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NOAA Technical Memorandum NMFS

The National Oceanic and Atmospheric Administration INOAA! was organized in 1970. It has
evolved into an agency which establishes national policies and manages and conserves our oceanic
coastal, and atmospheric resources. It provides managerial, research, and technical expertise to
produce practical services and essential information for the programs concerned with such resources,

The National Marine Fisheries Service  NMFS! provides the United States with an integrated
program of management, research, and services concerned about the protection and rational use of
living marine resources for their aesthetic, economic, and recreational value. NMFS determines the
consequences of the naturally varying environment and human activities on living marine resources.
NIVlFS provides knowledge and services to foster the efficient and judicious use of those
resources. NMFS provides for domestic and for international management and conservation of these
living resources of the sea.

To carry out its mission, the organization also provides for communication of NMFS information.
In addition to its formal publications, NMFS uses the NOAA Technical lylemorandum series for
informal scientific and technical publications. These documents are specialized reports that require
multiple copies when complete formal review and editorial processing are not appropriate or feasible.
The management and control of Technical Memorandums has been delegated to the Research Centers,
Regional Offices, and corresponding staff offices within NMFS. Therefore, requests for copies of
Technical Memorandums should be sent to the author or to the originating offic for the material,
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INTRODUCTION

This report presents a complete and concise record of tag recoveries
for the adult gauaiian green turtle. ~gltelou'a a~dao, unde frou 1913
thxough 1982 in association with the breeding colony of French Frigate
Shoals  FFS! ~ During this 10-year period, the author has systasatically
monitored aad tagged green turtles that assemble each summer at FFS as
migrants originating from foraging pastures throughout the Hawaiian
Archipelago. Visits to this site have also been made during other times
of the year to tsg and observe turtles present outside the breeding
season. A list of all expeditions is presented in Table 1. A, total of
385 research days and nights has been spent at this location.

At least 90Z of the reproduction by green turtles ia the Hawaiian
Islands takes place within the Hawaiian Islands National Wildlife Refuge
at FFS. This crescent-shaped atoll is located at about the midpoint of
the archipelago and contains 11 sand islets extending over 26 km of reef
 Fig. 1! ~ Most nesting occurs on East �.0 ha! and Whale-Skate �.8 ha!
Islands; nesting activity is lower on Trig, Tern, Gia, aad Little Gin.
East Island has been the major site of tagging over the past 10 years.

A rare terrestrial baskiag habit is displayed by green turtles at FFS
and several other isolated sites in the Northwestern Hawaiian lslaads
 NWHI!. Males and females regularly haul out to rest along the shoreline
during the daytime aad also occasionally at night. This behavior has
allowed relatively easy tagging of adult males, a segment of sea turtle
breeding colonies in other geographical areas that is not usually acces-
sible. Due to the unique basking behavior and the isolated position of FFS
in the North Pacific, this bxeediag colony ras one of eight designated for
high priority by the World Conference on Sea Turtle Coaservatioa �982! ~

A synopsis of biological information to June 1979 has already been
prepared oa the Hawaiian green turtle  Balsas 1980a!. The tag xecoveries
given in this present report serve to casplemeat the data ia the synopsis.
Other recent publications available on the Hawaiian green turtle have
dealt with natural growth rates  Balsas 1982b!, habitat usage at FFS
 Dison aad Balsas 1982!, and the ecology of basking  Whittow and Balsas
1979, 1982; Sheekey 1982!. Overall accounts of the population that have
appeared since the synopsis was issued include those by Balass �980b,
1982c, 1982e!. A popular article by Wexler �983! contaias an array of
color photographs showing Hawaiian green turtles'

HISTORY OF TAGGING

Taggiag was begun at PFS in June 1973 using No. 49 and No. 681 Moael2
alloy flipper tegs made by the National Band and Tag Company of Newport,
Kentucky. In September 1976, the use of these tags was discontinued after
detection of excessive corrosione A total of 310 adult turtles had been

Reference to trade asmes does aot imply endorsement by the National
Mariae Fisheries Service, NOAA.



marked vith these tage between 1973 and 1976, Since then, No. 681 flipper
tage made of lnconel 625 allay have been the principal means of marking
turtles. The dimensions of these tage are 25 x 8 x 9 mm, and up to four
tage have been applied to each turtle. The No. 49 tage vere somewhat
larger, measuring 40 x 10 x ll eea. No signs of corrosion have been seen
to date in the Inconel tags. Corrosion and various other factors affect-
ing the retention of flipper tage have been discussed in Balase �982a!.
ht the end of 1982, a total of 605 adult turtles had been tagged at FFB
with Iaconel tage.

Prior to 1973, the tagging of green turtles in the NWHI vas initiated
in the early 1960'e by the Hawaii State Division of hquatic Resources
 formerly Division of Fish and Game!. Shortly thereafter, personnel of
the U.S. Pish snd Wildlife Service  known then as Bureau of Sport Fish-
eries aad Wildlife!, aad the Pacific Ocean Biological Survey Program
 Smithsonian Institution!, began taggiag turtles during intermittent
survey and inspection visite to the area. By 1972, approximately 800
adults had been tagged as a result of these combined efforts' hll turtles
vere tagged with No. 49 Nonel tage bearing three different return addres-
see. The exact wording of these inscriptions is presented in the Key to
Abbreviations. J4aerson �971! gives a historical overview of tagging and
turtle observations at PFS until 1969. Thi ~ present report also includes
tag recoveries made between 1973 and 1982 of turtles that were initially
tagged before June 1973. However, tag recoveriee made before 1973, but
not reeighted betveen 1973 and 1982, are not reported bere. These earlier
records are fever in number, due at least in part to excessive corrosion
and tag loss. Some, but not all, of the pre-1973 tag recoveriee are con-
tained ia unpublished trip reports of the U,S. Fish and Wildlife Service.
The titles, dates, and authors of these reports are listed in Salaee
�980b!. k card catalog of pre-1973 taggiage and tag recoveriee is on
file at the Honolulu office of the U.B. Fish and Wildlife Service.
future report will be prepared to summariee the contents of this card
catalog eo that the basic results of this past work vill also be readily
accessible.

RECOVERT MTh

Over the 10-year period, 294 tagged turtles have been resighted either
at PFS or at other localities after they vere originally tagged at FPS.
This total consists of 87 males  Table 2! and 207 females  Table 3!. In
most cases, the minimum interval betveen tag recoveriee ie the time
between expeditions undertaken by the author to FPS  as showa in Table 1!.
Short-term recoveries, such as those that frequently occur «ithin a single
expedition   i.e., internestiag-interval recoveries!, are not presented ae
part of this report.

Porty-eight of the 87 males shown ia Table 2 were recovered only once,
whereas the remaining 39 �4.8Z! vere each seen on tvo or more occasions.
The male resighted the greatest number of times �0! appears as Entry No.
9 in Table 2. For the females, 147 of the 207 individuals vere recovered
only once. The other 60 �9.0Z! vere reeighted on tvo or more occasions.
Entry No. 24 in Table 3 lists the female seen moet often  niae times! ~



Long-Distance Migrations

Migrations by males have been documented by tag recoveries on aine
occasions during the 10-year period. Two of these resightiags constituted
a round-trip voyage by the same male traveling from Pearl and Hermes Reef
to FFB aad back again  Entry No. 21 in Table 2!. The other movements by
males are as follows'.

No, of turtles Migration

24J 61
26
55, 60, 77
78

Oahu ta PPB
Pearl snd Hexmes to FFS
FPB to Pearl aad Hermes
FFB to Lisianski

Migrations by females have been documented on 39 occasioas aad
include 6 round txips  Entry Nos. 11, 39, 41, 101, 104, and 159 in Table
3!. Two of these were between Pearl aad Hermes aad PPB, two between
Lisianski aad FFS, oae between Laysaa and FFB, and one betweea Oahu and
FFS. The remaiaiag 27 one~ay migrations recorded from tag recoveries
consisted of the following:

No. of turtles N~ration

Prior to 1973, 32 long&istance migrations «ere documented from tag
recoveries made in earlier tagging efforts  see Balsas 1980a!. Conse-
quently, a total of 80 migrations �2 + 48 shown in this report! has been
recorded in the Hawaiian Islands. Of these, 36 are between FPB and the
main islands located at the southeastern ead of the chain, aad 44 are
between FFS and the northwestern sites of Laysan, Lisiaaski, aad Pearl aad
Hermes Reef. When compared with other tagging studies of the green
turtle, the evidence for migrations fry tag returas ia the Hawaiian
Zslands is among the beat gathered anywhere  Meylan l982! ~

The kaowa migrations documented from taggiag at other islands ia the
Pacific have been susssarised by Balsas �982d!.

FPS to Pearl aad Hexmes
FFB to Lisiaaski
FPS to Laysaa
FFS to Oahu
PFB to Maui
FPS to Kauai
FPB to Hawaii

FFB to Molokai
Peaxl aad Hermes to FFB
Lisianski to FFB
Oahu to FPS

Hawaii to PFB

Niihau to PFS

105' 106, 151, 153, 204, 205
147, 206
156, 157, 158
5, 150
16

17

53
207

12~ 14 ~ 37, 42, 43, 103
10
28

76

13



Reproductive Cycles

Reproductive cycles, as measured by remigration intervals> have been
documented in 52 males and 130 females. For males, 42-3Z displayed a 1-
year cycle, 32,7X a 2-year cycle, and 25.0X a 3-year cycle. For the
females, 36.2X sho«ed a 2~ear cycle, 43.1Z a 3-year nesting cy'cle, 7i7X a
4"year cycle, and 12.2Z nested at intervale ranging from 5 to 8 years. In
addition, a single female nested again after an interval of only 1 yearo
All of these intervals are undoubtedly affected ta some degree by tag
shedding rates.

Site Fixity

k total of 383 tag-recovery data can be used to determine the degree
of site fixity turtles display for particular islets at FFSi ' For the 139
resightings of males, 86 .3X occurred on the same islet «here .they «ere
previously seen, For the 244 resightings of females, 90.6X occurred on
the same islet. Females nesting and bashing on Bast Island aho«ed the
greatest site fixity', 94.4Z of the reaightings occurted at this same
location,

Longevity

The longevity and duration of reproductive life for green turtles in
the «ild are presently unkno«n. Long-term tag recoveriea can> ho«ever>
help to ana«er these important questions, The longest recovery interval
thus far recorded for a male in the Ha«aiian Islands is 17 years, 8 months
 Entry No. 21 in Table 2!. The longest for a female is 18 years, 3 months
 Entry No. 11 in Table 3!. Both of these turtles vere originally tagged
as adults in 1964 «hile they vere bashing at Pearl and Iermes Reefi

Frequency of Tag Recoveries.

The percentage of previously tagged turtles seen nesting each sussser
at PPS has increased considerably over the 10~ear period:

t
The reasons for these higher recovery rates most Li.kely include 1! a
reduced tag loss from using No. 681 lnconel tags, 2! the practice of
applying more tags on each turtle, 3! greater survival of turtles in
resident foraging pastures since they became legally protected in Late'
1978 under the Endangered Species Act, and 4! the greater percentage of
the adult population tagged at the end of each successive year over the
IO~ear period.

1973 � 10 OX
1974 - 11.9X
1975 � 2.ZZ
1976 � 17 ' 4X
1977 � 2,6X

1978 - 7 ~ 7X
1979 � 19.2X
1980 - 46,7X
1981 - 36 ~ IZ
1982 - 41.1X



The frequency of tag recoveries at FFS during recent years is
markedly higher when compared with long-term tagging projects at other
breeding colonies. For example, only approximately 20Z of the Caribbean
green turtles nesting each summer in Costa Rica bear tage that were
applied during previous years  Meylan 1982!.

Tag Loss

Attaching two or mare tage to each turtle increases the chances for
future recognition. It also provides a basis for measuring rate of tag
shedding. During the 1981 and 1982 breeding seasons at FFS, 59 nesting
females were recovered that had previously been doubLe tagged «ith Inconel
tags  ane on each front flipper!. The recovery intervale for these tur-
tles ranged from 2 to 5 years. Table 4 presents the estimated probability
of tag shedding and the 95Z confidence limits for each of these time
intervals. A cumulative shedding rate of 30Z after 4 years is indicated
by these data. Consequently, there ie a 9Z chance �.30 x 0.30! that a
double-tagged turtle vill lose both of its tags in 4 years. Tag recov-
eries anticipated during the l983 and 1984 breeding seasons will help to
determine if the rate of tag loss changes after 5 to 6 years' Forth-
coming recoveriee at FFS will also include a number of recoveriee of
turtles originally receiving three and four tage-

The shedding rates shown in Table 4 are the first values of this kind
to be camputed and published for eea turtles. Double tagging conducte~
elsewhere, ae analysed and discussed by Hrosovsky and Shettlewortb �982!,
has confounded variables such as tag type  metal versus plastic!, tag
color, front or hindflipper placement, sex, and sise class  adult versus
immature!.

KEY TO ABBREVIATIONS

The following abbreviations identify the agencies that tagged turtles
in the Hawaiian islands.

FG Tags bearing a return address af tbe State of Hawaii, Division
of Fish and Game  now the Division of Aquatic Resources! ~
Exact inscription. '"RETURN TO FISH 6 GAME STATE OF HAWAII."
The letters FG do not actually appear on the tags, but are used
in the data tables ae an abbreviation.

A1 Tags bearing a return address of the U.S. Fish aad Wildlife
Service . Exact inscriptions: "U .S. WILDLIFE HONOLULU" or
"NOTIFY U.S. WILDLIFE HONOLULU, USA" or "BUREAU WILDLIFE
KAILUA, HAWAII." The letters PW do nat actually appear an
the tage, but are used in the data tables as an
abbreviation.

T Tag number prefix present on tags used by the U.S. Fish and
Mildlife Service bearing the inscription "BUREAU WILDLIFE
KAILUA, HAWAII."



Tag numbers showa in the data tables that do not have an PG or PW
abbreviation all bear one of the following return address inscriptions:

Na. 49 Nonel tags numbered 601-900

No. 49 Eonel tags numbered 901-1400

"NOTIFY HIMS
UNIVHAWAII"

Letters and abbreviations refer to the following:

Plastic "hllflex" tags  not inscribed with a return
address!

Fearing "Tuff-Tex" plastic tags

  ! Numbers in parentheses in4kcate additional tags that
were applied when a previously tagged turtle was
recovered.

FPS Preach Frigate Shoals

Southeast Island at Pearl and Hermes Reef

Nesting
I

Basking on shore

Offshore - turtle recaptured or resighted in the ocean

Copulating

Released from captivity after being held for an
extended period

RG

Dead

A-D meter Small depth meter attached to the carapace  see Balass
1980b!.

"UNIV. HAWAII
HIMS BOX 1346
KANEOHE, 96744"

"NOTIFY UNIV. HAWAII
MARINE LAS, BOX 1346
KANEOHE, HAWAII USA"

"NOTIFY UNIV.
HAWAII EIHS

KANEOHE, 96744"

"WRITE HINB
UNIVERSITY

HAWAII, 96744"

No. 681 Nonel tag! numbered 1401-1900

Peering "Tuff-Tex" plastic tags 2001-2015
 blue! and 2026-2050  black!

No. 681 Inconel tags numbered 2051 and
higher



Preq. Frequency aad turtle identification nuaber of radio
traneraittera used in a teleraetry atudy at FFS  aee
Diaon and Balaaa 1982!.

The folio«ing abbreviatioaa are uaed at varioue placea ia the data
tablee to aho» the person reeponeible for making a tag recovery or, in
conc caaeas iaitially tagging a turtle� , All tagginga and tag recoveriee
that bear an expedition nuober vere carried out by the author «orkiag at
PPS  Table 1!. In certain inataacee, the author' ~ initiala are given for
tagging aad tag recoveriea sade at aitea a«ay from FPS «here expedition
code nuebera do not apply.

In addition to the pereona liated above, I «ant to ackao«ledge and
thank the folio«lag individuala aad organiaatioae for aaaietance, aupport,
aad advice in varioua foraa provided over the pact 10 yeara' .John
Bardach> Robert Bricks Randall Chau, Richard Coleaaa, Villiaa Coope, Joha
Corbin, Andre» Diaon, William Gilmartin, Richard Grigg, Philip Helfrich,
Robert JuaNsan, Eugene Xridler, Fredrick Lighter, Gary Naftel, David
Oleea> Mark Rauaoa, Palter Sekora, Richard Shonura, John %heeler, Q.
Cauaey Mhitto«, Predrick Yap, Predrick Zeilleaaker, the Ne» York
Zoological Society, National Geographic Society, U.S. Piah and Vildlife
Services University of Ha«aii Bea Great College Progran, Ea«aii Divieion
of Aquatic Reeourcea, Hawaii State Office of the Marine Affaire Coordina-
tor, Fourteenth U.S. Coast Guard Diatrict, U.S. Navy, Federal Aviation
Adrainiatratioa, and the Ea«aii Air National Guard. I ae grateful to Jerry
Metherall for analysing the tag loca data presented ia Table 4.

This work is, in part, the result of research  " Survey and Assessment of the Green Sea Turtle Resource
of the Northwestern Hawaihm lais'" project, NI/R-5! sponsored by the University of Hawaii Sea Grant
College Program under Institutional Grant Nos. 046-1584414, 04-7-1 &4129, and 044-MO1-178 from
NOAA Of6ce of Sea Grant, Department of Commerce.
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Duration

 days!
Exped i t ion

No. Dates

1 June-19 July 1973

11-17 October 1973

30 May-20 June 1974

48

21

21

20

21

13-20 February 1975

16-22 May 1975

6-26 June 1975

18 July-7 August 1975

26-28 August 1975

1-4 December 1975

20

10 20

12

15-22 January 1976

8-19 April 1976

13

7-13 May 1976

28 June-12 July 1976

15

16 14

18-23 November 197617

20 June-3 July 1977

22-28 September 1977

1318

19

20

1621

22

2023

25

26

2327

28

29

2130

32

Table l. � Expeditions to
during

tag green turtles at French Frigate Shoals made
the 10-year period, 1973-82.

27 June-18 July 1974

26 July-15 August 1974

19 September-10 October 1974

1-8 December 1977

5-21 June 1978

2-7 May 1979

10-30 June 1979

6 June-1 July 1980

5-8 September 1980

15-19 December 1980

25 Hay-18 June 1981

15-16 November 1981

14-15 April 1982

5-26 June 1982

3-4 August 1982

3-4 September 1982
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Table 4.--Shedding rates of Tnconel taga: 59 recoveries of double-tagged
green turtles at French Frigate Shoals during the 1981 and 1982 breeding
seasons  analysis by J. A, Vetherall!.

95X confidence limits
on �-K !

i

Upper
limit

Lower

limit

2'ai
K

r i + 2rdisi

K Probability of tag retention from the time of tagging untili
the midpoint of the recapture period i years later.

r Number of turtles recovered with two tags i years after
tagging.

r ~ Number of turtles recovered with one tag i years aftersi
tagging.

where:

Recovery
interval
in years

 i!

No. of

turtles

with no

tags shed

12

17

7

1

No. of

turtles
with one
tag shed

5
10

6
1

Estimated

probability
of tag

shedding
�-K !

i

0. 17

0. 23
0. 30
0. 33

0. 02

0. 09

0. 07
0. 00

0. 32
0. 37

0.53

0. 95
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Figure 2. � -Hast Ialaxrd, Fxenah Frigate Sl'!oals.

Figure 3. � Adul r green tux:tive baakirsg un Kaat Island.



Figure 4.� Adult; male green turtle basking on East island.

Figure 5.� Adult female green turtle nesting vn East Island.



Figure 6.--Mult female green tart!.e aw5mning near bottom.

Figure 7.� -7roat flipper shoving standard p3.element of tag.
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