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Research Proposal — Devon Francke AN

Juvenile Green Sea Turtle (Chelonia mydas) Diving Behavior in Relation to Habitat
Heterogeneity and Water Temperature in Kawainui, Oahu (Hawaii)

The purpose of this proposal is to quantify juvenile green sea turtle (Chelonia mydas)
diving behavior in a high-use foraging area in relation to habitat and environmental variability
operating on diel, tidal, and seasonal cycles. I hypothesize that green sea turtles in the Kawainui
Study Area (KSA), within heavily impacted Kailua Bay, will engage in distinct activity patterns

in different habitats, and that their foraging activities will vary in response to changes in water
temperature and algal biomass. In particular, I anticipate that turtles will focus their foraging in
warmer habitats with the highest algae biomass and will conserve energy in cold-water

conditions. The results of this study will help elucidate how environmental conditions in space
(habitat heterogeneity) and time (diel, tidal, seasonal cycles) influence turtle habitat use patterns.
Locally, this information will help managers assess those times and habitats where juvenile

turtles are most at risk from human impacts in KSA. Regionally, these data will contribute to the
development of models of the energetic requirements and grazing effects of green sea turtles.

This improved understanding of turtle habitat use patterns and grazing dynamics will help the
implementation of ecosystem-based management approaches for protecting dense foraging 4
aggregations of juvenile sea turtles. .

Background:
Hawaiian green sea turtles inhabit shallow coastal foraging grounds and concentrate in

small areas where they are susceptible to mortal threats from human activities. Although green

turtle population size has been increasing in Hawaii (Balazs and Chaloupka 2006), recent data

(2004-08) suggest that fisheries related mortality may be increasing within KSA, with 88% (vs.

24% between 1982-2003, in Chaloupka et al. 2008) of attributable standings related to

entanglement and hookings (Stacy Hargrove, NOAA, pers. comm.) (Figure 1). Additionally, this

location is heavily used by people for boating, kayaking, and fishing, potentially increasing the

| threat to turtles, some of which have a strong fidelity to the location for durations of at least one
year (Asuncion et al. 2009). A preliminary study documenting the abundance of green turtles in

: KSA shows dense foraging concentrations of juveniles, with seasonal abundance estimates
ranging from 40 (winter) to 100 (spring) (Asuncion et al. 2009), most of which are immature
juvenile or sub-adult turtles (Balazs and Chaloupka 2004). Furthermore, daily abundance of
green turtles peaks at midday, when human use of the shallow cove is highest (Asuncion et al.
2009). As this population of green turtles is discrete to the Hawaiian Islands (Dutton et al 2008),
it is critical to understand the ecology of these animals. Yet, additional information is needed to
understand how these turtles use KSA to forage and to rest, and how environmental conditions,
and possibly human interactions, influence their movements and behavior.

Proposed Research Plan:
I will quantify the diving behavior and habitat use patterns of green sea turtles within and

surrounding the Kawainui Study Area (KSA), a small (100 x 100 m) and heterogeneous foraging
ground with high human use located in Kailua Bay, Oahu, HI (Figure 1). Turtle behavior data
will be related to water temperature variability (on diel, tidal, and seasonal scales), and algal
biomass (seasonal scales). To this end, I will use five complementary techniques:
e 1) using time-depth-temperature recorders (TDTRs) to monitor individual turtle
diving behavior (dive depth, duration, and water temperature);
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® 2) deploying acoustic tags on turtles and acoustic receivers at locations within anQ
surrounding the study area to track horizontal turtle movements as well as relate
diving behavior to habitat/location;
3) measuring temperature within the study area using TDTRs for an entire year;
4) using quadrat methods to randomly sample algal cover and abundance during each
season; and drying algae samples to quantify algal biomass within each habitat; and

® 5) performing behavioral surveys of turtles within all habitats of the study site, using
a focal-animal sampling technique (Altmann 1974), to validate the diving data

derived from the TDTRs deployed on turtles (working with our NOAA colleagues).
To monitor turtle behavior, NOAA personnel will equip 6 - 12 individuals with two
tagging devices —a TDTR (Lotek) and an acoustic tag (Vemco). The TDTR will collect data on
dive length and depth, as well as ambient water temperature at 30-second intervals. Five
acoustic receivers will be placed around the study area in five different habitat types (Figure 2):
® 1) Kaimalino Cove [very shallow (0-1 m) and rocky, abundant macro-algae];
 2) the mouth of the Kawainui canal, which delivers cool fresh water from the
Kawainui Marsh [shallow (2-3 m) and silty, little macro-algae];
® 3)one km into the canal from the mouth [shallow (2-3 m) and extremely silty, no 2

macro-algae];

° 4 of'f the point [deep (4-5 m), rocky and sandy, some coral, little macro-algael;and
® 5) middle of Kailua Bay [shallow (2-3 m) and sandy, some macro-algae].

Upon retrieval after one year of data collection, these instruments will provide detailed

information on the habits and habitats of these turtles, which will help managers to determine
whether turtles use the study area for foraging (i.e., shallow dives to graze on macro-algae) or for
sleeping (i.e., long dives to deep-water caves) (Brill et al. 1995).

To complement, and validate, the devices being used to characterize diving behavior,
focal-animal sampling surveys will be performed by surveying individual turtles for five minutes
(with 30 second data intervals) within three distinct habitat types in the study site (habitat types
1,2, and 5 from the list above). Surveys will occur around midday (when turtle abundance is
highest in the cove, Asuncion et al. 2009), and will cover rising, high, ebbing, and low tide
during each lunar cycle for a full year. Performing this focal-animal behavioral survey is novel

for two reasons: 1) there is minimal literature re
and 2) while many studies have used time-dep!

garding visual behavioral surveys of sea turtles;
th recorders (TDRs) to create vertical profiles of

sea turtle diving from which behavior has been inferred, very few studies actually confirm those
inferences with visual observations (e.g. Salmon et al. 2004, and the use of a “Crittercam” by
Seminoff et al. 2006 and Hays et al. 2007). Visual confirmation of diving behavior is critical to
justify the assumptions of behavior based on TDTR dive profiles.

Anticipated Results:

It is anticipated that the turtles will use the study area primarily for shallow foragingon -

the abundant macro- and turf-a

abundant Acanthophora spicifera is found, as this is their preferred diet within KSA (Arthur and
Balazs 2008). Foraging behavior will be evidenced by
dives. Ialso expect that the turtles will spend most of their time foraging in the cove, and

Igae, and for resting in deeper water, primarily in areas in which

shallow (0-3 m) and brief (0-5 min)

sleeping in the adjacent deeper ledge. Moreover, I anticipate that turtle abundance and habitat
use patterns will follow tidal and seasonal sea surface temperature patterns, with most resting

occurring in the cooler seasons (late fall - early spring).

2




Impacts, Scientific Contribution. and Relation to NOAA’s Mission:
This study will help to assess the cumulative impacts of human stresses and.

environmental variability on juvenile green sea turtles and their coastal ocean ecosystem. This
research will provide information on the determinants of green sea turtle foraging behavior in 2
heterogeneous study area, including temporal changes in water temperature and algae
abundance. This ecological information will support ecosystem-based management of green sca
turtles in three ways: (i) the variation in turtle distribution and behavior over diel, tidal, and
seasonal scales will be related to changes in water temperature within the study area; (ii) the
comparison of turtle behavior in different habitats will allow the study of turtle grazing effects o=
macro-algae; and (iii) together, this enhanced understanding of turtle movements and activity
patterns will help managers assess turtle vulnerability to human impacts (entanglement in fishing
gear and boat strikes). In summary, by enhancing our understanding of how green sea turtles
utilize their coastal habitats, this research will inform the design and implementation of
sanctuaries for protecting the natural and cultural features of the marine ecosystem, while
allowing resource users to enjoy the ocean sustainably.

This research will address threats from fishing debris by conducting a survey of human
activitics in KSA. The number of people using the site and their activities during each
snorkeling session will be recorded and related to the turtle survey data. Moreayer, a "
questionnaire will be distributed to locals, fishers, and tourists who use the arca as another means
of quantifying the intensity and type of human uses in KSA. The results of this study will be
disseminated through my lab's web-site, public seminars at Hawaii Pacific University, fliers
distributed to the community and KSA users, two presentations at scientific meetings, and the
publication of a peer-reviewed scientific manuscript.

The proposed study will give me the opportunity to gain valuable skills in designing,
implementing, and conducting applied ficld research. Additionally, it will give me the chance
work alongside university professors, NOAA scientists, and resource managers. These
experiences will help shape my future career goals, by leading me to a job with an environmenta
or governmental agency, or by driving me to pursue a Ph.D. Yet, perhaps the most important
contribution of this project is the direct management application of the resuits, which will be
facilitated working closely with the NOAA Marine Turtle Research Group.

:T"'f' i ©) ey

Figure 1. Evidence of human impacts on Kawainui Figure 2. Acoustic receiver / TDTR locations withs
green sea turtles: hooking (A), boat strike (B), different habitats of KSA. See text for description o
amputation from entanglement in fishing line (C). each habitat type. Image courtesy of Google Earth




Li

Altmann, J. 1974. Observational study of behavior: sampling methods. Behaviour 49(3):
227-267. "

Arthur, K. and Balazs, G. 2008. A comparison of immature green turtle (Chelonia mydas) diets
among seven sites in the Main Hawaiian Islands. Pacific Science 62(2):205-217.

Asuncion, B., Balazs, G., Friedlander, A., Hargrove, S., Hyrenbach, D., and Vetter, E. 2009.
Evaluatin. tial and te tterns of green turtle distribution at a foragine hotspot
in Kailua, O‘ahu. Unpublished A bstract, Hawai’i Conservation Alliance Conference, July
28-30, 2009, Honolulu, HI.

Balazs, G., and Chaloupka, M. 2006, Recovery trend over 32 years at the Hawaiian gléen&tmﬂe
rookery of French Frigate Shoals, Afol] Research Bulletin 543:147-158,

Brill, R., Balazs, G., Holland, K, Chang, R., Sullivan, S., and George, J. 1995, Daily
movements, habitat use, and submergence intervals of normal and tumor-bearing juvenile
green turtles (Chelonia mydas L.) within a foraging area in the Hawaiian Islands. Journal
of Experimental Marine Biology and Ecology 185: 203-218.

Chaloupka, M., Work, T.M., Balazs, G.H., Murakawa, S.K K., and Morris, R. 2008. Cause-
specific temporal and spatial trends in green sea turtle strandings in the Hawaiian
Archipelago (1982 — 2003). Marine Biology 154: 887-898.

: mtDNA evidence for a distinct regional
37-44.

Hays, G., Marshall, G., and Seminoff, J. 2007. Flipper beat frequency and amplitude changes in
diving green turtles, Chelonia mydas. Marine Biology 150: 1003-1009.

Salmon, M., Jones, T., and Horch, K. 2004. Ontogeny of diving and feeding behavior in juvenile
seaturtles: leatherback seaturtles (Dermochelys coriacea L) and green seaturtles
(Chelonia mydas L) in the Florida current. Journal of Herpetology 38(1): 36-43.

Seminoff, J., Jones, T., and Marshall, G. 2006. Underwater behaviour of green turtles monitored
with video-time-depth recorders: what’s missing from dive profiles? Marine Ecology
Progress Series 322: 269-230.




8 vnadn
”"’l N4 Nanilihilin ¢
Naipahy, 1 94117




i ||”l1'}lll'lill”“l.lm"il”""‘I | T BRI




Date: Mon, 10 Aug 2009 15:39:50 -0400
“rom—{Lizettd) Olga Durand <lodurand@gmail.com>

To: George H. Balazs <gbalazs@honlab.nmfs.hawaii.edu>
Subject: Re: Turtle Picture

seorge,

Good morning. Yes I will still be here till Friday. My mainland
address is:

241 S. 47th Street
Philadelphia, PA 19139

Thanks again for Friday, I had an amazing time.

Lizette




~ Sand to be cleane

Vacuum, sluices will ease
the risk from old skeet
ammo at Kaimalino Beach
BY ELOISE AGUIAR
Advertiser Windward O‘ahu Writer

Spent lead pellets that accumulated
at an old skeet range and are now scat-
tered on Kaimalino Beach — posing a

A
public health risk — will be removed |
using a vacuum cleaner and a concept |

from old gold mining days.
Crews will be on scene starting
! Monday to clear lead material from a

silized coral in front of 23 homes.

two weeks, they will have scoured
more than 10,000 square feet of fos-

L hundreds of pounds of lead that could
\ pose a threat, particularly to children,
i “At this point, I anticipate that the
operation will net a few hundred
—  pounds of pellets and significantly re-
duce the risk of unintended ingestion
exposure for small children,” Fenix
Grange, a supervisor in the state De-
partment of Health office that deals

with hazards, said in an e-mail.

Cost of the project is $50,000.

pathway to the beach and along fos-
By the time they’te finished inoneto [

! silized coral shoreline and removed [#

700
O

legéq)e]lets

BRUCE ASATO | The Honolulu Adverss

Sand on a Kaimalino Beach access path will be sluiced to separate out the lea=
debris, and fossilized coral fronting homes along the shore will be vacuumed.

The area outside Marine Corps Base
Hawaii’s Mokapu gate was a skeet-
shooting range for about 40 years, and
thousands of pounds of lead pellets

= THE ADVERTISER'S VIDED REPOY

Watch video coverage
on the cleanup plan ans
4 see more photos at

HONOLULUADVERTISER. (0

SEE PELLETS, A5
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S’I‘ ATE TO MINE LEAD FROM BEACH SAND

Il be using gold-mining technology to rid sand at Kaimalino
~ Beach of lead pellets left over from a skeet range that

operated outside Marine Corps Base
‘Hawai'’'s Mokapu gate for almost 40 years.

1. Material is placed in
the box and seawater

. E N is run over it.

X _.The sandgdebns and water

'\ flow over the top and the /
N\ heavy lead gets caught' .

%, inthe riﬂle ;
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_ Lisa Koda, a visitor from California, feeds tufts of grass to a pair of green sea turtles that were interacting with swimmes
- - Tuesday in a sheltered lagoon at Carlsmith.Beach Park. Koda was following the lead of other swimmers who were offe
ing grass to the honu. During the half hour or 5o she was in the Water, Koda and her two acquaintances were Joined &
a third green turtle, and one of the turtles nipped her on the abdomen without causing any bleeding.
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CONVERSION TABLE
LENGTH CAPACITY WEIGHT
1 meter (m) = 100 cm = 1,000 mm 1liter(I) = 100cl = 1,000ml 1gram (g) = 100 cg = 1,000 mg
1 millimeter (mm) = .001m 1 milliliter (ml) = 0011 1 milligram (mg) = .001g
1 centimeter (cm) = .01 m 1 centiliter (cl) = 011 1 centigram (cg) = Oig
1 decimeter (dm) = am 1 deciliter (dI) = | 1 decigram (dg) = dg
1 decameter (dkm) = 10m 1 decaliter (dkl) = 101 1 decagram (dkg) = 10g
1 hectometer (hm) =  100m 1 hectoliter (hl) = 1001 1 hectogram (hg) = 100 g
1 kilometer (km) = 1,000m 1 kiloliter (ki) = 1,0001 1 kilogram (kg) = 1,000?
. ‘."“_'q
GRAMMAR RULES e
® There are eight parts of speech:
1. NOUN- the name of a person, place or thing 5. PRONOUN- substitutes for a noun
2. VERB- an action word 6. PREPOSITION- connects a noun to another
3. ADJECTIVE- describes a noun or pronoun part of the sentence
4. ADVERB- describes a verb, adjective or 7. CONJUNCTION- connects words or ideas

another adverb 8. INTERJECTION- an exclamation

Lavtencia Medernichiog S ‘itis” or it has”

e means “you are”.
(ollected Kaulua %

“Mikes hWeuse-
4™ Mo 2009, .

Khwp V|

A colon is used prior to a list or long quotation.

A semicolon indicates a greater pause than that which is indicated by a comma; and is often used
between groups of words separated by commas,

An apostrophe is used to indicate the possessive case of nouns as in Jenny's pen; to form a contraction
as in I've or they've; and to form the plural of a letter or number as in the three R’s, 7’sand 11’s.

An hyphen divides words in syllables such as compound words like twenty-five.

A quotation mark indicates the exact words someone spoke. Use with titles of songs, short stories, chapter
titles, short plays, television programs, magazine articles and poems.

Underlining is used with the titles of books, movies, newspapers, magazines, long plays and poems.

bject. To “lie” is to recline.

ce. To “effect” is to cause.

KA. J words that belong together.

PAD = . ——




