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Preface

Group (MTSG) published Global Strategy for  fishing gear. Oil spills, chemical waste, persistent plas-
the Conservation of Marine Turtlés provide a tic and other debris, high density coastal development,
blueprint for efforts to conserve and recover declin-and an increase in ocean-based tourism have dam-
ing and depleted sea turtle populations around theaged or eliminated important nesting beaches and
world. As unigue components of complex ecosystemsfeeding areas.
sea turtles serve important roles in coastal and ma- To ensure the survival of sea turtles, it is impor-
rine habitats by contributing to the health and main-tant that standard and appropriate guidelines and cri-
tenance of coral reefs, seagrass meadows, estuariggria be employed by field workers in all range states.
and sandy beaches. T8&ategysupports integrated Standardized conservation and management tech-
and focused programs to prevent the extinction ofniques encourage the collection of comparable data
these species and promotes the restoration and suand enable the sharing of results among nations and
vival of healthy sea turtle populations that fulfill their regions. This manual seeks to address the need for
ecological roles. standard guidelines and criteria, while at the same time
Sea turtles and humans have been linked for ascknowledging a growing constituency of field work-
long as people have settled the coasts and plied thers and policy-makers seeking guidance with regard
oceans. Coastal communities have depended upon séawhen and why to invoke one management option
turtles and their eggs for protein and other productsover another, how to effectively implement the cho-
for countless generations and, in many areas, continugen option, and how to evaluate success.
to do so today. However, increased commercializa- The IUCN Marine Turtle Specialist Group be-
tion of sea turtle products over the course of the 20 lieves that proper management cannot occur in the
century has decimated many populations. Because segbsence of supporting and high quality research, and
turtles have complex life cycles during which indi- that scientific research should focus, whenever pos-
viduals move among many habitats and travel acrossible, on critical conservation issues. We intend for
ocean basins, conservation requires a cooperative, irthis manual to serve a global audience involved in
ternational approach to management planning thathe protection and management of sea turtle resources.
recognizes inter-connections among habitats, sea turtlRecognizing that the most successful sea turtle pro-
populations, and human populations, while applyingtection and management programs combine traditional
the best available scientific knowledge. census techniques with computerized databases, ge-
To date our success in achieving both of thesenetic analyses and satellite-based telemetry techniques
tasks has been minimal. Sea turtle species are recogat practitioners a generation ago could only dream
nized as “Critically Endangered,” “Endangered” or about, we dedicate this manual to the resource man-
“Vulnerable” by the World Conservation Union agers of the Zicentury who will be facing increas-
(IUCN). Most populations are depleted as a result ofingly complex resource management challenges, and
unsustainable harvest for meat, shell, oil, skins, andor whom we hope this manual will provide both train-
eggs. Tens of thousands of turtles die every year aftang and counsel.

I n 1995 the IUCN/SSC Marine Turtle Specialist being accidentally captured in active or abandoned
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Reducing Threats to Eggs and HatchlirgsSitu Protection

Ralf H. Boulon, Jr.

Department of Planning and Natural Resources, Division of Fish and Wildlife, 6291 Estate Nazareth
101, St. Thomas, U. S. Virgin Islands 00802-1104; Tel: +1 (340) 775-6762; Fax: +1 (340)

775-3972; email: ab309@virgin.usvi.net

Once a clutch of sea turtle eggs has been laid, theredators, such as wild hodgsussp.) or chronically
female leaves the beach, offering no protection to eggsindernourished dogs, may not be dissuaded, but most
or emergent hatchlings. From this point forward, eggssmall mammals and predatory birds (and poachers)
and hatchlings are subject to a number of naturahlre reticent to act in the presence of humans.
threats(e.g.,beach erosion, storm and tidal inunda- To reduce the likelihood that poachers will deter-
tion, native predators) and other hazgelg. poach-  mine the pattern of surveillance (enabling them to fo-
ing, non-native predators and livestock, coastal decus their activities during non-surveillance periods),
velopment). A variety oin situ methods have been beach patrols should either be continuous (all-night) or
developed to reduce the effects of these threats. Thishould occur at random intervals, often enough to act
chapter will describe some of these techniques, ands a deterrent. In either case, nests should be disguised
offer examples of their application and success. by effacing the physical evidence with a palm frond,

It should be noted from the outset that the pre-rake, or by walking back and forth repeatedly over the
ferred option is always the least manipulative inter-site. The objective is to smooth out the site to match
vention that will yield the desired result. Collecting the surrounding beach, reducing the likelihood that a
and reburying eggs should be considered only as aoacher will expend energy probing the area. This
last resort (see also Mortimer, this volume). Againstmethod should not be used on beaches where ongoing
some threats, including depredation, beach surveilimanagement efforts depend on daily or weekly crawl
lance and nest caging are likely to be more effectivecounts to assess the status of the turtle population.
and result in higher rates of hatching success than When “disguising” a nest from predators, mask-
could be expected froin situegg reburial programs. ing odors(e.g.,urine, pepper sauce) are sometimes
Of all the options discussed in this chapter, aversiveapplied to the immediate vicinity of the nest with an
conditioning and predator control are least likely to aim to confuse or repel non-human predators. There
produce desirable results. are no data available with which to evaluate the suc-

The reader is referred to Witherington, this vol- cess of these actions. Care should be taken not to in-
ume, for solutions to specific thredesg.,armoring,  troduce noxious chemicals to the beach environment
artificial lighting, and recreational activities) posed that may be harmful to the developing embryos, emer-
by coastal development. gent hatchlings, gravid females, or non-target wildlife.

Beach Patrols and Disguising Nests Buried Mesh and Caging

The presence of researchers or surveillance per- Depredation of turtle eggs generally involves dig-
sonnele.g.law enforcement officers, voluntary game ging into a freshly laid or newly hatched nest. The
wardens, community activists) on the nesting beackplacement of treate¢e.g., galvanized or plastic
can reduce or even eliminate a variety of threats, incoated) wire or rigid plastic mesh just below (and
cluding egg poaching, depredation, and, in the casgarallel to) the sand surface or, alternatively, formed
of hatchlings, entrapment in beach debris or disorien-as a cage over the nest can deter nest excavation. It is
tation inland toward artificial light sources. Some important to use mesh small enough to prevent ac-



cess by the predator, yet large enough to allow the natural nest (typically at the time of deposition) and
passage of hatchlings to the surface. their reburial elsewhere on the beach can be effective
For medium-sized mammdks.g.,dogs; raccoons, in mitigating for a variety of threats that reduce hatch-
Procyon lotor; hogs; coati mundid\asua nasua, N. ing success or result in high levels of nest loss. The
narica),a 1 m square section of 5 x 10 cm mesh galtechnique is most useful under the following circum-
vanized welded wire, anchored with corner stakesstances:
should be placed over the nest as soon as possibl . .
(see Jordan, 1994). In Jordan’s study, the stakes we evere and Predictable Er05|_on
fashioned from 60-90 cm steel reinforcing bar, bent ~ Many sandy beaches are subject to seasonal or
to form a hook at the top which secured the corners oftorm-related erosion and deposition (accretion)
the screen. For smaller mammals, such as mongoo<&/¢les which can lead to nest loss when portions of
(Herpestes auropunctatusy, smaller mesh can be the b_each succumb to changes in current (_jlrectlon or
used but must be removed prior to hatching. In amy\/elocny. By carefully relocating nests laid in known
case, the mesh should be buried 8-10 cm below th@igh.risk areas (areas with serious and predictable
surface to conceal it from predators and curious pe€rosion) to more stable beach zones, seasonal repro-
destrians on the one hand, while precluding any in-ductive output can be significantly enhanced.
terference yvith thg incubating eggs on the other h"?‘”dtnundation
i %?Iyr?g'zseigge_misg iigrgssﬁ:neb?sfg;gr?daélnva Low profile areas where the subterranean water
catged becausqe it aliows thg wire congtituting the fou?tabk.e comes within 50. ¢m of the bea_lch surface can re-
) . sultin standing water in the nest cavity; the usual result
faces to be bent outward at the bottom, discouragin

% high embryo mortality. Relocation of these nests to
digging by small mammals. Addison (1997) illustrated | . . L .
the construction of a 90 x 90 x 75 cm cage from 5 Xhlgher profile areas can significantly increase hatch

) . success. Similarly, nests laid very near the sea may be
10 cm mesh screening, with the bottom 15 cm ben 4 Y 4

horizontally outwards. Optimally, cages are buried toﬁost prior to term. Relocation of these eggs can resultin
' LY ) (?t least moderately good hatch success.

a depth of 30 cm over the nest. This is accomplishe

by centering the cage over the nest, setting it asidel?oaching

and then excavating a 90 x 90 cm trench 30 cm deep  Field signs, including beach crawls and nesting

around the nest. Dry, surface sand should be swepiits, can be rendered ineffective by removing eggs
aside prior to digging. Once the trench is in place, th&rom their natural nest and relocating them to another
cage is placed in the trench and backfilled, leavingsite, even one very close to the original nest but out-
approximately 45 cm of the cage above the sand, thuside of the crawl and body pit area. Excavation of the
preventing predators from digging into the nest. original site may ensue, but to no avail, making it less
Addison and Henricy (1994) determined that cagesikely that the egg collector will return.
were more effective than just using flat mesh, although
they are more visible than the buried mesh. In situ

Ratnaswamy (1995) used predator removal, nest  (non-hatchery) relocation is best accomplished
screening and conditioned taste aversion at Canaveraising regular beach patrols, enabling the collection
National Seashore, Florida USA. She found nestof eggs at deposition. Eggs are gently gathered as they
screening to be the most effective, though the mostrop and placed immediately in a clean bag, bucket
costly, method in reducing nest depredation. In addi-or basket. Alternatively, a plastic bag can be positioned
tion, this method reduces any direct impact to localin the hole to receive the eggs. In either case, the bag
raccoon populations, and therefore presumably reor other container must be strong enough to reliably
duces potentially adverse ecological effects of predacarry up to 12 kg of eggs. If a bag is placed in the

tor removal. hole, the opening should be clasped shut (to exclude
_ falling sand) and the bag swiftly dug out from behind
Translocating Eggs as soon as egg-laying is complete. Assistance may be

While the first and best management choiceneeded during this process to hold flippers out of the
should always be to protect eggsitu, there are cir-  way, provide light or to receive eggs. Efforts should
cumstances under which the movement of eggs is e made to minimize the amount of sand gathered
viable conservation option. The removal of eggs fromwith the eggs. Sand will score (abrade) the egg shells
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and can reduce hatch success. If the eggs are to hignately be examined. Using a permanent marker,
transported a long distance, they should be coveredecord the tag number of the female (if tagged), the
to reduce moisture loss. date the nest was laid, and, if different, the date the
Care must be taken to record nest depth so tha@est was reburied. Cover the nest by replacing the
original dimensions can be replicated. Suspend a stiftlamp subsurface sand removed from the hole (do not
tape measure or weighted string (scored in metriglace hot surface sand on the eggs), firmly tamping it
units) in the hole until it reaches the bottom and readn place in layers of 8-12 cm.
the depth at the sand surface. Since the original sand Once the hole is completely filled, it is difficult
surface is often effaced by the nesting process, it i4o locate the nest with accuracy. Therefore, if the nest
suitably accurate for most species to record the depthvill be monitored through time or excavated at hatch-
at the bottom edge of the carapace just behind a reang, coordinates should be recorded (measurements
flipper. It is important not only that the measurementto the nest from numbered stakes or natural landmarks
be as accurate as possible, but that the technique kmn either side of the nest) or the nest otherwise marked
consistent. A measurement should also be taken ot this time. Once the hole is filled, disguise the nest
the diameter of the neck of the nest. by smoothing over the disturbed sand surface, sweep-
Eggs should be transported immediately to theing dry surface sand evenly all about.
relocation site (if transport occurs by vehicle, the egg  In assessing this technique it should be noted that
bag/bucket should be secured and cushioned)average hatch success will likely be measurably lower
Reburial should occur within 1-6 hr to minimize than that of undisturbed natural nests. But, when the
movement-induced injury to embryos, and the negaprocess is undertaken with care, the technique is ef-
tive effects of changes in the temperature and moisfective at reducing nest loss to threatening agents listed
ture content of the eggs. To simplify project logistics, at the beginning of this section. More than a decade
minimize transport trauma, and promote the perpetu-of experience with the leatherback population nest-
ation of the population at its chosen nesting beaching at Sandy Point National Wildlife Refuge, U. S.
every effort should be made to translocate eggs elsevirgin Islands, clearly shows that annual reproduc-
where on the same nesting beach. The new nest sitéve success can be doubled or better using this tech-
should be sufficiently above the high tide line and nique in the context of regular all-night patrols of the
conform with species-specific parameters;. leath- nesting beach, collection of eggs at deposition (if laid
erback nests on the open beach, hawksbill nests im documented high risk zones), and immediate
the beach forest (if appropriate to the site). Care shouldeburial (Bouloret al.,1996).
be taken not to locate the nest too near (< 1.0 m) other The technique enjoys several advantages over
translocated clutches, or natural nests. moving eggs to an enclosed hatchery. Maintenance
To begin the reburial process, dry surface sand iand personnel (surveillance) costs are high in prop-
swept aside (to a depth of 5-10 cm, depending on loerly maintained hatcheries; in addition, losses due to
cal conditions) to prevent it from sifting into the ex- depredation, storms, and various other factors can be
cavation. Once the damp subsurface is exposed, severe because eggs (and hatchlings) are artificially
narrow shaft to the desired depth is excavated usingoncentrated. Other factors also fawsitu reburial,
one hand. The weight of the person excavating thancluding the fact that nest sites are unmarked, tem-
nest should rest heavily on the other hand, and as fgverature and moisture profiles are likely to be closer
from the rim of the hole as possible. When properto the norm since nests can be individually placed in
nest depth has been confirmed using a tape measueppropriate habitat, and hatchlings emerge naturally.
or weighted line, the neck of the nest is widened, again  Notwithstanding, it cannot be overemphasized that
using one hand, to the desired diameter. Finally, theeggs should never be collected and reburied unless there
egg chamber is widened at the bottom so the finisheds compelling evidence that significant losses will ac-
nest resembles a flask or inverted light bulb. crue which cannot be countered wusing
The eggs should be placed carefully, not droppednon-manipulative strategies. Moreover, in choosing this
in groups of 2-5 (a comfortable handful) and counted.technique, managers must be willing to commit the
In the case of leatherback turtles, the yolkless eggsesources requisite to ensure that eggs are properly
should be placed lagte., on top). Burying a short collected either at deposition or at first light the fol-
length of colorful surveyor’s tape with the eggs (seelowing morning (before the heat of the day). Under no
Miller, this volume) is useful if nest contents will ul- circumstances (barring the emergency rescue of eggs

Research and Management Techniques for the Conservation of Sea Turtles 3



found washing out to sea) should eggs be collectedPredator Control
more than 12 hr after deposition. Once the embryo has  \hjle some nest depredation is certainly oppor-

settled on the wall of the egg shell, movement can bgnjstic, the habit of raiding turtle nests is, for at least
fatal. Indeed, some investigators have recommendedyme predator species, clearly a learned behavior.
that eggs not be moved at all between 3 hr and 21 daysredator control, broadly speaking, encompasses a
after oviposition (Harry and Limpus, 1989). variety of techniques, all of which are time consum-
. PR ing, some of which are very expensive, and few of

Aversive Condltlonmg which have shown consistently favorable results. Nev-

With this technique, predators are conditioned tOerthe|eSS’ some methodo|ogies may be worth pursu-
avoid prey items by the selective use of chemicalsing if depredation constitutes a serious threat; that is,
which cause an unpleasant (sometimes very unpleags threat well beyond the natural cycles of the food
ant) reaction when consumed. Researchers have usggkp.
lithium chloride and various hormones in and on eggs Perhaps the least Comp”cated method is to shoot
in hopes that predators, especially small mammalsthe offending animals. This method has been used to
will lose their desire to consume turtle eggs. The aucull feral dogs at some Central American nesting
thor has been unable to find any researchers who cageaches, raccoons and hogs in the southeastern U.S.,
report the successful accomplishment of this techniqueyng a variety of “pest” species elsewhere in the world.
for turtle eggs. Hopkins and Murphy (1982) found pyplic hunts work moderately well, depending on the
that lithium chloride did not work with raccoons in circumstances; re|ative|y unpopu|ated areas are most
the lab or in the field. They determined that it might conducive. If planning such a course of action, bear
work on individuals who had never before eaten sean mind the possibility of outcry from animal-rights
turtle eggs, but individuals characterized by a priorgroups or individuals. Some success may also be
positive experience with eggs would not become averzchieved with inexpensive poisoning campaigns, but
sively conditioned using this technique. such initiatives are almost certain to bring unwanted

Ratnaswamy (1995) used oral estrogenconsequences in the form of death to non-target (and
(17-alpha-ethinyl-estradiol) to treat chicken eggs inoften beneficial) coastal species, as well as to chil-
an attempt to produce conditioned taste aversiordren and/or domesticated animals.
(CTA) in raccoons. The hope was that any CTA de-  Trapping programs are more expensive, but can
veloped towards chicken eggs would be transferredsield satisfactory results. In the Caribbean region,
to turtle eggs. She found no significant difference inwhere the mongoose is a significant predator on both
turtle egg depredation before and after treatment. Sheggs and hatchlings, conventional live traps (15 x 15
concluded, given the relatively large size of the rac-x 45 cm) baited with chicken or fish are sometimes
coon population, that it may be impossible to developset at 30 m intervals in shaded areas on the upper
a level of CTA adequate to protect turtle nests at thebeach. Traps are checked at least daily. Captured in-
study site. It is not known whether raccoons can dedividuals are either relocated to distant locales or
tect taste differences between chicken and turtle eggsuthanized. Five days of trapping can remove over
which may complicate effective application of the 80% of the mongooses in a localized area (Coblentz
CTA treatment. and Coblentz, 1985). In the Coblentz and Coblentz

One study in the U. S. Virgin Islands successfully study, hawksbill turtle nests suffered no depredation
conditioned mongooses to avoid chicken eggs usingluring or immediately following the trapping inter-
the hormone estradiol (D. W. Nellis, USVI, Div. Fish val at the nesting beach. By trapping just prior to the
Wildl., pers. comm.). The process involved familiar- nesting season, nest depredation may be significantly
izing mongooses with several sources of eggs over éowered during the season, depending on the number
period of time. The eggs were then injected with es-of immigrants and young-of-the-year, both of which
tradiol for two days, before returning to untreated may be less apt to depredate turtle nests until they
eggs. After their experience with the treated eggs, thédave learned this behavior.
mongooses refused subsequent offers of chicken eggs. Similar success is reported by Geasgal.(1994)
The test was never performed on sea turtle eggs, a8 the trapping and relocation of raccoons from the
the sacrifice of eggs from Endangered sea turtles dighesting beaches of the southeastern U.S. They con-
not seem prudent, but the technique shows promisecluded that the removal of large numbers of individu-
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als from the predator population at the nesting beaciPyblic Education

clearly reduces the incidence of nest depredation. The  \y/ile not generally considered @msitu pro-

real success of relocation programs ultimately dependgaction measure, education can play a significant
on the propensity of the offending animal(s) to retumnygje in protecting sea turtle nests and hatchlings.
to the territory from which they were removed. When pqr example, in lieu of undertaking a predator con-
possible, traps should be set along game trails leadgq) program, managers should consider whether
ing to the. beach.. Again, the hig'hest Qegreg of effecthanging the behavior of people might achieve a
tiveness is obtained by campaigns just prior to thegimijar result. Establishing public dump sites well

nesting season. If the problem persists into the nestaway from nesting beaches and controlling beach
ing season, traps can be set near known nests. F@kier may reduce the number of scaveng@s.,
humane reasons, live traps are preferred. Barring 90Vdogs, rats, mongoose, vultures) visiting the area.
ernment restrictions, trapped animals may be transpromoting license and leash laws for dogs and rea-
ported inland and released,; alternatively, humane dissgnaple controls on the ranging of livestdekg.,
posit_ion (e.g.,lethal injection, shooting) should be hogs) may also curb rates of depredation. Where
considered. nests are exhumed (after hatchling emergence) for
In New Zealand, Hawaii (U.S.), the Philippines, st,dy purposes, nest contents should be completely
and the Galapagos Islands (Ecuador), trained “pigepuried in the nest cavity. Indiscriminate disposal
dogs” have been used to control feral hogs whichgiiracts the attention of predators.
threaten turtle nests. The use of these dogs was origi-  pplic education campaigns can enhance the suc-
nally to harvest pigs, but their use has recently beeegg of virtually any nest protection program. The
considered for both sea turtle and tortoise protectiorbubnc should be made aware of the importance of
(Clarke and Brisbin, 1994). This technique may bestakes and other research landmarks, as well as nest
beyond the undertaking of most sea turtle managezages and other equipment left on the beach. Resi-
ment authorities, but is worth considering if feral (Un- yents should be encouraged to support nest protec-
claimed) hogs are a serious problem. tion efforts by volunteering to participate in beach
Among insect predators, fire ants, which have gyryeillance programs, disguising nest crawls (unless
been known to burrow int'o nests and attack hatchlingspis compromises ongoing research and monitoring
as they emerge from their eggs, may present the mogfyoqrams), and reporting illegal activities. Education
serious threat. The use of chemicals around nests Brograms should be designed for a variety of audi-
deter ants is unacceptable, due to the potential for sesnces, including fishermen, school children, and
ondary toxicity and harm to hatchlings. On Ocean Islecoastal landowners (or land controllers), both residen-
Beach, North Carolina, U.S., dry grits (coarse groundig| and commercial. By involving all parties in a con-
corn) are sprinkled around nests twice a week anderyation program, it is possible to create an attitude

after any rain. Fire ants eat the grits, which supposyf stewardship that will foster compliance with con-

were infested with fire ants (J. Simmons, pers. comm.).
Before contemplating any eradication program, | jterature Cited
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settlements, is unlikely to have a detrimental effectof galvanized wire mesh cages vs. flat chain-link
on the larger coastal ecology. However, the removalscreen in preventingrocyon lotordepredation of
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sons and indiscriminate traps may extract a heavy tolSea Turtle Biology and Conservation. NOAA Tech-
on non-target species, as well as on children. Theinical Memorandum NMFS-SEFSC-351. U.S. Depatrt-
use should be carefully controlled. ment of Commerce.
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