in a stressed condition, cannot

swim actively, and will eventually drown, comatose turtles

were counted as dead turtles. Tow duration of the trawls

that resulted in turtle captures was plotted against the

physical condition of the turtles to check the relationship

between tow time and mortality. To document the size

class of the turtles both caught in the net and stranded on

shore, morphometric measurements of the turtles were

analyzed using statistical software (SPSS-PC). The

relationship between sea turtle stranding and shrimp

fisheries was determined by correlating the number of

stranded turtles with the number of shrimp vessels

operating in each zone.

Results and Discussion. — Seventy-six trawls were

carried out from January to March 2002, of which 52 were

conducted in the research vessel and 24 in observer

vessels. Of the 26 turtles caught, 21 were caught by the

research vessel and 5 by the observer vessels. All turtles

caught during the study were olive ridleys, of which 13

were males and 13 were females. Morphometric measure-

ments of the turtles captured in trawl nets by the study

vessels are given in Table 2. Trawls per zone, depth of

trawls, duration of trawls, trawl distance, and distance of

trawl from the nearest shoreline are given in Table 3.

During the study, 20 turtles (71.9%) were captured

less than 5 km from the shore, and the remaining 6 sea

turtles (28.1%) were recorded at varied distances beyond

the 5-km line (Fig. 2). As observed during the study, day

trawlers operating from fishing bases in Orissa trawl

mostly within a distance of 5 km from the shoreline.

Although the Orissa Marine Fishing Regulation Act

prohibits mechanized trawling within 5 km from shoreline,

the trawl operators in Orissa continue to operate in the

prohibited zones. This may result in large-scale captures of

turtles in nearshore areas.

Of the 26 turtles captured, 18 were captured at depths

of less than 10 fathoms. All the captures in zone I were

between 6 to 8 fathoms; in zone II, captures occurred

between 8 to 18 fathoms; and in zone III, most captures

were recorded in less than 10 fathom depth (Fig. 3), which

Figure 1. Study area on the coast of Orissa, India.

Table 1. Base-wise operation of mechanized and nonmechanized
boats in Orissa.

Base
Wooden
trawlers

Gill
netters

Motorized
country crafts

Balosore 293 322 592
Bhadrak 59 220 335
Balasore 1207 1500 475
Jagtsingpur 267 0 282
Kendrapara 28 48 0
Puri 39 18 854
Ganjam 686 1702 938

Total 2579 3810 3476

NOTES AND FIELD REPORTS 277

964



was well supported when CPUE was calculated and

analyzed. CPUE was calculated for every trawl in each

study zone and was comparatively much higher in areas of

less than 10 fathom depth and lower in areas of 14 to 35

fathoms depth, where normally turtles do not spend much

time.

Most turtles caught on trawls of 1–2 hours were alive

(mortality rate 11.1%). Trawls of more than 2 hours

duration had a higher mortality rate of 66.6% (Fig. 4),

which supports the study of Henwood and Stunz (1987),

and Magnusson et al. (1990), who depicted the death rate

of sea turtles in trawl nets at near zero until the tow time

exceeds 60 minutes; mortality rose with increasing tow

time to around 50% for tow times in excess of 200

minutes. Most trawls for the research vessel were restricted

to 60-minute duration, and none exceeded 200 minutes.

However, in the observer vessel, the minimum trawl

duration was 180 minutes and maximum was 6 hours 45

minutes.

A total number of 11,593 (2714 male, 7147 female,

1732 unknown) stranded olive ridley turtles were counted

between Paradip to Sonapur (Fig. 5). Mortality rate was

higher during December and January, which may be

because of the peak fishing season along the Orissa coast.

Most dead females encountered during February and

March were egg-bearing. The Paradip and Konark coasts

accounted for the highest mortality, which can be

attributed to high abundance of turtles and high intensity

of trawling operations. Although sea turtles also are

abundant on the Rushikulya coast due to the presence of

the mass nesting site, strandings were much lower

compared to other coastal areas due to less intensity of

fishing in that area. Sea turtle strandings are mostly the

result of a complex interaction between sea turtles and

trawl or other fishing gear mortalities. Stranding occurs

when a carcass starts to decompose, becomes inflated, and

floats. Wind and currents bring a few of them to shore, but

most dead turtles never reach the shore because they are

Table 2. Morphometric measurements of Lepidochelys olivacea captured during the study.

Sex Curved carapace length Curved carapace width Straight carapace length Straight carapace width

Male 69.1 6 2.62 66.87 6 2.57 64.5 6 2.51 57.3 6 3.34
Female 68.69 6 2.61 67.32 6 1.71 64.75 6 1.98 55.83 6 2.50

Table. 3. Trawl details by zones.

Zones No. of trawls Depth of trawls (fathoms) Duration of trawls (h) Trawl distance (km) Distance from shore (km)

I 12 7.72 6 0.28 1.24 6 0.10 6.68 6 0.93 5.85 6 1.98
II 29 10.13 6 0.47 1.21 6 0.06 4.4 6 0.29 4.9 6 0.08
III 11 9.54 6 0.46 1.24 6 0.09 4.5 6 0.53 3.19 6 0.53
Observer vessel 24 17.41 6 0.82 4.29 6 0.22 13.42 6 1.17 26.40 6 2.28

Figure 2. Distance from shore at which turtle captures occurred. Figure 3. Depth at which captures occurred.
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either eaten by scavengers, break apart, or burst and sink.

Stranding has been used as an index of sea turtle mortality

from shrimping activities (Caillouet et al. 1991) but is

subject to error due to many factors including wind,

currents, etc. Murphy and Hopkins-Murphy (1989)

reported only 6 of 22 tagged loggerhead carcasses at sea

turned up as strandings. Thus, sea turtle strandings

represent only a small fraction of actual mortality.

Conclusions. — This study concludes that more than

70% of turtle captures in shrimp trawl fisheries in Orissa

occurred within 5 km from shore. These were in generally

shallow waters, less than 10 fathoms. A steep increase

occurred in the mortality rate when the duration of the

trawl was extended beyond 2 hours. Strandings were

higher in zones where there is heavy marine fishing and

high sea turtle abundance. These findings will help in the

management of the sea turtle crisis that exists today.

Because the peak turtle mating and breeding period

coincides with the main fishing season (October–May),

the turtles are most vulnerable at this time. Strict

enforcement of the Orissa Marine Fishing Regulation

Act in nearshore areas and in areas of high sea turtle

concentration, and mandatory use of Turtle Excluder

Devices (TEDs) in all fishing zones would reduce turtle

mortality.
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Figure 4. Relationship between tow time and mortality.

Figure 5. Sea turtle strandings and spatiotemporal pattern of the shrimp fishery.
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ABSTRACT. – We investigated the reproductive biology
of Podocnemis sextuberculata in the Reserva Biológica
do Rio Trombetas, state of Pará, Brazil. Female
carapace length was positively correlated with num-
ber, average weight, and volume of eggs. Clutch size
varied from 8 to 24 eggs, incubation period varied
from 48 to 64 days, and hatching occurred about 1
month before the beginning of the rainy season. Local
inhabitants regularly use females, nests, and neonates
as food sources.

Amazonian chelonians, mainly species of the genus

Podocnemis, are one of the richest biological resources of

Brazil. For centuries, the high quality of their meat and eggs

has been essential to support the people who live in the region

(Verı́ssimo 1895; Smith 1979; Cantarelli 1997). The rational

use of these resources may offer alternatives for the social

and economical development of the region. Nevertheless, to

manage turtle populations and produce appropriate con-

servation plans, it is necessary to document aspects of their

breeding biology. Although the distribution of species of

Podocnemis covers a large area of the Amazon Basin, very

little is known about their reproductive strategies.

Six species of Podocnemis are currently recognized,

all restricted to South America: P. expansa and P. unifilis
are widely distributed in the Amazon and Orinoco basins;

P. sextuberculata is restricted to the Amazon basin; P.
erythrocephala occurs mainly in the Rio Negro basin; P.
vogli in the Orinoco; and P. lewyana in the Rio Magdalena

(Pritchard and Trebbau 1984; Iverson 1992). Studies of

reproductive biology have been published on P. expansa
(Vanzolini, 1977; Alho et al., 1979; Alho and Pádua,

1982a,b; Pádua and Alho 1982; Valenzuela 2001), P.
unifilis (Foote 1978; Pritchard and Trebbau 1984;

Thorbjarnarson et al. 1993; Souza and Vogt 1994;

Thorbjarnarson and Silveira 1996; Escalona and Fa

1998), P. sextuberculata (Vanzolini and Gomes 1979;

Pezzuti and Vogt 1999), and P. erythrocephala (Castano-

Mora et al. 2003).
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Threats to sea turtles on the Rameswaram – Dhanushkhodi Coast

S. Krishnapillai

Principal Scientist (Retd.), CMFRI
7-49F, Deivakam Pilliyar Koil Street, N.G.O. Colony, Kottar (P.O.), Nagercoil  629 002. India.

Exploitation for trade

Turtle fishing has been practiced for a long time in
the Gulf of Mannar and Palk Bay in Tamil Nadu.
Five species of sea turtles - olive ridleys, green
turtles, hawksbill turtles, loggerhead and leatherback
turtles are recorded from this area (Bhupathy and
Saravanan, 2002). Prior to 1972, there was legal
live turtle trade between India and Sri Lanka. Live

turtles were transported by sailing boats from
Pamban, Tamil Nadu to Jaffna, Sri Lanka
(Agastheesapillai, 1996) and turtle shells were
exported to France, U.K. and several other
European countries. In 1960, it was estimated that
an average of about 3000 to 4000 turtles were
landed every year in the Gulf of Mannar area and
1000 turtles in the Palk Bay; green turtles formed
75% of the landings, and olive ridley and loggerhead
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Accidental catch

Introduction of mechanisation in fisheries resulted
in the accidental catch of turtles in gillnets, which
became a major threat to their populations. The Indo-
Norwegian project established a boat-building yard
in Mandapam to construct 32-foot trawlers in 1970.
Several trawlers were constructed under this
programme and the fishermen of Mandapam,
Pamban, Rameswaram and Kilakarai availed of
loans to buy trawlers. The operation of trawlers in
this area not only increased fish catch but also
resulted in a substantial increase in the accidental
catch and mortality of sea turtles. A recent study of
sea turtles off the Tamil Nadu coast revealed that
fishing is one of the major causes of turtle mortality
there (Bhupathy and Saravanan, 2002).

Although rates of accidental catches of sea turtles
are relatively high in this area, most of them go
unreported or unnoticed. Accidental catch of olive
ridleys, Lepidochelys olivacea, was reported at
Pamban (Kasinathan, 1988) and off Dhanushkodi
(Krishna Pillai et. al. 1989). The accidental catch
of leatherback turtles, Dermochelys coriacea, was
reported from Dhanushkodi (Krishna Pillai et. al.
1989), Rameswaram (Krishna Pillai et. al. 1995)
and Mandapam (Rao et. al. 1989). Due to more
attention in recent times to the conservation and
management of sea turtles, (Jayaprakash et. al
1993), the stranding of turtles has been reported
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more frequently (Kasinathan and Palanichamy,
2002).

Recently, another threat has emerged in the form
of dynamite fishing along the 19 km Rameswaram-
Dhanushkodi coast. Dynamite fishing is practiced
to catch fish, particularly soles, along the coast of
Tamil Nadu and Kerala. Dynamite fishing in the
Chaliyar river, north Kerala was reported by Lal
Mohan (1991). Dynamite fishing is regularly
practiced in the Rameswaram area, which often
causes the death of endangered species, such as
dolphins and sea turtles. Regular and continuous
dynamite fishing operations caused the death of
more than 10 turtles which were washed ashore
during the end of January 2004 along the
Rameswaram-Dhanushkodi coast.

Conclusion

Sea turtle populations in this area have already been
depleted due to their over-exploitation for trade and
from accidental drowning in fishing gear of gill nets
and trawlers (Bhupathy and Saravanan, 2002). Boat
propellers can also cause damage to the flippers
and shells of sea turtles. Recently, dynamite fishing
has become yet another threat to their populations.
Such dynamite fishing should be stopped during the
turtle nesting season (from December to March)
to save the turtles from this additional threat. The
state fisheries department, forest department and
its wildlife wing, the Coast Guard and the local police
should work together and take action to stop
dynamite fishing and prevent further turtle mortality.
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January 2022 bird census data - 

 

Common name scientific_name Lat Long Count Date 

Ashy Prinia Prinia socialis 12.23635 79.97214 6 

01-29-

2022 

Asian Koel Eudynamys scolopaceus 12.23635 79.97214 2 

01-29-

2022 

Asian Openbill Anastomus oscitans 12.23635 79.97214 151 

01-29-

2022 

Asian Palm-Swift Cypsiurus balasiensis 12.23635 79.97214 56 

01-29-

2022 

Barn Swallow Hirundo rustica 12.23635 79.97214 1 

01-29-

2022 

Black Drongo Dicrurus macrocercus 12.23635 79.97214 8 

01-29-

2022 

Black-bellied Plover Pluvialis squatarola 12.23635 79.97214 3 

01-29-

2022 

Black-crowned Night-Heron Nycticorax nycticorax 12.23635 79.97214 22 

01-29-

2022 

Black-headed Ibis Threskiornis melanocephalus 12.23635 79.97214 73 

01-29-

2022 

Black-rumped Flameback Dinopium benghalense 12.23635 79.97214 6 

01-29-

2022 

Black-winged Stilt Himantopus himantopus 12.23635 79.97214 7 

01-29-

2022 

Blue-tailed Bee-eater Merops philippinus 12.23635 79.97214 8 

01-29-

2022 

Blyth's Reed Warbler Acrocephalus dumetorum 12.23635 79.97214 7 

01-29-

2022 

Brahminy Starling Sturnia pagodarum 12.23635 79.97214 2 

01-29-

2022 

Brown-headed Gull Chroicocephalus brunnicephalus 12.23635 79.97214 391 

01-29-

2022 

Caspian Tern Hydroprogne caspia 12.23635 79.97214 19 

01-29-

2022 

Cattle Egret Bubulcus ibis 12.23635 79.97214 23 

01-29-

2022 

Common Greenshank Tringa nebularia 12.23635 79.97214 5 

01-29-

2022 

Common Hawk-Cuckoo Hierococcyx varius 12.23635 79.97214 5 

01-29-

2022 

Common Iora Aegithina tiphia 12.23635 79.97214 3 

01-29-

2022 

Common Kingfisher Alcedo atthis 12.23635 79.97214 2 

01-29-

2022 
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Common Myna Acridotheres tristis 12.23635 79.97214 50 

01-29-

2022 

Common Redshank Tringa totanus 12.23635 79.97214 5 

01-29-

2022 

Common Sandpiper Actitis hypoleucos 12.23635 79.97214 5 

01-29-

2022 

Common Tailorbird Orthotomus sutorius 12.23635 79.97214 15 

01-29-

2022 

Coppersmith Barbet Psilopogon haemacephalus 12.23635 79.97214 1 

01-29-

2022 

Eurasian Collared-Dove Streptopelia decaocto 12.23635 79.97214 4 

01-29-

2022 

Eurasian Curlew Numenius arquata 12.23635 79.97214 1 

01-29-

2022 

Eurasian Hoopoe Upupa epops 12.23635 79.97214 1 

01-29-

2022 

Glossy Ibis Plegadis falcinellus 12.23635 79.97214 114 

01-29-

2022 

Gray Francolin Ortygornis pondicerianus 12.23635 79.97214 6 

01-29-

2022 

Gray Heron Ardea cinerea 12.23635 79.97214 11 

01-29-

2022 

Great Crested Tern Thalasseus bergii 12.23635 79.97214 9 

01-29-

2022 

Great Egret Ardea alba 12.23635 79.97214 9 

01-29-

2022 

Greater Coucal Centropus sinensis 12.23635 79.97214 3 

01-29-

2022 

Green Bee-eater Merops orientalis 12.23635 79.97214 4 

01-29-

2022 

Green Sandpiper Tringa ochropus 12.23635 79.97214 1 

01-29-

2022 

Gull-billed Tern Gelochelidon nilotica 12.23635 79.97214 4 

01-29-

2022 

House Crow Corvus splendens 12.23635 79.97214 28 

01-29-

2022 

Indian Golden Oriole Oriolus kundoo 12.23635 79.97214 1 

01-29-

2022 

Indian Paradise-Flycatcher Terpsiphone paradisi 12.23635 79.97214 1 

01-29-

2022 

Indian Peafowl Pavo cristatus 12.23635 79.97214 4 

01-29-

2022 

Indian Pond-Heron Ardeola grayii 12.23635 79.97214 28 

01-29-

2022 

Indian Robin Copsychus fulicatus 12.23635 79.97214 1 

01-29-

2022 

Indian Roller Coracias benghalensis 12.23635 79.97214 1 01-29-
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2022 

Indian Silverbill Euodice malabarica 12.23635 79.97214 1 

01-29-

2022 

Indian Spot-billed Duck Anas poecilorhyncha 12.23635 79.97214 5 

01-29-

2022 

Indian Thick-knee Burhinus indicus 12.23635 79.97214 5 

01-29-

2022 

Intermediate Egret Ardea intermedia 12.23635 79.97214 3 

01-29-

2022 

Jerdon's Bushlark Mirafra affinis 12.23635 79.97214 9 

01-29-

2022 

Large-billed Crow Corvus macrorhynchos 12.23635 79.97214 16 

01-29-

2022 

Lesser Black-backed Gull Larus fuscus 12.23635 79.97214 2 

01-29-

2022 

Little Cormorant Microcarbo niger 12.23635 79.97214 53 

01-29-

2022 

Little Egret Egretta garzetta 12.23635 79.97214 48 

01-29-

2022 

Little Ringed Plover Charadrius dubius 12.23635 79.97214 6 

01-29-

2022 

Little Stint Calidris minuta 12.23635 79.97214 2 

01-29-

2022 

Loten's Sunbird Cinnyris lotenius 12.23635 79.97214 7 

01-29-

2022 

Marsh Sandpiper Tringa stagnatilis 12.23635 79.97214 2 

01-29-

2022 

Northern Pintail Anas acuta 12.23635 79.97214 630 

01-29-

2022 

Oriental Magpie-Robin Copsychus saularis 12.23635 79.97214 1 

01-29-

2022 

Pacific Golden-Plover Pluvialis fulva 12.23635 79.97214 60 

01-29-

2022 

Paddyfield Pipit Anthus rufulus 12.23635 79.97214 5 

01-29-

2022 

Painted Stork Mycteria leucocephala 12.23635 79.97214 1 

01-29-

2022 

Pale-billed Flowerpecker Dicaeum erythrorhynchos 12.23635 79.97214 1 

01-29-

2022 

Pied Bushchat Saxicola caprata 12.23635 79.97214 2 

01-29-

2022 

Pied Kingfisher Ceryle rudis 12.23635 79.97214 2 

01-29-

2022 

Pin-tailed Snipe Gallinago stenura 12.23635 79.97214 8 

01-29-

2022 

Plain Prinia Prinia inornata 12.23635 79.97214 1 

01-29-

2022 
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Purple Heron Ardea purpurea 12.23635 79.97214 1 

01-29-

2022 

Purple Sunbird Cinnyris asiaticus 12.23635 79.97214 1 

01-29-

2022 

Purple-rumped Sunbird Leptocoma zeylonica 12.23635 79.97214 8 

01-29-

2022 

Red-vented Bulbul Pycnonotus cafer 12.23635 79.97214 17 

01-29-

2022 

Red-wattled Lapwing Vanellus indicus 12.23635 79.97214 15 

01-29-

2022 

Rock Pigeon Columba livia 12.23635 79.97214 1 

01-29-

2022 

Rose-ringed Parakeet Psittacula krameri 12.23635 79.97214 14 

01-29-

2022 

Rufous Treepie Dendrocitta vagabunda 12.23635 79.97214 2 

01-29-

2022 

Shikra Accipiter badius 12.23635 79.97214 1 

01-29-

2022 

Spotted Dove Streptopelia chinensis 12.23635 79.97214 14 

01-29-

2022 

Spotted Owlet Athene brama 12.23635 79.97214 2 

01-29-

2022 

Striated Heron Butorides striata 12.23635 79.97214 4 

01-29-

2022 

Whimbrel Numenius phaeopus 12.23635 79.97214 9 

01-29-

2022 

Whiskered Tern Chlidonias hybrida 12.23635 79.97214 5 

01-29-

2022 

White-browed Bulbul Pycnonotus luteolus 12.23635 79.97214 13 

01-29-

2022 

White-browed Wagtail Motacilla maderaspatensis 12.23635 79.97214 6 

01-29-

2022 

White-throated Kingfisher Halcyon smyrnensis 12.23635 79.97214 7 

01-29-

2022 

Wood Sandpiper Tringa glareola 12.23635 79.97214 6 

01-29-

2022 

Yellow-billed Babbler Argya affinis 12.23635 79.97214 2 

01-29-

2022 

Yellow-wattled Lapwing Vanellus malabaricus 12.23635 79.97214 2 

01-29-

2022 

      December 2020 bird census data - 

Ashy Prinia Prinia socialis 12.23635 79.97214 2 

25-12-

2020 

Asian Koel Eudynamys scolopaceus 12.23635 79.97214 1 

25-12-

2020 
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Asian Palm-Swift Cypsiurus balasiensis 12.23635 79.97214 12 

25-12-

2020 

Barn Swallow Hirundo rustica 12.23635 79.97214 4 

25-12-

2020 

Black Drongo Dicrurus macrocercus 12.23635 79.97214 6 

25-12-

2020 

Black-bellied Plover Pluvialis squatarola 12.23635 79.97214 4 

25-12-

2020 

Black-crowned Night-Heron Nycticorax nycticorax 12.23635 79.97214 2 

25-12-

2020 

Black-rumped Flameback Dinopium benghalense 12.23635 79.97214 2 

25-12-

2020 

Black-winged Stilt Himantopus himantopus 12.23635 79.97214 4 

25-12-

2020 

Blue-faced Malkoha Phaenicophaeus viridirostris 12.23635 79.97214 1 

25-12-

2020 

Blue-tailed Bee-eater Merops philippinus 12.23635 79.97214 1 

25-12-

2020 

Blyth's Reed Warbler Acrocephalus dumetorum 12.23635 79.97214 2 

25-12-

2020 

Brown-headed Gull Chroicocephalus brunnicephalus 12.23635 79.97214 34 

25-12-

2020 

Caspian Tern Hydroprogne caspia 12.23635 79.97214 6 

25-12-

2020 

Cattle Egret Bubulcus ibis 12.23635 79.97214 4 

25-12-

2020 

Common Greenshank Tringa nebularia 12.23635 79.97214 7 

25-12-

2020 

Common Iora Aegithina tiphia 12.23635 79.97214 2 

25-12-

2020 

Common Kingfisher Alcedo atthis 12.23635 79.97214 2 

25-12-

2020 

Common Myna Acridotheres tristis 12.23635 79.97214 10 

25-12-

2020 

Common Redshank Tringa totanus 12.23635 79.97214 34 

25-12-

2020 

Common Sandpiper Actitis hypoleucos 12.23635 79.97214 6 

25-12-

2020 

Common Snipe Gallinago gallinago 12.23635 79.97214 2 

25-12-

2020 

Common Tailorbird Orthotomus sutorius 12.23635 79.97214 6 

25-12-

2020 

Common Woodshrike Tephrodornis pondicerianus 12.23635 79.97214 1 

25-12-

2020 

Eurasian Collared-Dove Streptopelia decaocto 12.23635 79.97214 1 

25-12-

2020 

Eurasian Curlew Numenius arquata 12.23635 79.97214 2 25-12-
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2020 

Eurasian Marsh-Harrier Circus aeruginosus 12.23635 79.97214 1 

25-12-

2020 

Glossy Ibis Plegadis falcinellus 12.23635 79.97214 40 

25-12-

2020 

Gray Francolin Ortygornis pondicerianus 12.23635 79.97214 10 

25-12-

2020 

Gray Heron Ardea cinerea 12.23635 79.97214 3 

25-12-

2020 

Great Crested Tern Thalasseus bergii 12.23635 79.97214 29 

25-12-

2020 

Great Egret Ardea alba 12.23635 79.97214 7 

25-12-

2020 

Greater Coucal Centropus sinensis 12.23635 79.97214 1 

25-12-

2020 

Green Bee-eater Merops orientalis 12.23635 79.97214 9 

25-12-

2020 

Gull-billed Tern Gelochelidon nilotica 12.23635 79.97214 13 

25-12-

2020 

House Crow Corvus splendens 12.23635 79.97214 16 

25-12-

2020 

Indian Golden Oriole Oriolus kundoo 12.23635 79.97214 1 

25-12-

2020 

Indian Paradise-Flycatcher Terpsiphone paradisi 12.23635 79.97214 1 

25-12-

2020 

Indian Peafowl Pavo cristatus 12.23635 79.97214 5 

25-12-

2020 

Indian Pond-Heron Ardeola grayii 12.23635 79.97214 22 

25-12-

2020 

Indian Robin Copsychus fulicatus 12.23635 79.97214 2 

25-12-

2020 

Indian Silverbill Euodice malabarica 12.23635 79.97214 2 

25-12-

2020 

Indian Spot-billed Duck Anas poecilorhyncha 12.23635 79.97214 2 

25-12-

2020 

Jerdon's Bushlark Mirafra affinis 12.23635 79.97214 2 

25-12-

2020 

Large-billed Crow Corvus macrorhynchos 12.23635 79.97214 6 

25-12-

2020 

Lesser Black-backed Gull Larus fuscus 12.23635 79.97214 3 

25-12-

2020 

Little Cormorant Microcarbo niger 12.23635 79.97214 21 

25-12-

2020 

Little Egret Egretta garzetta 12.23635 79.97214 9 

25-12-

2020 

Little Ringed Plover Charadrius dubius 12.23635 79.97214 25 

25-12-

2020 
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Loten's Sunbird Cinnyris lotenius 12.23635 79.97214 3 

25-12-

2020 

Marsh Sandpiper Tringa stagnatilis 12.23635 79.97214 2 

25-12-

2020 

Oriental Magpie-Robin Copsychus saularis 12.23635 79.97214 1 

25-12-

2020 

Oriental Skylark Alauda gulgula 12.23635 79.97214 2 

25-12-

2020 

Osprey Pandion haliaetus 12.23635 79.97214 2 

25-12-

2020 

Pacific Golden-Plover Pluvialis fulva 12.23635 79.97214 74 

25-12-

2020 

Paddyfield Pipit Anthus rufulus 12.23635 79.97214 2 

25-12-

2020 

Pied Cuckoo Clamator jacobinus 12.23635 79.97214 1 

25-12-

2020 

Pied Kingfisher Ceryle rudis 12.23635 79.97214 4 

25-12-

2020 

Pin-tailed Snipe Gallinago stenura 12.23635 79.97214 1 

25-12-

2020 

Purple Sunbird Cinnyris asiaticus 12.23635 79.97214 2 

25-12-

2020 

Purple-rumped Sunbird Leptocoma zeylonica 12.23635 79.97214 1 

25-12-

2020 

Red-vented Bulbul Pycnonotus cafer 12.23635 79.97214 6 

25-12-

2020 

Red-wattled Lapwing Vanellus indicus 12.23635 79.97214 5 

25-12-

2020 

Rose-ringed Parakeet Psittacula krameri 12.23635 79.97214 5 

25-12-

2020 

Rufous Treepie Dendrocitta vagabunda 12.23635 79.97214 4 

25-12-

2020 

Spot-billed Pelican Pelecanus philippensis 12.23635 79.97214 1 

25-12-

2020 

Spotted Dove Streptopelia chinensis 12.23635 79.97214 30 

25-12-

2020 

Spotted Redshank Tringa erythropus 12.23635 79.97214 1 

25-12-

2020 

Western Reef-Heron Egretta gularis 12.23635 79.97214 2 

25-12-

2020 

Whimbrel Numenius phaeopus 12.23635 79.97214 9 

25-12-

2020 

Whiskered Tern Chlidonias hybrida 12.23635 79.97214 4 

25-12-

2020 

White-breasted Waterhen Amaurornis phoenicurus 12.23635 79.97214 2 

25-12-

2020 

White-browed Bulbul Pycnonotus luteolus 12.23635 79.97214 8 25-12-
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2020 

White-throated Kingfisher Halcyon smyrnensis 12.23635 79.97214 5 

25-12-

2020 

Yellow-billed Babbler Argya affinis 12.23635 79.97214 8 

25-12-

2020 

 

January 2020 bird census data -  

Ashy Prinia Prinia socialis 12.23635 79.97214 2 

2020-01-

19 

Asian Palm-Swift Cypsiurus balasiensis 12.23635 79.97214 2 

2020-01-

19 

Black-bellied Plover Pluvialis squatarola 12.23635 79.97214 10 

2020-01-

19 

Black-tailed Godwit Limosa limosa 12.23635 79.97214 6 

2020-01-

19 

Black-winged Stilt Himantopus himantopus 12.23635 79.97214 85 

2020-01-

19 

Black Drongo Dicrurus macrocercus 12.23635 79.97214 2 

2020-01-

19 

Blyth's Reed Warbler Acrocephalus dumetorum 12.23635 79.97214 2 

2020-01-

19 

Booted Warbler Iduna caligata 12.23635 79.97214 1 

2020-01-

19 

Brahminy Starling Sturnia pagodarum 12.23635 79.97214 2 

2020-01-

19 

Caspian Tern Hydroprogne caspia 12.23635 79.97214 15 

2020-01-

19 

Cattle Egret Bubulcus ibis 12.23635 79.97214 18 

2020-01-

19 

Common Greenshank Tringa nebularia 12.23635 79.97214 4 

2020-01-

19 

Common Iora Aegithina tiphia 12.23635 79.97214 2 

2020-01-

19 

Common Kingfisher Alcedo atthis 12.23635 79.97214 1 

2020-01-

19 

Eurasian Moorhen Gallinula chloropus 12.23635 79.97214 8 

2020-01-

19 

Common Myna Acridotheres tristis 12.23635 79.97214 10 

2020-01-

19 

Common Redshank Tringa totanus 12.23635 79.97214 55 

2020-01-

19 

Common Sandpiper Actitis hypoleucos 12.23635 79.97214 3 

2020-01-

19 

Common Snipe Gallinago gallinago 12.23635 79.97214 12 

2020-01-

19 

Common Tern Sterna hirundo 12.23635 79.97214 3 2020-01-
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19 

Common Woodshrike Tephrodornis pondicerianus 12.23635 79.97214 1 

2020-01-

19 

Coppersmith Barbet Psilopogon haemacephalus 12.23635 79.97214 6 

2020-01-

19 

Eurasian Curlew Numenius arquata 12.23635 79.97214 35 

2020-01-

19 

Eurasian Wigeon Mareca penelope 12.23635 79.97214 450 

2020-01-

19 

Green-winged Teal Anas crecca 12.23635 79.97214 250 

2020-01-

19 

Gray Heron Ardea cinerea 12.23635 79.97214 2 

2020-01-

19 

Green Bee-eater Merops orientalis 12.23635 79.97214 10 

2020-01-

19 

Great Egret Ardea alba 12.23635 79.97214 15 

2020-01-

19 

Greater Flamingo Phoenicopterus roseus 12.23635 79.97214 55 

2020-01-

19 

Green Sandpiper Tringa ochropus 12.23635 79.97214 1 

2020-01-

19 

Gull-billed Tern Gelochelidon nilotica 12.23635 79.97214 2 

2020-01-

19 

Eurasian Hoopoe Upupa epops 12.23635 79.97214 1 

2020-01-

19 

House Crow Corvus splendens 12.23635 79.97214 7 

2020-01-

19 

Indian Cormorant Phalacrocorax fuscicollis 12.23635 79.97214 35 

2020-01-

19 

Indian Pond-Heron Ardeola grayii 12.23635 79.97214 20 

2020-01-

19 

Intermediate Egret Ardea intermedia 12.23635 79.97214 5 

2020-01-

19 

Jerdon's Bushlark Mirafra affinis 12.23635 79.97214 3 

2020-01-

19 

Kentish Plover Charadrius alexandrinus 12.23635 79.97214 3 

2020-01-

19 

Large-billed Crow Corvus macrorhynchos 12.23635 79.97214 2 

2020-01-

19 

Lesser Sand-Plover Charadrius mongolus 12.23635 79.97214 35 

2020-01-

19 

Little Ringed Plover Charadrius dubius 12.23635 79.97214 4 

2020-01-

19 

Little Cormorant Microcarbo niger 12.23635 79.97214 12 

2020-01-

19 

Little Egret Egretta garzetta 12.23635 79.97214 16 

2020-01-

19 

Little Grebe Tachybaptus ruficollis 12.23635 79.97214 3 2020-01-
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19 

Little Stint Calidris minuta 12.23635 79.97214 4 

2020-01-

19 

Oriental Magpie-Robin Copsychus saularis 12.23635 79.97214 1 

2020-01-

19 

Marsh Sandpiper Tringa stagnatilis 12.23635 79.97214 5 

2020-01-

19 

Northern Pintail Anas acuta 12.23635 79.97214 1000 

2020-01-

19 

Northern Shoveler Spatula clypeata 12.23635 79.97214 300 

2020-01-

19 

Paddyfield Pipit Anthus rufulus 12.23635 79.97214 4 

2020-01-

19 

Osprey Pandion haliaetus 12.23635 79.97214 1 

2020-01-

19 

Pale-billed Flowerpecker Dicaeum erythrorhynchos 12.23635 79.97214 1 

2020-01-

19 

Pacific Golden-Plover Pluvialis fulva 12.23635 79.97214 35 

2020-01-

19 

Pied Bushchat Saxicola caprata 12.23635 79.97214 1 

2020-01-

19 

Pied Cuckoo Clamator jacobinus 12.23635 79.97214 1 

2020-01-

19 

Pied Kingfisher Ceryle rudis 12.23635 79.97214 3 

2020-01-

19 

Purple-rumped Sunbird Leptocoma zeylonica 12.23635 79.97214 1 

2020-01-

19 

Purple Sunbird Cinnyris asiaticus 12.23635 79.97214 1 

2020-01-

19 

Red-wattled Lapwing Vanellus indicus 12.23635 79.97214 12 

2020-01-

19 

Ruff Calidris pugnax 12.23635 79.97214 25 

2020-01-

19 

Rufous Treepie Dendrocitta vagabunda 12.23635 79.97214 1 

2020-01-

19 

Shikra Accipiter badius 12.23635 79.97214 2 

2020-01-

19 

Spot-billed Pelican Pelecanus philippensis 12.23635 79.97214 120 

2020-01-

19 

Spotted Owlet Athene brama 12.23635 79.97214 1 

2020-01-

19 

Tricolored Munia Lonchura malacca 12.23635 79.97214 2 

2020-01-

19 

Western Reef-Heron Egretta gularis 12.23635 79.97214 1 

2020-01-

19 

White-browed Wagtail Motacilla maderaspatensis 12.23635 79.97214 1 

2020-01-

19 

White-breasted Waterhen Amaurornis phoenicurus 12.23635 79.97214 1 2020-01-
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19 

Whimbrel Numenius phaeopus 12.23635 79.97214 35 

2020-01-

19 

Whiskered Tern Chlidonias hybrida 12.23635 79.97214 5 

2020-01-

19 

White-throated Kingfisher Halcyon smyrnensis 12.23635 79.97214 1 

2020-01-

19 

Wood Sandpiper Tringa glareola 12.23635 79.97214 65 

2020-01-

19 

Zitting Cisticola Cisticola juncidis 12.23635 79.97214 1 

2020-01-

19 

 

 

(K.V. SUDHAKAR) 
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Dated: 15 November 2022

TO WHOM IT MAY CONCERN

Yedaiyanthittu Estuary (   இடையன் திட்டு கழிமுகம்), on the eastern coast of Tamil Nadu, is an 
important staging ground for inter-continental migrant birds from the northern hemisphere. Regular 
monitoring in the last five years has recorded 157 species of birds (list attached) in the public global
repository eBird (www.ebird.org/india), including ten species that are classified as Threatened or 
Near Threatened as per the International Union for the Conservation of Nature (IUCN).

The Great Knot, an endangered shorebird, was reported in 2015. The estuary is one of one three 
sites in India where the Near Threatened Grey-tailed Tattler has ever been recorded. Apart from this,
12 bird species included in the Schedule I of the Wildlife Protection Act of 1972 are found here, as 
well as 46 species that are categorised as of High or Moderate Conservation Concern in the State of 
India's Birds 2020 report (www.stateofindiasbirds.in). Waterbirds occur in large congregations in 
winter - about 2,000 ducks, and 300 each of Pacific Golden Plovers and Brown-headed Gulls have 
been reported in the month of January during the annual Asian Waterbird Census.

Yedaiyanthittu Estuary is one of the few natural and unmodified estuaries left in India, and is of 
considerable conservation value, as the information above attests.

Faithfully,

Praveen J
Coordinator, Bird Count India
Email: skimmer@birdcount.in

Bird Count India is an informal partnership of a large number of organisations and groups working together to increase
our collective knowledge about bird distributions and populations

www.birdcount.in
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Yedayanthittu Estuary 
 

 English Name Scientific Name 

1.  Lesser Whistling-Duck Dendrocygna javanica 

2.  Greylag Goose Anser anser 

3.  Garganey Spatula querquedula 

4.  Northern Shoveler Spatula clypeata 

5.  Eurasian Wigeon Mareca penelope 

6.  Indian Spot-billed Duck Anas poecilorhyncha 

7.  Northern Pintail Anas acuta 

8.  Green-winged Teal (Common Teal) Anas crecca 

9.  Indian Peafowl Pavo cristatus 

10.  Grey Francolin Ortygornis pondicerianus 

11.  Greater Flamingo Phoenicopterus roseus 

12.  Little Grebe Tachybaptus ruficollis 

13.  Rock Pigeon (Blue Rock Pigeon) Columba livia 

14.  Eurasian Collared-Dove Streptopelia decaocto 

15.  Spotted Dove Spilopelia chinensis 

16.  Greater Coucal Centropus sinensis 

17.  Blue-faced Malkoha Phaenicophaeus viridirostris 

18.  Pied Cuckoo (Jacobin Cuckoo) Clamator jacobinus 

19.  Asian Koel Eudynamys scolopaceus 

20.  Common Hawk-Cuckoo Hierococcyx varius 

21.  Asian Palm Swift Cypsiurus balasiensis 

22.  Eurasian Moorhen Gallinula chloropus 

23.  White-breasted Waterhen Amaurornis phoenicurus 

24.  Indian Thick-knee (Indian Stone-curlew) Burhinus indicus 

25.  Black-winged Stilt Himantopus himantopus 

26.  Black-bellied Plover (Grey Plover) Pluvialis squatarola 

27.  Pacific Golden-Plover Pluvialis fulva 

28.  Yellow-wattled Lapwing Vanellus malabaricus 

29.  Red-wattled Lapwing Vanellus indicus 

30.  Lesser Sand-Plover Charadrius mongolus 

31.  Greater Sand-Plover Charadrius leschenaultii 

32.  Kentish Plover Charadrius alexandrinus 

33.  Little Ringed Plover Charadrius dubius 

34.  Whimbrel Numenius phaeopus 

35.  Eurasian Curlew Numenius arquata 

36.  Black-tailed Godwit Limosa limosa 

37.  Ruff Calidris pugnax 

38.  Curlew Sandpiper Calidris ferruginea 

39.  Temminck's Stint Calidris temminckii 

40.  Dunlin Calidris alpina 

41.  Little Stint Calidris minuta 
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42.  Common Snipe Gallinago gallinago 

43.  Pin-tailed Snipe Gallinago stenura 

44.  Terek Sandpiper Xenus cinereus 

45.  Common Sandpiper Actitis hypoleucos 

46.  Green Sandpiper Tringa ochropus 

47.  Grey-tailed Tattler Tringa brevipes 

48.  Spotted Redshank Tringa erythropus 

49.  Common Greenshank Tringa nebularia 

50.  Marsh Sandpiper Tringa stagnatilis 

51.  Wood Sandpiper Tringa glareola 

52.  Common Redshank Tringa totanus 

53.  Black-headed Gull Chroicocephalus ridibundus 

54.  Brown-headed Gull Chroicocephalus brunnicephalus 

55.  Pallas's Gull Ichthyaetus ichthyaetus 

56.  Lesser Black-backed Gull Larus fuscus 

57.  Little Tern Sternula albifrons 

58.  Gull-billed Tern Gelochelidon nilotica 

59.  Caspian Tern Hydroprogne caspia 

60.  White-winged Tern Chlidonias leucopterus 

61.  Whiskered Tern Chlidonias hybrida 

62.  Common Tern Sterna hirundo 

63.  Great Crested Tern Thalasseus bergii 

64.  Lesser Crested Tern Thalasseus bengalensis 

65.  Asian Openbill Anastomus oscitans 

66.  Painted Stork Mycteria leucocephala 

67.  Oriental Darter Anhinga melanogaster 

68.  Little Cormorant Microcarbo niger 

69.  Indian Cormorant (Indian Shag) Phalacrocorax fuscicollis 

70.  Spot-billed Pelican Pelecanus philippensis 

71.  Yellow Bittern Ixobrychus sinensis 

72.  Grey Heron Ardea cinerea 

73.  Purple Heron Ardea purpurea 

74.  Great Egret Ardea alba 

75.  Intermediate Egret Ardea intermedia 

76.  Little Egret Egretta garzetta 

77.  Western Reef-Heron (Western Reef-Egret) Egretta gularis 

78.  Cattle Egret Bubulcus ibis 

79.  Indian Pond-Heron Ardeola grayii 

80.  Striated Heron (Little Heron) Butorides striata 

81.  Black-crowned Night-Heron Nycticorax nycticorax 

82.  Glossy Ibis Plegadis falcinellus 

83.  Black-headed Ibis Threskiornis melanocephalus 

84.  Osprey Pandion haliaetus 

85.  Black-winged Kite (Black-shouldered Kite) Elanus caeruleus 
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86.  Oriental Honey-buzzard (Crested Honey 
Buzzard) Pernis ptilorhynchus 

87.  Eurasian Marsh-Harrier Circus aeruginosus 

88.  Pallid Harrier Circus macrourus 

89.  Montagu's Harrier Circus pygargus 

90.  Shikra Accipiter badius 

91.  Brahminy Kite Haliastur indus 

92.  Spotted Owlet Athene brama 

93.  Eurasian Hoopoe Upupa epops 

94.  Common Kingfisher (Small Blue Kingfisher) Alcedo atthis 

95.  White-throated Kingfisher Halcyon smyrnensis 

96.  Pied Kingfisher Ceryle rudis 

97.  Asian Green Bee-eater Merops orientalis 

98.  Blue-tailed Bee-eater Merops philippinus 

99.  Indian Roller Coracias benghalensis 

100.  Coppersmith Barbet Psilopogon haemacephalus 

101.  Black-rumped Flameback (Lesser 
Goldenbacked Woodpecker) Dinopium benghalense 

102.  Eurasian Kestrel (Common Kestrel) Falco tinnunculus 

103.  Peregrine Falcon Falco peregrinus 

104.  Rose-ringed Parakeet Psittacula krameri 

105.  Indian Golden Oriole Oriolus kundoo 

106.  Ashy Woodswallow Artamus fuscus 

107.  Common Woodshrike Tephrodornis pondicerianus 

108.  Common Iora Aegithina tiphia 

109.  Black Drongo Dicrurus macrocercus 

110.  Indian Paradise-Flycatcher Terpsiphone paradisi 

111.  Brown Shrike Lanius cristatus 

112.  Bay-backed Shrike Lanius vittatus 

113.  Rufous Treepie Dendrocitta vagabunda 

114.  House Crow Corvus splendens 

115.  Large-billed Crow Corvus macrorhynchos 

116.  Ashy-crowned Sparrow-Lark (Ashy-crowned 
Finch-Lark) Eremopterix griseus 

117.  Jerdon's Bushlark Mirafra affinis 

118.  Oriental Skylark Alauda gulgula 

119.  Common Tailorbird Orthotomus sutorius 

120.  Ashy Prinia Prinia socialis 

121.  Plain Prinia Prinia inornata 

122.  Zitting Cisticola Cisticola juncidis 

123.  Booted Warbler Iduna caligata 

124.  Blyth's Reed Warbler Acrocephalus dumetorum 

125.  Dusky Crag-Martin Ptyonoprogne concolor 

126.  Barn Swallow Hirundo rustica 

127.  Streak-throated Swallow Petrochelidon fluvicola 
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128.  Red-vented Bulbul Pycnonotus cafer 

129.  White-browed Bulbul Pycnonotus luteolus 

130.  Yellow-billed Babbler Argya affinis 

131.  Rosy Starling Pastor roseus 

132.  Brahminy Starling Sturnia pagodarum 

133.  Common Myna Acridotheres tristis 

134.  Asian Brown Flycatcher Muscicapa dauurica 

135.  Indian Robin Copsychus fulicatus 

136.  Oriental Magpie-Robin Copsychus saularis 

137.  Pied Bushchat Saxicola caprata 

138.  Pale-billed Flowerpecker Dicaeum erythrorhynchos 

139.  Purple-rumped Sunbird Leptocoma zeylonica 

140.  Purple Sunbird Cinnyris asiaticus 

141.  Loten's Sunbird (Long-billed Sunbird) Cinnyris lotenius 

142.  Indian Silverbill (White-throated Munia) Euodice malabarica 

143.  Scaly-breasted Munia (Spotted Munia) Lonchura punctulata 

144.  Tricolored Munia (Black-headed Munia) Lonchura malacca 

145.  Eastern Yellow Wagtail Motacilla tschutschensis 

146.  White-browed Wagtail (Large Pied Wagtail) Motacilla maderaspatensis 

147.  Paddyfield Pipit Anthus rufulus 

148.  Blyth's Pipit Anthus godlewskii 
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 Sl No. English Name Scientific Name 

1.  Indian Spot-billed Duck Anas poecilorhyncha 

2.  Indian Peafowl Pavo cristatus 

3.  Grey Francolin Ortygornis pondicerianus 

4.  Little Grebe Tachybaptus ruficollis 

5.  Rock Pigeon (Blue Rock Pigeon) Columba livia 

6.  Spotted Dove Spilopelia chinensis 

7.  Greater Coucal Centropus sinensis 

8.  Asian Koel Eudynamys scolopaceus 

9.  Common Hawk-Cuckoo Hierococcyx varius 

10.  Asian Palm Swift Cypsiurus balasiensis 

11.  White-breasted Waterhen Amaurornis phoenicurus 

12.  Black-winged Stilt Himantopus himantopus 

13.  Black-bellied Plover (Grey Plover) Pluvialis squatarola 

14.  Pacific Golden-Plover Pluvialis fulva 

15.  Red-wattled Lapwing Vanellus indicus 

16.  Lesser Sand-Plover Charadrius mongolus 

17.  Greater Sand-Plover Charadrius leschenaultii 

18.  Kentish Plover Charadrius alexandrinus 

19.  Little Ringed Plover Charadrius dubius 

20.  Whimbrel Numenius phaeopus 

21.  Eurasian Curlew Numenius arquata 

22.  Sanderling Calidris alba 

23.  Little Stint Calidris minuta 

24.  Terek Sandpiper Xenus cinereus 

25.  Common Sandpiper Actitis hypoleucos 

26.  Common Greenshank Tringa nebularia 

27.  Common Redshank Tringa totanus 

28.  Slender-billed Gull Chroicocephalus genei 

29.  Black-headed Gull Chroicocephalus ridibundus 

30.  Brown-headed Gull Chroicocephalus brunnicephalus 

31.  Pallas's Gull Ichthyaetus ichthyaetus 

32.  Lesser Black-backed Gull Larus fuscus 

33.  Little Tern Sternula albifrons 

34.  Gull-billed Tern Gelochelidon nilotica 

35.  Caspian Tern Hydroprogne caspia 

36.  Whiskered Tern Chlidonias hybrida 

37.  Common Tern Sterna hirundo 

38.  Great Crested Tern Thalasseus bergii 

39.  Lesser Crested Tern Thalasseus bengalensis 

40.  Asian Openbill Anastomus oscitans 

41.  Painted Stork Mycteria leucocephala 

42.  Little Cormorant Microcarbo niger 

43.  Spot-billed Pelican Pelecanus philippensis 

44.  Grey Heron Ardea cinerea 
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45.  Great Egret Ardea alba 

46.  Intermediate Egret Ardea intermedia 

47.  Little Egret Egretta garzetta 

48.  Western Reef-Heron (Western Reef-Egret) Egretta gularis 

49.  Cattle Egret Bubulcus ibis 

50.  Indian Pond-Heron Ardeola grayii 

51.  Striated Heron (Little Heron) Butorides striata 

52.  Black-crowned Night-Heron Nycticorax nycticorax 

53.  Glossy Ibis Plegadis falcinellus 

54.  Black-headed Ibis Threskiornis melanocephalus 

55.  Oriental Honey-buzzard (Crested Honey 
Buzzard) Pernis ptilorhynchus 

56.  Shikra Accipiter badius 

57.  Black Kite Milvus migrans 

58.  Brahminy Kite Haliastur indus 

59.  Spotted Owlet Athene brama 

60.  Eurasian Hoopoe Upupa epops 

61.  Common Kingfisher (Small Blue Kingfisher) Alcedo atthis 

62.  White-throated Kingfisher Halcyon smyrnensis 

63.  Pied Kingfisher Ceryle rudis 

64.  Asian Green Bee-eater Merops orientalis 

65.  Blue-tailed Bee-eater Merops philippinus 

66.  Indian Roller Coracias benghalensis 

67.  Black-rumped Flameback (Lesser 
Goldenbacked Woodpecker) Dinopium benghalense 

68.  Rose-ringed Parakeet Psittacula krameri 

69.  Indian Golden Oriole Oriolus kundoo 

70.  Ashy Woodswallow Artamus fuscus 

71.  Common Iora Aegithina tiphia 

72.  Black Drongo Dicrurus macrocercus 

73.  Brown Shrike Lanius cristatus 

74.  Rufous Treepie Dendrocitta vagabunda 

75.  House Crow Corvus splendens 

76.  Large-billed Crow Corvus macrorhynchos 

77.  Ashy-crowned Sparrow-Lark (Ashy-
crowned Finch-Lark) Eremopterix griseus 

78.  Jerdon's Bushlark Mirafra affinis 

79.  Oriental Skylark Alauda gulgula 

80.  Common Tailorbird Orthotomus sutorius 

81.  Ashy Prinia Prinia socialis 

82.  Barn Swallow Hirundo rustica 

83.  Red-vented Bulbul Pycnonotus cafer 

84.  White-browed Bulbul Pycnonotus luteolus 

85.  Large Grey Babbler Argya malcolmi 

86.  Yellow-billed Babbler Argya affinis 
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87.  Brahminy Starling Sturnia pagodarum 

88.  Common Myna Acridotheres tristis 

89.  Indian Robin Copsychus fulicatus 

90.  Pale-billed Flowerpecker Dicaeum erythrorhynchos 

91.  Purple-rumped Sunbird Leptocoma zeylonica 

92.  Purple Sunbird Cinnyris asiaticus 

93.  Loten's Sunbird (Long-billed Sunbird) Cinnyris lotenius 

94.  Richard's Pipit Anthus richardi 

95.  Paddyfield Pipit Anthus rufulus 
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