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'"Elepaio, Val. 45(1)

An Unusual Example of Basking
by a Green Turtle
in the Northwestern Hawaiian Islands

by Alan K.H. Kam

Phe Green Turthe, Chidria mrdes, is kiown to haol ouf
reyularly tobask on coralnd hepches ind lava rock ledges in the
Sorthwestern Hawaiign Islands  Halars 1976, 1977, 1980 W hittiow
and Bulags 1979, 1982 Sheckey 19520 This is enusaal sinee,
werrlidwide, basking behovior by sen tuitles 5 o rare occurnenee,
Furthermore, of the seven marine wrle species, only the preen
1urtle his been repomed basking. Inthe SNombwestern Hawaiian
[elimds (W HI) mostof che baskang sies are isolated, pninhahited
limds within the confines of the Hawaiian Tslinds Natismal
Wildlife Refuge.

In Hawaii basking has nlso been obseoved in caprive-reanad
uvenile Green Turles held in o ook { Baliesand Boss 19740 Green
Twrtles of all sires an Sea Life Park on Oahu, Hawas regularle hosk
an a sboping concrete ramp in their sutside display poo Basking
also Lakes place incapaiv ity ona wooden rmp constructest ina tank
avthe University of Hawaiis Kewabo Marine Laboratomy i Whittow
and Balies 1957,

U MrCictober |82, vhe awt hor and a Tellow Beld abseryer @
E. Bowlby, saw nnunusual example ol hisking at Pearland Hermes
Recl in the N'WHIL A larpe Green Turtle was ohserved on the
sheping steel plotes of a0 ald expised shipwreek (Flgure 1) We
sighted 1he turile at (81 whike matoring by smaall hoat en o
from Southeast Island to North stand, The shipwreck is situated

within the barrier recf a1 ke nertheistern edje of Peasl and Hermes
Rewd 14 s loscated 11,0 R from Soen benst UsLimed o 4.7 ko droes

Little North Island. 1he nearest land mass (see maps in Amerson et
al. 195, The turtle was basking on the morthern face of the kel on
thi lwrgest section of the wicckage, aboui 1.5 m abose the water

Fhe winds were Trom the northeast at 25-35 km pec bosir, the g
emperaiure was approimately 31-¢ and 1he cloud cover was
R The low fide prevennsd us from mesloring elose 1o the
wicckage, Consequently. the nearest poind of observation was
ahavnt | CHY .

Figure 1. Green Turtle husking on shipwreck, Pearl and Hermes
Reel, NWHIL 30 Octaher 1952,
Fhorg be Alan K. N Kan

July 1984 3

I i ineresting T note fhat (he sloping steel wreehige o s
reefadjpeent (o Whale-Skuie Bl ar Frepch Frigate Shoals inthe
MNWHI has never heen recorded a3 & basking site (0, H. Balass,
s comm,, October 19821 Apparently, turiles Tind the nearby
sdiit] beach tar e maere ||-c'|,'|,'l'|l|,||h|.t Terr 1His purpose. At el @
Hermes Reof, the wieck s located several kilometers from any
ivailihle beach. 1t is o sile assumption thin the iemperture of dey
stoel surfuee on the wreek would be higher then that of sund
IWhattow pmngf Bolazs 1982). Becawuse the torile was sbserved
Fiisking cirly in the morping. at a time swhen there wis exlensve
elavual wover. wisd vhat it hod sebected anorely as et of the wreck,
it e be suppaosed st basking an thiswreck ifniey bomeenefregaen
ab mighi oF wider cook conglitisms (0, O Wlittow, pers, eommis.,
Jiiiry 1963}

| e s e Fiest reconnd of atortle hask ing on e wieck ag Pearl
and Hermes Reel or any man-micle sirectare in che wild, The
wiveks periodee use by furtles may have been overfooked by agher
visiting reseig e il relupe porsoamiel | Bewneck i 00 @ fensole
e el Pesrlana Flermes Beef il is nst sy toview unless speckal
effurt i winabe to motor close. Futare wastkers in the aren should,
thuretore. try todtermsine tow han extent the wieck % used [or
EHELR T
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wesli Lo thank fhe (L% Fish and Wikllife Service for e

casihperalsom in permid ng thesc obisery whigkits witlun Lthe H:'ﬂ..‘umn
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UNITED STATES DEPARTMENT OF COMMERCE

Mational Dceanic and Atmospheric Administration
MATIONAL MARIMNE FISHERIES SERVICE
Southwest Region

300 S5outh Ferry Street
Terminal Island, CA 90731

October 10, 1991 SWO33:ETN

Mr. George H. Balazs

Honolulu Laboratory

Southwest Fisheries Science Center
2570 Dole Streat

Honolulu, HI 968B22-2396

Dear H{},EETE:ELJbﬂﬂ

I am writing to inform you of the current status of sea turtle
recovery planning in the Pacific Basin. As a member of the
Hawaiian Sea Turtle Recovery Team, you played an important role
in helping to develop the research priorities for Hawaiian sea
turtle populations, and selected portions of that research are
now underway.

As you may have heard, however, a new Pacific-wide sea turtle
recovery plan is being developed by the National Marine Fisheries
Service, This decision was based upon the need to address
priority issues for many of the wide ranging species throughout
U. 5. waters in the Pacifiec. Separate teams have been
established for the Eastern and Western Pacific areas, and the
schedule calls for a Pacific Sea Turtle Recovery Flan to be
completed in mid-1993. The Hawaiian Sea Turtle Recovery Plan has
been given "interim approval"™ while the larger effort is underway
and will be incorporated into the final Pacific plan. Because
the Hawaiian Sea Turtle Recovery Plan has been completed, and
issues such as recovery criteria, habitat conservation, and the
effects and etioclogy of fibropapillomas were considered, it
should provide a strong basis around which the other plans can ke
developad. The interim approval means that the research and
management priorities you had a hand in formulating can proceed
immediately, subject of course, to available funds.

I would like to take this opportunity to thank you for the role
you played in developing the Hawaiilan Sea Turtle Recovery FPlan.

Sincerely,

E.C. Fullerton
RFegional Director
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Mr. E.C. Fullerton, Regional Director
National Marine Fisheries Service
Southwest Region

300 South Ferry Street

Terninal Island, CA 90731

Dear Mr. Fullerton:

As provided by Section 7 (a) of the Endangered Species Aet of 1973, as
Amended, we request initfation of formal consultation between the U.5. Fish
and Wildlife Service (Service) and the National Marine Fisheries Service
(KMFS) regarding a proposal to operate Tern Island on a seasonal basis
beginning in FY ‘B7. Enclosed iz a copy of the Service proposal which
provides detailed information on plans for implementing this action, and
discusses potential impacts of this ction on the endangered Hawaifan monk
seal (Monachus schauinslandi) and the threatened Green sea turtle (Chelonia
mydas]) .

Funding econstraints coupled with the recent addition of new units to the
Hawaiian and Pacific Islands National Wildlife Refuge Complex have
necessitated a re-examination of Refuge Complex proprams and priorities. It
appears that considerable savings can be incurred through reducing our
activities at Tern Island, French Frigate Shoals from a continuously
staffed, year round operation to a seasonally staffed, field camp operation.
This would be similar to our management presence on other islands in the
Refuge and should have 1little adverse impact on wildlife and habitat.
Accordingly, we are proposing to make this transition effective March 31,

1987. The attached proposal details our plans and discusses potential
impacts of the action.

For further information please contact Dr. Richard Wass, Refuge Manager, on

my staff, at FTS 551-1201.
Sincerely, W‘ng‘y

1lan Marmelstein
Pacific Islands Administrater

Enclosure

cc: Doyle Gates, Western Pacific Program Office

Save Energy and You Serve Americal -



i d

A REDUCED MODE OF OPERATION AT TERN ISLAND

1. The Present Situation

A, Operations

In 1979, the Fish and Wildlife Service (FWS) established permanent
occcupancy at Tern Island, French Frigate Shoals when the U.5. Coast Guard
dismantled their LORAN transmitter and withdrew from the island. At  least
two FWS employees, assisted by 1-5 volunteers and part-time workers., have
continuously occupied the facility since that date.

A permanent FWS presence within the Hawaiian Islands Hatiopal Wildlife
Refuge is useful for enforcing the Refuge's limited entry policy within
French Frigate Shoals and throughout the Northwestern Hawaiian Islands.
Permanent occupancy of a station at Tern Island also facilitates the year

. round collection of biological data for monitoring populations of seabirds

and endangered species. Additional benefits include: 1) logistical support
for wildlife population monitering and habitat assessment efforts throughout
the Refuge extending from Nihoa Island to Pearl and Hermes Reef; 2)
facilitation of research and population monitoring by other agencies and
groups Including the National Marine Fizheries Service, the State of Hawaii,
the University of Hawaii, and the National Weather Service; 3) serving as a
point for providing emergency medical evacuation/aid to FWS personnel, other
researchers and wvessels in the vicinity; and 4) logistical support for
commercial fishing operations in the NWHI. Operations and objectives for
the station are detailed in the recently completed Hawaiian Islands Natiomal
Wildlife Refuge Master Plan/Environmentsal Impact Statement.

B. Cost

Operation of the Tern Island station is expensive. The facilities were
received from the Coast Guard seven years ag0 in near perfect condition, but
a lack of adequate funding for preventative maintenance and replacement ip
the intervening years has resulted in considerable deterioration of systems,
equipment and structures, Required maintenance costs escalate every year
and will continue to do so. Maintenance tasks reguire an increasing amount
of staff time as well. Routine Q&M costs are estimated at $208,900 for FY
BY. An additional eoutlay of about $58,000 [for a total of S$266,000) would
be required in FY 87 for large purchases of equipment and services.

By 1888 or soon after, the barracks would likely require a new roof at a
cost of about 540,000. A very large outlay of funds (approximately $3
million) would be required around 18991 for rehabilitation of the seawall and
runway.

2. The Proposed Alternative

A decrease in available funding coupled with mounting operational and
maintainanece costs is forcing an alternate mode of operation at Tern Island.
The continuously staffed, year round occupation of the facility will be
reduced to a seasonally staffed, field camp operation in which most of the
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facilities left by the Coast Guard will be abandoned. Though funds and
manpower will be reduced, much greater proportions will be directed toward
resource management and away from maintainance of facilities and agquipaent .
Careful planning will ensure that the transition is conducted in & manner
that minimizes adverse impacts on wildlife and habitat and maximizes the
efficient use of manpower and funds. The following is an outline of that
process and a discussion of the potential impacts.

" A. Description

The physical process of “withdrawing from the facility is planned for
completion by March 31, 1986, Most of the items of wvalue Ineluding
generators, appliances, power and hand tools, outboard motors, pumps,
typewriters, etc. and bulky personal items will be packed in crates and
shipped back to Honolulu aboard a vessel chartered for that purpose.
Personnel and lightweight wvaluables such as cameras and radios would peturn
to Honolulu via chartered aircraft. Most of the equipment. would eventually
be sent to the newly created Hakalaun Forest NWR and to Midway Atoll XWR when
established. Some of the gear could also be used at Johnston Atoll NWR and
Kilavea Point KWR. Flammable itess such as wooden furniture and supplies
would be assembled and burned as would wooden structures such as the boat
shed and the garage extension. Equipment and items that are not worth
returning te Honolulu would be "trashed" and buried against the seawall to
prevent this material from attracting salvors and "treasure hunters".

The tractor, two outboard-powered skiffs, the boat hoist and other egquipment
useful to personnel cperating a long-term field camp would remain on Tern
Island for at least the first field seaszon (April - September, 1886). HNo
immediate attempt would be made to demolish the main buildings. They are
constructed of steel-reinforced concrete and are designed to withstand
tsunamis and hurricane-generated waves and tides. . Heavy equipment, dynamite
and lots of manpower would be required to dismantle the buildings. Perhaps
the assistance of the SEABEES (U.S. Navy) can be enlisted or saybe the

Defense Environmental Restoration Account can be tapped for funds at some
future date.

In liew of the current continuous operation of the Tern Island facility,
annual, long-term field camps would be established at Tern or one of the
other islands at French Frigate Shoals. Biologists from the FWS and other
agencies including the National Marine Pisheriesz Service will be present for
3-T7 months each year to continue research and population monitoring efforts
on endangered species and seabirds. They will be present during the
breeding season which is the most critical time from the standpoint of
research and enforcement of limited entry.

B. Positive Ramifications

1) Cost savings is the obvious and major benefit derived from this action.
The estimated savings for FY 87 is %60,000. Savings for subsequent years
are estimated to be at least $183,000 annually.

2) While the amount is unknown at present, a substantial portion of the
annual .savings would be available to implement some of the high priority
management strategies as: recommended by the preferred alternative of the
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Master: Plan. Funds and manpower to address these strategles would probably
not be available under the current mode of operation. Examples of such
strategies include: regulate and monitor nearshore vessel traffic; conduct
historical surveys: conduct biannual aerial photo surveys; map and ground
truth terrestrial and marine ecosystems: conduct comparative monitoring
studies on Midway and Kure; -develop curriculum materials for school system:
and develop educational/interpretive materials for the general publie and
Midway and Kure personnel. Though French Prigate Shoals will suffer in this
respect, funds may be available for increassed monitoring of wildlife,
habitat and alien species on other Refuge islands. Implementation of these

strategies will offset the negative impacts on wildlife resources as listed
below.

C. Negative Ramifications

1) Hauled-out seals and basking turtles on the beaches of, Tern Island and

. seabirds nesting in the interior may be disturbed during the phase-ont

peried by the burning of structures and miscellansous flammables, with the
demolition and dumping of equipment and materials and by the increased small
boat traffic associated with the loading of equipment on offshore wessels.
This disturbance, however, will be minimized by the presence of knowlegable
biologists directing and conducting the operation.

2) The lack of a permanent FWS presence at the midpoint of the Hawaiian
Islands NWR will increase the likelihood of unauthorized entry at French
Frigate Shoals and, to a lesser degree, throughout the island chain. Well
over half of the Hawalian monk seal pup production occurs at French Frigate
Shoals and approximately 90% of the Hawaiian green sea turtle population
nests there. Bath turtles and seals, particularly mother-pup. pairs, are
susceptible to human disturbance so any inerease in human presence on  the
beaches or near-shore areas will have adverse impacts. Intentional
harrassment or illegal take could have Erave CORSEqQUENCEes. Unauthorized
entry would also increase the probability of an oil spill or alien species
introdoction. A program to regulate and monitor nearshore vessel traffic
as recommended in the Master Plan would lessen this threat.

3) The lack of personnel at French Frigate Shoals during the winter months
would eliminate wildlife research and population monitoring efforts for that
portion of the year. Such efforts, however, would still be conducted during
the most critical time of the year by field camp personnel,

d) Every year a few seals and turtles become trapped behind the seawall or
other structure at Tern Island or wander up onto the runway and become
disoriented. These animals may die or be seriounsly injured if there is no
one on the izland to discover their plight. Effort will be made to reduce
the chances for entrapment by demolishing structures and certain sections of
the seawall before March 31 but the potential capnot he eliminated.

D. Conclusion

The alternative proposed herein merely hastens the inevitable. Unless 2=4
millien dollars are spent for renovation within the next few wvearsz, the



seawall surrounding Tern Island will have deteriorated to the point where it
iz breached by storm surf. Erosion of the runway will follow soon after,
resulting in the cessation of monthly supply flights. A Tleld capp mode of
operation is the only alternative at that point.

The reduction from a continuously staffed, year round operation to a
seasonally staffed, field camp operation is unlikely to have serious
negative impacts on the endangered species and migratory birds of the
Hawaiian Islands National Wildlife Refuge. A sipgnificant portion of the
funds freed by the transition will be re-directed toward the implementation
of other high-priority management strategies. Regulation and monitoring of
veasel traffic, aerial photo surveys, development of curriculum and
interpretive materials, and increased monitoring of habitat and exotic
species will all be to the benefit of wildlife populations and habitat.
Funding and manpower to implement these strategies will 1likely be
unavailable if the station continues to operate in its present mode.
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MARK O. HATFIELD
MARINE SCIEMCE CENTER

OREGON STATE UNIVERSITY
2030 Spuch Marine Science Dirive » Mewport, Oregon 97165 5294
Telephome 303-867-01040 Fax 503-B67-0138

Ineermet: HMSCdiro® comail.orst.eda August 12, 19952 &

Mr. George Balazs
NMFS/8WFSC

2570 Dole S5treet
Honolulu, HI 96822

Dear George,

By now you must be back from what I hope was a very successful trip
to French Frigate Shoals. I do hope you were able to attach the
transmitters easily, and to the turtles you had been hoping to get.
I really enjoyed the trip to Hawaii and especially the chance to
work with you. Even now, in my minds eye, I see you pouncing on
those turtles at Kaneche Bay. Amazing!! Thank you for a great
experience. I was alsc delighted to meet Russ and Sean, you are
lucky to have such fine people working for vyou. I must also
complement you on Christian, what a really nice kid.

Were you able to test your tags, or did Telonics want you to buy
their uplink receiver? I am still curious as to what data your
tags are collecting, or are the 32 bits ARGOS reguires just zeroced
out? If you tag again you might consider going ahead and
collecting some dive information since these 32 bits are regquired
anyway; the data would be "free" from your point of view.

It's amazing that the second tag we put on came out ok. Taking
them off shouldn't be any trouble at all. They will fall off
naturally in time, but you could use a small bone saw around the
silicone to get the tag off and then sand down the remaining resin.
Richard is the expert on getting these things off. So you might
ask him if Steve gets worried.

I'm glad you took the chance on those silicone goos. I have been
planning to try and publish my attachment methods poster in the
Journal of Wildlife Management, if you don't mind, I'd like to
include what we did at Sea Life Park. I would be honored if you
would consent to join Ed, Richard and me on the publication as an
author.

I'm looking forward to hearing how it went at FFS!

Best regards,
-
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Satellites Track Turtles In Hawaiian Waters
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21 January 1988

MEMOBANDUM FOR: George Balazs

FEOM: Jerry Wetheral %ﬁ

SUBJECT: Hawaiian sea turtle recovery definitions, wiable
populations, ete.

I've given some thought to the issues raised by Fullerton regarding the
recovery criteria. My views are as follows:

(1} The recovery criterion given in the Recovery Plan, i.e., restore and
maintain the nesting populatiom (on each currently used nesting beach} to
the carrying capacity of the nesting hasbitat, is to me quite reasonable.
One problem, however, is that we did not define what we meant by "carrying
capacity". My notion of this is the number of nesting females that results
in the maximum sverage hatchling production. This target populatiom level
is measurable, based on our knowledge of egg depositiom rates, nesting
habitat requirements, egg and hatchling survival as a function of nesting
density, etc. One nice thing sbout this eriterion is that it hinges on the
life history phase about which we know the most. If Charlie objects to the
term "carrying capacity", perhaps we can use an alternative. A better term
may be "optimum nesting population”. The turtle nesting situvation has
parallels with salmon nesting, where the term "optimum escapement" is used
to define target spawning populatioms and densities, and where there is a
limit to the ammber of fry which can be produced in a given spawning area.
In the case of salmon, the optimm parent nesting population is usually
defined as the number of spawners which maximizes the expected number of
progeny recruiting to a fishery operating just prior to the spawning of the
yearclass. In the case of turtles, it could be defined simply as the number
of neaters producing the maximum average number of hatchlinge (with turtles
therea would be problems in optimizing with respect to number of recruits to
other developmental etages, because of our ignoramce of population
parameters, the long time lags, and so forth).

(2) The alternative suggested by Charlie, "viable population"”, opens up a
whole new bag of considerations. In the literature I've seen on "viable
populations", the definition of this term is very loose. Basically, it
means the population level at which, according te our best informationm, the
probability of extinction is mo greater than some specified level. 5o it's
arbitrary, and the question is, who determines the level of risk? Further,
the behavior of models used te predict such extinction probabilities depend
eritically on the underlying assumptions regarding vital parameters, and
especially on the nature of the individual varistien in mortality and
natality rates. Most of the models I have seen are very sbhstract, and
inadequate for setting meaningful recovery targets in practice. At any
rate, given most folks' risk tolerance, it would probably be concluded that
the present population is wiable (at least the population depending on East
Igland nesting), and we'd be out of business. I'd rather find out how far
we are from our original target, i.e., maximum hatchling production. At
the same time, I'd like to ses any original documents which discuss the
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rationale for placing the various species of sea turtles under protection
of the ESA, and the criteria used. Was there an explicit determination
that the various population levels were so low that the probability of
extinction was at an unacceptable level? What level? If we knew
specifically on what bagie the turtles were listed in the first place, we
would be in a better positiom to determine when they should be delisted.

(3) We did not conasider the issue of exploitation, because we thought the
other social objectives of restoring a population for esthetic, educational
and non-consumptive recreational benefits were paramount. If Charlie
ingists that the Recovery Plan allow for the poseibility of harvests at
gomeé point down the road (if not now), then there is a lot more to talk
sbout, All sorts of harvest schemes could be imagined. For example, one
possibility would be to forbid any taking of turtles except in those years
when the optimal nesting population (as defined above) was exceeded. In
such years, providing the overflow nesting population could be forecast
within the nesting season, a quantity of eggs could be selectively removed
from the beach, in such a8 way as to mitigate the effects of the excessive
nesting, artificially incubated, hatched and placed into some rearing
facility where they would be cultivated for later harvest, distributed to
licensed pond operators, etc. BSo, in this way it might be possible to
define a "surplus production” from the wild population in certain years,
which could feed an artificial rearing snd harvesting operation. The
economics of such an operation are another matter, and in no way am I
puggesting such a scheme. Another kind of harvesting progrem would be one
which exploited juvenile or subadult turtles. Among the many problems with
this type of plan would be that we know too little about the size of these
pegmentes of the population. To consgider any plans of this sort would
require a much better knowledge of turtle population dynamice than we now
have. Although I have begum to put together a very rough turtle population
gimulation model which would allow some exploration of such ideas, it would
be foolish to suggest any kind of harvesting scheme without much more data.

(4) In sum, I favor our original recovery target, with slightly different
terminology. I think the "wiable population" concept is too loose for
application toe our situation, given our meager knowledge of population
dynamics and the problem of setting the risk level. My personal view is
that the intangible social benefits {esthetic, educational, etc.) of
maintaining a large (i.e., "carrying capacity") population exceed any
benefits that would acerue from harvesting. In any case, the notiom of
harvesting is premature given our lack of knowledge.
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Degr Bill:

I have reviewed the paper entitled "A report on the status of
sea turtle headstarting," by Ross Witham, and was disappointed in
the lack of sufficient coverage and detail of a very important
subject. It is primarily a review of the history of various head-
start projects and results from releases of headstarted turtles,
and & cursory account of captive rearing technigues. I guess I
Was exXpecting an in depth treatment--at least that's what Ethe Eikla,
abstract and introduction implied. Headstarting is more than just
a technical issue, and the author stated that his objective was to
provide as much current information as possible and to present
opinions for and against headstart programs. Unfortunately, he
neéglected to do s0; the pros and cons of headstarting were not
thoroughly discussed, and the important aspects of egg handling
and incubation technigues were completely omitted.

Technically speaking, headstarting only involves raising
turtles in captivity for the first several months of their 1life,
Hevertheless, all headstart projects must obtain their turtles
from eqgs incubated under controlled or semi-controlled conditions.
This initial and critical phase of all headstart projects is wvital
to the overall success of the project in terms of survivorship of
the captive-reared turtles prior to their ultimate release in the
wild., It is incumbent upon headstart project personnel to take
particular care to avoid the extra mortality and geX-temperature
bias frequently associated with egg collecting and incubation
activities. In the final analysis, all statistics on the survivor-
ship of these headstarted turtles should include data on the number
of hatehlings produced from all the eggs collected and incubated
as Well as the number of hatchlings that survived captivity and
were released. Survivorship from "eradle to the =ea" would be a
more accurate asgsessment of the success of the proiect in circum-
venting natural and/or uncontrolled mortality.

Recent discussions on headstarting at WATS I and II set forth
some basic principles and guidelines to follow concerning the
application of various conservation measures. Under the Management
Options section of WATS I (Proceedings of the Western Atlantic
Turtle Symposium, San Jose, Costa Rica, July 17-22, 1983. vVol. 1:

i




220-222) panel members ranked headstarting as the last option out

of ten action items recommended to recover =ix different species of
sea turtles. The WATS I "Manual of Sea Turtle Research and Conser-
vation Techniques,® (2nd Edition, November 1983, pages 100-101)
states that protection of natural populations and their habitats
takes priority over headstart programs. It gqoes oh to list the
criteria used to evaluate the adoption of this experimental technique
48 a management tool. Two papers presented by panel members of the
Management Options session of WATS Il (October 12-16, 1987, Mavaguez,
P.R.) emphasized protecting older subadult turtles rather than eggs
or juveniles if We are to recover or stabilize the populations
effectively. The fact that these issues are not addressed in this
paper is an oversight; the merits of headstarting must be discussed.
The high costs involved, both in money and labor, and the vulnera-
bility of turtles at this particular life stage to pathogens before
their immune systems develop fully, dietary disorders, and other
sources of krauma are legion. A thorough understanding of these
problems by managers of turtle projects is mandatory and these items
need to be included in any status review paper.

The good news is survivorship of headstarted turtles can be
increased with good husbandry, as the author states. The bad news
is we are not sure it will help recover turtle populations—-it could
contribute to overall mortality because of the problems inherent in
high density culture methods, and the possibility we might be target-
ing the wrong life stage for much of our attention and resources.

In conclusion, if the author does nok wish to expand upon the
scope of the paper, I suggest the title be changed to something
more regional--"Headstarting Florida Green Sea Turtles: B State of
Florida Conservation Effort." Also rewrite abstrack-introduction
to more precisely describe the contents.

Sincerely,

s —

arry H. Qgren
Fichery Biologist (Research)
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Gperatiénal Procedures for the
Hawailan Sea Turtle Recovery Team

Charge

The Recovery Team will develop a plan for the green (Chelonia
mydas), Hawksbill (Eretmochelys imbricata), leatherback
(Dermochelys coriacea) and olive ridley (Lepidochelys
olivacea) sea turtles normally found in Hawaiian waters, which
should lead ultimately to delisting of the species,

Emphasis of the plan is to develop alternative research and
management measures, based on biologieal and ecological
parameters that will promote the recovery of sea turtles,
among other things, the plan should identify: a mechanism for
monitoring the status of sea turtle populations, activities to
restore nesting habitat, sources of mortality and recommended
mitigating measures, and develop programs to improve
recruitment. It should not deal with socio-economic and
political issues. These issues will be considered by the
HMFS5 and the FWS when selecting and implementing the
preferred options from the alternative measures presented in
the final recovery plan.

The Recovery Team is encouraged to carrviout whatever
communications are necessary to develop biologically and
ecologically alternative measures for the Plan. All draft
plans should be submitted to the Southwest Regional Director
of NMFS before being subjected to cutside review. The
REegional Director will be responsible for distributing and
soliciting comments on written drafts of the plan.

Recovery Plan

Description

A Recovery Plan is a guide that delineates and schedules
those actions required for securing or restoring an endangerad
or threatened species as a viable self-gsustaining member of
its ecosystem., A typical plan should include: (1) an
introduction, which contains relevant information about
habitat reguirements, population limiting factors, past and
current distribution, and conservation efforts; (2)
identification of the objectives of the plan, including
limiting factors affecting the species and the measures or
actions required to alleviate or lessen these factors. These
objectives can be revised and refined as new information is
obtained during the development of the plan; (3) an
implementation sub-plan which identifies agency assignments,
priorities and where possible, estimated funding required for
the actions described in Section 2, sinee most Federal
budgeting is done in three year cycles; and (4} an appendix,
which should include appropriate background material,



Implementation

The final product of a Recovery Plan is a "job list" with
suggested assignments to cooperating parties and agencies for
action. These jobs can be one-time actions, such as
delineating tracts of land that should be purchased, closing
an area to public access, or continuing operations such as
management of a refuge or law enforcement. Recovery Plans can
form the basis for or provide support for NMFS and FWS
endangered species program funding, including research, -
habitat protection, enforcement and habitat acguisition.
Funding estimates and acquisition of funds for activities of
other agencies lie with the implementing agencies.

Operations
HMFE and FWS Oversight:

The NMFS and FWS exercise their direction over Teams through the
following procedures, which provide the necessary oversight as
required by the Act:

{1} By the appointment, removal, and replacement of Team
members;

{(2) By the approval of Recovery Plans and their
subsequent amendments;

(3) By instructions to the Team Leader and members
regarding FPlans.

{(4) By instructions to NMFS and FWS representatives.

Communication

Teams meet as freguently as necesssary for matters such
as preparing plans, subseguent revisions and assistance in
coordinating implementation, At least one scheduled annual
meeting is essential for this purpose. It is recognized that
much of a Team's business takes place within the context of
the Recovery Plans, but it is often supported by written
communication and dialogue among members. It should be

remembered that the best Team decisions are made through
personal interaction, and that meetings, on a regular baszis,

are a means to accomplish this, Although an annual meeting
and annual report is the minimum desired to keep all
cooperating parties informed, each Team should prepare minutes
of each meeting and distribute them te all cooperating parties
and affected States and agencies, Reports on accomplishments,
such as inventory work, often are presented at Team meetings
and become a part of the minutes. A copyY of such minutes
should also be sent to the Regional Office. This pffice neeads
current population and distribution informatien for planning
purposes and to answer inguiries from Wwriters, conservation
groups, agencies and others. It must be emphasized that a



free flow of information and recommendations teo and from the
Recovery Team is highly desirable. any individual should

feel free to communicate personal thoughts or ideas concerning
the recovery of a species directly to a Recovery Team Leader
or any Team member. Communications between Recovery Team,

and any interested parties should be open. NMFS and FWC
members of Recovery Team will represent NMFS and FWE,
respectively, and may receive direction and instructions
regarding NMFS and FWS positions relative to the species concerned
from the Regional Directors or their designated :
representatives. However, NMFS and FWS Team members will
receive direction concerning their other Team responsibilities
from the Team Leader and should contribute their best
professional skille,

Funding

Salary, per diem, and travel costs associated
with Recovery Team activities are normally borne by members'
employing agencies. Routine business expenses of the Team as a
whole may be borne by the Team, through an account provided by
the Regional Directors or may be provided by the Region
directly. Travel expenses of consultants and nen-Federal or
non-State members on Team business, clerical and drafting
services, supplies, printing cests, and other special services
are examples of such expenses. Under certain circumstances,
and at the discretion of the Regional Director, travel expenses of
Federal or State Team members may be paid by the Region.
Observers, will, however, provide their own expenses.

Financing of routine Team business ecan be handled betwesan
the Team Leader and Regional Director who will notify the Team
Leader, in writing, stating the amount available te support
the Team. The task of overseeing the operation of a Recovery
Team iz borne by the Regional Director.

Processing Recovery Plans

. A Team's first planning objective is the preparation of a
Recovery Plan draft that is transmitted to the Regiocnal
Director. The drafts are based on what is blologically and
ecologically practical and feasible for the species and should
not consider socic-economic or political restraints. Before a
draft is transmitted to the Regional Director, The Team is
encouraged to obtain information from other known experts in
the field on biological or ecological factors affecting the
species. The Technical Review Draft will then be transmitted
Lo the Regional Director prior to any distribution for review,
With regard to realty considerations, a Team may indicate, if
it has sufficient knowledge, tracts which should be considered
for acquisition. However, they will not contact landowners or
enter into appraisal or negotiating activities since these
activities are the responsibility of the Federal or State
agencies involved and could adversely affect later attempts to
acguire the land. With regard to economic considerations, a
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Team should indicate, if it has sufficient knowledge, cost
a@stimates of biological recovery actions recommended in the
plan, However, they will not address possible economic
effects of recovery actions on the local economy or contact
local officials or businessmen whose activities might be
economically affected by implementation of the plan, 1In
summation, the Team should address alternative biological
considerations and leave political, socio-economic, and media
relation concerns to the Federal and State participating
agencies charged with the responsibility for cocordination in
such areas. WNon-biological concerns will be addressed by
appropriate agencies after the Team has officially
transmitted its complete draft plan to the Regional Director.
Once a draft is officially submitted to the Regional Director
by the Team and the Regional Director accepts it as
satisfactory for further review, the draft will be
transmitted, with comments to all cooperating organizations
and the Assistant Administrator for review and comment as an
agency review draft. Comments are requested within 45 days
from all organizations other than the Asgistant Administrator.
These organizations should specifically be requested to review
and approve actions suggested as they relate to the agency's
respective responsibilities in the plan.

Following receipt of cooperators' comments, the Regional
Director may elect to return the draft plan to the Team for
modification as needed. However, any conflicts in the draft
concerning political or socic-ecconomiec considerations will be
resolved by the Regional Director, After the 45-day comment
period is terminated and the Assistant Administrator's
comments have been received, the RHegional Director will have
60 days to submit the completed plan, with cooperators’
comments, to the Assistant Administrator for approval,

Draft plan covers must be clearly marked "TECHNICAL
REVIEW DRAFT, SUBJECT TO CHANGE," or "AGENCY REVIEW DRAFT,
SUBJECT TO CHANGE," as appropriate,

The approved plan shall be returned to the Regional
Director for printing. The Regional Director will disseminate
copias as needed to cooperaters at the Regional and local
levels and forward 25 copies of the approved plan to the
Assistant Administrator who will disseminate copies af the

approved plan to cooperating organizations at the Washington
leveal. :

Biclegical Review Assistance

The Recovery Team, in additien to its roles with Recovery
Plans, may upon request, provide assistance to the Regional
Directors on biclogical matters pertaining to its assigned
speciles. Assistance activities will be kept separate from the
Recovery Plan process. Two examples of important assistance
roles are providing recommendations to the Regional Director,
upen request, of ardas that should be considered far




determination of "Critical Habitat" and review of permits
"to take" listed species under Section 10 of the Act. The
terms "Critical Habitat" or "determine Critical Habitat" will
not be used in Recovery Plans since they may cause confusion
with the determinatien identified in Section 4 of the :
Endangered Species Act and described in the Federal Register.
No habitat should be referred to as "Critical Habitat" until
50 determined and published in the Federal Register by NMFS.
Misuse of the term in an approved plan could be construed to
mean NMFS approval of "Critical Habitat" as described in the
plan prior to its formal designation. :

A Recovery Team should identify essential areas necessary
for maintenance or resteration of their assigned species, but
not refer to it as "Critical Habitat, "
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The rate of predation by fishes on hatchlings of the green turtle
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Abstract. This study addresses the need for empirical data
on the survivel of sea lertie haichlings after eatey into the
se by (1) developing a method for measuring maring preda-
tion; {2} estimating predation rates while crossing the reefl;
and (3] investigating the elfect of environmental variables
on predation rates. Predation rates were quantified by
following individual hatchlings, tethered by a 10m mono-
filament nylon line, as they swam from the water's edge
towards the reef crest. Predation rates under particular
combinations of environmental varables (tide, time of
day, and moon phase) were measured in separate trials.
Predation rates varied among trials from 0 1o 855 with a
mean of 3150 (8E = 2.5%). The simplest logistic regression
madel that explained variation in predation contained tide
and moon phase as predictor variables, The resulis suggest
that nocturnal emergence [rom the nest 5 a behavioral
adapiation to minimize exposure 1o the heat of the day
rather than a predatoc-escape mechanism. For the green
turtle populations breeding in castern Australia, most first
wear morlality i cauzed by predation while crossing the
reel within the first hour of entering the sea.

Introduction

Cireen sea turtles (Chelonia mydas, Linnoeus [758) spend
most of their lives at sea. The females leave the water briefly
to dig deep nests in coastal and island sand dunes in which
they lay a relatively large clutch of about 100 eggs (Carr
1967, Bustard L972; Ehrhart [982) [n cach nesting season
S00-B00 egps are laid in several clutches. Individual turtles
do not breed annually but return to the nesting beach at
4= wear intervals (Limpus et al. 1984) Ape o sexual
maturity has been estimated to be between 30 and 50 years
and may differ significantly between populations using
different foraping areas (Limpus and Walter 1980; Balazs
1982; Bjorndal and Bolten 1988). The reproductive [ife
span of manne turtles 15 not known, but has been estimated
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for a population of loggerhead turtles {Caretta caretta) in
the soathern Linited States az 32 vears (Frazer 1983).

The only parental cure offered to the epgs 15 the femulke’s
choice of the nesting site and the construction and hurial
of the nest (Curr 1973 Bustard und Greenham |96%:
Bustard 1972 Hendrickson 1980 The eggs hatch wfter
incubating for 7-11 weeks and the hatchlings take several
days to dig through the sand before they emerge, usually
during the night (Carr 1973 Mrosovsky |968; Bustard
1967, 1972 Miller und Limpus 1981 Miller 1985). On
emergence, they rapidly make their way to the sea, where
they are lost 1o human observers unfil, several years Liter,
they are sighted spain in their shallow wuler Eeding
habitats as small juvenibes {Carr 1973 Limpus et al. [19284).

Many aspects of sea lurtle like history are a direct
consequence of anatomicul and physiological limitations
imposed by terrestrial ancestors iHendrickson [980). The
unuswally large aumber of epgs produced distinguishes
marine turtles from most other reptiles (Hendnckson
1980k High mocialicy during the early life stages (ie. eggs
and hatchlings) 15 usually considered oae of the major
factors leading to such high fecundity. The fectility of eges
may exceed 95", bul emergence success of the hatchlings
may be somewhat lower even in undisturbed nesis (Miller
1985 Whitmore and Dutton 1985 Wyneken et al. 198%;
Harry and Limpus 1989), Although the effect of predators
recently introduced by man into sen turtle nesting habitats
can be substantial. mest workers have suggested that few
of the natural predutors of eges and hatchlings on the
beach normally inflict heavy losses (Limpus 1982: Stancyk
982

Thus, natural mortality of egos und hutchlings prior o
entry into the sew does not 2eem high encugh o explain
the observed high fecundity. However the survivorship of
hatchlings ooce they enter the water is ungquantificd,
Estimates of mortality after hatchlings enter the sen are
mostly anecdotal or based on theoretical considerutions
{Hendnickson [958: Hirth 1971; Bustard 197X Witham
1974: Frith 1975%: Balazs 1980 Richardson and Richardson
1982 Crouse et al. 1987, Witherington and Salmoo (1992}
recently attempted to measure predation on loggerhead
turtle (Careria caretia) hutchlings but their conclusions
are limited by small sample sizes and non-standardized
methods.
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This study addresses the need for empirical data on
survival after entry into the sea by (1) developing a method
for measuring aguatic predation; (2) estimating predation
rates of hatchling turtles in the first hour or so of their
aquatic life; and (3) investigating whether environmental
variables have a significant effect on predation rates.

Material and methods
Study site

Heron Island resf, at the sauthern end of Australia’s Great Barrier
Reel, s an dlongaiz lagoonal platform reef approzmatddy 11 km long
and 5 km wide o its easvern end (Fig. 1). A vegetaied sand cay, Heron
Island, is situated on the western end of the reel Tidal range varies
betwesn Im {springd) to Im (neaps). On spring fides o large
proportion of the reel crest and reef flat is exposed at low waler,
isolating a large lagoon which accuples much of the =astern roel
Water depth in this lagoon ranges between 0.5 und 7 m at low tide-
The approximate areas of the three major habitats are: reef crest
and reel slope = 5.5km?, reef flat = 14.3km? and lagoon = 84km’
iLimpus and Resd 1985), Because of the greater spatial heterogeneity
in the lagoon, measurements of predation were limited 1o the more
uniform reel Rt and reef siope habitats.

Heron lsland provides a nesting habitat for green turtbes which
dig their nests in the vegetated sand dunes, The emerged young cross
1030 of dune and beach area before entering the sea. As with

i K mlar

Fig. 1. Map of Heron [sland resf showing boundaries of major
hahitats. The sland is shown in salid colour, the reef flat surrounding
the lagaon & stippled. The western end of the reel and Heron [sland
is enlnrged. Arrows indicate the directions taken by [ree-swimming

hatchlings afer release from the beach. “n™ denotes those hatchlings
relezsed at night

ather green turtle rookersss, the total number of femabes using Heron
Igland's beaches for egp laving may vary by several orders of
magnitude from season to season (Limpus and Nicholls 1935)
huring the three years of this study, however, the numbers of nesting
furtles at the Heron lslapd rockery were similar to a totl of
appraximately 300- |00 lemales for the season, and F- 120 turiles
reating nightly at the peak of the nesting season. [Limpus 198%). As
there were no eyclones or other major environmental perturbations
during this period, it was asumed that the numbers of katchlings
were pmilar between nesting seasons, Thus, three years’ data wers
analyzed a5 a single seL.

Collection of hatchlings

Hatchlings were collected shortly afler emergence as they crossed the
beach on their way to the sea. All animals were stored in Styrofoam
boses which were kept in a cool, shaded rea. Most animals were
used in experiments within 12 b of capture and no animals were held
i captivity for a period exceeding 24 h. Alter placement in the baxes
the hatchlings would spon assume guiescence, but would regain
activity in response 1o handling. Occasionally hatchlings failed to
regain their post-emergence vigor and soch animals wens mod used
i the experiments.

Observations of predator-prey interactions

Free-swimming haichlings in = 57) were followed by snorkel divers
during mid- to late afternoons at the maximum distance allowed by
conditions of visbility (geserally about 5m). Turtles were followed
unitil they were eaten, lost from view or reached deep water over the
resfcrest, Predator-prey inferactions wens observed and the oulcome
recorded. Movements of 24 hatchlings were tracked by compass,

Measures of predartion

Wost predation irials were carcied out on the noethern reef Aat and
the adjecent reef slope hecause the prevailing south-casterty wind
often made other sites unsuitable. Predation ratea were quantified by
fallowing individual katchlings for a period of ten minutes as they
swarmn from the water's edpe towards Lhe reef crest and the deep water
pevond. Hatchlings were tethered by a fing, monolilament, nylon line
iPlatypus 27T 0.25mm 61b and Supsr Schneider OL20mm 41b)
which was secured through the distal edge of & post central scute.
This prevented the hnichliog dissngaging usell, but allowed the 1ug
aof o predator to release the haschling. The haichlings' swimming
ahility was unimpaired by this tether except for some reduction in
speed (3ce bater), In most cases, the observer helding the (nee end of
the lige could fesl the predation evenl

Because hatchilings tended to swim directly against any tension,
the lines were kept slack in order 1o minimize elfects on the direction
of swimming. To facilitate night observations & Liml plastic vial
[illed with Ll of lvminous Cylume Tuid was attached approximaiely
4m behind the hachlings, allowing the observers to follow the
chosen path of the hatchling. These vials were never attacked by fish.
The wvials flled with exhavsted Cylume were l=ft atached in the
daytime trials for consistency, Ohservers cither walked or swam
8-10m behind the experimental haichlings. During extremely low
spting tides, when Lhe reef flat was compictely exposed, predation
tzlals were rum on the rising or falling tide when water depth was just
aufficiant to allow the hatchlings o swim without having to crawl
over much exposed coral, During high tide at night, most observers
used surf ski paddie boards 1o follow the urtles as protection against
larger sharks. Hatchlings that wers not taken by fish by the end of
the ten minute observation period were rebeased from the line by the
ohserver and allowed bo swim oway-

A variation of the general technique was wused Lo investigate
predation over the reel slope. Hatchlings were aitached 10 2 20m



monofitament line without Cylume {20 m was chosen to approsimate
the: width of the reef slope Halchlings were released with the
obszrver standing on the resd crest at low tide or were released from
adinghy anchored at the crest, The turiles were allowsd 1o swim 20 m
in any direction.

These predation experiments were ussd 0 investigale the effscts
of thres environmental variables on the rate of predation of hatchling
green luriles. The variables investigated were tide, a5 an index of
waier depth [high and low tides were calculated from tide tobbes
Bsusd by the CQueensland Marine Board), ume of day (day and
nightl. ond lunar period. Days beiween the four moon phases (new
maen = phase 1, first quarter = phase Z, full moon = phase 3, last
quarter = phase ) were calégoried on the basis of the moon phase
closest o the dny on which an experiment took place, Mo experiments
took place at dawn and only a few al dusk, Predation experiments
ower the reef slope covered only a 6 day period {12 18 February 1990)
and therefore moon phase was not included as a variable in that part
of the stsdy. However, because the windward and leewnrd reef shopes
show a marked difference in the species abundance and composition
al fishes (Goldman aed Talbor 1976}, becation was included as one
ol the predictor variables.

Predation rafes under particular combinations of thess environs
mental variables were measured by following 20 individual hacchlings
for ten minuies each, The resulting group of 20 observations is
referred 1o as & Loial. A series of nested logistic regression models was
used 10 examine the effects of these predicior varables on predation
rates. Because predation rates were expressed as the proportion of
hatchlings preved upom in each trial, resulting in 8 pon-continuous
varuale, logsiic regression was considered the appropriate methed
for analyss (Anon 1990 G, De'ath. personal communication), Wien
COmparing successively simpler models, the ususl analysis of devianos
using X' was replaced by the F-ratio test, based on the mean
devianee because the data were overdispersed. The general form of
this tesis is ps follows:

AR cimiple model — *¥more comples model

“simple model — ' more complex moded

“*more complex model /' more complex moded

iwhere BES = restdual sum of squares and d) = degrees of freedom),

I the successive models are nod significantly diflerent, the more
complex moded doss not explain the data significantly better than
the simpler madel and the simpler madel is praferrsd. IF the medels
are signibeantly different, this indicares that the factor that was
removed [rom the more comples model. had & significant effsci on
the dependent variable (Le., predation rate),

F =

Falidation of techniques

Effects af the morafifement fine. To establish the optimum tether
length, predation rates were measured using m, 10m, and 15m
lings, The 60 katchlings used in (his experiment weee all from the
same clutch. All three tether lengths were tested simultaneously with
20 hatchlings wsed for each length,

The lengsh of the tether had a significant effect on predation rates
Increasing the distance between the hatchling and the observer from
3 m ta 10m resulted in increased predation rates. Predators showed
interest in the harchlings on the 3m lines, but anly one attack was
made. Results olained lor the Wm and 15 m lines were identical
with & of the 20 hatchlings in each groap preyed upon. Becauss the
15m line would quite often get tangled on handling and because of
o the gxira drag it presented 1o the hatchlings towing it, the bength of

lime wsed 1A @l the predafion experiments over the reel fat was
standardized a1 10m.

The swimming speed of tethered hatchlings was compared with
Free-swimming hatchlings to provide a basis for calculating overall
predation rates dusing the hatchlings’ swim across the reef flal The
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width of reef fat 1o be crossed was eatimared wsing an aerial photo-
graph of Heron [sland reel. The time required by fres-swimming
hatchlings to traverse a given distance was caleulated,

Free-swimming hatchlings moved significandy fasier than their
tethered connterpars (28 va. 16 m/ming (-lest P < 000}, Salmon and
W yneken (1967} obenined a similar swimming speed for [ree SWIMming
lopgerhead turile haichiings

Gihzerver bioy, Mumerous observers ussisted in the field project,
usually on 4 replacement basis. Thus, the investigation of abserver
hizs was limited 1o two periods where individunl observers overs
lxpped bong enough 10 be compared. The proportion of hatchlings
preyed upon within cach tral was caloulawsd for each ohserver, The
average proportion for cach observer was then comparsd by the
Friedman two-way AMNOVA (Siegel 1956} using ‘triaks’ as a blocking
facter. The analysis was conducted separaiely for each periad
between U two different sets of observers. Mo significant difference
wns detected between individual obssrvers (df = 3, P =0.9945 and
df w3, P = (L2608 for the 1wo peripds),

Hesults

A total of 84 predation trials were performed in reef flat
habitats around Heron Island in three separate breeding
seasons (23 March—5 April 1987; 4 January-3 April 1988;
and 2-18 February 19%0). OF the | 740 tethered hatchlings
followed, ninc were attacked by seagulls at the water's
edge. Fresh animals were substituted lor these individuals.

Observations on the behavior of hatchlings
and their aguatic predators

Fish predation on the [ree-swimming hatchlings was high
(93.6%) OF the 57 frec swimming hatchlings that were
followed by snorkel divers, ten were lost from sight, 44
were caten by fish and three survived to reach the reef slope
(Table 1), Most attacks were sudden rushes by dernersal
predators. Often hatchlings were attacked unsuccessfully
by one or more predators before one finally succeeded, OF
the 44 successful predation events 2B were preceded by
attempled predation by fish too small or too weak to be
successful. Mo hatchlings ever took evasive action to avoid
predation.

Compass tracking of the free-swimming hatchlings
(m = 25) indicated that they swim direcily away from the
island’s beaches. towards the reefcrest (Fig. 1). Because the
circumference of the reef crest is much greater than that of
the island (Fig. 1) the density of hatchlings decreases as
they swim away from the beach. This effect is especially
pronounced on the eastern reef Mat and lagoon,

As summarized by Table 1, the most commonly ohserved
predators were fish of the family Serranidae, followed by
Lutjanidae and Labridae. Small sharks, lethrinids and eels
were occasionally observed to prey on hatchlings. Long
toms (Belonidae} often attempted to prey on hatchlings
but were never successful. In the predation experiments
with tethered hatchlings over the reef flat, Choerodon
cvanodus (Labridae) was the most commonly observed
predator, Mo data were obiained on the identity of nocturnal
predators although some of the predators observed during
the daytime are known to feed at night also (Hobson 1965;
Smith et al. 1971).
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Table I. The e of 57 free-swimming

; 4 3 Dapefime Chuteome Predaiors
', wiwdas hiichiings which were lollowed by ) i
snorkel divers during the doytime [mid- 1o g o En_l:f -3 S"n'""?d : _L:':"E_l rTE_m sight Lot ; e
Inie pflzrnoons) aver the eastern reel flul % Jan 987 5 | 3 Epinephelus (var. spp.)
[&30h | Black tip reef shark
| L corpamariiis
12 Jan 1947 : I Epimephelis sp.
1710 h I Black tip resf shark
I Jan 1957 k]| 4 24 Epinephelis (var, spp
170 | [ Cromilepres aliiveliz
I Scand
I L. corpororaies
2 Serranid
1 Buraendd eel
1 Chueerodon cpamodus
1 Feb 19907 3 3 1 O yanodis
1400 h | L. mohsema
* In 1990, hatchlings were followed off the | G cyamodus
northern resf flat which is considerably | L carpomotatis
nurrower Lhan the reel il off ihe eastern | Epinephelus spo
emnd of the island {used in the 987 4 Feb | 1 3 2 I i varponmartos
ohservalions) Some of these hatchlings | GHY by
survived (o reach the reel crest and open 44 3 I

Tolal (£ =57
wiiler : ;

Environmental variahles influencing predation: reef flat

Predation rates varied among trials from 0 1o 852, with
a mean of 313 (S8E = 2.5%).

The simplest model that explained vanation in predation
contained tide and moon phase as predictor varables.
Moon phase was entered into the model as the quarter
about the new moon, Tides were entered into the model
as high and low with no distinction made between spring

Predatian rala

i%) 50 -
e : | i. |
: ]
~ i
e b B
T8

18 Oir Full Zrd Odr

Phagkes af the Maan

Fig. 2. Predation rates of haichling green turiles afler [0 minutes
swimming over the reef Ml under the four different moon phases
The meun and 5%, conhdence intervals of predation rades obtpined
in Inals during the rew moon and durmg other moon phases
{eombBened] wre indacuted

and neap pertods (Figs. 2 and 3). The F-ratio test was
significant when gither tide (P =< 0.0MH) or moon phase
(P 00015 was removed from the regression model
indicating that both factors are important as determinants
of predation rates (Table 20,

The observed and calculated probabilities of survival
under the various tidal and lunar conditions are sum-
marized in Table 3. The model fits the data well. Survival
rate was the lowest under conditions of moon phase 2, 3

Pradatian rate
%) 50 =

—

40

0

Herp Spring

Epring Heap
high hkgh lin law
Tide Leved

Fig. 3. Predation rates of hatchling green turtes after 10 minutes
swirnming over the reef Aat during various tides showing the 957
confidence iiervals for each tide level {clear barsk The mean and
93%, confidence intervals of predation rates oiMained in trials during
the combined neap and spring bow and high tides are also shown
(dark barsh



Table & Summary of kegislic regression
nsalyeis of predation imals over the reel Mni
showing deveance and degrees of [reedom

The codumns F. {df) and P list resualis and
probabilities of the F-ratio tesis based on
comparsons of successively ampler madels,
iMote that ol all the successive steps
invalved in the backward elimination steps
are showni Analysis 13 “Madel | is the
nitml model followsd by the simplest model
(31 that adequately describes the data
Analysas 2 Resulis obiained when triaks
wire run durimg ibe night are re-analyzed
with tide and presence-absence of the maon
in the night sky beeng the predictor voriables
Analysis 3 Resulis oblained when irials run
durmg dayiime only wre re-analyzed wilh
lide and moon phase being the predicior
variahles

Tuble 3. Survival raes {3 iobserved and esumated) of haichling
turiles abler |0 mineies swimming over o reef fal under various

emvaroamental conditions

High nide
I7l
Mew moon Dbserved = — = (1,94
L&
Estimated = e
(85095
15
Full moon, Observed = = [LRQ
11 and 3rd 41
quarery Estimuted = (T F)
{073 D7)

(%57, conlidence inervals for the estimaied values are shown in

prirentbesish
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Predicior warinkbhes

Deviance  J) Fldfy "

included in maclel

Anulysis I; predution trioks in reef Dol habalat; entire dat sel

Madel [

Time of duy

Tide

Moon phase

Teme al doy + tide

Moon phuse + tide

Time of day + moon phase FATH 71 MA M.

Modal 5

Tide

Soon phise 2054 1] 04326 (270 {L6B55S

Mlidel &

Tide 147 2 17763 (1.51) L]
fl.e., moon phase has o slgnilicant effeci)

Ml 7

Moom phase 4014 g2 JRATED (181 = {L000E
ii.e., ibde hos i significons efect)

Anulysis X night time only predation trinks in reef Mot habind

Madel | it N .

Tbe

Presence of moon 1819 M M.A, MAL

Model 2

Presence of moon i 7 LATOE 11,36 (L0
ez elfect of tide is spnificany)

Miodel 3

Tide only 1541 £l FA213 {136 LUPN] |

fie. presence of moonlight is not significani}

Analysis 3 day time only predation trials |r|- reel Mat habitar

Mafed

Tide

Moon phase 123, 4 LA, MLA

Model 2

Moon phase | 43 29025 11,42) < QU]
lie., elfecl of tade s signeficani|

Madel 3

Tide i34 43 FAORY 1142 o7Tee
fie. effect of moon phass & nel sigrificuns s

03 Jewed)

and 4/low tide and the highest during new moon/high
tide.

The data were analyzed further to test whether predation
15 affected by the availability of light, rather than other

|__|.1'.-'|. tide lunar effects. Using data for the night time trials only with
wr moon {up or down) and tides (high, low} as predictor
= variables, it was determined whether the presence,ubsence
P of the moon in the night sky had a significant effect on
062 0E4) predation. In addition. the effect of lunar periodicity on
6 predation during the day. when illumination level did noi
= (.57 change with changes in the phase of the moon. was also
m-uﬁ investigated. The availability of moonlight was not sig-
nificant in determining predation rates (P = 021111 Also

L4 (L ERY ; g

s e moon phiase could not be entirely disregarded as o factor
of significance for the daytime trils (P = 0.0719) adding
further support to the conclusion that the phuse of the
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the moon significantly effects predation. Results of these
analyses are shown in Table 2

Enpironmental cariables influencing predation;
reel dope

Logistic regression analysis of 13 predation trials over the
reef slopes identified no predictor variables {see methods)
that accounted for the observed variability in predation
rates. The observed survival rate was comparatively high
and ranged between 0 and 25% with a mean o 7%
(SE = 2.4%,). However, a considerable proportion of the
hatchlings were preyed upon (approximately 407 of those
surviving at the end of their 20m swim) while they were
being retrieved in order to disengage them from their 20m
lines. Mortality that occurred during retrieval was not
considered in the regression analysis. This type of predation
was not observed over the reef [lat.

Esrimare of total predation over the reef flat

Assuming that predation rates are constant across the reel
flat and that predation rates of tethered hatchlings are the
same as those of ree-swimming hatchlings. the proportion
of turtle hatchlings that survive the swim across the reef
fat to reach deep water was estimated, The number of
hatchlings surviving for a given period can be estimated

from the stapdard exponential survivorship [unction
iBicker 1975k

Nf-!'ll.[."f-a‘r o I"'lr|=l"|r|:|,i.1.'|1

where N is the number at the start of a run and N, is the
_numl:l-:r alive at time ™. The symbol “Z7 refers to the
instantancous rate of maortality and “5" the rate or
proportion of survival in a unit of time (Ricker 1975). The

instantaneous mortality rate is calculated from the expen-
mental data by the function:

E e Lﬂif;';: —_ LDE.EJE

o

where N, is the number surviving at the end of | unit of
time, in this case 10 minules,

The probahbility of survival derived from the logistic
regression analyses was used to cstimate the value of “5"
for the various environmental factors of interest. (See
Table 3 for the values of *5" which apply under vanous
combinations of envirenmental conditions)

Il one considers the approximately | km wide section
of the northern reef flat, for example, which takes 30 min
for the average free-swimming hatchling to cross, only 187,
of them would be expected to survive and reach deep water
during low tide at the first quarter of the moon. By contrast
557 are expected to survive if they enter the water during
the same lunar period but at high tide. These two survival
rates are significantly different, their 5% confidence ranges
being | 6—20%; und 39-65%; respectively.

Discussion

While digging out from the nest. and to a lesser degree
while crossing the beach, group facilitation 15 quite an
important feature of the hatchlings' behavior {Carr and
Hirth 1961: Bustard 1967; Carr 1973). Onoe hatchlings
enter the water, however, all associations between indi-
viduals cease {Frick 1976, Carr 1982} No semblance of
schooling was ever observed in this study, nor has this
hehavior been noted in the literature. The seaward orien-
tation of the hatchlings entering the water at Heron Island
is consistent with the observations of previous workers
{Frick 1976; Salmon and Wyneken 1987).

Because the observations on the free swimming hatch-
lings were timed to coincide with water depth convenient
for the observers and not with high or low water explicitly,
and hecause the period of ohservation was not standardized,
the results chtained through the cohservations of fres
awimming hatchlings are not considered as actual measures
of predation. However, in the experiments involving the
tethered hatchlings, the categorical predictor variables
iday/night, moon phase and tide) were derermined without
error and the experimental conditions (habitat, Lether
length and period of chservation) were standardized.
Thus, with certain assumptions, these experiments may he
considered 1o approximate the true rates of predation of
hatehlings over the recf Nat per unit of lime.,

The tether, when kept slack. imposed no impediment,
other than some reduction in speed, to the sWimming
ability of the hawchlings. However, even the relative speed
of the [ree-swimming hatchlings did not seem to offer
protection against the much greater swimming speed
and maneuverability of predators, as evidenced by the
ohservations of interactions between the fres-swimming
hatchlings and their fish predators; 44 of the 47 hatchlings
succesfully followed over various periods (most often less
than 20 minutes) were caten by fish (ie. 93.6%,). Further-
more. few of the tethered hatchlings were taken by lish as
they swam seaward over the reef slopes, although many of
these hatchlings were taken by predators when their
swimming became poorly coordinated threshing while
being retrieved by the observer, indicating that tethering
per seis not likely to increase the probability of predation.

The lower predation rates on sea turtle hatchlings
during high as opposed to low tides are consistent with
known patterns of fish behavior. The majority of shallow
water reef fish show a strong avoidance of swimming far
above the protection of the subsirate as they themselves
might then be exposed to predation (Shulman 1985). This
is especially so with individual predators such as the
serramids, and may also apply. albeil to a lesser extent, to
schooling predators such as the lutjanids. With increasing
water depth, a hatchling would likely be further from the
hottom and thus less accessible and, in addition, less
detectable, 1o the bottom dwelling predators.

Variation in predation associated with the phases of the
maoon is somewhat more difficult to account for in terms
of known patterns of fish feeding behavior, Amongst other
sEpEnry inputs, visual cues are considered to be an important
aid 1o fish in locating and seizing prey (McFarland 1931}
During new moon the nights are dark, therefore fish
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predutors might be either less active or less successlul than
on nights during other moon phases. This explanation,
however, does not account for the fact that on many nights
other than during the new moon there are several hours
when the moon is not up. The availability of moon light
dind not affect predation rates during night trials {Table Z).
Further, it would appear that the moon phase cannot be
dismissed as a factor afecting predation during daylight
hours {Table 21 1t is therefore ikely that lunar periodicity,
rather than degree of illumination alone, is a significant
factor influencing predator behavior. In support of this
hvpothesis there are numerous accounts of assoctitions
between moon phase and behavior of fish and other reef
animals (Johannes 1981,

Two advantages of nocturnal emergence of hatchlings
fecam the mest have htmpmpugud:{l] it eliminates exposure
to diurnal predators and (2) it removes exposure to the
potentially lethal daytime heat of the beach. Two quanti-
tative studies of terrestrial predation on turtle hatchlings
have been published to date. Mortality of loggerhead,
Caretra caretta, hatchlings due to predation was less than
2% at dawn at Mon Repos, a mainland beach in southern
Queensland | Limpus 1973). At Crahb Island, off the northern
coast of Australia, between 3 and 38% of emerged fatback,
Natator depressa, hatchlings were preyed upon while
crossing the beach (Limpus et al. 1983} In addition there
are a few anecdotal accounts of heavy bird predation on
hatchlings that emerge during the day {e.g. Mrosovsky
1971; Fowler 1979; Stancyk 1982L In the absence of
comparative studies of nocturnal versus diurnal predation
it is not possible to conclude whether nocturnal emergence
offers hatchlings significant protection from predation as
they cross the beach. The greatest predation of hatchlings
probably takes place after they have entered the water
[Hendrickson 1958; Bustard 1967, 1972; Limpus 1978; and
this study). Reel fish show pronounced diel rhythms of
activity with different composition of species feeding
during the day and the night {Collette and Talbot 1972;
Smith et al. 1972). This diel periodicity is also reflected in
the presence and the feeding activity of the various
carnivorous species in different reefal habitats. Yet sur-
prisingly, in this study of aquatic predation. the day/night
factor did not emerge as a significant predictor vanable.
Crossing the reef flat at night as opposed to during daytime
conferred no detectable protection from aguatic predators.
Considering further that most terrestrial predation occurs
while the epzs/hatchlings are still concealed under the
sand, soon after oviposition and again after hatwching
{Carr 1973; Fowler 1979), it is most likely that nocturnal
emergence from the nest is a behavioral response (o
minimize exposure (o the heat of the day rather than a
predator-escape mechanism,

Mo attempt was made to investigate the larger scale
spatial and temporal variation of aguatic predation of
hatchlings, although it is almost certain that significant
variations exist. Limpus (1978} and Mortimer { 1982) noted
that the intensity of predation in the water may be
influenced by the type of offshore habitat that hatchlings
must cross. Published descriptions of turtle rookeries
seldom give details of the type of aguatic habitat immedi-
ately adjacent to the nesting beach, but throughout their
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alobal distribution, nesting beaches are not necessarily
bordered by coral reefs, e.g. Tortuguero (Meylan 1982)
and Ascension lsland (Mortimer 1982). Predation rates are
likely to be different for different seaward zones. Predation

on logger-head turtle hatchlings was relatively low on the
cast coast of Floride (Witherington and Salmon 1992k

Most green turtle nesting in castern Australia oceurs
on coral cays which are surrounded by resfal habitats
comparable 1o Heron Island reef {Limpus [978) It is
therefore reasonable 1o extrapolate from the results of this
study and conclude that for the green turtle populations
nesting along the Great Barrier reef cays, most first year
mortality occurs as a result of predation within the first
hour of entering the sea,
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and the Jumes Cook Upiversily of Morth Quesnsland Animal
Research Ethic: Commitbe. Logisti: support was provided by the
QMNPWS and Special Research Granis from ihe James Coock
Universaly of Marth Queensland, | thank the following imdividuls
for their contribuiions; Dre. B, Alord, G, Death, P. Dohery, B
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Table 1. Estimated number of green turtles nesting at East Island,
French Frigate Shoals, 1973-2004.

Year
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1959
1944
1991
1992
1993
1994
1995
15996
1997
1998
1994
2000
2001
2002
2003

Burvey
nights
43
59
30
13
9
11
13
20
23
19
17
20
18
28
26
101
143
133
119
129
31
26
31
31
33
iz
31
33
31
34
41
, 38

Estimated
nesters
67
105
120
39
82
101
7
52
149
130
35
199
162
69
143
180
294
150
107
384
191
132
252
3a7
504
64
209
353
314
467
219
548

90% bootstrap CI
lower upper
65 68
103 106
115 125
31 47
67 o7
29 113
67 Ho
46 a7
140 158
121 137
30 40
185 212
152 172
62 T4
135 150
179 180
293 294
150 150
107 107
383 384
185 196
127 137
246 257
358 374
404 512
61 it
203 214
346 360
104 320
459 475
215 223
5342 554

2of2



Estimated number of green turtles nesting at East Island, French Frigate Shoals.

Survey Estimated 80%: bootstrap CI
Year  plahts  nesters lower upper

1873 43 a7 B5 68
1874 58 105 103 106
1875 30 120 115 125
1976 13 39 i 47
1877 ) g2 67 o7
1978 11 101 8s 113
1978 13 T a7 a5
1980 20 52 46 T
1981 23 149 140 158
1582 19 130 121 137
1583 17 35 30 40
1584 20 188 185 212
1985 18 162 152 172
1986 29 =12 G2 74
1987 26 143 135 150
1988 101 180 178 180
1988 143 294 283 284
1880 133 150 150 150
1981 118 107 107 107
1982 128 B4 383 J84
1393 31 191 185 186
1004 25 132 127 137
19985 31 252 246 257
1505 3] as7 358 ar4
1987 33 504 484 812
1883 32 g4 &1 GE
1999 R 209 203 214
2000 33 353 348 360
2001 3 J14 304 220
2002 34 457 459 475

JAW
T August 2002



[E] Prom: George Balaza 5/20/93 11:39AM (1220 bytes: 29 1n)

To: George Balaza

Subject: 47-U

e —— e —e—— Massage Contents —-—cm——— e ———
If turtle was sighted before this, it was classpified as UNEKnown
Adult Female nesting on Tern Is., French Frigate Shoals

let sighting: B-23 0310am Taga: LHF - ASB8 Crawling
LFL - A8S91
RFL - AS30

BHF - stump/no tags
Curved Carapce Length= 104 om

8-24 2350pm Crawling
6-28 0747 am DEC
6-28 0536am DEC
T-13 20Z22pm Crawling
DZ245am Crawling
T-156 O445am Digging Body Pit
T-16 0320am DEC
T=1T7 2217pm DEC
T-18 0010am Crawling
0415am Digging Body Pit
T-18 0358am DBF

No further regighting®. ... ... o0t ons
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L) From: Bryan Winton 4/4.93 4:18F0 (481, brtess ¥ 1n)
Tome edrae Balazs )
Hibiseots Rel3les aal

TP S R LN = PERNLI - |=ss AUFE Creary b ts o i bt i e L

Y &S, ;-"i.'JLII' right. "Correction, however® The male you are
Thinking about & &0=U BRI Q=) which 1 a fTemale,

&0l is & PMlale w/ a misming Right Front Flipper (healedi. 1
apologine Tor ot dncluding that this last time.

HACORRWL L] be working on the Tern Island stuff firet thing
Muniday morning. Had plenty of things to stay busy this [rauin t,
Wit b s s o Just the way [ Like ff!1



Ll Fromi Mitchell Craig SP26/93 10035AM (407 bytes: 7 1n)
Toe Georage Balars I
BubiwctE turtle on P oand H

I E LT TR R TR P =

bt i aa I‘IEE—‘!EEI.QE‘.' E:ﬂn‘tirn‘l'ﬂ. ........................................................................ 5
Fleatie excune the delay in reporting this to

vou. While on Southeast I. at Fearl and Hermes in aApril

CHARDY Bteve Gregg nolticed @ Lisving adult male grean turtlo

with a fremh 374 amputation of the right forefllipper and a

L2 amputation of the right hindflipper. Thizs turtile also

fiad 46—l moto-toaled on (I think) the right side. We have

photos of the moto-tool amd the Ladueiles.

Hdeyrﬁenrqe.
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Table }. Weather Data from Tern Island for 1993

% S e
| 1993 TERN

ISLAND WEATHER DATA
T

Mean
Tamperatura (°F)

H.i.n.




Table 2. Annual Precipitation Recorded at Tern Island 1981-1993

""""" AL PRECTIPITATION FOR TERN ISLAND,
|  FRENCH FRIGATE SHOALS 1981-1993.

: EE
i

YEAR TOTAL
PRECIPIT;E;&H {in.)
1981 32.1
1982 37.4
1983 19.6
1984 32.7
1985 33.0
1986 33.0
1887 17.0
1988 25.1
1989 36.0
1990 28.0
1991 35.6
1992 30.2
1993 16.2
MEAN 28.9
ANNUAL
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NAMES/INITIALS OF DATA COLLECTORS
DURINHG 1988 EAST ISLAND HESTING TURTLES

NAME/INITIAL BOOK # PAGE #

. Sheila Moriarty 1 Inside cover 2
2 Phil Dye 1 Inside cover 2
3. G.NM. 1 Sea water temp. 1
4. 5.M. 1 Sea water temp. 1
5. 1-1(_'1?? 1 Sea water temp. 1
6, V.G. 1 Sea water temp. 1
y SRR 1 1 Sea water temp. 1
8. P.D. 1 Sea water temp. 2
8. T.C. 1 Sea water temp. 3
10. M.A.B. fj/i' 1 Sea water temp. 4
11. ©D.B. 1 Eea water temp. 4
12. M.J. 1 Back pages

2 $114

o]

#121




NAMEE/INITIALS OF DATA COLLECTORS
DURING 1988 WHALE-BEKATE ISLAND NESTING TURTLES

NAME/INITIAL BOOE # PAGE #
1. ILynn F. 1 #2

2. V.G, 1 Summary 1
3. G.N 1 Summary 1
4. 5.M. 1 Summary 1
5. H.F, 1. Summary 1
6. P.D. 1 Summary 1
7. D.B. 1 Summary 1
8. T.C. 1 Summary 2
9. M.A.B. 1 Summary 2
10, M.J. 1 Summary 3
i TeFa 1 Summary 3
12. Lynn F. 2 #46 yellow



NAMES/INITIALE OF DATA COLLECTORS
DURING 1988 TERN ISLAND NESTING TURTLES

NAME/INITIAL PAGE #
1. H.F. Hos. 1
2. G.H. Hos. 1
Aan Malde Hos. 1
4. S5.M. Hos. 1
5. -EK.H. Hos. 3
6. F.D. Hos. 3
7. L.F. Hos. 3
B. A.G. HNos. 4
2, T.C. Nos. 4
10. D.B. Nos. 4
11. M.B. Nos. 4
12. D.A. Hos. 4



(8] From: George Balazs 5/31/94 4:56PM (2001 bytes: 28 1n)

To: William Gilmartin

cc: George Balazs

Subject: Turtle nest monitoring on Tern

s Message Contents -—=—————————eee e e e e —————
Bill- Here’s an overview so you'll be aware of status.

Field work there involves one walk by one person each morning at around
gam., Purpose of the walk is to count tracks, and to count and mark likely
egg-nest sites. The objectives are twofold. (1) to continue monitoring
nesting trends on Tern, albeit at a low level from what was initiated and
accomplished during a 6-year period by Ken Niethammer (1986-91); and (2) to
identify specific nest sites so that later in the season rescue efforts can
be carried out to free and release those hatchling that invariably get
trapped due to environmental (non-genetic) reasons. This activity follows
one of the recommendations set forth in the interim turtle recovery plan.

The project on Tern is not now, nor ever has been, a MTRP project. It
is a full-fledged FWS project. However, I have regularly had input into the
work, so feel a definite part of it. Just recently Marc and I conferred at
length about the project to make sure all was on-track, and that I fully
understood how the activity was being conducted. As near as I can determine,
it involves little if any disturbance of seals, Marc tells me that this
important point (non-disturbance) is repeatedly stressed to the person that
does the morning walk (and the person who later digs the nests). Is the work
worthwhile, goal focused, and with scientific merit? I would have to say,
absolutely yes. I say this because the manuscript (the one you now have)
lead-authored by Niethammer appears to be first-rate, containing wvaluable
information that will published in a peer-reviewed journal.

If there is information relating to this topic that I‘m not aware of,
please let me know. But at present, the above is my understanding of the
status.



A-16 0 Tuesday, June 14, 1994

Set up Laysan Island as site
for storing radioactive waste

The state of Hawaii can earn a billion
dollars and better Oahu environmen-
tally by setting aside Laysan Island for
mIE,a ::tl:nt'agui-s of radioactive wu:e. -

ysan Is legally a part of Haw
more than 900 statute miles distant
from Oahu. The island has a land area
of 790 acres, and a channel depth of
over 16,000 feet.

One of Eﬁ first applicants fll::ar the
storage of radioactive waste on Laysan
Island should be the Pearl Harbor
Naval Shipyard. The accumulation of
waste there and the safeguards in
storage have been shown and ex-
plained to our legislators. Pearl Harbor
is joined in this problem by naval
shipyards and by commerci power
reactors over the United States,

E. ALVEY WRIGHT
Kailua
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East Ialand Turtle Report, 1994
U.5. Pish and Wildlife service

Alyssa E. Ward H
Susan L. Pultsz Taoh.

I. Geperal Monitoring

Tha 1994 turtle season was a short season consisting b

of monitoring. There were 121 nesting green sea tuctles (Chelonia mydasz)
identified on East Island during this time as calculated from the ID data.

Turtle Camp began on June 7, 1994 and ended July 7, 1994 conslesting of
30 nights of monitering. Each night conalsted of five turtle walks around the
island at 21:00, 23:00, 1:00, 3:00, and 5:00 {sunset to sunrise). This meant
that no more than two hours lapeed between turtle sightinga. Due to thae
duraticn between walks, it is possible that some turtles that ware up crawling
or digging false pits were not seen. However, it is unlikely that those
turtles that actually nested were not recorded as belng up.

Thera were 73 possible nests recorded an Bast Island tha short season.
Eggs were witnessed for 30 of these nests. Turtles were seen covering egg
chambers (patty-caking} for 18 nests and backfilling 25 nesta.

II. Dats Hotes

Moto-tool numbers Z1 through 2117 wers used during the 19%4 seascn. The
turtle identified as %77 was also given the ID T109. All entries for this
turtle in the data base should be listed as Z77. ID number 243 was
duplicated. Both turtles wers identified by tag number and deslgnated as 43A
and 43B in the ID files. There were four turtles this season without a mokg-
tool identification. These turtles are listed as UEl, UEZ, UK3 and UE4 in the
both the ID and sightings files. All turtles listed in the ID filea have at
least one tag. Those turtles in the sightings files listed as UK without an
identification number were turtles that were sesn up, but, due to their
proximity to seals, were not identified.

Identification data is recorded in the DBASEIII file ERSTIDS4.0BF. This
includes tag numbers applied and measurements taken for nesting femalea in the
1994 season on East Iesland. It alec Lneludes tumored turtle information.
Sighting information is recorded in the DBEASEIIT file ESTSIGS4.DBF. This file
contains the turtle activity for sach night of monitoring.

Tags U302-U¥96 were used on East this season. Tage misapplied and
recoverad are: 304, U33s, USR3;, USST7, USe0, U455, U3ITT, U33is, U503, U485,
U320, U4d4s7, U3TI, U371, US41, U484, US29, U336, U591, UsSDZ, U573, U3s8, US1lY,
Us33, US51, U3BE, U494, U501, Us02, US04, USOS, US0E. Tage loat: W3TT, UDi8s,
U3sd, U394, US00, US29 and U533,

IITI. Miscellanesus Motes

A. Immature turtle was seen basking on the East end of Bast Island en
7/5/94. No tags were read or measurements taken. It is beliswved that
this is the same immature turtle that has been seen basking in prevleus
years on East Island.

B. There were six tumored turtles identifisd during the 1994 ssascn.
These were listed as 226, 233, 293, 2105, Z107 and Z116. Tumor
information (i.e. location and size) are found in EASTID94.DBF.
Three cother turtles had grey lumps approximately 1 om in diameter.




These turtles are 218, 250 and 256 (Z18 had 11 lumps). The lumps did

not appear to be tumors, but thelr positions are listed in the data
basas.

A mature female turtle was found on the runway on Tern Island on 6/9/94.

This turtle was tagged, measured and released. Tag information is as
followsa:

FEl9 RHF, F&20 LHF, F&2l RFL, F&22 LFL
Curved carapace length: 102.5 em

A significant number of male baskers were seen late into the season.
During the first week of July, & minimum of 5 males were seen basking
cn East island. Isclated males (those removed from other baskers and

seala) found basking were tagged and measured. They are recorded as Ml-
MT in the file EASTIDS4.DEBF.

Clutch size was collected for ten turtles. One of these turtles was
heavily tumored. Data collected was as follows:

£9: 6f13/94 105 eggs

£33: 6/13/94 124 eggs (heavily tumored)

E75: &/19/94 110 eggse -

Z81: 6/20/94 45 eggs plus 1 spacer’ /

286: 6/21/94 82 eggs plus 2 spacers (Pit too small. Broke at least one

egg while covering nest. A few other eggs not covered.)
290: 6/21/94 125 eggs

E37r 829794 112 eggs

E43B: 5/30,/94 104 eggs

2113: 7/5/94 111 eggs (nest marked)
291: 776794 87 eggs
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Mr. George H. Balazs 3fﬂfit:;?
Assistant Marine Biologist Y
Hawaii Institute of Marine Biology ';43

PO Box 1346
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Dear George:

In response to your inguiry regarding Fish and Wildlife Service
support of turtle research, you should be aware that the
Service recognizes the value of your research to our long

term resource management objectives. We have cooperated
through logistical field support at French Frigate Shoals and
have also expressed support of this work in ongoing discussions
regarding future triparty research.

In the immediate future, I anticipate that we will be able

to provide some assistance through access to Service chartered
aircraft on scheduled Tern Island flights, assuming all
necessary eguipment and other carge can be accommodated. I
don't believe there would be any problems with access to
Johnston Island NWR for additional research, but this work
would need to be coordinated with the Commanding Officer.

I suggest that you, Richard Shomura and I get together upon
“your return from Tern Island to discuss cooperative involvement
of National Marine Fisheries Service and Fish & Wildlife
Service in future turtle research.

Sincerely yours,

LI i

Pacific Islands Administrator

cc: Richard Shomura

COMSERVE
AMERICA'S
ENERGY

Save Energy and You Serve America!



[1] From: Timothy Ragen 6/13/94 2:56PM (2409 bytes: 37 1ln)

To: Feorge Balazs

Subject: Re[3].: Tel. message on my recorder

——————————————————————————————— Megsage Conkents ---------=memcece o nnaa
Tim- Earlier this morning there was a "message" on my recorder that consisted
of a short conversation between you and Brenda. Was any of that

really meant for me, or was it just a dialing mistake.

Glad you menticned this, because I think a fair amount of
burning still goes on in some places. If vou think it is not
clear to everyone at FFS, let me know, and I°'1l send a
message to them to bring it all back.

Tim- Line and debris pick up on the islands? What's absolulely clear to me
that SHOULDN'T be done with the stuff (like was done a couple of years ago)
is to burn it on the island. East, W8, Trig, Gins are all turtle nesting
habitat- critiecal

habitate. Each entire island (but especially East and WS) hosts nesting,
not just the "beach" perimeter. It grieved me awhile back te see that fws
and or mmrp were piling up stuff in the center of the East and burning it.
The charred remains then mixed with the seil. Or even burning in 55 gal
drums, since the ash debris and smoke could reascnably be expected to affect
turtles and the soil of their nesting habitat. I spoke with Bill back then
and he 100% agreed with me. IF it must be burned, the burning should be done
well outside the nesting and hatching season, (Jan.-March) and in such a way
as to not contaminate the earth used for nesting (ie, burn at low tide in the

intertidal zone. Or, bring it unburned back to Tern and deep in the center
of the island. Or haul it out wvia the Cromwell. geo,

Brenda had called me to find out about dumping marine debris from
FFS, and I wasn't sure where to dump it. Since you have had
experience with the dump, I tried to check with you to see if
you might be able to give me some advice. My telephone has
some sort of ghort in it, and I was having trouble getting
the connection to work. I tried to cut off the connection
with your phone, but apparently, it didn’'t work. We‘ve
resolved the problem. Sorry about the distraction.
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Seals were inspected for injuries, entanglements and
entrapment daily on Tern Island.

b. Hawaiian Green Sea Turtle

Flatter sized turtles were removed from behind the north

seawall on three separate occasions during December. The
first (meagsuring approx. 50 cm) was found just west of Shell
Beach. The second (apprex. 40 cm) was found about 120
meters west of the NE corner of the island. The third
lapprox. 40 ecm; missing left rear flipper) was located along
the seawall opposite the generator building. All three
turtles were found in pools of seawater and appeared to be
in good c¢endition. It iz believed that all three animals

were washed through holes in the seawall on wave surges.

Male and female adult turtles were seen basking on Tern
Island on several occasions during the second half of
December.

W fowl

Four wunidentified ducks were observed in the north channel
oin 1 December.

Marsh and Water Birds
NTR

ghorebirds, Gulls, Terns, and Allied Spacles

a. Laysan Albatroszss

There were 1,987 eggs counted during an island wide edg
count for Tern on 23 December. There appeared to be many
more non-breeders arriving on the island during the end of
the month.

The annual outer island albatross egg count took place on 21
and 27 Dacember: Details can be Ffound under =secticn 5.B.1.
{Outer Islands Monitoring Studies).

b. Black-footed Albatross

There were 1,034 edgs counted during an island wide egg
count Ffor Tern on 23 December. There appeared to be many
more non-breeders arriving on the island during the end of
the mﬂnthi



W\ U.5. DEPARTMENT OF COMMERCE
National Oceanic and Atmospheric Administration
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November 21, 1994 F/5WC2:ghb

Mr. Marc Webber

Refuge Manager

Hawaiian and Pacific Islands
National Wildlife Refuge

P.O. Box 50167

Honolulu, Hawaili 96850

Dear Marc:

While it's still early, I want to take this opportunity to
let you know my plans for proposed sea turtle research at French
Frigate Shoals during the summer of 1995. The following provides
a_short outline of activities and estimated scheduling.

l) Population monitoring of nesting green turtles &t East Island
for the 23rd consecutive year. As conducted during the 1993 and
1994 seasons, a 30-40 day monitoring period is envisioned,
starting during late May or early June. I hope that CﬂnperatiVE
spﬂnsnrshlp of this critical work between our agencies will once
again be possible. As in past years, I plan to fund
transportation (air charters) and other necessities cutside of
persconnel costs. As we discussed, I believe that Kellie Takimoto
will be an excellent person to share the nightly monitering at
East Island.

2} Deploy satellite transmitters on two adult male and two adult
female green turtles at East Island and/or Tern Island. This
work will be a continuation of =satellite tracking accomplished
with adult females during 1992 and 1993 (publications enclosed).
Ideal scheduling would involve 3-4 days of work during mid-to-
late May (for males), and another 2-4 days during mid-toc-late
August (for females). I would personally travel to French
Frigate Shoals to conduct this work.

3) Deploy and retrieve up to 12 computerized temperature
recorders in nesting substrate at East Island and Tern Island.
This work, to be facilitated by Kellie Takimoto, will provide
valuable insight on temperature-dependent sex determination and
sex ratlos of green turtles hatched at French Frigate Shoals.
Each unit is self-powered and weighs only about 100 grams. The
units would be buried at different depths to approximate the
depths of egg nests, They would be deployed during February and
dug up the following December. Three measurements are
automatically recorded and stored in memory each day. All data
for the ll-month period are obtained via computer link after
retrieval.




4) OCbtain small 6 mm skin biopsies from nesting females at East
Island for DHA analysis. This work will refine and expand the
earlier DNA population research for French Frigate Shoals' green
turtles reported by Bowen et al. (publication enclosed). Kelli
Takimoto has been trained to carry cut this relatively benign,
simple, and extremely quick technigue using a hand-held biopsy
punch commonly employed in human medicine. Sampling at East
Island would take place at the same time that a turtle is tagged
and measured.

I would be pleased to discuss the above topics with you in
greater detail, at your conveniencea, as we approach the new year.

George H. Balazs
Leader, Marine Turtle Research Program
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December 13, 19395 F/SWCZ : JRH:JLE
MAW-2L.RML

Marc A. Webber

Refuge Manager, Remote Islands

Hawailian Islands National Wildlife Refuge
U.5. Figh & Wildlife Service

P.D. Box 50167

Honolulu, Hawaii 96850

Degar Mr. Webbar:

Enclosed is an application for a Special Use Permit to
conduct research on Hawaiian monk seals and green sea turtles
within the Hawaiian Islands National Wildlife Refuge. FPlease
note that although I am the applicant and will be the permittee,
the field research will be under the direction of the regpective
program leaders for the Marine Mammal Research Program {(Gilmartin
or his successor)] and the Marine Turtle Research Program
(Balazs), who will be responsible for keeping you informed as the
field season progresses. In that regard, please consult them if
yvou have questions or require clarification. Finally, because
our FY 96 budget iz not yet resolved, the research plans stated
in the application are tentative. The program leaders will keep
you informed.

Thank you for your attention to the application and for your
continued support of our research within the Refuge.

Sincaraly,

WW

E. Michael Laurs
Director, Honolulu Laboratory

Enclosura

cc: W, Gilmartin {w/enclosure)
G. Balazs (w/enclosure)




1. Title: Hawaiian monk seal and green turtle researc

2. Ergject Number: 12501-

Nihoa Island:

1. Resight tagged individuals
| 2. Collect scats and spews for prey species identificatien

Necker Isgland:

1. Resight tagged individuals
2. Collect secats and spews for prey species identification

French Frigate Shoals;

Population moniteringt

Collect undersized female weaned pups for rehabilitarion
Collect scats and spews for prey species identification
Remove transmitters from seals instrumented in lata 19595
Attach instruments to seals

Attach satellite transmitters to adult turtles

Monitor turtle nesting at East Island

Obtain skin biopsies from nesting turtles for DNA studies

Deploy and retrieve Eemperature recorders in turtle
nestcing substrate

MEPOOD =1 O Ln ods fa ba

Laysan Island:

Population monitering
Monitor mobbing activity
Maintain adult male identitiss for mobbing regearch

(U

Population monitoring activities inelude: determining
number and dates of births, tagging weaned pups [(Temple Tags and
PIT tags}, collecting tissue plugs for DNA analysis from weaned
oups, conducting beach councs, idencifving all marked
individuals, flipper tagging all untagged immature seals,
replacing lost flipper tags, releasing entangled seals frem
debris, documenting injurias, performing necropsies on dead
=2als, and cataloging amd destroying marine debris capable of
entangling seals.
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4, Collect scats and spews for prey species identification

Pearl and Hermes Reaf: Lisianski Island

Population monitoring

2. Bleach mark population
3. Collect scats and spews for prey ldentification
Justificarion: This research schedule was developed

following a program activity review with the Hawaiian Monk
Seal Recovery Team (HMSRT) during 6-7 December 1594, and
will ba discussed with the HMSRT during a meeting in late
January, 1996. Emphasis on the 1996 field work will be
placed on resgearch related to the recent decline in the
French Frigate Shoals (FFS] monk seal populaticn, population
monitering at major breeding sites, monitoring the mobbing
problem at Laysan Island, and continuing foraging studies at
all breeding sites where field research is conducted.
Additional research includes resighting tagged seals at
Necker and Nihoa Islands.

Procedures:

A. Campsites will be in the following locations:

Laysan Island: Northwest side of the island, adjacent
to the Refuge sign and the permanent USFWS camp.

Lisianski Island: West side of the island, adjacent to
the Refuge sign.

Pearl and Hermes Reef: Southeast Island, on sand flat
just west of the lageoon; ¥North Island, on top of beach
creat at north side of island, in line with offshore
rock isglet., Furthermore, a temporary camp not to
exceed threé days in duration may be established on
Seal-Kittery Island, in an unvegetated area on the
south end of the island.

No campsites will be established on Nihoa or Necker
Islands. All £ield aceiviey will be conducted from a
supporting vessel.

B. Populaticn monitoring procedures will be identical to
those conducted by NMFS in the past.
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Scacs and spews will be collecrad cn an opportunistic
Dasis as they are found on the beach.

Up to 18 underdeveloped weaned female pups at French
Frigate Shoals will be collected for rehabilitation.
These seals may be Lemporarily maintained at Tern Island
Lor several weeks prior tc transport to Honolulu., During
this time most pups will ke initially tube-fed a Mulei-
milk® or a Multi-milk/herring mixture. After severa]l
days on this mixture, pups will be force-fed whole
herring. The criterien for determining which seals to
collect will be an axillary girth of 35 cm measured
within two weeks of weaning. Smaller seals (girth < 90
cm} will be given priority, however.

A temporary holding pen for seal pups will be erected on
"Shell Beach", Tern Island. The pen will be constructed
of wire mesh suspended from Pipes and metal posts sunk
into the sand, and will extend from approximately 2 m
above the high water mark to approximately 1 m below the
low water mark. Dimensions of the pen will bae
approximately 7 m x 12 m.

Up to four adult green turtles will be instrumented with
satellite transmitters. This activity will occur at
French Frigate Sheals during July-September.

Skin bicpsies will be collected from up to 500 nesting
female turtles at East Island. The &mm diameter circles
of tissue will be collected with 3 hand held biopsy punch
cemmonly used in human medicine. The procedure will be
conducted at the same time that a turtle isg tagged and
measured, It is realized that sampling 2 toral of %00
individuals is likely not feasible, bur a large sample
size is necessary to establish a DNA data base for the
breeding population of turtles at FFs,

Temperature recorders will be deployed in the substrate
of East Island to provide data on temperature-dependent
sex determination and sex ratics of green. turcle
hatchlings. Units will be buried at different depchs
approXimating depths of nests. They will be deploved in
February and dug up in Decembar,
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Berxsonnel: The following summarizes personnel who may visit
the refuge te conduct the proposed research: Kyler
Abernathy®, George Balazs, Brenda Eecker, Mitch Craig?,
Robert Dollar, Denise Ellis®, Frank Parrish, William
Gilmartin, Mark Hansen' John Henderscn, Lance Jeffery' Thea
Johanos-Kam, Shawn Murakawa®, Tim Ragen, Suzanne Russell,
Amy Sloan?, Jim Swensen?, and Chad Yoshinaga?. Other
personnel assisting the research program will ke added to
the permit when their identities become known. Specific
islands for personnel are listed with the schedule.

Cooperators: Cooperators include: The National Ocean
Service, which will provide transpert wvia the R/V Townsend
Cromwell; the Joint Institute for Marine and Atmospheric
Research (JIMAR) and the University of Minnesota, which will
employ some of the researchers conducting the work; and the

NOAA Teachers at Sea Program, who will provide volunteer
personnel .

fesponsibility: All activities will be under the
supervision of R. Michael Laurs, Director, Honolulu
Laboratory. Immediate direction of research/activities will
be provided by the leader, Marine Mammal Research Frogram
(seal research), and by George Balazs, Leader, Marine Turtle
Research Program (turtle research). Field camp leaders will
include Mitch Craig (FFS), Brenda Becker (Laysan), and 1 TBEN
each at Lisianski Island and Pearl and Hermes Reef. We will
inform USFWS once assignments are completed.

Regular radio schedule will be maintained between the field
teams and USFWS staff at Tern Island. Regular contact will
be maintained with NMFS, Honolulu wvia INMARSAT at all
islands:

Cogf: MNo cost will accrue to the USEFNS.
Schedyle:

Hecker Ialand

“University of Minnesobta
‘Joint Institute for Marine and Atmospheric Research

bl



Dates: Mecker will be visited as time permits during crulses
on the R/V Townsend Cromwell returning from breaking

field camps in the more Northwestern 18lands.
Staff: TBN

French Frigate Shoals

Dateg: 17 - 218 Janmuary (TC 96-01); April 18 (TC 96-05)- mid
Septamber {air charter): October-November (TC cruise
and dates to be determined).
Logistics support: TCO 46-03; TC 96-05; TC 96-08; air
charters
Camp Leader: M, Craig
Staff: 3-4 TBN

Laysan Island

Dates: 11 April (TC 96-05) - 19 July {TC 96-08);
Logistics support: No support cruises scheduled

Camp Leader: B. Becker

Staff: 1 TBN

Lisianaki Island

Dateg: 13 April (TC 36-05) - 17 July {TC 96-08}
Logistics support: No support cruises scheduled

Camp Leader: 1 TBN

Staff: 2 TBN

Fearl and Hermes Reef:

Dates: TEN )

Camp Leader: 1 TEN

Staff: 3 TBN

Note: Some staff and equipment used at Pearl and Hermes Reef
may transfer directly from a field camp at Kure Atcll,
Equipment to be transferred between sites would include a
17" whaler and artendant engines, sngine garts, safety
2quipment, and gasaline. Some data collection eguipment
\cameras, computer, binoculars), and personal affecrs of
stafif may also be transferred. No tents, non-canned food,
or other materials likely to harbor specimens or seeds of



B

pest species {(e.g. Verbecenal would be transferred.

Furthermore, all items to be moved will be thoroughly
cleaned, fumigated, and insgpectad.

Other permitg: All activities have been approved by the NMFS
office of Protected Resources under marine mammal permits

isgued to the MMFS Scuthwest Fisheries Science Canter and
the University of Minnesota.



Abstract.- Research and com-
mercial trapping data show variation
in vecruitment to the fishery for
spiny lobster Poralire morginatus
at Mare Eeef, relative to Necker
Isiand which &z 670km to the south-
east. Recruitment to the fishery at
Muro Beef 18 shown to be highly cor-
related with the difference in sea
bevel 4 vears earlier between French
Frigate Bhoals and Midway Islands,
(zeosal altimeter data indicate that
the relative sea level between French
Frigate Shoals and Midway is an in-
dieator of the strength of the Sub-
tropical Counter Current. Mechan-
izma linking the Subtropical Counter
Current with larval advection and
survival are discussed, The sea leve]
index provides a forecast of recruit-
ment 4 years later to the fishery at
Mare Reef.

Manuzcript accepted 20 May 1982,
Fishery Bulletin, 17.5. M-403-458 (1992

Variability in spiny lobster
Panulirus marginatus recruitment
and sea level in the Northwestern

Hawaiian Islands*

Jeffrey J. Polovina

Hamluly Lataratan. Southweest Fisheres Sclence Cender

Mational Marine Fishenes Sendce, MNOAA

2570 Dole Street. Honolulu, Hawai 96822-2396

Igint nszitute of Ranne and Ammosphenc Research [JIMAR)
University of Hawail, Honolule, Hawai 95822

Lepamment of Cceanography. School of Ocean and Earth Stience and Technalogy
Liniversity of Hawail, Hornolulu, Hawaii 96822

Gary T. Mitchum

Aot Instiute of Marine and Atmospheric Research [JMAR]
University of Hawall, Homalulu, Hawaii 96822

Departmert of Oceanography, School of Ocean and Earth Science and Technology
Urniversity of Hawall, Homoluly, Haeaii 36822

Significant correlations between com-
mereial landings or recruitment eati-
mates and one OF More envIronmen-
tal indices are commonly reported in
the fisheries literature, but few have
served as accurate predictors of fu-
ture population levels (Drinkwater
and Myers 1987). However, such eor-
relations can lead to the formulation
or support of hypotheses regarding
the factors responsible for population
changes. For example, an inverse
correlation between the survival of
Pacific mackerel Seomber japonieus
toage 1 and the strength of the Cali-
fornia Current, and the lack of corre-
lation between survival and plankton
biomass, have been offered as evi-
dence that advection, rather than
starvation, controlled survival of the
planktonic stages of this species
(Sinclair et al. 1986),

Correlative studies on lobsters sug-
gest that population size results from
rhanges in survival and advection at
the larval stage, but in at least one

* Contribution 2830 of the Bchoal of (eean and
Earth Selence and Technology, Univarsity of
Hawaii; JIMAER Contribation 91-0243.

instance, density-dependent mechan-
isms after postsettlement may damp-
en this variation (Pollock 1988). Flue-
tuations in sea-surface temperature
appear to result in changes in larval
survival and catches 6 years later for
the clawed lobater Homarus omeri-
canus in Maine (Fogarty 1988), Vari-
ation in the strength of the Leeawin
Current, which may be linked to El
Nifio Southern Oscillation (ENSO)
events, is sugpested as a canse of
variation in the number of larvae re-
turned to the coast and subsequent
recruitment to the fishery for the
western rock lobster Panwlirus
argus (Pearce and Phillips 1988).
Chanpes in recruitment levels of the
California spiny lobster P. interrup-
tug to the northern portion of ils
hahitat may be epizsadie, influenced
by largpe-scale, interannual Bl Nifo
events (Pringle 1986). Varation in
postlarval reeruitment in the South
African rock lobater Jasus lalondil
is thought to arise from changes in
the paths and velocities of extensive
offshore currents, which eventually
return larvae to the coast. However,
dengity-dependent phenomena influ-

43
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encing juvenile and adult stages may substantially
dampen this variation and produce fairly stable recruit-
ment to the fishery (Pollock 1986).

In the Northwestern Hawaiian Islands (NWHI), a
substantial drop in catches and catch-per-unit-effort
(CPUE) of spiny lobater P, marginatus Quoy and
Gaimard 1825 was recently documented (Polovina
1991). This study examines whether these declines in
catches and CPUE are due to overfishing or to ocean-

ographic factors which impact spiny lobster population
| dymamics,

NWHI lobster fishery

The NWHI region is an isolated range of islanda, islets,

banks, and reefs that extend 2775 km northweat from
Mihoa Island to Eure Atoll (Fig. 1). In 1977 after re-
zearch oruises documented & substantial lobster pop-
ulation in the NWHI, a commercial trap fishery was
initiated. The fishery targeted two species: the endemi:
gpiny lobster P. marginafus and the slipper lobster
Seyllnrides squammosus Mike-Edwards 1837. A fish-
ery management plan implemented in 1983 mandated
that vessels submit logbooks recording daily cateh and
number of traps set (effort); the plan also established
a minirrum harvest size for spiny lobster and prohibited
the harvest of egg-bearing females. Subsequent amend-
ments to this plan added & minimum legal size for alip-
per lobster and required that traps have ezcape vents,
In 1990, low catches and CPUE prompted a f-month
closure of the fishery (May-November 18591}
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Poicwving and Mitchum: Recrusment of Panulirus marginatus relative to sea level in NW Hawallan s 485

Since 1983, the lobster fleet
haz been composed of 9-14 ves-
sele (20-30m long), each averag-

Table 1

Annusl landings of spiny (Posulires morgincies) and slipper (Seyilorides AT HOE )
lobters, trapping effort, and percentage of epiny lohster in the landirgs, 1983-80,1

ing 3 trips per vear. The vessels
set about B0 traps per day and

Lobstar landings (107)

1 Trap hauls % spiny
remain at sea almost 2 monthe Yoar  Spiny  Slipper  Tetal (107) CPUE  lobater
per trip. Landingz in recent - =
years have averaged almost 1 188* 158 18 i B4 ik 40

ol : 1984 77 207 FR4 & 2.3% bi
miliion lobsters, valued at about 1985 1022 00 1922 1041 148 58
LHEE nu]hn:rnlre::-ﬂ_?aae]. Because JaRE B4 &5 1894 18 1.a1 50
of heavy fishing since 1986, the 1987 a3 sz 145 B 0,62 53
porulation has been fished down 1983 BE8 174 1z 40 126 B4
Bt the: oo R 1585 B4 223 1166 1068 10 g1

point that 3-year-old re- 1890 581 167 78 1182 0.85 76

cruitz eomprised most of the
fishery catches (Polovina 1991).
Since 1988, sbout B0% of land-
ings have been spiny lobster
(Table 1). Two banks—MNecker I.

' Datn were provided to the NMPS Honolty Lab,, as reiquired by the Crustacean Fishery
Management Plan of the W. Fae. Reg, Fish, Manage. Count., Honolalu,
! April-December 1983,

at the southeast end of the

NWHI, and Maro Reef which is

870 km northwest of Necker I.—account for over 60%
of the fishery's catches. There is no recreational lobster
fishery in the NWHI.

Spiny lobster spawn over a broad spring, summer,
and fall period. After hatehing, the eggs are planktonic:
the planktonic period for the larvae is estimated at 12
mor.ths based on spawning zeason and larval tow dats
(NMFS Honolulu Lab., unpubl. data). Further, the
larval tow data suggest that mid- to late-stage spiny
lobster larvae are close to the surface at night and
move down to ~100m during the day (Polovina, pers.
observ.). Based on growth curves estimated from both
tagping (MacDonald 1984) and length-based methods
(Polovina and Moffitt 1989), spiny lobster reach the
minimum legal size (which is slightly larger than the
gize 4t onset of sexual maturity) approximately 3 years
after they settle onto benthic habitat, After settlement,
the lobster probably do not move between hanks sines
interbank depths exceed 1000m,

Regional oceanography

The Hawaiian Archipelago lies within the subtropical
gyre formed by the Kuroshio Current to the west and
the north, the California Current to the east, and the
North Equatorial Current to the south (Fig. 1). The
speed of the gyre in the vicinity of the archipelago is
slow (<Bemls; Roden 1991). An eastward-flowing cur-
rent within the subtropical gyre, named the Subtropical
Counter Current (8CC), was predicted by Yoshida and
Kidokoro (1967) and subsequently confirmed by Robin-
som (1969) and Uda and Hasunuma (1969) (Fig. 1). More
recent work has shown that, in at least the western por-
tion, the interior of the subtropical gyre is composed

of a quasi-stationary banded structure of easterly- and
westerly-flowing currents (White and Hasunumsa 1982).
The SCC consists of two bands of eastward flow at 23°
and 28°N, with mean annual speeds of 8 and Gemy's,
respectively (White and Hasunuma 1982),

In addition to these large-scale features, the meso-
seale oceanography around the Hawaiian Archipelago
is a complex system of fronts and eddies resulting from
hoth intersctions between alternating east and west
currents and interactions between current and the

topography of the archipelago.

Data and analysis

Research data

Standardized trapping surveys, using the same traps
set at the same sites, were conducted at Necker L. and
Maro Reef during June and July of 1986-88 and 1990,
The size-frequency data were converted to age-fre-
quency data with a von Bertalanffy growth curve
(MacDonald 1984). The age-frequency distribution was
standardized for the number of traps deployed to
estimate the relative age-frequency distribution of the
population.

Fishery data

Although detailed cateh and effort data were not avail-
able until after the loghook regulations were estab-
lished in 1988, catch and effort were generally light
and were concentrated around Necker L from the in-
ception of the fishery until 1984 (Fig. 2). The combined
CPUE for slipper and spiny lobsters in 1983-90
generally declined from 2.8 to ~0.7 lobster per trap-
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evaluate the extent that fishing

Tatal landings
---- LPLE

gee |
B b
S0

20

Talal landings of lobster {mil

effort explains the observed vari-
ation in CPUE. Thiz model as-
surnes constant catchability and
recruitment; hence, the differ-
ences between predicted and
observed CPUE are interpreted
as variation in recruitment, catch-
ahility, or hoth.

The commercial data do not
indicate whether effort was di-
rected at slipper or spiny lobster,
However, the catches can he
grouped into two periods based
on the proportion of spiny to dip-

Commerciol CPUE (lobsier ! lrap=haul)

Yaar

Figure 2

18rne 187E TRRD 15R3 13:1.5 3 18RE& 1988

Total slipper (Sepllarides sguammesecs) and spiny (Panubiree morpinetis) loheter land-
ings and CPUE from the Morthwestern Hawaiian Ta., 1977-00.

THRE per lobsters, In period 1 (1983-
84 and 1988-90), ~80% of the
landings were apiny lobster; in
period 2 (1985-87), ~56% of the
landings were spiny lobster
(Table 1). The change in propor-

haul (Fig. 2), based on catch and effort data reported
in the logbooks. Catch data in the logbooks are checlked
against landings by enforcement sgents, so misreport-
ing is not a problem. Common assesament approaches,
such as length-based eohort analysis, are not applicable
to this fishery, given the relatively short time-series
of catch and effort data, the difficulty in routinely
ageing lobsters, and the lack of information on the size-
fregueney from the landings and the nature of & atock-
recruitment relationship. While a dynamie surplus pro-
duetion model has been applied to the data, an implicit
assumption about the form of the stock recruitment
relationship is required (Polovina 1991).

A more general approach I to begin with 2 model
which expresses N, as the number of expleoitable lob-
atere at time 1 a2 a fonetion of M;_;, £ a& the totsl in-
stantaneous mortality from time t-1 to t, and r az the
number which recruit and survive from t—1 to t as

Nﬂl =TI + N‘t-'l. E"I..

Using the relationship that the product of catchability
(q) and Ny, is CPUE,, this model becomes

CPUE; = q*r + CPUE,_, e-M-4df

where M and f are annunal instantaneous natural mor-
tality and fishing effort, respectively, during the period
t—1 tot. This CPUE model, a simple version of a size-
structured model developed by Schnut-E et al. (1989),
was used to estimate population parameters and to

tion of spiny lobater catches is

likely due to changes in targeting

and abundance. The CPUE
model is modified so that a catchability coefficient can
be estimated for each period. Our modified CPUE
model regresses the CPUE of spiny lobster above the
minimum size in month t (CPUE,) on the CPUE of the
game month in the previous year:

ML)
CPUE, = R*Q, e &

+ (CPUE.15) (e-¥- “][
with %
Q= gily + ':I'EIE.I

where q; is the catchability of spiny lobster during
period 1, gs is the catchability during period 2, M is
the annual instantaneous natural mortality, R is the
annual recruitment, £ is the cumulative fishing effort
during the period (t-12, t-1), and L, (i=1,2) iz the
indicator or set function which takes the value 1 if t
is within period { or otherwise takes the value 0, Esti-
mates of K, q;, gs, and M were obtained by minimiz-
ing the sum of squares of the difference hetween the
square root of the observed and predicted CPUE with
a simplex algorithm.

Sea level data

To examine the relationship between lobster recruit-
ment variation at Maro Reef and physical factors such
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a8 variation in the 3CC, we [o-

cused on the analysis of sea level 1a0f
data from the NWHI. Our choica

of eea level was primarily a prac-
tical one, In comparison to cur-
rent or upper-layer temperature
records, the sea level records are
of long duration, and the data are
measgred continuously and are
available in nearly real-time. An
additional advantage is that sea-

FF:—Midway sea level (mml
[=]

10 - {876/ TT

EN5D svents

1982/ 83 1086/67

AN

surface height data from the i
Geosat satellite altimeter are

available to provide a spatial de- =D
seription that complements the

temporal deseription available -18a}
from the sea level stations. 1976

Data on the difference in sea
level between the ganges al
French Frigate Shoals (FF3) and
at Midway [z, have beer avail-
able since 1976 (Figs. 1,3). This
sea level difference (denoted as

1978 1580 1 5!2.

Annund French Frigate Bhoals (FPS-Midway sen level differences from tide gauges,
19765 (ENS0 = El Misie Bouthern Oscillation),

1984 1986  198B  1R%D

Year

Figure 3

FF3-Midway sea level) serves as

an index of the geostrophic cur-

rent anomaliea acrogs the NWHI in the region of Maro
Reef. For example, an incresse in the sea level height
at FFS relative to Midway Is., measured from tide
gauges, indicates the strengthening of a current that
is across the gradient between the two locations and
is flowing from the southwest to the northeast.

To interpret these flow anomalies as a manifestation
of the variations in SCC strength, the spatial structure
of the sea-surface height variation was examined by
mapping the variability observed by the Geosat altim-
eter during November 1986-November 1988, These 2
years were selected because more accurate orhit
estimates were available during this time-period and
would result in more accurate sea-surface height
fields. The Geosat peophysical data records were ob-
tained from NOAA (Cheney et al. 1987) and were pro-
cessed with software developed at the University of
Havwraii.

Averages of the Geosat data over November 1986-
November 1987 were subtracted from the averages
over November 1987-November 1988, Before using
the Geosat data, we checked that the resulting sea level
differences from the altimeter were consistent with the
eorresponding sea level differences from tide gauges
at FFS and Midway (not shown). Choosing these time-
periods also allowed us to contrast conditions during
the ENBO period of 1986-87, when the FFS-Midway
sea level was low (620 mm), with conditions during
the normal period of 1987-88, when the FF3-Midway
sea Jevel was higher (~~600rmm).

Puerulus settlement

During the last planktonic stage (i.e., postlarval or
puerulus stage), spiny lobster acquire the benthic maor-
phological features of adults and become active swim-
mers seeking benthie habitat. MacDonald (1986)
studied puerulus settlement in the Hawaiian Archi-
pelago with traps known as Witham Collectors at Kure
Atoll (north of Midway Is.) in 1979-83 and at FFS in
1981-85. He computed mean catch per collector over
12-month periods (June-May) at Kure Atoll and FFS,
These data will be compared with the FFS-Midway sea
level data,

Results

The fit of the model to the commercial CPUE data and
the resulting residuals indicate the model fite the trend
in CPUE, but considerable unexplained variation ex-
ists in CPUE within and between years (Fig. 4). For
example, given the fishing effort, CPUE was greater
than expected in 1988 but declined more than expected
in 1990, Sinee the model assumes both constant recrit-
ment and constant catehability, the residuals may
reflect variation in these factors. From the fit of the
model, R=1.2x 10% adult lobstera/yr, M =0.TLyr, g, =
12%10-5, and qg=0.6x10-8 Thus 1.2 million lob-
gters recruit to the fishery annually; with an M of
0.71yr, only 50% of the 3-year-olds survive 1 year (in
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the absence of fishing). Further, a CPUE of 1.2 spiny from tagging at FF8 iz 0.5/yr (MacDonald 1984),
lobster/trap-haul meane the exploitable population iz Commercial trapping effort since 1985 has averaged
1 million spiny lobeter. An independent estimate of M about 1 million trap-hauls (Table 1); using the q, esti-

Spiny lobster CPUE

Figure 4
Fit of the CPUE moded { + ) to monthly CPUE () for spley lobster Pamoimes
marginatus in the Northwestern Hawailan 12, and resdaals from the fit
[#].

mate ag catchability, annual fishing mor-
tality (F) is estimated as 1. 2fyror 1.7x M.
With these figures and the estimates of
growth and age at onset of sexual matur-
ity, the Beverton-Holt vield equation esti-
mates the spawning-stock hiomass per
recruit, when effort iz 1 million trap-hauls,
iz 40% of what it would be in the absence
of fishing (Polovina 1991). Thus, the ratio
of F to M and the relative spawning-stock
biomass caleulations sugpest that the
gpawning biomass in 1985-B6 was not
fished down to a level that would cause the
poor recruitment to the fishery 4 years
later (1989-80).

Much of the variation in residuals from
the CPUE model iz due to variation in re-
eruitment at Maro Reef, For example, for
the entire NWHI in 1990, trapping effort
incressed 11% from the previous vear
while the catch declined 33%, resulting in
a 39% decline in CPUE. However, the
decline in CPUE was most striking at
Maro Reef, where CPUE declined 42%

even though effort decreased by
37T%. At Necker I, CPUE also

1086 1987

declined (40%) but effort in-
creased 35%.
The estimated age-frequency
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distributions based on research

H=1410 eruizses at Maro Beef show a

atrong 3-year-old class in 1988
and a striking absence of all age-
classes in 1990 (Fig. 5). This iz
consistent with the hypothesis

- 25 that recruitment of the 3-year-

olds to the fishery was weak in
1990 and subsequent fishing
reduced all older ape-classes.
Necker I, had many more 2-year-

W=170 olds in the samples since some

trapping sites include nursery
hahitat; but between years, the
abundance of Z-year-olds was
relatively constant, whereas

agl— =T [ older lobsters declined in 1954,

i1 likely because of the increase in
fishing effort (Fig. &),
The NWHI lobster fleet is very

Age-frequency distributions of spiny lobeter Panulirus mavginatas, based on research mobile and shifts its trapping
sampling in 1986-88 and 1950 at Maro Feal (N = no. of spiny lobster in the sample). locations according to abundance

of lobsters, By 1986, hoth Maro
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Reef and Necker L. had gone through a period of fishing
down the pre-exploitation population; the relative

change in catches between the
two bunks may reflect changes in
their relative recruitment. Since
both banks are not always fish-
ed each month, we pooled the
eatches by quarter, A 3-quarter
moving average of the ratio of
quarterly catches at Maro Reef
to the combined quarterly catches
at Necker I. and Maro Reef shows
considerable variation (Fig. 7).
For example, catches from Maro
in 1985 and 1988 represented
almost B0% of the catehes from
the two banks, but in 1990 they
represented less than 20%. A
3-quarter moving average of the
residuals from the CPUE model
shows the same trend as the ratio
of catches from Maro Reef rela-
tive to Necker I, and Maro Reef
combined (Fig. 7). This suggests
that the variation in recruitment,
eatchability, or both at Maro

height of the sea level ridge stretching across the
Pacific. The height and location of this sea level ridge
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the variation not explained by
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Age-frequency distributions of spiny lobster Panulirus warginatug, based on research
sampling in, 1986-88 and 1990 at Mecker L (N = oo of spiny bobater in the sample),

Variation between
sea level and the SCC

Differences in sea level over the Pacifie, be-
tween a year when the FFS-Midway sea level
was high and a year when it was low, appear
as a ridge of positive values, extending from
southwest to northeast, that parallels a
trough of negative values to the northwest
(Fig. 8). Midway lies in the trough, Honollu
is on the ridge, and FFS lies on the gradient,
which eorresponds to the region of the most
energetic peostrophic flow anomalies. This
ridge and trough indicate that the change in
the FFS-Midway sea level from low to high
reflects the inerease in a ridge extending
acrosa the western Pacific. The increase in
the ridge and trough pattern represents an
increase in the current flow along the gradi-
ent of this ridge. The path of this gradient or
flow across the Pacific i3 consistent with the
general path of the SCC. Thus FFS-Midiway
sea level measures 3 large-scale oceano-
graphic feature which is represented by the
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Figure 7

Thres-guarter moving average of the ratic of quarterly landings of SRANY
labster Ponulivus marginatus st Mare Reef &0 quarterly landings at Mara
Bewf and Mecker T, (), and 5-guarter moving avernge of the residuals
from the fit of the CPUE model to monthly spiny lobster CPUE (%),
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Figure B

Differenoes between mean s level durng a non-ENE0 (E] Migo Bocthern Oscillntion) period (Mow, 1987-Sape
1988) and an BN perind (Mov, 1986-Sept, 1987) from Geceat data. Negative values denoted by shaded aress.
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Orverlay of I-manth moving average of French Prigate Sheals (FFSR-Midway sea Jevel
sidvanced by 4 years {{J) with & Fmonth moving sverage of residuals from the fit of

L4

correspond to the SCC strength
and position, respectively,

Relationship between sea
level and lobster abundance

eroes-correlations between
FFS-Midway sea level and the
varisbles (Le., the ratio of catches
at Maro Reef to the combined
catehes at Maro Reef and Necker
I., and the residuals from the
CPUE model) have their strong-
est correlations (r 0.82 and 0,68,
respectively) with sea level
lagrgred by exactly 4 years. When
sea level is lagged by 4 years and
overlayed with these time-series,
there is good agreement (Figs.
%, 10). Based on research samples
pooled over 1986-88, the mean
estimated age of lobsters caught
by the fishery is 3.8 years (after
settloment).
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Based on the comparison of FFS-Midway sea level
with the available puerulus settlement data from
MacDonald (1986) in the same yvear, the FFS-Midway
sea level correlates positively with mean puerulus

ment differs betwean Necker I, and Maro BEeef, At
Maro Reef, large-scale oceanographic features appear
to control the abundance of late-stage larvae, which in
turn results in interannual variation in recruitment to

eatches at Kure Atoll {r 0,78, P 0.11) and shows no

significant correlation with mean
puerulus catches at FFS (r
—-0.37, P>0.25) (Fig. 11).

Discussion

The research and commercial
catch and effort data presented
here show that the recruitment
of 3-vear-old spiny lobeter to the
fighery has varied considerably
at Maro Reef but has remained
gtable at Necker [, 870km to the
southeast. Fishing effort i3 not
congidered sufficiently heavy to
explain & decline in recruitment,
especially a decline at one bank
and not the other. The relation-
ship between recruitment to the
fishery at Maro Reef and the
FFS-Midway sea level advanced
by 4 yeara supgests that environ-
mental factors impacting the lar-
val stage are responsible for the
recruitment variation. The Geo-
sat data suggest that the FF3-
Midway sea level measures the
SCC. Henee the SCC strengrth or
location dictates recruitment
gtrength to the fishery 4 years
later. Consistent with this hy-
pothesiz is the mean age of lob-
stera in the commercial catehes
as well as the correlation be-
tween puerulus settlernent at
Kure Atoll and FF5-Midway sea
level. The lack of correlation be-
tween poerulos settlement at
FFH and sea level is consistent
with the cheervation that recrait-
ment at the lower end of the
NWHI is not linked to the same
pattern of variation as Maro
Reef. Annual variation in both
3CC strength and poaition has
been observed in the western
Pacific (White and Hasunurma
1982). In summary, the temporal
pattern of spiny lobster recruit-

the fishery.

s

Spiny lobster catch ratio

S E 5885658838248
FFE=Midway sea level (mm)

Ouorter of year

Figure 10
Orarlny of 3-quarter moving average of French Frignte Shoals (FFE-Midway sea level
advanced by 4 years (1), with & S-quarter moving average of the ratio of Maro Roef
to Maro Reef plus Mecker 1., spiny lobeter andings (+1
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The underlying mechanizm linking the correlation
between the SCC and subsequent recruitment at Maro
Reef iz not known. It iz possible that the 3CC returns
larvae, which have been advected west of the archi-
pelago, back to Mare Reef. The SCC has heen hypoth-
esized Lo transport Acropore coral from Johnseton Atoll
(lat. 16°45'N., long. 169°31'W) to FF'S (Grigg 1982).
In addition, larvae of a spiny lobster species not re-
corded as an adult in Hawail have been transported
from the Marshall Is. to the Hawailan Archipelago
{Phillips and McWilliam 1989).

However, it may be that the 3CC impacta not advec-
tion but larval survival, Laboratory studies have shown
that spiny lobster larvae suffer a high level of mortal-
ity when water temperatures drop below 20°C (T.
Kazama, NMFS Honolulu Lab., pers. commun., Sept.
1941). In the years we estimated that the 3CC was
weak, water temperatures <20°C in the winter have
been ohserved at Maro Heef but not Necker 1. If litile
larval mixing oecurs between Maro Reef and Necker
L., larval mortality at Maro Reef resulting from low
winter temperatures could aceount for the observed
recruitment variation,

A third hypothesis is that when the 8CC has a par-
ticular speed and location, it produces fronts which re-
tain larvae near Maro Reef, When the SCC 15 weak or
shifta, these fronts are not formed near Maro Reef.
Preliminary evidence from the drifter buoys and lar-
val reampling in our study suggests fronts north of Maro
Reef and south of Necker I. may be important for
lobster larvae (Polovina, pers. oheerv.)

One potential management application of the lagged
relationship betwesn FFS-Midway aea level and recruit-
ment is that it provides up to a 4-year forecast of re-
cruitment to the fishery at Maro Reef. A 3-quarter
moving average of the FFS-Midway sea level shifted
forward by 4 vears forecasts poor recruitment in 1991,
followed by an improvement beginning in late 1992 (Fig.
12). During January-May 1991 before the fishery was
elosed for & months, reeruitment at Maro Reef clearly
had not recovered, as only 10562 spiny lobster were
harvested from Maro Reef while 34,746 spiny lobater
were harvested from Necker 1. Recall that the relative
eabehes bebween banks provide an index of relative abun-
dance, since the fleet moves to maximize the CPUE.
The FFE-Midway zea level dats forecast that catches
at Maro Reef will improve beginning in late 1982 (Fig.
12}, Data from larval tows are congistent with this
forecast, Standardized larval tows, taken in June and
Movember 1989 over a grid of stations from the 200 m
ieobath out to 56 km around both Necker 1. and Maro
Roef, canpht 3802 and 3342 late-stage phyllosomes,
reapectively (J. Polovina, unpubl. data), A {-test, baged
on & lognormal distribution, finds no significant differ-
ence in the mean abundance of larvae between Maro
Reef and Necker L. If we assume that larval abundance
was high around Necker 1. in 1989, then good larval
recruitment apparently has returned to Maro Reef.
Thia is consistent with the observed higher sea-leval
values in 1989 (shown as 1998 values in Fig. 12, since
the sea level has been advanced by 4 years) and sup-
pests that eatehes will be high at Maro Reef in 1993.

The FFE-Midway sea level time-
series from 1976 to 1990 (Fig. 3)

shows that ENS0 events may re-

Spiny lobster catch ratio
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gult in poor recruitment to the
fishery 4 vears later, but the series
also shows a long-term decline.
Reasons for the low FFS-Midway
sea bevel during ENSO events are
not kmown, but may be related to
a decrease in surface water sup-
plied to the S8CC in the western
Pacific. Such a change could be
associated with the cireulation
disruptions ohserved in the trop-
ical Pacific during ENSO events
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ge |evel deviation advanced by 4 years (thin Hinel
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Thres-guarter moving sversge of the rato of quarterly ladings of spiny lobster Posulénes
meavgineins at Maro Reef to quarterly landings at Maro Reef and Mecker T, (hold line)
wweriayed with the 3-quarter moving average of French Frigate Shoals (FESp-Midway

500 (Meyers and Donguy 1984). The

long-term decline in sea level
from 1976 to 1990 supyests there
is & low-frequency component in
the variation in SCC strength
and, hence, lobster recruitment.
Thus, it may be aome time before
recruitment to the fizhery iz at

the early 1880s" level.
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The Southern Oscillation Regulates the Annual ;%? Eﬁ-‘ '
Numbers of Green Turtles (Chelonia mydas) R o
Breeding around Northern Australia g, 115

Colin J. Limpus® and N. Nickolls®

AQ‘unﬂm.ﬂ Matiomal Parks and Wildlife Service, P.0. Box 5391, Townsville, {1d 4810, Awstralia.
® Buresu of Meteorology Research Censre, Melbourne, Vic. 3000, Ausstealia.

Abntract

The green tunile (Chelonia mpdas) is one of six furtle species which breeds around northern Avptralin
and Indonesia. The number of green tunibes observed nesting varies sobsiantially from year 1o year.
The interanmesl fluctuations in the mzmber of nesting turiles are in phase st widsly separated rookeries,
They are ales correlated with an index of the Southern Oscillation, a coberest patiern of atmospherse
pressure, temperniure and rainfall fuctustions which dominstes the |mterannual varinbility of the climate
of the wropical Pacific, Major fluctestions [n the numbers of turiles breeding oocar two years after
major flucruatbons |m the Southern Oscillation. The relationship & srong enough to be useful In
predicting, two years in advance, the mumbers of green turtles bresding in Grear Barrier Beef rookeries.
This is the (s stwdy vo report & béological impact of the Southern Oscillation that allows such &
long-range prediction of the impact.

Introduction

The green turtle (Chelonls mydes) 5 & pantropical herbivorous sea turtle, It s one of
#ix species of sea turtles breeding in tropical Australia. Typical of sea turtles, Chelonfa
mpdas lives in widely dispersed feeding grounds, in this instance sagrass flats and algal
rich reefs, but migrates to aggregate most of its bresding at 2 small number of traditional
rookerizs, Within the Oreat Barrier Reef region (GBR) there are two such major rookery
areas, one centred on Raine Island in the north and the other in the Capricornia Section in
the south. The green turtles nesting at these eastern Australian rookerbes are drawn from
feeding grounds not only within the GBR but from the region encompassed by Northern
Australia, Mew Caledonla, Vanuatu, Papua Mew Guinea, Irian Jaya, to as Far west as
Ambon in Indonesia, i.e. the Coral Sea, Gulf of Carpentaria and the Arafura Sea (Limpus
and Parmenter 1986), Green turtles nest almost entirely during the summer within the GBER;
maximum nesting density occurs in December and January. During a8 breeding season, each
female lavs several clutches of egps at about 2-weekly intervals (Bustard 1972; Limpus 1980;
Limpus ef al. 1984).

Materials and Methods

Data have been collected on the numbers of green twriles nestlng on two islands st opposite ends
of the GBR, Heron lsland (23°26'S.,151°5%E.) and Raine Island (11°36'5.,144501°E.}, For the breeding
senscns between October 1974 and April 1986, Becsuse ol different logistics of working on these islands,
the size of the annual nesting popalation was sssessed differently at esch lsland. For Heron Island the
amnuaal tocal namber of nesting female green turtles visiting the islasd was mensured by & tngging cemsus
conducted over several monthe. For Raine [land, the avernge mumber of nesiing females visiting the
island per night nt a standard time of the nesting season (early December) was measured, The natural
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bogarithm of these data is graphed 8 Fig, | to fustraie theat subsantial variations occur in the numbers
of nurtles nesting, and that the variations on the two widely separnted iglands oceur in phase, There is
no evidence that these fluctustions in any way reflect fuctuations in the actual numbers of turiles in

£ Haron Island o
al oxxd Raing [sland b
— Digrwin pressurs Py -|1008
; LE: &
E -] 23 E
2 % 2
Il | 1008 £
_..I' r\ -
N e
<3 4 -::._‘_ g-.':: = 1004 1_E:
Ers
Zr i = 1002

1974 76 76 77 78 79 B 61 82 85 B4 ic

Fig. 1. Histograms of naturgl logarithma of the mumbers of green
tartles breeding at Raine Island and Heron Island between 1974-79
and Im-ﬁ.mmuﬂummm&ﬂq!mﬂumm
idﬁhu:mqum:mlﬂnmtmml- Darwin armospheric
presaure for Mov.-Jan, two vears sarlier is alss shown. Datn were
unavailable for Raime Island for 1983-84 and for 198535,

The numbers of turtles nesting at Heron Island and Raine Island have been correluted
with an index of the Sauthnnﬂldihliun{sﬂl.mmis&mm patiern of pressure,
temperature, and rmr-ll Nuctuations which dominates the interannual climate fuctuations

to the El Nifio phenomenon which has o marked effect on the marine biology of the =ast
Pacific (Barber and Chavez 1983). The primary manifestation of the 50 is an aperiodic
seesaw in atmospheric pressure between the southeast Pacific and Indlan Oceans. Darwin
mmphniupm:misnneﬁwﬂlindimnrthumnnﬂnbhndhubmrcluted
to rainfall, sea surface temperature and tropical cyclone activity in and around northern
Ausiralin and Indonesia (McBride and Micholls 1983; Nicholls 1984z, 19845, 1985q),
mmmmcﬂmmmwﬂhﬂnmhmumsw
themselves as possible causes of the Auctuations in the numbers of green turtles bresding
50 these numbers were correlated with 3 month means of Darwin pressure from up to 3 years
prior (o the mid nesting season (1 January). Strong positive correlations were found with
mmnmn—nmmmmmmﬁu.mm: correlation was with the
umnmnmmtheﬂnum-lumpﬁndzmhfmmunmmm
The correlation coefficients Mwammummmwm}hmbn-lmm
two years before nesting and the turtle numbers were 0-78 (with Heron Island numbers)
and 074 {with Raine Island numbers). Even with the small sample available (12 years at
Heron Island, 10 at Raine Island) these are significant at the 2% level. Darwin pressures
averaged over the pericd Movember-January two ¥ears prior to nesting are graphed in
Fig. 1. The close relationship between Darwin pressure and the numbers of tortles nesting

& il
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two years later, at both Heron and Raine Izlands, is clear for the short period of data.
The data are graphed as a scatter disgram in Fig. 2 which reveals the relatlonship more
clearty,

The period 1974=T5 to [1985-86 i3 the only one for which quantitative daia on the
numbers of turtles nesting at these islands are available, Qualitative descriptions of the
numbers of turtles nesting at these islands are available from various sources for same earfier
years, Those years with known poorer turtle numbers (e.g. 1928, 1949, 1964) were preceded
by lower than normal Darwin pressures two vears earlier. In addition, qualitative data
fuggest that males and females appear to be similarly affected. In poor seasons at Heron
Island not only did the turtles not nest in abundance, but the females and the corresponding
mabe component of the population did not arrive in abundance on 1.1:e adjacent reefs for
courtship (Limpus ef af. 1984).

R Raren  —e
gk
a = i
g" ' . g
[ ’ ‘
5 "
1-

[ i 1 1 g
10403 1004 1006 21008 1007 1008 1008
Darwin presgure b

Fig. 1. Scatier dlagram of daa shown in Fig. 1,

Discassion

Ac noted earlier, the 30, of which Darwin pressure s an index, has marked effects on
the atmosphere and ocean in the Australian region. It is not, therefore, totally surprising
that the 30 3 related to Muctuations in the numbers of wuriles breeding, Previous work
has demonstrated strong biological impacts of the 50 in this area, specifically crop yields
(Nicholls 1985h, 1986). But why should there by a lag of 2 years? From any one feeding
ground, only a portion of the mature females green turtles are breeding in any one year
(Limpus and Reed 19850, 19855). In Australia, the same female green turtle has not been
recorded breeding in successive years. Indeed the modal remigration interval recorded from
Australian rookeries is § years (uncorrecied for tag loss—Limpus ef af, 1984). The events
preceding a breeding season are as follows (Limpus, unpublished data). Most of the females
have left their home feeding grounds a month or two before nesting commences in late
October. Before that however, each female will have deposited several kilograms of yolk into
the hundreds of follicles she has prepared for the breeding season. This vitellogenic process
appears to take about 9 months, developing follicles being visually recognisable in ovaries
in the late January before 2 breeding season. Before vitellogenesis begins the females will
have already laid down additional fat deposits, but the duration of the fat deposition period
is not known. Thus preparation for a breeding season commences more than 1 year before
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oviposition. The observed correlation between numbers of breeding turtles and the 50 effects
with a lag time of 2 vears indicates lhatﬂummrbtdﬁ:nni:ﬂn: the proporton of
females able to acquire the fai reserves necessary for entering the vitzllogenic phase of
preparation. While the time sequence of preparation for a breeding season has not been
documented with the males, the observation that fewer males migrate 1o courtship in the
poorer nesting years suggests that they have a similar preparation time for bresding as the
females,

There are also indications that the nesting density of green turtles in south western Java,
based on egg harvest data 1981-84, fluctuates in parallel with that of the OBR green turtle
rockeries (Limpus, unpublished data). This is to be expected given the wide region that the
80 influences. This nesds confirmation through measarement of the annual nesting density
at one of thess Indoneslan rookeries and caleulation of the correlation betwesn numbers of
green turtles breeding in any one year and the SO effects 2 years before. Onck the same
pattern can be confirmed for some widely spaced reference rookeries, it should be possible
mwﬁﬂuwmlmhmcelh:sinﬂflnﬂﬂﬂlpﬂmﬂithn at any other rookery
i the region. This will be of value in sea turtle mandgement in the Australia-Indonssia
region, being particularly relevant in areas where eggs, courting turtles or the nesting females
are harvested,

Large Muctuations in annual nesting populations have also been reported from C, mpdas
rookeries outside of the Australasian region, especially in the western Atlantlc basin (Carr
ef al. 1978; Schulz 1975), However, the annual fluctuations recorded at these other areas are
not in parallel with those recorded in castern Australia,

The other species of sca turtle which breed in tropical Australia do not appear to
have fluctuations in annoal breeding numbers synchronous to those of the green turtles,
These other species are carnivorous or omnivarous wheress the gresn turtle is herblvorous.
Given this difference in diet and given the involvement of fat deposition in early preparation
for a bmdlngmn,mmh;nmngmdmuwummmmmhmm:mh
nesting mumbers via 2 nutritional pathway. It is not suggested that Darwin Preasure
necessarily directly affects the nutritional pathway. Darwin pressure is used here smply
a3 @ convenient index of the S0, Rather, one of the other stmospheric or oceanic variables
associated with the S0 probably affects the ouiritional pathway, If the atmospheric or
oceanic variable affecting breeding could be isolated, this may allow the prediction of
breeding Muctuations at rookeries located in other areas not markedly affected by the 50
{e.g. western Atlantic Ocean),
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Ealst Island green turtle nesting population estimatas (M)
using Method 1 and Method 2
{20 July 1985)

Year

1973
1974
1975
1976
1977
1978
1979
1880
1981
1982
1983
1984
1985
1986
1987
1988
1989
1980
1991
1892
1893
1994
1995

NOTE: Method 2 estimates, based on counts of 1D'd (tagged) nesters are more accurate
than Method 1 estimates, which are based on total counts of nesters ashore.

Coverage
Rate

3.94
4.51
2.50
0.92
0.73
1.01
1.19
1.89
1.81
1.83
1.58
1.48
1.57
1.83
1.92
7.19
7.85
7.82
7.73
7.63
2.78
2.45
2.89

Method 1
N

48
93
132
49
96
101
77
&1
164
133
36
293
178
82
123
188
312
168
127
407
283
153
320

Sighting
Probability

0.98
0.99
0.93
0.62
0.53
0.65
0.71
0.86
0.85
0.85
0.81
0.79
0.81
0.85
0.87
1.00
1.00
1.00
1.00
1.00
0.85
0.82
0.85

Method 2
M

67
105
120

39

g2
101

7

52
149
130

35
199
162

69
143
180
294
150
107
384
191
132
252
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Levels of Green Turtle (Chelonia mydas)Hatchling Mortality Due to
Entrapment in Vegetation and Seabird Burrows on East Island,
French Frigate Shoals

A&

The main objective of this study was to determine the effect of vegetation and seabird
burrows on the level of green turtle hatchling mortality at East Island, FFS, This was determined
through several transections of the island. Random quadrates along the transections were studied
for percent cover of vegetation, species of vegetation and relative abundance of each, the number
of active and inactive seabird burrows, and the number of dead and/or trapped hatchlings found
within each.

Kimberly K, Berger

OBJECTIVES

MATERIALS: 1 50 meter measuring tape
2 8 meter long rope (for measuring quadrates)
COmpass
camera

To begin the study, the length of the island was measured from the SE to the NW point by
running a meter tape the length of the island down the center, Based on this measurement, the
length of the island was divided up into 15 equal sections, each transect being 30 meters apart.
Thirteen transections were completed, due to the fact that the first and last sections were on the
beach at each end of the island rather than on the berm (see figure 1). The first transect was
started at the 30 meter mark., The tape was run the width of the island from the berm on the
south side to the berm on the north side. A compass bearing was taken prior to laying the tape
down to assure that the transect ran at a 30 degree angle. The next 12 transections occurred at
each 30 meter increment along the length of the island (SE to NW) with a compass bearing again
taken for each to assure that each transect was placed at a 30 degree angle.  Along each transect
a 2 m by 2 m quadrate was measured out every 15 m with each 15 m increment being the center
of the quadrate. Along the transect the first quadrate was placed at the 0 m mark, the second at
the 15 m mark, the third at the 30 m mark. In some cases, where the island was wider, a fourth
quadrate was placed at the 45 m mark, and if feasible a fifth at the 60 m mark as well.

In each quadrate, the percent cover of vegetation was determined by examining and
estimating the amount of ground covered by all species of plants. Next, within each quadrate the
relative abundance of each species of plant and type of substrate was determined by frst
identifying each plant or substrate and then estimating how much of the percent cover that
specific species contributed. Thirdly, seabird burrows were counted within each quadrate,
separated into either active or inactive status. Inactive burrows were ones in which no bird was
found, or traces of fresh feathers signifying that the burrow was currently occupied, Thus, active
burrows were classified by fullfilling one or both of these conditions. These combined
determined the total burrow density. Next, all inactive burrows were searched by reaching in



and pulling out the contents of the burrow (being careful not to collapse the burrow in the
process), recording the number of hatchlings found. All active seabird burrows were looked into
only and any hatchlings seen were recorded (as reaching in would disturb the birds). Lastly, the
entire quadrate was searched for trapped and/or dead hatchlings in the vegetation and the number
found recorded. Any live hatchlings found during the study were to be released on the beach
immediately following the conclusion of the transect,

As a final measurement, the area of the island covered with vegetation was estimated.
This was done to calculate roughly what portion of the island covered with vegetation was
searched. Photographs were then taken to show the abundance of vegetation at the time the
study was completed.

TABLE 1-EAST ISLAND ESTIMATED TOTAL AREA

MEASITREMENT LENGTIH AVERALGE WIDTH ESTIMATED AREA i
—— o —
nlire wland 420 meters all welers TSR0 syaare molers
wvegelniion enly IR0 maters A1) prelors I 320 sipamre melers
TABLE 2-AREA SEARCHED ON EAST ISLAND
e
AREA il OF TOTAL % OF TOTAL TOTAL # OF TOTAL AREA % OF AREA i
MEASLUREL DUADNRATES AREA AREA QUADRATES IN I ™
(EACH QUADRATE) BEARCHED SEARCHED EEARCHED VEGETATION VEQETATION | VEQETATION
EEARCIHED EEARCHED
4 aefusng sl 4% 19 sgaare 0,75 4l 161k pganre 1.05
Hliare oS

-3



TABLE 3-EAST ISLAND STUDY; IDENTIFIED PLANTS AND SUBSTRATES FOUND
WITHIN QUADRATES

AESIGMED NUMBER

L

FLANT SFECIES AND SL'HSTRATES

eoral sand

corad gravel

eoral rublde

Fetornn vartioilicla

Farhylaca lmlea

Baerfiewa repers

Tribuing cintaidesr

Elewsime indicg

Sonchur oleraceus

Chemapooium sehuehsa

Mabva periion

Lepiirus repans var, Fepens

Chawapoauim minrald

Cpsdon daciyon

Hallarapivm cwrarravicum

Table 3 lists the numbers which were given to plant species and substrates to save space on the
field data sheet. The numbers correlate with table 4 as the substrate/ plant species # Relative
abundance for these plant species was calculated as the percent that particular plant species
contributed to the total percent coverage of the quadrate. Relative abundance for the substrate is
the percent of the quadrate that was covered by that particular substrate and is not included in the

percent cover of vegetation.
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TABLE 5- TERN ISLAND, FFS RECORDED WEATHER DATA

—

AVERAGE RATNFALL FOR NESTING SEASON
= e

TABLE 5 lists the total rainfall recorded on Tern Island, FFS for the years of 1986 to 1995 during
the green turtle nesting seasons. It is important to note that the total rainfall for October 1995 is
only recorded until 17 October 95 when the study was completed. The average rainfall during the
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nesting season over the ten years shown has also been calculated.



RESULTS

After randomly searching East Island by way of 49 quadrates, a total of 6 hatchlings were
found. Based on the total estimated area of the island covered with vegetation (15,200 square
meters) and the area searched in the vegetation (160 square meters), approximately 1 percent of
the vegetation on East Island was searched randomly (see tables 1 and 2). These quadrates do
demonstrate the overall distribution of plant species, substrata, and burrow density, Via the
thirteen transections, samples of the entire island were included in the quadrate searches.

The green turtle nesting season for 1995 in French Frigate Shoals showed an average
amount of precipitation. Rainfall was recorded on Tern Island, FFS and totalled each month.
This was then compared with the previous 9 nesting seasons (see table 5), Rainfall for the 1995
season totalled 12.76 inches of rainfall as of 17 October 1995. The average rainfall for the period
between 1986 and 1995 during the nesting season was 12 .92 inches. Therefore, it should be
noted that this study was completed during a time of average rainfall. The abundance of
vegetation was at an average level compared with other seasons. This study was completed
during a time when the island was still very lush with vegetation, in order to demonstrate the level
of mortality occurring when there was an average amount of vegetation posing a threat.

A total of 4 different substrate types were observed during the study (see table 3).
Generally larger coral rubble was found near the berm and smoother coral sand or gravel was
found near the interior of the island. Twelve different plant species were encountered during the
quadrate searches. The most abundant were Malva parviflora, Setaria verticillata, and
Portulaca lutea. On the SE side of the island Tribufus cistoides was also commonly found,
Eleusine inclica was more common on the NW side of the island. Table 4 shows the distribution
and relative abundance of each substrate and plant species for each quadrate. Four of the five
hatchlings found dead in the vegetation were found nearer the NW side of the island, tangled in
the vegetation. Looking solely at the vegetation data it would seem that the presence of larger
and taller plants as is found on the NW side of the island (Lepturus repens var. repens, Setaria
verticillata, Malva parviflora) causes much more of a problem for hatchling entrapment than
does the smaller vining plants seen on the SE side of the island (Portulaca futea, Tribulus
cisioides, Boerhavia repens). However, it should be noted that more nesting activity also occurs
on the NW side of the island. So the greater number of trapped hatchlings found on this end of
the island could correlate with a larger number of hatch pits present in the area.

During the study a total of 12 burrows were encountered (see table 4). Seven of these
were inactive burrows which were thoroughly excavated to search for trapped hatchlings. Of
these seven burrows only one hatchling was found dead, and no hatchlings were recovered alive,
Five active wedge-tailed shearwater (Puffinus pacificus) burrows were encountered and searched
by looking into the burrow. No live or dead hatchlings were found in any of these burrows.
However, because active burrows were not thoroughly excavated, there is a possibility that a
hatchling could have been present and not detected. The middle to NW side of the island showed
the greatest burrow density (transect 8 through 11). The results show that with only 1/12 of the
burrows encountered causing an entrapment problem, that they do not seem to pose too great of a



entrapment problem, that they do not seem to pose too great of a threat to hatchlings. However,
it should be noted that 5/12 of these burrows were active, and therefore not completely searched.

The vegetation seems a greater threat than does seabird burrows. The interior of the
burrows in most cases are made up of a soil or coral sand substrate, which would be a smooth
surface for a hatchling to erawl through if it did wander in, making for an easier escape. Whereas
the vegetation, in some cases has the ability to get entangled around their flippers, preventing the
hatchlings from crawling, resulting in death. Possibly the hatchlings exert too much energy trying
to maneuver through the vegetation, causing them to become exhausted and eventually die.

In conclusion, the seabird burrows do pose a threat to hatchlings, however the impact
seems to be minimal in comparison with the vegetation. Entrapment in the vegetation, although it
poses a greater threat to hatchlings than do the seabird burrows, does not seem to cause the
hatchling mortality to be a high level. With a total of only 6 hatchlings found in 196 square
meters searched, it can be deducted that the impact of lush vegetation and seabird burrows on
hatchling mortality is minimal. Most hatchlings are in fact able to maneuver through and find their
way to the ocean safely, even with these obstacles.
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Date: Mon, 5 May 1997 06:35:58 -1000 (HST)
From: "George H. Balazs" <gbalazsghonlab.nmfs.hawaii.edus
To: Marc Webber <marc webber@mail.fws.govs
Co: Chuck Monnett <chuck monnett@mail . fws.govs,
Beth Flint <beth flint@mail.fws.govs,
Jerry Wetherall <jwetherag@honlab.nmfs.hawaii.edus>
Subject: Suggested protocel for recording tagged turtles nasting on Tern Island

Corrected copy-- please use this version.

As promised, I present here protocol guidelines for achieving cur
high-priority Tern Island green turtle research objective for the 1987
nesting season, as agreed upon at cur recent meeting. The objective can
be stated as follows: "To estimate the number of turtles that change
their island of nesting within French Frigate Shoals between nesting
seasons as well as within a nesting season." Jerry Wetherall will use the
regulting information to modify, as may be needed, certain assumptions in
his model to monitor trends in the Hawaiian green turtle nesting
population.

One of the factors motivating us to immediately pursue this work is the
present near disappearance of Whale-Skate Island due to erosion, and the fact
that a considerable number of nesting turtles had been tagged there during
the 1980's. Nesting turtles have been extensively tagged on East Island
since 1973, However, during recent Years no checks have been made of

turtles nesting on Tern Island te determine the degree of switching from
East Island.

Protocol: One person should monitor the Tern Island scuth shore beach
once nightly throughout the 1997 nesting season to enceunter and axamine
as many nesting turtles as possible and appropriate. No disturbance to
monk seals should occur. Each turtle will be checked for the presence of
flipper tags. Tags that are found should be scrapped clean of fouling
growth and the number {including alphabet prefix, if present) positively
read and recorded. Only one tag on each turtle needs to be read, if there
is no doubt as to the accuracy of the reading. Tags present on the hind
flippers (when present) will be easier to read. The date, time and stage
of nesting by the turtle should be recorded, along with any tumors that
may be noted during the brief encounter to check for and read tags. It is
not envisioned that it will be nscessary for the person to wait for a
particular stage of nesting to accomplish the tag check.

Each turtle encountered will also be examined briefly for the presence of

a mototool engraved number on the fourth lateral scute of the right side

of the carapace. BSuch numbers may be found any time after monitoring starte
on EBast Island during late May or early June. If a fresh mototool number

ig seen, it should be recorded and no examination for the pregence and
reading of tags will be required.

All turtles that are encountersd that de not have a fresh mototool number,
whether flipper tags are present or not, should be given a mototool
number. The number should be approximately 3-4 em in height on the fourth
lateral acute on the right side of the carapace. The numbers will be
congecutive with a "T"-prefix. Paint will be applied to the engraving in
the same manner as routinely conducted on East each season. The Dremel
mototools, chargers and small containers of paint will be supplied to Marc
Webber by GHB for immediate transport to Tern Island.

The monitoring walks on Tern should oceur approximately one hour after
high tide, except when high tide coemes before dark (darks sunset + 50



minuﬁes}. When the high tide comes before dark, the walk should cccur 1-2
hours after dark. MNote that tides at FF8 are almost equal (B minutes
difference) to the basic tide wvalues commonly published for Honeluluy
Harbor.

All of the above recommendations are subject to modification pending
feedback from FWS persconnel as the monitering on Tern progresses and -
additional experience is gained doing the work.

ER R A R B R R R R R R R R v ap g np g u g wpr e S R

George H. Balazs, Leader
Marine Turtle Research Program
National Marine Fisherieg Service

Honolulu Laboratory
2570 Dole Street
Honolulu, Hawaii 96822-2396 USA
Tel: (80B) 943-1240
Fax: (B0B) 943-1290

*Email: gbalazs@honlab.nmfs.hawaii.edu®*
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Green Sea Turtle Nesting Summary
Tern Island, French Frigate Shoals,
1995

INTRODUCTION

This document is a summary of green sea turtle (Chelonia mydas) nesting activity on Tern Island for
the 1995 nesting season. Comparisons are made to studies conducted from 1986-1994, The main
objectives for this monitoring were to approximate the number of nests laid as well as the nesting
phenology for the season, map nest locations, excavate and release trapped hatchlings, determine
clutch size, incubation period and hatching success of confirmed nests and check for entangled or
entrapped adult turtles.

The work done since 1992 is a reduction of past monitoring efforts by refuge staff (see Niethammer
1991 report). It may be advisable to duplicate the more extensive monitoring effort in the future for
comparative analysis.

STUDY AREA

Tem Island (23° 52'N, 166" 17'W) is located on the Northwestern edge of French Frigate Shoals, an
atoll 490 nautical miles from Honelulu. Temn Island is approximately 3000 feet long by 120-200 feet
wide, encased on the West, North and East sides by a sheet pile sea wall. The majority of nesting
occurs on the south beach, There are two small coral rubble/sand beaches on the north side that
allow limited access to nesting turtles. There is also & continually shifting sand beach located at the
East end of the Island, see map.

METHODS

Dawn nest walks were conducted throughout the nesting and hatching season (May through
December). These walks took 45 to 90 minutes to complete depending on nesting/hatching activity.
Turtle nesting activity occurs primarily from sunset to sunrise, therefore, direct visual evidence of
nesting (eggs seen or "pattycaking®) was rarely seen. Nests were defined somewhat subjectively
based on the type of diggings and tracks seen; evidence of a "backfill” with tracks leading directly
back to the water was the strongest indication of a nest. The southern half of Tern Island has been
mapped on a grid system: 10 meters increments East to West and 4 meters increments North to
South. MNests were numbered and staked 1.5 meters inland from the nest, and the location was
approximated on the above mentioned grid map. Any nests laid in an area of shifting sands (East
Beach or either end of South Beach) were moved to a more stable beach area. Pre- and post-hatch
pits were also noted during the morning walks. The emergence of hatchlings was indicated by a
distinct depression in the sand, a.post-hatch pit. The nests were excavated three days following



discovery allowing hatchlings four nights 1o emerge. In some cases nests were not excavated after
four nights due to seal activity in the area.  Any trapped hatchlings found were removed and released
after dark the same day they were found. A nest was confirmed as hatched when it was excavated
as a post-hatch pit and egg shell fragments and/or trapped hatchlings were found. Only nests that
indicated signs of hatching, & post-hatch pit, were excavated, Nest contents were examined and
counted to estimate clutch size and hatching success. The clutch size was determined by counting
shell fragments, undeveloped eggs and fully and partially developed eggs. Hatching success was
calculated by dividing the number of egas that hatched by the total number of eggs laid. Appendices
A was the data sheet used to record nesting information for the 1995 season

RESULTS & DISCUSSION

The first known nest for the 1995 season was laid on 2 May, the last known nest was laid on 30
September, The first known hatching occurred on 27 July, the last known hatching occurred on 19
December (Table 1). There were an estimated 282 nests laid during 1995, Two hundred and fifty-one
possible nests were identified and staked and 31 unmarked nests were discovered throughout the
season. These unmarked nests were found through hatching evidence seen during morning walks.
Of the 251 staked nests, 121 were confirmed hatched, Including the unmarked nests, the total
number of confirmed nests was 152. The mean incubation length for 116 of the hatched nests was
63.6 days with a range of 44 - 88 days. Nest contents were not examined for 13 of the 152 confirmed
nests due to seal activity. The mean clutch size for 139 of the nests was 88.5 eggs with a range of
40 - 168 eggs per nest.  Hatching success for these nests was 81,8 (Table 2). Hatching success was
also estimated for the 1993 and 1994 seasons by using mean clutch size data from the 1986-1991 and
1995 nesting data. (Tables 2 and 3), Of the 152 nests excavated, 93 had trapped hatchlings (61% of
nests; range 1 - 21 per nest). A total of 329 trapped hatchlings were recovered and released during
1995, A comparison of the confirmed nests from 1986-95 is illustrated in Figure 1. The methods
used for the 1986-91 Neithammer study were different than those used in 1992-95, The Neithammer
study found a higher percentage of nests laid on the island due to the intensity of the follow-up
procedures, excavating every staked nest. In 1992-95, only nests with post-hatch pits were
excavated. Due to seals, nesting turtles and bird activity, pre- and post-hatch pits became rapidly
obscured. It is highly likely that hatching evidence was missed on some nests during the past four
SEASONS.

Throughout the months of Tuly, August and September disoriented turtle hatchlings were occasionally
found and removed from the rumway.

There were no entangled turtles seen on Tern Island during the nesting season. However, six adult
turtles were aided and one was found dead on Tern Island during the nesting season. Following are
the descriptions of the individual situations:

On 18 June an untagged adult female turtle was found overturned on Crab Beach. Tracks indicated
that she had tried to climb over the seawall and toppled over. The turtle was immediately righted and
appeared unharmed as she quickly returned to the water. '



On 19 June a dead-adult female turtle was found wedged between the double seawall at the east end
of Tern Island. The turtle was apparently swept through a hole at sea level in the outer seawall by
strong waves. Aluminum grating covers the entire top portion of the double wall, ruling out the
possibility that the animal fell into the cavity. The sands of East Beach continually shift along the
entire east end of Tern, resulting in the occasional exposure of the eroded seawall which resembles
a picket fence, The gaps in the wall are not wide enough for a turtle to access unless the animal was
turned on its side. The body was torn open in the process of removing the carcass, releasing fully
developed eggs. It appeared the turtle had been dead for at least 24 hours when found and powerful
waves had heavily damaged the carcass. The curved carapace measured 99 centimeters.

On 23 June an adult female turtle was removed from the runway and released on South Beach, The
animal had accessed the island from South Beach at meter marker 416, crossed the runway, dug a
body pit on the north side, and was proceeding to wander aimlessly on the runway. Tags already
present were: W866.LFL, W86T REL. New tags placed on the turtle were; F630 LFL, F620 LHF,
F628 LHF. An additional left front tag was attached due to the poor condition of the primary tag
site.

On 28 June two adult female turtles were found just south of the runway on the east side of the
woodshop. Both animals were guided back to South Beach. The first turtle had a small tumorous
growth on the lower portion of the left eye. Tags placed on the animal were: F633 LFL, F632 RFL.
Tags plau:d on the second animal were; F634 LFL, F635 RFL.

On 1 July a tagged adult female turtle was found crossing the runway. The tracks indicated that the
turtlé accessed the island at Shell Beach. The turtle was tagged and released on South Beach. The
tags were as follows: FG36deFleand F637 RFL. On 3 July, the same turtle was found on the runway
heading in a westerly direction. It appeared 1o have accessed the island from South Beach. The turtle
was removed and released on South Beach, The turtle did not return to the water as normally
observed but remained on the beach. Several hours later the turtle was found dead. A necropsy was
performed nnd the results were sent to the NMFS Lab in Honolulu.

On 5 July a tagoed adult female turtle was found along the seawall approximately 100 meters from
the east end of the island. Her tracks indicated that she accessed the island at Shell Beach and
traveled along the seawall, The turtle was released on South Beach. The turtle was previously
tagged and moto-tooled indicating that she had been marked on East Island during turtle camp. The
ID #s were as follows: motostool #; 166,,.A218 RFL, A217 LFL, G231 RHF, G229 LHF, A357
L34,
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Table 1: Dates for the first and last nests laid and hatchling emergences for green turtles
on Tern Island, French Frigate Shoals, Hawaii, 1986-95.

LAY DATES HATCHLING EMERGENCES

YEAR

FIRST LAST FIRST LAST
1986 6 June 22 September 15 A.ug.us.t 16 November
1987 25 May 20 Dctober 29 July 26 December
1988 26 April 1 October 8 July 9 December
1989 28 April 28 September 19 July 27 December
1990 9 May 25 September 13 July 17 December
1991 . 29 Apnl 3 September 11 July 5 November
1992 27 April 11 October 20 August 22 January
1993 8 May 14 September 15 July 10 November
1994 4 May 5 September 25 July 11 January

1995 2 May 30 September 27 July 19 December




Table 2: Hatching success of green turtle nests at Tern Island, FFS, 1992-1995, calculated as a
percentage by dividing the number of eggs hatched by the total number of eggs laid. Italized % show
estimates of nest contents by using the mean clutch size data from the 1986-1991 and 1995 nesting

seasons.

CATEGORY 1992 1993 1994 1995
Number of Confirmed Nests a1 21 69 152
Number of Eggs 7371 4,041 6,279 12,041%
% Hatched Emerged no data &2.1 83 79.0*
% Hatched Live-left in nest 5.2 53 6.4 2.5%
% Hatched Dead-left in nest no data 1.7 Lo 0.3*
% Total Hatched 89,1 9.4 81.8*
% Unhatched Developed no data 2.4 0.5 5.6*
% Unhatched Undeveloped no data 85 9.1 12 6*
% Total Unhatche;d 10.9 9.6 18.2*

*MNumber based on the contents of 139 nests.

Table 3: Data from green turtle nests at Tern Island, FFS, 1992-1995. No data indicates data was not
collected for that category for that year.,

CATEGORY 1992 1993 1994 1995
Number of Confirmed Nests g1 51 69 152
Number of Eggs no data no data no data 12,041%*
# Hatched Emerged no data no data no data 0.514%
# Hatched Live-left in nest 385 244 403 204+
# Hatched Dead-left in nest no data 78 64 37
# Unhatched Developed no data 113 29 675%
# Unhatched Undeveloped no data 396 572 1,521*

*Mumber based on the contents of 139 nests.
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Figure 1: Comparison of confirmed hatched turtle nests from 1986-1995
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Green Turtle (Chelonia Mydas) Hatchling Carapace Measurements

Tern Island, French anate Shoals
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Hello George,;

Here is a copy of our 1995 Tern Island turtle summary. 1 look forward to Ly
feodback you or Jerry may have on our work. Perhaps a nice correlation betwsen
Eagt amd Tern Talund nest nuimbers will becoms svident.

Also enclosed are additional turtle hetchling weasurements thal wepe taken
following Kimberly's departure in mid Kovember '45.

I'11l be: in Honolulu purchaming supplies for the Esst Is turtle camp in earls
April and leok lorward to catching up with you them. Any plans to peraang ] Ly
come to Tern in June with the turtls techs to deploy more satellite Lranenltters
of data logders?

I hopir all is well George.
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U.8. DEPARTMENT OF COMMERCE
- MNstional Ocoanic and Atmospheric Administration
NATIONAL MARINE FISHERIES SERVICE
Southwest Fisherlies Center
Honolulu Laboratory
P. 0. Box 3830
Honolulu, Hawail 96812
May 22, 1981 F/5WC2:GHB
TO; ¥ William G, Gilmartin, Leader, Marine M nmdfjand Endangered Species
Investigation, Homelulu Laboratory f; :

)@ :
FROM: George H. Balazs, Fishery Binlngisb.,fc;} f{

SUBJECT: Entanglement of a green turtla;lﬁf;he mooting line of a lobster-larvas
eollector in Kaneche Bay, Oahu

On the morning of May 19, 1981, a green turtle was found entangled in the
3/8-in. nylon mooring line of a lobster-larvae collector situated near the easgt
gide of the Kaneche Bay Sampan Channel. The turtle was recoversd alive float-
ing at the surface by Jason Akamine, an employee of Sea Grant researcher Craig
MacDonald., Based on information provided by Mr. Akamine, the line was entangled
only around the neck, with numerous tight loops present. The turtle was sub-
sequently transferred to one of my seas turtle holding cages ar the Hawaiil
Institute of Marine Biology on Coconut Island.

On May 20, 1981, I measured, photographed, tagged, and released the turtle
back int# Kaneoche Bay. The turtle was found to be 62 em in stralght carapace
length, 48 cm in width, and welgh 28 kg (60 1b). Tissue damage was confined
to the neck region, with abraded open lesions exhibiting moderate swalling.
Overall, the turtle appeared to be in good condition except for a slightly
concave configuration to the plastron. This may have been due to total evacu-
atlon of the gastrointestinal tract as a result of having been restrained by
entanglement for 48 hours or longer.

The lobster-larvae collector under discussion measures 2 ft x 2 ft and was
floating at the surface over a depth of approximately 15 fe. The apparatus is
normally serviced once every & weeks, but in this instance it had not been
examined for about 1 month. Varlous invertebrates and algae were growing on the
collector, as normally cccurs with any object placed in the ocean environment
for a period of time. It seems likely that the turtle was attracted ta the
collector for feeding purpose, although this is admittedly somewhat speculative.
However, a green turtle recovered whole from a tiper shark at Midway was found
to have been feeding heavily on pocsensck barnacles, cirripeds that are normally
found growing on fleating objects,

It i8 =y understanding that approximately 20 of these lobster-larvae collectors
will soon be moored at French Frigate Shoals, some of which will be placed within
1/2-mile of the various islets. The menitoring schedule apparently only calls for
inspection and servicing once each month., In view of the recent sea turtle/line
interaction in Kaneohe Bay (along with other documentations around the world), it
would seem prudent to examine the collecters at French Frigate Shoals at shorter
periodic intervals, particularly during the early phase of the project which
colncides with the turtle breeding season.

L



U.5. DEPARTMENT OF COMMERCE
Mational Oceanic and Atmospheric Administration

HAT IONAL MARINE FISHERIES SERVICE
Southwest Fisheries Center
Honolulu Laboratory

P. 0. Box 3830

Honolulu, Hawaii 96812

June 9, 1981 — F/SWC2 ; GHB
TO: William G. Gilmartin, Leader, Marine Mamfial and Endanggred Species

Investigation _ .4/ 5
D ol ol
S/ - =
FROM; George H. Balazs, Fishery Biologist . <€t fﬂfﬁﬁE{ L& J;ss_
s,

-
SUBJECT: Low-level overflights of French Frigahuféhnals by military airecraft
F

#

At 1140 on June 1, 1981, a Navy four-engine propellor aircraft made two
overflights of East Island at 500-800 feet. The aircraft came into the Sheals
from the east at this same approximate altitude, and departed in the direction
of Whale-Skate Island. No radic contact was made with U.5. Fish and Wildlife
Bervice personnel on Tern Island.

The passes over East Island where I was camped caused most of the adult
seabirds to take flight. I was not at a location to observe the responses,
if any, of monk seals or basking green turtles. On June lat, there were at
least 14 monk seals with pups present on or in waters adjacent to the island.

John Andre, resident biologist at Tern Island, has informed me that several
of these low-level overflights involving military aircraft have taken place
since last December. If this is developing into a regular practice, as appears
to be the case, then some action needs to be taken to have it terminated, I
believe that U.5. Fish and Wildlife Service regulations pertaining to Mational
Wildlife Refuges prohibit low-level transiting of aircraft. I do not know if
this restriction currently appears on both civilian and military aeronautical

maps.

If the flights over French Frigate Shoals are being undertaken to keep a
loockout for shipwreck victims, it seems likely that the same objective could be
accomplished at a much higher altitude where the possibilities of wildlife
disturbance would be greatly reduced.



8ix action projects for the enhancement of green turtle nesting
“habitat at French Frigate Shoals and the possible increase in
the numbers of green turtles in the Hawaiian population

b

George H., Balazs

Septembar 1980

East Island has 10 concrete foundations from an ahandoned 0.5. Coast
Guard facility which constitute obstructions te turtles and render the
habitat unusable for nesting purposes. The largest slab covers 134 mZ,
while the combined area of all 10 slabs is 165 m® or 0.4% of the 4.0 ha
comprising East Island. The destruction of these slabs could be accom—
plished using sledge hammers and a portable jack hammer obtained from a
rental agency in Homolulu. The resulting concrete rubble could be trans-
ported by a small boat to deep water for marine disposal.

Erosion which continues to occur along the northeast shore of East Island
has resulted in the less of 6,000 m® of land or 13% of the island since
1948. Over 501 of nesting by green turtles in the Hawaiian Archipelago
presently takes place on East Island. Tt would therefore be desirable

to make all remaining areas of the island suitable as nesting habitat.

In addition to concrete foundatioms, East Island alse contains conslder-
able abandoned debris in the form of wood, stakes, irom, electrical
cables, and antenna ground wire. The removal of these obstructions
would further emhance this important nesting habitat.

Ghost crabs, Ocypode ceratophthalmus and 0. laevis, are kmown to prey

on hatchling turtles at French Frigate Shoals. While this predation

is low in comparison to many other sea turtle rookeries, it nevertheless
involves an estimated 5% of all hatchlings emerging from nests. Further
inveatigations are necessary, and such work could include an experimental
ghost crab control program, ideally on Tern and Whale-Skate Islands where
the greatest numbers exist. The experimental elimination of ghost crahs
along select beach areas could be accomplished with little adverse impact
to other entitles by using baited trapas and a BE gun.

Analysis of natural nests at French Frigate Shoals has found that 76.7%
of the eggs in each elutch hatch, but only 70.8% of the eggs vield
hatchlings that reach the surface and emerge. The remaining turtles,
an average of six per nest, remain hopelessly trapped underground where
they eventually die. The excavation, salvage, and release of many of
these hatchlings could take place with only a modest effort. In order
to measure the ability of these salvaged turtles to survive, small
rearing studieg could be conducted on Term Island for periods of 5 to
10 davs.
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At French Frigate Shoals, tiger sharks, Galeocerdo cuvier, are known to
prey on resident juvenile turtles, as well as mature adults that season-
ally migrate to the area for breeding purposes. Experimental shark fish-
ing conducted at this location during recent years has showm that 31% of
the tiger sharks captured had been feeding om turtles. An experimental
control program designed to coincide with the turtle breeding season
could reduce mortality te turtles and provide further datas om the nature
and magnitude of this predatiom.

Predation om hatchlings by frigatebirds, Fregata minor, has never been
recorded at French Frigate Shoals, bhowever, such mortality is known to
ococur at some sea turtle rookeries. In order to confirm this absence

of predation at French Frigate Shoals, a short=-term but intensive food
sampling program could be carried put concurrent with the peak months of
hatchling emergence. If predation i3 discovered, appropriate experimental
management steps could be taken to reduce this loss.



U.8. DEPARTMENT OF COMMERCE
Mational Dceanic and Atmospheric Administration

HATIONAL MARIME FISHERIES SERVICE
Southwest Fisherles Center
Honolulu Laboratory

P, 0. Box 3830

Honolulu, Hawall 96812

May 13, 1981 F/SWC2:CHB

SUBJECT: Ocean dumping of radicactive waste materials in the wvicinity of the
Horthwestern Hawaiian Islands

TO: Bill Gilmartin

FROM: George H. Balaz

This subject has recently come to my attention through an EPA report prepared
in Hovember 1980 for the Committee on Merchant Marine and Fisheries, U.5. House of
Representatives. The available information shows that during 1959-60 seven con-
tainers were dumped by the Military Sea Transport Service at 34°58'N, 174°52'W,
approximately 300 miles north of Pearl and Harmes Reef., The report states that
the depth of dimposal was 5,490 m. The wastes are listed as "by-product materials"
with an activity of 14 Ci at the time of packaging. The specific isotopic content
is not stated, although such data may exist somewhere in military records. "By-
product materials" are defined in the report as wastes that contain isotopes such
as cobalt-60, strontium=-90, iron-55, tritiom, and cesium-137. The report further
states that waste materlals were generally either packaged in speclal containers
which were then placed in conerete-filled steel drums, or mixed directly im concrete
which were in turn placed in the steel drums. At a 900= to 1,700-m dump site im
the Farallon Islands off California, approximately 25% of these drums were found
to have imploded.

The agency and location where the waste material originated are not listed in
the report. The proximity of Midway to the dumping area suggests this site as a
possible origin.
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29 April 1983
Hi George,

Everything's going fine here —- hopefully am acquiring a bit of turtle
S8VVY ... John and I have been motoring around the Shoals counting seals and
turtles; will set up camp on Whale-Skate early next week. 26 April counted
9 turtles on East, 18 on Whale-Skate.

In addition to collecting nesting data, I'm interested in trying to
monitor the male population at Whale-Skate for the next 3 or so months. The
project would enable me to record use of the island (basking and nearshore
activity) by individual males during the breeding season and hopefully to
track the departure of those males which remigrated to FFS from elsewhere.
The project would entail:

1. Harking as individuals 20 males with sprav paint, probably using
a letter code. (I would also like to experiment with painting
gome kind of mark on top of the carapace to see if it would be
visible while the turtle was in the water.) The sample of 20
would be chosen by starting st one end of the island and marking
turtles comsecutively until reaching 20 or 2 days having elapsad.

2. DNoting marked individuals in regular daily censuses (which would
inelude all turtles on Whale=Skate).

3. Aspsuming paint remains readsbly visible 10-15 days, 10 days later
marking another sample of 20 males with a different color paint.
(Adequate supply of paint 1s up here.) The new sample would be
chosen in the same manner a= the firat and therefore might contain
previously marked individuals. I would repeat marking new samples
every 10 days until I could no longer make regular censuses of
Whale-Skate.

I believe paint can be applied to many of the basking males with 1little
or no disturbance (I've been practicing approaching basking tortles and think
I'm getting a good feel for it). However, for an unbissed ssmple I think
that those males basking in amssociation with or aggregated with other turtles
must also be marked, and right now I can't assess the degree of disturbance ==
albeit a disturbance every 10 days —— T would incur trying to paint those
turtles. Although fideally my short-term identification markings should be
backed up by tag mumbers, I would not attempt to read tags or tag the turtles
In my samples except under appropriate comditions.

John has been helping me design the project and would help me in marking
my Ilpnltial sample and assessing how 1t goes in general. Eeeping disturbance
of the turtles to a minimum on Whale-Skate during this breeding season is my
main concernrand. if marking the turtles seems to cause tndue disturbance the
first time we tr?~1i I'11l abamdbw the project.

I'd really like your comments, suggestions, or whatever om all thisizgi951..

(Typewriter 1s giving out...}) Hope everything is going o.k. back there in
Honolulu for you and looking forward to hearing from vou on all this amd
talking with vyou onece you get up here.

Sincerely,



29 April 1983

1. 19 April B3, Whale-Skate
2825 Adult female, left flipper

John Henderson

2, 24 April 83, Tern
361, Adult male, right flipper
Sue Lautenslapger

(I noticed in a log journsl up here that this turtle was
tagged at Tern 7 Jan 83.)

3. 27 April 83, Laysan
5917 sex?
Doris Alcorn

(This was relaved over radio)

TURTLES TAGGED

1. 28 April 83, Triglet (Trig has split into 2 islets, this is the
eastermmost islet)

Subadult, Sex? (took a photo for you)

6362 left flipper
6363 right flipper (both tags in "flap" area)

measurements:

69.8 cm straight carapace length
51.9 cm straight carapace width

Sue Lautenslager



Hello George,

Thought 1'd get a few words off in case communication from my end continues to
be difficiult to hear over the radio. If pressing needs arise, a P.M. schedule
might be neceasary.

Spoke with WGG tonight...regarding lobster FMP proposed modification for trap size,

he said he had no problems with it. I also relayed to him the status of things at
Fure regarding the outboard...believe he concurs with your and Ed's determination that
the best course is to somehow make the short leg workable up there.

The work up here goes well. The logistics of hoat use have been no problem so far,
though the system may get stretched a little thin in June. I envision NMFS having
oné boat for both seal & turtle work im that time, but think that should suffice,
with you being on East & Sue on Whale Skate...there should be ample boat support

to get the seal work done and still shuttle you bakk and forgh.

I've not talked turtle stuff with Steve F. up herse., I know he sent a proposal to
Jerry and/or Rob, but don't know if it's made its bureaucratic way to you. I was able
to get the pliers from him, though senged some reluctance on his part. I suggest

that if you hevenft seen the proposal before vou get up here, it would be a good

idea to get a copy so you have an idea of what he wants to do so you can talk about it.
I sort of feel (my opinion only) that the reason he hasn't spoken with you directly

is that he feels he should go up FWS channels requesting to do things. (I've not

seen his proposal).

Anyway, things here are conducive to getting alot done...have been making quite a
few forays out te the other islets. Got down to Disappearing last week...lots of seals
but no pups nor turtles there.

It's late, so will hele on...see vou in a few weeks.
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Summary of immature gresn tuctles Lagged and resighbsd at

Franch Frigete Shoals, Korthwsstern Mswsiian Islands,
1874=-1980

by
Goeoege H. Balazs
Baubbwest Fisheries Centar Besolulu Loboratory
Habional Marine Fisharies Servics, BORA
2570 Dole Stroet
Hooolelw, Hawali SEE22-2398

Stady Islandf Total na.  Ho. paswly Mo, bag T::;:-:u- Original tag dates and Location

datas Reef captuced tagged raslgkbings Lo data Tor tartles resightsd

TiTh East 2 z o z

% WE 3 3 o 3

BiT4 East 3 3 ] i

L HE 1 1 +] |

qiTs Eant 2 Z o 11

Qi T4 wa 1 1 ] iz

10774 East 1 a 1 1z 8/ 74-Enzt

2175 HE ¥ T Q 18

275 East ] & o 3

ZITS Taszn 1 1 1] 24

3f7s5 Wa 3 & 1 26 2f15-HE

875 East 5 i 1 a0 BiTh-Enst

BiTS HE -] | a I

TITS East k] F 1 &0 8/T4 apd 10/ 74-East

FiTs W3 b 3 | 53 2718=KHE

afrs W | 7 2 50 Bf75, 2775, and H}75-HE

ars Irig 1 1 a 51

B rs Tarn 1 1 o 52

12775 W3 3 1 2 13 ZiTS, TITi=WE

1275 East 3 3 (] 58

1/78 W a7 18 o T4 TN, BSTS, BfTS, B/7S, Y574,
BY?5, 1&fTS, 12773, 775, and
1Zf73 {all WE}

/6 Eaat z 1 1 L 7/75-East

LiTR H5 &1 26 15 101 TiTa and 1578, Zy73, 2/75 and
TIT5, 6/7T4 and 1/76, 6,75,
Bf¥S, BFT5S and B/7S, 7/75-12)75-
Li76, &/75 apd 1776, 12/75 apd
1778, fiwva 1/76a (all WS)

arre East 12 g & 107 Bf74 and &/75, 2776, 2/75,

G/TS, BI7S, 12/75 (all East)



Total no,

Study Islapd! Total no. Ko, nowly Ko. tag cagzed Ceiginel bag detss and locaticn
datas Faaf capsarad tagped raaighkings ko date Lot burtles resighbed
5/78 W i1 -y B 108 TITA=1/16=4/76, B/75-1/76-4/76,

Bf75 and &/76, 12/75-1)76-8)76,
1778 snd &/78, 1/76, 1/76, 476

fall HE)

Ef78 East | 1 2 110 2475 amd &/76, Bf75 [both East}

{76 East z ] 2 150 LITE, BfPE=10/T4-Ti7S (both
East

7478 WS z 1 z 110 1ZF¥5=1/ M=) 76=5/76, 1/76 and
5/TE [both HE}

ey Tern 1 1 o 111

a7 East 1 1] 1 111 &7 and &)/77-East

1T Enat 1 a i 111 B/TE and &/7TH-East

717 HE 5 a 2 111 1776, 1/7E-HS

G578 Enst E 3 3 114 2f¥5 apd &4FTE, GITS-&)TE-TITR.
4FTE apd E/T7-Eaat

TITR Tozn 1 1 ] 115

5478 w5 4 & 0 ilg

3T Ennt 4 1 3 120 Ef78, EfTH, B)M8-East

T | Tarn 3 3 ] 12y

5i7e Irig 1 i a FL]

Ef7H Eant. 3 3 a 1z7 2f75-4)TE-6/TE, 3/79 (bath Eula

Bi7a Taen d z a 128

EJ/7H Irig 1 1] 1 129 5/19-Trig

Ef&l East 2 [} 2 128 5/79, 6/79 {(both East)

1y i Tern 1 ] 1 129 5/80-Tern

L2780 East 1 1 a 120

EfEl East 1 0 1 1340 G679 and 5/81-East

6Bz Eait 1 ] 1 1340 5/ TE-G/B0-EfE] Exat

ipz Tarn i o 1 130 578 and 9780-Tarn

682 Tarn 2 1 1 131 FiT8=-Tarn

683 East 2 b 1 132 5/TS-6/80-8/81-8/82 East

127383 Eask 1 ] 1 132 &/TB-B/B0-B/B]1-6/8Z-5/083 Enst

LIE East 1 ] 1 132 B/ TE=B/80-6/B1-6/BZ-5/83-12/83
East

188" Tern z 2 o 134

R Tern A | a 1a7¥

arp TeEn 1 1 =] 138



Takal no.

Stady  Islasd/ Total no, Ko, pewly He, Lag tagged Original tag detes and location
datas Raad capturad taggod razightings to dats for turtlas resighted
i Tiage Enst 1 1] 1 138 EfTE-GB30-6/81=-8/B2-6/83-12/03=
—> TRt Tarn T T w883 Bt —_—
89" Tern 3 / o 13— Ve T a1 =
b = — &
=TT IaED z z L Fr ' ‘{EquE? Ier —

Hoken: * Incomel alloy cags uaed sbarting B/77. Prior to 6/77 enly ldm*l alloy tags were
applind, ALl turtles wars double tagged.

* Captured and tagged by Xen Niathbhasmer.

® Oeiginally tegged 3135, 3138 during Jume 1978, Inoroass in curved carapaoe lemgth cvec
the L0-year peried equalled 12,8 em ot 1.3 om por year,

Hambor of Eartles togged at:

East = 37

HE {Hhalo Skate) = 83
Torn = 34 [G

Tekg = 2
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april 30, 19380

Mr, Dale Coggeshall

Pacific Islands Administrator
U.5. Fish and Wildlife Sarvice
P. 0, Box 50167

Honolulu, Hawail 96550

Dear Dale:

One of thepoints that I considered mentioning during our recent symposium, but
for reasons of appropriateness decided to postpone until the present time,
deals with che Fish and Wildlife Service's contribution to the preen turtle
research program under the Tripartite Cooperative Agreement. As vou lmow, an
outline of my research projecc constitutes Appendix J of the Tripartite
document. In the Tripartite narrative, under Responsibilities of the
Signatories, 1t was agreed that all parties have an Iinterest in the green
turtle and therefore would provide support for the necessary research of this
wildlife component. During the first half of the Tripartite study, financial
backing for this work has been equally derived from the State of Hawaii (MAC
Office and University of Hawaii) and the MOAA Sea Crant College Program. For
the second half of the study, principal support is anticipated, if not
assured, from the Homolulu Laboratory, National Marine Fisheries Service.

i realize that the Fish and Wildlife Service has experienced some intermal
difficuities in obtaining proper funding for seabird research, and that
consequently financial assistance for the research of sea turtles has baen in
abeyance. I should, however, point out that over the past three years I have
periodically made appeals for partial support in discussions with Palmer

Sekora, Brent Glezentanner, and you. At this point, it is probably unrealistic
to expect funds earmarked for turtles to be forthcoming from tha Fish and
Wildlife Service. BHevertheless, I hope it will be possible during the remaining
portion of the study for some assistance to be offered., One contributi on might
ba logistical support on chartered alrcraft and vessels scheduled by vo ur agency
for future use in the Northwestern Hawaiian Islands, Another possible form of
assistance could be the facilitation of a short-term Investigation of & ea
turtles at tha Johmeton Atoll Refuge. This was one of the priority iteins
menticned in my symposium paper due to the possibility of the site bedn;: used
by Hawaiisn Chelomia as a migratory stepping stone. I would, of course , be
pleased to discuss other possible and appropriate forms of assistance w ith you
at your convenience,



Mr. Dale Coggeshall . April 30, 1980
Pacific Islands Administrator Paga 2

I appreciate having the opportunity to bring this matter to your attention.
I also applaud and endorse your continuing stend to retain the Hawaiian
Islands National Wildlife Refuge as a refuge for wildlife.

Slncerkly,

GEORGE H. BALAZS
Asgistant Marine Biologist
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Mumber Range

From
2205
2h76
26851
2997
308
i Jb I )
33561
3531
anab
3535
J551
SE82
an8a
37|
3728
37561
3851
47251
48581
4851
H@59
5187
5459
B4ATI
56Q2
BTTT
STTT
5855
5855
BE6T
5878
5876
BZTE
53561
8359
BBAR1
67T@1
BTH1
6951
7181
T202
T251
Ta51
Tab1
8821
8181

8144 .

8231
9251
2351
9651
aT26
8751
I9@27

Ta
-24272
2625
28289
JEAT
apaT
3277
3452
3534
365@
a550
3E7H
A885
3720
3758

3775
4250
4288
4953
4853
H458
E1&8
b464
5475
BTT73
5787
bT8T
5875
BaTh
5875
5350
B274
8358
6375
8375
6708
6756
6958
T15E
7261
T258
T2TH
T432
B
8198
B1g8
8222
BZ54
9350
8392
87256
87560
8789
18450

Location
FFS
FES
FFS

NECEER
- FFs
FFS
FES
KAHALA
FF&
FFS
FF&
KAHALA
FES
FES
sLP
FF&
FFS
FFG
FFS
FF8
FF&
SLE,
" KAHALA
TERHN
SLF
FFS
FFS
LIS
P&H
EURE
LAYSAN
FES
LIS
TEEN
FFS
FFS
LAYSAN
LIS
P&H

FFES

FFG .

P&EH
FFE
GALVESTON
FF&E
FFS
FEG
FFB
FF3
FF3
Téﬂﬂ
FF3
EFS

Data
1977
1978
1978
Hay-T8
May-T8
Jun-T8
1884

Apr=82
1884
Jun-8@

Apr-82
May-81
Jan-81
Jun=8@
Jun-83
1984
Apr-82
Apr-82
May-81
Jan-81

May-82

<1982
Apr-B2
Apr-82

Apr-83

Jun-82
Jul-82
Hay-82
15988
Jun=83
Apr-83
Apr-83
Apr-83
Jun=83
Jun-83
Jun-83
Apr-83
1984

1984
1984
Jun-85
Jun=-85
Jun—85
Jun=-88
Jun-88
wWJun-B86

xkiﬂﬂB

9 -



183454
189581
156
1 1@51
156813

18528
18658
1@7 5
11358
15828

FFS
FFS
FFS
FFS
F"\.EIH

1888

1988

1888
Jun-B86



