LIBRARY OF
GEORGE H. BALAZS




MANUAL OF SEA TURTLE RESEARCH
AND CONSERVATION TECHNIQUES

Prepared for the
Western Atlantic Turtle Symposium

A Symposium on
Sea Turtle Research
in the Western Central Atlantic
(Populations and Socio-economics)

in San Jose, Costa Rica: 17-22 July 1983
Sponsored by IOCARIBE

Second Edition
July 1983

Center for Environmental Education
Washington, D.C.



MANUAL OF SEA TURTLE RESEARCH AND CONSERVATION TECHNIQUES

AUTHORS

Peter C. H. Pritchard

Florida Audubon Society

1101 Audubon Way

Maitland, Florida 32751 U.S.A.

Peter R. Bacon

Zoology Depar tment
University of the West Indies
Box 12 Mona

Kingston, Jamaica

Frederick H. Berry

Southeast Fisheries Center

National Marine Fisheries
Service, NOAA

75 Virginia Beach Drive

Miami, Florida 33149 U.S.A.

Archie F. Carr

Department of Zoology

University of Florida
Gainesville, Florida 32611 U.S.A.

John Fletemeyer

Ocean Sciences Center

Nova University

Dania, Florida 33004 U.S.A.

Robert M. Gallagher

Chemical and Environmental
Sciences, Inc.

1038 NE Hansen Terrace

Jensen Beach, Florida 33457 U.S.A.

Sally R. Hopkins

South Carolina Wildlife and Marine
Resources Department

P.0. Box 12559

Charleston, South Carolina 29412 U.S.A.

Robert R. Lankford

IOC Assistant Secretary for
IOCARIBE

c/o UNDP

Apartado #4540

San Jose, Costa Rica

Rene Marquez M.

Instituto Nacional de Pesca
Delegacion Federal de Pesca
Teniente Azueta S/N
Manzanillo, Col. 28200, Mexico

Larry H. Ogren
Southeast Fisheries Center
National Marine Fisheries
Service, NOAA
Panama City Laboratory
3500 Delwood Beach Road
Panama City, Florida 32407 U.S.A.

William G. Pringle, Jr.
1 Notch Road

West Simsbury
Connecticut 06092 U.S.A.

Henry A. Reichart
STINASU

PO Box 436
Paramaribo, Suriname

Ross Witham
Florida Department of
Natural Resources
100 Eighth Avenue, S. E.
St. Petersburg, Florida 33701
U.S.A.



This second edition was edited by

Karen A. Bjorndal
Department of Zoologyv
University of Florida

Gainesville, Florida 32611 U.S.A.
and

George H. Bala:zs
Southwest Fisheries Center
National Marine Fisheries Service, NOAA
Honolulu Laboratory
P.0. Box 3830
Honolulu, Hawaii 96812 U.S.A.

and was reviewed by

Peter R. Bacon
Frederick H. Berry
John Fletemeyer
Robert R. Lankford
Rene Marquez M.
Larry H. Ogren
Peter C. H. Pritchard
Henry A. Reichart
Ross Witham

Cover photo credit: G. H. Balazs. This Second Edition is also printed
separately in Spanish.

This document should be cited as follows:

Pritchard, P.; P. Bacon; F. Berry; A. Carr; J. Fletemeyer; R.
Gallagher; S. Hopkins; R. Lankford; R. Marquez M.; L. Ogren; W.
Pringle, Jr.; H. Reichart and R. Witham. 1983. Manual of sea
turtle research and conservation techniques, Second Edition. K.
A. Bjorndal and G. H. Balazs, editors. Center for Environmental
Education, Washington, D.C.

The designations employed and the presentation of material in this
publication do not imply the expression of any opinion whatsoever on the
part of the Intergovernmental Oceanographic Commission and of the Food and
Agriculture Organization of the United Nations concerning the legal status
of any country, territory, city or area or of its authorities, or
concerning the delimitation of its frontiers or boundaries.



Table of Contents

nst ot rigures...lII...0.0.--....O.IIID'....II....I’..-..!..‘-....I.I. 7
List of Sea Turtle Data RecOrd POIMS..csesssosssssssosssassssssassssas 8

h. Purme of this Hanual--.-D.l.!.l..-....l...‘IIIC.'.ll‘-.....OICII
Aol ACKOWTSABEMENER .. .o i o subusesimimnes sobmeiisms ses/as vae

B. Requirements for a Program of Sea Turtle Conservation............. 10

Co - BUEVY TRChNIQUBELL " .o s sbamnt st b sttt s te s 1

C.1 Identification Of Species......c.ccveveeennccscsasecccancncnes 12
1.1 Scientific and Vernacular NameS...cesoeeessscsccccccncceas 12
1.2 Identification of Adult and Juvenile Sea TurtleS..seeee.. 13

-1.3 Identificaticn of HatOBRlingsi.. cuivivscesivesassscasonen: 24
1.4 Identification of Tracks and NeStS..c.cececcecscscsscsens 24
1.5 Species Identification ProblemS...c.cececesesscccscssceee 29

RECIAL SUEVEYE. . «os b vnvaensiodiomsiveh et o e veiein s cvenar 32
2.1 Rerisl Besch SUrVeV.sovvassinisterioiiims iviienascarese 39
2.2 Ground Truth Survey for Rerial Beach SUIVEYS...ccccoceo.. 48

s2s3 BULVEV CRALEE o yiivis iaiiaiins s o mman ransennesswesmasmaasses Bl
2.4 Pelagic Aerial SULVeYB.....eseseoesensorsinanssssssnsssss B
2.5 vOther: Aerilal ObeerVALloNg. o e svamvsnwvssspsiscevvieve - 56

Vessel SUIVeYS...cccccccccccccccnannans P SRR D R ]
3.1 Data Recording Forms: Vessel Survey ReCOrdsS.......ceeee. 57

GrOUDd’ BULVOYE . oi.iseuisvnaieiisiesesssdessioss e ansesesasseess B0
4l Nesting Beach SULVEVE..icicavesassrssssmenssstsmesssnsses GO
4.2 How to Measure Sea TUItleS...ceccecccsoccccssacessssssess 62
455 TAGHING SEA-TUrLl@Bn, .o veciri i ve s anassasssivaiess BB
4.4 Data Form for Sea Turtle Beach SUIVEYS....ceeeoscscsccsce 73
4.5 Determination of Hatching SUCCESS...eveveecoccnccocncaeane 75

mket surmys..ll.l.‘.....l.ID-......l..-DCII..I........I.!C 77
C.5.1 Types of Data to Collect on Market SUIVEYS....eceeceeeees 77

C.6 Suggestions for Conducting INterviewS........ceeeevecscececss 78
€:6.1 Draft QUAHEIGATINITE .. cvcvivaie siis sasssisnsrosssssvesecs Bl

D. Management and Conservation......cc.ccceececcscccsoscsascccsccccaee B85

D.1 Beach and Nest Protection......ccccceeeeeecccecscccssncscceeee 86
Control of Predation by Mall.iicedisviessisvssssscasaseses B6
Control of Damestic Predatorf.ii..ccicsssisssvssssnsacenns BT
Control of Wild PredatOrS..ccccececccacasesssassscscscsss 87
Protection from Beach EroSiON..cccececececceccessccssceese 87
Protection from Later Nesting TurtleS.....cececececccsees 87
Egg 'Band ling: and REEOCAEION ..ceseviwssenevnessssssisusesse: B
Belease of HALCHLINgA...sovevesvessvomassvoisissssssseves 92

mimtal CatChIOIIICO-...I.lll.‘.l.l.ll...-..l...lt.-.'.... 92
l Background...lDIIID.III.‘..I'.l..l.........II.-OI.I...II. 92
2 Avoldance of Incidental Catch....eccssasnssessssssiasssas 92

.

N
L ]

~I O U W N

1=}
]
O O0OwNn U.UUUUUU

L]

I

.
[ )
.



Table of Contents (Continued)

D.2.3 Resuscitation of Apparently Drowned Sea TurtleS.......... 93

D.3 Legislation and Enforcement......c.eeceeeccccceccnascacnnaans 24
D.3.1 National Conservation Legislation....-.......-..-......-o 94
D.3.2 International Conservation LegislatiON..eessecsescanccase 95
D.3.3 Techniques for Setting Up Turtle ReServeS....... e el FOLE
D.4 Care of Sea Turtles in Captivitv......... Ve e e s +« 98
D.4.1 Culture Techniques and RequirementS........ S I S I 98

D.4.2 Turtle Aquaculture for Conservation or Population
Regtoraton e EEf O ES L . v elaie aterareraisinintonn aisinin e srslar abala faos b rays o il 100
E. Glossary of Terms.....cccvecvnccancas S S e e e W 101
F. Sea Turtle References.......ccceeceuceauas O e e 0
Annex 1. Color PlateS.......ccccunuee e R e b Bt e u s aien e e 108



Figure

W 0 ~1 & U o W N

o e B I T S T R
© B NN e W N O

List of Figures

Silhouettes of sea tuUrtleS..ccessssccssssssscsssssassnsscns
An illustrated guide to morphological terms.......eeeee.. .
Lepidochelys kempi (Kemp's ridley) .cceececesceeecesecsnses
Lepidochelys olivacea (0live Tidley)..cseeecasssossssnssss
Eretmochelys imbricata (hawkSbill)...eeseevesesssesescoses
Caretta caretta (loggerhead)...cceeccececcsccscscccccccccasnas
Chielonia HMYdas (Green tUrtla). eses sorspanes is s@ees o siias
Chedonla depresva (PlLAtBACKR) «.vnenceensmeneens vy v s
Dermochelys coriacea (leatherback) .ceeeeeeeececesssesosses
Two typical nesting pPoSitionB.iicisiceiociescsnsosnsseveas
Various crawl tracks and nest MAYKS. ... sievsiesessss e
Measuring carapace length: straight-line method..cesscses
Measuring carapace length: curved-line method...cccecooos
Anatomical points for measuring carapace length.c.ececcsee
Measuring carapace width: straight-line method.....cocess
TE11L MEASUTOMENES . . o viviuiminve vio onoieceni osviuos oee vie e e s eem
Commonly used turtle tagS..c.cccecsccccenacssccossssacsocosss
Method ol adgingeiceicivvsvmaenemisssn aitsswnamiatds s

Suggested design for in-ground hatchery...ccceceececececnes

15
16
17
18
19
20
21
22
23
25
26
63
64
65
66
67
69
70
90



la

2a

3a

4a

5a

List of Sea Turtle Data Record Forms

Sea Turtle Aerial Beach Survey: 2Zone ReCOrdS...ccccescscoscss
Conpleted: Sample: OF 'EOTM L e e areivsiaiarers ammioniasniatorsiolrabeininmis slararbisiom

Sea Turtle Aerial Beach Survey: Flight Data RecOrdS...ceccesss
Completed Sanple of FOLM 250 coiia v cissisme aianninmis e s:eiea oo aiararareisioe

Sea Turtle Aerial Beach Survey: Flight Data Records..........
Completed Sample: of FOIm 3.:.iisddimiesrssinciisiessedeadesios

Sea Turtle Aerial Beach Survey: Ground Truth Beach Survey....
Completed cample OF FOrM 4. usnasss e daioisnes soaiedice

Sea Turtle Aerial Beach Survey: Ground Truth Beach Survey....
Compléted Sample oL Form 5. il tlal it ieimannsn sy

Bea TULELe 'VeSSEl SULVEY cuswissmvensasosasesessssisivesssesesnss
Sea Turtle Tagging and Nesting Data Form--Beach Survey........

Sea Turtle Egg and Hatchling Data FOrM.cececoccecacasnsssnsses

38
39

41
42

43
44

50
51

52
53

58
74
76




Al

MANUAL OF SEA TURTLE RESEARCH
AND CONSERVATION TECHNIQUES

Purpose of this Manual

This manual was prepared primarily to assist in planning and re-
search for the 1982 and 1983 field research programs of the Western
Atlantic Turtle Symposium (WATS) or the Simposio sobre Tortugas del
Atlantico Occidental (STAO). This Symposium on Sea Turtle Research in
the Western Central Atlantic (Populations and Socio-Economics) is being
planned and sponsored by the Intergovernmental Oceanographic Commission
Association for the Caribbean and Adjacent Regions (IOCARIBE) with the
cooperation of the UNDP/FAO Inter-regional Fisheries Development and
Management Program (WECAF).

The multiple co-authors and editors all made significant contribu-
tions to this manual. They recognize that agreement in all aspects of
sea turtle research methods and conservation has not been reached; a
variety of methodologies appear in the published literature. Moreover,
research techniques often depend upon local customs and circumstances.
Rather than include every known technique or involve the readers in
extensive debates, we give the techniques we jointly consider "recom-
mended" or "preferred," followed where appropriate by "alternatives."
In similar fashion, we offer draft outlines of the types of data record-
ing forms that have proved successful in sea turtle surveys.

This effort, planned as an initial working document for the west-
ern Atlantic area and its six sea turtle species, has been broadened
slightly to include the other species, the flatback turtle of Australia
and Papua New Guinea, and the black turtle of the eastern Pacific.

A.1 Acknowledgements

This manual was ©prepared under the sponsorship of the
Intergovernmental Oceanographic Commission Association for the Caribbean
and Adjacent Regions (IOCARIBE).

The Manual preparation was supported in the early draft stages by
the UNDP/FAO Inter-regional Fisheries Development and Management Program
(WECAF), and throughout its preparation by the Southeast Fisheries
Center of the U.S. Department of Commerce, National Marine Fisheries
Service (NMFS).

Later editing of the first edition of the Manual and preparation
of some illustrations were supported by the grant from the Sea Turtle
Rescue Fund, a project of the Center for Environmental Education,
Washington, D.C.

The drawings were prepared by Marvin Bennett of Orlando, Florida,
and John Datillo, Applied Biology, Inc., Atlanta, Georgia. Portions of
Figures 3, 5, 6, and 7 are adapted from Brongersma, L. D. 1967.
British Turtles. British Museum of Natural History, London.



The authors are grateful to the following for editorial comments
on the penultimate manuscript draft of the first edition: George H,
Balazs, Thomas H. Fritts, David J. Herrera, Sally Hopkins, Albert Jones,
Charles Karnella, Anne Meylan, Nicholas Mrosovsky, Charles A. Oravetz,
Robert Shoop, Nancy Thompson and Michael Weber. Additional comments for
the second edition were received from C. Kenneth Dodd, Jr., Nat Frazer,
Andreas Mager, Jr., and Douglas Robinson.

The Spanish version of the Manual was translated by Pedro E. Leon,
and was edited by Douglas Robinson, both of the University of Costa
Rica, San Jose.

The final manuscripts of the first edition were typed and compiled
by Maria Teresa Koberg, San Jose, Costa Rica. Camera-ready copy of the
second edition was prepared by Grace Russell, Ginny Lawman and Evelyn
Rockwell, Gainesville, Florida.

Requirements for a Program of Sea Turtle Conservation

The nature of local turtle populations and constraints on time,
resources and manpower determine the requirements and components of
turtle programs. A critical need is for scientific data: which species
occur where; local and regional population sizes; and historical popula-
tion sizes. Knowing the nature and extent of human exploitation and any
other features that may affect the sea turtle populations is also impor-
tant. Usually the research program will stress the terrestrial phase of
the life cycle--nesting females, eqgs, and hatchlings. Consecquently,
most research will take place during the few months of the nesting sea-
son. The distinct ecology and migratory habits of different species
must be understood for scientific conservation.

B.l Species Identification

Species identification, which may be made at any developmental
stage from embryo to adult, is essential. Identification can also be
made from tracks and nests.

B.2 Habitat Description and Inventory

The first stage of any survey should consist of recording and
classifying the types and distribution of existing coastal habitats
which are, or may be, used by sea turtles. This inventory may be done
at any time of year, but must be updated as data accumulate from other
aspects of the program. A survey of beach types is essential for
detailed planning of aerial and ground surveys. Pelagic surveys can
provide valuable information on foraging areas and migrations.

10
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B.3 Survey Techniques

For ground surveys, sampling unit areas must be established to
facilitate later statistical analysis of data. The Manual explains what
to look for, how to measure and tag turtles, and how to estim?te
hatching success. These factors form the basis of accurate population
estimates.

The best way to ensure that survey data are accurately recorded is
to use standardized data record sheets prepared in advance and available
to all survey team members.

B.4 Sea Turtle Exploitation Surveys

Biological data must be supplemented by assessments of human im-
pact. What vessels are operating in the area? What is the fishery and
incidental catch rate? How and where are products marketed, both
locally and internationally? A number of sources, including official
statistics and interviews with fisherman and local residents, can yield
such data.

B.5 Sea Turtle Protection Techniques

The key to management and conservation is protecting the remaining
sea turtle stocks under conditions which are as natural as possible. A
sea turtle program should consider the control of all predators, the
control or prevention of other causes of mortality, and the protection
of eggs and nests.

Turtle populations cannot be conserved and restored unless fisher-
men, vendors and the public cooperate. A complete sea turtle program
must consider legislation and its enforcement, the establishment and the
protection of sanctuaries, continuous population monitoring and public
education.

B.6 Captive Maintenance of Sea Turtles

Although this Manual does not address commercial turtle culture,
it outlines optimal conditions for maintaining juvenile and adult tur-
tles in captivity where such cultures are practical and beneficial.

B.7 Summary

An effective sea turtle research and conservation program is com-
plex and could become expensive. We have attempted to provide suffi-
cient information for anyone wishing to embark on some or all of the
aspects involved. We emphasize that the status of many of the world's
turtle populations is changing rapidly. All sea turtle observations,
whether a single sighting or the records of an entire season's nesting,
are potentially of great value. Only if they are recorded and reported
will such data be available for planning conservation programs.

11



C. Survey Technigques

C.1 Identification of Species

C.1l.1 Scientific and Vernacular Names

world.

Many different vernacular or common names are used throughout the

In some areas, local fisherman have several names for slightly
different color phases or age cohorts of the same species.
Chelonia depressa which is confined to

Except for
the Indo Pacific region,

the

names that appear most regularly in popular and scientific literature
and that fishermen of the Caribbean and western Atlantic use commonly

are:

a)

b)

c)

d)

e)

Lepidochelys kempi:

Lepidochelys olivaceas

Eretmochelys imbricata:

Caretta caretta:

Chelonia mydas:

Kemp's ridley (Preferred English)

Tortuga lora del Atlantico (Preferred

Spanish)
Atlantic ridley

- Gulf ridley

Grey loggerhead
Tortuga boba (Latin America)
Bastard turtle (old literature)

Olive ridley (Preferred English)
Tortuga golfina (Preferred Spanish)
Pacific ridley

Warana (Suriname)

Tortue olivatre (French Guiana)
Xibirro (Brazil)

Hawksbill (Preferred English)
Carey (Preferred Spanish)

Oxbull (Caribbean English)

Caret (French)

Tortue des bonnes ecailles (French)
Tortue imbriquee (French Guiana)
Karet (Suriname)

Tartaruga de pente (Brazil)

Loggerhead (Preferred English)
Caguama (Preferred Spanish)
Cabezona

Logrit (Caribbean English)
Onechte karet (Suriname)
Caouane (French Guiana)

Avo de tartaruga (Brazil)
Jabalina (Mexico, Pacific coast)

Green turtle (Preferred English)
Tortuga verde (Preferred Spanish)
Greenback turtle (Caribbean English)
Edible turtle

12



Soup turtle

Tortue verte (French Guiana)

Tortuga blanca (Mexico, Atlantic coast)
Tartaruga verde (Portuguese)

Aruana (Brazil)

Krape (Suriname)

f) Chelonia agassizi:l'2

Black turtle (Preferred English)
East Pacific green turtle
Caguama prieta (Mexico, Pacific coast)

Tortuga prieta (Mexico, Pacific coast)

g) Chelonia depressas:> Flatback (Preferred English)
(no common name in Spanish)
Kikila (Daugo Island, Papua New Guinea)
Usi vidi (Paredaba Village, Central
Province, Papua New Guinea)

h) Dermochelys coriacea: Leatherback (Preferred English)
Tinglada (Preferred Spanish)
Leathery turtle
Trunk turtle (Caribbean English)
Trunkback
Tortue luth (French Guiana)
Coffinback (Trinidad)

Caldong (Trinidad)

Siete filos (Latin America)
Chalupa (Latin America)

Baula o laud (Latin America)
Aitkanti (Suriname)

Tartaruga de couro (Brazil)

Canal (Panama)

Machincuepo (Mexico, Pacific coast)
Garapachi (Mexico, Pacific coast)

C.1.2 Identification of Adult and Juvenile Sea Turtles

C.1.2.1 Air Survey Identification

I, II. Disc-shaped, virtually as wide as long, medium sized head:
Lepidochelys. Dorsal coloration grey in juveniles, olive green
in adults. (Species of Lepidochelys can only be identified when
in hand; L. kempi is restricted to Gulf of Mexico and Northern
Atlantic; L. olivacea occurs in Pacific, Indian, and South
Atlantic oceans, with rare strays reported from the Caribbean.)

: The majority of extant texts assume that there are seven valid species
of sea turtles in the world. However, a growing body of opinion and evidence
recognizes the black turtle of the Eastern Pacific as a full species, Chelonia
agassizi, rather than as a subspecies of the green turtle, Chelonia mydas, and
this oginion is accepted here.

Not found in West Atlantic.

13



III.

IV.

vII

VII.

Lepidochelys kempi (Kemp's ridley) and
L. olivacea (0live ridley).cesecscsccsssccccssss.s.Figure 1,a

Heart-shaped or elongate, tapering behind, with strong posterior

serrations on carapace in most cases; head narrow and pointed.

Carapace brown with variable light radiating markings,
Eretmochelys imbricata (hawksbill)....eseeeececse...Figure 1,b

Somewhat elongate, tapering behind; very large, triangular head;
overall color reddish brown.
Caretta caretta (loggerhead)..ccccccccccscesssesas.Figure 1,c

Nearly oval or somewhat tapering behind; small rounded head.
Color variable--dorsal scutes may be radially streaked, spotted
or almost plain.
Chelonia mydas (green turtle)i.ciiinininvnsanisesasPigure 1,4
Chelonia agassizi (black turtle)..is similar, but darker on
the dorsal side

Carapace broadly oval, not tapering behind; head small and
rounded. Dorsal coloration yellowish-grey (confined to Northern
Australia and adjacent waters).

Chelonia depressa (flatback) Y S PR (| 2 - 0 [

Body elongate with longitudinal ridges; head medium and rounded:;
fore flippers very 1long; overall color black, variable white
spotting; adult size very large——up to 2 m.

Dermochelys coriacea (leatherback)....... snaeneasaaFigure 1:£

14



Figure 1.

Silhouettes of sea turtles viewed from the air; a relative scale
is used. l,a: Lepidochelys kempi (Kemp's ridley) and L.
olivacea (olive ridley); 1l.b: Eretmochelys imbricata (hawks-
bill); 1,c: Caretta caretta (loggerhead): 1,d: Chelonia mydas
(green turtle); 1,e: Chelonia depressa (flatback); 1,f:
Dermochelys coriacea (leatherback).

15



C.1.2.2

1.

la.
2.
2a.
33

3a.

da,
5.

5a.

6a.

humeral
scute

claws

Simplified Key to Species (Refer to Figure 2 and Colored Plates
1-32 in Annex I)

Leathery shell with seven 1longitudinal keels, (Dermochelys
coriacea: leatherback)

Hard shell with horny BOUKBE. crsmnssa st vinsans v ratsa D00 2
One pair of prefrontal scales (between eyes and nostrils)..see 3
Two pairs of prefrontal scaleS.........cceceveeecsssscesssaSee 4
Three scales behind each eye; carapace with upturned margins,
(Chelonia depressa: flatback)

Four scales behind each eye; carapace heart-shaped without up-
turned sides, (Chelonia mydas and Chelonia agassizi: green tur-
tle and black turtle)

Four pairs of large scutes (laterals) on each side of carapace,
{(Eretmochelys imbricata: hawksbill)

More than four pairs of lateral SCUt@S...ccccecesccsccscscsSCC 5
Reddish-brown upper body surface; plastron with three pairs of
enlarged scutes (inframarginals) connecting it to the carapace,
(Caretta caretta: loggerhead)

Grey or olive upper body surface; plastron with four pairs of
enlarged scutes (inframarginals) connecting it to

CAT APUCE & v:aibraisiassters wiv wiarese sl eeeinie se)e e asaram s seubaeen s amae v e See -6
Five pairs of lateral scutes on carapace, (Lepidochelys kempi:
Kemp's ridley)

Six or more pairs (rarely five) of lateral scutes, (Lepidochelys
olivacea: olive ridley) '

mandibular
scale

intergular nuchal (or
precentral)

scales

prefrontal

axillary
scute
pectoral
scute
abdominal
scute

ventral view of a juvenile
sea turtle (Family Cheloniidae)

central (or
vertebral)
scutes

lateral
{or costal)
scutes

marginal
scutes

postcentral
scutes

dorsal view of a juvenile
sea turtle (Family Cheloniidae)

Figure 2. An illustrated guide to morphological terms. Modified from:

Fischer, W. (Ed.). (1978) .

FAO Species Identification Sheets

for Fisheries Purposes. Western Central Atlantic (Fishing Area

31), Vol. VI.

16
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a)

Figure

Identification of Turtles Available for Close Examination
In addition to features listed in C.1.2.1, look for the following:

Five pairs of lateral scutes. Head to about 13 cm wide. Carapace,
to about 70 cm long (straightline measurement). Two pairs of
prefrontal scales. A pore near the rear of each inframarginal.
Carapace scutes do not overlap. Dorsal color grey in immatures,
light olive-green in adults. White below in immatures, yellow below
in adults. Weight to 45 kg.

Lepidochelys kempi (Kemp's ridley).....cccceeeeccecsssss.Figure 3

3.Lepidochelys kempi (Kemp's ridley), 3,a: dorsal view; 3,b:
ventral view; 3,c: head view.

17



b) Five to nine pairs of lateral scutes (usually six to eight). Head
up to about 13 cm wide. Carapace, up to 70 cm long. Two pairs of
prefrontal scales. A pore near the rear of each inframarginal.
Carapace scutes do not overlap. Color grey above in immatures, dark
olive-green in adults. White below in immatures, yellow below in
adults. Head to about 13 cm wide. Weight to 45 kd.

Lepidochelys olivacea (0live ridley) ccsecscasssassssscssssFigure 4

Pigure 4. Lepidochelys olivacea (olive ridley); 4,a: dorsal view; 4,b:
ventral view; 4,c: head view.

18



c)

Figure 5. Eretomochelys imbricata (hawksbill); 5,a:

Four pairs of lateral scutes. Head, to about 12 cm wide. Carapace,
to about 90 cm long. Two pairs of prefrontal scales. Carapace
scutes thick and overlapping (except in hatchlings and old indi-
viduals). Dorsal color very variable, usually predominately brown
with dark and light spots and streaks. Underside light yellow or
white, sometimes with black spots (especially in juveniles from
Pacific). Weight to 80 kg.

Eretmochelys imbricata (hawksbill)....ccesscsssssscsssssc.Figure 5

C

dorsal view; 5,b:
ventral view; 5,c: head view.

19



d) Five pairs of lateral scutes. Head, to about 25 cm wide. Carapace,
to 120 cm long. Two pairs prefrontal scales. Carapace scutes not
overlapping. Color reddish-brown above, yellow below. Weight usu-
ally to 200 kg.

Caretta carctta (loggerhead) .. .. ceiiaisiveisicisie sinnmineain aisineas Figure 6

Figure 6. Caretta caretta (loggerhead); 6,a: dorsal view; 6,b: ventral
view; 6,c: head view.
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e)

FPour pairs of lateral scutes. Head, to 15 cm wide. Carapace, to
125 cm long. One pair of prefrontal scales. Four postorbital
scales. Carapace scutes do not overlap. Color varies from light
tan to almost black above, often with radiant or spotted markings,
underside yellow. Weight to 230 kg.

Chelonia mydas (green turtle) ....-............--...-.....Figure 7

Figure 7. Chelonia mydas (green turtle); 7,a: dorsal view; 7,b: ventral

£)

view; 7,c: head view.

Four pairs of lateral scutes. Head, to about 12 cm wide. Carapace,
to 100 cm long. One pair of prefrontal scales. Four postorbital
scales. Carapace scutes do not overlap. Color generally dark,
sometimes black without light edges on head scales, underside whit-
ish with variable grey to fuscous, often dense. Weight to 100 kg.
Chelonia agassizi (black turtle) ccessssssssessssssNot illustrated
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9)

Figure 8. Chelonia depressa (flatback): 8,a:

Four pairs of lateral scutes. Head, to about 13 cm wide. Carapace,
to 100 cm long. One pair of prefrontal scales. Three postorbital
scales. Carapace scutes do not overlap, very thin, with indistinct
margins, especially in adults. Dorsal color yellow-grey to grey-
green, without spots or radiating markings; underside light yel-
low. Weight to 90 kg.

Chelonia depressa (flatback) ccceeececescees

........ cessssa.Figure 8

dorsal view; 8,b: wventral
view; 8,c: head view.
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h)

Carapace with seven (rarely five) longitudinal ridges, no scutes.
Head, to 25 cm wide. Carapace, to about 190 cm long. Head and
flippers covered with unscaled skin. Dorsal coloration predomi-
nantly black, with variable degrees of white spotting. Spots may be
bluish or pink on neck and base of flippers. Underside similar but
with light rather than dark areas. Weight to 600 kg.

Dermochelys coriacea (leatherback)...cceseecescsssssssss.Figure 9

C

Figure 9. Dermochelys coriacea (leatherback), 9,a: dorsal view; 9,b:

ventral view; 9,c: head view.
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C.1.3 Identification of Hatchlings

For reasons still somewhat obscure, hatchling turtles are rarely
seen when they are at sea. They may be found, however, on nesting
beaches. Sometimes they are blown onto other beaches by storms. The
young turtles usually dig out of the nest at night, emerging nearly
simultaneously on the sand's surface and proceed rapidly to the sea.
But some die on the beach (killed by birds, exposure to sun, etc.).
Therefore, surveyors who visit a nesting beach during the day in season
may be able to collect specimens of dead hatchlings and identify the
species.

Hatchling turtles may be identified according to instructions for
identification of a turtle in hand, because hatchlings' scale and scute
counts match those of adults (though with perhaps a higher percentage of
abnormal variations than the adult pattern). In addition to Color
Plates 1-32, Annex I, the following points will assist in hatchling
identification:

I. Hatchling ridleys of both species are very dark grey or black both
above and below. They may be differentiated from each other only
by the lateral scute count (five pairs in L. kempi, usually six to
eight or nine pairs in L. olivacea),

II. Hatchling loggerheads and hawksbills are both brown above and
below (shade varying from light to dark). The two species look
very similar as hatchlings, but may be differentiated by the lat-
eral scute count (five pairs in Caretta, four pairs in
Eretmochelys) .

ITI. Hatchlings of the three species of Chelonia are the only ones with
a white plastron. Hatchling C. depressa is substantially larger
than hatchling C. mydas and agassizi, has an oval rather than
posteriorly tapering carapace, turquoise rather than black eyes,
three rather than four scales behind each eye (postorbital
scales), and a yellow rather than grey band around the underside
of the marginals.

IV. Hatchling leatherbacks are unmistakable. The longitudinal shell
ridges are already present, the fore flippers are extremely long
(almost as long as the carapace), and the entire skin of the ani-
mal, shell and soft parts is covered with small, soft, polygonal
scales.

C.1.4 Identification of Tracks and Nests

Two typical sea turtle nesting positions are illustrated in Figure
10. The deep body pit shown on the right side of Figure 10 is charac-
teristic of green turtles and leatherbacks. Loggerheads, hawksbills,
ridleys and flatbacks dig little or no body pit, as shown on the left.
The leatherback will often fill the body pit completely after nesting,
leaving a large area of disturbed sand.
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Figure 10, Two typical nesting positions of sea turtles, showing the dif-

ferences in depth of body pits.

Other reptiles, notably iguanas and crocodiles, may occasionally
nest in ocean beaches, and one species of emydid turtle (Callagur
borneoensis) nests on ocean beaches in South-East Asia. These animals
all leave considerably narrower tracks on the beach and there is usually
no problem distinguishing the nests from those of sea turtles. If nec-
essary, eggs can be exposed and will be seen to be far fewer than those
of sea turtles and generally elongate in form rather than spherical.

C.1.4.1 Species Track and Nest Descriptions

Different kinds of sea turtle nesting tracks are diagrammed in
Figure 11.

a. Kemp's ridley (Lepidochelys kempi)
Track width: typically about 80 cm.

Type of track: very shallow, with alternating (asymmetrical) diago-
nal marks made by the front flippers. Usually obliterated becaus
nesting takes place during high winds. Nests in daytime. *

Preferred beach type: nests exclusively in the western Gulf of
Mexico, with almost all nesting concentrated on a few miles of beach
in southern Tamaulipas State (Rancho Nuevo), where the beach is
continuous for hundreds of miles; moderate energy, low tidal ampli-
tude, with well-vegetated dunes and associated marshes.

Number and size of eggs: clutch size averages about 105 eggs. Egg
diameter typically 4 cm.

Geographic location of nesting beaches: see above ("Preferred beach
type").

b. Olive ridley (Lepidochelys olivacea)
Track width: typically about 80 cm.
Type of track: very shallow, with alternating (asymmetrical) diago-

nal marks made by the front flippers. Nests at night except during
massive arribadas when nesting also may occur in daylight hours.
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Preferred beach type: variable; almost always on mainland tropical
shores with lightly vegetated or unvegetated berm areas.

Number and size of eggs: clutch size averages about 100 eggs. Egg
diameter typically 4 cm.

Geographic location of nesting beaches: mainland tropical shores oOf
Pacific, Indian and South Atlantic oceans, with high concentrations
in certain limited areas on Pacific coasts of Mexico and Costa Rica,
also Suriname and India. No nesting known outside tropics or on
oceanic islands.

Hawksbill (Eretmochelys imbricata)
Track width: typically about 75 to 80 cm.

Type of track: shallow, with alternating (asymmetrical), diagonal
marks made by the front flippers.

Preferred beach type: exclusively tropical, often nesting on small
beaches on coral islands where no other species is known to nest;
also nests on beaches on granitic islands (Seychelles) and limestone
islands (Mona). However, small numbers may nest on large mainland
beaches heavily used by other species. WNests and tracks are hard to
distinguish from those of ridleys, but the two generally have dif-
ferent beach-type preferences and rarely nest together. Also,
hawksbills frequently nest under overhanging vegetation, unlike
ridleys which usually nest in open areas. Hawksbills often wander
extensively before nesting.

Number and size of eggs: clutch size variable, often high; known
range 53 to 250 eggs, average 161 in Caribbean, 182 in Seychelles.
Egg diameter typically 4 cm.

Geographic location of nesting beaches: tropical shorelines of
Atlantic, Pacific, and Indian oceans.

Loggerhead (Caretta caretta)
Track width: 90 to 100 cm.

Type track: moderately deeply cut, with alternating (asymmetrical)
diagonal marks made by the front flippers.

Preferred beach type: generally extensive mainland beaches and
barrier islands; moderately steep beach profile preferred.

Number and size of eggs: average clutch approximately 120 eggs.
Egg diameter typically 4 cm.

Geographic location of nesting beaches: subtropical sites pre-
ferred, e.g., southeastern United States (Atlantic, more than Gulf
coasts): southern Brazil; Japan; South Africa; temperate
Australia. However, some tropical nesting areas are known,
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including Pacific Panama and Caribbean Colombia. Rarely, if ever,
nests on oceanic islands.

Green turtle (Chelonia mydas)
Track width: typically about 1 m.

Type of track: deeply cut, with symmetrical diagonal marks made by
the front flippers.

Preferred beach type: generally large, open beaches, but exceptions
are known (e.g., on Ascension Island, beaches in small coves are
used) .

Number and size of eggs: clutch size very variable averaging 111
eggs for the Tortuguero, Costa Rica, colony, and sometimes more than
200 in the Atlantic (Suriname, Ascension Island). Egg diameter
typically 5 cm.

Geographic location of nesting beaches: large colonies may nest
both on mainland beaches or remote oceanic islands. Tropical
beaches preferred; northern limit of regular nesting is Florida and
northern Mediterranean in the Atlantic area.

Black turtle (Chelonia agassizi)

Track width: typically about 90 cm.

Type of track: as for green turtle but less deeply cut.

Preferred beach type: wide, not steeply shelving, often enclosed
between rocky headlands.

Number and size of eggs: usually 80 or fewer, typically 4.5 cm in
diameter.

Geographic location of nesting beaches: eastern Pacific, both main-
land (Mexico, Costa Rica) and islands (Galapagos and
Revillagigedos).

Flatback (Chelonia depressa)

Track width: about 90 cm.

Type of track: relatively lightly cut, with symmetrical diagonal
marks made by the front flippers.

Preferred beach type: fairly large open beaches, on mainland or
large islands; reef habitat avoided.

Number and size of eggs: averade clutch only about 50 eggs (maximum
73). Eggs typically 5.5 cm in diameter.

Geographic location of nesting beaches: Australia.
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h. Leatherback (Dermochelys coriacea)
Track width: 1.5 to 2 m.

Type of track: very deep and broad, with symmetrical diagonal marks
made by the front flippers usually with a deep incised median groove
formed by dragging the relatively long tail.

Preferred beach type: large, long, tropical beaches with a con-
siderable slope and unobstructed deep water approach.

Number and size of eggs: clutch size averages about 85 eggs,
usually less than 120, not including a variable number of yolkless
undersized eggs found in every nest. Full-size eggs 6 to 6.5 cm in
diameter,

Geographic location of nesting beaches: nests usually in colonies
on isolated mainland beaches in all tropical oceans. Rarely nests
outside tropics or on islands, although nesting is known in the
Caribbean on many of the Greater and Lesser Antilles (e.g., St.
Croix).

C.1.4.2 The Age of the Track: Fresh Crawls and 0ld Crawls

For survey purposes, it is desirable to distinguish between fresh
crawls and old crawls. A fresh crawl is defined as one made within 24
hours of the survey. An old crawl is one made more than 24 hours pre-
viously.

If a survey is made early in the morning, fresh tracks made the
previous night are often identifiable as such. The marks are crisp and
clear and extend to the surf-line. The first high tide or heavy rain-
fall after nesting, or the nesting of later turtles, will obscure the
lower part of the tracks. Knowing the time of high tides or of recent
rain can help in estimating the age of tracks. Wind gradually obscures
tracks and nest sites on the upper, drier parts of the beach, so that
old marks have less sharp edges and generally disappear altogether.

C.1.4.3 Whether Nesting was Successful: Nesting Crawls and False Crawls

Usually a sea turtle crawl is a nesting crawl - one that results
in digging a nest and laying eggs. But sometimes a sea turtle crawls
without nesting. This is a "false crawl." To survey and monitor nest-
ing success, it is important to distinguish between nesting crawls and
false crawls (see Figure 1l). Turtles will sometimes dig a nest and
subsequently cover it without having laid eggs.

C.1l.5 Species Identification Problems

Individual turtles may prove difficult to identify for any of the
following reasons.

29



C.1.5.1 Epizootic Organisms

Barnacles or other attached organisms may hide features critical
for identification. Loggerhead and hawksbill turtles, especially old
ones, are most likely to be heavily infested with barnacles and other
adhering organisms. Ridleys of both species are never heavily fouled
with barnacles, etc., although many adults do carry isolated barnacles
on the shell and sometimes the top of the head. Leatharbasks in tha
Atlantic are free of barnacles, though in the East Pacific moderately
heavy barnacle encrustation has been recorded. Typically free of large
barnacles, green turtles are quite clean, although occasionally, espe-
cially in protected lagoons, a few are found with moderate to heavy
barnacle accretion. The black turtle may be heavily encrusted with
barnacles and coralline algae. Flatback turtles carry few barnacles.

Even badly fouled turtles can be identified on the basis of over-
all size, shape, relative head size, etc. Surveyors can distinguish a
heavily encrusted loggerhead from a hawkshill, for instance, because it
has a much wider head. And the hawksbill's overlapping scutes are sel-
dom totally obscured by barnacles.

C.1l.5.2 Scute and Scale Count Deviations

All turtle species show a certain frequency of deviations from the
standard scute and scale counts given in the identification guide
(C.l.2). The scute counts of the olive ridley are so wvariable that
there is no typical pattern for this species. Lateral scute counts
cited for the other species characterize the vast majority of individ-
uvals. It is not uncommon, however, for variations to occur. For
example, any of the hard-shelled turtles may show a small extra central
scute between the fourth and fifth centrals; occasional green turtle and
hawksbill specimens may have more than four laterals on each side. Even
in such cases, the extra scutes seldom take the form of the additional
lateral scutes that is normal for the loggerheads and ridleys. 1In the
ridleys, the first lateral is relatively small, followed by four much
larger scutes which diminish posteriorly. Rare loggerhead specimens
missing the small first lateral scutes may be more confusing. However,
such specimens still show typical characteristics of color, body shape
and proportions, and can be identified with a little experience.

Specimens that, after exhaustive study, appear not to be clearly
referable to any single species should either be retained if dead, or
photographed from all angles in close detail for subsequent study by an
expert before release. 1Individuals encountering such specimens should
be aware of the possibility of domestic permit requirements for hand-
ling, keeping or preserving sea turtles.

C.1.5.3 Other Turtle Species
Some turtles found in a marine or estuarine environment are not

true sea turtles; several species of freshwater (river or marsh) turtles
may enter the sea by accident. Also, salt or brackish waters are the
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normal habitat of certain freshwater species during part of their life
cycle.

Generally, sea turtles can be distinguished from freshwater spe-
cies by their forelimbs. True sea turtles have flattened fore flippers
in which the individual digits are obscured and show no independent
movement. They usually have a single claw on the foremargin on each
front flipper; a second claw, if present, is very small. The leather-
back has no claws.

Most freshwater turtles have five claws on each forelimb or
"foot," with the individual digits easily distinguishable, even if part-
ly or fully webbed. Soft-shelled turtles' forelimbs are part-way be-
tween "feet" and "flippers," but the three claws on each foot are well-
defined.

Some of these freshwater species are not well known, especially in
tropical regions. Therefore, recording their presence during sea turtle
surveys is useful. Some freshwater species found from time to time in
the marine enviromment are:

1, Malaclemys terrapin (diamondback terrapin). Range: U.S.A. Atlantic
and Gulf Coast from Cape Cod to southern Texas. Maxiumum size about
20 cm.

2. Pseudemys concinna suwanniensis (Suwannee turtle). Range: TU.S.A.
Gulf drainage of Florida from Tampa area to Western Florida, most
abundant in the Suwannee River itself. Size: Females up to 43 cm
carapace length, males about 33 cm.

3. Podocnemis expansa (Orinoco River turtle, arrau turtle). Range:
Orinoco and Amazon River systems of South America. Regularly car-
ried to Trinidad by the Orinoco in flood. Size: Adult females
average about 66 cm, maximum about 80 cm.

4, Trionyx triunguis (Nile soft-shelled turtle). Range: Nile drain-
age, much of Africa, parts of the eastern Mediterranean countries.
Only known to enter the marine environment in eastern
Mediterranean. Apparently a normal part of the marine fauna off
Turkish coast. Size: Carapace length up to about 80 cm.

5. Pelochelys bibroni (giant soft-shelled turtle). Range: From the
Malaysian Peninsula and Thailand, through Indonesia and the
Philippines, to New Guinea. ©Size: Reputed to reach 160 cm carapace
length; usually much smaller, but specimens over 70 cm are common.

6. Carettochelys insculpta (plateless river turtle). Range: Fly River
and associated drainages in southern New Guinea; Daly River and a
few other rivers in the Northern Territory, Australia. Found on
occasion in the Arafura Sea and the Gulf of Carpentaria. Size:
Carapace length up to 50 cm.

7. Callagur borneoensis and Batagur baska (Asiatic river turtles,
"tuntong sungai" and "tuntong laut"). These two rather similar
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species are often confused, though the coloration in breeding season,
especially of males, is distinct. Range: Southern Thailand,
Peninsular Malaysia, Borneo (only Callagur) and Sumatra. Size:
Females of both species are commonly 60 cm in length; males are smal-
ler, 30-35 cm.

C.1.5.4 Possible Hybridization

It may be possible for sea turtle species to hybridize.

C.2 ARerial Surwveys

Two kinds of sea turtle aerial surveys are described in this sec-
tion. Aerial beach surveys are flown along shorelines to record sea
turtle crawls on the beaches. Pelagic aerial surveys are flown over the
water to record sea turtles at the surface.

Aerial surveys are the fastest and sometimes the most cost-effec-
tive way to document potential or active turtle nesting beaches and to
obtain data on sea turtle populations, distribution, and activities over
an extensive area. However, because the techniques of neither aerial
beach surveys nor pelagic aerial surveys have been perfected, results
must be carefully interpreted, and qualified. Moreover, surveyors must
take care to record their observations in a standarized format so that
data from different times and areas are as compatible as possible for

, comparison, integration and analysis. Several recommended survey proce-
dures are described below based upon the type of information needed, and
upon the kind of survey possible.

C.2.1 Aerial Beach Survey

The primary objective of an aerial beach survey is to record the
number of sea turtle crawls (tracks) made along the beach by female sea
turtles nesting or attempting to nest.

Three types of aerial beach surveys are described, each serving a
specific purpose: 1) to determine areas of turtle usage that were not
previously known or have not been recorded in recent years; 2) to deter-
mine relative nesting densities over an area or nesting season; and 3)
to provide data necessary for estimating an area's sea turtle population
of nesting females. Each type of survey requires a different intensity
of effort and technique, and these will be delineated below.

For the first type of survey (to determine turtle usage), a single
survey with one or two observers may be adequate or all that is possi-
ble. Covering as much shoreline distance as possible at the estimated
peak of the nesting season for a particular species would be the objec-
tive of this initial survey.

For the second type of survey, multiple flights at selected inter-

vals over a known area of nesting beaches can bracket the nesting season
and give relative nesting densities.
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The third type of aerial beach survey (to estimate population size
for a specific area of beach or shoreline) requires a more structured
technique and more effort. Repetitive flights bracketing and during the
nesting season must record the number of sea turtle nesting crawls with-
in defined shoreline zones. In addition, ground truth surveys (C.2.2)
must be made over selected zones or marked portions of zones during the
night before or (preferably) on the morning of the aerial survey.

Because aerial observers cannot count crawls, or determine nesting
crawls from false crawls, or identify the species making the crawls, as
accurately as observers walking or riding on the beach (especially in
areas of concentrated crawls), ground truth survey records are necessary
to compare with, indicate errors in, and provide correction factors for
aerial survey records.

Ground truth surveys are desirable for the first two types of
surveys, especially where the species nesting is (are) uncertain or
unknown, but are not mandatory.

In addition to the three purposes defined above, aerial beach
surveys can and should also record, if possible: sea turtle carcasses,
nest predator activity, factors that may interfere with sea turtle nest-
ing, hatchling emergences, and sea turtle activity in nearshore waters:;
alsc the nature of the shoreline and activity along it; and marine mam-
mals sighted, fish concentrations, and fishing activities.

C.2.1.1 Aircraft

A wing-over cockpit, single engine, four-seat aircraft is recom-
mended for aerial beach survey, because it is the most versatile for all
survey types. Two or three-seat aircraft may suffice. Six-seat, twin
engine aircraft are more expensive to operate, and their stall speed may
be too fast on surveys for population estimates. However, they afford
an extra degree of safetyv when extensive flying over water is necessary,
and they are acceptable for the first type of survey. Helicopters are
especially useful in high density nesting areas where the slowest speeds
are needed. Theyv also have the added capability of hovering to better
examine disputed crawls and landing in small areas to document stranded
carcasses. They are, however, more expensive.

C.2.1.2 Considerations for Aircraft Charter

A trained, capable pilot is important for a successful survey.
The following suggestions may eliminate some problems when a plane and
pilot are chartered for the first time.

Before the flight, determine the flying time, the plane's fuel
capacity and survey costs. Check the pilot's safety record and flying
ability. He or she should be able to maintain the plane's position and
inform the recorder of their location relative to the charts. Determine
the flight path, the plane's speed capability (slowest and cruising),
its minimum altitude, and any inflight restrictions created by altitude,
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or the height and distances off all shorelines. Investigate 1local
weather and aerial conditions such as updrafts that might interfere with
the survey. Consult pilot about overwater flight conditions when sur-
veying offshore islands. Determine possible landing strips along the
route, and obtain prior authorization to enter any restricted areas that
the survey zone might encounter. Emergency gear, life preservers, and
emergency procedures should be explained to the crew. An intercom sys-
tem may be useful.

C.2.1.3 Personnel

Four persons are ideal: a pilot, two observers and a recorder.
The pilot usually sits left-front and continually informs observers/re-
corders of location, landmarks, time, weather conditions, and changes in
speed or altitude.

The two observers sit right-front and right-rear. They should
make independent observations and counts and both sets of observers'
sightings should be recorded to evaluate bias. However, on initial or
infrequent flights, especially with inexperienced observers, surveyors
should compare and confirm observations as they occur.

The recorder sits left-rear, records all events the observers and
pilot report, and watches, when possible, for sea turtle activity in the
water on the left. With only three persons, the recorder sits right-
rear and assists in observations whenever possible. With only two per-
sons, the observer sits at right-front and doubles as recorder.

Training and experience are most important. As serial surveys
proceed, observer reliability should be assessed and factored into the
results.

C.2.1.4 Equipment and Supplies

Necessary equipment and supplies are minimal. Data recording
forms are discussed below. For surveys of unfamiliar areas, observers
and recorders need a standard set of maps, with shoreline zones and
landmarks previously determined whenever possible. The maps should be
cut or folded and arranged to facilitate easy in-flight reference.
Personnel should be familiar with the maps and landmarks before the
survey flight begins. Where turtle crawls are abundant, each observer
should use a hand-held, digital, event counter. At each landmark, the
recorder should take the used counter from the observer, record the
tally and provide the observer with a fresh counter. Or, a reliable
hand-held tape recorder may be used, especially when no second person is
available as data recorder. The tape recorder should be tested before
take-off and several times in flight to be sure the replay can be under-

stood over cabin noise. Watches should be synchronized before depar-
ture.
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C.2.1.5 Time of Survey

The best time to survey a beach from the air is early morning
unless shadows from vegetation obscure visibility. Observers can see
tracks most clearly from the time the sun first strikes the beach until
about 0900 hours EST. After that, the higher angle of the sun frequent-
ly makes observations of the beach more difficult. Light colored sand
beaches become too bright for accurate counting and the shadows cast by
the turtle tracks lessen, making the tracks less conspicuous. Track de-
pressions in the dry sand become less visible, so fresh tracks are hard-
er to discern.

As the sun begins to set in late afternoon, or when it no longer
directly strikes the beach, the tracks become visible again. The survey
can be resumed then, although afternoon conditions are seldom as good as
those in early morning because of weathering of the tracks and human
activity on the beach obliterating the tracks.

C.2.1.6 Weather and Tides

Day-to-day knowledge of ocean tides and weather conditions should
be maintained throughout the survey period. Knowing when the tides
occur and the approximate time of the most recent rainfall can help in
interpreting the age of crawls being counted.

Rainfall may eliminate some crawls on some beaches and may "age"

, other crawls. Rainfall on the beaches during the night or morning prior

to the survey flight may cause some fresh crawls to appear as old
crawls.

Tides, under certain circumstances, can be used to positively
determine fresh crawls from old crawls. The circumstances are described
below.

When high tide occurs in the early morning, between about 0200
hours and dawn, almost all of the crawls in the intertidal zone from the
previous night will be erased. In this circumstance, tides cannot be
used to determine fresh crawls. When high tide occurs about midnight,
the crawl portions in the intertidal zones will remain for sea turtles
that crawled after midnight, but will be erased for those that crawled
between dark and midnight. This will cause uncertainties in aging
crawls, if one of the major purposes of the flight is to count only
"fresh" crawls, i.e., those made the previous night. When high tide oc-
curs soon after dark, and when the high tide interval is about 12 hours,
and when the night (dark) period is about 8 hours, then fresh tracks
will be identifiable in the intertidal zone for about three hours after
dawn.

Therefore, to obtain maximum fresh crawl counts of greatest relia-
bility (as is the need of intensive surveys for population estimates),
the date of flights should be selected when high tide occurs soon after
dark and when flights are completed in the early morning. For example,
where most or all crawls are made after 2000 hours EST and when high
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tide occurs at 2000 hours EST (with a 12-hour high tide interval), the
fresh crawls will be impressed in the intertidal zone and identifiable
as such until about 0800 or 0900 EST. An aerial beach survey, or a
ground truth survey, conducted between dawn and about 0900 hours EST can
then reliably determine all fresh crawls. These times are appropriate
for the southeastern U.S. during the summer months. In more southern
regions or at different seasons, the times will have to conform with the
local sunset and tidal stage.

C.2.1.7 Speed, Altitude, and Distance off Shoreline

These survey flight characteristics are interrelated. The general
guidelines are:

a. For routine beach surveys, fly at 80 knots (75 to 85 knots, if this
is a safe speed for the aircraft), at an altitude of 150-200 feet,
and at a distance offshore that forms about a 45 degree angle to the
water line (about 150-200 feet offshore). Fly over the lower por-
tion of the beach if identification of body pits is part of the
survey.

b. For beaches with dense sea turtle crawls (or with qusty winds), fly
at 300 feet altitude, and resurvey the area, time permitting, if
first observations are uncertain.

c. For shorelines without beaches or where turtle crawls are very rare,
\ fly faster (110-130 knots) and at about 400 feet altitude.

d. When flying over water for a few miles or more during a shoreline
survey, fly at 500 feet altitude and 110-120 knots and record any
turtles seen (as in Pelagic Aerial Survey, C.2.4).

C.2.1.8 Maps and Charts

No optimum and comprehensive set of charts exists for the shore-
lines of the entire western Atlantic area. For surveying areas new to
the survey team, the advice is to get the best charts available before
the survey period begins. Generally, two scales of a chart series are
useful--a large-scale chart to determine landmarks which separate zones
and to measure shoreline distance and a small-scale chart for plotting
position in the aircraft during the survey.

When a beach aerial survey is being flown along a shoreline of an
area (country, state or other unit) that has not been documented previ-
ously, geographic features (such as cliffs or sand beaches) should be
recorded. This will allow flight paths for later surveys to be planned
more efficiently.

Topographic charts are very useful. Those from the U.S. Army
Topographic Command (Washington, D.C. 20315) are published for many
areas; the useful scales are 1:500,000 and 1:250,000, Charts from the
U.S. Department of Commerce, National Oceanic and Atmospheric
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Administration, are available for most areas; a scale of about 1:500,000
may be useful for in-flight recording, but larger-scale charts should be
used for selecting landmarks. World Aeronautical Charts (from above
source) may be used. Road maps, issued by some oil companies, have been
successfully used in some surveys.

The primary map used should be marked with appropriate and useful
landmarks (towns, roads, bridges, and other features).

C.2.1.9 BAerial Survey Zones

Before starting an aerial survey, each country, state or other
geographical region should be divided into standardized zones, numbered
serially beginning with 00l1. These zones may be from one to forty km
long, depending on the density of known nesting or on the uniformity or
variability of the coast. The zone borders should be based on permanent
landmarks. All landmarks not shown on the primary, large-scale map
should be described in relation to points which appear on this map. The
aerial survey zones should be the same for the ground truth survey,
except that the latter may be sub-divided into smaller units that can be
patrolled in a reasonable time on foot or by vehicle.

C.2.1.10 Data Recording Forms for Aerial Beach Surveys

Form 1 is designed to facilitate: 1) a comprehensive compatible
comparison of shorelines (and sea turtle nesting activity) throughout
the western Atlantic area; 2) comparisons of data from different survey
areas, periods, and recorders; and 3) computer entry of data without
excessive transcription. Zone records should be completed on an initial
survey and before actual crawl count surveys are begun. Form 1A is an
example of how this form should be filled in.
Form 1 Explanation

a. Country and State. Write these in. They will be computer-coded in
subsequent analysis of the entire area.

b. Date(s). Of form preparation or when the flight(s) was made.

c. Chart(s) Used. Give source, number, scale.

d. Observer(s). List names of all involved in formulating this form.
e. Recorder(s). List names of people filling out form.

f. Heading(s). Give from start to end in approximate degrees or posi-
tions. 1In circling an island, headings will be inclusive.

g. Zone Name or Number. Each row represents one zone, unless a second
or third row is needed and duplicated in the first column. If using
number, start with 001 and number consecutively for each country,
state or other area.
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h. Zone Landmarks. The name of a permanent physical feature (either
natural or man-made) easily seen from the air is written in the
"start column." When zones are continuous, the landmark at the
"end"” of one zone will be the "starting" landmark for the next zone.
When areas are discontinuous, the new landmark is written in the
next row and the zone name or number is repeated.

i. Distance KM-NM. This is the shoreline distance of the 2zone
(measured, calculated, or estimated). The distance can be readily
calculated by using a rotating map measurer on a large-scale
chart. The recording unit used, kilometer (KM) or nautical mile
(NM) , is circled.

j. Lat. Long. The latitude and longitude in degrees and minutes (to
the nearest tenth minute) are calculated from a chart and recorded
for the start of the zone.

1. shoreline Characteristics. This is a synopsis of the characteris-
tics of the shoreline that occur in each zone. See section C.2.1.11
for descriptions. Where more than one type of shoreline occurs
along a zone, either record the dominant type or give the different
types in estimated percentages. However, the primary purpose of
this survey is to document active or potential sea turtle nesting
beaches, so the presence and relative amount of any high-energy or
low-energy sand beaches should always be recorded in each zone.

Forms 2 and 3 (Flight Data Records) are similar but are designed
for different types of surveys and to provide for different information-
al needs. Both forms have the same format at the top of the page.

Form 2 is recommended for any of the following conditions: a) on
surveys flown by observers with limited survey experience; b) where
crawls may not be relatively numerous; c) where the researcher desires
to more precisely map the relative location of the crawls. On Form 2
the column labeled "time" is in hours, minutes, and seconds. By record-
ing the time in seconds and then computing airspeed and distance trav-
eled from 2zone boundaries, the location of the tracks can be precisely
mapped. On Form 2, the start time should be recorded for each zone and
the end time recorded for the final zone. See Form 2A for a completed
version.

Form 3 is to be used for recording the total number of each type
of crawl. Numbers from each observers would be recorded on this form
from the digital event recorders or transcribed from the tape re-
corders. Form 3 is recommended in high density nesting areas and where
mapping the location of crawls other than by zone or general location is
not necessary. See Form 3A for a completed version.

Forms 2 and 3 Explanation
a. Flight #. Number flights consecutively if multiple flights.
b. Country and State. Enter name(s). Code numbers will be assigned

later.
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FORM 3.

Sea Turtle Aerial Beach Survey

Form 3: FLIGHT DATA RECORDS Page of
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k.

Date. Year, month, day. Example write 2 May 1981 as 810502.

Personnel. Give last names and all initials of all personnel and
record seat each occupied (as right-front: RF).

Aircraft. Name and model.

Time. Use 24-hour clock (e.g., 2:00 p.m. = 1400) noting time of
take off and landing.

Speed and Altitude. Give average for majority of flight.

Weather. Give weather description for both the time survey starts
(over first zone) and for previous 24 hours, if known. If weather
changes during the survey, note this at appropriate time(s) in the
Other Data column. Use the following code:

clear or few clouds

partly cloudy or scattered clouds or variable sky

cloudy (broken or overcast)

fog, haze or smoke

drizzle

rain (widespread)

rain with hail

showers (scattered)

thunderstorms (scattered)

other, give details

WoOoJdJauméwhEe=Oo
nuwu W R RN NN

Tidal Stage. Use following code:
0 = flood - exact stage unknown
1 = early flood

2 = maximum flood

3 = late flood

4 = slack before ebb

5 = early ebb

6 = maximum ebb

7 = late ebb

8 = slack before flood

9 = ebb - exact stage unknown

Sea State. Use the Beaufort Scale code numbers, as follows:

Wind Force Miles per Knots Sea State Description
(Beaufort) Hour (feet)
00 0-1 0-1 0 Glassy
01 1-3 1-3 0-1 Rippled
02 4-7 4-6 1-2 Smooth
03 8-12 7-10 2-4 Slight seas
04 13-18 11-16 4-8 Moderate seas
05 19-24 17-21 8-13 Rough seas

Poor flight conditions higher than 05.

Ground Truth Survey Made. Check or write "yes." Give date of sur-
vey and zone number.
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Zone Record on File. Check or write "yes"™ if a Zone Record Form has
been prepared. If not, prepare one.

Zone Name or Number. Same information as on Zone Record Form.

Times. Use the 24-hour clock, to the nearest minute and identify
local time to GMT. Record the time at the beginning of each zone
surveyed in the appropriate column. If there is a specific reason
to record several events within a zone, repeat the zone number.

Crawls. Fresh crawls are those made the night prior to the flight
(except for the day-nesting Kemp's ridley). O0ld crawls are those
made 24 hours or more prior to the flight. Depending on local con-
ditions, crawls may remain visible from the air for only a few hours
or for several months.

1. Fresh nest. Record the number of tracks having a definite body
pit with signs of covering, for any tracks which occur in the
intertidal zone. If tidal amplitude in some areas does not
produce a wide intertidal zone, then local weather conditions
may be used to delineate which tracks were made the previous
night. Caution: lack of wind or deep, coarse sand may cause 1
or 2-day-old crawls to appear fresh from the air.

2. Fresh false. Record the number of tracks without a body pit or
with a pseudo-body pit which does not exhibit any signs of cov-
ering for any tracks which occur in the intertidal zone. See
above for cautions.

3. Fresh unknown. Sometimes it is difficult or impossible to cate-
gorize same tracks as nest or false. If the body pit is not
visible or the field signs have been obliterated (this is a
particular problem on beaches where nests are being moved to
hatcheries), but the lower portion of the track is visible in
the intertidal zone, record as fresh unknown. See above for
cautions.

4, 0ld. On Form 2, record the number of old crawls as nest, false,
or unknown (as above for fresh crawls). On Form 3, record only
the total number of old crawls. 1In areas of high density nest-
ing, trying to count all crawls, both fresh and old, may cause
more inaccuracy in identifying the fresh tracks as nests or
false. The researcher must decide which data points are more
important and may choose to omit counting old crawls (Form 3),
or to omit distinction of fresh from old crawls (Form 2, see
below).

Caution: rain and wind may cause fresh tracks to weather rapidly
and appear old. Reliable ground truth is necessary to determine
how well the aerial observers have determined the categories

listed above.
5. Age uncertain. On Form 2, record the number of crawls as nest,
false, or unknown (as above for fresh crawls).
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6. Total. Enter the total number of crawls counted from the previ-
ous columns.

7. Species. Use the following code:

CC = Caretta caretta loggerhead
CA = Chelonia agassizi black turtle
CD = Chelonia depressa flatback

CM = Chelonia mydas green turtle
DC = Dermochelys coriacea leatherback
EI = Eretmochelys imbricata hawksbill

LR = Lepidochelys kempi Kemp's ridley
LO = Lepidochelys olivacea olive ridley

UK

Unknown species

P. Other Data. Record any observed turtles and their behavior and any
pertinent information such as turtle carcasses, nest predators, and
fishing activity such as boats or nets.

As soon as possible after the survey flight, hold a debriefing
session with all flight personnel and thoroughly check all record forms
for accuracy, completeness and readability. Rewrite and make copies of
forms as appropriate.

C.2.1.11 sShoreline Characteristics

These categories will be used in the initial aerial surveys for
Zone Records (Form 1), and reconfirmed on subsequent flights, to record
the nature of the shoreline. Determining which areas are most likely to
be sea turtle nesting sites allows for more efficient planning for sub-
sequent aerial surveys. More detailed study and recording of these
features should be part of Ground Truth Beach Surveys (section C.2.2).

a. Sand Beach: General Comments. In addition to classifying sand
beaches as high or low energy, they should be sub-classified as:
sand only, sand and shell, sand and rocks, sand and vegetation, sand
and driftwood. Beach color should also be recorded.

b. Sand Beach: High-Energy. Beach open to heavy surf with significant
portion above high tide; profile is moderately steep. Dune height
and condition.

C. Sand Beach: Low-Energy. Beach with gentle profile, breaking surf
far from shore, often with several bars seaward of the beach. Dune
height and condition.

d. Pocket Beach. Typically a small arcuate sand beach between cliff
promontories.

e. Rocks. Rocks or reefs obstruct beach approach. Surf breaks on
rocks.

f. Cliffs. Cliffs form shoreline. Surf breaks on cliffs.
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g. Vegetation. Describe extent of vegetation above the high-tide
line. Note types as: vines, grasses, mangrove, palms, or indeter-
minate.

h. Coastal Lagoons, Swamps or Marshes. Record: Narrow channels, wide
lagoons, estuaries, mangrove swamps, marshes.

i. Human Development (on or near shore). Record: Houses, hotels,
miscellaneous buildings, sea walls or shore protection construction,
roads, paths, docks, anchorages, dredging, channels.

j. Human Use. Record: High, low, or no apparent human use: bathiﬁg,
fishing, sand removal, beach cleaning, large/small vessels, fish
traps.

k. Animal Use. Record: Cattle, pigs, goats, horses, wild animals,
birds, crabs, iguanas, including tracks or signs of nest predation.

1. Nearshore. Record: Bare sediments, vegetated bottom, rocks, bar-
rier reefs, patch reefs, gently sloping shelf or steep drop-off.

C.2.2 Ground Truth Survey for Aerial Beach Surveys

Ground truth surveys provide more precise and detailed accounts of
the sea turtle activity, and in some instances of species identifica-
tion, than can be observed from the air. Results from these surveys for
a sample of beach area can aid in interpreting the results from aerial
beach surveys over greater shorelines distances. They are essential for
the third type of aerial beach survey (population estimate). The aerial
survey is only as reliable as the ground survey determines. If the
ground survey is not reliable, then the results of the flight cannot be
adequately interpreted.

C.2.2.1 ILocation

Whenever possible, a ground truth beach survey should cover as
many different types of beach as are covered by the aerial beach sur-
vey. The length of the ground survey will depend on the mode and ease
of travel and density of tracks. If motorized wvehicles are available
and feasible, then each sample area can be enlarged. It should be no
longer, however, than someone can travel on foot should the wvehicle
break down. On high density nesting beaches, a minimum number of tracks
(perhaps 100) could be recorded rather than a linear distance. The zone
or portion of a zone should be marked before the aircraft passes by so
that the aerial observers can identify the ground truth section of beach
separately on their record forms.

C.2.2.2 Time

Ideally, the ground truth survey should be made early in the morn-
ing on the same day as the aerial beach survey. This would not be pos-
sible where sea turtles (e.g., Kemp's ridley) nest during the day.

48



When ground surveyors are already making routine or special night
time visits to a nesting beach to record and tag females, then they
should make one last survey of the beach at dawn. Data on tracks re-
corded throughout the night may not be accurate by morning if tides have
erased some crawls. Ground surveys, in order to be a useful comparison
for aerial beach survey, must coincide with the timing of the flight as
closely as possible.

C.2.2.3 Dpata Recording Forms for Ground Truth Beach Surveys

Form 4 is intended for use in conjunction with aerial beach sur-
veys. However, it can also be used for daily records of false and nest-
ing crawls when the same beach is being surveyed on days other than
flight days. Form 4 is the very least that is needed for ground
truth. It provides only the totals for each type of crawl appearing on
the beach at the time of the fly-over. By comparing the data from Form
4 with those from Form 3, the following can be determined: a) aging
bias, b) nest to false crawl bias, c) percent of unknowns and unknown
bias, and d) if all crawls were seen by aerial surveyors. See Form 4A
for a completed version.

Form 4. Explanation

a. Details on upper part of form are explained in C.2.1.10 (Data
Recording Forms for Aerial Beach Surveys).

b. Species. Record the one or more identified or list as species un-
known (UK).

c. Unknown. When there appears to have been a nest laid but eggs could
not be located upon probing.

Form 5 provides a sequential, detailed picture and map of what
appeared on the beach at the time of the flight. In order to record
these data the beach must be divided into segments that are known to
both the aerial and ground crew. Natural landmarks, conspicuous signs
or posts or large numbers drawn in the sand will do. Should the aerial
observers lose the correct sequence of the crawls, the sequence is re-
established at each landmark. One-half mile intervals are convenient
for most aircraft speeds. The ground crew also describes the appearance
of each crawl as well as its location. Ground truth from Form 5 would
be compared to aerial data from Form 2 or from transcribed tape record-
ings where the landmarks and crawl descriptions were also made.

This type of survey allows a direct crawl by crawl comparison. In
addition to determining the biases mentioned before, it will enable the
researchers to determine the type of errors being made and the accuracy
of the survey. See Form 5A for a completed version.

Form 5. Explanation

a. Same as above for upper part of form.
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b. Location. Beginning of ground truth survey area by landmarks.
Numbers represent the location of each crawl within the surveyed
segment. Distances between segments are estimated to the tenth of a
segment. A small sketch is made of each crawl to aid in direct
comparison with the description from aerial observers.

C.2.3 Survey Charts

A survey chart should be prepared to accompany the other data
forms for a survey. This chart should show zone boundaries and names,
flight path, any ground truth surveys made, numbers of crawls recorded,
and any other observations of interest (such as sea turtles and marine
mammals sighted in the water). A sample chart is shown.

C.2.4 Pelagic Aerial Surveys

These surveys are made over water, usually following a previously
designed flight pattern. Their purpose is to count sea turtles on the
sea's surface. 1In clear and/or shallow areas, sea turtles beneath the
surface are also counted.

Some of these surveys have multiple purposes: locating and count-
ing sea turtles, marine mammals, sea birds, fishes, and fishing vessels,
as well as identifying other vessel activities.

The following is a list of general aspects of pelagic aerial sur-
veys and some suggested guidelines.

a. Aircraft. Most pilots and researchers experienced in offshore sur-
veying recommend a two-engine aircraft. An aircraft with a nose
observation station allowing the survey track to be seen is best.
If such an aircraft is not available, a high-wing model is best
because it offers optimum visibility. However, for relatively short
over-water flights, or for survey patterns from one-half to two
miles offshore, good results can be obtained with less costly sin-
gle-engine, high-wing aircraft suggested for beach aerial surveys
(C.2.1.1). All reasonable precautions are urged.

b. Personnel. A minimum of four is recommended with at least one ob-
server seated on each side of the aircraft.

c. Speed and Altitude. With good visibility and calm seas speeds of 90
to 130 knots are satisfactory. About 110 knots is ideal. Elevation
of 500 feet is probably best, with an acceptable range of 300 to 700
feet.

d. Records. A planned flight pattern usually consists of continuous
offshore, along-shore, and inshore segments or legs. Record the
starting and ending time and location of each segment and the times
of sea turtle sightings and other related events along each seg-
ment. The relative positions of the events will be adjusted by time
fractioning later. This is inefficient, however, so Loran C
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WATS SEA TURTLE AERIAL BEACH SURVEY

COSTA RICA (CARIBBEAN)
18 MARGH 1983

. 0612-1142,

NUMBERS OF SEA TURTLE CRAMWLS RECORDED,
BY SHORELINE ZONE.

TOTAL CRAWLS = 605

Estimated:
Nests 60%
Falsecrawls40%

Leatherbacks 98.5%
Hawksbills 1.5%

Fresh 30%
01d 70%

---------------------------------

A = sea turtle at surface off beach

B = 3 humans digging sea turtle nest

-------------------------------------

Ground Truth @ Tortuguero Air Strip
?\ 4 leatherback crawls
1 hawksbi11l (?) crawl
[ within 300 meters of
) north end of strip.

--------------------------------------

ﬁ Flight Path

QGround Truth

PANAMA
Total Crawls = 50




navigation should be used if possible for more precise offshore
navigation and flight time. Sightability of turtles should be de-
termined relative to distance from trackline, sea state, weather
conditions, glare in viewing area, observer variability, etc. Uti-
lize a statistically meaningful sampling design (e.g., line transect
methodology) to interpret sightings.

e. Data Forms. Form 2 provided above for beach aerial surveys can be
used also for pelagic aerial surveys. Code information for ease in
handling, recording and processing data.

C.2.5 Other Rerial Observations

Sea turtle aerial surveys (Form 2) should also record information
on the numbers, kinds and locations of vessels that may affect tur-
tles. Such vessels include canoes and small power launches which syste-
matically capture turtles for local consumption or commercial purposes
and also larger fishing trawlers which may incidently capture turtles.
Surveyors should be able to observe captured sea turtles, except very
small ones, in open boats. Characteristic postures of turtle fishermen
about to harpoon or jump on a turtle resting on the surface can soon be
recognized.

It may be of interest to record all marine mammals sighted during
sea turtle aerial surveys. Include species or genus identification (if
known) or description, number, estimated size(s), and location. Concen-

'\ trations of fishes or sea birds may also be recorded.

Photography can be useful to record dense crawls on a beach for
later counting or for species identification. Recommended features
are: shutter speed 1/1000 sec.; f-stop one setting higher (i.e., smal-
ler aperture) than meter reading; color film 100-200 ASA; black and
white film 32-64 ASA; expose perpendicular to the shoreline.

C.3 Vessel Surveys

Most sea turtle field research has been related to females and
hatchlings on nesting beaches. Since relatively little is known about
the rest of sea turtle life history, vessel surveys hold great promise
for future research. Like aerial surveys and remote sensing techniques,
however, vessel survey methods--what gear to use and how to capture and
observe turtles—--are still being developed.

Where sea turtles are relatively abundant, and where there are few
bottom obstructions (as in Cape Canaveral Ship Channel on the east-
central coast of Florida), trawling for 15 to 30 minutes with shrimp
trawls or large-mesh trawls on the bottom is an effective method for
live capture of sea turtles of both sexes and various sizes for tagging
and other studies. Trawling is also useful for catching sea turtles on
which to mount radio and sonic tracking transmitters for later monitor-
ing.
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The researchers can use three types of Vessel Surveys. In order
of preference, they are:

a. Dedicated vessel. Preferred but most expensive method.
b. Dedicated observer aboard a cooperating commercial fishing vessel.
c. Ships of opportunity.

On a vessel dedicated either by contract or by outright ownership,
the researcher can design a survey with minimal experimental bias.

This Manual does not attempt to instruct on proper statistical
sampling design; however, the survey should strive for random spatial
and temporal sampling, standarized sampling techniques (trawl size, down
time, etc.), quantified catch per unit of effort (CPUE), and inclusion
of all helpful data such as weather, sea state, glare, etc.

The sampling program of a dedicated observer aboard a commercial
fishing vessel will obviously be limited by where and how the boat's
captain chooses to fish. Hence spatial and temporal biases will almost
certainly enter into the survey. Reduced program costs often outweigh
these limitations, and most of the important data can still be acquired
and the results can be statistically wvalid.

Ships of opportunity (vessels of any type without dedicated or
trained observers aboard) can provide some useful data, but neither the
level of effort nor much of the resulting data can be quantified. Al-
though this type of survey can provide some insights into seasonal dis-
.tribution, caution should be used in interpreting the data.

C.3.1 Data Recording Forms: VESSEL SURVEY RECORDS

The primary purpose of Form 6 is to record the number of turtles
caught in a dedicated vessel survey; it can be adapted for use by obser-
vers on commercial fishing vessels.

Form 6 Explanation
a. Vessel. Enter name. Code numbers will be assigned later.
b. Date. Record date as per example: 2 May 198l.
c. Cruise, Since more than one survey cruise may be conducted aboard a
particular vessel, it is best to number each survey separately.

Enter 01 for the first cruise and continue consecutively.

d. Station, 1If particular stations are sampled, enter station number
here.

e. Latitude. Enter latitude in degrees, minutes and tenths of minutes.

£, Longitude. Enter longitude in degrees, minutes and tenths of
minutes.
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Form 6. Sea Turtle Vessel Survey

Vessel Date Cruise Station
Latitude Longitude Depth

Gear type Door Size

Start set Minutes fished | BTM Type

Air Temp. Sur face Temp. BTM Temp. Barometer
Wind Dr. Wind speed Tide s.8.C. W.C.
Turtle Sightings Turtles Captured Turtle Escapes
Total catch

TURTLE CAPTURE DATA

Tag Carapace Release

Spp. Recap. Nos. Length Width Sex Cond. Marks Lat. Long.




Y.

Depth. Enter depth of water. Indicate depth units used: fathoms,
meters, or feet.

Gear type. Enter type of fishing gear (fish trawl, shrimp trawl,
width of the mouth opening, etc.); numerical coding can be assigned
later.

Door size. If trawl uses doors or otter boards, enter the size.
Start set. Enter time in hours and minutes when station is begun.
Minutes fished. Enter total elapsed minutes of fishing.

Bottom type. Enter type of bottom, i.e., muddy, sandy, etc.

Air temperature. Enter air temperature at time of survey.

Surface temperature. Enter surface water temperature.

Bottom temperature. If known, enter temperature of the water at
depth.

Barometer. Record barometric pressure.
Wind direction. Enter wind direction.
Wind speed. Enter wind speed; specify units used.

Tide. Describe state of tide using this code: 1 = ebbing; 2 =
flooding; 3 = high; 4 = low tide.

Sea surface condition. Enter sea surface condition, as described in
Section C.2.1.12g under Flight Data Records.

Weather condition. Weather condition as in Section C.2.1.12f.
Turtle sightings. Enter number of turtles sighted at surface.
Turtles captured. Enter number of turtles caught in trawl.

Turtle escapes. Enter number of turtles that escaped while net was
being brought aboard.

Total catch. Enter weight of total trawl catch, minus any turtles.

On the bottom of the form, record additional data on each turtle

caught during the sampling. Include:

1.

Spp. Species:

CC = Caretta caretta loggerhead
CA = Chelonia agassizi black turtle
CD = Chelonia depressa flatback

CM = Chelonia mydas green turtle
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DC = Dermochelys coriacea leatherback
EI = Eretmochelys imbricata hawksbill

LK = Lepidochelys kempi Kemp's ridley
L0 = Lepidochelys olivacea olive ridley
UK = Unknown species

2. Recap. Was this turtle a recapture (already tagged)? yes or no.

3. Tag numbers. If the turtle was recaptured, record old tag number (s)
and, if new or retagged, enter new tag number (s).

4, Carapace measure. Enter both carapace length and width. Specify
units and method used.

5. Sex. Indicated as follows:
M = Male
F = Female
U = Unknown

6. Condition. Code turtle condition as follows.
active, little or no growth on shell

active, heavy growth (barnacles, etc.) on shell.
inactive, sluggish

comatose or torpid

dead

Ul s WP
nwunonu

7. Marks. Record any wounds, mutilations or distingushing characteris-
tics.

8. Release. Enter the latitude and longitude of the release site, using
format above (e and £).

C.4 Ground Surveys

C.4.1 Nesting Beach Surveys

One or more survey team members will patrol selected beaches,
usually for two to eight hours after sunset, to record sea turtle activ-
ities and to measure and tag females when possible. Apparently, in many
areas, particularly when low tide exposes rocks or flats, turtles come
ashore on the rising tide as it approaches high tide, and return to the
sea on the falling tide. However, patrols lasting the entire night are
necessary to confirm this trend on a particular beach before briefer
patrols can be designed to coincide with peak nesting hours.

Nesting beaches can be surveyed during the daytime; in Mexico,
Kemp's ridleys invariably nest by day. Hawksbills in the Seychelles and
flatback turtles in northern Australia also often nest during the day,
as do olive ridleys during major arribadas. Daytime Ground Truth
Surveys are also necessary to confirm aerial survey data. Sampling
efforts and units should be clearly defined prior to and used consis-
tently throughout a survey; this allows for comparison with other units
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in the country or region and with published information. Generally,
ground survey zones should correspond to aerial survey zones. However,
if an aerial survey 2zone is relatively long (such as 32 km), the beach
survey zone might be divided into smaller units (such as 10 sub-zones of
3.2 km each).

The following data should be recorded on beach surveys:

a. Sampling Effort. Dates and hours of patrol; length of beach covered
(miles or kilometers).

b. Weather Conditions. Air and water temperatures; tide and moon phase.

c. Turtle Activity. Include:

Species identifications (from the turtle, its tracks and nest
characteristics, or subsequent identification of hatchlings).

Number of turtles in each defined beach unit.

Number of nests. Include number of eggs laid in each nest only
when this can be determined without handling the eggs excessive-
ly. It is wise to count only a small sample of nests.

Number of false crawls or false nesting attempts before success-
ful laying, where this can be determined. For example, a single
track may indicate several attempts to nest before nesting is
successful; or an individual turtle may be seen on the beach and
identified by her tag numbers for several successive nights
before she finally nests successfully.

Turtle measurements (see Section C.4.2).

Presence of any prior tags (on flippers or shell) or evidence of
the turtle having previously been tagged. Report serial number,
kind, location, and return address of tags from other tagging
projects. Do not remove old tags unless they are badly corroded
or about to fall off (see Section C.4.3.7). If you remove an old
tag, replace with a new tag. If only one tag is present, apply a
second tag. Note any identifying characteristics (such as injur-
ies).

Data on new tags placed on turtles during the survey, including
serial number. Placement of tags and return address presumably
will be same for all tags used, but should be stated (see Section
C.4.3).

d. Turtle Activity Records from Previous Nights.

L.

2-

Number of old crawls, identified where possible as nesting crawls
and false crawls.

Number of nests, identified when possible as: still incubating,
hatched or disturbed.
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3. Number of turtle carcasses. Record cause of death if it can be
determined and other special markings or injuries.

4. Species identification.
e. Hatching Success. This should be based on either:
1. Subsequent observations (see Section C.4.5).

2. Egg removal to a hatchery, including description of transplant
technique.

f. Human Activity. Examples include: egg harvesting, turtle capture,
fishing, cattle herding, recreational activities, etc.

C.4.2. How to Measure Sea Turtles

Measuring turtles is often not important for basic conservation,
but is of scientific interest. If time and manpower are limited, mea-
suring turtles, particularly on nesting beaches, can be omitted.
However, if protective legislation is to be based on turtle sizes, mea-
surements can be of great value in determining the best size restric-
tions.

Procedures for measuring sea turtles are similar for all species,

but measuring techniques may vary depending on the size of the turtle

. and availability of equipment. A variety of measurements have been

taken in the past. This section recommends specific measurements, de-

scribes alternatives, and emphasizes that all measurements be precisely
recorded.

C.4.2.1 Straight and Curved Measurements

A straight-line measure of carapace length and width is recom-
mended (see Figure 12).

62



Figure 12. Measuring carapace length: straight-line method using calipers
(recommended method). Photo by G. H. Balazs.

A sliding or hinged caliper (often available from forestry supply
houses) is usually used, although a tape measure or ruler held parallel
to and carefully aligned with the shell is an alternative. Another
common but less preferable technique is a curved measurement in which a

flexible metal or cloth tape is placed along the shell's contour (see
Figqure 13).

Recording both straight and curved lengths and widths gives a
potential index to body thickness. All measurement records must specify
which method was used. Both are described in more detail below.
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Figure 13. Measuring carapace length: curved-line method, using flexible
tape. Photo by G. H. Balazs.

C.4.2.2 Standard Measurements

Four standard sea turtle measurements are defined in this

Manual: a) carapace length; b) carapace width: c¢) tail measurements; 4)
weight.

Other measurements, such as head and plastron length and width,

are not as important for applied research with which this Manual is
concerned.

For nesting beach surveys in which only carapace length and width
are being recorded in order to minimize disturbance, a female should not
be turned on her back unless necessary.

C.4.2.3 Carapace Length

At least four different pairs of points have been used for measur-
ing carapace length (Figure 14). Standard carapace length is recom-
mended (see Figure 14, A). Any recorded measurements should specify
which method was used.
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Fig. 14, A. Standard carapace length (SCL) - precentral scute at cara-
pace midline to posterior margin of postcentrals.

Fig. 14, B. Total carapace length (TCL) - anterior most edge of cara-
pace to posterior margin of postcentrals.

Fig. 14, C. Notched carapace length (NCL) - anterior most edge of
carapace to notch between postcentrals.

Fig. 14, D. Minimum carapace length (MCL) - precentral scute at cara-
pace midline to notch between postcentrals.

Figure 14. Four sets of anatomical points for measuring carapace length; A
is preferred (see C.4.2.3).

The recommended method of measuring carapace length is straight-
line standard carapace length (Figures 12 and 14,A). This measurement
is more precisely defined as follows: the maximum straight-line dis-
tance along the midline from the anterior margin of the precentral scute
to the posterior edge of the postcentral scute.

C.4.2.4 Carapace Width

Carapace width is the distance across the widest part of the
shell, perpendicular to the longitudinal body axis. Straightline cara-
pace width measurements are recommended (see Figure 15). If a curved
measurement is obtained using a flexible tape, it should be clearly
specified.
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Figure 15. Measuring carapace width: straight-line method using calipers
(recommended method). Photo by G. H. Balazs.

C.4.2.,5 Tail Measurements

Tail length is the major secondary sex characteristic in mature
sea turtles. Large sea turtles of all species with long tails that
extend well past the posterior margin of the carapace are males (Figure
16, lower 1left). Similarly, large turtles having tails which do not
extend or extend only slightly beyond the carapace are females (Figure
16, lower right). For subadult sea turtles, however, the relationship
of tail length to sex is not known.

Along with carapace length and width, and weight (where possible)
for size ranges of all species, tail measurements can help determine
morphological and sex relationships. Tail measurements are only of
value in non-nesting beach studies. Expending time and energy to mea-
sure the tails of nesting females would not be profitable in most
cases. Three tail measurements are shown in Figure 16.
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VENTRAL VIEW

DORSAL VIEW VENTRAL VIEW

Posterior margin of plastron to tip of tail.
Mid-vent to tip of tail.
Posterior margin of carapace to tip of tail (with a plus sign

prefix) or tip of tail to posterior margin of carapace (with a
minus sign prefix).

PR

Figure 16. Tail measurements (see C.4.2.4).
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C.4.2.6 Weight

The weight range of the scale used should depend upon the weight
of the turtle. Triple beam balances or spring scales can be used. A
weighing device is available for shipboard use. Mount a large single
beam balance (200 pounds, modified with supplemental weights for up to
500 pounds) to a block and tackle suspended from the ship's rigging.
Place the turtle in a circular net (5-feet diameter) with a rope
margin. Attach the rope to the beam's lower hook and hoist the turtle
and net off the deck for weighing.

Nesting females can be weighed after nesting with a spring dial
scale mounted to a horizontal pole. Tie or net the turtle to the scale
and use the pole supported on the shoulders of two people to lift her
off the beach for weighing.

Again, the weight data collected for nesting females may not be
worth the effort expended, and the trauma to the turtles.

C.4.3 Tagging Sea Turtles

C.4.3.1 Preferred Tag Type

Turtles are usually tagged with Monel-alloy tags g'enerally used
for marking 1livestock. Several companies manufacture these tags; the
authors will supply trade information upon request.

Tags come in sizes suitable for both adult and juvenile turtles.
The largest are made from a metal strip 0.9 cm wide and about 8.5 cm
long, which gives a folded length of 4.2 cm. The smallest tag shown in
Figure 17 can be used on turtles about 2 kg in weight. Tag manufactur-
ers supply special applicators; some resemble a simple pair of pliers
with the working surfaces molded to fit and enclose a tag, while others
have levers arranged to allow the tag to be clinched with less hand
pressure. Figure 17 illustrates commonly used tags.

The code numbers (from National Band and Tag Company, Newport,
Kentucky, USA) and base lengths for the three sizes of tags illustrated
in Fig. 17 are: Small, No. 4, 2 cm; Medium, No. 681, 2.8 cm; Large, No.
49 or 19, 4.2 cm.

Tag manufacturers imprint, to the buyer's specifications, a serial
number on one face, with or without one or more letter prefixes.
Although not always done in the past, surveyors should co-ordinate with
each other to avoid using the same numbers, since the different return
address may not be noticed. The reverse side bears the tagger's or
institution's name (usually abbreviated) and the permanent institutional
address since tags may be returned many years after application. In
some cases, the tag offers a reward to the finder of a tagged turtle.
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