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Guest Editorial: Research Needed to Develop an Improved Life-long Living Tag
Applicable to Carapace Scutes of Emergent Hatchling Kemp’s Ridley Sea Turtles
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Among the many contributions made by John R. and Lupe P. Hendrickson were their
pioneering development and testing of living tag autografts as life-long marks for
sea turtles (Hendrickson & Hendrickson 1980, 1981a,b, 1983, 1984, 1986; Balazs
1999; Kishinami 2003; Owens 2003; Mrosovsky & Godfrey 2003; Bell et al. 2005;
Mrosovsky 2007). Their vision for the living tag was mass-tagging emergent
hatchlings to test the hypothesis of natal beach imprinting and to provide data on
many other aspects of sea turtle behavior and population dynamics. For Kemp's
ridley (Lepidochelys kempii), mass-tagging of emergent hatchlings (both sexes) with
life-long living tags would be comparable to the mass-tagging them with “archival”
tags, which was recommended by Eckert et al. (1994) as a means of determining
hatchling-to-adult survival rate, average juvenile-to-adult survival rate, juvenile
growth rates, behavior (habitat selection, movement, and migration patterns),
physiology (physical fitness), sex ratios of in situ populations, size frequency
distributions of juveniles, and age to maturity (see review by Caillouet et al. 2015).

In experiments on hatchlings and juveniles of several sea turtle species, Hendrickson &
Hendrickson (1980, 1981a,b, 1983, 1984, 1986; Balazs 1999) excised small samples of
plastron and carapace scute tissues from individual turtles and grafted them into the
wounds at the opposite locations from which they were excised. The plastron-to-carapace
autograft became the most commonly and successfully used living tag (Fontaine et al.
1993; Bell ef al. 2005; Mrosovsky 2007; NMFS SEFSC 2008; Caillouet ef al. 2015;
Shaver & Caillouet 2015). Caillouet et al. (2015) suggested that a less invasive, non-
surgical, living tag be developed for marking large samples of Kemp’s ridley hatchlings
to identify their year-class and natal beach origin.

Herein we use Kemp’s ridley as our primary example; both the plastron and carapace of
its newly emerged hatchlings are dark gray or black (Marquez-M. 1994), demonstrating
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that both were pigmented during embryological development. Curiously, the plastron of
Kemp’s ridleys reared in captivity becomes white within 6-7 months (i.e., it loses its
pigmentation), but the carapace remains black or dark gray in 1-year-olds (Marquez-M.
1994). Observations made at the NMFS Galveston Laboratory indicate that the contrast
between plastron and carapace color can differ depending on background color and
lighting of rearing containers and surroundings, especially through changes in
pigmentation of the carapace. Such changes have also been reported in freshwater turtles
reared in captivity (Rowe ef al. 2013, 2014a,b). However, in the wild, the vivid contrast
in coloration between plastron and carapace in Kemp’s ridley exists at least through the
2-yr oceanic life stage. When free-living (wild) Kemp’s ridleys enter the neritic life stage,
their carapaces begin to lighten in color but still remain darker than their plastrons
through maturity (Marquez-M. 1994). Remarkably, plastron autografts into carapace
scutes remain lighter in coloration than the carapace, and they grow larger as the carapace
scute increases in size (Fontaine et al. 1993). Living tags have been recognized and
documented in Kemp’s ridleys in the wild (Caillouet ef al. 2015; Shaver & Caillouet
2015). For Kemp’s ridley, the ten costal scutes are the best choices for application of
living tags to emergent hatchlings. Marking single costal scutes of emergent hatchlings
with the living tag would provide unique identification for 10 year-classes (i.e., cohorts);
marking combinations of two costal scutes would provide unique identification for 45
more year-classes (i.e., cohorts) of hatchlings. Thus a total of 55 year-classes could be
uniquely marked with living tags, before use of any single or double scute mark would
have to be repeated.

In the past, costal and other carapace scutes of head-started (i.e., “yearling”) Kemp’s
ridleys were marked with living tags and the turtles were released into the Gulf of
Mexico (Fontaine et al. 1993; Caillouet et al., 2015), and it is possible that some of these
turtles have survived to the present. In any case, plastron-to-carapace living tags on
carapace scutes have proven useful in identifying the year-class and nesting beach of
origin of Kemp’s ridley recaptured or stranded in wild, or found near or on nesting
beaches (Caillouet et al. 2015; Shaver & Caillouet 2015).

Anticipating development of the living tag, Solomon ef al. (1986) examined carapace and
plastron tissues of juvenile green (Chelonia mydas) and loggerhead (Caretta caretta)
turtles of unspecified sizes. They found that carapace tissue of juveniles was heavily
pigmented but plastron tissue was unpigmented, although isolated melanin granules
existed within the epidermal and keratinized layers of plastron tissue at the subcellular
level. Presence of isolated melanin granules in plastron tissue of juveniles demonstrated
that melanin-producing cells (melanocytes) had been present. Melanocytes are the most
abundant pigment-producing cells in turtle carapaces (Solomon et al. 1986; Alibardi &
Thompson 1999; Lindgren et al. 2014). Solano (2014) reviewed melanin types, structural
models, biological functions, and formation routes in reptiles, etc.



We recommend that experiments be conducted in the laboratory to determine efficacy of
known anti-melanogenic agents and treatments in reducing pigmentation in hatchling sea
turtle carapace scute melanocytes. The goal of such research would be to develop non-
surgical, less invasive methods of creating life-long, easily recognizable, living tags for
use in mass-tagging emerging hatchlings to identify their year-class. Objectives include
development of an improved living tag that would (1) be applicable to large numbers of
hatchlings of single cohorts, (2) be easier and less time-consuming to apply than plastron-
to-carapace autografts, (3) grow in size with growth of the scutes as do plastron-to-
carapace autografts, and (3) be permanent, and no less recognizable than plastron-to-
carapace autografts. There exists an extensive literature on anti-melanogenic effects of
various agents and treatments on melanocytes (e.g., Schwartzkopf ef al. 1994; Van Den
Boorn et al. 2011; Baek et al. 2014; Obagi & Kenkel 2014). Many such studies have
been conducted on freshwater turtles (e.g., Alibardi & Thompson 1999; Hou 1999;
Bragulla & Homberger 2009; Hou & Hou 2010).

General requirements for sea turtle tags and tagging are described by Witzell (1998),
Balazs (1999), Eckert & Beggs (2006), NMFS SEFSC (2008), Plummer & Ferner (2012),
Dutton & Stewart (2013), and the Cooperative Marine Turtle Tagging Program
<http://accstr.ufl.edu/resources/tagging-program-cmttp>. We suggest the following
standards for non-surgical, living tag marking methods applied to carapace scutes of
emergent sea turtle hatchlings: (1) no more invasive, painful, or harmful to hatchlings
than plastron-to-carapace autografting, injection of coded-wire tags (CWT), injection of
passive integrated transducer (PIT) tags, or sampling for genetic tagging or chemical
analyses (Fontaine ef al. 1993; Fitzsimmons et al. 1999; Lukacs & Burnham 2005; Eckert
& Beggs 2006; Reich et al. 2007; NMFS SEFSC 2008; Plummer & Ferner 2012; Dutton
& Stewart 2013), and (2) applicable to marking one or more carapace scutes (Pritchard &
Mortimer 1999) to increase the number of unique codes used to identify cohorts.

We suggest that initial studies be conducted in the laboratory on red-eared sliders
(Trachemys scripta elegans, an invasive species) reared for 1-2 yrs in captivity, using the
following experimental approach:

(1) Apply anti-melanogenic agents and treatments to cell cultures of carapace scute
melanocytes from emergent hatchlings (Hou 1999; Hou & Hou 2010).

(2) Agents and treatments that produce the most promising results on carapace scute
melanocytes in cell culture should be tested by application to carapace scutes of living
emergent hatchlings.

Experiments on carapace scutes of emergent hatchlings should include anti-melanogenic
agents applied topically and by injection, Q-switched laser treatment, liquid nitrogen
branding, etc. For treatments that may cause pain, topical or injected anesthetics should
be applied. For topical application of an anti-melanogenic agent, it may be necessary to
mix the agent with water-resistant adhesive so that the agent remains in contact with the
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scute long enough to be permanently effective, but the adhesive should not inhibit or
prevent scute growth. If any of these approaches show promise, they should then be
repeated experimentally on Kemp’s ridley cell cultures; those shown to be safe and
effective should then be applied to carapace scutes of emergent hatchlings reared in
captivity long enough to evaluate results. If proven safe and effective for marking
emergent Kemp’s ridley hatchlings, these approaches could then be applied to mass
tagging emergent hatchlings. The short generation time and limited geographic
distribution of Kemp’s ridley are advantageous to developing and testing this life-long
tag. Further testing in the field will be necessary, by mass-tagging emergent hatchlings of
several consecutive year-classes and assessing tag returns. All testing on Kemp’s ridleys
will require various permits.

Compared to other external and internal tags, as well as DNA, used to identify sea turtle
cohorts or individuals, detection and interpretation (decoding) of living tags requires no
special equipment or additional tissue sampling upon recapture. Visual identification by
trained observers has proven sufficient to detect and decode living tags (Bell et al. 2005;
Caillouet et al. 2015; Shaver & Caillouet 2015). However, observers must be aware of
living-tagging programs and carapace scute nomenclature (NMFS SEFSC 2008). Thus,
novice observers probably would not recognize or report living tags, but this also applies
to internal tags and DNA. As for all other sea turtle tagging methods, detection of living
tags will depend upon diligence in examining all encountered Kemp’s ridley for living
tags (Caillouet et al. 2015).

Lack of familiarity with living-tagging programs or mistaking living tags for marks made
by injuries can prevent reporting of living tags or cause erroneous reporting of injury
marks as living tags (Balazs 1999; Caillouet et al. 2015; Shaver & Caillouet 2015). The
number of year-classes that can be uniquely living-tagged can be increased by marking
combinations of two costal scutes. However, it may not be necessary to mass-tag many
consecutive year-classes of emergent hatchlings with living tags to meet objectives, but
like any other tagging methods, it will take decades to collect returns. The Cooperative
Marine Tagging Program can provide for archival of information on chosen carapace
scute locations of living tags, numbers of emergent hatchling Kemp’s ridleys tagged by
year-class, and documented tag returns.

Obviously, development of improved methods of creating living tags on emergent
hatchling Kemp’s ridley carapaces is long-term, but such tags would be very useful. The
most practical use of improved living tags applied to emergent hatchlings would be to
identify year-classes and nesting beach origins of adults, particularly adult females on
nesting beaches and adult males near nesting beaches.

ALIBARDI, L. & M.B. THOMPSON. 1999. Epidermal differentiation during carapace
and plastron formation in the embryonic turtle Emydura macquarii. Journal of Anatomy
194: 531-545.



BAEK, S.-H., J.-W. AHN, S.-H. Nam, C.-S. Yoon, J.-C. Shin & S.-H. Lee. 2014. S-(—)-
10,11-Dihydroxyfarnesoic Acid Methyl Ester inhibits melanin synthesis in murine
melanocyte cells. International Journal of Molecular Science 15: 12750-12763.

BALAZS, G.H. 1999. Factors to consider in the tagging of sea turtles. In: Eckert, K.L.,
K.A. Bjorndal, F.A. Abreu-Grobois & M. Donnelly (Eds.). Research and Management
Techniques for the Conservation of Sea Turtles. [UCN/SSC Marine Turtle Specialist
Group Publication No 4. pp. 101-109.

BELL, C.D.L., J. PARSONS, T.J. AUSTIN, A.C. RODERICK, G. EBANKS-PETRIE &
B.J. GODLEY. 2005. Some of them came home: the Cayman Turtle Farm headstarting
project for the green turtle Chelonia mydas. Oryx 39: 137-148.

BRAGULLA, H.H. & D.G. HOMBERGER. 2009. Structure and functions of keratin
proteins in simple, stratified, keratinized and cornified epithelia. Journal of Anatomy 214:
516-559.

CAILLOUET, C.W., JR., D.J. SHAVER & A.M. LANDRY, JR. 2015. Kemp’s ridley
sea turtle (Lepidochelys kempii) head-start and reintroduction to Padre Island National
Seashore, Texas. Herpetological Conservation and Biology 10: 309-377.

DUTTON, P.H. & K.R. STEWART. 2013. A method for sampling hatchling sea turtles
for the development of a genetic tag. Marine Turtle Newsletter 138: 3-7.

ECKERT, K.L. & J. BEGGS. 2006. Marine Turtle Tagging: A Manual of Recommended
Practices. WIDECAST Technical Report Numnber 2. Revised Edition. Beaufort, North
Carolina, USA. 40 pp.
www.widecast.org/Resources/Docs/Eckert Beggs 2006 Sea Turtle Tagging Manual r
evised edition.pdf

ECKERT, S.A, CROUSE, D., CROWDER, L.B., MACEINA, M. & SHAH, A. 1994.
Review of the Kemp’s ridley sea turtle headstart program. NOAA Tech. Memo. NMFS-
OPR-3. 11 pp. www.nmfs.noaa.gov/pr/pdfs/species’kempsridley headstart.pdf

FITZSIMMONS, N., C. MORITZ & B.W. BOWEN. 1999. Population identification. In:
Eckert, K.L., K.A. Bjorndal, F.A. Abreu-Grobois & M. Donnelly (Eds.). Research and
Management Techniques for the Conservation of Sea Turtles. [UCN/SSC Marine Turtle
Specialist Group Publication No 4. pp. 72-82.

FONTAINE, C.T., D.B. REVERA, T.D. WILLIAMS & C.W. CAILLOUET, Jr. 1993.
Detection, verification and decoding of tags and marks in head started Kemp’s ridley sea



turtles, Lepidochelys kempii. NOAA Tech. Memo. NMFS-SEFC-334. 40 pp.
www.sefsc.noaa.gov/turtles/TM_ 334 Fontaine etal.pdf

HENDRICKSON, J.R. & L.P. HENDRICKSON. 1980. “Living tags” for sea turtles.
National Marine Fisheries Service, Southwest Fisheries Science Center Administrative
Report H-80-17C (Contract #80-ABH-00062), Honolulu, Hawaii. 27 pp.
www.pifsc.noaa.gov/library/pubs/admin/SWFC Admin_Report 80-17C.pdf
Hendrickson, J.R. & L.P. Hendrickson. 1981a. "Living tags" for sea turtles. Final Report,
Contract No. 14-16-0002-80-229, U.S. Fish and Wildlife Service. 25 pp.

HENDRICKSON, L.P. & J.R. HENDRICKSON. 1981b. A new method for marking sea
turtles? Marine Turtle Newsletter 19:6-7.

HENDRICKSON, L.P. & J.R. HENDRICKSON. 1983. Experimental marking of sea
turtles by tissue modification. In: Owens, D., D. Crowell, G. Dienberg, M. Grassman, S.
McCain, Y. Morris, N. Schwantes & T. Wibbels (Eds.), Western Gulf of Mexico Sea
Turtle Workshop Proceedings January 13-14, 1983. Texas A&M University Sea

Grant College Program TAMU-SG-84-105. pp. 30-

33. www.sefsc.noaa.gov/turtles/SG_Owens etal 1983.pdf

HENDRICKSON, L.P. & J.R. HENDRICKSON. 1984. Living tags for sea turtles.
Progress Report, April 1 to December 31, 1983, Contract No. 14-16-0002-82-225, U.S.
Fish and Wildlife Service, Endangered Species Office, Albuquerque, New Mexico. 32

pp.

HENDRICKSON, L.P. & J.R. HENDRICKSON. 1986. Experimental evaluation of graft-
marking procedures for sea turtles. Final Report to U.S. Fish and Wildlife Service. 27 pp.

HOU, L. 1999. Effects of local tissue environment on the differentiation of neural crest
cells in turtle, with special reference to understanding the spatial distribution of pigment
cells. Pigment Cell and Melanoma Research 12: 81-88.

HOU, H.Y. & L. HOU. 2010. All roads lead to melanocytes. Pigment Cell and
Melanoma Research 23: 290-291.

KISHINAMI, C. 2003. John Roscoe Hendrickson biography: A daughter's memories.
Intercultural Center for the Study of Deserts and Oceans, CEDO, Las Conchas, Puerto
Pefiasco, Sonora, Mexico. www.cedointercultural.org/JRHtext.htm

LINGREN, J., P. SIOVALL, RM. CARNEY, P. UVDAL, J.A. GREN, G. DYKE, B.P.
SCHULTZ, M.D. SHAWKEY, K.R. BARNES & M.J. POLCYN. 2014. Skin


http://www.seaturtle.org/mtn/archives/mtn19/mtn19p6.shtml

pigmentation provides evidence of convergent melanism in extinct marine reptiles.
Nature 506: 484-488.

LUKACS, P.M. & K.P. BURNHAM. 2005. Review of capture—recapture methods
applicable to noninvasive genetic sampling. Molecular Ecology 14: 3909-3919.

MARQUEZ-M., R. 1994. Synopsis of biological data on the Kemp’s ridley
turtle, Lepidochelys kempi (Garman, 1880). NOAA Tech Memo NMFS-SEFSC-343. 91
pp. www.sefsc.noaa.gov/turtles/TM_343 Marquez M 1994 .pdf

MROSOVSKY, N. 2007. Translocating turtles: trials, tribulations and triumphs. In:
Lopez-Jurado, L.F. & A. Liria Loza (Eds.). Marine Turtles: Recovery of Extinct
Populations. Instituto Canario de Ciencias Marinas, Canary Islands. pp. 197-229.NI

MROSOVSKY, N. & M.H. GODFREY. 2003. Editorial: Living tag, living
reputation. Marine Turtle Newsletter 99:3-4.

NMEFS SEFSC. 2008. Sea Turtle Research Techniques Manual. NOAA Tech Memo
NMFS-SEFSC-579. 92 pp. www.sefsc.noaa.gov/turtles/TM_579 SEFSC STRTM.pdf

OBAGI, Z. & .M. KENKEL. 2014. The science of melanogenesis: A review of novel
substances that can restrict excess melanin production and accelerate cell turnover.
Unpublished report, Zoskin Health.
https://zoskinhealth.com/sites/default/files/Brightenex%20White%20Paper.pdf

OWENS, D. 2003. Obituary: John Roscoe Hendrickson 1921-2002. Marine Turtle
Newsletter 99: 1-3.

PLUMMER, M.V. & J.W. FERNER. 2012. Marking reptiles. In: McDiarmid, R.W., M.S.
Foster, C. Guyer, J.W. Gibbons & N. Charnoff (Eds.). Reptile Biodiversity, University of
California Press, Berkeley and Los Angeles, California. pp. 143-150.

PRITCHARD, P.C.H. & J.A. MORTIMER. 1999. Taxonomy, external morphology, and
species identification. In: Eckert, K.L., K.A. Bjorndal, F.A. Abreu-Grobois & M.

Donnelly (Eds.). Research and Management Techniques for the Conservation of Sea
Turtles. [UCN/SSC Marine Turtle Specialist Group Publication No 4. pp. 21-40.

REICH, K.J., K.A. BJIORNDAL & A.B. BOLTEN. 2008. The ‘lost years’ of green
turtles: using stable isotopes to study cryptic lifestages. Biology Letters 3: 712-714.


http://www.seaturtle.org/mtn/archives/mtn99/mtn99p3.shtml

ROWE, J.W., C.F. BUNCE & D.L. CLARK. 2014a. Spectral reflectance and substrate
color-induced melanization in immature and adult Midland painted turtles (Chrysemys
picta marginata). Amphibia-Reptilia 35: 149-159.

ROWE, J.W., D.L. CLARK, D.M. SHAW & L.W. WITTIE. 2013. Histological basis of
substrate color-induced melanization and reversal of melanization in painted turtles
(Chrysemys picta marginata). Chelonian Conservation & Biology 12: 246-251.

ROWE, J.W., B.J. MILLER, M.A. STUART, C. SNYDER, J.K. TUCKER, D.L.
CLARK, L.W. WITTLE & J.T. LAMER. 2014b. Substrate color-induced melanization in
eight turtle species from four chelonian groups. Zoology 117: 245-252.

SCHWARTZKOPF, K.S., JM. STOOKEY, P.R. HULL & E.G. CLARK.1994.
Screening of depigmenting compounds for the development of an alternate method of
branding beef cattle. Journal of Animal Science 72: 1393-1398.

SHAVER, D.J. & C.W. CAILLOUET, JR. 2015. Reintroduction of Kemp’s ridley
(Lepidochelys kempii) sea turtle to Padre Island National Seashore, Texas and its
connection to head-starting. Herpetological Conservation & Biology 10: 378—435.

SOLANO, F. 2014. Melanins: skin pigments and much more - types, structural models,
biological functions, and formation routes. New Journal of Science 2014 (Article
ID 498276): 1-28.

SOLOMON, S.E., J.R. HENDRICKSON & L.P. HENDRICKSON. 1986. The structure
of the carapace and plastron of juvenile turtles, Chelonia mydas (the green turtle)

and Caretta caretta (the loggerhead turtle). Journal of Anatomy 145: 123-131.

VAN DEN BOORN, J.G., D.I. PICAVET, P.F. VAN SWIETEN, H.A. VAN VEEN, D.
KONIJNENBERG, P.A. VAN VEELEN, T. VAN CAPEL, E.C. DE JONG, E.A. REITS,
J.W. DRIJUFHOUT, J.D. BOS, C.J.M. MELEIF & R.M. LUITEN. 2011. Skin-
depigmenting agent monobenzone induces potent T-cell autoimmunity toward pigmented

cells by tyrosinase haptenation and melanosome autophagy. Journal of Investigative
Dermatology 131: 1240-1251.

WITZELL, W.N. 1998. Guest editorial: messages in bottles. Marine Turtle Newsletter
80:3-5.



http://www.seaturtle.org/mtn/archives/mtn80/mtn80p3.shtml
http://www.seaturtle.org/mtn/archives/mtn80/mtn80p3.shtml

	Guest Editorial: Research Needed to Develop an Improved Life-long Living Tag Applicable to Carapace Scutes of Emergent Hatchling Kemp’s Ridley Sea Turtles

