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A Comparison of Immature Green Turtles(Chelonia mydas) Diets
among Seven Sites in the Main Hawaiian Islands1

Karen E. Arthur2,3 and George H. Balazs4

Abstract: Understanding resource acquisition and feeding ecology of threat-
ened species is integral to their conservation because diet is intimately linked
with growth rate and reproductive output. We examined diets of immature
green sea turtles, Chelonia mydas (L.), from seven sites on the islands of Hawai‘i,
O‘ahu, Moloka‘i, and Lāna‘i in January and August 2003. Diet analysis was
based on 191 samples collected from 181 live green turtles by stomach lavage.
These samples were identified and quantified using dissection microscopy and
the principles of microstereology. Diet of green turtles in the Main Hawaiian
Islands was dominated by red algae, and diet items most commonly encountered
were Acanthophora spicifera (an introduced species), Hypnea sp., Pterocladiella sp.,
and Cladophora sp. Sea grasses (Halophila hawaiiana and H. decipiens) were an
important component of diet in turtles from Kāne‘ohe Bay. Content of green
turtle diets differed among foraging grounds, and these differences may provide
an insight into previously documented differences in turtle growth rates among
sites.

Green turtles, Chelonia mydas (L.), are
threatened marine reptiles found throughout
the world’s tropical and subtropical oceans
(Pritchard 1997), with distinctive genetic
populations structured within oceanic basins
(Bowen et al. 1992). Although many Pacific
Ocean populations are declining because of

overharvest of adults and eggs (Seminoff
2002), the Hawaiian population is in a state
of recovery, with long-term increases in
nesting numbers on French Frigate Shoals
(Balazs and Chaloupka 2004a, 2006).

The Hawaiian green turtle genetic stock is
made up of a number of geographically dis-
parate foraging ground populations within
the 132 islands of the Hawaiian archipelago
(Balazs and Chaloupka 2004a). Immature
green turtles recruit to these inshore foraging
habitats at @35 cm straight carapace length
(SCL) and @6 kg (Zug et al. 2002) where
their diet shifts from the omnivorous plankti-
vory of a pelagic turtle to the herbivorous
diet of an inshore immature turtle (Bolten
2003). In these inshore foraging habitats, tur-
tles demonstrate high site fidelity and forag-
ing ground specific growth rates (Balazs and
Chaloupka 2004b). The turtles are all from
the same genetic stock (Bowen et al. 1992);
therefore it is likely that these differences
in growth rate are based on the availability
or quality of food at each foraging ground
(Balazs and Chaloupka 2004b).

An understanding of green turtle feeding
ecology is integral to their conservation. Not
only does diet potentially influence growth

Pacific Science (2008), vol. 62, no. 2:205–217
: 2008 by University of Hawai‘i Press
All rights reserved

1 The U.S. National Oceanic and Atmospheric
Administration (NOAA) National Marine Fisheries Ser-
vice Pacific Islands Fisheries Science Center provided
partial funding and logistical support for this project. All
research was conducted under State of Hawai‘i Depart-
ment of Land and Natural Resources Scientific Collect-
ing Permit SCP 2003 04. Manuscript accepted 18 July
2007.

2 Centre for Marine Studies, University of Queens-
land, St. Lucia, Queensland 4072, Australia.

3 Corresponding author. Current address: Smith-
sonian Marine Station at Fort Pierce, 701 Seaway Drive,
Fort Pierce, Florida, 34949 (phone: 772-462-0973; fax:
772-461-8154; e-mail: arthur@si.edu).

4 NOAA, National Marine Fisheries Service, Pacific
Islands Fisheries Science Center. 2570 Dole Street, Ho-
nolulu, Hawai‘i 96822-2396.



rate, but, in turn, growth rate is related to
the time it takes turtles to reach maturity (Ba-
lazs 1982, Balazs and Chaloupka 2004b). A
delay in maturation may decrease survivor-
ship to adulthood and, therefore, reproduc-
tive output (Balazs and Chaloupka 2004b).
Diet quality or quantity, as controlled by pre-
vailing environmental conditions, have also
been correlated with interannual variability
in nesting numbers through the availability
of forage material during the months and/
or years preceding breeding (Limpus and
Nicholls 1988, Broderick et al. 2001). There-
fore, resource availability and acquisition is
also a determinant in reproductive output and
population survival.

The diet of post-pelagic green turtles has
been described for many populations around
the world and consists predominantly of sea-
grass, macroalgae, and often small amounts
of animal material (Bjorndal 1997). Forage
items found in their diet are primarily associ-
ated with the local availability of those forage
items (Bjorndal 1980, Garnett et al. 1985),
although some level of selectivity has also
been demonstrated (Mortimer 1982, Brand-
Gardner et al. 1999). Dietary studies of green
turtles in algal-dominated systems indicate
that turtles feed predominantly on Rhodo-
phyta (red algae), although Chlorophyta
(green algae) and Phaeophyta ( brown algae)
are also consumed (Garnett et al. 1985,
Forbes 1996, Seminoff et al. 2002). In an exten-
sive study of resident turtles at Heron Island,
Australia, an algal-based coral reef commu-
nity, Forbes (1996) found that green turtles
demonstrated a preference for certain species
and avoidance of undesirable forage material.
Preferred species included Gelidiella sp. and
Sargassum sp., and turtles avoided Halimeda
sp. and Chlorodesmis sp. Although there were
differences in diet among size classes, all tur-
tles appeared to have a base diet of algal turf
that was opportunistically enhanced with de-
sirable monogeneric stands when available.

In the algal-based coral reef system of the
Hawaiian Islands, green turtles also feed on
algae and seagrass. Of approximately 400
species of algae present in the Hawaiian ar-
chipelago (Abbott 1999), only nine species ac-
counted for the majority of green turtle diet

items (Balazs 1980b). In a study of 21 turtles
from Pālā‘au, Moloka‘i, the red alga Acantho-
phora specifera was the most prevalent diet
item, but other red algae such as Amansia
glomerata, Spyridia filamentosa, and Hypnea
cervicornis were also common (Balazs et al.
1987). The seagrasses Halophila hawaiiana
and H. decipiens are also found in Hawaiian
green turtle diets but only from a few loca-
tions that provide suitable habitat for seagrass
growth (Russell et al. 2003).

In this study, we examined the diet of
immature green turtles from the algal-
dominated coral reef system of the Main
Hawaiian Islands. The specific aim of this re-
search was to characterize the diet of green
turtles from geographically disparate foraging
ground aggregations within the inhabited is-
lands of the Hawaiian archipelago.

materials and methods

Seven green turtle foraging locations were ex-
amined (Figure 1). These sites were selected
to provide a variety of habitat types and
known growth rates from foraging aggrega-
tions previously assessed during long-term
population demographic studies (Balazs et al.
1987, Balazs and Chaloupka 2004b). Each site
was sampled during two field trips: 22–31
January and 11–26 August 2003, except for
Kapoho, which was sampled only in August
2003 (Table 1).

Two sites on the northeastern coast of
O‘ahu were sampled: Kāne‘ohe Bay (21� 31 0

N, 158� 51 0 W ) and Kailua Bay (21� 25 0 N,
157� 44 0 W ). Both sites are relatively shallow
bays protected seaward by coral reefs. Pālā‘au,
on the southern shore of Moloka‘i (21� 06 0

N, 157� 07 0 W ) consists of a broad reef flat
fringed by mangroves. The northeastern
coast of Lāna‘i (20� 55 0 N, 156� 54 0 W ) fea-
tures inshore coral reef flats that extend out
to the Au‘au Channel that separates Lāna‘i
from Maui and Moloka‘i. Three sites were
studied on the island of Hawai‘i, two sites on
the west coast (Kona/Kohala) and one on the
east coast. On the Kona/Kohala coast, Kı̄holo
Bay (19� 52 0 N, 155� 55 0 W ) provides forag-
ing and resting habitat for immature turtles
primarily in the Wainānāli‘i Lagoon but
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also in the mixohaline ancient Hawaiian fish-
ponds adjacent to the lagoon (Balazs et al.
2000, Harrington et al. 2000), and Kaloko-
Honokōhau National Historical Park (19�

25 0 N, 155� 55 0 W ) is the site of an ancient
Hawaiian settlement that provides turtle for-
aging habitat along the rocky inshore reef.
The third site on the island of Hawai‘i was
Kapoho (19� 30 0 N, 154� 49 0 W ). This site
includes a shallow rocky embayment, fringed
with mangroves, and a series of protected
geothermal-heated pools used by turtles for
underwater resting.

Turtles were captured at Pālā‘au, Molo-
ka‘i, using a nonentangling bullpen net
(Balazs et al. 1987, Balazs and Chaloupka
2004b), and at other locations turtles were
captured by hand while snorkeling or with
the use of scoop nets (Balazs et al. 2000).

Figure 1. The Main Hawaiian Islands. Study sites are denoted by a closed circle (e). Inset map shows locality of the
Hawaiian archipelago within the Pacific Ocean.

TABLE 1

Number of Turtles Sampled at Each Site for Each
Sampling Period

Site
January

2003
August
2003a Total

Kāne‘ohe Bay, O‘ahu 16 10 (2) 26
Kailua Bay, O‘ahu 16 25 (2) 41
Pālā‘au, Moloka‘i 15 2 (1) 17
Lāna‘i 10 10 (0) 20
Kı̄holo Bay, Hawai‘i 24 20 (4) 44
Kaloko-Honokōhau,

Hawai‘i
20 15 (1) 35

Kapoho, Hawai‘i — 8 (0) 8
All sites combined 101 90 (10) 191

a Number in parentheses represents the number of turtles
sampled in August that had previously been sampled in January.
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The turtles were brought to shore or to a
boat to be tagged, weighed, and SCL mea-
sured (Balazs et al. 1987). Gender was not
determined in this study.

Diet samples were obtained by stomach
lavage after the modified methods of Balazs
(1980a) and Forbes and Limpus (1993). Tur-
tles were placed on their back, slightly angled
with head lower than their body. Their
mouth was opened using an avian veterinary
speculum and held open with a standard vet-
erinarian canine gag. A plastic tube, lubri-
cated with vegetable oil, was gently inserted
into the esophagus, and seawater was intro-
duced at low pressure to the crop to flush
out food particles in the esophagus and ante-
rior crop. These items were assumed to be
from the most recent feeding event. Samples
were immediately frozen and maintained at
<0�C until analyzed.

Diet samples were identified and quanti-
fied under dissection microscope. Each diet
item was identified to the lowest possible
taxon. Algae were identified in accordance
with Magruder and Hunt (1979), Cribb
(1983, 1996), Abbott (1999), Russell and Ba-
lazs (2000) and with assistance from Dennis
Russell (pers. comm.). Seagrass was also iden-
tified in accordance with Waycott et al.
(2004). Quantitative assessment of diet was
based on the frequency of occurrence of
each diet item and its relative volume within
each diet. Frequency of occurrence was cal-
culated based on the number of samples in
which the diet item was observed:

Frequency of occurrence ð%Þ

¼ ðNo: samples in which diet item observedÞ � 100

Total no: samples

The relative volume that each diet item
contributed to diet was determined using the
principles of microstereology (Schaefer 1970)
after the modified methods of Forbes (1999)
and Read and Limpus (2002). The samples
were mixed until visually homogenous and
viewed at �7 magnification, giving a 19 mm
field of view. A graticule with 33 marked po-
sitions was used to determine the volumetric
proportion of each food item by counting
the number of points covering each food

type. Ten nonoverlapping fields of view
were observed, and a total of 330 points
were identified for each sample (Arthur
2005). The relative proportion of each food
type present was then calculated by dividing
the number of points covering each food
type by the total number of points observed
for the sample.

Relative volume of diet ð%Þ

¼ ðNo: of points covering diet itemÞ � 100

Total no: points assessed for sample

As a comparison with diet samples, fecal
pellets were collected opportunistically along
the beaches on the northeastern coast of
Lāna‘i and at Kaloko-Honokōhau (Hawai‘i).
Samples from Lāna‘i were collected at the
same time as live animal diet sampling and
fecal samples from Kaloko-Honokōhau were
collected in July 2003. Fecal material was ob-
served under dissection microscope and iden-
tified, where possible, as per dietary items. As
a result of the breakdown associated with gut
passage, it was determined that the relative
volumetric analysis used for the diet samples
was inappropriate for fecal material (Seminoff
et al. 2002) and, therefore, only the frequency
of occurrence of each diet item will be con-
sidered.

Diet information is presented as the mean
proportion each item contributed to diet
(Gstandard error) and the frequency with
which items were observed in samples. Fre-
quency is expressed as the proportion of sam-
ples in which a diet item is observed, where
the diet item was >5% volume, and where
it was >50% volume. A nonmetric multi-
dimensional scaling approach was used to de-
termine whether there was a sampling event
and/or site effect influencing the type of
food consumed by the turtles. This ordina-
tion approach is an iterative procedure that
uses a function of dissimilarity measure for
each pair of samples and then reconciles
these points in terms of distance on a multi-
dimensional plot. In this instance, presence/
absence data for taxonomic groupings of diet
data were used to assess variations between
the two sampling events and between sites.
Kapoho was not included in this analysis be-
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cause data for only one sampling event was
available. Using Primer 5 (V5.1.2, Primer-E
Ltd., Plymouth), a Bray-Curtis similarity
matrix was established for all samples, and
nonmetric multidimensional scaling was used
to produce an ordination of these data. The
resulting two-dimensional ordination had a
stress level of 0.16. A two-way crossed analy-
sis of similarity (ANOSIM2) was used to
assess the effects of site and sampling event
on the diet samples. ANOSIM is a nonpara-
metric permutation procedure that is applied
to the similarity matrix. A two-way crossed
ANOSIM is analogous to a two-way nested
analysis of variance (ANOVA) (Clarke and
Warwick 1994), and in this case it was used
to test the null hypotheses that there was
no difference between sites averaged across
sampling events and no difference between
sampling events using site groups as sam-
ples. Statistical significance was accepted at
P < .05.

results

In total, 181 green turtles were captured and
their stomachs flushed during January and

August sampling events in 2003 to yield 191
diet samples. Ten turtles were sampled in
both January and August. All turtles were
<75 cm (SCL) in length (Figure 2). The
minimum breeding size for green turtles in
the Hawaiian Islands metapopulation is 80
cm (Balazs and Chaloupka 2004b). Thus, all
animals examined during this study were as-
sumed to be immature.

Table 2 provides a summary of the 191
diet samples from live green turtles captured
in the Hawaiian Islands. Green turtles in the
Hawaiian Islands have an algal-based diet,
with the majority of material found in crop
samples from the division Rhodophyta (red
algae). Red algae were the most common
dietary items encountered (present in 99.5%
of samples), and they provided the greatest
proportion of the dietary volume, with an av-
erage of 78.0% for all sites combined. Chlo-
rophyta (green algae) and Phaeophyta ( brown
algae) were also common but contributed lit-
tle quantity to the diet. Sea grass was uncom-
mon and only found in turtles sampled from
Kāne‘ohe Bay, where it contributed >5% of
the dietary volume in all cases where ob-

Figure 2. Frequency histogram of straight carapace length of turtles captured in the Hawaiian Islands during 2003 for
diet analysis (n ¼ 191).
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TABLE 2

Food Items Found in Green Turtle Diets in the Hawaiian Islands

Relative
Volume (%) Proportion of Samples (%)

Diet Item Mean SE Present >5% >50%

Seagrass
Halophila decipiens 1.6 0.8 3.1 3.1 1.5
Halophila hawaiiana 0.6 0.4 2.6 1.5 1.0

Total seagrass 2.1 0.9 5.6 4.6 2.6
Algae

Acanthophora spicifera 23.7 2.2 49.2 43.6 27.7
Amphiroa sp. 0.1 0.0 5.1 — —
Family Ceramiaceae 0.4 0.1 15.4 2.6 —
Cerium sp. 0.3 0.1 19.0 1.0 —
Centroceras clavulatum 1.3 0.3 28.2 7.2 0.5
Chondria sp. T — 3.1 — —
Gelidiella sp. 1.0 0.5 4.6 2.1 1.0
Gelidium sp. T — 0.5 — —
Gracilaria sp. 8.6 1.5 32.3 22.1 7.2
Hypnea sp. 11.8 1.3 72.8 39.5 8.2
Laurencia sp. 2.9 0.4 45.1 15.4 —
Amansia glomerata 8.9 1.6 26.2 17.4 8.2
Polysiphonia sp. 0.8 0.3 32.3 2.6 —
Pterocladiella sp. 17.8 2.0 52.8 36.9 16.9

Total Rhodophyta 78.0 1.6 99.5 95.9 70.3
Bryopsis sp. T — 0.5 — —
Cladophora sp. 6.7 1.0 63.1 29.7 3.1
Codium sp. 2.5 0.8 13.3 6.7 2.1
Dictyosphaeria spp. (D. cavernosa

and D. versluysii combined)
1.1 0.3 25.1 5.6 0.5

Enteromorpha sp. 0.1 — 3.6 0.5 —
Halimeda opuntia 0.5 0.1 12.3 3.1 —
Rhizoclonium grande T — 0.5 — —
Ulva sp. 0.7 0.2 26.2 5.1 —

Total Chlorophyta 11.6 1.3 84.1 45.1 5.6
Dictyota sp. 0.3 0.1 22.1 — —
Lobophora variegata 0.2 0.1 3.6 1.0 —
Padina sp. T — 0.5 0.5 —
Sargassum sp. 0.4 0.2 12.3 1.5 —
Turbinaria ornata 0.8 0.2 12.8 6.7 —
Zonaria sp. 0.4 0.2 1.5 — —

Total Phaeophyta 1.7 0.3 38.5 9.7 —
Other

Lyngbya majuscula 0.6 0.2 25.1 3.1 —
Lyngbya semiplena 0.2 0.1 2.1 — —
Lyngbya porphyrosiphonis T — 1.0 — —
Schizothrix sp. T — 0.5 — —

Total Cyanobacteria 0.7 0.2 27.2 3.1 —
Crustacean 0.1 — 4.6 — —
Egg mass T — 0.5 — —
Unidentified jellyfish 0.2 0.1 3.6 1.0 —
Stylocheilus sp. T — 0.5 — —
Unidentified white egg mass T — 0.5 — —
Gastropod shell 0.6 0.3 31.8 1.5 0.5
Sponge T — 2.1 — —

Total animal material 0.9 0.3 36.9 2.6 0.5



served. Cyanobacteria and animal material,
such as sponge, were both common in sam-
ples (36.4% and 27.2%, respectively) but gen-
erally only contributed trace (a0.1%)
amounts. Other items observed included

green plastic (found in the diet sample of a
turtle from Kailua), and unidentified terres-
trial plant material.

Twenty-seven genera of algae and two
genera of Cyanobacteria were identified. In

TABLE 2 (continued)

Relative
Volume (%) Proportion of Samples (%)

Diet Item Mean SE Present >5% >50%

Terrestrial material T — 0.5 — —
Green plastic T — 0.5 — —

Total miscellaneous T — 4.6 — —
Unidentified material 4.9 0.4 88.2 33.8 —

Note: Diet samples are from seven sites combined (n ¼ 191). Mean relative volume (G standard error) is the average that each diet
item contributes to diet. T ; trace (mean <0.1%). Frequency of occurrence is expressed as the proportion of samples in which the diet
item was found and also where it was found to contribute >5% and >50% of relative volume.

Figure 3. Two-dimensional multidimensional scaling ordination showing the grouping of diet samples by foraging
site based on the presence/absence of diet items in each sample (n ¼ 183). Points that appear closer together are
more similar in their algal assemblages than points farther apart. Kapoho was not included in this analysis because it
was sampled only during August.
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most samples (78.9%), one diet item made up
the majority of the relative volume (>50% of
sample). Genera that contributed >50% of
diet samples included Halophila sp., Acantho-
phora sp., Centroceras sp., Gelidiella sp., Graci-
laria sp., Hypnea sp., Pterocladiella sp., Amansia
glomerata, Cladophora sp., Codium sp., and Dic-
tyosphaeria sp.

The two-way crossed ANOSIM indicated
that sites could be distinguished from one
another using presence/absence of diet items,
but no difference was found between the
two sampling events at each site (site: global
R ¼ 0.577, significance level ¼ 0.1%, P ¼
.001; sampling event: global R ¼ 0.269,
significance level ¼ 5.2%, P ¼ :052). The
similarity in turtle diets was evident in the
clumping of the site factor in the multidi-
mensional scaling ordination (Figure 3). This
similarity in diet was driven by Cladophora
sp. and Pterocladiella sp. in Kı̄holo Bay and
Kaloko-Honokōhau, but by Acanthophora spi-
cifera and Hypnea sp. at Moloka‘i, Lāna‘i, Kai-
lua Bay, and Kāne‘ohe Bay (Figure 4). Also,
the presence of Halophila decipiens in Kā-
ne‘ohe Bay samples (Figure 4) contributed to
the separation of these samples from other
sites in the multidimensional scaling ordina-
tion (Figure 3). This suggests that there was
little seasonal variation in turtle forage mate-
rial, but that each foraging ground provided
different forage suitable for turtle diets.

Five fecal pellets were collected from along
the beach at both Lāna‘i and Kaloko-
Honokōhau. These samples contained 9 and
11 identifiable items, respectively. Undigested
diet material included Rhodophyta, Chloro-
phyta, Phaeophyta, Cyanobacteria, sponge,
and monofilament fishing line (Table 3). A
greater diversity of algae genera was ob-
served in diet samples from both sites
(Lāna‘i ¼ 20, Kaloko-Honokōhau ¼ 18) com-
pared with identifiable items observed in fecal
pellets. Fleshy red algae, such as A. spicifera,
which were observed in 90% of diet samples
from Lāna‘i, were not found in any of the
fecal pellets from the same site. Conversely,
Dictyota sp. and Sargassum sp. were observed
in fecal material but not in any diet samples
from Kaloko-Honokōhau.

discussion

Green turtles in the Main Hawaiian Islands,
at the southern end of the archipelago, pre-
dominantly consume red macroalgae. The
corticated red algae dominated diets at most
study sites, and some form of red algae was

Figure 4. Diet of green turtles in the Hawaiian Islands
grouped by site (n ¼ 191). Diet items contributing an av-
erage relative mean volume >1% of diet at each location
are shown.
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present in 99.5% of samples. The only excep-
tion was a sample from Kāne‘ohe Bay that
was composed entirely of Halophila decipiens.
The seagrasses H. decipiens and H. hawaiiana
contributed substantially to the diets of
Kāne‘ohe Bay turtles, supporting a previous
study demonstrating that both species were
present in green turtle diets in the Hawaiian

Islands (Russell et al. 2003). The genera of
algae encountered most often in diet samples
in the study reported here generally reflect
those previously reported for the Main Ha-
waiian Islands (Balazs 1980b, Balazs et al.
1987, Balazs et al. 2000, Russell and Balazs
2000). However, in this study, we have also
identified site-specific differences in green
turtle diets (Figures 3 and 4).

Although some degree of preference for
certain food items has been demonstrated
in other green turtle populations (Mortimer
1982, Brand-Gardner et al. 1999), diet selec-
tion is ultimately driven by the availability of
preferred diet items (Forbes 1996). The dif-
ferences in diet among sites in the study re-
ported here may reflect the forage material
available at each site. For example, the diets
of turtles at Kı̄holo and Kaloko-Honokōhau
were similar (Figure 4), and because both
sites are located on the Kona/Kohala coast
of the island of Hawai‘i, similar environmen-
tal conditions are likely to be structuring the
faunal assemblage and therefore food avail-
ability at the two locations.

Diet samples in this study were dominated
by a single food item. In 78.9% of samples,
one alga or seagrass made up more than
50% of the sample (Table 2). A monospecific
food reliance suggests that turtles were tar-
geting specific species and potentially inci-
dentally ingesting other co-occurring algae
growing in close proximity. This evidence
supports the theory that green turtles are
selective feeders (Bjorndal 1980, Mortimer
1982, Brand-Gardner et al. 1999), as was
noted by Forbes (1996) at Heron and Wistari
Reefs, Australia.

Acanthophora spicifera was common in diets
from all sites except on the island of Hawai‘i.
This alga was accidentally introduced to the
Hawaiian Islands in the 1950s (Doty 1961)
and colonized successfully and spread quickly
(Russell and Balazs 1994, Abbott 1999, Smith
et al. 2002). By 1980, A. spicifera had become
a principal component of turtle diets on Lā-
na‘i and a minor food source for turtles at
O‘ahu but was not at that time considered a
major food source for turtles in the Hawaiian
archipelago (Balazs 1980b). Later that decade,

TABLE 3

Comparison of Frequency of Occurrence of Food Items
Observed in Fecal Pellets and Stomach Flush Samples

Collected from the Crop of Turtles Captured in Lāna‘i
and Kaloko-Honokōhau

Frequency of Occurrence (%)

Kaloko-
Honokōhau Lāna‘i

Diet Item Crop Fecal Crop Fecal

Acanthophora spicifera 5.7 0 90.0 0
Amphiroa spp. 17.1 0 0.0 0
Cerium spp. 54.3 0 35.0 0
Centroceras spp. 54.3 0 30.0 0
Chondria spp. 2.9 0 5.0 0
Gracilaria spp. 48.6 0 10.0 0
Hypnea spp. 85.7 0 80.0 80
Laurencia spp. 28.6 0 85.0 0
Melanamansia

glomerata
5.7 20 65.0 100

Polysiphonia spp. 45.7 20 40.0 0
Pterocladia spp. 77.1 100 25.0 40

Total Rhodophyta 100 100 100 100
Cladophora spp. 97.1 40 50.0 20
Codium spp. 5.7 0 30.0 0
Dictyosphaeria spp. 14.3 40 55.0 80
Enteromorpha spp. 17.1 100 0.0 0
Halimeda spp. 0.0 20 20.0 0
Ulva spp. 62.8 40 100 20

Total Chlorophyta 95.6 100 90.5 80
Dictyota spp. 0.0 20 20.0 0
Sargassum spp. 0.0 20 23.8 0
Turbinaria spp. 2.9 0 30.0 0
Zonaria spp. 0.0 0 5.0 0

Total Phaeophyta 2.2 40 71.4 0
Lyngbya majuscula 20.0 0 50.0 80

Total Cyanobacteria 24.4 0 42.9 80
Egg material 5.7 0 0 0
Jellyfish 0 0 15 0
Sponge 11.4 20 0 20
Fishing line 0 0 0 20

Note: Fecal pellets were collected on the beach at Lāna‘i (diet
n ¼ 20, fecal n ¼ 5) and Kaloko-Honokōhau (diet n ¼ 35, fecal
n ¼ 5).
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it was reported as a dominant food source
both at O‘ahu and Moloka‘i and present in
diet samples from Maui (Balazs et al. 1987).
Both A. spicifera and H. musciformis (another
alga introduced to the Hawaiian Islands in
the 1970s) became common elements of
green turtle diet by the 1990s (Russell and
Balazs 1994). In the study reported here, A.
spicifera was common in the turtles’ diet
(49.2%) and contributed a substantial propor-
tion of diet at Kāne‘ohe Bay, Kailua, Molo-
ka‘i, and on the east coast of Lāna‘i. This
dietary composition demonstrates the extent
to which the alga has spread throughout the
Islands. The absence of A. spicifera from tur-
tle diets collected from Kapoho and Kı̄holo
on the island of Hawai‘i suggests that it has
not yet established in these areas. This hy-
pothesis is consistent with a report by Smith
et al. (2002) stating that no A. spicifera was
found at either Kapoho or Kı̄holo, although
A. spicifera was reported to be present at
Kaloko-Honokōhau in the harbor adjacent
to the turtle sampling location. As only two
of the 35 turtles from this site consumed
A. spicifera and only in small quantities, it is
believed that the alga is sparse within the for-
aging area. The diet-switching capabilities
of turtles to utilize nonendemic algae species
such as A. spicifera demonstrate that although
green turtles are selective foragers, they are
also opportunistic feeders that can adapt to
novel food resources.

Not only was A. spicifera common in turtle
diets, it may also provide an important source
of energy. Although many algal species were
identifiable in fecal pellets from both Kaloko-
Honokōhau and Lāna‘i, no A. spicifera was
observed (Table 3). This was the case even
though it was a common component of turtle
diet at Lāna‘i and present in two samples
from Kaloko-Honokōhau. The presence of
identifiable diet items in fecal material implies
that this alga is not fully digested. Green
turtle fecal pellets previously collected in
Kāne‘ohe Bay were also found to have identi-
fiable algae present (Balazs et al. 1993), indi-
cating that not all material ingested by
Hawaiian turtles is digested and assimilated.
In a similar study, conducted in another

algal-dominated foraging ground in the
Torres Strait, Australia, no identifiable mate-
rial was found in fecal pellets (Garnett et al.
1985). Turtles in the region had been feeding
on algae of the genera Hypnea, Laurencia,
Caulerpa, Vidalia, and Sargassum. Hypnea,
Laurencia, and Sargassum were observed in
diets in the study reported here, but only
Hypnea sp. and Sargassum sp. were present in
fecal material. This could indicate that diges-
tion efficiency varies among turtle popula-
tions or that the structural composition of
algae varies between sites. Algal species have
plastic morphological traits (Dring 1992),
and therefore different environmental condi-
tions could lead the same taxa to have differ-
ent structural characteristics that may render
the algae more or less susceptible to diges-
tion.

Differences in availability in forage mate-
rial and low digestion efficiency may provide
some explanation of the variable growth rates
observed among various Hawaiian green tur-
tle foraging aggregations (Balazs and Cha-
loupka 2004b). To clearly understand this
relationship, the abundance and growth rate
of forage material, and the nutritional value,
digestibility, and foraging costs required to
obtain and process these diet items should
be quantified. In addition, these parameters
should also be considered in terms of the
density-dependent effects of a green turtle
stock that is currently in recovery (Balazs
and Chaloupka 2004 a,b, 2006).

To our knowledge, this is the first time
multidimensional scaling has been used to ad-
dress the feeding ecology of marine turtles,
and this technique has provided insight into
intrinsic differences between these foraging
ground populations. As it is a nonpara-
metric test, it is versatile and capable of ana-
lyzing datasets that contain large amounts of
information. As such, multidimensional scal-
ing may prove useful in understanding the
feeding ecology of other sea turtle popula-
tions and addressing issues such as variation
between age classes, foraging location, or sea-
sonal variation in feeding ecology.

This is also the first known study to com-
pare the diets of immature green turtles
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across multiple sites in the Main Hawaiian Is-
lands. We have demonstrated that although
green turtle diets are dominated by red algae,
the major constituents of diet vary between
sites. Turtles appeared to be selective and op-
portunistic feeders that target a primary diet
item rather than grazing on multiple species.
However, these observations were probably
ultimately influenced by the availability of
forage items within the foraging area.
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