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STATISTICAL METHODS FOR GREEN TURTLE NESTING SURVEYS IN THE
HAWAITAN ISLANDS

Jerry A. Wetherall, George H. Balazs, and Marian Y. Y. Yong

National Marine Fisheries Service, Southwest Fisheries Science Center, Honolulu Laboratory, 2570 Dole St.,
Honolulu, HI 96822, U.S.A.

SURVEY STRATEGY

Since 1973, annual nesting surveys have been conducted at East | sland, French Frigate Shoals, in the Northwestern
Hawaiian Islands, to monitor the status of the threatened population of green turtles, Chelonia mydas. French
Frigate Shoalsis part of the Hawaiian Islands National Wildlife Refuge, managed by the U.S. Fish and Wildlife
Service. The surveys are a cooperative project between the NMFS Honolulu Laboratory and the FWS.

In spring or early summer, adult green turtles migrate to East I sland from inshore foraging pastures throughout the
Hawaiian Islands. The females emerge at night to dig nests and deposit eggs in a series of distinct multi-night
nesting episodes over the course of the summer breeding season. While ashore the nesters are counted by field
personnel and tagged for later identification. Typically, partial-season surveys are conducted. These cover afew
weeks during peak nesting activity and are designed to monitor all nesters coming ashore. Until recently, these
partial-season surveys produced only ssimple annual indices of the nesting population size. During a series of
saturation surveysin 1988-92, however, complete coverage of the nesting season at East Island was achieved. The
saturation surveys provided detailed information about nesting emergence patterns. Asdescribed below, such data
led to rigorous statistical methodsto estimate the nesting popul ation each year on the basis of partial-season survey
data (Fig. 1).

NESTING POPULATION ESTIMATORS

Assume that N turtles emerge to nest over a complete nesting season. During a partial-season nesting census the
total number of nesters emerging, C, is observed. In addition, the number of individual nesters emerging during
the survey, M, isdetermined by applying uniqueflipper tagsto each nester upon her first observed emergence. The
partial -season nesting census provides sampl e statisticswhich areraised to estimate N. Two estimators, N1 and N2,
are employed:

Method1: N1=C/U
where U = expected number of emergences per nester during the partial-season survey;
Method 22 N2=M/P
where P = probability that a nester emerges and is sighted ashore at least once during the partial-season
survey.

The parameters U and P for a specified partial-season survey schedule depend on nesting emergence patterns, as
determined by nightly emergence probabilities. Thelatter were estimated from the 5-yr series of saturation surveys,
in which virtually all turtles coming ashore to nest were identified.

Appliedto historical survey statistics, the estimatorsyield similar results, but Method 2 hasgenerally given dlightly
lower estimates; statistical and systematic biases of each estimator are the subject of ongoing research. Both
estimators, however, show an encouraging upward trend in the nesting popul ation which we attribute to protection
of green turtles throughout the Hawaiian Islands under the U.S. Endangered Species Act (Fig. 2).
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EMERGENCE TIME MODEL

Saturation survey data also enabled modeling of the probability distribution of nesting emergence time and
component stochastic processes. In particul ar, parsing of emergence historiesfor 1,115 nesters over 145 nightsled
to estimates of the probability distributions for nesting frequency, nesting episode duration, and internesting
interval. These three processes combine in complex ways to determine the probability that a nester will be present
on the nesting beach and resighted on a given night after her initial emergence at East Island. The latter
probabilities al so were estimated each year directly from saturation survey tag resighting data. A fourth component
of the emergence time model is the probability distribution of the arrival time, the date a nester comes ashore to
begin her first nesting episode of the season. Assuming the arrival time is a random variate with a gamma
distribution, we derived a statistical model of the expected number of nesters ashore on each night of the season,
conditional on the resighting probabilities. Then we estimated the arrival distributions for 1988-92 by fitting the
expected nester counts to annual survey observations by least squares (Fig. 3 shows results for the 1990 survey).

SURVEY DESIGN

Theprecision of each nesting popul ation estimator, asmeasured by itscoefficient of variation (CV), dependslargely
on U and P, and thus on the survey schedule. We estimated bootstrap CV's of N1 and N2 by resampling the
saturation survey nesting histories under various combinations of survey start date and survey duration (Fig. 4). We
determined that satisfactory precisionin N1 and N2 can be achieved by conducting a30-night survey at East Island
beginning about June 1 of each nesting season.
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Figure 1. Strategy for monitoring the nesting population.
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Figure 2. Estimates of East Island green turtle nesting population,
1973-1996.
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Figure 4. Coefficient of variation of nesting population

estimates for surveys with various start dates
and durations of 10-30 nights (assumes
nesting population of 200 turtles).

STATUS OF THE DEVELOPMENT OF A MULLERIAN INHIBITING HORMONE
SEXING TECHNIQUE FOR HATCHLING SEA TURTLES

Thane Wibbels' and Robert L eBoeuf?

"Department of Biology, University of Alabama at Birmingham, Birmingham, AL 25294-1170, U.SAA.
2Department of Physiology and Biophysics, University of Alabamaat Birmingham, Birmingham, AL 25294-1170,
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INTRODUCTION

Like many other reptiles, sea turtles possess temperature-dependent sex determination in which the incubation
temperature of the egg determines the sex of the hatchling (reviewed by Mrosovsky, 1994). This type of sex
determination can result in biased hatchlings sex ratios, and previous studies suggest that such biases could



NOAA Technical Memorandum NM FS-SEFSC-415

PROCEEDINGSOF THE
SEVENTEENTH ANNUAL
SEA TURTLE
SYMPOSIUM

4-8 March 1997
Orlando, Florida, U.S.A.

Compilers:
Sheryan P. Epperly
Joanne Braun

December 1998

U. S. Department of Commerce
National Oceanic and Atmospheric
Administration

National Marine Fisheries Service
Southeast Fisheries Science Center
75 Virginia Beach Drive

Miami, FL 33149




NOAA Technical Memorandum NM FS-SEFSC-415

"Thent oF ©°

PROCEEDINGS OF THE SEVENTEENTH
ANNUAL SEA TURTLE SYMPOSIUM

4-8 March 1997
Orlando, Florida U.S.A.

Compilers:

Sheryan P. Epperly
Joanne Braun

U.S. DEPARTMENT OF COMMERCE
William M. Daley, Secretary

NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION
D. James Baker, Administrator

NATIONAL MARINE FISHERIES SERVICE
Rolland A. Schmitten, Assistant Administrator for Fisheries

December 1998

Technical Memoranda ar eused for documentation and timely communication of preliminary
results,interimreports, or special-pur poseinfor mation, and havenot r eceived completefor mal
review, editorial control, or detailed editing.



NOTICE

TheNational Marine Fisheries Service (NMFS) doesnot approve, recommend or endor seany
proprietary product or material mentioned in thispublication. Noreference shall bemadeto
NMES, or tothispublication furnished by NMFS, in any advertising or salespromaotion which
would indicate or imply that NMFS approves, recommends or endorses any proprietary
product or proprietary material herein or which hasasitspurposeany intent to causedirectly
or indirectly the advertised product to be used or purchased because of NMFS publication.

Correct citation of thisreport is:

Epperly, S.P. and J. Braun, compilers. 1998. Proceedings of the Seventeenth Annual Sea
Turtle Symposium. U.S. Dep. Commer. NOAA Tech. Memo. NMFS-SEFSC-415, 294 pp.

Technical Editor: W.N. Witzdll

Copies of thisreport can be obtained from:

National Marine Fisheries Service
Miami Laboratory

Sea Turtle Program

75 Virginia Beach Drive

Miami, FL 33149

or

National Technical Information Service
5258 Port Royal Road

Springfield, VA 22161

(703) 487-4650, Fax (703) 321-8547
Rush orders. (800) 336-4700


https://www.researchgate.net/publication/266485135

