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"Living Tags" For Sea Turtles

by

J. R. Hendrickson and Lupe F. Hendrickson

Introduction

This report descrites work carried out under NMFS Contract
No. 80-ABH-00062 in Honolulu, Hawail during the period 9 Sep-
tember to 15 October 1980. The work, with hatchlings of the
green sea turtle (Chelonia mydas), was authorized under U,S.
Fish & Wildlife Service Sea Turtle Permit No. PRT2-6842 and
was done under the supervision of Technical Monitor William
Gilmartin who made the basic decisions on types of treatments,
numbers of animals in each treatment group, and times when
the Contractors performed the operations. Maintenance regi-
mens are determined by NMFS under a separate contract with
Sea Life Fark where the subject animals were established and
where they will be held for a post-operative year of monitor-
ing. Aside from the post-operative inspections by the Con-
tractors, reported here, all monitoring will te handled by
NMFS staff. By agreement, thils present paper constitutes

the final written report on Contract No. 80-ABH-00062,

Starting date on this contract was delayed beyond the
proposed date of 1 September 1980 because the first group of

animals was not available until September 8.



Background Information

For the past 30 years, the precent Contractors and other
students of sea turtle ecology have teen unable to develop a
clear understanding of many aspects of the life history of
these animals because ot our inability to mark the 20-30 g
hatchlings so that they can be identified years later when
they may weigh as much as 100 kg.

Almost every conceivatle device and metrod has been tried.
No ordinary, externally applied tag or band can meet the need
because of the long span of time and the animals' enormous
change in body mass. Mutilation markings do not serve tecause
of variable healing, regeneration, and replication ty natural
accidents. Hughes (1975) notched the shells of 17,000 baby
loggerhead sea turtles and reported 6 "“probatle" returns;
Pustard (1979) reports a single positive return from 65,000
green sea turtle hatchlirngs marked in a massive program.
Tattooing is soon abtsorted or obscured. Branding ty either
heat or freezing is unsatisfactory because wound-rLealing pro-
cecses stimulate melanocyte re-invasion and growth otscures
the branding sites. Magnet implants did not work for Carr
(1967). Radioactive targing metrods have not proved to be
practical. Injection of rare metals for later detection bty
neutron activation analysis has been tested (Forbes 1672),
but has little practical promise. One of the present inves-
tigators worked with immunclogists (See Eenedict and Pollard

1972 ) exploring, without success, the possibility of developing



an immunological "living tag" analogous to the long-lived

smallpox immune bodies induced in hurans by vaccination. We

remain about where we started, with no direct approach to the
problem,

The prime requirement of the needed marking system is
that it endure over a long period, remaining clearly visible
and accurately identifiatle under field conditions desrpite
great increages in animal tody size. Cbviously, the mark
must also have minimal unfavoratle effect on the behavior,
mobility, dispersal, health, and other elements of the 1life
history of the marked individual (I'lummer 1979, Delaney 1978).

Some of the most important reraining gars in our under-
standing of sea turtle biology, potentially resolvatle given
the existence of an efficient method of lifetime tagging and
critically importint to decision-makers in conservation man-
agement programs, are the following:

1) We are unable to test the hyrothesis that sea turtles
"imprint” on their natal teach and return there to nest as
adults., This has much bearing on national policles toward
native turtle populations, etc.

2) We have no direct means for determining the distributions
of subadult populations relative to their beaches of origin.

3) We have almost no "hard” quantitative data on growth
rates or maturation times in the wild--z2 tasic need for
evaluation of assets.

L) We cannot, at present, gauge the success of otherwise-

promising "headstart" programs, now being carried out,



intended to reduce Jjuvenile mortality and augment natural

recruitment rates.
Much of what we do krnow about turtle behavior and move-

ments in the sea has been derived from the chance retention

of metal tages which have a high, variable, and unpredictable
rate of loss (Green 1979), The total expenditure in time,
labor, and dcllars for each datum obtained is very high;
efforts must be made to reduce unit costs and increase infor-
mation retrieval., If proven usatle, the "living tag" approach

should go far toward improving this situation,
Materials and Methods

All work descrited here was dcne at Sea Life Park,
Makapuu, Oahu, Hawaii, The hatchlings are presently installed
in six holding tanks measuring 72 in x 22 in, and a circular
tank measuring 72 inches in diameter. They are kept in no
more than 8 in of water (4-8 in) to insure that they are able
to see and reach the fcod at the bottom of the tanks.

Fifty-three hatchlings were broursht to Honolulu on 8
September., The group consicted of one clutch of identifiable
siblings (hatched on 6 September 1080), plus a larger number
of animals salvaged bty digging into recent emergence sites
for individuals which had failed to reach the surface with
the main body of their siblings. This larger group of culls
came from nests which the field party considered to have
hatched during 5, 6, and 7 September, For purposes of age

notation in this report, all are consicdered to have btegun life



on the surface on 6 September 1080, Because many of the
animsls appeared weak and unlikely to survive, it was de-
cided to postpone initiation of exrerimental work for about
one week in order to allow them a period of stabilization.

A second shipment of 182 hatchlings arrived on 19 Sep-
tember. This group consisted of 110 siblings that emerged
on the night of 18 September from a marked nest laid by
tagged, wild female #200, and 72 siblings from an unmarked
nest which was discovered while the ycung were emergling
(also on 18 September)., On their first night in Honolulu,
the tank holding the clutch of 110 sitlings overflowed; one
hatchling drowned in the tank drain, and 14 others were washed
out with the overflow. Two of the 14 were never recovered;
the 12 recovered individuals were inadvertently placed with
the smaller group of siblings from the unmarked nest. This
second shipment of animals, in contrast to the first, ap-
peared to be normally active and robust. The first grafts
on these were done four days after their arrival.

Numbered metal tags (National Band and Tag Co. Monel
metal tags, series #1005, size 1) were affixed to the last,
right marginal scute of all experimental animals. The ani-
mals were divided into three treatment groups and one tagged-
control group. Sixty-three animals were reserved as con-
trols; 59 were given reversed-plug grafts; 50 were given disk

grafts, and 50 were given gouge grafts (see below). All

graft wounds were treatled with Neosporin (an antibiotic oint-

ment produced by Burrows Wellcome Co., N, Carolina) before



the animals were returned to the water, A "register"” (Appen-
dix I) is attached to this report and presents, in tabular
form, details of treatment for each individual animal and
dates of mortalities through 15 October 1980,

Tagged controls. At the start of the grafting work, on

17 and 18 September, 13 animals from the first shipment were
designated as controls. These were not randomly selected,
but were those animals left after selection of the 30 most
vigorous individuals for treatment.1 The 50 controls from
the second shipment were randomly selected, as were all of

the animals from this shipment, whatever their treatment

designation,

Reversed-plug grafts. A cutter (2 mm internal diameter)

from an ordinary leather punch was machined to a reduced wall
thickness so as to create as straigsht-walled a cylinder as
possible. The cutting edge was finely honed and the cutter
was mounted in a handle made from a zshort length of slender
PVC pipe. In performing the grafting operation, the animal
was held upside down, with the dorsal surface of the scute

to be cut resting on a firm cutting surface. The cylindrical
cutter was then used to cut a plug of tissue from that scute
by holding the cutter approximately perpendicular to the ven-
tral surface of the scute while rotating it back and forth

through an arc of about 180°, Care was always taken not to

1. Frocedure requested by NMFS Technical Monitor.



apply a crushing pressure on the tissues, but to use only
enough driving force to cause the sharp cutting edge to
excise a cleanly cut plug. The plug wag then reversed dorso-
ventrally and reinserted into its own hole. Some of the
animals received double grafts; l.e., a second plug was cut
out of the same scute and reinserted as described. A number
of the second plugs were cut immediately after the first,
which was thereby pushed farther into the cylinder, both end-
ing up encased within the cutter with the first plug on top
of the second. Both were removed without difficulty by de-
mounting the cutter from the FVC handle and pushing agalnst
the first plug with a blunted hypodermic needle. In turn,
each was removed, reversed, and inserted into its own hole.
The grafts were then sealed with a fast-drying cyanocacrylate
surgical adhesive and treated with antibiotic ointment.

All but two reversed-plug grafts Were made on .the last,
left marginal scute. Animal #47 was grafted on the penulti-
mate, left marginal scute because the last marginal scute
was too small to take the two grafts done on this animal.
Animal #124 was mistakenly grafted on the penultimate, left
marginal scute., All of the 30 animals experimentally treated
from the first shipment were given reversed-plug grafts--15
single and 15 double grafts. Of these, eight of the double,
and seven of the single, grafts were sealed with Fermabond
(Polysciences, Inc., Warrington, PA), a veterinary surgical
adhesive, Seven double, and eight single grafts were sealed

with Histoacryl blau, a cyancacrylate adhesive made Ly B,



Braun Melsungen, W, Germany, for use in human, internal
surgery but not yet approved for use in this country. It
was thought that this was a good opportunity to test the
relative effectiveness of the two adhesives because, where-
as Histoacryl blau had been used before and found effective
by the Contractors, Permatond is much cheaper and more readily
accessible in this country.

Twenty-nine hatchlings from the second shipment were
given reversed-plug grafts on 30 September 1980. Of these,
15 received single grafts and 14 received doubles. All of
these were sealed with Permabtond. (See register for detalls
of treatment given each individual animal.,)

Disk grafts. A 3 mm diameter Keyes dermal punch (K/S

Instrument Corp., Clifton, NJ #46003 0), held perpendicular
to the keratin surface, was rotated to cut a circle through
to the subdermal tissue at a selected site on the plastron.
The animal was then inverted in the operator's hand and a
similar circle was cut in the carapace at the site selected
for grafting. The carapace disk was cut free using a small
scalpel (Bard-Parker 15C or 15), set aside for later use, and
the plastral disk was then similarly cut free and immediately
transferred to the prepared site on the carapace. After firm
pressure was applied on the scion with the pad of a finger, or
using an absorbing tissue if there was fluid to be cleared,
the graft seam was sealed with a cyanoacrylate adhesive (see

register). The disk removed from the carapace was then placed



in the plastral wound and the seam was secaled in the same
manner as for the dorsal graft.

Graft site (carapace) and scion site (plastron) selection
was based on the hypothesis that scute growth occurs mainly,
if not entirely, at the seams. Therefore, scions were taken
from a single scute from an area tangential to a seam, or
from two scutes across a common seam. Conslderation was also
given to selecting a donor site, on the plastron, where the
application of vertical pressure on delicate internal organs
could be avoided, guarding against causing undue compression
that might be damaging. For the most part, the lateral plane
of the second left plastral scute was used. On the carapace
the graft was generally placed across the seam between right
costal scutes 1 and 2, or within rieht costal scute 2 at a site
tangent to its seam with right costal scute 1 (see register).
All disk grafts were done on 23 September 1%80,

Gouge grafts, A 5 mm diameter Keyes dermal punch (K/S

Instrument Corp., Clifton, NJ #6005 5) was employed with an
angular orientation instead of perpendicular to the keratin
surface as in making disk grafts. A gouge was cut from the
carapace by rotating the punch in alternating arcs of approxi-
mately 90° while applying sufficient forward force to slice
through the tissue. The wound was then filled with a similar
gouge of tissue cut from the plastron in the same manner. The
same considerations in selecting dorsal and ventral treatment
sites apply as discussed under "Disk grafts." On 18 of the

animals treated with this type of graft, the plastral wound
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was covered with surgical adhesive only. This was done to
compare healing rates of wounds covered with the animal's
tissue and those sealed only with adhesive (see register).

All gouge grafts were done on 24 September 1980,

Post-operative inspections. The Contractors made two

post-operative checks, at which time they examined each animal
individually. The first check, on 30 September, was on the 12th-
and 13th-day post-operative for the 30 animals with reversed-
plug grafts from the first shipment, and the 6th- and 7th-day
post-operative for the gouge and disk graft groups respectively.,
At this time the last 29 reversed-plug grafts were also done,

and the 50 controls from the second shipment were designated.

The second check was done on 15 October 1980,
Results and Discussion

Effects of grafting on survivorship. A major concern in

this work was the question of whether or not the grafting op-
erations would affect survival in the young turtles, For
purposes of the experiment, it was assumed that significant

ill effects from grafting (deaths, apparent general morbidity,
infection foci at graft sites, and biting damage near the con-
trastinsly shaded grafts) would be detectable by comparison
with the 63 control animals. These controls included rerre-
sentation from both shirments and they were distributed through
all the holding tanks during post-operative maintenance. Be-
cause of the different histories of the two shipments from

French Frigate Shoals, we will consider them separately.
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As explained previously, the first shipment included a
number of obviously disadvantaged animals. Ten individuals
died between the time of arrival in Honolulu and the beginning
of our work on 17 September. Ey 15 October (27th/28th day
post-operative), nine more animals had died--5 of 30 (16,7%)
reversed-plug gratfted animals and 4 of 13 (31%) tagged controls.2
None of the survivers were noted as belng particularly emaciated
or showing other signs of morbidity. Almost all (both grafted
and control individuals) showed some degree of biting damage on
the taill and trailing edges of the flippers, but there was no
apparent correlation of biting damage with graft sites. There
were no conspicuous fungal infections on shell or skin.

Five of the animals from the second shipment had also died
at the time of the second post-operative inspection on 15 October
(15 to 23 days post operative).3 Three of the dead individuals
had teen tagged, but not yet assigned an experimental status;
the other two had received gouge grafts. Therefore, we cal-
culate the mortality in this group of experimental animals as

L% for gouge grafts and 0% for disk grafts, reversed-plug grafts,

2. Contrary to what might have been expected, mortality was
higher in the group of siblings from the emerging nest than in
the miscellaneous group of non-emerged hatchlings rescued from
older nests. Seven of the nine deaths mentlioned above were in
the group of siblings (4 controls and 3 grafted animals). Two

of the 10 deaths which occurred after arrival in Honolulu, but
before work tegan, were also i1rom these sivlings, and 4 deaths
had occurred before departure from French Frigate Shoals. The
field party reported that the nest contained only about 40 eggs,
of which approximately half hatched--further indlications of a
generally weak clutch,

3, All five deaths occurred in the holding tank population which
included the 12 animals rescued after a tank overflow entailing

a severe drop to the floor and an undetermined number of hours out
of water. It is possible, but unprovable, that all five deaths
could have been from this stressed group of individuals.,
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and controls. No emaciation or rncrvidity was noted, there was
no apparent fungal infection, and no conspicuous biting damage.

A comparison of the condition of the animals in each shipment
group, made from notes taken during the two post-operative ins-
pections, is presented in Table 1.

In summary, there does seem to be a real difference in sur-
vivability between the animals in the two different shirments, with
the hatchlings from the large, normal nests being the more vigor-
ous, but there is no clear evidence from either shipment group of
increaced mortality risk due to the grafting treatment.

Graft success. 0Of 25 animals in the first shipment which had

been given reversed-plug grafts and were still surviving on 15
Cctober (almost a month after surgery), 8 (32%) showed complete
or nearly complete loss of their grafts. Six of the eight fail=~
ures were double plug operations--almost half of the 13 surviving
animals which had been given double plugs. The other two fail-
ures were from the group of 12 surviving animals given single
plug orerations.

Cf 29 animals from the second shipment given reversed-plug
grafts (15 single anc 14 double plurs), all were surviving on
15 Octobter (15th day post-operative). None had lost their grafts
and only four were noted as showing any signs of possible future

graft 1oss.LL

L, In almost all of tlese animals the rale, upper surface of the
plug graft(s) had darkened somarkedly that there was no longer any
marked color contrast between graft and adjacent host ticsues (more
contrast remained on the underside of the shell). Whether the
darkening of the pale, plug keratin is due to tissue degeneration
or to normal rigment cells, and, if normal, whether it will per-
sist or return to a lifhter shade at a later time, carnot be de-
termined at this time. Sacrifice of one or two animals for
histolorsical studies would shed some light on this matter.
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At this stage it 1s impossitle tc say whether the
differences noted between the two difterent reversed-plug
groups is a function of time following the operation, or of
the condition of the animals., It doeg seem reasonable to
predict that double plugs in close rroximity are a poorer risk
than are single plugs.

The results obtained with reversed-plug grafts here are
superior to those obtained with a group of loggerhead (Caretta
caretta) hatchlings in Florida earlier this year. In the latter
case, the punching was done with an unmodified leather punch,
without rotation of the cutting edge and causing consicderable
compression in the plug tissue, This made tre rlug tapered, and
it had a poor fit when replaced in the hole from which it was cut.
The machined, thin-walled cutting tcol, employed separately from
the plier mechanism and caratle of rotation while cutting, clearly
does a better job and produces a better fit of the plug scion in
its hole. It should be noted, however, that the tool emrloyed
in this case, machined to minimum wall thickness with tre above
features in mind, showed two problems: there was a tendency for
the extremely thin cutting edge to double over after repeated
use on the tough carapace tissuec, and the necessary sharpening
at intervals tended to produce a wavy cutting edge which required
full 360o rotation in order to cut the plug free,

All 50 disk-grafted animals slowed retention of both dorsal
and ventral scions, and the 48 surviving gouge-grafted animals
showed equally good retention of scions, as well as uncomplicated

healing of the 18 plastral wounds which were left with only a
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cement seal. No particularly notewcrthy details were observed
in the cases of the btlack carayacial scions on the rale plastral
surfaces, but the pale scicns on the animals' backes commonly
showed differentiation into lirhter and darker areas, It ig our
impression that the darker areas rerresent rapid tissue growth,
visible through the lightly pigmented tissue of the graft scion.
Whether this represents "take"” of the graft and not wound-healing
activity from surrounding tissues cunnot be determined at this
stage without sacrifice of a few animals for histological studies.
Disk or gouge plastral scions cut to include a seam between
scutes and placed in a comparatle cross-seam wound in the carapace,
so that scion and host seams were aligned, seemed to show signs
of splitting in the grafted plastral scion to match a degree of
differential growth between the host-site carapace scutes, If
this interpretation is accurate, and if there is the inferred pre-
deminance of keratin production from the anterior and medial edges
of a carapace scute, one might expect the portion of the pale
scion growing on the posterior edge of right costal scute 1 to
erode away with time and disarpe«r, while the other portion in-
corporated into the leading edge of right costal scute 2 might
continue to produce pale tissue. Such a differential in growth
rates, comparatle to nail growth in humans, might then produce
a pale streak, instead of a pale spot, on the carapace (assuming

that the paleness of the grafted scion continues to hbe expressed

throughout life).
Operation timing. Another feature of this process, which will

be important if this technique is to be used in the field, is the
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time necessary to complete each grafting operation, To be meaning-
ful, . thousands of newly emerged hatchlings would have .to be treated,
preferably on the nesting beach and under conditions of darkness,
blowing sand, etc., always striving toward the ideal of hand-
ling a hatchling quickly, then setting it down to continue its
normal procedure of sea-findirng without further molestation.
With this in mind, we kept time records of several short series
of grafts. Admittedly, the latoratory conditions under which we
worked are far easier than may be exrected under normal teach
conditions, but the exercise at least served to check on the
possibility that the operations were too time-consuming, even
under ideal conditions, to permit consideration of a massive field
progran,

A number of reversed-rlug operations, timed individually,
took from 1.5 to 5 minutes each. It is our impression that, with
experience, 20 to 30 single-plug grafts per hour may be accom-
plished with ideal cutting tools.

Disk and gouge grafts (all reciprocal, involving two sites)
were timed individually and in group series. In each test serles,
one Contractor did all animal-handling for the grafts, picking up
the subject, making the cuts, transferring the scions, tlotting,
cementing, treating with ointment, and returning the sutject to
a container; the other Contractor affixed tags (not part of the
rrojected field process) and served as recorder. Seven, 10, and
25 disk grafting operations took 13, 16, and 51 minutes (averages
of 1.9, 1.6, and 2.0 minutes per hatchling). Thirteen gouge

grafts gook 28 minutes (average 2.2 minutes per hatchling). Every
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effort was made to work at "usual" speed; in the case of the
25-animal series, the decision to record time was made at the
end of the series when it was realized tiat the beginning time
was known and the group cculd be used for this purpose,

We have every reason to believe that, with experience,
more than 30 animals could be handled per cperator per hour,

allowing a 10-minute relaxation break each hour.

Concluding Remarks

We offer the following tentative, preliminary "conclusions":

1. There is no evidence that the grafting operation increases
mortality rates or in any other way significantly disad-
vantages green turtle hatchlings.

2. The reversed-plug type of graft seems clearly less useful
than disk or gouge grafts. Doutle reversed-plugs in close
proximity to each other are less desirable than are single
rlugs.

3, There is no significant difference between Permatond (avail-
atle in the U.S. and cheaper) and Histoacryl blau (available
only by special import, more expensive) in drying time or
efficacy as a wound-cealer,

4, The unfilled plastral wound left in a single-graft orperation,
sealed with the same surgical cerent used to hold the scion
in place on the carapace, presents no complications. It is
not necessary to fill the plastral wound with a scion from
the carapace, and this will save operation time. Cn the

other hand, the complete, reciprocal operation takes little
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longer and one can readily visualize the value of being
able to confirm that a pale-spotted animal was a grafted
individual by finding a dark spot on the rlastron,

Without objective evicdence from controle, the Contractors
believe that smearing germicidal cintment over all treated

areas is a desirable insurance measure in captive situations

where the bacterial load to which the animals are exrosed may

be higho
It is strongly recommended that the monitoring through the

coming year include weekly "in-hand"” examination of each
experimental animal, with replacement of all lost tags so
that a complete history of each individual may be compiled.
Two animals from each treatment group of the population
from the second shipment (19 September 1980) should be
sacrificed to provide material for detailed histological
examination of the grafts at their present stage., The
Contractors are rrepared to do this work, using a special
fixative to prepare the tissues for electron microscopy.
We would send the material to a colleague in Scotland who
is an expert in both light and electron microscory. There
would te no cost to NMFS for this.

The operations can be performed with sufficient speed to

accommodate the needs of a field marking program.
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1’1 T‘IlJI‘(jl - ! ————— ~ )/1 ry//:;o
VT ntrol o= m-ee- L
15 R Flug | S jlacst LM 2 8/1~4~8 (note 7)
IGQC(JI":'L}?C% - ] === _ )/,.,,.-,, 0 (H('L(J '/)
17 Centrel | = | ===~ v e ,,,7 2
18R, Plug | S Laf§~£$ % ;/]R/OO
19 ‘R, Flug| S la‘m% Y ‘}; 18790
05 Plug ) Do ast IR ko
>0 Control | - T T O/ 80
"2 R, Flug | S laf;t L;‘.; S \q/] W;Q() T T
"R, Plur | S last L& i O/]’/QO
4 R, Flug | S léft %& N ;”/1?/“0
6 Ry Tlug | 5 1ng T H 19/17/80
>7 iRe Flug| S last LU )
- et LM F 9/18 /%0
26 R Flug) D }a“ T Z r oin/An /90 T
v'o“?\. rlug D st TR : _ Q/] //QO§ (note 7)
ooy S e L e
R, Tlug g ; %“;% %Q H 4Qy]7/no Dead 10/2/80
PN # L"} ur . hal L
* e NG /0
’l"} P. Plug S ']as-t Ijhz ; ]‘:4.}”?‘(18 - - T T
R, Flug f D last LM : ié”jﬂ/uo
R, 1 us S Jaast IM t qu/] "/70
16 Confro% i e _ w/l”/&O
;)oconirol f o= p o emems . e /20
@8 R, Tlur i D lact Ip E i );{”/HO
GURL I ug D 3 1lact L ; J}“ ”/1 8/?‘0
(0 R, Tlug g E %ua} %ﬂ b o/]n/ 5
1 R' ™ urr :’ El‘.}n:- it ! o'/ \)O
R, Tlue i Doy ld% %gﬂ g q/]] ,ééo() (note &)
T N”S p ’ ::ltit Ir:l T o/1 ﬁ,/QO .(7‘1(\1&“ o)
DAECIE S O St R B A7/ Ibeag 1040780
foRe Slusp e > g /1 notns 1
& R, TIu%i D § lact Ik | P Lo
6 e Tone /801 note 17
w7 R, Flur| D }88t 1M P 5?;>v4~o (ro )
e Disk R 1C2 0o 4 o
mgr ek R IN2/RC1/RC2| H lo /”
‘3(‘); Disk R I::] {% 5 R 7/”0
10 Diak R FC1 ; ‘0 V{/o
o nick | R 1 RCL S A
3. Disk } R} ORC) i’ n/ .
Bonik R RC1/NCT E ; w/wo
cp Divk | ROPRCL * o/“'/s‘
G omiak R :2; ; 0/>v/
(b I H o634
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RYARYAY
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O/l /30
a0l /so
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9/26/80
9/26 /80
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/ ¢/ o/ /AQ; & O
A "I & \y o W
o] é (4) o @ g
(l)/Qo & & o Dctn"?al). ?‘b Q‘;» &
) v » cuteyn
oy & & /) rranice 5 CONMLNTS
12} Re Plug|D last LM F [9/%50/80
3{R. Plug|D last LM | P [3/30/80
"4l Controlj~ | ——=—- - {9/20 /80
CS5HR. Plugl S last LM P 19/50/80
6|/R. Flug|D_ | last LM |P [9/30/80
"9 ke Plugl|S last LM | P [/30/80 ] [
8lControl|- | —==== - 9/>0/go
91k, PluglD last LM P PB/30/80
OjControl|- | =—-—-- - 9/z t/&O
1|{Control |- ————— - |9/26/80
2{R. Flug|s last LM |P B/%0/80 ”
HlRe FlugiD last LM P p/30/80
41R. Flug|S |penult. ILM{P P/30/80
'5{R. Plug|{D | last LM P {9/30/80
6(R. Plug|D jlast LM | P [9/30/80| ___ _ ~
"7l Control| - | —---- - 19/26/80
'8 R. Plug| S last 1M | P |9/30/80
9} Contrecl} - | ~—m—= - |9/26/80
20t K. Flugl S last 1M P [9/30/80
Sl Re Flug| S last LM | P /30/80 e
‘2IR. FlurjD last LM P |9/30/80
“31R. Plugl S last LM P [9/3%0/80
“4|Controlj- | ==---- - [9/26/%0
‘S5{Controll- | =-==—= - 19/26 /R0
G| Controll- | --=-- - 9/26/50 B
7{Controlf- | =—===- - W/26/50
“BIR. Flug]D last LM P B/%20/80
“9lR. Flugls last 1M |P P/20/80
O{R. Plug|D last 1M P B/3%0/80
i1 |Control{- | —==-—- - /23/80 I
.2{R. Flug|D last LM [P [B/30/80
3iControl|~ | =-—-—- - |v/26/80
4 1R. Flugis last LM P P/30/80
5{R. Flug|d last 1LY P B/350/80
1| Disk |R |RC1l/RC2 H )/““/80
1] Disk R RC1/RC2 H Q/ 3/80
A1 Disk R RC1/RC2 H [9/22/80
1 Disk R RC1/kRC2 H 9/23%/80
5| pisk |R | RO1/RC2 H /23/80 o
&1 Disk R RC1/RC2 H ©B/23/80
71 Disk R RC1/RC2 H PB/23/80
21 Disk R RC1/RC2 H B/232/80
3| Disk R RC1/RC2 H g/cﬂ/PO
21 Disk R | RC1/RC2 H 2%/80
I} Disk R rRC1/RC2 H 9/2)/9 e
21 Disk R RC1/RC2 H PB/°%/80
A1 Disk R RC1/RC2 H p/23/80
+] Disk X RC1/RC2 I /8% /80
| Disk 3¢ RC1/RC2 H D/2%/80
5] Disk R RC1/RC2 H pP/23/80 ST
71 Disk R RC1/RC H n/23/80
31 Disk R RC1/RrC2 H P/23/80
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O ) L2/ 8 L0
.7 ¢ y (o] ,g:’
o & &4) o/ e &
EC SV I A At i VA 3 &
S » cuile\s
wo? / & & 4°/ Treatod N © CONMENTS
19 | Disk R | RC1/RC2 H | 9/23/80
0| bisk R | nC1/RC2 H | 9/23/90
1| bisk R | RC1/RC2 H | 9/23/80
2| Disk R | nC1/RrRC2 H | /23/20
3| Lisk R _|rci/rc2  |H | 9/23/%0
4| Lisk R | nC1/RC2 | 9/23/20 T -
51 Disk R | RC1/RC2 Hofu/23/50
n | Gouge R | #C1/RC2 H 9/26/20  Dead 9/2R8/R0
7 | Gouge R kC1/RC2 { Y/24./80
2| Gouce | R | RC1/RC2 H | 9/24/80
2| Goure | R | RC1/RC2 H |9/24/80 I T —
D | Gouge |R |RC1/RC2 H |9/24/30
1| Couge |R |RC1/RC2 H |9/24/80
2| Gouge |R |RC1/RC2 H {9/24/80
3| Couge |R |RCL/KRC2 __|H |9/24/80 i}
4 | Gouge |R |RC1/RC2 H |9/24/80 B
51 Gouge | R [RC1/RC2 1 9/24/80
v | Gouge | R | RCL/RC2 Ho|9/24/80 .
7 { Goure | R [ RC1/RC2 H |9/24/20
3| Couge |R_ |RC1/RC2 __ H | 9/24/80 i
J | Gouge |R |RC1/RC2 H | 9/24/80 T
) | Gouge |R | RCL/RC2 H |9/24/80
1| Gouge | R -|RC1/RC2 H |9/24/20{Dcad 9/29/80
v | Gouge |S | RC1/RC2 H |9/24/80
3 | Gouge |S | RC1/RC2 Ho|o/2 /350 L
¢l couce S |rcr/ice P |9/24/80 S
y {Goue |S juCL/RC2 PooJu/24/80
v | Couge |S |RCL/RC2 I3 /24780
T Couw e S |RC1/RC2 P e/24/%0
Goure |S [RC1/RC2 P |v/24/80
S| Goure S fRCL/RC2 roo{o/24/80
v | Couge |S |nc1/kC2 p 9/24/80
o | Controlf{- | ==-=-= - o/26 /80
Controll= | ====- - 0 /26 /80
Controlf- | =---- - 19/26/80 e
S iControli=~ | ==--- - ‘)/20/80
5 Controll - | ==--- - 9/20 /R0
CtControlf~- | -=--- - }9/2¢ /80
Controll- | ====- - (/21:7/30
Controll- | ==-=--- - j{u/20 /80 o
Controlf- | ==-==- - 9 /24 /80
CbControll- | ----- - lo/27 /0
b iControll~- | ====- - 9/2° /50
Controlj- | ==-=- ~ 9/2% /30
Controll- [ ----- = |9/20/80 e
Controlf{= | =---- - {u/2°/80
Controlf{- | ==--- - 19/27/80
| Control|= | ----- - /2 /80
Cuntrolf- | ==---- - lo/27/80
Contirolf- | ==--- = |/ /80 L o .
Control|=- | =-=---- - |9/2 /R0 N T
Controlj- | =-=--- - 9/2 /‘-?TD
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& &S /A /& 3
o & 4) [ / 102
. (1)/ & & > Dorsal / @ $ &
“g //@ & o Scute(s) ‘!' § & .
 i0a &/ Treated CONMNMENTS

1[Control| - | =----- - Ju/26/80
212ontrol | - ———— - "//'J«J/lr"‘v(

3 |Control | - | ==--- - 9/26/50
VR I EERUN J——— - ly/26/80 | Dead 9/29/R0( 3¢
51Control | ~ —————- - ‘?2(\;80 K '/‘0(308 note 1)
6 {Control | = | =-=:- - [9/26/80 | o
7 {Control | = | =---- - 0/26/580
B e | e ———— - lo/26/80 | Lead © R
viControl f -~ | —m-e- - 9?26780 0/ O(see note 1)
J|Control | - ————— - 9/26/20
I jfControl | = | -==-=- - [9/26/%0 - o
P fControl | - | ----- - 1/20/80
I ontrol | = | ~=w-= - [/26/20
) ot = | e | = B/26/80 |Dead 9/30/80(see note 1)

J0TES:

Lo

Tags #1, #2, #3, and #25 not used. First shipment of hatchlings recei-
ved tags numbered 47 and below. Tags 448 through #145 used on larger
clutch, second shipment (from female 7200; all these hatchlings are sib-
lings). Tags #146 throush #200 not used. Tags #201 and above used

on remainder of sccond shipment (mostly siblings, with accidental ad-~
mixture of 12 individuals from female #200's clutch). Hatchlings #274,
#278, and #300 died before being assipned to either control or treatment
status. Contractors tagged #48-497, #201-#250; NMFS staff targed others.

"R. Plug" = Reversed-Flug Graft.
"D"= "Double" %2 reversed-plugs :ide by side in same marginal scute).
"'z "Single" (either single reversed-plug or single graft of plastral

eg1rie
scion to carapace wound).
"R"- "Reciprocal" (2 grafts per animal, with plastral scion to carapace
and carapacial scion to plastron).

"Y'= "Left Marrinal'; "N2"= 2nd Weural (from anterior); "RCl"= 1lst
Righi Costal; "RC2"= 2nd Right Costal. !Multiple entries indicate that
the graft crossed suture line(s) between scutes (e.c. 2/RC1/RC2).

"H"= Histoacryl blau; "P"= Fermabond

In the case of Controls, date entered indicates date tag was affixed.

when work began on 17 Sept., #16 and #17 isolated from others, not

eatinr well and appeared weak; #30 isolated, with apparent fungus in-
fection on shell and skin.

Last left marginal scute abnormally small; the two plugs were touching.

Congenital indentation at targin- site; tag precariously affixed at
junction between last right marginal and right pygal scutes.

The two plugs were touching (operator's error)

Last right marginal abnormally smallj; tag on penultimate right marginal.,



