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Ecolegical Assessment of Nearshore Habitat for the
Hawalian Green Sea Turtle, Chelonia mydas

The goal of this research is to aoguire baseline data on the
dependencies and interrelationshipe of the herbivorous green turtle to its
nabitat at select sites in the main Hawaiian Islands, As migrant breeders,
nearly all reproduction by this species in Hawaii occurs at French Frigate
Shoals in the northwestern segment of the archipelago, Howewer during
non-ceproductive periods,which comprise the greatest portion of life,
adults a8 well as the immature age classes reside in nearshore waters of
the main island, Emphasis is being placed on characterizing what
constitutes good resident habitat for foraging, shelter for resting, and
thermoregulation. The similarities and differences of various habitat are
being identified, along with the turtle's tolerance and adaptability to
human and other types of habitat alteration.

The principal sites where studies are underway include: FKawela Bay on
Oahu, an area scheduled scon for substantial resort development; Palaau on
Molokai, where introduced mangroves have significantly altered the
coastline; Kahului Bay on Maui, where warm water is discharged from a power
plant; Eeomuku on Lanai, a relatively pristine area where heavy commercial
turtle £ishing took place during past years; and Polihua on Lanai, where
abundant nesting occuired up to 50 years ago, These study sites were
selected on the basis of their present or past importance to turtles, based
on interviews with local residents and historical documentation in the
literature, Study methods include the extensive use of scuba for
underwater surveys, and tangle rets to sample turtles for size freguency,
sbundance, food sources, sex ratios, and status of health, The turtles are



captured alive and released a short time later after being identified with
alloy flipper tags,

pr }h&'l turtles of all sizes greater than 35 cn carapace length have
been found to feed on select kimds of benthic algae (Pterocladia,
Acanthopors, [lva, and Codium), growing in shallow water, often right in
the intertidal zone. Grazing occurs principally at night, festing takes
place under ledges with soft sand or mud bottome in deep wakter, freguently
at the 18 m or more drop off that exists a short distance from shore around
all the main islands of Hawaii, Resident habitatspreferred by turtles are
not evenly distributed, but rather occur at specific places where food
requirements and acceptable shelter are in proximity, Fishing pressures
during the recent past on this slow-to-mature spegbies also appear to have
affected the distribution and numbers of turtles,
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Green Turtle Habitat Study Underway

The National marine Fisheries Service Honolulu Laboratory has been
scquiring baseline data on the dependencies and interrelationships of the
herbivorous green turtle, Chelonia mydag, to ite habitat at select sites in
the main Hawaiian Islands. The green turtle is listed as a threatened
species under the U.S5. Endangered Species Act. Nearly all reproduction in
Hawaii by this migrant breeder occurs at French Frigate Shoals in the
Leeward Tslands. During the nonreproductive periode which comprise the
greatest portiom of its life, adultes as well as individuals in the immature
age classes reside in nearshore waters of the main islands. Emphasis is
being placed on charscterizing what comstitutes good resident habitsat for
foraging, shelter for resting, snd thermoregulation. The similarities and
differences of various habitat are being idemtified, alomg with the turtles
tolerance and adaptability to human and other types of habitat alteration.
These research activities will allow better evaluation of actual or
proposed habitat alteration.

The principal sites where studies are underway include Kawela Bay on
Oahu, an ares scheduled for substantial resort development; Palaau on
Molokai, where introduced mangroves have significantly altered the
coastline; KEahului Bay on Maui, where warm water is discharged from a
powerplant; Keomuku on Lanai, a relatively pristine ares where heavy
commercial turtle fisﬁing took place during past years; and Polibua on
Lanai, where abundant nesting occurred up to 50 years ago. These study
sites were selected on the basis of their present or past importance to
turtles, based on interviews with local residents, and historical

documentation in the literature. Study methods include the extensive use
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of scuba and tangle nets to sample turtles for size frequency, abundance,
food sources, sex ratios, and status of health. The turtles are captured
and released a short time later after they are tagged with allu;rflipper
tags.

Hawaiian green turtles of all sizes greater than 35-cm carapace length
feed on select benthic algae (Pterocladia, Acanthopora, Ulva, and Codium)
growing in shallow water, often in the intertidal zone. The turtles graze
principally at night., They rest under ledges with soft sand or mud bottoms
in deep water, frequently at the 18-m or more drop—off that often exists a
short distance from shore around all the main Hawaiian Telands. Resident
habitats preferred by turtles are not evenly distributed, but, rather, are
found at specific sites where food and ecceptable shelter are nearby. Past
fishing pressure on this slow-to-mature species also appears to have

affected the distribution and numbers of turtles,



PROPOSED FISHERY HABITAT RESEARCH BY THE
SOUTHWEST FISHERIES CENTER HONOLULU LABORATORY

Through the efforts of Senator Daniel K. Inouye, the United States
Senate Appropriations Committee recently approved funds for "vital fish-
eries habitat research in the Pacific," and the Southwest Fisheries Center
Honolulu Laboratory, MWational Marine Fisheries Service (KMF3), Rational
Oceanic and Atmospheric Administration (NOAA), has been charged with devel-
oping and executing this research progream. The initial plans proposed for
the research program were developed threwugh discussions ameng scientists at
the Honolulu Laboratory, and jeinmt meetings with personnel of the Western
Pacific Program Office, Southwest Region, WMFS,

The proposed research program ie designed to consider basic fishery
habitat concerns of importance and interest to HOAA-FMFS and the Hawaiian
Archipelago. The immediate plan is to initiate research that is clearly
relevant to current issues affecting fishery habitat in the Hawaiian Archi-
pelage, incloding ongoing and potential marine activities such ag dredging,
ocean thermal emergy conversion (OTEC) projects, and manganese mining;
Longer-range research planning will take place during the first year, after
key program personmel sre recreited.

The research projects for fiscal year 1985-86 have been divided into
four areas--those concerning OTEC, manganese crust mining, habitat
enhancement and mitigaticn, and long-term ecological research. In addition
4 modest program would be initiated on habitat evaluation which would
include defining sreas and their resources throughouwt the Hawaiian
Archipelago weing video systems, deep-sea photography, and possibly
submersibles to provide a more complete inventory of habitat types. Of
particular interest would be to defime the habitat of juveniles or critical
nursery areas for commercially important speciea. Also, selected nearshore
research will be conducted to identify charscteristics of marine turtle
hebitat in the main Hawaiian Islands. The four sreas of research are
deseribed in more detail below.

Besear-h-reiated-to-OTEE. The Honolulu Laboratory has had some
involvement in OTEC developments, for example, in the preparation of back-

ground documents on OTEC in collaboration with the NOAA Ocean Minerals and
Energy Office (OME). In the past year, the laboratory started a project on
thermal shock effects on larval fish.

The proposed 40-MW OTEC facility off Kahe Point, Oabu, would draw about
200 w/sec each of warm water from the surface and cold water From 700 m.
The concerns here are the potentisl of entrainment, impingement, and thermal
impacts on marine life, the attraction of fishes to the large pipelines, and
also the effects of sand transport and construction on the habitat. A key
research project would be a baseline study of the vertical distribution of
ichthyoplankton (fish larvae) off Kahe Point. This area has high densities
of fish (tuna) larvae, and understanding the vertical distribution of fish
larvae will allow analysis of the potential of mortality caused by entrain-
ment and impingement, and the effects of the effluent plume.



A second project is & study of the movement and migration of deep
bottom fishes, which is particularly important to the OTEC study. The
purpose of the project is to determine if certain commercially important
figshes (snappers and a grouper) remain in a given habitat or move among
hebitats. For OTEC the importance of this information relates to whether
these fishes are attracted to the deepwater pipe, which may BECt S &0
artificial reef. Current information on OTEC's impact on fisheries indi-
cates that the attractiveness of the pipes may result in increased exploita-
ticn of fishes in restricted areas at the expense of adjacent areas. This
study should also provide an understanding of the recruitment of bottom
fishes to artificial habitats and the repopulation of impacted areas.

The final OTEC-related project will invelve a modest continuation of
the thermal stress work on larvel and juvenile fishes. Much information
existe on the effects of high tempersture on fishes, but shocks caused by
cold water, particularly on tropical fishes, have not been studied. This
project should provide informatiom on the magnitude of impact to regional
fish populations and entrained larvae.

Besearch-related to-panganese crust-mining. The Minerals Management
Service (MM8), Department of Interior, is considering development of lease
tracts within the Hawaiian Archipelago for mining of manganese crusts since
these crusts are richer im cobalt than are manganese nodules and so of
greater economic value. As a genersl rule, the crusts are thicker towards
the northwest stretches of the Hawaiian Archipelago, so it is likely that
initial mining development within the U.8, Exclueive Economic Zone (EEZ)
will be the seamgunts near and northwest of Midway. Preliminary dredging
studies have been made on these seamounts to assess the quality and quantity
of minerals, but no biclogical studies on potential impacts due to mining,
particularly studies related to fisheries, have been made. Concerns due to
mining are habitat destruction, sediment plumes caused by processing, heavy
metals, and effects of sediment on bottom life,

Field reconnaissance and habitat description will be necegsary to
better understand the important biclogical resources. In the depths
affected by actual mining activities, deepwater ehrimp and precicus corals
may represent important commercial rescurces: fishes such as pelagic armor-
head and alfonsin play a similar role in the seamount region. Dives in
submersibles, deep-sea photography, and remote video eyetems could be used
for the assessment of these hebitats to better underetand the behavior and
distribution of the resources by hsbitat type. To complement these field
studies, laboratory research would be initisted to determine the effects of
sediment on the feedicg of larval and juvenile tropical fishes.

Habitat emhancement and-mitigation research: Habitat enhancement is
generally considered to play & role in revegetation of cossts and mitigation
for wetlands lost to development, but is not usually considered necessary in
the relatively pristine waters of the Hawaiian Archipelsge. For fish habi-
tats, bowever, there are extensive areas of unproductive bottom which could
be enhanced to increase fish production. A better underetanding of produc-



tivity enhancement and the attraction of fishes to artificial structures
would provide valuable information for mitigation purposes. As hebitat is
lost to development such as OTEC, mining, and harbor development, mitigating
habitat loss through deployment of artificial Btructures is one of the few
options in the limited coastal eécosystem of the Hawaiian Islands, The
planned study on movement and migrationm of bottom fishes will also have
application here in allowing a better understanding of recruitment of fishes
to new habitate., Future studies may include the economics of mitigation,
how artificial reefs change recrestional-commercial fishing behavior, and
baseline analysis of benefits and losses due to logs of habitat in locali-
ties such as Barbers Point.

Understanding habitat requirements of endangered species is algo eriti-
cal to understanding the impact of man's sctivities. Creen turtles and
hawksbill turtles live in nearshore habitat most of their lives, leaving far
only relatively short periods to migrate to breeding areas. Theae turtles
are known to have a restricted "home range” in this nearshore habitat.
Development of the coast by man and other Factors have reduced nearshore
feeding and residence areas. Research is needed Lo define the characteris-
tics which make certain habitats preferred and how best to maintain these
habitate. This could lead to manggement action on multiple use of the
nearshore marine enviromment which would congerve endangered resources and
provide baseline data for habitat conservation, mitigation, and restoration,

Lo . ical-resesrch. The purpose of long-term ecological
research is to provide besseline time series data for detection of habitat
and envirommental change. Ipitially, the Honolulu Laboratory plans to
support the activities of researchers at the Southwest Fisheries Center
Tiburon Laboratory in their mearly 20-yr research in Kona, Hewaii waters.
At the same time, program objectives snd dats collection activities will be
more clearly defined in planning seseions.

Foture-research—cigusterg. There is currently grest concern in
Hawaii that man's activities, 2.g., dredging, in the coastal and nearshore
enviromment lesd to outbreaks of ciguatera poisoning. Such case histories
have been documented, but there also have been outbreaks in pristine areas
where there have been no activities by man., Most ciguatera research in
Hawaii has centered on detection methodology, the food chain patbways for
the toxin, and the affected fishes, but relatively little research has been
done on determining the causes of local outbreasks. For future habitat
research the Homolulu laboratory proposes a modest study to critically
examine the relaticnship between ciguatera outbreake and disturbances in
the cosstal enviromment.



Food and energy consumption of the Hawalian Green

durtle populaticn

4 great deal is known about the types of food that Hawalian Green
lurties eat under natural conditions. Lu ovder to measure the guantity of
food that they eat it is necessary to konow the volume of the stomach,
whether the stomach is filled at each feeding session and the nmumber of
feeding sessions a day. This information is extremely difficult, if not
impossible, to obtain. Therefore, in order to determine how much food the
turtles cowsume in & given time period; an alternative approaco is npeeded,
lhe goly feasible alternative approach is to weasure the energy ezpenditure
of the turtles and them, from the energy content of different types of
food, to calculate the amount of food that they would have to consume in
praer to meet theldr energy regquirements. Methods are avaiiasble for the
measurement ol both the enargy expenditure of free—swimming turtles and the
emelgy content of different types of food., In practice therefore, the
bloenergetics of sea turtles provide the only wesns of determining their
tood consumption,

Methods

There are two methods of measuring the energy expenditure of sea
turtles. OUne method is indirect and relatively inexpensive. It involves
the complilation of time=activity budgets for turtles under natural
conditions., Yhe amount of time that tie turtles spend sleeping, swisming,
feeding, etc., 1s multiplied by a factor representing the energy
expenditure auring that particular activity. The factors are determined on
captive turties, usually by measuring the oxygen consumption of swimming or

regting turtles.



The alternative method is direct and comsiderably more expensive., It
involves the Injection, into the turtle of doubly-labelled water
KEHIEU}. IThe turtle is then released and it has to be recaptured
within the following week or ten days, when another blood pample is taken.
The energy comtent of the types of food eaten by sea turtles is koown
for gome food items. It may be measured directly by bomb caloTimeLry,
Seasonal variations
IThe energy expenditure measured over a short period of time may be
extended to an entire year if seasonal variatioms in Energy expenditure are
kEnown., The major seasonsl variations are the migration to the nesting
grounds, and, in the case of the females, the producticn of eges. The
energy contalned in the eggs can be measured directly and the cost of
migration can be estimated.

Population requirements

The annual food consumption and energetics of individual turtles can
be translated into the requirements of the entire population if the
population structure is known:

Significance

From a management point of view it is important to know the amount of
food eonsumed by the sea turtle population in relation to the food

Tesources avallable dn the turtles" habitat.






Tya alternative method is direct and considerably more expensive. It
involves the injection, into the turtle of doubly-labeiled water
(“4'%). The turtle s then released and it has to be recaptured
within the following week or ten days, when another blood gample 1s taken,
The energy content of the types of food eaten by sea turtles is known
for some food items. It may be measured directly by bomb calorimetry,

Seasonal variations

The energy expenditure measured over & short period of time may be
extended to &n entire year if seasonal variations in energy expenditure are
known. The major seasopal varlations are the migration to the nesting
grounds, and, in the case of the females, the production of eggs, ‘ihe
energy contained in the egus can be measured directly and the cost of
migration can be estimated.

Population requirements

The annual food consumption and energetics of individual turtles CcEn
be Eranslated into the requirements of the entire population if the

population structure i kKnown:

Significance

From & management point of view it is important to know Che amount of
food consumed by the sea turtle population in relation to the food

resources Avallable in the turtles' habitat.
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ﬂ:ﬂ&t Sea Turtle Habitat Study

Research has been undertaken to acquire baseline data on the
dependencies and interrelationships of the herbivorous green turtle,
Chelonia mydas, to its habitats at select sites in the main Hawaiian
Islands. Nearly all reproduction in Hawaii by this migrant breeder occurs
at French Frigate Shoals. During the nonreproductive periods, adults as
well as individuals in the immature age classes reside in nearshore waters
of the main islands. Emphasis has been placed on characterizing what
constitutes good resident habitat for foraging, shelter for resting, and
thermorequlation.  The similarities and differences of varicus habitats
have been identified, along with the turtles' tolerance and adaptability to
different types of habitat impacts which result frem human activity. This
research will help managers evaluate actual or propesed habitat alteration.

The principal sites where studies have been conducted include Eawela
Bay on Oahu, an area scheduled soon for substantial resort development;
Palaau on Molokai, where introduced mangroves have significantly altered
the coastline; Kahului Bay on Maui, where warm water is discharged from a
power plant; Keomoku on Lanai, a relatively pristine area where heawy
commercial turtle fishing took place during past years; and Polihua on
Lanai, where abundant nesting occurred up to 50 years ago. These study
sites were selected on-the basis of their present or past importance to
turtles, based on interviews with local residents and historical
doaumentation in the literature. Scuba and tangle nets have been used

extensively to sample turtles for size freguency, abundance, food sources,
sex ratios, and status of health. The turtles were captured and released a

short time later after being tagged with alloy flipper tags.



.Eaml.im green turtles of all sizes greater than 35 om carapace length
feed on select benthic algae (Pterocladia, Acapthopora, [lva, Codium, and
Amansia) that grow in shallow water, often in the intertidal zone. The
turtles graze principally at night. They rest under ledges with soft sand
or mud bottoms in deep water, frequently at the 18 m or more drop—off that
existe a ghort distance from shore around all the main Hawaiian Islands.
Resident habitats preferred by turtles are not evenly distributed, but
rather are found at specific places where food and acceptable shelter are
close by. Recent fishing pressure on this species that matures slowly
also appears to have affected the distribution and numbers of turtles.
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The 1982-83 El Nino, the strongest of this century, has had
an especially strong impaet on the nearshore marine habitats of
California. This is shown by studies of changes in ecological

relationships sinee 1973 by researchers at the Center's Tiburon
Laboratory.

With surface water temperatures about 2° above normal, the
forests of giant kelp that had dominated these habitats during
the preceding 10 years were devastated. Equally profound effects
were noted among the fishes whieh in this region are a mix of
species that are both tropieal and temperate in origin. In
general, those with treopical affinities remained prominent in
nearshore habitats, whereas species with temperate affinities
left for deeper water,

Another equally profound but less obvious effeet of the
1982-83 El Nino was a sharp deecline among organisms that subsist
on phytoplankton, e.g., sponges, brytozoans, and tunicates.
Because some of these are important prey of fish, it has been
suggested that the departure of s0 many fish was prompted by food
shortages. However, the depleted sponges, bryozoans, and
tunicates were major prey, not of the species that left, but
rather of certain of the fish species that remained. Clearly, it

was not food shortages that drove so many fishes from these
habitats.

e —

Conditions associated with El Nino events are extremes of

conditions that are & part of the normal annual cyele., BSpecies
5 endemie to this region, therefore, should be expected to have
! some adaptive capacities to cope with these econditions. The
i responses noted to the recent El Nino may be exaggerated forms of
adaptive responses to the less extreme versions of these
conditions that prevail during normal years. If 50, study of
these exaggerated--and more readily observed--responses, should
identify certain more subtle--and previously unrecognized--
responses to the usual habitat changes.

Hono lulu Laboratory Implements MNew Fisheries Habitat Program

A new research program at the laboratory considers fishery
habitat issues that are relevant to the Hawaiian Archipelago. An
interagency task foree is planning the direction of the Fishary
Habitat Research program for the next five to six years. The
participants listed the current and emerging issues in fisheries
habitat preservation and habltat research in the central and
western Pacifie that could be addressed by the Honolulu
Laboratory. Information is needed to resolve major habitat-
related Issues whieh were identified as 1) determining the
effects of Ocean Thermal Energy Conversion (OTEC) projects,

2) determining effects of ocean mining, 3) establishing a habitat
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inventory, 4) implementing long-term baseline habitat research,
and 5) evaluating mitigation as & method of offsetting habitat
losses associated with human amctivity. Other issues included
addressing such problems as the impact of dredge and fill
operations, identifying and protecting nursery areas of
eeonomically important species, tdentifying habitat needs of
threatened and endangered marine species, identifying habitat-
related causes of seafood poisons sueh as ciguatera, and
determining the impact of major coastal construction projects,

Center Studies Potential Impacts of Ocean Thermal Energy
Conversion (OTEC) on Fisheries Habitat

Hawaii is the site for proposed development of an OTEC
plant. Because a variety of elements of the nearshore marine
environment affeet recruitment, survival, and reproductive rates
of fishery organisms, the effeects of OTEC on fishery habitats may
be of greater importance than direct effects on the species
themselves. As presently planfed, the Kahe OTEC plant would
irreversibly alter nearly Tz,uﬂﬂm2 of the marine substratum
inside the 100m depth contour. Operationally, the major habitat
alteration caused by the proposed Kahe OTEC facility would be the
removal of over 100m cubie meters per second of shelf water from
the nearshore environment and the displaeement of nearly the same
amount of eold, deep water to the mixed discharge depth of
roughly 100m at the shelf edge. Due to the small size of the
impact relative to the area of the biota source, entrainment and
imp ingement losses are not expected to significantly affect
fishery populations. Wowever, without further study of egg and
larval distributions and nearshore water eirculation, accurate
predietions of the impaet of downstream population resulting from
OTEC operation are not possible.

Accidental spills of either warking fluld (ammonia) or
biocide (echlorine) pose the most serious potential threat to
nearshore fishery habitats. Modeling studios suggest that a
major spill of either ammonia or chloride would produce toxie
plumes of sufficient extent and persistence to endanger coral
reel communities. However, because there are no data on echlerine
or ammoenia toxicity to Hawaiian nearshore biots and only sparse
data on the kineties of echleorine in oligotrophic subtropiecal
walers, reliable assessments of the impaets of a ma jor spill
cannot be made at this time.

Deepwater Artifiecial Reefs Asszessed for Enhanecing Fisheries
Habitat

Artifieial reefs have been sucecessfully used for habitat
enhancement and for mitigation purposes in shallow waters but not
generally in deeper water, The Center's Artifieial Reef and
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Enhancement Program deployed nine artificial reef modules at 50
to 130m on Penguin Bank off the island of Molokai. The objective
of the research is to determine if populations of commercially
valuable snappers and groupers will develop around the reef
modules and to quantify the impaet that artificial reefs can have
on the production and yield of the deepwater species such as
snappers and groupers. If artificial reefs placed on this area
can create appropriate habitat for snappers and groupers then the
use of artifieial reefs on Penguin Bank alone can increase the
total snapper and grouper habitat by 25 percent,

Green Bea Turtle Habitat Studied

Researchers at the Honolulu Laboratory aequired data on the
dependencies and interrelationships of the herbivorous green sea
turtle from habitats at seleeted sites in the main Hawaiian
Islands. Nearly all reproduction in Hawalii by this migrant
breeder oceurs in the uninhabited northwestern Hawaiian
Islands. Emphasis has been plaeced on characterizing what
constitutes good resident habitat for foraging, shelter for
resting, and thermoregulation. The similarities and differences
of various habitats have been identified, along with the turtles®
tolerance and adaptability to different types of habitat impacts
whieh result from human activity. This research will he 1p

managers evaluate effects of aectual or proposed habitat
alteration.

Hawalian green turtles of all szigzes greater than 35 ecm
carapace length feed on select benthic algae that grow in shallow
water, often in the intertidal zone. The turtles graze
principally at night. They rest under ledges with soft sand or
mud bottoms in deep water, frequently at the 18 m or more drop~-
off that exists a short distance from shore around all the main
Hawaiian Islands. Habitats preferred by turtles are not evenly
distributed, but are found at places where food and aceceptable
shelter are close by. Reecent fishing pressure on this slowly

maturing species also appears to have affected its distribution
and numbers.
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